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This document contains procedures to be used in combination with the Predictive Analytics training
delivered at Jube. The intention is to provide a desk reference to ensure that the skills obtained in
the training course by Jube, do not fade and can be used consistently in practice.

Get Datasets

Download the datasets from:

https://www.dropbox.com/scl/fi/ugegradyjgefolaiz4mf9d/Datasets.zip?rlkey=nsri0je45c03a5tbrrpeg
ki3w&dI=0

Get Help

Email questions to:

richard.churchman@jube.io


https://www.dropbox.com/scl/fi/uqegr4yjqefolaiz4mf9d/Datasets.zip?rlkey=nsri0je45c03a5tbrrpegki3w&dl=0
https://www.dropbox.com/scl/fi/uqegr4yjqefolaiz4mf9d/Datasets.zip?rlkey=nsri0je45c03a5tbrrpegki3w&dl=0
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R is the software package that is the primary focus of this training. For this module, R is two separate
software packages and installs.

Core R is available from https://www.r-project.org/ or by using a mirror such as http://cloud.r-
project.org. Core R is created and published by the R Core Development Team. Fundamentally the
view that Core R is a command line only tool, used for production deployments only, should be
adopted. R Core \ R Command Line is used very little in this training course and is predominantly
shown as a precursor to RStudio Console.

Once R Core is downloaded and installed, the command line application is available in C:\Program
Files\R\R-3.3.2\bin\titled R.exe although navigation to and invocation of the application is detailed
in procedure 1.

Download and Install R

Precompiled binary distributions of the base system and contributed packages, Windows and Mac users most likely want one of these versions of R

Search

Source Code for all Platforms

Windows and
you do not kg

s, you probably do ot want to o it

+ The latest release (Monday 2016-10-31, Sincere Pumpkin Patch) R-3.3.2.tar gz, read what's new in the latest version

+ Sources of R alpha and beta releases (daily snapshots, created only in time periods before a planned release).

+ Daily snapshots of current patched and development versions are avail
reports.

 here. Please read about new features and bug fixes before filing g feature requests or bug

+ Source code of older versions of R is avai

Contributed + Contributed exter

Questions A

+ If you have questions about R like how to download and install the software, or what the license terms are, please read our answ
email

What are R and CRAN?

Ris ‘GNUS', a freely available language and env
classification, clustering, etc. Please consult th

ical computing and graphics which provides a wide variety of statistical and graphical techniques: linear and nonlinear modelling, statistical tests, time series analysis,
for further information.

CRAN is a network of fip and web servers around the world that store identical, up-to-date, versions of code and documentation for R. Please use the CRAN mirror nearest to you to minimize network load.

ting to CRAN

To “submit” a package to CRAN, check that y

ission meets the CRAN Repository en use the web form

If this fails, upload to fip:/CRAN R-pr ng’ and send an email to CRAN@R. org following the policy. Please do not attach submissions to emails, because this will clurter up the mailboxes of half a dozen people.

Note that we generally do not accept submissions of precompiled binaries due to security reasons. All binary distribution listed above are compiled by selected maintainers, who are in charge for all binaries of their platform, respectively

() el @ @ &J] S |

In this example, the latest version of R for Windows has been installed with the default settings.

M Rterm (54-bit) o[- [3e]
C-“Program Files~R>cd R-3.3.2

C:“Program Files“~R~R-3.3.2*cd bin

C:=“Program Files~R~R-3.3.2%~bin>p

R version 3.3.2 (2816-18-31> — "Sincere Pumpkin Patch"

Copyright (C» 2816 The R Foundation for Statistical Computing

Flatform: x86_64—wbd-—minguw3d2- -x64 <(6d-hit)

R iz free software and comes with ABSOLUTELY HO WARRANTY.

You are welcome to redistribute it under certain conditions.
Type *licenszet?’ or ’licencet?’ for distribution details.

Matural language support but running in an English locale

R iz a collaborative project with many contributors.
Type ‘contributors<)’ for more information and
‘citation?<}’ on how to cite R or R packagesz in publications.

Type ‘demo(>’ for some demos. 'help(>' for on—-line help. or
‘help.start(>’ for an HTHL browser interface to help.
Type *g¢>' to guit R.

>



https://www.r-project.org/
http://cloud.r-project.org/
http://cloud.r-project.org/

JUBE

RStudio is a feature rich Integrated Development Environment (so-called IDE) that improves
productivity in creating R Scripts, although in production the execution of these scripts might well
fall to the core installation.

The software can be downloaded from https://www.rstudio.com/products/RStudio/ and is free,
although there are commercial editions.

Amazon WorkSpaces Vit~ % | 0 Rstudio-Rstudio *\* ==
@ hip rstudio.com/products/RStu D ¢ ||Q seor 8 9 3 a0 =

eStudio rstudiocon Resources  Pricing  AboutUs  Blogs  Q

RStudio Desktop

Open Source Edition Commercial License

Overview

Support Community forums on e2h

License AGPLV3

Pricing Free

DOWNLOAD RSTUDIO DESKTOP m

As with R Core, the defaults have been left unchanged during the installation.

O swdo R
File Edt Code View Plots Session Buid Debug Profile Tools Help
Q- » ~  Addins ~ X project (None) ~
Console 5| Envionment  History =0
@ @ _#importDstaset + ust~ | @
R version 3.3.2 (2016-10-31) -- “"sincere Pumpkin Patcl
Copyright (C) 2016 The R Foundation for statistical cwul(ng @ Global Environment ~
Platform: x86_64-w64-mingw32/x64 (64-bit)

R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.
Type ‘license()' or ‘licence()' for distribution details.

® is a collaborative project with many contributors.

Type “contributors()’ for more information and

“citation()’ on how to cite R or R packages in publications.
Type ‘deno()’ for some demos, 'help()’ for on-Tine help, or
D Semesy” For o W Bacwser incerpace en help.

Type 'q0)" to quit .

Fles Plots Padages Help Viewer o
Q5 NewFolder | ©_ Delete () Rename | G More -
4 Home

A tame size Moditied
ar

B ceom@mO]

Procedure 1: Navigate to and launch the R command line.
To launch the R Core Command Line software, start by launching the command prompt. The
quickest way to launch the command prompt is to click the Start button firstly:


https://www.rstudio.com/products/RStudio/

JUBE
s S

amazon'\VorkSpaces
N——7

Windows Media Player

(R riseaz2

Then in the run \ search bar type CMD, which will suggest the appropriate application:

Programs (1)
|E cmd

;D See more results

|cmd ><|

Click on, rather run, the application:
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It is unlikely that the Command Prompt will be in the correct directory to run R. Switch to the C;,
which is where all installed programs tend to reside, by typing:

C:

BN C\Windows\system32tcmd.exe =] @

Microzoft Windows [Uersion 6.1.76811
Copyright <{c? 28B8% Microsoft Corporation. All rights reserved.

D:sUserssTrainer>c:

Press the Enter key to make the drive change:

11



BN C\Windows\system324cmd.exe

Microsoft Windows [Uerszion 6.1.76811
Copyright <c> 2BA? Microsoft Corporation. All rights reserved.

D:=“Users~Trainer>c:

CoN g

To navigate to the directory containing the R command line type:

cd "C:\Program Files\R\R-3.3.2\bin"

[ |[S ]

e

BN C\Windows\system32icmd.exe

Microsoft Windows [Version 6.1.76811]
Copyright <(c> 2B8? Microsoft Corporation. All rights reserved.

D:“Users“Traineric:

C:w>cd "C:nProgram FilessR~R-3.3.2%hin"_

Commit the drive by change pressing the Enter key:

12
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B C\Windows\system32\cmd.exe =N EoH |

Microsoft Windows [Uersion 6.1.76811]
Copyright (c)> 2887 Microsoft Corporation. All rights reserved.

D:~Uzers Trainer>c:

C:~>cd "C:vProgram Files»~R~R-3.3.2%~hin"

C:“Program Files“~R~R-3.3_.2%binX*

To launch the R console application type:

R

BN C\Windows\system32'crnd.exe ||~ @

Microsoft Windows [Uersion 6.1.76811]
Copyright (c> 2809 Microsoft Corporation. All rights reserved.

D:xUsers~Trainer>c:
C:~2>cd "C:vProgram Files“~R~R-3.3.2%~bin"
C:“Program Files“R~R-3.3_.2%~hin*R

Invoke R Core by pressing the Enter key:

Upon sucessful launch of the R Core Command Line Interface, introductory text will be displayed
with a chevron (i.e >) denoting the command line input awaiting with a flashing cursor:

13
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&8 Rterm (64-hit) =N N ==

D:sUserssIraineric:

C:~>cd "C:“~Program Files“RE~R-3.3.2%bin"

C:~Program Files“~R~R-3.3.2~bhin>R

R version 3.3.2 <2816-18-31> — "Sincere Pumpkin Patch"
Copyright <C> 2816 The R Foundation for Statistical Computing
Platform: x86_64—wbd—minguw3d2 x64 (bd-hitd

R iz free zoftware and comes with ABSOLUTELY MO WARRANTY.
You are welcome to redistribute it wunder certain conditions.
Type *licensze(?’ or "licence<?’ for distribution details.

Matural language support but running in an English locale
R iz a collaborative project with many contributors.
Type ‘contributors<{}’ for more information and
‘citationt?’ on how to cite R or R packages in publications.
Type ‘demo<?’ for some demos, 'help(>’ for on—-line help, or
‘help.start{?»’ for an HTML browser interface to help.
Type *‘g<>' to guit R.

>

Procedure 2: Issue commands to the R Console.

R is an interpreted language for mathematical and statistical computing. R processes as script, line
by line. In this example the sum of 1 + 1 will be returned, which will of course be 2. To perform such
a calculation type:

1+1

ER Rterm (64-bit) == =
D:=“Uzeprs Trainepric:

C:=%>cd "C:sProgram FilessRB-R-3.3.2%~bin"

C-“Program Files~R~R-3.3.2%bin>»

R verszion 3.3.2 (2016-18-31> — "Sincere Pumpkin Patch"
Copyright (C> 2816 The R Foundation for Statistical Computing
Flatform: »x86_64—wbd-—minguw3l2-x64 (6d4-hit?

R is free software and comes with ABSOLUTELY HO WARRANWTY.
You are welcome to redistribute it wunder certain conditions.
Type *license<?’ or ’licencef?’ for distribution details.

Matural language support but running in an English locale

R iz a collaborative project with many contributors.
Type ‘contributors<(d’ for more information and
‘citation?}’ on how to cite R or R packageszs in publications.

Type ‘demo(>’ for some demos, *‘help<>’ for on—-line help, or
‘help.start(>* for an HTHML browser interface to help.
Type *g¢>' to guit R.

> 1+1

Press the Enter key to commit and execute the line of script:

14
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G Rterm (64-bit) [ -2 | ]
C:sod "CisProgram FilessB“\R-3.3.2%bhin"

C:“Program Files~R-R-3.3.2%bin’>p

R version 3.3.2 (2916-18-31> — "Sincere Pumpkin Patch"
Copyright (C> 2816 The R Foundation for Statistical Computing
Platform: xB6_64-wbd-—minguwld2- x64 (64-hitl

R iz free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it wnder certain conditions.
Type *license(?' or 'licence{}’ for distribution details.

Hatural languwage support but running in an English locale

R iz a collaborative project with many contributors.
Type ’‘contributors<{}* for more information and
‘citation¢?>' on how to cite R or R packages in publications.

Type ‘demo{>’ for some demos. *help(>’ for on—-line help. or
‘help.start(?’' for an HTHL brouwser interface to help.
Type ‘g¢»' to guit R.

> 1+l
[11 2
>

It can be seen that a line has been returned showing [1] 2, where [1] is the position in the result
vector, where 2 is the actual value returned from the line of script. The mathematical operators (in
this case +) are much the same as Excel:

e + Addition.
e -Subtract

e /Divide

o * Multiply

This procedure has shown a simple line of script being written, executed and returned by R.
Although rudimentary, it is an R program.

To exit the R console, hold down the CTRL key and the D key:

R Rterm (64-bit) =N EoR

R version 3.3.2 (Z2016-18-31> — "Sincere Pumpkin Patch"
Copyright <C> 2816 The R Foundation for Statistical Computing
Platform: x86_64—wod—mingwd2-x64 (64-hit)>

R iz free software and comes with ABSOLUTELY HO WARRANTY.
You are welcome to redistribute it under certain conditions.
Type *'licenszed?’ oy ‘licence(?’ fopr distribution details.

m

Matural language support but running in an English locale

R iz a collaborative project with many contributors.
Type ‘contributors(>' for more information and
‘citation?{}’ on how to cite R or R packages in pubhlications.

Type ‘demo<>’ for some demos, "help(>’ for on—line help, or
‘help.start{>' for an HTML browser interface to help.
Type 'qg¢2>' to guit R.

> 1+l
11 2
>

Save vorkspace image? [y n-scl: _

There are three options presented when exiting the R console:
e y: Save the workspace image for reloading. This will keep everything in the current session.
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e n:Clear the workspace so that the next time r is loaded it will be afresh.
e c: Cancel and go back to the workspace.

In this example, type:

Y

BN Rterm (64-bit)
C:“Program Files“R“~R—-3.3.2%hin>r
R version 3.3.2 (2816-18-31> — "Sincere Pumpkin Patch"

Copyright (C> 2816 The R Foundation for Statistical Computing
Platform: xB6_64—wbd—mingu32- x64 (64-hitd

R iz free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it wunder certain conditions.
Type ’'license{?’' or 'licenced)’ for distribution details.

Matural language support but running in an Engliszh locale

R iz a collaborative project with many contributors.
Type 'contributors{>' for more information and
‘citation¢>' on how to cite R or R packages in publications.

Type 'demo(>’ for some demos, ‘help(>’' for on—line help, or
‘help.start{(>’ for an HTHML bhrowser interface to help.
Type 'g¢2' to guit R.

> o1+l

[11 2
>

Save workspace image? [usn-scl:

o[- ]

Press the Enter key to commit the command:

g

EX C\Windows\system32\cmd.exe

Copyright (C> 2816 The R Foundation for Statistical Computing
Platform: »86_64—wb4-nmingwld2 xb4 (b4-hitd>

R iz free software and comesz with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it wnder certain conditions.
Type *license¢?’ or 'licence(?’ for distribution details.

Matural language support but running in an Engliszh locale

R iz a collaborative project with many contributors.
Type ‘contributors{}’ for more information and
‘citation<?’ on how to cite R or R packages in publications.

Type ‘demo(}’ for some demos,. *help(>* for on—line help,. or
‘help.start{}’ for an HIML browser interface to help.
Type *‘g¢>' to guit R.

> 1+
[11 2
>

Save workspace image? [ysnscl: y
linahle to open .Rhistory

C-“Program Files“~R~R-3.3.2%binx*

Notice that an error was returned ‘Unable to open .Rhistory’. The error is created as the operating
system will not allow the user to write to the same directory as R is running, which introduces the
concept of working directories, as follows.

Procedure 3: Set a Working Directory.
A working directory is where R will look for files during a session. The files may be the R session, or
in subsequent procedures it will be data to be imported and data saved as the result of processing.
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In proecedure 2, it was observed that there was a failure when saving the R history, owing to the
working directory not being set (rather set incorrectly). It follows that the working directory need be
set.

Start by executing procedure 1 to load the R console.

-

B Rterm (64-bit) |- E | (]

D:sUzerssTraineric:

GC:~>cd "GC:sProgram Files-R~R-3.3.2~bin"

C:“Program Files“~R“R-3.3.2%bin>r

R version 3.3.2 (2016-18-31> — "Sincere Pumpkin Patch"
i {G>» 2016 The R Foundation for Statistical Computing
xB6_b4—wbd—minguw32 x64 <(64d-hitd>

R iz free software and comes with ABSOLUTELY MO WARRAMTY.
You are welcome to redistribute it wunder certain conditions.
Type *license¢?’ or ’licence??’ for distribution details.

Matural language support but running in an English locale
R iz a collaborative project with many contributors.
Type ‘contributorz<(>’ for more information and
‘citation{?’ on how to cite R or R packages in publications.
Type ‘demo(>" for some demos,. "help(>' for on—-line help. or
‘help.start(>’ for an HTHML browser interface to help.
Tuype ‘gt to guit R.

>

To identify the current working directory use the getwd() function, type the script line:

getwd()

B Riterm (64-bit) =
D:xUsers~Traineric:

C:~2>cd "C:vProgram Files~BE~R—3.3.2%bin"

C:“Program Files“R-\R-3.3.2%bin’>p

R version 3.3.2 (2016-18-31> — "Sincere Pumpkin Patch"
Copyright (C> 2816 The R Foundation for Statistical Computing
Platform: xB6_b4—wbdtminguwld2 /x64 (64-hit)

R iz free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it wnder certain conditions.
Type *license(?' or 'licence{}’ for distribution details.

Hatural languwage support but running in an English locale

R iz a collaborative project with many contributors.
Type ’‘contributors<{}* for more information and
‘citation¢?>' on how to cite R or R packages in publications.

Type ‘demo{>’ for some demos. *help(>’ for on—-line help. or
‘help.start(?’' for an HTHL brouwser interface to help.
Type ‘g¢>' to guit R.

> getwd()

Execute the command by pressing the Enter key:
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EN Rterm (64-bit) o @ |

C:%>cd "C:“\Program Files“~R~R-3.3.2~bin"

C:~Program Files“R~R-3.3.2%bhinl>r

R version 3.3.2 (2816—18-31> — "Sincere Pumpkin Patch"
Copyright (C» 2A16 The R Foundation for Statistical Computing
Platform: xB6_64—wbd—mingw32 xb4 (bd-hit)

R iz free softuware and comes with ABSOLUTELY HO WARRANTY .
You are welcome to redistribute it under certain conditions.
Type *license(?’ or *licence(}’ for distribution details.

Matural language support but running in an English locale

R iz a collaborative project with many contributors.
Type ‘contributors(2’ for more information and
‘citation<}’ on how to cite R or R packages in publications.

Type ‘demo¢>’ for some demos, 'help<>’ for on—line help. or
‘help.start{(>’' for an HTHML browser interface to help.
Tupe *gi>’ to guit R.

> getwdd(d
[11 "C:-Program Files~R/R-3.3.2-hin"
>

The current working directory, which is the directory containing the executable, is returned. Saving
files to the same directory as the R software is not desirable, quite beyond it causing errors, and as
such, this should be changed to an appropriate directory.

Create a directory to be used throughput these procedures. In this case the files will be saved to the
d:\ in a directory called R.

o e e
G- ov »
B - e g &= B |

To set this as the working directory in R use the setwd() function with the directory in quotation
marks, type:

setwd("d:/R")

18
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C:%>cd "C:“\Program Files“R~R-32.3.2%hin"
C:~Program Files~R~R-3.3.2%~bin>p

R version 3.3.2 <2016—18-31> — "Sincere Pumpkin Patch"
Copyright <(C> 2816 The R Foundation for Statistical Computing
Platform: x86_64-—wbd—minguw32/xb4 (64-hit)

R iz free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it wnder certain conditions.
Type *'license(}’ or *licence{}’ for distribution details.

Matural language support but running in an English locale

R iz a collaborative project with many contributors.
Type *'contributors{>’ for more information and
‘citation<?»’ on how to cite R or R packages in publications.

Type ‘demo<}’ for some demos, 'help{>’ for on—-line help,. or
‘help.start(d>’ for an HIML browser interface to help.
Type 'g¢>' to guit R.

> getuwd()
[1]1 "C:/Program Files~R<R—-3.3.2-hin"
> setwd{"d:z R">

o]

Press the Enter key to process the line of script:

BN Rterm (54-bit)

C:“~Program Files-R“~R-3.3.2%bhin}p

R version 3.3.2 (2816-18-31> — "Sincere Pumpkin Patch"
Copyright (C» 2016 The R Foundation for Statistical Computing
Platform: x86_64d4—wbd—mingw32 xb4 C(bd4-—hit)

R iz free softuware and comes with ABSOLUTELY HO WARRAWTY .
You are welcome to redistribute it wnder certain conditions.
Type *license¢?’ or *licence¢(}’ for distribution details.

Matural language support but running in an English locale
R iz a collaborative project with many contributors.

Type ‘contributor=<>' for more information and
‘citation?{?’ on how to cite R or R packages in publications.

Type ‘demo()>’ for some demos, ‘help(>’ for on—line help. op
‘help.start(}’ for an HTHML browser interface to help.
Tupe ‘gC>' to guit R.

> getwd{)

[11 "C:/Program Files~ R/ R-3_.3.2-/hin"
> setwd{'"d: R'">

>

o= =

The absence of any error message confirms that the working directory has been changed, although

this can be affirmed by executing the getwd() function:
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& Rterm (64-bit) =2 EoN =<~

R version 3.3.2 (28016—18-31> — "Sincere Pumpkin Patch"
Copyright <C> 2816 The R Foundation for Statistical Computing
Platform: »xB6_64-wbd—minguw3d2 x6d {(6d-bhit>

R iz free software and comes with ABSOLUTELY MO WARRAMTY.
You are welcome to redistribute it wnder certain conditions.
Type *licensze(?’ or ‘licence<?’ for distribution details.

Matural language support but punning in an English locale
R iz a collaborative project with many contributors.

Type ’‘contributors{>’ for more information and
‘citation{}’ on how to cite R or R packages in publications.

Type ‘demo(>’ for some demos. *help(>’ for on—-line help. or
'help.start(>’ for an HTML browser interface to help.
Type ‘g¢C>' to guit R.

> getwdl)

[11 "C:/Program Files-R/R-3.3.2/hin"
> setwd{"d: R">

> getwd(>

gl] "d:~R"

The working directory is now set to d:\r.

If R is exited, and y is selected to save, it can be observed that there were no errors:

.~

BN C\Windows\system324cmd.exe [rae| |20 |@

R is free software and comes with ABSOLUTELY HO WARRANWTY.
¥You are welcome to redistribute it wunder certain conditions.
Type *license(?" or *licence(?’ for distribution details.

m

Matural language support but running in an English locale

R iz a collaborative project with many contributors.
Type ‘contributors(>’ for more information and
‘citation?<}’ on how to cite R or R packages in publications.

Type ‘demo(>’ for some demos. 'help(>' for on—line help. or
"help.start(>’ for an HTHL browser interface to help.
Type *‘g¢>' to guit R.

> getwd()

[11 "C:/Program Files~R/sR—3.3.2/hin"
> setuwd('d: R

> getud()

[11 *"d:~-R"

>

Save workspace image? [y/n-scl: y

C=“Program Files“H~R—3.3.2%hin> %

Furthermore, it can be seen that the .RHistory file has been saved to the working directory:
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8 Computer
s UserProfile (0)
@ Network
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= A Y o , lz2am
% el Al B |

Procedure 4: Run a script from the R command line.

The procedures presented thus far have used the R Console to directly process commands line by
line, requiring the Enter key to be pressed to execute. An alternative means to execute R commands
is a script execution approach, where each script line is presented as the line of a text file.

In Windows Explorer navigate the directory Bundle\R\:

7t Favorites Name Date modified Type

1 Computer
s UserProfile (D)

@ Network

5\ OnePlusOne Date modified: 1/3/2017 8:43 AM Date created: 1/2/2017 331 PM
| e Size: 88 bytes

G e @@ r——

In the directory Bundle\R, there is a file called OnePlusOne.r. Right click on this file:
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@'\:jv| . » Bundle » R

Organize » j Open -

- Favorites
Bl Desktop
4 Downloads

1= Recent Places

.l Libraries
3 Documents
J’- Music
= Pictures

B videos

1M Computer
—a UserProfile (D:)

&‘._‘ Metwork

Mew folder
Mame

| OnePlusOne

Date modified

Open

Edit

Open with
Restore previous versions

Send to

Cut
Copy

Create shortcut
Delete

Rename

Properties

Type Size

» j Motepad
) Rstudio

3 Choose default program...

For the time being click on Notepad to open the file:

dj OnePlusOne - Notepad

File Edit Format View Help

[ole s

l+1 #Lines of R script saved to a text file rather than typed directly into the console.

Inside the text file it can see seem that the same command that was executed in procedure 1 is
present as a line in the text file. Notice also the presence of a hash tag after the command, which is
a comment whereby everything after the hash (to the right of) is ignored.

For the purposes of this procedure, close Notepad, as it is purely to illustrate that the contents of the
file are the same as would be entered directly into the R console.

Open the command prompt and navigate to the R directory as described in procedure 1, although do
not load R.exe instead this procedure uses RScript.exe:
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BN C\Windows\systemn32icmd.exe =n [l |@

Microsoft Windows [Uersion 6.1.76811
Copyright (c>» 280? Microsoft Corporation. All rights reserved.

D=“Uzers Traineric:
C:2>od "GC:isProgram FilessR~R-3.3.2%hin"
C:-“Program Files~R~R-3_.3_.2%bhinX*

The RScript program exists for the purposes of executing a series of R script lines rather than
requiring a command to be entered one by one into the console for interpretation by R.

To execute the script OnePlusOne.r, start by typing:

RScript

-

EA C:\Windows\system32icmd.exe =n o] |@

Microzoft Windows [Uersion 6.1.760811]
Copyright <(c)> 2889 Microsoft Corporation. All rights reserved.

D:Users~ITrainer>c:
C:%>cd “"C:“\Program Filez“R~R-3.3.2%bin"
C:“Program Files“~R“R—3.3.2%hin>*RScript_

Followed by the name of the R script to execute, which is in this case Bundle\R\OnePlusOne.r:

RScript "D:\Users\Trainer\Desktop\Bundle\R\OnePlusOne.r"
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e

BN C\Windows\system32\cmd.exe =] @

Microsoft Windows [Uersion 6.1.76811
Copyright <(c? 20802 Microsoft Corporation. All rights reserved.

D:“Users Traineric:
C:s>cd "C:isProgram FilessRB<R-3.3.2%bhin"

C:“Program Files~R~R-2.3.2%~bin>RScript "D:~Users:Trainer~Dezktop~Bundle~R~0OnePlu
=0ne .p'"*

Notice that the structure is the executable, RScript.exe, followed by the directory and file name of
the script within double quotations.

Press Enter to launch the RScript.exe program with the script passed as an argument:

BN C\Windows\system32hcmd.exe [+~ @
Microsoft Windows [Version 6.1.76811 -

Copyright <(c>» 288? Microsoft Corporation. All wrights reseprved.

m

D=“Users~Trainer>c:
C=~>cd “"C:»Program Files“R~R-3.3.2~bin"
C:“Program Files~R“R-3.3.2%bhin>*RScript "D:sUserssTrainer~Desktop“Bundle“~RE~0OnePlu

C:“Program Files~R~R—-3.3.2%hin>

Once completed, RScript will return to the command prompt. It can be seen that the output to the
command line is the same as that observed in Procedure 1.

Two means of interacting with R have now been put forward, the first being the entry of command
script into the R Console with the second being the staging of those commands in a text file with a
view to invoking these commands in RScript.exe.

Procedure 5: Launching R Studio.
RStudio is distinct from R Core and conceptually it should be viewed that RStudio overlays RCore

(although they are independent installations of R in actually). To launch RStudio, navigate to and
click the Start button, then navigate to All Programs:

24



‘ Firefox
@ Internet Explorer
|Q Windows Media Player

(R Rize6332

All Programs

Trainer

Documents

Computer

Metwaork

Control Panel

Devices and Printers

Help and Support

Run...

Expanding All Programs, navigate to the RStudio folder:
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: @ Default Programs
= Internet Explorer
@ Moxilla Firefox
ﬂ' Windows Update
2 WinZip

1. Accessories

Trainer

. Maintenance Documents
. Microsoft Office 2013 _
Con =
. Microsoft Silverlight -omputer
i R ) Metwork
. RStudio
@ R.'St-udm- Control Panel
@' Uninstall
L. Startup

1
)
}
}
J

Devices and Printers
. Trend Micro Security Agent
L Windip Help and Support

Run...

Back

Search programs and files

Click on the application RStudio to launch:

File Edt Code View Plots Session Build Debug Profile Tools Help
Q- - ” - Addins +

oo e
Console.

R version 3.3.2 (2016-10-31) --

K project: Mlone) +
5| Enironment  History -0
2 @ oimporOsaset - ute @
“Sincere pumpkin patch” IS bport e AN 2
Copyright () 2016 The R Foundation for Statistical Computing % GlobalEnvronment ~
Platforn: x86_64-w6d-mingw32/x64 (64-bit)
R 15 free software and comes with ABSOLUTELY NO WARRAN

Ty
You are welcome to redistribute it under certain conditions.
Type "license()' or ‘licence()’ for distribution details.

® is a collaborative project with many contributors.

Type “contributors()’ for more information and

“citation()’ on how to cite R or R packages in publications.
“demo()’ for some demos, "help()’ for on-line help, or

“help.start()" for an HTML browser interface to help.

Type ‘g0 to quit R.

Files Plots  Padages Help Viewer

Qi NewFolder @ Delete &) Rename ~ {GF More +
4 Home
A tame sae Modied
o1 Rhistory ms
ar

Jan3, 2017,825 AM

Bl e 0o do]

For all procedures that follow, using RStudio, a script active, console passive approach will be taken.
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To create a new script, that will be the target for all R Console interactions, click the New Script
button in the top left-hand corner of RStudio, under File:

8 RStudio
| File | Edit Code View Plots Session Build Debug Profile Tools Help
Q] ~| = ~ ~  Addins ~

R versi 3.3.2 (2016-10-31) -- "sincere Pumpkin Patch”
Copyright ) 2016 The R Foundation for Statistical Computing
Platform: xB86_64-wed-mingw32,/x64 (64-bit)

R 15 free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.

In the sub menu, click the first option titled ‘R Script’:

8 Rstudic

File Edit Code View Plots Ses
RN

®1 RScript Ctrl+Shift+N

& R NDtEbDDkI Create a new R F 0-3

Y script
@71 R Markdown.x .R F

4 -mingw

E1 Shiny Web App...

. and com
L1 Text File redistr
@ Cs++ File Ticen
€1 RSweave 'E‘pr"cuje

. 3" for
P RHTML | to cit
El}:l' R Presentation

ome dem
@1 R Documentation an HTML

_WW_WTR.

A new, empty, script will be loaded:
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O rsudio =T

File| Edt Code View Plots Session Buld Debug Profie Took Help

Qo-@- 868 - Addins + B Project (None) =
9] Untitledt =[] | Environment History P

ARun | 5% % Soue - # [ | P import Dataset + st +
1k Global Emironment +

1

Console (=]

R version 3.3.2 (2016-10-31) -- "sincere punpkin patch”
Copyright (©)'2016 The ® Foundatfon for statistical " Computing
Platform: x86_64-wd-mingw32/x64 (64-bit)

R 15 free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.
Type "license()' or ‘licence()’ for distribution details.

R is a collaborative project with many contributors.
pe 'contributors()’ for more inforsation and
citation()’ on how to cite R or R packages in publications.

Type ‘demo()’ for some demos, "help() for on-line Ive]u or
"help.start()" for an wmL browser interface to help.
Type 'q0° To quit R.

B enE oo

A script will be the focus of all attention, and a user will be active in the script window only, leaving
the console alone. No command is ever entered directly into the console.

Procedure 6: Identify Packages Installed.
Packages are a collection of files contained in the runtime directory of R. The runtime directory,
where the packages are installed, is know as the search path.

To get a picture of the pakages installed start by setting focus in the script window by clicking in the
pane in the top top left hand corner:

8 RStudio
File | Edit | Code View Plots Session Build Debug Profile Tools Help

-l 3 B S [EE - addins ~

37 Untitled1*
41| | [Clsourceonsave | G # - i1 - ~#Run | [%%

To view the physical location of the packages type:

searchpaths()
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() Rstudio
File Edit Code View Plots Session Build Debug Profile Tools Help
l-le-lH 3l - Addins -
@] Untitledt* Environment  History
a1 | | [[sourceonsave | Q A - ]| - =#Run | 5% [ Source ~ % |3 | _fImport Dataset -
1 search 7} Global Enviranment -
& search searchpaths()
< searchpaths Gives 3 list of attached packages (see 1ibrary), and R objects, usually
data.frames.
Press FL for adaitionsl hel
€3 RStudio
File | Edit Code View Plots Session Build Debug Profile Tools Help
o -=- B 55| = Addins -
@7 Untitled1* Environment
1| | [Elsourceonsave | Q A - & - ~=Run %% | kSource v | ° = 3| B2

1 searchpaths ()] 7} cGlobal Envir

Intelisense in Rstudio will suggest the function as the keystrokes take place.

Upon the function having been written in the script editor, move the cursor to the start of the line (it

will be implicitly understood that this has taken place in future procedures when the instrusction to
Run to console is given):

£ Rstudio
File Edit Code View Plots Session Build Debug Profile Tools Help
gl-la-1 3 Gal ~| Addins -
@ Untitledl* E
&1 | |3 Elsourceonsave | Q /A - &1 - =% Run | %% | |4 Source - <
1 earchpaths () a
2

Click the Run button or achive the same via a Ctrl+Enter key combination:

£ Rstudio
File Edit Code View Plots Session Build Debug Profile Tools Help
Pl-le-lH Eel +| addins -
7] Untitled1* E
41| & Elsourceonsave | Q # - & - ~#Run %% 4 Source ~

1 searchpaths() Run th t

lun the curren
line or selection
(Ctrl+Enter)

searchpaths(

Runing sends the line of script to the console for execution:
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) RStudio Lo & ekl
Fie Edt Code View Plots Session Build Debug Profile Tools Help

Q-- 6883 - Addins -

Project
) Untiteat® =0 =L
& Dsouceonsae Q /- HRun | | Source ust
1 searchpaths 2 Global Emvronment -
2
Fles Plots Padages Help Viewer =0
Q) NewFolder @ Delete (] Rename Gk More -
s Modtied
o R saip

Console.

You are welcome to redistribute it under certair conditions.
Type ‘license()’ or ‘licence()' for distributio

R is a collaborative project with many contribufor
Type contributors()’ for more information and

Type ‘demo()’ for some demos, 'help()’ for on-1fn
*help.start()" for an WTML browser interface td help.
Type ‘0" to quit k.

> searchpaths ()
[1] *.Globalenv"
(3] “C:/Program Files

R/R: .2/1ibrary/graphics”
(5] "C:/program Files/R/R-3.3. -2/1ibrary/utils”
7] "C:/Program Files/R/R-3.3. .2/1ibrary/methods”
[9] "Autoloads ibrary/base”

Upon close inspection, it can be seen that the packages and their file location in the R execution
directory have been listed in the console:

[1] ".GlobalEnv" "tools:rstudio"

[3]"C:/Program Files/R/R-3.3.2/library/stats" "C:/Program Files/R/R-3.3.2/library/graphics"
[5] "C:/Program Files/R/R-3.3.2/library/grDevices" "C:/Program Files/R/R-3.3.2/library/utils"
[7]1"C:/Program Files/R/R-3.3.2/library/datasets" "C:/Program Files/R/R-3.3.2/library/methods"
[9] "Autoloads" "C:/PROGRA~1/R/R-33~1.2/library/base"

A more environment focussed presentation of the pakages can be achived by creating a new line in
the script editor and typing:

search()
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) Rstudic
File | Edit | Code View Plots Session Build Debug Profile Tools Help
gl-l-l B 3 B2l ~ addins -
@] Untitled1* Environment
a]| | Clseurceonsave | @ A | il - ~#Run | 5% = Source ~ 2 B | B
1 searchpaths () ) Global Enviral
2 [fearch()
Files Plots F
) Mew Folder
[ 4 Home
A Nam
O @1 Rrnistor
O ar
21 (Top Level} R Script
Console 1
LUPYE gL (L) ZULO M€ K FOUNUALTUN 101 SLdLisLicdl COmpucing 0
pPlatform: x86_64-w64-mingw32/x64 (64-bit)
Run to console:
31 (Top Level} R Script

Console

K 15 1'Eg 501 Lwdl'e 4arfd Lonmgs WILN ABSULUITELY NU WAKKANITY.
You are welcome to redistribute it under certain conditions.
Type 'license()' or 'licence()' for distribution details.

R is a collaborative project with many contributors.
Type 'contributors()’ for more information and
‘citation()” on how to cite R or R packages in publications.

Type 'demo()" for some demos, "help()" for on-Tine help, or
"help.start()’ for an HTML browser interface to help.
Type 'q()’ to guit R.

> searchpaths()

[1] ".Globalenv" "tools:rstudio” =
[3] "c:/Program Files/R/R-3.3.2/Tibrary/stgts" "C:/program Files/R/R-3.3.2/1ibrary/graphics”
[5]1 "C:/Program Files/R/R-3.3.2/1ibrary/grifevices” "C:/Program Files/R/R-3.3.2/1ibrary/utils"”
[7] "c:/program Files/R/R-3.3.2/1ibrary/dathsets” C:/Program Files/R/R-3.3.2/Tibrary/methods"
[9] "autoloads” "C:/PROGRA~1/R/R-33~1.2/1ibrary/base"
> search()
[1] ".Globalenv" "tools:rstudio” ackage:stats" "package:graphics" "package:grpevices"
[6] "package:utils" "package:datasets” “package:methods" "Autoloads” "package:base"
> Sea 1

The search() function gives a more consise list of the packages that are available and loaded.

Procedure 7: Browsing and Installing Packages.
For the purposes of these procedures all external packages will be sourced from CRAN via Rstudio.
In this procedure the graphics and plotting package titled ggplot2 will be installed.

Navigate to the Packages pane, clicking the tab if nessecary, in the botton right hand corner of
RStudio:
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(2T
Fle Edt Code View Plots Sesson Buld Debug Profie Tooks Help
Q-- 83 » 2l - Addins - K Project: (None) ~
) Unttear® x | Environment  History o
i) [ Cisourceonsave Q /- ~ - #Run 5% | #Source - 2 & pmportoataset - Uty &
1 searchpaths Global Environment ~
2 searchi ]
3
Fies Help  Viewer )
Bl imstan | @ Updste
Name Description Version
User Library
assertthat 01
SR 18201
e 3
31 fopleved ¢ st = e =
-0 [ 020
KU TTEE SUIUATE AN COMES WILI ABSULUTELT N WAKKANI Y. = " 20
You are welcome to redistribute it under certain conditions. N
Type 'license()' or licence()' for distribution details. Repp 0128
reade 100
R is a collaborative project with many mnmaumrs T 5

Type ‘contributors()’ for more information

D tariont) on v o Cite n of & packages 1n publications. syitain Uity
Type ‘demo() " for some demos, ‘'help()’ for on-line he‘p or boot
“help.start()’ for an HTML browser interface to help. oy
Type 0" to quit R.

duster 20
> searchpaths() <odetonts s
0 obaleny” ols:rstudio” e o
Program Files/R/R-3.3.2/1ibrary/stats" /program Files/R/R-3.3.2/1ibrary/graphics” compiler 332
ferogeaa e e /N3 3:2/1 e ary) groei o focoaraa Files/n/R-3.3.2/ 1 ibeary/ued 137 s
‘C:/Program Files/R/R-3.3.2/1ibrary/datasets Jprogram Files/R 2/1Vibrary/methods”
191 “Sivorosdar PROORAA R IRo 33 3 it ary e foreign
> seacl graphics
1] ".clobalenv" “toolsirstudio”  “"package:stats”  “package:graphics” pi:kage aroevices”
- e . = & s 1A & ckane gevices

grid

B e om gl 20

Click on the button Install:

Files Plots Packages Help Viewer
Gl mstal | (@ Update

Mame Drescription

User Library

[] assertthat Easy pre and post assertions.
] EH Boost C++ Header Files

M curl A Modern and Flexible Web Cli

The Install Package dialog box will display, defaulting to the CRAN mirror:
Install Packages

Install from: ? Configuring Repositories

| Repository (CRAN, CRANextra) x|

Packages (separat iple with space or commal:

Install to Library:
| D:/Users/Trainer/Dgkuments/R/win-library/3.3 [Default] - |

[VlInstall dependencies

l Install l Cancel

To search for a package by name, type the name in the package textbox:
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ggplot2

) Rstudio JESR R ]
File Edt Code View Plots Sesion Buld Debug Profile Tools Help
Q- B3 » ]+ Addins ~ & project: (None) ~
) Untteaa* 7| Envicoment  History =0
B Dsourceonsave Q / ~ - “HRun 5% | Source ~ 2 @ pmportDataset + | [CRNC
1 searchpaths() 1 Global Emronment -
2 search(
3
Instal Packages
Install from: ? Configuring Repositories |
[Repository (CRAN, CRANextra) ) @Bdages | Help | Viewer =0
Upaate g
Packages (separate multple with space or comma): Desaipton Version
9gplo
1 9gplot2 | a 01
| -] 16201
31 (oplevel ¢ Tlnstall dependencies = -
nsole on-Standard) Evaluation 020
KIS ITEE SU1UWAIE MG COMES WILT ABSULUTELY NU WAKKANIY. Instal Cancel 220
You are welcome to redistribute it under certain conditions. () 5
Type Ticense()' or 'licence()' for distribution details. T E=pp 0128
reade 5

R is a collaborative project with many contributors.
e "contributors()’ for more information and e
“citation()’ on how to cite R or R packages in publications. pre——

Type ‘demo()’ for some demos, 'help()' for on-line help, or boot 18

*help.start()’ for an HTML browser interface to help. dloss X

Type ‘g0 to quit R. . >
cluster 1)

> searchpaths() <odetools

[1] ".Globalenv" “tools:rstudio” =

[3] rc:/program Files/R/R-3.3.2/]ibrary/stats" Program Files/R/R-3.3.2/1ibrary/graphics” compiler

[5] "c:/Program Files/R/R-3.3.2/1ibrary/groevice: Program Files/R/R-3.3.2/1ibrary/utils" datasets

71 "c: /Program Files/R/R-3.3.2/1ibrary/datasets" Program Files/R/R-3.3.2/1ibrary/methods"

[9] "Autoloa /PROGRA~1/R/R-33~1.2/1ibrary/base" fosin
> searc graphics

[1] ".Globalenv" Iroolsirstudion | packsgeistats®  package:graphics” Ipackage:groeyices”

[GIE A - " “Autoloa package:base” giDevices
(ar -|| B

FED 2e0n o]

Autocomplete will suggest two packages having reviewed potential matched on CRAN, accept \ click
on the suggested ggplot2:

Install Packages

Install from: ? Configuring Repositories |

| Repository (CRAN, CRANextra) -

Packages (separate multiple with space or commal:

|99p|0t2 E

Install to Library:
[D:sterszrainerfDucumenisfﬁfwin-librarj,rBS [Default] - ]

[V]Install dependencies

l Install I Cancel

Always keep the Install Dependencies button as checked. Clicking install will send commands to the
console to install the packages:

33



Ly Ing uUxkL MLLPS I/ /Lrdil. PSLud o, COm/ o/ Wimnaows /conLr i/ 3. s/ gypiocs_2. 2. 1. 21p A
content type 'application/zip" length 2760804 bytes (2.6 ME)
downloaded 2.6 MB

package ‘stringi’ successfully unpacked and MD5 sums checked
package ‘magrittr’ successfully unpacked and MD5 sums checked
package ‘colorspace’ successfully unpacked and MD5 sums checked
package ‘stringr’® successfully unpacked and MD5 sums checked
package ‘rRcolorBrewer’ successfully unpacked and mMD5 sums checked
package ‘dichromat’ successfully unpacked and MD5 sums checked
package ‘munsell’ successfully unpacked and MD5 sums checked
package ‘labeling' successfully unpacked and mMD5 sums checked
package ‘digest’ successfully unpacked and MD5 sums checked
package ‘gtable’ successfully unpacked and MD5 sums checked
package ‘plyr’ successfully unpacked and MD5 sums checked
package ‘reshape2’ successfully unpacked and mMD5 sums checked
package ‘scales’ successfully unpacked and mMD5 sums checked
package ‘ggplot2’ successfully unpacked and MD5 sums checked

m

The downloaded binary packages are in
D:YUsersh\Trainer‘AppData‘Local’\Temp'1\RtmpEzjxzz" downloaded_packages
. 1

The package is now installed.

Executing the search() function it can be observed however that the package appears not to be
loaded:

Console

package ‘stringi' successfully unpacked and MD5 sums checked
package ‘magrittr’® successfully unpacked and MD5 sums checked
package ‘colorspace’ successfully unpacked and MD5 sums checked
package ‘stringr’ successfully unpacked and wD5 sums checked
package ‘rcolorBrewer’ successfully unpacked and MD5 sums checked
package ‘dichromat’ successfully unpacked and wmD5 sums checked
package ‘munsell’ successfully unpacked and MD5 sums checked
package ‘labeling’ successfully unpacked and MD5 sums checked
package ‘digest’ successfully unpacked and MD5 sums checked
package ‘gtable’ successfully unpacked and MD5 sums checked
package ‘plyr’ successfully unpacked and MD5 sums checked
package ‘reshape2’ successfully unpacked and MD5 sums checked
package ‘scales’ successfully unpacked and MD5 sums checked
package ‘ggplot2’ successfully unpacked and mD5 sums checked

The downloaded binary packages are in
D:Users\Trainer‘appbata‘Local’Temp" 1 \RtmpEzjxzZ" downloaded_packages

= search()
[1] ".GlobalEnv" "tools:rstudio” "package:stats" "package:graphics” ‘“package:grDevices" =
[6] "package:utils" "package:datasets" ‘“package:methods" "Autoloads” "package:base”

> |

Procedure 8: Review Help and Documentation.

In the packages pane a list of all packages installed has been presented. It can be seen, following
the execution of Procedure 7, that ggplot2 is now installed. It is customary for packages to carry
good documentation, which can be accessed by clicking on the hyperlink overlaying the package
name:
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Files Plots Packages Help Viewer =]
El msta | @ Update @
Name Description Version
User Library @
[[] assertthat Easy pre and post assertions. 01
[F] BH Boost C++ Header Files 1620-1
[F] colorspace Color Space Manipulation 13-2
RSeript © || 7 cur A Modern and Flexible Web Client for R 23 3
[F] dichromat Color Schemes for Dichromats 20-0
- digest Create Compact Hash Digests of R Objects 0611
ggplot? Create Elegant Data Visualisations Using the Grammar of Graphics 221
[C] gtablg Arrange 'Grobs' in Tables 020
[ hms Pretty Time of Day 03
[[] labeling Axis Labeling 03
[ lazyeval Lazy (Mon-5tandard) Evaluation 0.20
[ rmagrittr A Forward-Pipe Operator for R 15
[ munsell Utilities for Using Munsell Colours 043
[ plyr Tools for Splitting, Applying and Combining Data 184
[ R6 Classes with Reference Semantics 220
[[] RColorBrewer ColorBrewer Palettes 112
[F] Repp Seamless R and C++ Integration 0128
[ readr Read Tabular Data 100
I‘f-icesu ‘E‘ [[] reshape2 Flexibly Reshape Data: A Reboot of the Reshape Package 142
— ] scales Scale Functions for Visualization 041
[ ggplot2

Clicking on the link immediate navigation to the packages documentation takes place:

Files Plots Packages Help Viewer =
ol R @
R: Create Elegant Data Visualisations Using the Grammar of Graphics -
Create Elegant Data Visualisations Using the Grammar of Graphics E
Documentation for package ‘ggplot2’ version 2.2.1

» DESCRIPTION file.

« User guides. package vignettes and other documentation.
Help Pages

ABCDEEGHILMPOQRSTXY misc

— A -
aes Construct aesthetic mappings
aes_ Define aesthetic mappings programatically -

This feature provides a more intuative means to navigate to documentation for functions. In this
example, scroll down and clock on the function link autoplot:
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Files Plots Packages Help Viewer |
i o= =

R: Create a complete ggplot appropriate to a particular data... -

autoplot {ggplot2} R Decumentation =

Create a complete ggplot appropriate to a particular data type

Description

autoplot uses ggplot? to draw a particular plot for an object of a particular class in a single command. This defines the S3 generic that other
classes and packages can extend.

Usage

m

autoplot (cbject, ...)
Arguments
object an object, whose class will determine the behaviour of autoplot
other arguments passed to specific methods
Value
a ggplot object |4
See Also

goplot and fortifyv

It can be seen that the documentation is displayed, navigating away from the index.

Procedure 9: Load and Unload Packages in RStudio.

When a package is installed it is not by default available for use, to save memory and resources.
Loading a package in RStudio is an extremly simple toggle process which will send the command to
console to load a specific package on select, unload on deselect.

Loading a package uses the library() function, invoked before a script is run.

Navigate to the packages pane in the bottom right hand corner of the RStudio, clicking on the tab if

nessecary.

Files Plots Packages Help Viewer =0

Sl instan | @ update @
MName Description Wersion

User Library -

[[] assertthat Easy pre and post assertions. 01

[F] EH Boost C++ Header Files 16201

[[] colorspace Color Space Manipulation 13-2

] eurl A Modemn and Flexible Web Client for R 23

[[] dichromat Color Schemes for Dichromats 20-0

[[] digest Create Compact Hash Digests of R Objects 06811

[[] ggplot2 Create Elegant Data Visualisations Using the Grammar of Graphics 221

[[] gtable Arrange 'Grobs' in Tables 0.20

] hms Pretty Time of Day 03

[[] labeling Auis Labeling 0.3

[ lazyeval Lazy (Non-Standard) Evaluation 020

[F]  magrittr A Forward-Pipe Operator for R 15

[ munsell Utilities for Using Munsell Colours 043

[ plyr Tools for Splitting, Applying and Combining Data 154

] Ré Classes with Reference Semantics 220

[[] RColorBrewer ColorBrewer Palettes 11-2

[F] Repp Seamnless R and C++ Integration 0128

[ readr Read Tabular Data 100

[[] reshape2 Flexibly Reshape Data: A Reboot of the Reshape Package 142

[ scales Scale Functions for Visualization 041

36



JUBE

Note the package that was installed in procedure 7, ggplot2, and the check box to the left hand side
of the package name. To load the package simply select the textbox via a click of the mouse:

) wStwdic
File Edt Code View Piots Session Buld Debug Profie Tooks Help
Q-cr- 63 | Adains ~

] Untitieat

= Environment  History

=Y SRun | b# | source - 2 MimportDetmset - b
1 searchpaths % Glooal Environment =

2 search

3

Files Plols Packages Help Viewsr =
Ol instaht | @ Update

11 (opLevel

Console.

R version 3.3.2 (2016-10-31) -- "sincere pumpkin patch”
Copyiiohe () 2 The & Foumdation For statixtieal comfting
Platform: x86.64-w64-mingw32/x64 (64-bit)

R is free software and comes with ABSOLUTELY NO W
Youare e code o geatichibuve 1t der cortal

[ RColorBrewer
Repp
resde

teshape2

scales

B 2 e 00 ]

On selection of the checkbox the library() fuction, complete with the required paramaters, will be
processed in the console. It can also be observed that the location of the package has been
specidfied in this function call, although that is not strictly nessecary.

To unload the package, deselect the checkbox in the packagages pane next to ggplot2:

St o
File |Edt | Code View Plots Semion Buld Debug Profie Took Hep
@ 8.8 ~ Addins » B s

O Untitiecn ™ 0] Untiiest®

i Elsouceonsae | Q /- - #Run | 5% _source -
1 searchpaths

Fies Pots Pacges Hep  Viewer —
Bl st @ Update

rome Descngtion version
User ibrary
assetthat
aH

(Top Leve

Console

R version 3.3.2 (2016-10-31) -- "sincere pumpkin patch
copyright (C) 2016 The R Foundation for statistical Computing
Platform: x86_64-w64-mingwd2/x64 (64-bit)

R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.
Type ‘Ticense()’ or 'licence()’ for distribution details.

® 15 a collaborarive project with many contrfbutors.
Type coneribeoe Q) for: ara. Infoeuat {on and
' on how to cite R or R packages in publications,

Type “demo): for some demcs. “help()" for on-Tine nelp,
help.start()‘ for an WTML browser interface to help.
Type 'q0)" to quit R.

> Tbrary("ggplot2”, 1b. Toc="~/R/win-11br faw??3"
> detach(“package:ggplot2”, unload=TRUE)

B0 e E e o]

On deselection of the checkbox the detatch() function is sent to the console for the package (notice
the string will match the return of the search() function).

Procedure 10: Load Packages using Script.

While the toggle function is a useful feature of RStudio, the intention is to maintain a script Active,
Console Passive approach, henceforth it is important to ensure that the librarby() function call, to be
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streamed to the console is moved to the head of the script and that the detach() function is moved
to the base of the script.

Start by navigating to the very top of the script and create a new line in the script editor. Navigate to
the start of the first line and press the enter key:

|} Rstudio
File | Edit | Code View Plots Session Build Debug Profile Tools Help
9l-l-l B B BE v addins ~

@7 Untitled1*

i1 | |3 [[sourceonsave = G A «| i - ~#Run %% | Source -

B R

Invoking the library() function, type:

library(ggplot2)

£ ) RStudio

File Edit Code View Plots Session Build Debug Profile Tools Help
el-l2- 5 3 2o+ Addins ~

@7 Untitled1*
a1 | | [DSourceonSave | G # -| £ -
Tibrary(ggplot)
searchparh=
search()| @ ggplot2 ggplot2: Create Elegant Data Visualisations Using the
Grammar of Graphics

EE U N

A system for 'declaratively’ creating graphics, based on "The Grammar of
Graphics”. You provide the data, tell 'ggplot2’ how to map variables to
aesthetics, what graphical primitives to use, and it takes care of the details.

Press F1 for additional help

Intelisense will look through the search path and suggest some packages, and this can also be
autocompleted to ggplot2. Upon completion of the line, run the script line to the console:

Console

R version 3.3.2 (2016-10-31) -- "sincere Pumpkin patch"
Copyright () 2016 The R Foundation for Statistical Computing
Platform: x86_64-w64-mingw32/x64 (64-bit)

R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.
Type 'license()" or 'Ticence()’ for distribution details.

R 15 a collaborative project with many contributors.
Type 'contributors()’ for more information and
"citation()’ on how to cite R or R packages in publications.

Type 'demo()" for some demos, "help()' for on-line help, or
"help.start()” for an HTML browser interface to help.
Type 'q()' to quit R.

= 1ibrary(ggplot2)
>

The ggplot library is now loaded as the first line of the script.
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Procedure 11: List all Functions in a Package.

Once a package is loaded, beyond using the help as detailed in procedure 8, an understanding of all
the functions available to the package can be obtained. Although a script active, console passive
approach is advocated this procedure is one of the few occasions where it is more appropriate to
use the console directly rather than clutter up the script.

Click on the console window in the bottom left hand corner of RStudio:

) #siudi

Fle Edt Code View Plots Seson Buld Debug Profie Toos Hep

o-@- 068 - Addins ©

] Untieat | Enwronment  History =

[sourceonsave @ / + - HRun | % [ Source - 2 [ mponpaset - o st -
1 Tibrary(ggplot2

% Slabs! Environment +
2 searchpaths

3 search
4 detach
5

Fles Plots  Packages Help  Viewer =

o nsta | @ Update

Hame Description
us
01

21 (lopLevel) R Seript

TOU dI€ WEILOME LU TEGISUNIDULE 1L UNURI LerLdin LONuILIuNS.
Type license()’ or 'licence()’ for distribution details.

ggplo2 the Gras 2
® is a collaborative project with many contributors. = gtable
Type ‘contributors()’ for more information and = 5
‘citation()’ on how to cite R or R packages in publications. k!

labeing a
Type "demo()’ for some demos, 'help()’ for on-Tine help, or T
*help.start()’ for an HTML bromser interface to help. ey
Type 'q()" to quit R. magits
> searchpaths() munsell

".GlobalEnv" “tools:rstudio” phyr 8
[3] "C:/Progran Files/R/R-3.3.2/]ibrary/stats" "C:/Program Files/R/R-3.3.2/1ibrary/graphics” . = =
[5] "C:/Progras Files/R/Ry¥#3.2/]ibrary/grbevices” "C:/Program Files/R/R-3.3.2/1ibrary/utils
[7] "c:/program Files, 3.3.2/1ibrary/datasets” "C:/program riles/R/R-3.3.2/11brary/methods" RColorBrewer s
[9] "Autoloads” "C:/PROGRA~1/R/R-33-1.2/11brary/base” e 0128
se

&3] ~ “tools:rstudio” package:stats “package:graphics” “package:grDevices reade 0
6] s < “package:datasets” “package:methods”  “Autoloads “package:base" [ reshape2 tof Packag

seales aie Functions fo

@

Lingy

Type directly into the console:

Is("package:ggplot2")

Console — =0
TOUOU dI'g weilLume LU NMgaisuriguLre 1L uriaer cercdain conairoions., P
Type "license()' or "licence()" for distribution details.
R is a collaborative project with many contributors.
Type ‘“contributors()’ for more information and
‘citation()’ on how to cite R or R packages in publications.
Type 'demo()' for some demos, "help()' for on-line help, or
"help.start()’ for an HTML browser interface to help.
Type "q{)" to guit R.
> searchpaths()
[1] ".Globalenv” "tools:rstudio”
[3] "c:/program Files/R/R-3.3.2/1ibrary/stats" "C:/Program Files/R/R-3.3.2/1ibrary/graphics” | 2
[5]1 "C:/Program Files/R/R-3.3.2/1ibrary/grDevices” "C:/Program Files/R/R-3.3.2/Tibrary/utils” T
[7]1 "C:/Program Files/R/R-3.3.2/1ibrary/datasets” "C:/Program Files/R/R-3.3.2/Tibrary/methods"
[9] "autoloads” "C:/PROGRA-L/R/R-33~1.2/11brary/base"
> search()
[1] ".Globalenv"” "tools:rstudio” "package:stats" "package:graphics” "package:grpevices"
[6] "package:utils"” "package:datasets” “package:methods" "autoloads" "package:base"”
= library(ggplot2) |
> 1s("package:ggplot2") 'j

Press the Enter key to execute the script:
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L321]

SLdIEUISLIELELUENIL LY

[325] "should_stop"
[329] "stat_bin_hex"
[333] "stat_contour”
[337] "stat_density2d"
[341] "stat_identity"
[345] "stat_spoke"
[349] "stat_summary_bin"
[353] "stat_ydensity"
[357] "statBinhex"
[361] "statDensity"
[365] "statFunction"
[369] "statsmooth"”
[373] "statSummaryBin"
[377]1 "theme"

[381] "theme_get"
[385] "theme_linedraw"
[389] "theme_update”

[393] "unit"
[397] "waiver"
[401] "ylab"

>

A list of all functions in the package is returned.

Procedure 12: Use the help() function to explain a function.
If using RStudio, navigating to the documentation via the help pane is by far the easiest and most

JUBE

SldlevisireLerusiLion
"stat”
"stat_binzd"
"stat_count”
"stat_ecdf"
"stat_qq"
"stat_sum"”
"stat_summary_hex"
"statein”
"statsoxplot”
"statDensityz2d"”
"statIdentity”
"statsum”
"statsummaryHex"
"theme_bw"
"theme_gray"
"theme_minimal"”
"theme_void"
"update_geom_defaults
"wrap_dims"

"ylim"

SEdI>
"stat_bin"”
"stat_binhex"
"stat_density"
"stat_ellipse"
"stat_quantile"
"stat_summary"
"stat_summary2d"
"stateinzd”
"statcontour”
"statecdf"”
"starqq”
"statsummary”
"statUnique”
"theme_classic”
"theme_grey"
"theme_replace”
"transform_position"”
"update_Tlabels"
"xlab"
"zeroGrob"”

SEL_dX 15
"stat_bin_2d"
"stat_boxplot”
"stat_density_2d"
"stat_function”
"stat_smooth”
"stat_summary_2d"
"stat_unique"”
"statBindotr”
"statcount”
"statellipse”
"statquantile”
"statsummary2d"
"statydensity"”
"theme_dark"
"theme_Tlight"
"theme_set”
"txhousing"
"update_stat_defaults"
"x1im"

m

intuative means to access help. Taking the output of functions recalled in procedure 11, navigation
to help can be triggered by invoking the help function.

As with procedure 11, this procedure is one of the few occasions where it is more approproate to

target the console rather than the script.

To navigate to help, click on the conole input cursor:

Console
L32L]
[325]
[329]
[333]
[337]
[341]
[345]
[349]
[353]
[357]
[361]
[365]
[389]
[373]
[377
[381]
[385]
[389]
[393]
[397]
[401]
=

Type:

Stdlgrisirereruerneiey
"should_stop"
"stat_bin_hex"
"stat_contour”
"stat_density2d”
"stat_identity”
"stat_spoke"
"stat_summary_bin"
"stat_ydensity"
"statBinhex"
"statDensity"”
"StatFunction”
"statsmooth”
"statsummarygin”
"theme"
"theme_get"
"theme_linedraw”
"theme_update”
"unit”

"waiver”
"ylab"

help("ggplot")

Console
L3£L]
[325]
[329]
[333]
[337]
[341]
[345]
[349]
[353]
[357]
[361]
[365]
[369]
[373]
[377
[381]
[385]
[389]
[383]

SLdlgvisilreLeruernciLy
"should_stop"
"stat_bin_hex"
"stat_contour”
"stat_density2d"
"stat_identity"”
"stat_spoke"
"stat_summary_bin"
"stat_ydensity"”
"statBinhex”
"StatDensity”
"statFunction”
"statsmooth”
"statsummaryein”
"theme”
"theme_get"
"theme_1linedraw"
"theme_update”
"unit"”

SLdlEVISLIELEFUS L IUN
"stat”
"stat_binzd"
"stat_count”
"stat_ecdf”
"stat_gq”
"stat_sum"
"stat_summary_hex"
"statBin"”
"statBoxplot”
"StatDensity2d”
"statIdentity”
"statsum”
"StatsummaryHex"
"theme_bw"
"theme_gray"
"theme_minimal”
"theme_void"
"update_geom_defaults"”
"wrap_dims"

"yTim"

oLdlevIsLreLerusLiun
"stat"
"stat_bin2d"
"stat_count”
"stat_ecdf”
"stat_qq"
"stat_sum”
"stat_summary_hex"
"statBin”
"statBoxplot"”
"statDensity2d”
"statIdentity”
Ustatsum”
"statsummaryHex"”
"theme_bw"
"theme_gray"
"theme_minimal"
"theme_void"
"update_geom_defaults"”

SEdlI>
"stat_bin"
"stat_binhex”
"stat_density”
"stat_ellipse”
"stat_quantile”
"stat_summary”
"stat_summary2d”
"statBinzd"”
"statContour”
"statecdf”
"statqq”
"statsummary'”
"statUnique”
"theme_classic”
"theme_grey"
"theme_replace”
"transform_position”
"update_labels"
"x1ab"
"zeroGrob"

sEdis
"stat_bin"
"stat_binhex"
"stat_density"
"stat_ellipse”
"stat_quantile”
"stat_summary"
"stat_summary2d"
"statBina2d"”
"statContour”
"StateEcdf”
"statqq”
"statsummary”
"statunique”
"theme_classic”
"theme_grey"
"theme_replace”
"transform_position
"update_Tlabels"

SeL_dXl1>
"stat_bin_2d"
"stat_boxplot”
"stat_density_2d"
"stat_function”
"stat_smooth”
"stat_summary_2d"
"stat_unique”
"statBindot”
"statCount"”
"statellipse”
"statQuantile”
"Statsummary2d”
"Statydensity”
"theme_dark"
"theme_Tlight"
"theme_set"”
"txhousing"
"update_stat_defaults"
"xTim"

SeL_dX1>
"stat_bin_2d"
"stat_boxplot”
"stat_density_2d"
"stat_function”
"stat_smooth”
"stat_summary_2d"
"stat_unique”
"statBindot”
"statCount”
"statEllipse”
"statquantile”
"statsummary2d"”
"statydensity"
"theme_dark"
"theme_l1ight"
"theme_set"
"txhousing"”
"update_stat_defaults"

[2 helpitopic, package = NULL, lib.loc = MULL, verbose = getOption{“verbose’), try.all.packages = getOption["help.try.all.packages’), help_type = getOption("help_typel
m

[4ur)
> help
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Press the Enter key to execute the line of script:

O Fowdo =S
Fie Edit Code View Plots Session Buld Debug Profile Tools Help
Q-2 883 ~ Addins ~ R project: None) =
03 Unttedt® — 7| Enviconment  History e
4 @ [souceonswe  Q / - #Run 5% | Source = 2 @ _smpotostsset = f st -

1 Vibrary(ggplot2 @ Global Environment

2 searchpaths

3

4 detach()

5

Fles Plots Packages Help Viewer =0
P R

R: Create a new ggplot =

‘ggpiot {ggplot2) R Documentation -

Create a new ggplot

21 flop Leved * Rscript 2 o
Description
Console =0
L33) stoutusiop Latau A e Statviz .| ggpler () intiaizes a ggplot object. It can be used to declare the input data frame for a graphic and to specify the set of plot aesthetics.
[329] "stat_bin_hex” “stat_binzd” “stat_binhex” bo E¥ondic 1 b cormmon hvoughou o sebsequet oyecs s syecicaly cveniddes
(333] "stat_contour “stat_count stat_density’
[337] "stat_density2d” “stat_ecdf" stat_ellipse" Usasa
[341] "stat_identity" “stat_qq” “stat_quantile” g
[345] "stat_spoke" “stat_sum" “stat_summary”
[349] "stat_summary_bin" “stat_sunmary_hex" “stat_summary2d" Geplot (data = NULL, mapping = nc = parenc. frame ())
[353] "stat_ydensity” "statgin” "statgin2d”
[357] “statginhex" “StatBoxplot” “Statcontour” Arguments
[361] "statpensity” "StatDensity2d” "statecdf”
365] "statFunction” "StatIdentity” “statQq”
{m 8 asiiaily Fdasmntd .,Smgﬁmry.‘ et eummaryad" data Default dataset to use for plot. I not already  data frame, will be converted to one by gozzizy I not specified, must be
[373] ysin® N g “statunique” "Statvdensitys, suppled in each layer added to the plot
(377] “theme” “Theme_bw' “theme_classic" = k i x “
] e g loicongilad mapping Default st of aesthetic mappings to use for plot f not specified, must be suppled in each layer added to the plot
[385] “"theme_linedraw" Other arguments passed on to methods. Not currently used.
(389] “theme_update” - orm_position” %
[393] "unit” “update_labels” “update_stat_defaults” " t  If an vaniable defined in the aesthetic mapping is not found in the data, ggplot will look for it in this emironment. It defaults to
[397] "waiver’ “xlab™ “x1im" using the emironment in which ggplot () is call
[401] "ylab” "zeroGrob” £
> help(“ggplot™) : -
| Details i

5 1022m |
mEe

{3
-

While operating in RStudio, the help will be displayed in the dedicated help pane. If operating in the
console, the experience would be that the same text is written out to the console in text only. It
follows that this procedure exists for the purposes of making help and documentation available
universally in R.

e o meEe]

Procedure 13: Unloading a Package.
Navigate to the end of the script and create a new line:

) RStudio
File Edit Code View Plots Session Build Debug Profile Tools Help

Ql-l2- B B & Addins -
(@ Untitled1* =0
al| [ [Flsourceonsave  Q A« ]| - |==Run | 5% | | #Source ~| =
1 Tlibrary(ggplot2)
2 searchpaths ()
3 search()
4
41 Top Level) + R Script =

Type the detach() function as:

detach("package:ggplot2", unload = TRUE)
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File | Edit | Code View Plots Session Build Debug Profile Tools Help
-5 2 [EE ~ addins -

3] Untitled* =

41| | [[]SourceonSave | & 4 - i = =% Run | [%% | |_# Source -
Tibrary({ggplot2)
searchpaths ()
search()
detach()]

[N |

TN

Run the line of script to the console:

=0

Console

R version 3.3.2 (2016-10-31) -- "Sincere Pumpkin Patch”
copyright (C) 2016 The r Foundation for sStatistical Computing
pPlatform: x86_64-w64-mingw32/x64 (64-bit)

R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.
Type "license()' or 'licence()’ for distribution details.

R is a collaborative project with many contributors.

Type "contributors()’ for more information and

‘citation()” on how to cite R or R packages in publications.
Type "demo()’ for some demos, "help()’ for on-1ine help, or
"help.start() " for an HTML browser interface to help.

Type 'q{)’ to quit R.

> library(ggplot2)
= detach()
>

The package has now been removed from the R session and the scrpt is essentially, tidying itself up.

Procedure 14: Creating a Numeric Variable by Assignment.
Start by creating a new script as procedure 5:

8 R5tudio
File Edit Code Wiew Plots Session Buld

Ql-l- 6 B

®7 RScript Ctrl+Shift+N

ree on Save | O
2)

& R
@R
B Shiny Web &pp...

L1 TextFile

2 C++ File

©1 R Sweave

@7 RHTML

];r\;[ R Presentation
@] R Documentation

A blank script window will be created that will be the target:
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O lolo s
File Edt Code View Plots Sesion Buld Debug Profile Tools Help
e-2- 88 » ~ Addins - & Project (None) ~
1 Untitedt® x| ] Untited2 | Envionment  History. =0
& lsourceonsove | Q /' = - SRun 5% Source ~ 2 @ impotDataset - st -
B | %) Global Environment ~

Files Plots Padages Help Viewer =
SR
R: Create a new ggplot +

ggplot (ggplot2) R Documentation (-

Create a new ggplot

11 flop Leven Rscript =

Description
Console =0
ggplot () initislizes a ggplot object. It can be used to declare the input data frame for a graphic and to specify the sat of plot aesthetics
R version 3.3.2 (2016-10-31) -- “sincere Pumpkin Pat intended to be common throughout all subsequent layers unless specifically overridden.
Copyright (C) 2016 The R Foundation for Statistical campunng
Platform: x86_64-w64-mingw32/x64 (64-bit) Usage
R is free software and comes with ABSOLUTELY NO WARRANTY. o s T —
You are welcone to redistribute it under certain conditions. BapiSeleace = NCL, SRRLST, =B8R} o orow SRLEORERE = AFeRT: SEERE())
e “license()' or ‘licence()' for distribution details.
T 0 0 Arguments
R s a collaborative project with many contributors.
Type mnmbuwrs() for more information and data Default dataset to use for plot. If not already a data frame, will be converted to one by £ozzafy. If not specified, must be
“citation()’ on how to cite R or R packages in publications. suppled in each layer added to the plot
Type ‘demo()’ for some demos, ‘help()’ for on-line help, or mapping Default list of aesthetic mappings to use for plot. If not specified, must be suppled in each layer added to the plot.
‘help.start()’ for an HTML browser interface to help.
Type ‘q0" to quit R. Other arguments passed on to methods. Not curently used

envizonment Ifan variable defined in the aesthetic mapping is not found in the data, ggplot will look for it in this emvironment. It defaults to

> using the emironment in which ggp1o () is called

Details

1I6AM
1/5/2017

Bl 2 en0n o

Variables in R are created by assignment, the process of setting a value. The operator or command
for assignment is the chracter combination of "<-". To create and assign a numeric variable start by
typing into the script window:

Numeric<-1

£ Rstudio
File | Edit | Code View Plots Session Build Debug Profile Tools Help

& -l 8 = Addins -

@] Untitled1® ¥ | 3 Untitled2® % =0
= &1 | | Flsourceonsave | Q A - ]| - [=#%Run | [*% || #source - =
1 Numeric =- 1
1:13 (Top Level} = R Script =

Run the script to console:
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Console -~/ =0

R version 3.3.2 (2016-10-31) -- "Sincere Pumpkin Patch"”
Copyright (C) 2016 The R Foundation for sStatistical Computing
pPlatform: x86_g84-we4-mingw32/x64 (64-bit)

R is free software and comes with ABSOLUTELY NO WARRANTY.
vou are welcome to redistribute it under certain conditions.
Type "license()’ or 'licence()’ for distribution details.

R is a collaborative project with many contributors.

Type 'contributors()’' for more information and

"citation()’ on how to cite R or R packages in publications.
Type 'demo()’ for some demos, "help()' for on-Tine help, or
"help.start()' for an HTML browser interface to help.

Type 'q()" to guit R.

> Mumeric =- 1
=

A variable with the name Numeric has now been created. It can be seen that RStudio has also
recognised the creation of a new variable in the Environment Values pane towards the top right
hand side of RStudio:

0 Rstudio
Fle Edt Code View Plots Sesion Buld Debug Profie Took Help
.- @B ~ Addins ~
] Untitledt* 29 Untitled2* == [7] | Environment History
51 Flsourceonsave | Q 2 - & - —#Run %% % Source 2 O | _»moonDataset -+ st -
1 Numeric <- 1 ) Global Ermronment +
2
values
Numeric 1
Fles Plots | Packages | Help Viewss =
R
® Creste 3 new ogpiot -
‘ggplot {ggplot2) R Documentation | -
Create a new ggplot
(lop Levet R Scipt o ¥
Description
Console =E
gapior () iniializes 2 gapiot object i can be used to declare the input data frame for a graphic and to speciy the set of plot aesthetics
R version 3.3.2 (2016-10-31) —- "sincere pumpkin patch” imended to be comman throughout all subsequent layers unless specifcally averidden
Copyright () 2016 The R Foundation for Statistical Computing
Platform: x86_64-wbé-mingw32/x64 (64-bit) Usage

R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome To redistribute it under certain conditions.
Type ‘license()' or ‘licence()’ for distribution details.

gaplot (data =

. mapping = aes(}, ...,

nt = parent.frame())

Arguments
R 15 a collaborative project with many contributors.

Type “contributors()’ for more information and daza Dbl dasot o v for plol, I not akcowty . cha e, will o convarted o e by Zazsi gy I ok spocised, s b
citation()’ on how o cite R or R packages in publications. suppled in each layer added to the plot.

Type ‘deso()’ for some demos, 'help()’ for on-line help, or rapping Defoult lst of aesthetic mappings 1o use for plot 1 not specified, must be suppied in each layer added to the plot
"help.start()® for an WIML browser interface to help.
Type 'q()’ to quit R. Other arguments passed on to methods. Not currently used.

fan variable dafined in the aesthetic mapping is not found in the data, gaplot wil ook fo it in this envronment. it defaults to
using the environment in which ggp1ec () is called

> humeric <- 1

Details

i) wmam | |
S s ||

The variable can also be referenced in the script by simply typing the variable name and runing the
script to console. In this example, create a new line in the script and type the name of the variable:

2 @0 o g

Numeric
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@7 Untitled1* 7] Untitled2*

71| [ [JSourceonSave Q& /% ~| & -
1 Numeric <
2  Numeric

2:8 (Top Level) =

Run the line of script to console:

Console

R version 3.3.2 (2016-10-31) -- "Sincere Pumpkin Patch”
Copyright (C) 2016 The R Foundation for statistical computing
Platform: x86_64-w64-mingw32/x64 (64-bit)

R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.
Type 'license()' or "licence()' for distribution details.

R 15 a collaborative project with many contributors.
Type 'contributors()’ for more information and
‘citation()’ on how to cite R or R packages in publications.

Type 'demo()" for some demos, "help()’ for on-Tine help, or
"help.start()" for an HTML browser interface to help.
Type 'q()’ to guit R.

> Numeric <- 1
> Numeric

[1] 1

= |

It can be seen that the assigned value is written out.

~% Run

o

Source ~

R Script =

The mode() function is intended to disclose the variable type, taking the variable name as the
paramater. Create a new line in the script editor and disclose the variable type, start by typing:

mode(Numeric)

Run the line of script to console:

Console

R version 3.3.2 (2016-10-31) -- "sincere Pumpkin patch"
copyright (C) 2016 The rR Foundation for statistical Computing
Platform: xB6_64-wed-mingw32/x64 (64-bit)

R 1s free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.
Type "Ticense()' or 'licence()’ for distribution details.

R i5 a collaborative project with many contributors.
Type “contributors()’ for more information and
‘citation()” on how to cite R or R packages in publications.

Type "demo()’ for some demos, "help()’ for on-line help, or
"help.start() " for an HTML browser interface to help.
Type 'q()’ to quit R.

> Numeric =- 1 + 1
> mode(Numeric)
[1] "numeric"”

> |
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It can be observed that the variable type has been returned as numeric. Itis also possible to assign a
variable as the result of aritimetic or function output. For example, type into the script editor:

NumericResult<-1+1

37 Untitled1* * = @7 Untitled2* > =]

51| [ [[SourceonSave | Q /| 1| ~« ~%Run %% 9 Source ~
Numeric <- 1
Numeric
mode (Numeric)
NumericResult <- 1 + 1|

BN

4:23 (Top Level) = R Script =

Run the line of script to the console:

O iidia Sle e
|Fle| Edt Code View Plots Sesion Buld Debug Profie Took Help
Q- 8 B3 ~| Addins v & Project (None| »
O] Unitieat x| ) Untecz* T nwronment  History =0
T 3 MsSourceonsove | Q 2 » L1 = #Run 5% _Soume - = < [ _#wpont Dataset + ust -
1 Numeric f Global Environment +
2 wumeric
3 mode(Numeric values
4 Numericresult 1+1 Numer i ¢ 1
5 Numer fcResult 2
Fies Plots  Pacages Help  Viewer =
@RS ]
R Crestea new ogoiot -
gpiot [ggpiot2) R Documentation
Create a new ggplot
51 (Top Level) R Seript F

Description
onsole
LUPYLIGIL (L) £ULO 1T K FUUUALIUN 10D SLALISLILED LOTRUL TG | geplet () initisizes 2 ggpiot object. It can be used to declare the input data frame for a graphic and to spacify the set of plot aesthetics
platform: x86.64-w6d-mingw32/x64 (64-bit) intended to be common throughout all subsequent layers unless specifically ovemidden
R 15 free software and comes with ABSOLUTELY NO WARRANTY
You are welcome to redistribute it under certain conditions. Usage
Type ‘license()' or ‘licence()' for distribution details.
GUplot (data = WULL, mapping = aes(), ..., environment = parent.frame())

® 15 a collaborative project with many contributors.
Type “contributors()’ for more information and Arguments
“citation()’ on how to cite R or R packages in publications.

Type ‘demo()’ for some demos, 'helpQ* for on-1ine help, o daza Default datase to use for plot I not already a data frame, will be converted to one by forza 2w If not specified, must be
“help.start()’ for an WINL browser interface to help. £ suppled in each layer added 1o the piot
Type 'qQ)’ to quit R. mapping Default list of aesthetic mappings to use for plot If not specified, must be suppled in each layer added to the plot

> numerfc <= 1
> Numeric
na1 v = Ifan variable dofined in the aesthetic mapping is not found in the data. ggplot wil look for it in this emironment. It defaults to
> mode (Numeric) using the emvironment in which ggplet () is called

1) “numerfc

> NumercResult < 1 + 1

Bl @00 o]

Other arguments passed on to methods. ot currently used.

Details

It can be observed that the NumericVariable has been created and is available in the Environment
Variables windows, and it would also return in the console when referencing the variable directly:
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2] untitied1® @7 Untitled2* =0

a1 | | E]sourceonsave | Q #° ~| £]| ~ =% Run | %% | | % Source -
Numeric <- 1
Numeric
mode (Numeric)
NumericResult <- 1 + 1
Numericresult

oo B R

(8 (Top Level] = R Script =
Console -/ — 0

R is free software and comes with ABSOLUTELY NO WARRANTY. -
You are welcome to redistribute it under certain conditions.
Type 'license()” or 'licence()' for distribution details.

R 15 a collaborative project with many contributors.
Type 'contributors()' for more information and
"citation()" on how to cite R or R packages in publications

Type 'demo()’ for some demos, "help()" for on-line help, or
"help.start()" for an HTML browser interface to help.

Type 'g()" to quit R

m

> Numeric <- 1

> Numeric

[1] 1

= mode({Numeric)

[1] "numeric"

= NumericResult =- 1 + 1
> NumericResult

[1] 2

=

Procedure 15: Create a string variable by assignment.
Strings in R are surrounded by double quotation marks yet the assignment procedure is the same as
numeric assignment. Start by creating a new line in the script editor and typing:

Char <- "Test"

27 Untitled1* 27 Untitled2* =

&1 | |3 Fsourceonsave | Q # =~ &1 | - =#Run | 9% | | = Source ~
Numeric <- 1
Numeric
mode (Numeric)
NumericrResult =- 1 + 1
NumericResult
string <- "Test"”

0

e bl

6:17 (Top Level) = R Script =
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Run the script to console:

0] Untitled1® % | ©) Untitled2" x

4 E Clsourceonswve | Q /- = E
Numeric < 1

Numeric

mode (Numeric)

NumericResult <- 1 + 1

NumercResult

string <- “Test”

71| (lop Level £

2
K 15 ITEE SUILWAE Il COMES WILT ABSULUTELY NU WAKKANIY.
You are welcome to redistri it under certain iti
Type ‘license()' or ‘licence()' for distribution details.

R is a collaborative project with many contributors.
Type ‘contributors()’ for more information an
“citation()" on how to cite R or R packages in publications.

Type ‘demo()’ for some demos, ‘help()’ for on-line help, or
“help.start()* for an HTML browser interface to help.
Type 'q0" to quit R.

> Numeric <- 1
> Numeric

(11

> mode(Numeric)

(1] "numeric*

> NumericResult <- 1 + 1
> Numericresult

1] 2
> string <- "Test"

JUBE

HRun 59 Source -

RSaipt ¢

Environment  History
2 @ _empotostaset < f
% Global nvronment -

values
Numeric 1
Numer{cresult 2
string “Test”

Files Plots Padages Help Viewer
2

R: Create a new ggplot +

ggplot {ggplot2)
Create a new ggplot

Description

Ust -

R Documentation

goplet () initializes a ggplot object.t can be used to declare the input data frame for a graphic and to specify the set of plot aesthetics
intended to be common throughout all subsequent layers unless specifically overridden

Usage

Ggplot (daca = NULL, mapping = ses(), ...

pazent. frame ()

Arguments

aaza Default dataset to use for plot. If ot already a data frame, will be converted to one by Zoxzagy. I not specified, must be
suppled in each layer added to the plot

rapping Defautt ist of aesthetic mappings to use for plot. Ifnot specified, must be suppled in each layer added to the plot

Other arguments passed on to methods. Not currently used.

Details

If an variable defined in the aesthetic mapping is not found in the data, ggplot wil look for it in this emvironment. It defaults to
using the emvironment in which ggp1ot () is called

The new String value is written to the Environment pane. The variable is addressible from the script

by typing the variable:
String

27 Untitled1* % = @7 Untitled2* »

&1 | & Elsourceonsave | Q /- ~

Numeric =- 1

Numeric

mode (Numeric)
Numericresult <- 1 + 1
NumericresulT

string <- "Test”
string|

R T T

T (Top Level) =

Run the line of script to console:
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IYPE  TILENDEL)  Ur TICENLEL)  1TUF UIsLr IDUWL IO UgLdlIs,

R is a collaborative project with many contributors.
Type "contributors()’ for more information and
‘citation(Q" on how to cite R or R packages in publications

Type “demo()' for some demos, "help()' for on-line help, or
"help.start()” for an HTML browser interface to help.
Type "q()’ to quit R.

> Numeric <- 1

> Numeric

[1] 1

> mode(Numeric)
[1] "numeric"

> NumericResult <- 1 + 1
> Numericresult
[1] 2

> 5tring <- "Test"
> 5tring

[1] "Test"

>

Validate the variable type by using the mode() function. Type into the script pane:

mode(String)

27 Untitledl* @ 7 Untitled2*

41| | Elsourceonsave | Q A~ i1 | - ~ Run

Numeric <- 1

Numeric

mode (Numeric)
NumericResult <- 1 + 1
Numer icResult

string =- "Test"
string

mode(5tring)

[N T P S

&13 (Top Level) =

Run the line of script to console:

Console

KI5 4 LU 1dDUrdLIveE project WiLr mdry COrnur iguronrs.

Type 'contributors()’ for more information and

"citation()” on how to cite R or R packages in publications

Type ‘demo()' for some demos, "help()' for on-1ine help, or
"help.start()" for an HTML browser interface to help.
Type 'q()" to gquit R

= Numeric <- 1

= Numeric

[1]1 1

= mode{Numeric)
[1] "numeric”

> NumericResult =- 1 + 1
> Mumericresult
[1] 2

= string =- "Test"
= string

[1] "Test"

= mode(string)

[1] "character™

=

It can be observed that the data type was defined as chracter upon assignment.
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Procedure 16: Create a logical variable by assignment.
Logical variables are True or False values which are derived by logical assignment. To create a logical
variable as the result of an evaluation assignment, start by creating a variable x by typing:

x<-1

2 7 Untitledl* 37 Untitled2* )

&1 | |3 Fsourceonsave | Q # - &1 - =% Run | 5% | % Source ~
Numeric =- 1
Numeric
mode (Numeric)
NumericResult <- 1 + 1
NumericResult
string <- "Test"
string
mode (string)
x <-1

[Tl N ISR N

6 Top Level] * R Script +

Run the line of script to console:

Console =
Iype CUMNLr 1puLorsyy TOr moreg arnormac 1orn 4ng
‘citation()" on how to cite R or R packages in publications

Type 'demo()' for some demos, "help()' for on-line help, or
‘help.start()" for an HTML browser interface to help.
Type 'q()’ to quit R.

> Numeric <- 1

> Numeric

[1] 1

> mode{Numeric)
[1] "numeric"

> NumericResult =- 1 + 1
> NumericResult
[1] 2

> s5tring =- "Test"
> 5tring

[1] "Test"

> mode(string)

[1] "character"

= X <-1

=

m

Create another variable y by typing:

y<-2
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@ ] Untitled1* @7 Untitled2*

a1 | | [Flsourceonsave | Q A «| £1/| -
Numeric <- 1
Numeric
mode (Numeric)
NumericResult <- 1 + 1
NumericResult
string <- "Test”
string
mode(string)
X <-1
y <= 4

(=Nt I N RPN

i

10:7 Top Level) +

Run the line of script to console:

Console

JUBE

LILdLIUNL) U NOW LU LILE K UF K pPdlKdyeEs IF Pubiicdl 1Urs,

Type 'demo()’ for some demos, "help()' for on-1ine help, or

"help.start() " for an HTML browser interface to help.

Type 'q()° to gquit R

= Numeric <- 1

= Numeric

1] 1

= mode{Numeric)
[1] "numeric”

> NumericResult <- 1 + 1
> MumericResult
[1] 2

= string =- "Test"
= string

[1] "Test"

= mode(string)

[1] "character™
=% =<-1

>y <- 2

=

% Run

bk

_¥ Source -

R Script =

The logical variable will be created as the result of comparing one variable to another, in this case,

guestioning if x is greater thany. Type:

Logical <-x >y

51
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@ Untitled1* % @7 Untitled2* =

41 [ [[]source on Save

Q Z-gl -

1 Numeric =- 1
2 Numeric
3 mode(Numeric)
4  Numericresult =- 1 + 1
5 Numericresult
6 string <- "Test"
7 string
& mode(string)
9 x <1
10 y <= 2
11 Logical <- x > y|
11:17 (Top Level} =

Run the line of script to the console:

Console -~/

Type ‘demo()' for some demos, 'help()’ for on-line help, or
"help.start()" for an HTML browser interface to help.
Type 'q()" to guit R.

= Numeric <- 1

= Numeric

1] 1

= mode{Numeric)
[1] "numeric”

> NumericResult =- 1 + 1
> NumericResult
[1] 2

= string <- "Test"
> string

[1] "Test"

> mode(string)

[1] "character"

= X <-1

=y <= 2

> Logical <- x =y
=

=0

=% Run | [ Source -

R Script =

=0

m

It can be seen that the variable Logical has been created and is available in the Environment pane:

] Untitedt* x 9 Unlitied2”
5| [ Elsoureonswe | Q / - - =% Run
1 Numeric
2 wumeric
5 mode(Numeric
4 NumericResult < 1 +1
5 NumericResult
5 string < "Test”
7 string
5 mode(string
9 x <1
0 y<-2
11 logical < x>y
12
1347 op Leved
Console

Type "demo()’ for some demos, "help()’ for on-line help, or
“help.start()" for an HTML browser interface to help.
Type "q0)" to quit R.

> numerfc <- 1
> Numeric

e (Numeric)
‘numer-ic”

> NumericResult <- 1 + 1
> numer { cResulT
01

[1] "Test”
> mode(string)
[1] “character”
>x <1

> Logical <- x >y

Source -

Environment | History -
= B st v

% Gloval Enmronment +

 Import Dataset ~

values
Logical FaLsE
Numer 1
Scresult 2
“Test
T
2
Fles Pots  Padages Hep  Viewer =0
SR

R Creste a new ggplot +

ggplot {ggpiot2) R Documentation

Create a new ggplot

Description

() initializes a ggplot object. It can be used to declare the input data frame for a graphic and to specify the sat of plot aesthetics
to be common thoughout all subsequent layers unless specifically ovemdden

ggplot (date = NULL, mapping = aea(), environment = perent.frame())

Arguments

aaza Default dataset to use for plot. If not already a data frame. wil be converted to one by orza v Ifnot specifed, must be
suppled in each layer added to the plot.

mappin Default fist of aesthetic mappings to use for plot.If not specified. must be suppled in each layer added to the plot

Other arguments passed on to methods. Not curently used

at ¥ an vanable defined in the aesthetic mapping is not found in the data, ggplot will look for t in this emironment. It defaults to
using the emironment in which g0t () is called.

Details

Naturally, the variable can also be referenced via simply typing into the script editor:

Logical
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7 Untitled1* 2] Untitled2*

&1 | B [Flsourceonsave | Q # -| ]| -

1 Numeric =- 1

2 Numeric

3  mode(Numeric)

4  NumericResult =- 1 + 1
5 NumericResult

6 string =- "Test"

7 string

& mode(string)

9 x =-1
10y <2
11 Logical =- x = ¥y
12 Logicall
13

12:3 (Top Level] =

Run the script to console:

Console
neip.sedrey) 1O 4 AIML DPFOWSEF ITILErNT d0E L0 Tieip.
Type 'q()’' to quit R

= Mumeric <=- 1

= Mumeric

[1] 1

> mode{Numeric)
[1] "numeric"

= NumericrResult <- 1 + 1
= NumericResult
[1] 2

> String <- "Test"
> string

[1] "Test"

= mode(string)

[1] "character"
=X <1

=y o< 2

> Logical <- X > y
= Logical

[1] FaLsE

>

~= Run

S

_7F Source -

R Script =

v 0

m

It can be seen that the variable has been written out as FALSE, in this instance, with the opposing

value being TRUE. Using the mode() function, typing into the script editor:

mode(Logical)

27 Untitledl* @7 Untitled2*

&1 | |3 [[SourceonSave | @ A ~| i1 =

1 Mumeric =- 1

2 Numeric

3 mode(Numeric)

4  NumericResult <- 1 + 1
5 NumericResult

6 string =- "Test”

7 string

8 mode(string)

9 x=-1
10 y <- 2
11 Logical <=- x = vy
12 Logical

13 mode(Logical)]

13:14 Top Level) +
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Run the script to console:

Console

= Numeric <- 1

> Numeric

[1] 1

= mode{Numeric)
[1] "numeric™

> NumericResult =- 1 + 1
> Mumericresult
[1] 2

= string =- "Test"
= string

[1] "Test"

= mode(string)

[1] "character™
=% <=1

>y <- 2

> Logical <- x =y
= Logical

[1] FaLsE

> mode(Logical)
[1] "Togical”

>

m

It can be seen that the variable writes out as being of type logical.

Procedure 17: List Variables in R.

While RStudio will display the variables in the session at a given point in time, the function can be
replicated to console also. The Is() function, which has hitherto been used to identify the functions
in a package, is by default used to identify objects in the session. In the script editor, type:

Is()

27 Untitled1* @7 Untitled2*

a1 | | [Flsourceonsave | Q #° +| i s ~= Run | %% | % Source -

1 Numeric =- 1

2 Numeric

3  mode(Numeric)

4  nNumericResult =- 1 + 1

5 NumericResult

6 string =- "Test"

7 string

8 mode(string)

9 x=-1

10 y <- 2

11 Logical < X =y

12 Logical

13 mode(Logical)

14 1s0)
14:5 (Top Level) = R Script

Run the line of script to console:
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Console

2 Numer o

[1] 1

> mode(Numeric)
[1] "numeric"

> NumericResult <- 1 + 1
= NumericResult
[1] 2

> String <- "Test”
> 5tring

[1] "Test"

= mode(string)

[1] "character"
=X <1

=y <= 2

> Logical <- X = vy
> Logical

[1] FALSE

= mode(Logical)
[1] "logical”

= 15()

[1] "Logical” "Numeric"
=

The variable names are returned to the console.

the variable name:

String

127 Untitled1* 37 Untitled2*
&1 | |3 [Flsourceonsave | Q #° - i

1 Numeric <- 1

2 Mumeric

2 mode(Numeric)

4  NumericResult =- 1 + 1
5 NumericResult

6 string =- "Test”
7 string

& mode(string)

9 x <1

10 y <- 2

11 Logical <=- x > ¥y
12 Logical

13 mode(Logical)

14 1s()

15 string

157 (Top Level) +

Run the line of script to console:

Console

> moug i NumEr ey

[1] "numeric”

> NumericResult <- 1 + 1
> Numericresult
[1] 2

> 5tring <- "Test"
> 5tring

[1] "Test™

> mode(5tring)

[1] "character™

= X <1

=y <= 2

> Logical <- X = y
> Logical

[1] FALSE

> mode(Logical)
[1]1 "Togical”

> 150

[1] "Logical”

> string

[1] "Test”

>

"Numeric”
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string” X

"NumericResult” "string” X"

—# Run

o

—}

_ Source -~

m

To reference these, it is simply a matter of typing

[ |

R Script =

0

0

»

m
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Procedure 18: Remove Variables in R.

In the event that long and complex scripts are being processed, where the objects might be using a
substantial amount of memory (such as a large table from a database), it may be prudent to remove
the objects when the script no longer needs it.

To remove an object, the remove() function is used taking an argument as the name of the variable
to be removed. In this example, the String variable will be removed. Type:

remove("String")

@7 Untitled1* 37 Untitled2*

4 | |3 Elsourceonsave | Q A - £] | ~ =% Run | (%% | | Source -
1 MNumeric <- 1
2 Mumeric
3 mode(Numeric)
4  NumericResult =- 1 + 1
5 NumericResult
6 string =- "Test”
7 string
&8 mode(string)
9 x=-1
10 y <- 2
11 Logical <=- x = ¥y
12 Logical
13 mode(Logical)
14 1s()
15 string

16 remove("string™)

16:17 (Top Level) R Script

Run the line of script to console:

Console

Ll rumeEr o

> NumericResult =- 1 + 1
> NumericResult
[1] 2

= string =- "Test"
= 5tring

[1] "Test™

= mode(string)

[1] "character™

> % <-1

=y <= 2

= Logical <- x =y
> Logical

[1] FaLsE

= mode(Logical)
[1] "logical”

= 1s()

[1] "Logical” "Numeric"” "NumericResult" "string” X" Tyt
= String

[1] "Test™

= remove("string")
>

n

It can be seen that the String variable no longer appears in the environment pane:
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0] Untitedt x | @) Untitieazs
€ Msouceonswe  Q /.~

Numer ic

Numer ic

mode (Numer ic

Numer fcResult <- 1 + 1

NumercResult

string <- “Test’

string
mode(string.
x<-1

5

y<2
Logical < x>y
Logical

mode (Logical
s

string
remove("string

1617 (op Level &

Console
Ly oumeric

> NumericResult <- 1 + 1
> NumericResult

n) 2

> string < "Test”
> string
[1) "Test”

> mode(string)

[1) “character”

> x

Sy <2

> Logical <= x >y
> Logical

> mode(Logical)

1] "logical”

> 150

(1] "Logical” “Numeric” “Numer icResult” "string” = oy
string

1] "Test”
> remove("string”)

JUBE

7| Enviconment  History

SRun 2 o Source - 2 [ importDataset + |

% Global Environment -

values
Logical FALSE
Numer-ic 1
NumericResult 2
x 1
y 2

Files Plots Padages Help Viewer
R

R: Create a new ggplot +

‘ggplot (ggplot2)

Create a new ggplot

Rsaipt & -
Description

intended to be common throughout all subsequent layers unless specifically overridden

Usage

goplot (data = X

Arguments

, mapping = aes(),

environment = parent.frame())

ust -

R Documentation

gaplec () initalizes a ggplot object. h can be used to declare the input data frame for a graphic and to specify the set of plot aesthetics

daca Default dataset to use for plot. I not already a data frame, will be converted to one by foxzity. f not specified, must be

suppled in each layer added to the plot

Other arguments passed on to methods. Not currently used.

Details

Default fist of aesthetic mappings 10 use for plot. f not specified, must be suppled in each layer added to the plot

1 an variable defined in the aesthetic mapping is not found in the data, ggplot will look for it i this emvironment h defaults to
using the emironment in which ggplet () is called

Naturally the variable will not be available in the session upon inspection of the Is() function. Type:

Is()

@7 Untitled1* 37 Untitled2* %
41 | [ [[]source on save

Q Z 8 -

1 Numeric <- 1

2 Mumeric

3 mode(Numeric)

4  NumericResult =- 1 + 1
5 NumericResult

6 String <- "Test"
7 string

& mode(string)

9 X «<-1

10 y <- 2

11 rogical <- x >y
12 Logical

13 mode(Logical)

14 1s()

15 string

16 remove("string")
17 1s()

18

18:1 (Top Level) +

Run the line of script to console:

Console -/

Z O NUmEeEr ILKEsuIL
[1] 2

> String <- "Test”
> 5tring

[1] "Test"

= mode(string)

[1] "character”

> X =<1

=y <= 2

= Logical <- x = vy
> Logical

[1] FALSE

> mode(Logical)
[1] "logical”

= 1s()

[1] "Logical"

= 5tring

[1] "Test"

> remove("string")
> 150}

[1] "Logical™

>

"Numeric" "Numericresult"”

"Numeric” "Numericresult”

"string” X v

et "y

It can be observed that the return is now minus the String variable.
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Module 3: Data Structures Introduction.

Although R seems intimidating at first, requiring what seems to be programming skills, this belies
that most of the procedures for complex predictive analytics can in fact be distilled into simple
procedures. Itis most certainly not correct that R need be viewed upon as a programming language.

There are certain basic principles that need to be understood however and as covered in Module 1,
Module 2 sets out to emphasise these principles.

In this module, Data Structures, available to R, will be explored. The exercise will require a new
script to have been opened in RStudio as will have become familiar in procedures set forth in
Module 1:

7| Environment History =

O Untiteat® x| O] Unttieaz x| 0 Untteds =
3 [Sourceonsave  Q / - SRun 5% Source ~ 2 B _#mportDataset - st
1 % Giobal Envronment -
values
Logical FALSE
Numer ¢ : ¥
Numer icResult 2
Test num [1:4] 1111
Test2 num [1:4] 2111
x 1
y 2
Fies Plots Packages Help  Viewer =0
> B
R Crete s new ggplot +
‘ggplot {ggplot2) R Documentation -
Create a new ggplot
11 (opieve ¢ RSapt )
Description
Console -0
>y <= ¢ ggplot () initializes a ggplot object. It can be used to declare the input data frame for a graphic and to specify the set of plot aesthetics.
> tgg:z:: < x>y intended to be common throughout all subsequent layers unless specifically overridden.
[1] FALSE
> mode(Logical) Usage
[1] "logical™
235 Gaplot (data = NULL, mapping = aes(), ..., environment = pazent.frame())
1] "Logical” “Numeric” “NumericRresult” "string” b3 "y
> string Arguments
[1] “Test”
> remove("string") _ o T " m— -
> raso data efault dataset to use for plot. I not already a data rame. will be comverted to one by £oxza gy f not specified, must be
1] “Logical” “Numeric” “NumericResult” "x" "y suppled in each layer added to the plot
> ::Z: < <111 mapping Default list of aesthetic mappings to use for plot. If not specified, must be suppled in each layer added to the plot
nmyz2222 Other arguments passed on to methods. Not currently used.
Test + Test
miz222 & environment I an variable defined in the aesthetic mapping is not found in the data, ggplot will look for it in this emironment. It defaults to
Test2 <- <(2,1,1,1) using the emvironment in which ggplot () is called
> Test Test2
mizzz2
> Details

Ol e O LY

Procedure 1: Create a Vector with ¢ Function.
The c function is used to combine variables into a vector. To create a numeric Vector, start by

typing:

NumericVector <- ¢(1,2,3,4,5)
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O Rsudo (=S |
Fle| Bt Code View Plots Sesson Buld Debug Profie Tooks Help
o-@- 88 - D - agdins - & project fone) ~
) Unttieat® x| O Untitled2* % 0] Untitie3* 1| Envionment  History =0
B lsourceonsove | Q /= - aRun | 5% 5 source 2 imponOstaset = o st -
1 Numerfcvector < c(1,2,3,4.5) b Global Environment ~
values
Logical FALSE
Numeric 1
Numer icResult 2
Test oum [1:4] 1111
Test2 num [1:4] 2111
x 1
y 2
Fles Plots Pacages Help Viewer =0
DR
R: Create a new ggplot =
9gplot {ggplot2) R Documentation
Create a new ggplot
130 (fop Leved = Rsaipt 2 . F
Description
Console —=
>y <= .| geplot() initiakizes a ggplot object. It can be used to declare the input data frame for a graphic and to specify the set of plot aesthetics.
> tg:g: x>y intended to be common throughout all subsequent layers unless specifically overnidden
[1] FAL:
> e Eogical) Usage
e
5 Goplot (data = NULL, mapping = aes(), ..., environment = parent.frame())
ok “Logicar® “Numeric” “NumericResult” "string” & "y
> Arguments
0] ™
x "'E‘;V“ 5""‘9 > aaca Default dataset to use for plt. I not already a data frame, will be converted to one by Zoxszy K not specified, must be
n " “Numeric” “"NumericResult” "y ‘suppled in each layer added to the plot
> ;:g; £ cﬂ L1 mapping  Default it of aesthetc mappings to use for pot. Hfnot speciied, must be suppled in each layer added o the plt
nyj22 z 2 Other arguments passed on to methods. Not currently used
> Test + Test
m12222 £ environmenc Hanvariable defined in the aesthetic mapping is not found inthe data, ggplot will look fr it i this emronment. It defaults to
> Test2 <- ¢(2,1,1,1) using the environment in which ggplot () is called
> Test + Test
s >
Details
cenmw = e
[ g oy

Run the line of script to console:

Console -/

R version 3.3.2 (2016-10-31) "sincere Pumpkin patch”
copyright (C) 2016 The R Foundation for statistical Computing
platform: x86_64-w64-mingw32,/x64 (64-bit)

R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.
Type 'license()’ or "Ticence()’ for distribution details.

R 15 a collaborative project with many contributors.
Type 'contributors()" for more information and
"citation()’ on how to cite R or R packages in publications.

Type ‘demo()’ for some demos, "help()' for on-line help, or
"help.start()’ for an HTML browser interface to help.
Type 'q()' to quit R.

> Numericvector =<-
>

€(1,2,3,4,5)

The vector appears in the envirponment pane,
suggest 1 row, five columns:

) Untitied1* x 2] Untitled2* x 0] Untitled3* x =0
) Msourceonsave Q / ~ > “#Run 5% | Source -
1 Numericvector 1,2,3,4,5)
2
21 (lop Level = RSaipt &
Console [=]

R version 3.3.2 (2016-10-31) --
Copyright
platform:

ncere pumpkin patch
(c) 2016 The R Foundation for statistical Computing
x86_64-w64-mingw32/x64 (64-bit)

R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.
Type "license()' or "licence()' for distribution details.
R is a collaborative project with many contributors.

e “contributors()’ for more information and
“citation()" on how to cite R or R packages in publications.
Type “deno()’ for some demos, 'help()’ for on-line help.
*help.start()’ for an HTML browser interface to hel
TYp o quit R.

> qumer(cvtttor < €(1,2,3,4,5

59

=0

showing the dimensons of [1,5], which would

Environment  History
> g
3 Giobat nvironment -

values

Numer icvector

_#¥Import Dataset ~ |

st -

num [1:5]12345

Files  Plots  Packages
&R

R Create a new ggplot =

Help

ggplot {ggplot2)

R Documentation
Create a new ggplot

Description

goplot () initializes a ggplot object. can be used to declare the input data frame for a graphic and to specify the set of plot aesthetics
intended to be common throughout all subsequent layers unless specifically ovemidden.

Usage

Ggplot(data = NULL, mapping = aes(), ..., environment = parent.frame())

Arguments

asca Default dataset to use for plot. If ot already a data frame, will be converted to one by foxzagy. I not specified, must be
suppled in each layer added to the plot

mapping Default st of aesthetic mappings to use for plot. Ifnot specified, must be suppled in each layer added to the plot
Other arguments passed on to methods. Not curently used.

environment I an variable defined in the aesthetic mapping is not found i the data, ggplot willlook for it n this emvironment. It defautts to
using the emronment in which ggplot () is called.

Details
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The vector can be referenced in the console, as with all other variables, by typing:

NumericVector

@7 Untitled1* 3] Untitled2* @] Untitled3*

&1 | B ElsourceonSave | Q 2 -| & - ~#Run | [®% || ¥ Source ~
1 Numericvector =- c(1,2,3,4,5)
2 Numericvector

2:14 (Top Level} = R Script

Run the line of script to the console:

Console

R version 3.3.2 (2016-10-31) -- "Sincere Pumpkin Patch”
Copyright (C) 2016 The R Foundation for Statistical Computing
Platform: x86_64-wed-mingw32/x64 (84-bit)

R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.
Type 'license()" or 'licence()’ for distribution details.

R i5 a collaborative project with many contributors.
Type 'contributors()’ for more information and
"citation()’ on how to cite R or R packages in publications.

Type 'demo()" for some demos, "help()' for on-1ine help, or
"help.start()" for an HTML browser interface to help.

Type 'q()’ to quit R.
> Numericvector <- c(1,2,3,4,5)
> Numericvector

[11]12345
> Numeric

To observe how R handles vectors, comprised of separate types (in so far as it CANT handle it), start
by typing:
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@7 Untitled3* »
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=0
&1 | [ [[source onsave | Q A -| & =% Run B9 Source v =
1 Numericvector <- c(1,2,3,4,5)
2 Numericvector
3 mMmixed < c(1,2,3,4,5,"string™)]|
3351 [Top Level) = R Script =
D Rswdio =2 )
Fie | Edit | Code View Piots Session Buld Debug Profile Took Help
o-@- 38 - addins - K roject flone)
Ountmeats x| O Unthieaz % | ) Untmeass 1| Emionment  pistory —=
i Mlsourceonswe | Q Z - £11 - wRun | (6% [#source + = # [ | PimportOstaset + o List +
T waner fcvector < €(1,2,3,4,5 3 Giosal Emmronment -
2 numericvector
3 mixed €(1.2,3,4,5,"string’ values
3 wixed chr [1:6] "1" "2" "3" "4" "S" "string"
Numer icvector num [1:5]12345
Files Plots Packages Help Viewer o
& DR i)
% Create & new ggplot =
ggpiot {gapiot2) R Documentation
Create a new ggplot
1 (Top Leve R Sar =
Description
consote -0
P I Gaplot () intializes a ggplot object. i can be used to declare the input data frame for a graphic and to specdy the set of plot aesthetics

Copyright (C) 2016 The R Foundation for Statistical Computing
Platform: xi -w64-mingw32/x64 (64-bit)

R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome To redistribure it under certain conditi
Type ‘license()' or 'licence()’ for distribution details

& 1s a collaborative project with many contributors.
Type ‘contributors()’ for more information and
“citatfon()’ on how to cite R or R packages in publications.

Type "deso()’ for some demos, ‘help()
‘help.start()’ for an
Type "q0’" to quit R.

* for on-line help, or
HTML browser interface to help.

> Numericvector <- c(1,2,3,4,5)
> Numericvector

112345
> Mixed <- €(1,2,3,4,5,"string")
> Numeric

intended to be common throughout all subsequent layers uniess specifically overndden.

Usage

55PIoT (data = NULL, mapping = ses(), ..., enviromment = parent.frame())

Arguments.
2 aaa Dafault dataset 1o use for plol.  not already a data kame. wil be converted to one by orzary If not specified. must be
= ‘suppled in each layer added 1o the plot

mapping Defaut st of aesthetic mappings to use for plot. i not specified, must be suppled in each layer addsd to the plot

Other arguments passed on to methods. Not cumently used

Details

an variable dsfined in the aesthetic mapping is not found in the ata. ggplot wil ook for it n this envronment. t defaults to
using the emironment in which ggples () is called

B 2 @00 0]

It can be seen that the vector has been created and is displayed in the environment pane, however,
itis being created as a character vector owing to the presence of character argument which cannot
be coerced to a numeric value and as such the entire vector becomes a character vector. To validate

this in the console, type:

Mixed
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©] Untitiedt* x | ©] Untitiea2* » | 0 Untitied3* =
& Clsouceonswve  Q /-« - HRun 5% Source -
1 Numericvector <- €(1,2,3,4,
2 numericvector
3 mixed <- <(1,2,3,4,5
4 mixed
46 | fop Leved R Scipt 2
Console =0
R version 3.3.2 (2016-10-31) -- “"Sincere pumpkin patch”
Copyright (C) 2016 The R Foundation for Statistical Computing
platform: x86_64-w6d-mingw32/x64 (64-bit)
R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.
Type ‘license()' or ‘licence()' for distribution details.
R 45 a collaborative project with many contributors.
Type “contributors()’ for more information and
“citation()’ on how to cite R or R packages in publications. =
Type ‘demo()’ for some demos, ‘help()’ for on-line help, or
“help.start()’ for an HTML browser interface to help.
Type 'q0)" to quit R.
> Numericvector <- <(1,2,3,4,5)
> Numericvect
m)12345
> Mixed <- c(1,2,3,4,5,"string")
> Numeric =

Run the line of script to console:

Console -/
LUPYD Tgie (L) ZUlD 1712 K FUUNUAL 10T TUF 5LdlIsLitdl

Platform: x86_64-w64-mingw32/x64 (64-bit)

Lompuc iy

R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.
Type 'license()' or "licence()' for distribution details.

R is a collaborative project with many contributors.
Type 'contributors()’ for more information and
‘citation()’ on how to cite R or R packages in publications.

Type 'demo()" for some demos, "help()’ for on-line help, or
"help.start()" for an HTML browser interface to help.

Type 'q()’ to guit R.

> Numericvector <- c(1,2,3,4,5)
> Numericvector

1112345

> Mixed <- ¢(1,2,3,4,5,"5tring”)

> Mixed
[1] "1" "2 "3 4t "5" "string”
> |

Environment  History =
-~ 4 list -

% Global Environment +

2 mport Dataset ~

values
Mixed chr [1:6] "1 "2 "3" "4” "5 "string"
Numer icvector num [1:51 1234

Fles Plots Pacages Help Viewer =

b D B

R Create a new ggplot +

ggplot {ggplot2} R Documentation |

Create a new ggplot

Description

agplet() initializes a ggplot object. It can be used to declare the input data frame for a graphic and to specify the set of plot aesthetics
intended to be common throughout all subsequent layers unless specifically overridden

Usage

9gplot (data = NULL, mapping = aes(), ...,

Arguments

daza Default dataset to use for plot. I not already a data frame, will be converted to one by £oxzaty. If not specified, must be
suppled in each layer added to the plot

rapping Default list of aesthetic mappings to use for plot. I not specified, must be suppled in each layer added to the plot

Other arguments passed on to methods. Not currently used

f an variable defined in the aesthetic mapping is not found in the data, ggplot will look for it in this environment. It defauits to
using the emvironment in which ggp1o () is calleg

Details

=

m

It can be validated that the vector has been created as a string, based on the premise of the double

guotations around all of the entries.

Procedure 2: Perform Vector Arithmetic.

A variety of arithmetic operators can be used against vectors such as:

e + Addition

e - Subtraction

e * Multiplication
e/ Division

e APower

* %% mod

In this example, a numeric Vector will be multiplied by 2. Start by creating a Vector, type:

Multiply <- ¢(1,2,3,4,5)
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@7 Untitled1* 27 Untitled2* {37 Untitled3*

g1 | ESourceonSave | Q A - 1| -
Numericvector <- c(1,2,3,4,5)
Numericvector
Mixed <- c(1,2,3,4,5,"string")
Mixed
Multiply <- c(1,2,3,4,5)]

(5, SN

5:25 (Top Level) =

Run the line of script to console:

Console -
FIALI UM X80_D4-Wod—ITIgWss,/ X04 (04-01L)

R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.
Type 'license()" or 'Ticence()’ for distribution details.

R is a collaborative project with many contributors.
Type 'contributors()’ for more information and
"citation()” on how to cite R or R packages in publications.

Type 'demo()' for some demos, “help()’ for on-line help, or
"help.start()" for an HTML browser interface to help.

Type 'q()’ to quit R.

> Numericvector <- <(1,2,3,4,5)
> NumericVector

[1112345

= Mixed <- c(1,2,3,4,5,"string™)

= Mixed

1] ™" g g g g "string"
= Multiply =- c(1,2,3,4,5)

=

In this example, multiply the vector by 2. Type:
Multiply * 2

@] Untitled1® @] Untitled2® @ Untitleds*

a1 | | Elsourceonsave | @ A~ ] ~
Numericvector =- c(1,2,3,4,5)
Numer icvector
Mixed <- c(1,2,3,4,5,"string")
Mixed
multiply =- ¢(1,2,3,4,5)
Multiply = 2
I

- T T S

71 (Top Level) =
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Run the line of script to console to write out the new vector:

Console

K 15 IIMEE 501 LWwdlrg 4dra Lomegs WILN ABSULUITELY NU WAKHKANITY.
vou are welcome to redistribute it under certain conditions
Type 'license()' or "licence()’' for distribution details.

R is a collaborative project with many contributors.
Type 'contributors()’ for more information and
"citation{)" on how to cite R or R packages in publications

Type ‘demo()’ for some demos, 'help()' for on-line help, or
"help.start()” for an HTML browser interface to help.
Type "q()’ to quit R

> Numericvector =- c{1,2,3,4,5)

= Numericvector

[1112 345

> Mixed <- ¢(1,2,3.4,5,"5tring™)

= Mixed

[1] "1 "2 3" "4t "5t "string”
= multiply <- c(1,2,3,4,5)

= Multiply ® 2

[1] 2 4 & 810

>

It can be observed that each position in the vector has been multiplied by the value of 2. Itis also

possible to multiple by another vector. Create another vector by typing:

MultiplyBy <- ¢(5,4,3,2,1)

@] Untitled1® @] Untitled2® 137 Untitled3*

a1 | | [Flsourceonsave  Q # - il| -
Numericvector <- ¢(1,2,3,4,5)
Numericvector
Mixed <- c(1,2,3,4,5,"string")
mixed
multiply =- c(1,2,3,4,5)
Multiply = 2
multiplyBy <- c(5,4,3,2,1)|

RN N ST N

AT (Top Level]

~&% Run

Then multiply the existing vector Multiply by the new vector MultiplyBy by typing:

Multiply * MultiplyBy
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] Untitled1* 3] Untitled2* @ Untitled3*

a1 | |3 [[SourceonSave | G 7 v| i - ~#Run | %% | _ Source *
Numericvector =- c(1,2,3,4,5)
Numericvector
Mixed <- c(1,2,3,4,5,"s5tring")
Mixed
Multiply < €(1,2,3,4,5)
Multiply = 2
MultiplyBy <- c(5,4,3,2,1)
Multiply * Multiplyey|

IR W TS

8:22 (Top Level) R Script

Run the line of script to console:

‘Console

R 15 a collaborative project with many contributors.
Type "contributors()" for more information and
‘citation()” on how to cite R or R packages in publications.

Type "demo()' for some demos, "help()' for on-Tine help, or
‘help.start ()" for an HTML browser interface to help.
Type "q()’ to quit R.

> Numericvector <- <(1,2,3,4,5)
> Numericvector

[1112345

> Mixed <- c(1,2,3,4,5,"string™)
> Mixed

[11 "1" 2" 3"

> Multiply = <(1,2,3,4,5)
> Multiply = 2

[1] 2 4 6 810

> multiplyBy <- ¢(5,4,3,2,1)
> multiply * multiplyey

[1] 589 &5

>

4" "5" "string”

m

It can be observed that for each position in the vector, the value in that position has been multiplied
by the same position in the other vector. Think of this as the equivalent of filling down in an Excel
spreadsheet.

Procedure 3: Create Vector via a Sequence.

There are two main ways to create vectors in a sequence of number in R, the first is using the
semicolon in assignment, the second is using a function that archives much the same while offering
more flexibility. The purpose of this procedure is to introduce some of the more sophisticated
elements of the R language, however, for the purposes of predictive analytics it is not absolutely
necessary to delve into such depth to achieve the end result of reliable predictive analytics.

To create a vector which is a sequence of numbers from 1 to 10, type:

SequenceBasic <- 1:10
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37 Untitled1* » 2] Untitled2* » @] Untitled3* » =
47 | [ [[]Source on Save | QG /_” - = - =% Run | [%% | Source -
1 Numericvector =- ¢{1,2,3,4,5)
2 Numericvector
3 Mixed =- ¢(1,2,3,4,5,"s5tring")
4 wmixed
5 wmultiply =- c(1,2,3,4,5)
6 Multiply = 2
7 MultiplyBy =- c(5,4,3,2,1)
& Multiply = MultiplyBy
9 SequenceBasic <- 1:10]

9:22 (Top Level) = R Script =
Run the line of script to console:

Console ~/ > =
K 15 d LU1dourduive projece wWiLrn mdry Cornor iguLors, o
Type "contributors()’ for more information and

‘citation()" on how to cite R or R packages in publications.

Type “demo()" for some demos, 'help()' for on-line help, or
‘help.start()’ for an HTML browser interface to help.
Type "q()’ to quit R.

> Numericvector <- ¢({1,2,3,4,5)
> Numericvector

[1112345

> Mixed <- c(1,2,3,4,5,"string™)
> Mixed

[1] "1" o "3 g "5 "string"
> Multiply =- c(1,2,3,4,5)

> Multiply * 2

[1] 2 4 6 810

> MultiplyBy <- c(5,4,3,2,1)

> Multiply * MultiplyBy

[1] 58985

> SequenceBasic <- 1:10

=

m

It can be seen from the environment pane that the vector has been created and that the values span
from 1 to 10 in increments of 1:

O Untitiests x| ©) Untitlesz | @] Unatieds” =] Enionment History =0
& [Flsource onsave | O/ + 2 #Run S| wsoune - = || (2 E | [Fimpor Dataset o | o wi- @
1 Numericvector - c(1,2,3,4,5) &% Globel Envirorment
2 numericvector
3 mixed < €(1,2,3,4,5,"5tring") values
2 wixed wixed che [1:6] "17 "2" "3" "a" "5" “string”
s Mulriply Pum [1:5]1 2345
6 Multiplysy um [1:5] 54321
A Numerievector num [1:5) 12345
g Sequencesasic dint [1:20] 12345678010
10 |

Fles Plots Packages Help  Viewer —=
s & fr 5

R Creste s new gapiot +

gapiot {ggpiot2) R Documentation

Create a new ggplot

101 ffap Level) R Saipt ¢
Description

Comole
RTS8 CONIEUOraLIVE PrUJECL WIS marly CONLE LS. SapLot () niaizes a goplot obiect, It can be used to dectare the input data Fame for a graphic and 1o speciy the 581 of pot aesthtics
Type "contributors()’ for more information and intended to be commen throughout all subsequent layers unless specdically overndden

citation{)" on how to cite R or R packages in publicatiens.

Type ‘deso()’ for some demos, “help()’ for on-1ine help, or Usage
“help.start()’ for an WIML browser irterface ta help
40" ta quit R 9GPlor (dsta = NULL, mapping = ses(), ..., emvizcamest = pazeat.frame(})
> Numerfcvector <= €(1,2,3.4,5) Arguments
+ numericvector
MJ12345
v 2 ctt.2,3.4.5,"5tring™ ata Default dataset 1o use for plot. I not already @ data.frame, wil be converted to one by £azzacy. i not specified, must be
> Mixed < Q2,35 Suppiea in 2ach layer 33ded ta the piot
e e - o - string” mapping Default list of aesthetic mappings to use for piot. If nat spscified. must be suppled in sach layer added to the piot
S TPy < £01,2,3,4,5) ol "
asply -2 Other arguments passed on 1o methads. Not currently used
S ultiplyey < c(5,4,3,2,1) =nvironment IF an variable defined i the sesthetic mapping is not found in the data, gapiat will look for it in this emvronment. It defaults to
= wuTtiply = sulcipiyey using the environment. in which gap1t () is called
[]s898s
> Sequencesasic <- 1:10
> Details
> NUmer (Lo Lor Uiy U1 SRR 1T W QUL ) 1 G
12345
> ixed <~ (1,2,3,8,5,"string")
> Mumeric ~| Detalls L

BN

Bl e oo ol
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Introducing functions, the same using the seq() function can be achieved by typing:

SequenceFunction <- seq(1,10)

27 Untitled1* 27 Untitled2* @ 7 Untitled3*

i | |3 Flsourceonsave | Q A -| & -

1 Numericvector =- c(1,2,3,4,5)
2 Numericvector

3 Mixed <- c(1,2,3,4,5,"string")
4 Mixed

5 Multiply <- €(1,2,3,4,5)

6 Multiply = 2

7 multiplyBy <- ¢(5,4,3,2,1)

8 Multiply * MultiplyBy

9 SeguenceBasic <- 1:10
10 sSequenceFunction =- seq[l,lOH

10:30 (Top Level) =
Run the line of script to console:

Console
IYPE  LUMNLE TOULOrS () 1U0 mOrE 11 Ormdu 101 dny

"citation()’ on how to cite R or R packages in publications.

Type 'demo(}’ for some demos, "help()' for on-1line help, or
"help.start()" for an HTML browser interface to help.
Type 'q()° to quit R

= Numericvector =- ¢(1,2,3,4,5)
= Numericvector

[1112345

= Mixed <- c(1,2,3,4,5,"string")
> Mixed

[1] "1 "2t "3
= Multiply <=- <(1,2,3,4,5)
= Multiply * 2

[1] 2 4 6 810

= multiplyBy <- c(5,4,3,2,1)

= multiply * MmultiplyBy

[1]1 58985

= SeguenceBasic <- 1:10

> SeguenceFunction <- seq(1,10)
=

"4" "5 "string”

It can be observed that SequenceBasic and SequenceFunction take the same form in the

environment pane:
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O] Untitled1® % | 0] Unttied2" % | 0 Untitieds* — ()| Envionment  History. 7

& Clsourceonswe  Q /. - - HRun 5% % Source - 2 @ | (mportDataset + | ust -
1 Numericvector <- €(1,2,3,4,5 % Global Environment -
2 Numericvector
3 mixed <- ¢(1,2,3,4,5,"string values
4 oM Mixed chr [1:6) "1 "2" "3" "4" 5" “string"
5 mMultiply num [1:51 12345
5 pohiafdl S Mu|(\?|yﬂy num (1:5] 5 4 3 71
& muitiply © multipiyss Numer fcvector num [1:5] 12345
9 sequencesasic <- 1:10 SequenceBasic int [1:10) 12345678910
10 Isequencerunmon seq(1,10 Sequencerunction int [1:10]1234 5678910
1

Fies Plots Padages Help Viewer =
& DB &
R Create 3 new goplot +

ggplot (ggplot2) R Documentation |

Create a new ggplot

111 (lop Level * R Saript =

Description
IYPE CONUIDULONS U 10T BOre I ormaLion ana .| geploc () initalizes a ggplot object. t can be used to declare the input data frame for a graphic and to specify the set of plt aesthetics
Citation()’ on how to cite R or R packages in publications. intended to be common throughout al subsequent layers unless specifically overridden
e "demo()’ for some demos, "help()’ for on-line help, or et
‘help.start()’ for an HTML browser interface to help. 9f
Type ‘g0 to quit R.
Goplot (data = NULL, mapping = aes(), ..., environment = parent.frame())
> Numercvector <- ¢(1,2,3,4,5)
> Numerfcvector Arguments
my12345
% ,’:}"“: <= €(1.2,3,4,5."string™) data Default dataset to use for plot. If not already a data frame, will be converted to one by fortiy I not specified, must be
e e 2 g igs “string” suppled in each layer added to the plot
% ::::)s}; o288, mapping Default list of sesthetic mappings to use for plot. If not specified, must be suppled in each layer added to the plot
0] 2 4 6 810 al -.. Other arguments passed on to methods. Not currently used.
> Multiplysy <- c(5,4,3,2,1)
> wultiply * Multipiyby envizonment N an variable defined in the aesthetic mapping is not found in the data, ggplot will look for it in this emironment. It defaults to
1]58985 using the envronment in which ggploc () is called.
> Sequencesasic <- 1:10
> Sequencerunction <- seq(1,10
o AL 103 Details

The benefits of using the seq() function is that it allows for sequences to be created with different
steps sizes, where the defaultis 1. To create a step of 0.25, type:

SequenceStep <= seq(1,10,0.25)

37 Untitledl* x @7 Untitled2* » @ Untitled3* =
&1 | @ [Source onSave | Q - £ - ~#Run | ®% || ¥ Source ~
1 Numericvector =- c¢{1,2,3,4,5)
2 Numericvector
3 Mixed =- c(1,2,3,4,5,"s5tring")
4 Mixed
5 wMultiply <- ¢(1,2,3,4,5)
6 Multiply = 2
7 MultiplyBy < c(5,4,3,2,1)
& wmultiply = multiplyey
9 sequenceBasic <- 1:10
10 sSequenceFunction <- seq(1,10)
11 Ssequencestep <- seq(1,10,0.25)]
1131 Top Level) = R Script =

Run the line of script to console:

Console -/ =0
CILdLIUng)  Of 0w L0 CILE K U K pPdLKdyes 1 pupiiLdu ions, i

Type "demo()' for some demos, "help()' for on-1ine help, or
"help.start()" for an HTML browser interface to help.

Type "q()’" to gquit R.

> Numericvector <- c(1,2,3,4,5)
= Numericvector

[111 2345 -
= Mixed <- ¢(1,2,3,4,5,"s5tring™)

= Mixed

[1] "1 2" "3 "q "5" "string”

= multiply =- €(1,2,3,4,5)

= Multiply = 2

[1] 2 4 & & 10

= MultiplyBy =- c(5,4,3,2,1)

= Multiply * multiplyBy

[11 58985

> SequenceBasic <- 1:10

> SequenceFunction <- seq(l,10)
> Sequencestep <- seq(l,10,0.25)
>

m
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It can be seen that a much larger vector has been created by inspecting the environment pane,
where the values increase by 0.25 increments:

L (E=3 N |
Fle| E6t Code View Pits Seion Buid Debug Profie Tools Hep

e-a@-8 8 ~ Addins - & project: None) *

O Untitied1® x 2] Untitled2* x 0] Untitieas®

( [souceonsave Q / - - “#Run % st
1 Numericvector €(1,2,3,4,5.
3
4 chr [1:6] "1" "2" "3" "4" "5" "string”
g . multiply num [1:5) 12345
i multiplysy oum [1:5] 54321
7 multipl <(5,4,3,2,1 is
iy Y winizivey Numericvector mum [1:5] 12345
9 sequencesasic <- 1:10 SequenceBasic int [1:10] 1234567 8910
10 sequenceFunction seq(1,10. SequenceFunction int [1:10 1234567 8910
:; sequencestep <- seq(1,10,0.25 Sequencestep num [1:37] 1 1.25 1.5 1.75 2 2.25 2.5 2.75 3 3.25 ...
Fies Plots Packages Help Viewer =0
» D B
R Create a new ggplot -
ggplot {ggplot2) R Documentation [
Create a new ggplot
ffop Leved ¢ RSt )
Description
Console =0
CILALIONG) O oW L0 CILE K UF K PaCKdges 111 puut icdt 1ons. .| ggplot () initializes a ggplot object. It can be used to declare the input data frame for a graphic and to specify the set of plot aesthetics

intended to be common throughout all subsequent layers unless specifcall overidden
Type "demo()’ for some demos, 'help()’ for on-line help, or e quont taye! P v

‘help.start()’ for an KTML browser interface to help.
Type ‘g0 to quit R. Usage
goplot (data = NULL, mapping = aes(), ..., enviromment = parent.frame())
Arguments
g “string” daza Default dataset to use for plot. If ot already a data frame, will be converted to one by £ozzazy Ifnot specified, must be
& suppled in each layer added to the plot
s Zs e mapping Default list of aesthetic mappings to use for plot. If not specified, must be suppled in each layer added to the plot.
> multiplysy <- <(5,4,3,2,1) . Other arguments passed on to methods. Not currently used
> Multiply * multiplysy
1158985 environment N an variable defined i the aesthetic mapping is not found in the data, ggplot willlook for it in this emvironment. It defaults to
> Sequencesasic <- 1:10 using the emvronment in which ggp1ct () is called.
sequenceFunction <- seq(1,10)
> Sequencestep <- seq(1,10,0.25) Details

The seq() function provides a lot of other options for the creation of sequences such as repetition
which would be outside the scope of this procedure. The seq() function has been introduced as a
means to demonstrate assignment by function return values.

Procedure 4: Create a Vector via Repetition.

Hitherto repetition of values in a vector has been achieved by typing out the vector using the c()
function (i.e ¢(1,1,1,1,1,1,)). The rep() function can achieve this quite simply, by taking the value and
then an argument specifying the number of times this is to be repeated:

RepFunction <- rep(1,10)

37 Untitled1* 7 Untitled2* @ Untitled3* =
&1 | @ [Osourceonsave | Q #° - &1 - =% Run | ®% || #source ~| =
1 Numericvector =- c(1,2,3.,4,5)
2 Numericvector
3 Mixed =- ¢(1,2,3,4,5,"5tring")
4 Mixed
5 wMultiply =- ¢(1,2,3,4,5)
6 multiply = 2
7 wultiplysy <- c(5,4,3,2,1)
& multiply = multiplyBy
9 sequenceBasic =- 1:10

10 sSequenceFunction <- seq(1,10)
11 Sequencestep =- s5eq(1,10,0.25)
12 RepFunction <- rep(1,10)]

12:25 [Top Level) = R Script =

Run the line of script to console:
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Type 'demo(}' for some demos, 'help()' for on-line help, or
"help.start() " for an HTML browser interface to help.
Type 'q(0° to quit R.

Console

w0

= Numericvector =- ¢{1,2,3,4,5)
> Numericvector

[1112345

= Mixed <- ¢(1,2,3,4,5,"s5tring")
= Mixed

[1] 1" "2 "3

= Multiply <- <(1,2,3.,4,5)

= Multiply * 2

[11 2 4 & 810

= MultiplyBy <- c(5,4,3,2,1)

= Multiply * multiplysy

[11 58985

> SequenceBasic <- 1:10

> SequenceFunction <- seq(l,10)
> Sequencestep <- seq(1,10,0.25)

= RepFunction <- rep(1,10) |
. 4

g g "string”

m

It can be observed in the environment pane that a vector has been created, repeating the value 1, 10
times:

O untttest x| 0 untitieazt x| () Untitest 7] Envionment History =0 |1
O Clsoureonsae | Q # - il - #Run o _esoune + = || | (5 Import Dataset v | o st -
1 mumericvector < C(1,2,3,4,5 % Gisbal Erronment -
Numer f cvector
3 wixed < £(1,2,3,4,5,"5tring") values
4 Wixed Wixed chr [1:6] "17 "2° “3° 4" “5° “string”
5 multiply < €(1,2,3,4, multiply num [1:5] 12345
o maltiply - 2 Hultiplysy un [1:5] 54221
7 ultiplysy < c(5,4,3,2,2)
e ey Numer fevector num [1:511234 5
0 sequencesasic -~ 1:10 RepFunction oum [1:101 1111111111
10 sequencerunction < seq(1,10) sequencesas ic fne (1510112343567 8910
11 sequencestep < seq(il,10,0.23 Sequencerunction ot [1:10] 123456780910
12 Repruncrion <- rap(l,io sequencestep pum [1:37] 11,25 1,5 175 2 2,25 2.5 2.75 3 3.25 ...
Packages  Help  Viewer e
3
R: Create a new ggplot +
goplot {ggpior2) R Documentation

Create a new ggplot

Description
Console [5]

Type ‘desa()’ for some demos, ‘help()' for on-line help, or
1)

be used to declare the input data frame for 2 graphic and fo spscdy the sst of piot aesthatics
den

“help,start()’ for an wowL browser interface 1o he

Type 'q0)" To guit R.

gaplot () infiskzs ot o
intendad ta be commen thoughout all subsequent layers unless specdically averrid

Usage

> Numericvector <- c{1,2,3,4,5)

9uplot(data = NULL, DAPPIg = aea(), ..., EOVAIODRNT = parent.frame()}

Arguments

| string aata Default dataset 1o usa for piat. If not already a data frame. will be comvertad to one by rarzs v i not specifiod. must be
: ach ayer added to the plol
mapping Defaul lst of assthetic mappings 10 use for plot. I ot spacified, must b supplad in sach layar added 1o the plot
(Orher arguments passed on to methods. Not currently used

> Sequencepasic <- 1:10 environment [ an vanable defined i the aesthetic mapping is not found in the data, ggpéet will look for it in this environment. Ik defaults to
> SequenceFunction «- seq(1,10) using the environment in which ggp1os () is called

> Sequencestep <- seq(1,10,0.25)
> Reprunction < rep(1,10)
eprunction < rep Details

ol
> iixed <
> Nuneric ~ Details

@2aM | |

R
: B2 | |

As with the seq() function, the rep() function provides many more options which are outside the
scope of this procedure.

The rep() function is used most commonly in these procedures for the purposes of creating dummy
variables in Data Frames, where it may be called upon to add a vector to a Data Frame yet it is
imperative to create the vector manually via the c function owing to the possibility that there is
many thousands of entries.

Procedure 5: Selecting and Filtering from a numeric Vector.

There are a number of ways to specifically extract data from a vector, a process sometimes called
subscripting. In this procedure, the vector created in procedure 21 will be used. The simplest way
to extract data from a vector is to specify the position inside square brackets. To subscript and
retrieve the third value in the vector type:

SequenceBasic[3]
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@7 Untitledl* @7 Untitled2* @7 Untitled3* =
1| [ Clseurceonsave | Q /- 21| ~ =% Run | [b% | _#Source v| =
1 Numericvector <- c(1,2,3,4,5)
2 NumericVector
3 Mixed <- c(1,2,3,4,5,"5tring™)
4 Mixed
5 Multiply =- c(1,2,3,4,5)
6 mMultiply = 2
7 multiplyBy <- c(5,4,3,2,1)
& multiply * multiplysy
9 SsequenceBasic =- 1:10
10 seguencerFunction <- seqg(l,10)
11 sequencestep =- seq(1,10,0.25
12 RepFunction <- rep(1,10)

13 sequenceBasic[3]

13:17 (Top Level) = R Script =

Run the line of script to console:

Console =
nerp.sLdrogy TUr dr AaiML orowser ITILEr T dLe LD rneip.

Type 'q()’ to guit R

i)

= Numericvector <- c(1,2,3,4,5)
> Numericvector

[1112345

> Mixed <- ¢(1,2,3,4,5,"5tring™)
> Mixed

[1] "1 "2r "3

> Multiply <- ¢(1,2,3,4,5)

= Multiply * 2

[1] 2 4 & 810

> MultiplyBy <- ¢(5,4,3,2,1)

> Multiply * MultiplyBy

[11 58985

SequenceBasic <- 1:10

> SequenceFunction <- seq(l1,10)
> SequenceStep <- seq(1,10,0.25)
> RepFunction <- rep(1,10)

> SequenceBasic[3]
[11 3
>

4" "5" "string”

A

n

It can be observed that the value at the third position in the SequenceBasic vector has been
returned. Alternatively, specifying a negative value of 3 would return everything except the third
position:

® ] Untitled1* ® Untitled2* @7 Untitleds* =

a1 | | [Elsourceonsave = Q A ~| i1| - ~#Run | 9= || % Source -
Numericvector <- c¢(1,2,3,4,5
Numericvector
Mixed <- ¢(1,2,3,4,5,"string")
Mixed
multiply <=- c(1,2,3,4,5;
Multiply = 2
multiplyey <- c(5,4,3,2,1)
multiply = multiplyBy
SequenceBasic <- 1:10
10 seguenceFunction <- seq(1,10)
11 SequenceStep =- seq(1,10,0.25)
12 RepFunction <- rep(1,10)
13 SequenceBasic[3]
14 sequenceBasic[-3]|

[T N

14:18 (Top Level] = R Script =
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Run the line of script to console:

Console

> Numericvector =- c(1,2,3,4,5)
> Numericvector

1112345

> Mixed =- ¢(1,2,3,4,5,"string")
= Mixed

[1] "1" "2r "3

= Multiply <- ¢(1,2,3,4,5)
= Multiply * 2

[11 2 4 & 810

= MultiplyBy <- <(5,4,3,2,1)
= Multiply * MultiplyBy

[1]1 58985

= sequenceBasic <- 1:10

> SequenceFunction <- seq(l,10)
> Sequencestep <- seq(1,10,0.25)
>
>

g g

RepFunction <- rep(l,10)
SequenceBasic[3]
[1] 3
> SequenceBasic[-3]
1] 1 2 4 5 6 7 & 4§10
=

JUBE

"string”

It can be observed that the third position of the vector has been excluded in the output.

m

Far more powerful is the ability to select from vectors based upon a logical statement, such as all

values > 5:

SequenceBasic[SequenceBasic > 5]

@] Untitled1® 3] Untitled2® 137 Untitleds*

a1 | |3 [seurceonsave & A | 1| ~
1 Numericvector =- c¢(1,2,3,4,5)
2 Numericvector
3 mixed =- c(1,2,3,4,5,"string")
4 mMixed
5 multiply <- c(1,2,3,4,5)
6 mMultiply = 2
7 multiplyBy <- c(5,4,3,2,1)
& multiply * multiplysy
9 SequenceBasic <- 1:10
10 SequenceFunction =- seq(1,10)

11 sequencestep =- seq(1l,10,0.25)
12 RepFunction <- rep(1,10)

13 SequenceBasic[3]

14 sequenceBasic[-3]

15 sequenceBasic[SequenceBasic > 5]

16:1 (Top Level} =

Run the line of script to console:

Console

> NUmegr evecLornr

1112345

> Mixed <- c(1,2,3,4,5,"string")
> Mixed

1] " npn LR g vy
> Multiply =- c(1,2,3,4,5)

= Multiply * 2

1] 2z 4 6 810

> MultiplyBy <- ¢(5,4,3,2,1)

= Multiply * multiplyBy

[1] 58985

> SequenceBasic =- 1:10

> SeguenceFunction =- seq(1,10)
> Sequencestep <- seq(1,10,0.25)
> RepFunction =- rep(1,10)

> SequenceBasic[3]

[1] 3

> SeguenceBasic[-3]

1] 1 2 4 5 & 7 8 910
> SeguenceBasic[SequenceBasic > 5]
[1] & 7 8 10

>
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JUBE

It can be seen that only values greater than five have been returned. The notion of selecting from a
vector based on logical conditions further introduces operators:

e & And.
e |Or
e | Not.

To create more discriminating selection from a vector, where the value must be > 2 and less than 5,
type:

SequenceBasic[SequenceBasic > 2 & SequenceBasic <5]

@7 Untitled1* 7 Untitled2* @7 Untitled3*

1| |3 Flsourceonsave | Q /A -| i - ~# Run | 2% | | % Source ~
1 Numericvector <- c{1,2,3,4,5
2 Numericvector
3 Mixed =- c(1,2,3,4,5,"s5tring")
4 Mixed
5 Multiply <- ¢(1,2,3,4,5)
6 Multiply = 2
7 MultiplyBy <- c(5,4,3,2,1)
& mMultiply * MultiplyBy
9 SequenceBasic <- 1:10
10 sSequenceFunction <- seq(1,10)
11 sequencestep <- seq(1,10,0.25)
12 RepFunction <- rep(l,10)
13 SequenceBasic[3]
14 SequenceBasic[-3]
15 SequenceBasic[SequenceBasic > 5]
16 sequenceBasic[SequenceBasic = 2 & SequenceBasic < 5]
17
171 Top Level) R Script

Run the line of script to the console:

Console

F OMIXEU <- LiL,Z£,3,4,3, olring J
> Mixed

[1] "1" "2 "3 "4t "5 "string”
> Multiply <- <(1,2,3,4,5)

> mMultiply = 2

[1] 2 4 & 810

> Multiplyey <- <(5,4,3,2,1)

> mMultiply * multiplysy

[1] 58985

> SequenceBasic =- 1:10

> SequenceFunction <- seq(l,10)

> SequencesStep <- seq(l,10,0.25)

> RepFunction <- rep(1,10)

> SequenceBasic[3]

[1] 3

> SequenceBasic[-3]

[1] 1 2 4 5 &8 7 & 910

> SequenceBasic[SequenceBasic > 5]

[1] & 7 & 9

> sequenceBasic[SequenceBasic > 2 & SequenceBasic < 5]
[1] 3 4

>

m

It can be seen that only the two values between 2 and 5 have been returned.

Procedure 6: Setting Vector Labels \ Names.

Selecting from a chracter vector follows the same pattern, in so far as the crieria sits inside [] square
brackets and allows for the specifc selection of values or the specific exclusion of values. Create a
chracter vector by typing numbers, hencforth ages:

Ages <- ¢(22,23,28)
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@] Untitled1® 3] Untitled2® @ Untitled3*

41| [ []SourceonSave | G /' ~

1 Numericvector =<- c(1,2,3,4,5)
2 Numericvector

3 Mixed < ¢(1,2,3,4,5,"5tring™)
4 Mixed

5 Multiply =- €(1,2,3,4,5)

6 Multiply = 2

7 MultiplyBy <- ¢(5,4,3,2,1)

& Multiply * MultiplyBy

9 SeguenceBasic <- 1:10

10 sSeguenceFunction <- seq(1,10)

11 sSeguenceStep <- seq(1,10,0.25)

12 RepFunction <- rep(1,10)
13 sSeguenceBasic[3]
14 seguenceBasic[-3]

15 sSeguenceBasic[SequenceBasic
16 SeguenceBasic[SequenceBasic

17 Ages =- c("22","23","28")

17:5 Top Level] *

JUBE

- 5]
- 2 & SequenceBasic < 5]

Run the line of script to console:

Console

> MIxeq

[1] "1 "2 "3
= Multiply <- c(1,2,3,4,5)
= Multiply ® 2

[11] 2 4 & 810

= MultiplyBy <- c(5,4,3,2,1)
= Multiply * MultiplyBy

[11] 58985

> SequenceBasic <- 1:10

> SequenceFunction <- seq(1,10)
= Sequencestep =- seq(1,10,0.25)
= RepFunction <- rep(1,10)

= SequenceBasic[3]

[1] 3
> SequenceBasic[-3]
[1] 1 2 4 5 6 7 & 910

> SequenceBasic[SequenceBasic > 5]
10

[1] 6 7 8

"5 "string”

> SequenceBasic[SequenceBasic > 2 & SequenceBasic < 5]

[1] 3 4
= Ages <- c("22","23","28")
>

~#% Run

o

_** Source =

R Script *

m

It is possible to add labels to the entries in the vector using the names() function, similar to column
headers in an Excel spreadsheet. The label 22 is Tom’s Age, 23 is Harries Age and lastly 28 is Dicks
Age. To add labels to each Vector value, type:

names(Ages) <- ¢("Tom","Harry","Dick")
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@7 Untitled1* » @] Untitled2* » @7 Untitled3* » |

&1 | |3 [Csourceonsave | G Z’:- il - [=#Run | =% | #Source ~| =
Numericvector =- c¢(1,2,3,4,5)
Numericvector
Mixed <- c(1,2,3,4,5,"5tring")
Mixed
Multiply =- c(1,2,3,4,5)
Multiply = 2
MultiplyBy <- c(5,4,3,2,1)
Multiply = MultiplyBy
SequenceBasic =<- 1:10
SequenceFunction <- seq(1,10)
Sequencestep <- seq(1,10,0.25)
12 RepFunction <- rep(l,10)
13 sequencesBasic[3]
14 sequenceBasic[-3]
15 sequenceBasic[sequencesBasic > 5]
16 sequenceBasic[sequenceBasic > 2 & SequenceBasic =< 5]
17  ages <- c("22","23","28")
18 names(ages) <- c("Tom","Harry","Dick")

P OoOwom~audwn -

==

19:1 (Top Level) = R Script =
Run the line of script to console:
Console ~/ =
Ll L r4 3 a4 k] sLrng i
= multiply =- c(1,2,3,4,5)
= Multiply * 2
[1] 2 4 6 810
= MultiplyBy < ¢(5,4,3,2,1)
= Multiply * MultiplyBy
[1] 58985
> sequencegasic <- 1:10
= SequenceFunction =- seq(l,10)
= Seguencestep <- seq(l1,10,0.25)
= RepFunction <- rep(1,10)
> SeguenceBasic[3]
[11 32 Tl
> SeguenceBasic[-3]
[1] 1 2 4 5 6 7 8 910
> SeguenceBasic[SequenceBasic > 5]
[1] 6 7 8 910 L
> SequenceBasic[SequenceBasic > 2 & SequenceBasic < 5]
[1] 3 4
> Ages <- c("22","23","28")
> names (Ages) <- c("Tom","Harry","Dick")
= -
. . . . ‘. )
It can be observed that the Vector in the environment pane is now marked as being a ‘Named
vector:
0 Rstudio =15 e
Fle Edt Code View Plots Session Buld Debug Profie Tooks Help
S-x- BB S A Se oo - & rojes tone -
BUntileat® x| 07 Untileaz = | 0 Untitecs x 1| nwonment  wistory -0
g  Tsourceonsave @ / = - ~#Run | 9% 4 Source v = # B | _*mponostaset - f st -
1 Numericvector < c(1,2 % GiobalEmwonment -
2 numer fcvector
3 i 1,2,3,4,5,"string”™) values
4 Mixed Ages
5 sultiply c(1,2,3,4,5 “string”
6 dtiply = 2
7 multipl (5,4,3.2,1)
& wultiply * multiplysy
9 SeguenceBasic «- 1:10
10 sequencerunction seq(1,10)
11 Sequencestep - seq(1,10,0.25 o
12 Reprunction < rep(1,10) o
Rl equencestep .25 2.5 2.75 3 3.25 ...
15 sequencesasic[sequencesasic 51
16 c-2a Bi
Ages <- c("22","23","28")
18 names(ages) < cCoTom”,"Marry”,"bick
s
* Files Plots Packages Help Viewer =0
CIC RN i
 Crstea new pgplot -
ggpiot {ggpiot2) R Documentation |
Create a new ggplot
191 (Top Leved R Script 3
Description
Consote f—
o . s = s m—— .| sapior () intisizes a gapiot abject 1 can be used 1o daclare the input data fame for a graphic and to spacy the set of plot sesthetics
> ::;:::;; Socthiingsy intended to be comman throughout all subsequent layers unless specifically overridden
1 246 810
> multiplysy <- c(5,4,3,2,1) Usage
2 Tiply ¢ witiplyey
1158985 goplot(data = NULL, mapping = aes(), ..., environment = parent.frame())
> sequencesasic <- 1:10
> SequenceFunction <- seq(1,10) Arguments
> Seauencestep < seq(l.lg.&zi)
AREpFHRCEion < Tep(%il0) daza Defaut dataset to use for plot. H not already a data.fr: il b rted to ane by LozziZy. i not specified, must be
> jemencemartelt-a] mapping  Defout st of sesthtc mappingstouse for ot oo specified must b suppled neach laye added o the it
> seqzensemsu[sequen:eum( > 5] i Other arguments passed on to methods. Not currently used

3 zormene If an variable defined in the aesthetic mapping s not found in the data, ggplot will ook for it in this emironment. t defaults to
using the environment in which gap1ct () is called

> Sequencesasic[sequenceBasic > 2 & sequencesasic < 5]
]34

> Ages <- c("22",
> names(ages) <

B cenoge

Details

1=

it

75



JUBE

Outputting the Vector to console, type:

] Untitled1* 37 Untitled2* @] Untitled3*

41 | [ [[]Sourceonsave O - i - ~#Run | %% | 9 Source -
1  Numericvector =- c(1,2,3,4,5)
2 Numericvector
3 Mmixed =- ¢(1,2,3,4,5,"string”)
4 mixed
5 multiply <- €(1,2,3,4,5)
6 wmultiply = 2
7 MmultiplyBy <- c(5,4,3,2,1)
8 wmultiply * multiplyey
9 SsequenceBasic =<- 1:10
10 SequenceFunction =- seq(1,10)
11 sequencestep <- seq(1,10,0.25)
12 RepFunction <- rep(1,10)
13 sequencebBasic[3]
14 sSequenceBasic[-3]
15 sSequenceBasic[SequenceBasic > 5]
16 SequenceBasic[SequenceBasic > 2 & SequenceBasic =< 5]
17 Ages <- c("22","23","28")
18 names(Ages) <- c("Tom","Harry","Dick")
19 Ages|
19:5 (Top Level) = R Seript

Run the line of script to console:

Console
L1 £ & © & 1u
= MultiplyBy <- <(5,4,3,2,1)
= Multiply * MultiplyBy
[11 58985
> SeguenceBasic <- 1:10
> SeguenceFunction <- seq(1,10)
> SeguenceStep <- seq(1,10,0.25)
> RepFunction <- rep(l1,10)
> SeguenceBasic[3]
[1] 3
> SeguenceBasic[-3]
[1] 1 2 4 5 6 7 & 910
> SeguenceBasic[SequenceBasic > 5]
[1] & 7 &8 910
> SeguenceBasic[SequenceBasic > 2 & SequenceBasic < 5]
[1] 3 4
> Ages <- c("22","23","28")
> names (ages) =- c("Tom","Harry","Dick™)
> Ages
Tom Harry Dick
vzt 23t vag"
=

m

It can be observed that the vector more closely resembles the row of a spreadsheet. The names
function will be used more extensively when aggregating Vectors into a Matrix, for the time being
however, it will be used to allow for the selection of just that individuals Age.

Procedure 7: Selecting and Filtering from a Character Vector.
Once a Vector has been named, attaching a label to each value, it can be selected using the []
square bracket structure. In this example, the age for Tom needs to be extracted by typing:

Ages["Tom"]
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]

7 Untitled* 7] Untitled2* @9 Untitled3* — [
g1 | [ Esourceonsave | Q # +| | ~ “#Run | (5% | 9 Source v =
1 Numericvector =- c¢(1,2,3,4,5)
2 Numericvector
3 Mixed <=- c(1,2,3,4,5,"string™)
4 Mixed
5 Multiply < ©(1,2,32,4,5)
6 Multiply *
7 MultiplyBy <- c(5,4,3,2,1)
& mMultiply * MultiplyBy
9 SequenceBasic =- 1:10
10 sequenceFunction <- seq(l,10)
11 sequencestep <- s5eq(1,10,0.25)
12 ReprFunction <- rep(l,10)

13 sequenceBasic[3]

14 sequenceBasic[-3]

15 sSequenceBasic[SequenceBasic > 5]

16 sequenceBasic[SequenceBasic > 2 & SequenceBasic < 5]
17 Ages <- c("22","23","28")

18 names(Ages) <- c("Tom","Harry","Dick")

19 ages

20 ages["Tom"]

11 (Top Level) = R Script =

Run the line of script to console:

Console —]
L] 2 & 2o 3

> SequenceBasic <- 1:10

> SequenceFunction <- seq(1,10)

> SequencesStep <- seq(1,10,0.25)

> RepFunction <- rep(l,10)
> SequenceBasic[3]

[1] 3

> SequenceBasic[-3]

[1] 1 2 4 5 & 7 8 910

> sequenceBasic[sequenceBasic > 5]

[1] 6 7 8 910

> sequenceBasic[sequenceBasic > 2 & seguenceBasic < 5]
[1] 3 4

> Ages <- c("22","23","28")

names (Ages) <- <("Tom","Harry","Dick™)

> Ages

Tom Harry Dick

U22"  vz23t 2"

Ages["Tom"]

Tom

o

=

A

m

v

Tom’s age is returned as 22, rather the value in the Vector carrying the label "Tom" is returned as 22.

To select more than one label, it is a matter of creating a Vector with the criteria then passing that
Vector inside the [] square brackets. In this example, selecting Tom and Dick:

Ages[c("Tom","Dick")]
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7] Untitled1® @] Untitled2* @7 Untitled3*

a1 | | [[]sourceonsave | @ #° +| i - ~#Run | %% || % Source -
1 Numericvector =- c(1,2,3,4,5)
2 Numericvector
3 Mixed =- ¢(1,2,3,4,5,"string™)
4 Mmixed
5 multiply =- c(1,2,3,4,5)
6 multiply = 2
7 multiplyBy <- c(5,4,3,2,1)
8 multiply = multiplysy
9 sequenceBasic <- 1:10
10 sequenceFunction <- seq(1l,10)
11 sequencestep <- seq(1,10,0.25)
12 RepFunction <- rep(1,10)

13 sequenceBasic[3]

14 sequenceBasic[-3]

15 SequenceBasic[SequenceBasic = 5]

16 SequenceBasic[SequenceBasic = 2 & SequenceBasic < 5]
17 Ages =- c("22","23","28")

18 names(Ages) <- c("Tom","Harry","Dick")

19 Ages

20 aAges["Tom"]

21  ages[c("Tom","Dick™)]

221 (Top Level) R Script

Run the line of script to console:

Console
& DEyuernceEsLeEp <- Segul, v, v 23
> RepFunction <- rep(1,10)
> seguenceBasic[3]
fi1 3
> seguenceBasic[-3]
[1] 1 2 4 5 & 7 8 910
> seguenceBasic[SequenceBasic > 5]
[1] 6 7 8 910
> seguenceBasic[sequenceBasic > 2 & segquenceBasic < 5]
[1] 3 4
= Ages =- c("22","23","28")
> names (ages) =- c("Tom","Harry","Dick")
= AgES
Tom Harry Dick
"2t a3t vag”
> ages["Tom"]
Tom
nggn
> ages[c("Tom", "Dick")]
Tom Dick
"22" r2g"
=

m

Procedure 8: Combine Vectors to make a Matrix with cbind.

A vector could be viewed as a column in an Excel spreadsheet. It folows that if there are several
vectors, they would need to be brought together to create a similar structure. One structure that
closely resembles a spreadsheet, working with the assumption that the contents of that
spreadsheet is all the same data type, is a matrix.

To assume that every vector is to be a column in the matrix, the cbind() function is used to bring
those columns togeter into this data structure.

To start, create three vectors of the same length:

Columni <- ¢(1,2,3,4,5,6)
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@ 7 Untitled1* @ 7 Untitled2* @ Untitled3* =
&1 | [ Flsourceonsave | Q A ~| & | - =% Run | %% | #Source ~| =
1 Numericvector =- c(1,2,3,4,5)
2 Numericvector
3 M™ixed =- c(1,2,3,4,5,"string™)
4 Mixed
5 multiply <=- ¢(1,2,3,4,5)
6 mMultiply = 2
7 Multiplysy =- c(5,4,3,2,1)
& multiply * MultiplyBy
9 SequenceBasic =- 1:10
10 SequenceFunction <- seq(1,10)
11 SequenceStep <- seq(1,10,0.2%)
12 RepFunction <- rep(1,10)
13 SequenceBasic[3]
14 sSequenceBasic[-3]
15 SequenceBasic[SeguenceBasic > 5]
16 sequenceBasic[SeguenceBasic > 2 & SequenceBasic < 5]
7 ages <- c("22","23","28")
18 names(Ages) <- c("Tom","Harry","Dick™)
19 Ages
20 ages["Tom"]
21  ages[c("Tom","Dick")]
22 columnl =- c(1,2,3,4,5,68)]
22:26 (Top Level) = R Script =

Run the line of script to the console:

Console
> KEPrRUncLIon <- repil,1u)
> SequenceBasic[3]
[1] 3
> sequenceBasic[-3]
1] 1 2 4 5 & 7 8 910
> SequenceBasic[SequenceBasic = 5]
[11 6 7 8 910
> SequenceBasic[SequenceBasic = 2 & SequenceBasic < 5]
[1] 3 4
> Ages <- c("22","23","28")
> names(Ages) <- c("Tom","Harry","Dick")
> Ages
Tom Harry Dick
t22n ra23t o2t
> Ages["Tom"]
Tom
oo
> Ages[c("Tom","Dick™)]
Tom Dick
"22" 28"
> columnl <- c(1,2,3,4,5,6)
>

i
a

»

m

Repeat for two new columns, creating a script block:
Column2 <- ¢(10,20,30,40,50,60)

Column3 <- ¢(100,200,300,400,500,600)
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27 Untitledl*

[Tl I T T N

23:1

2 Untitled2* @7 Untitled3*

1| B Flsourceonsave | & /A - i -
Numericvector <- c(1,2,3,4,5)
Numericvector

mixed <- c(1,2,3,4,5,"string™)
Mixed

multiply <- c(1,2,3,4,5)
Multiply = 2

Multiplyey <- ¢(5,4,3,2,1)
Multiply * MultiplyBy
SequenceBasic <- 1:10
sequenceFunction =- seq(l,10)
sequencestep <- seq(1,10,0.25)
RepFunction <- rep(l,10)
SequenceBasic[3]
SequenceBasic[-3]
SequenceBasic[SequenceBasic > 5]
SequenceBasic[SequenceBasic > 2 &

Ages < c("22","23","28")
names (ages) <- c("Tom","Harry","Dick™)
Ages

Ages["Tom"]
Ages [c("Tom", "Dick")]

Ccolumnl =- c(1,2,3,4,5,6)

Column2 <- ¢(10,20,30,40,50,600)

Column3 <- <(100,200,300,400,500,600)
(Top Level] =

SequenceBasic <

JUBE

kg

= Run _+F Source v

5]

R Script

Run each new line of script to console. Itis important to note that each line of scrpt will have to be
run to the console individually by navigating to the end of the line, clicking the Run button (or
CTRL+Enter) and repeating a click of the Run button upon the cursor being moved to the next line.
Hitherto this procedure of running more lines to console will be refered to as running the script
block to console.

27 Untitled1*

[Tl I T TN

127 Untitled2* @7 Untitled3*

& | |3 Fsourceonsave | Q # - | ~ =t Run | [°% || #Source ~| =
Numericvector =- c(1,2,3,4,5)
Numer icvector
Mixed <- ¢(1,2,3,4,5,"string™)
mixed
multiply =- ¢(1,2,3,4,5)
Multiply * 2
multiplyBy <- <(5,4,3,2,1)
multiply * multiplyey
SequenceBasic <- 1:10
SequenceFunction =- seq(1,10)
Ssequencestep <- seq(1,10,0.25)
RepFunction =- rep(1,10)
SequenceBasic[3]
SequenceBasic[-3]
SequenceBasic[SequenceBasic = 5]
SequenceBasic[SequenceBasic = 2 & SequenceBasic = 5]
ages =- c("22","23","28")
names (ages) =- c("Tom","Harry", "Dick™)
Ages
ages["Tom"]
ages [c("Tom", "Dick™)]
columnl =- c(1,2,3,4,5,6)
column2 <- ¢(10,20,30,40,50,60)
column3 <- c(100,200,300,400,500,600)

(Top Level) - R Script

It can be observed that there are now three Vectors, columns, in the environment pane:
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0 ASdio ol ]
File Edit Code View Plots Session Build Debug Profile Tooks Help
Q- BB O - ngains - £ mroject o »
] Untitects % | ©] untieaz: » | &1 untileds —(7 | tnvonment | tstory =0
£ | B Mseeonsns | Q Z-| 8 - Hhun | B3 [BSeuce «| = | (2 [ DttmpoOstect < o it +

1 tumericvector < €(1,2,3.4,5) A Global Evironment -

2 numericvector

3 wixed < €(1,2,3,4,5,"string Values

2 ixe Ages vamed che [1:3] "22" "23" 28"

5 Multiply < €(1,2,3,4,5) columnt num [1:6]1 123456

Rruteinly ” 2 a2t columnz num [116] 10 20 30 £0 50 60

5 wultiply © WITiplysy T L 100 200 200 S 0

£ ki i chr [1:6] "17 2% 3" "a® "5 “Strirg

10 Sequenceunction - seq(1,10) num (135712345

11 Sequencestep -~ seq(1,10,0.25 um [1:5] 54321

12l eprunction <y P10 ‘Numericvector num [1:5112345

1e  cequencesasicl 3] Reprunction num [1:10]1111111111

15 seguenceBasic[sequencesasic - §] SequenceBasic int (1:101 1234567 8910

16 icl cega. & = 5] SequenceFunction int (1:101 12345678910

17 ages < cC22'.En ) Sequencestep num [1:37] 1 1.25 1.5 1.75 2 2.25 2.5 2.75 3 3.25

names (Ages) <~ <O oM, Harry”, b

19 ages

20 ages[“Ton”] Fies Plot Packages Mep  Viewer =0

21 ages[c("Ton", "Dick")] s

X a

22 columnl < c(
23 columnz
21 column3

e Crete a new ggpit -
E —— R Documentation
Create a new ggplot

251 o Levet = .
Description
Comie
L L ¢ 4 3 0 7 o oy .| gaploc ) iritiaizas 3 ggpiot object. I can be ussd to dacars the input data ame for 3 graphic and to speciy the set of plot assthetics
EJ’“:”‘{"“;“;[;:"““""“"5" > 5] intended to be commen throughout all subsequent layers unless specifically ovemdden.
> s2a ic < 5]
1134 Usage
> Ages < c("22","2
» names(ages) < cC gaplot (data = NULL, mapping = asa{), ..., cavizoomest - parest.frese())
> Ages
Tom Marry Dick Arguments
v227 23 "agt
deza Dsfault datasst to use for plot.  not siraady 3 data Frame, will be converted to one by Zezri £y, Frat specifid, must be

> Ages[“Ton]
o suppled in each layer added 1o the piot

oo
> AgestelTon”, Toick)) mapping Default lst of sesthetic mappings ta use far plot. H not speciied, must be suppled in sach layer added to the plat
" "1" " . s Other arguments passed on to methods. Not currently used.
> columnt < €(1,2,3,4,5,6
Columnz <~ <(10,20,30,40,50,60) _ cnwizonmens  [fan varisbie defined in the acsthetc mapping s not found i the data, ggplot willook for it in tis enironment 1 defaults o
b using the erwronment in which ggp1oc () s called

column3 <- c(100,200,300,400,500,600)
Column2 <- c(10,20,30,40,50,50)
column3 <- €(100,200, 300,400,500, 600) Details

Bl ceom o
The task is to bring these columns together into a Matrix, rather bind these colums. The cbind()
function is used to instruct this binding of columns. Type:

Matrix3Col <- cbind(Column1,Column2,Column3)

=0

[=#Run | (o= | #Source - =

@7 Untitled1* x @7 UntitledZ* % @7 Untitled3* %

&1 | @ [lSourceonSave | Q # - &1 | -
Numericvector <- c(1,2,3,4,5)
Numer icvector
Mixed <- ¢(1,2,3,4,5,"string")
Mixed
Multiply <- ¢(1,2,3,4,5)
Multiply = 2
MultiplyBy <- c(5,4,3,2,1)
Multiply * multiplyBy
SequenceBasic <- 1:10
SequenceFunction =- seq(1,10)
1 Sequencestep <- seq(1,10,0.25)
12 RepFunction =- rep(1,10)
13 sequenceBasic[3]
14 SsequenceBasic[-3]
15 SequenceBasic[SequenceBasic > 5]
16 SequenceBasic[SequenceBasic > 2 & SequenceBasic =< 5]
17 Ages <- c("22","23","28")
18 names(Ages) <- c("Tom","Harry","Dick"}
19 Ages
20 Ages["Tom"]
21 ages[c("Tom","Dick")]
22 columnl <- ¢(1,2,3,4,5,6)
23 column2 <- ¢(10,20,30,40,50,80)
24  Column3 <- ¢(100,200,300,400,500,600)
25 Matrix3col <- chind(Columnl,Column2,Column3)

H oW o b B e

26:1 (Top Level) = R Script =

Run the line of script to console:
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(File Edit Code View Plots Debug Profile Tools Help.
Q-@- 3B S ! Addins % project (None) ~
©]Untitled1* x 2] Untitied2* x O Untitied3* x ()| Environment Mistory =0

&) 6 Dsowceonsave Q2 - L - CARun 5% [ aSouce - = | @ [ vimporDoset+ ut - @
1 Numericvector <- €(1,2,3,4,5) % Global Environment + a
2 Numericvector
3 wixed <- €(1,2,3,4,5,"string”) z
4 wmixed matrixicol num [1:6, 1:3] 1234 5610 20 30 40 ... a
5 mlciply < c(1.2,3.4.5) values
¢ haialy es Named chr [1:3] "zz' 23" "28"
7 Mn‘llip'lyly Sassi, 3.2.0) e
§ witiply © micipiyp colunnt num [1:6] 123456
9 Sequenc <~ columnz num [1:6] 10 20 30 40 50 60 t
10 sequmceFunﬂinn < seq(1,10) coluan3 num [1:6] 100 200 300 400 500 600
11 sequ <- 5€9(1,10,0.25) Mixed 2 4" 5" “string”
12 RepFunction <- rep(l,i acich S
13 sequencesasic(3) (L2
14 swumzelask[ 3] multiplysy num [1:5] 54 321
15 sequencesasic(sequencesasic > 51, Numericvector num [1:5]12345 |
16 gt <s) RepFuncti num [1:01111111111
Ages <- ¢ . e
o s> = ctiriar “rry.' oick™) sequencesasic fmt [1:200 12345678910 i
19 Ages
20 ages(“Ton") Fles Plots  Packages Help Viewer =0
21 Ages(c("Ton","0ic » 8 a <
2 o1u-\1<-:(123 . e e S a a @
2 columnz < c(iddo; 30,40,50, o R Create new ggplot = 110 oo
24 column3 <- c(100,200,300,400,500,600)
35 Matricol < coind(Cotumnt,Cotumz . Column3) ggplot (ggpiot2} R Documentation
26
Create a new ggplot
21 (op Leve * R Saipt = F
~ 2 =0
Ty +| gopion() intial a graphic and to speciy the set of plot aesthetics
er st oot s 5] intended to be common thioughout all wbquu Tayers unless speciically overidden
6 7 8 910
<s] Usage
34
> Ages <- GUPlot (data = NULL, mapping = aes(), ..., enviromment = pazeat.frame())
Arguments
daza Default dataset to use for plt. If nt already a data frame, will be converted to one by Zoxzaze. I not specified, must be
suppled in each layer added to the plot.
Default list of aesthetic mappings to use for plot. If not specified, must ba suppled in each layer added to the plot
Other arguments passed on to methods. Not currently used.
> Columnl <- €(1,2,3,4,5,6) .| envizonmenc Ifanvariable defined in the aesthetic mapping is not found in the data, ggplot will ook for i inthis emviconment. t defaults to
> column2 <- €(10,20,30,40,50,60) using the emironment in which ggp1ot () is called.
> Column3 <- (100,200, 300,400, 500,600)
> = o lumn3)
> Details

It can be seen that a new section in the environment pane has been created, titled Data:

Fie | Edit | Code View T T T T T
S 2 BB 8| [Aenun B -/ agams - B project pone) ~
2] Untitled* x 2] Untitled2* x | ©) Untitied3* x (7| Environment History =0
4 6 Csouceonsave Q £+ L1 - C#Run | 5% #Source - = | € [ | impontDataset - Sute | @
1 Numericvector <- c(1,2,3,4,5) 3 Global Environment ~ Q
2 Numericvector
3 mixed <- c(1,2,3,4,5,"string") Data |
4 mix matrixicol num [1:6, 1:3] 12 34 5 610 20 30 40 ...
5 itiply < c1.2,3,4.5) alues
U eliald A Named chr [1:3) "22" "23" "28"
7 Nuk(plyay <- €(5,4,3,2,1) ges amed chr [1:
8 wmultiply © multiplyby columny nun [1:6) 123456
9 sequencesasic <- 1:10 column2 nun [1:6] 10 20 30 40 50 60 k
10 Sequencerunction <- seq(1,10) column3 num [1:6] 100 200 300 400 500 600 1
B Sequencastep <- seg(1,10,0.25) mixed chr [1:6] "1" "2" "3" "4" "s" "string”
12 Reprunction <- rep(1, R S
13 Sequencesasic(3] ply s
14 Sequencesasic(-3: wultiplysy num [1:5] 5
15 sequencesasic(sequencesasic > 51 Numer{cvector num [1:5] 1
;; e < sl RepFunction num [1:10]
es <- ¢
18 ranes(ages) <- cCoron: Sequancesssic e =
19
20 Ages['mll Fles Plots Padages Help Viewer =0
21 ages[c( g =
2 columt < cli2,3.805.0) RS 4 a €]
23 column2 <- ,40,50,60) R Creste s new ggplot =
32 Cotumns < ECao0. 200,300 400,500,600)
= it lunn3) ggplot (ggplot2) R Documentation
Create a new ggplot
%1 Gopleved Rt * F
Console -/ =0
T 8 DA 0 ok S G ot o G K diclos 10t o e g o/ SpAchy th S0 S s
A i e intended to be common throughout all subsequent layers unless specifically ove
(1] 6 7 8 910
> >28 <) Usage
1) 3 4
£ Ages < <C22", 72328, Goplot (data = NULL, mapping = aes(), ..., environment = parenc.frame())
2

>
>

2)
J“Harry”, "Dick")

nanes (ages) <-

Tom varey oick
22" “28"

> Ages Foe]

a2

> Ages[c("Tom","Dick™)]
Tom Dick

> Columnl <- ¢(1,2,3,4,5,6)

> Column2 <- (10,20, ;o 40, 060,

> column3 <- c(1f ) 3¢ 600)

> Inazrixxcol < (Mr\d(colulnl colnmz Column3)

Arguments

daca Default dataset to use for plot. If not already a data frame, will be converted to one by fozzazy. I not specified, must be

suppled in each layer added to the plot
mapping Default list of aesthetic mappings to use for plot. f not specified, must be suppled in each layer added to the plot
Other arguments passed on to methods. Not curently used.

environmenc K an variable defined in the aesthetic mapping is not found in the data, ggplot will look for it in this environment. it defaults to
using the emvironment in which ggp1at () is called.

Details Il

Naturally the new matrix can be viewed by simply typing the Matrix name:

Matrix3Col
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JUBE

@] Untitled1* @] Untitled2= 137 Untitleds*

[Tl R T T

26:11

a1 | |3 [[Sourceonsave | Q A ~| i1 -
Numericvector <- c(1,2,3,4,5)
Numericvector
Mixed <- c(1,2,3,4,5,"string")
Mixed

multiply <- ¢(1,2,3,4,5)
Multiply * 2

MultiplyBy <- c(5,4,3,2,1)
Multiply * multiplysy

SequenceBasic <- 1:10
SequenceFunction =- seq(1,10)
Sequencestep <- seq(1,10,0.25)
RepFunction =- rep(1,10)

SequenceBasic[3]
SequenceBasic[-3]
SequenceBasic[SequenceBasic = 5]

SequenceBasic[SequenceBasic > 2 & SequenceBasic =

Ages <- c("22","23","28")

names (Ages) <- c("Tom","Harry","Dick")

Ages

Ages["Tom"]

Ages[c("Tom","Dick")]

columnl <- c(1,2,3,4,5,6)

column2 <- ¢(10,20,30,40,50,60)

column3 <- c(100,200,300,400,500,600)
Matrix3col <- cbind(Columnl,Column2,Column3)
Matrix3col

(Top Level) +

Run the line of script to console:

Console
> Ages
Tom Harry Dick

v

vt mgn

> Ages["Tom"]

Tom
naon

= Ages[c("Tom","Dick")]

Tom
oy
= Col
= Col
= Col

Dick

"ogn

umnl <- ¢{1,2,3,4,5,8)

umn2 <- ¢(10,20,30,40,50,60)

umn3 <- c(100,200,300,400,500,6800)

= Matrix3col <- cbhbind(Columnl,column2,Column3)
> Matrix3col

columnl Columnz Column3

1 10 100
2 20 200
3 30 300
4 40 400
5 50 500
[ 60 600

Procedure 9: Viewing a Matrix.
It can be observed that the matrix created in procedure 26 has been written out to the console. It

was noted that there is a new section titled data in the environment pane, under which the matrix is
displayed.

5]

~= Run

s

_7* Source -

]

R Script +

m

To expand the data into a tabbed grid, simply click with the mouse on the Matrix3Col under the
data section of the environment pane:
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JUBE

mmwv:-mssﬂmwmmeHq;

& project None) ~

Q-l@-0 B Sl il funct £+ addins -
©)Untitied1* x| 0] Untileat x | 0] Untiteds* x 1| Envionment  Mistory =0
i) [ Plsourceonsave Q /'« L. = #Run % [#Souce - = | <2 [ [aImportDataset v G
1 Numericvector <- €(1,2,3,4,5) ) Global Environment + Q
2 Numericvector
3 mixed <- €(1,2,3,4,5,"string") &
4 mixed num [1:6, 3112345610203040... @
Sl miciely < c1,2.3.4.9
o i Named chr [1:3] "22" 23" “28"
7 uu]ﬂplyty < €(5,4,3,2,1) 2
8 multiply * Hu1t(p|y§ num [1:6]) 123456
9 sequencesasi 2 num 10 20 30 40 50 60 |8
10 equen:er«ncuon <- seq(1,10) num 100 200 300 400 500 600 F
11 sequencestep <- seq(1,10,0.25) chr D R R P
12 Function <- rep(l = T I
L seavencesistcls)
14 sequencesasic(-3] um sa321
1s sequemmu[sequemusk 23, Numer fcvector num 12345
1 astc <s) RepFunction num 1011 TTALT
Ages <- ¢
4 S arey" . "oiek" Sequencesasic in 12345678910 i
19
20 Files Plots Pacages Help Viewer =0
21 “picl @ IV &
22 (a!uml«:(lz}.‘ e S a Q @
23 column2 <- ¢(10,20,30,40,50,60) R Create a new ggplot ~ o
24 column3 <- (100,200, 300,400, 500,600) A
25 matrixcol < cbind(Columnt ,Column2, Column3) ‘ggplot {ggplot2) R Documentation |~
26 matrix3ce
27 |
Create a new ggplot
271 (Top Level) & R Saript & L
o =0

Console -/
> Ages
Tom warry Dick
e e
> Ages["Ton"]
Tom
> Ages[(( “Tom","Dick™)]
Peckatd
> columnl <- ¢(1,2,3,4,5,6)
> column2 <- (10,20, !0 40 50,60)
400,

> column <- €(100,200, 300,400, 500,600)
< lumn2, Column3)

> um—ixxco!
columd Cotumnz coluans
100

na 1

2.1 2 zo 200
3] 3 30 300
3.1 4 40 400
5. s 50 500
6,1 6 60 600
>

gomLoss iiakoes okt objct. K canbeusad o decr e gt date o g and 0 pecly e ae o ot seshacs
unless specifically over

Usage

Ggplot (data = NULL, mapping = aes(), ..., environment = parent.freme())

Arguments

data Default dataset to use for plot. If ot already a data frame, will be comverted to one by gorzazy M not specified, must be
suppled in each layer added to the plot

mapping Default list of aesthetic mappings to use for plot. If not specified, must be suppled in each layer added to the plot

Other arguments passed on to methods. Not currently used.

environment W anvariable defined in the aesthetic mapping is not found in the data, ggplot will look for i i this environment. It defaults to
using the emironment in which ggplot () is called.

Details

A 50 D T R 5
2R &2 B 21 cototiesun:
O Untitedl x| 0] Untitied2® x 0] Untitieds* x| | Matr3Col x
) 7 Firer
Columnt Column2 Column3

' 1 0 100
2 2 0 200
3 3 0 300
4 . 0 a0
s s s so0
6 6 6 0

Showing 1 t0 6 of 6 entries

& poject tone) =

Console

Tom marry wiex

e S

> Ages["Ton"]

Ton

o

> aAges[c(“Ton","Dick™)]
fom Dick

S

> Columnl <- ¢(1,2,3,4,5,6)

> (10,20,30,40,50,60)

> column3 <- c(100,200,300,400, 500, 600;
>

)
watrixicol <- cbind(Columnt,Column2,Column3)
matrix3col
columnl column2 column3

1 10 00

.1 Bt
2,1 2 20 200
0.] 3 30 300
28] 4 40 200
5.1 5 50 500
6,1 6 60 600
> View(atrixicol)

>

Environment  History =0
@ B | (Pmport Dataset » | usts &
% Global Environment « a
oata B

matrix3col num [1:6, 1:3) 12 34 5 6 10 20 30 40 ... @
values

Ages Named chr [1:3] "22" "23" "28"

columnl num [1:6]) 123456

Column2 num [1:6] 10 20 30 40 50 60 £

column3 num [1:6] 100 200 300 400 500 600 ]

wixed chr [1:6] "1" "2 3" "4" "s" "String”

multiply num [1:5] 12345

wultiplysy num [1:5] 54321

Numericvector num [1:5) 12345

RepFunction num [1:10 1111111111

Sequencesasic int [1:10) 12345678910 &
Fes Plots Packages Melp Viewer =0
e 0@ a @
R: Create a new goplot ~ 0

ggpiot {ggplot2) R Documentation
Create a new ggplot

) inizes »cokt otk can b usd o daclce the it dte ko i and 0 specy e saof ot seshcs |

intended mmon throughout all subsequent layers unless specifically over -
Usage
ggplot (data = NULL, mapp: > aes(), ..., environment = parent.frame())

Arguments

daza to use for plot. Ifnot already . will one by Zazzigy. Ifnot specified, must be
suppled in each layer added to the plot

mapping Default list of aesthetic mappings to use for plot. If not specified, must be suppled in each layer added to the plot

Other arguments passed on to methods. Not currently used.

envizonment W an variable defined in the aesthetic mapping is not found in the data, ggplot will ook for it in this emvironment. It defaults to
using the emironment in which ggp1ot () is called.

Details

Note also that on clicking the matrix in the environment pane, that a script command has actually
sent to the console. As such vieweing data in this manner can be invoked via a line of script. Using
the script editor type:

View(Matrix3Col)
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@] untitled1® » @] Untitled2* % @ Untitled3* | MatriCol %
= 41| | [OsourceonSave & A - 1] -

1 Numericvector =- ¢(1,2,3,4,5)

2 Numericvector

3 mixed =- c(1,2,3,4,5,"string")

4 Mixed

5 Multiply <- c(1,2,3,4,5)

6 Multiply = 2

7 MultiplyBy = ¢(5,4,3,2,1)

& Multiply = MultiplyBy

9 SequenceBasic <- 1:10

10 SequenceFunction =- seq(1,10)

11 sSequencestep =- seq(1l,10,0.25)

12 RepFunction <- rep(1,10)

13 sSequenceBasic[3]

14 sequenceBasic[-3]

15 SequenceBasic[SequenceBasic = 5]

16 SequenceBasic[SequenceBasic > 2 & SequenceBasic = 5]
7 Ages <- c("227,"23","28")

18 names(ages) <- c("Tom","Harry"”, "Dick™)

19 Ages

20 Ages["Tom"]

21 ages[c("Tom","Dick")]

22 columml =- c¢(1,2,3,4,5,6)

23 column2 <- c(10,20,30,40,50,60)

24  column3 <- c(100,200,300,400,500,600)

25 Matrix3col =- chind({Columnl,cColumn2,column3)
26 Matrix3col

7 view(matrix3col)|

217 (Top Level) =

Run the line of script to the console:

@7 Untitled1* % = ®7] Untitled2* % = ®] Untitled3* % | Matria Col
=] & | °F Filter

Column? | Column2 | Column3

1 1 10 100
2 2 20 200
3 3 30 300
4 4 40 400
5 5 50 500
6 &

60 G600 A

Showing 1 to 6 of 6 entries

Console -/
L 4= -]
> Ages["Tom"]
Tom
nan
> ages[c("Tom", "Dick")]
Tom Dick
nz2t veg"
> Columnl <- c(1,2,3,4,5,6)

= Column2 <- c(10,20,30,40,50,60)
> Column3 <- <(100,200,300,400,500,600)
= Matrix3Col <- chind(Columnl,Column2,Column
> Matrix3col

columnl columnz Column3
[1,] 1 10 100
[z,1 2 20 200
[3,] 3 30 300
[4,] 4 40 400

5

[5.] 50 500 \ /
[&.] 6 60 600
= View(Matrix3Col)

= View(Matrix3Col)
>

Procedure 10: Combine Vectors to make a Matrix with rbind.

_F Source -

=

[N |

R Script =

=0

=0

m

Whereas procedure 26 brought vectors together as columns, rbind() can bring vectors together as

rows. Start by creating two vectors in a script block:
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JUBE

Row1 <- ¢(1,2,3,4,5,6,7,8,9,10)
Row?2 <- ¢(10,20,30,40,50,60,70,80,90,100)

Rows3 <- ¢(100,200,300,400,500,600,700,800,900,1000)

@7 Untitled1* @7 Untitled2* @ Untitled3* _ MatrbaCol

&1 | [ [FSourceonSave | Q - -| 1| -
2 Numericvector
3 Mmixed =- ¢(1,2,3,4,5,"string™)
4 wmixed
5 wmultiply =- c(1,2,3,4,5)
6 wmultiply = 2
7 multiplyBy <- c(5,4,3,2,1)
8 wmultiply * multiplysy
9 seguenceBasic =- 1:10
10 sSequenceFunction <- seq(1,10)
11 SeguenceStep <- seq(1,10,0.25)
12 RepFunction =- rep(l,10)
13 seguenceBasic[3]
14 seguenceBasic[-3]
15 SeguenceBasic[SequenceBasic > 5]
16 SeguenceBasic[SeguenceBasic > 2 & SequenceBasic < 5]
7 Ages <- c("22","23","28")
18 names(Ages) <- c("Tom","Harry","Dick")
19 Ages
20 Ages["Tom"]
21 ages[c("Tom","Dick")]
22 columnl =- c(1,2,3,4,5,6)
23 column2 <- c(10,20,30,40,50,60)
24 column3 <- c(100,200,300,400,500,600)
25 Matrix3col =- chind(columnl,Column2,Calumn3)
26 Mmatrix3col
7 wview(Matrix3col)
28 Rowl =- ¢(1,2,3,4,5,6,7,8,9,10)
29 Row2 =- ¢(10,20,30,40,50,860,70,80,90,100)
30 Row3 <- ¢(100,200,300,400,500,600,700,800,900,1000)]
30:52 (Top Level} =

Run the script block to console:

Console

Le
> Ages[c("Tom","Dick")]

Tom Dick

T2 r2e”
= columnl <- <(1,2,3,4,5,6)
= column2 <- ¢(10,20,30,40,50,60)
> column3 <- c(100,200,300,400,500,600)
> Matrix3col <- chind(Columnl,Column2,Column3)
> Matrix3col

columnl Column2 Column3

[1,] 1 10 100
[2,] 2 20 200
[3,] 3 30 300
[4,1 4 40 400
[5,] 5 50 500
[6,] 6 60 600

= view(Mmatrix3col)

> view(Matrix3col)

> Rowl =- ¢{1,2,3,4,5,6,7,8,9,10)

> Row2 <- c(10,20,30,40,50,60,70,80,90,100)

> Row3 <- c(100,200,300,400,500,600,700,800,900,1000)
=

To bind the vectors as rows use the rbind() function:

Matrix3Row <- c(Row1,Row2,Row3)
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JUBE

@7 Untitled1* ® @] Untitled2* * = @7 Untitled3* | Matrb3Col # =0
=] Al [ [sourceonsave | G #° - - == Run | 5% | | #Source + =
3 mixed =- c(1,2,3,4,5,"string") -
4 Mixed
5 multiply =- <(1,2,3,4,5) =
6 mMultiply = 2
7 multiplyBy <- c(5,4,3,2,1)
8 multiply * multiplysy
9 sequenceBasic =- 1:10
10 sSequenceFunction <- seq(1,10)
11 SequenceStep <- seq(1,10,0.25)
12 RepFunction <- rep(1,10)
13 sSequenceBasic[3]
14 sSequenceBasic[-3]
15 sSequenceBasic[SequenceBasic 5]
16 SequenceBasic[SequenceBasic 2 & SequenceBasic < 5]
7 Ages <- c("22","23","28")
18 names(Ages) <- c("Tom","Harry","Dick") =
19 Ages
20 ages["Tom"]
21 ages[c("Tom","Dick")]
22 columnl =- c¢(1,2,3,4,5,6)
23 column2 <- ¢(10,20,30,40,50,60)
24 column3 =- c(100,200,300,400,500,600)
25 Matrix3col =- chind(columnl,Column2,Column3)
26 Matrix3col
7 wview(Matrix3col)
28 Rowl <- c(1,2,3,4,5,6,7,8,9,10)
29 Row2 <- c(10,20,30,40,50,60,70,80,90,100)
30 Row3 <- c(100,200,300,400,500,600,700,800,900,1000) L
31 Matrix3rRow <- rbind(Rowl,Row2,Row3)| -
31:36 (Top Level) = R Script =
Run the line of script to console:
Console ~/ =0
&> Ages Ly orum , UILK J] o
Tom Dick
"22" 28"
> Columnl <- ¢(1,2,3,4,5,6)
> Column? <- c(10,20,30,40,50,60)
> Column3 <- ¢(100,200,300,400,500,600)
> Matrix3Col <- chind(Columnl,Column2,Column3)
> Matrix3col
Columnl Columnz Column3
[1,1 1 10 100
[z,1 2 20 200
[3,1 3 30 300
[4,] 4 40 400
[5,] 5 50 500
[&,] 6 60 600
= View(Matrix3Col) -
= View(Matrix3Col)
> Rowl =- ¢(1,2,3,4,5,6,7,8,9,10)
= Row2 <- ¢(10,20,30,40,50,60,70,80,90,100) =
= RoOw3 <- c¢(100,200,300,400,500,600,700,800,900,1000)
> Matrix3row <- rbind(Rowl,row2,Row3)
- L
The matrix can be viewed by typing:
Matrix3Row
@] untitled1® % @] Untitled2® % @7 Untitled3* | Matris3Col % =0
o] 41 [ [DsourceonsSave | & A ~| 1| - ~#Run | % | [ #Source + =
4 Mixed -
5 Multiply <- c(1,2,3,4,5)
6 Multiply = 2
7 multiplyey <- c(5,4,3,2,1) =
& multiply * multiplysy
9 sequenceBasic =- 1:10
10 sSequenceFunction <- seq(l,10)
11 sequencestep <- seq(1,10,0.25)
12 RepFunction <- rep(1,10)
13 sequenceBasic[3]
14 SsequenceBasic[-3]
15 SequenceBasic[SequenceBasic > 5]
16 SequenceBasic[SeguenceBasic > 2 & SequenceBasic < 5]
7 Ages <- c("22","23","28")
18 names{Ages) <- c("Tom","Harry","Dick™)
19 Ages =
20 ages["Tom"] 1
21 ages[c("Tom","Dick")]
22 columnl =- c¢(1,2,3,4,5,6)
23 column2 =- c(10,20,30,40,50,50)
24 «column3 =- c(100,200,300,400,500,600)
25 Matrix3Col <- chind(Columnl,Column2,Column3)
26 Matrix3col
7 view(Matrix3col)
28 Rowl <- c(1,2,3,4,5,6,7,8,9,10)
29 Row2 <- c(10,20,30,40,50,60,70,80,90,100)
30 Row3 <- c(100,200,300,400,500,600,700,800,900,1000)
31 Matrix3rRow <- rbind(rRowl,Row2,Row3) |
32 matrix3row -
3211 (Top Level) = R Script =
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Run the line of script to console:

Console
FOLOIUMNS <— CLLUU, Zu0u, 3UU,4U0, JUU,0ud)
> Matrix3Col <=- cbind(Columnl,Column2,Column3)
> Matrix3col
Columnl Columnz Column3

[1.1] 1 10 100
2.1 2 20 200
3.1 3 30 300
[4,] 4 40 400
[5,] 5 50 500
[6,] 6 60 600

= View(Matrix3col)
= View(Matrix3col)
= Rowl <- ¢(1,2,3,4,5,6,7,8,9,10)
> RowW2 <- ¢(10,20,30,40,50,60,70,80,90,100)
= ROW3 <- ¢(100,200,300,400,500,500,700,800,900,1000)
> Matrix3row <- rbind(Rowl,Row2,Row3)
> Matrix3row
[,11 [.2] [,3] [,41 [,5] [.8]1 [,7] [,8] [,9] [,10]
Rowl 1 2 3 4 5 6 7 3 9 10

ROW2 10 20 30 40 50 60 70 80 a0 100
Row3 100 200 200 400 500 600 700 800 900 1000
>

m

Procedure 11: Create a Matrix of defined size with a Vector.

Procedure 26 and 28 showed how to create a matrix using an intuitive method to bind vectors into
columns and rows, comparing this to an Excel spreadsheet. It is possible to create a matrix with a
given specification then fill that specification with a single vector which overspills the dimensions.

The matrix() function is intended to take a single vector as an argument coupled with the dimensions
(i.e. the number of rows and columns). The single vector fills up this matrix by moving through each

entry, downwards, in each column repeating the vector, should that vector not be long enough to fill
up the matrix.

Start by creating a vector of six values by typing:
LongVector <- ¢(1,2,3,4,5,6)
@ Untitled1* 3 Untitled2* 13 Untitled3*
1| [ Elsourceonsave | Q 4 -| &1 - ~#Run %% |9 Source -

Multiply <- c(1,2,3,4,5) -
multiply = 2

5
6
7 multiplyBy =- c(5,4,3,2,1)
:}
9

SequenceBasic =- 1:

10 sSequenceFunction <- seq(1,10)

11 sequencestep =- seq(1,10,0.25)

12 RepFunction <- rep(1,10)

13 SequenceBasic[3]

14 SsequenceBasic[-3]

15 SequenceBasic[SequenceBasic > 5]

16 SequenceBasic[SequenceBasic > 2

17 Ages <- c("22","23","28")

18 names(ages) <- c("Tom","Harry","Dick™)

19 ages

20 ages["Tom"]

21 ages[c("Tom","Dick™)] E
22 columnl <- c(1,2,3,4,5,6)

23 c¢olumn2 =- c(10,20,30,40,50,60)

24 column3 =- c(100,200,300,400,500,600)

25 Matrix3col =- chind(columnl,cColumn2,Column3)

26 Matrix3col

7 view(Matrix3Col)

28 Rrowl <- c(1,2,3,4,5,6,7,8,9,10)

29 Row2 <- ¢(10,20,30,40,50,60,70,80,90,100)

30 Row3 =<- c(100,200,300,400,500,600,700,800,900,1000)
31 Matrix3row =- rbind(Rowl,Row2,Row3)

32 matrix3row

33 Longvector =- c(1,2,3,4,5,6)|
33:29 (Top Level) R Seript

Run the line of script to console:
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Console
FoLOIumns <- CLlUu, ZUU, 3UU, U, DUU, 00U
> Matrix3col =- chind(Columnl,Column2,Column3)
> Matrix3col
Columnl Columnz Column3

[1,1 1 10 100
[2,1 2 20 200
[2,] 3 30 300
[4,] 4 10 400
[5.] 5 50 500
[6,] 6 50 600

> view(Matrix3col)
> Rowl =- ¢{1,2,3,4,5,6,7,8,9,10)
> Row2 <- c¢(10,20,30,40,50,60,70,80,90,100)
> Row3 <- ¢(100,200,300,400,500,600,700,800,900,1000)
> Matrix3Row <- rbind(Rowl,Row2,Row3)
> Matrix3Row

[.11 [.21 [,31 [,41 [,5] .61 .71 [,81 [,91 [,10]
Rowl 1 2 3 4 5 [ 7 8 9 10
ROWZ 10 20 30 40 50 60 70 =0} 90 100
row? 100 200 300 400 500 600 70O 800 900 1000
> Longvector =<- c(1,2,3,4,5,6)
- L

Bearing in mind that the matrix will fill up column wise, make a matrix that is only three rows deep,
while being four columns wide (i.e. nrow=3,ncol=4):

matrix(LongVector,nrow = 3,ncol = 4)

27 Untitled1* 27 Untitled2* 37 Untitled3* =
&1 | | ElsourceonSave | Q /2 -| £ - =% Run | % || #Source ~| =
7 wmultiplyey < c(5,4,3,2,1) &

& wmultiply * MultiplyBy

9 SeguenceBasic <- 1:10

10 SequenceFunction seq(1,10)

11 sequencestep <- seq(1,10,0.25)

12 RepFunction =- rep(1,10)

13 sequenceBasic[3] F
14 sequenceBasic[-3]

15 sequenceBasic[SequenceBasic = 5]

16 sequenceBasic[SequenceBasic = 2 & sequenceBasic = 5]

7 Ages <- c("22","23","28")

18 names{Ages) <- c("Tom","Harry","Dick™)

19 Ages

20 Ages["Tom"]
21 ages[c("Tom
22 columnl <-
23 column2 =- )
24 column3 =- c(100,200,300,400,500,5600)

25 Matrix3col <- chind{Columnl,Column2,Column3)

26 Matrix3col

7 wview(Matrix3col)

28 Rowl <- ¢(1,2,3,4,5,6,7,8,9,10)

29 Row2 <- ¢(10,20,30,40,50,60,70,80,90,100)

30 Row3 <- ¢(100,200,300,400,500,600,700,800,900,1000)
31 Matrix3Row <- rbind(Rowl,Row2,Row3)

32 Matrix3Row

33 Longvector <- c(1,2,3,4,5,6)

Dick™)]

m

34 overspilImatrix <- matrix(Longvector,nrow=3,ncol=4)] R
35 -
34:52 (Top Level} = R Script =

Run the line of script to console:

Console —]
Z MALD TXASLUT <— LUINOUCU TUmrL Lo Tumris Lo rumrisy
> Matrix3col

columnl Column2 column3

v

1,1 1 10 100
2,1 2 20 200
[3,] 3 30 300
[4,] 4 40 400
[5,] 5 50 500
[6,] 6 80 600

= view{matrix3col)
> Rowl «- ¢(1,2,3,4,5,6,7,8,9,10)
> Row2 <- c(10,20,30,40,50,60,70,80,90,100)
> Row3 <- c(100,200,300,400,500,600,700,800,900,1000)
= Matrix3row <- rbind(Rowl,Row2,Row3)
> Matrix3Row

(.11 [.21 [,31 [.41 [,51 [.e1 .71 [.81 [,91 [.10]
Rowl 1 2 3 4 5 ] 7 8 9 10
ROW2 10 20 30 40 50 60 70 8O 20 100
row3 100 200 300 400 5300 600 70O 800 900 1000
= Longvector <- c(1,2,3,4,5,6)
= overspillMatrix <- matrix(Longvector,nrow=3,ncol=4)
- o

n

To view the matrix and specifically how the LongVector overlaid this matrix type:

OverspillMatrix

89



JUBE

127 Untitled1* 27 Untitled2* @7 Untitled3*

i1 | @ Flsourceonsave | Q #° - 1| - ~#Run | %% | | # Source ~
7 multiplyBy =- ¢(5,4,3,2,1) -
& multiply * multiplysy
9 sequenceBasic =- 1:10
10 sequenceFunction =- seq(l,10)
11 sequencestep <- seq(l,10,0.25)
12 Reprunction <- rep(l,10)

13 sequenceBasic[3]

14 sequenceBasic[-3]

15 sequenceBasic[SequenceBasic > 5]

16 sequenceBasic[SequenceBasic > 2 & sequenceBasic < 5]

17 ages =- ¢("22", , )
18 names{ages) <- c("Tom","Harry","Dick")
19 Ages

20  Ages["Tom"]

21  ages[c("Tom","Dick")]

22 ¢Columnl <- c(1,2,3,4,5,8)

23 Column2 <- c(10,20,30,40,50,60)

24  ¢Column3 <- c(100,200,300,400,500,600)

25 Matrix3Col <- chind({Columnl,Column2,Column3)

26 Matrix3col

27  wview(Matrix3Col)

28 Rowl <- c¢(1,2,3,4,5,6,7,8,9,10)

29 Row2 <- ¢(10,20,30,40,50,60,70,80,90,100)

30 Row3 <- ¢(100,200,300,400,500,800,700,800,900,1000)
31 Matrix3Row <- rbind(Rowl,Row2,Row3)

32 Matrix3row

33 Longvector =- c(1,2,3,4,5,6)

34 overspillMatrix <- matrix(LongVector,nrow=3,ncol=4)
35 overspilImatrix| -
3516 (Top Level) + R Script

m

Run the line of script to console:

Console 1
L3a1 ) U SV A
[4.] 4 40 400
[5,] 5 50 500
[&,] [ 60 600

= View(Matrix3col)
> Rowl <- ¢(1,2,3,4,5,6,7,8,9,10)
> Row2 <- ¢(10,20,30,40,50,60,70,80,90,100)
> Row3 <- c(100,200,300,400,500,600,700,800,900,1000)
= Matrix3row <- rbind(rRowl,Row2,Row3)
= Matrix3row
[.11 [,2] [,31 [.4] [,5]1 [,6] [,7] [,8] [,9] [,10]
1 2 3 4 5 6 7 3 9 10
Row2 10 20 30 40 50 60 70 80 a0 100
rRow3 100 200 300 400 500 600 700 800 OS00 1000
= Longvector <- c(1,2,3,4,5,6)
= overspiliMatrix <- matrix{Longvector,nrow=3,ncol=4)
= OverspiliMatrix
[,11 [,2] [,3] [.4]
[1.]1 1 4 1 4
[2,]1 2 5 2 5
[3.1 3 [ 3 ]
=

n

It can be seen that in moving column wise, when the vector runs out, it starts again until the matrix
has been filled as per the dimensions.

Procedure 12: Labelling a Matrix.
As seen in procedure 24 it is helpful for reference to label a Vector. It is possible also to label the
rows and the columns of a matrix in a similar fashion using the rownames() and colnames() function.

To set column names assign a Vector to the colnames() function, where the colnames() function
accepts the matrix as its argument:

colnames(OverspillMatrix) <- c("Examplel","Example2","Example3","Example4")
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@7 Untitled1* % | @7 Untitled2* % = @] Untitled3* =0
= &1 | | [Flsourceonsave Q A - i1| - =% Run | %% | | % Source | =
9 sequenceBasic <- 1:10 -

10 sSequenceFunction <- seq(1,10)

11 Sequencestep <- seq(1,10,0.25)

12 RepFunction <- rep(1,10)

13 sequenceBasic[3]

14 sequenceBasic[-3]

15 SequenceBasic[SequenceBasic > 5]

16 SequenceBasic[SequenceBasic > 2 & SequenceBasic = 5] —
17 Ages <- c("22","23","28")

18 names(Ages) <- c("Tom","Harry","Dick")

19 Ages

20 Ages["Tom"]

21 ages[c("Tom","Dick")]

22 columnl <- ¢(1,2,3,4,5,6)

23 column2 <- ¢(10,20,30,40,50,80)

24 column3 <- ¢(100,200,300,400,500,800)

25 Matrix3Col =- chind(Columnl,Column2,Column3)

26 Matrix3col

27 wview(Matrix3col)

28 Rowl =- c(1,2,3,4,5,6,7,8,9,10)

29 Row2 =- ¢(10,20,30,40,50,60,70,80,90,100)

30 Row3 =- c(100,200,300,400,500,600,700,800,900,1000)

31 Matrix3Row <- rbind(Rowl,Row2,Row3)

32 Matrix3rRow

33 Longvector <- ¢(1,2,3,4,5,6)

34 overspiliMatrix <- matrix(LongVector,nrow=3,ncol=4)

35 oOverspillMatrix

36 colnames(overspillMatrix) <- c("Examplel”,"Example2”,"Example3”,"Example4™) L
37 5

36:76 (Top Level) + R Script

n

Run the line of script to console:

Console ~/ =
L4, 4 4y 4uy =
[5,] 5 50 500
[6,] G &0 600

> View(Matrix3col)
> Rowl =- ¢(1,2,3,4,5,6,7,8,9,10)
> Row2 <- ¢(10,20,30,40,50,60,70,80,90,100)
> Row3 <- c(100,200,300,400,500,600,700,800,900,1000)
> Matrix3rRow <- rbind(Rowl,Row2,Row3)
> Matrix3row
[,11 [.2] [,3] [.4] [,5] [.61 [,7] [.8] [,9] [,10]
Rowl 1 2 3 4 5 [ 7 B 9 10
ROW2 10 20 30 40 50 60 70 80 a0 100
Row3 100 200 300 400 500 600 700 80O 800 1000
> Longvector <- c(1,2,3,4,5,6)
= overspillMatrix <- matrix(Longvector,nrow=3,ncol=4)
= OverspillMatrix
[,11 [.2]1 [,3] [.4]
[1,] 1 4 1 4
[2,] 2 5 2 5
[3,] 3 6 3 6
> colnames{overspilimatrix) <- c("examplel"”,"Example2”,"example3”, "Exampled™)
>

n

The rownames() function has a similar signature and takes a Vector of row names:

rownames(OverspillMatrix) <- c("Row1","Row2","Row3")

@7 Untitled1* % @7 Untitled2* » @] Untitled3* =
=] &1 | [ [FlSourceonsave | Q 7 - &1| - ~#Run % | | +Source v+ =
10 sequencerFunction =- seq(l,10) -

11 sSequencestep <- seq(1,10,0.25)
12 RepFunction =- rep(1,10)
13 sSequenceBasic[3]
14 sSequenceBasic[-3]
15 sequenceBasic[sequenceBasic = 5]
16 SequenceBasic[SequenceBasic > 2 & SequenceBasic < 5]
7 Ages =- c("22","23","28")
18 names(ages) <- c("Tom","Harry","Dick") F
19 Ages
20 Ages["Tom"]
21 ages[c("Tom","Dick")]
22 columnl =- ¢(1,2,3,4,5,6)
23 column2 <- c(10,20,30,40,50,60)
24 column3 <- c(100,200,300,400,500,600)
25 Matrix3col <- chind(Columnl,Column2,Column3)
26 Matrix3col
7 wview(matrix3col)
28 Rowl <- c(1,2,3,4,5,6,7,8,9,10)
29 Row2 <- c(10,20,30,40,50,60,70,80,90,100)
30 Row3 =- c(100,200,300,400,500,600,700,800,900,1000)
31 Matrix3Row <- rbind(Rowl,Row2,Row3)
32 Matrix3Rrow
33 Longvector =- ¢(1,2,3,4,5,6)
34 overspillMatrix =- matrix(Longvector,nrow=3,ncol=4)
35 overspillmatrix
36 colnames(overspillMatrix) <- c("Examplel”,"Example2"”,"Example3”, "Exampled™)
7  rownames(OverspillMatrix) <- c("Rowl","Row2","Row3") | &
38 -
3753 [Top Level} = R Script

m
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Run the line of script to console:

Console ~/

L34+l 3 Ju RIVIV]
6,1 6 60 600
> view(Matrix3col)

rowl «- c(1,2,3,4,5,6,7,8,9,10)
rRow? <- c(10,20,30,40,50,60,70,80,90,100)
Row3 <- c(100,200,300,400,500,600,700,800,900,1000)
Matrix3Row <- rbind(Rowl,Row2,Row3)
Matrix3row

[.1] [.2] [.3]1 [.4]1 [.5]1 [.6] L[.7] (.8] L.91 [.10]
Rowl 1 2 3 4 5 4 7 8 9 10

Row2 10 20 30 40 50 60 70 80 a0 100
Row3 100 200 300 400 500 600 700 800 900 1000
= Longvector <- c¢(1,2,3,4,5,6)
= OverspiliMatrix <- matrix{Longvector,nrow=3,ncol=4)
= overspiliMatrix

[,11 [,2] [,31 [,4]
[1,] 4 1 4

[z.] 2 5 2 5

[z.] 3 6 3 I

= colnames (OverspiliMatrix) <- c("Examplel”,"Example2”,"Example3","Exampled™)
= rownames (OverspiliMatrix) <- c("rRowl","Row2","RoOW3")

>

VoW W WY

The matrix is now labelled in both directions and can be inspected by typing:

OverspillMatrix

7] Untitled1® 7] Untitled2= 137 Untitled3*

41| [ [C]SourceonSave @ # ~| i -
10 sSequenceFunction <- seq(1,10)
11 Sequencestep <- seq(1,10,0.25)
12 RepFunction <- rep(1,10)
13 sequenceBasic[3]
14 sequenceBasic[-3]
15 sSequenceBasic[SequenceBasic = 5]
16 sSequenceBasic[SequenceBasic = 2 & SequenceBasic < 5]
7 Ages <- c("22","23","28")
18 names{Ages) <- c("Tom","Harry","Dick")}
19 Ages
20 Ages["Tom"]
21 ages[c("Tom","Dick")]
22 columnl =- ¢(1,2,3,4,5,6)
23 column2 =- ¢(10,20,30,40,50,80)
24 column3 =- ¢(100,200,300,400,500,800)
25 Matrix3col =- chind(Columnl,Column2,Column3)
26 Matrix3col
7 wview(Matrix3col)
28 Rowl =- c(1,2,3,4,5,6,7,8,9,10)
29 Row2 =- c(10,20,30,40,50,60,70,80,90,100)
30 Row3 =- c(100,200,300,400,500,600,700,800,900,1000)
31 Matrix3Row <- rbind(Rowl,Row2,Row3)
32 Matrix3row
33 Longvector <- ¢(1,2,3,4,5,6)
34 overspillMatrix <- matrix(LongVector,nrow=3,ncol=4)
35 oOverspillMatrix
36 colnames(OverspillMatrix) <- c("Examplel”,"Example2”,"Example3”,"Example4™)
7 rownames (OverspillMatrix) <- c("Rowl","Row2","Row3")
38 oOverspillMatrix
38:16 (Top Level) =

Run the line of script to console:

Console -/

> ORUWS <-— CLLUU,ZUU, 3UU,%U0U, 3UU, DUU, 7 UU, 8UU, YUU, LTUUU
> Matrix3Row <- rbind(Rowl,Row?,Row3)

> Matrix3Row

[.11 .21 [.3] [.4] C.51 [,6]1 [.7] [.8] [,9] [,10]
Rowl 1 2 3 4 5 6 7 8 9 10

Row2 10 20 30 40 50 60 70 80 a0 100
rRow3 100 200 3200 400 500 &00 700 800 900 1000
> Longvector <- c(1,2,3,4,5,6)
> overspiliMatrix <- matrix{Longvector ,nrow=3,ncol=4)
> overspiliMatrix

0,11 [,2] [,3] [.4]
1,] 4 1 4

[2.] 2 5 2 5

[3.] 3 6 3 6

> colnames (Overspilimatrix) <- c("Examplel”,"Example2”,"Example3”,"Exampled")
> rownames (Overspilimatrix) <- c("Rowl","Row2","Row3")

> overspiliMatrix

Examplel Example2 Example3 Exampled
1 4

Rowl

ROW2 2 5 2 5
RoOw3 3 [ 3 [
=
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Procedure 13: Selecting from a Matrix.

As a matrix is made up of vectors, it is logical to expect it to bear some resemblance in the way
selection from a matrix takes place. All subscripting types that are described in procedures 24 and
25, are available except for a separate dimension is specified inside the [] square brackets, as
separate arguments. The first argument inside the square brackets relates to the row, the next the
column.

To obtain the value in a given position of a matrix, in this case two down, three across, type:
OverspillMatrix[2,3]

27 Untitled1* 27 Untitled2* @7 Untitled3*

7 | @ [Fsourceonsave | Q A -| £ - == Run | %% | % Source =~
12 Reprunction =- rep(1,10) -
13 sequenceBasic[3]
14 sequenceBasic[-3]
15 sSequenceBasic[SequenceBasic > 5]
16 SequenceBasic[SequenceBasic > 2 & SequenceBasic =< 5]
17 Ages <- c("22","23","28")
18 names(Ages) <- c("Tom","Harry","Dick")
19 Ages
20 Ages["Tom"]
21 ages[c("Tom","Dick")]
22 columnl <- ¢(1,2,3,4,5,6)
23 column2 <- c(10,20,30,40,50,60)
24 column3 <- c(100,200,300,400,500,600)
25 Matrix3col <- cbind(columnl,Column2,column3)
26 wmatrix3col
27 wview(Matrix3col)
28 Rowl <- c(1,2,3,4,5,6,7,8,9,10)
29 Row? <- c(10,20,30,40,50,60,70,80,90,100)
30 Row3 <- c(100,200,300,400,500,600,700,800,900,1000)
31 Matrix3Row =- rbind{Rowl,Row2,Row3)
32 Matrix3row
33 Longvector =- c(1,2,3,4,5,6)

m

34 overspillMatrix <- matrix(Longvector ,nrow=3,ncol=4)

35 overspillMatrix

36 colnames(overspillmatrix) <- c("Examplel”,"Example2”,"Example3”,"Exampled")
7 rownames (overspiliMatrix) <- c("rowl","Row2","Row3")

38 overspillMatrix

39 overspillMatrix[2,3] |
40 | i
40:1 (Top Level) R Seript

Run the line of script to console:

Console
& MdLl I X3KuUW
[.11 [.2] [,3] [.4] [,5] [.e] [,7] [.,8] [,9] [.,10]
Rowl 1 2 3 4 5 ] 7 B 9 10
Row2 10 20 30 40 50 60 70 80 90 100
Row3 100 200 300 400 500 600 700 BOO 900 1000
> Longvector <- ¢(1,2,3,4,5,6)
> OverspillMatrix <- matrix(LongVector,nrow=3,ncol=4)
> OverspillMatrix
[.11 [,2] [L,3] [.4]
[1.1 1 4 1 4
[z,1 2 5 2 5
[3,] 3 6 3 6
> colnames (Overspilimatrix) <- c("examplel”,"Example2”,"example3”, "Exampled")
> rownames (Overspilimatrix) <- c("Rowl","Row2","Row3")
= overspillMatrix
Examplel eExamplez Example3 Exampled

Rowl 1 4 1 4

ROW2 2 5 2 5

ROW3 3 [ 3 [

> overspilimatrix[2,3] £
[1] 2

>

It can be seen that the value 2 has been returned which corresponds to the position specified:
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Console
F ML I XSHUW
[.11 [,2] [,31 [.4] [,5]1 [,6] [,7] [,81 [,9] [,10]
Rowl 1 2 3 4 5 [ 8 9 10
ROWZ 10 20 30 40 50 60 70 8O 20 100
rRow? 100 200 300 400 500 600 70O 800 900 1000
> Longvector =- c(1,2,3,4,5,6)
> overspillMatrix <- matrix(Longvector ,nrow=3,ncol=4)
> overspillmMatrix
[.1] [.2] [.3] [.4]
[1.] 1 4 1 4
[2,1 2 5 2 5
[3.]1 3 [ 3 5]
> colnames (overspiliMatrix) <- c("examplel”,"Example2”,"Example3”,"Exampled"™)
> rownames (OverspiliMatrix) <- c("Rowl","Row2","Row3")
> overspillMatrix
examplel Example2 Example3 Exampled
Rowl 1 4 1 4
RowWZ 2 5 26 3 r
Row3 3 ] 3 ]
> OverspillMatrix[2,3]
[1] 2
= E

]

»

m

Procedure 14: Creating a Factor from a Vector.

The factor() function turns a Vector containing character fields into a special structure for categorical
variables. Categorical variables are treated differently in data analysis as conceptually they are
pivoted to columns in their own right.

Assume that a Vector of customer genders exists:

Gender <- ¢("Male","Female","Female","Male")

3] Untitled1® @] Untitled2* 137 Untitled3* =0
&) | | [lsourceonsave | Q # = 51| ~ ~#Run | 8% | 4 Source v =
12 RepiFunct'imn' < repfl,lo) o~

13 sequenceBasic[3]

14 sequenceBasic[-3]

15 sequenceBasic[SequenceBasic > 5]

16 sSequenceBasic[SequenceBasic > 2 & SequenceBasic = 5]
7 Ages <- c("22","23","28")

18 names{ages) =- c("Tom","Harry","Dick")

19 ages

20 Ages["Tom"]

21  ages[c("Tom","Dick")] F
22 columnl =<- ¢(1,2,3,4,5,6)

23 column2 <- ¢(10,20,30,40,50,60)

24  Column3 <- (100,200, 300,400,500,600)

25 Matrix3col <- chind{Columnl,Column2,Column3)

26 Matrix3col

7 view(Matrix3Col)

28 Rowl <- ¢(1,2,3,4,5,6,7,8,9,10)

29 Row2 <- c(10,20,30,40,50,60,70,80,90,100)

30 Row3 <- <(100,200,300,400,500,600,700,800,900,10000

31 Matrix3Row <- rbind(Rowl,Row2,Row3)

32 Matrix3row

33 Longvector <- c(1,2,3,4,5,6)

34 overspillMatrix <- matrix(LongVector,nrow=3,ncol=4)

35 overspilimatrix

36 colnames(overspillMatrix) =- c("Examplel”,"Example2”,"Example3”,"Exampled")
7 rownames(overspiliMatrix) <- c("Rowl","Row2","Row3")

38 overspilimatrix

39 overspilimatrix[2,3]

m

40 Gender <- c('Male”,"Female"”,"Female", "Male")| A
40:45 (Top Level] = R Script =

Run the line of script to console:
Console =0
Lat) La£1 La31 Lo%1 La2) L.91 L.41 La81 L.¥) L.LlU] i

Rowl 1 2 3 4 5 6 7 8 9 10
Row2 10 20 30 40 50 60 7 80 a0 100
Row3 100 200 3200 400 500 600 700 800 900 1000
> Longvector <- c(1,2,3,4,5,6)
= OverspilIMatrix <- matrix(Longvector,nrow=3,ncol=4)
= OverspiliMatrix

[.1] [,2] [,31 [.4]
[1,1 1 4 1 4
[2,1 2 5 2 5
[3,1 3 6 3 6
> colnames (OverspiliMatrix) =- c("Examplel”,"Example2"”,"Example3”, "Exampled")
= rownames (OverspiliMatrix) =- c("rRowl","Row2", "Row3")
= overspiliMatrix

Examplel Example2 Example3 Exampled

Rowl 1 4 1 4

ROW2 2 5 2 5

Row3 3 [ 3 [ F
= OoverspiliMatrix[2,3]

[1] 2 E
= Gender =- c{"Male"”,"Female"”,"Female"”,"Male")

. | 4
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A standard vector has been created. To transform this Vector into a Factor, simply pass the Gender

Vector as an argument to the factor() function by typing:

GenderFactor <- factor(gender)

® ] Untitled1* ® 7 Untitled2* @7 Untitleds*

a1 | | Elsourceonsave = Q A ~| 11| -
13 sequenceBasic[3]
14 sequenceBasic[-3]
15 sSequenceBasic[SequenceBasic > 5]
16 SequenceBasic[SequenceBasic > 2 & SequenceBasic < 5]
17 Ages <- c("22","23","28")
18 names(Ages) <- c("Tom","Harry","Dick™)
19 Ages
20 Ages["Tom"]
21 ages[c("Tom","Dick")]
22 columnl =- c(1,2,3,4,5,6)
23 column2 =- c(10,20,30,40,50,60)
24 column3 =- c(100,200,300,400,500,600)
25 Matrix3col =- cbind({columnl,Column2,Column3)
26 Matrix3col
27 wview(Matrix3col)
28 Rrowl =- c(1,2,3,4,5,6,7,8,9,10)
29 Row2z <- c(10,20,30,40,50,60,70,80,90,100)
30 Row3 =- c(100,200,300,400,500,600,700,800,900,1000)
31 Matrix3row =- rbind{Rowl,Row2,Row3)
32 Matrix3rRow
33 Longvector =- ¢(1,2,3,4,5,6)
34 overspillMatrix <- matrix(LongVector,nrow=3,ncol=4)
35 overspillMatrix
36  colnames(OverspilIMatrix) <- c(
7 rownames(OverspilIMatrix) =<- c(
38 overspillmatrix
39 overspillmatrix[2,3]
40 gender <- c("male"”,"Female”,"Female”,"Male")
41 GenderFactor =- factor (Gender)|
41:31 [Top Level] =

Rowl","Row2","Row3")

Run the line of script to console:

Console
KOwL L 4 =] 4 ¥ o i -1 o v
ROW2 10 20 30 40 50 60 70 &0 90 100
ROw3 100 200 300 400 500 600 700 800 0900 1000
> Longvector =- ¢{1,2,3,4,5,8)
> overspillmatrix <- matrix({Longvector,nrow=3,ncol=4)
> overspillmMatrix

[,11 [,2] [,3] [.4]
[1,] 1 4 1 4

[z,] 2 5 2 5
[3.1 3 6 3 6

> colnames(overspiliMatrix) <- c("examplel”,"Example2”,"Example3”,"Exampled™)

> rownames (overspiliMatrix) <- c("Rowl","Row2","Row3")
> overspillmMatrix
Examplel Example2 Example3 Exampled

1 4 1 4

Rowl

Row2 2 5 2 5
Row3 3 [ 3 ]
> overspillMatrix[2,3]

[1] 2

> Gender <- c("Male”,"Female”,"Female”, "Male")
> GenderFactor <- factor(Gender)
>

It can be observed that the Factor is now available in the environment pane:
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10 tdio
Fle Edit Code View Plots Session Buld Debug Profile Tooks Help
gli-le-lasals [+ agsins ~
O] Untitled1* % | @] Unfitled2* % © Untitled3* x
2| B Bsourceonsae | Q 2+ €| - 3 Run

14 sequencesasic[-3

15 SEHUET‘:EI“W[SEH\J:MEBIS\; > 5]

16 Sequencesasic(sequencesasic > 2 & sequencesasic < 5]
17 "
18
19
20
2 ick™)]
22 columi < c{1,2,3.4,5,6)

23 <olumn2 <- ¢(10,20,30,40,50,60)

24 column3 <- c(100,200,300,400,500,600)

25 matrixicol < cbind(Columnl,Column2,colunn3)
26 matrixicol

27 view(Matrix3Col)

e("Tom

“Harry”, "pick™)

28 ROWL <- €(1,2,3,4,5,6,7,8,9,10)
29 Row2 <- €(10,20,30,40,50,60,70,50,90,100)
30 Row3 <- <(100,200,300,400, 500,600,700, 800,900,1000)

31 matrix3row < rbind’ M Xow? Ro«i

32 Matrix3Row

33 Longvector <- €(1,2,3,4,

34 WEFSW”NI(H! <- matr\x(wnqvec(w nrow=3,ncol=4)
35 overspillMatri

36 (0|nm!§£0v!rspi1|mnrix) <
37 rownames (OverspillMatrix) <
38 overspillMatrix

39 overspillMacrix[2,3]

c("exa
<("Rowt

40 Gender <- c("wale”,"remale”,"Female”,"male")
41 Genderractor < factor(Gender)

42

421 (op Leved ¢

Console -/

Roi2 10 20 30 40

Row3 100 200 300 400 500 600 700 800 900 1000

> Longuector <- c(1,2,3,4,5,6)
> QverspiImacrx <~ wair ix{tongvector rom=3 ncol )
> overspilIMat

l]![ZJl)J [4]

53 [ source +

ol
&) Project Mane) -
Environment  History =0
@ B | (2 nport Dataset - | st -
% Global Emvironment +
matrixacol num [1:6, 1:3] 12 34 5 6 10 20 30 40 ... @-
Matrix3Row num [1:3, 1:10] 1 10 100 2 20 200 3 30 300 4 .. J
overspiTmacr 1x num [1:3,1:411234561234. a8
values
Ages Named ehr [1:3] "22" "23" "28"
columni num (1361123456
column2 num [1:6] 10 20 30 40 50 60
columnz num [1:6] 100 200 300 400 500 600
Gender chr [1:4] "Male” "Female” "Female” "Male”
GenderFactor Factor w/ 2 levels "Female”,"wale": 211 2
Longvector num (161123456
Mixed chr [1:6] "1" "2" "3" "4 “string”
num [1:5] o

Files Plots Pacages Help Viewer =
& DB a

R Create anew gaplot -

ggplot {ggplot2} R Documentation

Create a new ggplot

Description
gaplet () initializes 3 ggplot abject It can be used to declare the input data frame for 3 graphic and to specify the set of plot aesthetics
intended to be common thioughout all subsequent layers unless specifically overridden

Usage

goplot(data = NULL, mapping = aes(), ..., environment = parent.frame())

3:] 3 F Arguments
5. 3 ﬁ 3
E égigz:;ggéggg:::m::mﬁ e | apled” Exampled™) ante Dceut st s o g ot syt e, il s comst g by s frt s s
ot Eww‘e: Exmw*ﬂi Exampl E; Exaw‘@: mapping Default list of aesthetic mappings to use for plot. If not specified, must be suppled in each layer added to the plot
Row2 2 5 2 5 Other arguments passed on to methods. Not currently used.
zogserspﬂw:mx[z.x§ : ¢ environment [Fan variable defined in the aesthetic mapping is nat found in the data, ggplot will loak for it in this environment. It defaults ta
2 . | using the envronment in which ggplot () is called
: s Y cets
R cemamme -
To view the factor in the console type:
GenderFactor
@7 Untitled1* x | @7 Untitled2* * @7 Untitled3* »
= &1 | | [Elsourceonsave | Q A~ i | - =% Run
14 sequencebBasic[-3] -
15 sSequenceBasic[SequenceBasic 5]
16 sSequenceBasic[SequenceBasic = 2 & SequenceBasic = 5]
17 Ages <- c("22","23","28")
18 names(Ages) <- I"'Tcum , "Harry","Dick™)
19 Ages
20 Ages["Tom"]
21  Ages[c("Tom","Dick")]
22 columnl <- c¢(1,2,3,4,5,6)
23 column2 <- ¢(10,20,30,40,50,60)
24 column3 <- ¢(100,200,300,400,500,600) F
25 mMatrix3col =- chind(columni,Column2,Calumn3)
26 Matrix3col
27 wview(Matrix3col)
28 Rowl <- c(1,2,3,4,5,6,7,8,9,10)
29 Row2 <- c(10,20,30,40,50,60,70,80,90,100)
30 Row3 =- c(100,200,300,400,500,600,700,800,900,1000)
31 Matrix3Row =- rbind(Rowl,Row2,Row3)
32 Matrix3Row L
33 Longvector <- c(1,2,3,4,5,6) 3
34  overspillMatrix =- matrix{Longvector,nrow=3,ncol=4)
35 overspiliMatrix
36 colnames(OverspillMatrix) <- ""Examp'l e]_" "Example2”,"Example3”,"Example4™)
37 rownames(OverspillMatrix) <- c("Rowl","Row2", " "Row3")
38 overspiliMatrix
39 overspilimatrix[2, 3]
40 Gender =- c("male”,"rFemale"”, "Female”, "Male™)
41 GenderFactor =- fal:tor (Gender) L4
42 GenderFactor]| 2
42:13 (Top Level) = R Script =

Run the line of script to console:
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> LUMNYVELLUN <- C(L,Z,3,4,3,0) T
> overspillMatrix <- matrix(Longvector,nrow=3,ncol=4)
> overspillMatrix

[,11 [.2] [,31 [.4]
[1.] 1 4 1 4
[2,] 2 5 2 5
[3,] 3 6 3 6
> colnames (OverspiliMatrix) <- c("examplel”,"Example2"”,"Example3”,"Exampled™)
> rownames (Overspilimatrix) <- c("Rowl","Row2","RoOwW3")
= overspillMatrix
Examplel Example2 Example3 Exampled

1 1 4

Rowl

ROW2 2 5 2 5
Row3 3 [ 3 [
= overspillmatrix[2,3]

[1] 2

> Gender <- c("Male”,"Female”,"Female"”,"Male")
= GenderFactor <- factor (Gender)

> GenderFactor

[1] male Female Female male

Levels: Female Male

- £

m

Closer inspection shows that despite there being a vector of the strings Male and Female duplicated,
the Factor has correctly identified there to be two levels of Male and Female. This procedure is an
example of the levels being inferred. Catagorical data will not be treated nativily in the predictive
analytics tools as follows.

Procedure 15: Creating a Factor from a Vector with Levels and Ordering.

Some categorical data does also have a precedence whereby each of the categorical variables is
somehow elevated from the previous one, while not necessarily being distributed in a statistical
fashion. A good example would be temperature. Start by creating a Vector called Temps:

Temps <- c("High","Medium","Low","Low","Medium")

27 Untitled1* B Untitled2* @7 Untitled3*

a1 | [ [[SourceonsSave | Q # -| i - ~#Run =% | Source -
15 SequenceBasic[SequenceBasic > 5] -
16 SequenceBasic[SequenceBasic > 2 & SequenceBasic = 5]
17 aAges <- c("22","23","28")
18 names(ages) =- c("Tom","Harry","Dick")
19 Ages
20 ages["Tom"]
21 ages[c("Tom","Dick")]
22 columnl <- c(1,2,3,4,5,6)
23 column2 =- c(10,20,30,40,50,60)
24 column3 <- c(100,200,300,400,500,600)
25 matrix3col <- chbind(columnl,Columnz,column3)
26 mMatrix3col
27 wview(Matrix3cCol)
28 Rowl =- ¢(1,2,3,4,5,6,7,8,9,10)
29 Row2 =- ¢(10,20,30,40,50,60,70,80,90,100)
30 Row? =- c(100,200,300,400,500,600,700,800,900,1000)
31 Matrix3Row <- rbind(Rowl,Row2,Row3)
32 Matrix3Row
33 Longvector <- c(1,2,3,4,5,6)
34 overspillMmatrix =- matrix(Longvector,nrow=3,ncol=4)
35 overspillmatrix
36 colnames (overspillMatrix) <- c("Examplel”,"Example2”,"Example3”, "Exampled™)
37 rownames (OverspillMatrix) =- c("rRowl"”,"Row2","RoOwW3")
38 overspillMatrix
39 overspillmatrix[2,3]

m

40 Gender <- c("male”,"Female”,"Female”,"mMale™)

41 genderractor =- factor (cender)

42  GenderFactor 4
43 Temps <- c("High","Medium”,"Low", "Low", "Medium™) -
43:49 (Top Level) R Script

Run the line of script to console:
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FOUVENSPI T IMALE TX <— MdLr IXLLUNgveLLUr , MNrow=3,ncui=4J
> OverspillMatrix

[.11 [,2]1 [,3] [.4]
[1,] 1 4 1 4
[2,1 2 5 2 5
[3.1 3 5] 3 [
> colnames{OverspilIMatrix) =<- c("Examplel”,"Example2”,"Example3”, "Exampled")
> rownames{overspiliMmatrix) =<- c("Rowl","Row2","Row3")
> overspilimatrix
examplel Example2 Example3 Exampled

4

I

~ (i)

Rowl
ROwW2 2 5 2 5

ROw3 3 [ 3 6

> overspillmatrix[2,3]

[1] 2

> Gender <- c("Male","Female","Female","Male")

> GenderFactor =- factor(Gender)

> GenderFactor T
[1] male Female Female Male

Levels: Female Male

> Temps <- c("High","Medium","Low", " "Low", "Medium™)
. &

mn

Create a similar Vector, this time with the distinct values in the order of precidence:
TempsDistinctOrder <- ¢("Low","Medium","High")

3] Untitled1® @] Untitled2= @ Untitled3* =
41 | [C]SourceonSave | & - i 3 ~% Run | %% | |_# Source ~

7 Ages <- c("22","23","28")

18 names(Ages) <- Tom", "Harry","Dick™)

19 Ages

20 Ages["Tom"]

21  ages[c("Tom","Dick")]

22 columnl =- c(1,2,3,4,5,6)

23 column2 <- <(10,20,30,40,50,60)

24 column3 <- c(100,200,300,400,500,600)

25 Matrix3col =- chind(Columnl,Column2,Column3)

26 Mmatrix3col

7 View(Matrix3cCol)

28 Rowl <- ¢(1,2,3,4,5,6,7,8,9,10) 7
29 Row2 =- ¢(10,20,320,40,50,60,70,80,90,100)

30 Row3 =- ¢(100,200,300,400,500,600,700,800,900,1000)

31 Matrix3Row =- rbind(Rowl,Row2,Row3)

32 Matrix3row

33 Longvector =- c¢(1,2,3,4,5,6)

34 overspillMatrix <- matrix(Longvector,nrow=3,ncol=4)

35 overspillmatrix

36 colnames(OverspiliMatrix) <- c("Examplel”,"Example2”,"Example3”,"Exampled”)

7  rownames (OverspillMatrix) <- c("rowl","Row2","Row3")

38 overspillMatrix

39 overspillmatrix[2,3]

40 Gender <- c("Male”,"Female”, "Female"”, "Male")

41 GenderFactor <- factor(Gender)

42 GenderFactor

43 Temps <- c("High","Medium”,"Low", "Low", "Medium")

44  Tempspistinctorder <- c(“Low"”,"medium”, "High™) | 4
45 -
451 (Top Level) = R Script =

LN

n

Run the line of script to console:

i}

Console
B UVENSDL L IMALE X

[,11 [,2]1 [,3] [.4]
[1,] 1 2 14

[z.] 2 5 2 5
[2.] 3 6 3 6
> colnames (OverspillMatrix) <- c("Examplel”,"Example2"”,"example3”,"Exampled™)
> rownames (overspillmMatrix) <- c("rRowl","Row2","rRow3")
= overspillmatrix
examplel Example2 Example3 Exampled

0

Rowl 1 4 1 4
Rowz2 2 5 2 5
Row3 3 6 3 [
> OverspillMatrix[2,3]

[1] 2

> Gender <- c("Male"”,"Female”, "Female”, "Male")

> GenderFactor <- factor (Gender)

> GenderFactor

[1] male Female Female Male -
Levels: Female mMale

> Temps <- c("High","medium","Low", "Low", "Medium")
> TempsDistinctorder <- c("Low","Medium","High")
- | 4

m

Create the factor by bringing the two newly created Vectors trogether and specfying that ordering is
to be observed:

TempsFactor <- factor(Temps, TempsDistinctOrder,ordered=TRUE)
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27 Untitled1® » @ ] Untitled2® » @] Untitled3*

A1 | | [ClsourceonsSave | & 2 ~| 1| - ~#Run | [2%
names (Ages) <- c("Tom","Harry","Dick™)
Ages

Ages["Tom"]

Ages[c("Tom", "Dick")]

columnl =- c(1,2,3,4,5,6)

column? =- c(10,20,30,40,50,60)

column3 <- ¢(100,200,300,400,500,600)

Matrix3col <- chind(Columnl,Column2,Column3)
Matrix3col

View(Matrix3col)

rowl <- ¢(1,2,3,4,5,6,7,8,9,10)

rRow2 <- c(10,20,30,40,50,60,70,80,90,100)

row3 <- c(100,200,300,400,500,600,700,800,900,1000)
Matrix3row <- rbind(Rowl,Row2,Row3)

Matrix3rRow

Longvector <- ¢(1,2,3,4,5,6)

overspillMatrix <- matrix{Longvector,nrow=3,ncol=4)
overspillMatrix

colnames (OverspilIMatrix) =- c("Examplel”,"Example2”, "Example3”,"Exampled™)
rownames (overspillMmatrix) =- c("Rowl","Row2","ROW3")
overspillmMatrix

overspillmatrix[2,3]

Gender <- c("Male","Female", "Female","Male")
GenderFactor =- factor (Gender)

GenderFactor

Temps <- c{"High","Medium","Low","Low", "Medium")
TempsDistinctorder <- c("Low”, "Medium", "High")
TempsFactor <- Tactor(Temps,Tempspistinctorder,ordered=TRUE)

(Top Level] =

Run the line of script to console:

Console -/

1,]
[2,]
[3,]

> col

Lall Ls2l Ly31 L%l
1 4 1 4
2 5 2 5
3 [ 3 [

names (overspilimMatrix) <- c("examplel”, "Example2”,"Example3”,"Exampled™)

> rownames (OverspiliMatrix) =- c("Rowl","Row2","Row3")

> Ove

Rowl

ROW2

Row3

> Ovel
[1] 2
> Gen
> Gen
> Gen
[1] ™
Level

rspillmMatrix

Examplel Example? Example3 Exampled
1 4 1 4
2 5 2 5
3 [ 3 6

rspillmatrix[2, 3]

der <- c("Male","Female","Female", "Male")
derFactor <- factor{Gender)

derFactor

ale Female Female Male

s: Female Male

> Temps <- c{"High","Medium”,"Low","Low", "Medium")
> TempsDistinctorder <- c("Low", "Medium","High™)
> TempsFactor <- factor(Temps,TempsDistinctorder,ordered=TRUE)

>

Write the Factor to console by typing:

TempsFactor

27 Untitled1* » 27 Untitled2* % @ Untitled3*

a1 | [ [Fsourceonsave | Q 7 -| 1| - ~#%Run | 5%
Ages
Ages["Tom"]
Ages[c("Tom", "Dick™)]
columnl =- ¢(1,2,3,4,5,6)
column2 <- ¢(10,20,30,40,50,60)
Column3 <- c(100,200,300,400,500,6800)
Matrix3col < cbhbind(Columnl,Column2,Column3)
Matrix3col
View(Matrix3col)
Rowl <- c(1,2,3,4,5,6,7,8,9,10)
Row2 =- c¢(10,20,30,40,50,60,70,80,90,100)
Row3 =- c(100,200,300,400,500,600,700,800,900,1000)
Matrix3Row <- rbind(Rowl,Row2,Row3)
Matrix3Row
Longvector <- c(1,2,3,4,5,6)
overspillMatrix <- matrix{Longvector,nrow=3,ncol=4)
overspillMatrix
colnames (OverspilIMatrix) <- c("Examplel”,"Example2","Example3”, "Exampled")
rownames (OverspilIMatrix) <- c("Rowl","Row2","Row3")
overspillMatrix
overspillMatrix[2,3]
Gender <- c("Male”,"Female"”, "Female”, "Male")
GenderFactor =- factor (Gender)
GenderFactor
Temps <- c("High", "Medium","Low", "Low", "Medium")
TempsDistinctorder <- c("Low", "Medium”,"High")
TempsFactor =<- factor(Temps,TempsDistinctorder,ordered=TRUE}
TempsFactor

(Top Level) =

™ Source -
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> colnames(OoverspilimMatrix) <- c("examplel”,”example2”,"example3”, "Exampled")

Run the line of script to console:

Console
L34+l 3 o 3 o
= rownames (OverspillmMatrix) <- c("Rowl","Row2", "Row3")
= overspillmMatrix
Examplel Example? Example3 Exampled

Rowl 1 4 1 4
ROW2 2 5 2 5
RoOw3 3 ] 3 5]
= overspillMatrix[2,3]

[1] 2

= Gender =- c("male"”,"Female"”,"Female”, "mMale")

= GenderFactor =- factor(Gender)

= GenderFactor

[1] male Female Female Male

Levels: Female Male

= Temps <- c("High","Medium","Low","Low", "Medium")

= TempsDistinctorder <- c("Low","Medium", "High")

= TempsFactor <- factor(Temps,TempsDistinctorder,ordered=TRUE)
> TempsFactor

[1] High Medium Low Low Medium
Levels: Low < Medium < High
=

v(O

m

It can be seen that the Factor levels now have < chevrons which denote the precidence. Low is less
than Medium, Medium is less than High. Rather usefuly it is possible to use a logical test condition
to perform a logical test for only those values in the factor that exceed a given level, for example

type:
TempsFactor > "Low"

@7 Untitled1* 27 Untitled2* 37 Untitled3*
&1 | |3 [Fsourceonsave | Q #° - i -

20 ages["Tom"]

21  ages[c("Tom","Dick")]

22 columnl <- ¢(1,2,3,4,5,6)

23 c¢olumn2 =- ¢(10,20,30,40,50,60)

24 column3 =- ¢(100,200,300,400,500,600)

25 Matrix3col <- chind(Columnl,Column2,Column3)

26 Matrix3col

7 view(Matrix3col)

28 Rowl <- c(1,2,3,4,5,6,7,8,9,10)

29 Row2 =- c(10,20,30,40,50,60,70,80,90,100)

30 Row3 <- c(100,200,300,400,500,600,700,800,900,1000)
31 matrix3row <- rbind(Rowl,Row2,Row3)

32 matrix3rRow

33 Longvector =- c¢(1,2,3,4,5,6)

34 overspillMatrix =- matrix(Longvector,nrow=3,ncol=4)
35 overspillMatrix

36 colnames(OverspilIMatrix)
7 rownames (OverspillMatrix) =-
38 overspillMatrix

39 overspillmatrix[2,3]

("Examplel”,"Example2”
("Rowl"”, "Row2", "Row3™)

40 Gender <- c("male”,"Female”,"Female”, "mMale")
41 GenderFactor <- factor (Gender)
42 GenderFactor
43 Temps =- c("High","Medium"”,"Low","Low", "Medium")
44 TempsDistinctorder <=- c("Low","Medium™, "High")
45 TempsFactor <- factor(Temps,TempsDistinctorder,ordered=TRUE)
46 TempsFactor
7 TempsFactor > "Low"
48

451 (Top Level) =

Run the line of script to console:

Console
2 FUWIHNANES LUVENSP T HIMdLE TX ) <— L KUWL , KUWZ , HUW3 )
> overspilimMatrix

Examplel Example2 Example3 Exampled

Rowl 1 4 1 4
ROW2 2 5 2 5
Row3 3 [ 3 [
> overspillmMatrix([2,3]

[1] 2

> Gender =- c{"Male","Female","Female", "Male")

> GenderFactor =- factor (Gender)

> GenderFactor

[1] male Female Female Male

Levels: Female Male

> Temps <- c("High","wmedium","Low","Low", "Medium")
> TempsDistinctorder =- c("Low","Medium","High")
> TempsFactor =- factor(Temps,TempsDistinctorder,ordered=TRUE)
> TempsFactor

[1] wigh Medium Low Low Medium

Levels: Low < Medium < High

> TempsFactor > "Low"

[1] TRUE TRUE FALSE FALSE TRUE

>
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It can be seen that a Vector of logical operators has been returned that could further be used for
selecting and subsetting.

Procedure 16: Creating a list with a variety of objects.

A list is very similar to a Vector excet it allows the storage of more than one type of object, whereas
a Vector must be the same type. In the procedures preceeding, many objects have been created. A
list can bring these objects together despite them being of radically different types.

The list() function, used to create lists, is very similar to that of the c() function except it has a
broader ability to specify object names at creation. To create a list aggregating some objects
created in the preceeding procedures:

BucketList <- list(TempsExample = TempsFactors,GenderExample = GenderFactors,MatrixExample =
Matrix3Row,VectorExample = Ages)

27 Untitled1* @7 Untitled2* 37 Untitled3*
1| | Clsourceonsave | Q #° +| i - ~#% Run | [5% | | % Source ~
22 cColumnl =<- c(1,2,3,4,5,6) o
23 cColumn2 <- c(10,20,30,40,50,60)
24 column3 =- c(100,200,300,400,500,600)
25 wmatrix3col =- chind(Columnl,Column2,Column3)
26 Matrix3col
27  view(matrix3col)
28 Rowl <- c(1,2,3,4,5,6,7,8,9,10)
29 Row2 <- ¢(10,20,20,40,50,60,70,80,90,100)
30 Row? <=- c(100,200,300,400,500,600,700,800,900,1000)
31 Matrix3Row =- rbind{Rowl,Row2,Row3)
32 Matrix3Row
33 Longvector =- ¢(1,2,3,4,5,6)

34 overspillMatrix <- matrix(Longvector ,nrow=3,ncol=4)

35 overspillMatrix

36 colnames(overspillmMatrix) =- c("Examplel”,"example2”,"Example3"”, "Exampled™)
7 rownames(OverspillMatrix) <- c("Rowl","Row2","Row3")

38 overspillMatrix
39 overspillmatrix[2,3]

40 Gender <- c("Male","Female"”,"Female","Male")

41 GenderFactor <- factor (Gender) L
42  GenderFactor 3
43 Temps =- c("High","medium","L

44 TempsbDistinctorder <- c("Low"

45 TempsFactor <- factor (Temps,TempsDistinctorder,ordered=TRUE)

46 TempsFactor

47 TempsFactor > "Low"

48 BucketList =- list(TempsExample = TempsFactor,GenderExample = GenderFactor, MatrixExample = Matrix3Row,VectorExample = Ac
49 -
|€ LI — 3
49:1 (Top Level] = R Script

Run the line of script to console:

Console
FUVErSpPI T IMdLT TX
Examplel Example2 Example3 Exampled

Rowl 1 4 1 4
ROW2 2 5 2 5
ROW3 3 [ 3 6
= overspilimatrix[2,3]

[1] 2

> Gender =- c{"Male","Female","Female", "Male")

> GenderFactor =- factor{Gender)

> GenderFactor

[1] male Female Female Male

Levels: Female Male

> Temps <- c("High","Medium","Low","Low", "Medium")

> TempsDistinctorder <- c{"Low","Medium","High")

> TempsFactor <- factor (Temps,TempsDistinctorder,ordered=TRUE)
> TempsFactor

[1] High Medium Low Low Medium

Levels: Low < Medium < High

> TempsFactor > "Low"

[1] TRUE TRUE FALSE FALSE TRUE

> BucketList <- list{TempsExample = TempsFactor,GenderExample = GenderFactor, MatrixExample = Matrix3Row,VectorExample = Ages)
>

m

It can be seen that the list is now available in the environmennt pane:
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o E=m = ==
Fle Edt Code View Plots Session Buid Debug Profile Took Help
o-@- 88 » L dgns - & project plonel +
O Untitedt x| 0 Untiied2® x | ©) Uniitieds* » 7| Emvironment  History -0
& Dsouceonswe Q7 - - “aRun | 9 5 Source - 2 @ rimpotDatsset - e

22 columnl <- €(1,2,3,4,5,6

23 column2 <- c(10,20,30,40,50,60)
24 column3 <- c(100,200,300,400,500,600) watrixcol num [1:6,
25 matrix3co] <- cbind(Columnl,Column2,Column3) watrixdrow num [1:3,
26 matrix3col i i S
2ol e ol ol overspilimatrix num [1:3,

@ Global Environment ~
610 20 30 40 ...

41234561234 ...

28 Rowl <1,2,3,4,5,6,7,8,9,10. values
29 Row2 <- c(10, 40,50,60,70,80,90,100) Ages Named chr [1:3] "22" "23" "28"
30 Row3 (100, " ,400, 500,600, 700,800, 900,1000) ©BucketList List of 4
B e e < bR o ) cotumn on (16112345 6
33 Longvector <- c(1,2,3,4,5,6) column2 num [1:6] 10 20 30 40 50 60
34 overspillMatrix <- matrix(Longvector,nrow-3,ncol-4) column3 num [1:6] 100 200 300 400 500 600
35 overspillMatrix Gender chr [1:4] "Male” “"Female"
36 colnames(Overspillvatrix) <- c(“Examplel”,"Example; "exampled”) GenderFactor Factor w/ 2 levels "Female
7 ;m::ﬁ\:::ﬁ:nw“rm c("Row”, "Row2", "Row3") Longvector nun [1:6] 123456
39 overspillMatrix[ mixed chr [1:6] "1 =
40 Gender <- c("male”,"Female”,"Female”,"Male"’ -
41 Genderfactor <- factor (Gender) _ Fles Plots Padages Help Viewer =0
42 genderractor [ -
43 5 High", "Medium”,"Low","Low", "Medium") w 9 Q
44 Tempspistinctorder <- c("Low”,"Mediun","High") R Create a new ggplot +
45 mp: - factor (Temps, ,ordered-TRuE)
46 TempsFactor ‘ggplot {ggplot2) R Documentation
47 Tempsractor > “Low”
48 Bucketlist < 1ist( = Tenp: K ple = . Matrixexanple = A ple = AC
49 - Create a new ggplot
491 (Top Level) R Script & %
Description
Console ==
FTOURFEY WY .| goplot () initializes a ggplot object. It can be used to declare the input data frame for a graphic and to specify the set of plot aesthetics
o "“"'P“: "‘"’“‘ei Exasple3 E""“P“: intended to be common throughout all subsequent layers unless specifically overridden
ROW2 2 5 2 5 Usage

ROW: 3 6 3 6
> overspillmatrix[2,3]

0l 2 Goplot(data = NULL, mapping = aes(), ..., enviromment = parent.frame())
> Gender <- c("Male”,"Female”,"Female”,"Male™)

> Genderfactor <- factor (Gender) Arguments

> GenderFactor

Sl eale.remlermicmle data Default dataset to use for plt. If not already a data frame, will be converted to one by £oxza£y. Ifnot specified, must be
O e ediuat, B csf suppled in each layer added to the plot
> Tempsoistinctorder <- c(“Low”,"Mediun", “High") »
e o eI, IO eciierdieTauns rapping Defoult st of aesthetic mappings to use for plot. If ot specified, must be suppled in each layer added to the plt
r Jemnactor ; - Other arguments passed on to methods. Not curtently used.
Wigh Medium Low  Low  Medium
Levels: Low < Medium < High environmenc I an variable defined in the sesthetic mapping is not found in the data, gaplot willlook for it in this emsironment. t defaults to

> TempsFactor > “Low using the emironment in which ggp1ot () is called

1] TRUE TRUE FALSE FALSE TRUE
> BucketList <- 1ist(

B 2 enong o]

Specifically it is possible, by clicking on the play icon, to expand the list and inspect the objects
inside the list in turn:

- TempsFactor ple = GenderFactor, MatrixExample = Matrix3Row,vec mple = Ages) >
Details

Environment = History

=% [ . #Import Dataset ~ &
7} Global Environment -

Matrix3col num [1:6, 1:3] 1 2 3 4 56 10 20 30 40 ... m| -
Matrix3rRow num [1:3, 1:10] 1 10 100 2 20 200 3 30 300 4 ... m
overspillMatrix num [1:3, 1:4] 123 4561234... ‘—]—
values 3
Ages Mamed chr [1:3] "22" "23" "28"
@ BucketList List of 4
TempsExample : ord.factor w/ 3 levels "Low"<"Medium"<..: 3 211 2
GenderExample: Factor w/ 2 levels "Female","Male”: 211 2
MatrixExample: num [1:3, 1:10] 1 10 100 2 20 200 3 30 300 4 ...
..— attr{®*, "dimnames")=List of 2
.. ..% : chr [1:3] "Rowl" "Row2" "Row3"
..o« %F D NULL
vectorexample: Named chr [1:3] "22" "23" "28" o

To write out the entier contents of the list to the console type:

BucketList
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®7 Untitled1* 27 Untitled2* @7 Untitled3* =

dl | [ [FJsourceonsave | Q A - 11| = =% Run | *% || % Source -
23 Column2 <- ¢(10,20,30,40,50,80)
24  column3 <- ¢(100,200,300,400,500,800)
25 Matrix3Col <- chbind(Columnl,Column2,Column3)
26 Matrix3col
27  View(Matrix3col)
28 pRowl <- c(1,2,3,4,5,6,7,8,9,10)
29  Row2 €(10,20,30,40,50,60,70,80,90,100)
30 Row3 <- c(100,200,300,400,500,600,700,800,900,1000)
31 mMatrix3row =- rbind(Rowl,Row2,Row3)
32 Matrix3row
33 Longvector <- c(1,2,3,4,5,6)

»

34 overspillMatrix <- matrix{Longvector ,nrow=3,ncol=4)

35 overspillMatrix

36 colnames(OverspiliMatrix) <- c("Examplel”,"Examplez”,"Example3"”, "Exampled™) il
37 rownames (OverspiliMatrix) <- c("rowl","Row2","Row3") |

38 overspillmatrix
39 overspillmatrix[2,3] |

40 Gender =- c("mMale","Female","Female","Male") |

41 GenderFactor <- factor (Gender) |

42 GenderFactor A

43  Temps <- c("High","Medium","Low","Low", "Medium") 5

44  TempsDistinctorder <- c("Low”,"Medium”,"High")

45 TempsFactor =- factor (Temps,TempsDistinctorder,ordered=TRUE)

46 TempsFactor

47 TempsFactor > "Low"

48 BucketList <- 1ist(TempsExample = TempsFactor,GenderExample = GenderFactor, MatrixExample = Matrix3Row,VectorExample = Ag |

49  BucketList |

50 57
< [ 3

50:1 (Top Level) = R Script =

Run the line of script to console. It can be seen that each item of the list and its contents have been
written out in turn.

Procedure 17: Subsetting and referencing objects with a name.

The most useful and common way to navigate a list is by referencing the entry in the list by name
then subsetting the object therafter. The approach of referencing list objects by name, then
subsetting therafter can serve to make a distinction between a list and a vector in day to day use.

The list created in procedure 34 has several objects with the names TempsExample,
GenderExample,MatrixExample and VectorExample. Start by returning a vector object by name:

BucketListSVectorExample

27 Untitled1* @7 Untitled2* 37 Untitled3* =Y

&1 | | Flsourceonsave | Q # - &1 - =% Run | *% | #Source ~| =

24 column3 =- c(100,200,300,400,500,600) R
25 Matrix3col <- chind(Columnl,Column2,column3)

26 Matrix3col
7  wiew(Matrix3col)
28 Rowl <- c(1,2,3,4,5,6,7,8,9,10)
29  Row2 c(10,20,30,40,50,60,70,80, 90,100)
30 Row3 <- c(100,200,300,400,500,500,700,800,900,1000)
31 Matrix3rRow <- rbind(rRowl,Row2,Row3)
32 Matrix3rRow
33 Longvector <- c(1,2,3,4,5,6)
34 overspilImatrix =- matrix(Longvector,nrow=3,ncol=4)
35 overspiliMatrix
36 colnames(overspiliMatrix)
7 rownames (OverspillMatrix)
38 overspilImatrix
38 overspilimatrix[2,3]

<- c("Examplel”,"Example2”,"Example3”, "Exampled™)

<- c("Rowl","Row2","ROW3")

40 Gender <- c{"male","Female","Female", "mMale") |
41 GenderFactor =- factor (Gender)
42 GenderFactor
43 Temps <=- c("High","medium","Low","Low", "Medium")
44  TempspDistinctorder =- c("Low","Medium”,"High™) E
45 TempsFactor <- factor(Temps,TempsDistinctorder,ordered=TRUE)
46 TempsFactor
7 TempsFactor > "Low"
48 BucketList =- Tist(TempsExample = TempsFactor,Genderexample = GenderFactor, MatrixExample = Matrix3Row,vectorExample = Ac

49 BucketList
50 BucketListivectoreExample 4

4| 1 2
51:1 (Top Level) = R Script =

Run the line of script to console:
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Console =]
JIEMpPSEXNp I E

[1] High Medium Low Low Medium

Levels: Low < Medium < High

$cenderExample
[1] male Female Female Male
Levels: Female Male

$MatrixeExample

[,11 [,2] [,3] [,41 [,5] [,e] [,7] [,8] [,9] [,10]
ROwl 1 2 3 4 5 [ B 9 10
ROW2 10 20 30 40 50 60 7 &0 90 100
ROw3 100 200 300 400 500 600 700 800 0900 1000

Svectorexample
Tom Harry Dick
npgn w3t npgn

> BucketlList§vectorexample
Tom Harry Dick
e

. 4

m

It can be seen that the object stored under the name "VectorExample" is a labeled Vector. As this is
a Vector, itis possible to further subset this using techniques outlined in procedure 25. For
example, to return Tom’s age from the Vector, type:

BucketListSVectorExample["Tom"]

27 Untitledl* @7 Untitled2* 37 Untitled3* —
1 | [seurceonsave | G #° = 1| ~ ~#Run | ®% | #Source ~| =
25 Matrix3col <- chind(columnl,column2,Column3) -

26 Matrix3col

27  wview(Matrix3col)

28 Rowl <- c(1,2,3,4,5,6,7,8,9,10)

29 Row? <- c(10,20,30,40,50,60,70,80,90,100)

30 Row3 <- c(100,200,300,400,500,600,700,800,900,1000)
31 Matrix3rRow <- rbind(Rowl,Row2,Row3)

32 Matrix3row

33 Longvector <- c(1,2,3,4,5,6)

34 overspilImatrix =- matrix(Longvector,nrow=3,ncol=4)

35 overspillmatrix

36 colnames(overspillMatrix) <- c("Examplel”,"Examplez”,"Example3"”, "Exampled™)
37 rownames(overspillMatrix) =- c("rRowl","Row2","Row3")

38 overspilimatrix
39 overspilimatrix[2,3]

40 Gender <- c{"male","Female","Female", "mMale")

41 GenderFactor <- factor(Gender)

42 GenderFactor

43 Temps <=- c("High","Medium","Low","Low", "Medium")

44 TempsDistinctorder <- c("Low","Medium","High™)

45 TempsFactor <- factor(Temps,TempsDistinctorder,ordered=TRUE) =
46 TempsFactor

47  TempsFactor > "Low"”

48 BucketList <- Tist(Tempsexample = TempsFactor,Genderexample = GenderFactor, Matrixexample = Matrix3Row,vectorexample = Ag

49  BucketList

50 BucketListSvectorexample

51 BucketListivectorexample["Tom"] 4

52 -
4 n 3

51:1 | (Top Level) + R Seript =

Run the line of script to console:

Console =
fcendereExample

[1] male Female Female Male

Levels: Female Male

$matrixexample

[,1] [,21 [,3] [,41 [.5] [,8] .71 [,8] [,9] [,10]
Rowl 1 2 3 4 5 6 7 8 9 10
Row2 10 20 30 40 30 60 70 80 90 100
Row3 100 200 300 400 500 600 700 800 900 1000

$vectorexample
Tom Harry Dick
nag magh mogn

> BucketList$vectorExample

Tom Harry Dick

22" 23" vas”
> BucketList§vectorexample["Tom"]

Tom o
o £
- -

It can be observed that the vector was drawn from the list by name, then subset as is customary for
a vector.

104



JUBE

Procedure 18: Create a Data Frame from Vectors.

For the great majority of procedures that follow in this document the Data Frame is clearly
demonstrated to be the most important and ubiquitos data structure. Inits core a Data Frame is a
list albiet with certain costraints. A data frame can only make use of Vectors and Factors and
furthermore these objects need to be of EXACTLY the same length.

It can be helpful to thing of a Data Frame a being a hybrid of a Matrix and a List, with a great deal
more usability than a Matrix. It is worth remembering that owing to the presence of Factors and
Vectors, this is to say different object types, a matrix could not be used in all pracitcailty.

To create a data frame of customers, start by creating a vector of full names:

FullNames <- ¢("Donald Trump","Hilary Clinton"," Gary Johnson")

7 Untitled1* 37 Untitled2* 13 Untitled3*
i | |3 [Flsourceonsave  Q A -| i - = Run | [9% | | = Source ~
25 Matrix3col =- chind({Columnl,Column2,Column3)

26 Mmatrix3col

27  wview(Matrix3col)

28 Rowl <- c(1,2,3,4,5,6,7,8,9,10)

29 Row? <- c(10,20,30,40,50,60,70,80,90,100)

30 Row3 =- c(100,200,300,400,500,600,700,800,900,1000)
31 Mmatrix3Row <- rbind(rRowl,Row2,Row3)

32 Matrix3rRow

33 Longvector =- c(1,2,3,4,5,6)

34 overspillMatrix <- matrix(Longvector,nrow=3,ncol=4)
35 overspillMatrix
36 colnames (Overspillmatrix) < ("Examplel”,"Example2”,"Example3”, "Exampled")
37 rownames (overspilIMatrix) <- c("Rowl","Row2","Row3")

38 overspillMatrix

38 overspilimatrix[2,3]

40 Gender <- c("mMale","Female","Female","Male")
41 GenderFactor <- factor(Gender)
42 GenderFactor
43  Temps <- c("High","Medium”,"Low","Low", "Medium™)
44  TempsDistinctorder =- c("Low","Medium","High")
45 TempsFactor =- factor (Temps,TempsDistinctorder,ordered=TRUE)
46 TempsFactor
7 TempsFactor > "Low"
48 BucketList <- list(TempsExample = TempsFactor,GenderExample = GenderFactor, MatrixExample = Matrix3Row,VectorExample = Ac

49  BucketList
50 BucketListfvectorExample
51 BucketListivectorExample["Tom"]
52 FullNames <- c("Donald Trump","Hillary Clinton","Gary Johhnson")
< [ - 3
52:65 (Top Level) = R Script

Run the line of script to console:

Console

Iagrnuerexdmp g

[1] male Female Female Male
Levels: Female Male

fMatrixExample

[.1] [.2] [,31 [.4] [.5] [.61 [,7] L[.8] [,91 [,10]
Rowl 1 2 3 4 5 ] 7 8 9 10
Row2 10 20 30 40 50 [19] 70 80 a0 100
rRow3 100 200 300 400 500 600 700 800 900 1000
$vectoreExample
Tom Harry Dick
t22t 23t vag”

Y

BucketList$vVectorExample

Tom Harry Dick

t22t 23t vag”

BucketList$vectorExample["Tom"]

Tom

noon

= Fullnames <- c("ponald Trump”,"Hillary Clinton”,"Gary Johhnson")
>

Y

Repeat for a Vector of FullAges:

FullAges <- ¢(70,69,50)
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7] Untitled1* @7 Untitled2* @] Untitled3*

a1 | | ElsourceonsSave | Q # - 1| -
27  view(Matrix3col)
28 Rrowl <- c(1,2,3,4,5,6,7,8,9,10)
29 Row? < c(10,20,30,40,50,60,70,80,90,100)
30 Row3 <- c(100,200,300,400,500,600,700,800,900,1000)
31 Matrix3row <- rbind(Rowl,Row2,Row3)
32 Matrix3row
33 Longvector <- ¢(1,2,3,4,5,6)
34 overspillMatrix =- matrix(LongVector,nrow=3,ncol=4)
35 overspillMatrix
36 colnames(OverspilIMatrix) <- c("Examplel”,"Example2”,"Example3”, "Exampled4")
37  rownames(overspiliMatrix) =- c("Rowl","Row2","Row3")
38 overspillmatrix
39 overspillmMatrix[z,3]
40 Gender <- c("male","Female"”,"Female"”,"Male")
41 GenderFactor =- factor(cender)
42 GenderFactor
43 Temps <- c("High","Medium","Low","Low", "Medium")
44  TempsDistinctorder =- c("Low","Medium”,"High")
45 TempsFactor =- factor (Temps,TempsDistinctorder,ordered=TRUE)
46 TempsFactor
47 TempsFactor > "Low"
48 BucketList <- list(TempsExample = TempsFactor,GenderExample = GenderFactor, MatrixExample
49 BucketList
50 BucketListivectorExample
51 BucketListivectorExample["Tom"]
52 Fullnames <- c("ponald Trump"”,"Hillary Clinton”,"Gary Johhnson™)
53 rullages =- ¢(70,69,50)
54

=t Run | [®% | | 1% Source -

Ll

= Matrix3Row,VectorExample = Agfp

4| 1
54:1 (Top Level) =

Run the line of script to console:

Console
LL] Male FEmdIEg Femdie Mdleg
Levels: Female Male

$MatrixExample

[,11 [.2] [,3] [,41 [,5] [.6]1 [,7] [,8] [,9] [,10]
Rowl 1 2 3 4 5 6 7 8 9 10
ROW2 10 20 30 40 50 60 70 80 90 100
Row3 100 200 300 400 500 600 700 800 9S00 1000

fvectoreExample
Tom Harry Dick
22t 23t ras”

> BucketList$vectorExample
Tom Harry Dick
"2t 23" U2s”
> BucketList$vectorexample["Tom"]
Tom
nan
> Fullnames <- c("Donald Trump","Hillary clinton","Gary Johhnson")
> Fullages =- c(70,69,50)
>

Repeat for a Factor of FullGender, noting that the result of the c() function
argument to thee factor() function:

FullGender <- factor(c("Male","Female","Male"))
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27 Untitledl* 27 Untitled2* 37 Untitled3* =
&1 | | Flsourceonsave | Q A -| &1 - ~#Run | % || ®Source - =
28 Rowl <- c(1,2,3,4,5,6,7,8,9,10) =

29 Row2 <- c(10,20,30,40,50,60,70,80,90,100)

30 Row3 <- c(100,200,300,400,500,600,700,800,900,1000)
31 Matrix3Row <- rbind(Rowl,Row2,Row3)

32 Matrix3row

33 Longvector =- c(1,2,3,4,5,6)

34 overspillmatrix =- matrix(Longvector,nrow=3,ncol=4)

35 overspillmatrix

36 colnames(overspiliMatrix) <- c("Examplel"”,"Example2”,"Example3”,"Exampled”)
37 rownames(overspillMatrix) =- c("rowl","Row2","Row3")

38 overspillmatrix
39 overspillmatrix[2,3]

40 Gender <- c("male","Female","Female","mMale")

41 GenderFactor =- factor(Gender)

42  GenderFactor

43 Temps <=- c("High","Medium","Low","Low", " "Medium")

44  TempsDistinctorder =- c("Low","mMedium”,"High")

45 TempsFactor <- factor(Temps,TempsDistinctorder,ordered=TRUE)

46 TempsFactor

47  TempsFactor > "Low"

48 BucketList <- Tist(TempsExample = TempsFactor,GenderExample = GenderFactor, MatrixExample = Matrix3Row,vectorExample = Ac.

49  BucketList
50 BucketListivectoreExample
51 BucketListivectorExample["Tom"]

52 Fullnames =- c("Donald Trump","Hillary clinton","Gary Johhnson™)
53 Fullages <- c(70,69,50)
54 Fulleender <- factor(c("male”,"Female", "Male"))]| E_
55 id
4| 1 b
54:43 (Top Level) = R Script

Run the line of script to console:

Console =
Levels: Feldie Mdie

$MatrixExample

[,11 [,21 [,31 [.41 [,5] [,6] [,7] [,81 [,9] [,10]
Rowl 1 2 3 4 5 [ 8 9 10
Row2 10 20 30 40 50 60 70 80 90 100
rRow3 100 200 300 400 500 600 700 800 900 1000

fvectorExample
Tom Harry Dick
nagm magn o nogn

> BucketList$vectoreExample
Tom Harry Dick
"2 vzt otag”
> BucketList$vectorExample["Tom"]
Tom
oo
> Fullnames =- c("pDonald Trump"”,"Hillary clinton"”,"Gary Johhnson")
> Fullages <- c(70,69,50)
> Fulleender =- factor(c("male","Female","Male"))
>

m

In a similar manner to both the c() function and the list() function, the data.frame() fuction takes
Vectors or Factors of the same length and combines them into a Data Frame. As with the list()
function it accepts a number of arguments in its advanced use, however, its most basic structure is
the same as c(). To create a dataframe with default agurments type:

FullDataFrame <- data.frame(FullNames,FullAges,FullGender)
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=0

5 &1 | | [E]Source onSave | Q # ==l - =% Run | [o% Source -

29 Row2 =- c(10,20,30,40,50,60,70,80,90,100) -

30 Row3 <- ©(100,200,300.400,500,600,700,800,900,1000)

31 Matrix3row =- rbind(Rowl,Row2,Row3)

32 Matrix3row

33 Longvector =- c(1,2,3,4,5,6)

34 overspillMatrix =- matrix(Longvector ,nrow=3,ncol=4)

35 overspiliMatrix

36 colnames(overspillMatrix) =- ""Examp'lel" "example2","Example3”, "Example4")

37 rownames(OverspillMatrix) <- c("Rowl","Row2","Row3")

38 overspillMatrix

39 overspillMatrix([2, 3]

40 Gender =- c("Male”,"Female”, "Female"”, "Male")

41 GenderFactor <- factor (Gender)

42  GenderFactor

43 Temps <- c("High","Medium", "Low","Low" "Medium™) |

44  TempsDistinctorder <- ""Low "Medium", "High")

45 TempsFactor =- factor (Temps,TempsDw‘ stinctorder,ordered=TRUE)

46 TempsFactor

47  TempsFactor "Low"

48 BucketList =- 1ist(Tempsexample = TempsFactor,Genderexample = GenderrFactor, Matrixexample = Matrix3Row,vectorexample = Ac

49 pucketList L

50 BucketListivectorexample 7

51 BucketListivectorexample["Tom"]

52 Fullnames <- c("ponald Trump","Hillary clinton","Gary Johhnson")

53 Fullages <- c(70,69,50)

54 Fulleender =- factor{c("mMale","Female","mMale"))

55 FullpataFrame <- data.frame(Fullnames,Fullages,FullGender) L4

56 -
« | T ] r

561 [Top Level) = R Seript %

Run the line of script to console:

=0

Console ~/
. -
$MatrixExample
0,11 [.2] [,3] [.41 [,5] [,6] [.,71 [,8] [,9] [,10]
Rowl 1 2 3 4 5 6 7 8 9 10
ROW2 10 20 30 40 50 60 70 80 90 100
RoOw3 100 200 300 400 500 600 700 800 900 1000
$vectorexample
Tom Harry Dick
naan magm vagn
> BucketList$vectorexample
Tom Harry Dick
naan magm vagn
> BucketList$vectorexample["Tom"]
Tom
g
> Fullnames <- c("ponald Trump","Hillary clinton","Gary Johhnson")
> Fullages =- c(70,69,50) =
> Fullgender =- factor(c("male","Female","Male")) 3
> FullpataFrame <- data.frame(Fullnames,Fullages,FullGender) 1
- L4
OUntitedt® x| 0] Untiteaz x| 9 Unttieds* x )| Eoveonment  History =0
&) B Flsouceonsve  Q 2 - 5 “#Run | (5% [ Source - 2 [ [wmponDstaset - st -
29 Row2 <(10,20,30,40,50,60,70,80,90,100) 4 @ Global Environment ~
30 Row3 <- ¢(100,200,300,400,500,600,700,800,900,1000)
31 wmatrix3Row <- rbind(Rowl,Row2,Row3) Data -
32 matrix3row O FullpataFrame 3 obs. of 3 variables 3
2 Pt R L L Y matrix3col num [1:6, 1:3) 1234 5 610 20 30 40 ... 3
Bl verspinasrix <= mmtrix(LongVREGE omd s vatrixanon num [1:3, 1:10] 110 100 2 20 200 3 30 300 4 ... )
36 colnames (OverspiliMatrix <( Examp]el ,"Example2”,"Example3”, "Exampled overspillMatrix num [1:3, 1:4] 1234561234 ... J
37 rownames(overspillMatrix) <- c("Rowl”,"Row2","Row3") values
38 Ove 11M; i - o wayaw "
39 ov::::11w:§:(:[z 31, L jiamed B [113) 72277237728
40 Gender <- c("Male”, Female","Female”,"Male" ©uuckertist List of 4
41 Genderractor fa:tar Gender Tempsexample : ord.factor w/ 3 levels "Lt “Medium“<..: 32112
42 Eender;ac(or Genderexampl 2 levels "Female”,"male": 211 2
43) Temps "High”, "Medium", “Low”, "Low" "ec""“ ) matrixexanpl ] 110 100 2 20 200 3 30 300 4 ...
a4 rmpsmsnnnomu < “mediur = o o
45 TempsFactor <- factor (Temps, Ten-psl)lsnn(tcrder ordered-TRUE arer(s, e
46 TempsFactor $ : chr [1:3) ROW2' Row3' -
47 Tempsractor > Lo
48  BucketList Hs(!vzlps[xample TempsFactor ,Genderexample ~ GenderFactor, Matrixexample - Matrix3Row,vectorexample - Ac | Fies Plots Packages Help Viewer =0
49  BucketList E 7y
50 BucketListsvectorexample * 9 W
51 BucketListsvectorxanple[“Ton R Create a new ggplot +
52 Fullnames < c("ponald Trump","Willary Clinton”,"Gary Johhnson™) =
53 Fullages <- ¢(70,69,50) i
54 r:Hngnder < factor (c("male . Belot s R Bocamaiion
55 FullpataFrame <- data.frame(l Fu‘lNAmes FuIIAges FuliGender.
56 - Create a new ggplot
61 (lop Level) R Seript ¢ e E
Description
Console —
PRI N .| ggplot() initializes a ggplot object. i can be used to declare the input data frame for a graphic and to specify the set of plot aesthetics
atrixexanple ; o
it R [‘7] l,s] M] [,10] intended to be common throughout all subsequent layers unless specifically overridde
17273 s e
Rw2 10 20 30 40 S0 60 100 Usage
Row3 100 200 300 400 500 600 700 800 500 1000
Geplet (data = NULL, mapping = aes(), ..., environment = parent.frame())
Svectorexanple
om Harry Dick Arguments
iR RACEY. Dlck
TN T, asca Default dataset to use for plot. Ifnot already a data frame, will be converted to one by Zoxzazy. I nat specified, must be
Ton warry ‘ k ‘suppled in each layer added to the plot
22" mapping Default list of aesthetic mappings to use for plot. If not specified, must be suppled in each layer added to the plot

o

Aucken i st sveuerzxamm e["Tom"]
om

willary Clinton”,"Gary Johhnson")

FullNames <- c("Donald Trump"
Fullages <- c(70,69,50)
FullGender <- factor(c("Male”,"Female", "Male"))

> FullpataFrane <- data. frame(FulINanes, Fu"Ages FullGender)

108

environment

Details

Other arguments passed on to methods. Not currently used.

I an variable defined in the aesthetic

‘mapping is not found in the data, ggplot will look for it in this envionment. It defaults to

using the emvironment in which ggplot () is called
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In this example a view is performed by a single click of the entry under the data section of the
environment pane:

[0 Wb == = =]
Fle Edt Code View Plots Sesion Buid Debug Profile Took Help
o @i B - addins ~ T
) Untiiedt x 0 Untitleaz" x 0] Untlecs* FulDstaFrame | Enviconment  History =0
Filter *E #import Dataset ~ st ~
FullNames | Fullages | FullGender % Globs!nvronment -
1 Oonsld Trump 70 wale oata
S s PR3 ) Fullpatarrane 3 obs. of 3 variables
- P o e watr ix3col num [1:6, 1:3] 12 34 5 6 10 20 30 40 ...
watrix3Ron fum [1:3, 1:10] 1 10 100 2 20 200 3 30 300 4 ...
overspillmatrix num [1:3, 1:4] 1234561234 ...
values
Ages Named chr [1:3] "22" "23" "28"
©8ucketList List of 4
Tempsexample : ord.factor w/ 3 levels “Low™ Medwm ool X 2112
Genderexample: Factor w/ 2 levels “Female”,Male”
Matrixexample: num [1:3, 1:10) 1 10 100 2 20 200 3 30 300 4...
.- ater(*, "dimnames”)=List of 2
. ..5 5 chr [1:3] "Rowl" "Row2" "Row3"
Files Plots Packages Help Viewer =0
=
R Create a new ggpiot -
ggplot {ggplot2) R Documentation -
Create a new ggplot
Showing 1103 of 3 entres
Description
Console =0
smat y . .| geplot () iniializes a ggplot object. It can be used to declare the input data frame for a graphic and to specify the set of plt aesthetics
v N} (2] [.3) [.4) [v5§ [.6] [,7 [.8] [,9] [,10(!) intended to be common throughout all subsequent layers unless specifically overridden.
Rw2 10 20 30 40 50 60 70 80 90 100 T
Row3 100 200 300 400 500 600 700 800 900 1000 9
Svectorexample Geplot(data = NULL, mapping = aes(), ..., environment = parenc.freme())
Ton varry” oick
Arguments
> i;;"::;;“‘:“z" wxampls daca Default dataset to use for plot. If not already a data frame, il be converted to one by £oxzaty I not specified, must be
29 Y% suppled in each layer added to the plot
> ekecL st sveccorxanplel Tou') mapping  Defaultlist of aesthetic mappings to use for lot. Ifnot spacified, must be suppled in each layer addsd to the plot
"zz Other arguments passed on to methods. Not currently used.
Fullnames <- c(” Dcnalﬂ Trump®,"Hillary Clinton”,"Gary Johhnson™)
> Fullages <- (70,69,50) environment If an variable defined in the aesthetic mapping is not found in the data, ggplot will look for it in this emironment. It defaults to
> FullGender <- factor(c("Male","Female","Male")) using the environment in which ggp1ot () is called.
> FullDataFrame <- data.frame(FullNames,Fu HAges FullGender)
> view(Fullpatarrame) L
> Details

g @ g0 g0

In a simiular manner to a Matrix, the Data Frame is expanded into the grid viewer section of RStudio
as a table.

Procedure 19: Create a Data Frame from Names and stringsAsFactors.

As introduced previoulsy the data.frame() function, not unlike the list() function, has more flexibility
to be able to create objects than the c() function. As seems intuative it is possible to specify names
explicity rather than take the names of the Vectors by default. There is an argument to the
data.frame() function that can easy the burden of creating factors upon detection of chracter

vectors in the for of the stringsAsFactors switch (although it is not always sensible to use it in the
case of numeric prediction focus).

To create a Data Frame with specific names and disabling stringsAsFactors:

LabeledDataFrame <- data.frame(data.frame(ExampleFullNames = FullNames,ExampleFullAges =
FullAges,ExampleFullGender = FullGender,stringsAsFactors = FALSE))

109



JUBE

@7 Untitledi* % 87 Untitled3* %

] 41 [ [[sourceonSave | & A ~| 31| - [=#%Run | [5% | % Source -

30 100,500,600,700,800,900,1000) =
31 wl,ROwW2,ROW3)

32

33 1,5,6)

34 rix(Longvector ,nrow=3,ncol=4)

35

36 ix) <- c("Examplel”,"Example2”,"Example3”,"Exampled")
37 ix) =- c("Rowl"”,"Row2"," "Row3")

38

39

40 npale”,"Female”,"Male"™)

41 [Gender)

42

43 jum”,"Low","Low", "Medium")

44 ("Low","medium”,"High")

45 Temps,TempsDistinctorder,ordered=TRUE) T
46

47

48 >sExample = TempsFactor,GenderExample = GenderFactor, MatrixExample = Matrix3Row,VectorExample = Ages)

50 le

51 le["Tom"]

52 Trump”,"Hillary Clinton","Gary Johhnson™)
53 )

54 ["male","Female”,"male"))

55 Fframe(Fullnames,Fullages,FullGender)

56 ta.frame(eExampleFullnames = Fullnames,ExampleFullages = Fullages,exampleFullcender = Fullgender,stringsaAsFactors = FALSE) |

m

< [ m | ¢
56:144 | (Top Level) = R Script =

Run the line of script to console:

Console -~/ =

Ll Ls£1 Ls31 L.%1 L,31 L,91 La/1 LBl L,%¥] L,1ul
Rowl 1 2 3 4 5 6 7 8 9 10
Row2 10 20 30 40 50 60 70 80 90 100
Row3 100 200 300 400 500 600 700 800 900 1000

$vectorexample
Tom Harry Dick
npgn  mpgh  nogn

> BucketListivectorexample
Tom Harry Dick
n22t ta2st va2g”
> BucketList$vectorExample["Tom"]
Tom
o
= FullNames <- c("Dponald Trump","Hillary Clinton","Gary Johhnson")
> Fullages <- c(70,69,50)
= FullGender <- factor{c{"Male”,"Female"”,"Male"))
> FullDataFrame <- data.frame(FullNames,FullAges,FullGender)
> LabeledDataFrame <- data.frame(ExampleFullnames = Fullnames,ExampleFullages = Fullages,ExampleFullcender = Fullgender,string
sAsFactors = FALSE)
=

Return the Data Frame by typing:

3] Untitledl* » @7 Untitled3* » =0
= A1 | | [FlsourceonsSave | Q # ~| &1 - ~#Run | (2% | [ #Source ~| =
30 Row3 <- c(l00,200,300,400,500,600,700,800,900,1000) R

31 matrix3Row <- rbind(Rowl,Row2,Row3)

32 Matrix3Row

33 Longvector <- ¢(1,2,3,4,5,6)

34 overspillMatrix <- matrix{Longvector,nrow=3,ncol=4)

35 overspillMatrix

36 colnames(OverspilIMatrix) <- c{"Examplel”,"Example2”,"Example3"”, "Examples4")
37 rownames(OverspillMatrix) <- c("Rowl","Row2","Row3")

38 overspillMatrix

39 overspillMatrix[2,3]

40 Gender <- c("Male"”,"Female”,"Female"”,"Male™)

41 GenderFactor <- factor (Gender)

42  GenderFactor

43 Temps <- c("High","Medium”,"Low", "Low", "Medium")

44 TempsbDistinctorder <- c("Low","Medium”,"High")

45 TempsFactor =- factor (Temps,TempsDistinctorder,ordered=TRUE)

46 TempsFactor

47  TempsFactor Low
48 BucketList <- Tist(TempsExample = TempsFactor,GendereExample = GenderFactor, MatrixExample = Matrix3Row,vectorExample = Ag
49  BucketList

50 BucketList$vectorexample

51 BucketList$vectorExample["Tom"]

52 Fullnames =- c("ponald Trump"”,"Hillary clinton","Gary Johhnson")

53 Fullages =- c(70,69,50)

54  rulleender <- factor({c("male"”,"rFemale"”,"mMale"))

55 FullpataFrame <- data.frame(Fullnames,Fullages,Fullcender)

56 LabeledpataFrame <- data.frame(examplerFullnames = Fullnames,ExampleFullages = Fullages,examplerullcender = Fulleender,strl
57 LabeledDatarFrame] =
1 n | 3
5717 (Top Level) = R Script =

m

Run the line of script to console:
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Console
IVECLUNEXANp e
Tom Harry Dick
npgm  wagh noge

> BucketList§vectorexample
Tom Harry Dick
2" 23" r2g"
> BucketList§vectoreExample["Tom"]
Tom
non
> FullNames <- c("Donald Trump","Hillary Clinton","Gary Johhnson™)
> Fullages <- <(70,69,50)
> FullGender =- factor{c("male”,"Female","Male"™))
> FullDataFrame <- data.frame(FullNames,FullaAges,FullGender)
> LabeledDataFrame <- data.frame(ExampleFullNames = FullNames,ExampleFullAges = Fullages,ExampleFullGender = FullGender,string
sAsFactors = FALSE)
> LabeledDataFrame
ExampleFullNames ExampleFullages ExampleFullGender

1 ponald Trump 70 Male

2 Hillary Clinton 69 Female L
3 Gary Johhnson 50 vwale 3
>

It can be observed that the column names have been correctly specified. Unless a factor has been
specifically allocated it can be trusted that other chracter Vectors, such as FullName in this example,
will not be transposed to factors automatically.

Procedure 20: Saving .Rdata to file.

Machine learning is predominentely a challenge of data abstraction — this is the shaping and
moulding of data — and presenting it to advanced machine learning algorithms on a comodity basis.
It follows that upon having spent time and effort creating an elaborate Data Frame, it likely that it
will need to be saved for future use (if only to avoid the computational expense of recreating it).

The save() function exists for the purpose of saving most objects that can be created and populated
with data to a file in the working directory. Itis a very important part to deploying models on a real-
time basis.

To save the Data Frame LabeledDataFrame and BucketList to a specified file by the name of
"Example.RData":

save(LabeledDataFrame,BucketList,file = "Example.RData")

27 Untitled1* @7 Untitled3*

40 | [FlsourceonSave | & /A +| i - ~#Run b= | & Source
32 Matrix3row =
33 Longvector <- c¢(1,2,3,4,5,6)
34 overspillmatrix <- matrix(Longvector,nrow=3,ncol=4)
35 overspillmatrix
36 colnames(overspiliMatrix) =- c("Examplel”,"Example2”,"Example3”,"Exampled™)

37 rownames(overspiliMatrix) =- owl", "Row2", "Row3")
38 overspillMatrix

39 overspillMatrix[2,3]

40 Gender =- c("Male","Female", "Female", "Male"™)

41 GenderFactor <- factor{Gender)

42 GenderrFactor

43 Temps <- c("High", "Medium","Low","Low", "Medium™)

44  TempsDistinctorder <- c("Low","Medium”,"High™")

45 TempsFactor <- factor (Temps,TempsDistinctorder,ordered=TRUE)

46 TempsFactor

7 TempsFactor > "Low”

48 BucketList <- list(TempsExample = TempsFactor,GenderExample = GenderFactor, MatrixExample = Matrix3Row,VectorExample = Ac

49  BucketList
50 BucketListivectorexample
51 BucketListivectorexample["Tom"]

52 FullNames <- c("Donald Trump","Hillary clinton”,"Gary Johhnson™)

53 Fullages <- c(70,69,50) =
54 Fullgender =- factor(c("male","Female",6 "mMale"))

55 FullpataFrame <- data.frame(Fullnames,Fullages,FullGender)

56 LabeledDataFrame <- data.frame(ExampleFullNames = FullNames,ExampleFullAges = FullAges,ExampleFullGender = FullGender,str

57 LabeledDataFrame

58 save(LabeledDataFrame,BucketList,file="Example.RData") 4

59 | -
4 n 3

59:1 (Top Level) = R Script

Run the line of script to console:
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Console -
O HAP Ty UITLK
wapt va3n voge

0
w0

> BucketList$VectorExample
Tom Harry Dick
22t tz23" rae”
> BucketList$vectorExample["Tom"]
Tom
oo
= Fullnames <- c("ponald Trump","Hillary clinton","Gary Johhnson")
> Fullages <- <(70,69,50)
= FullGgender =- factor(c("Male","Female”, "Male"))
> FullDataFrame <- data.frame(FullNames,Fullages,FullGender)
> LabeledDataFrame <- data.frame(ExampleFullNames = FullNames,ExampleFullaAges = FullaAges,ExampleFullGender = FullGender,string
SASFACTOrs = FALSE)
> LabeledDatarrame
exampleFullnames ExampleFullages ExampleFullcender

1 ponald Trump 70 Male

2 Hillary clinton 69 Female

3 Gary Johhnson 50 Male

> save(LabeledpataFrame,BucketList,file="Example.rData")
>

A file titled Example.RData is not written out to the Working Directory. To remind the working
directory:

getwd()

@7 Untitledl* 27 Untitled3* =
41| | FlsourceonSave G # | i1| ~ =% Run | % || % Source ~| =
32 Longvector < c(1,2,3,4,5,6) 5

34 overspillmatrix <- matrix(Longvector,nrow=3,ncol=4)

35 overspillmatrix

36 colnames(overspilimMatrix) <- c("examplel”,"Example2”,"example3”, "Exampled™)

37 rownames(overspiliMatrix) =- c("rowl”,"Row2","ROW3")

38 overspillmatrix

39 overspillmatrix[2,3]

40 Gender <- c("Male","Female"”,"Female","Male")

41 GenderFactor =- factor(Gender)

42 GenderFactor

43 Temps <- c("High","Medium","Low","Low", "Medium"}

44  TempsDistinctorder <- c("Low”, "Medium”, "High")

45 TempsFactor <- factor(Temps,TempsDistinctOrder,ordered=TRUE}

46 TempsFactor

47 TempsFactor > "Low”

48 pBucketList =<- list(Tempsexample = TempsFactor,Genderexample = GenderFactor, mMatrixexample = Matrix3rRow,vectorexample = Ac
49 pucketList |
50 BucketListivectorexample

51 BucketListivectorExample["Tom"]

52 Fullnames =- c("ponald Trump","Hillary clinton","Gary Johhnson™)

53 Fullages <- c(70,69,50)

54  Fullgender =- factor(c("Male","Female","Male"}) E
55 FullpataFrame <- data.frame(Fullnames,Fullages,Fullcender)

56 LabeledpataFrame =- data.frame(ExampleFullnames = Fullnames,ExampleFullages = Fullages,eExampleFullGender = Fullgender,str|
7 LabeledDataFrame

58 save(LabeledDataFrame,BucketList,file="Example.RData")

50  getwd() L&

4 1 F
60:1 (Top Level} = R Script =

Run the line of script to console:

Console -~

]
5 i)

> BucketList$vectorExample

Tom Harry Dick

v2ztoovz23t orasr
> BucketList$vectorExample["Tom"]

Tom
oo
> FullNames <- c("Donald Trump"”,"Hillary Clinton","Gary Johhnson™)
> Fullages <- ¢(70,69,50)
= Fulleender <- factor(c{"male"”,"Female","Male"))
> Fullpatarrame <- data.frame(Fullnames,Fullages,Fullcender)
> Labeledpatarrame <- data.frame(examplerullnames = Fullnames,examplerullages = Fullages,examplerFullcender = Fullgender,string
sAsFactors = FALSE)
> LabeledDataFrame
exampleFullnames ExampleFullages ExampleFullGender

70

1 ponald Trump Male

2 Hillary clinton 69 Female

3 Gary Johhnson 50 Male

> save(LabeledDataFrame,BucketList,file="Example.rData") s
> getwd() I
[1] "Dp:/users/Trainer/Documents"”

o L

Having identified the working directory, navigate to the same in windows explorer:
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GG =11 » canputs » saFiem) » i » Taies » Wy Documns »

Organize > [ Open Inchudeinfbrary v Sharewith v Newfolder

& Favarites e

B Deshiop [

& Downloads 3 Ristory

E RecentPlaces & Bample
i Libraries

[ Documents

o Music

i Pictures

B videos

8 Computer
a UserProtie (05}

S Netnark

Ho preview available.

R Date modifed: 1/2/2017 2:41 M
|

B cenr®E®

The saved file is clearly visible in this directory ready for real-time deployment or being reloaded to
an R session.

206PM | |
1372017

Procedure 21: Loading .Rdata from file.

To fully demonstrate the process of loading objects from an RData file fully close down RStudio by
clicking File, then upon the menu expanding, clicking Quit Session or by clicking on the close button
in the top right hand corner:

U Rstudio 5]
[Fic) €dt Code View Plots Session Buld Debug Profile Took Help
New File » - agains Froject idne +
New Project.. = —
71 Enwiconment | History =
Open File... Ceri-0. | - “#Run &4 | Source + 2 Pnport Dataset - list ~
Reopen with Encoding. # | @ Global Emvironment -
——— , petor nrow-3,ncol-4) = =
Exanple1”, “Example2”, "Exanple3” ,"Exanples”) OFulIbatarrame 3 obs.
Open Project.. e ohon -y )
Rowl™ " Row Row3™) OLabeledpatarr ame 3 obs. 2
Open Projectin New Session... .
3 N matrixicol T D)
=D ale”, "Male") Matrix3Row 1:3, 1:10] 1 10 10
Import Dataset » overspilInatrix num [1:3, 1:4] 12 34 . @
,"Low”, "Mediun") ualuas .
Save Cures. edion” . "High™) Ages Named chr [1:3] "22
Sove As.e sistincrorder  or dered=Tauc) QpeETList List of 4
Save with Encoding... columnt num [1:6] 123456
column2 num [1:6] 10 20 30 40 50 60
e - . Te - . Te -
S cul- s ® ? column3 num [1:6] 100 200 300 400 500 600
Knit Document Ctre Shiftek Fullages num [1:3] 70 69 50 -
Compile Report #11ary Clinton”,"Gary Johhnson”) Fies Plots Padages Help Viewer ==
(i emale”, "wale™)) A e >
Names ,Fullages , Ful 1Gender) R Create a new ogplot =
Close CrieW xampleFullnames — Fullhames,Exampler) - Fullages exanplerullGender - FullGender,str =
Close All Ctrls Shifte W ggplot {ggplot?) R Documentation
JFile="exanple. Roata")
Close All Except Current Ctrle Alt Shifte W
, *| Create a new ggplot
R scrpt = . =
Qit Sesion.. cQ Description
Console

+| aaplct () intializes a gaplot object. It can be used to declare the input data frame for a graphic and to speciy the set of plot aesthetics

> Bucketl{stSvectorexsaple intended to be common throughout all subsequent layers unless specifically wvemdden

Tom Harry D

22" a3t “ze"

> BucketListsvectorExanple["Ton"] Usage

Tom

e Gaplot (data = NULL, mepping = aes(), ..., envizonment = pazent.frams())

> Fullnames < c("bonald Trump”,"ri1lary Clinton”,"Gary Johhnson")

> FullAges <- €(70,69,50) Arguments

> Fullcender <- factor(c('wale”,"Female” , "Male":

> Fullpatarrame <- data. frame(Ful Ianes ,Ful lages. Ful Ioender) .

> LabeledpataFrame <- data.frame(examplerullNames - Fullnames,Exanplerullages - Fullages,examplerullcender - FullGender string | %2 Defaut dataset to use for plot. I not already 2 data frame, will be comverted to one by Zozzaty. Hf not specified, must be

SASFactors = FALSE) suppled in each layer added 10 the plot.
> Labeledoatarrane

e ea anes ExanplerullAges ExamplerullGender mapping Defau't list of aesthetic mappings to use for plot. f not specified. must be suppled in each layer added to the plot
oonal P 70 ma Other arguments passed on to methods. Not cumently used.
2 willary Clinton 69 Female
3 Gary Johhnson 50 wale envirenment  If an variable defined in the aesthetic mapping is not found in the data, ggpiot will ook for it in this environment R defaults to
> save(LabeledDatarrame, BucketL ist,f11e="example. Roata") using the emironment in which ggp1o% () is called.
> getns E

[1] "p:/users/Trainer /Documents”
EEc e 0 E @

As expected, similarly to procedure 38, confirmation will be sought about the treatment of the

Details

current session. Elect not to save the session by clicking "Don’t Save":
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€} Quit R Session

Save workspace image to ~/ RData? |

[ Save ] [ Don't Save ] [ Cancel

Upon termination of RStudio, simply reload as specified in procedure 5:

O rswdio
& Project lone) +

o~ 2.8 3 - S+ addins -
) Untitiedz” )| Environment  History S
[ [Jsourceonsave Q / - - #Run 5% | Source ~ 2 [ _#importDataset - ust ~
1 Numeric % Global Environment +
2 Numeric
3 mode(Numeric)
4 NumericResult <- 1+ 1
5 Numericresult
6 string <- "Test
7 string
8 mode(string)
9 x<-1
y<2
11 Logical <- x >y
12 vLogical
3 mode(Logical)
1s(

15 string
16 remove("string”
17 150
18
Fles Plots Pacages Melp  Viewer =0
& PR
R Create a new ggplot =
gapiot {ggplot2) R Documentation |+
Create a new ggplot
11 flop Leved * R saipt . i
Description
Console =0
gplot () iniiaizes a ggplot object. It can be used to declare the input data frame for a graphic and to specify the set of plot aesthetics.
R versfon 3.3.2 (2016-10-31) -- "sincere pumpkin patch’ intended to be common throughout all subsequent layers unless specifically overridden
Copyright (C) 2016 The R Foundation for statistical Computing
Platform: x86_64-w6d-mingw32/x6d (64-bit) Usage
R is free software and comes with ABSOLUTELY NO WARRANTY. i s SR e
You are welcome to redistribute it under certain conditions. eamlotidare = WILL, Supping =828 ()e e (SRVITSMERT = nazent: trmme (),
e ‘license()' or ‘licence()’ for distribution details.
Typ O icence()’ for di: ution s. Reae
R is a collaborative project with many contributors.
% i data Default dataset to use for plot. If not already a data frame. will be converted to one by fortify. If not specified, must be

pe ‘contributors()’ for more information

v a
“citation()* on how to cite R or R packages in publications. suppled in each layer added to the plot

pe ‘demo()’ for some demos, ‘help()’ for on-line help, or rapping Defautt list of aesthetic mappings to use for plot. f not specified, must be suppled in each layer added to the plot
‘help.start()’ for an HTML browser interface to help.

Type ‘q0)" to quit R. Other arguments passed on to methods. Not cumently used.

3 environment i an variable defined in the aesthetic mapping is not found in the data, ggplot will look for it n this emironment. It defaults to
using the environment in which ggp1ot () is called

Details

Bl cenoo

It can be seen that there are no objects loaded. Assuming the working directory is unchanged, to
load the objects saved in procedure 38, simply type:

load("Example.RData")
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@] untitledl* % @] Untitled2* » = @7 Untitled3* % =0
= al Flsource onSave | Q A = il ~ [=#Run | % Source | =
33 Longvector < c(1,2,3,4,5,6) -
34 overspillMatrix <- matrix(LongVector,nrow=3,ncol=4)

35 overspillMatrix

36 colnames(overspiliMatrix) =- c("examplel”,"example2”, "example3”,"Exampled”)

37 rownames(overspiliMatrix) =- c("rRowl"”,"Row2","Row3")

38 overspiliMatrix

39 overspilimatrix[2,3]

40 gender <- c("mMale"”,"Female”,"Female”,"Male")

41 genderFactor =- factor (Gender)

42  GenderFactor

43 Temps <- c("High","Medium","Low", " "Low", "Medium™)

44  Tempspistinctorder =- o("Low"”, "Medium”,"High™)

45 TempsFactor <- factor(Temps,TempsDistinctorder,ordered=TRUE)

46 TempsFactor

47  TempsFactor "Low"

48 BucketList =- Tist(TempsExample = TempsFactor,GendereExample = GenderFactor, MatrixExample = Matrix3Row,vectorexample = Ac

49  BucketList

50 BucketListivectoreExample

51 BucketListivectorexample["Tom"]

52 Fullnames =- c("Donald Trump","Hillary clinton","Gary Johhnson")

53 Fullages =- c(70,69,50)

54 Fullgender =- factor{c("male","Female"”,"mMale")) £

55 FullpataFrame <- data.frame(Fullnames,Fullages,FullGender)

56 LabeledpataFrame <- data.frame(ExampleFullnames = Fullnames,ExampleFullages = Fullages,exampleFullGender = Fullcender,str

57 LabeledDatafFrame

58 save(LabeledpataFrame,BucketList,file="Example.rData")

59 getwd() | 4

60 Toad("example.rData")| -
< . »

60:22 (Top Level] = R Script =

Run the line of script to console:

Console ~/ =0

R version 3.3.2 (2016-10-31) -- "sincere pumpkin Patch”
copyright (C) 2016 The R Foundation for statistical computing

Platform: x86_64-wsd-mingw32,/x64 (64-bit)

R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.
Type 'license()" or "licence()" for distribution details.

R 15 a collaborative project with many contributors.
Type 'contributors()" for more information and
‘citation()" on how to cite R or R packages in publications.

Type 'demo()' for some demos, "help()' for on-Tine help, or
‘help.start()" for an HTML browser interface to help.

Type 'g(0" to quit R.

> load("Example.RData")
>

The objects saved previously are promptly loaded and available in the environment pane of RStudio
and by implication available for recall in scirpts and \ or the console.

o
File Edt Code View Plots Session Build Debug Profile Tooks Help

o-i- 88 » ~  Addins -

O Untitied1® x 0] Untitied2* x 0] Untitiea3* x

Sourceonswe | Q /- - - Run

overspilimatrix < matrix(Longvector ,nrow-3,ncol=4)
overspillMatrix

colnames (overspillMatrix
rownanes (OverspiliMatrix) < c(
38 overspillMatrix

39 overspillvatrix
40 Gender % ."Female”, "Female", “ale"
41 Genderfactor <- factor (Gender)

42 Genderfactor

43 Temps <- c("Wigh",

44 Tempspisti

4s
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61

34
35
36

- c("examplel”, "example2”, "Example3”, "Exanpled”)
37 “Row3"

Rowl”

Mediun", “Low", "Low" , "Medium")
nctorder <- c("Low”,"Mediun","High")
factor (Temps , TempsDistinctorder ,or dered=TRUE)

Low”
- st - Temp: A ple =

TempsFactor
BucketList
sucketiist
Bucketuistsvectorexanple
BucketListsvectorexample( “Ton"]

FullNames <- c("Donald Trump”,"Hillary Clinton”,"Gary Johhnson"
Fullages <- (70,69,50)

FullGender <- factor(c("Male”,"Female”,"Male"))

FullDataFrame <- data.frame(FullNames,FullAges,FullGender)
Labeledoatarrane <- data. frame
LabeledpataFrane
save(Labeledpatarrane, BucketList, file-"Exanple. Rata"

1ages - Fullages,exampleFullGender

getwd
Toad(“Exanple. Roata”

611 (lop Leve *
Console.

3.3.2 (2016-10-31) -- “sincere pumpkin Patch”
(c) 2016 The R Foundation for statistical Computing
X86_64-w64-mingw32/x64 (64-bit)

R version
Ccopyright
Platform:

R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.
Type ‘license()' or ‘licence()' for distribution details.

R is a collaborative project with many contributors.
Type *contributors()’ for more information and

“citation()’ on how to cite R or R packages in publications.
Type ‘demo()’ for some demos, 'help()’ for on-line help, or
‘help.start()" for an HTML browser interface to help.

Type 0" to quit R.

> 10ad("€xample. Roata")

o

“ Source =

. Matrixexample - Matrix3Row,vectorexanple - A

FullGender ,str|

R Sript =

oo s

& project (None) +

Environment  History
2B
@ Global Environment ~
pata
©Labeledoatarrame
values
©BuckerList

_¥import Dataset + ust -

3 obs. of 3 variables

List of 4

Files Plots  Padages Help Viewer
- X3 4
R Create a new ggplot +

ggplot {ggplot2) R Documentation

Create a new ggplot

Description

aplot () iniializes a ggplot abject. It can be used to declare the input data frame for a graphic and to specify the set of plot aesthetics.
intended to be common thioughout all subsequent layers unless specifically overridden

Usage

ggplot(data = NULL, mapping = aes(), ..., environment = parent.frame())

Arguments

daze Defaut dataset to use for plot. If not already a data frame, will be converted t0 one by foxzazy If not specified, must be
suppled in each layer added to the piot

mapping Defautt list of aesthetic mappings to use for plot. f ot specified, must be suppled in each layer added to the plot

Other arguments passed on to methods. Not cumently used.
1f an variable defined in the aesthetic mapping is not found in the data, ggplot willlook for it in this emvironment. It defaults to
using the environment in which ggp1ot () is call

Details Il

BEl. e 0n O]
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As R has several programatic implementaions, such as R.net which is used for real-time invocation,
the saving and loading of R seesions provides a useful means to be able to deploy objects.

Module 4: Loading, Shaping and Merging Data.

Abstraction, the process of shaping and moulding raw data to enhance relevance prior to it being
presented to machine learning algorithms, is the cornerstone of the methodologies put forward in
these procedures.

The procedures that follow set out the means to load data into R, and when this data resides in R,
sets forth procedures to shape and mould the data in as part of abstraction.

Most generally in Jube procedures and methodology Abstraction is offloaded to Relational Database
Management platforms, the shaping and moulding of data in R tends to be to augment these core
datasets.

Procedure 1: Using Numeric Functions to create a Horizontal Abstraction.
As introduced R has a plethora of procedures that facilitate the creation of Vectors and Matrices,
furthermore there are base numeric operators which facilitate:

e + Addition.

e - Subtraction.

e * Multiplication.
e / Division.

e %% Exponent.

e " Power Of.

Functions also provide the ability to perform mathematical operations. In this example, a vector of
double values will be created then rounded. Create a new script and start by creating a vector
containing double values:

Double <-¢(1.22341,5.889988,6.9999890)

7 Untitled1* 27 Untitled2* @7 Untitled3* 137 Untitled4*

i1 | |3 [Flsourceonsave | Q #° - £ - ~#Run %% | | < Source ~
1 Double <- c(1.22341,5.889988,6.9999890)

1:40 (Top Level) R Script

Run the line of script to console:
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Console

R version 3.3.2 (2016-10-31) -- "sincere pumpkin Patch"”

copyright (C) 2016 The R Foundation for statistical Computing

Platform: x86_64-w64-mingw32,/x64 (64-bit)

R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.
Type 'license()" or "licence()" for distribution details.

R 15 a collaborative project with many contributors.
Type 'contributors()’ for more information and
‘citation()" on how to cite R or R packages in publications.

Type 'demo()' for some demos, "help()" for on-line help, or
"help.start()" for an HTML browser interface to help.
Type 'g(0" to quit R.

> Double =- c(1.22341,5.889988,6.9999890)
=

Use the round() function, which takes two arguments of value and digits, to round the Double

vector to two decimal places assigning that vector:

DoubleRound <- round(Double,2)

3] Untitled1* 3] Untitled2* @7 Untitled3* @] Untitleda*

&1 | | Flsourceonsave | Q # -~ il| -
1 Dpouble <- c(1.22341,5.889988,6. 9999890)
2 Dpoubleround =- round(pouble,2)

g

31 Top Level}

Run the line of script to console:

Console

R version 3.3.2 (2016-10-31) -- "sincere pumpkin pPatch”

copyright (C) 2016 The r Foundation for statistical Computing

Platform: x86_64-w64-mingw32/x64 (64-bit)

R is free software and comes with ABSOLUTELY NO WARRANTY.

You are welcome to redistribute it under certain conditions.

Type 'license()’ or "licence()’ for distribution details.

R is a collaborative project with many contributors.
Type 'contributors()’ for more information and

"citation()’ on how to cite R or R packages in publications.

Type 'demo()' for some demos, "help()' for on-1ine help, or
"help.start ()" for an HTML browser interface to help.
Type 'q()" to quit R.

> Double <- c(1.22341,5.889988,6.9999890)
> Doubleround <- round{pDouble,2)
>

Write out the DoubleRound vector by typing:

DoubleRound
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37 Untitled1* @7 Untitled2* 37 Untitled3* @] Untitleda*

a1 | | ElsourceonSave | Q # -| & -
1 pouble «<- c(1.22341,5.889988,6.0999890)
2 Dpoubleround =- round{bouble,2)
3 Doubleround
4

4:1 (Top Level] =

Run the line of script to console:

Console

R version 3.3.2 (2016-10-31) -- "sincere Pumpkin Patch"
Copyright (C) 2016 The R Foundation for statistical Computing
Platform: xB86_64-wE4-mingw32/x64 (64-bit)

R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.
Type 'license()' or "licence()" for distribution details.

R is a collaborative project with many contributors.
Type 'contributors()’ for more information and
‘citation()" on how to cite R or R packages in publications.

Type 'demo()' for some demos, “help()' for on-line help, or
‘help.start()’ for an HTML browser interface to help.

Type 'g()" to quit R.

> Double <- c(1.22341,5.889988,6.9999890)

> Doubleround =- round{Double,2)

> Doubleround

[1] 1.22 5.89 7.00
>

It can be observed that the vector has been rounded to two decimal places.
abstraction find the square root:

DoubleRoundSqrt(VectorRound)
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@7 Untitled1* 27 Untitled2* 2] Untitled3* @7 Untitleda*

(S ST

5:1

&1 | |3 [Flsourceonsave  Q A - | -
Double <- c(1.22341,5.889988,6.9999890)
poublerRound <- round{Double,2)
Doubleround
poubleRoundsgrt <- sqrt(Doubleround)

(Top Level) =

Run the line of script to console:

Console

K VEIS 10 3.3.£4 L£ULlo-1u-31) —— SITILENE FUNpKEITT Fduern
Copyright () 2016 The R Foundation for Statistical Computing
Platform: x86_64-wed4-mingw32/x64 (64-bit)

R is

free software and comes with ABSOLUTELY NO WARRANTY.

You are welcome to redistribute it under certain conditions.

Type
R is
Type

"license()” or 'Ticence()’ for distribution details.

a collaborative project with many contributors.
"contributors() ' for more information and

‘citation()’ on how to cite R or R packages in publications.

Type

"demo() " for some demos, 'help()' for on-Tine help, or

‘help.start ()" for an HTML browser interface to help.

Type

'q()' to quit R.

> pouble =- c(1.22341,5.889988,6.9999890)
> Doubleround <- round(Double,2)

> DoubleRound

[1] 1.22 5.89 7.00

> DoubleRoundsgrt <- sqrt(Doubleround)

>

~# Run

5%

_FSource -

R Script +

m

A more concise way to create a line of script relying on several functions, could include nesting the
functions:

DoubleNested <- sqrt(round(Double,2))
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® ] Untitled1* ® Untitled2* ®7 Untitled3* @7 Untitledd*

dl| |3 Elsourceonsave | Q A ~| - =% Run | [%% | % Source -
1 Double =- c(1.22341,5.889988,6.9999830)
2 Doubleround <- round(Double,2)
3 DoubleRround
4 Doubleroundsgrt <- sqrt(Doubleround)
5 DoubleNested <- sgrt(round{Double,2))
6
6:1 [Top Level) R Script

Run the line of script to console:

Console
COPYI gL (L) ZULD I8 K FOUNUAL IO 100 SLdLIsLitdl LOmpuLing

pPlatform: x86_64-wéd-mingw32,/x64 (64-bit)

R is free software and comes with ABSOLUTELY NO WARRANTY.
vou are welcome to redistribute it under certain conditions.
Type 'license()’ or "licence()' for distribution details.

R 15 a collaborative project with many contributors.

Type 'contributors(})’ for more information and

"citation()’ on how to cite R or R packages in publications.
Type 'demo()' for some demos, "help()' for on-line help, or
"help.start(Q" for an HTML browser interface to help.

Type 'q()’ to guit R.

> Double <- c(1.22341,5.889988,6.9999890)

> Doubleround <- round{Double,2)

> Doubleround

[1] 1.22 5.89 7.00

> DoubleRoundsgrt <- sgrt(DoublerRound)

> DoubleNested <- sqrt{round(Double,2))
=

It can be observed that with the help of several R numeric functions that complex horizontal
abstractions can take place.

Procedure 2: Extracting a substring from a string, testing logically and presenting for

machine learning.

In Horizontal Abstraction, it is quite common to have the requirement to inspect a string of data
looking for an occurrence (or pattern) and return a logical value that can be used in machine
learning.

In this example, a string will be inspected and return a 1 in the event that the string "Richard" is
present.

Firstly, create a vector of name strings by typing:

Names <- ¢("Richard","Robert","Reinhard","Raymond","Richardino","Richardo")
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27 Untitledl* 27 Untitled2* 127 Untitled3* @7 Untitled4*

S en L R

71

&1 | |3 [Clsourceonsave | Q # ~| | ~

Double <- c(1.22341,5.889988,6.9999890)

poubleround <- round{Double,2)

Doubleround

DoubleRoundsgrt <- sgrt(DoublerRound)

DoubleNested <- sqrtlround(Double,2})

Names <- c{"Richard”,"Robert”, "Reinhard"”,"Raymond"”, "Richardino
(Top Level) +

Run the line of script to console:

Console
PldLlUrm: XB0_04-Wos—NITNYW3 2/ K04 (04-01L)

R is free software and comes with ABSOLUTELY NO WARRANTY
You are welcome to redistribute it under certain conditions.
Type 'license()' or 'licence()’' for distribution details

R 15 a collaborative project with many contributors.
Type 'contributors()’ for more information and
‘citation()" on how to cite R or R packages in publications

Type ‘demo()' for some demos, "help()’' for on-1ine help, or
‘help.start()’ for an HTML browser interface to help
Type 'q()° to quit R.

= Double =- c(l.22341,5.880988,6.9999890)

> Doubleround =- round(Double,2)

> Doubleround

[1] 1.22 5.89 7.00

> DoubTleroundsqrt <- sqrt(Doubleround)
Doublenested <- sqrt(round(Double,2))

", "Richardo™)

>
> Names <- c("richard","robert","Reinhard”, "rRaymond”, "rRichardino”,"rRichardo")
>

= Run

o

_h Source =

R Script =

m

Use the substr() function to create a vector of the first 7 characters of the value contained in the
Names vector, by typing:

NamesSubstr <= substr(Names,1,7)
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P Untitledl* » @] Untitled2* % @] Untitled3* % = ] Untitledd* =

a1 | | Flsourceonsave G # | 1| = [=#Run | 5% | | o Source
pouble =- c(1.22341,5.589988,6. 9999890)
poubleround =- round{Double,2)
Doubleround
poubleroundsgrt <- sqrit{Doubleround)
poublenested <- sqgrt(round(pouble,2))
Names <- c("rRichard","Robert”,"reinhard”,"raymond"”,"rRichardino”,"Richardo™)
Namessubstr <- substr(Names,1,7)

[ |

[N W P N

8:1 (Top Level] = R Script =

Write the NamesSubstr vector:

NamesSubstr
@7 Untitled* % = ?7] Untitled2* ® @7 Untitled3* % = ] Untitled4* =0
=] &) | |3 Elsourceonsave | Q 7 -| & | - [=#Run | % | [ #Source ~| =
1 Dpouble <- c(1.22341,5. 889988, 6. 9999890)
2 DoublerRound <- round(bouble,2)
3 Dpoubleround
4  Dpoubleroundsqrt =- sqrt(Doubleround)
5 DoubleNested <- sqrt(round(pouble,2))
6 Names <- c("Richard","Robert"”,"rReinhard", "Raymond”,"Richardino”, " "Richardo")
7 NamesSubstr <- substr(Names,1,7)
8  NamesSubstr|
9
812 (Top Level) = R Script =
Run the line of script to console:
Console ~/ =

YOU 4d'g WeIlLome LU redisLripuLe 1L urnaer ceredin ConaiLions.
Type 'license()’ or "licence()' for distribution details.

R 1s a collaborative project with many contributors
Type 'contributors()’ for more information and
‘citation()’ on how to cite R or R packages in publications

Type 'demo()' for some demos, "help()' for on-1ine help, or
"help.start()' for an HTML browser interface to help.
Type 'q()' to guit R

> Double <- c(1.22341,5.B889988,6.9999830)

> Doubleround <- round(Double,2)

> DoubleRound

[1] 1.22 5.89 7.00

> DoubleRoundsgrt <- sqrt(DoubleRound)

> DoubleNested =- sqrt(round(Double,2))

> Names <- c("Richard"”,"Robert"”,"Reinhard", "Raymond", "Richardino”,"Richardo")
= Namessubstr <- substr{Names,l,7)

> Namessubstr

[1] "richard" "robert” "Reinhar" "raymond" "Richard” "richard"

N | 8

m
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The question being posed is whether the first characters of the name is equal to "Richard". To
perform this evaluation, create a logical vector from the NamesSubstr vector by typing:

NamesSubstrLogical <- NamesSubstr == "Richard"

@ Untitled1* 3] Untitled2* 3] Untitled3* @] Untitledd*

a1 | @ CSourceonSave | Q 2 -| &1 - = Run | [o% || #Source ~| =

1 Dpouble =- c(1.22341,5.889988,6.9999890)

? Doubleround <- round(bouble,2)

3 Dpoubleround

4 Dpoubleroundsqgrt <- sqrt(Doubleround)

5 DoubleNested <- sgrtlround(Double,2))

& Names <- c("Richard"”,"Robert"”,"Reinhard","Raymond”,"Richardino”, "Richardo™)

7 NamesSubstr <- substr(Names,1,7)

& NamesSubstr

9 NamesSubstrLogical <- NamesSubstr == "Richard”

10

11
10:1 (Top Level} = R Script

Notice how a double equals sign is used to eliminate confusion between evaluation and assignment.

Run the line of script to console:

Console
Iype  lILenseEy) o PILENLEL)  TUF UISLEIDULIUN Ugldl is,

R is a collaborative project with many contributors.
Type 'contributors()’ for more information and
‘citation()" on how to cite R or R packages in publications.

Type 'demo()’ for some demos, "help()’ for on-Tine help, or
"help.start()’ for an HTML browser interface to help.
Type 'q()° to quit R.

> pDouble <- c(1.22341,5.889988,6.9999890)
> Doubleround =- round(bouble,2)

> Doubleround

[1] 1.22 5.89 7.00

m

> Doubleroundsgrt <- sqrt({poubleround)

> Doublenested <- sqrt(round(Double,2))

> Names <- c("Richard","robert”,"Reinhard"”,"Raymond”, " "Richardino”, "Richardo")
> Namessubstr <- substr{Names,1,7)

> Mamessubstr

[1] "rRichard" "rRobert" "reinhar" "Raymond" "Richard" "Richard"”

> NamessubstrLogical <- Namessubstr == "Richard”

=

Write the logical vector out to console by typing:

NamesSubstrLogical
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37 Untitled1* 27 Untitled2* @ Untitleda* 3 Untitled3* [ ]
a] | @ [SourceonsSave | Q A | il| - S Run | B | (3 Source | =

1 Double =- c(1.22341,5.8B89988,6.09999890)
2 Doubleround <- round{Double,2)
3 Dpoubleround
4  Doubleroundsqrt <- sqrt(poubleround)
5 pDoublenested <- sqrt(round(pDouble,2))
6 Names <- c{"Richard”,"Robert”,"Reinhard”,"Raymond", " "Richardino”,"Richardo™)
7 Namessubstr <- substr(Names,1,7)
& NamesSubstr
9 NamesSubstrLogical <- NamesSubstr == "Richard”
10 NamessubstrLogicall
10:19 | (Top Level) + R Script =

Run the line of script to console:

Console =
K 15 d LUl 1dourduive projece WIiLr mdrry CUrnLr ipuLurs.

Type "contributors()’ for more information and

‘citation()’ on how to cite R or R packages in publications.

Type “demo()" for some demos, 'help()' for on-line help, or
‘help.start ()" for an HTML browser interface to help.
Type 'q()' to quit R.

> pouble <- c(1.22341,5.889988,6.9999890)

> Doubleround <- round(pouble,2)

> Doubleround

[1] 1.22 5.89 7.00

> DoubleRoundsgrt <- sqrt(DoublerRound)

> DoubleNested <- sqrt(round(Double,2))

> Names <- c("Richard","Robert"”,"Reinhard", "Raymond","Richardino”, "Richardo")
> Namessubstr <- substr(Names,1,7

m

> NamesSubstr
[1] "Richard" "Robert” "Reinhar" "Raymond" "Richard” "Richard"
> NamessubstrLogical <- nNamessubstr == "Richard”

> NamessubstriLogical
[1] TRUE FALSE FALSE FALSE TRUE TRUE
N _

The character notion of TRUE or FALSE cannot be used in machine learning readily (you can’t
multiply by text) and it follows that these values should be converted to a numeric value using the
as.numeric() function, typing:

NamesSubstrLogicalNumeric <- as.numeric(NamesSubstrLogical)
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®7 Untitled1* 137 Untitled2* @7 Untitled4* 127 Untitled3*

&l | |3 [Elsourceonsave | Q A - | -
Double <- c(1.22341,5.889988,6.9999890)

10 NamesSubstrLogical
11 NamesSubstrLogicalNumeric =- as.numerﬁc[NamessubstrLogicaTﬂ

11:60 (Top Level) =

Run the line of script to console:

Console -/
1ype LOnLr IpuLorsy) Tor more iriormdoeion drng
"citation(d" on how to cite R or R packages in publications

Type 'demo()’ for some demos, 'help()' for on-line help, or
"help.start ()" for an HTML browser interface to help.
Type "q()’ to quit R.

> Double <- c(1.22341,5.B889988,6. 9999890)

> DoublerRound =- round(pouble,2)

> Doubleround

[1] 1.22 5.89 7.00

> Doubleroundsgrt <- sqrt(Doubleround)

> Doublenested =- sqgrt(round(Double,2))

= Names <- c("Richard","Robert","rReinhard","rRaymond","rRichardino”,”
= Namessubstr <- substr(Names,1,7)

> Mamessubstr

[1] "Richard” "Robert" "reinhar" "Raymond” "Richard" "Richard"
= Namessubstrrogical <- Namessubstr == "Richard”

= Namessubstrrogical

[1] TRUE FALSE FALSE FALSE TRUE TRUE

= NamesSubstrLogicalNumeric <- as.numeric(NamesSubstrLogical)

=

Write the newly created vector to console by typing:

@7 Untitlecd* | @7 Untitled2* % @ Untitledd* % @] Untitled3*
& | |3 [Elsourceonsave | Q A - | -

10 NamesSubstriLogical
11 nNamesSubstrLogicalNumeric <- as.numeric(NamesSubstrLogical)
12 NamesSubstrLogicalNumeric]

12:26 (Top Level) +

Run the line of script to console:

125

1

2 DoubleRound <- round(Double,2)

3 DoubleRound

4 DoubleRoundsqrt =- sqrt{DoublerRound)

5 DoubleNested <- sgrt(round(Double,2))}

6 Names <- c("Richard”,"Robert”,"Reinhard", "Raymond", "Richardino"”, "Richardo")
7 Namessubstr <- substr(Names,1,7)

8 NamesSubstr

9 NamesSubstrLogical <- NamesSubstr = "Richard”

rRichardo™)

1 Double =- c(1.22341,5.8B89988,6.9999890)

2 Doubleround =- round{Double,2)

3 DoubleRound

4 poubleRoundsgrt =- sqrt{DoubleRound)

5 Doublenested <- sgrt{round(pouble,2))

& Names <- c("richard”,"robert”,"reinhard"”, "Raymond”,"Richardine”,"rRichardo™)
7 Namessubstr =- substr(Names,1,7)

& Namessubstr

9 NamessubstrrLogical =- NamessSubstr == "Richard”

~= Run

—# Run

o

o

T+ Source -

™ Source v

=

([ |

R Script =

0
w0

m

4

—}

[ |

R Script =
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a1 | |3 ElSourceonsSave | Q # -| £ - ~# Run | [®% | [ Source ~
Double =- c(1.22341,5.889988,6.9999890)
poubleRound <- round(Double,2)
Doubleround
poubleroundsgrt <- sqrt(Doubleround)
DoubleNested <- sgrtiround(Double,2))
Names <- c{"Richard","Robert"”,"Reinhard", "Raymond","Richardino”, "Richardo™)
Namessubstr <- substr({Names,1,7)
NamesSubstr
NamesSubstrLogical <- NamesSubstr == "Richard”
10 NamesSubstrLogical
11 NamessubstrrLogicalnumeric <- as.numeric({NamessubstrLogical)
12 NamessubstrrLogicalNumeric

3] Untitled1* 137 Untitled2* {3 Untitled4* 37 Untitled3*

[T R W ISP

12:26 (Top Level) R Script

A more concise line of script nesting the functions might be:

NamesSubstrLogicalNumericNested <- as.numeric(substr(Names,1,7) == "Richard")

2] Untitled1® 37 Untitled2® @7 Untitledd* @] Untitled3*

41 | |3 [[]Sourceonsave | @ A - i - ~% Run | %% | ¥ Source -
pouble <- c(l.22341,5.889988,6.9999890)
poubleround <- round(Double,2)
Doubleround
poubleroundsgrt <- sqrt(bDoubleround)
poublenested <- sgrti{round(bouble,2))
Names <- c("Richard”,"Robert"”,"Reinhard", "Raymond","Richardino"”, "Richardo™)
Namessubstr <- substr(Names,1,7)
NamesSubstr
NamessSubstrLogical <- NamesSubstr == "Richard”
10 NamesSubstrLogical
11 nNamessubstrrogicalnumeric <- as.numeric(namessubstrrLogical)
12 nNamessubstrrLogicalnumericnested <- as.numeric(substr(Names,1,7) == "richard™)

[F-N - N ST N

13:1 (Top Level) R Script

An alternative approach might be converting the logical vector to a factor as explained in procedure
32:

Procedure 3: Searching with Regular Expressions.

In procedure 41 the substr() function was used to search for any occurrence of the string "Richard".
The substr() is a very limited function and assumes a certain amount of structure exists in the base
string. The grepl() function allows for the searching of a character string with regular expressions
rather than specific location based arguments. Regular Expressions are a sequence of symbols and
characters expressing a string, or pattern, describing a search within a longer piece of text. Regular
Expressions can be quite complex but they are extraordinarily powerful for string matching.

This procedure sets out to replicate the substr() function using Regular Expressions and the grepl()
function, searching for any string that starts with "Richard" using the » symbol:
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JUBE

NamesGrepl <- grepl(*Richard,NamesSubstr)

37 Untitled1* ] Untitled2* @7 Untitled4* ® Untitled3*

g1 | |3 Elseurceonsave | Q A -~ | - ~#Run | [9% | | % Source -
Double <- c(1.22341,5.889988,6.9999890)
poublerRound <- round(Double,2)
Doubleround
DoubleRoundsgrt <- sgrt(DoubleRound)
DoubleNested <- sqrt(round(Double,2))
Names <- c{"Richard”,"Robert”, " "Reinhard"”,"Raymond"”, "Richardino”,"Richardo™)
NamesSubstr <- substr(Names,1,7)
Namessubstr
NamessubstrLogical <- Namessubstr == "Richard”
10 Namessubstrrogical
11 namessubstriogicalnumeric <- as.numeric(NamessubstrLogical)
12 nNamessubstriLogicalNumerichested <- as.numeric(substr(Nnames,1,7) == "rRichard")
13 nNamesGrepl =- grepl("#richard",Names)

=

[ |

[Tl N R SV

141 (Top Level} = R Script =

Run the line of script to console:

Console - =0
MEIP. ALl TUF dfl HIML DFOWSEr ITLEN T diE LU Mg ip.

Type 'g(0" to quit R. =

> Double <- c(1.22341,5.889988,6.9999890)

> DoubleRound <- round(Double,2)

> Doubleround

[1] 1.22 5.89 7.00

> DoubleRoundsgrt <- sqrt{Doubleround)

> DoubleNested <- sgrt(round(Double,2))

> Names <- c("Richard","Robert”,"Reinhard"”, "Raymond”, "Richardino”, "Richardo™)

> Namessubstr <- substr(Names,1,7) F
> NamesSubstr

[1]1 "Richard” "Robert" "Reinhar" "Raymond" "Richard" "Richard"

> NamessubstrLogical <- NamesSubstr == "Richard"”

> NamessubstriLogical

[1] TRUE FALSE FALSE FALSE TRUE TRUE

> NamessubstriLogicalmumeric <- as.numeric(NamessubstriLogical)

> NamessubstriLogicalNumeric

[1]100011

> NamessubstriLogicalnumericnested <- as.numeric(substr(Nnames,1,7) == "Richard"™)
> NamesGrepl <- grepl("srichard",Names)

- |

m

Write the NamesGrepl vector out to console by typing:

NamesGrepl

Console -~/ =

> Double <- c{1.22341,5.889988,6.9999890) B
> DoublerRound <=- round{Double,2)

> Doubleround

[1] 1.22 5.89 7.00

> Doubleroundsqrt <- sqrt(poubleround)

> Doublenested =- sqrt(round(pouble,2))

> Names <- c("Richard","rRobert","rReinhard”,"rRaymond"”,"richardino”,"Richardo")
> Namessubstr =- substr(Names,1,7)

> MamesSubstr

[1] "Richard” "Robert” "Reinhar" "Raymond” "Richard" "Richard"

> NamesSubstrLogical <- NamesSubstr == "Richard”

> NamesSubstrrLogical

[1] TRUE FALSE FALSE FALSE TRUE TRUE

> Namessubstrrogicalnumeric <- as.numeric(Namessubstrrogical)

> NamessubstrLogicalnumeric

[11100011

> NamessubstrLogicalNumericnested <- as.numeric(substr(Names,1,7) == "Richard")
= NamesGrepl =- grepl("Arichard",nNames)

> NamesGrep]

[1] TRUE FALSE FALSE FALSE TRUE TRUE

o | 4

m
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JUBE

It can be observed that any name string starting with "Richard" has been returned as a logical vector.
To make this abstraction useful for machine learning it is a simple matter of transforming itto a
numeric vector by typing:

NameGreplNumeric <- as.numeric(NamesGrepl)

#7 Untitled1* 2] Untitled2* @7 Untitled4* 2] Untitled3*

&1 | |3 [Flseurceonsave | Q A+ i1 - % Run | (b | | o Source -
1 Double =- ¢(1.22341,5.889988,6.9999890)
2 DoublerRound <- round(Double,2)
3 Doubleround
4  poubleRoundsqrt <- sgrt(Doubleround)
5 DoubleNested =- sqgrt(round(Double,2))
6  Names < ("richard","robert"”,"rReinhard", "rRaymond", "Richardino”, "rRichardo")
7 Namessubstr <- substr({Names,1,7)
8 Namessubstr
9 NamessubstrLogical <- Namessubstr == "Richard”
10 NamessubstriLogical
11 NamesSubstriogicalNumeric =- as.numeric(Namessubstriogical)
12 NamesSubstriogicalNumericNested <- as.numeric(substr(Names,1,7) == "Richard")
13 nNamesGrepl =- grepl("Arichard”, names)
14 NamesGrep]
15 NamesGrepINumeric <- as.numeric(NamesGrepl)
16
16:1 (Top Level) = R Script *

Run the line of script to console:

Console (—]
F DUUn e =- L(L.££591,3.08099080,0. Y999ayu)

> Doubleround =- round(bouble,2)

> Doubleround

[1] 1.22 5.89 7.00

> Doubleroundsgrt <- sqrt(Doubleround)

> DoubleNested <- sgrt(round(bouble,2))

> Names <- c("Richard","Robert","Reinhard", "Raymond","Richardino”, "rRichardo")

= NamesSubstr <- substr(Names,1,7

> NamesSubstr

[1] "Richard” "Robert” "Reinhar" "Raymond" "Richard" "Richard"

> NamessubstrLogical <- NamesSubstr == "Richard”

> NamessubstrLogical

[1] TRUE FALSE FALSE FALSE TRUE TRUE

> NamessubstrLogicalNumeric <- as.numeric({NamessubstrLogical)

> NamessubstrLogicalNumeric

[(l]100011

> NamessubstrLogicalNumericNested <- as.numeric(substr(Names,1,7) == "Richard")
> NamesGrepl <- grepl{("ARichard",Names)

> NamesGrepl

[1] TRUE FALSE FALSE FALSE TRUE TRUE

> NamesGrepTNumeric <- as.numeric{NamesGrepl)

. o

m

Write out the NamesGrepNumeric vector by typing:

NamesGrepNumeric
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JUBE

@7 Untitled1* 12 7] Untitled2* @7 Untitled4* 2] Untitleds* |
41| | [Clsourceonsave | G # ~| i - =% Run [#% | | #Source - =
1 Dpouble 1.22341,5. 889988,6.9999890)
2 <- round(Double,2)
3  Doubleround
4  Doubleroundsgqrt <- sqrt(DoubleRound)
5 DoubleNested <- sqrt(round(Double,2))
6 Names <- c{"Richard”,"Robert"”,"Reinhard”,"Raymond","Richardino”, "Richardo")
7  Namessubstr <- substr(Names,1,7)
8 NamesSubstr
9 NamesSubstrLogical <- NamesSubstr == "Richard”
10 NamesSubstrLogical
11 NamesSubstrLogicalNumeric <- as.numeric(NamessubstrLogical)
12 NamesSubstrLogicalNumericNested <- as.numeric(substr(Names,1,7) == "Richard™)
13 NamesGrepl =- grepl("ArRichard”,Names)
14 NamesGrepl
15 NamesGrepINumeric <- as.numeric(NamesGrepl)

16 NamesGreplNumerid]

16:18 (Top Level) = R Script =

Run the line of script to console:

Console =
> DUUD 1erRourna
[1] 1.22 5.89 7.00
> Doubleroundsqrt =- sqrt(Doubleround)
poublenested <- sgrt(round(pouble,2))

>
> Names <- c{"Richard","robert","rReinhard","Raymond","Richardino”,"Richardo™)
> NamesSubstr <- substr{Names,1,7)

v

= Namessubstr
[1] "Richard" "Robert” "Reinhar" "Raymond" "Richard" "Richard"
> NamesSubstrLogical <- NamesSubstr = "Richard”

> NamesSubstriLogical

[1] TRUE FALSE FALSE FALSE TRUE TRUE

> NamesSubstrLogicalNumeric <- as.numeric(NamesSubstrLogical) =
> NamesSubstrLogicalNumeric

[1]100011

> Namessubstrrogicalnumericnested <- as.numeric(substr(names,1,7) == "Richard")
> NamesGrepl <- grepl("srichard",names)

> MNamesGrep]

[1] TRUE FALSE FALSE FALSE TRUE TRUE

> NamesGreplNumeric <- as.numeric(NamesGrepl)

> NamesGreplNumeric

[1]1o00011

- o

mn

It can be seen that this vector is now more appropriate for machine learning. Nesting the functions,
the procedure could be created more sucinctly by typing:

NamesGrepNumericNested <- as.numeric(grepl("~Richard",Names))
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JUBE

@] Untitled1® @] Untitled2® 37 Untitleda* 7] Untitled3®

al | |3 [seurceonsave | Q A | | -
1 Dpouble <- c(1.22341,5.889988,6. 9999890
2 Doubleround <- round(pouble,2)
3 Dpoubleround
4 Doubleroundsgrt <- sgrt{Doubleround)
5 DoubleNested =- sgrt(round(Double,2))
6 Names <- c{"Richard"”,"Robert”,"Reinhard", "Raymond", "Richardino”,"Richardo™)
7 NamesSsubstr <- substr({Names,1,7)
8 mNamessubstr
9 wNamessubstrrogical <- nNamessubstr == "Richard”
10 nNamessubstriLogical
11 nNamessSubstriLogicalNumeric <- as.numeric(NamessubstriLogical)
12 nNamessubstriogicalNumericNested =- as.numeric(substr(Names,1,7) == "Richard")
13 nNamesGrepl =- grepl("ARichard",Names)
14 NamesGrepl
15 NamescgreplNumeric <- as.numeric(NamesGrepl)
16 NamesGrepInNumeric
7 NamesGreplnumericnested <- as.numeric(grepl (" richard”,Nnames))
18

1763 (Top Level] =

Procedure 4: Create a Date with a specific Date and Time format.

~= Run

o

Source -

R Script =

Dates have rather special treatment in R, not least that data can be presented in raw datain a
variety of formats (e.g. DDMMYYYY, DD/MM/YYYY). The date data type in R exists for the purpose

of interacting and manipulating dates.
A vector of dates would start out as a character vector:
DatesString <- ¢("22/02/1732","30/10/1735","13/04/1743","16/03/1751")

@7 Untitled1* 27 Untitled2* @9 Untitled4* 37 Untitled3*

&1 | | [Fsourceonsave | Q A - &1 -
1 Double <- c(1.22341,5.889988,6.9999890)
2 DoublerRound <- round{Double,2)
3 DoublerRound
4 poubleroundsgrt <- sqrt(poubleround)
5 Doublenested < (round(pouble,2))
6 Names <- c(" ,"Robert”, "Reinhard”, "Raymond”, "rRichardino”, "Richardo™)
7 Namessubstr <- substr(Names,1,7)
8 NamesSubstr
9 NamesSubstrLogical <- NamesSubstr == "Richard”
10 NamessubstriLogical
11 nNamessubstriogicalwumeric <- as.numeric(namessubstriogical)
12 nNamessubstrrLogicalnumericnested <- as.numeric(substr(names,1,7) == "richard™)
13 NamesGrepl <- grepl("#rRichard", names)
14 NamesGrepl
15 NamesGreplNumeric <- as.numeric(NamesGrepl)
16 NamesGreplNumeric
7 NamesGrepINumericNested <- as.numeric(grepl("Arichard"”,Names))
18 patesstring <- c("22/02/1732","30/10/1735","13/04/1743","16/03/1751")
19

19:1 (Top Level} =

Run the line of script to console:

130

~# Run

il g

_T*Source ~

R Script =



Console
Loun TERKOUrNasgre <- syroipoun rgrounay

Doublenested <- sqgrt(round(bouble,2))

>
>
= Names <- c("Richard","rRobert","rReinhard", "rRaymond","rRichardino"”,"rRichardo")
> NamesSubstr =- substr{names,1,7)

> NamesSubstr
[1] "Richard” "Robert” "Reinhar" "Raymond" "Richard" "Richard"
> NamessubstrLogical <- NamesSubstr == "Richard”

> NamessubstrLogical

[1] TRUE FALSE FALSE FALSE TRUE TRUE

> NamessubstrLogicalNumeric <- as.numeric({NamessubstrLogical)

> NamessubstrLogicalNumeric

[(l]100011

> NamessubstrLogicalNumericNested <- as.numeric(substr(Names,1,7) == "Richard")
> NamesGrepl <- grepl{("ARichard",Names)

> NamesGrepl

[1] TRUE FALSE FALSE FALSE TRUE TRUE

> NamesGrepTNumeric <- as.numeric{NamesGrepl)

> NamesGrepTNumeric

[IT1100011

> NamesGrepTNumericNested <- as.numeric(grepl("+Richard”,Names))

> DatesString <- c("22/02/1732","30/10/1735","13/04/1743","16/03/1751")
>

It can be observed that the dates are of the form charterer by typing:

27 Untitled1* 27 Untitled2* @7 Untitled4* 27 Untitled3*

il | |3 E]seurceonsave | @ A - 2| -

1 Double <- c¢(1.22341,5.8B89988,6.9999890)

2 DoubleRound <- round(Double,2)

3 DoubleRound

4 poubleRoundsgrt <- sqrt(DoubleRound)

5 DoubleNested <- sqrt(round(Double,2))

6 Names <- c("Richard"”,"Robert"”,"Reinhard","Raymond”,"Richardino”, "Richardo™)
7 NamesSubstr <- substr(Names,1,7)

8 NamesSubstr

9 NamesSubstrLogical <- NamesSubstr == "Richard”
10 NamessubstriLogical
11 NamessubstriLogicalNumeric <- as.numeric({NamessubstrLogical)
12 nNamessubstrLogicalnumericnested <- as.numeric(substr(Nnames,1,7) == "Richard™)
13 nNamescrepl =- grepl("~richard”,Names)
14 nNamesGrepl
15 NamesGrepINumeric <- as.numeric(NamesGrepl)
16 NamesGreplNumeric

7 NamesGreplNumericNested <- as.numeric(grepl("+richard"”,names)’

18 patesstring <- c("22/02/1732","30/10/1735","13/04/1743", "lﬁ_"‘OE_-'l?Sl”:]
19 patesstring|

19:12 (Top Level) =
Run the line of script to console:

Console

F Ndiigs> <- L KILndra , KopDero , Keinndra , Kdymorna , silndraing , Kiondrao g
> Namessubstr <- substr(Names,1,7)

= Namessubstr

[1] "rRichard" "rRobert" "Reinhar raymond” "rRichard" "richard"

= Namessubstriogical <- Namessubstr == "Richard"

= NamessubstriLogical

[1] TRUE FALSE FALSE FALSE TRUE TRUE

= NamesSubstriogicalNumeric =- as.numeric{NamessubstriLogical)

> NamesSubstriogicalNumeric

[1lJ1o00011

= NamesSubstrLogicalnumericNested <- as.numeric(substr(names,1,7) == "Richard")
= NamesGrepl =- grepl("~rRichard", names)

= NamesGrepl

[1] TRUE FALSE FALSE FALSE TRUE TRUE

= NamesGreplNumeric <- as.numeric(NamesGrepl)

= NamesGreplNumeric

[1]1o00011

= NamesGreplNumericNested <- as.numeric(grepl("+richard"”,names))

> Datesstring <- c("22/02/1732","30/10/1735","13/04,/1743","16/03,/1751")
= Datesstring

[1] "22/02/1732" "30/10/1735" "13/04,/1743" "16/03/1751"

>

~# Run

o

_T* Source -

w0

m

1

R Script =

i 1]

m

To convert the DatesString vector to the correct data type, R needs to know where to find the year
component, the day component and the month component while knowing how to separate the

elements. The following tokens specify the components:

e %Yisafour digit number.
e %y is atwo digit number.
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e %m is the month as a number.

e %dis the day as a number.

e %bis ashort month (such as Jan).
e %Bis along month (such as January)

Outside of the % tokenisation characters can be specified that should be excluded in the overall
tokenisation. To convert the character string vector of dates to a date vector type:

Dates <- as.Date(DatesString,format="%d/%m/%Y")

3] Untitled1® ] Untitled2® @ Untitledd* 2] Untitled3*

G| |3 [E]sourceonsave | Q A - & - =% Run | % || % Source -
1 pDouble =- c(1.22341,5.889988,6.9999890)
2 DoubleRound <=- round{Double,2)
3 poubleround
4 poubleroundsgrt <- sgrt(Doubleround)
5 DoubleNested <- sqrt(round(bouble,2))
6 Names <- c("Richard”,"robert"”,"rReinhard"”,"Raymond","Richardino”, "Richardo™)
7  Namessubstr =- substr(Names,1,7)
& Namessubstr
9 NamessubstrrLogical <- Namessubstr == "richard”
10 Namessubstrrogical
11 Namessubstrrogicalnumeric =- as.numeric({NamessubstrrLogical)
12 nNamessubstrrogicalwumericnested <- as.numeric(substr(names,l,7) == "richard™)
13 NamesGrepl <- grepl("ARichard”,Names)
14 NamesGrepl
15 NamesGrepINumeric <- as.numeric(NamesGrepl)
16 NamesGreplNumeric
7 NamesGreplINumericNested <- as.numeric(grepl("ARichard",Names))

18 Dpatesstring <- c("22/02/1732","30/10/1735","13/04/1743","16/03/1751")
19 Datesstring

20 Dates =- as.Date(Datesstring,format="%d/%m, ")
21
11 (Top Level) = R Script =

Run the line of script to console:

37 Untitled1* @7 Untitled2* {37 Untitledd* 3] Untitled3*

4] | | [ClSourceonsave | & A ~| il - ~#Run | 2% | ¥ Source ~

1 pouble <- ¢(1.22341,5.889988,6.9999890)

2 DpoublerRound <- round(pouble,2)

3 Doubleround

4 poubleroundsgrt =- sqrt(poubleround)

5 Doublenested <- sgrt(round(pouble,2))

6 Names =- c("Richard”,"robert”,"Reinhard"”,"raymond"”,"Richardino”, "rRichardo™)

7 Namessubstr <- substr(Names,1,7)

8 MNamesSubstr

9 NamesSubstrLogical <=- Namessubstr == "Richard”
10 NamesSubstriLogical
11 NamesSubstrLogicalNumeric =- as.numeric(NamesSubstrLogical)
12 NamessubstriLogicalNumericNested <- as.numeric(substr(Names,1,7) == "Richard™)
13 nNamesGrepl =- grepl("ArRichard”,Names)
14 NamesGrepl
15 NamesGreplNumeric <- as.numeric{NamesGrepl)
16 NamesGreplNumeric

7 NamesGreplNumericNested <- as.numeric(grepl("+Richard”,Names)’

18 Datesstring <- c("22/02/1732","30/10/1735","13/04/1743","16/03/1751")
19 Datesstring

20 Dates <- as.Date(DatesString,format="%d/%m -"%Y"':|
21
20:48 (Top Level) = R Script =

It can be observed that the Dates vector has been created in the environment pane:
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O Rstudio |E=3 = )
Fle Edt Code View Plots Session Buld Debug Profile Tools Help
gi-@- 88 4 £ - Adains ~ & project: (one) ~
O Untited1® 0] Untitledz" x | 0 Untitlegd® 0 Untitied3® % | Environment  History. =0
41 3 Elsouceonsave Q 2 - - “#Run | 5% % Source - @ @ (PmpontDataset - st ~
1 Double <~ C(1.22341,5.889988,6. 9999890) el kot < 3
2 Doubleround <- round(Double,2) — -
3 poub]eRround values =
4 poubleRoundsart <~ sqrt (poubleRound) pates Date[1:4], format: NA NA NA NA
5 DoubleNested <- sgrt(round(Double,2)) Datesstring chr [1:4] “22/02/1732" "30/10/1735" "13/04/1743" “16/03/1751"
6 Names <- c("Richard”,"Robert”,"Reinhard","Raymond","Richardino” , "Richardo™) double pum [1:3] 122 5.8
7 Namessubstr <- substr(Names,1,7) i3] 122 5.
¥ oot um [1:3] 1.1 2.43 2.65
9 Namessubstriogical <- Namessubstr == “Richard num [1:3] 1.22 5.89 7
10 Namessubstriogical num [1:3] 1.1 2.43 2.65
u cal) chr [1:6]) "Richard" “"Robert” “"Reinhard” “Raymond” “Richardino” "Richardo”
12 Nmessubs(rlog*calnumer(:ues(zd e et < Coobats (MaR11,7) = “Richard") e Togi [1:6] TRUG FALSE FALSE FALSE TRUE Thue
13 NamesGrepl <- grepl("ARichard”,Names) .
il Namascre NamesGrepNumerc num [1:6] 100011
15 NamesGreplNumeric <- as.numeric(NamesGrepl) NamesGreplnumerickested  num [1:6] 10001 1
16 NamesGrep]Numeric Namessubstr chr [1:6] "Richard” "Robert” "Reinhar” "Ray
17  NamesGreplNumericNested <- as.numeric(grepl("iRichard”,Names)) Namessubstriogical Togi [1:6] TRUE FALSE FALSE FALSE TRUE TRUE

18 Datesstring <- c("2
19 patesstring

02/1732","30/10/1735","13/04/1743","16/03/; Namessuhsrrionicalsumeric _oum [1:61.1.0.0.0.1.1

20 pates <- as.Date(patesstring, format="xd/xa/v") Fles Plots Padages Help Viewer =)
21 - -
| & DR

R Create 3 new ggplot +

ggplot {ggplot2) R Documentation

Create a new ggplot

211 lop leve ¢ R saipt © i b
Description

Console ——

> NAWESSUUSLE <= SUDSL(NAMES L, /) .| sgploc () intializes a ggplot object. It can be used to declare the input data rame for a graphic and to specify the set of lot aesthetics

> Namessubstr
[1] "Richard” "Robert” nhar” "Raymond” "Richard” "Richard”
> Namessubstriogical <- NamesSubstr == "Richard” Usage
> NamesSubstriogical g
[1] TRUE ‘ALSE FALSE ‘ALSE TluE YKUE

intended to be common throughout all subsequent layers unless specifically overridden

Logical) GGplot (data = NULL, mapping = aes(), ..., envionment = pazent.frame())
> szessubstrLDq](alNumerl(
[1] 01 Arguments

4 - as.nuseric(su 11,7) == "Richard")
: bt ol S “Awichard” nanes> data Default dataset to use for plot. If ot already a data frame, will be converted to one by zorzazy W not specified, must be
[1] TRUE FALSE FALSE FALSE TRUE TRUE suppled in each layer added to the plot
> Nanescreplaumer ic < as.runer c(hanescrepl) mapping  Defaullistof assthetic mappings to use for lot. f not specifed, must be suppled in sach layer added to the plot

(1100011 5 Other arguments passed on to methods. Not curtently used
> NamesGrepINumericNested <- as. numer1ic(grepl ("ARichard" ,Names))
> Datesstring <- ¢("22/02/1732","30/10/1735","13/04/1743","16/03/1751") envizonment Ifan variable defined in the aesthetic mapping is not found in the data, ggplot will look for it in this emvironment. It defaults to
> patesstring using the emvronment in which ggp1ot () is called
[1] "22/02/1732" "30/10/1735" "13/04/1743" "16/03/1751"
ates <- as.Date(Datesstring, format"5d/%n/Y")

B0 2 e0 00 o]

Details

1221PM
12772017

Naturally the dates vector can be written out to the console by typing:
Dates

@7 Untitled1* % @] Untitled2* » @7 Untitledd* % | @ Untitled3* % =0

g | | Elsourceonsave | Q A - & | ~ =% Run | %% | | % Source ~
pouble <- c(1.22341,5. 889988, 6. 9999890)
poublerRound <- round{bouble,2)
Doubleround
Doubleroundsgrt <- sqrt{Doubleround)
Doublenested <- sgrt{round(Double,2))
Names <- c("Richard”,"robert"”,"rReinhard”, "rRaymond”, "Richardino”,"rRichardo™)
NamesSubstr <- substr(Names,1,7)
NamesSubstr
NamesSubstrLogical <- Namessubstr =
Namessubstriogical
1 NamesSubstrLogicalNumeric <- as.numeric(NamessubstrLogical)
12 NamessubstrrLogicalwumericNested <- as.numeric(substr{Names,1,7)
13 NamesGrepl <- grepl("srichard"”,names)
14  NamesGrep]
15 NamesGreplNumeric <- as.numeric(Namescrepl)
16 NamesGreplNumeric
17 NamesGreplNumericNested <- as.numeric(grepl("Arichard"”, names))
18 Dpatesstring <- c("22/02/1732","30,/10/1735","13,/04/1743","16,/03/1751")
19 Dpatesstring
20 Dpates <- as.Date(Datesstring,format="%d/ %m/%v")

"rRichard"”

[
HOwo oW B

"Richard")

21 Dates|
22
A6 (Top Level) = R Script =

Run the line of script to console:
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Console

F NAlESSUuDSLr <— SupSLriNdGmeES L, /)

> NamessSubstr

[1] "Richard" "Robert" "Reinhar" "Raymond” "Richard” "Richard"

> NamessubstrLogical <- NamesSubstr == "Richard”

> NamessubstrLogical

[1] TRUE FALSE FALSE FALSE TRUE TRUE

> NamessubstrLogicalNumeric <- as.numeric(NamesSubstrLogicall)

> NamessubstrLogicalNumericNested <- as.numeric(substr(Names,1,7) == "Richard")
> NamesGrepl <- grepl("ARichard",Names)

> NamesGrep]

[1] TRUE FALSE FALSE FALSE TRUE TRUE

> NamesGreplINumeric <- as.numeric(NamesGrepl)

> NamesGreplNumeric

11100011

> NamesGreplNumericNested <- as.numeric(grepl("ARichard", , Names))

> Datesstring <- c("22/02/1732","30/10/1735","13/04/1743","16/03/1751")
> Datesstring

[1] "22/02/1732" "30/10/1735" "13/04/1743" "16/03/1751"

> Dates <- as.Date(Datesstring,format="%d/%m/%y")

)
=0

m

> Dates
[1] "1732-02-22" "1735-10-30" "1743-04-13" "1751-03-16"
= =

Procedure 5: Perform Date Arithmetic.

Upon a date object, having been created it is possible to perform arithmetic on the dates. In this
example one day is going to be added to the dates in the vector. To add a day to each value in
vector type:

DatesPlusOne <- Dates + 1

127 Untitled1* @7 Untitled2* @7 Untitled4* 2] Untitled3* =

g1 | | [Flsourceonsave | Q A -| &= | - =1 Run | 5tk | (3 Source ~| =
pouble <- c(1.22341,5.889988,6.9999890)
poubleRound =- round({bouble,2)
poubTeround
poubleroundsgrt <- sqgrt{Doubleround)
DoublenNested <- sqrt(round(Double,2))
Names <- c("Richard”,"robert"”,"rReinhard"”,"Raymond"”,"Richardino”, "Richardo™)
Namessubstr <- substr(Names,1,7)
Namessubstr
Namessubstrrogical <- Namessubstr == "richard”
10 Namessubstrrogical
11 NamesSubstrLogicalNumeric <- as.numeric{NamesSubstriLogical)
12 NamesSubstrLogicalNumericNested <- as.numeric(substr(Names,1,7) == "Richard™)
13 NamesGrepl <- grepl("ARichard",Names)
14 NamesGrepl
15 NamesGreplNumeric <- as.numeric(NamesGrepl)
16 NamesGreplNumeric

7 NamesGreplNumericNested <- as.numeric(grepl("*Richard", Names))
18 Datesstring <- c("22/02/1732","30/10/1735","13/04/1743","16/03/1751")
19 patesstring
20 Dpates =- as.Date(Datesstring,format="%d/%m/%y")
21 pates
22 DpatesPlusone <- Dates + 1

0

[Tl NV R

22:26 (Top Level) = R Script =

Run the line of script to console:

Console — ':
> NdAliZSSUBRSLr o
[1]1 "Richard” "Robert" "Reinhar" "Raymond" "Richard” "Richard”

> NamesSubstrLogical <- NamesSubstr == "Richard”

> NamessSubstrLogical

[1] TRUE FALSE FALSE FALSE TRUE TRUE

> NamessubstriLogicalNumeric <- as.numeric({NamessubstrLogical)

> NamessubstriLogicalnumericNested =- as.numeric(substr(names,1,7) == "Richard™)
> NamesGrepl =- grepl("srichard",names)

> NamesGrepl

[1] TRUE FALSE FALSE FALSE TRUE TRLUE

> NamesGreplNumeric <- as.numeric(NamesGrepl)

> NamesGreplNumeric

11100011

> NamesGreplNumericNested <- as.numeric(grepl("srichard", Names))

> Datesstring <- c("22/02,/1732","30,/10/1735","13/04/1743","16,/03/1751")

> Datesstring

[1] "22/02/1732" "30/10/1735" "13/04/1743" "16/03/1751"

> Dates <- as.Date(Datesstring,format="%d/%m/ %y")

> Dates

[1] "1732-02-22" "1735-10-30" "1743-04-13" "1751-03-16"

> DatesPlusOne <- Dates + 1

- L

m

Write the new vector out by typing:

134



JUBE

DatesPlusOne

27 Untitled1* 127 Untitled2* @7 Untitled4* 27 Untitled3*

41 | | [sourceonsave | Q A +| ] ~ =% Run | 5% | % Source -

1 Dpouble <- c(1.22341,5.8B89988,6.9999890)

2 DoublerRound =- round(Double,2)

3 DoubleRound

4  DoubleRoundsgrt <- sqrt(Doubleround)

5 DoubleNested <- sgrt(round{Double,2})

& Names =- c("Richard"”,"robert"”,"reinhard"”,"Raymond”, " "Richardino”, "rRichardo™)

7 Namessubstr <- substr(names,l1,7)

& Namessubstr

9 NamesSubstrLogical =- Namessubstr == "Richard”
10 NamessubstriLogical
11 wNamesSubstriLogicalNumeric =- as.numeric(NamessubstrLogical)
12 NamesSubstriogicalnumericnested <- as.numeric(substr(Names,1,7) == "Richard")
13 NamesGrepl <- grepl("ArRichard"”,names)
14 NamesGrep]
15 NamesGrepINumeric <- as.numeric(NamesGrepl)
16 NamesGreplNumeric

7 NamesGrepINumericNested <- as.numeric(grepl("ARichard",Names))

18 Datesstring <- c("22/02/1732","30/10/1735","13/04/1743","16/03/1751")
19 DatesString

20 Dpates =- as.Date(Datesstring,format="%d/%m/%&y")
21 Dpates
22 patesPlusOne <- Dates + 1

23 Dpatesplusoneg|

23:13 (Top Level) R Script

Run the line of script to console:

Console

F ONAMESSUDSLILUYILdl <— NdHESSUUsSLr == KiLrdru

> NamessubstriLogical

[1] TRUE FALSE FALSE FALSE TRUE TRUE

> NamessubstrLogicalnumeric =- as.numeric(Namessubstrrogical)

> Namessubstrrogicalnumericnested <- as.numeric(substr{names,1,7) == "rRichard")
> NamesGrepl <- grepl("srRichard",Names)

= NamesGrepl

[1] TRUE FALSE FALSE FALSE TRUE TRUE

> NamesGreplNumeric <- as.numeric(NamesGrepl)

> NamesGreplNumeric

1100011

> NamesGreplNumericNested <- as.numeric(grepl("ArRichard", names))
> Datesstring <- c("22/02/1732","30,/10,/1735","13/04/1743","16/03/1751")
> Datesstring

[1] "22/02/1732" "30/10/1735" "13/04,/1743" "16/03/1751"

> Dates <- as.Date(DatesString,format="%d/%m/%y")

> Dates

[1] "1732-02-22" "1735-10-30" "1743-04-13" "1751-03-16"

> DatesPlusOne <- Dates + 1

> DatesPlusone

[1] "1732-02-23" "1735-10-31" "1743-04-14" "1751-03-17"

=

It can be observed that a day has been subtracted from the Dates vector?

Procedure 6: Extract Reporting Periods from a Date.

There are many functions that exist to extract useful information from dates such as weekdays,
months or quarters which make reporting on dates more native. This procedure focusses on three
functions:

o weekdays() which extracts the particular day of the week (e.g. Monday).
e months() which extracts the month of the year (e.g. June).
e quarters() which extracts the quarter of the date in the year (e.g. Q3).

All these functions work in the same manner, in that they take just one date argument and return a
value. In this example, the quarter is to be returned for the purpose of reporting. To return the
quarter value:

ReportingQuarters <- quarters(Dates)
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127 Untitled1* 27 Untitled2* 3] Untitled4* 27 Untitled3*

[T R

24:37

&1 | |3 [Flsourceonsave | Q A - 1| -
pouble =- c(1.22341,5. 8809988, 6. 9999890)
poubleRound =- round(pouble,2)
poubTeround
poubleroundsqrt <- sqrt(Doubleround)
pDoublenested <- sqrt(round(Double,2))
Names <- c("rRichard"”,"robert”,"Reinhard”,"rRaymond”,"rRichardino”,"richardo™)
Namessubstr <- substr(Names,1,7)
Namessubstr
NamessubstrLogical =- Namessubstr == "rRichard”
NamessubstrLogical
NamessubstrLogicalNumeric <- as.numeric(NamessubstrLogical)

NamessubstrLogicalnumericNested <- as.numeric(substr(names,1,7) == "rRichard")
NamesGrepl <- grepl("Arichard",Names)
NamesGrep]

NamesGrepINumeric <- as.numeric(Namescrepl)

NamesGrepINumeric

NamesGrepINumericNested =- as.numeric(grepl ("~ rRichard”,Names))
patesstring <- c("22/02/1732","30/10/1735","13/04/1743","16/03/1751")
Datesstring

Dates <- as.Date(Datesstring,format="%d/%m/ %&y")

pates

patesPlusone <- Dates + 1

patesPlusone

Reportingquarters <- quarters(pates)|

(Top Level) =

Run the line of script to console:

Console
= NalELsUDS LILUY I Ld]

[1]

TRUE FALSE FALSE FALSE TRUE TRUE

> NamesSubstrLogicalNumeric <- as.numeric(NamesSubstrLogical)

> NamesSubstrLogicalNumericNested <- as.numeric(substr(Names,1,7) == "Richard")
> NamesGrepl <- grepl("ARichard",Names)

> NamesGrepl

[11

TRUE FALSE FALSE FALSE TRUE TRUE

= NamesGreplNumeric =- as.numeric(NamesGrepl)

= NamesGreplNumeric

[Ml1i1oo0011

= NamesGreplNumericnested <- as.numeric(grepl("ARichard",Names))
> Datesstring =- c("22/02/1732","20/10/1735","13,/04/1743","16,/03/1751")
> Datesstring

[1] "22/02/1732" "30,/10/1735" "13/04/1743" "16,/03,/1751"

> Dates =- as.Date(Datesstring,format="%d/ %m/%y")

> Dates

[1] "1732-02-22" "1735-10-30" "1743-04-13" "1751-03-1g"

> patesPlusone <- Dates + 1

> DatesPlusone

[1] "1732-02-23" "1735-10-31" "1743-04-14" "1751-03-17"

> ReportingqQuarters <- quarters(Dates)

=

Writing out the vector typing:

ReportingQuarters

Console

F O NANESSUDSLILUY TLd INUMERN 1L <— d5. FIUNER TCUNAlESSupsSLrruygiedl

> NamessubstrLogicalMumericNested <- as.numeric(substr(Names,1,7) == "Richard")
> NamesGrepl <- grepl("srichard",names)

> NamesGrepl

1]

TRUE FALSE FALSE FALSE TRUE TRUE

> MamesGrepINumeric <- as.numeric(MamesGrepl)

> NamesGreplNumeric

M]1o00011

> NamesGreplNumericNested <- as.numeric(grepl("srichard"”,names))
> Datesstring <- c("22/02/1732","30,/10/1735","13/04/1743","16/03/1751")
> Datesstring

[1] "22/02/1732" "30/10/1735" "13/04,/1743" "16/03/1751"

> Dates <- as.Date(Datesstring,format="%d/%m/%y")

> Dates

[1] "1732-02-22" "1735-10-30" "1743-04-13" "1751-03-16"

> DatesPlusOne <- Dates + 1

> DatesPlusOne

[1] "1732-02-23" "1735-10-31" "1743-04-14" "1751-03-17"

> ReportingQuarters <- quarters(Dates)

> ReportingQuarters

[1] "@1" "@4" "@2" "a1"

=

—# Run

o

Source

—}

[ |

R Script =

0
v

0
Syl

It can be observed that the new vectors details the quarter extracted from the Dates() vector. The

procedure may be used interchangeable between the weekdays() and months() function.
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Procedure 7: Importing a CSV file with R Studio.

RStudio offers a simple GUI user interface to load files into Data Frames. The functionality is of
course distinct to RStudio but in practice it is a code creator that uses the read.table() function to
load a variety of common file formats to a Data Frame.

The procedure here in will use the datasets contained in the bundle. In this procedure, the csv
datasets contained in \Bundle\Data\Equity\Equity will be targeted:

=R =]
)=/ » sundie » Oata » Equity » Eauity ~[% »
Organize v Includeinlibary v Sharewith v New folder v Ou@
¢ Favorites e
B Deshtop. 6 AspL
8 Downloads a5 AMZN
% Recent Places o a0
g car
4 Uibraies a3 cost
9 Documents Qi cRm
o Music aios
= Pictures Qi
H Videos @ Fox
aiGe
8 Computer a6
a UseiProfite (0) 6006
LR
G Network aiwN
aiko
a5 mcp
Q5 MseT
0RcL -
5 s8ux
a5 wMr
] 20 items

O . Jcle/u @ [O[%] R

Specifically, the AAPL.csv file which contains a series of prices relating to the Apple share price:

@ H S g AAPL - Excel 2@ -8 X
HOME | INSERT  PAGELAYOUT  FORMULAS  DATA  REVIEW  VEW Trsiner -
it Ex:“‘ Golibr ua s S=E ¥ BweeTe Generl Bad Good Neutral Calalation | | & i )_:.f“““m iy
B Copy - - il
Pate e B U e DA mEE @ Emeeacos - §-% 0 WA Note P e e
- e er - Select~
Cupboars . ront . Algament 2 umoer . sties cans caing -
No - S v
A ] < o E F G H ) K L M N o P Q R s T v v w X ¥
1 [symbol Interim_Buffer_Date Interim_Open Interim_Low Interim_High Interim_Close
2 [eon/aset 8/15/2016 10877 10836 109,69 10936
3 [eon/aneL 8/18/2016 10923 10902 1096 10908
4 |eopfanpL sf17/2016 1091 10838 10937 10922
5 Jeon/aneL 8/16/2016 10963 10921 1023 10938
6 [con/asee 8f15/2016 10814 108.08 109.50 109.48
7 [eop/aneL 8/12/206 w778 10778 10844 10815 T
& |cop/arpt sf11/2015 0852 10785 10893 10793
o |eop/aneL 8/10/2016 0871 10776 1089 108
10 [E0D/AAPL 8/9/2016 10823 10801 10894 10881
11 |coD/aspL 8/s/2016 w752 10716 10837 10837
12 [EoD/AAPL 8/5/2016 10627 10618 10765 10748
13 |EoD/AAPL s/af2016 10558 10528 106 10557
14 [EOD/AAPL 8/3/2016 10481 10477 10554 10573
15 |EOD/AAPL 8/2/2016 10605 104 10607 10448
16 |EOD/AAPL 8/1/2016 10441 10801 10615 10605
17 |Eop/aseL /2912016 10439 10368 10455 10421
18 |E0D/AAPL /2812016 1028 1028 10445 10438
19 [EOD/AAPL 12712016 104265 10275 10435 10295
20 |con/anpL 12012015 96.82 96.42 9757 %67
21 |[eop/anpL /2512016 .25 9692 %54 9734
22 |eop/anrL /220216 9.26 s8.3L 993 98,66
2 |con/anpL f2/216 983 5913 101 943
24 |eon/aapL /2012016 100 99735 10046 9996
25 |con/annL 119/2016 956 5934 100 99357
2 |coD/ARPL /18/2016 %7 %6 10013 9983
27 |[eop/anrL 711512016 s8.92 985 993 9.7
2 |con/anpL /14/2016 5739 9732 %59 %79
29 |eon/anrL 11312016 9741 9681 97.67 9.7
30 |coD/aapL 12/2016 717 5712 577 5742
31 |EOD/AAPL /1172016 %75 9673 97,65 9658
32 |cop/aspt s/ 96.49 96.05 %59 96.68
33 |EOD/AARL 7/2016 9.7 95.62 %5 9558
34 [EoD/AAPL 76/2016 946 94,37 95.66 9553
35 |zop/aspt 352016 55,39 sa45 354 54.59

In RStudio, navigate to the Import Dataset button in the top right-hand corner of the screen, above
the environment pane:
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3 Rtidio o & )
Fle Edt Code View Plots Session Buld Debug Profile Tools Help
a- -3 A ol - addins & Project: None) ~
OlUntitedts x| ©Unttledz x| 0] Untitieds* x| 0 Untitied* x )| Envionment  History =
[ [Csourceonsave Q / ~ | - #Run 9% o Source ~ 4 Dataset + List »
1 Dpouble c(1. 2214) 5. 859958 6.9999890) .
2 poubleround und (Doul
3 Dpouble =
4 DoubeRoundsqrt <- sqrt(Doubleround) Date[1:4], forma 751-03-16"
5 Doublevested <~ sqrt(round(Double,2)) o - . vate(1:4], f - 751-03-17
6 Names <- c("Richard”,"Robert”,"Reinhard", "Raymond","Richardino”, "Richardo") batesstring che [1:4] "22/02/1732" 13/04/1743" "16/03/1751"
7 Namessubstr <- substr(Names,1,7) Sisie L STa T
8 Namessubstr W/[1i3] 3225
9 Namessubstriogical <- Namessubstr - “Richard” DoubleNested num [1:3] 1.1 2.43 2.65
10 Namessubstrrogical Doubleround num [1:3] 1.22 5.89 7
1 - as.numeric(l togica) . Ooubleroundsart num [1:3] 1.1 2.43 2.65
:§ :xe:subs:ru?g1(31:«,:-5;3:::3; Nm:? numer ic(substr (Names,1,7) Richard™) Names chr [1:6] "Richard” "Robert” "Reinhard” "Raymond” "Richardino™ "Richardo™
2 et il NamesGrep! Togi [1:6]) TRUE FALSE FALSE FALSE TRUE TRUE
15 NamesGreplNumeric <- as.numeric(NamesGrepl) NamesGrepINumeric num (1361100011
16 NamesGreplNumeric NamesGrepINumericested  num [1:6] 10001 1
17 Nmesﬂrwm\m”gues"d as.numeric(grepl (“ARichard”, Names) Namessubstr chr [1:6] "Richard” "Robert” "Reinhar” "Raymond” "Richard” "Richard"
18 Datesstring <- c("22/02/1732","30/10/1735","13/04/1743","16/03/1751" danda o beroaicn M0gi_[1-61_TRUE_EAL S5 FAL SEEAL S5 TRUE_TRLE
19 Datesstring
20 Dates <- as.Date(Datesstring,format="%d/¥m/%y") Files Plots Packages Help Viewer =
21 pates ~ o~
22 DatesPlusOne <- Dates + 1 i JT
23 Datesplusone R: Creste 3 new ggplot =
24 ReportingQuarters <- quarters(Dates)
52 ReportingQuarters ‘ggplot {ggplot2} R Documentation
Create a new ggplot
261 (op Leved = R aipt 2 . |
Description
> NAEESUDSLILOY LA INUBRT 1L <= dS . TIURET |C(NGMESSUDS LILOG 1Ld 1) +| ggplot () initializes a ggplot object. h can be used to declare the input data frame for a graphic and to specify the set of plot aesthetics.
> NamesSubstrLogicalumericNested <- as.numeric(substr(Names,1,7) intended to be common throughout all subsequent layers unless specifically overridden.
> NamesGrep] <- grep("ARichard" ,Names)
> NamesGrepl
[1] TRUE FALSE FALSE FALSE TRUE TRUE Usage
> NamesGrepINumeric <- as.numeric(NamesGrepl)
> szescrep\Numen( Ggplot (data = NULL, mapping = aes(), ..., environment = parent.frame())
[1] 0011
ARichard”,Names)) Arguments
> Da(esszrmg <= t( 22/02/1732 430/ 10/!735" 3’0‘/1743 B 16/03/!7$l g%
> patesstring e
[1] "22/02/1732" "30/10/1735" "13/04/1743" "16/03/1751" dacta Default dataset to use for plot. If not already a data frame, will be converted to one by foxzigy. if not specified, must be
Dates <- as.Date(Datesstring,format="xd/%m/Xv") suppled in each layer added to the plot.
> pates
1] "1732-02-22" "1735-10- 30 %1743-04-13" "1751-03-16" mapping Default list of aesthetic mappings to use for plot. If not specified, must be suppled in each layer added to the plot
> DatesPlusone <- Dates Other arguments passed on to methods. Not currently used
> pateslusone
[1] "1732-02-23" "1735-10-31" "1743-04-14" "1751-03-17" = environment If anvanable defined in the aesthetic mapping is not found in the data, ggplot will look for it in this enironment. It defaults to
> ReportingQuarters <- quarters(Dates) using the environment in which ggplot () is called.
> Reportingquarters
1) "a1* "e” "Q2" "a1” 4
Details

clelmmm/aly

J

=

Click the button Import Dataset:
i Project: (None} -

=0

7] Environment History
= | & @ PmportDataset - | &

% Global From CSV.

values -
Dates From Excel.. pate[1:4], format: "1732-02-22" "1735-10-30" "1743-04-13" "1751-03-16"
Dates From SPSS... Date[1:4], format: "1732-02-23" "1735-10-31" "1743-04-14" "1751-03-17"
Dates chr [1:4] "22/02/1732" "30/10/1735" "13/04,/1743" "16/03/1751"
DoubT From SAS... num [1:3] 1.22 5.89 7
poub’ From Stata... num [1:3] 1.1 2.43 2.65 E
Doub 1 eRoUR num [1:3] 1.22 5.89 7
DoubleRoundsgrt num [1:3] 1.1 2.43 2.65
Names chr [1:6] "Richard” "Robert” "Reinhard” "Raymond” "Richardino” "Richardo”
NamesGrep] Togi [1:6] TRUE FALSE FALSE FALSE TRUE TRUE
NamesGreplNumeric num [1:6] 1 00011
NamesGrepINumericNested num [1:6] 1 00011
Namessubstr chr [1:6] "Richard” "Robert” "Reinhar” "Raymond"” "Richard” "Richard"
NamesSihstrl nnical Tnni [1-A1 TRIIFE _Fal SFE _FAl SF _Fal SFE_TRIIE_TRIIE &

Files Plots Packages Help Viewer

@ DB

R: Create a new ggplot = Findin

Click the From CVS sub menu:
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Import Text Data
File/Url:

Data Preview:

Import Options:

Mame: | dataset
Skip: ]

VlFirstRowasNames  Delimiter: [Comma v

9/Trim Spaces
]0pen Data Viewer

JUBE

Commens
Defautt =)

Quotes: [De

Code Preview:
| [Mibrary(readr)
dataset <- read_csv(NuLL)
view(dataset)

(" import

Browse.

Cancel

The Import Text file window will expand. Click the browse button in the top right-hand corner of the

window to open the file system navigator:

3 Choose File
. v Bundle » Data » Equity » Equity - | ¢’| | Search Equity pel |
Organize « New folder il @
Y Eavorites Mame Date modified Type Size =
B Desktop |® AAPL 8/21/2016 2:30 PM Microsoft Excel C... 155 KB
& Downloads ﬁ AMZN 8/21/2016 2:33 PM Microsoft Excel C... 154 KB
| Recent Places ﬁ AXP 8/21/2016 2:32 PM Microsoft Excel C... 145KB
ﬁ CAT 8/21/2016 2:34 PM Microsoft Excel C... 146 KB L
- Libraries ﬁ COST 8/21/2016 2:31 PM Microsoft Excel C... 148 KB 1
@ Documents = ﬁ CRM 8/21/2016 2:32 PM Microsoft Excel C... 147 KB
& Music ﬁ DIs 8/21/2016 2:33 PM  Mlicrosoft Excel C... 146 KB
[ Pictures li_"] FB 8/21/2016 2:32 PM Microsoft Excel C... 60 KB
B2 videos 5] FOX 8/21/2016 2:34 PM Microsoft Excel C... 149 KB I
4] GE 8/21/2016 2:32PM  Mlicrosoft Excel C... 142 KB
1% Computer ﬁ GM 8/21/2016 2:31 PM Microsoft Excel C... T9KB
—w YserProfile (D:) ﬁ GO0G 8/21/2016 2:32 PM Microseft Excel C... 3TKB
ﬁ IBM 8/21/2016 2:32 PM Microsoft Excel C... 153 KB
€ Network T AN R/71/I01A 34 PM Micrnenft Fyeel © 145 KR &
File name: AAPL 7

| Open I Cancel

Navigate to Bundle\Data\Equity\Equity\AAPL.csv and click the Open button:
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Import Text Data
File/Urk:
D:/Users/Trainer/Desktop/Bundle/Data/Equity/ Equity/ARPL.csv Browse...
Data Preview:
Interim_Buffer_Date  In Interim_Close
20160819 360 6900 10036

ECD/AMPL 20160818 109.020 109.6000 109.08

ECD/ASPL 20160817 108340 100.3700 109.22
ECD/AfPL 20160816 100210 110.2300 10938
ECD/AAPL 20160815 108.080 109.5400 109.48
ECD/ARPL  2016:0812 107.780 108.4400 108.18
ECD/ASPL  2016:0811 108520 107.850 108.9300 107.03
ECD/ASPL 20160810 108710 107.760 108.9000 108.00
ECD/AMPL  2016-0809 108.230 108.010 108.9400 108.81
ECD/AsPL 20160808 107520 107.160 3700 10837
ECD/AMPL 20160805 106.270 106150 107.48
ECD/ASPL 20160804 105580 105,280 1058

ECD/AAPL  2016:0803 104.810 104770 105.8400

ECD/AAPL 20160802 106.050 104.000 106.0700

ECD/AAPL 20160801 104.410 104.410 106.1500

ECD/ASPL 20160729 104.190 103.680 104.5500

ECD/AsPL 20160728 102830 102.820 104.4500

ECD/AMPL 20160727 104.265 102750 104.3500

Previewing first 0 entries,

Import Options: Code Preview: [m!
Nlibrary (readr
Mame: | AAPL VlFirst Row ssNemes  Delimiter: [Comma ]  Escape: ASPL <- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/Equity/Equity/AAPL. csv™)
View(AAPL

Skips 0 | Tiim Spaces Quotes: [Def Comment: [Default ™

/|Open Data Viewer P —
PRSI ecle: N [Defauk =

Import Cancel

A preview of the file is show in the window for the purposes of validation:

Import Text Data

File/Usk
D:fUsers/Trainer/ Desktop/Bundle/ Data/Equity/Equity/AAPLcsv Browse..
Data Preview:
symbol Interim_Buffer_Date | Interim_Open  Interim_Low  Int igh  Interim_Close
charactar tdouble) doube) double fe (double)
EOD/ASPL 20160810 108.770 108.360 100.6000 100.36
EOD/AAPL 20160818 109230 102.020 100.6000 100.08
EOD/ARPL 20100817 109.100 108340 1093700 109.22
EOD/ARPL 20160816 100630 100210 110.2300 10038
EOD/ASPL 20160815 108140 108.080 109.5400 100.45
EOD/ASPL 20160812 107.780 107.780 108.4400 10818
EOD/AL 20160811 108520 107.850 1080300 107.03
EOD/AAPL 20160810 108710 107.760 108.2000 108.00
EOD/ASPL  2016:08:09 108230 108010 108.9400 10881
EOD/ARPL 20160808 107520 107.160 1083700 10837
EOD/AAPL 20160805 106270 106150 107.6500 107.48
EOD/AAPL 20160804 105.580 105280 106.0000 105.87
EOD/AZPL 20160303 104810 104.770 105.8400 105.79
EOD/AZPL 20160802 106.050 104.000 106.0700 10448
EOD/ASPL 20160801 104410 104410 1061500 106.05
EOD/ASPL  201607:29 104.150 103.680 104500 10821
EOD/ASPL 20160728 102830 102.820 104.4500 10434
EOD/ARPL 20160727 104.265 102750 1043500 102.95
pre
Import Options: Code Preview: a
Tibrary(readr)
Neme: | AAPL ¥IFirst Row as Nomes  Delimiter: [Comma = Escape: Jon AAPL <- read_csv("D:/Users/Trainer/Desktop/sundle/Data/Equity/Equity/AarL. csv")

View(aapL)
Skip: 0 | Trim Spaces e

Quotes: [0 Comment: [Defauk =
| Open Data Viewer
tocsle [ configure... | N Default -

Import Cancel

As is the case with many RStudio functions it is in essence a macro or code creation widget. It can be
seen in the bottom right hand corner that RStudio has created the corresponding R script block that
will be responsible for importing the file in the console:

i
Code Preview: |
Tibrary(readr)
AAPL <- read_csv("D:/Users/Trainer /Desktop/Bundle/Data/Equity/Equity/AsPL. csv")
View(AAPL)

In this example, it can be observed that the readr package is being loaded, the csv file is being
loaded to a data frame called AAPL using the read_csv function. The readr is a more efficient
package for the importing and exporting of data created by the RStudio team and while there are
several functions for the import and export of data native to R, these are not especially performant.
It is worth noting that this package WILL NOT convert strings to factors, making it a more labour-
intensive choice for text rich datasets that are intended to be the source of predictive analytics
methods.
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Towards the bottom left hand corner of window is additional parameters available in the creation of
the csv file.

Import Opticns:

First Row az Mames

MName: |AAPL Mone -

Escape:

Skip: ljl Trim Spaces Quotes: |Default - Comment: | Default -
Open Data Viewer

Simply click import to load the data into the R session:

import Text Data
File/Url:

Dy/Users; 1/Desktop/Bundle/Data/Equity/Equity/ AAPLesy Browse..
Data Preview:

symbol Interim_Buffer Date  Interim_Open  Interim_Low  Interim_High  Interim_Close

{character) ™ (double) ~ (double) ™ (double) ™ (double) ™ double) ™

D/ 20160819 108770 108360 109.6900 109036 -

EQD/AAPL 20160818 100.230 109.020 109.6000 109.08

EOD/AAPL 2016-08-17 109.100 108.340 109.3700 10022

ED/AARL 20160816 100530 109210 1102300 10038 =

oD/ 20160815 108,140 108,080 1095400 10945

ED/AARL 20160812 107.780 107780 1034400 10818

ECD/AAPL 2016-08-11 108.520 107.850 108.9300 107.03 m

ECD/AAPL 2016-08-10 108.710 107.760 108.9000 108.00

oD/ 20160809 108230 108010 108.9400 10881

EOD/AAPL 2016-08-08 107.520 107.160 108.3700 10837

ECD/AAPL 2016-08-05 106.270 106.180 107.6500 107.48

ECD/AAPL 2016-08-04 105.580 105.280 106.0000 105.87

EQD/AAPL 20160803 104.810 104,770 105.8400 10579

EOD/AAPL 2016-08-02 106.050 104.000 106.0700 10445

ECD/AAPL 2016-08-01 104.410 104.410 106.1500 106.05

EOD/AAPL 2016:07-29 104190 103.680 104.5500 104.21

EOD/AMML 20160728 102830 102820 104.4500 10434

EOD/AAPL 2016-07-27 104.265 102.750 104.3500 102,05 i

Previewing first 50 entries.
Import Options: Code Preview: A

Nibrary(readr)
Name: [ AsPL [SFirst Row as Names  Defimiter: Escope | MNone - AAPL < read_csv("D:/Users/Trainer /Desktop/eund)e/Data/cquity/cquity/AapL. csv")
Skip: 0 [9]im Spaces Quotes: [Defaut  v|  Comment: [Defauk¥ Vien(aaen)
UlopenstoViewsr -
Import Cancel

It can be seen that the block of script has been run to console, that the AAPL data frame is now
available in the environment pane and care of the View() function, that the data frame has been
displayed in a tab of the script pane:

DRstidis
Fle Edt Code View Plots Session Buld Debug Profile Tools Help
Qi =] » & v addins - & Project: (None) ~
QJUntitiedt® x | O Untitled2s x  OUntitlestt x  JABLX | B Untiieds” % 71 Envionment  History =
Fiter 2 @ mpontOstaset = st -
Symbol *_Interim_uffer_Date Interim_Open Interim_Low  Interim_High Interim_Close % Global Environment +
1 EOD/ABL 20160819 108770 1083600 109.6900 109036 - pata
2 EOD/AAPL 20160818 100.230 109.0200 109.6000 109.08 O aarL 2621 obs. of 6 variables
3 EOD/ABL 20160817 100100 1083400 1093700 10022
4 E0D/AML 20160816 100630 1092100 1102300 10038 parefuisly
opfesplusone pate([1:4], format
5 EOD/AMPL 20160815 108140 1080800 1095400 10948 fatesstring che [1:4] "22/02/1732
6 EOD/AMPL 20160812 107780 1077800 108.4400 10818 num [1:3] 1.22 5.89 7
7 EoD/ABL 20160811 108520 1078500 1089300 10793 Doublexeated 21243283
Doubleround 1.22 5.89 7
5 EOD/AML 20160810 108710 1077600 108.9000 10800 Do eRoNIErT T aies
9 EOD/ANL 20160800 108230 1080100 1089400 10881 Names ) "Richard” "Robert” "Reinhard" "Raymond" "Richardino” "Richardo"
10 EOD/A®L 20160808 107520 1071600 1083700 10837 NamesGrep] TRUE FALSE FALSE FALSE TRUE TRUE
- - = NamesGrepINumer ic 100011
11 EOD/AML 20160805 106270 1061800 107.6500 107.48 Hame3er.co o :
12 EOD/APL 20160804 105580 1052800 1060000 10887 s || Piot [ Pockans | Hetp [ Mewer o
13 EOD/AMPL 20160803 104810 1047700 1058400 10579 e 5
14 EOD/A®PL 20160802 106050 1040000 1060700 10448 R Creste a new ggplot =
15 EOD/APL 20160801 106410 1044100 1061500 10605 =
16 EOD/A®PL 20160720 104190 1036800 1045500 10821 9gpot {ggpotz) RDocumeiaion
17 EOD/A®L 20160728 102850 1028200 1044500 10834 Creat ot
18 Fon/aser 20160727 104265 1027500 1043500 1020 - Create a new ggplof
Showing 11018 0f 2,621 enries e
Description
> Uatesviusone . . .| sgpier () initializes a ggplot object It can be used to declare the input data frame for a graphic and to specify the set of plot aesthetics
[1] "1732-02-23" "1735-10-31" "1743-04-14" "1751-03-17 intended to be common throughout all subsequent layers unless specifically overridden
> Reportingquarters <- quarters(Dates)
> Reportingquarters.
1] o et roa qu Usage
> Tibrary(readr)
> AAPL <- read_csv("D:/users/Trainer /Desktop/sundle/ata/Equity/Equity/AsPL. csv™) Goplot(data = NULL, mapping = aes(), ..., environment = parent.frame())
parsed with column specification:
cols( Arguments
“<UsFEFF>Synbol® = col_character (),
Incer{m suffer_pate - col sazeriaaformm: = =, data Default dataset to use for plot. If not aready a data frame, will be converted to ane by fozcagy. If not spacified, must be
Interim_Low = col_double(), suppled in each layer added to the plot
Interin_wigh = col_double(), :
Lt topiit G AT mapping Defaul ist of aesthetic mappings to use for plot. If not specified, must be suppled in each layer added o the plot
) i Other arguments passed on to methods. Not currently used.
warning: 1 parsing failure.
row col expected  actual environment Ifan variable defined in the aesthetic mapping is not found in the data, ggplot will look for it n this environment. It defaults to
2621 -- 6 coluans 1 coluans L using the emvironment in which ggp1ot () is called
> view(aspL
> View(unee) Details

(7 EEI LEANRIES

It is important to note that all RStudio had done is create a block of R script and executed this to
console. In the interests of reproducibility and in a script active console passive methodology, this
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block of script should be reproduced directly in a script. By way of standard, the readr package will
be used in most, but not all, importing methods.

Expanding on the data frame it can be observed that the readr package has facilitated the creation
of the correct object types:

Environment = History

g

=t [ _#*Import Dataset » | 3

=

List = | (=
Global Environment -
Data
@ AAPL 2621 obs. of 6 variables
<U4+FEFF=Symbol : chr "EOD/AAPL" "EOD/AAPL" "EOD/AAPL" "EOD/AAPL" ...
Interim_Buffer_pate: POSIXct, format: "2016-08-19" "2016-08-18" "2016-08-17" "2016-08-16" ...
Interim_Open : num 109 109 110 108 ...
Interim_Low : num 108 109 1 09 108 ...
Interim_High : num 110 110 109%10 110 ...
Interim_Close : num 109 109 109
attr(®, "problems")=Classes thl_
.3 row @ oint 2621
..% col : chr NA
.. 3% expected: chr "6 columns”
..% actual : chr "1 columns”

P N | PUppE T S T ¥

th1l and "data.frame’: 1 obs. of 4 variables:

In this case, it can be seen that the handling of dates has taken place via POSIXCT, which is an
alternative date handling object as detailed in procedure 43.

Procedure 8: Importing a pipe separated file.

While a csv file is the most prolific means to exchange datasets, it is not by any means the only
structure of text file. Other types of delimiter, this is to say using something other than a comma to
separate the fields of a dataset, may include a pipe (i.e |) a tab, a semicolon (;) or just a space.

The readr package provides for the importing of data which has a slightly different structure to a csv

file. This procedure will not use RStudio, instead focus on creating a script for the purposes of
reproducibility.

Create a new script window in RStudio by navigating to clicking on the new script icon, then clicking
RScript:

€3 RStudio
File Edit Code View P
Gl- - 1 B

7 RSeript Ctrl+Shift=N |IE

Create a new R i
script
aredown...

Shiny Web App...

o [0 e

L

Text File

E

C++ File

R Sweave I

RHTML I€
i
R Presentation \

©F©®

R Documentation

A blank script will be created:
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File Edt Code View Plots Session Build Debug Profile Tools Help

Q-@-i B B S| (A ot tietundior - addins + & project None) ~
©]Untitied1® x 9 ]Untitled2* x 2 ]Untitiedd® x 2] Untitled3* x _JAAPLX 0 Untitleds x (1| Envionment Mistory =0
5|4 @ Bsowceonswe | Q 2+l £ - CHRun | 3% [ dsouce v = | & @ ¥impotDataset - ute @
1] @ Global Environment + Q
values 5
Dates :4], format: "1732-02-2 |
Datesplusone [1:4], format: "1732-02-2 |
Datesstring 4] “22/02/1732" “30/10/1735" "li/m/l"! 15/03/1751 |
double :3] 1.22 5.89 7 I
DoubleNested :3] 1.1 2.43 2.65
Doubleround :3] 1.22 5.89 7 I
Doubleroundsqrt :3) 1.1 2.43 I
Names :6] "Richard” lnber(" “Reinhard” aymond” “Richardino” i char do’ |
NamesGrepl \og( [1:6] TRUE FALSE FALSE FALSE TRUE TRUE |
NamesGrepINumeric num [1:6] 100011
NamesGrepINumericnested num [1:6] 10001 1
Namessubstr chr [1:6] "Richard” "Robert” “"Reinhar” "Raymond” “Richard" “Richard"
nni_[1:K1_TRIE_Fal SE_FALSE_FALSE_TRUE TRUE
Files Plots  Pacages Help Viewer =0
e a Q @
R: Creste s new ggplot -
ggplot (ggplot2) R Documentation
Create a new ggplot
11 (Top Level) = R Script = =

Console -
> NARESSUUS LI'LUG A TNUIER 1 <= db. (UIEr | C (NS SUUS LILUG TG

> NamessubstrLogicalNumer icested <- as. Pumer 1¢ (substr (Names 11,7) == "Richard")
> NamesGrep] <- grepl(“ARichard”,Names)

> NamesGrej

[1] TRUE FALSE FALSE FALSE TRUE TRUE

> NamesGrepINumeric <- as.numeric(NamesGrepl)

> NamesGrepINumer icNested <- as.numeric(grep](“ARichard", Name:

's))
"16/03/1751")

> Datesstring <- c("22/02/1732","30/10/1735","13/04/1743"
> Datesstring
[1] "22/02/1732" “30/10/1735" “13/04/1743" “16/03/1751"
> Dates <- as.Date(Datesstring, formata"%d/%m/%v")
> pates
U3 PA202:00-227 S0 R0 HIAAACLS ATR0R A
> Datesplusone <- Date:

> patesplusone
h] "1732-02-23" "1735-10-31" “1743-( o; -14" "1751-03-17"

eportingQuarters <- quarters(Dates:
eportingQuarters
m oL rad g Q1

>e

goplot () initializes a ggplot object. It can be used to declare the input data frame for a graphic and to specify the set of plot aesthetics
all les ifically

Usage
Goplot(deta = NULL, mepping = aes(), ..., environment = pazent.frame())
Arguments
data Default dataset to use for plt. f not aready a data frame, will be comverted to one by forzaty I not specified, must be
‘suppled in each layer added to the plot.
rapping Default ist of aesthetic mappings to use for plot. I not specified, must be suppled in each layer added to the plot.
Other arguments passed on to methods. Not currently used.
envizonment I an variable defined in the aesthetic mapping is not found in the data, ggplot will look for it in this emvironment. it defaults to
using the envronment in which ggp1ot () is called.
Details

Start by loading the readr library by typing:

library(readr)

(9 Untitled1* % | @7 Untitled2* % @] Untitledd* % ® Untitled3* % || AAPL %

L& 41| [ [sourceonsave | Q = |

@7 Untitleds* %

=

[5% | [ % source ~

1 Tfibrary(readr)

s (Top Level) =

R Script =

Run the line of script to console:
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F ONANESSUDSLILOYQITLA INUMEN TCNES LEU <- db5. TIUMEN 1CL5UDS LI (NdES , L, /) == Kicrnara
= NamesGrepl <- grepl("srichard",names)

= NamesGrep]

[1] TRUE FALSE FALSE FALSE TRUE TRUE

> NamesGreplnumeric <- as.numeric(NamesGrepl)

> NamesGreplNumeric

[Ml1i1oo0011

> NamesGreplnumericNested <- as.numeric(grepl("Arichard",names))

> Datesstring <- c("22/02/1732","30,/10/1735","13,/04/1743","16/03/1751")
> Datesstring

[1] "22/02/1732" "30,/10/1735" "13/04,/1743" "16/03/1751"

> Dates <- as.Date(Datesstring,format="%d/%m/%y")

> Dates

[1] "1732-02-22" "1735-10-30" "1743-04-13" "1751-03-16"

> DatesPlusOne <- Dates + 1

> DatesPlusone

[1] "1732-02-23" "1735-10-31" "1743-04-14" "1751-03-17"

> Reportingquarters =- quarters(Dates)

> Reportingquarters

[1] "q1" "o4" "q2" "qil"

> library(readr) |
=

0
oy

m

In this example, a file containing the same data as imported in procedure 46 will be used albeit the
delimiter is a pipe and not a comma. The file is available in Bundle\Data\Equity\Pipe\AAPL.txt:

o= |
=[5 » e » D+ Eouty + P S = e

Organize » Incldeinlibary = Sharewith = New foldes . 3 @

B Computer
s UserProfile (D)

@ Network

) 1item

Bl - clemlme%[0]

To import the pipe delimited file use the read_delim() function of the readr package. The function
takes the arguments of the name and location of the file (in this case
Bundle\Data\Equity\Pipe\AAPL.txt) then the delimiter (in this case |). To layout the read_delim()
function type:

AAPL <- Read_delim("D:/Users/Trainer/Desktop/Bundle/Data/Equity/Pipe/AAPL.txt","|")
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27 Untitled2* 27 Untitled4* 27 Untitled3* | AAPL @ 7 Untitleds*

& [sourceonsave  Q # ~ 21| -

1 Tlibrary(readr)

2 AAPL
3

<- read_delim("D: /Users/Trainer /Desktop/Bundle/Data/Equity/Pipe/AAPL. txt","

2:34 (Top Level) =

s Run

o

_h Source =

]

R Script =

Note that the default backslash file structure used in windows (i.e. \) has been changed to a forward
slash (i.e. /). Further in this example it is important to change the preceding file location of the

bundle to the correct location on the computer (i.e. D:/Users/Trainer/Desktop/). Run the line of
script to console:

Console

LLl 22Uz Llise SU/LU/ L7 33 s us/ 143 lojus/Li3L
> Dates <- as.Date(Datesstring,format="2%d/ %m/ 5v")

> Dates

[1] "1732-02-22" "1735-10-30" "1743-04-13" "1751-03-18"
> DatesPlusone <- Dates + 1

> DatesPlusone

[1] "1732-02-23" "1735-10-31" "1743-04-14" "1751-03-17"
> ReportingQuarters <- quarters(Dates)

> Reportingquarters

1] "al”

"g4" "Q2" "al”

> library(readr)
= AAPL <- read_delim("D: /Users/Trainer /Desktop/Bundle/Data/Equity/Pipe/aapPL.txt™,"|")

parsed with column specification:

cals(
“<U+FEFF=5ymbol” = col_character(),
Interim_Buffer_pate = col_datetime(format = ""),

Interim_open = col_double(),
Interim_Low = col_double(),
Interim_High = col_double(),
Interim_close = col_double()

—

m

It can be seen that the specification for the data frame has been written out and that there are now
errors. View, and validate, the import by typing:

View(AAPL)
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@] Untitled1® ] Untitled2* 7] Untitleda™ @] Untitled3* 37 Untitleds* | AnPL
41| |3 [ClSourceonSave | @ A ~«| i1 = ~#% Run | % 9 Source -
1 library(readr)
2  AAPL =<- read_delim("p:/users/Trainer /Desktop/Bundle/Data/Equity/Pipe/aspL.Ttxt","|")
3 view(aspL)
a4
4:1 (Top Level) R Script
Run the line of script to console to expand the data frame to the script window:
@7 Untitled* @7 Untitled2* @7 Untitledd* @7 Untitled3* @7 Untitleds* | AnPL
&l | v Filter
Symbol Interim_Buffer_Date Interim_Open Interim_Low Interim_High Interim_Close
1 EOD/AAPL 2016-08-19 108.770 108.3600 109.6900 10936 -
2 EOD/AAPL 2016-08-18 109.230 109.0200 109.6000 109.08
3 EOD/AAPL 20160817 9.100 108.3400 109.3700 109.22
4 EOD/AAPL 2016-08-16 109.630 109.2100 110.2300 109.38
5 EOD/AAPL 2016-08-15 108.140 108.0800 109.5400 100.48
6 EOD/AAPL 2016-08-12 107.780 107.7800 108.4400 108.18
7 EOD/AAPL 2016-08-11 108.520 107.8500 108.9300 107.93
8 EOD/AAPL 2016-08-10 108.710 107.7600 108.9000 108.00
9 EOCD/AAPL 2016-08-09 108.230 108.0100 108.9400 108.81
10 EOD/AAPL | 2016-08-08 107.520 107.1600 108.3700 108.37
11 EOD/AAPL | 2016-08-05 106.270 106.1800 107.6500 107 48
12 EOD/AAPL | 2016-08-04 105.580 105.2800 106.0000 105.87
13 ECD/AAPL 2016-08-03 104.810 104.7700 105.8400 105.79
14 ECD/AAPL 2016-08-02 106.050 104.0000 106.0700 104.48
15 ECD/AAPL | 2016-08-01 104.410 104.4100 106.1500 106.05
16 EOD/AAPL | 2016-07-29 104.190 103.6800 104.5500 104.21
17 ECD/AAPL 2016-07-28 102.830 102.8200 104.4500 104.34
18 | FON/AAPL | 201A-07-27 104 265 102 7500 104 3500 102 a5 o

Showing 1 to 18 of 2 620 entries

Procedure 9: Connect to an SQL Server Database.

This training course has a module dedicated to the creation of SQL statements for data mining and
wrangling, for the purposes of this procedure it is only necessary to introduce SQL Server as a
relational database management platform comprised of tables which are little more than a static
equivalent to a csv file.

To connect to an SQL Server, the first step is to obtain the location of the server, the database name
and credentials to log into this database, which for this document are detailed in the following table:

Credentials String

Server (local)/SQLEXPRESS
Database Training

User Sa
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Password Training12345

There are many different packages that facilitate the connection to databases for the purposes of
retrieving tables and executing SQL. In this procedure, the RODBC (R Open Database Connectivity)

will be used as it one of the most established packages available for the purposes of cross platform
database connection.

Firstly, RODBC relies on the RODBC package and as such this needs to be installed. Navigate to and
click the install packaged button as per procedure 9:

Install Packages

Install from: ¥ Configuring Repositories

| Repository (CRAN, CRANextra) -| !

Packages (separate multiple with space or comma):

Install to Library:

[ D:/Users/Trainer/Documents/R/win-library,/3.3 [Default] b ]

[V]Install dependencies

| Install | Cancel

The packages textbox will auto complete on the submission of the package name, in this case
RODBC:

Install Packages

Install from: 7 Configuring Repositories
| Repository (CRAN, CRANextra) >| !

Packages (separate multiple with space or comma):

RODEC
RODBCDEL
RODBCext

[|Install dependencies

y:
1er/Docurnents/Rwin-library/3.3 [Default] b

| Install l Cancel

Click install to being the download and installation of the RODBC package:
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a

Console

PdrrSEQ WILT Lurumr Specirredoeonsg

cols(
"<U+FEFF>=Symbol” = col_character(),
Interim_Buffer_pate = col_datetime(format = "),
Interim_open = col_double(),
Interim_Low = col_double(),
Interim_High = col_double(),
Interim_Close = col_double()

0

»

)]

= View(AAPL)

> install.packages("RODBC")

Installing package into ‘D:/Users/Trainer/Documents/R/win-library/3.3°

(as ‘1ib’ is unspecified)

trying URL "https://cran.rstudio.com/bin/windows/contrib/3.3/RODBC_1.3-14.zip"
Content type 'application/zip’ length 829089 bytes (809 KB)

downloaded 809 KB

package ‘RODBC’ successfully unpacked and MD5 sums checked

m

The downloaded binary packages are in
D:\Users'\Trainer‘AppData‘Local\Temp\1\RtmpuyRGLg\downloaded_packages
. |

The package can be observed as having been installed, which will allow for the package to be
referenced using the library() function. Navigate to the script pane and type:

library(RODBC)

@] Untitled1® 3] Untitled2® @] Untitleda® 7] Untitled3* 37 Untitleds* =

41| [ [sourceonsave | & 2 » i 2 =% Run | 5% | | o Source ~
Tibrary(readr)
AAPL <- read_delim("D:/Users/Trainer /Desktop/Bundle/Data/Equity/Pipe/AAPL. txt","|")
view(aspPL)
Tibrary(ropec)|

[ |

LRSS

415 (Top Level) = R Script =

Run the line of script to console:

Console -~/ -
LuIsy

“<U+FEFF=5ymbol” = col_character(),

nterim_guffer_pate = col_datetime{format = ""),

Interim_open = col_double(),

Interim_Low = col_double(),

Interim_High = col_double(),

Interim_Close = col_double()

»d

> View(AAPL)

> install.packages("RODBC")

Installing package into ‘D:/Users/Trainer/Documents/R/win-1ibrary/3.3°

(as '1ib’ is unspecified)

trying URL '"https://cran.rstudio.com/bin/windows/contrib/3.3/RODBC_1. 3-14.zip"
Content type "application/zip" Tength 829089 bytes (809 KB)

downloaded 809 KB

package °‘RODBC' successfully unpacked and wmp5 sums checked F
The downloaded binary packages are in

D:‘\Users\Trainer'appbatatLocal’Temp' 1 RtmpuyRGLg' downloaded_packages
> library(roDBC)
=

m

Databases maintain a static connection that should be explicitly opened and closed with the
credentials of the database. To connect to an SQL Server database, retaining the connection for
future use, type:
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Connection <- odbcDriverConnect("driver={SQL
Server};server=(local)\\SQLEXPRESS;database=Training;username=sa;password=Training12345")

@7 Untitled1* @7 Untitled2* 27 Untitledd* 27 Untitled3* 7 Untitleds* =0
2 ]| |3 [lsourceonsave | Q A | £l - =#Run | % || #Source ~| =
1 Tibrary(readr)

2 AAPL =<- read_delim("D:/Users/Trainer/Desktop/Bundle/Data/Equity/Pipe/AaPL.txt","|")

3 vView(AAPL)

4  Tlibrary(RODBC)

5 Connection <- odbcDriverConnect("driver={5QL Server};server=_local)\\SQLEXPRESS; database=Training;username=sa;password=Train
[

g | il b
61 (Top Level) = R Script =

Notice how a backslash has special meaning in R, hence it has been escaped with a double backslash.
Run the line of script to console:

Console

F UdLESF ITUSUNE <- udLes + 1

> DatesPlusone

[1] "1732-02-23" "1735-10-31" "1743-04-14" "1751-03-17"
> Reportingquarters <- quarters(Dates)

> Reportingquarters

[1] "a1" "a4" "qQ2" "qi"

= 1ibrary(readr)

D
i}

> AAPL <- read_delim("D:/users/Trainer /Desktop/Bundle/Data/Equity/Pipe/aapL.txt”,"|")
parsed with column specification:
cols(

“<U+FEFF>5ymbol” = col_character(),

Interim_Buffer_pate = col_datetime(format = ""),

Interim_open = col_double(),
Interim_Low = col_double(),
Interim_High = col_double(),
Interim_cClose = col_double()

)
> View(AapL)

> 1ibrary(rODBEC)
>

i

>

m

connection <- odbcDriverconnect ("driver={sqL Server};server=_local)"\SQLEXPRESS; database=Training; username=sa; password=Train
nglz345™)

The absence of any errors is a signal that the connection to the database has been established
successfully.

Procedure 10: Fetch an entire table from an SQL Server Database.

It suffices, for the purpose of this procedure, that there is a table in the SQL Server database titled
AAPL containing the same information as the AAPL.csv and AAPL.txt files loaded in procedure 46 and
y:
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file:///C:/Users/SQLEXPRESS;database=Training;username=sa;password=Training12345
file:///C:/Users/SQLEXPRESS;database=Training;username=sa;password=Training12345

JUBE

£ SQLQueryl sql - IP-COABF36T\SQUEXPRESS. Training (CORP\ Trainer (55))" - Microsoft SQU Server Management Studio = )
File Edt View Query Project Debug Tools Window Help
Pl T | NewQuey el | & D89 g = =) -SSR o]~

Connect- 3/ 82 = 7 5.5 ] Current connection parameters -

8 1P-COASFI6T\SQLEXPRESS (SQL Server o B
(2 Databases
# (2 System Databases
5 (J Taining

® (2 Security

® (3 Server Objects

& (3 Replication

® (3 Management

0% -« ,
3 Resuts [y Messages . o
Smbol  kteom Bfie D kem Open ke Low teem Hgn kterm Cose - ession Tracing I
1 [EOD/ARPL | 201608-13000000000 10877 10836 10969 10936 p 55
2 EOD/ARL 20160618000000000 10923 w2 1086 10908
3 EOD/AL  20160817000000000 1091 0% Wy 02
4 EOD/ARPL 20160816000000000 10963 w2 ez 1093
5 EOD/MPL  20160815000000000 10814 0808 1095 10948
6 EOD/MPL  20160812000000000 10778 wR wes et
7 EOD/AMPL 20160611000000000 10852 07ss 1088 1079
8 EOD/APL  20160810000000000 10871 0 1089 108
9 EOD/AMPL  20160809000000000 10823 ws01  t0ess  10em
10 EOD/AMPL 20160808000000000 10752 we 08y 1083
11 EOD/ARPL 20160605000000000 10627 et w076 10748
12 EOD/AAPL 20160604 000000000 10558 wsa 16 10587
13 EOD/ARPL 20160603000000000 10481 067 wss 1057
4 EOD/AMPL 20160602000000000 10605 Y 0607 1044
15 EOD/ARPL 20160601000000000 10441 WA 0615 10605
16 EOD/ARPL 20160729000000000 10419 e w4ss 10421
17 EOD/ARPL 20160728000000000 10283 e 04ds 14n « [ e
The name of the connection.
z s | @ avery executed successtuty. 1P-COABFI6T\SQUEPRESS (2... CORP\Trainer (55)  Trining 000000 2621 rows

BN Lo

Offloading data mining and wrangling to SQL Server is covered in much more detail in module 5. For
the purposes of this procedure, select the contents of the table to a Data Frame by typing:

AAPL <- sqlQuery(Connection,"select * from AAPL")

3] Untitled1* % 3] Untitled2* % @] Untitledd* % 3] Untitled3* % @] Untitleds* =0
=] &1 | [ [SourceonSave | Q 2 - - [=#Run | [®% | [ #Source ~| =
1 Tlibrary(readr)

2  AAPL <- read_delim("D:/Users/Trainer/Desktop/Bundle/Data/Equity/Pipe/aapL. txt","|")
3 view(aaPL)
4 Tibrary(rRoODBC)
5 «¢onnection =- odbcbriverconnect ("driver={sqL Server};server={local)"\SQLEXPRESS; database=Training;username=sa;password=Trair
6  AAPL <- sqlqQuery(Connection,"select * from aspL")
71
4| [l »
Tl (Top Level) = R Script =

Run the line of script to console to execute the SQL statement "select * from AAPL" via the connect
established in procedure 48:
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Console =0
> UdLEsP Iusurig
[1] "1732-02-23" "1735-10-31" "1743-04-14" "1751-03-17"
> ReportingQuarters <- guarters(Dates)
> ReportingqQuarters
[1] "a1" "a4" "gz" "
> library(readr)
> AAPL <- read_delim({"D:/users/Trainer /Desktop/Bundle/Data/Equity/Pipe/aapL. txt","|")
parsed with column specification:
cols(

"<U+FEFF=5ymbol” = col_character(),

Interim_Buffer_pate = col_datetime(format = ""),

Interim_open = col_double(),

Interim_Low = col_double(),

Interim_High = col_double(),

Interim_Close = col_double()

Q1

)  _
> View(AAPL)

> library(RODBEC)

> Connection <- odbcbriverConnect("driver={sQL Server};server={local)"\\SQLEXPRESS; database=Training; username=sa; password=Train |E
ing12345") |
> AAPL <- sqlQuery(Connection,"select * from AAPL") |
=

The absence of any errors indicates that the SQL Query ran successfully, while an execution of the
View() function against the data frame can further offer validation:

View(AAPL)

27 Untitledl* 27 Untitled2* 27 Untitleds* 27 Untitled3* 37 Untitleds* =
= &) | |3 [Flsourceonsave | Q A - £ ~ =% Run | % | #Source ~| =
1 Tlibrary(readr)

2 AAPL <- read_delim("D:/Users/Trainer/Desktop/Bundle/Data/Equity/Pipe/AAPL.txt","|")

3 view(AAPL)

4  1ibrary(RODEC)

5 connection =- odbcDriverconnect("driver={sqL server};server=_local)"\SQLEXPRESS; database=Training;username=sa;password=Train
6 AAPL <- sqlqQuery(cConnection,”select * from aspL")

s

7

view(aaprL)|

< | n | 2
711 (Top Level) = R Script =

Run the line of script to console to expand the AAPL data frame into a table in the script section of
RStudio:
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@7 Untitled1*

[ T - R R Y

WE W N =2

16
17
18

@7 Untitledz*

&l " Filter

Symbol
EQD/AAPL
EQD/AAPL
EOD/AAPL
EQD/AAPL
EOD/AAPL
EQD/AAPL
EQD/AAPL
EQD/AAPL
EOD/AAPL
EOD/AAPL
EQD/AAPL
EQD/AAPL
EOD/AAPL
EOD/AAPL
EQD/AAPL
EQOD/AAPL
EQD/AAPL
FON/ALPI

Interim_Buffer_Date

2016-08-19 00:00:00.000
2016-08-18 00:00:00.000
2016-08-17 00:00:00.000
2016-08-16 00:00:00.000
2016-08-15 00:00:00.000
2016-08-12 00:00:00.000
2016-08-11 00:00:00.000
2016-08-10 00:00:00.000
2016-08-09 00:00:00.000
2016-08-08 00:00:00.000
2016-08-05 00:00:00.000
2016-08-04 00:00:00.000
2016-08-03 00:00:00.000
2016-08-02 00:00:00.000
2016-08-01 00:00:00.000
2016-07-29 00:00:00.000
2016-07-28 00:00:00.000

201A-07-27 00-00-00 A00

Showing 1 to 18 of 2,621 entries

@7 Untitled4*

@7 Untitleds*

JUBE

@7 Untitleds*

7] marL =0

Interim_Open  Interim_Low Interim_High Interim_Close

108.770
109.230
102.100
109.630
108.140
107.780
108.520
108.710
108.230
107.520
106.270
105.530
104.8310
106.050
104.410
104.100
102.830

104 2R%

108.3600
109.0200
108.3400
109.2100
108.0800
107.7800
107.8500
107.7600
108.0100
107.1600
106.1800
105.2800
104.7700
104.0000
104.4100
103.6800
102.58200

102 7500

109.6900
109.6000
108.3700
110.2300
109.5400
108.4400
108.9300
108.9000
108.9400
108.3700
107.6500
106.0000
105.8400
106.0700
106.1500
104.5500
104.4500

104 3500

»

100.36
109.08 |5
109.22
100.38
10048
108.18
107.93
108.00
108.81
108.37
107.48
105.87
105.79
104.43
106.05
104.21
104.34

102 a5

Procedure 11: Sorting a Data Frame with the arrange() function.
The procedures that follows are born of the dplyr package which is a collection of functions that
exist for the purpose of shaping and moulding data frames. The first step is to ensure that the dplyr

package is available by installing it through the Install section of the packages pane and as descried
in procedure 9. Search for dplyr:

Install Packages

Install from:

? Configuring Repositories

| Repesitory (CRAN, CRANextra)

Packages (separate multiple with space or commal:

v] 1

|dp|}ff E
{ dplyr Library:
[ D:/Users/Trainer/Docurnents/R win-library/3.3 [Default] - ]

[/]Install dependencies

I Install I

Cancel

Click Install to download and install the dplyr package:
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Console -/ JUBE

ImygLsss4a ) s
> AAPL =- sglquery(Connection,"select * from aapL™)

= View(AAPL)

= install. packages ("dplyr")

Installing package into ‘D:/users/Trainer/Documents/R/win-1ibrary/3.3"°

(as ‘1ib’ is unspecified)

also installing the dependency ‘DBI’

trying URL "https://cran.rstudio. com/bin/windows/contrib/3.3/DBI_0.5-1.zip"
content type 'application/zip’' length 364574 bytes (356 KB)

downTloaded 356 KB

trying URL "https://cran.rstudio. com/bin/windows/contrib/3.3/dplyr_0.5.0.zip"
content type 'application/zip’' length 2408686 bytes (2.3 ME)

downloaded 2.3 MB

package ‘DBI’ successfully unpacked and MD5 sums checked o
package ‘dplyr’ successfully unpacked and MD5 sums checked |

The downloaded binary packages are in
p:husers\Trainer’apppata‘LocaliTempi 1\ RtmpgerxLm' downloaded_packages
>

Load the dplyr library by typing:

library(dplyr)

Console -~ =0
Ly Inyg UKL FILLPS D/ /0rdrl. P Lud o, Com/ oir/ Winuows / COrnLer 1D/ 3. 3/0p1yr_uU. 3. u. £1p i
content type "application/zip’ length 2408686 bytes (2.3 MB)
downloaded 2.3 MB
package ‘DBI’ successTully unpacked and mp5 sums checked
package ‘dplyr’ successfully unpacked and MD5S sums checked
The downloaded binary packages are in
D:%Users\Trainer\AppData‘\Local \Temp 1 \RtmpQBrxLm'downloaded_packages
> library(dplyr)
Attaching package: ‘dplyr’
The following objects are masked from ‘package:stats’:
filter, lag
The following objects are masked from ‘package:base’: M
intersect, setdiff, setequal, union iE
> 3

The package dplyr exposes several functions for shaping and moulding data. The arrange() function
is used to rearrange, rather sort, the order of data in a data frame by columns in ascending order:

To arrange data by date for the AAPL data frame:

AAPL <- arrange(AAPL,Interim_Buffer_Date)

27 Untitled1* 2] Untitled2* @ 7 Untitled4* @ 7 Untitled3* 137 Untitled5* =
&1 | @ [ESourceonSave | Q - -| £ s =% Run | [®% | | #Source ~| =
1 Tlibrary(readr)
2 AAPL <- read_delim("D:/users/Trainer /Desktop/Bundle/Data/Equity/Pipe/aspL.txt™,"|")
3 view(AaPL)
4 Tlibrary(RODBC)
5 Connection <- odbcDriverConnect("driver={sqL Server};server={local)‘\\SQLEXPRESS; database=Training;username=sa;password=Trai
6 AAPL <- sqglquery(Connection,"select ® from AAPL™)
7 View(AaPL)
& Tibrary(dplyr)
9 AAPL <- arrange(asaPL,Interim_guffer_pate)
10

< 1 | 3

10:1 (Top Level) = R Script =
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Console -/ =0

Run the line of script to console:

package ‘DBI' successfully unpacked and MD5 sums checked
package ‘dplyr’ successfully unpacked and MD5 sums checked

The downloaded binary packages are in
D:\Users\TraineriappData‘Local’Temp'1'RtmpqBrXLm'\downloaded_packages

= 1ibrary(dplyr)
Attaching package: ‘dplyr’
The following objects are masked from ‘package:stats’:

filter, Tlag
The following objects are masked from ‘package:base’:

intersect, setdiff, setequal, union

view(AaPL)

view(AaPL)
AAPL =- arrange(AsPL,Interim_Buffer_bDate)

m

¥V YV

View the AAPL data frame to observe the change in row arrangement:

View(AAPL)

37 uUntitled* * @7 Untitled2* » = @] Untitledd* x @] Untitled3* x @7 Untitleds* =
= &1 | |3 [SourceonSave | Q A -| 1| - i Run | BB | [ Source ~| =

1 Tlibrary(readr)

2  AAPL <- read_delim("D:/users/Trainer/Desktop/Bundle/Data/Equity/Pipe/aspPL.txt","|")

3 wview(AaPL)

4 Tibrary(RODBC)

5 connection <- odbcDriverconnect ("driver={saL server};server=(local)\\SQLEXPRESS; database=Training;username=sa; password=Trai

& AAPL =- sqlquery(Connection,"select * from AAPL")

7 wview(AAPL)

& Tlibrary(dplyr)

9 AAPL <- arrange(AAPL,Interim_Buffer_Date)

10 wview(AAPL)

11

4| (1] +

10:11 (Top Level) + R Script =

Run the line of script to console:
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27 Untitled1* 27 Untitled2* @] Untitled4* @7 Untitled3* @] Untitleds* | AAPL =Ll
&l " Filter
symbol Interim_Buffer_Date Interim_Open Interim_Low Interim_High Interim_Close

] »

2 EOD/AAPL 2006-03-27 00:00:00.000 60.230 59.4000 51.3800 58.5100
3 EOD/AAPL 2006-03-28 00:00:00.000 59.690 58.2500 60.1400 58.7100
4 EOD/AAPL  2006-03-20 00:00:00.000 50130 57.6700 52.5200 62.3300
5 EOD/AAPL 2006-03-30 00:00:00.000 62.850 61.5300 53.3000 62.7500
& EOD/AAPL 2006-03-31 00:00:00.000 63.240 62.2400 53.6100 62.7200
7 EOQD/AAPL  2006-04-03 00:00:00.000 63.660 626100 §4.1200 62.6500
8 EOD/AAPL  2006-04-04 00:00:00.000 62110 61.0500 52.2200 61.1700
9 EOD/AAPL  2006-04-05 00:00:00.000 64.710 64.1500 67.2100 67.2100
10 EOD/AAPL  2006-04-06 00:00:00.000 63.300 63.2000 72.0500 71.2400
11 EOQD/AAPL  2006-04-07 00:00:00.000 Fo.oo 634700 71.2100 §9.7900
12 EOD/AAPL  2006-04-10 00:00:00.000 70240 634500 70.9300 68.6700
13 EOD/AAPL  2006-04-11 00:00:00.000 69.030 67.0700 59.3000 67.9900
14 EOD/AAPL  2006-04-12 00:00:00.000 68.140 66.3000 68.1738 66.7100
15 EOD/AAPL  2006-04-13 00:00:00.000 66.300 65.8100 57.4400 66.4590
16 EOD/AAPL  2006-04-17 00:00:00.000 66.510 64 3500 66.8400 G4.8110
17 EOD/AAPL  2006-04-18 00:00:00.000 65.000 64.7000 66.4737 66.2200
18 FONYAAPL | 2006-04-19 00-00-00 000 ff 820 f5 4700 /7 0000 A5 /500 S

Showing 1to 18 of 2,621 entries

Run sort in a different direction can be achieved using the desc() function wrapped around the
column to be sorted. To change the direction of sort order on the Interim_Buffer_Date type:

AAPL <- arrange(AAPL,desc(Interim_Buffer_Date))

2] untitledl® @] Untitled2* @ ] Untitledd* 2] untitleds* @ Untitleds® =0
al| |3 [E]sourceonsave | Q A~ £ ~ =#%Run | % || ®Source ~| =
1 Tlibrary(readr)
2 AAPL <- read_delim("D:/Users/Trainer/Desktop/Bundle/Data/Equity/Pipe/AAPL. txt","|")
3 view(AAPL)
4  T1ibrary(RODBC)
5 «¢onnection <- odbcDriverconnect("driver={sqL server};server=_local)\\SQLEXPRESS; database=Training; username=sa; password=Trai
6  AAPL <- sqlquery(Connection, 'select * from AapL")
7 view(AAPL)
& Tlibrary(dplyr)
9  AAPL <- arrange(AAPL,Interim_guffer_pate)
10 wiew(AAPL)
11 aaPL <- arrange(aaPL,desc(Interim_guffer_pate))
4 | 1 2
11:48 [Top Level) = R script +

Run the line of script to console:
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Console ~/ =0
The downloaded binary packages are in =
D:\Usersi\Trainer\appbata‘\Local’Temp'1\RtmpQerxLm\downloaded_packages
= Tibrary(dplyr)
Attaching package: ‘dplyr’
The following objects are masked from ‘package:stats’:
filter, lag
The following objects are masked from ‘package:base’:
intersect, setdiff, setequal, union
> View{AaPL)
= view{aapL)
> AAPL <- arrange(aaPL,Interim_guffer_pate) e
= view{aapL)
= view(AsapPL) =
> AAPL <- arrange(AAPL,desc(Interim_Buffer_Date))
- L
Observe the change in sort order:
View(AAPL)
@7 Untitled1* x @7 Untitled2* % @] Untitled4* * @] Untitled3* = @7 Untitled5* =]
=] &1 | @ [SourceonSave | Q # - 1| - [=#Run | [o% Source + =
1 Tlibrary(readr)
2 AasPL =- read_delim("D:/users/Trainer/Desktop/Bundle/Data/Equity/Pipe/aapPL. txt","|")
3 view(aapL)
4 Tibrary(RODEC)
5 connection <- odbcbriverconnect("driver={sqL Server};server=(local)’\\SQLEXPRESS;database=Training; username=sa; password=Trai
6 asPL <- sqlquery(Connection,"select * from aapL™)
7 view(AAPL)
8 Tibrary(dplyr)
9 AAPL =- arrange(AAPL,Interim_guffer_pate)

10 wiew(AAPL)

11 AAPL <- arrange(AAPL,desc(Interim_guffer_pate))

12 view(aapPL]

<|

n

*

12:10 (Top Level} +

Run the line of script to console:

@7 Untitled1* % @7 Untitled2* » @] Untitledd* =
=] & v Filter

Symbol Interim_Buffer_Date Interim_Open

1 EOD/AAPL  2016-08-19 00:00:00.000 108.770
2  EOD/AAPL 2016-08-18 00:00:00.000 109.230
3 ECD/AAPL 2016-0817 00:00:00.000 102.100
4 EOD/AAPL  2016-08-16 00:00:00.000 109.630
5 EOD/AAPL 2016-08-15 00:00:00.000 108.140
6 EOD/AAPL | 2016-08-12 00:00:00.000 107.780
7 ECD/AAPL 2016-08-11 00:00:00.000 108.520
3 EOCD/AAPL 2016-08-1000:00:00.000 108.710
9 EOD/AAPL 2016-08-00 00:00:00.000 108.230
10  EOD/AAPL 2016-08-08 00:00:00.000 107.520
11 EQD/AAPL 2016-08-05 00:00:00.000 106.270
12 EOD/AAPL 2016-08-04 00:00:00.000 105.580
13 EOD/AAPL 2016-08-03 00:00:00.000 104.810
14  EOD/AAPL 2016-08-02 00:00:00.000 106.050
15 EOD/AAPL 2016-08-01 00:00:00.000 104 410
16 ECDSAAPL 2016-07-20 00:00:00.000 104190
17 EODSAAPL 2016-07-28 00:00:00.000 102.830
18 FOD/A&API | 2016-07-27 000000 000 104 265

Showing 1 to 18 0of 2,6
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21 entries

3] Untitled3* =

Interim_Low
108.3600
108.0200
108.3400
109.2100
108.0800
107.7800
107.8500
107.7600
108.0100
107.1600
106.1800
105.2800
104.7700
104.0000
104.4100
103.6800
102.8200

102 7500

@7 Untitleds* =

Interim_High
100.6900
100.6000
108.3700
110.2300
100.3400
108.4400
108.9300
108.2000
108.0400
108.3700
107.6500
106.0000
105.8400
106.0700
106.1500
104.5500
104.4500

104 3500

| aapL

Interim_Close
108.36
109.08
109.22
109.38
100.48
108.18
107.93
108.00
108.81
10837
107.48
105.87
105.79
104.48
106.05
104.21
104.34

102 as

R Script =

=0
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It can be seen that the sort order has changed direction completely. To sort by one column, then
the next, simply list out the columns in order then direction of the sort:

AAPL <- arrange(AAPL,desc(Interim_Buffer_Date),Interim_Close)

7] Untitled1* @] Untitled2= 3] Untitled4® @] Untitled3® @7 Untitleds* =
41| | [[SourceonSave = Q A ~| i1| - =% Run | 9= | | & Source ~| =
1 Tibrary(readr)
2 AAPL <- read_delim("D:/Users/Trainer/Desktop/Bundle/Data/Equity/Pipe/AAPL.txT"," ™)
3 view(AsPL)
4  T1ibrary(RODBC)
5 connection <- odbcDriverconnect("driver={sqL server};server=_{local)\\SQLEXPRESS; database=Training; username=sa; password=Trai
6 AsaPL =- sqlguery(connection, select * from aapL"™)
7 view(aapL)
8 Tibrary(dplyr)
9 AAPL <- arrange(AAPL,Interim_guffer_pate)
10 wview(AAPL)
11 AAPL =- arrange(aapL,desc(Interim_guffer_pate))
12 view(AAPL)
13 aaPL <- arrange(aspL,desc(Interim_guffer_pate),Interim_close)|
< | mn F
13:62 [Top Level) + R Script *

Run the line of script to console:

0
v O

Console
U USERS VI d TN W APPUALd \LOLd | TEIP L KLIPUBT ALIN UOWH T UdUBU_pdikdyges

= library(dplyr)

attaching package: ‘“dplyr’

The following objects are masked from ‘package:stats’:
filter, lag

The following objects are masked from ‘package:base’:
intersect, setdiff, setequal, union

View(AAPL)

View(AAPL)

AAPL <- arrange(AAPL,Interim_Buffer_pate)
View(AAPL)

View(AAPL) =
AAPL <- arrange(AAPL,desc(Interim_Buffer_pate)) |
View(AAPL)

AAPL <- arrange(aspL,desc{Interim_guffer_pate),Interim_cClose)

m

VY VY VY VYV

Procedure 12: Specifying columns of a Data Frame to return.

The select() function returns just the columns specified after the data frame. In this example, the
AAPL data frame will be have some columns truncated leaving only the columns
Interim_Buffer_Date and Interim_Close:

AAPL <- select(AAPL,Symbol,Interim_Buffer_Date,Interim_Close)
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@] Untitled1® % = @ ] untitled2* » @] Untitledd® % P ] Untitled3* ® @] Untitleds* % =0
5 a [Jsourceonsave | Q /= < 1| - [-#Run %% | [ #Source v| =
1 Tlibrary(readr)
2 AAPL <- read_delim("D:/Users/Trainer/Desktop/Bundle/Data/Equity/Pipe/AaaPL.txt","|™)
3 View(AsPL)
4  Tlibrary(RODBC)
5 Connection <- odbcDriverConnect ("driver={5QL Server};server=(_local)\\SQLEXPRESS; database=Training; username=sa; password=Trai
6 AAPL <- sglQuery(Connection,"select * from AAPL")
7 View(AaPL)
8 Tlibrary(dplyr)
9 AAPL <- arrange(AAPL,Interim_Buffer_Date)

10 wview(AAPL)

11 AAPL =- arrange(AAPL,desc(Interim_puffer_pate))

12 view(AAPL)

13 AAPL =- arrange(AAPL,desc(Interim_Buffer_bate),Interim_Close)
14 AAPL <- se1ect(AAPL,Symbo1,Interw‘rrLBuffer,Date,Inter'irch1ose)|

| T »
14:62 (Top Level) = R Script *

Run the line of script to console:

Console ~/ =
ImyLrLs4s J

> AAPL <- sqlQuery(Connection,”select * from AaapL")
> view(AAPL)

= Tibrary(dplyr)

attaching package: ‘dplyr’
The following objects are masked from ‘package:stats’:
filter, lag

The following objects are masked from ‘package:base’:
intersect, setdiff, setequal, union

AAPL =- arrange(AAPL,Interim_guffer_bate)

view(aaPL)

AAPL <- arrange(AAPL,desc(Interim_Buffer_bDate))

view(AAPL)

AAPL <- arrange(AAPL,desc(Interim_Buffer_bpate),Interim_Close)
AAPL <- select(AAPL,Symbol,Interim_Buffer_Date,Interim_Close)

m

VY VY VVVY

RStudio | -

View the data frame:

View(AAPL)

27 Untitledl* ® 7 Untitled2* % = @7 Untitled4* % 2] Untitled3* % = @] Untitled5* = =
=] a1 [Fsourceonsave | G #° «| i|| = [=#Run | % || #Source ~| =
1 Tibrary(readr)
2  AAPL <- read_delim("D:/users/Trainer/Desktop/Bundle/Data/Equity/Pipe/aspPL. txt",
3 wview(AaAPL)
4 Tibrary(RODBEC)
5 connection <- odbcDriverconnect("driver={sqL Server};server=(local)'\SQLEXPRESS; database=Training;username=sa; password=Trai
6 AAPL <- sglqQuery(Connection,”"select * from aapL")
7 wview(aapL)
& Tibrary(dplyr)
9 AAPL <- arrange(asPL,Interim_guffer_pate)
10 wview(AAPL)
11 AAPL <- arrange(AAPL,desc{Interim_Buffer_Date))

12 wview(AAPL)
13 AAPL <- arrange(AAPL,desc(Interim_Buffer_bate),Interim_Close)
14 AAPL <- select(AAPL,Symbol,Interim_bBuffer_Date,Interim_Close)
15 wview(AAPL)

< [} 2
16:1 (Top Level) = R Script =
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Run the line of script to console:

@] Untitled1® ] Untitled2* 3] Untitled4® 7] Untitled3® 7] Untitleds® | aaPL
& | 7 Filter
Symbol Interim_Buffer_Date Interim_Close
1 EOD/AAPL 2016-08-19 00:00:00.000 10036 -
2 EOD/AAPL 2016-08-18 00:00:00.000 109.08
3 EOD/ASPL  2016-08-17 00:00:00.000 100.22
4 EOD/AAPL 2016-08-16 00:00:00.000 109.38
5 EOD/AAPL 2016-08-15 00:00:00.000 100.48
6 EOD/AAPL 2016-08-12 00:00:00.000 108.18
7 EOD/AAPL 2016-08-11 00:00:00.000 107.03
& EOD/AAPL 2016-08-10 00:00:00.000 108.00
9 EOD/AAPL 2016-08-09 00:00:00.000 108.81
10 EOD/ASPL  2016-08-08 00:00:00.000 108.37
11 EOD/AAPL 2016-08-05 00:00:00.000 107.48
12 EOD/AAPL 2016-08-04 00:00:00.000 105.87
13 EOD/AAPL 2016-08-03 00:00:00.000 105.70
14 EOD/AAPL 2016-08-02 00:00:00.000 104.48
15 EOD/AAPL 2016-08-01 00:00:00.000 106.05
16 EOD/AAPL 2016-07-29 00:00:00.000 104.21
17 EOD/ASPL 2016-07-28 00:00:00.000 104.34
18 FON/AAPL | 201 A-07-27 D0-00-00 000 102 a5 =2

Showing 1 to 18 of 2,621 entries

It can be observed that the data frame has discarded columns that were not specified explicitly.

Procedure 13: Adding Vectors \ Factors to an existing Data Frame.

Abstraction is a core part of the machine learning task and horizontal abstraction would see the
creation of many columns which rely on the foundational columns. In this example, a target of 50%
uplift on the current price will be created as a separate column called Target (i.e. Interim_Close +
(Interim_Close / 2). Firstly, create a vector which performs the formula on the Interim_Close value
of the data frame AAPL by typing:

Target = AAPLSInterim_Close + (AAPLSInterim_Close / 2)

7] Untitled1® 7] Untitled2® 7] Untitled4® 7] Untitled3® @ Untitleds*

4] | [SourceonsSave | G # «| i - = Run | B | [# Source | =
1 Tibrary(readr)
2 AAPL <- read_delim("D:/Users/Trainer/Desktop/Bundle/Data/Equity/Pipe/AAPL.TxT","|")
3 view(AAPL)
4 Tibrary(RODBC)
5 Connection <- odbcDriverConnect("driver={sQL Server};server=_local)\\SQLEXPRESS; database=Training; username=sa; password=Trai
6 AAPL <- sqlquery(Connection,"select * from AAPL")
7 View(AaPL)
& Tibrary(dplyr)
9 AAPL =- arrange(AAPL,Interim_buffer_bpate)
10 wiew(AAPL)
11 AAPL <- arrange(AAPL,desc(Interim_Buffer_Date))
12 wview(AAPL)
13 AAPL <- arrange(AAPL,desc(Interim_puffer_bate),Interim_Close)
14 AAPL <- select(AAPL,Symbol,Interim_Buffer_bDate,Interim_Close)

15 view(AAPL)
16 Target <- AAPLSInterim_Close + (AAPL3Interim_Close 2)

« n *
16:56 (Top Level) = R Seript

Run the line of script to console:
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Console - =0

= VIEWLAAFL)

= library(dplyr)

attaching package: ‘dplyr’®

The following objects are masked from ‘package:stats’:
filter, lag

The following objects are masked from ‘package:base’:

intersect, setdiff, setequal, union

> AAPL <- arrange(AAPL,Interim_Buffer_bate)

> View(AAPL)

= AAPL <- arrange(AAPL,desc(Interim_guffer_pate))

= View(AAPL)

> AAPL <- arrange(AsPL,desc(Interim_guffer_pate),Interim_Close) F
= AAPL <- select{aapL,symbol,Interim_suffer_pate,Interim_cClose)

> view(aapL) E
> Target <- AAPLSInterim_Close + (AapL$Interim_Close / 2)

. ]

To add the column to the AAPL data frame use the mutate() function which takes the target data
frame as first argument, followed by the column to added:

AAPL <- mutate(AAPL,Target)

@] untitledl* » @7 Untitled2* % = @7 Untitledd* » @ ] Untitled3* » = @ | Untitleds* =
o &1 | [ [Flsourceonsave | @ # ~| i1 - =% Run | 5 || #Source ~| =
1 Tibrary(readr)
2 AAPL <- read_delim("D:/Users/Trainer/Desktop/Bundle/Data/Equity/Pipe/AAPL. txt","|")
3 vView(AAPL)
4  Tibrary(RODBC)
5 Connection <- odbcDriverConnect("driver={s5QL Server};server={_local)\\SQLEXPRESS; database=Training;username=sa; password=Trai
6  AAPL <- sqlquery(Connection, " select * from aapL")
7 wview(AAPL)
& Tlibrary(dplyr)
9  AAPL <- arrange(asPL,Interim_guffer_pate)

10  wiew(AAPL)

11 AaaPL <- arrange(AaPL,desc(Interim_Buffer_pate))

12 wiew(aaPL)

13 AAPL <- arrange(AaPL,desc(Interim_suffer_pate),Interim_Close)
14  AAPL <- select{aaPL,symbol,Interim_guffer_pate,Interim_Close)
15 wview(AAPL)

16 Target =- AAPLSInterim_Close + (AAPLSInterim_Close 2)

7  AAPL <- mutate(AAPL,Target)|

4| m *
17:28 (Top Level) = R Script =

Run the line of script to console:

Console ~/ =0
> LIOrdryLup iyrJ

Attaching package: ‘dplyr’

The following objects are masked from ‘package:stats’:
filter, Tlag

The following objects are masked from ‘package:base’:

intersect, setdiff, setequal, union

> AAPL <- arrange(AAPL,Interim_Buffer_Date)

= View(AAPL)

> AAPL <- arrange(AAPL,desc(Interim_Buffer_bate))

= View(AAPL)

> AAPL <- arrange(AAPL,desc(Interim_Buffer_bate),Interim_Close)

> AAPL <- select(AAPL,Symbol,Interim_Buffer_bDate,Interim_Close) B
= View(AAPL)

> Target <- AAPL$Interim_Close + (AAPLSInterim_Close / 2) E
> AAPL <- mutate(AAPL,Target)

. 4

View the newly created column by typing:

View(AAPL)
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] Untitled1* 37 Untitled2* 3] Untitled4* @7 Untitled3* {37 Untitleds*

41 | [ [[]Sourceonsave O - i - =#Run | 2% | ¥ Source -~ =
1 Tibrary(readr)
2 AAPL <- read_delim("D:/users/Trainer/Desktop/Bundle/Data/Equity/Pipe/aapPL.txt”,"|")
3 wview(aapPL)
4 Tibrary(RODBEC)
5 connection <- odbcbriverconnect("driver={sqL Server};server=(local)’\\SQLEXPRESS;database=Training; username=sa; password=Trai
6§ AAPL <- sglqQuery(Connection,”select * from aapL™)
7 view(AAPL)
8 Tibrary(dplyr)
9 AsPL =- arrange(aspPL,Interim_guffer_pate)
10 wview(AAPL)
11 AaPL =- arrange(AaPL,desc(Interim_Buffer_bate))
12 wview(AAPL)
13 AaPL =- arrange(AAPL,desc(Interim_guffer_bate),Interim_close)
14 AaPL <- select(aaPL,Symbol,Interim_Buffer_pate,Interim_close)
15 wiew(AAPL)
16 Target <- AAPLIInterim_Close + (AAPLSInterim_Close / 2)
17 AAPL <- mutate(AAPL,Target)
18 wiew(AAPL)
19
“ LU r
19:1 (Top Level) + R Script

Run the line of script to console to expand the data viewer in the script window:

37 Untitled1* @7 Untitled2* 37 Untitled4* 3] Untitled3* 37 Untitleds* | AapL
&l | i Filter
Symbol Interim_Buffer_Date Interim_Close Target
1 EOD/AAPL 2016-08-10 00:00:00.000 100.36 164.040 2
2 EOD/AAPL 2016-08-18 00:00:00.000 109.08 163.620
3 EOD/AAPL 2016-08-17 00:00:00.000 100.22 163.830
4 EOD/AAPL 2016-08-16 00:00:00.000 109.38 164.070
5 EOD/ASPL 2016-08-15 00:00:00.000 100.48 164.220
& EOD/AAPL 2016-08-12 00:00:00.000 108.18 162.270
7 EOD/AAPL 2015-08-11 00:00:00.000 107.93 161.895
& EOD/AAPL 2016-08-10 00:00:00.000 108.00 162.000
9 EOD/AAPL 2016-08-00 00:00:00.000 108.81 163.215
10 EOD/AAPL 2016-08-08 00:00:00.000 108.37 162.555
11 EOD/AAPL 2016-08-05 00:00:00.000 10748 161.220
12 EOD/AAPL 20165-08-04 00:00:00.000 105.87 158.805
13 EOD/AAPL 2016-08-03 00:00:00.000 105.70 158.685
14 EOD/AAPL  2016-08-02 00:00:00.000 10448 156.720
15 EOD/AAPL 2016-08-01 00:00:00.000 106.05 159.075
16 EOD/ASPL 2016-07-20 00:00:00.000 104.21 136.315
17 EOD/AAPL 2016-07-28 00:00:00.000 104.34 156.510
18  FONYAAPI | 201/-07-27 00-00-00 D00 102 05 154 425 S

Showing 1 to 18 of 2,621 entries

It can be observed that the vector has been added to the data frame. The mutate() function is by far
the most useful function in the creation of abstractions, whereby a vector is created via several
steps, with the final vector being mutated into a Target data frame.

Procedure 14: Merging a Data Frame.
Repeat the process to create a data frame as procedure 49, this time creating a data frame called
Descriptions from the table EOD_Descriptions by typing:

Descriptions <- sglQuery(Connection,"select * from EOD_Desccriptions")
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7 Untitled1* % @] Untitled2* » @] Untitledd* % ] Untitled3* % @] Untitleds*

[T I, VTN

Ty
Cwom=~mu WO

&) | |3 Esourceonsave | Q 7 -| & -

Tibrary(readr)

AAPL =- read_delim("D:/Users/Trainer /Desktop/Bundle/Data/Equity/Pipe/aaPL. txt",

View(AAPL)
Tibrary(RODBC)

"

—}

[ |

== Run | =% | |_# Source ~

connection <- odbcDriverconnect ("driver={sqL Server};server=_local)\\SQLEXPRESS; database=Training; username=sa; password=Trai

AAPL =- sglquery(Connection,select * from aspL™)

view(AAPL)

Tibrary(dplyr)

AAPL <- arrange(AaPL,Interim_Buffer_bDate)

view(AAPL)

AAPL =- arrange(AaPL,desc(Interim_Buffer_pate))

view(AAPL)

AAPL =- arrange(AaPL,desc(Interim_Buffer_pate),Interim_Close)
aspL =- select(aaPL,Symbol,Interim_Buffer_pate,Interim_Close)
view(AAPL)

Target <- AApPLSInterim_Close + (aapL$Interim_Close / 2)

AAPL <- mutate(AAPL,Target)

view(AAPL)

Descriptions =- sglquery(Connection, "select * from EOD_Descriptions™)

4| m

+

19:70 (Top Level) =

Run

the line of script to console:

Console -~/
ALLALITINY pdlKdye:  upiyr

The

The

following objects are masked from ‘package:stats’:
filter, lag
following objects are masked from ‘package:base’:

intersect, setdiff, setequal, union

> AAPL =- arrange(aspL,Interim_guffer_pate)

= view(aapL)

> AAPL =- arrange(aspL,desc(Interim_guffer_pate))

= view(aapL)

> AAPL =- arrange(aapL,desc(Interim_suffer_pate),Interim_close)
> AAPL =- select(asPL,symbol,Interim_guffer_pate,Interim_close)
= view(aapL)

> Target <- AaPL$Interim_Close + (AaapL$Interim_Close / 2)

> AAPL =- muUTate(AAPL,Target)

> view(aapL)

> Descriptions <- sglquery(Connection,"select * from EOD_Descriptions™)
>

View the Descriptions data frame by typing:

B u

TN W TS

21:1

Run
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ntitledl® » ] Untitled2® * (] Untitledd® % @] Untitled3* » @ Untitled5® »

a1 | [ [[Sourceonsave | @ A ~| || -

Tibrary(readr)

AAPL <- read_delim("D:/Users/Trainer /Desktop/Bundle/Data/Equity/Pipe/AAPL. txT","|™)

View(AAPL)
Tibrary(RODBC}

R Script =

=0

m

1

=

[ |

=% Run | 5= | | 4 Source -

Connection <- odbcDriverConnect("driver={sQL Server};server={local)"\SQLEXPRESS; database=Training;username=sa; password=Trai

AAPL <- sqlQuery(Connection,"select * from AAPL")

View(AAPL)

Tibrary(dplyr}

AAPL <- arrange(AAPL,Interim_Buffer_pate)

View(AAPL)

AAPL =- arrange(AaPL,desc(Interim_Buffer_bpate))

View(AAPL)

AAPL <- arrange(AAPL,desc(Interim_Buffer_bpate),Interim_close)
AAPL =- select(AAPL,Symbol,Interim_guffer_pate,Interim_close)
View(AAPL)

Target <- AAPLSInterim_Close + (aaPLiInterim_cClose / 2)

AAPL =- mutate(AAPL,Target)

View(AAPL)

Descriptions =- sglquery(Connection,"select * from EOD_Descriptions')
view(Descriptions)

< T

3

(Top Level) =

the line of script to console:

R Script =
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7] Untitled1* 3] Untitled2® 7] Untitleda® 3] Untitled3® @] Untitleds® | Descriptions — ]
47 | 7 Filter
Description Symbol
1 Northern Blizzard Resources Inc. {T.NBZ) ECD/T_NBZ &
2 CEBlInc. (CEB) EOD/CEB Tm
3 Chuy's Holdings Inc. {CHUY) EOD/CHUY
4 Green Bancorp Inc. {(GNBC) EOD/GNBC
5 DrPepper Snapple Group Inc. (DPS) ECD/DPS
6 Masonite International Corp. {DOOR) EOD/DOOR
7 ArcelorMittal S& (MT) EQD/MT
& Liberty Interactive Group {QVCE) ECD/QVCE
9 Semtech Corp. (SMTC) EOD/SMTC
10 Sensata Technologies Holding NV (ST} EOD/ST
11  Blackbird Energy Inc. (V.BEI) ECD/V_BEBI
12 APPTIO CL A (APTI) EQD/APTI
13 Preferred Apartment Communities Inc. (APTS) ECD/APTS
14 Cenveo Inc. (CVO) ECD/CVO
15 DCT Industrial Trust Inc. (DCT) ECD/DCT
16 Kopin Corp. (KOPN) EOD/KOPN
17 Pacific Premier Bancorp Inc. (PPBI) EOD/PPBI
18  Protn | ahs Inc {PRIR) FON/PRIR S

Showing 1 to 18 of 5,187 entries

It can be seen that symbol column is common between the AAPL table and the Descriptions table.

The task in this procedure is to merge the data frames together on the Symbol identifier, which will
then provide a description next to each and every record in the AAPL dataset. The inner_join()
function seeks to bring together all records where the key in one data frame is present in the other.

To join two data frames in this manner type:
AAPL <- inner_join(AAPL,Descriptions,|D = "Symbol")

@7 Untitled1* @7 Untitled2* 27 Untitled4* 27 Untitled3* @7 Untitled5* =
1| | [Flsourceonsave | Q A - i] ~ ~#Run | %% | _#Source ~| =

1 Tibrary(readr)
2  AAPL =- read_delim("D:/Users/Trainer/Desktop/Bundle/Data/Equity/Pipe/AAPL.TXxT","|"™)
3 view(AAPL)
4 T1ibrary(RrRODBC)
5 «connection =- odbcoriverconnect("driver={sqL server};server=_local)"\SQLEXPRESS;database=Training;username=sa;password=Trai
& AAPL =- sglqQuery(connection, select * from aapL")
7 view(aapPL)
8 Tibrary(dplyr)
9 AsaPL =- arrange(AsPL,Interim_guffer_pate)
10 Vview(AAPL)
11 AAPL =- arrange(AaPL,desc(Interim_Buffer_pate))
12 view(AAPL)
13 AAPL <- arrange(AsaPL,desc(Interim_guffer_pate),Interim_close)
14 AAPL select (AAPL,Symbol, Interim_Buffer_pate,Interim_close)
15 Vview(AAPL)
16 Target <- AAPLSInterim_Close + (AAPLSInterim_cClose / 2)
7 AAPL <- mutate(AAPL,Target)
18 View(AAPL)
19 Descriptions <- sqlQuery(Connection,"select * from EOD_Descriptions”)
20 View(Descriptions)
21  AAPL =- inner_join{AAPL,Descriptions,id = "symbol")
22
4 L 3
221 (Top Level) = R Script =

Run the line of script to console:
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Console =
I TOTTOWINY OUJECLS 4 dsKed 110 pdlkdge:udse

il

intersect, setdiff, setequal, union

AAPL <- arrange(AAPL,Interim_guffer_pate)

View{AAPL)

AAPL <- arrange(AAPL,desc(Interim_guffer_pate))

View{AAPL)

AAPL <- arrange(AAPL,desc({Interim_guffer_pate),Interim_close)

AAPL <- select(aapL,Symbol,Interim_Buffer_bDate,Interim_close)

View(AAPL)

Target <- AAPL$Interim_Close + (AAPLSInterim_Close / 2)

AAPL <- mutate(AAPL,Target)

View(AAPL)

Descriptions <- sqlquery(Connection,"select ® from EOD_Descriptions”)

View(Descriptions)

> AAPL <- inner_join{AAPL,Descriptions,id = "Symbol")

Joining, by = "Symbol" -

warning message:

In inner_join_impl(x, y, by$x, by$y, suffixdx, suffixdy) : =
joining factors with different levels, coercing to character vector

- L

¥ Y Y VYV YVVVYVYY

Notice that an error relating to levels has been produced, this is owing to there being a disparity in
the number of records in one table as opposed to the next. Inspect the new dataset by typing:

View(AAPI)

3] Untitled1® 3] Untitled2® @] Untitleda® @] Untitled3* @ Untitleds® =0
] a1 | | [lsourceonsave | Q # «| i1 = =% Run | (%% | #Source ~| =

1 Tlibrary(readr)

2 AAPL <- read_delim("D:/Users/Trainer/Desktop/Bundle/Data/Equity/Pipe/AAPL.Txt","|")

3 view(AAPL)

4 1ibrary(RODBC)}

5 connection <- odbebrivercConnect ("driver={sqL Server};server=_local)"\SQLEXPRESS; database=Training; username=sa; password=Trai

6  AAPL =- sqlquery(Connection,”select * from aspL")

7 view(aapL)

8 Tlibrary(dplyr)

9 AsPL =- arrange(AspPL,Interim_Buffer_bpate)

10 view(AaaPL)

11  AAPL =- arrange(AAPL,desc(Interim_puffer_pate))

12 view(aapL)

13 pem - aprange(AAPL ,desc(Interim_guffer_pate),Interim_Close)

14 Viewlx title) elect (AAPL,Symbol,Interim_Buffer_pate,Interim_Close)

15 View(AAPL)

16 Target <- AAPLSInterim_Close + (AAPLYInterim_Close 2)

-l

AAPL <- mutate(AAPL,Target)

View(AAPL)

Descriptions <- sqlQuery(Connection,"select * from EOD_Descriptions”)
View(Descriptions)

AAPL <- inner_join(asaPL,Descriptions,id = "symbol™)

view(aapPL)|

el
M E O

4| [ 2
2211 (Top Level} = R Script =

It can be seen that the description field from the Descriptions Data Frame has been duplicated
across each record in the AAPL Data Frame, as would be expected of an Inner Join in a database:
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27 Untitledl* 27 Untitled2* 27 Untitleds* 27 Untitled3* 27 Untitleds* | MAPL
& | v Filter
Symbol Interim _Buffer_Date Interim_Close | Target  Description
1 EOD/AAPL 2016-08-19 00:00:00.000 109.36 164.040 Apple Inc. (AAPL}
2 EOD/AAPL 2016-08-18 00:00:00.000 109.08 163.620 Apple Inc. (AAPL)
3 EOD/AAPL 2016-08-17 00:00:00.000 109.22  163.830 Apple Inc. (AAPL}
4 EOD/AAPL 2016-08-16 00:00:00.000 109.38 164.070 Apple Inc. (AAPL)
5 EOD/AAPL 2016-08-15 00:00:00.000 109.48 164.220 Apple Inc. (AAPL}
6 EOD/AAPL 2016-08-12 00:00:00.000 108.18 162.270  Apple Inc. (AAPL)
7 EOD/AAPL 2016-08-11 00:00:00.000 107.93  161.895 Apple Inc. (AAPL)
8 EOD/AAPL 2016-08-10 00:00:00.000 108.00 162.000 Apple Inc. (AAPL)
9 EOD/AAPL 2016-08-09 00:00:00.000 108.81 163.215  Apple Inc. (AAPL}
10 EOD/AAPL 2016-08-08 00:00:00.000 108.37 162.555  Apple Inc. (AAPL)
11 EOD/AAPL 2016-08-05 00:00:00.000 107.48 161.220 Apple Inc. (AAPL}
12 EOD/AAPL 2016-08-04 00:00:00.000 105.87 158.805  Apple Inc. (AAPL)
13 EOD/AAPL 2016-08-03 00:00:00.000 105.79 158.685 Apple Inc. (AAPL}
14 EOD/AAPL 2016-08-02 00:00:00.000 104.48 156.720 Apple Inc. (AAPL)
15 EOD/AAPL 2016-08-01 00:00:00.000 106.05 158.075 Apple Inc. (AAPL}
16 EOD/AAPL 2016-07-20 00:00:00.000 104.21 156.315  Apple Inc. (AAPL)
17 EOD/AAPL 2016-07-28 00:00:00.000 104.34 156.510 Apple Inc. (AAPL}
18 | FONJAAPI | 201A-07-27 00°00-00 000 102 05 | 154 425 | Annle Inc (AAPIY

Showing 1 to 18 of 2,621 entries

Procedure 15: Delete a Vector from a Data Frame.

In these procedures, the mutate() function of dplyr has been used to add a vector into a data frame.
It is worthy of a brief mention that to remove a vector from a data frame, it is simply a matter of
passing NULL to the vector in question:

AAPLSTarget <- NULL

These procedures to not make mention to the deletion of vectors from a data frame, rather it is
mentioned only for completeness.

Procedure 16: Exporting a csv file.

By this stage a large amount of manipulation has been performed on the AAPL data frame and it
bears little resemblance to that which was originally loaded. Exporting data frames from Ris a
common requirement to communicate work product to business users. In general, if there is an
object to read something into R, then there is the near equivalent to write from R. In this example,
the write.csv function will be used to write the AAPL dataframe to a csv file, in the file system.

write.csv(AAPL,file="AAPL.csv")
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@] Untitled1* @] Untitled2 @] Untitled3 @] Untitled4* AAPL —[m

| SourceonSave | & A~ | | *Run | ®* | P Source -

S LUUL TSRULTIUSY LY SU LUl RO
5 DoubleNested <- sqrt(round(Double,2))
6 Names <- c("Richard","Robert","Reinhard","Raymond","Richardino"”,"Richardo™)
7 NamesSubstr <= substr(Names,1,7)
& NamesSubstr
9 NamesSubstrLogical <- NamesSubstr == "Richard"
10 NamesSubstrLogical
11  NamessubstrLogicalNumeric <- as.numeric(NamesSubstrLogical)
12 NamesSubstrLogicalNumericNested <- as.numeric(substr(Names,1,7) == "Richard")
13 NamesGrepl <- grepl(ARichard,NamesSubstr)
14 NamesGrep]l
15 NameGreplINumeric <- as.numeric(NamesGrep])
16 NamesGrepNumeric
17 NamesGrepNumericNested <- as.numeric(grepl("ARichard"”, Names))
18 DatesString <- c("22/02/1732","30/10/1735","13/04/1743","16/03/1751")
19 Dates <- as.Date(DatesString,format=""%d/%m/%v")
20 Dates
21 DatesPTlusOne <- Dates + 1
22 DatesPlusOne
23 ReportingQuarters <- quarters(Dates)
24 ReportingQuarters
25 AAPL <- Read_delim("D:/Users/Trainer/Desktop/Bundle/Data/Equity/Pipe/AAPL.txt"," ")
26 View(AAPL)
27 write.csv(AAPL,Tile="aAPL.csv")|
2732 (Top Level) = R Script =

Run the line of script to console:

Console  Terminal Jobs -
~f
B R s I

> Tibrary(readr)

> AAPL <- read_csv("C:/Users/Richard/Drophox/Jube Capital Documents/Training/NoNetica/Data/Equi
ty/Equity/AAPL.csv"™)

Parsed with column specification:

cols(
symbol = col_character(),
Interim_Buffer_Date = col_datetime(format = ""),

Interim_Open = col_double(),
Interim_Low = col_double(),

Interim_High = col_double(),
Interim_Close = col_double()

View(AAPL)
write.csv(AAPL ,file="AAPL.csv")

WOWOW

To identify the location of the working directory, use the getwd() function:

getwd()
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@ Untitled1* @] Untitled2 @] Untitled3 @) Untitled4* AAPL —(]
- | Source on Save | O A~ § 2Run | *%| = Source ~

Uomames m LU RILHGI U MUMSI C , RTIIAN U mayiuiu ; mOHar Wiy, mosiar ug
7 NamesSubstr <= substr(Names,1,7)
8 NamesSubstr
9 NamesSubstrLogical <- NamesSubstr == "Richard"

10 NamesSubstrLogical

11 NamesSubstrLogicalNumeric <- as.numeric(NamessubstrLogical)

12 NamesSubstrLogicalNumericNested <- as.numeric(substr(Names,1,7) == "Richard")

13 NamesGrepl <- grepl(ARichard,Namessubstr)

14 NamesGrepl

15 NameGreplINumeric <- as.numeric(NamesGrep])

16 NamesGrepNumeric

17 NamesGrepNumericNested <- as.numeric(grepl("ARichard",Names))

18 Datesstring <- c("22/02/1732","30/10/1735","13/04/1743","16/03/1751")

19 Dates <- as.Date(DatesString,format=""%d/%m/%y")

20 Dates

21 DatesPlusOne <- Dates + 1

22 DatesPTlusOne

23 ReportingQuarters <- quarters(Dates)

24 ReportingQuarters

25 AAPL <- Read_delim("D:/Users/Trainer/Desktop/Bundle/Data/Equity/Pipe/AAPL. txt","|")

26 view(AAPL)

27 write.csv(AAPL,file="AAPL.csv")

28 getwd()

29 |

29:1 (Top Level) = R Script 2

Run the line of script to console:
Console  Terminal Jobs - ]

~f

e

> AAPL <- read_csv("C:/Users/Richard/Dropbox/Jube Capital Documents/Training/NoNetica/Data/Equi
ty/Equity/AAPL.csv")
Parsed with column specification:

cols(

symbol = col_character(),

Interim_Buffer_Date = col_datetime(format = ""),
Interim_Open = col_double(),

Interim_Low = col_double(),

Interim_High = col_double(),

Interim_Close = col_double()

1]

VoW W Y

View(AAPL)
write.csv(AAPL,file="AAPL.csv")
getwd()
"C:/Users/Richard/Documents"”

Open the directory in windows explorer:
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= | Documents

(]
€ v A > ThEPC > Documents == .
B eme Sze
# Quick access s
S AAPL ke
Deskto )
B8 Datezg) Y Rnistory 3k
3 Downloads 1 . s
& Dropbax # * Outlook Files
=) Documents * 7t SQL Server Management Studio
%@ Onedrive .  ArduincData
= pictures * * arduino
.
& Marketing - original
* Fisshintegro
& FraudRisk ~ <
Zoom
Jube ~
e Visual Studio 2017
4! NoNetica  VisuslStudio 2015
o Rscripts * Sound recordings
£ orspts  Fesdbackt
* Custom Offce Templates
& Arduine-1.88-windows =
Project
o Books 3 vy
& Boct Comp B Properias
4 Bundie IR
& Code  Addin Bpress
4! Cypher Documents Fu
Scanned Documents
o Databse .
g NeuroDimension
s * Cryptolicensing Projects
! Elegoo The Most Complete Starter Kitfor MEGA V1.02019.02.25 SR
&1 Jube Capital Documents  iseepress
& Jube Quant Platform My Web Stes
o Personal *t OneNote Notebooks
B hetes " HelpSmith Projects
My Received Files
4 Software Wy Received

&L
g Arduino-1.88-windows
J Neticas21

G OneDiive

1 This PC
3 30 Objects
9 Desicop

3 Documents
& Downloads
& Music

Nitems  1item selected 143K8 b

Opening the file, it can be seen that the data frame has been reliably exported:

B ARPL - Eacel ® -

inet  Pagelayaut For View  Addine  Hlp  Tem  Q Telmewhstyouwanttodo

n\}::,, . Calibri Jlie - A A B P WopTet Date h :/ Normal | Bad Good Neutral [Calcula... I PER g:;lf&m\ - éw p
Pt e | BT U LA = ElMerge&center = | $ - % > |48 é:::‘:":.';ﬂ‘v T B0 Explan... [IAput_ ] Linked ... [Note o] | et Delete Format | ?ﬁﬂ."f ;';:f".

aipboxra A Font 5 signment 5 Humber " siyes cans Eoting "

c9 - % 8/10/2016 &

A B (5 D E 7 G H | J K L M N o P A
1 Symbol Interim_Buffer_Date Interim_Open Interim_Low Interim_High Interim_Close
2 1 EOD/AAPL 8/19/2016 108.77 108.36 109.69 109.36
3 2 EOD/AAPL 8/18/2016 109.23 109.02 109.6 109.08
4 3 EOD/AAPL 8/17/2016 109.1 108.34 109.37 109.22
5 4 EOD/AAPL 8/16/2016 109.63 109.21 110.23 109.38
6 5 EOD/AAPL 8/15/2016 108.14 108.08 103.54 109.48
7 6 EOD/AAPL 8/12/2016 107.78 107.78 108.44 108.18
8 7 EOD/AAPL 8/11/2016 108.52 107.85 108.93 107.93
9 8 EOD/AAPL 8/10/2016_ 108.71 107.76 108.9 108
10 9 EOD/AAPL 8/9/2016 108.23 108.01 108.94 108.81
11 10 EOD/AAPL 8/8/2016 107.52 107.16 108.37 108.37
12 11 EOD/AAPL 8/5/2016 106.27 106.18 107.65 107.48
13 12 EOD/AAPL 8/4/2016 105.58 105.28 106 105.87
14 13 EOD/AAPL 8/3/2016 104.81 104.77 105.84 105.79
15 14 EOD/AAPL 8/2/2016 106.05 104 106.07 104.48
16 15 EOD/AAPL 8/1/2016 104.41 104.41 106.15 106.05
17 16 EOD/AAPL 7/29/2016 104.19 103.68 104.55 104.21
18 17 EOD/AAPL 7/28/2016 102.83 102.82 104.45 104.34
19 18 EOD/AAPL 7/27/2016 104.265 102.75 104.35 102.95
20 19 EOD/AAPL 7/26/2016 96.82 96.42 97.97 96.67
21 20 EOD/AAPL 7/25/2016 98.25 96.92 98.84 97.34
22 21 EOD/AAPL 7/22/2016 99.26 98.31 99.3 98.66

23 22 EOD/AAPL 7/21/2016 99.83 99.13 101 99.43 -

arL [ @ . v
few e

Module 5 Summary Statistics and Basic Plots in R.

Summary statistics refer to the creation of commonly used aggregate statistics from a data frame, in
this case a data frame of AAPL prices for the last ten years. In this module R will be used to load the
AAPL prices then explore this data using summary statistics and some rudimentary plots.

The data file to be used is the AAPL.csv file located in Bundle\Data\Equity\Equity\AAPL.csv:
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@ H <
EERl foMe | INSERT  PAGELAYOUT  FORMULAS  DATA  REVIW  VIEW Trainer +
T :“" Galirs o wa = - EewnpTat Generl A [ vema Bad Good Neutral Giction | -| F= Bx [} ﬁ““‘“‘"’” iy M
D Copy - b - x Fill+
e e B I U G- DA = Evgencos - § - %+ % 8 Condtons roruss [TTTTTRY oo ote 3 e voee foma (00 sons e
Clpoard s Font . Alignment . Number . Sties <o Editing A
Al - Je | symool v
A 8 < o 3 f s H ! ) 3 L ™ N ° 3 Q R s T v v x v =
Document Recovery 1 [symbol_Jinterim_8 interim_c nterim_uinterim_wimterim_close
Exce ha recovered the filowing fie. 2 [EOD/AAPI 00:000 10877 10836 10969
Save the ones you wish to keep s [EOD/AAP1 00:000 10923 10902 1086  103.08
Avalabie Fies 4 [coD/AAPt 00000 1053 10834 10537 1922
s [coo/aapt 00:000 10962 10921 11023 10938
B0 pimperontkh Bt | g leoD/asPi 00000 1014 10808 10954 10948
Version aeated from thel.
11872017 10:04 AM 7 |EOD/AAPI 00:00.0 107.78 107.78 10844 10818
= [OD/aAP1 00:000 10852 10785 10893 10793
[} AaPLcsv (Griginal 9 [EOD/AAP1 00000 10871 10776 1089 108
Version acated last time t 10 |cop/aspt 00000 10823 10801 10854 10881
A21ME100 P Ths s theoriginal document 0.0 107.57 10745 108.37 10837
12 EOD/AAPI  00:00.0 106.27 10618 107.65 107.48
13 |EOD/AAPI 00:000 10558 10528 106 10587
14 EOD/AAPI  00:00.0 104.81 10477 10584 105.79
15 EOD/AAPI 00:000 10605 104 10607 10448
16 EOD/AAPL 00:00.0 10441 10441 10615  106.05
17|EOD/AAPL 00:000 10419 10368 10455 10421
18 EOD/AAPL 00:00.0 10283 10282 10445 104.34
19 EOD/AAPI  00:00.0 104265 10275 10435 10295
20 EOD/AAPI 00:000  $6.52 5642 S1.87 9667
21 |EOD/AAPI  00:000 9825 9692  98.84  97.34
22/EOD/AAPI 00:000  98.26 5831 993 5566
23 |EOD/AAPIL 00:000  99.83  99.13 101 %943
24 |EOD/AAPL  00:00.0 100 99735 10046 99.96
25 EOD/AARI 00:000 9956 99.38 100 %987
26 |EOD/AAPL  00:00.0 98.7 98.6 10013 9983
27 EOD/AAPI 00:000  S852 985 993 SE78
28 |EOD/AAPL 00:00.0  97.39 9732 3899 9879
29EOD/AAPI 00:000  97.41 9688 967 9687
20 EOD/AAPL 00:000 9717 9712 977 742
31 EOD/AAPI 00:00.0 9675 9673  97.65 9698
52 EOD/AAPI 00000 649 9605 %689 3668
33 EOD/AAPL  00:00.0 957 95.62 9.5 9594
@ Whin fle o want to save? 4 EOD/AAPI 00:000 946 9437 8566 9553
| F5lEOD/AARL 00000 5535 sads 34 5459 -
et | @ . v

The module seeks to emulate many of the functions available to Excel and StatTools in R.

Procedure 1: Create a Histogram of Time Series Data in R.

Start this procedure by creating a new script window in RStudio by clicking on in the top left hand
corner, then clicking RScript on the submenu:

) Rstudio
File Edit ©Code View Plots

-l H B =

R 5cript  Ctrl+5hift+M || 404

81
§E- R Moteb Create a new
@7

script
R Markdown... del
Shiny Web App...

O Tedt File od
SF C++ File

€] RSweave ge(.
&7 RHTML

_ ge(
m R Presentation
@7 R Documentation gel.

A new script window will be opened and be ready for input:
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O Rstudio =S =]
Fle Edt Code View Plots Session Buld Debug Profile Tools Help
Q-i- Q3 ~ Addins ~ &) Project: (None) ~
©1Untitiedt® x | ©]Untitied2s x | 0]Untitleds® % | O] Untitlea3* x| O] Unitieds* x ) Unlitieds )| Envionment History =0
i Msouceonsve  Q /' ~ 2 SRun 5% % Source - 2 @ (SmportDataset = ust
1 2 Global Enviconment =
Fles Plots  Paages Help  Viewes =0
Ol nstal @ update
Desaiption
11 (oplevel ¢
Console 51
R version 3.3.2 (2016-10-31) -- "sincere pumpkin patch”
050
53

Copyright (C) 2016 The R Foundation for Statistical Computing
Platform: x86_64-w64-mingw32/x64 (64-bit)

R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.
Type ‘license()' or ‘licence()' for distribution details.

R 15 a collaborative project with many contributors.
Type "contributors()’ for more information an
“citation()’ on how to cite R or R packages in publications.

Type ‘demo()’ for some demos, 'help()' for on-line help, or
‘help.start()’ for an HTML browser interface to help.
Type 'q0" to quit R.

B2 @ Ol e
Load the AAPL.csv dataset from Bundle\Data\Equity\Equity\AAPL.csv:

library(readr)
AAPL <- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/Equity/Equity/AAPL.csv")

)

27 Untitled1* % 9] Untitled2* » = @] Untitledd* % 9] Untitled3* ®* = @7 Untitled5* ® = @7 Untitled6* =)

= &1 | |3 [Fseurceonsave | Q A +| i 2
1 ldibrary(readr)
2 AAPL <- read,csv(”D:/Users;’Tra'iner;’Desktop/Bunﬂe;’DataHEqu‘itnyqu‘ityfAAPL.csv")|

3

=% Run | 5% || #source ~| =

2:30 (Top Level) = R Script *

It can be observed that the library readr is being loaded and therafter the read_csv() function is
being used to create a data frame titled AAPL. Run the block of script to console:
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Console ~/ =
Iype FTCErnse) ur rreericgy ) TUr QisLripuLIun agedl s,

R is a collaborative project with many contributors.
Type 'contributors()’ for more information and
"citation()’ on how to cite R or R packages in publications.

Type "demo()’ for some demos, "help()’ for on-line help, or
"help.start ()" for an HTML browser interface to help. B
Type 'q()" to guit R.

> library(readr)
> AAPL <- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/Equity/Equity/AAPL.csV'™)
Parsed with column specification:

cols( )
" <U+FEFF>5ymbol” = col_character(), 3
Interim_Buffer_bDate = col_datetime(format = ""),

Interim_open = col_double(),
Interim_Low = col_double(),
Interim_High = col_double(),
Interim_Close = col_double()

)

= | =
The specification has been written to console and is available in the environment pane:
&) Rétudic =ra
File Edit Code View Plols Session Build Debug Profile Tools Helg
C-@- BB +| ndding & project: None) »
27 UntithedL® © ] Untitledz® £ Untitled” @7 Untitleds* €7 Untitleds* B Untitieds* =0 Emnronment  Hestory -0
A MSourceonSave | Q 2 «| 11 = SRun | 58 Source x| = T PmportOstect~  § st -
1 Tibrary(readr) # Global Enwironment ~
: ©aaPL 2620 obs. of 6 variables

Fics Plots  Packages Help  Viewsr =0
Blmsan | @ vpsate =
Heme Descrition version

User Library

[ assenhar o1
(ST a0
[ colorspace
34 fiop Leven LX)
Comsale =] |
YPEiCenSEC UN TIENCES 1r GESLE IOUC O G | m schvomae
R is a collaborative project with many contributors. O digest = of R Objects
Type 'contributors()’ for more information and [ e
“citation()’ on how to cite R or R packages in publications . o
[ sgplot2 ing the Grammar o Graphics
Type 'demo()’ for some demos, ‘help()' for on-line help, or [ gable
“help,start()’ for an WML browser interface to help. B s
Type 'aQ)" fa quit R.
[£] labeing 03
> Tibrary(readr) i B sayevl 020
> AAPL <- Fead_Csv( D /USers/Trainer,/DeskTop,/sund]e/Data /Equity/EquiTy /AaPL. €5V") :
Parsed with column specif cation: [ magritr s
e . 5 [ mumel
<usFErFssymhol* - col_character(), 5
Inter im_puffer_pate - col_datetime(formar - "), [ b Data
Incerim_open = col_double(}, o 6 210
Interim_Low = col_double(), -
nter in_kigh = col_double(), [ Reelorbrewer 12
Incerim_Close - col_double() [ Fee 0123
[2 reade 3

>
B ce o ®ETO

As the data frame is quite large, itis not practical to write it all out to console, hence in this
example the head() function will be used to take a peek at the data frame by typing:

head(AAPL)
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27 Untitled1* 27 Untitled2*

&) | | Flsourceonsave | Q 7 - &1 -
1 Tlibrary(readr)
2 AAPL <- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/Equity/Equity/AAPL. csv")

3  head(aapL)

311 (Top Level) =

Run the line of script to console:

Console
FoIUrdryredar g

> AAPL <- read _csv("D:/Users/Trainer/Desktop/Bundle/Data/Equity/Equity/AAPL.csV")

27 Untitled4*

Parsed with column specification:

cols(

"<U4+FEFF=5ymbol”™ = col_character(),
Interim_Buffer_bate = col_datetime(format
Interim_open = col_double(),
Interim_Low = col_double(),

Interim_High = col_double(),
Interim_Close = col_double()

)
= head(aapPL)
# a tibble: 6 x 6

27 Untitled3*

ek

JUBE

27 Untitleds*

@ 7 Untitleds*

T<U+FEFF=5ymbol” Interim_Buffer_bate Interim_open Interim_Low Interim_High Interim_Close
<db1=

<chr>
EQD/AAPL
EQD/AAPL
EQD/AAPL
EOD/AAPL
EOD/AAPL
EOD/AAPL

Vo

<dttm=
2016-08-19
2016-08-18
2016-08-17
2016-08-16
2016-08-15
2016-08-12

108.
109.
109.
109.
10&.
107.

<db1>
108.36
109.02
108.34
109.21
108.08
107.78

<db1>

109.
109.
109.
1i0.
109.
108&.

<dbl>

109.
109.
109.
109.
109.
108.

It can be seen that just the top of the data frame has been returned.

=% Run

e

_7 Source ~

R Script =

m

For the purposes of this procedure, the column, rather vector, of interest is the Interim_Close for
which a histogram would provide some discovery capability. To create a histogram the hist()

function is used, taking the data frame and named vector:

hist(AAPLSInterim_Close)
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@7 Untitledl* ® | ] Untitled2* % | @] Untitledd* ®x = @] Untitled3* % | @] Untitled5* ® = @7 Untitleds* » =
&1 | [ [Fsource onsave | Q L’ - =5 - [=#Run | %% | | S Source ~| =
1 Tibrary(readr)
2 AAPL <- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/Equity/Equity/AaPL.csv")
3 head(aaPL)
4 hist(AAPLSInterim_Close)
5

5:1 (Top Level) = R Script =

Run the line of script to console:

Console -/ =0
> OAAFL <- IE4U_LSVL UI/USErS/ 1Fd 1180/ UESK LD, BUMNU T8/ UdLd/ EQU I LY/ EQU I LY,/ AAFL. L5V J

parsed with column specification: -
cols(
"<U+FEFF>5ymbol” = col_character(),
Interim_guffer_pate = col_datetime(format = ""),
Interim_open = col_double(),
Interim_Low = col_double(),
Interim_High = col_double(),
Interim_Close = col_double()
)
= head(aapL)
# A tibble: 6 x 6 T
T<U+FEFF=5ymbol” Interim_Buffer_pate Interim_open Interim_Low Interim_High Interim_Close
<chr> <dtTm> <db1> =<db1> <db1> <db1>
1 EOD/AAPL 2016-08-19 108.77 108.36 109.69 109,386
2 EOD/AAPL 2016-08-18 109.23 109.02 109.60 109.08
3 EOD/AAPL 2016-08-17 109.10 108.34 109.37 109,22 £
4 EOD/AAPL 2016-08-16 109.63 109.21 110.23 109,38
5 EOD/AAPL 2016-08-15 108.14 108.08 109.54 109.48
6 EOD/AAPL 2016-08-12 107.78 107.78 108.44 108.18
= hist(aapL$Interim_close)
> -
It can be seen that a chart has been loaded to the plot section of RStudio:
File Edt Code View Plots Session Build Debug Profile Tools Help
o-- 88 - - addns + £ rojec Mone +
OUntitied1® 0] Untitied2* x (] Untitiedd* x O] Untitied3* x 2] UntitledS* x 0] Untitied6® x (7| Envionment  History =0
4 Sourceonswve @ / - ! “#Run  °% | & Source & [ _mportDataset + List +
1 Tibrary(readr) % Global Envronment -
2 AAPL <. read_csv("D:/users/Trainer/Desktop/Bundle/ata/Equity/Equity/ARPL. csv™)
3 head(aapL) pata
4  hist(aapLSInterim Close) O AaPL 2620 obs. of 6 variables 0
s
Files  Plots  Packages Help  Viewer =0
P 0om Eepor- O F 4 Publish ~
Histogram of AAPLSInterim_Close
2
s1 fopleve ¢ Rsaipt £ 8
Console =0 o
> AAML €= EAU_CSVL U/USERS/ (1 d 11/ UeSKLOp/ BUnU 1) UdUd/ QU T LY/ EQUT LY/ ARFL. CSV ) = 2
Parsed with column specification:
cols( (=3
<U+FEFF>Symbol” = col_character (), z g
Interim_Buffer_pate = col_datetime(format = "), &
Interin_open = col_double(), 2 8
Interin_Low = s 8
Inter i &
Interin_c o
) Q
> head(aapPL)
4 A tibble: 6 x 6 s
<U+FEFF>Symbol” Inler(m_auffergoate In(erim_ogﬁn Xn(er(m_l,]ou Interim_High Interim_Close =3
1 €oo/aarL o8- 10877 108.36 109.69 109.36
2 EOD/AAPL 109.23 109.02 109. 60 109.08 4
3 EOD/AAPL 109.10 108.34 109.37 109.22 = r T T T T T 1
5 Soo/aart 084 008  1osse 105.48 100 200 300 400 500 600 700
6 00/AAPL 107.78 10778 108,44 10818
> Ih\'st(MPLanurim_(lose) AAPLSInterim_Close

BB cenon
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The plot gives a good snap visulatisation of the AAPL stock price over the history, which in this case
can be seen as positivily skewed. The hist() function exposes many argument to enhance the visual
appearance of the histogram however for the purposes of exploration, rather than presentation, the
defaults are more than adequete.

Procedure 2: Establish Range in R.
To establish the range of the Interim_Close in the AAPL data frame use the min() function typing:

min(AAPLSInterim_Close)

@7 Untitled1* 27 untitled2* 3 ] Untitled4* @ 7 Untitled3s* 27 Untitleds* 3] Untitled&*

4] | | [[]SourceonsSave & - i - ~#Run | &= | ¥ Source -
1 Tlibrary(readr)
2 AAPL <- read_csv("D:/Users/Trainer /Desktop/Bundle/Data/Equity/Equity/AsPL.csv'™)
3  head(aapL)
4  hist(aapLiInterim_cClose)
5 min(aspPLiInterim_cClose)|
5:24 (Top Level) R Script

Run the line of script to console:

Console

[RiNE =
"<U+FEFF>Symbol” = col_character(),
Interim_guffer_bpate = col_datetime(format = ""),

Interim_open = col_double(),
Interim_Low = col_double(),
Interim_High = col_double(),
Interim_Close = col_double()

Yo

head(aapL)
# A tibble: 6 x 6
"<U+FEFF>Symbol” Interim_Buffer_bate Interim_Open Interim_Low Interim_High Interim_Close

<chr> <dttm= <db1> <db1> <dbl> <db1>
1 EOD/AAPL 2016-08-19 108.77 108. 36 109.69 109. 36
2 EOD/AAPL 2016-08-18 109.23 109.02 109.60 109.08
3 EOD/AAPL 2016-08-17 109.10 108. 34 109.37 109.22
4 EOD/AAPL 2016-08-16 109.63 109.21 110.23 109. 38
5 EOD/AAPL 2016-08-15 108.14 108.08 109.54 109.48 =
6 EOD/AAPL 2016-08-12 107.78 107.78 108.44 108.18

> hist({aapL$Interim_close)
> min(AAPLS$Interim_Close)
[1] 50.67

>

It can be seen that the smallest value in the Interim_Close vector of the AAPL data frame is 50.67, to
retrieve the largest value use the max() function by typing:
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@7 Untitled1* 3] Untitled2*

&1 | | Elsourceonsave | Q # «| £1| -
Tibrary(readr)
AAPL <- read_csv("D:/Users/Trainer /Desktop/Bundle/Data/Equity/Equity/AAPL. csv')

head (AAPL)

min(AAPLSInterim_Close)
max (AAPLSINnterim_Close]

en o R

5:23 (Top Level) =

Run the line of script to console:

Console

37 Untitled4*

hist{aaPLSInterim_Close)

LMILEr TH_BUl T EI_UdLE = LUI_UdLEL ITmE ] ormde
Interim_open = col_double(),
Interim_Low = col_double(),

Interim_High = col_double(),
Interim_Close = col_double()

Vo

head (AAPL)
# A tibble: 6 x ©

] Untitled3*

I

JUBE

3] Untitleds*

@] Untitlede*

"<U+FEFF=5ymbol” Interim_guffer_Date Interim_open Interim_Low Interim_High Interim_Close
<db1>

<chr>
EOD/AAPL
EOD/AAPL
EOD/AAPL
EOD/AAPL
EOD/AAPL
EOD/AAPL
= hist(AAPL$INterim_Close)
> min(AAPL$Interim_Close)
[1] 50.67
> max{AaaPL$Interim_close)
[1] 702.1
>

e b b

<drTm=
2016-08-19
2016-08-18
2016-08-17
2016-08-16
2016-08-15
2016-08-12

108.
109.
109.
109.
108.
107.

<dbl>
108. 36
109.02
108. 34
109.21
108.08
107.7

<db1>

109.
109.
109.
110.
109,
108,

69
60
37
23
54
44

<db1>

109.
109.
109.
109.
109.
108.

~= Run

B

_ Source ~

R Script =

m

It can be observed from the console that the largest price is 702.1. The range can be calculated by
subtracting the maximum value from the minimum value. The values can be presented more
succinctly using the range() function and typing:

range(AAPLSInterim_Close)
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27 Untitled1*

@7 Unt

itled2* 27 Untitled4*

il | @ [Jsourceonsave | & A -

AAPL

00 B

8:1 [Top Level) =

Tibrary(readr)
<- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/Equity/Equity/AAPL. C5V")
head (AAPL)
hist(AAPLSInterim_Close)
min(AAPLSINterim_Close)
max(AAPLSINterim_Close)
range(AAPLSInterim_Close)

127 Untitled3*

Run the line of script to console:

Console

LITCEr Tm_|

Luw = LU

I_auouo ey,

Interim_High = col_double(),
Interim_close =

Yo

head{aarL)

# A tibble: 6 x 6
"<U+FEFF=Symbol” Interim_Buffer_bDate Interim_Open Interim_Low Interim_High Interim_Close
<db’>

o bR

<chr>
EOD/AAPL
EOD/AAPL
EOD/AAPL
EOD/AAPL
EOD/AAPL
EOD/AAPL

col_double()

<dttm=
2016-08-19
2016-08-18
2016-08-17
2016-08-16
2016-08-15
2016-08-12

> hist(asapL$Interim_cClose)
> min{aaPL$Interim_cClose)

[1] 50.67

> max(aAPL$Interim_cClose)

[1] 702.1

> range(aapL$Interim_Close)
[1] 50.67 702.10
-

108.
109.
109.
109.
108.
107.

23
10
63
14
78

JUBE

127 Untitled5*

<db1>

10&.
109.
10&.
109.
10&.
107.

36
02
34
21
08
78

@ 7 Untitleds*

<db1>

109.
109.
109.
1io0.
109.
108.

69
&0
37
23
54
44

<dbl>

109.
109.
109.
109.
109.
108.

36
08
22
38
48
18

== Run

e

_T*Source -

R Script =

m

To establish the range value subtract the largest value from the smallest value which can be achived

by using the diff() function on the vector returned from the range() function as:

diff(range(AAPLSInterval_Close))
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] Untitled1® 3] Untitled2® 3] Untitleds® 7] Untitled3* 3] Untitleds® 13 Untitleds™

1| B [Fsourceonsave | Q A ~| i - =% Run | (5% | | % Source -
Tibrary(readr)
AAPL =- read_csv("D:/Users/Trainer /Desktop/Bundle/Data/Equity /Equity/AsPL. csv'™)
head(aapL)
hist(aspLSInterim_close)
min{aapPLSInterim_Close)
max (AAPL$Interim_Close)
range(AAPLSINterim_Close)
diff(range(AAPLSInterim_Close))

[N T TN I

9:1 (Top Level} * R Script

Run the line of script to console:

Console
LOLEr IO T0se = COl_uoun gy

)]
> head(AaPL)
# A tibble: & x &
T<U+FEFF>Symbol” Interim_Buffer_Date Interim_Open Interim_Low Interim_High Interim_Close

<chrx> <dttms <db1> <db1> <dbl> <db1>
1 EOD/AAPL 2016-08-19 108.77 108. 36 109.69 109. 36
2 EOD/AAPL 2016-08-18 109.23 109.02 109.60 109.08
3 EOD/AAPL 2016-08-17 109.10 108. 34 109,37 109.22
4 EOD/AAPL 2016-08-16 109.63 109.21 110.23 109. 38
5 EOD/AAPL 2016-08-15 108.14 108.08 109,54 109.48
[ EOD/AAPL 2016-08-12 107.78 107.78 108.44 108.18

> hist{aapL$Interim_cClose)

> min(aaPL$Interim_close)

[1] 50.67

> max(AAPL$Interim_close)

[1] 702.1

> range(aapPL$Interim_cClose)

[1] 50.67 702.10

> diff(range(aspL$Interim_close))
[1] 651.43

>

m

It can be seen that the range has been returned as being 651.43.

Procedure 3: Calculate Quartiles and the Interquartile Range.

Quartiles, which divides the vector up into four chunks which are equally sized, is one means to
estimate spread. The IQR() function allocates the entries in a vector and provides explanation of the
thresholds, returning the range between the end of the first quartile and the start of the third
quartile. To establish quartiles type:

IQR(AAPLSInterim_Close)
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37 Untitled1* 37 Untitled2*

&1 | || [C]Source on Save
Tibrary(readr)

head (aaPL)

[=NT-N- I T R T N

i

9:24 (Top Level) +

7] Untitledd*

Q /-

hist(AAPLiInterim_Close)
in(AsPLiINterim_Close)
max(AAPLSINterim_Close)

range (AAPLSInterim_Close)
diff(range(aapPLiInterim_close))
IQR{AAPLSInterim_close)

7] Untitled3*

Run the line of script to console:

Console
> NeduiARrL)
# a tibble: 6 x 6

JUBE

27 Untitleds*

@] Untitleds*

AAPL <- read_csv("D:/users/Trainer/pesktop/Bundle/Data/eEquity/Equity/aaPL. csv')

T<U+FEFF>Symbol” Interim_Buffer_pate Interim_oOpen Interim_Low Interim_High Interim_Close
<db1=

<chr>
EOD,/AAPL
EOD,/AAPL
EOD,/AAPL
EOD,/AAPL
EOD,/AAPL
EOD,/AAPL
> hist(aapLSInterim_Close)
> min(aAPL$Interim_Close)
[1] 50.67
= max (AAPLSInterim_Close)
[1] 7oz.1
> range(AAPLSInterim_Close)
[1] 50.67 702.10

[= W R TN

<dttm=
2016-08-19
2016-08-18
2016-08-17
2016-08-16
2016-08-15
2016-08-12

> diff(range(AAPLSINterim_Close))

[1] 651.43

= IOR(AAPLSINterim _Close)
[1] 285.065

>

<db1>

108.
109.
109.
109.
108.
107.

108.
109.
108.
109.
108.
107.

<db1>

109.
109.
109.
1i0.
109.
108.

<db1>

109.
109.
109.
109.
109.
108.

== Run

L g

=

_t+Sourge -

[ |

R Script =

I
v O

m

To obtain more granularity around the range calculated using the IQR() function, use the quantile()

function by typing:

quantile(AAPLSInterim_Close)
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2] untitledl* @ 7 Untitled2* 2] Untitleds* @ 7 Untitled3s* 27 Untitleds* @] Untitleds*

4] | | [CSourceonsave | & A ~| i - ~#Run | %% | % Source ~
Tibrary(readr)
AAPL <- read_csv("D:/uUsers/Trainer /Desktop/Bundle/Data/Equity/Equity/AsPL. csv")
head (aaPL)
hist(AAPLSInterim_Close)
min(AAPLSINterim_Close)
max(AAPLSInterim_Close)
range(AAPLSINterim_Close)
diff (range(aapLiInterim_close))
IQR(AAPLSInterim_Close)
quantile(AAPLIINnterim_Close)

[=NT- N RN T T N

i

10:29 (Top Level) R Script

Run the line of script to console:

Console
<L <uLums RGINES <un 1> <uuE RGLNES o
1 EOD/AAPL 2016-08-19 108.77 108. 36 109.69 109. 36
2 EOD/AAPL 2016-08-18 109.23 109.02 109. 60 109.08
3 EOD/AAPL 2016-08-17 109.10 108. 34 109. 37 109.22
4 EOD/AAPL 2016-08-16 109.63 109.21 110.23 109. 38
5 EOD/AAPL 2016-08-15 108.14 108.08 109. 54 109.48
6 EOD/AAPL 2016-08-12 107.78 107.78 108.44 108.18

> hist(aapPL$Interim_Close)

= min(aapL$Interim_close)

[1] 50.67

= max(aaPL$Interim_Close)

[1] 702.1

> range(aspL$Interim_Close)

[1] 50.67 702.10

> diff(range(aspL$Interim_close))
[1] 651.43

> IQR({AAPL$INterim_Close)
[1] 285.065 =
> guantile(aspL$Interim_Close)
(04 25% 50% 75% 100
50.670 107.510 171.195 392.575 702.100
>

The first quartile is 107.510, the second quartile is 171.195 and the third quartile is 392.575, values
which provide a measure of spread and coupled with other summary statistics can support a further
visualization in the form of a box plot, as explained in procedure 59.

Procedure 4: Establish the Mean and Median in R.

The Mean and Median are a way to measure the central tendency of a vector. The mean, commonly
called the average, is calculated by summing up all of the values in a vector the dividing it by the
count of values in the vector (i.e. 100 + 200 + 300 / 3). The function mean() performs the calculation
on a vector by typing:

mean(AAPLSInterim_Close)
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27 Untitled1* 127 Untitled2* 27 Untitled4*

&1 | |3 [Fsourceonsave | § 7 -

Tibrary(readr)

head(aaPL)
hist(AaPLSInterim_Close)
min{AAPLIINterim_cClose)

max (AAPLIINterim_cClose)
range(AAPLSInterim_Close)
diff(range(AAPLSInterim_Close))
IQR{AAPLSINterim_Close)

10 quantile(AAPLSInterim_Close)

11 mean(AAPLSInterim_Close)

[T W TN

121 (Top Level) =

Run the line of script to console:

Console

z EUL/ AAFL ZULD-UB-Lo
3 EOD/AAPL 2016-08-17
4 EOD/AAPL 2016-08-16
5 EOD/AAPL 2016-08-15
[ EOD/AAPL 2016-08-12

> hist(AAPL$INterim_Close)

> min(AAPL$Interim_Close)

[1] 50.67

> max{AaaPL$Interim_close)

[1] 702.1

> range(AaPLSInterim_Close)

[1] 50.67 702.10

> diff(range(aapL$Interim_close))
[1] 651.43

> IQR{AAPLSINterim_close)

[1] 285.065
> quantile(aapL$Interim_close)
0% 25% 50% 75% 100%

50.670 107.510 171.195 392.575 702.100
> mean(AAPLSINterim_Close)

[1] 251.8668
>

27 Untitled3*

Luy,
109,
109,
108.
107,

JUBE

@7 Untitleds*

1uy.
108.
109.
108.
107.

us
34
21
08
78

@ 7 Untitleds*

Luy,
109,
110.
109,
108,

ou

v
23
54
44

AAPL <- read_csv("D:/Users/Trainer /Desktop/Bundle/Data/Equity/Equity/AaPL. csv'™)

1uy,
109,
109,
109,
108,

uas
22
38
48
18

% Run

o

Source -

R Script &

~ (i)

m

The mean, or average, is output as 251.8668. The median on the other hand is absolute middle of a

histogram and can be calculated using the median() function:

median(AAPLSInterim_Close)
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2 7 Untitled1* 27 Untitled2* @7 Untitledd* 2 7 Untitled3* 27 Untitleds* @ Untitleds*

a] | @ [ SourceonSave | Q A -| 1| -

Tibrary(readr)

head (aaPL)
hist(aspPLSInterim_close)
min(AaPLSInterim_close)

max (AAPLSINterim_cClose)

range (AAPLSInterim_Close)
diff(range(AAPLSInterim_close))
IQR(AAPLSINterim_cClose)

10 quantile(AAPLSINnterim_Close)
11 mean(AAPLSInterim_Close)

12 median(AAPLSInterim_Close)

[F=C R N T

12:27 (Top Level)

Run the line of script to console:

Console
4 EUL/ AAFL ZULD-UB-Lo 1uy. o3 lug. 2L 1iu. g3
5 EOD/AAPL 2016-08-15 108.14 108.08 109. 54
] EOD/AAPL 2016-08-12 107.78 107.78 108.44

= hist(AAPLS$INterim_Close)

= min{AAPLSInterim_Close)

[1] 50.87

= max{AAPLSInterim_Close)

[1] 702.1

> range(AAPLS$Interim_Close)

[1] 50.67 702.10

= diff (range(AaPLSINnterim_Close))

[1] 651.43
= IOR{AAPLIInterim_Close)
[1] 285.065
> quantile(AAPLSINterim_Close)
0% 25% 50% 75% 100%

50.670 107.510 171.195 392.575 702.100
= mean(AAPLSInterim_close)

[1] 251.8668

= median(AAPLSInterim_Close)

[1] 171.195

=

AAPL <- read_csv("D:/users/Trainer /Desktop/Bundle/pata/Equity/Equity/AaPL. csv™)

LUy, 38
109.48
108.18

~= Run

o

It can be observed that the median, the value that could be considered the centre of the
distribution, is 171.195. Taken together with procedure 57, all the values are present to create a box
and whiskers plot as an alternative to a histogram as a means to understand the spread of data, and

is explained in procedure 59.

Procedure 5: Create a Box Plot.

_7* Source -

R Script

m

A box plot is a five-point visualisation of several summary statistics, the Median, the Range and the
Quartile Range. The box plot allows for a quick appraisal of range and skew of the data and is an
alternative to a histogram relying solely on easily reproducible summary statistics.

The boxplot() function takes a vector as its argument and produces a visualisation. To create a Box

Plot simply type:

boxplot(AAPLSInterim_Close)
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@] Untitledl® | Untitled2® % @ ] Untitledd™ % 3] Untitled3® »

41| [ []Source onSave | G é" - EH| -

Tlibrary(readr)

head(AaPL)
hist(AAPLSInterim_Close)
min(AAPLSINterim_Close)

max (AAPL $Interim_Close)
range (AAPL $Interim_close)
diff(range(aapLiInterim_close))
IQrR{AAPLSInterim_Close)
quantile(AaPLSInterim_close)
mean(AAPLSINterim_Close)
median(AasPLSInterim_Close)
boxplot(aapLiInterim_close)|

== T-C R - T, R WU N

N
[

13:28 (Top Level) +
Run the line of script to console:

Console ~/
¥ EUL/ AAFL
5] EOD/AAPL
= hist(AaAPLSInterim_Close)
= min(AAPL$INterim_Close)
[1] 50.67
= max (AAPLSINterim_Close)
[1] 7oz.1
> range(AAPLSInterim_Close)
[1] 50.867 702.10
> diff(range(AAPLSINnterim_Close))
[1] 651.43
= IOR(AAPLSINterim_Close)
[1] 285.065
> quantile(AAPL$Interim_Close)
0% 25% 50% 75% 100%
50.670 107.510 171.195 392.575 702.100
= mean(AAPLSInterim_Close)
[1] 251.8668
= median(AAPLSINterim _Close)
[1] 171.195
> boxplot(AAPLSInterim_Close)
=

ZULo-Us-13 Lus. 14
2016-08-12 107.78

JUBE

2] untitleds* % @] Untitleds® %

AAPL <- read_csv("'D:/Users/Trainer/Desktop/Bundle/Data/Equity/EqQuity/AAPL.csVv")

Lus.us LUy, 34 FEVEREY)
107.78 108.44 108.18

The box plot is drawn in the plots window in RStudio:

3 Rtudio
Fle Edt Code View Plots Sewon Buid Debug Profie Tooks Help
Q- - H B S [l | addins -

@) Unttedt x| €] Untiteaz 5 | O] Untitestr x| G Untiiec” x| @) Unditiecs x| B Unbitieas x

o [lsewreeansae Qv z
Tibrary(readr)
PL < read_csv("i/users/Tralner /Desktop/Bundle/Data/Equity/Equity/AspL. csv")
head (a3

hist (AARL Trter im_Close)
min(AAPLSInterin_Close)
max(AAPLSInter in_Close)
Fange(AAPLSTTer Tn_Close)
17F (range (aaPLSInTerin_Close))
TaR(AAPLSInTerin_Close)

10 guantile(AsPLiInterim Close)
11 mean(AsPLSINter im Close)

12 median(aspLsInterin_close)

13 boxplot(aspL tInter in_Close)]

13:25_ flop Level

Console
6 E0D/AsBL 2016-08-12 107.78 107,78 108.44 108.18

> hist (AMPLSTrter im_Close)

> min(ARPLSTAter fn_Close)

[1] 50.67

5 max(AsPLSInTerin_Close)

[1] 762.1

> range(AapLSInterin_Close)

[1] 50,67 702,10

> diff(range(aapt SIncerin_CTose))

[1] B51.43

> TOR(AAPLIInterin_Close)

[1] 285,065

> quantile(aspLsInterinclose)
% 25  som 75

100%
50.670 107.510 171.195 392,575 702.100
> mean(AAPLSTrter im_Close)

[1] 251.8668

> median(aspLsInter in_Close)

[1] 171195

> boxplot (aapLSInter in_Close)

=" Environment History
= * [ PmporDstasct ~ o
% Sional envronment -
Data
DaarL 2620 obs. of € variables

Fles Plos  Packiges Hep  Viewst
@ B oom Hepetr | O]

=

|_1* Source -

[ |

R Script =

=0

m

o= s

K project: Nonel ~

st -

% Publish

Rsapt ©

100 200 300 400 S00 800 7O
L

Bl o 0E Q]
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JUBE

The upper and lower whiskers of the Box Plot represent the minimum and maximum values
observed, the upper and lower extremes of the box represent quartile 3 and 1 and lastly the thick
horizontal line represents the median. In this example, it can be observed that there is a skew, or
compression, towards the lower values.

Procedure 6: Navigate Plots and Export Visualisations.

Upon the creation of a box plot at first glance it may appear as if the Histogram created in procedure
55 has been overwritten. Upon closer inspection, it can be seen that this is not the case as there is a
back arrow, function, that allows for the paging through plots created:

Files Plots Packages Help Viewer

-

& & Zoom | E|Export + | @] | 4%, Publish -

N

100 200 300 400 500 600 700
|

Clicking on the back arrow will return to the Histogram created in procedure 55:
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Files Plots Packages Help Viewer —

= | & Zoom | Eewport - | O | & ‘5 Publish - | (&

Histogram of AAPLS$Interim_Close

Frequency

100 200 300 400 500 800

0
L

l T T T l T |
100 200 300 400 500 500 700

AAPLSInterim_Close

Conversely the forward arrow returns to the newly created Box Plot. RStudio provide a number of
mechanisms to export the visualisation via the Export button, clicking on it presents the options:

0 ot [E=mER =)
File Edit Code View Plots Session Build Debug Profile Tools Help
ol-@- 6B - sting = sroect Mone
@Untitiedl® x BUNedZt x 9 Untiledd* x| ©uUntieds' x| € Untiieds® x| ©) Untteds* — 7| eronment  atery =0
b E SourceonSave 4 4 v . *Run | 4% | % Source T [ 2*import Dataset = st =

1 library(readr ) Global Envirenment -

2 read_csv("D: /Users/Trainer /Deskeop/sundle/Data/Equity/Equity/ARPL. csv

2 H Data

: s 2620 obs. of 6 variables

g

ww

I0R(AMPLIInterin_Close
10 quantile(AAPLSInterin Close
11 Wean(AAPLSINTer18_c1058)
12 median(aspLiInterim_cClose
13 boxplot(asPLsInterim_Close.

Fles Plots Fackages | Help | Viewer -
? B zom | mewon - | @ % puoian -
] S e

Save as POF.

2 ! ) copyc

Console

500 600 7

6 2016-08-12 107.78 107.78 108,44 10818
> hist(aapLSInterin_close)
> min(aspLSInTer InClose)

{21 50.67
> max(asPLIInterin_Close)
[1] 702.1

G
[1] 651.43
> TQR(AAPLSTATEr a_Close)
[1] 285.065
> guantile(AaPLSInterin_close)
0% 25% 0% 7% 100%
50.670 107510 171.195 392.575 702.100
> mean(aapLSInterin_close)
[1] 251.8668
» median(aspLsznter imclose)
[1] 171.185
> boxplot (A4FLSInterin Close)

D2 e m g o) CemzEo

100 200 200 400

In the drop-down there are several options to export an image from a plot, although the most
versatile is to copy the visualisation to clipboard as an image for pasting into a plethora of third party
applications, such as Word, via the established Copy \ Paste mechanism familiar to Windows users.

To copy the image, click on the sub menu item Copy to Clipboard which will open a dialog box
setting out the specification of the image:
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Copy Plot to Clipboard

Width: Height: [[Maintain aspect ratio Update Preview

I\ T

100 200 300 400 500 600 70O
|

Copy as: @ Bitmap () Metafile | CopyPlot | Cancel F

Options for the creation of the image include the dimensions of the image and the precise format \
encoding, in this case the defaults are adequate as a bitmap is a suitably versatile format. Click the
Copy Plot button to copy the image to the clipboard. The image can now be pasted into any
application that can make use of a bitmap, such as Powerpoint, Word, Excel of Paint:

@B o O- Documentl - Word 7 m - 8 X
e O ——— o~
i CoibriBody) ~[11 | A A7 Aa- fe iZeiE- T | asboceoc aagbeede AaBbCe AsBbcet AQB assbcer aosbeed aasbeene AaBBCCDC ABLCCO: AABBCCDC AR nasbcen | T
< Serep
e BIy-wmxx A-¥-A-BE=== 1= -0 |INom |TNoSpsc. Hesdingl Hesding2  Tle  Subtile SubtleEm. Emphasis InenseE. Stong  Quote  InenseQ. SubllReh. IntenseRe. BookTdle [3|

100 200 300 400 500 600 700

PAGELOF1 OWORDS [  ENGUSH (UNITED STATES) W OE B -————+ 100%

e @ @l @Q} E'lw-‘-;mj.{‘:‘f,g

Procedure 7: Create the Variance and Standard Deviation.

The procedures presented in module 4 thus far ignores the existence of a summary() function that
produces an analysis of a vector and returns the same summary statistics. To return the summary
statistics in this manner type:
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] Untitled1* 3] Untitled2* ] Untitleda® 3] Untitled3* @] Untitleds® @7 Untitleds*

summary(AAPLSInterim_Close)

a1 | |3 [[]SourceonSave | @ A v| i - = Run | |2 || o Source ~| =
Tibrary(readr)
AAPL <- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/Equity/EqQuity/AAPL.CsV")
head (AaPL)

hist(AAPLSINterim_Close)
min(AAPLSINterim_Close)

max (AAPL$Interim_Close)
range(AAPLSInterim_Close)
diff(range(aaPLiInterim_close))
IQR(AAPLSINterim_Close)

[T I T RS TEI S

10 guantile(AAPLSInterim_Close)

11 mean(AAPLSInterim_cClose)

12 median(AAPLSINterim_Close)

13 boxplot(AAPLSInterim_Close)

14  summary(AAPLSINnterim_close)]

14:28 (Top Level) = R Script =

Run the line of script to console:

Console =
Z ITIAAFLILTILED 1H_LC 105 o
[1] 50.67

> max{AAPLSInterim_Close)

[1] 702.1

> range(AAPLSINterim _Close)
[1] 50.67 702.10
> diff (range(AAPL$INterim_Close))

[1] 651.43
> IQR(AAPLSINterim_Close)
[1] 285.065
> quantile(aaPL$Interim_close)
0% 25% 50% 75% 100%

50.670 107.510 171.195 392.575 702.100
> mean(AapPL3Interim_Close)
[1] 251.8668
> median(aapL$Interim_close)
[1] 171.195
> boxplot(AaPL$Interim_close)
= summary(AAPLSInterim_close)
Min. 1st Qu. Median Mean 3rd qQu. Max.
50.67 107.50 171.20 251.90 392.60 702.10
=

m

It can be seen that many of the summary statistics produced one by one are written out to a vector
as the result of the summary() function. There is a conspicuous absence of the Variance and
Standard Deviation measures in the summary function which calls for the use of the sd() and var()
functions. To review the variance of a vector type:

var(AAPLSInterim_Close)
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27 Untitledl* 1?7 Untitled2* 1?7 Untitled4* 27 Untitled3* 27 Untitleds* @ 7 Untitleds*

41| | [Flsourceonsave | § A7 - i = ~#Run | [o% | | % Source -
library(readr)

<- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/Equity/Equity/AAPL. csv'™)
(AAPL)

hist(AaspPLSInterim_Close)

min(aaPLEZInterim_close)

max (AAPLSINTerim_close)

range(aaPLSInterim_close)

diff(range(aapLSInterim_close))

IQR(AAPLEINterim_Close)

10 guantile(aspLiInterim_close)

11  mean(AaPLSInterim_Close)

12 median{AaPLIInterim_close)

13 boxplot(aapPLSInterim_close)

14 summary(AAPLSInterim_Close)

15 war(AAPLSInterim_Close)

[T I N RS TR S

15:24 (Top Level) = R Script =

Run the line of script to console:

Console

2 MAX AAFLILIILEN Im_L 1us5e) o
[1] 702.1

> range{aaPL$Interim_Close)

[1] 50.67 702.10

= diff(range{aapLiInterim_close))

[1] 651.43
> IQR{AAPL$INterim_Close)
[1] 285.065
= guantile(aapL$Interim_Close)
0% 25% 50% 75% 100%

50.670 107.510 171.195 292.575 702.100

> mean({AaPLSInterim_Close)

[1] 251.8668

> median(aapPL$Interim_Close)

[1] 171.195

> boxplot(AAPLS$Interim_Close)

> summary(AAPL$Interim_Close)
Min. 1st Qu. Median Mean 3rd Qu. Max.
50.67 107.50 171.20 2531.90 392.60 702.10

> var (AAPL$Interim_Close)

[1] 31382.2

>

m

The variance calculation takes the difference between each value and the overall mean, squares it,
then takes an average of that. In this case the variance is 3182.2, it could be said that the larger the
value the more it varies. The standard deviation, a more useful statistic is simply the square root of
the variance. Itis more practical to go straight to the Standard Deviation by typing:

sd(AAPLSInterim_Close)
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7] Untitled1® 3] Untitled2® 3] Untitled4® 7] Untitled3* 3] Untitleds® @7 Untitleds*

4] |= [SourceonSave | G # «| i - ~#Run | [9% | | = Source ~
Tibrary(readr)
AAPL <- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/Equity/EqQuity/AAPL.csv")
head (AAPL)

hist(AAPLSINterim Close)
min(AAPLIInterim_Close)
max(AAPLIInterim_Close)
range (AAPLSINterim_Close)
diff (range(aaPLSInterim_close))
TQR{AAPL SInterim_close)

10 quantile(AaPLSInterim_cClose)
11  mean(AAPLSInterim_close)

12 median(AaaPLSInterim_Close)
13 boxplot(aapLiInterim_close)
14  summary(AAPLSInterim_close)
15 var{aapL3Interim_Close)

16 sd(aapLSInterim_close)|

[Tl RN W, T N

16:23 (Top Level) = R Script

Run the line of script to console:

Console

F NdigeAAFLILILEN TH_L 105 )

[1] 50.67 702.10

= diff(range(aspL$Interim_close))

[1] 651.43
= IQR{AAPLSINterim_Close)
[1] 285.065
= quantile(aspL3Interim_close)
0% 25% 50% 75% 1003%

50.670 107.510 171.195 392.575 702.100

> mean(AaaPL$Interim_Close)

[1] 251.8668

> median{aapPLSInterim_Close)

[1] 171.195

> boxplot(aspL$Interim_Close)

> summary (AAPL$INTerim_Close)
Min. 1st Qu. Median Mean 3rd Qu. Max.
50.67 107.50 171.20 251.90 392.80 702.10

= var(AAPLSInterim_Close)

[1] 31382.2

= sd(AAPLSINterim_cClose)

[1] 177.1502

=

m

The standard deviation in this example is 177.1502, a value which has special meaning as adding this
to the mean of 251.8668 as produced in procedure 58, it can be said (in a normal distribution at
least) that 68.2% of all values will live in the range between 0 (as we can’t go below zero) and
429.017. The fact that the lower band is below 0 leads to inference that the distribution is not
normally shaped, which is known already from procedure 55, where the vector was plotted to a
histogram and box plot.

To create an upper band, this being a single Standard Deviation from the Mean:

mean(AAPLSInterim_Close) + sd(AAPLSInterim_Close)
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® 7 Untitled1* 127 Untitled2* 3] Untitled4* 27 Untitled3* 137 Untitled5* @7 Untitledg*

51| |3 [Sourceonsave Q& # +| i - = Run | B | [ Source ~| =
Tibrary(readr)
AAPL <- read_csv("D:/users/Trainer /Desktop/Bundle/Data/Equity/Equity/aaPL. csv™)
head (aaPL)

hist(aspLSInterim_close)
min{AaPLiInterim_Close)
max{AAPLIInterim_Close)
range(AAPLSInterim_close)

diff (range(AaPLSInterim_close))
IQR{AAPLSInterim_close)

10 quantile(aapLiInterim_cClose)

11 mean(AAPLSInterim_Close)

12 median(AAPLSInterim_Close)

13 boxplor AAnL Tnranim ~lg5e)

14  summar Median(x na.rm = FALSE] 55a))

15 wvar(AAPLSInterim_Close)

16 sd(AAPLSInterim_Close)

17 mean(aapPLiInterim_Close) + sd(aaPLfInterim_Close)

[Tl N T

17:50 (Top Level) = R Script =

Run the line of script to console:

Console
S Urrrrdrge AarLyLrcer in_Lruse) )y I
[1] 651.43
> IQR{AAPL$INTerim_Close)
[1] 285.065
> guantile(aspL$Interim_Close)
(04 25% 50% 75% 100

50.670 107.510 171.195 392,575 702.100

> mean(AsPL$Interim_cClose)

[1] 251.8668

> median(aspPL$Interim_Close)

[1] 171.195

> boxplot(aspLiInterim_close)

= summary(AaPLSInterim_close)
Min. 1st Qu. Median Mean 3rd qQu. Max.
50.67 107.50 171.20 251.90 392.60 702.10

> var (AAPL$Interim_Close)

[1] 31382.2

> sd(asPLSInterim_close)

[1] 177.1502

> mean(AaPLIInterim_Close) + sd{aaPL$Interim_Close)

[1] 429.017

=

m

Procedure 8: Calculate a Z Score.

In procedure 61 a calculation was performed representing one standard deviation. A Z Score takes a
value then expresses how many standard deviations that value is from the mean. For the purposes
of this example, the value to appraise is 201. The formula to calculate how many standard
deviations from the mean the value 201 is (201 — Mean) / Standard Deviation.

To identify the Z score of the value 201 type:

(201 - mean(AAPLSInterim_Close)) / sd(AAPLSInterim_Close)
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2] untitledl* 2 7 Untitled2* 2] Untitleds* 2 7 Untitleds* @7 Untitleds* 3] Untitleds*

4] | | [[SourceonsSave | & A | i - ~#Run | &% | | Source -
Tibrary(readr)
AAPL =<- read_csv("D:/users/Trainer /Desktop/Bundle/pata/Equity/Equity/AaPL.csv™)
head (aaPL)

hist(aapLSInterim_close)
min{aaPLiInTerim_close)
max(AAPLIInTerim_close)
range(AaPLSINTerim_close)

diff (range(aapLSInterim_close))
IQR{AAPLSINterim_Close)

10 quantile(AAPLSInterim_Close)

11 mean(AAPL$Interim_Close)

12 median(AAPLSINterim_Close)

13 boxplot(AaspPLSInterim_Close)

14 summary(AAPLSInterim_Close)

15 wvar(AAPLSInterim_Close)

16 sd(aspLSInterim_Close)

17 mean(AAPL$Interim_Close) + sd(AAPL$Interim_Close)

[Tl R T T

18 (201 - mean(AAPLSInterim_Close)) sd [AAPLSInter'im_c'Iose:|
19
15:58 (Top Level) = R Script

Run the line of script to console:

Console
F LUKLAAFLILIILEDN ML 1use) i
[1] 285.065
> quantile(AAPLSInterim_Close)
0% 25% 50% 75% 100%

50.670 107.510 171.195 392.575 702.100

> mean{AAPLIInterim_Close)

[1] 251.8668

> median(AAPLSInterim_Close)

[1] 171.195

> boxplot (AAPLSINterim_Close)

> summary (AAPL$Interim_Close)
Min. 1st Qu. Median Mean 3rd qQu. Max.
50.67 107.50 171.20 251.90 392.60 702.10

> var (AAPLSInterim_Close)

[1] 31382.2

> sd(AAPL$INterim_Close)

[1] 177.1502

> mean{AAPLSInterim_Close) + sd(AAPL$INnterim_Close)

[1] 429.017

> (201 - mean{AAPL$Interim_Close)) / sd(AAPL$Interim_Close)

[1] -0.2871395

>

m

In this example, it can be seen that the value 201 is quite close to the mean being a mere 0.28
standard deviations away from the average. However, as presented in procedures preceding the
calculation of the Z score, there are some issue in the way the data is distributed casting some doubt
on the relevance of the standard deviation.

Procedure 9: Create a Range Normalisation for a Value.

A useful normalisation is to appraise a value against a scale from the smallest to the largest value.
The formula for range normalisation, as in procedure 56 taking the value 201 to be test, is (201 —
min) / (max — min) where the minimum and maximum values as calculated as in procedure 56. To
test where the value 201 exists on a scale between the minimum and maximum value:
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27 Untitledl* 27 Untitled2* @ 7 Untitled4* @7 Untitled3* 27 Untitleds* 13 Untitleds*

i1 | |3 ESourceonSave | Q A -| & - ~#Run | [®% | | % Source ~
Tibrary(readr)
AAPL <- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/Equity/Equity/AaPL. csv™)
head(aaPL)

hist(aaPLSInterim_cClose)
min{AAPL $Interim_close)
max {AAPL $Interim_close)
range(AAPLSInterim_close)
diff (range(aaPLSInterim_close))
TQR{AAPL §Interim_close)
10 quantile(AapLS$Interim_cClose)
11 mean{AAPLSINterim_Close)
12 median(AaPLSInterim_Close)
13 boxplot(AAPLSInterim_Close)
14 summary(AAPLSInterim_Close)
15 war(AAPLSInterim_Close)
16 sd(AaaPLSInterim_Close)
7 mean(AAPLSInterim_Close) + sd(AAPLIInterim_Close)

[T R N U

18 (201 - mean(AAPLSINterim_Close)) sd(AAPLIINterim_Close)

19 ((201 - min(AAPLSINterim_Close)) (max(AAPLIInterim_Close) - min(AAPLSInterim_Close)))

20

19:1 (Top Level) R Script

Run the line of script to console:

Console
F Uil TELAAFLLTILEN TH_L 1USe )
0% 25% 50% 75% 100%
50.670 107.510 171.195 392.575 702.100
> mean(AAPLSINterim_Close)
[1] 251.8668
> median(AAPLSINterim_Close)
[1] 171.195
> boxplot(AaPLSInterim_Close)
> summary(AAPLSINnterim_Close)
Min. 1st Qu. Median Mean 3rd qQu. Max.
50.67 107.50 171.20 251.90 392.60 702.10
> var {(aaPL$Interim_cClose)
[1] 31382.2
> sd(aspLSInterim_cClose)
[1] 177.1502
> mean(aaPL$Interim_Close) + sd(aapL$Interim_Close)
[1] 429.017
> (201 - mean(aaPL$Interim_Close)) / sd(aapL$Interim_close)
[1] -0.2871395
> ((201 - min(AaPLSInterim_Close)) / (max(AAPLSInterim_Close) - min(AAPLSInterim_Close)))
[1] 0.2307692
=

mn

The output shows that the test value of 201 exists at a point of 23% between the minimum and
maximum value observed in the vector.

Procedure 10: Create the Skewness and Kurtosis statistics.

It can be observed from procedure 55 that the histogram has a severe lean towards the axis, which
would be described as being positively skewed. The positive skew deviating from the shape
expected of a normal distribution would be cause mistrust of the standard deviation that was
created in procedure 61. Two useful statistics and functions for assessing the extent to which a
distribution deviates from the normal distribution is skewness() measuring the lean towards and
away from the y axis and kurtosis() measuring how tall or squashed the distribution is.

The functions skewness() and kurtosis() do not exist in the base R packages rather they are available
in a package called moments. It follows that the moments package need be installed then loaded.
As in procedure 9, search for and install the package moments via RStudio:
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Install from: ? Configuring Repositories
| Repository (CRAN, CRANextra) - |

Install Packages

Packages (separate multiple with space or comma):

|r'r1n:|r'r1er1| E

momentchi?

moments o cuments/Riwi n-library/3.3 [Default] v ]

[V|Install dependencies

l Install l Cancel

Click the Install button to run the installation instruction to console:

Console -~/

F WdlAAFLPLIILEDN TN 1USe)

[1] 31382.2

= sd{AAPLSINterim_Close)

[1] 177.1502

= mean(AAPLSInterim_Close) + sd(AAPLSInterim_cClose)

[1] 429.017

= (201 - mean(AAPLSInterim_Close)) / sd(AAPLSInterim_Close)

[1] -0.2871395

> ((201 - minCaapL$Interim_close)) / (max(AaaPL$Interim_cClose) - min(AAPL$Interim_Close)))
[1] 0.2307692

= install. packages ("moments")

Installing package into ‘D:/users/Trainer/Documents/R/win-1ibrary/3.3"°

(as ‘1ib' is unspecified)

trying URL "https://cran.rstudio. com/bin/windows/contrib/3.3/moments_0.14.zip"’
content type 'application/zip' length 40751 bytes (39 KB)

downloaded 39 KB

package ‘moments’' successfully unpacked and mMD5 sums checked

The downloaded binary packages are in
D:\Users\TraineriappData‘Local’Temp'1'Rtmp6vko63' downloaded_packages
> |

Load the library moments by typing into the script window:
library(moments)

3] Untitled1* » @7 Untitled2* * @7 Untitled4* x @] Untitled3* * = @7 Untitled5* % @7 Untitleds*

a1 | & [Elsourceonsave | Q@ #° - & - [=#Run | 5%
Tibrary(readr)
AAPL <- read_csv("D:/users/Trainer /Desktop/Bundle/Data/Equity/Equity/AAPL. c5V")
head{aapPL)
hist(aAPLiInterim_Close)
min(AAPLSINterim_Close)
max (AAPLSINterim_Close)
range (AAPLSInterim_Close)
diff(range(AAPLSINterim_Closel)
IQR(AAPLSINterim_Close)
10 quantile(aspPLiInterim_cClose)
11 mean(aaPLSInterim_close)
12 median(aspLSInterim_close)
13 boxplot{aapLiInterim_close)
14 summary(aaPLIInterim_close)
15 wvar(aaPLSInterim_Close)
16 sdiaapLiInterim_Close)
7  mean{aApPLIInterim_Close) + sd(aaPL3Interim_Close)
18 2m maan(AAPLSINterim_Close)) sd(aaPLIINTterim_close)
19  meanl ) min(aapPLSInterim_Close)) (max(AaPLSInterim_Close) - min(AAPLS$Interim_Close)))
20 Tibrary({moments)

[F-l-C I N RSN

20:17 (Top Level) +
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Console ~/ =0
LL] 3138202 W
> sd(aapPLSInterim_Close)

[1] 177.1502

> mean{asapL$Interim_Close) + sd(aapL3Interim_Close)

[1] 429.017

> (201 - mean(AAPL$Interim_Close)) / sd{AAPL$Interim_Close)

[1] -0.2871395

> ((201 - min(aaPL$Interim_Close)) / (max{AAPL$Interim_Close) - min(AAaPL$Interim_Close)))

[1] 0.2307892

> install. packages("moments")

Installing package into ‘D:/Users/Trainer/Documents/R/win-1ibrary/3.3°

{as *1ib’ is unspecified)

trying URL "https://cran.rstudio.com/bin/windows/contrib/3.3/moments_0.14.zip"

content type 'application/zip' Tlength 40751 bytes (39 KE)

downloaded 39 KB

Run the line of script to console:

package ‘moments’ successfully unpacked and MD5 sums checked B

The downloaded binary packages are in
D:\Usersi\Trainer\appbata‘\Local’Temp'1\Rtmpevko61 downloaded_packages

> library{moments)

=

m

Firstly, in the quest to appraise the extent to which the vector leans towards or away from the axis,
type:

skewness(AAPLSInterim_Close)

2] untitledl* » @] Untitled2* » @7 Untitledd* * @] Untitled3* » @] Untitled5* » @ | Untitleds* =]

a1 | | [FlsourceonsSave | @ # «| 11| = ~#Run | 9% | 9 Source ~
Tibrary(readr}
AAPL <- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/Equity/Equity/AAPL. c5v")
head(AaPL)
hist(AAPLEINterim_Close)
min(AAPLSINterim_Close)
max (AAPLSInterim_Close)
range (AAPLSInterim_close)
diff (range(aapLiInterim_close))
IQr(AAPLIINterim_cClose)
10 quantile(aapLSInterim_close)
11  mean{aapLSInterim_cClose)
12 median{aapLiInterim_close)
13 boxplot{aapLiInterim_close)
14  summary{AspLIInterim_cClose)
15 war(aapPLSInterim_cClose)
16 sd{aapPLiInterim_close)

7 mean{AAPLSInterim_Close) + sd(AAPLSInterim_Close)
18 (201 - mean(AAPL$INnterim_Close)) sd{AAPLSINterim_Close)
19 ({201 - min(AAPLS$INnterim_Close)) (max(AAPLSINterim_Close) - min(AAPLYInterim_Close)))
20 Tibrary{moments)
21 skewness[AAPLSInter"'irch1ose)|

U |

[T W TS

:79 (Top Level} = R Script =

Run the line of script to console:

Console ~/ =0
LL] L7d.LlouUs E
= mean({AaapPL$Interim_Close) + sd(aapL$Interim_cClose)

[1] 429.017

> (201 - mean(aapL$Interim_cClose)) / sd(aspLSInterim_close)

[1] -0.2871395

> ((201 - min(aapL$Interim_cClose)) / (max(aapL$Interim_cClose) - min(aapPLS$Interim_close)))
[1] 0.2307692

> install.packages ("moments™)

Installing package into ‘D:/users/Trainer/Documents/R/win-library/3.3"

(fas ‘1ib' is unspecified)

trying URL '"https://cran.rstudio.com/bin/windows/contrib/3.3/moments_0.14.zip"

Content type 'application/zip’ length 40751 bytes (39 KB)

downloaded 39 KB

package ‘moments’ successfully unpacked and MD5 sums checked

The downloaded binary packages are in i
D:\WUsers\Trainer‘\AppData‘Local\Temp\1'\Rtmpevk9el \downloaded_packages

> library(moments)

> skewness (AAPL$INnterim_Close)

[1] 0.8176304

>

n
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It can be observed that there is a positive value returned, indicating that there is indeed lean and
owing to it being positive, that the lean is towards the y axis (which is of course what was visually
observed in procedure 55). Secondly to understand if the distribution is tall or squat, verify the

kurtosis by typing:
kurtosis(AAPLSInterim_Close)

37 Untitledl* 7 Untitled2* @7 Untitleda* 37 Untitled3* @ Untitleds* @ Untitleds*

a1 | | [[lsourceonsave | G A ~| ]| ~ ~= Run
Tibrary(readr)
AAPL <- read_csv("D:/Users/Trainer /Desktop/Bundle/Data/Equity/Equity/AAPL. csv")
head (AAPL)

hist(aapPLiInterim_Close)

min(AAPLSINterim_Close)

max(AAPLSINterim_Close)

range (AAPLSINnterim_Close)

diff(range(AAPLSINterim_Close))

IQR{AAPLSINterim_Close)

10 quantile(AAPLSInterim_Close)

11  mean(AAPLIInterim_Close)

12 median(AaaPLSInterim_Close)

13 boxplot(aaPLiInterim_close)

14  summary(AAPLIInterim_close)

15 war{(AAPLSInterim_cClose)

16 sd{aapPLSInterim_Close)

17 mean{aaPLiInterim_cClose) + sd(aapPL$Interim_Close)

18 (201 - mean(aaPLSInterim_Close)) sd(aapPLSInterim_Close)
19  ((201 - min(aapLSInterim_Close)) (max(AAPLSInterim_close) - min(aapLiInterim_close)))
20  Tibrary(moments)

21 skewness(AaAPLSInterim_Close)

22  kurtosis(aspLSInterim_close)|

[F-R-C I N RS TE S

2275 (Top Level) =

Run the line of script to console:

Console

LL] 429.uLs

> (201 - mean{AAPLSInterim Close)) / sd(AaPLSInterim_Close)

[1] -0.2871395

> ((201 - min{AAPLIInterim Close)) / (max(AAPLSInterim_Close) - min(AAPLSInterim_Closel)))
[1] 0.2307692

> install.packages("moments")

Installing package into ‘D:/Users/Trainer/Documents/R/win-Tibrary/3.3°

{as ‘1ib" is unspecified)

trying URL "https://cran.rstudio.com/bin/windows/contrib/3.3/moments_0.14.zip"
Content type "application/zip' length 40751 bytes (39 KEB)

downloaded 39 KB

package ‘moments’ successfully unpacked and MD5 sums checked

The downloaded binary packages are in
Dp:h\users\Trainer\AppData‘Local \Temp 1 \Rtmp&vko61 \downloaded_packages

> 1ibrary(moments)

> skewness(AaaPLIInterim_Close)

[1] 0.8176304

> kurtosis{aapLiInterim_Close)

[1] 2.275733

>

b g

_o*Source ~

]

R Script =

The kurtosis is a difficult statistic to make sense of and in many respects the skewness is a more

useful statistic. To make an assessment of the shape of the distribution, typically, all summary

statistics need to be considered:
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SKEWNESS =£09, KUATOSIS = 6683 SKEWMESS =1.082, KUATOSIS = 4.46

Procedure 11: Create Probabilities from a test value in a normal distribution.

One of the useful properties of a normal distribution is the ability to predict the probability of that
value occurring. Intuitively values on either end of the tail would seem to be extremely unlikely to
happen and functions in R can facilitate the creation of a probability to express this. In this
procedure there are two functions that will be used to gain a sense for the probability of a particular
value occurring dnorn() and pnorm() both taking the z score (the number of standard deviations
away from the mean) as their arguments.

The dnorm() function returns the position of the value on the y axis, which has certain predictive
properties when overlaid on a histogram created as per procedure 55. Taking a value of 1.3
standard deviations from the average and returning the approximate height of the point in the y axis

type:

dnorm(1.5)
27 Untitledl* 27 Untitled2* @7 Untitledd* 27 Untitled3* 27 Untitleds* @7 Untitleds* —_ ]
1| |3 [Fsourceonsave | Q 7 - &1 - =% Run | % || #Source - =
Tibrary(readr)
AAPL <- read_csv("D:/users/Trainer /Desktop/Bundle/Data/Equity/Equity/AAPL. csv™)
head(aapL)

hist(aapPLiInterim_close)

min{aapLfInterim_close)

max{AapPLfInterim_close)

range (AAPLSInterim_close)

diff(range(aapLSInterim_close))

IQr{AapPLSINterim_Close)

10 quantile(asapPLiInterim_cClose)

11 mean{AaPLIInterim_close)

12 median(aspLSInterim_Close)

13 boxplot{AAPLSInterim_Close)

14 summary{AAPLSInterim_Close)

15 wvar(AapLiInterim_Close)

16 sd(AAPLSInterim_Close)

7 mean(AAPLSInterim_Close) + sd(AAPLIInterim_Close)

18 (201 - mean(AAPLSInterim_Close)) sd(AAPLSINterim_Close)
19 ({201 - min(AAPLSInterim_Close)) (max (AAPLIInterim_Close) - min(AAPLIInterim_Close)))
20 Tibrary{moments)

21  skewness(AAPLSInterim_Close)

22  kurtosis(AaPLSInterim_Close)

23 dnorm(1. 3|

[Tl NV RN

2311 (Top Level) + R Script =

Run the line of script to console:
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Console

LL] —u. 2871393

> ((201 - min(aapL$Interim_cClose)) / (max{aapL$Interim_Close) - min{aaPL$Interim_close)))
[1] 0.2307692

> install. packages ("moments")

Installing package into ‘D:/users/Trainer/Documents/R/win-Tibrary/3.3’

(as “1ib’ is unspecified)

trying URL "https://cran.rstudio.com/bin/windows/contrib/3.3/moments_0.14.zip"

content type "application/zip’ Tlength 40751 bytes (39 KB)

downloaded 39 KB

package ‘moments’ successfully unpacked and MD5 sums checked

The downloaded binary packages are in
D:\Users\Trainer\AppData‘\Local\Temp\1\Rtmp&vko6ldownloaded_packages

= library(moments)

> skewness(AAPLSINterim_Close)

[1] 0.8176304

> kurtosis(AAPLSInterim_Close)

[1] 2.275733

> dnorm(l.3)

[1] 0.1713686

>

il

m

A far more useful measure is of cumulative probability which, when knowing a z score, expresses the
percentage probability that the value would fall somewhere below that Z score. To obtain the
cumulative probability of a value having a Z score of 1.3 being less than that value type:

pnorm(1.5)

27 Untitled1* 27 Untitled2* 27 Untitled4* B Untitled3* 37 Untitleds* 13 Untitleds*

a1 | | Elsourceonsave | Q # - &1 -
Tibrary(readr)
AAPL =- read_csv("D:/Users/Trainer /Desktop/Bundle/Data/Equity/Equity/AspPL. csv")
head{AaPL)
hist(AaPLSInterim_close)
min(AAPLSInterim_Close)
max (AAPLSInterim_Close)
range (AAPL $Interim_close)
diff(range(AapPLSInterim_Close))
IQR(AAPLIINterim_Close)
10 quantile(AAPLSInterim_Close)
11 mean{AAPLIInterim_Close)
12 median(aaPLIInterim_Close)
13 boxplot(AapLSInterim_Close)
14 summary(AAPLSInterim_Close)
15 var(AAPLSInterim_Close)
16 sdi{AaAPLSInterim_Close)

7 mean{AAPLYInterim_Close) + sd(AAPLSInterim_Close)
(201 - mean(AAPLSInterim_Close)) sd{AaAPLiINterim_Close)
201 - min{aspLiInterim_cClose)) (max(aapLSInterim_Close) - min(AaapPLSInterim_close)))
20 1ibrary(moments)
21 skewness(aapLiInterim_close)
22 kurtosis(aapLiInterim_close)
23 dnorm(1.3)
24 pnorm(1.3)

[Tl I W R ST N

24:2 (Top Level} =

Run the line of script to console:

Console

LL] U.Z3uroge

> install.packages("moments")

Installing package into ‘D:/Users/Trainer/Documents/R/win-Tibrary/3.3’

(as 11k’ is unspecified)

trying URL "https://cran.rstudio. com/bin/windows/contrib/3.3/moments_0.14,zip"
Content type "application/zip' length 40751 bytes (39 KE)

downloaded 39 KB

package ‘moments’ successfully unpacked and MDS sums checked

The downloaded binary packages are in
D:\Users'\Trainer‘\AppData‘Local \Temp‘\1\Rtmpovkoel\downloaded_packages

> 1ibrary(moments)

> skewness(AAPLSINterim_Close)

[1] 0.8176304

> kurtosis{aspLSInterim_Close)

[1] 2.275733

> dnorm(1.3)

[1] 0.1713686

> pnorm(l.3)

[1] 0.9031995

>

= Run

=

[ |

5% | | ¥ Source -

R Script =

0
5 0]

m

It follows that this Z score and values up to and including this z score are around 90% certain.
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Procedure 12: Create a Log Transformation.

Procedure 13: Reverse a Log Transformation.

Module 6: Abstraction and Transformations

Abstraction and Transformation is the process of creating pseudo \ derived columns in a
spreadsheet based upon behavioural characteristics, in this example of a financial instrument prices
observed over time. The example spreadsheet, \Training\Data\FX\EURUSD.csv, is ordered from the
newest example through to the oldest example, which is an assumption made for execution of the
following procedures.

In the same manner as Module 2, open the spreadsheet \Training\Data\FX\EURUSD.csv.

<M=} s EURUSD - Excel 7@ - 5 X
(OME | ST PAGELAYOUT  FORMULS  DATA  RMBW VW  NewcSouions  Stolloos Trsningt -
i Calibi i s == 2 [Genera % | Normal Bad Good Neutral siculation G B [3f Thewn - Ay
= . - ol
pas W BIU-E- DA === e8 S-o% @M e heckcens | input Note S et e o 00 sana feey
Humbe . soies ces eaning N
Al - Ji || symbol v
A B C 2] E F G H 1 ) K L M N [+] P Q R s T v v w X ¥ Z
1 [symbol Jimenm_suffer_pate interval interval_Open Interval Close interval_High intenval_tow
2 [EUR/USD. 21/03/2016 09:51:53 M5 112479 11251 L1254 112489
3 |eurjusp  21/03/2016 09:48:55 Ms 112498 112079 1.12499 11208
4 [EUR/USD  21/03/2016 03:41:55 M5 11251 112497 112517 112483
5 |EUR/USD  21/03/2016 09:36:55 M5 112462 11251 1.1251 1.12453
6 |EUR/USD  21/03/2016 09:31:50 M5 11247 112062 112485 11285
7 [EUR/USD  21/03/2016 09:26:56 M5 1.12385 1.1247 112477 1.12382
5 |EUR/USD  21/03/2016 09:21:56 M5 112457 112385 112874 112358
9 |EUR/USD  21/03/2016 09:16:54 M5 112544 112465 1.12544. 1.12454
10 |EUR/USD  21/03/2016 09:11:56 MS 11258 112554 1.12582 112516
11 |EUR/USD  21/03/2016 09:06:56 M5 112557 112579 112582 112539
12 |EUR/USD  21/03/2016 09:01:56 M5 11252 1.12555 1.12569 1.12496
13 |EUR/USD  21/03/2016 08:56:56 M3 11253 11252 112536 1.12466
14 |EUR/USD  21/03/2016 08:51:56 M5 112574 112581 1.1258 11254
15 |EUR/USD  21/03/2016 08:46:56 M5 11253 112573 11259 112527
16 |EUR/USD  21/03/2016 08:41:57 M5 112564 112545 112601 112518
17 |EUR/USD  21/03/2016 08:36:50 MS 112561 112583 1.12589 1.12549
18 [EUR/USD  21/03/2016 08:31:53 M5 112595 11256 112606 112545
19 |EUR/USD  21/03/2016 08:26:46 M5 1.12566 1126 1126 1.12565
20 [EUR/USD  21/03/2016 08:21:56 MS 112622 112566 112625 112543
21 EUR/USD  21/03/2016 08:16:56 M5 1.12663 1.1262 1.12681 112571
22 [EUR/USD  21/03/2016 08:11:56 M5 112637 1.12665 112671 1.12615
23 |EUR/USD  21/03/2016 08:06:49 M5 112676 112634 112687 112566
24 [EUR/USD  21/03/2016 08:01:58 M5 112641 112675 1.12688 11264
25 |EUR/USD  21/03/2016 07:56:55 M5 112665 112642 112675 11262
26 EUR/USD  21/03/2016 07:51:55 M5 112653 112664 1.12665 1.12651
27 |EUR/USD  21/03/2016 07:46:55 M5 112661 112652 1.12662 1.12639
28 |EUR/USD  21/03/2016 07:41:55 M5 1.1266 1.12662 112677 1.1266
29 EUR/USD  21/03/2016 07:36:51 M5 112629 1.12663 112671 112622
21/03/2016 07:31:54 M5 112626 11263 112636 1.12609
21/03/2016 07:26:37 M5 112592 112626 1.12631 1.12591
21/03/2016 07:21:56 M5 112686 112592 112646 112579
21/03/2016 07:16:53 M5 1.1266 1.12646 1.12661 1.12631
21/03/2016 07:11:55 M5 112655 1.12661 1.12664 112637
21/03/2016 07:06:51 M5 1.1268 1.12655 1.12682 1.12637.

Sheetl ® ‘ v

waxam | |

= D0 s |

Procedure 1: Create a Dependent Variable in Time Series Data.

Creating a dependent variable in an ordered time series dataset is a matter of agreeing a horizon, in
this case two hours, then looking for the first record in the dataset where that two hours would be
fully completed.

The example dataset is formed of five minute intervals, and so, it would render only the 24"
example in the dataset as being complete. There a number of ways to determine an independent
variable in time series data, for example the value of interest may be the price at the horizon or
some summary measure of all prices observed in that horizon (e.g. Mean).

In this example, the price AT the Horizon is the dependent variable.

Find the example where there are 24 examples ahead \ in front or the example to be predicted
(which in a five-minute interval would represent two hours). In this example, taking into account the
header, the first record where there are 24 examples in front is row 25:
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@S- . EURUSD - Excel X
e [T I w——
) EX““ Calibi ‘A x == o FweeTe General Bad Good Neutral Gilculation_| : | Zavosm - Ay 3
N o Fil-
pate “.:::“ v BT U- e DeA- ST T £ Eveseacoa s §-% 0 W8 B Note pelete Format ;’Uw, ot Find
Cupbosrd . Font . Algnment S Humber . siies < eating a
3 - Je v
A s c o € F s H i ) X . v N o » e & s T v v w x v z
1 [symbol _intenim_Buffer_bate interval interval_Open Interval Close interval_High interval_tow
2 |EUR/USD  21/03/2016 09:51:53 M 112479 L1251 L1 11289
3 |6UR/USD  21/03/2016 09:48:55 M 112098 1120 imss  1nm
4 |EUR/USD  21/03/2016 09:41:55 M 11251 112887 L1517 118
s |EUR/USD  21/03/2016 0936155 M 112082 L1251 L5 11283
6 [EUR/USD  21/03/201603:31:50 M5 11207 116 Limss 11
7 |[EUR/USD  21/03/2016 09:26:56 MS 112385 L Lam amm
& [EUR/USD  21/03/2016 03:21:36 M5 112087 112885 i 11ass
9 [EUR/USD  21/03/201603:16:58 M5 112588 11265 L15a 11usa
10 |EUR/USD  21/03/2016 09:21:56 M 11258 11 s L1t
11 |EUR/USD  21/03/2016 0:06:56 M5 112557 157 Liser 11
12 |EUR/USD  21/03/2016 09:01:56 M5 11252 112855 L1569 112496
13 |6UR/USD  21/03/2016 08:56:56 M5 1125 L2 11253 112060
14 |[EUR/USD  21/03/2016 08:51:56 M5 112578 11250 Lse 1
15 |EUR/USD  21/03/2016 08:46:56 M 11253 1257 L5 112527
16 |EUR/USD  21/03/2016 08:41:57 M5 112588 1185 L1601 112518
17 |EUR/USD 21/03/2016 08:36:50 M 112561 1128 Lisss L12sa
18 |EUR/USD  21/03/2016 08:31:53 M5 112595 L5 112606 112885
19 EUR/USD  21/03/2016 08:26:45 M5 112566 1126 1126 12565
20 [suR/usD 21/03/2016 08:21:36 M5 112622 1126 1162 112543
21|EUR/USD  21/03/2016 08:16:56 M5 112663 Ls  Lwes LS
22 [EUR/USD  21/03/2016 08:31:36 M5 112637 1108 i Luels
23|EUR/USD 21/03/2016 08:06:45 M 112676 11263 112687 112566
24 cUR/USD  21/03/2016 08:01:54 M 112681 1167 Lies L
25|eur/usp  21/03/2016 07:56:55 M5 112665 112642 112675 1.12643) 1
26 |EUR/USD  21/03/2016 07:51:55 M5 112653 11664 112665 12651
27 [EuR/usD 21/03/2016 07:06:35 M5 112681 1162 Liee2  Lie3
25|EUR/USD  21/03/2016 07:41:55 M 11266 168 L1677 1186
20 [euR/usD 21/03/2018 07:36:51 M5 112629 108 1en Lien
21/03/2016.07:31:54 M5 112626 L6 1163 112609
21/03/2016 07:26:37 M5 11259 11626 a3 12591
21/03/2016 07:21156 M3 112686 1189 e 1157
21/03/2016 07:16153 M5 11266 11686 L1661 11263
21/03/2016 07:11555 M3 112655 11661 11266 112637
21/03/2016.07:06:51 M5 11268 112655 112682 112697

Sheetl @

Select the cell adjacent to the last field in the example and set the formula to reference the
Interval_Close, some 24 examples forward, in cell E2:

SUM - X v fr =

A B C D E F G H I
Symbal  Interim_Buffer_Date Interval Interval_Open .Interval Close .IntervaI_High Interval_Low
EUR/USD  21/03/2016 09:51:53 M5 1.12479i 1.1251] 1.1254 1.12469
EUR/USD  21/03/2016 09:46:55 M5 1.12498 1.12473 1.12499 1.1244
EUR/USD  21/03/2016 09:41:55 M5 1.1251 1.12497 1.12517 1.12483
EUR/USD  21/03/2016 09:36:55 M5 1.12462 1.1251 1.1251 1.12453
EUR/USD  21/03/2016 09:31:50 M5 1.1247 1.12462 1.12485 1.1245
EUR/USD  21/03/2016 09:26:56 M5 1.12385 1.1247 1.12477 1.12382
EUR/USD  21/03/2016 09:21:56 M5 1.12467 1.12385 1.12474 1.12358
EUR/USD  21/03/2016 09:16:54 M5 1.12544 1.12465 1.12544 1.12454
EUR/USD  21/03/2016 09:11:56 M5 1.1258 1.12544 1.12582 1.12516
EUR/USD  21/03/2016 09:06:56 M5 1.12557 1.12579 1.12582 1.12539
EUR/USD  21/03/2016 09:01:56 M5 1.1252 1.12555 1.12569 1.124%6
EUR/USD  21/03/2016 08:56:56 M5 1.12536 1.1252 1.12536 1.12466
EUR/USD  21/03/2016 08:51:56 M5 1.12574 1.12541 1.1258 1.1254
EUR/USD  21/03/2016 08:46:56 M5 1.12536 1.12573 1.1259 1.12527
EUR/USD  21/03/2016 08:41:57 M5 1.12584 1.12545 1.12601 1.12518
EUR/USD  21/03/2016 08:36:50 M5 1.12561 1.12583 1.12589 1.12549
EUR/USD  21/03/2016 08:31:53 M5 1.12595 1.1256 1.12606 1.12545
EUR/USD  21/03/2016 08:26:46 M5 1.12566 1.126 1.126 1.12565
EUR/USD  21/03/2016 08:21:56 M5 1.12622 1.12566 1.12625 1.12543
EUR/USD  21/03/2016 08:16:56 M5 1.12663 1.1262 1.12681 1.12571
EUR/USD  21/03/2016 08:11:56 M5 1.12637 1.12665 1.12671 1.12615
EUR/USD  21/03/2016 08:06:43 M5 1.12676 1.12634 1.12687 1.12566
24 |[EUR/USD  21/03/2016 08:01:54 M5 1.12641 1.12675 1.12688 1.1264
25 | EUR/USD  21/03/2016 07:56:55 M5 1.12665 1.12642 1.12675 1. 12542. ‘|
26 |[EUR/USD  21/03/2016 07:51:55 M5 1.12653 1.12664 1.12665 1.12651
27 |EUR/USD  21/03/2016 07:46:55 M5 1.12661 1.12652 1.12662 1.12639

W o=l ohoun s Wk

I N B N T Tl T~ I~ R o
W ok = O W m s 3o e W k= O

Commit the formula, keeping the cell in focus \ selected:
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LE (LU UOLS | L0 UOf £ULU UDk L LU | IVl Lereuas Lereuua Leseuss Lereuss
23 |[EUR/USD  21/03/2016 08:06:43 M5 1.12676 1.12634 1.12687 1.12566
24 |[EUR/USD  21/03/2016 08:01:54 M5 1.12641 1.12675 1.12688 1.1264
25 | EUR/USD  21/03/2016 07:56:55 M5 1.12665 1.12642 1.12675 1. 12642' 1.1251.|

26 |[EUR/USD  21/03/2016 07:51:55 M5 1.12653 1.12664 1.12665 1.12651
27 |[EUR/USD  21/03/2016 07:46:55 M5 1.12661 1.126352 1.12662 1.12639

28 |[EUR/USD  21/03/2016 07:41:55 M5 1.1266 1.12662 1.12677 1.1266
29 |[EUR/USD  21/03/2016 07:36:51 M5 1.12629 1.12663 1.12671 1.12622

Perform the procedure to Auto Fill the formula down for the remainder of the records. To invoke
autofill, hover on the selected cell in the extreme bottom right corner of the selected cell until the
crosshairs are shown:

—mm s a -l e a -

1.12676 1.12634 1.12687 1.12566
1.12641 112675 112658 11264
1.12665 1.12642 1.12675 112642 1.1251
1.12653 1.12664 1.12665 1.12651
1.12661 112652 112662 1.12639

A double click on the cross hair will replicate the formula for the remainder of the examples in the
dataset, while maintaining the same step (for example E2, will step to E3 for example 26) and so on:

mE S - EURUSD - Excel 7@ -85 X%
WOME | DSERT  PAGELAYOUT FORMUUS DATA RVEW VW  NewoSoiors  Silfoos —
o X cut Calibi i A == 2 General - F ;,'4 Normal Bad Good Neutral Calculation iy M
b B H. BeAr EEEE C Se% s @ Condiions Formtss Explnatory... B ] Note St Find s
- ter Formatting* Table > L Filter = Select =
Aignment 5 Numbe . svies ces caning N
H25 S| e v
A B < ] E F [ H 1 ) K M N [+] P Q R s T v v w X ¥ Z
1 [symbol Imenim_Buffer_Date Interval Interval_Open Interval Close interval_High intenval_tow
2 |EUR/USD  21/03/2016 05:51:53 M 112679 L1251 1% 11269
3 [EUR/USD  21/03/2016 09:46:55 M 112098 117 ame um
4 |eur/usD  21/03/2016 09:41:55 M5 11251 112497 112517 112483
5 |EUR/USD 21/03/2016 09:36:55 MS 11282 L1251 e s
6 |EUR/USD  21/03/2016 09:31:50 M5 11207 11262 112085 11205
7 |EUR/USD  21/03/2016 09:26:55 M 112385 L7 L L
o |EUR/usD  21/03/2018 09:21:56 M5 112087 112285 i 118
9 |EUR/USD  21/03/2016 05:16:54 M 112588 1165 115 11
10 |EUR/USD 21/03/2016 09:11:55 M 11258 158 Lise 1251
11 |EUR/USD  21/03/2016 03:06:56 M3 112557 11257 112582 112539
12 |EUR/USD21/03/2016 09:01:55 M 11252 112555 112569 112436
13 |6UR/USD  21/03/2016 08:56:56 M 11253 152 1123 1128
14 |EUR/USD 21/03/2016 08:51:55 M 1157 112501 1% 11
15 |EUR/USD  21/03/2016 08:46:55 M 112536 12257 Lzse a2
16 |EUR/USD  21/03/2016 08:41:57 MS 11258 112545 1.12601 112518
17 |EUR/USD 21/03/2016 08:36:50 M 11251 158 189 112549
18 |EUR/USD  21/03/2016 08:31:53 M3 112595 1.1256 1.12606 112505
19 |EUR/USD  21/03/2016 08:26:45 M 112566 1126 16 112565
20 [euR/usD 21/03/2016 08:21:56 M5 112622 1120 i 11253
21 [EUR/USD  21/03/2016 08:16:56 M5 112663 L6 Luest 1S
22 [EUR/USD 21/03/2016 08:11:56 M5 112637 11685 La670 142615
23 |EUR/USD  21/03/2016 08:06:49 M5 112676 112634 1.12687 1.12566
24 [EUR/USD 21/03/2016 08:01:58 M5 112681 1067 L6 Lum
25|eur/usp  21/03/2016 07:56:55 M 112665 112642 112675 112602 11251
26 |EUR/USD  21/03/2016 07:51:55 M5 112653 112664 112665 L1651 L12a7S
27 [eUR/USD  21/03/2016 07:46:55 MS 112651 11652 Li662 L1263 122497
28 |[EUR/USD  21/03/2016 07:41:55 M5 11266 112662 112677 11266 11251
20 [EUR/USD  21/03/2016 07:36:51 M5 112629 11680 L2671 L1262 1282
20 |EUR/USD  21/03/2016 07:31:54 M 112626 L1268 11263 112609 11247
21/03/2016.07:26:37 M5 112592 112626 112631 112591 112385
21/03/2016 07:21:55 M5 112686 11292 et 1127 Lazses
21/03/2016 07:16:53 M5 11266 112646 1.12661 112631 117584
34 [EUR/USD 21/03/2016 07:11:55 M 112655 112661 Li2664 L1263 112579
35 [EUR/USD _ 21/03/2016 07:06:51 MS 11268 112655 1.12682 112637 12555 "

Sheetl ® ‘ v

e
6 |

)

The procedure of filling down in this manner will be used extensively in subsequent procedures and
is referred simply as ‘Fill Down’ herein.

For completeness, ensure that the dependent variable is given a header, in this case called
‘Dependent’. Click on the very first row of the spreadsheet and the cell which would represent the
header, in this case D1, enter the header name:
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FILE HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW MeuroSolutions StatTools

il - -
D % Cut Calibri 11 -~ A A = - E—f‘Wrap Text General - # | Mo
Egy Copy ~ &

Paste . I u- - & - &= 3= EMerge& Center - $ - % » i Conditional Formatas |:
. ¥ Format Painter = 4 == Ve o Farmatting = Table ~

I
I
il
i

Clipboard ] Font ] Alignment ] Mumber ]
H1 - ‘](1 Dependent
A B C D E F G H I J K L

1 |Symbo| Interim_Buffer_Date Interval Interval_Open Interval_Close Interval_High Interval_Low |Depender_lt

2 |EUR/USD  21/03/2016 09:51:53 M5 1.12479 1.1251 1.1254 1.12469

3 |EUR/USD  21/03/2016 09:46:55 M5 1.12498 1.12479 1.12499 1.1244

4 |EUR/USD  21/03/2016 09:41:55 M5 1.1251 1.12457 1.12517 1.12483

5 |EUR/USD  21/03/2016 09:36:55 M5 1.12462 1.1251 1.1251 1.12453

6 |[EUR/USD  21/03/2016 09:31:50 M5 1.1247 1.12462 1.12485 1.1245

7 |EUR/USD  21/03/2016 09:26:56 M5 1.12385 1.1247 1.12477 1.12382

The procedure of naming a column in this manner will be used extensively in subsequent procedures
and is referred simply as ‘Name..” herein.

Procedure 2: Create an Independent variable based on a basic summary statistic.

The procedure to create an independent variable is similar to the procedure of creating a dependent
variable, except for the concept of Horizon (how far forward) is replaced with the concept of Scope
(how far backwards into the historic exemplars). In this example, the Horizon is focusing on 24
intervals forward, where the Scope will be 700 intervals backwards.

For the first example where there is a Dependent Variable calculated, in this case H25, click on the
cell immediately to the right, in this case 125. It follows that the Independent Variable will be a
column right adjacent to the Dependent variable:

D a5 - EURUSD - Excel T ®m - 5 x
GO FoME | INSERT  PAGELAYOUT  FORMULAS  DATA  REVIW  VIEW  Newoolutions  StatTools Trainingl -

2 X, Cut

; Catibs i A == & Bwnprer [Generat Normal Bad Good Neutral Calculation = dukoSum - Ay
> Copy - E il
cupbosrs 2 . Aignment s Number . styes can eating ~
125 - S v
A 8 c o 3 r s H 1 ) 3 L M N o 3 e & s T u v x ¥ z A=
1 [Symbel Interim_Buffer Date Interval Interval Open Interval Close Interval_High Interval_Low Dependent
2 |eur/usp  21/03/2016 095153 s 11479 11251 15 112489
3 [EUR/USD  21/03/2016 09:46:55 M5 112438 1147 112459 11284
4 [eUR/usD  21/03/2015 09:41:55 M5 12251 12097 a7 1aum
5 [EUR/USD  21/03/2016 09:36:55 M5 1152 11251 151 11453
6 [EUR/USD  21/03/2016 09:31:50 M5 11247 11482 1128 11245
7 |EuR/uSD  21/03/2016 09:26:56 M3 112385 11207 1aam Lamm
& [EUR/USD  21/03/2016 09:21:56 M5 112457 112385 11247 112358
9 [EUR/USD  21/03/2016 09:16:58 M5 112508 122885 1azsas 1158
10 [EUR/USD  21/03/2016 03:11:56 M5 11258 1154 LBz 112516
11 [EUR/USD  21/03/2016 03:06:56 M5 112557 1157 Lase2 113
12 [eUR/usD  21/03/2016 03:01:56 Ms 11252 12555 112569 112436
13 [EUR/USD  21/03/2016 08:56:56 M5 112536 L1252 11253 112466
14 [EUR/uSD  21/03/2016 08:51:56 MS 11257 12251 11258 1125
15 |EUR/USD  21/03/2016 0846156 M5 112536 112573 11258 11257
16 |EUR/uSD  21/03/2016 084157 MS 112588 1585 a0l 11218
17 |EUR/USD  21/03/2016 08:36:50 M5 112561 112583 11585 L1549
18 [EUR/USD  21/03/2016 08:3153 M5 112595 L1256 112606 112545
19 |eUR/usD  21/03/2016 08:26:45 MS 112566 1126 L6 112565
20 [EUR/USD  21/03/2016 08:21:56 M5 112622 11256 112625 112543
21 |EUR/USD  21/03/2016 08:16:56 M5 112683 L2 lasl 1amm
22 |EUR/USD  21/03/2016 08:11:55 M5 112637 1665 112671 L3615
23 [EUR/USD  21/03/2016 08:06:49 M3 112676 112634 112687 112566
24 |EUR/USD  21/03/2016 08:01:58 M5 L1261 12675 112688 11269
25[eur/usD  21/03/2016 07:56:55 M 112655 132692 14267 e 1251 1
26 |EUR/USD  21/03/2016 07:51:55 M5 112653 122660 112665 12651 112079
27 |EUR/USD  21/03/2016 07:46:55 M5 112661 12652 L1266z 112639 112857
26 |EUR/USD  21/03/2016 07:41:55 M5 11256 1882 112677 1265 11251
20 |EUR/USD  21/03/2016 07:36:51 M5 112625 11663 112671 L1 L1262
20 [EUR/USD  21/03/2016 07:31:54 M5 112626 L1263 11263 L1609 11247
31[eUR/usD  21/03/2016 07:26:37 S L1592 12626 1a2631 1591 L1238s
32 [EUR/USD  21/03/2016 07:21:56 M5 112646 112592 112646 L1557 112465
33 |eUR/usD 21/03/2016 07:36:53 MS 11286 1a26%  lazsel 1263 112504
34 |EUR/USD  21/03/2016 07:11:55 M5 112655 12661 L1264 L1637 L1357
35 |euR/usp 2170372016 07:06151 Ms 11268 122655 112682 L1637 112555 -
Sheet1 ® . v

as5em ||
7372016 __|

I

Begin typing the Excel function to be used in aggregation, in this case AVERAGE:

=AVERAGE(
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FILE HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW NeuroSolutions StatTools

(_K_\ Cut
Eg Co -
Paste P}'

11 Nrap Text

Format Painter

Clipboard [F] Font Alignment Number
SUM - X o Jfr | =nverac(
A B C D E F €] H I J K L M

1 |Symbol Interim_Buffer_Date Interval Interval_Open Interval_Close Interval_High Interval_Low Dependent
2 |EUR/USD  21/03/2016 09:51:53 M5 1.12479 1.1251 1.1254 1.12469

3 |EUR/USD  21/03/2016 09:46:55 M5 1.12498 1.12479 1.12439 11244

4 |EUR/USD  21/03/2016 09:41:55 M5 1.1251 1.12497 1.12517 1.12483

5 |EUR/USD  21/03/2016 09:36:55 M5 1.12462 1.1251 1.1251 1.12453

6 |EUR/USD  21/03/2016 09:31:50 M5 1.1247 1.12462 1.12485 1.1245

7 |EUR/USD  21/03/2016 09:26:56 M5 1.12385 1.1247 1.12477 1.12382

& |EUR/USD  21/03/2016 09:21:56 M5 1.12467 1.12385 1.12474 1.12358

9 |EUR/USD  21/03/2016 09:16:54 M5 1.12544 1.12465 1.12544 1.12454
10 |EUR/USD  21/03/2016 09:11:56 M5 1.1258 1.12544 1.12582 1.12516
11 |[EUR/USD  21/03/2016 09:06:56 M5 1.12557 1.12579 1.12582 1.12539
12 |[EUR/USD  21/03/2016 09:01:56 M5 1.1252 1.12555 1.12569 1.12496

3 |[EUR/USD  21/03/2016 08:56:56 M5 1.12536 1.1252 1.12536 1.12466
14 |[EUR/USD  21/03/2016 08:51:56 M5 112574 1.12541 1.1258 11254
15 |[EUR/USD  21/03/2016 03:46:56 M5 1.12536 1.12573 1.1259 1.12527
16 |[EUR/USD  21/03/2016 08:41:57 M5 1.12584 1.12545 1.12601 1.12518
17 |[EUR/USD  21/03/2016 08:36:50 M5 1.12561 1.12583 1.12589 1.12549
18 [EUR/USD  21/03/2016 08:31:53 M5 1.12595 1.1256 1.12606 1.12545
19 |[EUR/USD  21/03/2016 08:26:46 M5 1.12566 1.126 1.126 1.12565
20 |EUR/USD  21/03/2016 08:21:56 M5 1.12622 1.12566 1.12625 1.12543
21 |[EUR/USD  21/03/2016 08:16:56 M5 1.12663 1.1262 1.12681 1.12571
22 [EUR/USD  21/03/2016 08:11:56 M5 1.12637 1.12665 1.12671 1.12615
23 |[EUR/USD  21/03/2016 08:06:49 M5 1.12676 1.12634 1.12687 1.12566
24 |[EURfUSD  21/03/2016 08:01:54 M5 1.12641 1.12675 1.12688 1.1264
25 |EUR,"USD 21/03/2016 07:56:55 M5 1.12665 1.12642 1.12675 1.12642 1.1251| =AVERAGE(|
26 |[EUR/USD  21/03/2016 07:51:55 M5 1.12653 1.12664 1.12665 1.12651 1.12479 ﬁ\'u"EPAGE-(numberl_ [number?], ...}
27 |[EUR/USD  21/03/2016 07:46:55 M5 1.12661 1.12652 1.12662 1.12639 1.12497
28 |EUR/USD  21/03/2016 07:41:55 M5 1.1266 1.12662 1.12677 1.1266 1.1251
29 |[EUR/USD  21/03/2016 07:36:51 M5 1.12629 1.12663 1.12671 1.12622 1.12462

In this example, the scope is the last 700 intervals backwards. Therefore, taking the Interval_Close
column, which is Colum E and excluding the first 24 examples which are not complete, the scope can
be described as being all cells in column F between 25 to 726, or rather:

E25:E726

Complete the formula with the range E25:E726, closing the parenthesis:
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FILE HOME = INSERT ~ PAGELAYOUT  FORMULAS ~ DATA  REVIEW  VIEW  NeuroSolutions  StatTools
36 cut - K ® Genersl - Normal Bad Good
ER Copy ~ -
Paste B I U A Merge & Center 6 - 9% g 8 Conditional Format as | [EIEC A= NN Input
B Format Painter e N o Formatting = Table
Clipboard 5 Font Alignment Number Styles
125 - X W e | =averace(zoser)
A 8 C D E F G H J K L M N o P
1 |Symbal Interim_Buffer_Date Interval Interval_Open Interval_Close Interval_High Interval_Low Dependent
2 |EUR/USD  21/03/2016 09:51:53 M5 1.12479 11251 1.1254 1.12469
3 |EUR/USD  21/03/2016 09:46:55 M5 1.12498 1.12479 1.12499 1.1244
4 |EUR/USD  21/03/2016 09:41:55 M5 1.1251 1.12497 1.12517 1.12483
5 |[EUR/USD  21/03/2016 09:36:55 M5 1.12462 11251 11251 1.12453
6 |EUR/USD  21/03/2016 09:31:50 M5 1.1247 1.12462 1.12485 1.1245
7 |EUR/USD  21/03/2016 09:26:56 M5 1.12385 1.1247 1.12477 1.12382
8 [EUR/USD  21/03/2016 09:21:56 M5 1.12467 1.12385 1.12474 1.12358
9 |EUR/USD  21/03/2016 09:16:54 M5 1.12544 1.12465 1.12544 1.12454
10 |EUR/USD ~ 21/03/2016 09:11:56 M5 1.1258 1.12544 1.12582 1.12516
11 |EUR/USD  21/03/2016 09:06:56 M5 1.12557 1.12579 1.12582 1.12539
12 |EUR/USD  21/03/2016 09:01:56 M5 1.1252 1.12555 1.12569 1.12496
13 |EUR/USD  21/03/2016 08:56:56 M5 1.12536 1.1252 1.12536 1.12466
14 [EUR/USD  21/03/2016 08:51:56 M5 1.12574 1.12541 1.1258 1.1254
15 |[EUR/USD  21/03/2016 08:46:56 M5 1.12536 1.12573 1.1259 1.12527
16 |EUR/USD  21/03/2016 08:41:57 M5 1.12584 1.12545 1.12601 1.12518
17 |EUR/USD  21/03/2016 08:36:50 M5 1.12561 1.12583 1.12589 1.12549
18 |EUR/USD  21/03/2016 08:31:53 M5 1.12595 1.1256 1.12606 1.12545
19 [EUR/USD  21/03/2016 08:26:46 M5 1.12566 1126 1.126 1.12565.
20 |[EUR/USD  21/03/2016 08:21:56 M5 1.12622 1.12566 1.12625 1.12543
21 |[EUR/USD ~ 21/03/2016 08:16:56 M5 1.12663 1.1262 1.12681 1.12571
22 |[EUR/USD  21/03/2016 08:11:56 M5 1.12637 1.12665 112671 1.12615
23 |[EUR/USD  21/03/2016 08:06:49 M5 1.12676 1.12634 1.12687 1.12566
24 |[EUR/USD ~ 21/03/2016 08:01:54 M5 1.12641 1.12675 1.12688 1.1264
T
25[EUR/USD  21/03/2016 07:56:55 M5 1.12665] 1.12642 1.12675 112642 1.1251=AVERAGE(E25:E726)
26 |[EUR/USD ~ 21/03/2016 07:51:55 M5 1.12653 1.12664 1.12665 112651 1.12473
27 |[EUR/USD  21/03/2016 07:46:55 M5 1.12661; 1.12652 1.12662 112639 1.12497
28 |[EUR/USD ~ 21/03/2016 07:41:55 M5 1.1266) 1.12662 1.12677 11266 11251
29 |[EUR/USD ~ 21/03/2016 07:36:51 M5 1.12629; 1.12663 112671 112622 1.12462
30 |EUR/USD  21/03/2016 07:31:54 M5 1.12626/ 1.1263 1.12636 112609 11247
Commit the formula in Excel, then Fill Down:
@MHE S @ = EURUSD - Excel
HOME | INSERT  PAGELAYOUT  FORMULAS DATA REIEW VW  NewoSoltions  StoTools
i ;E:’w . Caib BTy - Ewopte Genera B 5 [voma Bad Good Neutral Glaation ] -| = B [if] %:‘fﬁm Ay
Pt e BT U G DA = £ EMogettoe - § - % + £ Condtonal Formotas Explanatory Note et Dk Fomst 51 St Fnda
- ot Peinter Formatting = Table - - - & Clear~ Fillter - Select -
cupposra font a Aignment Number siies cans caning
K22 - f
A B € 2] E F <] H 1 ) K L M N o [ Q R S T u v w X ¥
1 |symbel Interim_Buffer_Date Interval Interval_Open Interval Close Interval_High Interval_Low Dependent
2 |EUR/USD  21/03/201609:51:53 M5 1.12468
3 |EUR/USD  21/03/2016 09:46:55 M5 112458 1147 112059 11208
4 |EUR/USD  21/03/201603:41:55 MS 11251 112497 112517 112483
5 |EUR/USD  21/03/2016 09:36:55 M5 112462 11251 L1251 112453
6 |EUR/USD  21/03/201609:31:50 M5 11207 112462 112485 11285
7 |EUR/USD  21/03/2016 03:26:56 M5 112385 11247 112477 112382
& EUR/USD  21/03/2016 09:21:56 M5 112467 1135 1124 11238
9 |EUR/USD  21/03/2016 09:16:54 M5 112588 1.12465 112544 112458
10 EUR/USD  21/03/2016 09:11:56 M5 11258 1154 L1582 L1516
11 |EUR/USD  21/03/2016 09:06:56 MS 112557 112579 112582 112539
12 |[EUR/USD  21/03/2016 09:01:56 M5 1152 1155 11569 1124%
13 |EUR/USD  21/03/2015 08:56:56 M5 11253 1122 L1256 L1246
14 |EUR/USD  21/03/2016 08:51:56 M5 112574 112561 11258 11250
15 |EUR/USD  21/03/2016 08:46:56 M5 1125% 112573 L9 27
16 |EUR/USD  21/03/2016 08:41:57 M5 112584 112585 112601 112518
17 |EUR/USD  21/03/2016 08:36:50 M5 112561 11583 112589 112589
18 |EUR/USD  21/03/2016 08:31:53 M5 112595 11256 1.12606 112585
19 |EUR/USD  21/03/2016 08:26:46 M5 112566 1126 1126 1.12565
20|cUR/USD  21/03/2016 08:21:56 M5 112622 11s66 112625 112563
21 |6UR/USD  21/03/2016 08:16:56 M5 112663 11262 112681 112571
22[eur/usD  21/03/2016 08:11:56 Ms 112637 112665 112671 112615 1
23 [EUR/USD  21/03/2016 08:06:49 M5 112676 112634 112687 1.12566
24 |EUR/USD  21/03/2016 08:01:54 M5 11260 1m675 tamsss 11264
25 |EUR/USD  21/03/2016 07:56:55 M3 112665 12 a7 s 11251]L128075
26 |EUR/USD  21/03/2016 07:51:55 M5 112653 112664 112665 112651 1120797 112807
27 |EUR/USD  21/03/2016 07:46:55 M 112661 11652 112562 112633 112897 1128068
28 |[EUR/USD  21/03/2016 07:41:55 M5 1266 1.12662 112677 11266 112517 1128058
29|EUR/USD  21/03/2016 07:36:51 M 112625 112563 112671 1162 112862 1128052
30 EUR/USD  21/03/201607:31:54 M5 112625 11269 L1263 112609 L1247 1128046
51EUR/USD  21/03/201607:26:37 M5 112592 112626 112631 112591 112385 1.128042
32 |EUR/USD  21/03/2016 07:21:56 M5 11264 115 Li2e6 112579 112465 1128037
33 [EUR/USD  21/03/2016 07:16:53 M5 1.1266 112696 112661 112631 1125047 1128032
34 |EUR/USD  21/03/2016 07:11:55 M5 112655 112861 112664 112637 112575 1128025
35 |EuR/usD  21/03/2016 07:08:51 w5 11258 112655 1azes2 112637 1a2sss” 11202

Sheetl @

Name the Independent Variable:

Average_700
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A B c D E F G H 1 J K L M

1 |Symbol Interim_Buffer_Date Interval Interval_Open Interval_Close Interval_High Interval Low Depender Average 700
2 |EUR,-'USD 21/03/2016 09:51:53 M5 1.12479 1.1251 1.1254 1.12469 | -I
3 |[EUR/USD  21/03/2016 09:46:55 M5 1.12438 1.12479 1.12499 1.1244

4 |EUR/USD 21/03/201609:41:55 M5 11251 1.12497 1.12517 1.12483

5 |[EUR/USD  21/03/201609:36:55 M5 1.12452 11251 1.1251 1.12453

& |EUR/USD 21/03/201609:31:50 M5 1.1247 1.12462 1.12485 1.1245

7 |[EUR/USD  21/03/2016 09:26:56 M5 1.12385 1.1247 1.12477 1.12382

8 |EUR/USD 21/03/201609:21:56 M5 1.12467 1.12385 1.12474 1.12358

9 |[EUR/USD  21/03/2016 09:16:54 M5 1.12544 1.12465 1.12544 1.12454
10 |[EUR/USD  21/03/2016 09:11:56 M5 1.1258 1.12544 1.12582 1.12516
11 [EUR/USD  21/03/2016 09:06:56 M5 1.12557 1.12579 1.12582 1.12539
12 |[EUR/USD  21/03/2016 09:01:56 M5 1.1252 1.12555 1.12569 1.12496
13 |[EUR/USD  21/03/2016 08:56:56 M5 112536 1.1252 1.12536 1.12466
14 |[EUR/USD  21/03/2016 08:51:56 M5 1.12574 1.12541 1.1258 1.1254
15 |[EUR/USD  21/03/2016 08:46:56 M5 1.12536 1.12573 1.1259 1.12527
16 |[EUR/USD  21/03/2016 08:41:57 M5 1.12584 1.12545 1.12601 1.12518
17 |[EUR/USD  21/03/2016 08:36:50 M5 1.12561 1.12583 1.12589 1.12549
18 |[EUR/USD  21/03/2016 08:31:53 M5 1.12595 1.1256 1.12606 1.12545
19 [EUR/USD  21/03/2016 08:26:46 M5 1.12566 1.126 1.126 1.12565
20 EUR/USD  21/03/2016 08:21:56 M5 1.12622 1.12566 1.12625 1.12543
21 EUR/USD  21/03/2016 08:16:56 M5 1.12663 1.1262 1.12681 1.12571
22 [EUR/USD  21/03/201608:11:56 M5 1.12637 1.12665 1.12671 1.12615

3 |[EUR/USD  21/03/2016 08:06:49 M5 1.12676 1.12634 1.12687 1.12566
24 EUR/USD  21/03/2016 08:01:54 M5 1.12641 1.12675 1.12688 1.1264
25 EUR/USD  21/03/2016 07:56:55 M5 1.12665 1.12642 1.12675 1.12642 1.1251' 1128075
26 EUR/USD  21/03/201607:51:55 M5 1.12653 1.12664 1.12665 1.12651 1.124?9i 1.12807

This procedure can be used in any of the aggregation functions available in Excel, of which the
following concepts have been introduced in Module 2 and are described below with their Excel
counterparts:

e Max=MAX

e Min=MIN

e Mean=AVERAG

e Std. Dev=STDEV

e Mode = MODE

e Interquartile Range = QUARTILE
e Range = MAX =MIN
o Skew = SKEW

e Kurtosis = KURT

e Sum=SUM

e Median = Median

The process of Abstraction would typically rely on a creative and varied use of all of these functions
across a varying Scope (the intervals backwards, in this case 700 intervals).

Procedure 3: Create an Independent Variable based on threshold aggregation.

As only a slight variation on Procedure 9, which introduced the concept of creating an independent
variable with no reference to the current Interval_Close, this procedure sets about creating a
variable that makes a reference to the current Interval_Close and using this as filtering for the
aggregation.

Start by creating a new independent variable in the same manner as Procedure 9, however instead
of using =AVERAGE, the AVERAGEIF function is going to be used. Begin the function as:

=AVERAGEIF(
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ma S - EURUSD - Excel ? @ - 8 X
FILE HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW NeuroSolutions StatTools Trainingl =
< X —— S Autosum - #
B copy -
Paste u Note Find &
. t & Clear~ Select»
Clpoard s Font Alignment Number Sbles <o editing ~
sum - X W Je  -averaceir( v
A 8 c o € P s H i 3 x L M N ° » Q R s T 1] v w x ¥ z A=
1 |symbol Interim_uffer_Date Interval Interval Open Interval Close interval_High Interval_Low Depender Average_700
2 [EUR/USD  21/03/201609:51:52 M5 112479 11251 11254 12469
3 |EUR/USD  21/03/2016 09:46:55 M5 112498 112479 112489 11208
4 [EUR/USD  21/03/2016 09:41:55 M5 L1251 112097 112517 112483
s |eurjusp  21/03/2016 09:36:55 M5 112082 11251 11250 1283
6 |EUR/USD  21/03/2016 09:31:50 M5 11207 112062 112485 11245
7 |EUR/USD  21/03/2016 09:26:56 M3 112385 L1207 a7 11w
& |EUR/USD  21/03/2016 09:21:56 M5 112467 112385 112070 112358
9 |EUR/USD  21/03/2016 09:16:54 M5 11258 112865 112588 112458
10 |EUR/USD  21/03/2016 09:11:56 M5 11258 12258 182 113516
11 |EUR/USD  21/03/2016 03:06:56 M5 112557 112579 LisE2 112539
12 |EUR/USD  21/03/2016 03:01:56 M5 11252 122555 112589 112495
13 |EUR/USD  21/03/2016 08:56:56 M5 112536 11252 112536 1.12466
14 |EUR/USD  21/03/2016 08:51:56 M5 11257 12250 11258 11254
15 |EUR/USD  21/03/2016 08:46:56 M5 112536 112573 11259 112527
16 |EUR/USD  21/03/2016 08:41:57 M5 112588 112585 112601 112518
17 |EUR/USD  21/03/2016 08:36:50 M5 112561 112583 112589 112589
18 |EUR/USD  21/03/2016 08:31:53 M5 112595 1125 112606 11255
19 |EUR/USD  21/03/2016 08:26:46 M5 112566 1126 1126 112565
20 |eUR/USD  21/03/2016 08:21:56 M5 112622 112566 112625 112503
21 |EUR/USD  21/03/2016 08:16:56 M5 112663 11262 112681 112571
22 |EUR/USD  21/03/2016 08:11:56 M5 112637 112665 11671 112615
23 |EUR/USD  21/03/2016 08:06:49 M5 11267 112634 112687 112566
24 |EUR/USD  21/03/2016 08:01:54 M3 112601 122675 112688 11264
25|eur/usp  21/03/2016 07:56:55 M5 112665 112642 112675 112642 112517 1128073 FAVERAGEIF(
26 |EUR/USD  21/03/2016 07:51:55 M5 112653 112664 112665 112651 1124797 1.12807 | AVERA ersge range)
27 |[EUR/USD  21/03/2016 07:46:55 M5 1.12661 1.12652 112662 112639 112497 1128068
25 |EUR/USD  21/03/2016 07:41:55 M5 11266 112662 112677 11266 112517 1128058
29 |[EUR/USD  21/03/2016 07:36:51 M5 112629 1.12663 112671 112622 112482" 1.128052
30 |EUR/USD  21/03/2016 07:31:54 M5 112626 11263 112636 112605 11247 1.128046
31 |EUR/USD  21/03/2016 07:26:37 MS 112592 112626 112631 112591 112385 1128042
32 |EUR/USD  21/03/2016 07:21:56 M5 112645 112592 112646 112579 112465 1128037
3 |EUR/USD  21/03/2016 07:16:53 MS 11266 112686 1.12661 112631 11258 1128032
34 |EUR/USD  21/03/2016 07:11:55 M5 112655 1.12661 112664 112637 112579 1128025
35 [EUR/USD  21/03/2016 07:06:51 M5 11268 112655 1.12682 112637 1125557 112602 -

Sheetl ® f

Specify the range parameter as the same scope as that used in Procedure 9, being the last 700
intervals backwards from the current example:

E25:E726

125 - X o fr | =AVERAGEIF(£25:E726)
A B C | AVERAGEIF(range, criteria, [average_range]) _F G H I J K L M
1 Symbol Interim_Buffer_Date Interval Interval_Open Interval_Close Interval_High Interval_Low Depender Average_700
2 EUR/USD 21/03/201609:51:53 M5 1.12479 1.1251 1.1254 1.12469
3 |EUR/USD  21/03/2016 09:46:55 M5 1.12498 1.12479 1.12499 1.1244
4 EUR/USD  21/03/2016 09:41:55 M5 1.1251 1.12497 1.12517 1.12483
5 |EUR/USD  21/03/201609:36:55 M5 1.12462 1.1251 1.1251 1.12453
6 EUR/USD 21/03/201609:31:50 M5 1.1247 1.12462 1.12485 1.1245
7 EUR/USD  21/03/2016 09:26:56 M5 1.12385 1.1247 1.12477 1.12382
8 EUR/USD 21/03/201609:21:56 M5 1.12467 1.12385 1.12474 1.12358
9 EUR/USD 21/03/2016 09:16:54 M5 1.12544 1.12465 1.12544 1.12454
10 EUR/USD  21/03/201609:11:56 M5 1.1258 1.12544 1.12582 1.12516
11 EUR/USD  21/03/2016 09:06:56 M5 1.12557 1.12579 1.12582 1.12539
12 EUR/USD  21/03/2016 09:01:56 M5 1.1252 1.12555 1.12568 1.12496
13 EUR/USD  21/03/2016 08:56:56 M5 1.12536 1.1252 1.12536 1.12466
14 EUR/USD  21/03/2016 08:51:56 M5 1.12574 1.12541 1.1258 1.1254
15 EUR/USD  21/03/2016 08:46:56 M5 1.12536 1.12573 1.1259 1.12527
16 EUR/USD  21/03/2016 08:41:57 M5 1.12584 1.12545 1.12601 1.12518
17 EUR/USD  21/03/2016 08:36:50 M5 1.12561 1.12583 1.12589 1.12549
18 EUR/USD  21/03/2016 08:31:53 M5 1.12595 1.1256 1.12606 1.12545
19 EUR/USD  21/03/2016 08:26:46 M5 1.12566 1.126 1.126 1.12565
20 EUR/USD  21/03/2016 08:21:56 M5 1.12622 1.12566 1.12625 1.12543
21 EUR/USD 21/03/2016 08:16:56 M5 1.12663 1.1262 1.12681 1.12571
22 EUR/USD  21/03/2016 08:11:56 M5 1.12637 1.12665 1.12671 1.12615
23 EUR/USD  21/03/2016 08:06:49 M5 1.12676 1.12634 1.12687 1.12566
24 EUR/USD  21/03/2016 08:01:54 M5 1. 12641. 1.126?5. 1.12688 1.1264
25 |EUR/USD 21/03/2016 07:56:55 M5 1.12665 1.12642 1.12675 1.12642 1.1251' 1.1280?5' =AVERAGEIF(E25:E726,
26 EUR/USD  21/03/2016 07:51:55 M5 1.12653 1.12664 1.12665 1.12651 1.12479 M 1.12807 T
27 Eneflicn 21/N2/9N1A NT-AR-RE MG 1 17RR1 1 1IRRD 1 17RR7D 1 17R/2Q 1 'I']Aﬂ?"l 179NRA

The next parameter of the AVERAGEIF is the string representing the filter. This string will be a
concatenation which will include a condition and the cell value of the Interval_Close, as cell E25,
constructed as follows:

“>" & E25
Therefore, completing the parameter in the function:

=AVERAGEIF(E25:E726,">" &F25
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F25 - X & Jr | =AVERAGEIF(E25:E
A B C | AVERAGEIF(range, criteria, [average_range]) F G H 1 J K L M N Q
1 |Symbol Interim_Buffer_Date Interval Interval_Open Interval_Close Interval_High Interval_Low Depender Average_700
2 |EUR/USD  21/03/201609:51:53 M5 1.12479 11251 11254 1.12469
3 |EUR/USD  21/03/2016 09:46:55 M5 1.12498 1.12479 1.12499 1.1244
4 |EUR/USD  21/03/2016 09:41:55 M5 1.1251 1.12437 1.12517 1.12483
5 |EUR/USD  21/03/2016 09:36:55 M5 1.12462 11251 11251 1.12453
6 |EUR/USD  21/03/201609:31:50 M5 1.1247 1.12462 1.12485 1.1245
7 |EUR/USD  21/03/2016 09:26:56 M5 1.12385 1.1247 1.12477 1.12382
& |EUR/USD  21/03/201609:21:56 M5 1.12467 1.12385 1.12474 1.12358
9 |EUR/USD  21/03/201609:16:54 M5 112544 1.12465 1.12544 1.12454
10 [EUR/USD  21/03/2016 09:11:56 M5 1.1258 112544 1.12582 1.12516
11 |EUR/USD  21/03/2016 09:06:56 M5 1.12557 1.12579 1.12582 1.12539
12 [EUR/USD  21/03/201609:01:56 M5 11252 112555 1.12569 1.12436
13 [EUR/USD  21/03/201608:56:56 M5 1125336 1.1252 1.12536 1.12466
14 |[EUR/USD  21/03/2016 08:51:56 M5 1.12574 1.12541 1.1258 1.1254
15 |EUR/USD  21/03/2016 08:46:56 M5 1.12536 1.12573 1.1259 1.12527
16 |EUR/USD  21/03/2016 08:41:57 M5 112584 112545 1.12601 1.12518
17 |EUR/USD  21/03/201608:36:50 M5 112561 1.12583 1.12589 1.12549
18 |EUR/USD  21/03/201608:31:53 M5 1.12595 1.1256 1.12606 1.12545
19 |EUR/USD  21/03/2016 08:26:46 M5 1.12566 1.126 1.126 1.12565
20 |EUR/USD  21/03/2016 08:21:56 M5 112622 1.12566 1.12625 1.12543
21 |EUR/USD  21/03/2016 08:16:56 M5 1.12663 1.1262 1.12681 112571
22 |EUR/USD  21/03/2016 08:11:56 M5 1.12637 1.12665 1.12671 1.12615
23 |EUR/USD  21/03/2016 08:06:49 M5 1.12676 1.12634 1.12687 1.12566
24 |EUR/USD  21/03/2016 08:01:54 M5 1.12641. 112675 1.12633- 1.1264
25 |EUR,’USD 21/03/2016 07:56:55 M5 1.12665 1.12542” 1.125?5! 1.12642 1.1251' 1.128075| :AVERAGEIF(EZS:E?ZS,">” &F25
26 |EUR/USD  21/03/2016 07:51:55 M5 1.12653 1.12664 1.12665 112651 1124797 1.12807
27 |EUR/USD  21/03/2016 07:46:55 M5 1.12661] 1.12652 1.12662 112639 112497 1.128064
PR S B R [ R — R Y R ———

Close the parenthesis and commit the formula:

125 - Jr || =AvERAGEIF(E25:E726,">" &F25)
A B C D E F G H 1 J K L M
1 Symbol Interim_Buffer_Date Interval Interval_Open Interval_Close Interval_High Interval_Low Depender Average_700
2 |EUR/USD  21/03/2016 09:51:53 M5 1.12479 1.1251 1.1254 1.12469
3 |EUR/USD  21/03/2016 09:46:55 M5 1.12498 1.12479 1.12499 1.1244
4 |[EUR/USD  21/03/2016 09:41:55 M5 1.1251 1.12497 1.12517 1.12483
5 |[EUR/USD  21/03/2016 09:36:55 M5 1.12462 1.1251 1.1251 1.12453
6 |[EUR/USD  21/03/2016 09:31:50 M5 1.1247 1.12462 1.12485 1.1245
7 EUR/USD 21/03/2016 09:26:56 M5 1.12385 1.1247 1.12477 1.12382
g EUR/USD 21/03/2016 09:21:56 M5 1.12467 1.12385 1.12474 1.12358
9 EUR/USD  21/03/2016 09:16:54 M5 1.12544 1.12465 1.12544 1.12454
10 EUR/USD  21/03/2016 09:11:56 M5 1.1258 1.12544 1.12582 1.12516
11 EUR/USD  21/03/2016 09:06:56 M5 1.12557 1.12579 1.12582 1.12539
12 EUR/USD  21/03/2016 09:01:56 M5 1.1252 1.12555 1.12569 1.12436
13 EUR/USD  21/03/2016 08:56:56 M5 1.12536 1.1252 1.12536 1.12466
14 EUR/USD  21/03/2016 08:51:56 M5 1.12574 1.12541 1.1258 1.1254
15 EUR/USD  21/03/2016 08:46:56 M5 1.12536 1.12573 1.1259 1.12527
16 EUR/USD  21/03/2016 08:41:57 M5 1.12584 1.12545 1.12601 1.12518
17 EUR/USD  21/03/2016 08:36:50 M5 1.12561 1.12583 1.12589 1.12549
18 EUR/USD  21/03/2016 08:31:53 M5 1.12595 1.1256 1.12606 1.12545
19 EUR/USD  21/03/2016 08:26:46 M5 1.12566 1.126 1.126 1.12565
20 EUR/USD  21/03/2016 08:21:56 M5 1.12622 1.12566 1.12625 1.12543
21 EUR/USD  21/03/2016 08:16:56 M5 1.12663 1.1262 1.12681 1.12571
22 EUR/USD  21/03/2016 08:11:56 M5 1.12637 1.12665 1.12671 1.12615
23 EUR/USD  21/03/2016 08:06:43 M5 1.12676 1.12634 1.12687 1.12566
24 EUR/USD  21/03/2016 08:01:54 M5 1.12641 1.12675 1.12688 1.1264
25 |EUR,’USD 21/03/2016 07:56:55 M5 1.12665 1.12642 1.12675 112642 11251 1140 ps[ 1.125?02_'
26 EUR/USD  21/03/2016 07:51:55 M5 1.12653 1.12664 1.12665 112651 112479 1.12807
27 EUR/USD  21/03/2016 07:46:55 M5 1.12661 1.12652 1.12662 112639 1.12497 1.128064
28 EUR/USD 21/03/2016 07:41:55 M5 1.1266 1.12662 1.12677 1.1266 1.1251 M 1.128058
29 EUR/USD  21/03/2016 07:36:51 M5 1.12629 1.12663 1.12671 1.12622 1.12462 M 1.128052
2n [FHR/LISD 21/02/701A N7-21-54 M5 1 12R%A 117R3 1 17R3A 1 12A09 1 1‘)2['1"1 12204/

Fill down to ensure that the remaining examples are given the values of this independent variable:

205



JUBE

ma S - EURUSD - Excel ? @ - 8 X
FILE HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW NeuroSolutions. StatTools Trainingl ~
i o Galirs BTy = Generl ¥ | Normal Bad Good Neutral Calculat G Bx [ Zoenm - Ay M

E® Copy - - - ] Fill+
P ot ® T U e Gl CRIERLRNL R B m— < T Gare e fras
Clpoard Numbe . Sbles cs editng s
s - fi v
A 8 3 o 3 F s H i ’ K . M N P » 2 R s T v v x ¥ z

1 |symbol Interim_Buffer_Date Interval Interval Open Interval_Close Interval_High Interval_Low Depender Average_700

2 [EUR/USD  21/03/201609:51:52 M5 112479 11251 1125 112489

3 |EUR/USD  21/03/2016 09:46:55 MS 112498 112479 112499 11288

4 [EUR/USD  21/03/2016 09:41:55 M5 L1251 112497 12517 11248

5 [EUR/usD  21/03/201509:36:55 M5 11242 11251 151 122453

6 |EUR/USD  21/03/2016 09:31:50 M5 11207 112062 112485 11245

7 [euR/usD  21/03/2016 09:26:56 M5 112385 L1247 117 L

& |EUR/USD  21/03/2016 09:21:56 M5 112467 112385 112474 112358

9 |EUR/USD  21/03/2016 09:16:54 M5 11258 112865 11250 1125

10 |eUR/usD  21/03/2016 03:31:56 s 12258 122508 azse 113516

11 |EUR/USD  21/03/2016 03:06:56 M5 112557 112579 L1582 11253

12 |EUR/USD  21/03/2016 03:01:56 M5 11252 122555 112569 112496

13 |EUR/USD  21/03/2016 08:56:56 M5 112536 11252 112536 1.12466

14 |EUR/USD  21/03/2016 08:51:56 M5 11257 112591 11258 11254

15 |EUR/USD  21/03/2016 08:46:56 M5 112536 112573 11259 112527

16 |EUR/USD  21/03/2016 08:41:57 M5 112588 112585 112601 112518

17 |euR/usp  21/03/2016 0836150 MS 12251 122583 11589 112599

18 |EUR/USD  21/03/2016 08:31:53 M5 112595 L1256 112605 112545

19 |EUR/USD  21/03/2016 08:26:46 M5 112566 1126 L6 112565

20 |[EUR/USD  21/03/2016 08:21:56 M5 112622 1.12566 112625 112543

21 |EUR/USD  21/03/2016 08:16:56 M5 112663 11262 112681 11257

22 |EUR/USD  21/03/2016 08:11:56 M5 112637 12665 11267 11615

23 |EUR/USD  21/03/2016 08:06:49 M5 11267 11263 112687 112566

24 |EUR/USD  21/03/2016 08:01:54 M3 112601 122675 112688 11264

25 |EUR/USD  21/03/2016 07:56:55 M5 112665 112642 112675 112602 112517 1128075 1.125702

26 |EUR/USD  21/03/2016 07:51:55 M5 112653 112664 112665 112651 1124797 112807 1129652

27 |EUR/USD  21/03/2016 07:46:55 M5 1.12661 1.12652 112662 112639 112497 1128068 1.129641

28[eur/usD  21/03/2016 07:41:55 M 11266 11662 112677 11265 112517 1128058 1.125702] 1

29 |EUR/USD  21/03/2016 07:36:51 M5 112629 1.12663 112671 112622 112462 1128052 1.129685

30 |EUR/USD  21/03/2016 07:31:54 M5 112626 11263 112636 112605 11247 1128046 1.123585

31 |EUR/USD  21/03/2016 07:26:37 MS 112592 112626 112631 112591 112385 1128042 1129595

32 |EUR/USD  21/03/2016 07:21:56 M5 112645 112592 112646 112579 112465 1128037 1.129612

33 |[EUR/USD  21/03/2016 07:16:53 M5 11266 112686 1.12661 112631 112584 1128032 1.129646

34 |EUR/USD  21/03/2016 07:11:55 M5 112655 1.12661 112664 112637 112579 1128025 1.129652

35 [EUR/USD  21/03/2016 07:06:51 M5 11268 112655 1.12682 112637 1125557 112802 1129718 %

Sheetl ®

The most commonly used conditional aggregation functions would be:

e COUNTIF
e AVERAGEIF
e SUMIF

The process of Abstraction would typically rely on a creative and varied use of all of these functions
across a varying Scope (the intervals backwards, in the case of this procedure 700) and threshold,
which can be anchored to the reference (as in this example) or another Independent Variable that
has been horizontally abstracted.

Procedure 4: Creating a Ratio Independent Variable in Horizontal Abstraction.

With extensive abstraction having taken place using summary statistics or filtered aggregation across
the Scope, this procedure looks to extend these variables, bringing them together in ratios. Ratios
are a method to normalise data and typically make the analysis more useful for linear modelling
techniques.

In this example, we are going to represent the average price observed over the scope and compare
that as a ratio to the current \ prevailing Interval_Close. Create a new Independent Variable in the
same manner as preceding procedures, in this case selecting cell K25 as the starting point. To create
a ratio between the variables, simply divide one variable into the next, for example the Average_700
divided by the current \ prevailing Interval_Close as contained in cell E25:

=|25/E25
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JUBE

E25 - X o Jr | =zs/E25
A B C D E F G H I J K L M

1 |Symbol Interim_Buffer _Date Interval Interval_Open Interval_Close Interval_High Interval_Low Depender Average 700

2 |EUR/USD  21/03/2016 09:51:53 M5 1.12479 1.1351 1.1254 1.12469

3 |EUR/USD  21/03/2016 09:46:55 M5 1.12498 1.12479 1.12439 1.1244

4 |EUR/USD  21/03/2016 09:41:55 M5 1.1251 1.12497 1.12517 1.12483

5 |EUR/USD  21/03/2016 09:36:55 M5 1.12462 1.1351 1.1251 1.12453

6 |EUR/USD  21/03/2016 09:31:50 M5 1.1247 1.12462 1.12485 1.1245

7 |EUR/USD  21/03/2016 09:26:56 M5 1.12385 1.1247 1.12477 1.12382

2 |EUR/USD  21/03/2016 09:21:56 M5 1.12467 1.12385 1.12474 1.12358

9 |EUR/USD  21/03/2016 09:16:54 M5 1.12544 1.12465 1.12544 1.12454
10 |[EUR/USD  21/03/2016 09:11:56 M5 1.1258 1.12544 1.12582 1.12516
11 |EUR/USD  21/03/2016 09:06:56 M5 1.13557 1.12579 1.12582 1.13539
12 |EUR/USD  21/03/2016 09:01:56 M5 1.1252 1.12555 1.12569 1.12496
13 |[EUR/USD  21/03/2016 08:56:56 M5 1.12536 1.1252 1.12536 1.12466
14 |EUR/USD  21/03/2016 08:51:56 M5 1.13574 1.12541 1.1258 1.1254
15 |EUR/USD  21/03/2016 08:46:56 M5 1.12536 1.12573 1.12539 1.12527
16 |[EUR/USD  21/03/2016 08:41:57 M5 1.12584 1.12545 1.12601 1.12518
17 |EUR/USD  21/03/2016 08:36:50 M5 1.12561 1.12583 1.12583 1.13549
18 |EUR/USD  21/03/2016 08:31:53 M5 1.12595 1.1256 1.12600 1.12545
19 |EUR/USD  21/03/2016 08:26:46 M5 1.12566 1.126 1.126 1.12565
20 |[EUR/USD  21/03/2016 08:21:56 M5 1.12622 1.12566 1.12625 1.13543
21 EUR/USD  21/03/2016 08:16:56 M5 1.12663 1.1262 1.12681 1.12571
22 |[EUR/USD  21/03/2016 08:11:56 M5 1.12637 1.12665 1.12671 1.12615
23 |[EUR/USD  21/03/2016 08:06:43 M5 1.12676 1.12634 1.12687 1.12566
24 |[EUR/USD  21/03/2016 08:01:54 M5 1.12641_ 1.12675. 1.12688 1.1264 . ’
25 | EUR/USD  21/03/2016 07:56:55 M5 1 12665! 1.12542! 1.12675 1.12642  1.1251] 1.128075] 1.129 ?uzl =125/£25] |
26 EUR/USD  21/03/2016 07:51:55 M5 1.12653 1.12664 1.12665 1.12651 1.12479 1.12807 1.129652
27 [EUR/USD  21/03/2016 07:46:55 M5 1.12661 1.12652 1.12662 1.1263% 1.1249?' 1.128064' 1.129641
28 [EUR/USD  21/03/2016 07:41:55 M5 1.1266 1.12662 1.12677 1.1266 1.1251' 1.128058' 1.129702
29 |[EUR/USD  21/03/2016 07:36:51 M5 1.12629 1.12663 1.12671 1.12622 1.12462' 1.128052' 1.139685
30 |EUR/USD  21/03/2016 07:31:54 M5 1.12626 1.1263 1.12636 1.12609 1.124?' 1.128046' 1.129595
31 |EUR/USD  21/03/2016 07:26:37 M5 1.12592 1.12626 1.12631 1.12591 1.12385 M 1.128042' 1.129595
32 |EUR/USD  21/03/2016 07:21:56 M5 1.12646 1.12592 1.12646 1.13579 1.12465 M 1.12803?' 1.139612
33 |EUR/USD  21/03/2016 07:16:53 M5 1.1266 1.12646 1.12661 1.12631 1.12544' 1.128032' 1.129646
34 |EUR/USD  21/03/2016 07:11:55 M5 1.12655 1.12661 1.12664 1.12637 1.12579 M 1.128025 M 1.129652
35 |EUR/USD  21/03/2016 07:06:51 M5 1.1268 1.12655 1.12682 1.12637 1.12555 M 1.12802' 1.139718

The precedence of the Interval_Close is unimportant as long as it remains consistent throughput the
abstraction and transformation.

Fill the variable down and name the column:
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Ho o -
FILE HOME IMSERT PAGE LAYOUT FORMULAS
LI ety

B Copy -
Paste P

Clipboard [F] Font
E25 X o Jr || =125/e25

1 |Symbol
EUR/USD
EUR/USD
EUR/USD
EUR/USD
EUR/USD
EUR/USD
EUR/USD
EUR/USD
10 |EUR/USD
11 [EUR/USD
12 |EUR/USD
13 |EUR/USD
14 |EUR/USD
15 |[EUR/USD
16 [EUR/USD
17 |EUR/USD
18 |EUR/USD
19 |EUR/USD
20 |EUR/USD
21 |EUR/USD
22 |EUR/USD
23 |EUR/USD
24 |EUR/USD
25 |eur/UsD
26 |EUR/USD
27 |EUR/USD
28 EUR/USD
29 |EUR/USD

W W

w0om - o

Although ratios, being the division of one Independent Variable against another, are an especially

EB

21/03/2016 09:51:53 M5
21/03/2016 09:46:55 M5
21/03/2016 09:41:55 M5
21/03/2016 09:36:55 M5
21/03/2016 09:31:50 M5
21/03/2016 09:26:56 M5
21/03/2016 09:21:56 M5
21/03/2016 09:16:54 M5
21/03/2016 09:11:56 M5
21/03/2016 09:06:56 M5
21/03/2016 09:01:56 M5
21/03/2016 08:56:56 M5
21/03/2016 08:51:56 M5
21/03/2016 08:46:56 M5
21/03/2016 08:41:57 M5
21/03/2016 08:36:50 M5
21/03/2016 08:31:53 M5
21/03/2016 08:26:46 M5
21/03/2016 08:21:56 M5
21/03/2016 08:16:56 M5
21/03/2016 08:11:56 M5
21/03/2016 08:06:49 M5
21/03/2016 08:01:54 M5
21/03/2016 07:56:55 M5
21/03/2016 07:51:55 M5
21/03/2016 07:46:55 M5
21/03/2016 07:41:55 M5
21/03/2016 07:36:51 M5

D

1.12479
1.12498
1.1251
1.12462
1.1247
1.12385
1.12467
1.12544
1.1258
1.12557
1.1252
1.12536
1.12574
1.12536
1.12584
1.12561
1.12595
1.12566
1.12622
1.12663
1.12637
1.12676
112641
1.12665)
1.12653
1.12661
1.1266
1.12629

JUBE

DATA REVIEW

Alignment

E

11251
1.12479
1.12497

1.1251
1.12462

1.1247
1.12385
1.12465
1.12544
1.12579
1.12555

1.1252
1.12541
1.12573
1.12545
1.12583

1.1256

1.126
1.12566

1.1262
1.12665
1.12634
1.12675.

1.12642]
R etk

1.12664
1.12652
1.12662
1.12663

VIEW

F

Interim_Buffer_Date Interval Interval_Open Interval_Close Interval_High

1.1254
1.12499
112517

1.1251
1.12485
1.12477
112474
1.12544
1.12582
1.12582
1.12569
1.12536

1.1258

1.1259
1.12601
1.12589
1.12606

1.126
1.12625
1.12681
112671
1.12687
1.12688
1.12675
1.12665
1.12662
1.12677
1.12671

MNeuroSolutions StatTools

G

Mumber

H 1 J

K

EURUSD - Excel

Norma

L M

Interval_Low Depender Average " Average_Greater Reference

1.12469

11244
1.12483
1.12453

1.1245
1.12382
1.12358
1.12454
1.12516
1.12539
1.12496
1.12466

1.1254
1.12527
1.12518
1.12549
1.12545
1.12565
1.12543
112571
1.12615
1.12566

1.1264
112642
1.12651
1.12639

1.1266
1.12622

—
1.1251] 1.128075[ 1.129702f

1.12479] 1.12807 1.129652
1.12497" 1.128064 " 1.129641

112517 1.128058 " 1.129702
1.12462] 1.128052” 1.129685

useful tool, the horizontal creation of Independent Variables may take advantage of a variety of
arithmetic functions, where one value is being brought to bear against the next:

Add: +
Subtract: —
Multiply: *

Procedure 5: Creating a Binary Independent Variable in Horizontal Abstraction.
Binary Variables are an extremely good way to improve the performance of models where the data

is not normally distributed, a maxim that is consistent across all modelling types introduced in this

Bad

procedure guide. This procedure will use an IF function as a Horizontal Abstraction technique that
will return 1 in the event that the prevailing Interval_Close is above the average as created in a
Vertical Abstraction variable, in cell 125:

Follow the steps as set out in Procedure 11, instead using the following formula in the cell K25:

=IF(E25 > 125, 1,0)
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JUBE

. EURUSD - Excel

INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW NeuroSolutions StatTools
v Normal Bas S
pase B Copy. _' s N ) ; vt [ -
Clpoard s Font Alignment Number Sties
sum - X W Jo | =REs>5,10
A B < 2] E F G H 1 ) K L M o
1 |symbol Interim_Buffer_Date Interval Interval_Open interval Close Interval_High Interval_Low Depender Average_-Average_Greater_Reference
2 [EUR/USD  21/03/201609:51:52 M5 112479 L s
3 [eUR/usD  21/03/2016 09:46:55 S 11238 122479 112499 11289
4 |EUR/USD  21/03/2016 09:41:55 M5 L1251 112497 12517 11248
5 [EUR/usD  21/03/201509:36:55 M5 11242 11251 151 122453
6 |EUR/USD  21/03/2016 09:31:50 M5 11207 1am: 1128 11
7 |EUR/USD  21/03/2016 09:26:56 M3 112385 L1247 117 L
& [EUR/USD  21/03/2016 09:21:56 M5 112487 112385 1147 1128
9 |EUR/USD  21/03/2016 09:16:54 M5 11258 112465 11250 1125
10 |eUR/usD  21/03/2016 03:31:56 s 12258 122508 azse 113516
11 |EUR/USD  21/03/2016 03:06:56 M5 112557 112579 L1582 11253
12 |EUR/USD  21/03/2016 03:01:56 M5 11252 122855 112569 112496
13 |eUR/usD  21/03/2016 08:56:56 M3 112536 L1250 1a2s3 112486
14 |EUR/USD  21/03/2016 08:51:56 M5 11257 112591 11258 11254
15 |EUR/USD  21/03/2016 08:a6:56 M5 112536 12257 15 102527
16 |EUR/USD  21/03/2016 08:41:57 M5 112588 112545 112601 112518
17 |euR/usp  21/03/2016 0836150 MS 12251 122583 11589 112599
18 |EUR/USD  21/03/2016 08:31:53 M5 112595 L1256 112605 112545
19 |EUR/USD  21/03/2016 08:26:46 M5 112566 1126 L6 112565
20 |EUR/USD  21/03/2016 08:21:56 M3 L1622 1566 Laze2s 112543
21 |EUR/USD  21/03/2016 08:16:56 M5 112663 L1262 11281 11571
22 |EUR/USD  21/03/2016 08:11:56 M5 112637 12665 11267 11615
23 |EUR/USD  21/03/2016 08:06:49 M5 11267 11263 112687 112566
24 |EUR/USD  21/03/2016 08:01:54 M3 112681 112675 112688 11264
25cuR/uSD  21/03/2016 07:56:55 M3 1.12665] 1mem] 11267 112682 11251 1.128075] 1.129702=1F(E25 > 125, 1,0)
26 |EUR/USD  21/03/2016 07:51:55 MS 112653 112664 112665 112651 112479 112807 1.129652 1
27 |[EUR/USD  21/03/2016 07:46:55 M5 1.12661 1.12652 112662 112639 112497 1128068 1.129641
25 |EUR/USD  21/03/2016 07:41:55 M5 11266 112662 112677 11266 11251 1128058’ 1.125702
29 |[EUR/USD  21/03/2016 07:36:51 M5 112629 1.12663 112671 112622 112462 1128052 1.129685
30 |EUR/USD  21/03/2016 07:31:54 M5 112626 11263 112636 112605 11247 1128046 1.123585
31 |EUR/USD  21/03/2016 07:26:37 MS 112592 112626 112631 112591 112385 1128042 1129595
32 |EUR/USD  21/03/2016 07:21:56 M5 112645 112592 112646 112579 112465 1128037 1.129612
33 |[EUR/USD  21/03/2016 07:16:53 M5 11266 112686 1.12661 112631 112584 1128032 1.129646
34 |EUR/USD  21/03/2016 07:11:55 M5 112655 1.12661 112664 112637 112579 1128025 1.129652
35 [EUR/USD  21/03/2016 07:06:51 M5 11268 112655 1.12682 112637 1125557 1128027 1.125718

? @ - 8 X
Training! «

S Autosum - #
Note t " Find &
& Cear Select~

<o editing A

v

s T v v w x ¥ z A=

Commit the formula, fill down and name the Independent Variable:

<INE] . EURUSD - Excel
EEl FOME  INSERT  PAGELAYOUT  FORMULAS  DATA  REVIEW  VEW  NewoSolvtions  StotTook
it b Cut Calibi | A A N Normal B G
BB Copy - P
Paste X 8 Iy- A . . . t [
capbosra vont 3 Aignment Number svies
M16 - X v f
A 8 < o € F s H 1 ' 3 L 0

1 |symbel Interim_Buffer Date Interval Interval Open Interval Close Interval High Interval Low Depender Average "Average_Greater Reference

2 [EUR/USD  21/03/2016 09:51:53 M5 112479 11251 1154 112463
3 [EUR/USD  21/03/2016 09:46:55 M5 112498 122479 112199 11244
4 |EUR/USD  21/03/2016 09:41:55 M5 11251 112087 117 112083
5 [EUR/USD  21/03/201609:36:55 M5 112862 11251 11251 112853
6 |EUR/USD  21/03/2016 09:31:50 M5 11207 112062 112885 11205
7 |EUR/USD  21/03/2016 09:26:56 M5 112385 11247 11247 112382
& |EUR/USD  21/03/2016 09:21:56 M3 112067 112385 11274 11238
9 |EUR/USD  21/03/2016 09:16:54 M5 11250 112065 112564 11250
10 |EUR/USD  21/03/2016 09:11:56 M5 11258 122584 112582 112516
11 /EUR/USD  21/03/2016 09:06:56 M5 112557 11257 182 112539
12 |EUR/USD  21/03/2016 03:01:56 M5 11252 112555 11259 112496
13 |EUR/USD  21/03/2016 08:56:56 M5 11253 11252 11253 112486
14 |EUR/USD  21/03/2016 08:51:56 M5 11257 112501 11258 1125
15 EUR/USD  21/03/2016 08:46:56 M5 11253 122573 1259 12527
16[eur/usp 21/03/2016 08:a1:57 Ms 11258 112505 1.12601 112518
17 |EUR/USD  21/03/2016 08:36:50 M5 112561 112583 112589 112589
18 |EUR/USD  21/03/2016 08:31:5% M5 112595 1125 112606 112585
19 |EUR/USD  21/03/2016 08:26:46 M5 112565 1126 L1126 112565
20 |EUR/USD  21/03/2016 08:21:55 M3 112622 122566 112625 11258
21 |EUR/USD  21/03/2016 05:16:56 M5 112663 11262 181 11257
22|EUR/USD  21/03/2016 08:11:56 M5 112637 122665 112671 112615
23 |EUR/USD  21/03/2016 08:06:49 M5 11267 11263 112687 112566
24 |EUR/USD  21/03/2016 05:01:54 M5 112681 112675 112688 11264
25 |[EUR/USD  21/03/2016 07:56:55 M5 112665 112602 112675 112612 11251 1128075 1.129702 0
26 |EUR/USD  21/03/2016 07:51:55 M5 112653 112664 1.12665 112651 1124757 112807 1129652 0
27 |EUR/USD  21/03/2016 07:46:55 M5 112661 112652 112662 112639 112497 1128064 1.129641 [}
28 |EUR/USD  21/03/2016 07:41:55 M5 1.1266 1.12662 112677 11266 11251 1128058 1.129702 )
29 |EUR/USD  21/03/2016 07:36:51 M5 112629 112663 112671 112622 112462 1128052 1.129685 0
30 [EUR/USD  21/03/2016 07:31:54 M5 112626 11263 112636 112609 11247 1128046 1.129595 0
31 |EUR/USD  21/03/2016 07:26:37 M5 112592 112626 112631 112591 112385 1128042 1.1295%5 0
32 [EUR/USD  21/03/2016 07:21:56 M5 112645 112592 112546 112579 112465 1.128037 1.129612 [}
53 |EUR/USD  21/03/201607:16:53 M5 11266 112646 112661 112631 1.12544” 1128032 1.125646 0
34 [EUR/USD  21/03/2016 07:11:55 MS 112655 112661 1.12664. 112637 112579 1128025 1.129652 0
35 [EUR/USD  21/03/2016 07:06:51 M35 11268 112655 112682 112637 112555 1.12802" 1.129718 [

Sheetl @

T ®E - 8 X
Traningl ~
i | E autosum -

] i
Format Find&s
& Clear~ Select =

v

s T v v ow X v 2 | aE

The IF function takes three parameters, the first being the condition followed the value to pivot to if
true (i.e. 1) with the final parameter being the value to pivot in if false (i.e. 0). The IF function can

use various conditional operators such as:

e Greater>

e less<

e Greater Than or Equal >=
e Less Than or Equal <=

e Not Equal <>

The IF statement should be used creatively across several Independent Variable combinations and

operator types as part of a creative Abstraction process.

209



JUBE

Procedure 6: Creating a Statistical Transformation using SQRT and observing

improvement.

In the same manner as Procedure 12 uses the IF function for the purposes of Horizontal Abstraction,
there are a plethora of other functions that can provide statistical transformation, which is most
generally used to correct data where abnormally distributed (i.e. not a normal distribution), with a
view to the independent variable becoming more normally distributed.

Firstly, it is necessary to understand the overall need for a statistical abstraction, such as SQRT or
LOG. To gain a very quick measure of the direction of lean the Skew function can be used, although
this is only one or a number of measures to be considered when appraising distribution properties.

Click on a free cell, in this example 07, then begin typing the formula:

=SKEW(

FILE HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW NeuroSolutions StatTools
T, o C G = Normal Bad Good
Paste B Copy - P Conditional Format as @l
. Format Painter Formatting ~ Table
Clipboard n Font Alignment Number Styles
suM - X o fe | =skew
A B C D E F G H 1 ] K L M N o P Q
1 |Symbol Interim_Buffer_Date Interval Interval_Open Interval Close Interval_High Interval_Low Depender Average  Average_Greater Reference
2 |EUR/USD  21/03/2016 09:51:53 M5 1.12479 1.1251 1.1254 1.12469
3 EUR/USD  21/03/2016 09:46:55 M5 112498 1.12479 1.12493 11244
4 |EUR/USD  21/03/2016 09:41:55 M5 1.1251 1.12497 1.12517 1.12483
5 EUR/USD  21/03/201609:36:55 M5 1.12462 11251 11251 1.12453
6 |EUR/USD  21/03/2016 09:31:50 M5 1.1247 1.12462 1.12485 1.1245
7 |EUR/USD 21/03/2016 09:26:56 M5 1.12385 1.1247 1.12477 1.12382 =SKEW( 1
g EUR/USD  21/03/201609:21:56 M5 1.12467 1.12385 112474 1.12358
9 |EUR/USD  21/03/2016 09:16:54 M5 1.12544 1.12465 1.12544 1.12454
10 EUR/USD  21/03/2016 09:11:56 M5 1.1258 1.12544 1.12582 1.12516
11 EUR/USD  21/03/2016 09:06:56 M5 1.12357 1.12579 1.12582 1.12539
12 EUR/USD  21/03/2016 09:01:56 M5 1.1252 1.12555 1.12569 1.12496
13 EUR/USD  21/03/2016 08:56:56 M5 112536 11252 1.12536 1.12466
14 EUR/USD  21/03/2016 08:51:56 M5 112574 1.12541 1.1258 1.1254

Click on the column containing the vertical abstraction independent variable Average_700, which
could also be expressed as I:I:

=SKEW/(I:I

@ H S EURUSD - Excel 72 m - 8 X
EEEl oME | INSERT  PAGELAYOUT  FORMULAS  DATA  REVIBW  VIEW  NewoSolutions  StatTeols Triningl -
% cu o = auosum - #
e BSemy - v Note Find &
& Clear- saict
Clpboard . Alignment Numbe Sbles ces editing -
o7 - X W e | sseewia v
A ' 3 o 3 F s H i ’ K . M N o » Q ® s T v v x ¥ z A=
1 [symbol Interim_Buffer_Date Interval Interval_Open interval_Close Interval_High Interval_Low Dependef Average_|Average_Greater_Reference
2 [EUR/USD  21/03/201609:51:53 M5 112479 11251 1125 112469
3 [EUR/usD  21/03/2015 09:46:55 M5 112498 122479 112099 11208
4 [EUR/USD  21/03/2016 03:41:55 M5 11251 112497 1517 1148
5 [UR/USD  21/03/2016 09:36:55 M5 112452 L1251 11251 112453
6 |EUR/USD  21/03/2016 09:31:50 M5 11247 112862 112485 11285
7 [eur/usp  21/03/2016 09:26:56 M5 112385 11247 112477 112382
5 [EUR/USD  21/03/2016 09:21:56 M5 112487 122385 1107 1128 1, (rumberZ]
9 |EUR/USD  21/03/2016 03:16:54 M5 112548 112485 11254 112458
10 |eUR/usD  21/03/2016 0313155 Ms 12258 158 ase 11316
11 |EUR/USD  21/03/2016 09:06:56 M5 112557 112579 112582 112539
12 |EUR/USD  21/03/2016 03:01:56 M5 1152 122855 112569 11249
13 |EUR/USD  21/03/2016 08:56:56 M5 112536 11252 11253 1.12466
14 |EUR/USD  21/03/2016 08:51:56 M5 112578 112541 11258 11254
15 |eUR/usD  21/03/2016 08:a6155 MS 112536 12257 15 1a2
16 |EUR/USD  21/03/2016 08:41:57 M5 112588 112545 L1601 112518
17 |EUR/USD  21/03/2016 08:36:50 M5 112561 112583 112589 112549
18 |EUR/USD  21/03/2016 08:31:53 M5 112595 11256 112606 112545
19 |EUR/USD  21/03/2016 08:26:46 M5 112566 1126 1126 112565
20 |EUR/USD  21/03/2016 08:21:56 M5 112622 12256 a2 11253
21 |EUR/USD  21/03/2016 08:16:56 M5 112663 L1262 L1281 11257
22|EUR/USD  21/03/2016 08:11:55 M3 112637 112885 112671 112615
23 |EUR/USD  21/03/2016 08:06:49 M5 112676 112634 112687 112566
24 |EUR/USD  21/03/2016 08:01:54 M5 112641 112675 112688 11264
25 |[EUR/USD  21/03/2016 07:56:55 M5 112665 112622 112675 112602 11251 1.128075[ 1.129702 )
26 |EUR/USD  21/03/2016 07:51:55 M5 112653 112664 112665 112651 112479 112807 1.129652 0
27 |[EUR/USD  21/03/2016 07:46:55 M5 1.12661 1.12652 112662 112639 112497 1.128064[ 1.129641 0
28 |EUR/USD  21/03/2016 07:41:55 M5 11266 112662 112677 11266 11251 1.128058] 1.125702 0
29 |EUR/USD  21/03/2016 07:36:51 M5 112629 112683 112671 112622 112462 1.128052( 1.129685 [}
30 |EUR/USD  21/03/2016 07:31:54 M5 112626 11263 112636 112608 11247 1.128046] 1.129585 0
31 [EUR/USD  21/03/2016 07:26137 M5 112592 112626 112631 112591 112385 1.128042] 1.1295% 0
32 |EUR/USD  21/03/2016 07:21:56 M5 112645 112592 112646 112579 112465 1.128037( 1.129612 0
EUR/USD  21/03/2016 07:16:53 M5 11266 112686 1.12661 112631 112584 1.128032( 1.129646 [
EUR/USD  21/03/2016 07:11:55 M5 112655 112661 112664 112637 112579 1.128025 1229652 [}
35 [EUR/USD__ 21/03/2016 07:06:51 M5 11268 112655 1.12682 112637112555/ 1128020 1.129718 0 -

Sheetl D 7 v
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Complete the formula by including the closing parenthesis. In this example observe the SKEW to be
slightly positive, leaning towards the axis, conceptually:

MHE S o = EURUSD - Excel 2 m® - 8 X
FILE HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW NeuroSolutions. StatTools Trainingl =
T Ex““' Golrs o aa = - EwopTet Generl A D | vema Bad Good Neutral Gianaion | -| &= Bx fi] ﬁ““"m Ay M
B Copy - - x il

P ot ® L8 D N I PR R ARt e — ot ||| b oo fomm| O fona et

Cipboard 3 Font . Algoment o Number . svies ces diting -
o8 - v

A L] < 2] E F G H 1 ) K L M N o [ Q R s T v w X ¥ Z Ala
1 [symbol interim_Buffer_Date Interval Interval Open Interval Close Interval_High Interval_Low Depender Average_-Average_Greater_Reference
2 [EUR/USD  21/03/201609:51:53 MS 112479 11251 1154 112869
3 [eUR/usD  21/03/2015 09:46:55 M5 112038 12207 122099
4 |EUR/USD  21/03/2016 09:41:55 M 11251 112497 12517 11248
5 [EUR/USD  21/03/2016 09:36:55 M5 112452 11251 1151 L1283
6 |EUR/USD  21/03/2016 09:31:50 M5 11247 1148 1128 11285
7 EUR/USD  21/03/2016 09:26:56 M 112385 L e Lw 0.770688
8 |eur/usD  21/03/201609:21:56 M5 112467 112385 112070 112358
9 [EUR/USD  21/03/2016 03:16:54 M5 112548 11265 112548 112854 1
10 |eUR/usD  21/03/2016 0313155 Ms 12258 158 ase 11316
11 |EUR/USD  21/03/2016 09:06:56 M5 112557 1157 LasEz 1153
12 |[EUR/USD  21/03/2016 09:01:56 M5 11252 112555 112569 112496
13 |eUR/usD  21/03/2016 08:56:56 MS 112536 11252 1153 11266
14 [EUR/USD  21/03/2016 08:51:56 M5 112578 112541 11258 11254
15 |EUR/uSD  21/03/2016 08:a6:56 M5 112536 12257 11259 152
16 |EUR/USD  21/03/2016 08:41:57 M5 112588 11545 L1801 113518
17 |EUR/USD  21/03/2016 08:36:50 M5 112561 1183 La2s8y  1L12549
15 |EUR/uSD  21/03/2016 08:31:53 MS 112595 1125 112606 112585
19 EUR/USD  21/03/2016 08:26:46 M5 112566 1126 L6 112565
20 |EUR/USD  21/03/2016 08:21:56 M5 112622 12256 a2 11253
21|EUR/USD  21/03/2016 05:16:56 M5 112663 L2 L8 117
22 |EUR/USD  21/03/2016 08:11:56 M5 112637 12885 a7 11215
23|EUR/USD 21/03/2016 08:06:49 M 112676 11263 112687 112566
24|EUR/USD  21/03/2016 08:01:54 M 112641 1067 11268 11264
25 |[EUR/USD  21/03/2016 07:56:55 M5 112665 112602 112675 112602 112517 1128075 1.129702 )
26 |EUR/USD 21/03/2016 07:51:55 Ms 112653 112664 112665 112651 1126797 112807 1.129652 0
27 |[EUR/USD  21/03/2016 07:46:55 M5 1.12661 1.12652 112662 112639 112097 1.128064 " 1.129641 0
26 |EUR/USD 21/03/2016 07:41:55 M5 11256 1662 112677 11265 11251 1126058 1.129702 0
20|eR/USD  21/03/2016 07:36151 M 112629 112663 112671 L1262 1126627 1128052 1.129685 0
30 |EUR/USD  21/03/2016 07:31:54 M5 112626 11263 112636 11260 11247 1128046 1129595 0
31 [EUR/USD  21/03/2016 07:26:37 M5 1125% 112626 112631 112591 112385 1128042 1.129595 0
32 |EUR/USD  21/03/2016 07:21:56 M5 112645 112592 112646 112579 1124657 1.128037 1.129612 0
53 |EUR/USD  21/03/2016 07:16:53 M5 11266 11268 L1261 112631 1125447 1128032 1129546 0
34 |EUR/USD  21/03/2016 07:11:55 M5 112655 1.12661 112664 112637 112579 1.128025 " 1.129652 0
35 [EUR/USD__21/03/2016 07:06:51 M5 11268 112655 1.12682 112637112555 112802 1.125718 ) -
sheets | @ i v

The purpose of this procedure is to observe the reduction in this skew by using the SQRT statistical
transformation. Follow procedure 11 as if to create an IF horizontal abstraction, while typing the

beginning of formula:

= SQRT(

=N s EURUSD - Excel T @ -8 X
FLE HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW NeuroSolutions StatTools Trainingl ~
Xcu . — Normal Ba g 3 auosum - #
B Copy - ! - ok
¢ Select
cupboard 3 Font Aignment Number stes cans Editing ~
sum - X Je  =sari v
A s c o 3 v s " ! ] x L ™ N o 3 Q ® s b u v w x ¥ z A
1 [symbol Interim_Buffer_Date Interval Interval Open Interval Close Interval_High Interval_Low Depender Average_‘Average_(Is_Above_Average_700
2 [EUR/USD  21/03/2016 09:51:53 M5 112479 11251 1154 112489
3 [EUR/usD  21/03/2016 09:46:55 M5 112438 122479 112099 1128
4 |EUR/USD  21/03/2016 09:41:55 M5 11251 112697 12517 11248
5 [euR/usp  21/03/2015 09:36:55 M5 11082 11251 1251 12053
6 |EUR/USD  21/03/2016 09:31:50 M5 11247 1152 11285 11245
7 |EUR/USD  21/03/2016 09:26:55 M5 122385 a7 e
& |EUR/USD  21/03/2016 09:21:56 M5 112457 112385 1147 1125
9 |EUR/USD  21/03/2016 09:16:53 M5 L1254 112465 11250 11245
10 |EUR/uSD  21/03/2016 03:11:56 Ms 11258 115 Lase 1ams1e
11 |EUR/USD  21/03/2016 03:06:56 M5 112557 112579 L2582 112539
12 |eUR/usD  21/03/2016 03:0155 Ms 11252 122555 112569 112496
13 |EUR/USD  21/03/2016 08:56:56 M5 112536 L1252 L1953 112466
14 |EUR/USD  21/03/2016 08:51:56 M5 112578 112591 11258 11254
15 |EUR/uSD  21/03/2016 O8:a6:56 M3 112536 122573 1259 vasw
16 |EUR/USD  21/03/2016 08:41:57 M5 112588 112545 112601 112518
17 |euR/usp  21/03/2016 08:36:50 MS 11251 122583 112589 112599
16 |EUR/USD  21/03/2016 08:31:53 M5 112595 1125 112606 112545
19 |EUR/USD  21/03/2016 08:26:46 MS 112566 1126 1126 112565
20 |EUR/USD  21/03/2016 08:21:56 M5 112622 12566 1az625 112543
21 |EUR/USD  21/03/2016 08:16:56 M5 112683 L2 Lz L1sn
22 |EUR/USD  21/03/2016 08:11:56 M5 112637 112665 1126 11615
23 |EUR/USD  21/03/2016 08:06:49 M5 112676 112634 112687 112566
24 |EUR/USD  21/03/2016 08:01:58 M5 112601 122675 112688 12289
25|EUR/uSD  21/03/2016 07:56:55 M5 112665 112692 112675 112642 112517 1128075 1.129702 o
26 |EUR/USD  21/03/2016 07:51:55 M5 112653 112684 1.12665 112651 112479 1.12807 1.129652 0 5QRT(number)
27 |UR/usD  21/03/2016 07:46:55 MS 1.12661 112652 112662 112638 112497 1128064 1129641 0
28 |EUR/USD  21/03/2016 07:41:55 M5 11266 1662 112677 11265 112517 1.128058" 1.129702 0
29 |EUR/USD  21/03/2016 07:36:51 M5 112629 1.12663 112671 112622 1120627 1.128052 " 1.129685 0
50 |EUR/USD  21/03/2016 07:31:54 M5 112626 11263 11263 112603 11247 1126045 1129585 0
31|EUR/USD  21/03/2016 07:26:37 M5 112592 1.12626 112631 112591 112385 1128042 1.129595 [}
52 |EUR/USD  21/03/201607:21:56 M5 112646 112592 112646 112573 112465 1128037 1129612 0
33 |EUR/USD  21/03/2016 07:16:52 M5 11266 1126% 112661 L1631 1125847 1128032 1129646 0
34 [EUR/USD  21/03/2016 07:11:55 M5 112655 1.12661 112664 112637 112579 1.128025 1.129652 )
35 [EUR/USD  21/03/2016 07:0651 M5 11268 112655 1.12682 112637 112555 1.12802” 1.125718 [} -
Sheetl @ ‘ 0

Click on the column titled Average_700, which in this case could also be expressed as I:l:

=SQRT(I:!
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mAa s

X cu

R Copy -

Clipboar

A
1 |symbol
2 |eur/usp
3 |eur/usp
4 |EUR/USD
s |eurjusp
& [EUR/USD
7 |EuR/usD
& [EUR/USD
9 |EUR/USD
10 EuR/UsD
11 |EUR/USD

19 |EUR/USD
20 |eur/usp
21 |EUR/USD
22 |euR/usD
23 |EUR/USD
24 EUR/USD
25eur/usp
26 EUR/USD
27 |euR/usp
25 |EUR/USD
29 |EuR/usD
30 |euR/usp
31 /EUR/USD
32 |euR/usp
33 |EUR/USD
24 |euR/usp
35 |EUR/USD

INSERT

d. 1
HERE A
B

Interim_Buffer_Date Interval interval

21/03/2016 09:51:53 M5
21/03/2016 09:46:55 M5
21/03/2016 03:41:55 M5
21/03/2016 09:36:55 M5
21/03/2016 05:31:50 M5
21/03/2016 09:26:56 M5
21/03/2016 09:21:56 M5
21/03/2016 09:16:58 M5
21/03/2016 09:11:56 M5
21/03/2016 05:06:55 M5
21/03/2016 09:01:56 M5
21/03/2016 08:56:56 M5
21/03/2016 08:51:56 M5
21/03/2016 08:46:56 M5
21/03/2016 08:41:57 M5
21/03/2016 08:36:50 M5
21/03/2016 08:31:53 M5
21/03/2016 08:26:46 M5
21/03/2016 08:21:56 M3
21/03/2016 08:16:56 M5
21/03/2016 08:11:56 M5
21/03/2016 08:06:49 M5
21/03/2016 08:01:54 M5
21/03/2016 07:56:55 M5
21/03/2016 07:51:55 M5
21/03/2016 07:46:55 M5
21/03/2016 07:41:55 M5
21/03/2016 07:36:51 M5
21/03/2016 07:31:58 M5
21/03/2016 07:26:37 M5
21/03/2016 07:21:56 M5
21/03/2016 07:16:53 M5
21/03/2016 07:11:55 M5
21/03/2016 07:06:51 M5
Sheets | ®

PAGE LAYOUT

c

Font

=SQRT(|

FORMULAS

SQRT (number)
|_open Interval_Close Interval_High
112479 1.

112038
11251
112162
11247
112385
112467
112508
11258
112557

DATA  REVIEW

Alignment

3

112479
112497
11251
112462
L1287
112385
112465
112500
112579
112555
L1252
112581
112573
112585
112583
11256
1126
112566
L1262
112665
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112675
112602
112664
112652
112662
112683
11263
112626
112592
112686
112661
112655

viEW

¥

112099
112517
11251
112485
112477
112078
112544
112582
112582
1.12569
112536
L1258
11259
1.12601
1.12589
1.12606
1126
112625
1.12681
112671
1.12687
1.12688
112675
112665
1.12662
112677
112671
11263
112631
1.12646
1.12661
1.12664.
1.12682
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[ H
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469

11208
112483
112853

11245
112382
112358
112458
112516
112539
112496
112466

11251/
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11251
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112385
112465,
112544
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1125071
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11280524
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11280421
11280371
11280324
11280254

112555,
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1129702
1129652
1129641
1129702
1129885
1129555
1129595
1129612
1129646
1129652

1125021

1129718
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soes <o cating N
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1126 AM
77812016

Close the parenthesis to complete the formula. Fill down and name the column Average_700_SQRT:

VIEW

F

11254
112499
112507
11251
1.1285
112477
112474
112544
112582
112582
1.12569
1.12536
11258
L1259
1.12601
1.12589
1.12606
1126
112625
1.12681
112671
1.12687
1.12688
1.12675.
1.12665
1.12662
112677
112671
1.12636
112631
11269
1.12661
1.12664.

WHS < -
HOME | INSERT  PAGELAYOUT  FORMULAS  DATA  REVIEW
%cu Calbri BRI e 2
BB Copy -
R I » =3

capbosra vont a Aignment

u - X  Jf  Average_700_sQRT

8 < o 3

i[syrobol [iterim_Bufier_Dote linverval [ntarval_Gpen [imterva_Ciose mtarveHigh

2 [EUR/USD  21/03/2016 03:51:53 M5 112473 11251

3 [EUR/USD  21/03/2016 09:46:55 M5 1.12498 1.12479

4 [EUR/USD  21/03/2016 09:41:55 M3 1151 112897

5 |EUR/USD  21/03/2016 09:36:55 M5 1.12462 11251

6 [EUR/USD  21/03/2016 09:31:50 M5 12287 12282

7 |EUR/USD  21/03/2016 09:26:56 M5 112385 11247

8 |EUR/USD  21/03/2016 09:21:56 MS 1.12467 112385

9 |EUR/USD  21/03/2016 09:16:54 M5 11258 112855

10 |EUR/USD  21/03/2016 09:11:56 MS. 1.1258 112584

11 [EUR/USD  21/03/2016 03:06:56 M5 122557 122578

12 [EUR/USD  21/03/2016 03:01:56 M5 1.1252 1.12555,

12 [eUR/usD  21/03/2016 08156155 MS 12253 11252

14 [EUR/USD  21/03/2016 08:51:56 M5 112574 112541

15 [EUR/USD  21/03/2016 08:46:56 MS. 1.12536 112573

16 |EUR/uSD  21/03/2016 08:41:57 Ms L2588 112505

17 [EUR/USD  21/03/2016 08:36:50 MS. 1.12561 1.12583

15 |EUR/uSD  21/03/2016 08:31:53 MS 112595 11256

10 |EUR/USD  21/03/2016 08:26:46 M5 1.12566 1126

20 |EUR/USD  21/03/2016 08:21:56 MS 112622 1.12566

21 |EUR/USD  21/03/2016 08:16:56 M5 112663 11252

22 |EUR/USD  21/03/2016 08:11:56 MS 1.12637 1.12665

23 |EUR/USD  21/03/2016 05:06:49 M5 112676 12283

24 |EUR/USD  21/03/2016 08:01:54 M5 1.12641 1.12675

25 |EUR/USD  21/03/2016 07:56:55 M5 112655 122502

26 |EUR/USD  21/03/2016 07:51:55 M5 112653 1.12664.

27 |EUR/USD  21/03/2016 07:46:55 MS 1.12661 1.12652

28 |EUR/USD  21/03/2016 07:41:55 M5 11286 112882

29 |EUR/USD  21/03/2016 07:36:51 MS 1.12629 1.12663

30 |cUR/usD  21/03/2016 07:31:54 Ms 112626 11263

31 |[EUR/USD  21/03/2016 07:26:37 M5 1.12592 1.12626

32 [EUR/USD  21/03/2016 07:21:56 MS. 1.12646 112592

33 |euR/usD 21/03/2016 07:36:53 Ms 11256 11256

34 [EUR/USD  21/03/2016 07:11:55 MS. 1.12655 1.12661

35 [EUR/USD  21/03/2016 07:06:51 M5 11268 112655

Sheetl

1.12682

NeuroSolutions

Humber

s H

Interval_Low Depender Average "Average (Is_Al

112469

11248
112083
112453

112591

112637

StotTools

j]

112517 1128075 1129702
1120797 112807 1.129652
112997” 1128084 1.229641

112517 1128058 1129702
1.12262” 1128052 1.129685

112477 1128085 1.1295%5
1123857 1128042 1.129595
1129657 1128037 1129612
11254” 1128032 1.129646
1125797 1128025 1.129652
1225557 112802 129718

EURUSD - Excel ?® - 5 %

Training! - f

3 AutoSum = A *
Find &
Select
Edting ~

« ?] >

Note
& Clear -

stytes cens

™M

K L
soveverags 790 s

1062109
1062106
1062104
1062101
1062098
1.062095
1062093
1.062091
1062089
1.062085
1.062083 -

Repeat this procedure to identify the SKEW of the new abstracted independent variable instead of
I:1, use J:J:
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FILE HOME INSERT PAGE LAYOUT FORMULAS

i o Colibi A
pase B Copy - R )

. * Format Painter -

Clpoard s Font .
o7 - Je | skewiiny
A B < 2]

1 |symbol
2 [EUR/USD  21/03/201609:51:52 M5
3 |EUR/USD  21/03/2016 09:46:55 MS 112498
4 |EUR/USD  21/03/2016 09:41:55 M5 11251
5 [EUR/usD  21/03/201509:36:55 M5 11242
6 |EUR/USD  21/03/2016 09:31:50 M5 11247
7 [eur/usp  21/03/2016 09:26:56 s 112385
& [EUR/USD  21/03/2016 09:21:56 M5 112467
9 |EUR/USD  21/03/2016 09:16:54 M5 112548
10 |eUR/usD  21/03/2016 03:31:56 s 12258
11 |EUR/USD  21/03/2016 03:06:56 M5 112557
12 |EUR/USD  21/03/2016 03:01:56 M5 11252
13 |EUR/USD  21/03/2016 08:56:56 M5 112536
14 |EUR/USD  21/03/2016 08:51:56 M5 112578
15 |EUR/USD  21/03/2016 08:46:56 M5 112536
16 |EUR/USD  21/03/2016 08:41:57 M5 112588
17 |euR/usp  21/03/2016 0836150 MS 12251
18 |EUR/USD  21/03/2016 08:31:53 M5 112595
19 |EUR/USD  21/03/2016 08:26:46 M5 112566
20 |[EUR/USD  21/03/2016 08:21:56 M5 112622
21 |EUR/USD  21/03/2016 08:16:56 M5 112663
22 |EUR/USD  21/03/2016 08:11:56 M5 112637
23 |EUR/USD  21/03/2016 08:06:49 M5 112675
24 |EUR/USD  21/03/2016 08:01:54 M3 L1641
25 |EUR/USD  21/03/2016 07:56:55 M5 112665
26 |EUR/USD  21/03/2016 07:51:55 M5 112653
27 |EUR/USD  21/03/2016 07:46:55 M5 112681
25 |EUR/USD  21/03/2016 07:41:55 M5 11266
29 |EUR/USD  21/03/2016 07:36:51 M5 122629
30 [EUR/USD  21/03/2016 07:31:54 M5 112626
31|EUR/USD  21/03/2016 07:26:37 M5 L1592
32 |EUR/USD  21/03/2016 07:21:56 M5 112645
33 |EUR/USD  21/03/2016 07:16:53 M5 11266
2 |eUR/usD  21/03/2016 07:31:55 MS 112655
35 [EUR/USD 11268

Interim_Buffer_Date Interval Interval_Open interval_Close Interval_High interval_Low Depender Average Average (1s_Above_Average_700_SQRT
112479 469

21/03/2016 07:06:51 M5
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L1247 112477
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112465 112544
112500 112582
112579 112582
112555 1.12569

11252 112536
112581 11258
112573 11259
112585 1.12601
112583 1.12589

11256 1.12606

1126 1126
112566 1.12625

11262 1.12681
112665 112671
112634 1.12687
112675 1.12688
112602 112675
112664 112665
112652 1.12662
112662 112677
112683 112671

11263 11263
112626 112631
112592 1.12646
112686 1.12661
112661 1.12664.
112655 1.12682

35 [ Mege s Center -

11208
112483
112453

112591

1.12631
112637
112637
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NewoSolutions  StaTools
Generl g
$-%> B2
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11251” 1128075 1.125702
1124797 112807 1229652
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112517 1.128058” 1.125702
112052 1128052 1129685

11247 1128046 1.125595
112385 1128042 1129595
1120857 1128037 1.129612
112584 1128032 1.129646
112579 1128025 1.129652
1125557 1.12802” 1.125718
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1062109
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1062101
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It can be observed that a very modest improvement in the SKEW has been observed, which appears

to be quite underwhelming:

BHEH S S EURUSD - Excel

BRI FoME | INSERT  PAGELAYOUT  FORMULAS  DATA  REVIW  VIEW  NewoSolutions  StatToois

= ;‘El ) Gl Bt o 5. BwepTe General - 3] Normal Good Neutral Cacuion ] - | %xm T
B B I U- - DA 5= EE Evegbcme - §- %0 B8 Conde Foms note o om0 o

cuppors 3 vont 3 Aignment . Number 3 styes cons eating
o7 - =skew(L1)
A B C D E F G H 1 J K L M N P Q s u v w X ¥

1 |symbel Interim_Buffer_Date Interval Interval_Open IntervalClose Interval_High Interval_Low Depender Average__Average_(1s_Above_Average_700_SQRT
2 [euR/usp  21/03/2015 09:51:53 M5 2459
3 [EUR/USD  21/03/2016 09:46:55 M5 112458 112479 112459 11284
4 [EUR/USD  21/03/2016 09:41:55 MS 11251 112897 117 1148
5 |[EUR/USD  21/03/201603:36:55 M5 112462 11251 11251 112453
6 |EUR/USD  21/03/2016 09:31:50 M5 11247 11202 112885 11
7 Jeur/use  21/03/2016 09:26:56 ms 112385 11207 112077 112382 0.76223]
& [EUR/USD  21/03/2016 05:21:55 M5 112457 112385 L1247 11235
9 |EUR/USD  21/03/2016 09:16:58 M3 112508 122485 11250 1125
10 [EUR/USD  21/03/2016 09:11:56 M5 11258 112504 112582 112516
11|EUR/USD  21/03/2016 09:06:55 MS 112557 112578 L1282 112539
12 |EUR/USD  21/03/2016 09:01:56 M5 11252 112555 112568 1.12496
13 |EUR/USD  21/03/2016 08:56:55 MS 112536 L1252 11253 112466
14 |eUR/usD  21/03/2016 085155 MS 11257 12250 11258 12259
15 |[EUR/USD  21/03/2016 08:46:55 M5 112536 112573 L5 L
16 |[EUR/USD  21/03/2016 08:41:57 MS 112584 11254 112601 112518
17 |EUR/USD  21/03/2016 08:36:50 M5 112561 112583 112589 112549
18 |EUR/USD  21/03/2016 08:31:53 M5 112595 L1256 112606 112545
19 |eUR/usD  21/03/2016 08:26:45 MS 112566 1126 1126 112565
20 |EUR/USD  21/03/2016 08:21:55 M5 112622 12566 112625 112543
21 |EUR/USD  21/03/2016 0B:16:56 M3 112683 L262 1a81  L1s7L
22 |EUR/USD  21/03/2016 08:11:56 M5 112637 1.12665 112671 112615
23 [EUR/USD  21/03/2016 08:06:49 M5 112676 112634 112687 112566
24 |EUR/USD  21/03/2016 08:01:54 M5 112681 112675 112688 1.12
25 |EUR/USD  21/03/2016 07:56:55 M5 112665 112682 112675 112642 1125171128075 1.129702 0 1062109
26 EUR/USD  21/03/2016 07:51:55 M5 112653 112664 112665 112651 1124797 1.12807 1.129652 0 1062106
27 |EUR/USD  21/03/2016 07:46:55 M5 112661 112652 1.12662 112635 112457 1.128068 1.125641 0 1062104
28 |EUR/USD  21/03/2016 07:41:55 M5 11265 112662 112677 11266 112517 1128038’ 1.129702 0 1062101
20 |eUR/USD  21/03/2016 07:36:51 MS 112629 1.12663 112671 112622 112062 1.128052” 1.129685 0 1.062098
30 [EUR/USD  21/03/2016 07:31:54 M5 112626 11263 11263 112609 112477 1128086 1.1295%5 0 1062095
31|EUR/USD  21/03/2016 07:26:37 M5 112592 1.12626 112631 112591 112385 1128042 1129595 0 1062093
32 [EUR/USD  21/03/2016 07:21:56 M5 112645 112592 112646 112579 112465 1.128037 1.129612 0 1062091
33 |[EUR/USD  21/03/2016 07:16:53 M5 11265 112686 1.12661 112631 112584 1128022 1.129646 0 1062089
34 |EUR/USD  21/03/2016 07:11:55 M5 112655 112661 112664 112637 112579 1128025’ 1.129652 0 1.062085
35 leur/usp 11268 122655 112682 112637 1a2s5s” 112802 1129718 0 1.062083

21/03/2016 07:06:51 M5
Sheetl ®

This transformation can have a more profound effect however when carried forward to the
modelling techniques that follow in this guide.

Other transformations can be performed in the same manner such as:

e Logarithm: LOG
e Absolute: ABS
e Power: POWER

While it is certainly advisable to attempt such statistical transformations, given time enough in the
abstraction process, it is generally recommended to perform more work on abstracting independent
variables in an effort to compensate for data which is not normally distributed.
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Procedure 7: Creating a Point Independent Variable in time series data.

Point Independent Variables can be used as a more explicit means to identify how a preceding value,
although quite often an index or additional value, may have some leading indicative effect on the
current value. Given a specific scope, point variables should be selected at evenly increasing points
in that scope, for example, Point 700, Point 600 etc.

In this example, out of 700 possible intervals available in scope, we are going to select the price at
point 300. Execute procedure 11, instead entering the formula targeting the point 300 intervals into
the scope (bottom up):

=E426

FILE HOME  INSERT  PAGELAYOUT ~ FORMULAS ~ DATA  REVEW  VIEW  NeuroSolutions  StatTools
= b Cu 11 7 Wrap Text General = Normal Bad Good
basie TBCOPY _ B I U Merge & Ce 0% 28| Conditional Format as | SIS AN Note
- Format Painter ; Formatting - Table
Clipboard m Font Alignment Number Styles
sum - X j\ =e426
A 8 C D E F G H 1 J K L M N o P Q R s
1 [Symbol Interim_Buffer Date Interval Interval Open Interval Close Interval High Interval Low Depender Average Average (Is Above Average 700 SQRT
2 |EUR/USD  21/03/2016 153 M5 1.12479 1.1251 11254 1.12469
3 [EUR/USD  21/03/2016 09:46:55 M5 1.12498 1.12479 1.12499 11244
4 |EUR/USD  21/03/2016 09:41:55 M5 11251 1.12497 1.12517 1.12483
5 |EUR/USD  21/03/201609:36:55 M5 1.12462 11251 11251 1.12453
& |EUR/USD  21/03/2016 09:31:50 M5 11247 112462 1.12485 11245
7 |EUR/USD  21/03/2016 09:26:56 M5 1.12385 1.1247 1.12477 1.12382
& |EUR/USD  21/03/2016 09:21:56 M5 1.12467 1.12385 1.12474, 1.12358
9 |EUR/USD  21/03/2016 09:16:54 M5 1.12544 1.12465 1.12544. 1.12454.
10 |[EUR/USD  21/03/2016 09:11:56 M5 1.1258 1.12544. 1.12582 1.12516
11 |[EUR/USD  21/03/2016 09:06:56 MS 1.12557 1.12579 1.12582 1.12539
12 |EUR/USD : 11252 112555 1.12569 1.12496
13 |EUR/USD 1.12536 1.1252 1.12536 1.12466
14 |EUR/USD 1.12574 112541 11258 11254
15 |EUR/USD  21/03/2016 08:46:56 M5 112536 112573 1.1259 1.12527
16 |EUR/USD  21/03/2016 08:41:57 M35 1.12584 112545 1.12601 1.12518
17 |EUR/USD  21/03/2016 08:36:50 M5 1.12561 112583 1.12589 1.12549
18 |EUR/USD  21/03/2016 08:31:53 M5 1.12595 1.1256 1.12606 1.12545
19 |[EUR/USD  21/03/2016 08:26:46 M5 1.12566 1126 1126 1.12565
20 |EUR/USD ~ 21/03/2016 08:21:56 M5 1.12622 1.12566. 1.12625 1.12543
21 |EUR/USD  21/03/2016 08:16:56 M5 1.12663 1.1262 1.12681 1.12571
22 |EUR/USD  21/03/2016 08:11:56 M5 1.12637 1.12665 1.12671 1.12615
23 |EUR/USD  21/03/2016 08:06:43 M5 1.12676 112634 1.12687 1.12566
24 |EUR/USD : 1.12641 1.12675 1.12688 11264
25|euR/uso 1.12665 112642 1.12675 112642 11251 1.128075 1129702 0
26 |EUR/USD 1.12653 112664 1.12665 112651 1.12479) 112807 1129652 0
27 |EUR/USD  21/03/2016 07:46:55 M5 1.12661 112652 1.12662 112639 112497 1.128064” 1129641 0
28 |EUR/USD  21/03/2016 07:41:55 M5 11266 112662 1.12677 11266 11251 1.128058 1129702 0 1.062101
29 |[EUR/USD  21/03/2016 07:36:51 M5 1.12629 1.12663 1.12671 112622 1.12462" 1.128052” 1.129685 0 1.062098

Simply commit the formula, fill down and name the column Point_300.

@E o - EURUSD - Excel 7T m -8 X
GO FoME | INSERT  PAGELAYOUT  FORMULAS  DATA  REVIW  VIEW  Newoolutions  StatTools Trainingl -
Y [" Cat Calibi o AN == % Bwopre Genersl | B [voma Bad Good Neutral Calcutation = Touosum - A
Copy ~ > - 9] Fill +
Paste ‘.h:a[ painter BT W~ - DA S== £ ElMege&Cemer - $- % + B3 é‘.’m‘i':,q‘ Format s [tmput Note 7] | nsen & Clear- fon B find &
cuprons 3 font . Aignment . Number . styes <o eating ~
2 - fe <
A 8 c o 3 P G H i ] S L N o 3 Q R s T 1] v x v z A=
1 |symbel Interim_Buffer_Date Interval Interval_Open Interval_Close Interval_High Interval Low Depender Average_Average (15 Above Average
2 [eur/usp  21/03/2016 09:51:53 ms
3 [EUR/USD  21/03/2016 09:46:55 M5 112498 112479 112499 11208
4 [EUR/USD  21/03/2016 03:41:55 M5 11251 122097 157 1108
5 |[EUR/USD  21/03/201603:36:55 M5 112462 11251 11251 112453
6 |EUR/USD  21/03/2016 09:31:50 M5 12207 122962 112185 12285
7 |EUR/USD  21/03/2016 09:26:56 M5 112385 11247 112477 112382
& |EUR/USD  21/03/2016 09:21:56 M5 112467 112385 11247 112358
9 |EUR/USD  21/03/2016 09:16:54 M5 11258 112885 11258 112458
10 |EUR/USD  21/03/2016 03:11:56 M5 11258 112584 L1282 113516
11 |EUR/USD  21/03/2016 09:06:56 M5 112557 122579 11282 112539
12 |EUR/USD  21/03/2016 09:01:56 M5 11252 112555 112568 1.12496
13 |EUR/USD  21/03/2016 08:56:56 M5 11253 11252 11253 112466
14 |EUR/USD  21/03/2016 08:51:56 M5 11257 12250 11258 11250
15 |EUR/USD  21/03/2016 08:46:56 M5 11253 112573 1159 11527
16 |EUR/USD  21/03/2016 08:41:57 M5 11258 112585 112601 112518
17 |EUR/USD  21/03/2016 08:36:50 M5 112561 112583 112589 112549
18 |EUR/USD  21/03/2016 08:31:52 M5 112595 11256 112606 11255
19 |EUR/USD  21/03/2016 08:26:46 M5 112566 1126 1126 112565
20 |EUR/USD  21/03/2016 08:21:56 M5 112622 112566 112625 112543
21 |EUR/USD  21/03/2016 08:16:55 M5 112663 11262 11681 11257
22 |[EUR/USD  21/03/2016 08:11:56 M5 112637 1.12665 112671 112615
3 [EUR/USD  21/03/2016 08:06:49 M5 112676 122634 112687 112566
EUR/USD  21/03/2016 08:01:54 M5 112681 112675 112688 11268
EUR/USD 21/03/2016 07:56:55 M5 112665 112682 112675 112642 1125171128075 1.129702 0 1062109 113159
EUR/USD  21/03/2016 07:51:55 M5 112653 112664 112665 112651 112479 1.12807 1.129652 0 1062106 1.13183
EUR/USD 21/03/2016 07:46:55 M5 112661 112652 1.12662 112635 112457 1128068 1129641 0 1062104 113192
EUR/USD  21/03/2016 07:41:55 M5 11265 112662 112677 11266 112517 1128038’ 1.129702 0 1062101 113176
EUR/USD  21/03/2016 07:36:51 M5 112625 112663 112671 112622 112462 1.128052” 1.129685 0 106209 1.13166
30 [EUR/USD  21/03/2016 07:31:54 M5 112626 11263 11263 112609 112477 1128086 1.1295%5 0 1062095 11315
31|EUR/USD  21/03/2016 07:26:37 M5 112592 1.12626 112631 112591 112385 1128042 1129595 0 1062093 1.13159
EUR/USD  21/03/2016 07:21:56 M5 112645 112592 112646 112579 112465 1.128037 1.129612 0 1062091 113185
EUR/USD  21/03/2016 07:16:53 M5 1.1266 112696 112661 112631 1.12544" 1128032 1.129646 0 1062089 1.13185
34 |EUR/USD  21/03/2016 07:11:55 M5 112655 112661 112664 112637 112579 1128025’ 1.129652 0 1062085 1.13168
35 [EUR/USD  21/03/2016 07:06i51 MS 11268 122655 112682 112637 1a2s5s” 112802 1129718 0 1062083 113145 -

Sheet1 ® ‘ y
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Repeat the steps to create even point references around this example (for example, Point_100,
Point_200, Point_300) based on a preference for even spacing between points.

Procedure 8: Anchor an Independent Variable and a Dependent Variable.

When performing time series analysis, thereafter predictive modelling, it is generally not advisable
to seek to predict a raw value in a horizon, rather seek to predict the change in that value in a
horizon. Predicting a raw value, unless the variables obey strict boundaries, will typically exhibit in
that a model performs exceptionally well in test, yet not that well at all in production. It follows that
a variable must be anchored to a variable representing the current \ prevailing environment, which
in our example is restricted to a single variable of Interval_Close in the example to be predicted.

For each variable created in abstraction, this would include both dependent and independent
variables, repeating the process as follows. In our example we will anchor the dependent variable.

Select the cell containing the dependent variable calculation, in our example this is H25, referencing
price in the intervals ahead by two hours (i.e 24 examples):

LTI EURUSD - Excel 7 ®m - 8 %
HOME | INSERT  PAGELAYOUT  FORMULAS  DATA  REVEW  VEW  Newololvtions  Staflgols Training! «
#mﬁ L L) B B B Enen - 4
g Calibri s =g e & © - S Good Neutral Calculat g =X [n = oy
> Copy - - T hi-
e i BT U H- B-A. ST EE Input Note &
cupboard s font 5 Aignment stes ~
s - f = v
A 8 c o € P s H i ’ K L " N o » Q R s T u v x ¥ z
1 [Symbol Interim_Buffer_Date Interval Interval_Open Interval_Close Interval_High Interval_Low Depender Average _:Average (Is_Above_ Average - Point_300
2 [EUR/USD  21/03/201609:51:52 M5 112479 11251 11254 12469
3 [EUR/USD  21/03/2016 03:46:55 M5 112098 112479 112899 11208
4 [EUR/USD  21/03/2016 09:41:55 M5 11251 112897 112517 112483
s |eur/usp  21/03/2016 09:36:55 M5 11282 11251 11251 11283
6 |EUR/USD  21/03/2016 09:31:50 M5 11207 112062 112485 11285
7 [euR/usD  21/03/2016 09:26:56 M5 112385 L1207 a7 11w
5 |EUR/USD  21/03/2016 09:21:56 M5 112467 112385 11207 112358
9 |EUR/USD  21/03/2016 09:16:54 M5 11258 112865 112588 112458
10 |EUR/USD  21/03/2016 09:11:56 M5 11258 12258 182 113516
11 |EUR/USD  21/03/2016 03:06:56 M5 112557 112579 L1282 112539
12 |EUR/USD  21/03/2016 03:01:56 M5 11252 112555 11259 112496
13 |EUR/USD  21/03/2016 08:36:56 M5 11253 11252 11253 112466
14 |EUR/USD  21/03/2016 08:51:56 M5 11257 12250 11258 11258
15 |EUR/USD  21/03/2016 08:46:56 M5 11253 112573 11259 112527
16 |EUR/USD  21/03/2016 08:41:57 M5 112582 112585 112601 112518
17 |EUR/USD  21/03/2016 08:36:50 M5 112561 112583 112589 112589
18 |EUR/USD  21/03/2016 08:31:53 M5 112595 1125 112606 11255
19 |EUR/USD  21/03/2016 08:26:46 M5 112566 1126 1126 112565
20 |EUR/USD  21/03/2016 08:21:56 M5 112622 112566 112625 112583
21 |EUR/USD  21/03/2016 08:16:56 M5 112663 11262 112681 112571
22 |EUR/USD  21/03/2016 08:11:56 M5 112637 112665 11671 112615
23 |EUR/USD  21/03/2016 08:06:49 M5 11267 112634 112687 112566
24 |EUR/USD  21/03/2016 08:01:54 M3 112601 122675 112688 11268
25|eur/usp  21/03/2016 07:56:55 M5 112665 112642 112675 112642 11251] 1128075 1.229702 0 1062109 113159
26 |EUR/USD  21/03/2016 07:51:55 M5 112653 112664 112665 112651 112479 112807 1129652 0 1062106 113183
27 |[EUR/USD  21/03/2016 07:46:55 M5 1.12661 1.12652 112662 112639 112497 1128068 1.129641 0 1062104 113192
25 |EUR/USD  21/03/2016 07:41:55 M5 11266 112662 112677 11266 11251 1128058’ 1.125702 0 1062101 113175
29 |[EUR/USD  21/03/2016 07:36:51 M5 112629 1.12663 112671 112622 112462 1128052 1.129685 0 1062098 1.13164
21/03/2016 07:31:54 M5 112626 11263 112636 112609 11247 1128045 1.1295%5 0 1062055 11315
21/03/2016 07:26:37 M3 112592 112626 112631 112591 112385 1128042 1129595 0 1062093 113159
21/03/2016 07:21:56 MS 112646 112592 112646 112579 112065  1.128037 1.129612 0 1062091 113135
21/03/2016 07:16:53 M5 11266 112686 1.12661 112631 112584 1128032 1.129646 0 1062089 113185
21/03/2016 07:11:55 M5 112655 112661 112664 112637 112579 1128025  1.129652 0 1062085 113163
21/03/2016 07:06:51 M5 11268 112655 1.12682 112637 1125557 112802 1.125718 0 1.062083 1.13145
Sheet1 ®

As a point of protocol, wrap the existing formula in parenthesis to effortlessly manage order of
precedence in more complex variables:

=(E2)
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@ H S - EURUSD - Excel rm - & x
FILE HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW NeuroSolutions StatTools Trainingl =
% cu = Auosum - #
B2 Copy -
2 v e Find &
t & Clear~ Select =
cipbord 3 Font Alignment Number Sbles cs editing s
sum - X W fo e v
A 8 3 o 3 F s H i ’ K i M N 0 3 Q R s T v v w x ¥ z A=
1 [symbol Interim_Buffer_Date Interval Interval Open Interval Close Interval_High Interval_tow Depender Average -Average (Is_Above, Aversge_Point_300
2 [EUR/USD  21/03/2016 09:51:53 M5 112475] 11251
3 |EUR/USD  21/03/2016 09:46:55 M5 112498 1127 11288 11248
4 [EUR/USD  21/03/2015 09:41:55 M5 11251 112497 12517 11248
5 [EUR/usD  21/03/201509:36:55 M5 11242 11251 151 122453
6 |EUR/USD  21/03/2016 09:31:50 M5 11247 112452 112485 11245
7 |EUR/USD  21/03/2016 09:26:56 M3 112385 L1247 117 L
& |EUR/USD  21/03/2016 09:21:56 M5 112467 112385 112474 112358
9 |EUR/USD  21/03/2016 09:16:54 M5 112548 112465 11250 1125
10 |eUR/usD  21/03/2016 03:31:56 s 12258 122508 azse 113516
11 |EUR/USD  21/03/2016 03:06:56 M5 112557 112579 L1582 11253
12 |EUR/USD  21/03/2016 03:01:56 M5 11252 122855 112569 112496
13 |EUR/USD  21/03/2016 08:56:56 M5 112536 11252 112536 1.12466
14 |EUR/USD  21/03/2016 08:51:56 M5 112578 112591 11258 11254
15 |EUR/USD  21/03/2016 08:46:56 M5 112536 112573 11259 112527
16 |EUR/USD  21/03/2016 08:41:57 M5 112588 112545 112601 112518
17 |euR/usp  21/03/2016 0836150 MS 12251 122583 11589 112599
18 |EUR/USD  21/03/2016 08:31:53 M5 112595 L1256 112605 112545
19 |EUR/USD  21/03/2016 08:26:46 M5 112566 1126 L6 112565
20 |[EUR/USD  21/03/2016 08:21:56 M5 112622 1.12566 112625 112543
21 |EUR/USD  21/03/2016 08:16:56 M5 112663 L1262 112681 11257
22 |EUR/USD  21/03/2016 08:11:56 M5 112637 12665 11267 11615
23 |EUR/USD  21/03/2016 08:06:49 M5 112675 11263 112687 112566
EUR/USD  21/03/2016 08:01:54 M5 L1641 112675 112688 11284
euR/usD  21/03/2016 07:56:55 MS 112665 112642 112675 1.12602[=(€2) 1128075 1.129702 0 1062109 113158
EUR/USD 21/03/2016 07:51:55 MS 112653 12664 112665 L12651 112479 112807 1129652 0 1062106 113183
EUR/USD  21/03/2016 07:46:55 M5 1.12661 1.12652 112662 112639 112497 1128068 1.129641 0 1062104 113192
EUR/USD 21/03/2016 07:41:55 M5 11266 112662 112677 11266 11251 1128058’ 1.125702 0 1062101 113175
EUR/USD  21/03/2016 07:36:51 M5 112629 1.12663 112671 112622 112462 1128052 1.129685 0 1062098 1.13164
30 |EUR/USD  21/03/2016 07:31:54 M5 112626 11263 112636 112605 11247 1128046 1.123585 0 1062095 11315
31 |EUR/USD  21/03/2016 07:26:37 MS 112592 112626 112631 112591 112385 1128042 1129595 0 1062093 113159
EUR/USD  21/03/2016 07:21:56 M5 112645 112592 112646 112579 112465 1128037 1.129612 0 1062081 1.13186
EUR/USD 21/03/2016 07:16:53 M5 11266 112686 1.12661 112631 112584 1128032 1.129646 0 1062089 113185
34 |EUR/USD  21/03/2016 07:11:55 M5 112655 1.12661 112664 112637 112579 1128025 1.129652 0 1062085 1.13169
35 [EUR/USD  21/03/2016 07:06:51 M5 11268 112655 1.12682 112637 1125557 1128027 1.125718 0 1062083 113145 -
Sheets ® . v

To anchor the dependent variable to reflect change, simply subtract the prevailing price contained in
cell E25. It follows that the change, rather than the raw value, is now reflected in the formula:

=(E2)-E25

@ H S s EURUSD - Excel 7@ - & x
EER HoME | INSERT  PAGELAYOUT  FORMULAS  DATA  REVIBW  VIEW  NewoSolutions StatTools Trainingl -
P 3 autosum - #

BB Copy -
Paste s 1y Note Find &
- & Clear - Select -
capposra 3 vont Aignment numbe siye can eating ~
sum - X o fo e v
A B < o E F G H 1 ) 3 L M N ° P Q R s T v v w X Y 2 A~

1 |symbol Interim_Buffer_Date Interval Interval_Open Interval Close Interval High Interval_Low Depender Average_iAverage_(Is_Above_Average_Point_300

2 |EUR/USD  21/03/2016 09:51:53 M5 112479] 11251] 11250 112069

3 [EUR/USD  21/03/2016 09:46:55 MS 112498 122478 112439 11284

4 |EUR/USD  21/03/2016 09:41:55 MS 11251 112097 112517 112483

5 [EUR/USD  21/03/2016 09:36:55 M5 112452 11251 L1251 112453

6 [EUR/USD  21/03/2016 09:31:50 M5 12247 122482 112085 12285

7 |EUR/USD  21/03/2016 09:26:56 M5 112385 L1247 lamm L

& |EUR/USD  21/03/2016 09:21:56 M3 112487 112385 L1474 112388

9 |EUR/USD  21/03/2016 09:16:54 M5 112548 1.12065 112504 112450

10 |EUR/USD  21/03/2016 09:11:56 M5 11258 11258 1182 L1516

11 |EUR/uSD  21/03/2016 03:06:56 M5 122557 122579 1582 1139

12 |EUR/USD  21/03/2016 03:01:56 M5 11252 112555 112569 1124%

3 |EUR/USD  21/03/2016 08:56:56 M5 112536 L1252 1125% 112486

14 |EUR/USD  21/03/2016 08:51:56 M5 112574 112541 11258 11258

15 |EUR/USD  21/03/2016 08:46:56 M5 112536 11257 PREERT)

16 [EUR/USD  21/03/2016 08:41:57 M5 112588 112545 112601 112518

17 |EUR/USD  21/03/2016 08:36:50 M5 112561 112583 112589 112583

18 |EUR/usD  21/03/2016 08:3153 MS 112595 11256 112808 112595

19 |EUR/USD  21/03/2016 08:26:46 M5 112566 116 L6 112565

20 |EUR/USD  21/03/2016 08:21:56 M5 1162 11566 112625 112543

21 |EUR/USD  21/03/2016 08:16:56 M5 112663 11262 112681 112571

22 |EUR/USD  21/03/2016 08:11:56 M5 112637 112665 11267 112615

23 |EUR/USD  21/03/2016 05:06:49 M5 112676 12263 1a2687 112566

EUR/USD 21/03/2016 08:01:54 M5 112681 11675, 112688 11254
EUR/USD  21/03/2016 07:56:55 M5 1.12655] 1a262] 112675 112642f=(e2) €25 1128075 1.129702 0 1062109 13159
EUR/USD  21/03/2016 07:51:55 M5 112653 1.12668 112665 112651 112475 1.12807 1129652 0 1062106 1.13183
EUR/USD 21/03/2016 07:46:55 M5 112661 112652 1.12662 112639 112497 1128064 1129641 0 1062104 113192
EUR/USD  21/03/2016 07:41:55 M5 1.1266 1.12662 112677 11266 11251 1128058 1.129702 0 1062101 113176
EUR/USD 21/03/2016 07:36:51 M5 112629 112663 112671 112622 112452 1128052 1.129685 0 1062098 113164
20 |EUR/USD  21/03/2016 07:31:54 M5 112626 11263 112636 112609 11247 1128086 1.129595 0 1062085 11315
31EUR/USD  21/03/2016 07:26:37 M5 112592 112626 112631 112591 112385 1.128042” 1.123585 0 1062093 1.13158
EUR/USD 21/03/2016 07:21:56 M5 112645 112592 112546 112579 112465 1128037 1.129612 0 1062091 113185
EUR/USD  21/03/2016 07:16:53 M5 1.1266 112696 112661 112631 1.12544” 1128032 1.129646 0 1062089 1.13185
34 [EUR/USD  21/03/2016 07:11:55 MS 112655 112661 1.12664. 112637 112579 1128025 1.129652 0 1062085 113169
35 [EUR/USD  21/03/2016 07:06:51 MS 11268 112655 112682 112627 112555  1.12802" 1.129718 0 1.052083 113145 -

Sheetl ® ‘ v

Commit the formula, fill down and repeat for each variable so that all independent variables are
anchored in the same manner as the dependent variable.

Procedure 9: Clean Up, Remove Formulas and Save Abstraction File.

Having created a spreadsheet of numerous abstracted independent variables, the file must be
finalised for the purposes of sampling and model creation. This finalisation of a file would involve
removing uncompleted intervals (i.e. the top 24 intervals in the spreadsheet) and intervals which do
not have at a minimum the required amount of intervals in scope (i.e. the bottom 700 intervals).

Firstly, remove all formulas. Selecting the entire spreadsheet by selecting in the top left hand corner
of the workbook:
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@ Amazon WorkSpaces
Amazon WorkSpaces Connection  View

BHS o -

FILE HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW MNeuraSolutions
P % D D IE_?\__ ||= (2] Connections Al - Y } Clear E’W
@ E -¢- _. . :=| Properties ) Yo Reapply n
From From  From From Other Existing Refres| Zl Sort Filter Text to
Access Web  Text  Sources~  Connections  All- |1' Edit Links Y Advanced Columns

Get External Data Connections Sort & Filter

AL i 2 W | symbol

Right click and select copy:

@HEHS &= EURUSD - Excel 7 M- 8 X
BT ove  MSERT  PAGELAYOUT  FORMULAS | DATA  REVEW  VIEW  NewoSoitions  StafTook Traningi =
D Emmm W Clear S R =/ 52} = show Detail I Data Analysis

BLR G B DS o YI @@ % - B o2 8@
From Fom Fiom FromOther  Gusting  Refresh 7l st Fiter Teto b Renwe Db Cosse MY febtanigs  Grap Ungiup Sttt
Access Web Tet Soweese Comnections  Allv Lo EdiLinks Advanced  Columns  Fil  Duplicates Validation =

et ternal Dot Conncaons Sorta iter Oota Toals outine T -
(a1 sk S symbol v

Right click and under Paste Options, select Values:
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mAES o - EURUSD - Excel
IEEE rove  nSET PAGELAYOUT  FORMULS | DATA | REVIEW  VIEW  NewSolutions  SttTesk

50 2= off Yio @@ M X Bo B o8 8 @@ e

[ Properties Ve Reapply = Hide Detail
From From From FromOther  Existing  Refresh 3l Sor  Fier Tetto Flsh Remove  Data  Consolidate Whath Reltionships Group Ungioup Sublatal
Access Wep Tet Sourcest  Comnections  Al+ [oEdtlinis A2 Priuet oo e

Advanced  Columns il Duplicates Val
et External Data Connedtions Sort & Fiter

sl xR S]] symool

Outtine A Ansbnis

z

Paste Options:
L= ey Yl
P- »

Insefvcopreuels
Delete

Clear Coptents
Eormat Cell..
Bow Height...
Hide.

unhide

AR GBS N B R RN REEE NG R bR EE e~ an s ey

D —L = - - = = S

2@ - & X

|

This will execute a copy, then paste over whereby only the cell values are included, thus removing

the formulas. As such, when examples are deleted there will be no effect on the cell values:

@MAE S EURUSD - Excel
EEEEl vove  pot eackLavOUT  FORMULSS | DATA  REVEW VW  Neowolsions  Sutloos

ﬂr\émﬁmmiﬂm ) Y‘C\nv E?E @ I" ?’s E‘E’ Eg?? D,E —b@@ e‘éa ﬁ #2 ShowDetsil [ Data Analysis:

T @ -8 X

Triningt - [

[ propeties T Reapply =2 Hide Detai
From From From  From Other Refresh g sot  Fier Tetto Fsh Remove  Dota  Consolidate Whatlf Relstionships Group Ungroup Sublatal
Access Web Tet Sources™ ane Qedttinks Wadunced  Columns Fil - Duplicates Validation Analysis < -
et pxternal Oata Comnection: Sort s Finer Data Tools Outiine T ~
17 vl X o S| 11280630as86890 v
A 3 < o 3 F G H ! ) [3 L M N o [ Q 3 s T u v w z A=
1 [symbol Interim_Buffer Date Intenval Interval Open Interval Close Interval High Interval Low Depender Average Average (Is_Above Average Point_300 RANDBETWEEN
2 [EUR/USD  21/03/201609:51:53 MS 112478 L1251 11250 112465
3 [EUR/USD  21/03/2016 03:46:55 M5 112458 112479 112499 11208
4 [EUR/USD  21/03/2016 09:41:55 M5 1251 122497 1117 1148
5 |EUR/USD  21/03/2016 09:36:55 M5 112462 11251 11251 1.12453
6 [EUR/USD  21/03/201609:31:50 M5 11287 112862 112485 11285
7 |EUR/USD  21/03/201609:26:56 M3 112385 11287 112477 112382
5 [EUR/USD  21/03/201609:21:56 M5 112457 112385 11247 112358
9 |EUR/USD  21/03/2016 09:16:54 M3 112584 112485 112584 112458
10 |EUR/USD  21/03/2016 09:11:56 M5 11258 112584 112582 112516
11 |EUR/USD  21/03/2016 09:06:56 MS 112557 132579 112582 112539
12 |EUR/USD  21/03/2016 09:01:56 M5 11252 122555, 112569, 1.12496
13|EUR/USD  21/03/2016 08:56:56 MS 11253 11252 11253 112466
14 |EUR/USD  21/03/2016 08:51:56 MS. 112574 112581 11258 11250
15|EUR/USD  21/03/2016 08:46:56 MS 1125% 112573 11259 11577
16 [EUR/USD  21/03/2016 08:41557 MS 112584 122585 112801 112518
17 |EUR/USD  21/03/2016 08:36:50 M5, 112561 112583, 112589, 112543
18 |EUR/USD  21/03/2016 08:31553 MS 112595 11256 112606 112545
19 |EUR/USD  21/03/2016 08:26:46 M5 112566 1126 1126 112565
20 [EUR/USD  21/03/2016 08:21:56 MS 112622 112566 112625 112543
21 [EUR/USD  21/03/2016 08:16:56 M5 112663 L1262 112681 112571
22 |EUR/USD  21/03/2016 08:11:56 M5 112637 112665, 112671 1.12615
23 |EUR/USD  21/03/2016 08:06:49 MS 112676 1264 112687 112566
24 |EUR/USD  21/03/2016 08:01:54 M5 112641 112675, 112688 11268
25 |EUR/USD  21/03/2016 07:56:55 MS 112665 112692 112675 112682 -0.00132 1128075 1129702 0 1062109 113159 6
26 EUR/USD  21/03/2016 07:51:55 MS. 112653 112654, 1.12665, 112651 112479 1.12807 1129652 0 1062106 113183 37
27|eur/usD  21/03/2016 07:46:55 M5 112651 112652 112662 5 0 1062104 113192 33
28 [EUR/USD  21/03/2016 07:4155 MS 12265 122662 112877 0 1062101 123176 n
29 |EUR/USD  21/03/2016 07:36:51 M5 112629 112663, 112671 112622 112462 1.128052 1129685 0 1062088 1.13164 58
30 [EUR/USD  21/03/2016 07:31554 MS 112626 11263 112635 112609 11247 1128046 1.1295%5 0 1062035 11315 6
31/EUR/USD  21/03/2016 07:26:37 M5 112592 112626 112631 112591 112385 1128042 1129595 0 1062083 113158 97
32 |EUR/USD  21/03/2016 07:21:56 M5 112646 112592 112646 112579 112865 1128037 1129612 0 1062031 113185 54
33 |EUR/USD  21/03/2016 07:16:53 MS 12265 1268 112661 112631 112544 1128032 1129646 0 1062089 13185 E)
34 |EUR/USD  21/03/2016 07:11:55 M5 112655 112661 1.12664. 112637 112579 1128025 1129652 0 1062085 1.13169 53
ES 13258 222655 112682 112637 112555 112602 1129718 0 1062083 113145 E =

Select the top 24, being the horizon uncompleted intervals examples in the workbook:

218



JUBE

@H S o - EURUSD - Excel ? @ -8 X

IEEE rove  nSET PAGELAYOUT  FORMULS | DATA | REVIEW  VIEW  NewSolutions  SttTesk Traningt + [
[ Connections W Clear e 1 =4 2| R 2 Show Detail g Data Analysis

BLHR G B DO @ VI~ @O % B B 2 8o

From From From FromOther  xisting B 3| sent  Fiter o Teats Flsh Remove  Data  Consolidste Whatlf Relstionships Group Ungroup Subtowl
Access Web Tet Sources+ Comections  Allx o EdELKS W Adanced  Columns il Duplicates Validation = Analysis .

et Bxternal Oato Connections Sort & Fier Dsta ool Outtine A ~

I ik f | eveuse v

A L] | € | ] I E L F L 6 LW [ v |9 | x| v | m | N o | Pp | @ | R | s | T | v [ ¥ [ w | x | v | z | AE

21/03/2016 07:56:55 M5
21/03/2016 07:51:55 M5
21/03/2016 07:46:55 M3
21/03/2016 07:41:55 M5
21/03/2016 07:36:51 M3
21/03/2016 07:31:54 M5
21/03/2016 07:26:37 M5
21/03/2016 07:21:56 M3
21/03/2016 07:16:53 M5
21/03/2016 07:11:55 M3

ms

USRS ERIBYE

Right click, and click delete:

BHEHS = EURUSD - Excel T ®m -5 X
EETE ove  NSERT  PAGELAYOUT  FORMULAS | DATA  REVEW VW NewoSolstions  StiTook Troining! - 3

[é [% [:E D{> M’[Pgwmmm um W Clear TE?H ? I._g ?é EQE D,g *@E #@ ﬁ:wmmﬂ 53 Data Analysis

B properties Ve Reapply S Hide Detai

From From From From Other  Euisting 3l St Fiker o Flssh Remove  Dota  Consolidate What-f Relationships Group Ungroup Subtotal
Access Web Tet Sowcest Comnections  Alle loEdt Advanced  Columns il Dulicates Validation - Analysis~ .
GetExternal Oata Connections Sorta iter Data Toals Outine T ~
[ a2 s X v S| euruso v
[ EmAT ] L ¢ | o | E I F e W r e e M N e e e TR s T e v w1 w2 AR
Interim_Buffer Date Interval Interval Of x

Insett
Delete

Clear Coptents
Format Cells..
Bow Height...

21/03/2016 07:56:55 M3
21/03/2016 07:51:55 M5

21/03/2016 07:36:51 M5
21/03/2016 07:31:30 M35
21/03/2016 07:26:37 M5
21/03/2016 07:21:56 M5
21/03/2016 07:16:53 M5
21/03/2016 07:11:55 M5

Select the bottom 700 examples in the workbook, right click and click delete:
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ol H S - EURUSD - Excel ? @ - 8 X
EERl boME  INSERT  PAGELAYOUT  FORMULAS | DATA  REVIW  VIEW  NewroSowtions  StatTook Trainingl =
Y .y s, Deovscions o) 7Y r g $ B B3 3 : [T —
From From From FromOther  usting  Refresh | Sert  Fiber Tetto Remove  Dota  Conselidate Whatlf Group Ungraup Subtotal
Access Web Test Sources+ Comnections  All o Y Advanced  Columns Duplicates Validation - Anabsis - .
Gt Bternal Data St Fitr Data Tools Outline o Anabsis A
Alae - RIUSD v
A 8 g ) e F G H 1 J K L ™ N o [ Q R s T u v w x ¥ z =
19026[EUR/USD | 15/12/201504:45:44 M5 110079 110088 110063 110065 110268 1038616 1102164 1 1048149 o 28
19027(EUR/USD  15/12/2015 04:45:13 M5. 1.10069 11009 110081 110069 110269 1.09861 1102124 1 1048146 o £l
19028|EUR/USD  15/12/201504:40:12 M5 1.1006. 1.1007 1.10078 110058 1.10229 1.098604 1.102124 1 1048143 o 2
19025(EUR/USD  15/12/2015 04:35:04 M5. 110049 L1006 i i | 4§ 1 108818 ) 30
19030|EUR/USD  15/12/201504:30:07 M5 110024 1.10048 . 1 1088138 L 72
19031|EUR/USD 15/12/201504:24:57 M5 110034 1007 B 1= PCA - 1 1048135 ) 33
19032(EUR/USD  15/12/2015 04:20:13 M5. 110032 110035 0035120025 1 1089133 o ]
19033|EUR/USD  15/12/201504:15:08 M5 1.10055 1.10038 g Data ' 10034 110187 1.098577 1.102062 1 104813 o 3
19034{EUR/USD  15/12/201504:10:13 M5, 110047 110055 ¥ cu 10047 1022 1098572 1102062 1 1088128 ) 32
19035|EUR/USD  15/12/201504:05:02 M5, 1.10064. L1007 oy 10047  1.10226 1.098566 1.102083 1 1048125 0 2
19036(EUR/USD  15/12/2015 04:00:14 M5. 110123 110085 10062 110235 1038561 1102457 1 1088123 o 7
19037(EUR/USD  15/12/2015 03:55:15 M5, 11009 11023 O 0P 20096 120213 1098555 1102481 1 1012 o 16
19038|EUR/USD  15/12/201503:50:14 M5 110085 110098 ) 1007 110228 1038547 1102258 1 1088116 o 2
19039|EUR/USD 15/12/201503:45:14 MS. 110089 110088 poaeseecn. 30073 12022 109854 1102198 1 1088113 o n
16040 EUR/USD  15/12/201503:40:13 M3, 110112 110085 f— 10085 11023 1098534 1102321 1 10881 0 60
19041{EUR/USD  15/12/201503:35:12 M5. 110109 oz 10035 11022 1038527 1102342 1 1048106 ) 1
19042(EUR/USD  15/12/2015 03:30:12 M5. 1101 110009 Do 10035 1.10185 1.098519 1.102321 1 1083103 o %
19043(EUR/USD  15/12/201503:25:11 M5. 1101 110178 1098512 1102321 1 1048099 ) 2]
19044(EUR/USD  15/12/2015 03:20:01 M5. 11016 110177 1.098504 1.102364 1 104809 o 5
19045|EUR/USD  15/12/201503:15:14 M5 110138 1.10196 1.098497 1.102667 1 1048092 L n
19046(EUR/USD  15/12/2015 03:10:15 M5, 110104 110137 1098489 1.102667 1 1048088 ) 2
19047|EUR/USD  15/12/201503:05:14 M5, 110128 110133 1098481 110253 1 1043088 o 26
19045(EUR/USD  15/12/2015 03:00:15 M5. 110118 110109 1.098473 1102504 1 1048081 o 10
19045(EUR/USD  15/12/2015 02:55:14 M5, 110078 110088 1.098465 1.102611 1 1088077 o 3
19050|EUR/USD  15/12/201502:50:15 M5 1.10033 1.10079 1.098457 1.102377 1 1048073 o 70
19051{EUR/USD  15/12/2015 024511 M5. 120035 12007 109845 110228 1 1048069 o 8
19052|EUR/USD  15/12/201502:40:15 M5, 110033 1.1006 1098344 1102345 1 1048067 0 17
19053(EUR/USD  15/12/201502:35:13 M5. 110025 110048 1098438 1102247 1 1048068 ) 8
19054 EUR/USD  15/12/201502:30:14 M5, 110029 110027 1098432 110228 1 1048061 o 9
19055|EUR/USD 15/12/201502:25:13 M5 110024 110035 1098427 1102247 1 1048059 ) 37
Ms 110028 110034 1.098421 1102247 1 1048056 o 19
19057|EUR/USD 15/12/201502:15:13 M5 110006 110055 1098416 1102247 1 1088053 o 6
19058(EUR/USD  15/12/201502:10:15 M5. 10999 110047 1.09841 1102147 1 1048051 ) 93
19059|EUR/USD  15/12/201502:05:13 M5, 1.10006. 110065 1.098305 1.102247 1 1043028 0 &
19060|EUR/USD  15/12/201502:00:14 M5 1.10027 110123 10984 1102247 1 1048046 o £ v
cetl ® . v

COUNT: 5026 R

The file is now ready for predictive analytics modelling in any of the techniques as follows.

Procedure 10: Assign a Random Digit for Sampling.
Before attempting this procedure, ensure that the abstraction file has been cleaned and finalised
(i.e. there are no formulas remaining) as per procedure 16.

The file being used in this example has some 20k examples, which is manageable but perhaps a little
overwhelming for ad-hoc, summary statistics led exploratory analysis. While sampling is not
absolutely mandatory at this volume of data, the principle can be applied to much larger datasets.

Execute Procedure 11, instead implementing a RANDBETWEEN function to create a random digit
between 0 and 100:

=RANDBETWEEN(0,100)

mHE S - EURUSD - Excel 2@ -8 %
FILE HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW NewroSelutions StatTools Trainingl =
< X . —— = Auosum - #
B copy -
Paste u rge & i Note Find &
. & Clear~ Select»
cipbord 3 Font Aignment Number siles <o editing ~
sum - X« e -RaNDBETWEEN(0,100) v
A 8 3 o 3 F s H i ’ K i M N ° » e ® s T v v x ¥ z Ao
1 [symbol interim_uffer_Date Interval Interval Open Interval Close Interval_High interval_Low Depender Average_-Average_(1s_Above,_Average_: Point_300
2 [EUR/USD  21/03/201609:51:53 M5 112479 L 112469
3 [eUR/usD  21/03/2015 09:46:55 M5 112038 122479 112099 11289
4 [EUR/USD  21/03/2016 03:41:55 M5 L1251 112497 12517 11248
5 [EUR/usD  21/03/201509:36:55 M5 11242 11251 151 122453
& [EUR/USD  21/03/2016 05:31:50 M5 11247 112462 112485 115
7 |EUR/USD  21/03/2016 09:26:56 M5 112385 L1247 1w Lm
& |EUR/USD  21/03/2016 09:21:56 M5 112467 112385 112070 112358
9 |EUR/USD  21/03/2016 09:16:54 M5 11258 112465 11250 1125
10 |eUR/usD  21/03/2016 0313155 Ms 12258 158 lase 11316
11 |EUR/USD  21/03/2016 03:06:56 M5 112557 112579 L1582 11253
12 |EUR/USD  21/03/2016 03:01:56 M5 11252 122855 112569 112496
13 |EUR/USD  21/03/2016 08:56:56 M5 112536 11252 112536 1.12466
14 |EUR/USD  21/03/2016 08:51:56 M5 11257 112541 11258 11254
15 |EUR/uSD  21/03/2016 08:a6:56 M5 112536 12257 15 a7
16 |EUR/USD  21/03/2016 08:41:57 M5 112588 112545 112601 112518
17 |euR/usp  21/03/2016 0836150 MS 12251 122583 11589 112599
15 |EUR/USD  21/03/2016 08:31:53 M5 112595 11256 112606 112545
19 |EUR/USD  21/03/2016 08:26:46 M5 112566 1126 L6 112565
20 |eUR/USD  21/03/2016 08:21:56 M5 112622 112566 112625 112503
21 |EUR/USD  21/03/2016 08:16:56 M5 112663 L1262 112681 112571
22 |EUR/USD  21/03/2016 08:11:56 M5 112637 12685 11267 11615
23 |EUR/USD  21/03/2016 08:06:49 M5 11267 11263 112687 112566
24 |EUR/USD  21/03/2016 08:01:54 M3 112601 112675 112688 11264
25eur/usp  21/03/2016 07:56:55 M5 112665 112642 112675 112642 -0.00132" 1.128075” 1.129702 1062109 1.13158[=RANDBETWEEN(0,100)
EUR/USD 21/03/2016 07:51:55 M5 112653 112664 112665 112651 1124797 1.12807 1. 1062106 113183 T

EUR/USD  21/03/2016 07:46:55 M5 1.12661 1.12652 112662 112639 112497 1128068 1.
EUR/USD 21/03/2016 07:41:55 M5 11266 112662 112677 11266 11251 1128058 1.
EUR/USD  21/03/2016 07:36:51 M5 112629 112683 112671 112622 112062 1128052
EUR/USD  21/03/2016 07:31:54 M5 112626 11263 112636 112605 11247 1.128046 "
EUR/USD 21/03/2016 07:26:37 M5 112592 112626 112631 112591 112385 1128042
EUR/USD  21/03/2016 07:21:56 M5 112645 112592 112646 112579 112065 1128037
EUR/USD 21/03/2016 07:16:53 M5 11266 112686 1.12661 112631 11258 1128032
EUR/USD  21/03/2016 07:11:55 M5 112655 1.12661 112664 112637 112579 1128025
35 [EUR/USD  21/03/2016 07:06:51 M5 11268 112655 1.12682 112637 1125557 1128027 1.125718
5

1062104 113192
1062101 113176
1062098 113164
1062095 11315
1062093 113159
1062081 113185
1062089 113185
1062085 113169
1062083 113145 -

Commit the formula, fill down and name the column Random Digit:
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@HS o - EURUSD - xcel 2@ - 8 x
IEEE rove M PAGELAYOUT  FORMULAS  DATA  REVIEW  VIEW  NewoSolutions  SttTeoks Training1 *
EA;:. ) Colibr I aw = - EwopTet Generl A [ vema Bad Good Neutral caiaton | | F= B [ %f::'ﬂum Ay
SR o Evmace - § %+ 3 Cottont e OO o
cipbord 3 Font . Aignment . Number . siles cs Editing s
N2s - Jx | -RanpesTwEEN(0,100) v
A 8 3 o 3 F s H i ) K i M N 0 3 Q R s T v v w x ¥ z Ao
1 [symbol interim_uffer_Date Interval Interval Open Interval Close Interval_High interval_Low Depender Average_-Average_(1s_Above,_Average_: Point_300
2 [EUR/USD  21/03/2016 095153 MS it 112459
3 [eUR/usD  21/03/2016 03:06:55 MS 11238 122479 112499 11289
4 [EUR/USD  21/03/2016 03:41:55 M5 11251 112497 12517 11248
5 [EUR/usD  21/03/201609:36155 MS 11242 11251 21 11253
G [EUR/USD  21/03/2016 05:31:50 M5 11247 1am: 1128 11245
7 [EUR/USD  21/03/2016 09:26:56 M5 112385 L e L
& [EUR/USD  21/03/2016 09:21:56 M5 112487 112385 1147 1128
9 [EUR/USD  21/03/2016 03:16:58 M5 112548 112465 11250 1125
10 |EUR/uSD  21/03/2016 03:21:56 s 12258 122508 azse 113516
11|EUR/USD  21/03/2016 0:06:55 MS 112557 112579 L1582 11253
12 |EUR/USD  21/03/2016 09:01:55 MS 11252 122855 112569 112496
13 |eUR/usD  21/03/2016 08:56:56 M3 112536 1122 L1 112666
14 [EUR/USD  21/03/2016 085156 M5 112578 112591 11258 11254
15 |EUR/USD  21/03/2016 08:46:56 M5 112536 12257 11259 12527
16 [EUR/USD  21/03/2016 08:41:57 MS 112588 112545 112601 112518
17 |euR/usp  21/03/2016 08136150 MS 12251 122583 11589 112599
15 [EUR/USD  21/03/2016 08:31:53 M5 112595 1125 112606 112545
19 [EUR/USD  21/03/2016 08:26145 M5 112566 1126 L6 112565
20 |EUR/USD  21/03/2016 08:21:56 M5 L1622 1566 Laze2s 112543
21 |EUR/USD  21/03/2016 0B:16:56 M5 112663 L1262 L2 L1sm
22 |EUR/USD  21/03/2016 08:11:56 M5 112637 12665 11267 11615
23 |EUR/USD  21/03/2016 05:06:49 M5 112675 11263 112687 112566
24 |EUR/USD  21/03/2016 08:01:54 MS. L1641 112675 112688 11264
25eur/usp  21/03/201607:56:55 M5 112665 112642 112675 112682 -0.00132 1.128075 1.129702 0 1062109 113159 1]
26 [EUR/USD  21/03/2016 07:51:55 M5 112653 12664 112665 L1651 1126797 112807 1129652 0 1062106 113183 )
27 |[EUR/USD  21/03/2016 07:46:55 M5 1.12661 1.12652 112662 112639 112097 1.128064 " 1.129641 0 1062104 113192 6
26 |EUR/USD  21/03/2016 07:41:55 M5 11266 1662 L2677 11265 112517 1128058 1.129702 0 1062101 113175 1
29 |[EUR/USD  21/03/2016 07:36:51 M5 112629 1.12663 112671 112622 1124627 1.128052" 1.129685 0 1062098 1.13164 2
30 |EUR/USD  21/03/2016 07:31:54 M5 112626 11263 112636 112605 112477 1128046 1129595 0 1062095 11315 E)
31|EUR/USD  21/03/2016 07:26137 MS L1592 112626 112631 L1591 112385 1128042 1.129595 0 1062093 113159 )
32 |EUR/USD  21/03/2016 07:21:56 M5 112645 112592 112646 112579 1124657 1.128037 1.129612 0 1062081 1.13186 [
33 |EUR/USD  21/03/2016 07:16:53 MS 11266 112686 112661 L1631 1125847 1128032 1.129646 0 1062089 113185 4
34 |EUR/USD  21/03/2016 07:11:55 M5 112655 1.12661 112664 112637 112579 1.128025 " 1.129652 0 1062085 1.13169 93
35 [EUR/USD  21/03/2016 07:06:51 M5 11268 112655 112682 112637 1125557 1128027 1.125718 0 1062083 113145 7 -
Sheets ) . v

wsiem | |

Select the Data Ribbon:

BHE 9 = EURUSD - Excel
ET HoME  INSERT  PAGELAYOUT — FORMULAS | DATA  REVIEW  VIEW  NewroSolutions  StatTools

- - . 5
GBD B RIET-AE YL, M B @ B S
From From From From Other  Exising  Refresh . 7| Sort  Filter i Tetto Flash Remove  Data  Consolidate Whatdf Relationships  Group Ungroup Subtotal
Access Web Text Sources~ Connections  All~ Edit Links o ToAdvanced  Columns il Duplicates Validation - Analysis - -
Get External Data Connections Sort & Filter Data Tools Outline I Analysis
N25 - Ji | =RanpBETWEEN(0,100)
A 8 c ] 3 F s H 1 J K L M N o [ Q R s T
1 |Symbol Interim_Buffer_Date Interval Interval_Open Interval_Close Interval_High Interval_Low Depender Average_Average_(Is_Above_Average_: Point_300
2 EUR/USD  21/03/201609:51:53 M5 1.12479 11251 11254 112469
3 EUR/USD  21/03/2016 09:46:55 M5 112438 112479 112439 11244
4 [EUR/USD  21/03/201609:41:55 M5 11251 1.12497 112517 112483
5 [EUR/USD  21/03/2016 09:36:55 M5 112462 11251 11251 112453

Select the Icon Sort, towards the centre of the ribbon which will open the sort window:

[STERL TAr] 1 Ea B oty py TP T L o Eaolyredyop I P TR 1 1

Sort

+%l Add Level ] ’ }( Delete Level ” E|’E“| Copy Level ” Options... My data has headers

Column Sort On Order

sort by [=] values [=] |Atoz =]l |

| ok || cne | |

The column to sort by is the newly created RANDBETWEEN Independent Variable, of which the
Order is unimportant. Select Sort By RANDBETWEEN, then click OK:
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Sort 8] (]
My data has headers

Column Sort On Crder
Sortby  RANDBETWEEN | values [+] |Smallest to Largest (=]

’ 4| Add Level ” < Delete Level ” ER Copy Level ]

OK ] [ Cancel

T Uy T T ST T T 7Ty T T -mrT T T /T

The dataset will now be in Random Order and as such records can be removed until the dataset is of
a size deemed manageable for analysis. In or example, scrolling to the bottom or the dataset and
selecting the bottom 10000 records, right clicking and clicking delete will create a more manageable
dataset, while being just as statistically meaningful:

@ H S s EURUSD - Excel 7 ® - & x

HOME  INSERT  PAGELAYOUT  FORMULAS | DATA  REVIEW  VIEW Trainingl
» wons 31 [T 3 AE 5 [ Data tnalysis
§l Sot il oncolidste What-f Group Ungraup Subtotal
Analysis - -
Sort & i Outin ~
v
A [ c ) 3 3 G H 1 J K L M N o 3 Q R s T v v w x Y z -
7773 EUR/USD _11/02/201608:21:53 M5 1.12882 112879 112505 12871 11327 1.125776 1.129944 1 1061026 12921 2
T774[EUR/USD|11/02/201608:16:56 M5 112882 11288 112923 112876 113161 1125762 1130139 1 1061019 112928 5
TT75{EUR/USD  11/02/201608:11:56 M5 112888 112882 11293 11283 11319 112578 1130198 1 1061013 112545 21
T776[EUR/USD  11/02/201608:06:56 M5 112857 112845 112903 112896 113178 1125735 112994 1 1061007 112964 7%
TI77[EUR/USD  11/02/201608:01:56 M5 112882 11285 112907 112831 113133 112574 1123958 1 1061002 112% 27
7 1 ms 112954 112879 112955 12874 113211 1125712 1130534 1 10609 122%
TITS[EUR/USD  11/02/201607:51:56 M5 112973 11295 112983 112950 13251 11257 1130923 1 106099 120 2
T780[EUR/USD  11/02/201607:46:55 M5 112982 112967 112982 112938 11331 1125687 1130923 1 1060384 1.129%6 37
TI81/EUR/USD  11/02/201607:41:58 M5 112981 112982 112997 112937 11333 1125674 113104 1 106078 112953 2
T782[EUR/USD  11/02/201607:36:55 MS 113005 7 113146 1125661 113111 1 1060572 112584 8
T783(EUR/USD  11/02/201607:31:56 M5 113085 11321 1125648 1131469 1 1060966 12927 EFS
T784{EUR/USD  11/02/201607:26:55 M5 1.13047 113136 1125635 11316 1 10609 11293 17
T785[EUR/USD  11/02/201607:21:55 MS 112938 113103 1125622 1131391 1 1060353 11293 57
T785{EUR/USD  11/02/201607:16:52 M5 112947 112388 1125608 1.130854 1 1060947 112906 L2
7787[EUR/USD  11/02/201607:11:55 M5 1.12907 112578 1125535 1.130629 1 106041 112507 4
T78S[EUR/USD  11/02/201607:06:56 M5 112899, 112867 1125581 113003 1 1060934 112902 9
T789|EUR/USD  11/02/201607:01:58 M5 112922 112822 1125568 1.130629 1 106028 112873 55
T790[EUR/USD  11/02/201606:56:53 MS 112913 112874 1125554 1130247 1 1060921 1.22869 32
TIO1[EUR/USD  11/02/201606:51:53 M5 11291 11855 112554 11302 1 1060915 13287 s
T792/EUR/USD  11/02/201606:46:55 M5 112873 112761 1125526 1.130056 1 1060908 1.12851 7
T793(EUR/USD  11/02/201606:41:55 M5 112911 112813 1125512 1.130051 1 106092 11285 55
T794/EUR/USD  11/02/201606:36:50 M5 112919 112861 1125438 1130175 1 1060835 112881 54
T795[EUR/USD  11/02/201606:31:55 M5 112914 112892 1125484 113022 1 1060888 122854 55
TIOB[EUR/USD  11/02/201606:26:56 M5 112883 112873 1125469 1130062 1 1060881 1285 38
T797EUR/USD  11/02/201606:21:56 MS 122865 11268 1125454 1129816 1 1060874 1.12858 0
TT98[EUR/USD  11/02/201606:16:55 M5 112882 112882 112584 1129786 1 1060863 1.12898 £
7799/EUR/USD  11/02/201606:11:58 M5 112907 112846 1125426 1.130023 1 1060861 112884 a5
T800[EUR/USD  11/02/201606:06:44 M5 112915 112856 1125412 1.130062 1 1060854 112894 7
7801{EUR/USD  11/02/201606:01:53 M5 1.12951 112879 1.1253% 1.130534 1 1060847 11293 82
7802[EUR/USD  11/02/2016.05:56:56 MS 112928 112954 1125379 1130652 1 1060839 1.129%9 46
7803|EUR/USD  11/02/201605:51:56 M5 11291 112928 112944 112909 112967 1.125362 1.130458 1 1060831 11302 51
T804/EUR/USD  11/02/201605:46:55 M5 11288 112909 112909 12882 112982 1125345 1.130036 1 1060823 112935 4
TS0S|EUR/USD  11/02/201605:41:56 M5 11288 L1887 112911 112882 112981 1125328 1.130053 1 1060815 112958 L
7806[EUR/USD  11/02/201605:36:52 M5 11287 112889 112912 112864 113004 1125311 1130059 1 1060807 112935 75
7807|EUR/USD  11/02/201605:3L:53 MS 112903 112869 112916 11286 113046 1125294 1.130076 1 1060799 112922 2

Sheetl ®
COUNT: 162554

Module 7: ggplot2 Rapid Exploration

Up to this point in the procedures the plot() and hist() function has been used, which invokes the
base graphics function of the R software. It can't be said that base R graphics have the aesthetic
properties of charts produced by rivals such as Excel and leaves a lot to be desired for the purposes
of presentation. Fortunately, there is a more powerful package that is available in R for producing
stunning charts that will be at home in any presentation, ggplot2.

It should be noted that R, in our orbit, is predominately used for the rapid exploration of data and
the creation of models only and these procedures focus only on what is adequate to achieve that
aim.
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The following datasets are going to be used in this module:

e BostonHousing.csv.
e CreditRisk.csv.
e FDX.csv (FexEx Stock Prices)
e FraudRisk.csv
Before beginning these procedures, ensure that each of the files has been loaded with the following
script:
library(readr)
Boston <- read_csv("C:/Users/Richard/Dropbox/Jube Capital

Documents/Training/R/Bundle/Data/Boston/Boston.csv")
FraudRisk <- read_csv("C:/Users/Richard/Dropbox/Jube Capital
Documents/Training/R/Bundle/Data/FraudRisk/FraudRisk.csv")
FDX <- read_csv("C:/Users/Richard/Dropbox/Jube Capital
Documents/Training/R/Bundle/Data/Equity/Equity/FDX.csv")
CreditRisk <- read_csv("C:/Users/Richard/Dropbox/Jube Capital
Documents/Training/R/Bundle/Data/CreditRisk/German/CreditRisk.csv")
View(Boston)

View(FraudRisk)

View(FDX)

View(CreditRisk)View(Boston)

@7 Untitled1* —(=
= Source on Save Q A~ =+ Run | *% Source -

1 Tibrary(readr)
2 Boston <- read_csv('"C:/Users/Richard/Dropbox/Jube Capital Documents/Training/R/Bundle/Data/
3 FraudRisk <- read_csv("C:/Users/Richard/Dropbox/Jube capital Documents/Training/R/Bundle/Da
4 FDX <- read_csv("C:/Users/Richard/Dropbox/Jube capital Documents/Training/R/Bundle/Data/Equ
5 CreditRisk <- read_csv("C:/Users/Richard/Dropbox/Jube Capital Documents/Training/R/Bundle/C
6 Vview(Boston)
7  view(Fraudrisk)
8 View(FDX)
9 view(CreditRisk)

AT

< >
(Top Level) = R Script *

Run the block of script to console:

Console

Terminal — [l

Requested_Amount = col_double(), ~
Installment_Percentage_of_Disposable_Income = col_double(),
Present_Residence_Since = col_double(),

Age

= col_double(),

Number_Of_Existing_cCredits_At_This_Bank = col_double(),
Dependent_Persons = col_double()

)

see spec(...) for full column specifications.

v

VYV VY
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view(FraudRisk)
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The required datasets will be loaded into the R session and displayed in tabs as a consequence of the
View() function being recalled on each data frame:

@] Untitled1* Boston FraudRisk FDX CreditRisk - ]
Filter
“ Dependent Status_Of_Existing_Checking_Account Duration_In_Month Credit_History Purpose Requested
1 Good Less_0_EUR 6 Critical_Account_Default Television ~
2 Bad Less_200_EUR 48 Existing_Credit_Paid_Up_To_Date Television
3 Good No_Account 12 Critical_Account_Default education
4 Good Less_0_EUR 42 Existing_Credit_Paid_Up_To_Date Furniture
5 Bad Less_0_EUR 24 Delayed_In_Past New_Car
6 Good No_Account 36 Existing_Credit_Paid_Up_To_Date education
7 Good No_Account 24 Existing_Credit_Paid_Up_To_Date Furniture
8 Good Less_200_EUR 36 Existing_Credit_Paid_Up_To_Date Used_Car
9 Good No_Account 12 Existing_Credit_Paid_Up_To_Date Television v
4 >

Showing 1 to 10 of 1,000 entries

All of the procedures as follows make use of the ggplot2 package, hence it is necessary to install the
ggplot2 package using RStudio:

Install Packages

Install from: ? ) Configuring Repositories

Repository (CRAN, CRANextra) *

Packages (separate multiple with space or comma):

ggplot2

Install to Library:
C:/Users/Richard/Documents/R/win-library/3.5 [Default] v

v lInstall dependencies

Install Cancel

Clicking install will download and install the package:

224



JUBE

Console  Terminal

package
package
package
package
package
package
package
package
package

‘digest’ successfully unpacked and MD5 sums checked
‘gtable’ successfully unpacked and MD5 sums checked
‘lazyeval’ successfully unpacked and MD5 sums checked
‘plyr’ successfully unpacked and MD5 sums checked
‘reshape2’ successfully unpacked and MD5 sums checked
‘scales’ successfully unpacked and MD5 sums checked
‘viridisLite’ successfully unpacked and MD5 sums checked
‘withr’ successfully unpacked and MD5 sums checked
‘ggplot2’ successfully unpacked and MD5 sums checked

The downloaded binary packages are 1in

>

C:\Users\Richard\AppData\Local\Temp\RtmpS47MsSh\downloaded_packages

To reference the library:

library(ggplot2)

@7 Untitled1* Boston FraudRisk FDX CreditRisk

WO~ uUT WM

=

<

Source on Save :1\ P = Run
Tibrary(readr)
Boston <- read_csv("C:/Users/Richard/Dropbox/Jube Capital Documents/Training/R/Bundle/Data/
FraudRisk <- read_csv("C:/Users/Richard/Dropbox/Jube Capital Documents/Training/R/Bundle/Da
FDX <- read_csv('C:/Users/Richard/Dropbox/Jube cCapital Documents/Training/R/Bundle/Data/Equ
creditRisk <- read_csv("C:/Users/Richard/Dropbox/Jube Capital Documents/Training/R/Bundle/C
view(Boston)
view(FraudRisk)
Vview(FDX)
view(CreditRisk)
Tibrary(ggplot2)|

10:17 (Top Level) =

Run the line of script to console:

Console

package
package
package
package
package
package
package
package

Terminal

‘gtable’ successfully unpacked and MD5 sums checked
‘lazyeval’ successfully unpacked and MD5 sums checked
‘plyr’ successfully unpacked and MD5 sums checked
‘reshape2’ successfully unpacked and MD5 sums checked
‘scales’ successfully unpacked and MD5 sums checked
‘viridisLite’ successfully unpacked and MDS5 sums checked
‘withr’ successfully unpacked and MD5 sums checked
‘ggplot2’ successfully unpacked and MD5 sums checked

The downloaded binary packages are in

C:\Users\Richard\AppData\Local\Temp\Rtmps47Msh\downTloaded_packages

> Tibrary(ggplot2)

>

=

=]

Source -

>
R Script =

=0

The RStudio environment is now configured to use the gplot() function and other ggplot2 package
functions.
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Procedure 1: Quickly Creating a Scatter Plot with gplot()

The following procedure will show how the QPlot() functon can be used in a similar manner as the
plot() function to create a scatter chart. To create a scatter plot that compares the
PerCapitaCrimeRate to the House prices in the Boston Housing dataset:

gplot(BostonSDependent,BostonSPerCapitaCrimeRate)

©7] untitled1* Boston FraudRisk FDX CreditRisk -]
. = Source on Save k{ PaRal = Run @ * “+ Source ~
1 Tibrary(readr)
2 Boston <- read_csv("C:/Users/Richard/Dropbox/Jube Capital Documents/Training/R/Bundle/Data/
3 FraudRisk <- read_csv("C:/Users/Richard/Dropbox/Jube cCapital Documents/Training/R/Bundle/Da
4 FDX <- read_csv("C:/Users/Richard/Dropbox/Jube capital Documents/Training/R/Bundle/Data/Equ
5 CreditRisk <- read_csv("C:/Users/Richard/Dropbox/Jube Capital Documents/Training/R/Bundle/C
6 Vview(Boston)
7 Vview(FraudRisk)
8 Vview(FDX)
9 view(creditRisk)
10 Tlibrary(ggplot2)
11 qp1ot(BostonSDependent,BostonSPerCapitaCrimeRateﬂ
< >
11:50 (Top Level) R Script *

Run the line of script to console:

Console  Terminal =]
;../
Present_Residence_Since = col_double(), N
Age = col_double(),
Number_of_Existing_Credits_At_This_Bank = col_double(),
Dependent_Persons = col_double()
)
see spec(...) for full column specifications.
> view(Boston)
> View(FraudrRisk)
> View(FDX)
> view(cCreditRisk)
> 1ibrary(ggplot2)
> gplot(Boston$Dependent,Boston$PercCapitaCrimerate)
>

It can be seen that the plot is available in RStudio:
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© Rstudio

JUBE

- a X

Fle Edt Code View Plots Session Build Debug Profile Tooks Help

© - &x

O untitled1*

VN VIS WN R

» .

-~ Addins ~ & project: (None) ~

Boston FraudRisk FDX CreditRisk P o | i History  C -]

Sourceonsave | Q¢ - FRun | o Source ~ @ |3 | #import Dataset ~ = & List ~

library(readr) i X %k Global Environment ~
Boston <- read_csv("C:/Users/Richard/Dropbox/Jube cCapital Documents/Tra:
FraudrRisk <- read_csv('"c:/Users/Richard/Dropbox/Jube capital Documents/ .
FDX <- read_csv("C:/Users/Richard/Dropbox/Jube Capital Documents/Trainit Boston 506 obs. of 14 variables

Data

creditRisk <- read_csv("C:/Users/Richard/Dropbox/Jube Capital Documents, BostonHousing 506 obs. of 14 variables
View(Boston) creditrisk 1000 obs. of 21 variables
view(Fraudrisk)
View(FDX)

view(CreditrRisk)

FDX 2620 obs. of 6 variables
Fraudrisk 1827 obs. of 27 variables

10 1library(ggplot2)
11 gplot(BostonSDependent,Boston$PercCapitacCrimeRate)

<

121 (Top Level) = R Script *

Console  Terminal =

Present_Residence_since = col_double(), A
Age = col_double(),

Number_of_Existing_credits_At_This_Bank = col_double(),

Dependent_Persons = col_double()

)

see spec(...) for full column specifications.
view(Boston)

view(Fraudrisk)

View(FDX) .
view(CreditRisk) 0- .o : ! Aomtativas anwan o ¢ “ommsese w
1ibrary(ggplot2) ' ' ' ' '
gplot(Boston$Dependent,Boston$PercCapitacrimeRate) 10 20 30 40 50

v

VVVVYVYV

Files Plots Packages Help Viewer —

P Zoom | -Zeport v O | 45 Publish ~

>

"

Boston$PerCapitaCrimeRate

.
H
S TR0 S O,
:
.
.

Boston$Dependent

The plot bears stark resemblance to the product of the base R graphics plot() function, except the
rendering quality is of better quality. This is common for all of the charts explained as follows.

Procedure 2: Quickly Creating a Line Chart with gplot()

Displaying a stock price over time is a convenient example to show the functionality of gplot when
used to make a line chart. In this example, the FedEx stock price is going to be plotted over time. As
with the scatter plot example, the gplot function takes two vectors, however, the geom parameter

will be used to specify the type of chart, in this case "line". To create a time series line chart, pass a
date (Interim_Date) and the price (Interim_Close):

gplot(FDXSInterim_Buffer_Date,FDXSInterim_Close,geom="line")

B untitled1* Boston FraudRisk FDX CreditRisk = ]
: = Source on Save Q A~ = Run @ *= “ Source -
1 Tibrary(readr)
2 Boston <- read_csv("C:/Users/Richard/Dropbox/Jube Capital Documents/Tra
3 FraudRisk <- read_csv("C:/Users/Richard/Dropbox/Jube Capital Documents/
4 FDX <- read_csv("C:/Users/Richard/Dropbox/Jube Capital Documents/Trainii
5 creditRisk <- read_csv("C:/Users/Richard/Dropbox/Jube Capital Documents,
6 Vview(Boston)
7 view(Fraudrisk)
8 view(FDX)
9 view(CreditRisk)
10 Tibrary(ggplot2)
11 gplot(Boston$bependent,Boston$PercCapitaCrimeRate)
12 gplot(FDX$Interim_Buffer_Date,FDX$Interim_close,geom="Tine")|
13
< >
12:61 (Top Level) = R Script =

Run the line of script to console:
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Console  Terminal — |

r

S5
Age = col_double(), ~
Number_of_Existing_credits_At_This_Bank = col_double(),
Dependent_Persons = col_double()

see spec(...) for full column specifications.

view(Boston)

view(FraudRisk)

view(FDX)

view(CreditRisk)

Tibrary(ggplot2)
gplot(Boston$Dependent,Boston$PercapitacrimeRate)
gplot(FDX$Interim_Buffer_Date,FDX$Interim_Close,geom="11ne")

VVVVVYVVY

It can be observed that the chart has been rendered to the plots section of RStudio:

Fle Edt Code View Plots Session Build Debug Profie Tools Help

[+ + 3 2 - d ~ Addins ~ R Project: (None) ~

@7 Untitled1* Boston FraudRisk FDX CreditRisk P o | i History  C 0

sourceonsave | Q /¢~ FRun | o9 Source ~ # |4 #importDataset + & List ~

library(readr) X X %k Global Environment ~

Boston <- read_csv("cC:/Users/Richard/Dropbox/Jube capital Documents/Tra

Fraudrisk <- read_csv('c:/Users/Richard/Dropbox/Jube capital Documents/ Data .

FDX <- read_csv("C:/Users/Richard/Dropbox/Jube Capital Documents/Trainii Boston 506 obs. of 14 variables
creditRisk <- read_csv("cC:/Users/Richard/Dropbox/Jube capital Documents, BostonHousing 506 obs. of 14 variables
V1_ew(Bostgn)‘ . creditRisk 1000 obs. of 21 variables
x::xéig:‘; RI2K) FDX 2620 obs. of 6 variables
view(creditrisk) Fraudrisk 1827 obs. of 27 variables

Tlibrary(ggplot2)

gplot(BostoniDependent,Boston$PercapitacrimeRate)

gplot(FDX$Interim_Buffer_bDate,FDXSInterim_cClose,geom="Tine") Files Plots Packages Help Viewer ™

o
CVENOUVHWNE

F e
[Ny

oy
w

P zZoom -Zeport v O ¥ “5- Publish ~

< >
12:61  (Top Level) ¢ R Script *

Console  Terminal -]

Age = col_double(), ~
Number_of_Existing_credits_At_This_Bank = col_double(),
Dependent_Persons = col_double()
)
see spec(...) for full column specifications.
View(Boston)
view(Fraudrisk)
Vview(FDX)
view(creditrisk) 50-
T1ibrary(ggplot2)
gplot(Boston$Dependent,Boston$Percapitacrimerate) ; " ¥ 5 v 5
gplot(FDX$Interim_Buffer_bDate,FDX$Interim_close,geom="1ine") 2006 2008 2010 2012 2014 2016
FDX$Interim_Buffer_Date

100~

FDX$Interim_Close

v

NN N

This procedure should exhibit that gqplot has default of a scatter chart, however it can be easily
changed to other types by varying the geom parameter.

Procedure 3: Quickly Creating a Bar Chart with gplot()

To create a bar chart in Base R it is necessary to perform some preaggregation of values. A useful
function, used extensively in subsequent procedures, is the table() function. The table() function will
scan a vector and allocate counts for the distinct values available in that vector.

In this example the CreditRisk dataset is going to be used to present a bar chart of the frequency of
each loan purpose. Firstly, create a table of the loan purpose to show the original method of bar
chart creation and the functionality of the table() function:

Purpose <- table(CreditRiskSPurpose)
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@7 Untitled1* Boston FraudRisk FDX CreditRisk |
. ; — [ |SourceonSave | O 7~ | =Run | ®% % Source ~
1 Tibrary(readr)
2 Boston <- read_csv('"cC:/Users/Richard/Dropbox/Jube capital Documents/Tra
3 FraudRisk <- read_csv("C:/Users/Richard/Dropbox/Jube Capital Documents/
4 FDX <- read_csv("C:/Users/Richard/Dropbox/Jube Capital Documents/Trainit
5 creditRisk <- read_csv('"cC:/Users/Richard/Dropbox/Jube capital Documents,
6 Vview(Boston)
7 Vview(FraudRisk)
8 View(FDX)
9 view(creditRisk)
10 T1dibrary(ggplot2)
11 gplot(Boston$Dependent,Boston$PerCapitaCrimeRate)
12 gplot(FDXSInterim_Buffer_pate,FDX$Interim_Close,geom="T1ine")
13 table(creditRisk$Purpose)|
14
< >
13:26 (Top Level) R Script <

Run the line of script to console:

@ Untitled1* Boston FraudRisk FDX CreditRisk — |
) ” = Source on Save J‘ VAR N = Run S “* Source ~
1 Tibrary(readr)
2 Boston <- read_csv("C:/Users/Richard/Dropbox/Jube capital Documents/Tra
3 FraudRisk <- read_csv("C:/Users/Richard/Dropbox/Jube Capital Documents/
4 FDX <- read_csv("C:/Users/Richard/Dropbox/Jube capital Documents/Trainit
5 creditRisk <- read_csv("C:/Users/Richard/Dropbox/Jube Capital Documents,
6 Vview(Boston)
7 View(FraudRisk)
8 Vview(FDX)
9 view(CreditRisk)
10 Tibrary(ggplot2)
11 qgplot(Boston$Dependent,Boston$PercCapitaCrimeRate)
12 gplot(FpDX$Interim_Buffer_Date,FDX$Interim_Close,geom="11ine")
13 Purpose <- table(creditRisk$Purpose)|
< >
13:37 (Top Level) = R Script =

Write the table to console:

Purpose
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B untitled1* Boston FraudRisk FDX CreditRisk = [

_ . - Source onSave | O 7 - ¢ = Run | °= Source ~
1 Tibrary(readr)
2 Boston <- read_csv('C:/Users/Richard/Dropbox/Jube Capital Documents/Tra
3 FraudrRisk <- read_csv('"cC:/Users/Richard/Dropbox/Jube capital Documents/
4 FDX <- read_csv("C:/Users/Richard/Dropbox/Jube Capital Documents/Trainit
5 CreditRisk <- read_csv("C:/Users/Richard/Dropbox/Jube Capital Documents,
6 Vview(Boston)
7 View(Fraudrisk)
8 view(FDX)
9 view(creditRisk)

10 Tibrary(ggplot2)

11 gplot(Boston$Dependent,Boston$PercCapitacrimerRate)

12 gplot(FpXx$Interim_Buffer_Date,FDX$Interim_Close,geom="11ine")
13 Purpose <- table(CreditRisk$Purpose)

14 Purpose

£ >
14:8 (Top Level) = R Script =

Run the line of script to console:

Console  Terminal — |
> qplot(FDXS$Interim_Buffer_pate,FDX$Interim_Close,geom="T1ine") A
> Purpose <- table(cCreditRisk$Purpose)
> Purpose
Business Domestic_Appliances education
97 12 50
Furniture New_Car Repairs
181 234 22
Retraining Television Used_car
9 280 103
Used_car0
12
> W

It can be observed that the frequencies have been apportioned next to the loan purpose vector.
This table can then be passed to the base R function barplot():

barplot(Purpose)
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@7 untitled1* Boston FraudRisk FDX CreditRisk .
: = SourceonSave | O 7 - | = Run | =% | | Source ~

1 Tibrary(readr)

2 Boston <- read_csv("C:/Users/Richard/Dropbox/Jube Capital Documents/Tra
3 FraudRisk <- read_csv('C:/Users/Richard/Dropbox/Jube Capital Documents/
4 FDX <- read_csv("C:/Users/Richard/Dropbox/Jube Capital Documents/Trainir
5 creditRisk <- read_csv('"cC:/Users/Richard/Dropbox/Jube Capital Documents,
6 View(Boston)

7 View(Fraudrisk)

8 view(FDX)

9 view(CreditRisk)
10 Tibrary(ggplot2)

11 gplot(Boston$Dependent,Boston$PercCapitacrimerRate)

12 gplot(FpXx$Interim_Buffer_bDate,FDX$Interim_Close,geom="11ine")
13 Purpose <- table(CreditRisk$Purpose)

14 Purpose

15 barplot(Purpose)|

< >
1517 (Top Level) = R Script =

Run the line of script to console:

© RStudio - X
Eile Edit Code View Plots Session Build Debug Profile Tools Help
O - |- H B ~ Addins ~ R Project: (None) ~
@7 Untitled1* Boston FraudRisk FDX CreditRisk = History  C —=
Source on Save N /- FRun | o Source ~ # |3 | #import Dataset ~ = & List ~
TR
2 Boston <- read_csv("C:/Users/Richard/Dropbox/Jube capital Documents/Ti” T Global Environment ~
3 FraudRisk <- read_csv("C:/Users/Richard/Dropbox/Jube Capital Document:  pata A
4 FDX <- read_csv("C:/Users/Richard/Dropbox/Jube Capital Documents/Trait
5 creditRisk <- read_csv("c:/Users/Richard/Dropbox/Jube Capital Documen- Boston : 506 obs. (of 14 varjab1es
6 view(Boston) »BostonHousing 506 obs. of 14 variables
7  view(FraudrRisk) OcreditrRisk 1000 obs. of 21 variables
8 vjew(FDx)_ . FDX 2620 obs. of 6 variables
g ‘{‘fEW(C'"Ed‘t’]“Sk) ) Fraudrisk 1827 obs. of 27 variables
1 ibrary(ggplot2) . . values
11 gplot(BostonSDependent,Boston$PercCapitacCrimeRate) s [y
12 gplot(FDXSInterim_Buffer_Date,FDX$Interim_Close,geom="Tine")
13 Purpose <- table(cCreditRiskS$Purpose) HiesH| Plots: [iPaciages J{i-Help | Viewer, =
14 Eurp:{se( " P zoom Zexport- O | 45 Publish ~
15 arplot(Purpose
16 v
< >
161 (Top Level) ¢ R Script &
Console  Terminal —_r -
e
/ ~
> Purpose <- table(cCreditRiskSPurpose) ~
> Purpose o
n
Business Domestic_Appliances education
97 12 50
Furniture New_car Repairs 3
181 234 22 D [—
Retraining Television Used_car =4 H— — —
9 280 103
Used_car0 Business education New_Car Retraining Used_Car0
12

> barplot(Purpose)
>

It can be seen that the bar chart has been written out to the plots area of RStudio. Using gplot() it is
however possible for the aggregation to take place by simply passing two vectors in the same
manner as a scatter plot, simply specifying the geom parameter to be "bar":

gplot(CreditRiskSPurpose,geom="bar")
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07 untitled1* Boston FraudRisk CreditRisk =[]
_ SourceonSave | O - ¢ = Run | *= source ~
3 FraudR1sk <- read _csv('"cC: /Users/R1chard/Dropbox/Jube Cap1ta1 Document: S
4 FDX <- read_csv("cC:/Users/Richard/Dropbox/Jube capital Documents/Trait
5 cCreditRisk <- read_csv("C:/Users/Richard/Dropbox/Jube Capital Documen-
6 view(Boston)
7  view(Fraudrisk)
8 Vview(FDX)
9 view(cCreditRisk)
10 1ibrary(ggplot2)
11 gplot(Boston$Dependent,Boston$PercapitacCrimeRate)
12 gplot(FDX$Interim_Buffer_pate,FDXx$Interim_close,geom="11ine")
13 Purpose <- table(cCreditRiskS$Purpose)
14 Purpose
15 barplot(Purpose)
16 gplot(CreditRisk$Purpose,geom="bhar")
17 v
< >
17:1 (Top Level) = R Script =
Run the line of script to console:
Console  Terminal — |
> Purpose
Business Domestic_Appliances education
97 12 50
Furniture New_Car Repairs
181 234 22
Retraining Television Used_car
9 280 103
Used_cCar0
12
> barplot(Purpose)
> gplot(creditRisk$Purpose,geom="bar")
>

In the RStudio plots pane it can be seen that a bar chart has been created without the need to
aggregate using a table:
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© Rstudio - X
File Edit Code View Plots Session Build Debug Profile Tools Help
Qo - X 2 H B ~ Addins ~ R Project: (None) ~
@7 Untitled1* Boston FraudRisk FDX CreditRisk - i History  C =]
Sourceonsave | Q /- FRun | ®% | #Source ~ # | | 1#import Dataset ~ & List ~
2 Boston <- read _csv("c:/Users/Richard/propbox/Jube capital Documents/Ti” (T Global Environment ~
3 FraudRisk <- read_csv("C:/Users/Richard/Dropbox/Jube Capital Document: Data ~
4  FDX <- r:ead_csv( c:/UseEs(R'lchard/[')ropbox/Jube capital Doc'uments/Traif ©Eoston 506 obs, of 14 variables
5 creditRisk <- read_csv("C:/Users/Richard/Dropbox/Jube Capital Documen - =
6 view(Boston) O BostonHousing 506 obs. of 14 variables
7 view(Fraudrisk) Ocreditrisk 1000 obs. of 21 variables
8 V1:ew(FDX)' . O FDX 2620 obs. of 6 variables
9 View(creditRisk) O Fraudrisk 1827 obs. of 27 variables
10 1library(ggplot2) values
11 gplot(BostonSDependent,Boston$PercCapitaCrimeRate) e e -
12 gplot(FDX$Interim_Buffer_Date,FDXSInterim_Close,geom="1ine")
13  Purpose <- table(creditRiskSPurpose) Fils  Plots Packages Help Viewer =
14 Purpose P zoom  Zexport - O | <% Publish ~

15 barplot(Purpose)

16 gplot(creditRisk$Purpose,geom="bar")| v
< >
16:37  (Top Level) ¢ R Script ¢
Console  Terminal -
—o 200-
~/
> Purpose A~
Business Domestic_Appliances education
97 12 50
Furniture New_car Repairs 100-
181 234 22
Retraining Television Used_car
9 280 103 .
Used_car0
12 0- = - — —

> barplot(Purpose) " ' v ' ' ' ' ' ' '
> gplot(creditRisk$Purpose,geom="bar") BuBlasmstic_AppkarstiorFurnitureNew_CarRepairRetraininfelevisiodsed_Cdsed_Car0
> CreditRiskSPurpose

Procedure 4: Quickly Creating a Histogram with gplot()
The gplot() histogram bears resemblance to the hist() function, being called almost identically:

gplot(BostonSPerCapitaCrimeRate)

@7 Untitled1* [ |Boston » || FraudRisk FDX | CreditRisk -
=] Source on Save Q FoRal = Run | ®% ¥ Source ~

B = e P N ———— - TELARAL Y R R I AR e TERAM D RO R e
3 FraudR1sk <- read csv("c /Users/R1chard/Dropbox/Jube Cap1ta1 Document
4 FDX <- read_csv("C:/Users/Richard/Dropbox/Jube capital Documents/Tran
5 creditRisk <- read_csv("cC:/Users/Richard/Dropbox/Jube Capital Documen
6 Vview(Boston)
7  view(Fraudrisk)
8 view(FDX)
9 view(creditRisk)

10 T1ibrary(ggplot2)

11 gplot(Boston$Dependent,Boston$PercCapitaCrimeRate)

12 gplot(FDX$Interim_Buffer_bDate,FDX$Interim_Close,geom="11ine")

13 Purpose <- table(CreditRiskfPurpose)

14 Purpose

15 barplot(Purpose)

16 gplot(creditRiskSPurpose,geom="bar")

17 gplot(Boston$PercCapitaCrimeRate) v
< >

17:33 (Top Level) = R Script <

Run the line of script to console:
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Console  Terminal — |

~f

> gplot(CreditRisk$Purpose,geom="bar",stat = "summary", fun.y = "mean™) ~

warning: Ignoring unknown parameters: fun.y

warning message:

‘stat 1i1s deprecated

> gplot(creditRisk$Purpose,geom="bar", fun.y = "mean")

warning: Ignoring unknown parameters: fun.y

> gplot(cCreditRisk$Purpose,geom="bar",stat = "mean")

warning message:

"stat  1s deprecated

> gplot(CreditRisk$Purpose,geom="bar")

> gplot(Boston$PercapitacrimeRate)

"stat_bin() using "bins = 30 . Pick better value with "binwidth .

> v
It can be seen that an error message has been created suggesting that the bin width is too wide,
which is clearly the case in the plot being written out with a very wide scale:
@ Rstudio - X

Ele Edt Code View Plots Session Build Debug Profie Tools Help

O - - H ~ Addins ~ & project: (None) ~
97 Untitled1* Boston FraudRisk FDX CreditRisk = History  C =]
Source on Save > # Import Dataset ~ | List ~
4 FD read_csv("cC:/Users/ & Global Environment ~
5 creditRisk <- read_csv("cC:/Users/Richard/Dropbox/Jube capital Documen pata N
Sl View(Boston) )Boston 506 obs. of 14 variables
7 Vview(FraudRisk) . .
8  View(FDX) {)BostonHousing 506 obs. of 14 variables
9 view(creditrRisk) )CreditrRisk 1000 obs. of 21 variables
10 1ibrary(ggplot2) ) FDX 2620 obs. of 6 variables
11 qp'lot(BostcnSDependent,BostonSPerCapita(;rimeRate) ) O FraudRi sk 1827 obs. of 27 variables
12 gplot(FDXSInterim_Buffer_Date,FDXSInterim_Close,geom="Tine") Vainas
13 Purpose <- table(cCreditRisk$Purpose) — ¢
14 Purpose =
15 barplot(Purpose) Files Plots Packages Help Viewer —C
16 gplot(creditRisk$Purpose,geom="bar") A Zoom  -Zexport - @ s 4% Publish ~
17 gplot(Boston$PercapitaCrimeRate)
18 | v
< >
181 (Top Level) & R Script ¢ 300-
Console  Terminal —_r
> gplot(CreditRisk$Purpose,geom="bar",stat = "summary", fun.y = "mean") ~ 200-
warning: Ignoring unknown parameters: fun.y £
warning message:
stat 1is deprecated
> gplot(CreditRiskSPurpose,geom="bar", fun.y = "mean")
warning: Ignoring unknown parameters: fun.y 100-
> gplot(creditRiskSPurpose,geom="bar",stat = "mean")
warning message:
stat 1is deprecated
> gplot(cCreditrRiskSPurpose,geom="bar") 0=
> gplot(Boston$Percapitacrimerate) A 5 . !
stat_bin() using bins = 30 . Pick better value with "binwidth . 0 25 50 75

>

Boston$PerCapitaCrimeRate

Specifying the binwidth parameter of the gplot function solves the issue of their being too many bins

by widening the size of the bins:

gplot(BostonSPerCapitaCrimeRate,binwidth=10)
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07 untitled1* Boston FraudRisk FDX CreditRisk
Source on Save Q A~ = Run | v

R - B e T I A=

CreditRisk <- read_csv("C:/Users/Richard/Dropbox/Jube capital

5
6 Vview(Boston)

7 view(Fraudrisk)

8 Vview(FDX)

9 view(CreditRisk)

10 Tibrary(ggplot2)

11 gplot(Boston$Dependent,Boston$PercapitacCrimerate)

12 gplot(FDX$Interim_Buffer_Date,FDX$Interim_Close,geom="11ine")
13 Purpose <- table(CreditRiskS$Purpose)

14 Purpose

15 barplot(Purpose)

16 gplot(creditRisk$Purpose,geom="bar")

17 gplot(Boston$PercCapitaCrimeRate)

18 gplot(Boston$PercCapitaCrimeRate,binwidth=10)

<
18:45 (Top Level) =

Run the line of script to console:

Console  Terminal

97 12 50

Furniture New_car Repairs

181 234 22

Retraining Television Used_car

9 280 103
Used_car0
12

> barplot(Purpose)

> gplot(creditRisk$Purpose,geom="bar")

> gplot(Boston$PercapitaCrimeRate)

"stat_bin() using 'bins = 30 . Pick better value with "binwidth .
> gplot(Boston$PercCapitaCrimeRate,binwidth=10)

>

D T I S L IR S P

Documen-

=0

-

~

>
R Script =

=]

It can be seen that a histogram has been plotted in RStudio, with fewer bars owing to the distances

for the bars being wider:
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RStudio

JUBE

File Edit Code View Plots Session Build Debug Profile Tools Help
O -l - [} ~ Addins ~
O Untitled1* Boston FraudRisk FDX CreditRisk - History  C¢
Source on Save S FRun | o9 Source ~ @ [ 7 import Dataset ~
e St D SN 2 R v fitote - N
5 creditRisk <- read_csv(" Users/Richard/Dropbox/Jube capital Documen:” (T Global Environment ~
6 vjew(Boston)‘ pata
; a:xéigigdmsk) OBoston 506 obs.
9 view(creditrisk) O BostonHousing 506 obs.
10 1library(ggplot2) O creditRisk 1000 obs.
11 gplot(BostonSDependent,Boston$PercapitacrimeRate) O FDX 2620 obs.
12 qp'lot(FDXSInterim_Buffer__Date,FDXSInter'im_C]ose,geom:"'l'ine") © Fraudrisk 1827 obs.
13 Purpose <- table(cCreditRisk$Purpose) Values
14 Purpose -
15 barplot(Purpose)
16 gplot(creditRisk$Purpose,geom="bar") Fils Plots Packages Help Viewer
17 gplot(Boston$PercapitacCrimeRate) A zoom  -ZExport + O
18 gplot(BostonS$PercapitacCrimeRate,binwidth=10)
19 . 400-
< >
191 (Top Level) * R Script &
Console  Terminal —m) 300-
7
97 12 50 ~
Furniture New_car Repairs |
181 234 22 200
Retraining Television Used_car
9 280 103
used_ca;g 100-
> barplot(Purpose)
> gplot(CreditRisk$SPurpose,geom="bar")
> gplot(Boston$PercapitacrimeRate) 0-
“stat_bin()  using 'bins = 30 . Pick better value with "binwidth’ / |
> gplot(BostonSPercapitaCrimeRate,binwidth=10) 0 25
>
v

of 14 variables
of 14 variables
of 21 variables
of 6 variables
of 27 variables

’

&

EIU

Boston$PerCapitaCrimeRate

R Project: (None) ~

“5- Publish ~

Module 8: Linear Regression.

Linear Regression is a modelling technique that can be used for numeric prediction where the values
are fairly normal in distribution.

The dataset that is used in this module is available under
Bundle\Data\Equity\Abstracted\FDX\PC_FDX_Close_200x1D_Close_50x1D_10.csv which contains
data that has already been abstracted for the FedEx stock on the NYSE.

To proceed with the subsequent procedures, it is necessary to import the file
PC_FDX_Close_200x1D_Close_50x1D_10.csv into R as per procedure 19:

Import Text Data

File/Urt:

Data Preview:

Dependent  Median_t  Median_i_PearsonCorrelation

double) (double) (double)

0140473450 016205706 03020798
0143933054 0.16459125 03037085
0158474576 0.17507755 0.3037085
0165509136 018215581 03161392
0186657975 019450400 03287764
0172162741 0.18208280 03357610
0130229960 0.15736864 0.3409807
0132182104 016210119 0.3400807
0125325826 0.15753876 03521521
0135646688 0.16465370 03560413
0136788000 0.16204457 03579750
0110017478 014132301 03578565
0106444307 0.14357505 0.3578565
0086291812 0.14014734 03621644
0086809123 0.13038376 03683270
0073054740 0.12415810 03802004
0064224787 011551946 03807230

Previewing first 50 entries.

Import Options:

Name: | PC_AAPL Close 200110_C

Skip: 0

¥First Row a5 Names
) Trim Spaces

)Open Data Viewer

Median_1_2Score
double)

05767497 0.

06301881
07340403
08715118
10395882
00465005
07161510
07687424
07861991

09017674
08085750
06778819
07046197
07181872

07394250 0.

05795850
04992205

Delimiter: [Comma v

Quotes: it

L/PC_AAPL_Close 200x1D_Close 50:4D_10.csv

Mode_t
(doubie)

13441054
013702834
-0.14786062
08517241
0.16916411
0.15688752
0.13251489
013747969
-0.13423001
014154179
-0.13946561
0.11942589
012312602
012023831
12132184
010787146
0.10046940

Mode_1_PearsonCorrelation
(double;

02830114
02832017
02832017
02071774
03112190
03185511
03237662
03237662
03354368
03400043
03437535
03453307
03453307
03526838
03004788
03725118
03820066

Mode_1_ZScore
(double)

4.074224¢-:01
4.751600e-01
5.917734e:01
7751251801
1.004596e+00
0.253356¢-01
6.849134e:01
7.480403¢-01
8278773001
9.909531€-01
1.017543e400
7.711228-01
5.260102e:01
8.836539€-01
0.618283¢.01
8036117601
7.380488e-01

Code Preview:

Nibrary(readr

Escape: one -
-] Comment: [Default -
Na: Defaut =)

TrimmedMean_1
(double;

016507762
016734168
017737949
018405245
019677375
018302232
015016552
016375341
015983882
016661474
016404805
014344002
014637218
014234087
014203113

012607774

PC_AAPL_Close_200x10_C lose_50x10_10
Tose_200x10_C1ose_50x10_10.
Vien(PC_aaPL_Close_200x10_C

TrimmedMean_1_PearsonCorrelation
(double)
03264503
03268541
03268541
03384669
03508524
03572424
03621045
03621045
03727190
03763841
03762806
03783457
03783457
03829271
03889663
04000109
04000712

csv™)
Tose_50x10_10)

TrimmedMean_1_ZScore
(double)

0.6320795
0.6824781
0.7833007
09213894
1.0981081
10011276
0.7686380
08196183
08510333
0.9678950
0.0682670
07452018
0.7809686
0.7909460
08197363
0.6584285
0.5685602

- read_csv("D:/Users/Trainer /Desktop/Bundle/bata,

Max_1
(double)

0.2176715

-0.2200375

02208279

0.2364363
-0.2490822
0.2370865

-0.2159582

0.2204455

-0.2175084
0.2241168
-0.2222404
0.2041283

-0.2074733

0.2048625

-0.2058416
-0.1936852
-0.1869952

Browse...

Max_1_PearsonCorrelation

(double;

N

03763200 *
03758444
03758444,
0.3861333%
03977483
04034791
0.4074743
0.4074743
0.4171660
04212062
0.4241361
04257662
0.4257662
0.4327533
0.4301780
04494508
0.4583305

X

=0
List ~

~

v

=[]

10C

Equity/Abstracted/AAPL/PC_AAPL_C

" import

Cancel

For completeness the library(readr) and Load_CSV() function text will be copied to the curret script
to ensure that the script remains portable:
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@7 Untitled1* » @7 Untitled2* %  #7 Untitled4* 27 Untitled5* =

]| [ [F]source onsave | Q A

Tibrary(readr)

@7 Untitled3* %
=

B Untitledg* =

LT ST,

31 (Top Level) =

B Untitled7* »

3 Untitledg* » =0

=% Run | 4%

Source -

FDX <- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/Equity/Abstracted/FDX/PC_FDX_Close_200x1D_Close_50x1D_10.csv")

R Script =

For ease and simplicity the name of the data set has been changed to FDX from the default of

PC_FDX_Close_200x1D_Close_50x1D_10.csv:

Import Options: Code Preview:
Tibrary(readr
Name: | FDX V|First Row as Names Delimiter: | Cor Escape: e > PC_FDX_Close_200x1D_¢ (105& SOXIDJO read_csv("D:
- ©_200x10_Close_50x10_10.c
S 0 B Tren Spaces Quotes: Comment: [Default___~ View(pe_FOX_C155e. 20015 T03e_50x10_10)

10pen Data Vi
pen Data Viewer = 2

Locale: ([ Confire... | NA

a

Users/Trainer /Desktop/sundle/Data/Equity/Abstracted/FDx/PC_FDX_Clos

Executing the load, the contents of the csv file will automatically be exposed on invoking the view()

function in the console:

[0 Rswdic Tole =
Fle Edt Code View Plots Session Buld Debug Profile Tools Help
Q- - (=} A  + Addins - £ Project (None) ~
O Untitledi® x 0] Untited2* 0 Untitedd® ) Untitlec3* x| ) Untiteds* » 0] Unttieds* » ) Unttied7* = 0] Untitled8 x| FDX 1| Enviconment  History =0
Fitter 2 3 _mporDataset - uist +
Dependent © Median_i  Median_1_earsonCorrelation Median_1_25coré Mode_i ~ Mode_i Mode_1_25core 1 Trimw @ -
1 00961388456 0.012326056 07389112653 8944751601 0020098936 073876171 126888003 0003906503  +| Data
2 01110150441 0023546063 07425470424 7992446601 0014368776 073708729 113326476 0015435667 oFox 2150 obs. of 202 variables &
3 01222547584 0032453316 07425479424 -7.233008e01 0024285714 073798720 077475954 -0.024002633
4 01288993023 0043559689 07470234464 6305349601 0036311688 073827554 064152578 0036282737
5 01300542607 0052396083 07506708203 '5.570174¢01 0051103890 073784455 051955188 0047545592
6 01051336248 0022272727 07564539127 8121203601 0022272727 073747365 076953381 0016907568
7 00538952836 0028699873 07601876048 12415846400 0025259740 073737217 123043077 0032361134
5 00574404191 0022072749 07601876048 1.185800¢400 0016208701 073737217 asa32 00245259085
9 00112220338 0073498118 07706802392 1.618529¢400 0064610390 074142193 e1713288 007517121
10 0.0010944245 0076987076 07744128174 1.665286e400 0067987013 074202033 165279451 0079667047
11 00089368250 0065716444 07776564037 1.553593¢400 0053571420 074285753 151636313 0066333580
12 00113053685 0.066091481 07800466841 1.557004¢+00 0051103896 074342050 149445382 0065784969 7806 | e ] Packapes | etp | Wewer -0
13 00203557560 0053617976 07800466841 14518800400 0036753247 074342050 135500465 0052721806 B ttas | @ pdaie
13 00004381847 0054211898 07835263040 1.457793e400 0037337662 074409179 136390837 0054430699 Wame Descipion Version
15 00011210847 0058699310 07861575413 14062340400 0041753247 074567844 140812454 0050926474 User Library
16 00049107975 0061883230 07895124591 1.524082¢400 0044610390 074817802 143741696 0064508175 asserthat ondp 5
1700149290110 0084343718 07902437165 17157586400 0065649351 074756015 164678927 0088174408 - B Heades Files
< o colorspace
Showing 1t 18 of 2,150 entries a
-0 o8t
K TS 4 COIIUOTALIVE PrOJECL WILIH Wally CONLE I0ULOrS. = s
Type contributars() fof more information and
‘citation()’ on how to cite R or R packages in publications. digest
Type ‘demo()’ for some demos, 'help()' for on-line help, or L]
‘help.start()’ for an HTML browser interface to help. 9gplot Graphics
Type 'q0)" To quit R. gtable
> Tibrary(readr) e
> FOX <- read_csv("D:/Users/Trainer /Desktop/Bund]e/Data/cquity/abstracted,/FOX/PC_FDX_Close_200x10_Close_S0X10_10. csv") labeling

Parsed with column specification:
e lazyeval
.default = col_double()

magite

See spec(...) for full (o!umn specifications. t o

warning: 2 parsing failu munsell

“erpected Por

2150 cusrere> dependent a double . (2149 row(s) affected)

2150 w 202 columns 1 columns 3 Cla
RColorBrewer Col

> view(FOX)

>|

Repp

mbining Data

Bl [cletm os[e

Procedure 1: Scanning Scatter Plots for Relationships.

R has a function called pairs() which is incredibly useful for visualizing the relationships existing
between variables inside a data frame on a fairly exhaustive basis. It is possible to simply pass the
data frame as an argument to the pairs function for an exhaustive visualization to be produced:

pairs(FDX)
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3] Untitled1* 37 Untitled2* 37 Untitleda* 37 Untitled3* 37 Untitleds* 37 Untitleds* 37 Untitled7* @] Untitleds*

a1 | | [lsourceonsave = Q 4« 11| - ~#Run | 4% | % Source ~
1 pairs(FDX)
2

21 | (Top Level) * R Script

Run the line of script to console:

Console
CILALIUNUS  Of NowW L0 CILE K O K pPdikdyes 11 puoiicdiions,

Type "demo()’ for some demos, "help()’ for on-line help, or
"help.start ()" for an HTML browser interface to help.
Type 'q()’ to guit R.

= library(readr)
> FDX <- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/Equity/Abstracted/FDX/PC_FDX_Close_200x1D_Close_50x1D_10.csv")
Parsed with column specification:
cols(
.default = col_double()

see spec(...) for full column specifications.
warning: 2 parsing failures.

row col expected actual L
2150 <U+FEFF=Dependent a double (2149 row(s) affected) 3
2150 NA 202 columns 1 columns

= View(FDX)

= pairs(FDx)

error in plot.new() : figure margins too large
> |

In this example, the data frame is far too large, having hundreds of columns, which would create a
visualization that is many times larger than the RStudio plots pane. It follows that more selectivity in
the vectors to be used in the visualization need be mustered, a simple matter of subscripting the
data frame using square brackets as an argument to the Pairs function:

pairs[c("Dependent"," Median_1"," Median_1_PearsonCorrelation"," Median_1 ZScore ",
Mode_1"," Mode_1_PearsonCorrelation","Mode_1 ZScore")]
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@7 Untitled1* @7 Untitled2* 27 Untitledd* 27 Untitled3* 27 Untitled5* 37 Untitled&* 3 Untitled7* 13 Untitleds*
Al = sourceonSave | O 7 - g - =% Run | [®% | _# Source ~
1 pairs(FDx)
2 pairs(Fpx[c("Dependent”, "Median_1", "Median_2", "Median_3","Median_4")])
3
31 Top Level) R Script

Run the line of script to console to produce a matrix of scatter plots:

Files Plots Packages Help Viewer

&2 & Zoom | EEport - | Q] F “&. Publish ~

Dependent S
4 - =
Median_2 Fe
o .
2 Median_3
. - .
; Median_4 °
B g -z
T T T T T T I T T T T T T T T T T T
-0.4 00 02 04 08 -0.8 -0.2 0z 0.8 -0.4 00 0.2 04

In this example, the relationship between the dependent variable and the independent variables is
most interesting, at a moment's glance it can be seen that several extreme relationships exist.

This process would be repeated, including the dependent variable, for several other groups of
independent variables until such time as a familiarity of relationships has been amassed and a good
feel for how independent variables relate to the dependent variable has been obtained. This
process can help identify independent variables that correlate well with the dependent variable,
carrying these variables forward for the purposes of modeling.
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Procedure 2: Creating a Scatter Plot for Closer Inspection with ggplot2.

The scatter plot matrix created in procedure is an extremely useful and informative tool, if lacking
beauty. A package that cannot escape mention for the creation of graphics in R is ggplot2, which is a
powerful and flexible graphics package for creating charts and visualisations every bit as beautiful as
that which could be found in Excel.

Start by installing the ggplot package using RStudio and as described in procedure 9:
Install Packages

Install from: ? Configuring Repositories
| Repesitory (CRAN, CRAMextra) | |

Packages (separate multiple with space or comma):

Install to Library:
[D:,"Users,"'l'rainerf[}ocumentsfﬂfwin-libraryﬁ& [Default] b ]

[V[Install dependencies

| Install | Cancel

Clicking install to download and install the package:

Console

0
v O

= View(FDX)

> pairs(FDx)

Error in plot.new() : figure margins too large

> pairs(Fox[c("Dependent”, "mMedian_1", "median_2", "mMedian_3", "Median_4")]1)
> library("ggplot2", 1ib.loc="~/R/win-library/3.3")

> remove.packages("ggplot2”, 1ib="~/R/win-1ibrary/3.3")

Restarting R session...

> install.packages("ggplot2")

Installing package into ‘D:/Users/Trainer/Documents/R/win-Tibrary/3.3’

(as ‘1ib* 1s unspecified)

trying URL "https://cran.rstudio.com/bin/windows/contrib/3.3/ggplot2_2.2.1.zip’ =
content type 'application/zip' length 2760139 bytes (2.6 MB)

downloaded 2.6 MB

n

package ‘ggplot2’ successfully unpacked and MD5 sums checked

The downloaded binary packages are in
D:\Users'\Trainer‘AppData‘Local’Temp 1 \RtmpgTsw7D'downloaded_packages
= |

Once the packages has been downloaded and installed, reference the package using the library()
function and its name ggplot2:

library(ggplot2)
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27 Untitled* 37 Untitled2* ] Untitled4* B Untitled3* 137 Untitleds*

&1 [ [sourceonsave | & A - il| -
pairs(FDX)
pairs(Fpx[c("Dependent”, "Median_1"," o
Tibrary(ggplot2)
|

o R

4:1 (Top Level) =

Run the line of script to console:

Console

LUPYT gL (L) ZULD ITE K FOUNUAL TOTT 107 SLAL IS LIl COmpuLing

Platform: x86_64-w64-mingw32/x64 (64-bit)

R is free software and comes with ABSOLUTELY NO WARRANTY.

You are welcome to redistribute it under certain conditions.

Type 'license()' or 'licence()’ for distribution details.

R is a collaborative project with many contributors.
Type 'contributors()’ for more information and

‘citation()" on how to cite R or R packages in publications.

Type ‘demo()’ for some demos, "help()’ for on-line help, or
"help.start()" for an HTML browser interface to help.
Type 'q(0° to quit R.

> pairs(FDX)
Error in pairs(FDx) : object 'FDX' not found

] Untitleds

,"Median_2", " "Median_3", "Median_4")])

> pairs(FOX[c("Dpependent”, "Median_1", "Median_2", "Median_3", "Median_4")1)
Error in pairs(FDxX[c("Dependent”, "Median_1", "Median_2", "Median_3", :

object "FDX' not found
= 1ibrary(ggplot2)
=

27 Untitled7*

@] Untitleda*

=% Run

o

_Source ~| =

R Script =

w0

m

In this example a scatter plot will be created with the Dependent Vector on the y Axis and the
Median_4 on the x axis, and initially using just the built in function plot():

plot(FDX$SMedian_4,FDXSDependent)
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O do [ESS iR =]
File |Edit| Code View Plots Sesson Buld Debug Profile Tools Help
QU-2- 03 - | Addins K Project (None) ~
©]Untitled1® x | ©Untitied2® x 07 Untitiedd® x O Untitled3* x O] Untitieds® x @] Untitieds* x  ©] Untitied?* x | 0] Unttiedd* 1| Envionment | History =0
41 | [sourceonsave | Q /- - SRun 5 | Source 2 [ _importDataset + | st~
1 Tlibrary(readr % Glabal Environment +
2 FOX <- read_csv("D:/users/Trainer /Desktop/sundle/Data/equity/Abstracted/Fox/PC_FOX_Close_200x10_Close_SOX10_10. csv”
3 pairs(FOX) o
4 pairs(FoX[c("Dependent”,"Median 1", "Median_2","wedian_3", "Median_4")] OF0x 2150 obs. of 202 variables
5 Tlibrary(ggplot2)
6 Iplo(‘Foxswedim‘ﬂ.rax:oependenl
s

71 (lop Leven

Console.
2150 Uepenuent 4 GoUD ! (218 TON(S) arTecten)
A

2150 N 202 columns 1 columns

> view(FoX)
> library(readr)
DX <- read_csv("D:/Users/Trainer /Desktop/sundle/bata/Equity/Abstracted/FDX/PC_FOX_Close_200x10_C10se_50X10_10. csv™)
Parsed with column specification:
cols(
.default = col_double()

See spec(...) for full column specifications.

warning: 2 parsing failures

ror 2 expected actual

2150 Dependent a double (2149 row(s) affected)
0 202 columns 1 columns

> pairs(Fox)

Error in plot.new() : figure margins too large

> Tibrary(ggplot2)

Files Plots  Packages Help Viewer

2 200m | Bewot+ O % Publish -

R Saipt

FDX$Dependent

> pairs(FOx[c("Dependent”, "Median_1","Median_2", "Median_3","Median_4")]) 04 02 0.0 02 04
> plot(FDOx$Median_4,FOXSDependent) FDX$Med|an_4
= /& 3 Ui R e 0g gy IPM
Bl ElemmmiES[e] o

The signature of the plot() function is effortless and it is a fantastic extensions to perform quick and
exploratory data analysis, although it may not be visually impressive enough for the purposes of
presentations. gplot() is a function in the ggplot2 package and achieves much the same, just visually

more striking:
gplot(FDX$SMedian_4,FDXS$Dependent)

27 Untitled1* % 2] Untitled2*
41 | [ [[]source on save

® ] Untitled4* »

Q /-

0 Untitleds* %
=

@7 Untitled5* %

O

B Untitled6* % @] Untitled7* % 37 Untitled8* =

=% Run | 5% | | = Source * =

1 ldibrary(readr)

2 FDX <- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/Equity/Abstracted/FDX/PC_FDX_Close_200x1D_Close_50x1D_10.csv")
3 pairs(FDx)

4 pairs(FDX[c("Dependent"”, "Median_1", "Median_2", "Median_3", "Median_4")]1)

5 Tldibrary(ggplot2)

6 plot(FDXiMedian_4,FDX3Dependent)

7 gplot(FDx$Median_4,FDX{Dependent)

8

81 (Top Level) =

Run the line of script to console:
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07 Uniitied1* x 0 Unt 7 Unéitled3* x | 0] Unttieds* x | ©Untileds x 2 Untiled?* x | 8 Untiteds: 7| Envionment | History

Run | &% [ Source 2 B Plmpot Dotaset +

) Global Enviranment -
pata
Fox 2150 obs. of 202 variables

bstracted/Fox/pC_rox_close_200x10_c10se_50x1D_10. C5v
pairs (FOX
pairs (Fox[c("Dependent” , “uedian_1", “edi
Tibrary(ggplota

p1ot (FOXSMedian_4 , FOXSDependent

QPTot (FoXSMedian_, FOX5Dependent

1
z
3
5
6
8

Fles Plots Packages Help Viewer =
£ z00m  Heper- @ & Publish ~

R Script

Users/Trainer /Desktop/sundle/pata/equity/abstracted,/Fox /PC_FOX_Close_200x10_close_50x10_10. csv")
ations

FDX$Dependent

2150 ma

> pairs(Fox)
Error in plot.new() : Figure margins
> pairs(rox[c("ependent”, "vedian_1",
> Tibrary(ggplot2)

> plot(FOXSHedian_s,FoXsependent) C
> gplot (FoxSmedian_4 ,FoxSpependent) =

oo large
"median_2","median_3", "median_4¢")])

FDXSMedian_4

The package ggplot2 provides a plethora of functions that will create rich and visually impressive
graphics, from the being able to manipulate colours to correctly titling a plot with the intention of
creating graphics fit for publishing.

The ggplot functionality will be steadily introduced in subsequent procedures although creating
visually striking charts for publication is outside the scope of this course.

Procedure 3: Create a Correlation Matrix using Spearman and Pearson.

Correlation is a measure of relationship and direction of that relationship. It is a single value that
ranges from -1 to +1, which would signal the direction and strength of a relationship. Both -1 and +1
are, in their extremes, equally interesting. A correlation matrix takes all the variables together and
produces the correlation value, the strength of their relationship in one director of another,
between each variable.

The matrix will be the foundation for many of the techniques used in the following procedures. In R
the cor() function is used to produce correlation matrices upon data frames. To create a Pearson

correlation matrix:

Pearson = cor(FDX,use="complete",method="pearson")

@] Untitled1® @] Untitled2* 7] Untitled4® 3] Untitled3* 3] Untitleds® 3] Untitleds® @] Untitled7= 137 Untitleds*
4] | [CSourceonsSave | G # »| i - ~%Run | [9% | | % Source ~
1 Tlibrary(readr)
2 FDX <- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/Equity/Abstracted/FDX/PC_FDX_Close_200x1D_Close_50x1D_10.csv™)
3 pairs(FDpx)
4  pairs(FDX[c("Dependent”, "Median_1","Median_2", "Median_3", "Median_4")1)
5 Tibrary(ggplot2)
6 plot(FDX$Median_4,FDX{Dependent)
7 gplot(FDx$Median_4,FDX{Dependent)
8 Pearson = cor(FDX,use="complete",method="pearson")
9 |

9:1 (Top Level) R Script
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It can be seen that the cor() function takes the FDX data frame as its source. The method argument
specifies which type of correlation calculation to perform, an alternative would be "spearman".

Lastly "use" argument tells the cor() function how to deal with missing or bad data, whereby the
default is to throw an error, hence it is a good idea to specify "complete" when working with very
large datasets else it is likely the entire matrix would be returned as "NA".

Run the line of script to console:

Console —
Forlgrdrywredur )
> FDX <- read_csv("D:/Users/Trainer /Desktop/Bundle/Data/Equity/Abstracted/FDX/PC_FDX_Close_200x1D_Close_50x1D_10.csv")
Parsed with column specification:
cols(
.default = col_double()

see spec(...) for full column specifications.
warning: 2 parsing failures.

row col expected actual
2150 Dependent a double (2149 row(s) affected)
2150 NA 202 columns 1 columns

> pairs(FDX)

Error in plot.new() : figure margins too large

> pairs(FDX[c("Dependent”, "Median_1", "Median_2", "Median_3", "Median_4")1)
> library({ggplot2)

> plot(FDx$Median_4,FDX$Dependent)

> gplot(FDx$Median_4,FDx$Dependent)

warning message:

removed 1 rows containing missing values (geom_point).

> Pearson = cor (FOX,use="complete",method="pearson")

-

m

It can be seen that a matrix by the name of Pearson has been created and is available in the
environment pane:

O] Untitled1* | ©]Untitled2" x 0] Untitiedd® x @] Untitied3* x @] Untitleds* x 0] Untitled® @] Untitiea?” 0 Untitieas® -

& Fsour 8 Z - - #Run | 5% 5 Source ~
Tibrary (readr

FOX <~ read_csv("D:
pairs (FOX
pairs (Fox(c("oepe:
Tibrary(ggplot2
plot (FOXsMedian_4,Foxspependent
qplot (Foxsmedian_d ,FOXsDependent

Pearson - cor (FOX,use-"complete”, method-"pearson

Desktop/Bundle/Data/Equity/Abstracted/FOX/PC_FDX_Close_200x10_Close_50x1D_10. csv

2150 obs. of 202 variables
num [1:202, 1:202] 1 -0.0856 0.1711 -0.0431 -0.134 ...

,"Median_2", "Median_3", "Median_4

i
3
s
6
8
9

% publish -

0: /Users/Trainer /Desktop/Bundle/bata/Equity/Abstracted/FOX/PC_FDX_Close_200x10_Close_50x10_10. csv")
specification:

FDX$Dependent

"Median_3","Median_4")])

Remove ng missing values (geom_point)
> pearson = cor (FOX,use="complete",method="pearson")

FDXSMedian_4

Clicking on the entry in the environment pane would expand a view panel and display a more
visually satisfying correlation matrix:
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3] Untitled1® @] Untitled2® 7] Untitleda® 3] Untitled3® 3] Untitleds® @] Untitleds® 3] Untitled7* @] Untitleds® | Pearson
g1 | % Filter
Dependent Median_1 Median_1_PearsonCorrelation | Median_1_Z5core Mode_1 Mode_1_PearsonCorrelation | M
Dependent 1.0000000000 -8.563735e-02 01711411470 -4.308808e-02 -0.1340054012 0.155470769
Median_1 -0.0856373506 1.000000e+00 -0.1182918368 2.063152e-02 | 0.9415071312 -0.065108953 E_
Median_1_PearsonCorrelation  0.1711411470  -1.182918e-01 1.0000000000 2.254608e-02 | -0.1494335326 0.878303732
Median_1_ZScore -0.0430880752 2.063152e-02 -0.0225400823 1.000000e+00 0.0159639225 -0.009387748
Mode 1 -0.1340054012 9.415071e-01 -0.1494335326 1.506392e-02 1.0000000000 -0.094835748
Mode_1_PearsonCorrelation 0.1554707689 -6.510895e-02 0.8783037318 -0.387708e-03 | -0.0048357478 1.000000000
Mode_1_ZScore 0.0201528660 -2.413032e-02 0.0379330075 1.4183804e-02 -0.027809104G 0.03304007%
TrimmedMean_1 -0.0888804148 9.986275e-01 -0.1188407685 2.060127e-02 0.9471818945 -0.066819086
TrimmedMean_1_PearsonCorrelation | 0.1739300760 | -1.274799e-01 0.0989262327 -2.171254e-02 | -0.1575204097 0.886203021
TrimmedMean_1_ZScore | -0.0238565230 | -1.588355e-02 0.0160883758 7.884733e-01 -0.0218620199 0.040640650
Max_1 -0.11838478%4 9.705912=-01 -0.1352572182 2.410055e-02  0.9333071100 -0.068072656
Max_1_PearsonCorrelation  0.1555681936 -2.033865e-01 0.0663965465 -2.086773e-02 | -0.2120056141 0.794340006
Max_1_ZScore -0.0085521756 2.029517e-02 -0.0185578724 -5.598143e-04 00701009912 -0.025706941
Min_1 -0.0595280334 9.511912e-01 0.0713506805 1.420602e-02 0.8920654051 0.045307249
Min_1_PearsonCorrelation 0.1703761462 -0.285784e-02 0.0636764508 -1.624010e-02  -0.1340970115 0.916256991
Min_1_ZScore 0.0087812411  -56.171868e-02 0.0268739540 3.086394e-03 -0.0402187278 0.030063594
Range_1 -0.0889318501 1.855552e-01 0.0865753128 1.435901e-02 0.1607734302 0.030600757 -

‘ 1 +

Showing 1 to 18 of 202 entries

As the Pearson correlation is a matrix object, it can be interacted with via subscripting. While the
correlation matrix is extremely useful for identifying collinearity, at this stage the main point of
interest is the relationships to the dependent variable only.

To return just the Dependent column:
PearsonDependent <- Pearson[,"Dependent",drop="false"]

27 Untitled1* 27 Untitled2* 27 Untitledd* 27 Untitled3* 27 Untitleds* 27 Untitled&* 27 Untitled7* @ 7 Untitleda*

1 | |3 Elsourceonsave | Q # - &1 | - =% Run | 5% | #source ~| =
1 Tibrary(readr)
2 FDX =- read_csv("D:/uUsers/Trainer/Desktop/Bundle/Data/Equity/aAbstracted,/FDX/PC_FDX_Close_200x1D_Close_50x1D_10.csv")
3 pairs(FDx)
4  pairs(Fox[c("Dependent”,"Median_1", "Median_2", "Median_3", "Median_4")1)
5 Tldibrary(ggplot2)
6 plot(FpxiMedian_4,FDxSDependent)
7 qgplot(Fpximedian_4,FDxfDependent)
& Pearson = cor (FDX,use="complete”,method="pearson™)
9 PearsonDependent <- Pearson[,"Dependent”,drop="false"]|
9:55 (Top Level] R Script

In this example the matrix is being subset to bring back all rows by leaving the first argument blank,
while specifying only the "Dependent" column. By default subsetting will return the simplest
structure and it cannot be assumed that it will be the same structure as the oroginal matrix, hence
the drop="false" argument is used to ensure that the structure is the same (this is to say a matrix of
rows and colums).

Run the line of script to console:
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@7 untitledl* ® 7 Untitled2* % | @] Untitled4* x = @] Untitled3* x| @] Untitled5* % = @] Untitleds* x | @7 Untitled7* = @ Untitleds* % =0
a1 | & [Elsourceonsave | Q #° -| & - =% Run | [®% || % Source -

1 Tibrary(readr)
2 FDX =- read_csv("D:/Users/Trainer /Desktop/Bundle/Data/Equity/Abstracted/FDX/PC_FDX_Close_200x1D_Close_50x1D_10.csv")
3 pairs(FDx)
4  pairs(Fox[c("pependent”,"Median_1", "Median_2", "Median_3", "Median_4")])
5 Tlibrary(ggplot2)
6 plot(FpxsiMmedian_4,FDXSDependent)
7 gplot(FDx3Median_4,FDxiDependent)
& Pearson = cor (FDX,use="complete”,method="pearson")
9 PearsonDependent <- Pearson[,"Dependent”,drop="false"]

10

10:1 (Top Level) = R Script =

It can be seen that a new matrix has been created in the environment pane:
[T

O mtudo

File Edit Code View Plots Session Build Debug Profie Tools Help

& project: onel +

Q- BB S (s il v Addins +
@Junttiedn® x  2untmedz x 2] Untmieas® x | ©untiieds® x | ©1untmieastx | Olunutiecs® % ©1unotiear x | @] Untrieas [ Evionment History =)
Sourceonsave  Q / ~ . ARun | 58 [ HSource v| = T [ pimport Dstaset « it -
1 Tibrary(readr " % Glovai Environment =
2 FOx <- read_csv("0:/users/Trainer/Desktop/sundle/Data/Equity/AbSTracted/FDx/PC_FDX_C105€ 200x1D_CTose.50X1D_10, csv")
3 pairs(eox pata
4 pairs(FDX[c("Dependent”, "Median 1", "Media Median_3", "Median_4")] orox 2150 obs. of 202 variables @
R ey s pearson num [1:202, 1:202] 1 -0.0856 0.1711 -0.0431 -0.134 ... ]
1 o1t (FOxMadlan 4. FoxsDapandent pearsonbependent fnum [1:202, 1] 1 -0.0856 0.1711 -0.0431 -0.134 ... 1
8 Pearson - cor(FDX,use-"conplete” ,method-"pearson”
9 PearsonDependent - Pearson(,"Dependent”,drop-"false"]
10
Fies  Plots Pacages  Melp  Viewer =
o & 20om Hewor- Q) F 4 Publish ~
050~ P
101 flop Leved = A scipt = K
Console =0
S FUX <= 1RAU_CSV U5/ USErS) 11 AT DRSKCOp) BUNU 18] AL/ S Ty AU U 4007 FUR/ PC_FUR_C 1USE_£UUXLU_C TUSE_3URKU_LU- LSV
Parsed with colunn specification: 2
cols 3
default = col_double() g
for full column specifications. -]
sing failu €
col  expected 8 oo
0 Dependent a double =
2 colunns 1 columns
> pairs(Fox)
Error in plot.new() : Figure margins too Targe
> pairs(FOX[c("Dependent”, "Wedian_1", “Median_2", "Median_3", "Median_4")1) 025
> Tibrary(ggplot2) &
> plot (FOX3Median_s , FDXSDependent)
DXSDependent) =
missing values (geom_|
> Pearson = cor (FOX, " method="pearson") 0
Pearsonl, "Dependent ", drop="false"] 50

> Pearsonbependent <
> |

BE [ zelm meElE]

Clicki
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7 Untitled® 27 Untitled2* @7 Untitledd* @7 Untitled3* @7 Untitleds* B Untitleds® 7 Untitled7* 87 Untitleds* | PearsonDependent =
&l | v Filter
Dependent
Dependent  1.0000000000

m | »

Median_1 | -0.0856373506

Median_1_PearsonCorrelation | 0.1711411470
Median_1_ZScore  -0.0430880752

Mode_1  -0.1340054012
Mode_1_PearsonCorrelation = 0.1554707689
Mode_1_ZScore 0.0201528669
TrimmedMean_1 -0.0888804148
TrimmedMean_1_PearsonCorrelation | 0.1739399769
TrimmedMean_1_ZScore -0.0238565238
Max_1 | -0.1183847854
Max_1_PearsonCorrelation  0.1555681036
Max_1_ZScore -0.0085521756

Min_1 -0.0595280334
Min_1_PearsonCorrelation  0.1783761462
Min_1_ZScore 0.0087812411

Range_1 -0.0889318501

Ranae 1 PearsonCorrelation | -0 1400500440
Showing 1 to 18 of 202 entries

It can be seen that only the first column has been returned making the matrix less foreboding to
work with in subsequent procedures.

Procedure 4: Ranking Correlation by Absolute Strength.

In procedure 86 a correlation matrix was created and the first column was transposed into a matrix
by the name PearsonCorrelation. The PearsonCorrelation matrix has the strength of relationship
between each of the independent variables and the dependent variables.

The first task is to order the variables by their strength of their ABSOLUTE correlation, as both -1 and
+1 are equally interesting extremes. The abs() function in R makes this transformation effortless:

PearsonDependentAbs <- abs(PearsonDependent)

@7 Untitled1* @7 Untitled2* 27 Untitledd* @7 Untitled3* @7 Untitleds* 27 Untitleds* @7 Untitled7* 7] Untitleda* -
i1 | |3 [Flsourceonsave | Q #° -| &1 - ~#Run %% | Source v =
1 Tibrary(readr)
2 FDX <- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/Equity/abstracted,/FDx/PC_FDxX_Close_200x1D_Close_50x1D_10.csv'")
3 pairs(FDx)
4 pairs(FpX[c("Dependent”,"Median_1", "Median_2", "Median_3", "Median_4")1)
5 Tlibrary(ggplot2)
6 plot(FDX$Median_4,FDX5Dependent)
7 gplot(FoxiMedian_4 ,FDXSDependent)
8 Pearson = cor (FDX,use="complete",method="pearson")
9 PearsonDependent <- Pearson[,'Dependent”,drop="false"]
10 PearsonDependentabs <- abs(PearsonDependent)
11
10:45 (Top Level) 5 R Script =

Run the line of script to console:
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Console =
SUgrdulL = Lol_uoup ey o
)]
see spec(...) for full column specifications.
warning: 2 parsing failures.
row col expected actual
2150 pependent a double (2149 row(s) affected)
2150 NA 202 columns 1 columns
> pairs(FDX)
Error in plot.new() : figure margins too large
> pairs(Fox[c("pependent”, "Median_1", "Median_2", "Median_3", "mMedian_4")]1)
> library(ggplot2)
> plot(FDpxSMedian_4,FDx$Dependent) T
> gplot (FDX$Median_4,FDX$Dependent)
warning message:
Removed 1 rows containing missing values (geom_point).
> Pearson = cor(FDX,use="complete",method="pearson") =
> PearsonDependent <- Pearson[,"Dependent”,drop="false"]
> View(PearsonDependent)
= View(Pearson)
> PearsonDependentAbs <- abs(PearsonDependent)
. L4
It can be seen from the environment pane window that a new matrix has been created:
Environment ~ History -]
&4 [ | #Import Dataset » | 3 List - | (&
"} Global Environment -
Data
D FDX 2150 obs. of 202 variables izt
Pearson num [1:202, 1:202] 1 -0.0856 0.1711 -0.0431 -0.134 ... £z |
PearsonDependent num [1:202, 1] 1 -0.0856 0.1711 -0.0431 -0.134 ... fezz|
Pear sonDependentAbs num [1:202, 1] 1 0.0856 0.1711 0.0431 0.134 ... s2s:
In this instance, any negative number has been turned into a positive number, as observed by a
single click in the environment pane:
| Untitledl* @7 Untitled2* @7 Untitled4* 87 Untitled3* @7 Untitled5* 7 Untitleds*® @7 Untitled7* @7 Untitleds* | PearsonDependentAbs =

& " Filter
Dependent
Dependent  1.0000000000
Median_1 | 0.0856373506

o] »

Median_1_PearsonCorrelation 0.1711411470
Median_1_ZScore 0.0430880752

Mode 1 0.1340054012
Mode_1_PearsonCorrelation 0.1554707689
Mode_1_ZScore 0.0201528669
TrimmedMean_1  0.0888304148
TrimmedMean_1_PearsonCorrelation | 0.1739399769
TrimmedMean_1_ZScore 0.0238565230
Max_1 | 0.1183847854
Max_1_PearsonCorrelation  0.1555681036
Max_1_ZScore 0.0085521750

Min_1  0.0595280334
Min_1_PearsonCorrelation 0.1793761462
Min_1_ZScore 0.0087812411

Range_1 0.0889318501

Ranae 1 PearsonCorrelation | 01400500440
Showing 1 to 18 of 202 entries

The task remains to order the matrix by highest value to the lowest value. This can be achieved with
a simple click on the column in the matrix viewer (click once for ascending, again for descending):
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| Untitled1* 37 Untitled2* 37 Untitledd* 37 Untitled3* 7] Untitleds* 27 Untitleds* 37 Untitled7* 37 Untitleda* | PearsonDependentAbs =

& | o Filter
Dependen’

»

Dependent | 1.00000000

Skew_3 | 0.22097532

||

Range_2_PearsonCorrelation 022013237
PointStep_5_PearsonCorrelation 0.10695953
PointStep_4_PearsonCorrelation 0.19523617

Close_1_PearsonCorrelation 010438124

Typicalvalue_1_PearsonCorrelation 0.10367663
PointStep_16_ZScore 0.19292511

Max_4 0.19015686
Median_2_PearsonCorrelation | 0.18266826
Min_1_PearsonCorrelation 0.17037615
PointStep_15_ZScore 0.17785004
ZScore_1_PearsonCorrelation 017738179
TrimmedMean_1_PearsonCorrelation 0.17393998
Mean_1_PearsonCorrelation 0.17386452
PointStep_16 | 0.17285223
Median_1_PearsonCorrelation 017114115

TrimmedMean ? PearsaonCorrelation | 017027473
Showing 1 to 18 of 202 entries

While there are methods to order a matrix in R, they are extremely convoluted and the arrange()
function as presented in procedure 50 does not work, as the matrix is not a data frame.

In view of this process being exploratory and not necessarily needing to be recreated, the manual
ordering in the view pane is adequate.

Procedure 5: Adding a Trend Line to a Scatter Plot.

In procedure 85 a scatter plot comparing the dependent variable and the independent variable was
created of Median_4. In the scatter plot, there was, just about, a relationship identified. To better
visualise this relationship a trend line can be added based on a line of best fit through the points on
the scatter plot.

Firstly, revisit procedure 85 to create the scatter plot using ggplot2 and the gplot() function:

27 Untitledl* 27 Untitled2* 27 Untitled4* @7 Untitled3* @7 Untitleds* @7 Untitleds* 27 Untitled?* @7 Untitledd* =
&) | |3 [Flsourceonsave Q A - i]| - =% Run | %% | | #Source ~| =
1 Tibrary(readr)
2 FDX <- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/Equity/Abstracted/FDX/PC_FDX_Close_200x1D_Close_50x1D_10.csv")
3 pairs(FDx)
4  pairs(FpX[c("Dependent”, "Median_1", "Median_2", "Median_3", "Median_4"11)
5 Tlibrary(ggplot2)
6  plot(FDX!Median_4,FDX%Dependent)
7 qplot(FDX$Median_4,FDx$Dependent)
& Pearson = cor (FDX,use="complete"”,method="pearson")
9 PearsonDependent <- Pearson[, 'Dependent”,drop="false"]
10 PearsonDependentabs <- abs(PearsonDependent)
11 Tibrary(dplyr)
12 PearsonDependentabsorder =- PearsonDependentabsorder [order (PearsonDependentabs[, "Dependent”]),drop="FALSE"]

13 PearsonDependentabsorder
14 gplot(FpxivMedian_4,Foxipependent)|

14:34 (Top Level) = R 5cript +

Run the line of script to console:
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@7 Untitled1* 27 Untitled2* 27 Untitled4* 27 Untitled3* 37 Untitleds* @7 Untitleds* @7 Untitled7* 37 Untitleds* =
&1 | |3 [JseurceonSave | Q # - &1 - “®Run | 5% | [ #Source + =
1 Tlibrary(readr)
2 FDx <- read_csv("D:/uUsers/Trainer /Desktop/Bundle/Data/Equity/aAbstracted/FDX/PC_FDX_Close_200x1D_Close_50x1D_10.csv")
3 pairs(FDpx)
4  pairs(Fpx[c("pependent”,"Median_1", "Median_2", "Median_3", "Median_4")])
5 Tlibrary(ggplot2)
6 plot(FDxSMedian_4,FDXSDependent)
7 gplot(FDXiMedian_4,FDxX$Dependent)
8 Pearson = cor(FDX,use="complete",method="pearson")

[t-)

PearsonDependent <- Pearson[, "Dependent”,drop="false"]
10 PearsonDependentAbs <- abs(PearsonDependent)

11  Tibrary(dplyr)

12 gplot(FDXtMedian_4,FDX%Dependent)

1LE]

13:1 [Top Level] = R Seript =

The actual formula for linear regression, as created by the Im() function is to be explained in more
depth in subsequent procedures, however for the moment the Im() function is going to specified as
the method of the stat_smooth() method of ggplot2:

gplot(FDXSMedian_4,FDXS$Dependent) s

@7 Untitled1* 27 Untitled2* @7 Untitledd* 27 Untitled3* @7 Untitleds* 27 Untitleds* @7 Untitled7* 37 Untitleda* =
&) | |3 Esourceonsave | Q 7 -| & - =% Run | % || 9 Source ~| =
1 Tibrary(readr)
2 FDX <- read_csv("'D:/Users/Trainer /Desktop/Bundle/Data/Equity/Abstracted,/FDX,/PC_FDX_Close_200x1D_cClose_50x1D_10.csv")
3 pairs(FDx)
4  pairs(Fpx[c("Dependent”,"Median_1", "Median_2", "Median_3", "Median_4")])
5 Tlibrary(ggplot2)
6 plot(FpxiMedian_4,FDXiDependent)
7 gplot(FDX3Median_4,FDX3Dependent)
8 Pearson = cor (FDX,use="complete” ,method="pearson")
9 PearsonDependent <- Pearson[,"Dependent”,drop="false"]

10 PearsonDependentabs <- abs(Pearsonbependent)

11 Tibrary(dplyr)

12 gplot(FDpxiMedian_4,FDX$Dependent)

13 gplot(FDpxiMedian_4,FDXSDependent) + stat_smooth(method=Tm)
14

141 (Top Level) = R Script =

Run the line of script to console:
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= Fedirsornueperndern <- Fedirs>orn, UepeEnuene urop=s idise |
> PearsonDependentabs <- abs(PearsonbDependent)

= library(dplyr)

attaching package:

“dplyr’

The following objects are masked from ‘package:stats’:

filter, lag

The following objects are masked from ‘package:base’:

intersect, setdiff, setequal, union

> gplot (FOX$Median_4 ,FDXSDependent)

warning message:

Removed 1 rows containing missing values (geom_point).
> gplot (FOX$Median_4 ,FDXSDependent) + stat_smooth(method=Tm)

warning messages:

1: rRemoved 1 rows containing non-finite values (stat_smooth).
2: Removed 1 rows containing missing values (geom_point).

= |

It can be seen that a plot has been created as in procedure 85, yet this time with a trend line
representing a linear regression model:
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Help  Viewer
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It can be seen that there is a very shallow downward trend and this linear regression solution has
some predictive power, albeit very weak in isolation (hence the importance of multiple linear
regression as specified in procedure 93).

Procedure 6: Creating a One Way Linear Regression Model.

In procedure 88 the Im() function was used inside the stat_smooth() function of ggplo2 to create a
linear regression solution, rather line of best fit. Naturally the Im() function can also be used to
create linear regression model which can be deployed as a predictive model in its own right.

To create a linear regression model with one dependent variable and one independent variable:

LinearRegression <- Im(Dependent ~ Median_4,FDX)
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@7 Untitled1* % = @7 Untitled2* * | @7 Untitledd* % = @] Untitled3* » @] Untitled5* * @] Untitled6* % = @] Untitled7* » @7 Untitleds* =0
41| | [Csourceonsave | G A+ i - =% Run |29 | #Source - =
1 Tibrary(readr)
2 FDX <- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/Equity/abstracted/FDX/PC_FDX_Close_200x1D_Close_50x1D_10.csv"™)
3 pairs(FDx)
4 pairs(FpX[c("Dependent”, "Median_1","Median_2", "Median_3", "Median_4")1)
5 library(ggplot2)}
6 plot(FDoxiMedian_4,FDxSpependent)
7 gplot(FDximedian_d4,FDXSDependent)
8 Pearson = cor (FDX,use="complete",method="pearson")
9 PearsonDependent =- Pearson[,'Dependent”,drop="false"]

10 PearsonDependentabs <- abs(Pearsonbependent)

11 Tibrary(dplyr)

12 qgplot(FDx$Median_4,FDX%Dependent)

13 gplot(FDxiMedian_4,FDX%Dependent) + stat_smooth(method=Tm)
14 LinearRegression <- Im(Dependent —~ Median_4,FDX)

14:49 (Top Level) = R Script =

Run the line of script to console:

Console -~/ =
2 PEAISUNUEPENUeritADS <- dusiredrsoripeperiagricy
= Tibrary(dplyr)

attaching package: ‘dplyr’

The following objects are masked from ‘package:stats’:
filter, lag

The following objects are masked from ‘package:base’:
intersect, setdiff, setequal, union

> gplot(FDx$Median_4,FDx$Dependent)

warning message:

removed 1 rows containing missing values (geom_point).

> gplot (Fox$Median_4,Fox$Dependent) + stat_smooth{method=1m})
warning messages:

1: Removed 1 rows containing non-finite values (stat_smooth).
2: Removed 1 rows containing missing values (geom_point).

> LinearRegression <- Im(Dependent ~ Median_4,FDX)

- L

Outlonk 7mM3 b ad

m

Once the model has been computed it can be output:

LinearRegression
3] Untitled1* x @7 Untitled2* x @7 Untitledd* x @7 Untitled3* * = @] Untitled5* * @] Untitleds* x @] Untitled7* x @7 Untitleds* =]
a1 | | [ElSourceonsave | Q # -| & - [=#Run | [ | | #Source ~| =
1 Tlibrary(readr)
2 FDX =- read_csv("D:/users/Trainer/Desktop/Bundle/pata/equity/abstracted,/FOX/PC_FDX_Close_200x1D_Close_50x1p_10.csv™)
3 pairs(FDx)
4  pairs(Fox[c("Dependent”, "Median_1", "Median_2", "Median_3", "Median_4")])
5 Tibrary(ggplot2)
6 plot{FDpxXiMedian_4,FDX%Dependent)
7 gplot(FDXSMedian_4,FDX$Dependent)
8 Pearson = cor (FDX,use="complete",method="pearson")
9 PearsonDependent <- Pearson[,"Dependent”,drop="false"]
10 PearsonDependentabs <- abs(PearsonDependent)
11 Tibrary(dplyr)
12 gplot(FoxSMedian_4,FDx{Dependent)
13 gplot(FDoxSMedian_4,Fpx$Dependent) + stat_smooth(method=Tm)
14 LinearrRegression <- Im(Dependent - Median_d4,FDX)
15 Linearregression
15:17 (Top Level} + R Script =
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Run the line of script to console:

Console =
ITe TOrnowing oo jJecls drg mdskea rrom pdikdge Od5E s
intersect, setdiff, setegual, union
> gplot(Fox$mMedian_4,FOox$Dependent)
warning message:
removed 1 rows containing missing values (geom_point)
= gplot(FDx$Median_4,FDx$Dependent) + stat_smooth(method=Tm)
warning messages:
1: removed 1 rows containing non-finite values (stat_smooth).
2: removed 1 rows containing missing values (geom_point).
= Linearregression <=- Im{pependent ~ median_4,FDx)
= Linearregression
call:
Im{formula = Dependent ~ Median_4, data = FDX) |
Coefficients:
(Intercept) Median_4 =
0.01758 -0.05596
1|
= =
The most vital aspects of the solution are written out chiefly the Intercept and Coefficient for
Median_4. Notably there is no statistical measures to appraise the overall worth of the solution.
The summary() function can be used to expand on the validity and performance of the model:
summary(LinearRegression)
37 Untitledl* ] Untitled2* @7 Untitleda* 37 Untitled3* @7 Untitleds* 3] Untitleds* 37 Untitled7* @] Untitleds* =
A1 | [ [Csource onsave | G - i - ~#Run | ®% | 3 Source ~| =
1 Tibrary(readr)
2 FDX <- read_csv("D:/Users/Trainer /Desktop/Bundle/Data/Equity/Abstracted/FDX/PC_FDX_Close_200x1D_Close_50x1D_10.csv")
3 pairs(FDx)
4 pairs(FDX[c("Dependent”, "Median_1","Median_2", "Median_3", "Median_4")1)
5 Tlibrary(ggplot2)
6 plot(FDX:Median_4,FDX%Dependent)
7 gplot(FDx3Median_4,FDXSDependent)
8 Pearson = cor (FDX,use="complete",method="pearson")
9 PearsonDependent <- Pearson[,"Dependent”,drop="false"]
10 PearsonDependentAbs <- abs(PearsonDependent)
11 Tibrary(dplyr)
12 qgplot (FDXSMedian_4,FDX5Dependent)
13 gplot(FpoxiMedian_4,FDx$Dependent) + stat_smooth(method=Tm)
14 LinearRegression =- Im{Dependent - Median_4,FDx)
15 LinearRegression
16 summary(Linearregression)|
16:26 (Top Level) = R Script =

Run the line of script to console:

Console
> SUMNEAN Y (L Idr Keyress [0

call:
Im(formula = pependent - median_4, data = FDX)

residuals:
Min 1q Median 3qQ Max
-0.44727 -0.05522 0.00259 0.06507 0.56581

coefficients:

Estimate std. Error t value pr>|t|)
(Intercept) 0.017580 0.002412  7.288 4.30e-13 #**
Median_4 -0.055957 0.015757 -3.551 0.000392 #=#¥*

signif. codes: 0 ‘#*#*' g.001 ‘**' 0.01 ‘%' 0.05 . 0.1 % "1
residual standard error: 0.1108 on 2147 degrees of freedom

(1 observation deleted due to missingness)
Multiple R-squared: 0.00584, Adjusted R-squared: 0.005377
F-statistic: 12.61 on 1 and 2147 DF, p-value: 0.0003916

=
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A more traditional Linear Regression model has now been written out. It is worth checking the
precision of the coefficients to ensure that they have not been truncated, as this can lead to a
profound change in the predicted values:

coeefeicents(LinearRegression)

3] Untitled1® @] Untitled2® 3] Untitled4® @] Untitleds* 3] Untitleds® 3] Untitleds® 7] Untitled7= 137 Untitleds*
g1 | |H [lSourceonsSave | @ # «| i = ~#Run | b= || & Source -

1 Tlibrary(readr)

2 FDX <- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/Equity/Abstracted/FDX/PC_FDX_Close_200x1D_Close_50x1D_10.csv")
3 pairs(FDx)

4  pairs(FDX[c("Dependent”, "Median_1", "Median_2", "Median_3", "Median_4")1)

5 Tlibrary(ggplot2)

6 plot(FDX$Median_4,FDXSDependent)

7 gplot(FDxX$Median_4,FDXiDependent)

8 Pearson = cor (FDX,use="complete",method="pearson")

9 PearsonDependent <- Pearson[,"Dependent”,drop="false"]
10 PearsonDependentAbs <- abs(PearsonDependent)

11 Tlibrary(dplyr)

12 qgplot(FDXiMedian_4,FDX%Dependent)

13 qgplot(FDXiMedian_4,FDX%Dependent) + stat_smooth(method=1m)
14 LinearRegression <- Im(Dependent ~ Median_4,FDX)

15 LinearRegression

16 summary(LinearRegression)

7 coefficients(LinearRegression)

18:1 (Top Level) R Script

Run the line of script to console:

Console
IILrormurd = UepeEnuernt ~ mMeuidri_4, udid = FUX) ~
residuals:

Min 1g Median 3q Max

-0.44727 -0.05522 0.00259 0.06507 0.565381

coefficients:

estimate std. Error T value pri>|t|)
(Intercept) 0.017580 0.002412 7.288 4.39e-13 #&®
Median_4 —-0.055957 0.015757 -3.5531 0.000392 ==%

Signif. codes: 0 *®==' 0,001 **=' 0.01 ‘=’ 0.05 *." 0.1 °* "1

Residual standard error: 0.1108 on 2147 degrees of freedom

(1 observation deleted due to missingness)
Multiple R-squared: 0.00584, Adjusted R-squared: 0.005377
F-statistic: 12.61 on 1 and 2147 DF, p-value: 0.0003916

> coefficients(Linearregression)
(Intercept) Median_4
0.01758027 -0.05595731

>

mn

It can be seen that the coefficients written out have rather more decimal places, or precision, which
will be extremely important when seeking to make accurate predictions.

Procedure 7: Deploying a One Way Linear Regression Manually with vector arithmetic.
The deployment formula for a linear regression model is quite straightforward and is simply a matter
of taking the intercept then adding, in this example, the Median_4 value multiplied by the
coefficient:

ManualLinearRegression <- 0.01758027 + (FDX$SMedian_4 * -0.05595731)
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27 Untitledl* 2] Untitled2* @ 7 Untitled4* @7 Untitleds* 27 untitleds* 12 ] Untitleds* @ 7 Untitled7* {37 Untitleds* _| FDX[, 203:204] |
41 | [[lsourceonsave | & 2 - i - =#Run | [2% Source ~| =
1 library(readr)
2 FDX <- read_csv("D:/uUsers/Trainer/Desktop/Bundle/Data/equity/abstracted/FDX/PC_FDX_Close_200x1D_Close_50x1D_10.csv"”
3 pairs(FDx)
4  pairs(Fpx[c("Dependent”,"Median_1", "Median_2", "Median_3", "Median_4")])
5 Tibrary(ggplot2)
6 plot(Fpximedian_4,FDx$Dependent)
7 gplot(FDpximedian_4,FDx3Dependent)
8 Pearson = cor (FDX,use="complete”,method="pearson")
9 PpearsonDependent =- Pearson[,"Dependent”,drop="false"]
10 PearsonDependentabs <- abs(PearsonbDependent)
11 Tibrary(dplyr)
12 gplot(FDxiMedian_4,FDxiDependent)
13 gplot(FDpx3imMedian_4,FDx$Dependent) + stat_smooth(method=1m)
14 LinearRegression <- Im(Dependent - Median_4,FDX)
15 LinearRegression
16 summary(LinearRegression)
7 coefficients(Linearregression)
18 ManualLinearRegression <- 0.01758027 + (FDXIMedian_4 * -0.05595731)]
15:69 (Top Level) = R Script =
Run the line of script to console:
Console =0
Residuals: *
Min 1q Median 3q Max
-0.44727 -0.05522 0.00259 0.06507 0.56381
coefficients:
Estimate std. error T value pr=|t|)
(Intercept) 0.017580 0.002412 7.288 4.30%e-13 #¥=%
Median_4 -0.055957 0.015757 -3.551 0.000392 #*=%
signif. codes: 0O f#%%' 0.001 ‘**' 0.01 ‘%' 0.05 ‘.’ 0.1 ¢ ' 1

Residual standard error: 0.1108 on 2147 degrees of freedom

(1 observation deleted due to missingness)
Multiple R-squared: 0.00584,
F-statistic: 12.61 on 1 and 2147 DF,

> coefficients(Linearregression)
(Intercept) Median_4

0.01758027 -0.05595731

> ManualLinearRegression <- 0.01758027
=

Adjusted R-squared:
p-value: 0.0003916

0.005377

+ (FDx$Median_4 * -0.05595731)

m

As vector arithmetic, has been performed, the formula has been applied to every row of the data

frame. To add this vector to the FDX data frame, procedure 53 would be executed in a similar

fashion:

FDX <- mutate(FDX, ManuallLinearRegression)

255



JUBE

27 Untitledl* 27 Untitled2* @7 Untitled4* 27 Untitled3* 27 Untitleds* @7 Untitleds* @7 Untitled7* @7 Untitledd* | FDX[, 203:204] =0
g1 | |3 Elseurceonsave | Q A - &1 - =#%Run | % | #Source ~| =
1 Tlibrary(readr)
2 FDX <- read_csv('D:/Users/Trainer/Desktop/Bundle/Data/Equity/Abstracted/FDX/PC_FDX_Close_200x1D_Close_50x1D_10.csv")
3 pairs(FDX)
4  pairs(FDX[c("Dependent”,"Median_1", " "Median_2", "Median_3", "Median_4")1)
5 Tlibrary(ggplot2)
6 plot (FDXiMedian_4,FDX$Dependent)
7 gplot(FDx$Median_4,FDX%Dependent)
& Pearson = cor(FDX,use="complete"”,method="pearson™)
9 PearsonDependent <- Pearson[,"Dependent”,drop="false"]

10 PearsonDependentAbs <- abs(PearsonDependent)

11 Tibrary(dplyr)

12 qgplot{FDXiMedian_4,FDX%Dependent)

13 qgplot(FDXiMedian_4,FDX%Dependent) + stat_smooth(method=Tm)

14 LinearRegression <- Tm{Dependent —~ Median_4,FDX)

15 LinearRegression

16 summary(LinearRegression)

7 coefficients(LinearRegression)

18 mManualLinearregression <- 0.01758027 + (FDX3Median_4 * -0.05595731)
19 FDX <- mutate(FDx, ManualLinearregression)

19:43 (Top Level) =

Run the line of script to console:

Console
KEs luudals:

Min 19 mMedian 3q Max
-0.44727 -0.05522 0.00259 0.06507 0.536581

Coefficients:

Estimate std. Error T value Pr>|t|)
(Intercept) 0.017580 0.002412 7.288 4.30e-13 #=*
Median_4 -0.055957 0.015757 -3.551 0.000392 #=*¥*

signif. codes: 0 ‘#%%' Q.001 ‘**' 0.01 ‘*' 0.05 “." 0.1 * "1

residual standard error: 0.1108 on 2147 degrees of freedom
(1 observation deleted due to missingness)

Multiple R-squared: 0.00584, Adjusted R-squared: 0.005377

F-statistic: 12.61 on 1 and 2147 DF, p-value: 0.0003916

> coefficients(Linearregression)

(Intercept) Median_4

0.01758027 -0.05595731

> ManualLinearRegression <- 0.01758027 + (FDx$median_4 * -0.05595731)
> FDX <- mutate(FDX, ManualLinearrRegression)

>

Outlook 2013 |

The mutate() function appends the vector to the FDX data frame.

appended, view the FDX data frame:

View(FDX[,203])
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®7 Untitled1* #7 Untitled2* 137 Untitled4* ® 7] Untitled3* 27 Untitleds* 137 Untitled&*

&1 | B [Flsourceonsave  Q A | | -

1 Tlibrary(readr)

2

3 pairs(FDX)

4  pairs(FDX[c("Dependent”, "Median_1", "Median_2", "Median_3", "Median_4")1)
5 Tlibrary(ggplot2)

6 plot(FDxX$Median_4,FDXSDependent)

7 gplot (FDX3IMedian_4,FDX%Dependent)

8 Pearson = cor (FDX,use="complete",method="pearson")

9 PearsonDependent <- Pearson[,"Dependent”,drop="false"]

10 PearsonDependentabs <- abs(PearsonDependent)

11 library(dplyr)

12 gplot(FDX$Median_4,FDX{Dependent)

13 gplot(FDX$Median_4,FDXiDependent) + stat_smooth(method=Tm)

14 Linearregression =- Im{Dependent - median_4,FDx)

15 Linearregression

16 summary(Linearregression)

7 coefficients(Linearregression)

18 wanualLinearregression <- 0.01758027 + (FDximedian_4 * -0.05595731)
19 FDX <- mutate(FDx, ManualLinearregression)

20 wview(rFDpx[,203])|

20:16 (Top Level) +

Run the line of script to console:

Console
MIT 1y mMEuldn E1] MdX
-0.44727 -0.05522 0.00259 0.06507 0.536581

Coefficients:

Estimate Std. Error t value Pr(>=|t|)
(Intercept) 0.017580 0.002412 7.288 4,39e-13 w=aw
Median_4 -0.055957 0.015757 -3.551 0.000392 w#=%

Signif. codes: © ‘##%' 0,001 ‘*+%' 0.01 '*' 0.05 *." 0.1 ' "1

Residual standard error: 0.1108 on 2147 degrees of freedom
(1 observation deleted due to missingness)

Multiple R-squared: 0.00584, Adjusted R-squared: 0.005377

F-statistic: 12.61 on 1 and 2147 DF, p-value: 0.0003916

> coefficients(Linearregression)

(Intercept) Median_4

0.01758027 -0.05595731

> ManualLinearrRegression <- 0.01758027 + (FDx3$Median_4 #* -0.05595731)
> FDX =<- mutate(FDx, ManualLinearregression)

= view(FDx[,203])

>

] Untitled7*

@7 Untitleda*

_| FDX, 203:204]

= Run

5

_h Source =

FDX <- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/Equity/Abstracted/FDX/PC_FDX Close 200x1D_Close_50x1D_10.csv")

R Script *

The use of subsetting in the call to the View() function is far less than ideal and it is to compensate
for the inability of RStudio to display more than 100 columns in the grid. In this example, prior to
calling the mutate() function there were 202 columns, after which there were 203:

Environment  History

£ [ | #*Import Dataset ~ |
1 Global Environment =

Data

(DFDX 2150 obs. of 203 wvariables
Pearson num [1:202, 2] 1 -0.085%6 0.1711 -0.0431 -0.134
PearsonDependent num [1:202, 1 -0.0856 0.1711 -0.0431 -0.134 ..
PearsonDependentabs num [1:202,41] 1 0.0856 0.1711 0.0431 0.134

values

@ Linearregression List of
ManualLinearrRegression num [1:3A50] 0.000988 0.002292 0.003254 0.004621 0.005868
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137 Untitled1*

[ S VTR X

~

18

13 Untitled2*

&1 | 7 Filter

ManualLinearRegression

0.0009875222
0.0022915579
0.0032537591
0.0046210976
0.0058681609
0.0030575207
0.0015762374
0.00076564560
0.0057843699
0.0065440769
0.0052699504
0.0051515765
0.0039743837
0.0042527612
0.0047737990
0.00521579216
0.0074540136

N N079n0an150

Showing 1 to 15 of 2,150 entries

JUBE

The call to the View() function in this manner yields evidence that column has been successfully
added:

7 Untitleda* 137 Untitled3* 137 Untitled5* @] Untitleds*

@7 Untitled7*

137 Untitleds*

| FDX[, 203]

Procedure 8: Using the predict function for a one way linear regression one.
Deploying a linear regression model manually is rather simple, however, there is an even simpler
method available in calling the predict() function which takes a model and a data frame as its

parameter, returning a prediction vector.

AutomaticlLinearRegression <- predict.Im(LinearRegression,FDX)

27 Untitled1*

[Tl - W TN

21:62

27 Untitled2*

27 Untitled4* 37 Untitled3* 37 Untitled5* 37 Untitleds*

a1 | | Elsourceonsave | Q # - &1 -
Tibrary(readr)
FDX <- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/Equity/aAbstracted/FDX/PC_FDX_Close_200x1D_Close_50x1D_10.csv")

pairs (FDX

1ibrary(ggplot2)
plot(FDxMedian_4,FDxSDependent)

gplot (FDxX3Median_4,FDxXfDependent)

cor (FDX,use="complete",method="pearson")
PearsonDependent <-
PearsonDependentAbs
Tibrary(dplyr)
gqplot (FDXSMedian_4,FDXSDependent)

gqplot (FDX$Median_4,FDX$Dependent) + stat_smooth(method=1m)
LinearRegression =-
LinearRegression
summary(LinearRegression)

coefficients(LinearRegression)

ManualLinearregression <- 0.01758027 + (FDXSMedian_4 * -0.05595731)
FDX <- mutate(FDX, ManualLinearrRegression)

Pearson =

view(FDx[

,203])

Pearson[, "Dependent”,drop="false"]
<- abs(PearsonDependent)

Im(Dependent ~ Median_4,FDX)

automaticLinearregression <- predict.Im(Linearregression, Fox)|

(Top Level} =

Run the line of script to console:

258

pairs(Fox[c("Dependent”, "Median_1","Median_2", "Median_3", "Median_4")])

@7 Untitled7*

@7 Untitleds*

~# Run

. 4

_t* Source -

»

R Script =



Console
—UL444 27 -UL UL ULUULDY ULUDDUS UL 30381

coefficients:

Estimate std. Error T value pPr(>|t|)
(Intercept) 0.017580 0.002412 7.288 4.39e-13 #%¥
Median_4 -0.055957 0.015737 -3.551 0.000392 *#*

Signif. codes: 0 *®*=' 0,001 **=' 0.01 **' 0.05 *." 0.1 ' " 1

Residual standard error: 0.1108 on 2147 degrees of freedom
({1 observation deleted due to missingness)

Multiple R-sgquared: 0.00584, Adjusted R-sgquared: 0.005377

F-statistic: 12.61 on 1 and 2147 DF, p-value: 0.0003916

> coefficients(LinearrRegression)

(Intercept) Median_4

0.01758027 -0.05595731

ManualLinearregression <- 0.01758027 + (FDpx$median_4 * -0.05595731)
FDX =- mutate(FDx, ManualLinearRegression)

view(FDx[,203])

AutomaticLinearrRegression =- predict. Im(Linearregression,FDx)

Excel 2013 L

VWV WY

Add the newly created vector to the FDX data frame:

FDX <- mutate(FDX, AutomaticlLinearRegression)

3] Untitled1* 3] Untitled2* @7 Untitleda* @7 Untitled3* 7 Untitleds* 7 Untitleds*

37 Untitled7*

@] Untitleda*

&1 | | [Clsourceonsave | @ # -~ 1| - =t Run | [5% | | Source
1 Tlibrary(readr)
2 FDX =- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/Equity/abstracted/FDx/PC_FDX_Close_200x1D_Close_50x1D_10.csv")
3 pairs(FDx)
4 pairs(Fox[c("Dependent”, "Median_1", "Median_2", "Median_3", "Median_4")])
5 Tlibrary(ggplot2)
6 plot(FDxiMedian_4,FDXSDependent)
7 gplot(Fpx$median_d4,FDxIDependent)
& Pearson = cor (FDX,use="complete"”,method="pearson")
9 PpearsonDependent <- Pearson[, 'Dependent”,drop="false"]
10 PearsonDependentabs <- abs(PearsonDependent)
11 Tibrary(dplyr)
12 qgplot(FDXfMedian_4,FDXSDependent)
13 qplot(FDXfMedian_4,FDX5Dependent) + stat_smooth(method=1m)
14 LinearRegression <- Im(Dependent — Median_4,FDX)
15 LinearRegression
16 summary(LinearRegression)
7 coefficients(LinearRegression)
18 manualLinearregression <- 0.01758027 + (FDX$Median_4 * -0,05595731)
19 FDX <- mutate(FDX, ManualLinearregression)
20 wview(FDx[,203])
21 automaticLinearregression <- predict.Im{Linearregression,FDx)
22 FDX <- mutate(FDX, AutomaticlinearrRegression)
23
22:29 Top Level} =

Run the line of script to console:

Console

coefficients:

estimate std. Error T value pr=|t|)
(Intercept) 0.017580 0.002412 7.288 4.39e-13 #¥%
Median_4 -0.055957 0.015757 -3.5351 0.000392 =#=

signif. codes: 0 “¥**' 0,001 ‘*%° 0.01 ‘*' 0,05 ‘." 0.1 * ' 1

Residual standard error: 0.1108 on 2147 degrees of freedom
(1 observation deleted due to missingness)

Multiple R-sgquared: 0.00584, Adjusted R-squared: 0.005377

F-statistic: 12.61 on 1 and 2147 DF, p-value: 0.0003916

> coefficients(LinearRegression)

(Intercept) Median_4

0.01758027 -0.05595731

ManualLinearRegression <- 0.01758027 + (FDXS$Median_4 * -0.05595731)
FDX <- mutate(FDX, ManualLinearregression)

view(FDx[,203])

AutomaticLinearRegression <- predict.Im({Linearregression,FDx)

FDX <- mutate(FDX, AutomaticLinearrRegression)

¥V VYV VY

To view the last two columns of the data frame, containing a manually derived prediction and

automatically derived prediction:

View(FDX[,203:204])
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@7 Untitled1* 27 Untitled2* @7 Untitledd* 27 Untitled3* @ 7 Untitleds* 27 Untitleds* @ 7 Untitled7* @7 Untitledd* =0
&1 | |3 [Elsourceonsave | Q A - E1| - =#%Run | b% || ®Source ~| =
1 Tlibrary(readr)
2 FDX <- read_csv("'D:/Users/Trainer /Desktop/Bundle/Data/Equity/Abstracted/FDX/PC_FDX_Close_200x1D_Close_50x1D_10.csv")
3 DX)
4 (FDX[c("Dependent”, "Median_1", "Median_2", "Median_3", "Median_4")])
5 Tlibrary(ggplot2)
6 plot(FDpxXiMedian_4,FDXSDependent)
7 gplot(FDXSMedian_4,FDXSDependent)
8 Pearson = cor (FDX,use="complete",method="pearson")
9 PearsonDependent <- Pearson[,"Dependent”,drop="false"]

10 PearsonDependentAbs <- abs(PearsonDependent)
11  Tibrary(dplyr)
12 gplot({FDXSMedian_4,FDX5Dependent)
13 gplot(FDpxSMedian_4,FDXSDependent) + stat_smooth(method=Tm)
14 LinearRegression <- Im(Dependent - Median_4,FDX)
15 LinearRegression
16 summary(Linearregression)
7  coefficients(Linearregression)
18 ManualLinearregression <- 0.01758027 + (FDx$Median_4 * -0.05595731)
19 FDX <- mutate(FDX, ManualLinearRegression)
20 wiew(FDX[,203])
21 AutomaticLinearrRegression =- predict.Im(LinearRregression,FDX)
22 FDX <- mutate(FDX, AutomaticLinearRegression)
23 view(FDx[,203:204])]

23:20 (Top Level) = R Script =

Run the line of script to console:

i}

Console
LUEN TLTErLs

Estimate std. Error T value Pri>|T|)
(Intercept) 0.017580 0.002412 7.2B88 4.30e-13 #=*
Median_4 -0.055957 0.015757 -3.551 0.000392 #=**

0

signif. codes: 0 ***%' 0,001 ‘**' 0.01 ‘%’ 0.05 ‘." 0.1 °* " 1

residual standard error: 0.1108 on 2147 degrees of freedom

(1 observation deleted due to missingness)
Multiple R-squared: 0.00584, Adjusted R-squared: 0.005377
F-statistic: 12.61 on 1 and 2147 DF, p-value: 0.0003916

> coefficients(Linearregression)

(Intercept) Median_4
0.01758027 -0.05595731

ManualLinearregression <- 0.01758027 + (FDxX$Median_4 * -0.05595731)

FDX <- mutate(FDx, ManualLinearrRegression)

view(FDx[,203]) —
AutomaticLinearRegression <- predict.Im{Linearregression,FDx)
FDX <- mutate(FDX, AutomaticLinearRegression)
view(FDx[,203:204])

m

Y Y VYV YY

The manual and automatic prediction shown side by side are identical to each other. It follows that
the automatic prediction is a much more concise means to execute the prediction based upon a
linear regression model created in R:

@7 Untitled1* 27 Untitled2* @7 Untitleda* 37 Untitled3* 37 Untitleds* 2 Untitleds* 37 Untitled7* 7 Untitleda* | FDX[, 203:204] =[]

&l i Filter

ManualLinearRegression AutomaticlinearRegression

1 0.01814200 0.01814200 i~
2 0.01888378 0.01838378 =
3 0.01943111 0.01843111
4 0.02020820 0.02020830
5 0.02091828 0.02091826
6 0.01931948 0.01831948
7 0.01668366 0.01668360
8 0.01714420 0.01714420
9 0.01428904 0.01428094
10 0.01385728 0.01385728
11 0.01458256 0.01458256
12 0.01464930 0.01464930
13 0.01531952 0.01531952
14 0.01516117 0.01516117
15 0.01486478 0.01436478
16 0.01461336 0.01461336
17 0.01333390 0.01333390
18 NN13INR13I7 NN13NRA13IT i

Showing 1 to 18 of 2,150 entries
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Procedure 9: Identifying Confidence Intervals.

The confidence intervals can the thought of as the boundaries for which the coefficient, for a given
independent variable, can be moved up and down while still maintaining statistical confidence.
Unusually for regression software, the confidence intervals are not written out by default, and they
need to be called by passing the linear regression model to the confint() function:

confint.Im(LinearRegression,level=0.95)

27 Untitled1* 27 Untitled2* 1?7 Untitled4* 27 Untitled3* 27 Untitleds* 27 Untitleds* 27 Untitled7* 27 Untitleda*

1| |3 Elsourceonsave | Q /A -| & - ~#Run  b% | 9 Source =

1 Tibrary(readr)

2 FDX <- read_csv('D:/Users/Trainer/Desktop/Bundle/Data/Equity/Abstracted/FDX/PC_FDX_Close_200x1D_Close_50x1D_10.csv")
3 pairs(FDxX)

4 pairs(FDX[c("Dependent"”, "Median_1", "Median_2", "Median_3", "Median_4")])

5 library(ggplot2)

6 plot(FDXIMedian_4,FDXSDependent)

7 qplot (FDXiMedian_4,FDXSDependent)

& Pearson = cor (FDX,use="complete"”,method="pearson”

9 PearsonDependent <- Pearson[,"Dependent”,drop="false"]
10 PearsonDependentAbs <- abs(PearsonDependent)

11 Tlibrary(dplyr)

12 gplot(FDxiMedian_4,FDX5Dependent)

13 gplot(FDoxiMmedian_4,FDpxSDependent) + stat_smooth(method=Tm)
14 Linearregression <- Im(Dependent - Median_4,FDX)

15 Linearregression

16 summary(LinearRegression)

17 coefficients(Linearregression.

18 wmanualLinearrRegression =- 0.01758027 + (FDX$Median_4 * -0.05595731)
19 FDX =- mutate(FDX, ManuallLinearrRegression)

20 wview(FDx[,203])

21  aAutomaticLinearRegression <- predict.Im(Linearregression,FDX)

22 FDX <- mutate(FDX, AutomaticLinearRegression)

23 wview(FDX[,203:204])
24 confint.Im(Linearregression,level=0.95)]

24:40 (Top Level] R Script

Run the line of script to console:

Console

signif. codes: © *¥*%%' 0,001 “**%° 0.01 %' 0.05 ‘. 0.1 ‘' ' 1

residual standard error: 0.1108 on 2147 degrees of freedom

(1 observation deleted due to missingness)
Multiple R-squared: 0.00584, adjusted R-sguared: 0.005377
F-statistic: 12.61 on 1 and 2147 DF, p-value: 0.0003916

> coefficients(Linearregression)

(Intercept) Median_4

0.01758027 -0.05595731

> ManualLinearregression <- 0.01758027 + (FDx$Median_4 * -0.05595731)
> FDX =<- mutate(FDx, ManualLinearregression)

= view(FDx[,203])

> AutomaticLinearRegression <- predict.Im(LinearRegression,FDX)

> FDX <- mutate(FDX, AutomaticLinearRegression)

= View(FDX[,2032:2047)

> confint. Im{LinearrRegression, level=0.95)

2.5 % 97.5 %
(Intercept) 0.01284990 0.02231064 =
Median_4 -0.08685792 -0.02505671

=

The confidence intervals for each of the values required to construct the linear regression formula
have been written out.

Procedure 10: Create a Stepwise Linear Regression Model.

A stepwise Linear Regression model refers to adding independent variables in the order of their
correlation strength in an effort to improve the overall predictive power of the model. Referring to
the output of procedure 87:
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| Untitled1* 37 Untitled2* 137 Untitled4*

Showi

& " Filter

Dependent

Skew_3
Range_2_PearsonCorrelation
PointStep_5_PearsonCorrelation
PointStep_4_PearsonCorrelation
Close_1_PearsonCorrelation
TypicalValue_1_PearsonCorrelation
PointStep_16_75Score

Max_4
Median_2_PearsonCorrelation
Min_1_PearsonCorrelation
PointStep_15_ZScore
Zscore_1_PearsonCorrelation
TrimmedMean_1_PearsonCorrelation
Mean_1_PearsonCorrelation
PointStep_16
Median_1_PearsonCorrelation

TrimmedMean 2 PearsanCorrelation
ing 1 to 18 of 202 entries

27 Untitled3*

Dependen

1.00000000
0.22007532
0.22013237
0.19696953
019523617
019438124
0.19367663
018202511
0.19015686
0.18266826
017937615
017785004
017738179
017303008
0.17380452
017285223
017114115

N17027473

JUBE

2] Untitled5*

37 Untitled&*

37 Untitled7*

27 Untitleds*

| PearsonDependentAbs

=]

It can be seen that the next strongest independent variable, when taking a Pearson correlation is

Skew_3 followed by Range_2_Pearson_Correlation. The process of forward stepwise linear

regression would be adding these variables to the model one by one, seeking improvement in the
multiple r while retaining good P values. To create a multiple linear regression model of the
strongest correlating independent variables:

MultipleLinearRegression <- Im(Dependent ~ Skew_3 + Range_2_PearsonCorrelation)

27 Untitledl* ® ] Untitled2* ] Untitled4* 37 Untitled3*

a1 | | Flsourceonsave G # | 1| =

[Tl N T ST N

25:84

Tibrary(readr)
FDX <- read_csv("”
pairs (FDX)

27 Untitleds*

®] Untitled&*

2] Untitled7*

pairs (Fpx[c("Dependent”, "Median_1", "Median_2", "Median_3", "mMedian_4")1)

1ibrary(ggplot2)

plot(FDxiMedian_4 ,FDX5Dependent)
gplot (FDx$Median_4 ,FDxXiDependent)
Pearson = cor(FDX,use="complete",method="pearson")
PearsonDependent <- Pearson[, "Dependent"”,drop="false"]
PearsonDependentAbs <- abs(PearsonDependent)

Tibrary(dplyr)

gplot (FDX$Median_4 ,FDXiDependent)
gplot (FDX$Median_4 ,FDxipependent) + stat_smooth(method=Tm)
Linearregression <- Im(Dependent - Median_4,FDx)

Linearregression
summary (Linearregression)
coefficients(Linearregressi

ManualLinearRegression <- 0.01738027
FDX <- mutate(FDX, ManualLinearRegression)

view(FDX[,203])

on)

+ (FoxSMedian_4

# -0.03595731)

AutomaticLinearRegression <- predict.Im{LinearRegression,FDX}
FDX <- mutate(FDX, AutomaticLinearRegression)

view(FDx[,203:2047)

confint. Im(Linearregression,level=0.95)
MultipleLinearregression <- Tm(Dependent - skew_3 + Range_2_PearsoncCorrelation,FDx)

(Top Level] =

Run the line of script to console:
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= Run
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Source *

:/users/Trainer/pesktop/Bundle/Data/Equity/abstracted/FOX/PC_FDX_Close_200x1D_Close _50x1D_10.csv")

=

[ | »

LI |

R Script =
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Console

SIyrin .

L ¥ L N ¥ LV A ¥ RV VI L

Residual standard error: 0.1108 on 2147 degrees of freedom
(1 observation deleted due to missingness)

Multiple R-squared: 0.00584, Adjusted R-squared: 0.005377

F-statistic: 12.61 on 1 and 2147 DF, p-value: 0.0003916

> coefficients(LinearRegression)

(Intercept) Median_4

0.01758027 -0.055395731
ManualLinearRegression <- 0.01758027 + (FDX$Median_4 ® -0.05595731)
FDX <- mutate(FDX, ManualLinearRegression)
view(FDX[,203]1)

FDX <- mutate(FDx, AutomaticLinearregression)
view(FDX[,203:204])

>
>
>
> AutomaticLinearRegression <- predict.Im{LinearRegression,FDX)
>
>
>

confint. Tm(Linearregression,level=0.95)

2.5 % 97.5 %

(Intercept) 0.01284990 0.02231064
Median_4 -0.08685792 -0.02505671
= MultipleLinearregression <=- Im(Dependent - skew_3 + Range_2_PearsonCorrelation,FDX)

=

Write the summary out to observe the multiple R:

summary(MultipleLinearRegression)

37 Untitled1* 37 Untitled2* 37 Untitled4* 3] Untitled3* @7 Untitleds* 3] Untitleds* @7 Untitled7* 3] Untitleda*

[Tl T T

71

4] | | [[]SourceonSave | & A | i - ~%Run =% | | 4 Source
Tibrary(readr)
FDX <- read_csv("D:/users/Trainer/Desktop/Bundle/Data/Equity/abstracted/Fox/PC_FDX_Close_200x1D_Close_50x1p_10.csv')
D)
pairs(FpX[c("Dependent”, "Median_1", "median_2", "Median_3", "mMedian_4")])
Tibrary(ggplot2)
plot (FDx3Median_4,FDxSpependent)
gplot(FDX$Median_4,FDx$Dependent)
Pearson = cor(FDx,use="complete"” ,method="pearson")
PearsonbDependent <- Pearson[, 'Dependent”,drop="false"]
pPearsonpependentabs <- abs(PearsonDependent)
Tibrary(dplyr)
gplot(FDX$Median_4,FDx$Dependent)
gplot(FDxiMedian_4 ,FDox$Dependent) + stat_smooth(method=Tm)
Linearregression <- Im(Dependent - Median_4,FDx)
Linearregression
summary (Linearregression)
coefficients(Linearregression)

ManualLinearRegression <- 0.01758027 + (FDX$Median_4 * -0.05595731)
FDX <- mutate(FDX, ManualLinearRegression)

view(FDX[,203])

AutomaticLinearRegression <- predict.Im(LinearRegression,FDx)

FDX <- mutate(FDX, AutomaticLinearRegression)

Vview(FDX[,203:204])

confint. Im{Linearregression,level=0.95)

MultipleLinearRegression <- Im{Dependent ~ Skew_3 + Range_2_PearsonCorrelation,FDX)
summary (MultipleLinearRegression)

(Top Level) =

Run the line of script to console:

Console

(SN

Im(formula = pependent ~ skew_3 + Range_2_PearsonCorrelation,

data = FDX)

Residuals:

Min 1g Median 3q Max

-0.39862 -0.06131 0.00177 0.06549 0.59823

coefficients:

estimate std. Error T value pri>|T|)

(Intercept) 0.018191 0.002438 7.461 1.24e-13 ##¥
Skew_3 0.046991  0.004692 10.016 < 2e-16 *=*
Range_2_PearsonCorrelation -0.054022 0.005417 -9.972 < 2Ze-1g #*=®¥

Signif. codes: © *#=*' 0,001 ***° 0.01 ‘=" 0.0% *.” 0.1 * ' 1

Residual standard error: 0.106 on 2146 degrees of freedom
(1 observation deleted due to missingness)

Multiple R-squared: 0.09095, Adjusted R-squared: 0.09011

F-statistic: 107.4 on 2 and 2146 DF, p-value: < 2.2e-16

=

m

R Script =

m

Several statistics are of interest in the multiple linear regression. The first is the p values relating to
the overall model and the independent variables, each of these references scientific notation and so

we can infer that it is an extremely small number far below the 0.05 cut off that is arbitrarily used.
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Secondarily, the multiple R statistic is of interest, which will be the target of improvement in
subsequent iterations.

The next step is to add the next strongest correlating independent variable, which is
PointStep_5_ PearsonCorrelation:

MultipleLinearRegression <- Im(Dependent ~ Skew_3 + Range_2_ PearsonCorrelation +
PointStep 5 PearsonCorrelation)

27 Untitledl* 27 Untitled2* @7 Untitled4* @7 Untitled3* 27 Untitleds* 27 Untitleda* @7 Untitled7* 37 Untitleda*
) | | [Csourceonsave | G # « i - ~# Run | [9% | | % Source ~
1 Tibrary{readr)
2 FDX <- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/Equity/Abstracted/FDX/PC_FDX_Close_200x1D_Close_50x1D_10.csv")
3 pairs(FDX)
4  pairs(FDX[c("Dependent”, "Median_1", "Median_2", "Median_3", "Median_4")1)
5 Tlibrary(ggplot2)
6 plot(FDXtMedian_4,FDXSDependent)
7 gplot(FDxSMedian_4,FDX3Dependent)
8 Pearson = cor (FDX,use="complete"”,method="pearson")
9 PearsonDependent <- Pearson[, " Dependent”,drop="false"]

10 PearsonDependentabs <- abs(PearsonDependent)

11  Tlibrary(dplyr)

12 qgplot(FDX$Median_4,FDXiDependent)

13 qgplot(FDX3Median_4,FDXSDependent) + stat_smooth(method=Tm)
14 LinearRegression <- Im(Dependent ~ Median_4,FDX)

15 LinearRegression

16 summary(LinearRegression)

17 coefficients(LinearRegression)

18 ManualLinearRegression <- 0.01758027 + (FDX$Median_4 * -0.05595731)
19 FDX <- mutate(FDX, ManualLinearRegression)

20 view(FDX[,2031)

21 AutomaticLinearRegression <- predict.Im({LinearRegression,FDX)

22 FDX =<- mutate(FDX, AutomaticLinearRegression)

23  view(FDX[,203:204])
24  confint.Im{Linearregression,level=0.95)

25 MultipleLinearregression <=- Im(pependent - skew_3 + Range_2_pearsonCorrelation,FDx)

26 summary(MultipleLinearregression)

27 mMultipleLinearregression =- Im(pependent - skew_3 + Range_2_pearsonCorrelation + Pointstep_5_PearsonCorrelation,FDx)

28 summary(MultipleLinearregression)

29

25:34 (Top Level) R Script

Run the line of script to console:

Console
I rormurda = Ueperueric ~ SKEW_3 + Kdiige_Z_Fedr>0rneorrerduion +
pPointstep_5_Pearsoncorrelation, data = FDX)

Residuals:
Min 1Q Median 3q Max
-0.38125 -0.06608 0.00208 0.06469 0.58791

Coefficients:
Estimate std. Error t value Pri=|t|)

(Intercept) 0.046543 0.003723 12.501 <2e-16 #w##
skew_3 0.047543 0.004589 10. 260 <2e-16 #®*
Range_2_Pearsoncorrelation -0. 054009 0.005298 -10.193 <2e-16 *#*

pPointstep_5_PearsonCorrelation 0.074257 0.007488 9.917 <2g-16 =¥

Signif. codes: 0 *®¥=' 0,001 ***' 0,01 ‘*° 0.05 *." 0.1 ' "1

Residual standard error: 0.1036 on 2145 degrees of freedom
(1 observation deleted due to missingness)

Multiple R-squared: 0.1308, adjusted R-squared: 0.1296

F-statistic: 107.6 on 3 and 2145 DF, p-value: < 2.2e-16

m

=

In this example, it can be seen that the R squared has increased, so it can be inferred that the model
has improved, while the p values are still extremely small. A more relevant value to pay attention to
would be the adjusted R, which takes into account the number of independent variables and writes
the multiple r accordingly, as such it is prudent to pay close attention to this value.

Repeat the procedure until such time as the improvement in multiple r plateaus or the performance
of the P values decreases.

Procedure 11: Heat Map Correlation Matrix.

Multicollinearity refers to an Independent variable that while having a strong correlation to the
Dependent Variable, also has an often-unhelpful correlation to another variable, with that variable
also being quite well correlated to the Dependent Variable.
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Multicollinearity can cause several issues, the most significant is the understatement of Independent
Variable coefficients that would otherwise have a remarkable contribution to a model.

Multicollinearity is identified with the help of a Correlation Matrix, which has hitherto been used to
identity the relationship between the Independent Variable and the Dependent Variable only.

From procedure 86 there exists a large correlation matrix:

27 Untitledl* 27 Untitled2* @7 Untitledd* 27 Untitled3* 27 Untitleds* @7 Untitleds* 27 Untitled7* 27 Untitleda* | Pearson
& v Filter
Dependent Median_1 Median_1_PearsonCorrelation Median_1_Z5core Mode_1 Mode_1_PearsonCorrelation M
Dependent 1.0000000000 -8.56373%5e-02 01711411470 4.308808e-02 -0.1340054012 0155470769 =
Median_1 -0.0856373506 1.000000e+00 -0.1182918368 2.063152e-02 094135071312 -0.065108053 5
Median_1_PearsonCorrelation  0.1711411470  -1.182918e-01 1.0000000000 -2.254608e-02 -0.1404335326 0.878303732
Median_1_ZScore -0.0430880752 2.063152e-02 -0.0225460823 1.000000e+00  0.0159639225 -0.009387768
Mode_1 -0.1340054012 9.415071e-01 -0.1404335326 1.586392e-02 1.0000000000 -0.004835748
Mode_1_PearsonCorrelation  0.1554707689 -6.510895e-02 0.8783037318 -0.387768e-03 -0.0948357478 1.000000000
Mode_1_ZScore 0.0201528669 -2.413032e-02 0.0379339075 1.418864e-02 -0.0278691046 0.038040075
TrimmedMean_1 -0.0888804148 0.086275e-01 -0.1188407685 2.000127e-02 0.0471818205 -0.066810086
TrimmedMean_1_PearsonCorrelation  0.1739399769 | -1.274799e-01 0.0989262327 -2.171254e-02 -0.1575204097 0.886293221
TrimmedMean_1_ZScore | -0.0238565230 | -1.588355e-02 0.0160883758 7.884733e-01 -0.0218620199 0.040640650
Max_1 -0.1183847854 0.705919e-01 -0.1352572182 2.419055e-02 09333071100 -0.068072656
Max_1_PearsonCorrelation  0.1555681936 -2.033865e-01 0.0663965465 -2.086773e-02 -0.2129056141 0.794340096
Max_1_ZScore -0.0085521756  2.029517e-02 -0.0185578724 -5.508143e-04 | 0.01010099712 -0.025706941
Min_1 -0.0595280334 9.511012e-01 -0.0713506805 1.420602e-02 0.8920654051 -0.045307249
Min_1_PearsonCorrelation 0.1793761462 -9.285784e-02 0.0636764508 1.624016e-02 -0.1340970115 0.916256291
Min_1_2ZScore 0.0087812411  -6.171868e-02 0.0268739540 3.086394e-03 -0.0402187278 0.030063594
Range_1 -0.0889318501 1.855552e-01 0.08G65753128 1.435991e-02 0.1607734302 0.080600757 =
] 1 b

Showing 1 to 18 of 202 entries

The task is to use matrix logic to identify correlations which exceed 0.7 or is below -0.7 (as both
extremes of +1 and — 1 are equally troubling in this example). The statement will use the or
operator (i.e. |) and create a new correlation matrix:

PearsonColinearity <- Pearson <= -0.7 | Pearson >=0.7

2] Untitled1® ] Untitled2* 3] Untitled4® ] Untitled3* 3] Untitleds® ] Untitleds® 3] Untitled7® @ Untitleds*
41 | [Flsourceonsave | G A ~| 2 - =% Run | (5% | | #Source | =

FDX <- read_csv('D:/users/Trainer /Desktop/Bundle/Data/equity/AbsTracted, /Fox/PC_FDX_Close_200x1D_Close_50x1D_10.csv™) -
pairs(FDx)

2

3

4 pairs(Fpx[c("Dependent”,"Median_1","Median_2","Median_3", "Median_4")])
5 Tldibrary(ggplot2)
6
:
L

]
plot (FDx3SMedian_4 ,FDXSDependent)
gplot(FDx3Median_4 ,FDx3Dependent)
Pearson = cor (FDX,use="complete"”,method="pearson")
PearsonDependent <- Pearson[, "Dependent”,drop="false"]
10 PearsonDependentAbs <- abs(PearsonDependent)
11 Tibrary(dplyr)
12 qgplot(FDxIMedian_4,FDXiDependent)
13 gplot(FoxiMedian_4,FDx3Dependent) + stat_smooth(method=Tm)
14 LinearrRegression <- Tm(pependent - Mmedian_4,FDx)
15 LinearRegression
16 summary(LinearRegression)
7 coefficients({LinearRegression)

m

18 mManualLinearRegression <- 0.01758027 + (FDxSMedian_4 * -0.05595731)
19 FDX <- mutate(FDX, ManualLinearRegression)

20 view(FDX[,203])

21 AutomaticLinearRegression =- predict.Im(LinearRegression,FDX)

22 FDX <- mutate(FDX, AutomaticLinearRegression)

23 view(FDX[,203:204])
24  confint.Im(Linearregression, level=0.95)

25 mMultipleLinearregression <- Tm(Dependent - Skew_3 + Range_2_pearsonCorrelation,FDx)

26 summary(MultipleLinearregression)

7 MultipleLinearRegression <- Im(Dependent ~ Skew_3 + Range_2_PearsonCorrelation + PointStep_5_PearsonCorrelation,FDX)

28 summary(MultipleLinearRegression)

29  PpearsonColinearity <- Pearson <= -0.7 Pearson == 0.7 i
20 | -
30:1 (Top Level] = R Script

Run the line of script to console:
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Console
FUITILS LEP_D_PEANSUNLUN T8 1dLIOMN, Udld = FUKJ

Residuals:
Min 19 mMedian 3q Max
-0.38125 -0.06608 0.00208 0.06469 0.58791

Coefficients:
Estimate 5td. Error t value Pr=|tl)

(Intercept) 0.046543 0.003723 12.501 <2e-16 ===
Skew_3 0.047543  0.004589 10.360 <2e-16 ***
Range_2_PearsonCorrelation -0.054009 0.005298 -10.193 <2e-16 =%

Pointstep_5_Pearsoncorrelation 0.074257 0.007488 9.917 <2e-16 #¥*¥
signif. codes: 0 ®¥#¥' p.001 ‘#%° 0.01 ‘%' 0.05 ‘.’ 0.1 % "1

residual standard error: 0.1036 on 2145 degrees of freedom
(1 observation deleted due to missingness)

Multiple R-sgquared: 0.1308, Adjusted R-squared: 0.1296

F-statistic: 107.6 on 3 and 2145 DF, p-value: < 2.2e-16

> PearsonColinearity <- Pearson <= 0.7 | Pearson >= 0.7
=

4

It can be seen that a new matrix has been created in the environment pane:

Environment  History = ]
= @ | [@Import Dataset = | 3 List ~ | (@&
1 Global Environment -
Data
@ FDX 2150 obs. of 204 variables fr53|
Pearson num [1:202, 1:202] 1 -0.0856 0.1711 -0.0431 -0.134 ... T
PearsonColinearity logi [1:202, 1:202] TRUE TRUE TRUE TRUE TRUE TRUE ... iz
PearsonDep nt num [1:202, 1] 1 -0.0856 0.1711 -0.0431 -0.134 ... iz
PearsonDepegdehtabs num [1:202, 1] 1 0.0856 0.1711 0.0431 0.134 ... iz
values
AutomaticlfinearRegression Named num [1:2150] 0.0181 0.0189 0.0194 0.0202 0.0209 ...
@ LinearRegfession List of 13
ManualLifiearregression num [1:2150] 0.0181 0.0189 0.0194 0.0202 0.0209 ...
@mMultiplfLinearkegression Large Tm (12 elements, 572.6 Kb)
A click returns the matrix:
B Untitledl* @7 Untitled2* 87 Untitled4* @7 Untitled3* 3] Untitleds* 3] Untitleds* @7 Untitled7* 3] Untitleda* | PearsonColinearity = ]
& | r Filter
Dependent Median_i Median_i_PearsonCorrelation Median_1_Z5core Mode_i Mode_i_PearsonCorrelation Mode_i_ZScoi
Dependent | TRUE FALSE FALSE FALSE FALSE  FALSE FALSE =
Median_1 | FALSE TRUE FALSE FALSE TRUE FALSE FALSE E
Median_1_PearsonCorrelation FALSE FALSE TRUE FALSE FALSE TRUE FALSE
Median_i_ZScore | FALSE FALSE FALSE TRUE FALSE | FALSE FALSE
Mode_1 | FALSE TRUE FALSE FALSE TRUE FALSE FALSE
Mode_1_PearsonCorrelation | FALSE FALSE TRUE FALSE FALSE | TRUE FALSE
Mode_1_ZScore | FALSE FALSE FALSE FALSE FALSE  FALSE TRUE
TrimmedMean_1 | FALSE TRUE FALSE FALSE TRUE FALSE FALSE
TrimmedMean_1_PearsonCorrelation FALSE FALSE TRUE FALSE FALSE TRUE FALSE
TrimmedMean_1_ZScore | FALSE FALSE FALSE TRUE FALSE | FALSE FALSE
Max_1 | FALSE TRUE FALSE FALSE TRUE FALSE FALSE
Max_1_PearsonCorrelation  FALSE FALSE TRUE FALSE FALSE  TRUE FALSE
Max_1_ZScore | FALSE FALSE FALSE FALSE FALSE  FALSE FALSE
Min_1 | FALSE TRUE FALSE FALSE TRUE FALSE FALSE
Min_i_PearsonCorrelation | FALSE FALSE TRUE FALSE FALSE  TRUE FALSE
Min_1_ZScore | FALSE FALSE FALSE FALSE FALSE | FALSE FALSE
Range_1 | FALSE FALSE FALSE FALSE FALSE  FALSE FALSE -

4| n

Showing 1 to 18 of 202 entries

This matrix now shows, with a TRUE statement, any variable combination which may suggest

collinearity and requiring further inspection.
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Module 9: Logistic Regression.

Logistic Regression is a modelling technique that can be used for classification where the dependent
variable values are binary, 1 or 0 as such. The dataset that is used in this module is available under
\Bundle\Data\FraudRisk\FraudRisk.csv which contains a set of debit card transactions whereby half
of the dataset is a sample of fraudulent transactions, half of the dataset is a sample of legitimate
transactions.

To proceed with the subsequent procedures, it is necessary to import the file FraudRisk.csv into R as
per procedure 19.

Procedure 1: Pivot a Categorical Variable for Regression Analysis.

In behavioural analytics and classification, character data and numeric label data (that which has a
numeric label, but obeys no standard distribution) appear quite often. It is necessary to pre-process
such label data, pivoting the distinct values to their own columns, representing either a 1 or a 0, for
example the transaction in this instance was either made on a Chip card (i.e. 1) or it was not (i.e. 0)

For dealing with categorical variables, and as a labour-saving tactic to avoid having to perform
categorical data pivoting on each and every distinct entry in a vector, the factor functionality can be
invoked and as introduced in procedure 32.

It can be seen that the data was imported with the type field taking the form of a character field:

Console

R is a collaborative project with many contributors.
Type 'contributors()" for more information and
‘citation()’ on how to cite R or R packages in publications.

Type 'demo()’ for some demos, 'help()' for on-Tline help, or
‘help.start ()’ for an HTML browser interface to help.
Type 'q()’ to quit R.

> library(readr)
> Fraudrisk <- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/Fraudrisk/Fraudrisk.csv'")
Parsed with column specification:
cols(
.default = col_integer(),

Type = col_character(), F
Transaction_amt = col_dole(),

sum_Transactions_1_Day = col_double(),
SUmM_ATM_Transactions_1_bay = col_double() ]

m

see spec(...) for full column specifications.
= View(Fraudrisk)
=

Start by creating a factor which will implicitly convert the contents of the Type column to the factor:
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@7 Untitled1* x| @ Untitled2* » @ Untitledd* » @7 Untitled3* x @7 Untitled5* = @] Untitleds* % @7 Untitled7* % @7 Untitleds* % (] Untitled* » =
&1 | [sourceonsave | Q #

[ |

- B = =% Run | %% | = Source ~

1 Tibrary(readr)

2 FraudRisk <- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/Fraudrisk/Fraudrisk.csv")

3 view(Fraudrisk)

4 TypeFactor <- factor(FraudRisksType)|

5

4:37 (Top Level) = R Script =

Run the line of script to console:

Console ~/ =
K 15 4 LUl 1dDUrdLiIve prouject WILr mdary Cornor iguLurs.,

Type 'contributors()’ for more information and B
"citation()’ on how to cite R or R packages in publications.
Type 'demo()’ for some demos, "help()' for on-1ine help, or
"help.start ()’ for an HTML browser interface to help.
Type 'q()' to quit R.
= library(readr) |
> Fraudrisk <- read_csv("D:/users/Trainer /Desktop/Bundle/Data/Fraudrisk/Fraudrisk.csv™)
Parsed with column specification:
cols(
.default = col_integer(),
Type = col_character(),
Transaction_Aamt = col_double(), =
sum_Transactions_1_Day = col_double(),
Sum_ATM_Transactions_l_Day = col_double()
)
See spec(...) for full column specifications.
= View(Fraudrisk)
= TypeFactor =- factor(FraudrRisk$Type)
. 4
It can be seen that the factor has been created and appears in the environment pane:
) Rsudio Lolla =
Fle G Code View Plets Seon Buld Dcbup Profie Toos Hep
-t BB S [ R 5 pogec o+
O Untitled1® = D Unlitled2* » 77 Untitledd* = ©TUntitled* » (2 UnlitledS* » O] Unlitleds* » 0 Unlitled?* » | 07 Untitleds* = © | Unlitledd* - Environment  History -]
51 | MSourceanSave | G /= § . HRun o Source | = # B | ZmpotDateset - f st v
T ook ead_esv(o:/ iner /pesktop,/Bundle/ata,/Fraudsisk/Fraudrisk. csv") o
3 view(Fraudrisk) oata
4 Typeractor factor (FraudriskiType) ©Fraudrisk 1827 obs. of 25 variables )
3 valuas
TypeFactor Factor w/ 3 levels "Chip","Manual®,..: 1111111113 ...

Fies Plots Packages Help  Views: =
H Eort =

51 e Leven R sint ¢

console =0
KIS 4 LUTIGDUPELIVE PrUJECC WILH Widly CONLEIDuLUrs . -
Type ‘contributors()’ for wore information and

“citation()’ on how to cite R or R packages in publications.

Type "demo()’ For some denos, help()* For on-Tine help, or
“help.start()’ for an HTML browser interface to help
Type 40" to quit r.

> 1ibrary(readr)
> Fraudiisk <- read_csv("p:/users/Trainer/cesktop/sundle/oata/Fraudeisk/Fraudsisk. csv™)
Parsed with colunn specification:

cols

_default = col_integer (),

- co
51

),

double(), E
_pay = col_double(),

sum_aTr_Transactions 1 pay = col_double(y

See spec(...) for full coluan specifications
> vien(Fraudisk)
» Typefactor < factor (FraudRisksType)

B @ 0 G5

l
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All that remain is to append the newly created to factor to the FraudRisk data frame to that it can be
used in subsequent analysis as procedure 52:

libarary(dplyr)
FraudRisk <- mutate(FraudRisk, TypeFactor)

2] Untitled1* 127 Untitled2* 27 Untitled4* 27 Untitled3* 27 Untitled5* 27 Untitledé&* 127 Untitled7* 27 Untitleds* 2 7 Untitleds*

&1 | | [Fsourceonsave | Q # -| & | - ~#Run | %% | | 4 Source -
1 Tibrary(readr)
2 FraudrRisk =- read_csv("D:/uUsers/Trainer/Desktop/Bundle/Data/Fraudrisk/Fraudrisk.csv")
3 wview(Fraudrisk)
4  TypeFactor =- factor(FraudRiskiType)
5 Tibrary(dplyr)
6 FraudRisk <- mutate(Fraudrisk,TypeFactor)|
2
7
6:42 (Top Level) R Script

Run the block of script to console:

Console
Iype = ctui_LrndrdiLerey,
Transaction_amt = col_double(),
sum_Transactions_1_Day = col_double(),
Sum_ATM_Transactions_1_Day = col_double()
)
see spec(...) for full column specifications
= View(Fraudrisk)
> TypeFactor <- factor(Fraudrisk3Type)
= library(dplyr)

Attaching package: ‘dplyr’
The following objects are masked from ‘package:stats’:
filter, lag

The following objects are masked from ‘package:base’:

m

intersect, setdiff, setequal, union

= FraudRisk =- mutate(Fraudrisk,TypeFactor)
>

While R has a convenient data structure in the form of factors, it may well be appropriate to
manually pivot data to a vector based on rudimentary if logic and \ or as part of horizontal
abstraction. In this example, a vectorised comparison will be performed using the ifelse() function
which will determine if a value in the Type field is equal to "Manual", in which case a the value 1 will
be returned to the new vector, else O:

IsHighRisk <- ifelse(FraudRisk$Type=="Manual",1,0)
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@] untitled1® % @] Untitled2® % = @] Untitledd® % @ ] Untitled3* % @ ] Untitled5* % @ | Untitleds® % = @ | Untitled7* @ | Untitleds® % @ ] Untitled9* =

a1 | | [Fsourceonsave | Q@ A ~| i1 - =% Run | 5= | | 4 Source -
Tibrary(readr)
Fraudrisk <- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/Fraudrisk/Fraudrisk.csv")
view(Fraudrisk)
TypeFactor =- factor (FraudrRisk$Type)
Tibrary(dplyr)
FraudrRisk <- mutate(FraudRisk,TypeFactor)
IsHighRisk <- ifelse(Fraudrisk$Type=="Manual"”,1,0)|

[ |

[E IR W I I,

T:51 (Top Level) = R Script =

Run the line of script to console:

Console -/ =
Irdrsde L TOr_AmL = Loi_uoupiegy, 0
sum_Transactions_1_Day = col_double(),

SuUm_ATM_Transactions_1_Day = col_double()

see spec(...) for full column specifications.

= View(Fraudrisk)

> TypeFactor <- factor(Fraudrisk3Type)

> library(dplyr)

Attaching package: ‘dplyr’

The following objects are masked from ‘package:stats’:

filter, lag

The following objects are masked from ‘package:base’:

m

intersect, setdiff, setequal, union

> FraudRisk <- mutate(FraudrRisk,TypeFactor)
> IsHighRisk <- ifelse(Fraudrisk$Type=="Manual",1,0)
=

1

Append the newly created vector to the FraudRisk data frame:

@7 Untitled1* x @7 Untitled2* x @7 Untitledd* % @7 Untitled3* » @] Untitled5* % @] Untitled6* % @] Untitled7* % @] Untitledd* » @ Untitled9* =

&1 | [ [Flsourceonsave | Q 7 - & - =% Run | 5% | | % Source ~
Tibrary(readr)
Fraudrisk <- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/Fraudrisk/Fraudrisk.csv")
view(Fraudrisk)
TypeFactor <- factor (FraudRiskSType)
Tibrary(dplyr)
FraudrRisk =- mutate(Fraudrisk,TypeFactor)
IsHighRisk <- ifelse(FraudrRisk$Type=="Manual",1,0)
Fraudrisk <- mutate[FraudR'isk,IsH'ighR'isk)|

0

[N W R

5:42 (Top Level) = R Script =

Run the line of script to console:
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Console
IrdarsdeLIUr_ANL = wo_Quuo ey,
sum_Transactions_1_Day = col_double(],
SUM_ATM_Transactions_1_Day = col_double()

see spec(...) for full column specifications.

> view(Fraudrisk)

> TypeFactor <- fTactor (Fraudrisk$Type)

= Tibrary(dplyr)

attaching package: ‘dplyr’

The following objects are masked from ‘package:stats’:

filter, lag

The following objects are masked from ‘package:base’:

m

intersect, setdiff, setegual, union

> FraudRisk <- mutate(Fraudrisk,TypeFactor)
> IsHighRisk <- ifelse(FraudRisk$Type=="Manual",1,0)
=

Procedure 2: Create an Abstraction Deviation Independent Vector.

In behavioural analytics, especially, one of the most powerful improvements that can be made to a
variable is a transformation to compare the value for that records against the value typically
observed in this vector for a customer \ product \ portfolio. There are of course several
normalisations that are appropriate for such a task, such as a Z score, however in this instance given
the data being skewed a range normalisation may be more appropriate.

A range normalisation will establish the largest value observed in the vector, the smallest value and
establish where a test value exists on that range in percentage terms. In this example, a range
normalisation will be performed on the columns Count_Transactions_1_Day. Firstly, establish the
maximum and minimum values as similar to procedure 56:

Min_Count_Transactions_1_Day <- min(FraudRiskSCount_Transactions_1_Day)

Max_Count_Transactions_1_Day <- max(FraudRiskSCount_Transactions_1_Day)

27 Untitledl* 27 Untitled2* @7 Untitled4* @7 Untitled3* 2 7 Untitleds* 27 Untitleds* 27 Untitled7* 27 Untitleds* @7 Untitled9*
1| [@ [Fsourceonsave | Q /A -| & - ~#Run | 5% | | % Source ~

1 Tibrary(readr)
2 Fraudrisk =- read_csv("D:/Users/Trainer /Desktop/Bundle/Data/Fraudrisk/Fraudrisk.csv")
3 wview(Fraudrisk)
4 TypeFactor <- factor(FraudriskiType)
5 Tibrary(dplyr)
6 Fraudrisk =- mutate(Fraudrisk,TypeFactor)
7 IsHighrisk <- ifelse(FraudriskiType=="manual",1,0)
& Fraudrisk =- mutate(Fraudrisk,IsHighrisk)
9 mMmin_Count_Transactions_l_pay <- min(FraudriskiCount_Transactions_1_Day)

10 pax_count_Transactions_1l_bay <- max(Fraudrisk$Count_Transactions_l_Day)

11

10:1 (Top Level) R Script

Run the block of script to console:
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Console -/
SUI_ATM_TTrdrsdlLiuns_1_udy = Loi_uouoirgy)

0
i)

see spec(...) for full column specifications.

> View(Fraudrisk)

> TypeFactor <- factor (FraudRisk$Type)

> library(dplyr)

Attaching package: “dplyr’

The following objects are masked from ‘package:stats’:
filter, lag

The following objects are masked from ‘package:base’:

intersect, setdiff, setequal, union

m

Fraudrisk <- mutate(Fraudrisk,TypeFactor)
IsHighRisk <- ifelse(Fraudrisk$Type=="Manual"”,1,0)
Fraudrisk <- mutate(Fraudrisk,IsHighRisk)
Min_Count_Transactions_l_Day <- min(FraudRisk$Count_Transactions_1_Day) |

RStudio b -

YYV¥YV¥YY

At this stage, the minimum and maximum values have been stored as vectors for
Count_Transactions_1_Day. To create a new vector as a range normalisation:

Range_Deviation_Count_Transactions_1_Day <- (FraudRiskSCount_Transactions_1_Day -
Min_Count_Transactions_1_Day) / (Max_Count_Transactions_1_Day -
Min_Count_Transactions_1_Day)

27 Untitled1* @7 Untitled2* @ 7 Untitled4* 27 Untitled3* @7 Untitleds* 12 7 Untitleds* 127 Untitled7* @ 7 Untitleds* 137 Untitled* =0

] 1| | [JSourceonSave | Q # - &1 - ~#Run | [®# | #Source ~| =
1

2 le/pata/Fraudrisk/Fraudrisk.csv™)

3

4

5

[

-

7

3

9 Transactions_l_Day)

=
=]

Transactions_1_Day)
sk$Count_Transactions_1_Dbay - Min_Count_Transactions_l_pay) (Max_Count_Transactions_1_Day - Min_Count_Transactions_1_Day)|

==
(R

4 n +
11:176 | (Top Lewvel) = R Script =

Rin the line of script to console:

Console -~/

F VIEWLFIMduur sk )

> TypeFactor <- factor(Fraudrisk$Type)
> Tibrary(dplyr)

0
w0

Attaching package: ‘dplyr’

The following objects are masked from ‘package:stats’:
filter, Tlag

The following objects are masked from ‘package:base’:
intersect, setdiff, setequal, union

Fraudrisk <- mutate(Fraudrisk,TypeFactor)

IsHighrisk =- ifelse(Fraudrisk$Type=="manual",1,0)

Fraudrisk <- mutate(Fraudrisk,IsHighrisk) |
Min_Count_Transactions_l_bay =- min(FraudrRisk$Count_Transactions_1_bDay)

Max_Count_Transactions_1_bay =<- max(FraudrRisk$Count_Transactions_1_bDay)

range_Deviation_Count_Transactions_1_bDay <- (Fraudrisk$Count_Transactions_1_bay - Min_count_Transactions_1_bay) / (Max_Count
_Transactions_1 Day - Min_Count_Transactions_1 Day) |
- L4

m

VYV VVY

Append the newly created vector to the FraudRisk data frame:
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FraudRisk <- mutate(FraudRisk, Range_Deviation_Count_Transactions_1_Day)

@7 Untitled1* 37 Untitled2* @7 Untitled4* 2] Untitled3* @7 Untitleds* 27 Untitleds* @7 Untitled7* 27 Untitleds* 3] Untitledo* =
&1 | | [ESourceonsave | Q & -| i - =% Run | [*% || #*Source -| =
1 Tibrary(readr)
2 Fraudrisk =- read_csv("D:/users/Trainer/Desktop/Bundle/Data/Fraudrisk/Fraudrisk.csv")
3 wview(Fraudrisk)
4  TypeFactor <- factor(FraudriskiType)
5 Tibrary(dplyr)
6 Fraudrisk =- mutate(Fraudrisk,TypeFactor)
7 IsHighrisk <- ifelse(FraudriskiType=="manual",1,0)
8 Fraudrisk =- mutate(Fraudrisk,IsHighrisk)
9 Mmin_Count_Transactions_1_bay <- min(FraudriskiCount_Transactions_1_pay)
10 Max_Count_Transactions_1_bay <- max(FraudriskiCount_Transactions_1_pay)
11 Range_bDeviation_Count_Transactions_1_bay <- (FraudrRiskiCount_Transactions_1_Day - Min_Count_Transactions_1_Day) (Max_Cour,
12 Fraudrisk =- mutate(Fraudrisk,rRange_Deviation_Count_Transactions_1_pay)
1Lg]
4| I [
12:72 | (Top Level) * R Script =

Run the line of script to console:

Console =i
F IYpPerdiLur <— 1dULUriFrduur sk ype) ~
> library(dplyr)

Attaching package: ‘dplyr’

The following objects are masked from ‘package:stats’:
filter, Tlag

The following objects are masked from ‘package:base’:
intersect, setdiff, setequal, union

> Fraudrisk <- mutate(Fraudrisk,TypeFactor)
> IsHighRisk <- ifelse(Fraudrisk$Type=="manual",1,0)

> Fraudrisk <- mutate(Fraudrisk,IsHighrisk)

> Min_Count_Transactions_1_bay <- min{Fraudrisk$count_Transactions_1_bay)

> Max_Count_Transactions_1_bay <- max{Fraudrisk$count_Transactions_1_bay)

> Range_Deviation_Count_Transactions_1_bay <- (Fraudrisk$Count_Transactions_1_Day - Min_Count_Transactions_1_bay) / (Max_Count
_Transactions_1_bay - Min_Count_Transactions_1_bay)

> Fraudrisk <- mutate(FraudrRisk,Range_beviation_count_Transactions_1_bay)

>

m

Procedure 3: Fit a one-way Log Curve on a Plot.

As in procedure 88 where a relationship between two variables was appraised using a linear
regression, rather ordinary least squares estimation, a similar method exists in R for appraising the
extent to which two variables fit a log curve. Start by plotting the dependent variable, fraud, with
the independent variable Count_Transactions_1_Day as procedure 85:

library(ggplot2)

gplot(FraudRiskSCount_Unsafe_Terminals_1_Day,FraudRiskSDependent)
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@ Untitled1* @7 Untitled2* 7 Untitled4* 37 Untitled3* 37 Untitleds* 3] Untitleds* 2] Untitled7* @7 Untitleds* @7 Untitleds*
41| | [FlSourceonsSave | @ # +| i1 - ~#Run | %% | | & Source -

[ |

le/Data/Fraudrisk/Fraudrisk. csv")

[N N

rransactions_1_pay)
10 rransactions_1_Day)

11 skSCount_Transactions_l_Day - Min_Count_Transactions_l_bDay) / (Max_Count_Transactions_1_Day - Min_Count_Transactions_1_bDay)
12 Transactions_l_Day)

14 skipependent) + stat_smooth(method="gTm", method.args=1ist(family="binomial"))|

<
14:131  (Top Level) =

1 | »

R Secript =

Run the block of script to console:
Console -/ =0
Attaching package: “dplyr’ =

The following objects are masked from ‘package:stats’:
filter, lag

The following objects are masked from ‘package:base’:
intersect, setdiff, setequal, union

Fraudrisk <- mutate(Fraudrisk,TypeFactor)

IsHighrisk <- ifelse(Fraudrisk$Type=="manual”,1,0)

Fraudrisk <- mutate(Fraudrisk,IsHighrisk)

Min_Count_Transactions_l_Day <- min(Fraudrisk$Count_Transactions_1_pay)

Max_count_Transactions_l_pay <- max({Fraudrisk$Count_Transactions_l_pay)

Range_peviation_count_Transactions_l_pay <- (Fraudrisk§Count_Transactions_1_Day - Min_Count_Transactions_1_pay) / (Max_Count
_Transactions_l_pay - Min_Count_Transactions_1l_pay) |
> Fraudrisk =- mutate(Fraudrisk,range_bDeviation_Count_Transactions_l_pay) ‘

VYV VVVY

m

> 1ibrary{ggplot2)
> gplot (Fraudrisk$Count_uUnsafe_Terminals_1_bDay,Fraudrisk$Dependent)

e L
It can be seen that a plot has been created between the variable Count_Unsafe_Terminals_1_Day
and the Dependent variable, and on the basis, that the fraud can either be or not, it has plotted

nothing between the points on the Y axis:
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FraudRisk$Count_Unsafe_Terminals_1_Day
To estimate an appropriate logistic regression curve through the points use the glm function of the
statsmooth() function:

gplot(FraudRiskSCount_Unsafe_Terminals_1_Day,FraudRiskSDependent) +
stat_smooth(method="gIm", method.args=list(family="binomial"))

2] untitled* @7 Untitled2* @ 7 Untitledd* 2] Untitleds* @7 Untitleds* 2 ] Untitleds* 2] Untitled7* @ 7 Untitleds* @] Untitleds*
41| | [[]SourceonSave | G # ~| i - ~%Run | (%% | & Source ~
1 Tibrary(readr)
2 FraudrRisk =- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/Fraudrisk/Fraudrisk.csv")
3 view(Fraudrisk)
4 TypeFactor <- factor(FraudrRiskiType)
5 Tdibrary(dplyr)
& FraudRisk =- mutate(FraudRisk,TypeFactor)
7 IsHighRisk <- ifelse(FraudrRisk3Type=="Manual",1,0)
& FraudrRisk =- mutate(FraudRisk,IsHighrRisk)
9 Min_Count_Transactions_l _Day <- min(FraudRiskSCount_Transactions_1_Day)
10 Max_Count_Transactions_1_Day <- max{FraudRiskSCount_Transactions_1_Day)
11 Rrange_Deviation_Count_Transactions_1_bay <- (FraudRiskS$Count_Transactions_1_bay - Min_Count_Transactions_1_bDay) (Max_Cour
12 Fraudrisk =- mutate(Fraudrisk,Range_Deviation_Count_Transactions_1_Day)

13 Tlibrary(ggplot2)
14 qgplot(Fraudriskicount_unsafe_Terminals_1_pay,Fraudriskipependent)
15 qgplot(Fraudrisk$count_unsafe_Terminals_1_bay,FraudRiskipependent) + prat_smooth(method="gIm", method.args=Tist(family="binc

] 1l »
15:69 (Top Level) = R Script

Run the line of script to console to create the plot with a fitted logistic curve:

275



JUBE

The following objects are masked from ‘package:stats’:

Console

filter, lag
The following objects are masked from ‘package:base’:
intersect, setdiff, setequal, union

> FraudRisk <- mutate(FraudrRisk,TypeFactor)

= IsHighrisk <- ifelse(FraudriskiType=="manual",1,0)

> Fraudrisk <- mutate(Fraudrisk,IsHighrisk)

= Min_Count_Transactions_l_pay <- min{Fraudrisk$count_Transactions_1l_pay)

> Max_Count_Transactions_l_pay <- max(Fraudrisk$count_Transactions_l_pay)

> Range_beviation_Count_Transactions_1_bay <- (FraudRisk$Count_Transactions_1_bay - Min_Count_Transactions_1_bay) / (Max_Count
_Transactions_1_Day - Min_Count_Transactions_1_pay)

> Fraudrisk <- mutate(Fraudrisk,Range_beviation_Count_Transactions_1_bpay)

> library(ggplot2)

> gplot(Fraudrisk$Count_unsafe_Terminals_1_bay,Fraudrisk$pependent)

> gplot(Fraudrisk$Count_unsafe_Terminals_1_bay,FraudrRisk$bependent) + stat_smooth(method="glm", method.args=11st(family="binom
ial"y)

>

m

It can be observed that there is a defined log curve that would suggest that the more and more
unsafe terminals a customer uses, the more and more certain it becomes that the account may be
subject to fraud. It follows that it can be assumed that this value will have some validity for logistic
regression modelling.

Procedure 4: Forward Stepwise Logistic Regression.

As procedure 97 alludes, whereas the linear regression function in R was Im(), the logistic regression
function is glm(), with supplementary parameters specifying the family as being a binomial
distribution (which is a stalwart distribution for classification problems). As in procedure 89 which
create a linear regression model, the syntax is very similar to create a logistic regression model,
albeit including the family argument:

LogisticRegressionModel <- glm(Dependent ~
Count_Unsafe_Terminals_1_Day,data=FraudRisk,family="binomial")

27 Untitled1* 37 Untitled2* 27 Untitled4* 3 Untitled3* 7 Untitleds* 37 Untitleds* 7 Untitled7* 37 Untitleda* @ Untitleda*

41 | |3 ElSourceonSave | Q #° - &1 - ~#Run | ®% || % Source -

1 Tlibrary(readr)

2 Fraudrisk <- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/Fraudrisk/Fraudrisk. csv")

3 wview(Fraudrisk)

4  TypeFactor =- factor(FraudriskiType)

5 Tibrary(dplyr)

6 Fraudrisk <- mutate(Fraudrisk,TypeFactor)

7 IsHighrisk =- ifelse(Fraudrisk$Type=="manual"”,1,0)

8 Fraudrisk <- mutate(Fraudrisk,IsHighrisk)

9 Min_Count_Transactions_1_bay <- min(FraudriskSCount_Transactions_1_Day)
10 Max_Count_Transactions_1l_bay <- max(FraudRiskSCount_Transactions_1_Day)
11 Range_Deviation_Count_Transactions_l_pay =<- (FraudrRisk$Count_Transactions_l_Day - Min_Count_Transactions_l_pay) (Max_Cour
12 Fraudrisk =- mutate(Fraudrisk,rRange_bpeviation_Count_Transactions_l_Day)

13 Tlibrary(ggplot2)

14 gplot(Fraudriskscount_unsafe_Terminals_1_pay,Dependent)

15 gplot(Fraudriskicount_unsafe_Terminals_1_pay,Fraudriskipependent) + stat_smooth(method="gIm", method.args=Tist(family="binc
16 LogisticregressionModel <- glm(pependent - count_unsafe_Terminals_l1_pay,data-Fraudrisk,family="binomial")|

1= 1 *
16:106 | (Top Level) R Script

Run the line of script to console:
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The following objects are masked from ‘package:base’:

Console
I TUTTOWINY UDJECLS 4 dsKed T pdlkdgeisidis

filter, lag

intersect, setdiff, setequal, union

Fraudrisk <- mutate(Fraudrisk,TypeFactor)

IsHighrisk =- ifelse(Fraudrisk$Type=="manual",1,0)

Fraudrisk <- mutate(FraudRisk,IsHighrisk)

Min_Count_Transactions_1_bDay <- min{Fraudrisk$Count_Transactions_1_Day)
Max_Count_Transactions_1_Day <- max{Fraudrisk$Count_Transactions_1_Day)

YY VY VY

_Transactions_1_bay - Min_Count_Transactions_l_bay)

> FraudRisk <- mutate(FraudRisk,Range_bDeviation_Count_Transactions_l_pay)
= library(ggplot2)

> gplot (Fraudrisk$Count_unsafe_Terminals_l_bpay,FraudrRisk$Dependent)

Range Deviation Count_Transactions_1 Day <- (FraudRisk$Count_Transactions_1 Day - Min_Count_Transactions_1 Day) / (Max_

w0

Count

> gplot (Fraudrisk$Count_unsafe_Terminals_l_bDay,FraudRisk$Dependent) + stat_smooth(method="glm", method.args=11ist(family="binom

1al™y)

> Logisticregressionmode]l <- gim{pependent -~ cCount_unsafe_Terminals_l_bay,data=Fraudrisk,family="binomial")

- L
As with a Im() type model, the summary() function can return the model output:
summary(LogisticRegressionModel)

27 Untitled1* 27 Untitled2* 27 Untitled4* @7 Untitled3* @7 Untitled5* @7 Untitleds* 27 Untitled7* 27 Untitleds* @7 Untitled9* =0

]| |3 Elsourceonsave | Q A - i1 ~ =% Run | %% |  #Source ~| =
1 Tibrary(readr)
2 Fraudrisk =- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/Fraudrisk/Fraudrisk.csv")
3 view(Fraudrisk)
4  TypeFactor =- factor(FraudrRiskiType)
5  Tibrary(dplyr)
6 Fraudrisk =- mutate(Fraudrisk,TypeFactor)
7 IsHighrisk =- ifelse(Fraudrisk$Type=="mManual",1,0)
& Fraudrisk <- mutate(Fraudrisk,IsHighrisk)
9 mMin_cCount_Transactions_1l_pay <- min(FraudriskiCount_Transactions_1_pay)
10 Max_count_Transactions_l_pay <- max{FraudrRiskiCount_Transactions_l_pay)
11 Range_Deviation_Count_Transactions_l_Pay <- (FraudRisk3Count_Transactions_l_Day - Min_Count_Transactions_l_Day) (Max_Cour,

12 FraudRisk =- mutate(FraudRisk,Range_Deviation_Count_Transactions_l_Day)
13 1ibrary(ggplot2)
14 gplot(FraudrRisk3Count_uUnsafe_Terminals_1_bDay,FraudRisk$Dependent)

15 gplot(FraudriskSCount_Unsafe _Terminals_1_bDay,FraudriskSDependent) + stat_smooth(method="glm", method.args=1ist(family="binc

16 LogisticRegressionModel <- gim(Dependent ~ Count_Unsafe_Terminals_1_bDay,data=FraudRisk,family="binomial")
7 summary(LogisticRegressionModel)

< n
17:33 [Top Level} =

Run the line of script to console:

Console
Udld = FIduuKIsK)

Deviance Residuals:
Min 10 Median q Max
-3.7685 -0.8524 -0.8524 0.9755 1.5419

Coefficients:

eEstimate std. Error z value pr(>|z|)
(Intercept) -0.82552 0.06253 -13.20 <2e-16 **¥
Count_unsafe_Terminals_1_pay 0.44032 0.02692 16.36  <2e-16 #%*%

signif. codes: 0 “#%%° 0,001 ***' 0.01 ‘*' 0.05 *.' 0.1 ° "1
(Dispersion parameter for binomial family taken to be 1)

Null deviance: 2532.4 on 1826 degrees of freedom
residual deviance: 1976.7 on 1825 degrees of freedom
AIC: 1980.7
Number of Fisher Scoring iterations: 5

=

r
R Script =

0
5 i)

mn

As with models created using the Im() function, the summary is somewhat inadequate to get the
coefficients with correct precision, notwithstanding that the predict.glm() function will be used for

recall:
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coefficients(LogisticRegressionModel)

] Untitled1*

a1 [ [C]Source on Save
Tibrary(readr)
Fraudrisk
view(Fraudrisk)

TypeFactor =- factor(FraudRiskiType)
Tibrary(dplyr)

Fraudrisk <- mutate(Fraudrisk,TypeFactor)
IsHighRisk
FraudrRisk <- mutate(FraudRisk,IsHighrisk)
Min_Count_Transactions_1_Day
10 Max_Count_Transactions_1_Day
11 Range_Deviation_Count_Transactions_1_Day <-
12 Fraudrisk
13 Tlibrary(ggplot2)
14 qgplot(
15 qgplo
16 LogisticRegressionvodel
7 summary(LogisticRegressionModel)

18 coefficients(LogisticRegressionModel)|

3] Untitled2* 37 Untitled4* 7] Untitled3*

Q s8] -

[Tl I T R ST

JUBE

3] Untitleds*

<- ifelse(Fraudrisk$Type=="Manual",1,0)

37 Untitleds*

<- min(Fraudrisk3Count_Transactions_1_Day)
<- max(Fraudrisk3Count_Transactions_1_Day)
(FraudriskfCount_Transactions_1_Day - Min_Count_Transactions_l_bDay)
<- mutate(Fraudrisk,Range_Deviation_Count_Transactions_1_Day)

raudRiskSCount_uUnsafe_Terminals_1_bDay,FraudRiskfDependent)
raudriskScount_unsafe_Terminals_1_bay,Fraudrisk$bependent) + stat_smooth(method="glm", method.args=Tist(family="binc
=- glm(Dependent - Count_unsafe_Terminals_1_pay,data=Fraudrisk,family="binomial™)

@ Untitled7*

2 ] Untitleds* @] Untitleda*

== Run | [o%

Source -

<- read_csv("D:/users/Trainer /Desktop/Bundle/Data/Fraudrisk/Fraudrisk. csv™)

(Max_Cour

] T

18:38 | (Top Level)

Run the line of script to console to output the coefficients for a

regression model:

Console
MT 1y mMeuldn U MdX
-3.7685 -0.8524 -0.8524 0.9755 1.5419

coefficients:

Estimate std. Error
(Intercept) -0.82552 0.06253
count_unsafe_Terminals_1_pay 0.44032 0.02692

signif. codes: 0O “¥#¥%' 0.001 ***° 0.01 ‘%' 0.05

z value pPr(=|z|)
<2e-16 ###®
<2e-16 ###®

-13.20
16.36

.ot

(Dispersion parameter for binomial family taken to be 1)

2532.4
1876.7

Null deviance:
residual deviance:
AIC: 19B80.7

on 1825

Number of Fisher Scoring iterations: 5

> coefficients(LogisticregressionModel)

on 1826 degrees of freedom
degrees of freedom

(Intercept) Count_unsafe_Terminals_1_pay

-0.8255244

0.4403157

1

+
R Script

manual deployment of the logistic

m

This procedure would naturally lead into a stepwise multiple logistic regression model, and in this
example a factor as created in preceding procedures will be added with the assumption that it is the

next strongest correlating factor:
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27 Untitledl*

[T I W R N

JUBE

27 Untitled2* 27 Untitleds*

41 | [ [[]source on save
Tlibrary(readr)

127 Untitled4* 27 Untitled3*

Q Z-1dl -

27 Untitleds*

27 Untitled7*

27 Untitleda*

FraudRisk <- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/Fraudrisk/Fraudrisk.csv")
view(Fraudrisk)

TypeFactor <- factor (FraudRiskSType)

Tibrary(dplyr)

FraudRisk =- mutate(Fraudrisk,TypeFactor)

IsHighRisk ifelse(FraudrisksType=="Manual",1,0)

Fraudrisk <- mutate(FraudRisk,IsHighRisk)

Min_Count_Transactions_l_bay <- min(FraudrRiskiCount_Transactions_l_Day)
Max_Count_Transactions_l_bay <- max(FraudRisk$Count_Transactions_l_Day)

37 Untitled9*
== Run | 5%

_t Source -

11 Range_Deviation_Count_Transactions_1_Day

<— (FraudriskSCount_Transactions_1_bay - Min_Count_Transactions_1_Day)

12  FfFraudrisk
13 library(ggplot2)
14 gplot(

<- mutate(Fraudrisk,range_peviation_count_Transactions_l_pay)

raudriskicount_unsafe_Terminals_l_pay,Fraudriskspependent)

(Max_Cour

15 gplot(Fraudriskicount_unsafe_tTerminals_1_pay,Fraudriskspependent) + stat_smooth(method="gIim", method.args=Tist(family="binc

16 Logisticregressionmode]
7  summary(LogisticrRegressionmModel)

18 coefficients(LogisticRegressionModel)

19 LogisticRegressionModel

4| 1

19:119  [Top Level} +

Run the line of script to console:

Console

—3./083 -U.83Z4  -U. 8324 U.9/33 L.o41y

coefficients:

Estimate std. Error z value pr>|z|)
(Intercept) -0.82552 0.06253 -13.20 «2e-16 **#%
count_unsafe_Terminals_1_pay 0.44032 0.02692 16.36 <2e-16 ***%
signif. codes: 0 f##%' Q.001 ‘*%' 0.01 ‘¥ 0.05 *.' 0.1 ' ' 1

(Dispersion parameter for binomial family taken to be 1)

2532.4
1976.7

Null deviance:
residual deviance:
AIC: 1980.7

on 1826 degrees of freedom
on 1825 degrees of freedom

Number of Fisher Scoring iterations: 5
> coefficients(LogisticRegressionModel)

(Intercept) Count_uUnsafe_Terminals_l_Day
-0.8255244 0.4403157

<- glm(Dependent -~ Count_unsafe_Terminals_l_pay,data=Fraudrisk,family="binomial™)

<~ glm(Dpependent ~ Count_unsafe_Terminals_1_pay + TypeFactor ,,data=FraudRisk,family="binomial")|

b
R Script =

n

> LogisticRegressionMode]l <- gim{Dependent ~ Count_Unsafe_Terminals_l_bDay + TypeFactor,data=Fraudrisk,family="binomial")

=

Write out the coefficients to observe the treatment of each different state inside the factor

TypeFactor:

Console

ESLIMALE SLU. EFFOF £ vdiug FIri>| L))
(Intercept) -0. 82552 0.06253 -13.20 <2e-16 ***
count_unsafe_Terminals_1_pay 0.44032 0.02692 16.36 <2e-16 *¥%
signif. codes: 0 f#%%' 0.001 ‘**' 0.01 ‘*' 0.05 ‘." 0.1 % ' 1

(Dispersion parameter for binomial family taken to be 1)

2532.4
1976.7

Null deviance:
residual deviance:
ATC: 1980.7

on 1826 degrees of freedom
on 1825 degrees of freedom

Number of Fisher Scoring iterations: 5
> coefficients(LogisticRegressionModel)

(Intercept) Count_Unsafe_Terminals_1_bDay
-0.8255244 0.4403157

> LogisticRegressionModel <- gim(Dependent ~ Count_Unsafe_Terminals_l_Day + TypeFactor,data=FraudRisk,family="binomial™)

> coefficients(LogisticRegressionModel)
(Intercept) Count_Unsafe_Terminals_1_bDay
-1.1538985 0.2956514

TypeFactorManual
1.0340266

Procedure 5: Recalling a Logistic Regression Model.
It is fairly self-explanatory to deploy a logistic model, recall is performed in the same manner as a
linear regression model and as described in procedure 91. As with the Im() product, the glm() model

279

TypeFactorSwipe
1.8307673

m



JUBE

has a predict.gml() function to create a prediction for all values in a data frame. The signature bears

stark resemblance to that of the predict.Im() function:

AutomaticlogisticRegression <- predict.glm(LogisticRegressionModel,FraudRisk)

137 Untitled1* B Untitled2* ®] Untitled4* 127 Untitled3* ®7 Untitleds* 2] Untitleds* 127 Untitled7* @ Untitleda* @] Untitledo*

) | |3 [Fsourceonsave | Q #° ~| &1 - ~#Run | 5% | |_# Source -

1 Tibrary(readr)

2 Fraudrisk =- read_csv("D:/users/Trainer /Desktop/Bundle/Data/Fraudrisk/Fraudrisk.csv"™)

3 wiew(Fraudrisk)

4  TypeFactor <- factor (Fraudrisk$Type)

5 Tibrary(dplyr)

6 Fraudrisk =- mutate(Fraudrisk,TypeFactor)

7 IsHighrisk ifelse(FraudriskiType=="vanual",1,0)

& Fraudrisk =- mutate(Fraudrisk,IsHighrisk)

9 Min_Count_Transactions_1_Day <- min(FraudriskiCount_Transactions_1_bay)
10 Max_Count_Transactions_1_Day <- max(FraudRiskiCount_Transactions_1_bay)
11 Rrange_Deviation_Count_Transactions_1_bay <- (FraudRiskiCount_Transactions_l_bpay - Min_Count_Transactions_1_pDay)
12 Fraudrisk =- mutate(Fraudrisk,Range_peviation_Count_Transactions_l_Day)

13 Tlibrary(ggplot2)
14 gplot(Fraudriskicount_unsafe_Terminals_1_pay,Fraudriskipependent)

(Max_Cour

15 qgplot(Fraudriskicount_unsafe_Terminals_1_pay,Fraudriskipependent) + stat_smooth(method="glm", method.args=1ist(family="binc

16 LogisticrRegressionModel =- gim{Dependent - Count_unsafe_Terminals_l_pay,data=Fraudrisk,family="binomial")
7 summary(LogisticRegressionmodel)
18 coefficients{LogisticRegressionModel)

19 LogisticRegressionModel <- gim{Dependent ~ Count_Unsafe_Terminals_1_Day + TypeFactor,data=Fraudrisk,family="binomial")

20 coefficients{LogisticRegressionModel)
21 AutomaticLogisticRegression <- predict.glm(LogisticRegressionModel,Fraudrisk)|

4 1
21:78 (Top Level) =

Run the line of script to console:

Console
Liricgreepey —U.BL33L V. uUoLds —13. LU <Leg-19o ~="
Count_Unsafe_Terminals_1_Day 0.44032 0.026892 16.36 <2e-16 ®¥®

Signif. codes: © f®=®’ 0,001 ***’ 0,01 **" Q.05 ‘." 0.1 * ' 1
(Dispersion parameter for binomial family taken to be 1)

Null deviance: 2532.4 on 1826 degrees of freedom
Residual deviance: 1976.7 on 1825 degrees of freedom
AIC: 1980.7

Number of Fisher Scoring iterations: 5

> coefficients{LogisticRegressionModel)

(Intercept) Count_Unsafe_Terminals_1l_Day

-0. 8255244 0.4403157
> LogisticRegressionModel <- glim(Dependent ~ Count_Unsafe_Terminals_l_bay + TypeFactor,data=Fraudrisk,family="binomial™)
> coefficients{LogisticRegressionModel)

(Intercept) Count_Unsafe_Terminals_1_Day TypeFactorManual TypeFactorswipe
-1.1538985 0.2956514 1.0340266 1.8307673
> AutomaticLogisticRegression <- predict.glm(LogisticRegressionModel,FraudRisk)

=

r
R Script

m

It can be seen that a new vector has been created in the environment pane which will contain the

predictions for each entry in the FraudRisk Data Frame:
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) Rstudio [E=8 B8 >
Fle Edt Code View Plots Session Buid Debug Profile Tooks Help
e-2- 88 - - Addins - X project plone) ~
©]Untitiedt x  ©]Untitieazt x | 0 Unttiess® x O Untitied3® x 0 Uniitieds® 0 Unitieds* x @] Untitied? x 0] Untitiedd x 0] Untitiead* | Envionment  History -0
4) B Flsourceonsave Q 2/~ - SRun 5% _Source ~ * E _PmportDataset - f st ~
1 library(readr) @ Giobal Environment +
2 Fraudrisk <- read_csv("D:/Users/Trainer /Desktop/Bundle/Data/FraudRisk/FraudRisk. csv
3 view(Fraudrisk) DA
4 Typeractor < factor (FraudRisksType OFraudrisk 1827 obs. of 28 variables i
5 Tibrary(dpl
6 Fraudeisk <. mutate(Fraudrisk,Typeractor values .
7 IsMighRisk <- ifelse(FraudRisksType—"Manual”,1,0) AutomatigLggisticRegressi. Named num (1:1827] -0.563 -1.154 -1.154 -1.154 -1.154 ...
& Fraudeisk < mitate Krauukisk TsHighRisk) IsHighRy num [1:1827] 0000000000 .
9 min_Count._ 10 ount_ 1_0ay) Otogisgredressionodel  Large glm (30 elements, 1.3 Mb)
10 Max_Count Transact ons_1_bay <- max(FraudeisksCount_Transact ions1_bay) e R e
11 Range_Deviation_Count_Transactions_1_Day <- (FraudRiskiCount_Transactions_1_bay - Min_Count_Transactions_1_Day) / (Max_cour gune.Transacelons 1-
12 FraudRisk < sutate(Fraudeisk.Range_Deviation count_Transactions 1_bay) Count_Transactions_1_. 1L
13 library(ggpl /Range_beviation_count_Tra. num [1:1827] 0.2 0.24 0.16 0.2 0 0.04 0.08 0 0 0.28 ...
14 qploR (hraudRisKScount_unsafe_Terminals_1_ay, Fraudeisksoependent) TypeFactor Factor w/ 3 levels “Chip”,"Manual”,..: 1111111113 ...
15 gplot (FraudkiskiCount_unsafe_Terminals __bay Fraudkisksoependent) + stat_smooth(method-“gIn’, method. args-1ist(family-"ble
16 LogisticRegressionvodel <- gim(Dependent - Count_unsafe_Terminals_1_Day,data-FraudRisk,family-"binomial
17 summary(LogisticRegressionmodel
18 coefficients (Logisticregressiontodel)
19 LogisticRegressionModel <~ glm(Dependent ~ Count_unsafe_Terminals_1_bay + Typeractor,data-Fraudrisk,family-"bin
20 coefficients(LogisticRegressiontode Fles Plots  Packages Help Viewer =0
21 Automaticlogisticregression <- predict.glm(Logisticregressionvodel ,Fraudkisk . B 2oom | Wit 71 @11 SRR
10 e e e e,
275 (lop Leven = aipt =
175 (Top Level R saript i
pe) “u. Vo3 caziay  <ce-xo we- |l &
nsafe_Terminals_1.0ay 0.44032  0.02692 16,36 <2e-16 *** 2
Signif. codes: 0 ****' 0,001 ‘**' 0.01 ‘*' 0.05 *.” 0.1 * ' 1 g.
050-
(Dispersion parameter for binomial family taken to be 1) i
[4
Null deviance: 2532.4 on 1826 degrees of freedom k]
Residual deviance: 1976.7 on 1825 degrees of freedom 3
AIC: 1980.7 s
Nusber of Fisher Scoring iterations: 5 025-
> coefficients(LogisticRegressionuodel)
Qntercept) count_Unsafe_Terminals1 sy
-0.8255244
> LogisticRapresstoniodel <. gia(Dependent ~ Count Iasfe_Terminala_i_bay + TypeFactor datasrraudiisk, famtiy="binomial®)
> coefficients(Logisticregressiontodel)
(ntercept) Count_unsafe_Terminals_1_bay Typeractorvanual Typeractorswipe 3 0.0 A SN S RS ) SIS [
56514 1.0340266 1.8307673 = .
> Automatictog g < predict.gln(L g JFraudrisk) 0 5
> 3

EBE.[ 2 e 00 g[5][0]

For completeness, merge the newly created vector into the FraudRisk data frame:

FraudRisk <- mutate(FraudRisk, AutomaticLogisticRegression)

@] Untitled1® % @] Untitled2* » = @] Untitled4* * @ Untitled3* ® @] Untitleds® * @] Untitleds* % @ | Untitled7* % @] Untitleds* » @ Untitled9® » =0
=] Al @ [sourceonsave | Q # = i1 = [=#Run | 5% | | #Source ~| =
1 T1ibrary(readr)
2 FraudrRisk <- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/FraudrRisk/Fraudrisk.csv™)
3 view(Fraudrisk)
4  Typeractor =- factor(FraudriskiType)
5  Tibrary(dplyr)
& Fraudrisk <- mutate(Fraudrisk,TypeFactor)
7 IsHighrisk =- ifelse(FraudriskiType=="manual",1,0)
8 Fraudrisk <- mutate(Fraudrisk,IsHighrisk)
9 Min_Count_Transactions_1_bay <- min(FraudriskiCount_Transactions_1_bpay)
10 Max_Count_Transactions_1_bDay <- max(FraudriskiCount_Transactions_1_bay)
11 Range_bDeviation_Count_Transactions_1_bDay <- (FraudRiskiCount_Transactions_1_bay - Min_Count_Transactions_1_bay) / (Max_Cour

12 Fraudrisk <- mutate(FraudrRisk,Range_peviation_Count_Transactions_1_bay)

13 1ibrary(ggplot2)

14 gplot(FraudriskScount_unsafe_Terminals_1_bay,Fraudrisk$pependent)

15 gplot(FraudriskSCount_unsafe_Terminals_1_bay,Fraudrisk$pependent) + stat_smooth{method="glm", method.args=1ist(family="binc
16 LogisticRegressionModel <- glm{Dependent ~ Count_unsafe Terminals_1 Day,data-FraudRisk,family="binomial™)

17 summary(LogisticRegressionModel)

18 coefficients(LogisticRegressionModel)

19 LogisticRegressionModel <- glm(Dependent ~ Count_Unsafe_Terminals_1 Day + TypeFactor,data=Fraudrisk,family="binomial")
20 coefficients(LogisticRegressionModel)

21  AutomaticLogisticRegression <- predict.gim({LogisticRegressionModel,Fraudrisk)

22 FraudRisk <- mutate(FraudRisk, AutomaticLogisticRegressi on)|

q . 3
22:60 (Top Level) = R Script =

Run the line of script to console:

W =0

CUUMNL_UTiSdl E_TEFMITId IS _L_Udy U, 44Us52 U.uzoves 1o, 30 <ZE-10 =

Signif. codes: 0 ‘®¥®’ 0,001 ***’ 0,01 **’ 0.05 *." 0.1 * ' 1
(Dispersion parameter for binomial family taken to be 1)

Null deviance: 2532.4 on 1826 degrees of freedom
Residual deviance: 1976.7 on 1825 degrees of freedom
AIC: 1980.7

Number of Fisher scoring iterations: 5

> coefficients(LogisticregressionModel)
(Intercept) cCount_unsafe_Terminals_1_bay
-0.8255244 0.4403157
> LogisticregressionModel <- glm(Dependent ~ Count_unsafe_Terminals_1_bDay + TypeFactor,data=Fraudrisk,family="binomial™)
> coefficients(LogisticRegressionModel)
(Intercept) cCount_Unsafe_Terminals_1_pay TypeFactorManual TypeFactorswipe
-1.1538985 0.2956514 1.0340266 1.8307673
> automaticLogisticRegression <- predict.gim(LogisticregressionModel,Fraudrisk)
Fraudrisk =- mutate(Fraudrisk, AutomaticLogisticregression)

Excel 2013 b

m

v
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Procedure 6: Activating Logistic Regression and Creating a Confusion Matrix.

A logistic regression model outputs values between — 5 and +5, representing zero probability to
100% percent probability. Zero would represent a 50/50 probability, anything greater than zero
would denote the outcome being more likely than not.

In this example, suppose that activation is to take place based upon the balance of probabilities and
anything greater than 0 should be considered as being predicted, in this example, as fraud. The
ifelse() function can facilitate the creation of an activation function:

ActivateAutomaticlLogisticRegression <- ifelse(AutomaticLogisticRegression > 0,1,0)

2 ] Untitled1* 12 ] Untitled2* 2] Untitled4* @7 Untitled3* @7 Untitleds* @ 7 Untitleds* 2 ] Untitled7* 2] Untitleds* @] Untitleds*
41| |3 []SourceonsSave | G #° + i - ~%Run | [9% | | = Source -
1 Tibrary(readr)
2 FraudRisk <- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/Fraudrisk/Fraudrisk.csv")
3 View(Fraudrisk)
4  TypeFactor <- Tactor(FraudRisk$Type)
5  Tibrary(dplyr)
6 Fraudrisk =- mutate(Fraudrisk,TypeFactor)
7 IsHighrisk =- ifelse(Fraudrisk$Type=="manual",1,0)
8 Fraudrisk =- mutate(Fraudrisk,IsHighrisk)
9 Min_Count_Transactions_1_bay <- min(Fraudrisk$Count_Transactions_1_bay)
10 Max_Count_Transactions_1_bay <- max(FraudriskiCount_Transactions_1_bay)
11 Range_beviation Count_Transactions_1_bay =- (FraudRiskiCount_Transactions_1_bay - Min_Count_Transactions_1_bay) (Max_Cour
12 Fraudrisk =- mutate(Fraudrisk,Range_Deviation_Count_Transactions_l_bay)
13 library(ggplot2)

i
S

gplot(Fraudriskscount_unsafe_Terminals_1_pay,Fraudriskipependent)
gplot(Fraudriskscount_unsafe_Terminals_1_pay,Fraudriskipependent) + stat_smooth(method="glm", method. args=1ist(family="binc
LogisticRegressionModel <- gim(Dependent ~ Count_Unsafe_Terminals_l_bay,data=Fraudrisk,family="binomial™)
summary{LogisticRegressionModel)

[
@ e

~

18 coefficients(LogisticRegressionModel)
19 LogisticRegressionModel <- gim(Dependent ~ Count_Unsafe_Terminals_1_bDay + TypeFactor,data=FraudRisk,family="binomial™)
20 coefficients(LogisticRegressionModel)
21  AutomaticLogisticRegression <- predict.glm({LogisticRegressionModel,Fraudrisk)
22 FraudRisk =- mutate(FraudRisk, AutomaticLogisticRegression)
23 activateautomaticLogisticRegression <- ifelse(automaticLogisticRegression > 0,1,0)]
24
4 1L 3
73:33 | (Top Level) R Script

Run the line of script to console:

Console
signif. codes: 0O f#%%' 0.001 ‘**' 0.01 ‘%' 0.05 ‘.’ 0.1 ¢ ' 1
(Dispersion parameter for binomial family taken to be 1)

Null deviance: 2532.4 on 1826 degrees of freedom
Residual deviance: 1976.7 on 1825 degrees of freedom
ATC: 1980.7

Number of Fisher sScoring iterations: 5

> coefficients({LogisticregressionModel)
(Intercept) Count_unsafe_Terminals_1_bDay
-0.8255244 0.4403157
> LogisticRegressionModel <- glm{Dependent ~ Count_Unsafe_Terminals_l_Day + TypeFactor,data=Fraudrisk,family="binomial")
> coefficients(LogisticRegressionModel)
(Intercept) Count_Unsafe_Terminals_l_Day TypeFactorManual TypeFactorswipe
-1.1538985 0.2956514 1.0340266 1.8307673
> automaticLogisticregression =- predict.gim(Logisticregressionmodel,Fraudrisk)
> Fraudrisk <- mutate(Fraudrisk, automaticLogisticregression)
>
>

m

ActivateautomaticLogisticRegression <- ifelse(automaticLogisticRegression > 0,1,0)

For completeness merge the Activated Logistic Regression model into the fraud risk data frame:

FraudRisk <- mutate(FraudRisk, ActivateAutomaticLogisticRegression)
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127 Untitled1*

[F-l R N T

24:68

&1 | & ElsourceonsSave | Q@ # -| 1| - ~#Run | %
Tibrary(readr)
Fraudrisk =- read_csv("D:/uUsers/Trainer /Desktop/Bundle/pata/Fraudrisk/Fraudrisk.csv")
view(Fraudrisk)
TypeFactor <- factor(FraudrisksiType)
Tibrary(dplyr)
Fraudrisk <- mutate(Fraudrisk,TypeFactor)
IsHighRisk <- ifelse(Fraudrisk$Type=="Manual",1,0)
Fraudrisk <- mutate(Fraudrisk,IsHighRisk)
Min_Count_Transactions_1_Day <- min(FraudRisk$Count_Transactions_1_Day)
Max_Count_Transactions_1 Day <- max(FraudRiskSCount_Transactions_1_Day)
Range_Deviation_Count_Transactions_1_Day <- (FraudRiskS$Count_Transactions_1_Day - Min_Count_Transactions_1_Day)
Fraudrisk <- mutate(Fraudrisk,Range_Deviation_Count_Transactions_1_Day)

JUBE

27 Untitled2* 27 Untitled4* 27 Untitled3* 27 Untitleds* 127 Untitled6*

Tlibrary(ggplot2)
gplot (Fraudriskicount_unsafe_Terminals_1_pay,Fraudrisk$iDependent)
gplot (FraudriskScount_unsafe_Terminals_1_bay,FraudRiskibDependent) + stat_smooth(method="gIm", method.args=Tist(family="binc

LogisticregressionModel

summary (LogisticRegressionModel)
coefficients(LogisticregressionmModel)

LogisticregressionModel

coefficients(Logisticregressionvodel)

AutomaticLogisticRegression
Fraudrisk =
ActivateautomaticLogisticRegression

Fraudrisk

- mutate(Fraudrisk, automaticLogisticRegression)

7] Untitled7*

<- predict.gIim(LogisticRegressionMmodel,Fraudrisk)

<~ jfelse(automaticLogisticregression = 0,1,0)
<- mutate(Fraudrisk, Act'ivateAutomat'icLog'ist'icRegress‘ion'ﬂ

|
(Top Level) +

1

Run the line of script to console:

Console

SIgrine .

Loues

u

SeeULUUL Mt ULUL T ULuY . UL L

(Dispersion parameter for binomial family taken to be 1)

Null deviance: 2532.4 on 1826 degrees of freedom
residual deviance: 1976.7 on 1825 degrees of freedom
AIC: 1980.7

Number of Fisher Scoring iterations: 5

> coefficients(LogisticRegressionModel)

YV

YY V¥ VY

(Intercept) Count_Unsafe_Terminals_1_bDay
-0.8255244 0.4403157

(Intercept) Count_unsafe_Terminals_1_bay TypeFactormanual

-1.153B8985 0.2956514

1.0340266

AutomaticLogisticRegression <- predict.glm{LogisticRegressionModel,Fraudrisk)
Fraudrisk <- mutate(Fraudrisk, AutomaticLogisticregression)
ActivateAutomaticLogisticRegression =- ifelse(AutomaticLogisticRegression = 0,1,0)
Fraudrisk <- mutate(FraudRisk, ActivateAutomaticLogisticRegression)

27 Untitleds*

@ 7 Untitleds*

<- glm(Dependent - Count_uUnsafe_Terminals_1_bay,data=Fraudrisk,family="binomial™)

TypeFactorswipe
1.8307672

To create a confusion matrix using the table() function based upon the predicted \
ActivateAutomaticLogisticRegression vs the Actual \ Dependent variable:

table (FraudRiskSDependent, FraudRiskSActivateAutomaticLogisticRegression)

283

_*F Source -

(Max_Cour

<- glm(pependent - Count_unsafe_Terminals_l_pay + TypeFactor,data=Fraudrisk,family="binomial™)

’
R Script =

LogisticregressionModel <- gim{Dependent - Count_unsafe_Terminals_l_pay + TypeFactor,data=Fraudrisk,family="binomial™)
coefficients(Logisticregressionvodel)

m
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3] Untitled1* 37 Untitled2* 37 Untitledd* 37 Untitled3* 37 Untitleds* 37 Untitleds* 37 Untitled7* 37 Untitleds* {3 Untitledg*

a1 | |3 ESourceonsSave | Q # - &1 - ~#Run | % | [ #Source ~| =

1 Tlibrary(readr)

2 Fraudrisk =- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/Fraudrisk/Fraudrisk.csv")

3 wiew(Fraudrisk)

4 TypeFactor <- factor (FraudriskS$Type)

5 Tibrary(dplyr)

& FraudRisk <=- mutate(FraudRisk,TypeFactor)

7 IsHighRisk <- ifelse(FraudRisk$Type=="Manual",1,0)

& FraudrRisk =- mutate(FraudrRisk,IsHighRisk)

9 Min_Count_Transactions_1_bay =- min(Fraudrisk$Count_Transactions_1_Day)
10 Max_Count_Transactions_1l_Day =- max(FraudRisk$Count_Transactions_l_Day)
11 Range_Deviation_Count_Transactions_l_Day <- (FraudRisk$Count_Transactions_1l_Day - Min_Count_Transactions_l_Day) (Max_Cour,
12 FraudRisk =- mutate(FraudRisk,Range_Deviation_Count_Transactions_l_Day)

13 Tlibrary(ggplot2)
14 gplot(Fraudriskicount_unsafe_Terminals_l_pay,Fraudriskipependent)
15 gplot(Fraudriskicount_unsafe_Terminals_1_bay,Fraudriskipependent) + stat_smooth(method="gIm", methad.args=Tist(family="binc
16 LogisticRegressionModel =- glm(Dependent - Count_unsafe_Terminals_l_pay,data=Fraudrisk,family="binomial™)
7 summary(LogisticRegressionModel)
18 coefficients(LogisticRegressionModel)

19 LogisticRegressionModel =- glm(Dependent - Count_unsafe_Terminals_1_pay + TypeFactor,data=Fraudrisk,family="binomial")
20 coefficients(LogisticRegressionModel)
21 automaticLogisticRegression =- predict.glm(LogisticregressionModel,Fraudrisk)
22 Fraudrisk <- mutate(Fraudrisk, AutomaticLogisticRegression)
23 ActivateAutomaticLogisticRegression <- ifelsel(AutomaticLogisticRegression = 0,1,0)
24  FraudRisk =- mutate(FraudRisk, ActivateAutomaticLogisticRegression)
25 table (FraudrRiskSDependent, FraudRiskSActivateAutomaticLogisticRegression)
26
4 n 3
26:1 | (Top Level) * R Script

Run the line of script to console to output the confusion matrix:

Console
KES [UUd | UBVIdNLE: L9/0./ UM LoL3  UBYrees un | reguon 7
AIC: 1980.7

Number of Fisher Scoring iterations: 5

> coefficients(LogisticregressionModel)
(Intercept) Count_unsafe_Terminals_1_pay
-0.8255244 0.4403157

> LogisticrRegressionModel <- glm(Dependent ~ Count_unsafe_Terminals_1_bay + TypeFactor,data=Fraudrisk,family="binomial™)
> coefficients(LogisticregressionModel)
(Intercept) Count_unsafe_Terminals_1_pay TypeFactorManual TypeFactor swipe
-1.1538985 0.2956514 1.0340266 1.8307673
> automaticLogisticrRegression <- predict.gim{Logisticregressionmodel,Fraudrisk)
> Fraudrisk =- mutate(Fraudrisk, automaticLogisticrRegression)
> ActivateautomaticLogisticrRegression <- ifelse(automaticLogisticregression = 0,1,0)
> Fraudrisk =- mutate(rFraudrisk, activateautomaticLogisticregression)
> table (Fraudrisk$Dependent, FraudRisk$ActivateautomaticLogisticRegression)
0 1
0 841 85 =
1 325 576
= B

In this example, it can be seen that of 901 records in total, 576 were judged to be fraudulent by the
model and were in fraudulent in actuality, some 63.9% a figure for which improvement should be
sought via stepwise logistic regression.

The process of calculating the performance of the confusion matrix in this manner is quite laborious
and there exist several packages that help layout the confusion matrix with more readily available
performance measures. Install the gmodels package:
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Install Packages

Install from: ? Configuring Repositories
| Repository (CRAN, CRANextra) = |
|
Packages (separate multiple with space or comma):
!gr‘m:udels| E
gmodels 5.
[D:.."U sers/ Trainer/Docurnents/R/win-library/3.3 [Default] - ]

[]Install dependencies

l Install I Cancel

Click install to both download and install:

Console -/ =0
> LdU e (FIdUUR ISKIUEDENUENL, FrdUlK I5KIALL IVALEAULUNAL I LLUY ISLILKEYrESS 1UN) ~ —L T

0 1

0 -B41 -85

1 -325 -576
> table (FraudrRisk$Dependent, FraudRisk$activateAutomaticLogisticRegression)

0 1

0 841 85

1 325 576
> install.packages("gmodels")
Installing package into 'D:/Users/Trainer/Documents/R/win-Tibrary/3.3’°
{as ‘1ib" is unspecified)
Trying URL “https://cran.rstudio. com/bin/windows/contrib/3.3/gmodels_2.16.2.zip"
content type ‘application/zip’ length 73892 bytes (72 kKB)
downloaded 72 KB

package ‘gmodels’' successfully unpacked and mDp5 sums checked

The downloaded binary packages are in !E
D:‘\Users\Trainer‘appbata‘Local’Temp'1l'RtmpkerqD0' downloaded_packages |
>

Once the gmodels library is installed it needs to be referenced. To create the confusion matrix, the
line of script resembles the table() function almost absolutely, except making use of the CrossTable()
function of the gmodels package:

library("gmodels")

CrossTable(FraudRiskSDependent, FraudRiskSActivateAutomaticLogisticRegression)
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27 Untitled1* ® ] Untitled2* 27 Untitled4* ® 7 Untitled3* 27 Untitled5* ® 7 Untitleds* #7 Untitled7* 1] Untitleds* @7 Untitled9*

(TN RN - N IV N

27:79

41 | Flsourceonsave | Q A - £ - = Run | [o% | | #Source ~
Tibrary(readr)
Fraudrisk <- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/Fraudrisk/Fraudrisk.csv")
View(Fraudrisk)
TypeFactor =- factor(FraudriskSType)
Tibrary(dplyr)
Fraudrisk <- mutate(Fraudrisk,TypeFactor)
IsHighrisk <- ifelse(FraudriskSType=="mManual",1,0)
Fraudrisk <- mutate(Fraudrisk,IsHighrisk)
Min_Count_Transactions_1_bay <- min(Fraudrisk$Count_Transactions_1_Day)
Max_Count_Transactions_1_bay <- max(FraudRisk$Count_Transactions_1_Day)
Range_Deviation_Count_Transactions_1_bDay <- (FraudRisk$Count_Transactions_1_bay - Min_Count_Transactions_1_bay) (Max_Cour
Fraudrisk <- mutate(Fraudrisk,range_Deviation_Count_Transactions_1_Day)

Tibrary(ggplot2)

gplot(FraudrRiskScount_unsafe_Terminals_1_bay,Fraudriskibependent)
gplot(Fraudriskicount_unsafe_Terminals_1_bay,FraudRiskibpependent) + stat_smooth(method="gIm", method.args=Tist(family="binc
LogisticrRegressionModel =- glm(Dependent - Count_unsafe_Terminals_1_pay,data=Fraudrisk,family="binomial™)
summary(LogisticRegressionModel)

coefficients(LogisticRegressionvodel)

LogisticrRegressionModel =- glm(Dependent - Count_unsafe_Terminals_1_pay + TypeFactor,data=Fraudrisk,family="binomial™)
coefficients(LogisticRegressionvodel)

AutomaticLogisticRegression <- predict.gim(LogisticrRegressionModel,Fraudrisk)

Fraudrisk <- mutate(Fraudrisk, automaticLogisticRegression)

ActivateautomaticLogisticRegression <- ifelse(AutomaticLogisticregression > 0,1,0)

Fraudrisk <- mutate(Fraudrisk, ActivateautomaticLogisticRegression)

table (Fraudriskipependent, FraudriskiactivateAutomaticLogisticRegression)

Tibrary(gmodels)

crossTable(Fraudriskspependent, FraudriskiactivateautomaticLogisticregression)|

q " I n v
(Top Level] = R Script

Run the line of script to console:

Console

Fraudrisk$activateautomaticlLogisticRegression

|
Fraudrisk$pependent | 01 1 | rRow Total |
| | | |
o 841 | 85 | 26 |
| 105.776 | 186.588 | |
| 0.908 | 0.092 | 0.507 |
| 0.721 | 0.129 | I
| 0.460 | 0.047 | |
| | | |
1] 325 | 576 | 901 |
| 108.711 | 191.765 | |
| 0.361 | 0.639 | 0.493 |
| 0.279 | 0.871 | |
| 0.178 | 0.315 | |
| | | |
Column Total | 1166 | 661 | 1827 |
| 0.638 | 0.362 | |
| | | |

m

It can be seen that a confusion matrix has been created in much the same manner except for it has
created the summary statistics across both axis of the table.

Procedure 7: Output Logistic Regression Model as Probability.

The logistic regression output ranges from -5 to +5, yet oftentimes it is substantially more intuitive
to present this output as a probability. The formula to convert a logistic regression output to a
probability is:

P = exp(Ouput) / (1+exp(Ouput))

It follows that vector arithmetic can be used, simply swapping the output with a vector of values
created by the logistic regression model:

286



JUBE

7] Untitled1® 7] Untitled2® 3] Untitleda® 7] Untitled3* 3] Untitleds® @] Untitleds® 3] Untitled7* @] Untitleds® @7 Untitled9*

a1 | [ [Flsourceonsave  Q # ~ 1| - =% Run | [2%

1 Tibrary(readr)

2 Fraudrisk <- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/Fraudrisk/Fraudrisk.csv™)

3 view(Fraudrisk)

4 TypeFactor <- factor (FraudriskiType)

5 Tibrary(dplyr)

6 FraudRisk <- mutate(Fraudrisk,TypeFactor)

7 IsHighrisk <- ifelse(Fraudrisk$Type=="Manual",1,0)

& FraudrRisk <- mutate(Fraudrisk,IsHighRisk)

9 Min_Count_Transactions_1_Day <- min(FraudrRisk$Count_Transactions_1_Day)
10 Max_Count_Transactions_1_Day =<- max(FraudRisk$Count_Transactions_l1_Day)
11 Range_Deviation_Count_Transactions_1_Day <- (FraudRiskSCount_Transactions_1_Day - Min_Count_Transactions_1_Day)
12 FraudrRisk <- mutate(FraudRisk,Range_Deviation_Count_Transactions_l_Day)

13 Tlibrary(ggplot2)
14 qgplot(FraudriskiCount_Unsafe _Terminals_1_Day,FraudriskSDependent)

Source

™

ax_Cour

15 qgplot(FraudriskiCount_Unsafe_Terminals_1_Day,FraudriskSDependent) + stat_smooth(method="gIm", method.args=1ist{family="binc

16 LogisticRegressionModel =- gim(Dependent ~ Count_Unsafe_Terminals_1_Day,data=FraudrRisk,family="binomial")
7  summary(LogisticRegressionModel)

18 coefficients(LogisticRegressionModel)

19 LogisticRegressionModel <- gim(Dependent ~ Count_uUnsafe_Terminals_1_Day + TypeFactor,data=FraudRisk,family="binomial
20 coefficients(LogisticRegressionModel)

21 AutomaticLogisticRegression <- predict.glm{LogisticRegressionModel,Fraudrisk)

22 Fraudrisk <- mutate(FraudRisk, AutomaticLogisticRegression)

23 ActivateAutomaticLogisticRegression =- ifelse(AutomaticLogisticRegression > 0,1,0)

24  Fraudrisk <- mutate(FraudRisk, ActivateAutomaticLogisticRegression)

25 table (FraudriskSDependent, FraudRiskfActivateAutomaticLogisticRegression)
26 library(gmodels)
7 CrossTable(FraudriskSDependent, FraudRiskSActivateAutomaticLogisticRegression)
28 PAutomaticLogisticRegression = expl(AutomaticLogisticRegression) (1+exp(AutomaticLogisticRegression))
4 | 1
28:103 | [Top Level) =

Run the line of script to console:

Console
FIAUUK I5K3IALL IVALEAULUMEL I LLUY 15 L TLKEYE €55 106

]
Fraudrisk$pependent | 01 1 | row ToOTal |
| | |

0| 841 | 85 | 926 |

| 105.776 | 186.588 | |

| 0.908 | 0.092 | 0.507 |

I 0.721 | 0.129 | |

| 0.460 | 0.047 | |

| | | |

1] 325 | 576 | 901 |

| 108.711 | 191.765 | |

| 0.361 | 0.639 | 0.493 |

I 0.279 | 0.871 | |

I 0.178 | 0.315 | |

| | | |

Column Total | 1166 | 661 | 1827 |

I 0.638 | 0.362 | |

| | | |

> PAutomaticLogisticRegression = explAutomaticLogisticRegression) / (l+exp(AutomaticLogisticRegression))
=

For completeness merge the probability values into the FraudRisk data frame:
FraudRisk <- mutate(FraudRisk, PAutomaticLogisticRegression)

37 Untitled1* 27 Untitled2* @7 Untitleda* 27 Untitled3* 7 Untitleds* 37 Untitleds* 27 Untitled7* @ Untitleda* 13 Untitleda*

A1 | [ [Fsourceonsave | G /- i - =% Run | [*%
2 Fraudrisk =- read_csv("D:/users/Trainer/Desktop/Bundle/pata/Fraudrisk/Fraudrisk.csv™)

3 wview(Fraudrisk)

4  TyperFactor =- factor(FraudriskiType)

5 Tibrary(dplyr)
[

s

B

9

dp
Fraudrisk <- mutate(rFraudrisk,TypeFactor)
IsHighRisk ifelse(FraudriskiType=="Manual",1,0)

Fraudrisk mutate(FraudRisk, IsHighRisk)

Min_Count_Transactions_l_Day <- min{FraudRisk3Count_Transactions_l_Day)
10 Max_Count_Transactions_l_Day <- max{FraudRiskS3Count_Transactions_l_Day)
11 Range_Deviation_Count_Transactions_l_Day <- (FraudRisk3Count_Transactions_l_Day - Min_Count_Transactions_1l_Day)
12 FraudrRisk =- mutate(FraudRisk,Range_Deviation_Count_Transactions_1_Day)

13 Tldbrary(ggplot2)
14 qgplot(Fraudrisk$Count_Unsafe _Terminals_1_Day,FraudRiskSDependent)

L3

R Script =

Source

n

»

(Max_Cc

15 gplot(FraudriskiCount_Unsafe_Terminals_1_bDay,FraudriskSDependent) + stat_smooth(method="glm", method.args=1ist(family="bi

16 LogisticRegressionModel <- gim{Dependent ~ Count_Unsafe_Terminals_1_bay,data=FraudrRisk,family="binomial")
7  summary(LogisticRegressiorModel)
18 coefficients{LogisticRegressionModel)

19 LogisticRegressionModel <- glm(Dependent - Count_uUnsafe_Terminals_1_bay + TypeFactor,data=Fraudrisk,family="binomial")
20 coefficients(LogisticRegressionModel)

21 automaticLogisticRegression <- predict.glm(LogisticRegressionModel,Fraudrisk)

22 Fraudrisk =- mutate(FraudRisk, AutomaticLogisticRegression)

23 ActivateautomaticLogisticRegression <- ifelse(automaticLogisticregression = 0,1,0)

24  Fraudrisk =- mutate(Fraudrisk, ActivateAautomaticLogisticrRegression)

25 table (FraudriskiDependent, FraudriskiactivateautomaticLogisticRegression)
26 library(gmodels)
7 crossTable(Fraudriskipependent, FraudriskiactivateautomaticLogisticRegression)
28 pautomaticLogisticRegression = exp(AutomaticLogisticRegression) 1+exp(AutomaticLogisticregression))
29 Fraudrisk <- mutate(Fraudrisk, PAutomaticLogisticRegression)|
4 11
7961 | (Top Level] *

3
R Script &
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Run the line of script to console:

Console —]
FIdutdK ISKIveperaene | v 4 | KOW 1oLdl |
| | | |
0| 841 | g5 | 926 |
| 105.776 | 186.588 | |
| 0.908 | 0.092 | 0.507 |
| 0.721 | 0.129 | |
| 0.460 | 0.047 | |
| | | |
1] 325 | 576 | 901 |
| 108,711 | 191.765 | |
| 0.361 | 0.639 | 0.493 |
| 0.279 | 0.871 | |
| 0.178 | 0.315 | |
| | | |
column Total | 1166 | 661 | 1827 |
| 0.638 | 0.362 | |
| | I I

> PAUTOmaticLogisticregression = exp(automaticLogisticrRegression) / (l+exp(automaticLogisticRegression))
> Fraudrisk <- mutate(Fraudrisk, PautomaticLogisticregression)
>

Procedure 8: Creating a ROC Curve.

The ROCR package provides a set of functions that simplifies the process of appraising the
performance of classification models, comparing the actual outcome with a probability prediction.
can be noted that although a logistic regression model outputs between -5 and + 5, procedure 101
converted this value to an intuitive probability.

Firstly, install the ROCR package from the RStudio package installation utility.

Install Packages

Install from: 7 Configuring Repositories
| Repository (CRAN, CRAMextra) -

Packages (separate multiple with space or comma):

{ ROCR Ll::lra ry:

[ D:/Users/Trainer/Docurnents/Rwin-library/3.3 [Default] b

[]Install dependencies

| Install l Cancel

Click install to proceed with the installation:
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Console =]
Lrying UKL FLLpS o/ /erdi Mo LUl o, Loy oory/ WiTaows /Lorer D/ 3. 3/ediouis_1. 17 L. Z1p
Content type 'application/zip’ length 284328 bytes (277 KB)

downloaded 277 KB

trying URL "https://cran.rstudio.com/bin/windows/contrib/3.3/gplots_3.0.1.zip"
content type 'application/zip’ Tength 511932 bytes (499 KE)
downloaded 499 KB

trying URL "https://cran.rstudio.com/bin/windows/contrib/3.3/ROCR_1.0-7.zip"
content type 'application/zip® Tength 152168 bytes (148 KB)
downloaded 148 KB

package ‘bitops’ successfully unpacked and mMD5 sums checked
package ‘gtools’ successfully unpacked and mD5 sums checked
package ‘gdata’ successfully unpacked and MD5 sums checked
package ‘caTools’ successfully unpacked and mMD5 sums checked
package ‘gplots' successfully unpacked and mD5 sums checked
package ‘ROCR' successfully unpacked and mMp5 sums checked

The downloaded binary packages are in
D:\Users\Trainer‘AppData‘Local\Temp 1\ RtmpAxi3Gx\downloaded_packages

m

=

Reference the ROC Library:

library(ROCR)

27 Untitledl* 27 Untitled2* @7 Untitled4* 27 Untitled3* 27 Untitleds* @7 Untitleds* 27 Untitled7* 27 Untitleds* @7 Untitled9* =
&1 | [ [Flsourceonsave | Q # -| &1 - =% Run | % || #Source ~| =
TypeFactor <- factor (FraudriskiType) -~

4
5 Tdibrary(dplyr)

6 Fraudrisk =- mutate(FraudRisk,TypeFactor)
B

g9

IsHighrisk ifelse(FraudriskiType=="vManual",1,0)

Fraudrisk <- mutate(Fraudrisk,IsHighrisk)

Min_Count_Transactions_1_Day <- min(FraudriskiCount_Transactions_1_pay)
10 max_Count_Transactions_1_bay <- max(FraudriskiCount_Transactions_1_bDay)
11 Range_beviation_Count_Transactions_1_bay <- (FraudriskiCount_Transactions_1_Day - Min_Count_Transactions_1_Day) ‘Max_Cc
12 Fraudrisk =- mutate(Fraudrisk,Range_peviation_Count_Transactions_l_pay)

13 Tibrary{ggplot2)
14 gplot(Fraudrisk$count_unsafe_Terminals_1_pay,Fraudriskipependent)
15 gplot(Fraudriskicount_unsafe_Terminals_1_pay,FraudriskiDependent) + stat_smooth(method="glm", method.args=Tist(family="bi
16 LogisticregressionModel <- gim{Dependent - Count_unsafe_Terminals_l_pay,data=Fraudrisk,family="binomial")
7 summary{LogisticRegressionModel)
18 coefficients{LogisticRegressionModel)

19 LogisticRegressionModel <- gim{Dependent ~ Count_Unsafe_Terminals_l_Day + TypeFactor,data=Fraudrisk,family="binomial™) E
20 coefficients{LogisticRegressionModel)

21 AutomaticLogisticRegression <- predict.gim(LogisticRegressionModel,Fraudrisk)

22  FraudRisk =<=- mutate(FraudRisk, AutomaticLogisticRegression)

23 ActivateAutomaticLogisticRegression <- ifelse(AutomaticLogisticRegression > 0,1,0)

24 FraudrRisk =- mutate(Fraudrisk, ActivateAutomaticLogisticRegression)

25 table (FraudRiskSDependent, FraudRiskfActivateAutomaticLogisticRegression)
26 library(gmodels)
7 «crossTable(Fraudriskipependent, FraudriskiactivateautomaticLogisticrRegression)

28 PautomaticlLogisticRegression = exp(automaticLogisticRegression) (1+exp(AutomaticLogisticRegression))

29 Fraudrisk =- mutate(Fraudrisk, PAutomaticLogisticRegression)

30 Tlibrary(ROCR) A

31 57
4| m F

30:14 (Top Level) + R Script

Run the block of script to console:

Console

] Lus. /1L | 191,703 | I =
| 0.361 | 0.639 | 0.493 |
| 0.279 | 0.871 | ]
| 0.178 | 0.315 | ]
| | | |

column Total | 1166 | 661 | 1827 |
| 0.638 | 0.362 | |
| ] | |

> PAutomaticLogisticRegression = exp(AutomaticLogisticRegression) / (l+exp(automaticLogisticRegression))
> Fraudrisk <- mutate(Fraudrisk, PAutomaticLogisticRegression)

= Tlibrary(ROCR)

Loading required package: gplots

attaching package: ‘gplots’

The following object is masked from ‘package:stats’:

Towess

n

Two vectors and inputs are needed to create a visualisation, the first is the predictions expressed as
a probability, the second being the actual outcome. In this example, it will be the vector FraudRiskS
PAutomaticLogisticRegression And FraudRiskSDependent. To create the predictions object in ROCR:
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ROCRPredictions <- prediction(FraudRiskSPAutomaticLogisticRegression, FraudRiskSDependent)

Console 1
I u. 3oL | u. o3y | u.ays | =

] 0.279 | 0.871 | ]

] 0.178 | 0.315 | ]

| | | |

column Total | 1166 | 661 | 1827 |

| 0.638 | 0.362 | |

] | | |

> PAutomaticLogisticRegression = exp(AutomaticLogisticRegression) / (l+exp(AutomaticLogisticRegression))
> FraudRisk <- mutate(FraudRisk, PAutomaticLogisticRegression)

> 1ibrary(ROCR)

Loading required package: gplots

Attaching package: ‘gplots’

The following object is masked from ‘package:stats’:

Towess

m

> ROCRPredictions <- prediction(Fraudrisk$PautomaticLogisticRegression, Fraudrisk$Dependent)
>

Once the prediction object has been created it needs to be morphed into a performance object
using the performance() function. The performance function takes the prediction object yet also an
indication as to the performance measures to be used, in this case true positive rate (tpr) vs false
positive rate (fpr). The performance function outputs an object that can be used in conjunction with
the base graphic plot() function:

ROCRPerformance <- performance(ROCRPredictions,measure = "tpr",x.measure = "fpr")

@] Untitled1® @] Untitled2® 2] Untitled4® 7] Untitled3* 7] Untitleds® @] Untitleds® 3] Untitled7= 3] Untitleds® 127 Untitledg*

41| | [[]SourceonsSave | O, - il - ~#Run %% 4 Source -

6 Fraudrisk <- mutate(Fraudrisk,TypeFactor) -~

7 IsHighRisk =- ifelse(FraudriskiType=="manual",1,0)

8 Fraudrisk <- mutate(Fraudrisk,IsHighrisk)

9 Min_Count_Transactions_1_bay <- min(FraudriskSCount_Transactions_1_pay)
10 Max_Count_Transactions_1_bpay <- max(FraudRiskS$Count_Transactions_1_pay)
11 Range_Deviation_Count_Transactions_1_Day =<- (FraudRisk$Count_Transactions_1_Day - Min_Count_Transactions_1_Day) (Max_Cc
12 FraudrRisk <- mutate(Fraudrisk,Range_Deviation_Count_Transactions_1_Day)

13 library(ggplot2)

14 gplot(FraudriskiCount_Unsafe_Terminals_1_bDay,FraudRiskiDependent)

15 gplot(Fraudrisk$Count_Unsafe_Terminals_1_Day,FraudrRiskSDependent) + stat_smooth(method="gIm", method.args=1ist(family="bi
16 LogisticRegressionMmodel =- glim({Dependent - Count_unsafe_Terminals_l_pay,data=Fraudrisk,family="binomial")

7 summary(LogisticRegressionmodel)

18 coefficients(LogisticregressionvModel)

19 LogisticRegressiornModel <- glm(Dependent ~ Count_unsafe_Terminals_1_bay + TypeFactor ,data=Fraudrisk,family="binomial")

20 coefficients(LogisticregressionModel)

21 AutomaticLogisticRegression <- predict.glm(LogisticregressionModel,Fraudrisk)

22 Fraudrisk =- mutate(Fraudrisk, AutomaticLogisticRegression) E
23 ActivateAutomaticLogisticRegression <- ifelse(AutomaticLogisticRegression = 0,1,0)

24 Fraudrisk <- mutate(Fraudrisk, ActivateAutomaticLogisticRegression)

25 table (FraudriskiDependent, FraudriskfActivateAutomaticLogisticRegression)
26 library(gmodels)
7 «crossTable(Fraudriskipependent, FraudriskiactivateautomaticLogisticrRegression)

28 PAutomaticLogisticregression = exp(automaticLogisticregression) (l+exp(automaticLogisticregression))

29 Fraudrisk <- mutate(Fraudrisk, PautomaticLogisticregression)

30 Tibrary(rocr)

31 rocrpredictions <- prediction(FraudriskipautomaticLogisticRegression, FraudriskiDependent)

32 rocrrerformance <- performance(RocrRPredictions,measure = "tpr”,x.measure = "fpr')|

33 -
< [ m ol "

32:32 (Top Level] = R Script

Run the line of script to console:
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Console =0
I Uozry | (V. Y | I =
| 0.178 | 0.315 | |
| | | |

column Total | 1166 | 661 | 1827 |
| 0.638 | 0.362 | |
] ] | |

> PAutomaticLogisticRegression = exp(AutomaticLogisticRegression) / (l+exp(AutomaticLogisticRegression))

> FraudRisk <- mutate(FraudRisk, PAutomaticLogisticRegression)

> Tibrary(ROCR)

Loading required package: gplots

attaching package: ‘gplots’

The following object is masked from ‘package:stats’:

Towess

> ROCRPredictions <- prediction(Fraudrisk$PAutomaticLogisticRegression, FraudriskiDependent) i

> ROCRPerformance <- performance(ROCRPredictions,measure = "tpr",x.measure = "fpr") 5

- |4

Simply plot the ROCRPerformance object by passing as an argument to the plot() base graphic
function:

37 Untitled1* 37 Untitled2* @7 Untitleda* 7 Untitled3* 37 Untitleds* 3] Untitleds* @7 Untitled7* 37 Untitleds* 3] Untitleda* =

41 | [[lsourceonsave | & 2 - i - =% Run | 2% | | % Source ~| =
Fraudrisk =- mutate(rFraudrisk,TypeFactor) -

6

7 IsHighrisk <- ifelse(FraudriskiType=="manual",1,0)

8 Fraudrisk <- mutate(Fraudrisk,IsHighrisk)

9 Min_Count_Transactions_1_bay <- min(Fraudrisk$Count_Transactions_1_bpay)

10 Max_Count_Transactions_l_Day =- max(FraudriskiCount_Transactions_1_pay)

11 Range_Deviation_Count_Transactions_l_Day <- (FraudriskiCount_Transactions_l_bay - Min_Count_Transactions_1_pay) (Max_Cc
12 Fraudrisk <- mutate(Fraudrisk,range_bDeviation_Count_Transactions_1_pay)

13 Tlibrary(ggplot2)

14 qgplot(Fraudriskicount_unsafe_Terminals_1_bay,FraudriskiDependent)

15 qgplot(Fraudriskicount_unsafe_Terminals_1_bay,FraudriskiDependent) + stat_smooth(method="glm", method.args=1ist(family="bi
16 LogisticRegressionvModel <- glm(Dependent - Count_unsafe_Terminals_1_bay,data=Fraudrisk,family="binomial™)

7 summary(LogisticRegressionModel)

18 coefficients(LogisticregressionModel)

19 LogisticRegressionModel <- glm(Dependent - Count_unsafe_Terminals_1_bay + TypeFactor,data=FraudrRisk,family="binomial")

20 coefficients(LogisticregressionModel)

21 aAutomaticLogisticrRegression <- predict.glm(LogisticRegressionModel,Fraudrisk)

22 Fraudrisk <- mutate(Fraudrisk, AutomaticLogisticRegression)

23 ActivateAutomaticLogisticRegression =- ifelse(automaticLogisticregression = 0,1,0)

24  Fraudrisk <- mutate(Fraudrisk, ActivateAutomaticLogisticRegression)

m

25 table (Fraudriskfpependent, FraudrRiskfactivateautomaticLogisticregression)

26  Tlibrary(gmodels)

7 crossTable(Fraudriskipependent, FraudriskSAactivateautomaticLogisticRegression)

28 PAutomaticLogisticRegression = explAutomaticLogisticRegression) (1+exp(AutomaticLogisticRegression))

29 FraudRisk =- mutate(FraudRisk, PAutomaticLogisticRegression)
30 Tibrary(ROCR)
31 ROCRPredictions <- prediction(FraudRiskSPAutomaticLogisticRegression, FraudRiskiDependent)

32 RoCRPerformance <- performance(ROCRPredictions,measure = "tpr',x.measure = "fpr") | 4

33 plot(RocrPerformance)| -
< | 1 +

33:22 (Top Level) = R 5cript =

Run the line of script to console:

Console =
| (VAN | (VI N | I T
| | | |

column Total | 1166 | 661 | 1827 |
| 0.638 | 0.362 | |
| | | |

> PAutomaticLogisticRegression = exp(automaticLogisticRegression) / (l+exp(AutomaticLogisticregression))
> Fraudrisk <- mutate(Fraudrisk, PautomaticLogisticregression)
> library(ROCR)
Loading required package: gplots
Attaching package: ‘gplots’
The following object is masked from ‘package:stats’:
Towess

> ROCRPredictions <- prediction(Fraudrisk$pautomaticLogisticrRegression, FraudrRiskjDependent)
> ROCRPerformance <- performance(RoCrRPredictions,measure = "tpr",x.measure = "fpr")
>
>

m

plot (rocrRPerformance)

It can be seen that a curve plot has been created in the plots window in RStudio:
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It can be seen that the line is not diagonal, leading to an inference that the model has some
predictive power.

Procedure 9: Grading the ROC Performance with AUC.

Visually the plot created in procedure 102 suggests a that the model created has some predictive
power. A more succinct method to measure model performance is the Area Under Curve statistics
which can be calculated with ease by requesting "auc" as the measure to the performance object:

AUC <- performance(ROCRPredictions,measure = "auc"

37 Untitled1* 7 Untitled2* @7 Untitleda* 37 Untitled3* 7 Untitleds* 37 Untitleds* 37 Untitled7* @ Untitleda* 13 Untitleda*
41| | [C]SourceonSave | Q@ - £ - ~=Run | %% | 9 Source -
& Fraudrisk =- mutate(rraudrisk,IsHighrisk)
9 mMin_Count_Transactions_l_Day <- min(FraudriskSCount_Transactions_l_pay)

10 mMax_cCount_Transactions_l_pay <- max{FraudrRisksCount_Transactions_l_Day)
11 Range_Deviation_Count_Transactions_l_Day <- (FraudRisk3Count_Transactions_l_Day - Min_Count_Transactions_1l_Day) (Max_Cc
12 Fraudrisk =- mutate(FraudRisk,Range_Deviation_Count_Transactions_1_Day)

13 Tibrary(ggplot2)
14 gplot(FraudriskiCount_uUnsafe_Terminals_1_bay,FraudriskiDependent)
15 qgplot(FraudriskiCount_Unsafe_Terminals_1_bay,FraudriskiDependent) + stat_smooth(method="glm", method.args=1ist(family="bi
16 LogisticRegressionModel <- gim{Dependent ~ Count_Unsafe_Terminals_1_bDay,data=FraudrRisk,family="binomial")
7  summary(LogisticRegressiorModel)
18 coefficients(LogisticRegressionModel)

19 LogisticRegressionModel <- gim{Dependent ~ Count_Unsafe_Terminals_1_Day + TypeFactor,data=FraudRisk,family="binomial")
20 coefficients(LogisticRegressionModel)

21 AutomaticLogisticRegression =- predict.glm(LogisticRegressionModel,FraudrRisk)

22 Fraudrisk =- mutate(Fraudrisk, AutomaticLogisticregression)

23 ActivateautomaticLogisticRegression <- ifelse(automaticLogisticregression = 0,1,0)

24  Fraudrisk <- mutate(Fraudrisk, ActivateautomaticLogisticrRegression)

25 table (FraudriskSpependent, FraudriskSAactivateautomaticLogisticRegression)
26  library(gmodels)

-

7 crossTable(FraudriskiDependent, FraudriskfactivateautomaticLogisticRegression)

28 pautomaticLogisticRegression = exp(AutomaticLogisticRegression) 1+exp(AutomaticLogisticregression))
290 Fraudrisk =- mutate(FraudrRisk, PAutomaticLogisticRegression)
30 Tlibrary(ROCR)
31 RocrPredictions =- prediction(FraudriskfPAutomaticLogisticRegression, FraudriskiDependent)
32 RocrrPerformance <- performance(ROCRPredictions,measure = "tpr',x.measure = "fpr")
33 plot(rRocrrerformance)
34  auc =- performance(RocrPredictions,measure = "auc™)
35
4 n 3
34:52 (Top Level) R Script

Run the line of script to console:
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JUBE

1166

|

| 66
] 0.638

I

0.36

Column Total 1827

[

= PAI
= Fr
= 11
Load

utomaticLogisticRegression = exp(AutomaticLogisticRegression) / (l+exp(AutomaticLogisticRegression))
audrisk <- mutate(FraudRisk, PAutomaticLogisticRegression)

brary(ROCR)

ing required package: gplots

attaching package: ‘gplots’

The following object is masked from ‘package:stats’:

lowess
> ROCRPredictions <- prediction(Fraudrisk$PautomaticLogisticRegression, Fraudrisk$pependent)
> ROCRPerformance <- performance(rRocrrredictions,measure = "tpr",x.measure = "fpr")
> plot({rocrrerformance) |
> AUC <- performance(ROCRPredictions,measure = "auc") =
- 4

To write out the contents of the AUC object:

AUC

2] Untitled1® 2] Untitled2® @] Untitleda® 3] Untitled3® 7] Untitleds® 3] Untitleds® 2] Untitled7* @] Untitleds* 3] Untitledo* =0
a1 | [ [Flsourceonsave | Q@ # ~| i1 - ~t#*Run | % || Source ~| =

& FraudrRisk =- mutate(FraudRisk,IsHighRisk) ~
9 Min_Count_Transactions_l_Day <- min(FraudriskS$Count_Transactions_l_Day)

10 Max_Count_Transactions_1_Day <- max{FraudRiskSCount_Transactions_1_Day)

11 Range_Deviation_Count_Transactions_1_Day <- (FraudRisk3Count_Transactions_1_Day - Min_Count_Transactions_1_Day) (Max_Cc
12 FraudRisk =- mutate(FraudRisk,Range_Deviation_Count_Transactions_1_Day)

13 Tldbrary(ggplot2)

14 qgplot(Fraudrisk$Count_Unsafe _Terminals_1_Day,FraudRiskSDependent)

15 gplot(FraudriskiCount_unsafe_Terminals_1_bDay,Fraudriskipependent) + stat_smooth(method="glm", method.args=1ist(family="bi |
16 LogisticrRegressionModel <- glm(Dependent - Count_unsafe_Terminals_1_bay,data=Fraudrisk,family="binomial")
7  summary(LogisticRegressionModel)

18 coefficients(LogisticRegressionModel)

19 LogisticRegressionModel <- glm(Dependent - Count_uUnsafe_Terminals_1_bay + TypeFactor,data=Fraudrisk,family="binomial")

20 coefficients(LogisticRegressionModel)

21 automaticLogisticRegression <- predict.gim(LogisticRegressionvodel,Fraudrisk) |
22 Fraudrisk =- mutate(Fraudrisk, AutomaticLogisticrRegression)

23 activateautomaticLogisticRegression =- ifelse(automaticLogisticregression = 0,1,0)

24 Fraudrisk =- mutate(FraudrRisk, ActivateautomaticLogisticrRegression) 3
25 table (FraudriskiDependent, FraudriskiactivateautomaticLogisticRegression) 1
26 library(gmodels) |
7 «crossTable(Fraudriskipependent, FraudriskfactivateautomaticLogisticregression)

28 pautomaticLogisticRegression = exp(AutomaticLogisticRegression) (1+exp(automaticLogisticregression))

29 Fraudrisk =- mutate(Fraudrisk, PautomaticLogisticRegression)

30 1ibrary(rROCR)

31 RocrPredictions <- prediction(FraudriskfipautomaticLogisticregression, Fraudriskipependent)

32 RocrpPerformance <- performance(ROCRPredictions,measure = “tpr’,x.measure = "fpr")

33 plot(ROCRPerformance)

34 AUC <- performance(ROCRPredictions,measure = "auc™) B
35 AUC hd

4 [ »
35:4 [Top Level) = R 5cript +

Run

Console =

Al U
slot
[1]

slot
[1]

slot
[1]

slot
Tist

slot

[[1]
[1]

slot
Tist

=

The
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the line of script to console:

DjeLL Ul Lidby perurmdrce
"X.name":
"None"

"y.name":
"Area under the ROC curve"

"alpha. name":
"none"

"x.values":

0

"y.values":

]
0.827767

"alpha.values":

0] K

T

value to gravitate towards is the y.values, which will have a value ranging between 0.5 and 1:



JUBE

Console

Al U jJeLL Ul Lidd> perurmndrice
slot "x.name":

[1] "None”

slot "y.name":
[1] "area under the rROC curve"

slot "alpha.name":
[1] "none”

5lot "x.values":
Tist()

slot "y.values":

[[11] P
[1] 0.827767
N\

slot "alpha.values™:
Tist()

PR

=

In this example, the AUC value is 0.827767 which suggests that the model has an excellent utility. By
way of grading, AUC scores would correspond:

e A:OQutstanding > 0.9

e B:Excellent>0.8and<=0.9

e C:Acceptable>0.7and <=0.8
e D:Poor>0.6and<=0.7

e E:Junk>0.5and<=0.6

Module 10: Splits, Probability and Decision Trees.

Probability and product is a fairly radical departure from regression based techniques and form the
foundation creating decision trees. However, as a convenient stepping stone to splitting, there is a
hybrid technique which uses the concept of splitting based on the standard deviation. This module
intends to introduce the concept of splitting data into homogenous groups, as best can be, with a
view to creating decision trees on this data.

This module uses two different datasets. For the purposes of creating regression trees
Bundle\Data\Equity\Abstracted\FDX\PC_FDX_Close_200x1D_Close_50x1D_10.csv which contains
data that has already been abstracted for the FedEx stock on the NYSE.

For the purposes of creating C5 decision trees the dataset Bundle\Data\CreditRisk\CreditRisk.csv is
used.

Start with a new script and import both datasets as per procedure 46:
library(readr)

FDX <-
read_csv("D:/Users/Trainer/Desktop/Bundle/Data/Equity/Abstracted/FDX/PC_FDX_Close_200x1D C
lose_50x1D_10.csv")

View(FDX)
CreditRisk <- read.csv("D:/Users/Trainer/Desktop/Bundle/Data/CreditRisk/German/CreditRisk.csv")

View(CreditRisk)
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di* % | @] Untitled2* % | B Untitledd* % | @] Untitled3* ® | @] Untitled5* ¥ = @] Untitleds* ¥ | @] Untitled7* % = @] Untitleds* x = @] Untitledo* x | 37 Untitled10* % | 3 =
=] &1 | [sourceonsave | Q # - i1 - = Run | 5= | = Source ~| =
1 Tibrary(readr)

2 FDX <- read_csv('D:/Users/Trainer/Desktop/Bundle/Data/Equity/Abstracted/FDx/PC_FDX_Close_200x1D_Close_50x1D_10.csv")

3 wview(FDX)

4 creditrisk <- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/creditrisk/creditrisk. csv™)

5 wview(creditrisk)]|

(]

e (Top Level) = R Script =
Run the block of script to console:

Console ~/ =0

= library(readr) B

> FDX <- read_csv("D:/Users/Trainer /Desktop/Bundle/Data/Equity/Abstracted,/FDX/PC_FDX_Close_200x1D_Close_50x1D_10.csv'")

Parsed with column specification:

cols(

.default = col_double()

See spec(...) for full column specifications.

warning: 2 parsing failures.

row col expected actual

2150 pependent a double (2149 row(s) affected) e |

2150 NA 202 columns 1 columns

= View(FDX)

= creditRisk =<- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/creditrisk/creditrisk.csv")

parsed with column specification: L

cols( 3
.default = col_integer()

)

see spec(...) Tor full column specifications.

= view(creditrisk)

>

It can be seen that there are now two data frames available in the environment pane for use in the
subsequent procedures:

oeE = o e |
Fie Edt Code View Plots Sesion Buid Debug Profie Tooks Help
9- - 883 - [ - addins + & project plone) =
0% O)Untiledz % ©)Untiiedt x| ©)Unttledst % ©Untiledstx O Untitedstx  ©Untiied?* % ©]Untites* x O] Unttleds* %  0Untitedio*x | (7| Emaronment  History =
0 @ Dsouceonswe | Q /- L1~ “wRun | 3% [ source - @ [ Pimportostaret -+ S it -

1 Tibrary(readr) % Giobat Envronment -

2 FOX <- read_csv("D:/Users/Trainer /Desktop/Bundle/Data/Equity/Abstracted/FOX/PC_FOX_Close_200x10_Close_S0X10_10.csv™)

3 view(FOX) pata

4 creditrisk read_csv("D:/users/Trainer /Desktop/Bundle/Data/CreditRisk/CreditRisk. csv") Ocreditrisk 107487 obs. of 27 variables @

; Viegcreattrisk) OFox 2150 obs. of 202 variables )

Files  Plots Padages Help Viewer o
5 Bport -

517 (lop Leved ¢

Console.

RScript =

> library(readr) 3l

DX <~ read_csv("D: /Users/Trainer /Desktop/8undle/Data/Equity/Abstracted/FOX/PC_FOX_Close_200x10_Close_S0x10_10. csv")
parsed with column specification:

cols:

.default = col_double()

See spec(...) for full column specifications.
warning: 2 parsing failures.

expected

row col actu:
2150 Dependent a double (2149 row(s) affected)
50 20:

> view(FDX)

2 columns 1 columns

> CreditRisk <- read_csv("D:/Users/Trainer/Desktop/sundle/bata/creditrisk/creditrisk. csv")
parsed with column specification:

cols(

See spe:

1s
.default = col_integer()

(...) for full column specifications.

3
> view(Creditrisk)

Bl 2 e 0o
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Note however that in loading the CreditRisk data frame, the read.csv() function of base R has been
used and NOT the read_csv() function of the library readr. The functions of readr are many times
faster and more efficient than that of the base R functions but will never convert character strings to
factors, instead presenting them as character vectors.

As the CreditRisk data frame is going to be used exclusively for classification, it is very useful that any
character strings are inferred as factors and will save a large amount of time in pre-processing. It
follows as a rule of thumb, use the read_csv() almost universally, unless the intention is to convert
character strings to factors in which case use read.csv() function.

Procedure 1: Create a Decision Tree using rpart.
Firstly it is nessecary to install the rpart package:

Install Packages

Install from: ? Configuring Repositories
| Repesitory (CRAN, CRAMextra) v|

Packages (separate multiple with space or comma):

[ rpart.plot ner/Documents/R/win-library/3.3 [Default] ']
rpart.utils
rpartitions | 4o ciee
rpartscore
Lﬂ} Cancel

Click the install button to download and install the package:

Console
£13U NA ZUZ LOTUMIS L LU TS

= view(FDx)
> creditrisk <- read_csv("D:/users/Trainer/Desktop/Bundle/Data/creditrisk/Creditrisk. csv'™)
Parsed with column specification:
cols(
.default = col_integer()

See spec(...) for full column specifications.

= View(CreditrRisk)

> install.packages("rpart")

Installing package into ‘D:/Users/Trainer/Documents/R/win-Tibrary/3.3°

(as ‘1ib’ is unspecified)

trying URL "https://cran.rstudio.com/bin/windows /contrib/3.3/rpart_4.1-10.zip"
content type 'application/zip' length 922698 bytes (901 KB)

downloaded 901 KB

m

package ‘rpart’® successfully unpacked and mD5 sums checked

The downloaded binary packages are in
D:\Users\Trainer\AppData‘\Local \Temp\1\RtmpklPr1E\downloaded_packages
=

Load the lirary rpart:

library(rpart)
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il 3] Untitled2* 37 Untitledd* 3] Untitled3* 37 Untitleds* 3] Untitleds* 37 Untitled7* 3] Untitleds* 37 Untitledo* @] Untitled10* » -

41 | [Clsourceonsave | G #° ~| i - ~#Run | 2% | ¥ Source ~
Tibrary(readr)
FDX <- read_csv("D:/users/Trainer/Desktop/Bundle/Data/eEquity/abstracted,/FDx/PC_FDX_Close_200x1D_close_50x1D_10.csv"™)
view(FDX)
CreditRisk <- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/CreditRisk/CreditRisk.csv™)
view(Creditrisk)
Tibrary(rpart)|

o b

6:15 (Top Level] = R Script =

Run the line of script to console:

Console

= view(FDX)
= Creditrisk <- read_csv("p:/users/Trainer /Desktop/Bundle/Data/creditrisk/creditrisk. csv")
parsed with column specification:
cols(
.default = col_integer()

see spec(...) for full column specifications.

= view(Creditrisk)

= install.packages("rpart")

Installing package into ‘D:/users/Trainer/Documents/R/win-Tlibrary/3.3"

(fas ‘1ib' is unspecified)

trying URL '"https://cran.rstudio.com/bin/windows/contrib/3.3/rpart_4.1-10.zip"
Content type 'application/zip’ Tlength 922698 bytes (901 KB)

downloaded 901 KB

package ‘rpart’ successfully unpacked and MD5 sums checked

mn

The downloaded binary packages are in
D:\WUsers\Trainer‘\AppData‘Local\Temp'\1\RtmpkIPrl1E\downloaded_packages

> library(rpart)
. A

Unlike in regression procedures, where it is nessecary to be selective about the independent
variables being passed to the model, regression trees do not nessecarily require any variable
selection as they are much better at producting models on very large feature sets, as such can be
instructed to use all indepenent variables. To train a regression tree, use the rpart() function, specify
the dependent variable and the independent variables:

RegressionTree <- rpart(Dependent ~ ., data = FDX)
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37 Untitled2* % @7 Untitled4* % @] Untitled3* ® @] Untitled5* % = 2] Untitleds* % = @] Untitled7* % @] Untitledd* » = 27 Untitleds* % @7 Untitled10* P -

&) | |3 Flsourceonsave | Q # -| &1 - =#Run | % | | Source =
Tibrary(readr)
FDX =- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/Equity/abstracted,/FDX/PC_FDX_Close_200x1D_Close_50x1D_10.csv")
view(FDX)
creditRisk =- read_csv("D:/Users/Trainer /Desktop/Bundle/Data/creditrisk/creditrisk.csv")
view(creditrisk)
Tibrary(rpart)
RegressionTree <- rpart(pependent - ., data = FDX)|

0

(Top Level) = R Seript =

Run the line of script to console:

Console -/ =0

= VIEWLFUAS

> Cre
Parse
cols(

ditRisk <- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/CreditRisk/CreditRisk.csv")
d with column specification:

.default = col_integer()

See 5

pec(...) for full column specifications.

= view{creditrisk)
= install.packages("rpart")

INsTa
(as ¢
tryin
conte
down

packa
The d
= 1ib

> Reg
>

11ing package into ‘D:/users/Trainer/Documents/R/win-Tlibrary/3.3"

1ib* is unspecified)

g URL "https://cran.rstudio.com/bin/windows/contrib/3.3/rpart_4.1-10.zip"

nt type "application/zip" length 922698 bytes (801 KEB)

oaded 901 KB —

ge ‘rpart’ successfully unpacked and mMD5 sums checked

ownloaded binary packages are in =
D:“Users\Trainer‘AppData‘\Local‘\Temp'1\RtmpkIPr1E‘downloaded_packages

rary(rpart)

ressionTree <- rpart(Dependent ~ ., data = FDX)

A regression tree has been created and saved to the RegressionTree object. To retrieve information
about the splits and tree simply:

RegressionTree

d1* %

[Tl W PO N

8:15
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@7 Untitled2* % = @] Untitledd* » @] Untitled3* » = @] Untitled5* ¥ = @] Untitleds* % = 2] Untitled7* % = @] Untitledd* % | @] Untitled9* * = @7 Untitled10* » =
a1 | | [ElSourceonsave | Q A -| i - =#Run | %% || #Source ~| =
Tibrary(readr)
FDX <- read_csv("D:/users/Trainer/Desktop/Bundle/Data/Equity/abstracted/FDX/PC_FDX_Close_200x1D_Close_50x1D_10.csv")
View(FDX)
CreditRisk =- read_csv("D:/Users/Trainer /Desktop/Bundle/Data/CreditRisk/CreditRisk. csv™)
View(CreditrRisk)
Tibrary(rpart)}
rRegressionTree <- rpart(Dependent - ., data = FDX)
rRegressionTreg]
(Top Level) = R Script =
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S4U) PEAISUNCUrreiduLiuorn_4< —Jv./uuuigus 1035 L. UOSLTBUY UL U L49UrY
80) Median_3_ZScore< 0,3452189 114 0.36904200 -0.110894600 ¥
81) Median_3_ZScore==0, 3452189 49 0.11318810 0.019989610 *
41) PearsonCorrelation_4>=-0.7000403 1052 4.93724300 0.016500620
82) Range_3_PearsonCorrelation>=0. 3518519 142 0.44377260 -0.060156460 *
£3) Range_3_PearsonCorrelation< 0.3518519 910 3.52882600 0.028462500
166) PointStep_9_ZScore>=0,2657032 323 0.77074260 -0.009661027 *
167) PointStep_9_ZScore< 0.2657032 587 2.03031700 0.049440180
334) skew_3< -0.3590697 154 0.62272810 0.004195887 *
335) skew_3>=-0.3590697 433 0.98022450 0.065531690 *
21) close_2_pearsoncorrelations< -0.7651638 41 0.09212358 0.183720000 *
11) Range_4< 1.559354 414 3.93178400 0.081336470
22) Pointstep_l>=0.607338 66 0.22909910 -0.051621670 *
23) Pointstep_l< 0.607338 348 2.31466700 0.106552700
46) Range_3_PearsonCorrelation< 0.108431 291 1.58303100 O0.088708090
92) min_3_pearsoncorrelation< -0.5127741 25 0.19446850 -0.055712650 *
93) min_3_pearsoncorrelation>=-0.5127741 266 0.81812180 0.102281500 *
47) rRange_3_rearsonCorrelation==0.108431 57 0.16590520 0.197654000 *
3) Range_1< 1.095992 56 1.08038500 0.257308000
6) Range_4_7sScore»>=-1.12821 35 0.17794380 0.171248700 *
7) Range_4_z7score< -1.12821 21 0.21119510 0.400740200 *

Run the line of script to console:

Console

m

A regression tree has been written out that can be interpreted as a series of if, then, else
statements. In this example, the follow logic would predict a percentage price change, although
there are many variations:

If Range_1>=1.095992 and Min_2>=0.1196234 and PointStep_12_PearsonCorrelation>=-0.3153543
then Forecast is -0.149363700

Console

1) root 2149 26.50178000 0.016412940
2) Range_1>=1.095992 2093 22.08474000 0.009967582
4) Typicalvalue_4_pearsonCorrelation< -0.6301845 423 5.41561900 -0.061559880
8) Min_2< 0.1196234 149 2_37821100 -0.144294800
16) Pointstep_16_zsScore»=-1.199479 92 0.95450130 -0.209382900
32) min_3_PearsonCorrelation>=-0.7110189 81 0.40032710 -0.237454300 *
33) min_3_PearsonCorrelation< -0.7110189 11 0.02033586 -0.002674954 *
17) PointStep_l6_ZsScore< -1.199479 57 0.40487950 -0.039240450 *
9) Min_2>=0.1196234 274 1.46286700 -0.016568970
b MPointstep_12_Pearsoncorrelations==-0.3153543 39 0.09689294 -0.149363700 ¥
19) pPointstep_l2_rearsoncorrelation< -0.3153543 235 0.56409440 0.005469300 *
5) Typicalvalue_4_pearsoncorrelation>=-0.6301845 1670 13.95682000 0.028085020
10) Range_4>=1,559354 1256 §.46407900 0.010532390
20) Close_2_pPearsonCorrelations=-0.7651638 1215 7.10070600 0.004688198
40) pearsonCorrelation_4< -0.7000403 163 1.06929800 -0.071549070
80) Median_3_ZScore< 0.3452189 114 0.36904200 -0.110894600 *
81) Median_3_ZScore>=0.3452189 49 0.11318810 0.019989610 ¥
41) pearsonCorrelation_4>=-0.7000403 1052 4.93724300 0.016500630
82) Range_3_PearsonCorrelation>==0.3518519 142 0.44377260 -0.060156460 *
83) Range_3_PearsonCorrelation< 0.3518519 910 3.52882600 0.028462500
166) Pointstep 9 Zscore==0,2657032 323 0.77074260 -0,009661027 * i/

m

The rtree() function has though suggested a wide range of potential rules, the endpoints being
denoted by a *. Itis though important to understand the performance of each one these endpoints
to propose implementation of these rules. To establish the error rates of these endpoints, use the
summary() function passing the RegressionTree object:

summary(RegressionTree)
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a1+ 127 Untitled2* 27 Untitled4* 27 Untitled3* 27 Untitleds* 27 Untitledé* 27 Untitled7* 27 Untitleda* 27 Untitleds* @7 Untitled10* >

47 | |3 ElSourceonsSave | Q - & - =#Run | % | [ #Source -| =
1 Tibrary(readr)
2 FDX <- read_csv("D:/users/Trainer/Desktop/Bundle/Data/eEquity/abstracted/FDX/PC_FDX_Close_200x1D_Close_50x1D_10.csv'™)
3 view(FDX)
4 CreditRisk <- read_csv("D:/Users/Trainer /Desktop/Bundle/Data/CreditRisk/CreditRisk.csv")
5 View(CreditRisk)
6 Tlibrary(rpart)
7 RegressionTree <- rpart(Dependent ~ ., data = FDX)
& RegressionTree
9  summary(RegressionTree)
9:24 (Top Level) = R Script =

Run the line of script to console:

Console
medr=u. U4944U18, MDE=U.UU34388U5
left son=334 (134 obs) right son=335 (433 obs)
Primary splits:
Skew_3
Max_1 _Zscore
Skew_3_PearsonCorrelation
Skew_2
Median_2_zscore
surrogate splits:
Close_1_7Score = -2.427568 to the left, agree=0.860, adj=0.468, (0 split)
skew_2 < -0.4842811 to the left, agree=0.855, adj=0.448, (0 split)
Median_2_7score < -2.544749 to the left, agree=0.850, adj=0.429, (0 split)
<
<

-0.3590697 to the left, improve=0.2104916, (0 missing)
15.28321 to the right, improve=0.1668905, (0 missing)
.4286609 to the left, improve=0.1626707, (0 missing)
-0.09811816 to the left, improve=0.1588004, (0 missing)
-2.492116 to the left, improve=0.14867861, (0 missing)

AN AN A A
|
[=]

Range_1_7Score -0.3156007 to the left, agree=0.848, adj=0.422, (0 split)
skew_4 -0.6440575 to the Teft, agree=0.847, adj=0.416, (0 split)

Node number 334: 154 observations
mean=0. 004195887, mM5E=0.004043689

Node number 335: 433 observations
mean=0.06553169, MsE=0.002263798

Excel 2013 b

Notice in the regression tree output, each node is labelled and in this example, node 18 was
referenced. By searching for this node in the summary output, the error rate can be determined:

Console

e S — Ry o T
mean=-0.2093829, MsE=0.01037501
left son=32 (81 obs) right son=33 (11 obs)
Primary splits:

Min_3_PearsonCorrelation < -0.7110189 to the right, improve=0.5592851, (0 missing)
Pointstep_18_PearsonCorrelation < -0.4502016 to the right, improve=0.5592851, (0 missing)
Max_1_PearsonCorrelation < -0.595132 to the Teft, dimprove=0.5592851, (0 missing)
Pointstep_4_PearsonCorrelation < -0.6199754 to the left, improve=0.5369947, (0 missing)
Min_4 < 0.446191 to the left, dimprove=0.4948073, (0 missing)
Surrogate splits:

Max_1_PearsonCorrelation < -0.595132 to the left, agree=1.000, j=1.000, (0 split)
PointsStep_l8_PearsonCorrelation < -0.4502016 +to the right, agree=1.000, 000, (0 split)
Median_1_PearsonCorrelation < -0.5308417 to the left, agree=0.989, .909, (0 split)
TrimmedMean_1_PearsonCorrelation < -0.5492711 to the left, agree=0.989, 909, (0 split)
Min_1_PearsonCorrelation < -0.5481415 to the left, agree=0.989, adj=0.909, (0 split)

Node number 17: 57 observations
mean=-0.03924045, MsE=0.007103149

Node number 18: 39 observations
mean=-0.1493637, MSE=0.002484434

Node number 19: 235 observations

Procedure 2: Visualise a rpart Decision Tree.

Once familiar with the output of a regression tree, it becomes an informative means to create
business rules. Quite often however, for the purposes of communication, it is more satisfying to
create a visualisation. A package called rpart.plot is available for the purposes of translating
regression trees to a visualisation. Start by installing the rpart.ploy package:
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Install Packages

Install from:

JUBE

? Configuring Repositories |

| Repository (CRAN, CRANextra)

Packages (separate multiple with space or commal:

v]'

|rpart.p|u:ut

Install to Library:

[ D:/Users/Trainer/Documents/R/win-library,/3.3 [Default] - ]

[/]Install dependencies

l Install l

Cancel

Click install to download and install the package:

Console -/
MEQIAMN_ZL_L5LUNre < —Z., 344/4Y9 LU Lrieg gL,
Range_l_zZscore < -0,3156007 to the left,
Skew_4 < -0.6440575 to the left,

Node number 334: 154 observations
mean=0. 004195887, MSE=0.004043689

Node number 335: 433 observations
mean=0.06553169, MSE=0.002263798

= install. packages("rpart.plot")

dyreg=u,. 8du,
agree=0, 848,
agree=0, 847,

AU J=U. 429, (U spliLy)
adj=0.422, (0 split)
adj=0.416, (0 split)

Installing package into ‘D:/Users/Trainer/Documents/R/win-Tibrary/3.3

(as “1ib’ is unspecified)

trying URL "https://cran.rstudio.com/bin/windows/contrib/3.3/rpart.plot_2.1.0.zip"
content type 'application/zip’ length 716451 bytes (699 KB)

downloaded 699 KB

package ‘rpart.plot’ successfully unpacked and MD3 sums checked

The downloaded binary packages are in

D:\Users\Trainer\AppData‘\Local\Temp'\1\RtmpugrF070'\downloaded_packages

=

Reference the library:

library(rpart.plot)
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il 3] Untitled2® 3] Untitled4® 7] Untitled3® 3] Untitleds® 3] Untitleds® 3] Untitled7= 3] Untitleds® 3] Untitled9® 3] Untitled10* » =

41| [ Flsourceonsave | @ #° «| i - ~=#Run | %= | | % Source -
Tibrary(readr)
FDX <- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/Equity/Abstracted/FDX/PC_FDX_Close_200x1D_Close_50x1D_10.csv"™)
view(FDX)
CreditRisk <- read_csv("D:/Users/Trainer /Desktop/Bundle/Data/CreditRisk/CreditRisk. csv")
view(CreditRisk)
Tibrary(rpart)
RegressionTree <- rpart(Dependent ~ ., data = FDX)
RegressionTree
summary (RegressionTree)
Tibrary(rpart.plot)]

L |

S WML W N R

i

10:20 (Top Level) = R Script =

Run the line of script to console:

Console
T2l L 5UMN=334 (134 UD5) Iyl 50MN=332 (433 0O0s)
Primary splits:

I
md

skew_3 < -0.3590697 to the Tleft, dmprove=0.2104916, (0 missing)
Max_1_ZsScore < 15.28321 to the right, improve=0.1668905, (0 missing)
skew_3_PearsonCorrelation < -0.4286609 to the left, dimprove=0.1626707, (0 missing)
skew_2 < -0.09811816 to the left, dimprove=0.1588004, (0 missing)
Median_2_ZScore < -2.492116 to the left, dimprove=0.1467861, (0 missing)

surrogate splits:

Close_1_ZScore < -2.427568 to the left, agree=0.860, (0 split)
Skew_2 < -0.4842811 +to the left, agree=0.855, (0 split)
Median_2_ZScore < -2.544749 to the left, agree=0.850, (0 split)
Range_1_ZScore < -0.3156007 to the Teft, agree=0.848, (0 split)
Skew_4 < -0.6440575 to the Teft, agree=0.847, (0 split)

Node number 334: 154 observations
mean=0. 004195887, Mse=0.004043689

Node number 335: 433 observations
mean=0.06553169, MsE=0.002263798

> library(rpart.plot)
=

To transpose the Regression Tree to a plot, simply pass it as an argument to the rpart.plot() function:
rpart.plot(RegressionTree)

a1+ 27 Untitled2* 27 Untitled4* 27 Untitled3* 27 Untitled5* 27 Untitled6* 27 Untitled7* 27 Untitleda* 27 Untitleds* @7 Untitled10* P =

&1 | | Elsourceonsave | Q #° -| i - =% Run | [®% || % Source ~
Tibrary(readr)
FDX <- read_csv("D: /Users/Trainer/Desktop/Bundle/Data/Equity/Abstracted/FDX/PC_FDX_Close_200x1D_Close_50x1D_10.csv")
view(FDX)
creditrRisk =- read_csv("D:/users/Trainer /Desktop/Bundle/Data/Ccreditrisk/creditrisk. csv")
View(CreditRisk)
Tibrary(rpart)
RegressionTree <- rpart(Dependent ~ ., data = FDX)
RegressionTree
summary{RegressionTree)
Tlibrary(rpart.plot)
rpart.plot(RegressionTree)|

[ |

Howo~ouswnK

e

11:27 [Top Level) = R Script =
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Run the line of script to console:

Console ~/ =
Frmdry SpriLss a
Skew_3 < -0.3590697 to the left, dimprove=0.2104916, (0 missing)
Max_1l_ZScore < 15.28321 to the right, improve=0.1668905, (0 missing)
Skew_3_PearsonCorrelation < -0.4286609 to the Teft, dmprove=0.1626707, (0 missing)
Skew_2 < -0.09811816 to the left, dimprove=0.1588004, (0 missing)
Median_2_ZsScore < -2.492116 to the left, Jimprove=0.1467861, (0 missing)
Surrogate splits:
Close_1_ZScore < -2.427568 to the left, agree=0.860, adj=0.468, (0 split)
Skew_2 < -0.4842811 to the left, agree=0.855, .448, (0 split)
Median_2_ZScore < -2.544749 to the left, agree=0.850, .429, (0 split)
Range_l_ZS5core < -0.3156007 to the Teft, agree=0.848, .422, (0 split)
skew_4 < -0.6440575 to the left, agree=0.847, .416, (0 split)
Node number 334: 154 observations
mean=0.004195887, mMsE=0.004043689
Node number 335: 433 observations
mean=0.06553169, MsE=0.002263798
= library(rpart.plot)
> rpart.plot(RegressionTree) a3
- L
It can be seen that a complex visualisation has been created in the plots window of R Studio:
[0 Rstudio oo =
Fle Edt Code View Plots Sesion Buid Debug Profie Took Help
Q- - 83 A L v Addins ~ K project: None) ~
d1°%  O)Untitled2 x  ©]Untitledd* x O] Untitled3* x O] Untitleds® x O Untitieds® x O Untitled?* x O] Untitieds* x 0] Untitledd* x 0] Untitled10* x > =[] | Environment History =0
E Flsouceonsave  Q /- - “HRun | 5% | Source - 2 @ #imporDataset - st~
1 Yibrary(readr . % Globa!Environment -
§ ;e‘ausv 0:/Users/Trainer /Desktop/Bundle/Data/Equity/Abstracted/FOX/PC_FOX_Close_200x10_Close_SO0X10_10. csv =
4 creditrisk read_csv("D: /users/Trainer /Desktop/Bundle/Data/CreditRisk/Creditrisk. csv' Ocreditrisk 107487 obs. of 27 variables 3
z ‘/:E‘:;ry‘r;gfis,k OFDx 2150 obs. of 202 variables
7 RegressionTree rpart(Dependent — ., data = FOX) values
8 RegressionTree ORegressionTree Large rpart (15 elements, 633.1 kb)
9 summary(RegressionTree)
10 library(rpart.plot
11 rpart.plot(RegressionTree)|
Fles Pt Packages Help  Viewer =0
2 2oom  Bepot- O f 4 Publish ~
[ L P 1
1127 fopieven £ s

® )

Console.
v imary Sprits:

skew_3 < -0.3590697 o the left, improve=0.2104916, (0 missing) - é %

wax_1_zscore <15.28321  to the right, improve=0.1668905, (0 missing) %

Skew_3_pearsoncorrelation < -0.4286609 to the left, improves0.1626707, (0 missing)

skew_2 < -0.09811816 to the left, 1improves0.1588004, (0 missing)

wedian_2_zscore < -2.492116 to the left, improve=0.1467861, (0 missing) L . L A,
surrogate splits:

Close_1_zs5core < -2.427568  to the left, agrees0.860, adj=0.468, (0 split) @ é

skew_2 < -0.4842811 to the left, agrees0.855, adj=0.448, (0 split)

Median_2_zScore < -2.544749  to the left, . (0 split) T —T ~

Range_1 Zscore < -0.3156007 to the left, 0,848, adj=0.422, (0 split) é
skew_d < -0.6440575 to the left, agree=0.847, adj=0.416, (0 split) s
Node nusber 334: 154 observations &
mean=0. 004195887, MSE=0. 004043689
Node number 335: 433 observations
mean=0. 06553169, MSE=0.002263798
> Tibrary(rpart.plot)
> rpart.plot(RegressionTree)

© 6

Bl ceo0nose]

The visualisation is exceptionally hard to interpret for a large regression tree; hence it will likely need

to be exported to a PDF or Image file to use a zoom function:
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et (= rn
B st View Window Hep

Home  Tools Rplotpdf x @ signin

® B8 Q 1 OO = - R REAT 2

[3 Export POF ~

Adobe Export PDF

oot6| *
100%

{ e} Range_t>=11

Document Language:
English (US) Change

TypicalValue_4_PearsonCorrelation < -0.63

'

= &

| A e € CreatePDF v
20% 7%

R Edit PDF v

Min 2 <012 Range_4>= 16
Comment
£ combine Files v
==y

Organize Pages v
-0.14 -0.017 0011
i 13% 58%
Y _ A, Fill &Sign

PointStep_16_zScore >« 1.2 PointStep_12_PearsonCorrelation >« -0.32

,7 Close_2_PearsonCorrelation >« -0.77 —I

Zlo(a]

Procedure 3: Recalling a rpart() Decision Tree.

As with regression and most of the predictive analytics tools presented in this document, the
predict() function can take the RegressionTree object in conjunction with a data frame, then return
the predictions. To create predictions using the RegressionTree model and the FDX dataset:

1100x850in

Bl ceoo

RegressionTreePredictions <- predict(RegressionTree,FDX)

d1* % @] Untitled2* x @7 Untitledd* » @] Untitled3* » @] Untitled5* * @] Untitleds* x @] Untitled7* ® @] Untitledd* x @] Untitled9* »x = @7 Untitled10* * = 3 ==

= &1 | || ElsourceonsSave | Q # - &1 ~ [=#Run | [®# | | Source ~
Tibrary(readr)

FDX <- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/Equity/aAbstracted,/FDX/PC_FDX_Close_200x1D_Close_50x1D_10.csv")
view(FDX)

creditrRisk <- read_csv("D:/Users/Trainer /Desktop/Bundle/Data/creditrisk/creditrisk. csv™)

view(Creditrisk)

Tibrary(rpart)

RegressionTree <- rpart(Dependent - ., data = FDX)

RegressionTree

summary (RegressionTree)

10 Tlibrary(rpart.plot)

11 rpart.plot(RegressionTree)

12 RegressionTreePredictions <- predict(RegressionTree,FDX)

[ |

[Tl T

12:57 (Top Level) = R Script =

Run the line of script to console:
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Console
oKREW_3
Max_1_7score
Skew_3_PearsonCorrelation
Skew_2
Median_2_zScore
Surrogate splits:
Close 1 Zscore <
Skew_2 <
Median_2_ZScore < -2,544749 to the left, agree=0.850, adj
<
<

—J. 333009/ LU g e, Improve=su, Z1u4910,
15.28321 to the right, improve=0.1668905
-0.4286609 to the left, improve=0.1626707,
-0.09811816 to the left, improve=0.1588004,
-2.492116 to the left, improve=0.1467861,

AN AN ANA

Range_1 Zscore -0.3156007 to the left, agree=0.848, adj
Skew_4

Node number 334: 154 observations
mean=0.004195887, MSE=0.004043689

Node number 335: 433 observations
mean=0.06553169, MsSE=0.002263798

Tibrary(rpart.plot)
rpart.plot{RegressionTree)
rRegressionTreePredictions <- predict(RegressionTree,FDX)

VoW W W

w
(0
(0
(0
(0

miss>angJy
missing)
missing)
missing)
missing)

-2.427568 to the left, agree=0.860, adj=0.468, (0 split)
-0.4842811 to the left, agree=0.855, adj=0.448, (0 split)
.429, (0 split)
L422, (0 split)
-0.6440575 to the left, agree=0.847, adj=0.416, (0 split)

Merge the newly created vector into the FDX data frame for completeness:

library(dplyr)
FDX <- mutate(FDX, RegressionTreePredictions)

a1+ 27 Untitled2* 127 Untitled4* 27 Untitled3* 27 Untitleds* 127 Untitled&* 27 Untitled7*

&1 | | ElsourceonsSave | Q A - &= -
Tibrary(readr)
p

view(FDX)
-
view(Creditrisk)
Tibrary(rpart)
RegressionTree <- rpart(Dependent - ., data = FDX)
RegressionTree
summary (RegressionTree)
10 library(rpart.plot)
11 rpart.plot(RegressionTree)
12 RegressionTreePredictions <- predict(RegressionTree,FDX)
13 Tibrary(dplyr)
14 FDX < mutate(FDX, RegressﬁonTreePredictionsM

N ST T

14:46 (Top Level) =

Run the block of script to console:

Console
MEdl=U, UU4 L9388/, M5E=U, UU4U4308Y

Node number 335: 433 observations
mean=0.06553169, M5E=0.002263798

Tibrary(rpart.plot)
rpart.plot(RegressionTres)

regressionTreePredictions <- predict(RegressionTree,FDx)
Tibrary(dplyr)

=
=
=
=
attaching package: ‘dplyr’

The following objects are masked from ‘package:stats’:

filter, lag
The following objects are masked from ‘package:base’:

intersect, setdiff, setequal, union

> FDX <- mutate(FDX, RegressionTreePredictions)
=

Procedure 4: Creating a C5 Decision Tree object.
Install the C50 package using RStudio:

305

27 Untitleda*

creditRisk <- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/creditrisk/creditrisk. csv")

127 Untitledd* @ 7 Untitled10*

% Run

L g

)
i

» =

_ i+ Source -

FDX <- read_csv("D:/Users/Trainer /Desktop/Bundle/Data/Equity/Abstracted/FDx/PC_FDX_Close_200x1D_Close_50x1D_10.csv")

[ |

R Script =

]
50
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Install Packages

Install from: ? Configuring Repositories ||

| Repository (CRAN, CRANextra) -| &
L

Packages (separate multiple with space or comma):

c50 E

{ G50 LJLiI::lrar}r:

[D:,"Users,"TrainerfDu-cumentsfﬂfwin-librar].rfﬂj [Default] b ]

[]Install dependencies

i l Install l Cancel

Click Install to download and install the package:

Console ~/ =0
Lds [ IS urnspeci ey i
also installing the dependencies ‘rormula’, ‘partykit’

trying URL ‘https://cran.rstudio.com/bin/windows/contrib/3.3/Formula_1.2-1.zip’
content type "application/zip' Tlength 163536 bytes (159 KBE)
downloaded 159 kB

trying URL ‘https://cran.rstudio. com/bin/windows/contrib/3.3/partykit_1.1-1.zip"
content type "application/zip’ Tength 1230369 bytes (1.2 MB)
downloaded 1.2 MB

trying URL "https://cran.rstudio.com/bin/windows/contrib/3.3/Cc50_0.1.0-24,zip"
Content type "application/zip® length 457412 bytes (448 KB)
downloaded 446 KB

package ‘rFormula’ successfully unpacked and MD5 sums checked
package ‘partykit’ successfully unpacked and mD5 sums checked
package ‘c50" successfully unpacked and mD5 sums checked

The downloaded binary packages are in
D:‘\UsersiTrainer‘Appbata‘LocalTemp' 1 \REmpCIH] 97 downloaded_packages

>

The CreditRisk data frame contains loan application data and a dependent variable which details the
overall loan performance, titled Dependent for consistency. The first and most obvious difference
between this data frame and those used previously is the extent to which data is categorical and
string based:

View(CreditRisk)
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il 7 Untitled2*

&1 | | [ 5ource on Save
Tibrary(readr)

@7 Untitled4* 2] Untitled3*

Qs

37 Untitleds*

1
2 FDX <- read_csv("D:/users/Trainer/Desktop/Bundle/pata/Equity/abstracted/FDX/PC_FDX_Close_200x1D_Close_50x1p_10.csv™)
3

View(FDX)

JUBE

27 Untitled&* 27 UntitledT*

@7 Untitleds*

37 Untitleda*
~= Run

4 cCreditRisk <- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/CreditRisk/German/Creditrisk. csv™)

5 View(CreditrRisk)

&  library(rpart)

7 RegressionTree <- rpart(Dependent ~ .,
8 RegressionTree

9  summary(RegressionTree)

10 Tibrary(rpart.plot)

11 rpart.plot(RegressionTree)

data =

FDX)

12 RegressionTreePredictions <- predict(RegressionTree,FDX)

13 Tibrary(dplyr)
14 FDX <- mutate(FDX, RegressionTreepredictions)
15 wview(creditrisk)|

1517 (Top Level} =

Run the line of script to console:

gz~ 3] Untitleda® 3] Untitled3® @] Untitleds® 3] Untitleds®

& W Filter
Dependent  Status_Of_Existing_Checking_Account
1 Good Less_0_EUR
2 Bad Less_200_EUR
3 Good No_Account
4 Good Less_0_EUR
5 Bad Less_0_EUR
6 Good No_Account
7 Good No_Account
8 Good Less_200_EUR
9 Good No_Account
10 Bad Less_200_EUR
11 Bad Less_200_EUR
12 Bad Less_0_EUR
13 Good Less_200_EUR
14 Bad Less_0_EUR
15 Good Less_0_EUR
16 Bad Less_O_EUR
17 Good No_Account
4| 1 |

Showing 1 to 18 of 1,000 entries

3] Untitled7® 2] Untitleds®

Duration_In_Month Credit_History

6 Critical Account_Default
48 Existing_Credit_Paid_Up_To_Date
12 Critical_Account_Default
42 Existing_Credit_Faid_Up_To_Date
24 Delayed_In_Fast
36 Existing_Credit_Paid_Up_To_Date
24 Existing_Credit_Paid_Up_To_Date
36 Existing_Credit_Paid_Up_To_Date
12 Existing_Credit_Paid_Up_To_Darte
30 Critical_Account_Default

12  Existing_Credit_Paid_Up_To_Date
48 Existing_Credit_Paid_Up_To_Date
12 Existing_Credit_Paid_Up_To_Date
24 Critical_Account_Default

15  Existing_Credit_Paid_Up_To_Darte
24  Existing_Credit_Faid_Up_To_Date

24 Critical_Account_Default

3] Untitled9®

Purpose
Television
Television
education
Furniture
New_Car
education
Furniture
Used_Car
Television
New_Car
New_Car
Business
Television
Mew_Car
New_Car
Television

Television

@] Untitled10*

Requested_Amount

3] Untitled10* » =

0

bl 3 Source -

R Script =
| CreditRisk » =0
Savings_

1168 No_Savings_Acc *

Less_100_EUR B

5951
2096 Less_100_EUR
7882 Less_100_EUR
4870 Less_100_EUR
9055 MNo_Savings_Acc
2835 Less_1000_EUR
6948 Less_100_EUR
3059 More=_1000_EUI
5234 Less_100_EUR
1205 Less_100_EUR
4308 Less_100_EUR
1567 Less_100_EUR
1199  Less_100_EUR
1403 Less_100_EUR
1282 Less_500_EUR

2424  No_Savings_Acc =
+

Emphasising, the dataset is far more categorical in nature. To begin training a C5 Decision Tree load

the library:

library(C50)
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b1 * @7 Untitled2* 27 Untitled4* @7 Untitled3* 27 Untitleds* 7 Untitleds* 27 Untitled7* @ 7 Untitleds* 27 Untitleds* 13 Untitled10* »
1| |3 [CSourceonSave | Q # - & - ~#Run | [%% | | - Source -
1 Tlibrary(readr)
2 FDX =- read_csv("D:/Users/Trainer /Desktop/Bundle/Data/Equity/abstracted,/FDx/PC_FDX_Close_200x1D_Close_50x1D_10.csv")
3 wview(FDX)
4 creditrisk <- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/creditrisk/German/Creditrisk. csv™)
5 wview(Creditrisk)
6 Tlibrary(rpart)
7 RegressionTree <- rpart(Dependent - ., data = FDX)
& RegressionTree
9 summary(RegressionTree)

10 Tibrary(rpart.plot)
11 rpart.plot(RegressionTree)

12 RregressionTreePredictions <- predict(RegressionTree,FDX)
13 Tdbrary(dplyr)
14 FDX <- mutate(FDX, RegressionTreepPredictions)

15 wiew(cCreditrisk)
16 Tibrary(c50)

171 (Top Level) R Script

Run the line of script to console:

Console
NUUE FIUMUEN 3335 433 UUSENVALIUNS
mean=0.06553169, MSE=0.002263798

Tibrary(rpart.plot)

rpart.plot(RegressionTres)

regressionTreePredictions =- predict(RegressionTree,FDX)
Tibrary(dplyr)

YV yvy

attaching package: ‘dplyr’

The following objects are masked from ‘package:stats’:
filter, lag

The following objects are masked from ‘package:base’:
intersect, setdiff, setequal, union

> FDX <- mutate(FDX, RegressionTreepredictions)
= view{creditrisk)

= 1ibrary(cso)

>

The input parameters to the C5.0() function, which is used to train a decision tree, is slightly
different to that observed in preceding procedures. A data frame containing only the independent
variables (no dependent variable), then a vector containing the dependent variable is required to
train a model and in this regard, it differs from many of the other procedures in this guide.

In this example, the CreditRisk data frame contains both dependent and independent variables and
needs splitting, in this case using negative subsetting to negate the first column then referencing the
dependent variable explicitly:

C50Tree <- C5.0(CreditRisk[-1],CreditRiskSDependent)
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d1* %

[Tl - T RV

17:53

JUBE

@7 Untitled2* % B Untitled4* » @7 Untitled3* % @] Untitled5* % B ] Untitleds* » = @7 Untitled7* % = @] Untitledd* % 2] Untitleda* «

&1 | | Fsourceonsave | Q # ~| & -

Tibrary(readr)

=% Run

@ Untitled10*
=g

_FSource -

» =

[ |

FDX <- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/Equity/abstracted,/FDX/PC_FDX_Close_200x1D_Close_50x1D_10.csv")

view(FDX)

creditrisk <- read.csv("D:/Users/Trainer /Desktop/Bundle/Data/creditrisk/German/creditrisk. csv")
view(Creditrisk)

Tibrary(rpart)

RegressionTree <- rpart(Dependent - ., data = FDX)
RegressionTree

summary (RegressionTree)

Tibrary(rpart.plot)

rpart.plot(RegressionTree)

RegressionTreePredictions <- predict(RegressionTree,FDX)
Tibrary(dplyr)

FDX <- mutate(FDX, RegressionTreePredictions)
view(Creditrisk)

Tibrary(c50)

C50Tree <- €5.0(CreditRisk[-1],CreditRiskiDependent)

(Top Level) =

Run the line of script to console:

Console -/
medarn=uv.uol33310Y, MOE=U.UULLO03/ Y90

> library(rpart.plot)

> rpart.plot(RegressionTree)

> RegressionTreePredictions <- predict(RegressionTree,FDX)
= library(dplyr)

Attaching package: ‘dplyr’

The following objects are masked from ‘package:stats’:

filter, Tlag

The following objects are masked from ‘package:base’:

intersect, setdiff, setequal, union

VYV VY

FDX <- mutate(FDX, RegressionTreepPredictions)
view({Creditrisk)

Tibrary(c50)

C50Tree =- C5.0(Creditrisk[-1],creditriskSpependent)

The C5 decision tree has now been created and stored in the C50Tree object.
information about the tree:

C50Tree

d1* x
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el el
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~

i
=)

18:8
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@7 Untitled2* » @7 Untitled4* % @] Untitled3* » @] Untitled5* » = @] Untitled6* » @] Untitled7* » @] Untitledd* » = ] Untitleds* »

&1 | | ElSeurceonsave | Q # - & =

Tibrary(readr)

R Script =

=0

To view basic

== Run

@ Untitled10
o

_tF Source -

3 =

[ |

FDX <- read_csv("D:/users/Trainer/Desktop/Bundle/Data/equity/abstracted,/FOxX/PC_FDX_Close_200x1D_Close_50x1D_10.csv")

view(FDX)

creditrRisk =- read.csv("D:/uUsers/Trainer/Desktop/Bundle/pata/creditRisk/Gcerman/creditrisk. csv™)
View(Creditrisk)

Tibrary(rpart)

RegressionTree <- rpart(Dependent ~ ., data = FDX)
RegressionTree

summary{(RegressionTree)

Tlibrary(rpart.plot)

rpart.plot{RegressionTree)

regressionTreePredictions <- predict(RegressionTree,FDX)
Tibrary(dplyr)

FDX <- mutate(FDX, RegressionTreePredictions)
view(Creditrisk)

Tibrary(cs0)
C50Tree =- C5.0(cCreditrisk[-1],creditriskiDpependent)
C50Tree

(Top Level} =

R Script =



JUBE

Console =
e TOUTTOWINY UDJells dre MdsKeu | ron  pdikdyeudse @

Run the line of script to console:

intersect, setdiff, setequal, union
> FDX =- mutate(FDX, RegressionTreePredictions)
= View(Creditrisk)
> Tibrary(c50)
> C50Tree <- C5.0(CreditRisk[-1],CreditRisk$Dependent)
> C30Tree

call:
c5.0.default(x = creditrisk[-1], y = creditrisk$pependent)

classification Tree
Number of samples: 1000
Number of predictors: 20
Tree size: 72

Non-standard options: attempt to group attributes

=

Use the summary() function to output the C5 decision tree and view the logic required to implement
the classification tool:

summary(C50Tree)
il 2 Untitled2* @7 Untitled4* 37 Untitled3* 37 Untitleds* 37 Untitled&* 27 UntitledT* @ Untitleds* 37 Untitleda* 137 Untitled10* » =0
a1 | [ [FSourceonsave | Q@ # - 1| - =#Run | 2% | #Source ~| =
Tibrary(readr)
FDX <- read_csv({"'D:/users/Trainer /Desktop/Bundle/pata/Equity/aAbstracted/Fox/PC_FDX_Close_200x1lD_close_50x1D_10.csv™)
view(FDX)
CreditRisk <- read.csv("D:/Users/Trainer/Desktop/Bundle/Data/CreditRisk/German/CreditRisk. csv"™)

view(Creditrisk)

Tibrary(rpart)

RegressionTree <- rpart{Dependent ~ ., data = FDX)
RegressionTree

summary(RegressionTree)

10 Tibrary(rpart.plot)

11 rpart.plot(RegressionTree)

[F-l-C R N RSV

12 RegressionTreePredictions <- predict(RegressionTree,FDX)
13 Tibrary(dplyr)
14 FDX <- mutate(FDX, RegressionTreepredictions)

15 wview(Creditrisk)

16 Tibrary(cs0)

7 €50Tree <- ¢5.0(creditrisk[-1],creditriskipependent)
18 C50Tree

19 summary(c50Tree)

1917 (Top Level} + R Script =

Run the line of script to console:

Console =L |
- 3UR LIMEUIL_AISLOrY

.40% puration_In_Month

.70% savings_

. BO¥% Guarantors

.10% Purpose

.70% other_cCredit

.00% Present_Employment_since

80% Housing

50% Present_Residence_since

00% Job

70% STatus_sex

90% Telephone

40% Installment_Percentage_of _Disposable_Income
30% Age

50% security

10% Number_of _Existing_credits_at_this_eank

60% Dependent_Persons

[
W ok

=~

=g
[

-
(=N N N NIV T . R

Time: 0.0 secs

=

The summary output is overwhelming, however, scrolling up through the pane of results reveals the
decision tree:

310



JUBE

Console
Class specified by attribute “outcome’

Read 1000 cases (21 attributes) from undefined.data
Decision tree:

status_of_Existing_checking_account in {More=_200_EUR,
No_Account}: Good (457 /60)
Status _of _Existing checkmg)ccoun‘c in {Less_O0_EUR,Less_200_EUR}:
.Credit_History in {Al1_Paid,No_Credit_oOpen_or_All_Paid}:
..Housing in {Free,secur'ity}: Bad (32/4)
Hous1ng = Owner:
Purpose in {Domestic_appliances,Retraining,
Used_Car}: Good (4)
Purpose in {education,Repairs,Television,Used_Car0}: Bad (6/1)
PuUrpose = New_Car:
..Duration_In_Month <= 22: Bad (7)
puration_In_Month > 22: Good (2)
PuUrpose = Business:
t...Telephone = No: Good (3)
Telephone = yes_own_Name:
:...0ther_credit = gank: Good (2)

The interpretation of this decision tree is very similar that of a regression tree. One such branch in
this example would suggest that the following scenario would yield a bad account:

If Housing = Owner AND Purpose = "New Car" AND the Loan_Duration <= 22 Months Then BAD

In the above example, out of 1000 cases, it can be seen that 7 cases had this disposition:

Console
Class specified by attribute “outcome’

IRead 1000 cases (21 attributes) from undefined.data I

pecision tree:

status_of_existing_checking_account in {More=_200_EuR,
No_Account}: Good (457/60)
Status _of Ex1st1ng_check1ng_Accoum: in {Less_O_EUR,Less_200_EUR}:
.Ccredit_History in {a11_raid,No_cCredit_open OF_ATI Paid}:
: ..Hous‘ing in {Fr‘ee,secur'ity}: Bad (32/4)
Housmg = Owner:
Purpose in {Domestic_appliances,Retraining,
Used_Car}: Good (4)
Purpose in {educat'lon Repairs,Television,Used_Car0}: Bad (6/1)

o o P T

.. Duration_In_Month <= 22: Bad (7) I
o0 FEPECY

Purpose = Business:

t...Telephone = No: Good (3)
Telephone = yes_own_Name:
:...0ther_credit = Bank: Good (2)

Scrolling down further, below the tree output, is the performance measures of the model overall:

Console

evaluation on training data (1000 cases):
pecision Tree

size Errors

72 122(12.2%) <<

@ <-classified as

206 94 (a): class Bad
28 672 (b): class Good

Attribute usage:

100.00% status_of_Existing_checking_account
54.30% Credit_History

48.40% puration_In_Month

35.70% savings_

It can be seen in this example that the error rate has been assessed at 12.2%, suggesting that 87.8%
of the time the model correctly classified. A confusion matrix has been written out, however it is
more convenient to use the CrossTable function as explained in procedure 100 for the purposes of
understanding false positive ratios.
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Procedure 5: Recalling a C5 Decision Tree.
As is the case of the majority of models in R, the predict function can take a model object and a data
frame as its argument:

CreditRiskPrediction <- predict(C50Tree,CreditRisk)

1™ 3] Untitled2= 3] Untitleda® @] Untitled3* 3] Untitleds® 3] Untitleds® @] Untitled7* ] Untitleds* 3] Untitled9® 3] Untitled10* »
41| [ []sourceonsave & A « - =#Run | |2 | 4 Source -

1 Tibrary(readr)
2 FDX <- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/Equity/Abstracted/FDX/PC_FDX_Close_200x1D_Close_50x1D_10.csv")
3 view(FDX)
4 cCreditRisk <- read.csv("D:/Users/Trainer/Desktop/Bundle/Data/CreditRisk/German/CreditRisk.csv™)
5 wview(creditrisk)
6 T1ibrary(rpart)
7 RegressionTree <- rpart(Dependent - ., data = FDX)
8 RegressionTree
9 summary(RegressionTree)
10 Tlibrary(rpart.plot)
11 rpart.plot(RegressionTree)
12 RegressionTreepredictions <- predict(RegressionTree,FDX)
13 library(dplyr)
14 FDX <- mutate(FDx, RegressionTreePredictions)
15 wview(creditrisk)
16 Tibrary(c50)
17 C50Tree <- C5.0(creditrisk[-1],creditriskipependent)
18 C50Tree
19 summary(C50Tree)
20 creditriskPrediction <- predict(c50Tree,creditRisk)|
20:52 (Top Level} R Script

Run the line of script to console:

Console

B
e

SAUR DU AL TOT_LII_MOTILr

.70% savings_

. 80% Guarantors

.10% Purpose

.70% other_Credit

.00% Present_Employment_sSince

. 80% Housing

50% Present_Residence_Since

00% Job

70% status_sex

90% Telephone

40% Installment_Percentage_of_Disposable_Income
30% Age

50% Security

10% Number_of _Existing_credits_at_this_gank
60% Dependent_Persons

R R
42 un B en

DR RMMRMWO L, G

Time: 0.0 secs

> CreditriskpPrediction <- predict(c50Tree,Creditrisk)
>

For time being, do not add the vector to the data frame as revised decision tree will be created
subsequent to this procedure and owing to the different signature used in training a C5 model, it
would be interpreted as an independent variable in its own right. Use the head() function to take a
peek at the classification results:

head(CreditRiskPrediction)
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21:27

JUBE

27 Untitled2* 27 Untitled4* 127 Untitled3* 27 Untitleds* 127 Untitleds* 27 Untitled7* 127 Untitleda* 27 Untitleds* 27 Untitled10* >

&) | |3 Flsourceonsave | Q 7 - &1 - ~#Run | *% || #Source ~| =
Tibrary(readr)
FDX <- read_csv("D:/Users/Trainer /Desktop/Bundle/Data/Equity/Abstracted/Fox/PC_FDX_Close_200x1D_cClose_50x1D_10.csv")
View(FDX)
creditrisk =- read.csv("D:/Users/Trainer/Desktop/Bundle/Data/creditrisk/German/Creditrisk. csv™)

view(Creditrisk)

Tibrary(rpart)

RegressionTree <- rpart(Dependent - ., data = FDX)
RegressionTree

summary (RegressionTree)

Tibrary(rpart.plot)

rpart.plot(RegressionTree)

rRegressionTreePredictions <- predict(RegressionTree,FDX)
Tibrary(dplyr)
FDX <- mutate(FDX, RegressionTreerredictions)

view(Creditrisk)
Tibrary(c50)

C50Tree <- C5.0(Creditrisk[-1],Creditriskipependent)
C50Tree

summary(C50Tree)

creditriskprediction =- predict(c50Tree,creditrisk)

head(creditriskprediction)

(Top Level) R Script

Run the line of script to console:

Console

Time

L4, 1Wh PUrpuse

15.70% Other_Credit

14.00% Present_Employment_Since

80% Housing

50% Present_Residence_since

00% Job

70% Status_sex

90% Telephone

40% Installment_Percentage_of_Disposable_Income
30% Age

50% Security

10% Number_Of_Existing Credits_At _This_Bank
60% Dependent_Persons

(=Nl el E N VAT . )

0.0 secs

> CreditRiskPrediction <- predict(C50Tree,CreditRisk)
= head(CreditriskpPrediction)
[1] Good Bad Good Bad Bad Good

Levels: Bad Good
=

It can be observed that a factor has been created and there are several entries of textual

classification result.

Procedure 6: Creating a Confusion Matrix for a C5 Decision Tree.
Beyond the summary statistic created, the confusion matrix is the most convenient means to

appraise the utility of a classification model. The confusion matrix for the C5 decision tree model will
be created in the same manner as procedure 100:

library("gmodels")

CrossTable(CreditRiskSDependent, CreditRiskPrediction)
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d1* 37 Untitled2* @7 Untitleds* @7 Untitled3* 3] Untitleds* 37 Untitleds* 37 Untitled7* 7 Untitleds* @7 Untitleda* @] Untitled10* »
a1 | |3 [SourceonsSave | @ #° | i - ~=Run | %% | | Source -
1 Tibrary(readr)
2 FDX <- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/Equity/Abstracted/FDX/PC_FDX_Close_200x1D_Close_50x1D_10.csv™)
3 view(FDX)
4 CreditRisk <- read.csv("D:/Users/Trainer/Desktop/Bundle/Data/CreditRisk/German/Creditrisk.csv")
5 View(CreditRisk)
6 Tlibrary(rpart)
7 RegressionTree <- rpart(Dependent - ., data = FDX)
8 RegressionTree
9 summary{RegressionTree)
10 Tbrary(rpart.plot)
11 rpart.plot(RegressionTree)
12 RegressionTreePredictions =- predict(RegressionTree,FDx)
13 T1ibrary(dplyr)
14 FDX <- mutate(FDX, RegressionTreepPredictions)
15 view(creditrisk)
16 Tlibrary(c50)
17 C50Tree <- C5.0(CreditRisk[-1],CreditRiskiDependent)
18 C50Tree
19 summary(C50Tree)
20 CreditRiskPrediction <- predict(C50Tree,CreditRisk)
21 head(CreditRiskPrediction)
22 1ibrary(gmodels)
23 crossTable(creditriskipependent, creditriskprediction)|
23:55 (Top Level) R Script

Run the line of script to console:

Console
| creditrRiskPrediction -
CreditRisk$Dependent | Bad | Good | Row Total |
| | | |
Bad | 206 | 94 | 300 |
|  282.701 | 80.251 | |
| 0.687 | 0.313 | 0.300 |
| 0.880 | 0.123 | |
| 0.206 | 0.094 | |
| | | |
Good | 28 | 672 | 700 |
| 112.586 | 34.393 | |
| 0.040 | 0.960 | 0.700 |
| 0.120 | 0.877 | |
| 0.028 | 0.672 | |
| | | |
column Total | 234 | 766 | 1000 |
| 0.234 | 0.766 | |
] | | I
>

The overall utility of the C5 decision tree model can be inferred in the same manner as procedure
100.

The confusion matrix classified 206 records as being bad correctly, taking CreditRiskPrediction
column wise, it can be seen that 28 records were classified as Bad yet they were in fact Good. It can
be said that there is an 11.9% error rate on records classified as bad by the model. Taking note of
this metric, in procedure 112 boosting will be attempted which should bring about improvement of
this model.

Procedure 7: Visualising a C5 Decision Tree.
To visualise a C5 Decision tree, the plot() function from the R base functions can be used, passing the
C5 decision tree model as the argument:

plot(C50Tree)
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d1* % | @] Untitled2* % | B ] Untitled4* »

3] &1 | | [C]Source on Save

@7 Untitled3* *

Q7

1 Tldibrary(readr)

2

3 wview(FDx)

4

5 View(Creditrisk)

& Tlibrary(rpart)

7 RegressionTree =- rpart(Dependent ~ ., data = FDX)
& RegressionTree

9  summary(RegressionTree)

10 Tibrary(rpart.plot)
11 rpart.plot(RegressionTres)
12 RegressionTreePredictions <- predict(RegressionTree,FDX)
13  Tibrary(dplyr)
14 FDX =- mutate(FDX, RegressionTreePredictions)
15 wview(Creditrisk)
16 Tibrary(c50)
17 (€50Tree <- €5.0(CreditRisk[-1],CreditRiskiDependent)
18 (C50Tree
19  summary(C50Tree)

20 CreditRiskPrediction <- predict(C50Tree,CreditRisk)}

21 head(CreditriskPrediction)
22  library{gmodels)

23 CrossTable(CreditRiskSDependent, CreditRiskPrediction)

24 plot(c50Tree)]

24:14 (Top Level] +

Run the line of script to console:

Console ~/

JUBE

3] Untitleds* »

] Untitleds* »

| LFEUQILKISKFIE2UICLIor
creditriskSpependent | gad | Good | rRow Total
| | |
gad | 206 | 94 | 300
| 262.701 | 80.251 |
| 0.687 | 0.313 | 0.300
| 0.880 | 0.123 |
| 0.206 | 0.094 |
| | |
Good | 28 | 672 | 700
| 112.586 | 34.393 |
| 0.040 | 0.960 | 0.700
| 0.120 | 0.877 |
| 0.028 | 0.672 |
| | |
column Total | 234 | 766 | 1000
| 0.234 | 0.766 |
| | |

> plot(C50Tree)
>

Excel 2013

3] Untitled7* »

@7 Untitleds* %

@ Untitledo* x | @7 Untitled10* % | 3 ==

=% Run | &% | | % Source ~| =

FDX <- read_csv("D:/users/Trainer /Desktop/Bundle/pata/Equity/Abstracted,/FOx/PC_FDX_Close_200x1D_Close_50x1D_10.csv")

creditrisk <- read.csv("D:/Users/Trainer/Desktop/Bundle/Data/creditrisk/cerman/creditrisk. csv")

R Script =

=0

™

It can be seen that a visualisation has been written out to the plots pane:

Fle Edt Code View Plots Session Buld Debug Profie Took Help
V- 2- 83 A &l - Addins - & Project: None) ~

d10x  Q]Untitied2 x 0 Untitieas® x

4 @ Dlsouceonswve  Q /= £ -
Tibrary(readr)

©)Untitied3* x | ©]Untitieds* x 0] Untitieds® x 0. Untitiea?” x

©] Untitleds® % 2] Untitieas®

= Run

» =i

_# Source ~

FOX <- read_csv("D:/Users/Trainer/Desktop/sundle/Data/Equity/Abstracted/FDX/PC_FDX_C10se_200x10_Close_50x10_10. csv")

FOX)

RegressionTree
RegressionTree
summary (RegressionTree)

rpart (Dependent ~ ., data - FOX)

Tibrary(rpart.plot)
rpart.plot (RegressionTree:
i ictions <- predict(Regressi LFOX)

g
Tibrary(dplyr)

¥ mutate(FOX, RegressionTreepredictions)
view(creditrisk)

16 1ibrary(cs0)

17 cs0Tree <- C5.0(CreditRisk(-1],Creditrisksoependent)
18 csotree
19 summary(cs0Tree)

20 creditriskprediction <- predict(c50Tree,Creditrisk)
21 head(creditriskprediction)

22 library(gmodels)

23 crossTable(creditRisksoependent, CreditRiskprediction;
24 plot(csotree)

25

251 (lop Level) =

Console
Creu KISk ROTCLIOn
creditrisksoependent 8ad Good | Row Total
Bad 206 94 300
262.701 80.251
0.687 0.313 0.300
0.880 0.123
0.206 0.093
Good 28 672 700
112.586 34.303
0.040 0.960 0.700
0.120 0.877
0.028 0.672
column Total 234 766 1000
0.234 0.766

> plot(csorree)

read. csv("D: /Users/Trainer /Desktop/Bundle/Data/Creditrisk/German/Creditrisk. csv™)

| Envionment  History
= a8
) Global Environment ~

pata

Ocreditrisk

oFox

values

ocsoTree
creditriskerediction

ORegressionTree

_#*Import Dataset «

4

RegressionTreepredictions

RSaipt ¢

1000 obs. of 21 variables
2150 obs. of 203 variables

List of 16
Factor w/ 2 levels "sad”,"Good": 2121122221 ...

Large rpart (15 elements, 633.1 kb)

Named num [1:2150] -0.00966 -0.00966 -0.00966 -0.00966 -0.00966 ...

Files  Plots  Packages Help  Viewer =0
& 2 2o0m  Eepot- O % Publish ~
na 3
1 History 77
layed,
23 77
29 88 93
=] 31 Sta o4 In N
= 33 118
42| I 119
56 Age
"7
JheDomesic Tess 1 Year | ess 4 Year Mardl 7/ Year Jingngjo
Cr Skilled Employee_OfDelayed In Past Fxictinn Credit IPaiH {in, tolff |Resic
“less_1 Year, Less_dMoreLess 200
71 > >33
F a
Less 1 Yi 74
Male. Present_Residefits i

5 NI AL-IN -3 |
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If the tree is very large, then the zoom feature will need to be used to ensure that the plot fits the
screen. Even with zoon, it is possibly more appropriate to communicate the product of C5 decision
trees as a list of rules, as covered in procedure 111.

Procedure 8: Expressing Business Rules from C5.

In traversing the C5 decision tree it is almost certain that when coming to deploy the model, beyond
using the predict() function as described in procedure 108, that it will be expressed or programmed
as logical statements, for example:

If Status_Of Existing_Checking_Account < 200 EUR

AND Credit_History in ("All_Paid","No_Credit_Open_Or_All_Paid")
AND Housing = "Owner"

AND Purpose = "New Car"

AND Duration_In_Month < 22 THEN "Good"

Console 1w
Class specified by attribute “outcome’ -
IRead 1000 cases (21 attributes) from undefined.data I

Decision tree:

status_of _Existing_Checking_Account in {More=_200_EUR,
: No_Account}: Good (457/60)
status_of _Existing_Checking_Account in {Less_0_EUR,Less_200_EUR}:
t...Credit_History in {A11_Paid,No_Credit_open_or_All_Paid}:
:...Housing in {Free,Security}: Bad (32/4)
Housing = Owner:
i...Purpose in {Domestic_Appliances,Retraining,
: used_car}: cood (4)
Purpose in {education,Repairs,Television,used_car0}: Bad (6/1)

= Car;
I o...Duration_In_Month <= 22: Bad (7) I
. o a4 o

Purpose = Business:
:...Telephone = No: Good (3)
Telephone = Yes_own_Name:
:...0ther_credit = Bank: Good (2) -

To display the model as rules rather than a tree, it is necessary to rebuild the model specifying rules
argument to be true:

C50Tree <- C5.0(CreditRisk[-1],CreditRiskSDependent,rules=TRUE)

il 3] Untitled2® 3] Untitled4® 3] Untitled3® 3] Untitleds® 3] Untitleds® @] Untitled7= 3] Untitleds® 3] Untitled9® 3] Untitled10* »
4] | | [CSourceonSave | & # »| i - == Run | %= | | ¢ Source -

library(readr)

FDX <- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/Equity/Abstracted/FDX/PC_FDX_Close_200x1D_Close 50x1D_10.csv")
View(FDX)

creditRisk <- read.csv("D:/Users/Trainer /Desktop/Bundle/Data/CreditRisk/German/CreditRisk.csv")

view(CreditRisk)

Tibrary(rpart)

RegressionTree <- rpart(Dependent ~ ., data = FDX)
RegressijonTree

summary (RegressionTree)

10 Tibrary(rpart.plot)

11 rpart.plot(RegressionTree)

[Tl W T N

12 RegressionTreepPredictions <- predict(RegressionTree,FDX)
13 Tibrary(dplyr)
14 FDX <- mutate(FDX, RegressionTreePredictions)

15 view(CreditrRisk)

16 Tibrary(c50)

17 €50Tree <- C5.0(Creditrisk[-1],creditriskiDependent)
18 c50Tree

19  summary(C50Tree)

20 creditRiskPrediction <- predict(c50Tree,CreditrRisk)
21  head(creditrRiskprediction)

22  Tibrary(gmodels)

23 crossTable(creditriskipependent, creditriskpPrediction)
24 plot(c50Tree)

25 C50Tree <- C5.0(creditrisk[-1],creditriskipependent,rules=TrRUE)|

25:64 (Top Level) = R Script
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Thereafter, the summary() function can be used to output a series of rules created in the rebuild as
opposed to a decision tree:

summary(C50Tree)

1+ 7] Untitled2* 37 Untitleda* @] Untitled3* 2] Untitled5* 27 Untitleds* @7 Untitled7* @7 Untitleds* 27 Untitleda* 3] Untitled10* b3

41 | |3 [lSourceonsave | Q #° - &1 - ~#Run | ®% | Source -
Tibrary(readr)
FDX <- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/equity/abstracted,/Fox/PC_FDx_Close_200x1D_Close_50x1D_10.csv'™)
view(FDX)
creditRisk <- read.csv("D:/Users/Trainer /Desktop/Bundle/Data/CreditRisk/German/CreditRisk. csv™)

view(CreditRisk)

Tibrary(rpart)

RegressionTree <- rpart{Dependent ~ ., data = FDX)
RegressionTree

summary (RegressionTree)

10 Tibrary(rpart.plot)

11 rpart.plot(RegressionTree)

[T RN N T N

12 RegressionTreePredictions <- predict(RegressionTree,FDX)
13 Tibrary(dplyr)
14 FDX <- mutate(FDX, RegressionTreePredictions)

15 view(CreditRisk)
16 Tlibrary(cs0)
7 C50Tree <- C5.0(CreditRisk[-1],CreditRiskiDependent)

18 C50Tree
19 summary(C50Tree)
20 creditRiskPrediction <- predict(c50Tree,CreditRisk)

21  head(creditrRiskpPrediction)

22 Tibrary(gmodels)

23 crossTable(CreditRiskipependent, creditriskpPrediction)

24 plot(c50Tree)

25 C50Tree =- c5.0(creditrisk[-1],creditriskipependent,rules=TrRUE)
26 summary(c50Tree)

26:17 (Top Level) = R Script

Run the line of script to console:

Console

4
a

SUUR LPEUTL_HISLUNY

. 50% status_of_Existing_checking_account
.00% Guarantors

.10% savings_

.60% Purpose

. 60% pDuration_In_month

60% Housing

10% Present_Employment_since

80% Present_Residence_since

60% Oother_Credit

30% Job

40% Security

20% Installment_Percentage_Of_Disposable_Income
00% Telephone

50% Status_Sex

20% Dependent_Persons

60% Number_of _Existing_Credits_At_This_Bank

(SR SEEY-]
Hord o

=~

-
i

(=N e e N S S VR VU TVRCH)

Time: 0.1 secs

= |
Word 2013

Scrolling up in the console, it can be observed, towards the top, that in place of a decision tree a
series of rules has been created:

‘Console

5.0 [Release 2.07 GPL Edition] sat Feb 18 16:42:34 2017

Class specified by attribute “outcome’
Read 1000 cases (21 attributes) from undefined.data
Rules:

rRule 1: (12, 1ift 3.1)
status_of_Existing_checking_Account in {Less_0_EUR, Less_200_EUR}
puration_In_Month = 22
Purpose = Business
savings_ = Less_100_EUR
Dependent_Persons <= 1
Telephone = Yes_Own_Name
-= class Bad [0.929]

Rule 2: (11, 1ift 3.1)

status_of_Existing_checking_account in {Less_0_EUR, Less_200_EUR}
nuratrion Tn Month «= 27
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These rules can be deployed with very small modification far more intuitively in a variety of
languages, not least SQL.

Procedure 9: Boosting and Recalling in C5.

Boosting is a mechanism inside the C5 package that will create many different models, then give
opportunity for each model to vote a classification, with the most widely suggested classification
being the prevailing classification. The majority classification voted for wins.

In addition to that specified in procedure 107, simply add the argument 10 to indicate that there
should be ten trials to vote:

C50Tree <- C5.0(CreditRisk[-1],CreditRiskSDependent,trials = 10)

il 2] untitled2* 13 ] Untitled4* @7 untitleds* 27 untitleds* 27 Untitleds* @ 7 Untitled7* @7 Untitleds* 2] untitleds* 1] Untitled10* »
41 | [ [[]Sourceonsave O - i - ~#Run | &= | % Source -
1 Tibrary(readr)
2 FDX <- read_csv("D:/users/Trainer/Desktop/Bundle/Data/Equity/Abstracted,/FDx/PC_FDX_Close_200x1D_cClose_50x1D_10.csv"™)
3 view(FDX)
4  creditrisk =- read.csv("D:/users/Trainer /Desktop/Bundle/pata/creditrisk/cerman/creditrisk. csv'™)
5 wview(Creditrisk)
& Tlibrary(rpart)
7 RegressionTree =- rpart(Dependent ~ ., data = FDX)
8 RegressionTree
9 summary{RegressionTree)

10 Tibrary(rpart.plot)
11 rpart.plot(RegressionTree)
12 RegressionTreepredictions <- predict(RegressionTree,FDX)
13 Tibrary(dplyr)
14 FDX <- mutate(FDX, RegressionTreePredictions)
15 wview(Creditrisk)
16 Tibrary(c50)
17 C€50Tree <- €5.0(Creditrisk[-1],creditriskipependent)
18 C50Tree
19 summary(C50Tree)
20 creditrRiskPrediction <- predict(c50Tree,creditrRisk)
21  head(creditriskpPrediction)
22  Tibrary(gmodels)
23 crossTable(creditRiskSpependent, creditRiskPrediction)
24  plot(c50Tree)
25 C€50Tree <- €5.0(Creditrisk[-1],creditriskiDependent,rules=TrRUE)
26  summary(C50Tree)
7 C50Tree <- C5.0(CreditRisk[-1],CreditRiskiDependent,trials = 10)
2765 (Top Level) R Script

Run the line of script to console:

Console
B3, JWh SLALUS_UI _EXISLITIY_LrgCK Imng_Accouric
28.00% Guarantors
22.10% savings_
21.60% Purpose
17.60% Duration_In_mMonth
11.60% Housing
10% Present_Employment_5ince
80% Present_Residence_Since
60% other_Credit
30% Job
40% security
20% Installment_Percentage_of_bDisposable_Income
00% Telephone
50% Status_sex
20% Dependent_Persons
50% Number_of _Existing_Credits_at_This_ank

O R R M W LS

Time: 0.1 secs

= C50Tree <- C5.0(creditrisk[-1],creditriskfDependent,trials = 10)
=

The summary function will produce a report in a similar manner to that observed in procedure 107:

summary(C50Tree)
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Console —]
1Uu. Uuk FUrpose
100.00% Foreign_worker
99.20% Guarantors
7.50% savings_
95.00% other_Credit
92.40% Housing
91.10% Security
91.00% Present_Employment_Since
90.40% Requested_Aamount
£5.40% Job
74.50% Age
70.60% Installment_Percentage_of_Disposable_Income
68.00% Present_Residence_since
58.10% Number_of_Existing_credits_at_tThis_gank
56.10% Telephone
55.00% sStatus_sex
52.40% Dependent_Persons

Time: 0.1 secs

=

Outlook 2013 | -

In this instance, however, upon scrolling up, it can be seen that several different models \ trials have
been created:

Conscle =i

subTree [55]

Installment_Percentage_0Of_Disposable_Income <= 2: Good (9.4/3.8)
Installment_Percentage_0Of_Disposable_Income > 2: Bad (23.3/1.86)

————— Trial 9: -----
pecision tree:

Status _of Ex'lst'lng _Checking_Account = No_Account:
. Dther _Credit in {Bank,Stores}:
.Guarantors in {Guarantor,Joint}: Good (3)
Guarantors = None:
.Installment_Percentage_of_Disposable_Income <= 1: Good (7.1/0.5)
Insta‘l'lment _Percentage of_Disposable_Income > 1:
Purpose in {Domestic_Appliances,Repairs,Retraining,
Used_Car0}: Bad (0)
Purpnse in {Furniture,Television}: Good (30.4/7.1)
Purpose in {Business,education,New_car ,Used_car}:
.Duration_In_Month <= 9: Good (2.4)
Duration In Month > 9: =

In the above example the decision tree for the 9" trial has been evidenced. Prediction takes place in
exactly the same manner, using the predict() function, except for it will run several models and
established a voted majority classification. This is boosting:

CreditRiskPrediction <- predict(C50Tree,CreditRisk)

d1* 27 Untitled2* ] Untitled4* 127 Untitled3* ®7 Untitleds* B Untitleds* 127 Untitled7* ®7 Untitleds* 137 Untitleds* @] Untitled10* » =
i1 [ [C]sourceonsave | (G /° ~ 1| - =% Run | b8 || % Source ~| =

trialtrial Next || Prev || Al Repizce || Al

5 V'lew._cred'ltm k,
6 library(rpart)
7 RegressionTree =- rpart(pependent - ., data = FDX)
& RegressionTree
9  summary(RegressionTree)

10 Tibrary(rpart.plot)

11 rpart.plot(RegressionTree)

12 RegressionTreePredictions <=- predict(RegressionTree,FDX)
13 Tdibrary(dplyr)

14 FDX <- mutate(FDX, RegressionTreePredictions)

15 wview(Creditrisk)

16 Tlibrary(c50)

7 €50Tree <- C5.0(CreditRisk[-1],CreditRiskiDependent)

18 ¢50Tree

19 summary(c50Tree)

20 creditRiskPrediction <- predict(c50Tree,creditRisk)

21  head(creditrRiskprediction)

22 Tlibrary(gmodels)

23 crossTable(CreditriskiDependent, creditriskprediction)
24 plot(c50Tree)

m

25 €50Tree <- C5.0(CreditRisk[-1],creditriskiDependent,rules=TRUE)

26  summary(C50Tree)

7 €50Tree <- C5.0(Creditrisk[-1],creditriskipependent,trials = 10) |
28  summary(C50Tree)

29 creditriskprediction <- predict(c50Tree,creditrisk)| -
29:52 [Top Level) + R Script =

Run the line of script to console:

319



JUBE

Console

Time:

1uu. Uukx FUrgiIgri_worker
99.20% Guarantors
7.50% savings_
95.00% other_Credit
92.40% Housing
91.10% Security
91.00% Present_Employment_since
90.40% Requested_amount
85.40% Job
74.50% Age
70.60% Installment_Percentage Of_Disposable_Income
68.00% Present_Residence Since
58.10% Number_of _Existing_Credits_At_This_Bank
56.10% Telephone
55.00% Status_Sex
52.40% Dependent_Persons

0.1 secs

> creditriskPrediction <- predict(c50Tree,Creditrisk)

>

A confusion matrix can be created to compare this object with that created in procedure 100:

CrossTable(CreditRiskSDependent, CreditRiskPrediction)

il @7 Untitled2* 27 Untitled4* @7 Untitled3* 27 Untitled5* 37 Untitleds* 27 Untitled7* 3] Untitleds* 7 Untitleda* 13 Untitled10* >
a1 | |5 ElSourceonsave | |[Q # -| 2| - ~#Run | ®% | % Source -
trialtrial Mext || Prev || A Replace || A

[ 1n selection [[7] Match case [ Whole word [7] Regex [¥] Wrap

30:55

Tibrary(rpar
RegressionTree <- rpart(Dependent ~ ., data = FDX)
RegressionTree

summary (RegressionTree)

library(rpart.plot)

rpart.plot(RegressionTree)

RegressionTreePredictions <- predict{RegressionTree,FDX)
Tibrary(dplyr)
FDX <- mutate(FDX, RegressionTreePredictions)

View(CreditRisk)

Tibrary(C50)

C50Tree <- C5.0(CreditRisk[-1],CreditRiskiDependent)

C50Tree

summary (C50Tree)

CreditRiskPrediction <- predict(C50Tree,CreditRisk)
head(CreditRiskpPrediction)

Tibrary(gmodels)

CrossTable(CreditRiskSDependent, CreditRiskPrediction)

plot (C50Tree)

C50Tree <- C5.0(CreditRisk[-1],CreditRiskiDependent,rules=TRUE)
summary (C50Tree)

C50Tree <- C5.0(CreditRisk[-1],CreditRiskiDependent,trials = 10)
summary (C50Tree)

m

CreditRiskPrediction <- predict(C50Tree,CreditRisk)
CrossTable(CreditRiskiDependent, cr"ed'itR'iskPr"ed'ict'ion_)| -
(Top Level) R Script

Run the line of script to console:

Console

creditriskpPrediction

|
creditrisk$pependent | Bad | Good | Row Total |
| | | |
Bad | 280 | 20 | 300 |
| 454.312 | 177.554 | |
] 0.933 | 0.067 | 0.300 |
] 0.996 | 0.028 | |
| 0.280 | 0.020 | |
| | | |
Good | 1| 899 | 700 |
| 194.705 | 76.095 | |
| 0.001 | 0.999 | 0.700 |
I 0.004 | 0.972 | |
| 0.001 | 0.699 | |
| | | |
Column Total | 281 | 719 | 1000 |
] 0.281 | 0.719 | |
] | | I

In this example, it can be observed that there were 281 accounts where predicted to be bad, taking
the CreditRiskPrediction column-wise, it can be observed there was a 1 account classification as bad
in error. Out of 281 classifications as bad, it can be said that the error rate is just 0.3%. Referring to
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the original model as created in procedure 107, it can be seen that an 11% increase in performance

has been achieved from boosting.

Procedure 10: Creating a Gradient Boosting Machine.

A relatively underutilised classification tool, which is built upon the concept of boosted decision
trees, is the Gradient Boosting Machine, or GBM. The GBM is a fairly black box implementation of
the methods covered thus far, in this module. The concept of Boosting refers to taking
underperforming classifications and singling them out for boosting, or rather creating a dedicated
model targeting the weaker performing data. The GBM is part of the GBM package, as such install

that package:

Install Packages

Install from: ? Configuring Repositories

| Repository (CRAN, CRANextra)

Packages (separate multiple with space or comma):

gbm Fary:

gbm2sas i et/ Documents/Riwin-libra ry/3.3 [Default]

[lInstall dependencies

| Install | Cancel

Click Install to download and install the package:

Console
I Le4. /U3 | fo.uYd | I
| 0.001 | 0.999 | 0.700 |
] 0.004 | 0.972 | ]
I 0.001 | 0.699 | I
| | | |
column Total | 281 | 719 | 1000 |
I 0.281 | 0.719 | I
] ] | |

> install.packages ("gbm")

Installing package into ‘D:/Users/Trainer/Documents/R/win-Tibrary/3.3"

(as “1ib' 1is unspecified)

trying URL “https://cran.rstudio.com/bin/windows/contrib/3.3/gbm_2.1.1.zip"
content type 'application/zip' Tlength 902675 bytes (881 KB)

downloaded 881 KB

package ‘gbm’ successfully unpacked and MD5 sums checked

The downloaded binary packages are in
D:\Users'\Trainer’AppbData’LocaliTemp'1'\RtmpwEINuu downloaded_packages
>

Load the library:

library(GBM)
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27 Untitled2* 27 Untitled4* @7 Untitled3* 27 Untitleds* 27 Untitleds* 27 Untitled7* @7 Untitleds* 27 Untitledo* @7 Untitled10* »
a1 |3 [CsourceonSave | Q /- & - ~#Run | 5% | [ 9 Source v| =

3 view(FDX) o
4 CreditRisk =- read.csv("'D:/Users/Trainer /Desktop/Bundle/Data/CreditRisk/German/CreditRisk.csv"™)
5 wiew(creditrisk)

6 Tibrary(rpart)

7 RegressionTree <- rpart(Dependent ~ ., data = FDX)

8 RegressionTree

9 summary{RegressionTree)

10 Tibrary(rpart.plot)

11 rpart.plot(RegressionTree)

12 RegressionTreePredictions <- predict(RegressionTree,FDX)

13 Tibrary(dplyr)

14 FDX <- mutate(FDX, RegressionTreePredictions)

15 wview(CreditRisk)

16 Tibrary(cs0)

7 €50Tree <- C5.0(creditrisk[-1],creditriskipependent)

18 <C50Tree

19 summary(C50Tree)

20 creditriskprediction =- predict(c50Tree,creditrRisk)

21 head(CreditRiskPrediction)

22 Tibrary(gmodels)

23 crossTable(creditriskipependent, creditriskprediction)

24 plot(c50Tree)

25 C€50Tree <- C5.0(Creditrisk[-1],creditrisksDependent,rules=TRUE)
26 summary(C50Tree)

7 €50Tree <- C5.0(Creditrisk[-1],CreditRiskSDependent,trials = 10)
28 summary(C50Tree)

m

29 creditriskprediction <- predict(c50Tree,Creditrisk)

30 crossTable(CreditriskiDependent, cCreditriskpPrediction) |
31 Tlibrary(gbm) &2
31:13 (Top Level) = R Script =

Run the line of script to console:

Console

| (. TV | U.uZu | | =

| | | |

Good | 1] 699 | 700 |

|  194.705 | 76.095 | ]

| 0.001 | 0.999 | 0.700 |

] 0.004 | 0.972 | I

| 0.001 | 0.699 | |

| | | |

column Total | 281 | 719 | 1000 |

| 0.281 | 0.719 | |

| | | |

> Tlibrary(gbm)

Loading required package: survival

Loading required package: lattice

Loading required package: splines

Loading required package: parallel

Loaded gbm 2.1.1

warning message:

package ‘ghm’ was built under R version 3.3.3
>

The warning messages can be ignored as we can be reasonably assured of backward compatibility
between the package build and this version of R.

Creating a GBM is similar to the familiar interfaces of regression, except for having a few parameters
relating to the taming of the GBM:

gbm = gbm(Dependent ~., CreditRisk,
n.trees=1000,
shrinkage=0.01,
distribution="gaussian",
interaction.depth=7,
bag.fraction=0.9,
cv.fold=10,

n.minobsinnode = 50
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27 Untitled2* 2] Untitled4* 7 Untitled3* 27 Untitleds* 27 Untitleds* 27 Untitled7*

a1 | OJSourceonsave | @ # ~ 1| ~
12 regressionTreePredictions <- predict(RegressionTree,FDX)
13 Tibrary(dplyr)
14 FDX <- mutate(FDX, RegressionTreePredictions)
15 wview(Creditrisk)
16 library(cs50)
17 C50Tree =<- C5.0(CreditRisk[-1],CreditRiskiDependent)
18 C50Tree
19 summary(C50Tree)
20 creditriskprediction <- predict(c50Tree,creditrisk)
21 head(creditriskPrediction)
22  Tldibrary(gmodels)
23 crossTable(Creditriskipependent, creditriskprediction)
24 plot(c50Tree)
25 C50Tree <- C5.0(CreditRisk[-1],CreditRiskiDependent,rules=TRUE)
26 summary(C50Tree)
27 C50Tree =- ¢5.0(creditrisk[-1],creditrRiskiDependent,trials = 10}
28  summary(C50Tree)
29 creditrRiskprediction <- predict(c50Tree,creditrRisk)
30 CrossTable(CreditRiskfDependent, CreditRiskPrediction)
31 Tibrary(gbm)

Run the line of script to console:

32 gbm = gbm(Dependent ~., creditrisk,
33 n. trees=1000,

34 shrinkage=0.01,

35 distribution="gaussian",
36 interaction. depth=7,

37 bag.fraction=0.9,

38 cv.fold=10,

39 n.minobsinnode = 50

40 )|

40:2 (Top Level) =

Run the line of script to console, it may take some time:

Console -~
I u.zsl | Uiy [

> Tibrary(gbm)

Loading reqguired package: survival
Loading reguired package: lattice
Loading reguired package: splines
Loading reguired package: parallel
Loaded gbm 2.1.1

warning message:

package ‘gbm’ was built under R version 3.3.3
> gbm = gbm(Dependent ~., cCreditrisk,
n. trees=1000,
shrinkage=0.01,
distribution="gaussian",
interaction. depth=7,
bag.fraction=0.9,
cv.fold=10,
n.minobsinnode = 50

—r

R

27 Untitleda* 27 Untitledd* @7 Untitled10*

= Run

To review the performance statistics of the GBM, simply recall the model:

gbm
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@] Untitled2* 27 Untitled4* @7 Untitleds* 7 Untitleds* ] Untitleds* ] Untitled7*

] [ Csourceonsave | Q #° ~| 1| -
14 FDX <- mutate(FDX, RegressionTreePredictions)
15 wview(cCreditrisk)
16 Tibrary(c50)
7 C50Tree <- C5.0(CreditRisk[-1],CreditRiskiDependent)
18 C50Tree
19  summary(C50Tree)
20 cCreditRiskPrediction <- predict(C50Tree,CreditRisk)
21 head(creditriskprediction)
22 Tlibrary(gmodels)
23 CrossTable(CreditRiskiDependent, CreditRiskPrediction)
24 plot(c50Tree)
25 C50Tree =- C5.0(creditrisk[-1],creditrRiskiDependent,rules=TRUE)
26 summary(C50Tree)

7 €50Tree =- C5.0(Creditrisk[-1],creditRiskipependent,trials = 10)
28 summary(C50Tree)
28 creditriskprediction <- predict(c50Tree,creditrisk)

30 crossTable(creditriskfpependent, creditrRiskprediction)
31 Tibrary(gbm)

32 gbm = gbm(Dependent ~., creditrisk,
33 n. trees=1000,

34 shrinkage=0.01,

35 distribution="gaussian",
36 interaction. depth=7,

7 bag.fraction=0.9,

38 cv.fold=10,

39 n.minobsinnode = 50

40 )

41 gbm

42

16:13 [Top Level) =
Run the line of script to console:

Console

Ludainyg requirea pdikdyel pdrdiigl

Loaded gbm 2.1.1

warning message:

package ‘gbm’ was built under R version 3.3.3

> gbm = gbm(Dependent ~., CreditRisk,

+ n. trees=1000,

+ shrinkage=0.01,

+ distribution="gaussian",

+ interaction. depth=7,

+ bag.fraction=0.9,

+ cv.fold=10,

+ n.minobsinnode = 50

+)

> gbm

gbm(formula = Dependent ~ ., distribution = "gaussian”, data = creditrisk,
n.trees = 1000, interaction.depth = 7, n.minobsinnode = 50,
shrinkage = 0.01, bag.fraction = 0.9, cv.folds = 10)

A gradient boosted model with gaussian loss function.

1000 iterations were performed.

The best cross-validation iteration was 542.

There were 20 predictors of which 19 had non-zero influence.

>

@7 Untitleds*

@7 untitled9* @] Untitled10*

=% Run

o

_T*Source -

» =

LN |

m

R Seript =

The most salient information from this summary is that 1000 iterations were performed, with the
cross validation diverging at tree 542. A visual inspection of the cross validation can be presented

by:

gbm.perf(gbm)
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?] Untitled2® 3] Untitled4™ 2] Untitled3* @] Untitleds* ] Untitleds* @] Untitled7* # ] Untitleds®

&1 | | [Flsourceonsave | Q A ~| 1| -
14 FDX =- mutate(FDX, RegressionTreepredictions)
15 view(CreditrRisk)
16 Tibrary(cs50)
7 €50Tree <- C5.0(creditrisk[-1],creditriskiDependent)
18 C50Tree
19 summary(C50Tree)
20 creditriskPrediction =- predict(c50Tree,creditrisk)
21 head(creditriskPrediction)
22 Tlibrary(gmodels)
23 crossTable(creditriskipependent, creditriskpPrediction)
24 plot(C50Tree)
25 C50Tree <- C5.0(Creditrisk[-1],creditriskiDependent,rules=TRUE)
26 summary(C50Tree)
7 C50Tree <- C5.0(CreditRisk[-1],CreditRiskfDependent,trials = 10)
28 summary(C50Tree)
29 creditrRiskpPrediction =- predict(c50Tree,creditrisk)
30 CrossTable(CreditRiskSDependent, CreditRiskPrediction)
31 Tibrary(gbm)

32 gbm = gbm{Dependent -., creditrisk,
33 n.trees=1000,
34 shrinkage=0.01,
35 distribution="gaussian",
36 interaction. depth=7,
7 bag.fraction=0.9,
38 cv.fold=10,
39 n.minobsinnode = 50
40 )
41 gbm

42 gbm. perf (gbm)]
42:14 [Top Level) +

Run the line of script to console:

Console

pPdiraye gom Wd> DUl L urnuer K OVeErsiorn . 3.3
= gbm = gbm(Dependent -., CreditRisk,

+ n. trees=1000,

+ shrinkage=0.01,

+ distribution="gaussian",

+ interaction. depth=7,

+ bag.fraction=0.9,

+ cv.fold=10,

+ n.minobsinnode = 50

+

= gbm

gbm{formula = Dependent -~ ., distribution = "gaussian", data = CreditRisk,

n.trees = 1000, interaction.depth = 7, n.minobsinnode = 50,
shrinkage = 0.01, bag.fraction = 0.9, cv.folds = 10)

A gradient boosted model with gaussian loss function.

1000 iterations were performed.

The best cross-validation iteration was 542.

There were 20 predictors of which 19 had non-zero influence.

> gbm. perf(gbhm)

using cv method...

[1] 542

>

It can be seen that the line was drawn at the point divergence started:
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As decision trees can become a little unwieldy, it might be prudent to inspect the relative
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importance of each of the independent variables with a view to pruning and rerunning the GBM
training. To understand the importance of each Independent Variable, wrap the summary function

around the GBM:
summary(GBM)
127 Untitled2* @7 Untitled4* @7 Untitled3* 127 Untitled5* @7 Untitleds* @7 Untitled7* 127 Untitleds* @] Untitledo* 37 Untitled10*
47| | [ElsourceonsSave | Q #° - &1 - =% Run | o3

15 wview(Creditrisk)

16 Tibrary(c50)

7 €50Tree = C5.0(Creditrisk[-1],CreditRiskiDependent)

18 «C50Tree

19 summary(C50Tree)

20 creditRiskprediction <- predict(c50Tree,Creditrisk)

21  head(creditriskpPrediction)

22  Tlibrary(gmodels)

23 CrossTable(CreditRisk$Dependent, CreditRiskPrediction)

24 plot(Cs50Tree)

25 €50Tree =- C5.0(Creditrisk[-1],creditriskipependent,rules=TRUE)
26 summary(C50Tree)

7 €50Tree = C5.0(CreditRisk[-1],CreditRiskiDependent,trials = 10)
28 summary(C50Tree)

28 creditRiskPrediction <- predict(c50Tree,CreditRisk)

30 CrossTable(CreditRisk$Dependent, CreditRiskPrediction)

31 library(gbm)

32 gbm = gbm(bependent ~., Creditrisk,

33 n. trees=1000,

34 shrinkage=0.01,

35 distribution="gaussian",

36 interaction. depth=7,

7 bag.fraction=0.9,

38 cv. fold=10,

39 n.minobsinnode = 50

40 )

41  gbm

42 gbm. perf (ghm)

43 summary({gbm)
43:13 Top Level)

Run the line of script to console:
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Console
vdr rer. i o

status_0f_Existing_checking_account status_of_Eexisting_cChecking_account 20.8972034
Requested_amount Requested_amount 12.9943387
Purpose Purpose 12.1566344
puration_In_Month puration_In_Month 11.6283011
credit_History credit_History 7.8556274
Age Age 5.7947571
savings_ savings_ 5.1375370
Present_Employment_since Present_Employment_Since 4.7706571
Security Security 4.7114077
Installment_percentage_of_Disposable_Income Installment_rercentage_of_Disposable_Income 2.6239241
other_credit other_credit 2.5359300
status_sex status_sex 2.0092849
pPresent_Residence_since pPresent_Residence_since 1.8121788
Housing Housing 1.3485600
Job Job 1.2072516
Telephone Telephone 0.9482596
Number_of_Existing_credits_at_this_gsank Number_of_Existing_Credits_at_this_gank 0.6025786
Guarantors Guarantors 0.53825072
Dependent_Persons Dependent_Persons 0.3830613
Foreign_worker Foreign_worker 0.0000000
=

RStudio L

The most useful and important variable is written out first, with the less important being written out
last. This is also displayed in a bar chart giving the overall usefulness of the independent variables at
a glance:
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Procedure 11: Recalling a Gradient Boosting Machine.

Recalling the GBM is quite initiative and obeys the standardised predict signature. To recall the
GBM:

GBMPredictions <- predict(GBM,CreditRisk,type = "response")
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® 7 Untitled2* 27 Untitled4* 27 Untitled3* 3] Untitleds* 27 Untitleds* @7 Untitled7* 27 Untitleds* ® 7 Untitleda* 37 Untitled10* >

1| | [ClsourceonsSave | G 2 - i1 - ~#Run | [5% | [ # Source ~| =
18 C50Tree -
19 summary(C50Tree)
20 creditRiskPrediction <- predict(c50Tree,Creditrisk)

21  head(CreditRiskPrediction)

22  library(gmodels)

23 crossTable(creditriskfpependent, creditriskprediction)

24 plot(c50Tree)

25 C€50Tree <- C5.0(CreditRisk[-1],creditrRiskiDependent,rules=TRUE)
26 summary(C50Tre
7 €50Tree <- ¢5.0(creditrisk[-1],creditriskiDependent,trials = 10)
28  summary(C50Tree)

29 creditriskprediction <- predict(c50Tree,creditrisk)

30 crossTable(creditriskipependent, creditriskprediction)

31

32 Tlibrary(gbm)

33 gbm = gbm(pependent -., Creditrisk,

34 n. trees=1000,

35 shrinkage=0.01,

36 distribution="gaussian",

7 interaction. depth=7, L
38 bag.fraction=0.9, 1
39 cv.fold=10,

40 n.minobsinnode = 50

41 )

42 gbm

43 gbm. perf (gbhm)
44 summary(gbm)

45 GBMPredictions <- predict(gbm,CreditrRisk,type = "response™)]| |
16 3
45:60 [Top Level) R Script #

Run the line of script to console:

Console

KegquesLeu_Amuuric KEQUES LEU_AMUUTNIL L2,/ 1u49l o
PUrpose Purpose 12.3650978
puration_In_month puration_In_Month 11.9321144
Credit_History Credit_History 7.6189051
Age Age  5.7622241
savings_ Savings_ 5.3342739
Present_Employment_5ince Present_Employment_Since 4.8073478
Security Security 4.5046783
Installment_rercentage Of_Disposable_Income Installment_percentage_oOf_Disposable_Income 2.4276679
other_credit other_credit 2.3537318
Present_Residence_since Present_Residence_since 2.1845024
STATUs_Sex STatus_sex 2.0042821
Job Job  1.2240959
Housing Housing 1.1B816382
Telephone Telephone 1.0844734
Number_of _Existing_credits_at_This_gank Number_of_Existing_Credits_at_This_Bank 0.6411613
Guarantors Guarantors 0.6411468
Dependent_Persons Dependent_Persons 0. 3708990
Foreign_worker Foreign_worker 0.0000000
> GBMPredictions <- predict(gbm,CreditrRisk,type = "response")

Using 494 trees...

>

A distinct peculiarity, given that the CreditRisk data frame has a dependent variable which is a factor,
is that the binary classification has been modelled between 1 and 2, being the levels of the factor
with 1 being Bad, and Good being two:

Environment  History
= [ | (4 Import Dataset ~ | ¥ List = | (=

7} Global Environment =

Data -
i 1 L aYatal L £ 4 L £gi
r Dependent : Factor w/ 2 levels "Bad","Good": 2 1 22122221... |
anLu‘:_ul_x:A|‘:L|||g_L|u:L|\||lg_m_Luu||L Rt L e LEeoZ00_EUR",. .11 2411 4 i
puration_In_Month : int & 48 12 42 24 36 24 36 12 30 ...
Credit_History : Factor w/ 5 levels "all_Paid”,"Critical_Account_Default”,..: 2 4 2 4 3 4 4 4 4 2 ...
Purpose : Factor w/ 10 levels "Business”,"Domestic_appliances”,..: 8 8 34 5 34 9 8 5
Requested_Amount : int 1169 5951 2006 7882 4870 9055 2835 6948 3059 5234
savings_ : Factor w/ 5 levels "Less_100_EUR",..: 5111152141
Present_Employment_Since : Factor w/ 5 levels "Less_1_Year”,..: 4 2 3 3224235

Installment_Percentage_of_Disposable_Income: int 4 2 2 2 3 2 3 2 2 4
status_5ex : Factor w/ 4 levels "Female_Divorced_Separated”,..: 4 1 4 4 4 4 4 4 2 3
Guarantors : Factor w/ 3 levels "Guarantor”,"Joint",..: 3 3 313 3 3 3 3 3

YU A L T [P PR T T T T T T T . 1

It follows that predictions that are closer to 2, than 1 would be considered to be Good, whereas vice
versa, 1. To appraise the model performance, a confusion matrix should be created. Create a vector
using the ifelse() function to classify between Good and Bad:
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CreditRiskGBMClassifications <- ifelse(GBMPredictions >= 1.5,"Good","Bad")

7 Untitled2* 7 Untitledd* 37 Untitled3* 37 Untitleds* 37 Untitleds* 37 Untitled7* 27 Untitleds*

a1 | | [Flsourceonsave | & A - ] -~
7 €50Tree = C5.0(Creditrisk[-1],CreditRiskiDependent)
18 C50Tree
19 summary(C50Tree)
20 creditRiskPrediction =- predict(c50Tree,CreditRisk)
21 head(CreditrRiskprediction)
22 l1ibrary(gmodels)
23 crossTable(creditriskipependent, creditriskprediction)
24  plot(c50Tree)
25 C50Tree =- C5.0(CreditRisk[-1],CreditRisk$Dependent,rules=TRUE)
26 summary(C50Tree)

7 €50Tree =- C5.0(Creditrisk[-1],creditriskiDependent,trials = 10)
28 summary(C50Tree)
29 creditrRiskPrediction <- predict(c50Tree,creditRisk)

30 crossTable(CreditRiskiDependent, CreditRiskprediction)
31 library(gbm)

32 gbm = gbm(Dependent ~., CreditrRisk,
33 n. trees=1000,
34 shrinkage=0.01,
35 distribution="gaussian",
36 interaction. depth=7,
7 bag. fraction=0.9,
38 cv.fold=10,
39 n.minobsinnode = 50
40 )
41

gbm
42  gbm. perf (gbm)
43 summary(gbm)
44  GeBMpredictions <- predict(gbm,CreditRisk,type = "response”)
45 creditriskGEmclassifications <- ifelse(GBMPredictions == 1.5,"Good"”,"Bad")|
4575 (Top Level)

Run the line of script to console:

Console

Furpuse Furpusg
Duration_In_Month Duration_In_Month
credit_History credit_History
Age Age
Savings_ Savings_
Present_Employment_5ince Present_Employment_since
security security
Installment_Percentage_Of_Disposable_Income Installment_Percentage_Of_Disposable_Income
other_Credit other_Credit
Present_Residence Since Present_Residence_since
Status_Sex Status_Sex
Job Job
Housing Housing
Telephone Telephone
Number_of_Existing_credits_at_this_gank Number_of_existing_Credits_at_This_gank
Guarantors Guarantors
Dependent_Persons Dependent_Persons
Foreign_worker Foreign_worker
> GBMPredictions =- predict(gbm,creditrisk,type = "response™)

Using 494 trees...
> Ccreditriskeemclassifications =- ifelse(ceMpPredictions =>= 1.5,"Good"”, "Bad")
>

Create a confusion matrix between the actual value and the value predicted by the GBM:

CrossTable(CreditRiskSDependent, CreditRiskGBMClassifications)
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@7 Untitled2* 37 Untitled4* 37 Untitled3* 37 Untitleds* 7 Untitleds* @7 Untitled7* 37 Untitleds* 37 Untitleds* 13 Untitled10* »
g | | [FlsourceonSave | Q /A | i - ~#Run | 4% | Source -
18 C50Tree -
19 summary(C50Tree)
20 creditRiskPrediction <- predict(C50Tree,CreditRisk)

21  head(creditriskprediction)

22 Tibrary(gmodels)

23 CrossTable(CreditRiskiDependent, CreditRiskPrediction)

24 plot(c50Tree)

25 ¢50Tree < C5.0(CreditRisk[-1],CreditRiskiDependent,rules=TRUE)
26 summary(C50Tree)

27 €50Tree =- C5.0(creditrisk[-1],creditriskiDependent,trials = 10)
28  summary(C50Tree)

29 creditRiskPrediction <- predict(c50Tree,creditrisk)

30 <CrossTable(CreditRisk$Dependent, CreditRiskPrediction)

31 Tibrary(gbm)

32 gbm = gbm(pependent ~., creditrRisk,

33 n.trees=1000,

34 shrinkage=0.01,

35 distribution="gaussian",

36 interaction.depth=7,

37 bag. fraction=0.9, E
38 cv.fold=10,

39 n.minobsinnode = 50

40 )

41 gbm

42 gbm. perf (gbm)

43 summary(gbhm)

44 gBMPredictions <- predict(gbm,creditrisk,type = "response”)

45 c¢reditRiskGBMClassifications =- ifelse(GBMPredictions == 1.5,"Good","Bad")

46 CrossTable(CreditRiskipependent, CreditRiskeeMClassifications)| 52
46:63 | (Top Level) R Script

Run the line of script to console:

Console
| creditrRiskeBMclassifications i
CreditRisk$pependent | Bad | Good | Row Total |
| | |
Bad | 182 | 118 | 300 |
| 203.879 | 57.504 | |
| 0.807 | 0.393 | 0.300 |
| 0.827 | 0.151 | |
| 0.182 | 0.118 | |
| | | |
Good | 38 | 662 | 700 |
| 87.377 | 24.645 | |
| 0.054 | 0.946 | 0.700 |
| 0.173 | 0.849 | ]
| 0.038 | 0.662 | |
| | | |
column Total | 220 | 780 | 1000 |
| 0.220 | 0.780 | |
| | | |
-

It can be seen in this example that the GBM has mustered a strong performance. Of 220 accounts
that were bad, it can be seen that the GBM classified 182 of them correctly, which gives an overall
accuracy rating of 82%.

Module 11: Naive Bayesian Classifiers and Laplace Estimator.

A Naive Bayesian Classifier is an extremely powerful general issue classifier that performs well for
most classification problems. In addition to providing a predicted classification, it also provides a
probability of that classification making it both intuitive and accurate for risk based approaches.

The dataset to be used in this module is the CreditRisk dataset used in module 7, however some
consideration needs to be given to the fact that this is contains come continuous data which is not,
by default, appropriate for Bayesian analysis, as Bayesian analysis is a question of probability.

While it is clearly simpler, for the purposes of these procedures, to provide a clean dataset it allows
for the introduction of some more advanced data frame manipulation techniques and cements that
notion that continuous data is not appropriate for this modelling tool.
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Procedure 1: Converting Continuous Data to Categorical Data.
Start by loading the CreditRisk dataset using the base read.csv() function, to assure that strings are
converted to factors.

CreditRisk <- read.csv("D:/Users/Trainer/Desktop/Bundle/Data/CreditRisk/German/CreditRisk.csv")

View(CreditRisk)
b @7 Untitled3* 27 Untitleds* 27 Untitleda* 27 Untitled7* @7 Untitleds* 27 Untitleda* @7 Untitled0* @7 Untitled11* 3] Untitled12* » =
&1 | | Flsourceonsave | Q A -| & | - == Run | 5% | #Source ~ =
1 creditrisk <- read.csv("D:/Users/Trainer /Desktop/Bundle/Data/creditrisk/German/creditrisk. csv")

2 wiew(creditrisk)|

217 | (Top Level) + R Script +

Run the block of script to console:

Console ==

R version 3.3.2 (2016-10-31) -- "Sincere Pumpkin Patch”
copyright (C) 2016 The r Foundation for statistical Computing
Platform: x86_64-wéd-mingw32/x64 (64-bit)

R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.
Type 'license()' or 'licence()’ for distribution details.

R 15 a collaborative project with many contributors.
Type 'contributors()' for more information and
"citation()" on how to cite R or R packages in publications.

Type 'demo()' for some demos, "help()' for on-line help, or
"help.start()' for an HTML browser interface to help.

Type 'q()’ to guit R.

= Creditrisk <- read.csv("D:/Users/Trainer /Desktop/Bundle/Data/creditrisk/German/creditrisk. csv")
= View(Creditrisk)
=

The View() function will load the dataset in the R Studio Viewer:
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* 137 Untitleds* 127 Untitled&*

5 | v Filter

Dependent Status_Of _Existing_Checking_Account | Duration_In_Month

1 Good Less_0_EUR

2 Bad Less_200_EUR

3 Good No_Account

4 Good Less_0_EUR

5 Bad Less_O_EUR

6 Good No_Account

7 Good No_Account

& Good Less_200_EUR

9 Good No_Account
10 Bad Less_200_EUR
11  Bad Less_200_EUR
12 Bad Less_O_EUR
13 Good Less_200_EUR
14 Bad Less_O_EUR
15 Good Less_O_EUR
16  Bad Less_0_EUR
17  Good No_Account

< 1

Showing 1 to 18 of 1,000 entries

5
48
12
42
24
36
24
36
12
30
12
48
12
24
15
24
24

JUBE

137 Untitleds* 27 Untitled10* 27 Untitled11*

Credit_History
Critical_Account_Default
Existing_Credit_Paid_Up_To_Date
Critical_Account_Default
Existing_Credit_Paid_Up_To_Date
Delayed_In_Past
Existing_Credit_Paid_Up_To_Date
Existing_Credit_Paid_Up_To_Date
Existing_Credit_Paid_Up_To_Date
Existing_Credit_Paid_Up_To_Date
Critical_Account_Default
Existing_Credit_Paid_Up_To_Date
Existing_Credit_Paid_Up_To_Date
Existing_Credit_Paid_Up_To_Date
Critical_Account_Default
Existing_Credit_Paid_Up_To_Date
Existing_Credit_Paid_Up_To_Date

Critical_Account_Default

Purpose
Television
Television
education
Furniture
New_Car
education
Furniture
Used_Car
Television
New_Car
Mew_Car
Business
Television
Mew_Car
New_Car
Television

Television

37 Untitled12* | CreditRisk

Requested_Amount
1169
5051
2096
7882
4370
Q055
2835
6948
3059
5234
1295
4308
1567
1199
1403
1282
2424

.
v
¥

Savings_
MNo_Savings_Acc =
Less_T00_EUR
Less_T0O0_EUR
Less_T00_EUR
Less_T00_EUR
No_Savings_Acc
Less_T1000_EUR
Less_T00_EUR
More=_1000_EUI
Less_T00_EUR
Less_T00_EUR
Less_T00_EUR
Less_T0O0_EUR
Less_T00_EUR
Less_T00_EUR
Less_S00_EUR

No_Savings_Acc —
r

There are several vectors that are not appropriate for Bayesian analysis as they are continuous:

e Requested_Amount.

e Installment_Percentage_Of_Disposable_Income.

e Present_Residency_Since.

e Age.

e Number_Of Existing_Credits_At_This_Bank.

e Dependent_Persons.

There are a variety of ways to convert the continuous values to categorical data, yet in this example
we will focus on binning on a single vector, Age. In this example, the Age will be broken into

commonly used Age brackets:

e 18-24 Years old.
e 25-34 Years old.
e 35-44 Years old.
e 45-54 Years old.
e 55-64 Years old.
e 65-74 Years old.
e 75 Years or older.

It would be possible to use a series of logical statements to make the slice, or cut, between the
values in this continuous series of data, but it would be quite cumbersome. Fortunately there is a
function that can simplify this for us, the cut() function. The cut function takes a vector of data, and
a vector of points to make the cut, returning a string denoting the range. To make the cut based on

the ranges described:

Age <- cut(CreditRiskScut,c(18,24,34,44,54,64,74,999))
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27 Untitled3* 27 Untitleds* @7 Untitleds* @7 Untitled7* 27 Untitleds* 27 Untitleda* @7 Untitled10* 27 Untitled11* @7 Untitled12* » =0
&1 | |3 Elsourceonsave | Q A -~ | - = Run | B | [ Source -| =

1 creditRisk =- read.csv("D:/Users/Trainer/Desktop/Bundle/Data/CreditRisk/German/CreditRisk.csv")

2 wview(CreditrRisk)

3 Age =- cut(CreditRiskSage,c(18,24,34,44,54,64,74,999))

4

355 (Top Level) = R Script =

Run the line of script to console:

Console =0
R version 3.3.2 (2016-10-31) -- "sincere pumpkin patch"”

copyright (C) 2016 The R Foundation for statistical computing
Platform: xB6_64-wsd4-mingw32/x64 (64-bit)

R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.
Type 'license()" or "licence()" for distribution details.

R is a collaborative project with many contributors.
Type 'contributors()" for more information and
‘citation()” on how to cite R or R packages in publications.

Type 'demo()' for some demos, "help()" for on-Tine help, or

‘help.start()" for an HTML browser interface to help.

Type 'q()’ to quit R.

> CreditrRisk <- read.csv("D:/uUsers/Trainer /Desktop/Bundle/Data/creditrisk/German/creditrisk. csv™)

= View(CreditrRisk)
> Age <- cut(CreditRisk$age,c(18,24,34,44,54,64,74,999))
>

The head() command can used on Age to confirm that it is indeed a factor and that the levels have

been apportioned:

head(Age)
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i ] Untitled3* 137 Untitleds* 127 Untitled&* @7 Untitled7+ ® ] Untitleda* 27 Untitleds* 27 Untitled10* 37 Untitled11* 37 Untitled12* » =0

&1 | [ [Flsourceonsave | Q A -| 2| - =#Run | 5% | #Source ~| =
1 creditrisk =- read.csv("D:/Users/Trainer/Desktop/Bundle/Data/creditrisk/German/creditrisk. csv™)
2 wview(CreditrRisk)
3 Aage <- cut(Creditriskiage,c(18,24,34,44,54,64,74,999))
4 head(age)|
4:10 (Top Level) + R Script =

Run the line of script to console:

Console =
LOpPYyrigrne (L) ZULlo Mg K Fouraduion 1or sediisuicdal Lompuoinyg
platform: x86_64-wed-mingw32,/x64 (64-bit)

R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.
Type 'license()” or "licence()' for distribution details.

R is a collaborative project with many contributors.
Type 'contributors()’ for more information and
"citation()” on how to cite R or R packages in publications.

Type 'demo()’ for some demos, "help()' for on-line help, or
"help.start()’ for an HTML browser interface to help.
Type 'q()' to quit R.

m

= creditrisk <- read.csv("D:/users/Trainer /Desktop/Bundle/Data/CcreditRisk/German/creditrisk.csv'™)

= view(creditrisk)

> Age <- cut({creditriskiage,c(18,24,34,44,54,64,74,999))

= head(age)

[1] (64,741 (18,247 (44,5471 (44,547 (44,54] (34,44]

Levels: (18,247 (24,347 (34,447 (44,547 (54,64] (64,741 (74,999]

- 4

Having created a factor for Age, it is necessary to overwrite the vector in the CreditRisk Data Frame.
This is a simple procedure of targeting the Age vector in the data frame as the target of assignment
for the Age factor:

CreditRiskSAge <- Age
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e 3] Untitled3® @] Untitleds® 2] Untitleds™ @] Untitled7* 3] Untitleds® @] Untitledo® 3] Untitled10* @] Untitled11* 3] Untitled12* » =0
] Al | || Clseureonsave | Q A ~| 21| - “#Run | 4% | 4 Source v =
1 creditRisk <- read.csv("D:/Users/Trainer /Desktop/Bundle/Data/CreditRisk/German/CreditRisk. csv™)
2 view(CreditRisk)
3 Age =- cut(CreditRisk$Age,c(18,24,34,44,54,64,74,999))
4 head(age)
5 CreditRiskfAge <- Age
522 (Top Level) = R Script =

Run the line of script to console:

Console
PldLIUFIL X80_04-Wos—NITNYWs2/ K04 (04-01L)

)
=0

R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.
Type "license()” or "Ticence()" for distribution details.

R is a collaborative project with many contributors.
Type 'contributors()" for more information and
"citation()' on how to cite R or R packages in publications.

Type "demo()’ for some demos, "help()’ for on-line help, or
"help.start(Q)" for an HTML browser interface to help.
Type 'q()" to guit R.

m

> CreditRisk <- read.csv("D:/Users/Trainer/Desktop/Bundle/Data/CreditRisk/German/CreditRisk.csv")
= View(Creditrisk)

> Age <- cut{CreditRisk$Age,c(18,24,34,44,54,64,74,999))

> head(Age)

[1] (64,74] (18,24] (44,54] (44,54] (44,54] (34,44]

Levels: (18,24] (24,34] (34,44] (44,54] (54,64] (64,74] (74,999]

> CreditRisk§age <- age

=

Check that the assighment has indeed transformed the CreditRiskSAge to a factor peeking the head()
function:

head(CreditRiskSAge)
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= @7 Untitled3* 27 Untitleds* 12 7 Untitleds* @7 Untitled7* 27 Untitleds* 12 7] Untitleds* @ 7 Untitled10* 27 Untitled11* @7 Untitled12* »
47 | |3 E]Sourceonsave  Q A -| & - =% Run | ®% | | % Source ~
1 creditRisk =- read.csv("D:/uUsers/Trainer /Desktop/Bundle/Data/creditrRisk/German/creditrisk.csv™)
2 vwview(Creditrisk)
3 age =- cut(Creditriskfage,c(18,24,34,44,54,64,74,999))
4 head(age)
5 creditRiskiage <- Age
6 head(creditriskiage)|

B:21 (Top Level) R Script

Run the line of script to console:

Console
YOU 4di'eg WeilLume LU redisuripuLe 1L urnuer ceredin Lurnaieions,
Type "license()” or "Ticence()’ for distribution details.

R is a collaborative project with many contributors.
Type 'contributors()’ for more information and
"citation{()’ on how to cite R or R packages in publications.

Type "demo()’ for some demos, "help()’ for on-line help, or
"help.start ()" for an HTML browser interface to help.
Type 'q()" to guit R.

> CreditRisk <- read.csv("D:/Users/Trainer/Desktop/Bundle/Data/CreditRisk/German/CreditRisk.csv™)
= View(Creditrisk)

> Age <- cut{CreditRisk$Aage,c(18,24,34,44,54,64,74,999))

> head(age)

[1] (64,7471 (18,247 (44,5471 (44,547 (44,547 (34,44]

Levels: (18,247 (24,347 (34,44] (44,547 (54,04] (84,741 (74,999]
> CreditRisk$Aage <- Age

> head(CreditRiskSage)

[1] (64,74] (18,24] (44,54] (44,54] (44,54] (34.,44]

Levels: (18,24] (24,34] (34,44] (44,54] (54,04] (64,74] (74,999]
=

m

It can be seen that the continuous variable has been transformed.

Repeat for the remaining continuous variables, perhaps using the hist() function as described in
procedure 55 to identify appropriate thresholds, as the following example:

#Bin
Requested_Amount <- cut(CreditRiskSRequested_Amount,c(0,5000,10000,15000,20000))

Installment_Percentage_Of Disposable_Income <-
cut(CreditRiskSInstallment_Percentage_Of Disposable_Income,c(0,1,2,3,4,5,6,7,8,9,10,999))

Present_Residence_Since <- cut(CreditRiskSPresent_Residence_Since,c(0,1,2,3,4,5,6,7,8,9,10,999))

Number_ Of Existing_Credits_At_This_Bank <-
cut(CreditRiskSNumber_Of Existing_Credits_At_This_Bank,c(0,1,2,3,4,5,999))

Dependent_Persons <- cut(CreditRiskSDependent_Persons,c(0,2,3,4,5,999))
Duration_In_Month <- cut(CreditRiskSDuration_In_Month,c(0,20,40,60,999))

#Allocate
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CreditRiskSRequested_Amount <- Requested_Amount

CreditRiskSInstallment_Percentage_Of Disposable_Income <-
Installment_Percentage_Of Disposable_Income

CreditRiskSPresent_Residence_Since <- Present_Residence_Since

CreditRiskSNumber_Of_Existing_Credits_At_This_Bank <-
Number_Of Existing_Credits_At_This_Bank

CreditRiskSDependent_Persons <- Dependent_Persons

CreditRiskSDuration_In_Month <- Duration_In_Month

& 7] Untitled3® @] Untitleds® 3] Untitleds® 3] Untitled7* 3] Untitleds® 3] Untitledo® ] Untitled10* 3] Untitled11* @ Untitled12* » =0
) | || Elsourceonsave | Q A+ ]| - =b Run | B | [ source -| =

1 CreditRisk <- read.csv("D:/Users/Trainer/Desktop/Bundle/Data/CreditRisk/German/CreditRisk.csv")

2 wview(CreditrRisk)

3 Age <- cut(CreditriskSage,c(18,24,34,44,54,64,74,999))

4 head(age)

5 CreditRiskiage <- age

6 head(creditriskiage)

7 #B1n

8 Requested_amount =- cut(CreditrRiskirequested_amount,c(0,5000,10000,15000,20000))

9 1Installment_Percentage_of_Disposable_Income =- cut(CreditrRiskiInstallment_Percentage_of_bDisposable_income,c(0,1,2,3,4,5,6,7
10 Present_Residence_since <- cut(CreditriskiPresent_residence_since,c(0,1,2,3,4,5,6,7,8,9,10,999))
11 nNumber_of _Existing_cCredits_at_this_eank <- cuti{creditriskinumber_of_Existing_credits_at_this_eank,c(0,1,2,3,4,5,999))
12 Dependent_Persons <- cut(CreditRiskiDependent_Persons,c(0,2,3,4,5,999))

13 Duration_In_Month <- cut(CreditRisksburation_In_Month,c(0,20,40,60,999))
14 #Allocate

15 CreditRiskSRequested_Amount <- Requested_Amount
16 CreditRiskSInstallment_Percentage_of_Disposable_Income <- Installment_Percentage_of_Disposable_Income
7 CreditRiskSPresent_Residence_Since <- Present_Residence_Since
18 creditRiskSnumber_of _Existing_credits_at_This_Bank <- Number_of_Existing_credits_at_This_gank
19 creditRiskSDependent_Persons <- Dependent_Persons
20 creditriskspuration_In_Month <- puration_In_month|
21
< | (i} *
20:50 (Top Level) = R Script

Run the block of script to console:

Console =
F AUE <= LULLLUIEUILHISKIAGE ,LLLD, £4 , 34,448 , 04, 04 , /4,999 ) )

> head(age)

[1] €64,74] (18,24] (44,54] (44,54] (44,54] (34,44]

Levels: (18,24] (24.34] (34,44] (44,54] (54,64] (64,74] (74,999]

> CreditRiskSAge <- Age

> head(CreditriskSage)

[1] (84,741 (18,247 (44,54] (44,54] (44,54] (34,44]

Levels: (18,24] (24,341 (34,447 (44,541 (54,64] (64,74] (74,999]

> Requested_amount <- cut(CreditRisk$rRequested_amount,c(0,5000,10000,15000,20000))

> Installment_Percentage_Of_Disposable_Income <- cut(CreditRisk$Installment_Percentage_of_Disposable_Income,c(0,1,2,3,4,5,6,7,
8,9,10,999))

Present_Residence_since <- cut(creditrisk$present_residence_since,c(0,1,2,3,4,5,6,7,8,9,10,999))
Number_of_Existing_credits_at_This_gank =- cut(Creditrisk$number_of_Existing_credits_at_this_gank,c(0,1,2,3,4,5,999))
pDependent_Persons <- cut{CreditRisk$Dependent_prersons,c(0,2,3,4,5,999))

puration_In_Month <- cut{creditrRisk$puration_In_month,c(0,20,40,60,999))

creditRisk$Requested_amount <- Requested_amount

creditRisk$Installment_Percentage_of_Disposable_Income <- Installment_percentage_of_Disposable_Income
creditriskSPresent_Residence_since <- Present_Residence_since

creditRiskSNumber_of Existing credits_at This_Bank <- Number_of Existing Credits_at_This_Bank
CreditRiskSDependent_Persons <- Dependent_FPersons

CreditRiskSburation_In_Month <- Duration_In_Month

m

¥ YV YV VVYVVYVYVY

It can be seen that from the data view pane in R studio, that for this data frame all components are
now factors and so therefore appropriate for Bayesian Analysis:
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) Rstudic' E=SE-3 )
Fie Edt Code View Plots Sesion Buld Debug Profie Took Help
Qi-led-l B B » ~  Addins = X Project: None) ~

) Untitleds* x| D Untileds® x ) Untdieds* x | ©)Untitled?* x  ©)Untiiedd® x| ©)Untitleds® x 0] Untileat0 x| ©) Untitiedi1® x| 0 Untitleat2® x | 2 — (7| Emdronment  History =0

B Dlsoueonswe Q /' - ARun | 5% 5 Source 2 @ oot = S e

1 Creditrisk <- read.csv("D:/Users/Trainer/Desktop/Bundle/Data/Credithisk/German/Creditrisk. csv") B s

2 view(creditris

3 Age :ul'(redhk(sk»ge <(18,24,34,44,54,64,74,999 pata

i headiage) Ocreditisk 1000 obs. of 21 variables @

S credithisksage < Age . “Bad. "cood":

- [t Dependent : Factor w/ 2 levels “sad","Good": 2122122221 ...

o e Status_of_Existing_Checking Account : Factor w/ 4 levels "Less_0_EUR","Less_200.

3 Requested pmount < cut(CredicRiskiRequested_Anount (0,000, 10000,15000,20000 ouration_In Month : Factor w/ 4 levels "(0,201","(20,40]",..: 1313222212

S Tnotallnent.percentage.of oisposable.incone - Cut (éreditRiskiTnstal inent tage_of_isposable_tncome,c(0,1,2,3,4,5,6,7  Credit_mistory : Factor w/ 5 levels “Al1_paid","Critical Account Default”,..: 2424344442

10 Present_Residence_Since <- cut cremmskwresem Residence_since,c( purpose : Factor w/ 10 levels "Business”,"

13 Number Of Existing Credics_AcThis. Bark < cue (CredicRiskinusber Of is_8ank,c(0,1,2,3,4,5,999) :

12 Dependem_persons < cut (eredTcnisksbependent persons c(0.2,3 4,3 .6 "e“"‘“‘ed‘, e “; ‘..‘”E'sw

13 Conth <. Gt (credi 15K Souratton Tncvench. c(0,20-40.80.593) savings_ : Factor w/ 5 levels "Less_100.1 52141

4 # 4 Present_Enploynent_since : Factor w/ 5 levels "Less_lvear™,..: 4233224235 ...

15 CreditRisksRequested_smount <- Requested_inount Installnent_percentage_of_bisposable_Incone: Factor w/ 11 levels "(0,1)","(1,2]",..: 4 222323

16 creditrisksInstallment_percentage_of_bisposable_Income <- Installment_percentage of Disposable_ncone Status_sex : Factor w/ 4 levels "Female Divorced Separated”,..: 4144444423 ...

17 Creditriskspresent_Residence_since <- Present_Residence_since : .

18 CreditRisksNusber_Of existing Credits_At_This_Bank <- Number_Of_Existing_credits_At_This_sank Cuacantors.; Facton w3 1evels; coarantor B .3 13 3 LR E T

19 Creditrisksbependent_persons <- Dependent_persons
20 CreditRisksouration_Invonth <- Duration_In_Month Fles Plots Packages Help Viewer
2

5 xport

21 (lop Leven = R Seript =
o e o R I UL Rt oot X, 4 0] =

> head(a

3] (64 ,41 (18,24] (44,54] (44,54] (44,54] (34,44]

Levels: (18,24] (24,34] (34,44] (44,54] (54,64]) (64,74) (74,999)

9
4
3

Age:
[1] (64,74] (18,24) (44,54) (44,54) (44,54] (34,44]
Levels: (18,24 (23,34] (33,44] (44,54] (54,64] (64,74] (74,999)
> Memmitad ot <~ cot (Crafi ik snmmmsted a0, 8000, 14060, 13000, 200045)

> Installment_percentage_of_Disposable_Income <- cut (G ment._ ge_of _Di _Income,c(0,1,2,3,4,5,6,7,
8,9,10,999))

> Present_Residence_since <- cut(CreditRiskspresent_Residence_since,c(0,1,2,3,4,5,6,7,8,9,10,999))

> Number_Of_Existing_Credits_At_This_Bank <- cut(CreditRiskSNumber_Of_Existing Credits At This_t ook, C(0,1,2,3,4,5,999))

> Dependent_persons <- cut(CreditriskSpependent_persons,c(0 5,999

> puration_Inponth <- cut(CreditRiskSouration_In_month,c(0,20,40,60,999))

> CreditRiskSRequested_amount <- Requested_Amount

> CreditriskSInstal Iment_percentage_of_bisposable_Income <- Installment_percentage_of_isposable_tncome =
> Creditriskspresent_Residence_since <- Present_Residence_since

> CreditRisksNumber_Of_Existing_Credits_At_this_Bank <- Number_of_Existing_credits_At_This_sank

> CreditRiskSpependent_persons <- Dependent_persons

> creditriskSouration_In_Month <- puration_In_Month

2 eum

1201PM
37200

Procedure 2: Training a Naive Bayesian Classifier.

As a Naive Bayesian classifier is rather simple in its concept, all independent variables being treated
and arcs flowing away from the dependent variable, it is to be expected that the process of training
such a classifier is indeed trivial. To train a Bayesian model, simply pass the data frame, specify the
factor that is to be treated as the dependent variable and the Laplace estimator (zero in this
example). The naiveBayes() function exists as part of the e1071 package, a such begin by installing

the package via RStudio:
Install Packages

Install from: 7 Configuring Repositories

| Repository (CRAN, CRANextra) |

Packages (separate multiple with space or comma):

1071 |

el071 |iprary:
[ D:/Users/Trainer/Documents/R/win-library,/3.3 [Default] - ]

Install dependencies

Install Cancel

Click install to download and install this package:
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Console -~/ =
> PIesSerll_KEs IUSNLE_SITILE <- LULILIEU I LK ISKIFIESENL_KES ITURMLE_SITILE , LIV, L, 2, 3,4,3,0,7,8,9,LU,999)) E
> Number_of _Existing_Credits_At_This_Bank <- cut(CreditRisk$Number_of_Existing _Credits_At_This_Bank,c(0,1,2,3,4,5,999))
> Dependent_Persons <- cut{CreditRisk$Dependent_Persons,c(0,2,3,4,5,999))
= Duration_In_Month <- cut{CreditRisk$buration_In_month,c(0,20,40,60,999))
> CreditRisk$Requested_Amount <- Requested_Amount
> CreditRisk$Installment_Percentage Of Disposable_Income <- Installment_Percentage Of _Disposable_Income
> CreditRisk$Present_Residence Since <- Present_Residence_Since
> CreditRiskSNumber_Of _Existing_Credits_At_This_Bank <- Number_of_Existing Credits_at_This_Bank
> CreditRiskSDependent_Persons <- Dependent_Persons
> CreditrRiskSburation_In_Month <- Duration_In_Month
> install.packages("el071")
Installing package into ‘D:/uUsers/Trainer/Documents/R/win-Tibrary/3.3°
(as ‘1ib" is unspecified)
trying URL "https://cran.rstudio.com/bin/windows/contrib/3.3/e1071_1.6-8.zip" 18
content type 'application/zip® length 894548 bytes (873 KB)
downloaded 873 KB
package ‘e1071' successfully unpacked and wWD5 sums checked E
The downloaded binary packages are in
D:%WUsersh\Trainer‘\appbatatLocal’Temp' 1 \Rtmpwseasan'downloaded_packages
- 4
Reference the library:
library(e1071)
il @7 Untitled3* @7 Untitleds* 27 Untitleds* 27 Untitled?* 27 Untitleds* 27 Untitledo* 127 Untitled10* @7 Untitled11* 7 Untitled12* » =0

al| |3 [F]sourceonsave | Q A - i1 - =% Run | ®% | #Source ~| =
CreditRisk <- read.csv('D:/Users/Trainer /Desktop/Bundle/Data/CreditRisk/German/CreditRisk.csv™)
View(CreditRisk)
Age <- cut(CreditRiskiage,c(18,24,34,44,54,64,74,999))
head(age)
creditriskiage <- age
head(creditriskiage)
#B1n
Requested_amount <- cut(creditRiskirRequested_amount,c(0,5000,10000,15000,20000))
Installment_Percentage_Of_Disposable_iIncome =- cut(CreditriskiInstallment_rercentage_of_bpisposable_income,c(0,1,2,3,4,5,6,7
10 Present_Residence_since <- cut(CreditRiskiPresent_residence_since,c(0,1,2,3,4,5,6,7,8,9,10,999))
11  nNumber_of _Existing_credits_at_This_Bank <- cut(Creditriskinumber_of_Existing_credits_at_this_gank,c(0,1,2,3,4,5,999))
12 Dependent_Persons =- cut(CreditrRiskipependent_rersons,c(0,2,3,4,5,999))
13 puration_In_Month =- cut(cCreditriskiburation_In_Month,c(0,20,40,60,999))
14 #allocate
15 creditriskfRequested_amount <- Requested_amourt
16 creditrRiskiInstallment_rercentage_of_Disposable_Income <- Installment_percentage_of_bisposable_Income
7 creditrRiskiPresent_Residence_since =- Present_Residence_since
18 creditriskinumber_of Existing credits_at This_Bank <- Number_of Existing Credits_at This_Bank
19 creditRiskiDependent_Persons <- Dependent_Persons
20 creditRiskfpuration_In Month <- Duration_In_Month
21 library(el071)|

[ T T

4| (1] 2
21:15 (Top Level) = R Script =

Run the line of script to console. To train a Naive Bayesian model:

BayesianModel <- naiveBayes(CreditRisk,CreditRiskSDependent,laplace=0)
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- @] Untitleds® 3] Untitleds® ] Untitleds® @] Untitled7* 3] Untitleds® 7] Untitleda® @] Untitled10* 3] Untitled11* 3] Untitled12* »
1| |3 Osourceonsave | G A - 21| - ~#Run | 5% | 9 Source -
1 CreditRisk <- read.csv("D:/Users/Trainer /Desktop/Bundle/Data/CreditRisk/German/CreditRisk.csv")
2 View(CreditrRisk)
3 Age <- cut(CreditRisk%Age,c(18,24,34,44,54,64,74,999))
4  head(age)
5 CreditrRiskfage <- Age
6 head(creditriskiage)
7 #Bin
& Reguested_amount <- cut(CreditRiskirequested_amount,c(0,5000,10000,15000,20000))
9 1Installment_Percentage_of_Disposable_Income <- cut(CreditriskfInstallment_rercentage_of_bisposable_income,c(0,1,2,3,4,5,6,7
10 Present_Residence_since <- cut(CreditrRiskiPresent_residence_since,c(0,1,2,3,4,5,6,7,8,9,10,999))
11  Number_of_Existing_credits_at_This_Bank <- cut(Creditriskinumber_of_Existing_credits_at_tThis_sank,c(0,1,2,3,4,5,999))
12 Dpependent_Persons <- cut(CreditRiskiDependent_prersons,c(0,2,3,4,5,999))
13 puration_In_Month =- cut(creditRisk$buration_In_Month,c(0,20,40,60,999))
14 #allocate
15 creditriskirRequested_amount <- Requested_Amount
16 creditriskiInstaliment_Percentage_of_Disposable_Income =- Installment_Percentage of_Disposable_Income
7 cCreditriskiPresent_Residence_since <- Present_residence_since
18 creditriskinumber_of _Existing_cCredits_at_this_gank <- Number_of_Existing_Credits_at_this_gank
19 creditriskipependent_Persons <- Dependent_Persons
20 creditrisk$puration_In_Month <- puration_In_Month
21  1ibrary(el071)
22 BayesianModel <- naiveBayes(CreditRisk,CreditRiskiDependent,laplace=0)
4 LI r
2271 Top Level) = R Script

Run the line of script to console. The BayesModel object now contains a model that can be used to
make P predictions as well as classifications.

Procedure 3: Recalling a Naive Bayesian Classifier for P.

One of the benefits of using a Bayesian classifier is that it can return initiative probabilities which,
ideally, should be fairly well calibrated to the actual environment. For example, suppose that a 30%
P of rain is produced by a weather station for 100 days, if it were to rain on 30 of those days, that
would be considered to be a well calibrated model. It follows that quite often it is not just the
classification that is of interest, but the probability of a classification being accurate.

The familiar predict() function is available for use with the BayesModel object, the data frame to use
in the recall and specifying a type to equal Raw, instructing the function to return P and not the
most likely classification:

PPredictions <- predict(BayesianModel,CreditRisk, type = "raw"

i @7 Untitled3* 27 Untitleds* 27 Untitleds* @7 Untitled7* 27 Untitleds* @7 Untitleda* 27 Untitled10* 27 Untitled11* 3] Untitled12* g
7 | |3 Flsourceonsave | Q #° - 1| - =#%Run | ®% || @ Source -
1 creditrisk =- read.csv("D:/Users/Trainer /Desktop/Bundle/Data/creditrisk/German/creditrisk. csv™)
2 view(Creditrisk)
3 Age =- cut(CreditRiskfage,c(18,24,34,44,54,64,74,999))
4 head(age)
5 creditriskiage <- Age
6 head(creditriskiage)
7 #Bin
& Requested_amount <- cut(cCreditriskirequested_amount,c(0,5000,10000,15000,20000))
9 Installment_Percentage_of_bDisposable_Income <- cut(cCreditRisk$Installment_rercentage_of_bisposable_Income,c(0,1,2,3,4,5,6,7
10 Present_Residence_since =- cut{creditriskiprresent_residence_since,c(0,1,2,3,4,5,6,7,8,9,10,999))
11 Number_of_Existing_credits_at_this_eank <- cut(creditrRiskinumber_of_existing_credits_at_this_eank,c(0,1,2,3,4,5,999))
12 Dependent_persons <- cut(creditrRiskipependent_rersons,c(0,2,3,4,5,999))
13 pwration_In_Month =- cut(creditriskfpuration_In_month,c(0,20,40,60,999))
14 #allocate
15 creditriskireguested_amount <- ReguesTed_amount
16 CreditRiskiInstallment_Percentage_Of_Disposable_Income <- Installment_Percentage_Of_Disposable_Income
7 CreditRiskiPresent_Residence_sSince <- Present_Residence_Since
18 CreditRiskiNumber_of_Existing_Credits_at_This_Bank <- Number_of_Existing_Credits_At_This_Bank
19 CreditRiskiDependent_Persons <- Dependent_Persons
20 CreditRiskiburation_In_Month <- Duration_In_Month
21 Tlibrary(elo7
22 BayesianModel <- naiveBayes(CreditRisk,CreditRiskiDependent,laplace=0)
23 PPredictions =- predict(BayesianModel,CreditRisk,type = "ra‘r."'_:|
4 1L L]
23:63 (Top Level) = R Script

Run the line of script to console:
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LEVE ST (L8, 29 ] (24,34 ] (34,44 ] (44,34 (34,08 (04,74 (/4,999 E
> CreditrRisk3age <- age

> head(Creditrisk$age)

[1] (64,747 (18,247 (44,547 (44,547 (44,54] (34,44]

Levels: (18,2471 (24,34] (34,447 (44,54] (54,647 (64,741 (74,999]

> Requested_Amount <- cut(CreditRisk$requested_amount,c(0,5000,10000,15000,20000))

> Instal Iment_Percentage_of _Disposable_Income <- cut{CreditRisk$Installment_Percentage Of_Disposable_Income,c(0,1,2,3,4,5,6.7,
8,9,10,999))

Present_Residence_Since <- cut{CreditRiskjPresent_Residence_since,c(0,1,2,3,4,5,6,7,8,9,10,999))
Number_of_Existing_credits_at_This_gank <- cut(cCreditrisk$number_of_Existing_credits_at_this_gank,c(0,1,2,3,4,5,999))
Dependent_Persons <- cut(Creditrisk$pependent_prersons,c(0,2,3,4,5,999))

puration_In_Month <- cut{Creditrisk$buration_In_mMonth,c{0,20,40,60,999))

Creditrisk$rRequested_amount <- Requested_amount i
Creditrisk$Instal Iment_rercentage_of_Disposable_Income <- Installment_percentage_of_Disposable_Income
creditriskipresent_Residence_since <- Present_Residence_since
creditrRisksnumber _of _Existing_credits_at_tThis_gBank <- Number_of_Existing_cCredits_at_this_gank
creditriskspependent_persons <- Dependent_Persons

CreditRisk$pburation_In_Month <- Duration_In_Month

Tibrary(el071)

BayesianModel <- naiveBayes(CreditRisk,CreditRisk$Dependent,laplace=0)

PPredictions <- predict(BayesianModel,CreditRisk,type = "raw")

0
0

n

VY¥YY¥YYVVVVVYVYVYYY

A peek of the data in the PPredictions output can be obtained via the head() function:
head(PPredictions)

¥ 127 Untitled3* 2] Untitleds* 27 Untitleds* @7 Untitled7* @ 7 Untitleds* 12 7 Untitleds* 27 Untitled10* 27 Untitled11* 37 Untitled12* P =

a1 | | [Elsourceonsave | Q # -| & - =% Run | [®% | | Source ~
creditrRisk <- read.csv("D:/users/Trainer /Desktop/Bundle/Data/creditrisk/cerman/creditrisk. csv™)
view(Creditrisk)
Age <- cut(creditRiskiage,c(18,24,34,44,54,64,74,999))
head(age)
CreditRiskiage <- Age
head(CreditRiskiage)
#Bin
Requested_Amount <- cut(CreditRiskSRequested_amount,c(0,5000,10000,15000,20000))
Installment_Percentage_0Of_Disposable_Income <- cut(CreditRiskiInstallment_Percentage_of_Disposable_Income,c(0,1,2,3,4,5,6,7
10 Present_Residence_Since <- cut(CreditRisk$Present_Residence_since,c(0,1,2,3,4,5,6,7,8,9,10,999))
11  Number_of_existing_credits_at_tThis_Bank =- cut(cCreditRiskinumber_of_Existing_credits_at_this_gank,c(0,1,2,3,4,5,999))
12 Dpependent_Persons <- cut(Creditriskfpependent_rersons,c(0,2,3,4,5,999))
13 bpuration_In_Month =- cut(cCreditRiskiburation_tn_Month,c(0,20,40,60,999))
14 #allocate
15 cCreditRiskirequested_amount <- Requested_amount
16 creditrRiskiInstalIment_prercentage_of_Disposable_Income <- Installment_Percentage_of_Disposable_Income

7 creditriskiPresent_Residence_since <- Present_Residence_since
18 creditriskinumber_of_existing_cCredits_at_this_eank <- Number_of_existing_credits_at_this_gank
19 creditriskiDependent_Persons <- Dependent_Persons
20 creditriskipuration_In_Maonth <- Duration_In_month
21 Tibrary(el071)
22 BayesiarModel <- naiveBayes(CreditRisk,CreditRiskiDependent,laplace=0)
23 PpPredictions =- predict{BayesianModel,CreditRisk,type = "raw")
24  head(PPredictions)

[ |

[P N S TN

< | [l
24:19 [Top Level} +

b
R Script =

Run the line of script to console:

Console
FIeserl_Kes [USTLE_SITILE <— LULLLIeU LR ISKIFreserl_Kes IUBMILE_SITILE, LIV, L, 2,3 ,%,3,0,/ ,8,9,1U,999))
Number_Of _Existing_Credits_at_This_Bank <- cut(CreditRisk$Number_of_Existing_Credits_At_This_Bank,c(0,1,2,3,4,5,999))
Dependent_Persons <- cut(CreditRisk$Dependent_Persons,c(0,2,3,4,5,999))
puration_In_Month <- cut(CreditRisk$buration_In_Month,c(0,20,40,60,999))
creditrisk$requested_amount <- Requested_amount
creditrisk$InstalIment_percentage_0f_Disposable_Income <- Installment_percentage of_Disposable_Income
creditrisk$present_Residence_since <- Present_Residence_since
Creditrisk$number_of _Existing_Credits_at_This_Bank <- Number_of_existing credits_at_This_gank
Creditrisk$bDependent_rersons <- Dependent_Persons
creditrisk$puration_In_mMonth <- puration_In_Month
Tibrary{el071)
Bayesiammode] <- naivesayes(Creditrisk,creditrisk$pependent,laplace=0)
PPredictions <- predict{BayesianModel,cCreditrisk,type = "raw")
head(pPPredictions)
Bad Good
2.723594e-05 0.9999727641
9.995426e-01 0.0004573721
[3,] 1.578426e-05 0.9999842157
1 0
9 0
2 4]

0
510

VYV VVVVYVYYYYYY

m

.699783e-03 0.9983002170
.996594e-01 0.0003406426
.593379%e-04 0.9997406621

Horizontally the P will sum to one, and evidences clearly the most dominant class. Anecdotally, the
calibration of P in naive Bayesian models can be somewhat disappointing, while the overarching
classification and be surprisingly accurate.
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JUBE

Procedure 4: Recalling a Naive Bayesian Classifier for Classification.

To recall the pivotal classification, rather than recall P for each class and drive it from the larger of

the values, the type class can be specified:

ClassPredictions <- predict(BayesianModel,CreditRisk,type = "class")

" {37 Untitled3* 13 Untitleds* 137 Untitleds* 13 Untitled7* @7 Untitleds* 13 Untitleda* @7 Untitled10* 37 Untitled11* {37 Untitled12* »

41 | [Clsourceonsave | G #° ~| i - =% Run | [#% | |_# Source

1 creditrRisk =- read.csv("D:/users/Trainer/Desktop/Bundle/Data/creditrisk/German/creditrisk. csv"™)

2 vwview(creditrisk)

3  Age cut({Creditriskiage,c(18,24,34,44,54,64,74,999))

4 head(age)

5 creditriskiage <- Age

6 head(creditriskiage)

7 #B1n

8 Requested_Amount <- cut(CreditrRiskirequested_amount,c(0,5000,10000,15000,20000))

9 Installment_Percentage_Of_Disposable_Income <- cut(CreditRiskiInstallment_Percentage_of_Disposable_Income,c(0,1,2,3,4,5,6,7
10 Present_Residence_Since «- cut(CreditRiskiPresent_Rresidence_since,c(0,1,2,3,4,5,6,7,8,9,10,999))

11  Number_oOf _Existing_Credits_At_This_Bank <- cut(CreditRiskiNumber_of_Existing_cCredits_At_This_Bank,c(0,1,2,3,4,5,999))

12 Dependent_Persons <- cut(CreditRiskiDependent_Persons,c(0,2,3,4,5,999))

13 Duration_In_Month =<- cut(CreditRiskiDuration_In_Month,c(0,20,40,60,999))

14 #Allocate

15 CreditRiskirReguested_Amount <- Reguested_Amount

16 CreditRiskiInstallment_Percentage_oOf_Disposable_Income <- Installment_Percentage_Of_Disposable_Income

7 CreditRiskiPresent_Residence_Since <- Present_Residence_Since

18 CreditRiskiNumber_of_Existing_Credits_At_This_Bank <- Number_Of_Existing_Credits_At_This_Bank

19 CreditRiskiDependent_Persons <- Dependent_Persons

20 CreditRiskiburation_In_Month <- Duration_In_Month

21  Tlibrary(el07l)

22 BayesianModel <- naiveBayes(CreditRisk,CreditRisk$Dependent,laplace=0)

23 Ppredictions <- predict(BayesianModel,CreditRisk,type = "raw")

24  head(PPredictions)

25 Classpredictions < predict(BayesianModel,CreditRisk,type = "class™)

4 [ F

25:69 (Top Level) = R Script +

Run the line of script to console:

I #7 Untitled3* ®7 Untitleds* 137 Untitled&* 27 Untitled7* @7 Untitleda* 137 Untitleds* @7 Untitled10* @7 Untitled11* @7 Untitled12* »

&1 | |3 [Flsourceonsave | Q 7 - - =#Run | 5% | % Source =

1 creditrisk =- read.csv("D:/Users/Trainer/Desktop/Bundle/Data/creditrisk/German/creditrisk. csv")

2 vwview(creditrisk)

3 age <- cut(Creditriskiage,c(18,24,34,44,54,64,74,999))

4 head(age)

5 creditRiskiage <- age

6 head(creditrisksage)

7 #Bin

8 Requested_amount <- cut(CreditRiskirRequested_amount,c(0,5000,10000,15000,20000))

9 1Installment_rercentage_of_Disposable_Income <- cut(CreditriskiInstallment_rercentage_of_bDisposable_income,c(0,1,2,3,4,5,6,7
10 Ppresent_Residence_since <- cut(creditriskipresent_Rresidence_since,c(0,1,2,3,4,5,6,7,8,9,10,999))

11 nNumber_of_Existing_credits_at_this_eank =- cut(creditriskinumber_of_existing_credits_at_this_gank,c(0,1,2,3,4,5,999))

12 pependent_persons <- cut(creditriskipependent_Persons,c(0,2,3,4,5,999))

iLg]

14

15

16 CreditRisk$Installment_Percentage_Of_Disposable_Income <- Installment_Percentage_of_Disposable_Income

7 CreditRiskiPresent_Residence_Since <- Present_Residence_Since

18 CreditRiskSNumber_of _Existing_Credits_At_This_Bank <- Number_of_Existing_Credits_At_This_Bank

19 creditRiskiDependent_Persons <- Dependent_Persons

20 CreditRiskSDuration_In_Month <- Duration_In_Month

21  Tlibrary(el071)

22 BayesianModel =- naiveBayes(CreditRisk,CreditRiskSDependent,laplace=0)

23 PPredictions =- predict(BayesianModel,CreditRisk,type = "raw")

24  head(PpPredictions)

25 classpredictions <- predict(BayesiarModel,creditrRisk,type = "class")

26

< | 1 F

26:1 (Top Level) = R Script

Merge the classification predictions into the CreditRisk data frame, specifying the dply library also:

library(dplyr)

CreditRisk <- mutate(CreditRisk, ClassPredictions)
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27:51

JUBE

Untitled3* @] Untitleds= @] Untitleds= @] Untitled7= @] Untitleds= @] Untitleds= ] Untitled10* @7 untitled11* 127 Untitled12* » =

&1 | |3 Elsourceonsave | Q A - &) - =#%Run | % || #Source -| =
CreditRisk =- read.csv("D:/Users/Trainer /Desktop/Bundle/Data/CreditRisk/German/CreditRisk.csv")
view(CreditRisk)
Age <- cut(cCreditrRiskfage,c(18,24,34,44,54,64,74,999))
head(age)
Creditriskiage <- age
head(creditriskfage)
#Bin
Requested_amount <- cut(creditriskirequested_amount,c(0,5000,10000,15000,20000))
Installment_Percentage_oOf_Disposable_Income <- cut{CreditRisk$Installment_Percentage_of_Disposable_Income,c(0,1,2,3,4,5,6,7
Present_Residence_since <- cut(CreditRiskiPresent_Residence_since,c(0,1,2,3,4,5,6,7,8,9,10,999))
Number_of_Existing_Credits_At_This_Bank <- cut(CreditRiskiNumber_oOf_Existing_Credits_at_This_Bank,c(0,1,2,3,4,5,999))
Dependent_Persons <- cut(CreditRiskfDependent_Persons,c(0,2,3,4,5,999))
Duration_In_Month <- cut(CreditRiskfburation_In_month,c(0,20,40,60,999))
#a1locate
creditriskSRequested_amount <- Requested_amount
creditriskiInstallment_Percentage_of_Disposable_Income <- Installment_Percentage_of_bDisposable_Income
creditRiskiPresent_Residence_since <- Present_Residence_since
creditriskinumber _of _Existing_cCredits_at_this_gBank <- number_of_Existing_credits_at_this_gank
creditrRiskiDependent_Persons <- Dependent_Persons
Creditriskipuration_In_Month <- puration_In_Month

]

Tibrary(el071)

BayesianModel <- naiveBayes(CreditRisk,CreditRiskiDependent,laplace=0)

PPredictions <- predict(BayesiarnModel,CreditRisk,type = "raw")

head(PPredictions)

ClassPredictions <- predict{BayesianModel,CreditRisk,type = "class")

Tibrary(dplyr)

creditRisk =- mutate(creditrisk, classpredictions)|

4 | 1] b
(Top Level) = R Script =

Run the line of script to console:

Console -/ =
BdU Looug o
[1,] 2.723594e-05 0.9999727641
[2,] 9.995426e-01 0.0004573721
[3,] 1.578426e-05 0.9999842157
[4,] 1.699783e-03 0.9983002170
[5,] 9.996594e-01 0.0003406426
[6,] 2.593379e-04 0.9997406621
> ClassPredictions <- predict{BayesianModel,CreditRisk,type = "class")
> library(dplyr)
Attaching package: ‘dplyr’
The following objects are masked from ‘package:stats’:
filter, lag
The following objects are masked from ‘package:base’:
intersect, setdiff, setequal, union ;E
> CreditRisk <- mutate(CreditRisk, ClassPredictions) |
. L

Viewi

ng the CreditRisk data frame:

View(CreditRisk)

x| 0

NN SN
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0

Untitled3* ®7 Untitleds* 137 Untitled&* ®7 Untitled7* 137 Untitleds* @7 Untitleds* 37 Untitled10* @7 Untitled11* @7 Untitled12* » =

g1 | |3 Elsourceonsave | Q A «| £ - =#Run | 5% | | #Source v =
CreditRisk <- read.csv("D:/Users/Trainer/Desktop/Bundle/Data/CreditRisk/German/CreditRisk.csv")
View(CreditRisk)
Age <- cut(CreditRiskSAge,c(18,24,34,44,54,64,74,999))
head(Age)
CreditriskfAage <- Age
head(CreditRiskfAge)
#B81n
Requested_amount <- cut(CreditRiskIReguested_amount,c(0,5000,10000,15000,20000))
Instal Iment_Percentage_oOf _Disposable_Income <- cut(CreditRisk$Installment_Percentage of_Disposable_Income,c(0,1,2,3,4,5,6,7
Present_Residence_Since <- cut(CreditRisk$Present_Residence_since,c(0,1,2,3,4,5,6,7,8,9,10,999))
Number_of_Existing_credits_at_This_Bank =- cut(creditriskinumber_of_Existing_credits_at_this_gank,c(0,1,2,3,4,5,999))
Dependent_Persons <- cut(creditRiskiDependent_Persons,c(0,2,3,4,5,999))
puration_In_Month =- cut(creditrRiskipuration_In_month,c(0,20,40,60,999))
#4170
creditriskfrequested_amount <- Requested_amount
creditriskfInstallment_rercentage_of_Disposable_Income =- Installment_Percentage_of_Disposable_Income
creditriskfPresent_Residence_since =- Present_Residence_since
creditriskinumber_of_Existing_credits_at_This_gank <- Number_of_Existing_credits_at_This_gank
creditriskfDependent_Persons <- Dependent_Persons
creditriskfpuration_In_Month <- Duration_In_month
Tibrary(e1071)
BayesianModel <- naiveBayes (CreditRisk,creditriskipependent,laplace=0)

pPredictions <- predict(BayesianModel,CreditRisk,type = "raw"”
head(ppPredictions)

Classpredictions <- predict(BayesianModel,creditrisk,type = "class")
Tibrary(dplyr)

CreditRisk =- mutate(CreditrRisk, ClassPredictions)

view(creditrisk)|

4| I b
(Top Level) = R Script =




Run the line of script to console:

JUBE

Console

LLs]l £.7£3299E-Ud U, 9999/ 2/041

[2,] 9.995426e-01 0.0004573721

[3,] 1.578426e-05 0.9999842157

[4,] 1.699783e-03 0.9983002170

[5,]1 9.996594e-01 0.0003406426

[6,] 2.593379e-04 0.9997406621

= Classpredictions <- predict(eayesianmodel,Creditrisk,type = "class")
= Tibrary(dplyr)

attaching package: “dplyr’

The following objects are masked from ‘package:stats’:

filter, lag

The following objects are masked from ‘package:base’:

intersect, setdiff, setequal, union

= creditrRisk <- mutate{creditrisk, cClasspredictions)

= view(Creditrisk)
>

Scroll to the last column in the RStudio viewer to reveal the classification for each record:

i @] Untitled5*
&l i~ Filter

27 Untitled&*

@7 Untitled7*

27 Untitleds*

27 Untitleds*

edit | Housing | Number_Of_Existing_Credits_At_This_Bank  Job

Owner (1,21
Owner @1]
Owner 01]
Free 0,1]
Free (1,2]
Free 01]
Owner . 1
Security  {0,1]
Owner {01]
Owner (1,21
Security  {0,1]
Security  {0,1]
Owner 0,1]
awner (1,2]
Security  {0,1]
Owner @1]
awner (1,2]

4

Showing 1 to 18 of 1,000 entries

Procedure 5: Create a Naive Bayesian Network with a Laplace Estimator.

Skilled_Employee_Official
Skilled_Employee_Official
Unskilled_Resident
Skilled_Employee_Official
Skilled_Employee_Official
Unskilled_Resident
Skilled_Employee_Official
Management_skilled
Unskilled_Resident
Management_Skilled
Skilled_Employee_Official
Skilled_Employee_Official
skilled_Employee_Official
Unskilled_Resident
Skilled_Employee_Official
Unskilled_Resident

Skilled_Employee_official

@] Untitled10*

@] Untitled11*

Dependent_Persons Telephone

(0.2]
(0.2]
(0.2]
(0.2]
(0.2]
(0.2]
(0.2]
(0.2]
(0.2]
(0.2]
(0.2]
(0.2]
(0.2]
(0.2]
(0.2]
(0.2]
(0.2]

Yes_Own_Name
Mo
No
No
Mo
Yes_Own_Name
No
Yes_Own_Name
No
No
Mo
No
Yes_Own_Name
No
No
Mo
Mo

2] Untitled12*

Foreign_Worker ClassPredictions

Yes

_| CreditRisk

Good
Bad
Good
Good
Bad
Good
Good
Good
Good
Bad
Bad
Bad
Good
Bad
Good
Bad
Good

1

m

1

To create a Bayesian model with a nominal Laplace estimator of 1, which will mean that in the event

that there is nothing it is switch to at least one occurrence in the observation, simply change the
parameter value in the training:

SafeBayesianModel <- naiveBayes(CreditRisk,CreditRiskSDependent,laplace=1)
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* 27 Untitled3* ®7 Untitleds* 27 Untitled&* ® 7] Untitled7* #7 Untitleds* ® ] Untitleds* 27 Untitled10* @7 Untitled11* @7 Untitled12*

(TN RN N VTN

29:75

JUBE

&) | | [Flseurceonsave | Q A+ i1| - =% Run | [5%
view(CreditRisk) -
Age <- cut(CreditRisk3age,c(18,24,34,44,54,64,74,999))
head(Age) B

creditRiskSage <- Age

head(creditriskfage)

#B1n

Requested_amount <- cut(Creditriskirequested_amount,c(0,5000,10000,15000,20000))
Installment_Percentage_of_Disposable_Income <- cut(creditRisk$Installment_Percentage_of_bDisposable_Income,c(0,1,2,3,4,5,¢
Present_Residence_since =- cut(CreditrRiskiPresent_Residence_since,c(0,1,2,3,4,5,6,7,8,9,10,999))
Number_of_Existing_credits_at_This_Bank <- cut(creditriskinumber_of_Existing_credits_at_this_gank,c(0,1,2,3,4,5,999))
Dependent_Persons <- cut(CreditRisk$Dependent_Persons,c(0,2,3,4,5,999))

puration_In_Month =- cut(CreditRiskfpuration_In_month,c(0,20,40,60,999))

#a1loca

creditrRiskSrRequested_amount =- Reguested_Amount

creditrRiskiInstallment_Percentage_of_Disposable_Income <- Installment_rercentage_of_bDisposable_Income
creditRiskiPresent_Residence_since <- Present_Residence_since

CreditRiskinumber_of_existing_Credits_at_This_Bank <- Number_of_Existing _Credits_at_This_Bank
creditRiskiDependent_rersons =- Dependent_Persons

creditriskiburation_In_Month =- bDuration_In_month

n

Tibrary(el071)

BayesianModel =- naiveBayes (CreditRisk,Creditriskipependent,laplace=0)
ppredictions <- predict(BayesianModel,CreditRisk,type = "raw")
head(pPredictions)

ClasspPredictions <- predict(BayesianModel,Creditrisk,type = "class")
Tibrary(dplyr)

creditRisk =- mutate(Creditrisk, ClasspPredictions)

view(creditrisk) | 4

safeBayesianmodel =- naiveBayes(Creditrisk,CreditrRiskipependent,laplace=1) -
4| m 2
(Top Level) + R Script =

Run the line of script to console:

Console
L£,] Y.9934208-UL U
[3,] 1.578426e-05 0
[4,] 1.699783e-03 0.9983002170
[5,] 9.996594e-01 O
[6,] 2.593379e-04 O

0
~ (i)

PVIVIVES. Fi Faras

. 9999842157

.0003406426
- 9997406621

= ClassPredictions <- predict(Bayesianmodel,Creditrisk,type = "class")
= Tibrary(dplyr)

attaching package: ‘dplyr’

The following objects are masked from ‘package:stats

filter, lag

The following objects are masked from ‘package:base’:

intersect, setdiff, setequal, union

= CreditRisk =- mutate(Creditrisk, ClasspPredictions)

m

= view(Creditrisk)
= safeBayesianmode]l =- naiveBayes(CreditrRisk,creditrisk$pependent,laplace=1)

=

A Bayesian model has been created as SafeBaysianModel. Recall the model:

ClassPredictions <- predict(SafeBayesianModel,CreditRisk,type = "class")

- 3] Untitled3® 3] Untitleds® @] Untitleds® 3] Untitled7* ] Untitleds® 3] Untitledo® 3] Untitled10* 3] Untitled11* @7 Untitled12* » =0
dl| |3 [E]sourceonsave | Q A~ £ ~ =% Run | [b% || PSource | =
head(Age) -

345

CreditrRiskfage <- Age

head(CreditRisk%age)

#Bin

Requested_Amount <- cut(CreditRisk$Requested_Amount,c(0,5000,10000,15000,20000})
Installment_Percentage_of_Disposable_Income <- cut(CreditrRiskiInstallment_rercentage_of_bDisposable_Income,c(0,1,2,3,4,5,¢
Present_Residence_since <- cut{CreditrRiskiPresent_residence_since,c(0,1,2,3,4,5,6,7,58,9,10,999))
Number_of_Existing_Credits_at_This_Bank =- cut(creditriskinumber_of_Existing_credits_at_this_gBank,c(0,1,2,3,4,5,999))
Dependent_Persons <- cut(CreditrRiskibpependent_rersons,c(0,2,3,4,5,999))

puration_In_Month <- cut(CreditrRiskipuration_In_month,c(0,20,40,60,999))

#allocate

CreditrRisk$Requested_amount =- Requested_amount

creditriskfInstal Tment_Percentage_of_Disposable_Income <- Installment_Percentage_of_Disposable_iIncome
creditriskiPresent_Residence_since <- Present_Residence_since

CreditrRiskiNumber_of _Existing_Credits_at_This_Bank <- Number_of_Existing _credits_at_This_Bank
creditriskipependent_Persons <- Dependent_Persons

creditriskfpuration_In_Month <- puration_In_mMonth

m

Tibrary(elo71)

BayesianModel <- naiveBayes(creditrisk,creditriskipependent,laplace=0)
PPredictions <- predict(Bayesianvodel,Creditrisk,type = "raw")
head(ppredictions)

Classpredictions =- predict(BayesianModel,Creditrisk,type = "class")
Tibrary(dplyr)

CreditRisk <- mutate(CreditRisk, ClassPredictions)
view(Creditrisk)
safeBayesianModel <- naiveBayes(CreditRisk,CreditRiskSDependent,Tlaplace=1)

e

ClassPredictions <- predict(safeBayesianModel,CreditRisk,type = "class™)

4 [ »
[Top Level) = R 5cript +




JUBE

Run the line of script to console:

Console =:
L3yl L.2/0420E8-U3 U. 999904213/ A
[4,] 1.699783e-03 0.9983002170

[5,1 9.996594e-01 0.0003406426

[6,] 2.593379e-04 0.9997406621

> ClassPredictions =- predict(BayesianModel,Creditrisk,type = "class™)

= Tibrary(dplyr)

attaching package: ‘dplyr’

The following objects are masked from ‘package:stats’:

filter, lag

The following objects are masked from ‘package:base’:

intersect, setdiff, setegual, union

= CreditRisk <- mutate(Creditrisk, ClassPredictions)

= view(Creditrisk) E

> safeBayesianMode]l <- naiveBayes(Creditrisk,Creditrisk$pependent,laplace=1)

> ClassPredictions =- predict(safeBayesianModel,Creditrisk,type = "class")

- B
The de-facto method to appraise the performance of the model would be to create a confusion
matrix as procedure 100:
library(gmodels)

CrossTable(CreditRiskSDependent, ClassPredictions)

i @7 Untitled3* 27 Untitled5* @7 Untitleda* @7 Untitled7* @7 Untitleda* @7 Untitleda* @7 Untitled10* @7 Untitled11* 3 Untitled12* » =0

&1 | | Elsourceonsave | Q /2 -| & - =% Run | % || #Source ~| =

5 creditrRiskiage <- Age o
6 head(creditriskfage)
7 #Bin
& Requested_amount =- cut(creditriskirequested_amount,c(0,5000,10000,15000,20000))
9 Installment_Percentage_oOf_Disposable_Income <- cut(CreditRiskiInstallment_Percentage_of_Disposable_Income,c(0,1,2,3,4,5,¢
10 Present_Residence_since <- cut(CreditRiskiPresent_Residence_since,c(0,1,2,3,4,5,6,7,8,9,10,9939)) |
11  Number_of _Existing_Credits_at_This_Bank <- cut(CreditRisk$iNumber_of_Existing_Credits_At_This_Bank,c(0,1,2,3,4,5,999))
12 Dependent_Persons <- cut(CreditRisk$Dependent_Persons,c(0,2,3,4,5,999))
13 Duration_In_Month <- cut(CreditRiskiburation_In_Month,c(0,20,40,60,999))
14 #allocate
15 creditriskSRequested_samount <- Requested_amount
16 creditRiskiInstallment_Percentage_of_Disposable_Income <- Installment_prercentage_of_Disposable_Income
7 creditriskipresent_Rresidence_since <- Present_Residence_since
18 creditRiskinumber_of _Existing_cCredits_at_This_gank <- Number_of_Existing _Credits_at_this_gank
19 cCreditriskiDependent_Persons <- Dependent_Persons
20 cCreditriskipuration_In_Month <- puration_In_mMonth L
21 1ibrary(el071) 7
22 BayesianModel =- naiveBayes(CreditRisk,CreditRiskiDependent,laplace=0)
23 PPredictions <- predict(BayesianModel,CreditRisk,type = "raw")
24  head(PpPredictions)
25 ClasspPredictions <- predict(BayesianModel,CreditRisk,type = "class")
26  Tibrary(dplyr)
7 creditRisk =- mutate(creditRisk, ClassPredictions)
28 wview(Creditrisk)
20 safeBayesiarModel <- naiveBayes(Creditrisk,CreditRiskiDependent,laplace=1)
30 classpredictions <- predict(safeeayesianmodel,creditrisk,type = "class™)

31 Tibrary(gmodels) | 4
32 crossTable(creditriskSpependent, classpredictions)| -
4| [ 3
3251 (Top Level) = R Script =

Run the block of script to console:

‘Console

classpredictions

|
creditrisk$pependent | gad | Good | Row Total |
| | | |
gad | 300 | o | 300 |
|  490.000 | 210.000 | I
] 1.000 | 0.000 | 0.300 |
| 1.000 | 0.000 | |
| 0.300 | 0.000 | |
| | | |
Good | V| 700 | 700 |
| 210.000 | 90.000 | I
| 0.000 | 1.000 | 0.700 |
| 0.000 | 1.000 | |
| 0.000 | 0.700 | |
| | | |
column Total | 300 | 700 | 1000 |
| 0.300 | 0.700 | ]
| | I |
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It can be seen that this naive Bayesian model appears to be startlingly accurate, which stands to
reason as the same data is being used to test as was trained. It follows that this would benefit from
an element of cross validation, which was introduced in procedure 113 when Gradient Boosting
Machines were visited.

Module 12: Norsys Netica and Bayesian Analysis.

Norsys Netica is a modelling tool that allows for the creative development of Bayesian networks
based on either belief (this would be subjective probability) or data (taking a frequentist approach to
probability as available in data).

The software does not install nativity to the operating system, the executables are in the directory:

\Training\Software\Netica 521

[ [ search Netica 521

-0 0

Name & Date modified Type Size

B Deshtop Ui Bamples $/29/20161222PM  Fle folder
“E Recent Places. ki Factory Settings. S/20/20161222PM  File folder
U8 Downloads "} i M File foldes
b Report Templates S/29/20161222PM  File folder

G Libraries L ~Untitled-1.neta.sav 6/30/20161043 AM  SAV File 3K8

[ Documents B chom 629/6441PM  BayesNet 248

& Music % HHActiveX.dil 6/14/2001819AM  Application extens.. 43%K8

Pictures 1 Install 23/20161029PM  Microsoft Word9... 39K8

H videos L License Agreement pdf 3/20086:53PM  POF File 1K8

) Netica Settigs 22M689PM  Text Document 28

8 Computer P NETICA 7/10/20131245PM  Compiled HTML ... 830K8

o Useprofie©) [l Netica 23/216953PM __ Application 3496 K8

L Neticahc 10/2007303PM  HHC File 6K8

€ Network Bl Neticaz2 23/2016954PM  Application 27928

B Potette 212/2012933AM  Bayes Net 3K

L starting properties 672/2010935PM  PROPERTIES File s
1) State Order 10/11/20121016...  Text Document 2K8

No preview available.

Netica  Date modified: 2/3/20169:53 PM Date created: 6/25/2016 242PM
Application

Size: 341 MB

8l - el el

Execute the program Netica.exe, which will open the Netica user interface:

nﬁm—nqa
PEeBRd| v |ene XA 1 ZRBRF+ERi|P
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The data file that will be used in these procedures is available in Training\Data\CreditRisk and is
titled CreditRisk.csv:

mES - CreditRisk - Excel 2 m - 5 %
BT ovc  SERT  PAGELAYOUT  FORMULAS  DATA  REVEW  VIEW  NewroSolutions Triningt - [
ﬁ‘j é:“‘ Colibn R ® EWopTat General - % % [Nomal Bad Good Neutral Glamtion || B= Bx E]] é;‘:‘”“" )
B Copy - - "
Pt e BT L He DA € Bvescacme + §-% 0 @5 Codtors roras ewtanctory... unkedcel  [Mets 5] o D fomut . S T
cipboor 3 Font s Algoment A Mme 6 Styes cens edting -
F11 X v A v
A ] < ) E F s H 1 J K L M N ° P Q R s T v v w x v z an A8 AC E‘
1 [Default  Count_BaiCount_BaiFICO_Scor FICO_Scor Count_AT Count_AT Count_AT Count_AT Count_AT Count_AT Count_Ne Count_NeCount_Ne Count_NeCount_Ne Count_NeSum_BankSum_Bank Sum_Ban Sum_Bank percentag Percentag Missed_P:Missed_P:Missed_p:Missed_P: Missed_P:Missed_piD:
2 (oot s 1w sw m s m a & o as 0 2 w1 18 106 sés 138 o & u 2 4 ae 8 s 1 51
3 |Defaurt 2 B o 1 E 2 3 a6 W s s o 7 s ow 0 ases n s om 1w o o 123
4 [Good 2 e 107 1 ® o o 3 3 n 5 3 5 3 s 16 &6 1% a8 &7 1, o o 2 m
5 [Good 2 5w B o o 1 1 FI s s s B 2 am m s s @ E 0 o 2 2 m
& |so0d 2 E 1 » 1 1 2 ) PR 0 m 3 s sw7 147 1063 166 & s 1, o o 1 o1
7 |pefaut 2 a3 ] 1 n 2 3 2 = s 4w PN 16 s ews 10w 1w & s 0 o 1 &7 1 o
& |pefault P C n s = s 2 2 b 13 m 1 e s a7 207 7 mm s 7 oa 3 s 3 m 1 6
3 |pefoult 2 s e 1 1 ® 1 1 3 Rt B m 7w e % @u » E o o 1 &7 1 o1
0 Good 1 7 s 107 1 E s 1 a 2 51 o 7w sie 52 ass & 2 7 o o 1 & 1 51
11600d 3 om oms w1 0w s [ 2 5 i w 7 E 2 o Tme us w10 o % o o 1 &7 2 m
12 Good 2 5 57 1 n s ® 1 a 2 s s & 2 am  am 0 am T 1w 1 &7 2 m
13 Good 2 5 s B 1 ® s B 1 a 3 bl s £l 1 & a3 e s 16 o 10 1, 1 4 1 o1
14 Good 2 e 9% 2 1 3 as 2 8 2 s1 8 8 13 % 208 3 a1 u e o o 1 o7 2 m
15 Good 3 m osa 8 1 i 7 2 = 1 2 s B 7 a0 aasy n  nm 7 s 1w 1 o 1 6
16 Good 2 5 e m 1 ® 5w 2 5 3 n B 1 & s % @M @ T 1, 1 &7 o o
17 [cood 2 E— E 2 1w 3w 1 a 3 n P 7 s 10 e n n s 1w o o 1 o
13 Good a0 8 m 1 » a o 1 a 3 n n o 0w am 7 e 102 E o o 1 &7 2 m
19 Good 2 3 s B 1 n 7 s 1 a 2 51 1w as 1w sew 8 ams n U 1w 2 1 o
20 [so0d 2 E 1 B e 1 a 3 7 7 7 0 w7 aue 6 s s B m 1w o [ a s
21 [6o0d @ B0 e o 2 1 4 & o o 1 2 B m 5 E T u 1 1, 2 2 m
22 [cood a0 o o [} 2 s 2 s s am 7 2 s s e s I 0 o 1 & 2 m
23 [600d 3 m 78 e o o 5 m 1 a 1 3 2 2 % 12 s 1 607 o & s 1, 1 &7 2 m
24 [cood 2 3 em a0 1 n 8 m 2 £ 4w 1 n El 53 wm 17 s a 7 1w 1 &7 1 o
25 [6o0d s m osm B o o 3 as 1 a 1 2 B B 10 55 sw0 10 s 1 w73 1, 1 4 1 o1
26 [c00d a0 sk, 57 1 ® a & 2 8 1 2 B 1 @ wu a as B T o o 1 o7 2 m
27 [sood 1 7 s w 2 1w s s 2 = 3 n 3 = 3 s s 92 amm s e o o 1 o7 1 o
28 [600d 3 m 3w 1 ® 5 m 2 5 2 51 s % 3w s 0 s m a1 1, 1 &7 2 m
2 [co0d s 1 m oms 1 n s o8 1 a 3 n 7 El 1 7 2w a asss  1s EEIT 1w 1 &7 2 m
30 [600d a0 e e 1 » u s o o 3 n 3 1 3 15 ume 1w s s s a7 o o 1 &7 o o
31 6008 2 65 om0 1 ® s 9% 2 8 2 s1 3 = 8 e mm 18 0s  m @ 1w 1w 1 o7 3 m
32 [so0d 2 B m 5 o o 3 as 2 = f £ @ 15 1 B em m mm o o P 1 o 2 m
33 [6o0d 3 m e m 1 ® a & 2 & i w s 5% 3 15 e 1 s a @ 1w 1, 1 &7 2 m
34 [cood 2 B e 1 E 7 ua 2 = 2 51 17 1 m mm e e E— P 1 & 2 m
35/Good 2 5 s 8 o o 7 1 a PR s % 16 s 55w P n__a  m 3 o 1 67 2 a3
« o CreditRisk ) [ ]

The CreditRisk.csv file is extremely large containing an uneven number of default vs. good cases, it
could be said that this is a representative sample unlike the logistic regression techniques with rely
on an even number of cases in both dispositions.

IN DESIGN TIME NETICA OFTEN HAD BUGS AND CAN CRASH. BE SURE TO SAVE WORK REGUALLY.

Procedure 1: Create a New Canvas, add a Dependent Variable and an Independent
Variable.

Like Decision Trees, Netica is quite visual. Independent and Dependent variables are stamped to a
canvas and joined together in the direction of causation, creating a network. The starting point for
creating a Bayesian Network is to create a new canvas.

Creating a new canvas is achieved from the File menu, by clicking File....New....Network:

cann |RB|F - EXi|P
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Creating a new canvas can also be achieved by clicking the icon as follows:

A new canvas will appear:

mmmi,r.uawmwa,kmmw
LT IERIEEE IR DY S RSk )|

Variables, hitherto nodes, are stamped to the canvas with one node for each variable to be included
in the model. In this example there will be a single node representing the dependent variable and a
single node representing the independent variable.

Right click on the canvas and expand the Modify Menu by right clicking, then clicking New Node,
then clicking Nature Node Discrete:
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A node will be stamped to the canvas in the location of the right click with the nodes properties box
being shown by default:

Name the variable to EXACTLY the same as the dependent variable is named in the dataset, in this
example Default, then click OK:
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Report Style Window ~Help
e BUd| o |[ODON| XKL SMABF>HKI| D]

Repeat the process adding a second node to the canvas, this time naming the node as an
independent variable with yes \ no states, in this example Count_Bank_Credit_Products_Greater_3:

il

Notice that there are now two nodes stamped to the canvas, one for the dependent variable and
one for the independent variable. Notice also that while each of these nodes has two possible
values, referred to as states, the nodes only reflect one default state.

Procedure 2: Set States attributed to the Dependent and Independent Variables.
For both of the nodes stamped to the canvas, representing a single dependent variable or a single
independent variable, there is the same states of Yes \ No (i.e. both nodes only have two possible,
string based outcomes). It follows that each of the nodes needs to have the Yes \ No states set.

To set the states of a node, right click on the node and select properties, in this case right click on
the Default node (the dependent variable):
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Modity Table Metwork Cases

’ Report Style Window Help.
e BUd| o |[ODON| XKL SMABF>HKI| D]

The properties window will open which is the same windows used to name the node. Focussing
attention towards the centre of the window, there is an entry box titled State:

MNarme: DEefauIt

Nature vl

State: W |

MHurnber:

Type the name of the first state, which would be Yes:
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o o)

7| Default (node of Untitled_0) =
Mame; Default Title:
Hature vl Discrete vl
State: vl e e ok

i

MHumber: Delete

Apply

Description - |

Reset

Cloze

T able

Help

Then click New to commit the Yes state, proceeding to create the No state:

1
o =

| Default (node of Untitled_0) ==
Mame: Default Title:
Hature - Discrete -

State: Tl Mo M e
Mumber;

Description - |

=
-~

Apply

Fezet

Cloze

Table

Help

Click OK to commit both states to the node, after which the Node will be updated to reflect both
states with an even probability:
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Report Style Window ~Help
e BUd| o |[ODON| XKL SMABF>HKI| D]

Cases Report Style Window Help
ERICEERIE ST LY IEES BRIk

Count_Bank_Credit_Products_3
Yes 500
No s00]]

Procedure 3: Link Variables as causes consequence.
One method of creating Bayesian Networks is to judge an Independent Variable to cause a
consequence to another, most likely dependent, variable.

To reflect that one variable can cause a consequence for another variable, in this example
Count_Bank_Credit_Products_3 having consequence for Default, a link is drawn between the
variables. Links always flow in the direction of causation.

To add a link, click the link button on the icon menu:
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File Edit Layout Modify Table MNetwork Cases Report Style Window Help

PDeHEE v oo eN) &1 3EER F>EEi|lT|

After the link icon is toggled, click in the centre of the node that is causing a consequence, in this
case Count_Bank_Credit_Products_3 then drag:

hl.ilhy-n  Table Network Cases Report Style Window
a ~

Help
1admAaRfrmxi|el

[___Dotaun |
Yes 700
Ne =00

Drag the link to the centre of the node which suffers consequence, in this case Default, then drop to
consummate the link:

Window Help el
1dMAR FrEXi|e
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Following the causes consequence paradigm makes the construction of node probability tables more
intuitive (as the tables will be built at the consequence inferring all possible scenarios). Repeat the
links for every node that causes a default consequence on the canvas.

This approach constructs what is known as a naive Bayesian Network, in that all nodes evenly cause
a single consequence in structure.

Procedure 4: Enter subjective probabilities for each consequence.

In creating a consequence, with many potential causes, and with the causes being state based
(which in this example is Yes \ No), a finite set of scenarios that cause a consequence can now be
inferred by Netica.

To view the finite scenarios that can cause a consequence, right click on the consequence node, in
this case Default, the click Table (short for Node \ Conditional Probability Table):

& Netica - [Restored Untitied-1 ] = =
[ Fle Edit Layout Modiy Table Network Cases Repott Style Window Help —J#]x
=4 = I 12 coe\ sl ®| 7 i ®

i

;NI A | N

The node probability infers every possible scenario in the Bayesian Network, calling for subjective
probabilities to be included:
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[ Netica - (Defout Table (in Bayes net Untitled_0) ]

A File Edt Table Window Help

A a o R s P ' ?
Node: Default v ,‘??'V, OK
Chance | % Probabilty v Reset] | Close

Count_Bank_Credit_Products_3 Yes No
Yes

(2= o8

No

In this simple example, there are two scenarios which require subjective probabilities, however, with

more nodes this GREATLY expands. Subjective probability needs to be apportioned to each scenario,
rather belief (hence Bayesian Belief Networks).

In this example apportion the following subjective probability:

e If Count Bank Card Products > 3 then P(Default) = 9%
e If NOT Count Bank Card Products > 3 then P(Default) = 3%

These probabilities would be updated in the corresponding table:

TG Netica - [Default Table (in Bayes net Untitied_0) *] o o e
A File Edt Toble Window Help ~lslx

== Kol %R i ?
Node: Default - Apply | [ OK
chance | % Probaiity v Reset] | Close

Count_Bank_Credit_Products_3 Yes No
Yes
No

Bl eoe e d)

Clicking on the Fill Missing Probabilities Icon will complete the missing probabilities where possible,
summing to 100%:
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JUBE

AN File Edit Table Window Help

AE | |

| & o 1 [ah|": 8 R

Mode: Default v|

Chance  w| % Probability

~|

Fill Missing Probabilities
Apply | ‘g ’

Reset

Count_Bank_Credit_Products_3

Yes

No |

Yes
No

[ Netica - (Default Table (in Bayes net Untitled_0) "]
A Ele fdt Table Window Help
LTI °

9
3

XKALABRRE T+ W
Nods: Default - Apply | [ 0K

[E=R=E ]
~Ialx

Chance v | % Probabiity v

Count_Bank_Credit_Products 3 Yes No ]
Yes B o -
3

Reset| | Close

No

" A Al ARt |

Click Apply, then Ok to close the window. The node probabilities have been set, however the
network has not been compiled, and so the states retain the default probabilities:
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To compile the network, click on the lightning bolt icon in the menu to compile the network and set
the probabilities:

File Edit Layout Modify Table Network Cases Report Style Window Help

&
PAErEHBE | cx|cO@N (X o1 dRERRQ E» W i|R]

Network Cases Report Style Window Help
‘ A1t ME® FERi|T

The Bayesian network has now been compiled and is ready to both predict Default and explain
Default via Bayesian Inference.
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Procedure 5: Manually setting node states to predict and explain.

To make a prediction, which in is in reality a simple matter of recalling the states from the Node \
Conditional Probability tables that were manually entered, it is a simply matter of hovering over the
node and state to set, then clicking to set that node:

Default

Yes 6.00
Mo 94.0

gkﬁ nk_Credit_Products_3
Ye 50.0 :

Mo 50.0 jm—

In this example the prediction of whether an account will default is based on the customer having
more than three credit products, rather Count_Bank_Credit_Products_3, Yes:

Default

Yes 9.00
No 910

Count_Bank_Credit_Products_3

Yes
Mo

A lookup from the Node \ Conditional probability takes place, in effect, predicting the probability of
default to be 9% based on this finding. Forward wise this is an unremarkable prediction based
entirely on belief, however Bayesian can perform inference for the purposes of providing
explanatory value for the most probable environment surrounding a customer defaulting.

Reset all case findings by clicking the Icon of the same name in the menu:
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[l Netica - [Restored Untitled-17]

[@ File Edit Layout Modify Table Metwork Cases Report Style Window Help
AW e |oDe | x 4 X 73 | H4 i e

/I Remave Case (Findings)

Default

Yes 0.000
No  91.0]

Count_Bank_Credit_Products_3 |

Yes 100
No 0

In this example, click on the Yes state of the Default Node, to update the causation nodes to using
Bayesian inference, so to provide some explanatory value as to the environment that causes a
customer to default:

Count_Bank_Credit_Products_3

Yes 75.0
Mo 250

In this example it can be observed that a customer is in all probability going to have more than three
credit products, if they default.

Procedure 6: Netica Discretisation of Continuous Variable.

Bayesian Methods should be considered as being incompatible with continuous variables as the
premise of the analysis technique is that it apportions probability to states (akin to the sides of a
dice). Embracing the state only maxim of Bayesian Networks, presented with a continuous variable,
the task is to convert that continuous variable into a state.

In the procedures thus far there have been several methods presented to bin variables for the
purposes of model improvement (reference procedure 12). Netica provides a quick and convenient
means to turn continuous variables into states, a process it refers to as discretisation.

There are three useful automated forms of discretisation offered by Netics:

e Fixed Bin
e Exponential Bin
e Natural Logarithm
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The boundaries can be bound by -infinity or infinity if it is felt that the lower or upper bounds may
change over time.

To enter the discretisation for a Node, right click on the node, then click properties:

It can be noted that the current node is set as Discrete, which means that States and their values are
entered manually:

State: w | Yes

Mumber: 1

Description - |

Click on the button Discrete which will present the opportunity to change the node to be
Continuous:
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Mame: nt_Bank_Credit_Products_3  Title:

HNature - | 7| Discrete

Continuous

State: Tl Yes

MHumber: 1

Description - |

Upon changing the node type to Continuous, click on the Description button which will expose a sub
menu, then select Discretisation:

Modify Table Metwork Gases Beport Style Window
“

Help.
“[OO@N| X1l dMARF>ERI|T

£

File gt
AFE

Mame: it Bork_Credt_Products 3 Tl

wanee_v| _contoucus |

On clicking the Discretisation button, the large textbox will now accept (rather process) the
shorthand notation that will divide a continuous variable into states:
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[ 1

0] Cou nt_Bank_Credit_Products_3 (node of Example) @

Mame: nt_Bank_Credit_Products_3  Title:

Hature vl Continuous vl

State: LI (]
Interval: 0 - 20

Discretization | State: All - |

Apply

Reset

-~

Cloze

T able

Help

Clearing out any existing values, shorthand will be used to specify the lower boundary, the upper
boundary and the number of bins between these boundaries, in this example 0 is the lower
boundary, 100 is the upper boundary and there are to be 5 bins:

[0,100] /5

1] Cou nt_Bank_Credit_Products_3 (node of Example) @

Mame: nt_Bank_Credit_Products_3  Title:

Nature vl Continuous vl

State: LI es
Interval: 1 -0

Discretization | State: All - |

[0,100] 4§ -

Apply

Reszet

Cloze

T able

Help

o
_

Upon clicking OK the node will be updated with these states. If prompted to remove existing states,
click OK:
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‘Count_Bank_Credil_Products_3
0020 200]]

This example uses a Fixed Bin shorthand. There are three types of shorthand available, where the
values in highlight are the parameters:

e Fixed Bin (as example): [Begin,End] / Bin
e Exponential Bin: [Begin, End] +%Bigger
e Natural Logarithm: [Begin, End] / L Bin

If the production values of the upper and lower bound are not known at design time, then -infinity
or infinity can be used as lower and upper bound respectively. The use of infinity will bring about
runtime resizing of the bounds.

Procedure 7: Learn node probabilities.
Up to this point the procedures have created a naive Bayesian network based on belief, belief being
an encapsulation of subjective probability in Node \ Conditional probability tables.

Subjective probability is extremely good when derived in a group and can allow for the creation of
predictive analytics models where there is no data available (another tool for such scenarios is
conjoined Regression \ ANN). In the event that data is available, it is far better to train the structure
with real probabilities based upon the contents of a data file.

The procedure to train a Bayesian network is quite simple. Start by resetting all findings, as specified
in procedure 39, then clicking into the canvas to ensure that no node is selected:
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[ Netica - [Restored Untitied-1 7] =Tk
@) File Ede Layout Modty Teble Network Cases Report Style Window Help “lelx

AFERP o |00 Y| XK1 SLA® T MEqiD

Count_Bank_Credit_Products_3

e SRl

(5 RN I A= |

It is very important that the name of the nodes match the names of the columns in the file that is
intended to train the Bayesian Network and that all of the states that exist in the data, are reflected
in the respective nodes.

To train the Bayesian Network, click on the menu item Cases, then click or hover on the Learn sub
menu item, then click Incorporate Case File (Learn using EM achieves the same but is better where
data is thought to be missing):

[l Netica - (Restored Untitied-1 7] To o s
File Edit Layout Mody Table Network [Cases) Report Style Window Help _lelx
REeE@WI| o (OO0 N |X  Gecse. L] | ile

Save Case

Save Case As.
Remove Finding:

Lesm »|  AddCaseFile Nodes...

Random Case 3 Leam TAN Structure
Simulate Cases

Tt Wth Caces Incorp Case ile

Leam Using EM
Lear Using Gradient

Smooth CPTs

Count_Bank_Credit_Products_3

Yes 798 [
No 802 :..

Bl C e 0o o

Locate the file to be used for training, in this case CreditRisk.csv:
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i

u Case file to learn CPTs from: @

search Lreditnisk jo |

GQJ | , v Training » Data » CreditRisk v|¢?|

Organize = Mew folder =~ [ '@'

b S .
" Mame Date modified Type

Bl Desktop @ CreditRisk 7/10/2016 4:45 PM Microsoft Ex
i Recent Places || CreditRisk.data 6/12/2016 6:30 PM DATA File
4 Downloads

- Libraries
3 Documents
.J'- Music
k= Pictures

E Videos

m

M Computer
o UserProfile (D:)

- 4 1 P

File name: CreditRisk - [Caseor[}ata File (.cas.uwvf.cs v]

| Open | | cancel |

Click open once the CreditRisk.csv file has been identified to begin the training process. Remove
pre-existing Node \ Conditional probability tables if prompted to do so:

-

Metica £Z

Remove existing node CPT and experience tables first?

YES

Maintain the default degree of 1 when prompted:

Enter degree [normal is 1]:

1]
| Revert | | Cancel |
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The network has now been trained using actual probabilities identified in the data rather than those
added subjectively:

& Netica - [Restored Untitled-1 7] o @ s
[ file Edit Layout Modfly Table Metwork Cases Report Style Window Help - J#lx
A EBF - ©oe\|x i = il?

Count_Bank_Credit_Products_3
-

CRUN N Al | ST

An interesting exercise is to observe the difference between subjective and frequentist (i.e. learned)
probabilities.

Procedure 8: Test Classification Accuracy of a Bayesian Network.
Bayesian Networks are viewed to be extremely useful for classification problems with the measure

of the performance of being classification accuracy, commonly presented as a confusion matrix (in
the same manner as Logistic Regression).

Bayesian networks, once constructed and trained, can facilitate a testing process which produces
similar analysis to that observed in logistic regression procedures.

Firstly, highlight all nodes required by holding down the ctrl key and clicking the node name:

Count_Bank_Credit_Products_3
Yes 19m; | i
Mo 802
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To test the network, navigate to the Cases menu, then click on the Test with Cases sub menu:

[ Netica - [Restored Untitied-17]

T
Fie Edt Layout Modty Table Network [Cises) Report Shle Window  Help el
AEEUI| o ~[O0O N [A cacne o |®ile
| | Save Case

Sove Cse s,

Laom

Fandom Case W

G c e a0 o

Select the CreditRisk.csv file when prompted to open a file:
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o "

u Case file for testing: @
Lookin: | CreditRisk «~ 0 Er
Marne . Date modified Ty
£3:] CreditRisk 7/10/2016 4:45 PM I
|| CreditRisk.data 6/12/2016 &:30 PM D
F 1 b
Files of type:  |Case or Data File  ({.cas uvf csv tsv xsx . v] [ Cancel ]

Clicking the Open button begins the testing process, for the dependent variable, this is Default in this
example, a Confusion Matrix and Error Rate is presented, being the main focus of optimisationin a
stepwise approach, or perhaps using more automated means to add nodes to the canvas and
establish relationships between the independent variables:

[l Metica - [Metica Messages]
File Edit Search Modify Format Window Help

A= - | | | | 2
Yes 0.00 (0/0) 0.00 (0/0) 0.00 (0/0) 0.00 (0/0)
Mo 0.00 (0/0) 0.00 (0/0) 0.00 (0/0) 0.00 (0/0)
Total 0.00 (0/0) 0.00 (0/0) 0.00 (0/0) 0.00 (0/0)

Quality of Test for state 'Yes':

Cutoff Sensitcivity Specificity Predictiwve Predict-Neg Error-Rate

4] 100.00 Q.00 19.85 100.00 80.15

20 0.00 100.00 100.00 80.15 19.85

100 0.00 100.00 100.00 80.15 19.85
Gini coeff = 0

Area under RCC = 0.5

Confusion:
...Predicted..
Yes No Bctual
1] 250 Yes
o] 96236 HNo

Error rate = 10.47%

Procedure 9: Add Nodes Automatically to a Canvas.

The process of manually adding nodes to a canvas is quite laborious and with a key benefit of
Bayesian networks being the ability to handle extremely large networks with hundreds of nodes,
impractical. Furthermore, Bayesian techniques are inherently state based, which would rely on a
process of dividing continuous variables into appropriate state bins.
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Netica has the ability to infer columns from a file, thus allowing for automation in the creation of
nodes on the canvas.

Start by creating a blank canvas as demonstrated in procedure 35:

| e

=Toled

(B File Edit Layout Mody Table Network Cases Report Style Window Help - & x
ML TTIEREEEIEEEE LYY RS R ]
nx-u e ‘! E 53 u s P T?Arsi
To infer and then add the case file nodes, click Cases in the menu Item, then click or hover on the
Learn sub menu item, then click Add Case File Nodes:
[ Netica - (Untitied1 ] (=R
File Edt Layout Moddy Iable Network [Gases) Report Style Window Help -l&x
@RI | 00O\ |# gecue. RS R

Save Case.

Learn » Add Case File Nodes...
©- e 0 n d

When the dialog box opens, select the file CreditRisk.csv:
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u Case file for testing: @
Lookin: }| CreditRisk - Q¥ El-

Marne Date modified Ty

I:I_] CreditRisk 7/10/2016 4:45 PM M
|| CreditRisk.data 6/12/2016 6:30 PM ()

1| 1] 3

File name: Credit Risk ¥

Files of type: [Case or Data File {cas uvf csv tsv xd=x . v] [ Cancel ]

Clicking Open will begin the process of creating nodes based upon the Variables name coupled with
an analysis of the number of states within that Variable. In the event that a variable is determined
to be continuous, a prompt will be displayed to determine the number of states to set for this

variable:

sTe=
ses Report Stle Window Help
k B FoERi|P
[ et ] IO
..II SR Coun AT Pras_Deaion Con e A S Ean_OTE_Prans Desin TiEsaq Pamans E0) ( DEInaUEno Des 5 I Praie_Davaua Count{ Counims Ful CLLRREY Ves TP
ves -No [ 111

Count_Bank_Creat_Products Coun_ATI_1__Profiie_Devation Count_Nessech_1 1 Count_Nessecit_5_W_Profie_Devistion ) ( Percentags_CL Remaining ) ( Missed_Payments_6_1_Profis_Deviation ) ( Delinquency_Depth_12_K Count_ins_Funds G nvar:g!jmjayﬁua,s
No

How many states would you like continuous node

(Coun_Bant._CreaiProducts_Profie_Denai{ Coun ATI3_In) Count_Tiessediy_1_W_Profis_bevaion) (Sum B Count Bank. Credit Products to have (0 for no [c_Papments 12_n") ( Deinquency_Depi_T2_W_Frofie_Deviatol Count_ins K Average{ CLI RequesL_s_W_Profie_Dewaton

discretization)?

| [T

‘Count_Bank_Credt_Products_3

o ne_Fons Decings 5 {Ves ]
i
No !

FICO_Score_s

FIC0_Score_Profie_Devation Coun_Tiassechy_3__Profis_Devion Som_Bani 0T Wissed_Payments_3_W_Profie_Devision) ( Delnquenc_Deph 5 Customer_Age_Profis_Devaion’) ( CounLins_F{ Average BW_Fa7 Do Vs i
H ' F
to L

s356M | |
1

._-15\ e Q @ aall/ 200 o |

Specify the number of states deemed appropriate for the variable, then click ok. Repeat for each
variable until all of the nodes have been added to the canvas:
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Ol et - Untitiea 1 1 == ]
[@ File Edt Layout Modfy Table Network Cases Repot Style Window Help -leix
LTI PRy LY LR E Rk ]
‘Count ATH_1_W Count_ATM_6_W_Profie_ Count_Nessecity_6_W Sum_Bank_OTB_Profie. Wissed_f ts_6_W_|[ Delinquency_Depth_6_W_Profie_Deviatid_Count_ins
0041 010 01060 0
oto1 4 101014 601090 0w1 01065 ow1
1 4110120 141018 9010117 65 1
1104 12010290 181022 11710140 1106 6510190 04 5
4108 29010830 221080 14010 190 61012 19010390 408 | 95t071
Count_Bank_Credit_Products_| [ Count ATH_1_W_Profie. Count_tie | [ Count_tessecity_6_m_profile Percentage_CL_Rema Missed_Payments_6__Profile_Deviation | Delinquency. 121 | Countins_Funds] Average_Bil_Pay_Dd _CLI Request 6_W
T 002 01060 01032 0 o1 910
2 o7 2 801080 3052 Otos7 g 78 SBl0as Customer 30|
3 8 2103 8010106 521065 67 1103 7 8410110 Yes
1 7810310 10610130 651075 6710400 7810310 11010140 No '
5 31010630 31020 13010360 7510 100 40010 900 309 31010630 14010200
‘Count_Bank_Credil_Products_Profie_Der—¢oo sy ‘Count_tessecity_1_W_Profile_Dev Sum_Bank_CrediL_B Percentage_CL_Remaining_P Wissed_P 12__| Delinquency_Depth_12_W_Profie_ Count_ins_F Averd _CLI_Request_6_M_Profile_Deviation
37 7 T 01051 30010 4000 01060 0 0lo51 o1 2000{ 0
75 9 51 400010 5600 601090 1 51 1 80to] 01087
112 % 51077 5600106900 9010117 2 5110152 103 78to] &7
150 2 690010 8500 1710135 3 182 1061q 8710260
187 10512 850010 12000 13510 180 4 15210455 3017 1401q 26010 440
FICO_Scor ‘Count_ATH_3_W_Profile_Deviation Count_Nessecity_3 W || Sum_Bank_Credit_Exposure_Profile_Devi.. || Missed_Pa ][ Wissed_payments_12_M_Profile_Deviation stomer_Age Count_ins_Funds_Declines & 11| Averace Rl av Dava 6 M
30010490 01050 [ 01070 0 0 03 01039 CL Request 1 W Profie Deviation
49010590 5010 100 4107 701089 o1 61 35104: £ 0 |_Count_Bank_Credit_Products_3
59010 670 10010 110 71010 8910110 123 3105 3910116 24 Ves
74010 900 15010 200 131030 14010200 4108 245 59108 11610656
I
FICO_Score_Profie. CountATH_6_W Count_Nessecity_3_W_Profile_Deviation Sum_Bank_OTB Wissed_Payments_3_W_Profile_Devia Dolinquency. ] Customer_Age_Profile_Deviation || Count_ins_Fu|_ Average_Bil_Pay_D
91080 [ 01050 103900 0 73 002 11056 ——
801095 1 501080 390010 6000 010101 o1 741092 2 1077
9510108 103 8010110 500010 7500 101 1 9210106 2104 7710110
10810 120 3107 11010 150 750010 8900 10110 406 103 10610 126 11010 150
12010 146 71020 15010 340 890010 12000 40610609 3106 12610 170 41030 15010210

B e 0n o d

Procedure 11: Learn TAN Structure to Link Nodes Automatically.

When dealing with an overwhelming number of nodes it is possible to automatically link these
nodes, based firstly on a naive structure similar to the that manually created in procedure 37, then
augmenting this structure to look for relationships between the nodes that may be of interest. This
approach is called Tree Augmented Naive Bayesian Networks, or TAN Bayesian Networks.

For Netica to learn the structure, start by selecting the dependent variable node in the canvas, in this
case Default:

AT =T
[ File Edit Layout Modiy Table Network Cases Report Style Window Help —Je]x
AEEUF| >~ |[C0ON [ xo 1 mABR F» iR
‘Count ATH_1_W Count_ATM_6_M_Profile Count_Nessecity_G. Sum_Bank_OT8_Profile. Wissed_| ts_6__| [ Delinquency_Depth_6_W_Profile_Deviatid_Count_ins] Count |
0 0041 0110 01060 0 0 0 0047
oW1 4 101014 601090 0w1 01065 ow1 |47
1 4110120 141018 9010117 1 65 1 471095
1104 12010290 181022 11710140 1106 8510190 104 [ 95
4108 29010830 221080 14010 190 61012 19010390 408 | s5w071
Count_Bank_Credit_Products_| [ CountATH_1_M_Profie_Deviation Count_Ne: 1| [ Count_Nessecity_6_W_Profile_Deviation | Percentage_CL_Rema: Missed_Payments_6_W_Profile_Deviation | Delinquency. 121 | Countins_Funds] Average_Bil_Pay_Dd _CLI Request 6_W
7 0 02 01060 01034 0 o1 0 91058 o
2 o7 801080 34052 Olos7 1 oto7s 51004 Customer 30|
3 8 2103 8010106 521065 67 1103 8 8410110 Yes
1 7810310 10610 130 651075 6710400 7810310 11010 140 No
5 31010630 31020 13010360 7510 100 40010 900 309 31010630 14010200 —
‘Count_Bank_Credi_Products_Profle_Der—cooo s 3y ‘Count_Nessecity_1_W_Profile_Deviation | _Sum_Bank_Credit_E» Percentage_CL_Remaining_P Wissed_P 12_ M| Delinquency_Depth_12_M_Profie_ Count_ins_F Averd _CLI_Request_6_M_Profile_Deviation
37 & T 01051 30010 4000 01060 0 0l051 01 2010{ 0
75 g 51 400010 5600 601090 1 51 1 60101 01087
112 4 511077 560010 6900 9010 117 2 5110152 1103 781
150 2 b4 690010 8500 1710135 3 1 0614 8710260
187 710512 850010 12000 13510 180 4 15210455 3017 1401q 26010 440
FICO_Scor ‘Count_ATH_3_W_Profile_Deviation Count_Nessecity_3 M| Sum_Bank_Credit_Exposure_Profile_Devi.. || Missed_Pa | [ Wissed_Payments_12_M_Profie. stomer_Age ‘Count_ins_Funds_Deci
30010490 01050 [ 01070 o 0 o 01039 CL Roquest 1 W Profiie Deviation
49010590 5010 100 4107 701089 o1 61 3st0 39 0 |_Count_Bank_Credit_Products_3
59010 670 10010 110 71010 8910110 1 123 a3 3910116 247Ve5
74010 900 15010200 131030 14010200 4106 245 59t 11610656
I
FICO_Score_Profile_Devat Count_ATH_6_M ‘Count_Nessecity_3_M_Profile_Deviation Sum_Bank_OTB Missed_Payments_3_W_Profile_Deviation | Delinquency_Depth_6_i Customer_Age_Profile_Deviation || Count_ins_Fu|_Average_Bill_Pay_
1080 001 01650 0103900 0 0 E13 002 211056 S L
801095 1 501080 390010 6000 010101 oto1 741092 2 561077
9510108 1103 8010110 500010 7500 101 1 9210106 2104 7710110
10810 120 3107 11010 150 750010 8900 10110 406 103 10610 126 4 11010 150
12010 146 71020 15010 340 890010 12000 40610609 3106 12610 170 41030 15010210

O e 0o od

To learn the structure using Tre Augmented Naive approaches, click on the Cases menu item, click or
hover on Learn, then click Learn TAN Structure:
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Count_Bank_Credit_Products
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Save Case
Save Case As...

Remove Findings

8

CuteR

Add Case File Nodes..
Leam TAN Structure

Incorporate Case
Incorp Case File
Learn Using EM
Learn Using Gradient
Smooth CPTs

Count Iy
0lo47
a7
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95
951071

58
388

12610170

770110
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Select the file to be used for the purposes of training the structure, in this example CreditRisk.csv:

Lookin: |, CreditRisk - @ F &
MName B Date modified Ty

6| CreditRisk 7/10/2016 4:45PM M
|| CreditRisk.data 6/12/2016 6:30 PM D,
< | m b

Fie name:  CreditRisk -

Files of type: |Case or Data File (cas uvf csv tsv xisx. v| | Cancel |

Clicking OK will begin the learning process:
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ANLASN] Sy % e, NI
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Firstly, all nodes will be linked to / from the dependent variable, thereafter relationships to / from
independent variables will be established.

The direction of the link is not that important as Bayesian Inference will be performed, however if
links do not follow the direction of causation, maintaining node \ conditional probability table can
become bewildering. It follows that a learnt TAN structure would likely be used only where
probabilities are going to be learnt also. It follows that the execution of procedure 40 should occur
to update the node probability tables, followed by procedure 41 to determine the classification
accuracy of this network, so to determine if this extremely complex network provides any uplift on a
simpler network.

Module 13: Neural Networks

Neural networks are a universal predictive analytics method, if a little unexplainable when they grow
large. Unlike many of the predictive analytics techniques presented, Neural Networks are as equally
good at classification problems as they are prediction problems. This module will use dataset used
in procedures 90 and 93, seeking to showcase the improvement that can be obtained in using Neural
Networks, albeit with an increase in complexity and explainability.

Procedure 1: Train a Neural Network.

In this procedure, improvement will be sought from module 6, using the FDX dataset. Start by
importing the dataset using the readr package and read.csv() function (as there are no strings to be
converted to factors):

library(readr)

FDX <-
read_csv("D:/Users/Trainer/Desktop/Bundle/Data/Equity/Abstracted/FDX/PC_FDX_Close_200x1D C
lose 50x1D_10.csv")

View(FDX)
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3] Untitleds* 3] Untitleds* @7 Untitled7* 7 Untitleds* 37 Untitledo* 37 Untitled10* 2] Untitled11* 7 Untitled12* 3] Untitledl3* » =0
2 &l | | [sourceonsSave | Q /A - 1| ~ “#Run | 5% S Source v =
1 Tibrary(readr)
2 FDX <- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/Equity/Abstracted/FDX/PC_FDX_Close 200x1D_Close_50x1D_10.csv")
3 view(Fox)|
310 (Top Level] = R Script =
Run the line of script to console:
Console =0
K 15 4 LO11dD0rduLive project wWiLrn mdry COrnLr ipuLonrs. m
Type 'contributors()' for more information and
"citation()" on how to cite R or R packages in publications.
Type 'demo()' for some demos, "help()' for on-line help, or
"help.start()' for an HTML browser interface to help.
Type 'q()’ to guit R.
= library(readr) F
= FDX <- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/Equity/aAbstracted,/FDX/PC_FDX_Close_200x1D_Close_50x1D_10.csv"
parsed with column specification:
cals(
.default = col_double()
see spec(...) for full column specifications. =
warning: 2 parsing failures.
row col expected actual
2150 Dependent a double (2149 row(s) affected)
2150 NA 202 columns 1 columns
> View(FDX) |
= =
It can be seen via the RStudio viewer that the FDX dataset has been loaded into R:
tleds* 37 Untitleds* 7 Untitled7* 7 Untitleds* 7 Untitledo* 7 untitled10* 7 Untitled11* @] Untitled12* @] Untitled13* | FDX » =0
&1 | 7 Filter
Dependent Median_1 Median_1_PearsonCorrelation Median_1_ZScore  Mode_1 Mode_1_PearsonCorrelation Mode_1_ZScore TrimmedMean_t Trimm
1 0.0061388456 -0.012326656 -0.7380112653 -8.044751e-01 0.020008036 0.73876171 -1.26888003 -0.003008503 =
2 01110150441  -0.023546063 -0.7425470424 -7.00244Ge-01  0.014368776 073708720 -1.13326476 -0.015435667 U
3 0.1222547584 -0.032453316 -0.7425470424 -7.233008e-01 -0.024285714 0.73708729 -0.77475954 -0.024002633
4 0.1288003023 -0.043550680 -0.7470234464 -6.305340e-01 -D.038311688 0.73827554 -0.64152578 -0.036282737
5 0.1300542667 -0.052308083 -0.7506708263 -5.570174e-01 -0.051103806 0.73784455 -0.51055188 -0.047545502
6 01051338248 -0.022272727 -0.7564530127 -8.121203e-01 -0.022272727 0.73747365 -0.78053381 -0.016907568
7 0.0538982836 0.0286909873 0.76018760438 1.241584e+00 0.025250740 0.73737217 1.23043077 0.032361134
8 0.0574404101  0.022072749 -0.7601876048 -1.185800e+00 0.016298701 0.73737217 -1.15449132 0.024525955
9 0.0112220338 0.073408118 -0.7706802302 -1.518820e+00 0.064610300 0.74142103 -1.51713284 0.075171271
10 0.0010944245 0.073987070 -0.7744128174 -1.665286e+00 0.067987013 0.742020933 -1.652709451 0.079667047
11 00089363259 0.065716444 0.7776584037 1.553503e+00 0.053571420 0.74285753 151636313 0.066333580
12 0.0113053685 0.066001481 -0.7800466841 -1.557004e+00 0.051103896 0.74342050 -1.40445382 0.065784969
13 0.0203557560 0.053617976 -0.7800466841 -1.451880e+00 0.036753247 0.74342050 -1.35560465 0.052721806
14 0.0004381847 0.054211893 -0.7835263040 -1.457793e+00  0.037337662 0.74408179 -1.36390837 0.054430609
15 0.0011219847 0.058690310 -0.7861575413 -1.406234e+00  0.041753247 0.74567844 -1.40812454 0.050026474
16 0.0040107975 0.061883230 -0.7805124501 -1.524082e+00 0.044610300 0.74817802 -1.43741606 0.064504175
17 -0.0140200110 0.084343718 -0.7002437165 -1.715758e+00 0.065640351 0.74756015 -1.64678027 0.088174404 -
4| m | 3

Showing 1 to 18 of 2,150 entries

To train a neural network, firstly download and install the package using the RStudio interface:
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Install from: ?* Configuring Repositories
| Repository (CRAN, CRANextra) - |

Install Packages

Packages (separate multiple with space or comma):
|neura|net| E

neuralnet
MeuralMetTools

ccuments/R/win-library/3.3 [Default] - ]

[V|Install dependencies

| Install | Cancel

Click Install to execute the installation:

Console -~/ > =0
LUISY N

.default = col_double()

see spec(...) for full column specifications.
warning: 2 parsing failures.

row col expected actual
2150 pependent a double (2149 row(s) affected)
2150 NA 202 columns 1 columns

> view(FDx)

> install.packages("neuralnet”)

Installing package into ‘D:/Users/Trainer/Documents/R/win-Tibrary/3.3’ -
{as ‘1ib’ is unspecified)

trying URL "https://cran.rstudio.com/bin/windows/contrib/3.3/neuralnet_1.33.zip’

Content type 'application/zip' length 59438 bytes (58 KB)

downloaded 58 KB

m

package ‘neuralnet’ successfully unpacked and MD5 sums checked

The downloaded binary packages are in
D:\UsersiTraineriappData’Local' Temp'1'\Rtmp8GsxLv' downloaded_packages
>

Load the library:

library(neuralnet)

% | @] untitieds* » @7 Untitlede* 3 | @] Untitled7* % | @] Untitleds* » @7 Untitled9* 3 | @] Untitled10* x = @ ] Untitled11* % @7 Untitled12* % = @7 Untitled13* » | 3 =[]
&l | @ Elsourceansme | Q A - &1 ~ =% Run | [28 | [ # Source ~

)
1 Tlibrary(readr)

2 FDX <- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/Equity/Abstracted/FDX/PC_FDX_Close_200x1D_Close_50x1D_10.csv'™")

3 view(FDX)

4  Tlibrary(neuralnet)

419 (Top Level) + R Script =
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Run the line of script to console:

Console
SEE SpECL... ) T Tu corumn SpeECi 1tdenorns.
warning: 2 parsing failures.

row col expected actual
2150 pependent a double (2149 row(s) affected)
2150 NA 202 columns 1 columns

= View(FDX)

> install.packages("neuralnet")

Installing package into ‘D:/Users/Trainer/Documents/R/win-library/3.3"

(as *1ib" is unspecified)

trying URL "https://cran.rstudio.com/bin/windows/contrib/3.3/neuralnet_1.33.zip’
Content type "application/zip' length 59438 bytes (58 KEB)

downloaded 58 KB

package ‘neuralnet’ successfully unpacked and MD5 sums checked

The downloaded binary packages are in
D:h\Users\Trainer\Apppata‘Local’\Temp\1\Rtmp8asxLv' downloaded_packages

= 1ibrary(neuralnet)

warning message:

package ‘neuralnet’ was built under R version 3.3.3

>

m

In this example, a warning has been displayed saying that the build was done in a later version of R,
however backward compatibility can be reasonably assured and as such the warning can be ignored.
Once R version 3.3.3 has become stable, it might be worth upgrading.

Building, or training, a Neural Network is very similar to building a regression model, save for a few
parameters nuanced to this function (not least that the overall package is VERY unforgiving with
almost no intuitive error messages). In this example, a neural network will be created with an
arbitrary four processing elements, with one hidden layer. The dot notation, typically used to
instruct all variables, does not work with this function currently (it is a bug) and so a manually
constructed formula need be created.

Furthermore, for the purposes of these procedures, it is beneficial to have a slightly more limited
feature set owing to the time it would take to train and that, despite popular belief, less is quite
often more when training Neural Networks. It is also worth noting that the neuralnetwork() function
is a single threaded function and can take a VERY long time to train upon data frames which contain
many records and many independent variables.

| this example, a neural network is going to be built upon 10 independent variables known to
correlate well to the dependent variable and as set force in procedures 86 and 87 (it is a source of
contentions debate as to whether correlation is the most useful means to select variables in non-
linear modelling techniques). While neural networks are tremendous at processing a very large
number of features, this is often at the expense of generalisation and as such, the bug, encourages
more care and thought in creating a more appropriate neural network:

NeuralNetworkFourByOne <- neuralnet(Dependent ~ Skew_3 + Max_4 + PointStep_16 + Close_3 +
Close_4 + PointStep_17_ZScore + PointStep_15 + TypicalValue_4 + Range_4 + Range_2, data = FDX,
hidden = 4)
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1?7 Untitleds* 27 Untitled6* 27 Untitled7* 27 Untitleda* 27 Untitleds* 27 Untitled10* 27 Untitled11* 27 Untitled12* 27 Untitled13* b

) | |3 Elsourceonsave | Q #° - & | - ~#Run | 9% | | #Source ~
1
2 bpse_50x1D_10.csv")
3
4
5 ep_16 + close_3 + Close_4 + PointStep_17_zsScore + PointsStep_15 + Typicalvalue_4 + Range_d4 + Range_2, data = FDX, hidden = 2)]|

] 1 3
5:223 (Top Level) = R Script

Run the line of script to console, being prepared to wait a little while:

Console
NEIp.50ArLL)  TOF dfl HIML DUFOWsER ITILer | die LU neip.

Type 'q()° to quit R.

= library(readr)
= FDX <- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/Equity/abstracted/FDx/PC_FDX_Close_200x1D_Close_50x1D_10.csv")
parsed with column specification:
cols(
.default = col_doublel)

see spec(...) for full column specifications.
warning: 2 parsing failures.

row col expected actual
2150 Dependent a double (2149 row(s) affected)
2150 NA 202 columns 1 columns

= View(FDX)

= library({neuralnet)

warning message:

package ‘neuralnet’ was built under R version 3.3.3

= NeuralNetworkFourByone <- NeuralNetworkFourByone <- neuralnet(Dependent ~ Skew_3 + Max_4 + Pointstep_16 + Close_3 + Close_4
+ PointsStep_17_Zscore + Pointstep_15 + Typicalvalue_4 + Range_4 + Range_2, data = FDX, hidden = 2)

=

n

Upon the console returning, the neural network has been trained. Understanding the structure and
performance of the neural network is a rather more complex affair than other procedures (which fits
with the overall experience of using the package).

Procedure 2: Plotting a Neural Network.

It is often stated that a neural network is an unexplainable modelling techniques, which practically
holds some truth, but to those with a background in regression modelling, explaining the model is
not insurmountable.

The neuralnet object that was created in procedure 126, allows for the plotting of the neural
network using the base plot() function. Simply call plot() passing the neural network object as an
argument:

plot(NeuralNetworkFourByOne)
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12 ] Untitleds* 12 ] Untitleds* 12 ] Untitled7* 12 ] Untitleds* 12 ] Untitleds* 12 7] Untitled10* @ 7] Untitled11* @7 Untitled12* 137 Untitled13* » =
a1 | |3 [JseurceonSave | Q & - & - ~#Run | 5% | | Source ~

[ |

1 Tibrary(readr)

2 FDX <- read_csv("D:/Users/Trainer /Desktop/Bundle/Data/Equity/Abstracted/FDX/PC_FDX_Close_200x1D_Close_50x1D_10.csv")

3 View(FDX)

4 library(neuralnet)

5 NeuralNetworkFourByOne <- NeuralNetworkFourByOne <- neuralnet(Dependent ~ Skew_3 + Max_4 + PointStep_16 + Close_3 + Close 4
6 plot(NeuralNetworkFourgyone)|

4| m 2

6:29 (Top Level) = R Script

Run the line of script to console:

Console

Folrpraryreurdinec y

warning message:

package ‘neuralnet’ was built under R version 3.3.3
> NeuralNetworkFourByone <- NeuralNetworkFourByOne <- neuralnet{Dependent ~ Skew_3 + Max_4 + PointStep_1l6 + Close_3 + Close_4
+ PointsStep_17_Z5core + PointsStep_15 + Typicalvalue_4 + Range_4 + Range_2, data = FDX, hidden = 2)

= summary (NeuralNetworkFourByone)

—
-

Length Class Mode
call 4  -none- call
response 2149 -none- numeric
covariate 21490 -none- numeric
model. 1ist 2 -none- Tlist
err.fct 1 -none- function
act.fct 1 -none- function
Tinear. output 1 -none- logical L
data 202 data.frame list
net.result 1 -none- Tlist
weights 1 -none- Tist
startweights 1 -none- Tlist =
generalized.weights 1 -none- Tist
result.matrix 28 -none- numeric
= plot (NeuralNetworkFourByone)

z L
A plot is created of the neural network bearing stark resemblence to conceptual models put forward

in this training manual, and in a model of less complexity, is in fact explainable and quite
reproducable on a manual basis:
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As the model becomes more and more complex, with the addition of more and more features,
layers and processing elements, the neural network will naturally become less and less explaiable.

Procedure 3: Recalling a Neural Network with compute() and understanding

performance.

The topology plot gives a useful window into the neural network, and its similarity to a regression
model is unmistakable, there is none on the performance statistics associated with a regression
model.

As this is a numeric prediction model, and not a classification model (although this is covered in
procedure 130 as follows), we will use correlation to determine the relationship between the
dependent variable and the predicted variable.

The compute() function is used instead of the predict() function, which returns an object with a few
other properties rather than just the prediction (which would be easier). Something else to bear in
mind is that the recall function, and indeed the training function, is very unforgiving in the event that
the dependent variable has been passed (throwing an error Error in neurons[[i]] %*% weights][[i]] :
non-conformable arguments). Frustratingly, it is necessary to subset the dataframe to return all
columns explicitly, excluding the dependent variable, before passing it to the compute function. To
recall the computed model:

ComputedModel <-
compute(NeuralNetworkFourByOne,FDX[,c("Skew_3","Max_4","PointStep_16","Close_3","Close_4",
"PointStep_17_ ZScore","PointStep_15","TypicalValue_4","Range_4","Range_2")])
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27 Untitled5* 3] Untitleds* 27 Untitled7* 3 Untitleda* @7 Untitleda* 2] Untitled10* 37 Untitled11* @7 Untitled12* 137 Untitled13* P -

&1 |3 [Jseurceonsave | Q # - &1 - =% Run | % | | 1 Source -
1 library(readr)

2 FDX <- read_csv("D:/Users/Trainer /Desktop/Bundle/Data/Equity/abstracted,/FDX/PC_FDX_Close_200x1D_Close_50x1D_10.csv")

3 view(FDx)

4 Tibrary(neuralnet)

5 NeuralNetworkFourByone <- NeuralNetworkFourByOne <- neuralnet(Dependent - Skew_3 + Max_4 + Pointstep_16 + Close_3 + Close_4
6 plot(NeuralnetworkFourgyone)

7 cComputedModel <- compute(NeuralnetworkFourgyone,FDX[,c("skew_3","Max_4","Pointstep_16","Close_3","Close_4","Pointstep_17_zsc

[ |

g

q 0 +
&1 (Top Level) = R Script =

Run the line of script to console, it may take some time:

Console -/
Forgraryiredur)y
> FDX <- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/Equity/Abstracted/FDX/PC_FDX_Close_200x1D_Close_50x1D_10.csv")
Parsed with column specification:
cols(
.default = col_double()

0
w0

see spec(...) for full column specifications.
warning: 2 parsing failures.

row col expected actual
2150 Dependent a double (2149 row(s) affected)
2150 NA 202 columns 1 columns

= View(FDX)

> library(neuralnet)

warning message:

package ‘neuralnet’ was built under R version 3.3.3

> NeuralNetworkFourByOne <- NeuralNetworkFourByOne <- neuralnet(Dependent ~ Skew_32 + Max_4 + PointStep_16 + Close_3 + Close_4 =
+ PointsStep_l7_Z5core + PointStep_l5 + Typicalvalue_4 + Range_4 + Range_2, data = FDX, hidden = 2)

= plot({NeuralnetworkFoureyone)

> Computedmodel <- compute({NeuralnetworkrFoursyone,FDx[,c("skew_3", "Max_4","Pointstep_16","Close_3","Close_4","Pointstep_Ll7_Zsc
ore","Pointstep_15", "Typicalvalue_4","Range_4","Range_2")]1)

- L

Unlike the predict method, compute has returned an object. It is necessary to extract the results
from this object to a list, not a vector unfortunately, but that can be converted later using the
unlist() function, using the net.result() method:

FDXPredeictions <- ComputedModelSnet.result
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@7 Untitled5* ® | @] Untitlede* x | @] Untitled7* % = @] Untitleds* x = @] UntitledS* * = 2] Untitled10* ¥ = 2] Untitled11* ¥ = @] Untitled12* » | @7 Untitled13* P =
&1 | | Flsourceonsave | Q A -| &1 - =% Run [%=% | < Source ~

[ |

1 Tdibrary(readr)
2 FDX =- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/Equity/abstracted/FDxX/PC_FDX_Close_200x1D_Close_50x1D_10.csv")
3 view(FDX)
4 Tibrary(neuralnet)
5 NeuralNetworkFourgyone <- NeuralNetworkFourByOne <- neuralnet(Dependent - Skew_3 + Max_4 + PointStep_16 + Close_3 + Close_4
6 plot(NeuralnetworkFourByone)
7 computedModel <- compute(NeuralnetworkFourByone,FDX[,c("skew_3","Max_4","Pointstep_16","Close_3","Close_4","Pointstep_17_zsc
8 FDXPredeictions <- computedvodelS$net.result|

4 m r
544 (Top Level) = R Script =

Run the line of script to console:

Console ~/ =
2 FUA <— MeEdu_LsVI Do/Users/irdiner/UeskLup/Bunu g/ udld/EQU i LY/ ADSLIdULEL/ FUX/PU_FUA_U TUSE_ZUUXLU_CIUSE_JUXLU_1U. L5V J
Parsed with column specification:
cols(

.default = col_double()

see spec(...) for full column specifications.
warning: 2 parsing failures.

row col expected actual
2150 pependent a double (2149 row(s) affected)
2150 NA 202 columns 1 columns

= View(FDX) B
= Tibrary(neuralnet)

warning message:

package ‘neuralnet’ was built under R version 3.3.3

= NeuralNetworkFourByone =- NeuralNetworkrFoureyone =<- neuralnet(Dependent ~ skew_3 + Max_4 + Pointstep_16 + Close_3 + Close_4
+ Pointstep_17_zscore + Pointstep_15 + Typicalvalue_4 + Range_4 + Range_2, data = fFDX, hidden = 2)

= plot(NeuralnetworkFourgyone)

= Computedmodel <- compute(NeuralNetworkrFoureyone,FDX[,c("skew_3", " "Max_4","Pointstep_16","Close_3","Close_4","Pointstep_17_Zsc
ore","PointStep_15", "Typicalvalue_4","Range_4","Range_2")1)

> FDXPredeictions <- Computedvodel$net.result

. |

m

To gain an assessment of the level of performance of the predictions vs the actuals, the correlation
function can be used:

cor(FDXPredeictions,FDXSDependent, use="complete",method="pearson")
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27 Untitleds* @7 Untitleds* 27 Untitled7* 27 Untitleds* @7 Untitleda* 27 Untitled10* 27 Untitledi1* 27 Untitled12* 7 Untitled13* B
1| |3 [Clsourceonsave | Q #° ~| &1 - ~= Run | |[5% | | Source -

1 Tlibrary(readr)

2 FDX =- read_csv("D:/Users/Trainer /Desktop/Bundle/Data/Equity/Abstracted/FDX/PC_FDX_Close_200x1D_Close_50x1D_10.csv'")

3 wview(FDX)

4 Tibrary(neuralnet)

5 NeuralNetworkFourgyone <- NeuralNetworkFourByone <- neuralnet(Dependent - Skew_3 + Max_4 + Pointstep_16 + Close_3 + Close_4
6 plot(NeuralnetworkFourgyone)

7 cComputedvodel =- compute(NeuralnetworkrFoureyone,FDX[,c("skew_3", "Max_4","Pointstep_16","Close_3","Close_4","Pointstep_17_zZ<=
& FDxPredeictions <- computedvmodelinet.result

9 kor (Foxpredeictions,Fpxipependent, use="complete”,method="pearson™)

10

4 n 3

2l (Top Level) = R Script

Run the line of script to console:

Console
LuEldU L = LUl_uoun ey

see spec(...) for full column specifications.
warning: 2 parsing Tailures.

row col expected actual
2150 pependent a double (2149 row(s) affected)
2150 NA 202 columns 1 columns

= view(FDx)

> 1ibrary({neuralnet)

warning message:

package ‘neuralnet’ was built under rR version 3.3.3

> NeuralnetworkFoureyone <- NeuralNetworkFourByone <- neuralnet(pependent - skew_3 + Max_4 + Pointstep_16 + Close_3 + Close_4
+ Pointstep_l7_Zscore + Pointstep_15 + Typicalvalue_4 + Range_4 + Range_2, data = FDX, hidden = 2)

> plot(NeuralnetworkFourByone)

> computedModel <- compute(NeuralnNetworkFourByone,FDX[,c("skew_3","Max_4","Pointstep_16","Close_3","Close_4","Pointstep_17_zsc
ore”,"Pointstep_15", "Typicalvalue_4","Range_4","Range_2")])

> FDXPredeictions <- Computedvodel$net.result

> cor (FOXPredeictions,FDX$Dependent, use="complete",method="pearson")

[,1
[1,] 0.6502417221
>

It can be seen, in this example, that a correlation of 0.65 has been achieved. Referencing the initial
correlation matrix calculated on the same dataset in procedure 93, it can be seen that this is an
absolutely fantastic uplift in performance from the input correlations in isolation.

For completeness, the FDXPredictions vector, after converting it from a list, should be merged into
the FDX data frame, however, using a more complex neural network, in this case taking more hidden
layers, improvement will be sought in the subsequent procedure.

Procedure 4: Training a Deeper Neural Network.

In procedure 128, a neural network was trained having only a single hidden layer, albeit with several
processing elements. Deep learning is the notion of having many more hidden layers and generally
many more processing elements. Each layer is able to achieve abstraction autonomously, finding
patterns that may not be apparent in manual abstraction. HOWEVER, it is lazy, adds valuable
computational expense in recall (which begins to matter in super high throughput environments), as
such deep learning can have circumvented to an extent, given more creativity in the abstraction
phase.

In this example, a much deeper neural network will be created where the same ten inputs will be
used. The first hidden layer will have 8 processing elements, the second hidden layer will have 6
processing elements, the third hidden layer will have 4 processing elements yielding an output.
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In procedure 126 a single value specifying just the number of processing elements was provided,
where it was inferred that only a single hidden later is applicable. In this procedure, it is necessary
to construct a vector, with each vector entry corresponding to a hidden layer, with the value of that
hidden layer entry being the processing elements for that hidden layer:

NueralNetworkDeep <- NeuralNetworkFourByOne <- neuralnet(Dependent ~ Skew_3 + Max_4 +
PointStep_16 + Close_3 + Close_4 + PointStep_17 ZScore + PointStep_15 + TypicalValue 4 +
Range_4 + Range_2, data = FDX, hidden = ¢(8,6,4))

127 Untitleds* #7 Untitleds* 27 Untitled7* 27 Untitleda* ®7 Untitleds* 27 Untitled10* 27 Untitled11* 27 Untitled12* @7 Untitled13* » =

1| |3 [Flsourceonsave | Q #° ~| &1 | - =#®Run | 5% || 9 Source ~| =

1 Tibrary(readr)

2 FDX <- read_csv("D:/Users/Trainer /Desktop/Bundle/Data/Equity/abstracted,/FDX,/PC_FDX_Close_200x1D_Close_50x1D_10.csv")

3 wiew(FDX)

4 Tibrary(neuralnet)

5 NeuralNetworkFourgyone <- NeuralNetworkFourByone <- neuralnet(Dependent - Skew_3 + Max_4 + Pointstep_16 + Close_3 + Close_4

6 plot(NeuralNetworkFourByone)

7 computedvodel <- compute(NeuralnetworkrFourgyone,FDx[,c("skew_3","Max_4","pPointstep_16","Close_3","Close_4","Pointstep_17_z=

& FDxpredeictions <- Computedvodelinet.result

9 cor(FpxPredeictions,FDxX$Dependent, use="complete",method="pearson™)

10 pueralnetworkpeep <- neuralnet(Dependent - skew_3 + max_4 + Pointstep_16 + Close_3 + close_4 + Pointstep_17_zscore + Points
11

4 | [ 2

10:1 [Top Level) = R Script

Run the line of script to console, expect it to take some time:

Console —
SEE SPEL. .. TUr Tul i Lunumrn SpPECT TLdLruris. o
warning: 2 parsing failures.

row col expected actual

2150 Dependent a double (2149 row(s) affected)

2150 NA 202 columns 1 columns

= View(FDX)
= 1ibrary(neuralnet)
warning message:
package ‘neuralnet’ was built under R version 3.3.3
= NeuralNetworkFourByone <- NeuralWetworkFourByone <- neuralnet(Dependent ~ Skew_3 + Max_4 + PointStep_16 + Close_3 + Close_4
+ Pointstep_17_ZScore + PointStep_15 + Typicalvalue_4 + Range_4 + Range_2, data = FDX, hidden = 2)
> plot (NeuralNetwor kFourByone)
> Computedvodel <- compute(neuralNetworkrFourgyone,FDX[,c("skew_3","Max_4","Pointstep_16","Close_3","Close_4","Pointstep_17_zsc
ore","Pointstep_15", "Typicalvalue_4", "Range_4", "Range_2")]1)
> FDxPredeictions <- computedvodel$net.result
= cor{FDxPredeictions,FDox$Dependent, use="complete",method="pearson")
[,1]
[1,] 0.6502417224
= NueralnNetworkDeep <- neuralnet{Dependent -~ skew_3 + Max_4 + Pointstep_16 + Close_3 + Close_4 + Pointstep_l7_Zscore + Pointst
ep_15 + Typicalvalue_4 + Range_4 + Range_2, data = FDX, hidden = c(8,6,4))
=

m

Plot the function to inspect the neural network:

plot(NueralNetworkDeep)
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3] Untitleds® @] Untitleds* 3] Untitled7* 7] Untitleds* 3] Untitledo® ] Untitled10* 3] Untitled11* 3] Untitled12* 7] Untitled13* » =

A1 | [ [Flsourceonsave  Q # « i - ~#Run | 5% | | & Source -
1 Tlibrary(readr)
2 FDX <- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/Equity/Abstracted/FDX/PC_FDX_Close_200x1D_Close_50x1D_10.csv")
3 view(FDX)
4  library(neuralnet)
5 NeuralNetworkFourByOne <- NeuralNetworkFourByOne <- neuralnet(Dependent ~ Skew_3 + Max_4 + PointStep_16 + Close_3 + Close_4
&  plot{NeuralNetworkFourByone)
7 ComputedModel <- compute(NeuralNetworkFourByone,FDX[,c("Skew_3","Max_4","PointStep_16","Close_3","Close_4","PointsStep_17_Z=
& FDXPredeictions <- ComputedModelinet.result
9 cor(FDXPredeictions,FDX%Dependent, use="complete",method="pearson")
10 NueralNetworkDeep <- neuralnet(Dependent ~ Skew_3 + Max_4 + PointStep_16 + Close_3 + Close_4 + PointStep_17_ZScore + Points
11  plot(NueralNetworkDeep)
12

[ |

< 1 b
111 (Top Level) + R Script =

Run the line of script to console:

Console ~/ —=
Wdrrirnyg . £ pdrsing rdiures, o
row col expected actual

2150 pependent a double (2149 row(s) affected)

2150 Na 202 columns 1 columns

> view(FDX)

> library(neuralnet)

warning message:

package ‘neuralnet’ was built under R version 3.3.3

> NeuralNetworkFourByone <- NeuralNetworkFourByone <- neuralnet{Dependent ~ Skew_3 + Max_4 + PointsStep_16 + Close_3 + Close_4
+ PointsStep_ 17 _ZScore + PointStep 15 + Typicalvalue 4 + Range 4 + Range 2, data = FDX, hidden = 2)

> plot(NeuralNetworkFourByone)

> ComputedModel <- compute(NeuralNetworkFourByone,FDX[,c{"Skew_3"," "Max_4","PointStep_16","Close_3","Close_4","PointStep_17_Zsc
ore","Pointstep_15", "Typicalvalue_4","Range_4","Range_2")1)

> FDXPredeictions <- ComputedModel$net.result

> cor (FDXPredeictions,FDX$Dependent, use="complete"”,method="pearson™)

m

[,1]
[1,] 0.6502417224
> NueralnetworkDeep <- neuralnet(Dependent ~ skew_3 + Max_4 + Pointstep_16 + Close_3 + Close_4 + Pointstep_l7_Zscore + Pointst
ep_15 + Typicalvalue_4 + Range_4 + Range_2, data = FDX, hidden = c(8§,6,4))
> plot(NueralnetworkDeep) |
. L4

The plot has dramatically increased in complexity. It can be observed that the Neural Network now
has three hidden layers, the first having 8 processing elements, the second having 6 processing
elements and the third having 4 processing elements:
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Naturally, this complexity is only worthwhile in the event that the classification accuracy has
improved. As such, invoke compute and extract the results as per procedure 128:

ComputedModelDeep <-
compute(NueralNetworkDeep,FDX[,c("Skew_3","Max_4","PointStep_16","Close_3","Close_4","Point
Step_17_ZScore","PointStep_15","TypicalValue_4","Range_4","Range_2")])

% B]UntitledS* % 2] Untitledé* » = @] Untitled7* % ] Untitleds* % = 2] Untitled* % = #] Untitled10* % @] Untitledl1* % 27 Untitled12* % @] Untitled13* » =0

= &1 | | ElsourceonsSave | Q /- £ - |=t*Run | B | | #Source ~| =
Tibrary(readr)

FDX <- read_csv("D:/users/Trainer/Desktop/sundle/pata/Equity/abstracted/FDX/PC_FDX_Close_200x1D_Close_50x1D_10.csv™)
view(FDx)

Tibrary(neuralnet)

NeuralNetworkFourByOne <- NeuralNetworkFourByOne <- neuralnet(Dependent ~ skew_3 + Max_4 + PointStep_l6 + Close_3 + Close_4
plot (Neur alNetwor kFourByone)

ComputedMode]l <- compute(NeuralNetworkFourByone,FDX[,c("Skew_3","Max_4","Pointstep_16","Close_3","Close_4","PointStep_17_z&
FDXPredeictions <- ComputedModelfnet.result

cor (FDXPredeictions,FDx$Dependent, use="complete", method="pearson")

10 nNueralNetworkDeep <- neuralnet(Dependent - skew_3 + Max_4 + PointStep_16 + Close_3 + Close_4 + PointStep_17_zScore + Points
11 plot(NueralNetworkDeep)

12 computedvodelDeep <- compute(NueralNetworkDeep,FDx[,c("skew_3","Max_4","Pointstep_16","Close_3","Close_4","Pointstep_17_zsc

[l RPN

< [l +
12:183  (Top Level}] = R Script =

Run the line of script to console:
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Console -/ =0
Z13U UgpeEnaernt 4 aouore LElas Tuwis) diTeEcLeay A
2150 NA 202 columns 1 columns

= View(FDX)

= 1ibrary(neuralnet)

warning message:

package ‘neuralnet’ was built under R version 3.3.3

= NeuralNetworkFourByone <- NeuralNetworkFourByone <- neuralnet(Dependent - skew_3 + Max_4 + Pointstep_16 + Close_3 + Close_4

+ PointsStep_17_zScore + PointStep_15 + Typicalvalue_4 + Range_4 + Range_2, data = FDX, hidden = 2)

= plot (NeuralNetworkFourByone)

> ComputedModel <- compute(NeuralNetworkFourByone,FDx[,c("skew_3", "Max_4","Pointstep_16","close_3","close_4","Pointstep_17_75c

ore","Pointstep_15", "Typicalvalue_4","rRange_4","Range_2")])

> FDOxPredeictions <- Computedvodel$net.result

= cor (FDXPredeictions,FDx3Dependent, use="complete",method="pearson™) [
[.1]

[1,] 0.6502417224

= NueralnetworkDeep <- neuralnet(Dependent ~ Skew_3 + Max_4 + PointsStep_16 + Close_3 + Close_4 + PointStep_l7_ZScore + Pointst

ep_15 + Typicalvalue_4 + Range_4 + Range_2, data = FDX, hidden = c(8,6,4))

= plot (NueralnetworkDeep)

> ComputedvodelDeep <- compute(NueralNetworkDeep,FDX[,c("skew_3","mMax_4","Pointstep_16","Close_3","Close_4","Pointstep_17_zZ5co

re","Pointstep_15","Typicalvalue_4","range_4","rRange_2")1)

- 4

m

Extract the predictions to a list, for conversion to a vector later:
FDXPredeictionsDeep <- ComputedModelDeepSnet.result

@ Untitleds* @7 untitleds= 2] Untitled7* 2] Untitleds® 2] Untitleds* @] Untitled10* @7 untitled11* @] Untitled12+ @7 Untitled13* » =

g1 | | [Flsourceonsave | Q A - & | - =% Run | b% || #Source | =
Tibrary(readr)
FDX =- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/Equity/abstracted/FDX/PC_FDX_Close_200x1D_Close_50x1D_10.csv")
view(FDX)
Tibrary(neuralnet)
NeuralNetworkFoureyone <- NeuralNetworkfFoureyOne <- neuralnet(Dependent - skew_3 + max_4 + Pointstep_l16 + Close_3 + Close_4
plot (NeuralNetworkFourByone)
ComputedModel <- compute(NeuralNetworkFourByone,FDX[,c("Skew_3","Max_4","Pointstep_16","Close_3","Close_4", "Pointstep_17_Z%
FDXPredeictions =- ComputedModelSnet.result
cor (FDXPredeictions,FDX5Dependent, use="complete",method="pearson")}
NueralNetworkDeep <- neuralnet(Dependent - Skew_3 + Max_4 + PointStep_16 + Close_3 + Close_4 + PointStep_17_7Score + Points
plot(NueralnetworkDeep)
computedvodelDeep <- compute(NueralNetworkDeep,FDX[,c("skew_3","Max_4","Pointstep_16","Close_3","Close_4","Pointstep_17_z5c
FDxPredeictionspeep <- computedmodelDeepinet.result|

0

[FNC RN RTINS

e
WO

4| n | &
13:52 (Top Level) 5 R Script =

Run the line of script to console:

Console -/ =
210U NA ZUZ LUTUNNS L CO Wi

= View(FDX)
> library(neuralnet)
warning message:
package ‘neuralnet’ was built under R version 3.3.3
> NeuralNetworkFourByone <- NeuralNetworkFourByOne <- neuralnet(Dependent ~ Skew_3 + Max_4 + PointStep_16 + Close_3 + Close_4
+ Pointstep_17_ZScore + PointsStep 15 + Typicalvalue 4 + Range 4 + Range 2, data = FDX, hidden = 2)
> plot (NeuralNetworkFourByone)
= ComputedModel <- compute(NeuralNetworkFourByone,FDxX[,c("skew_3
ore","Pointstep_15", "Typicalvalue_4","Range_4","Range_2")])
> FOxXPredeictions <- Computedvodel$net.result
= cor (FDXPredeictions,FDx3Dependent, use="complete",method="pearson")
[,1] B
[1,] 0.6502417224
= NueralNetworkDeep <- neuralnet(Dependent ~ Skew_3 + Max_4 + PointsStep_16 + Close_3 + Close_4 + PointStep_l7_7Score + POINTST
ep_15 + Typicalvalue_4 + Range_4 + Range_2, data = FDX, hidden = c(8,6,4))
= plot (NueralnetworkDeep)
= ComputedModelDeep <- compute(NueralnNetworkDeep,FDX[,c("skew_3","Max_4","Pointstep_16","close_3","close_4","Pointstep_17_zZ5co
re","Pointstep_15", "Typicalvalue_4","range_4","Range_2")1)
> FDxPredeictionsbeep <- ComputedModelbeep$net.result
- =

, 'Max_4",

pPointstep_16","Close_3","Close_4","Pointstep_17_zsc

Appraise the correlations between the predictions and the dependent variable:

cor(FDXPredeictionsDeep,FDXSDependent, use="complete",method="pearson")
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1 Tibrary(readr)

2 FDX <- read_csv("D:/Users/Trainer /Desktop/Bundle/Data/Equity/abstracted/FDx/PC_FDX_Close_200x1D_Close_50x1D_10.csv")

3 view(FDX)

4 Tibrary(neuralnet)

5 NeuralNetworkFourByoOne <- NeuralNetworkFourByone =- neuralnet(Dependent - Skew_3 + Max_4 + Pointstep_16 + Close_3 + Close_4
6 plot{NeuralNetworkFourByone)

7 Computedvmodel <- compute(NeuralNetworkrFoureyone,FDx[,c("skew_3","max_4","pPointstep_16","Close_3","Close_4","Pointstep_17_z¢
& FDxXPredeictions <- Computedwodelinet.result

9 cor (FDxPredeictions,FDX3Dependent, use="complete”,method="pearson")
10 NueralNetworkDeep <- neuralnet(Dependent ~ Skew_3 + Max_4 + PointStep_16 + Close_3 + Close_4 + PointStep_l7_ZScore + Points
11 plot(NueralNetworkDeep)
12 ComputedvodelDeep <- compute(NueralNetworkDeep,FDX[,c("skew_3","Max_4","PointStep_16","Close_3","Close_4","PointStep_17_Z5c

13 FDXPredeictionsDeep <- ComputedModelDeepinet.result
14 cor (FDXPredeictionsDeep,FDX%Dependent, use:“comp1ete”,method:"pearsonﬂﬂ

] 1l »
14:72 (Top Level) = R Script +

Run the line of script to console:

Console ]
> onurdrylneurdirnegcg) i
warning message:
package ‘neuralnet’ was built under R version 3.3.3
> NeuralNetworkFoureyone <- NeuralnetworkfFourByone <- neuralnet(Dependent - skew_3 + Max_4 + pointstep_16 + Close_3 + Close_4
+ Pointstep_l7_zscore + Pointstep_15 + Typicalvalue_4 + Range_4 + Range_2, data = fFDX, hidden = 2)
> plot({NeuralNetworkFoureyone)
> ComputedModel <- compute(NeuralNetworkFourByone,FDX[,c("Skew_3","Max_4","Pointstep_16","Close_3","Close_4","PointStep_17_Z5c
ore”,"PointStep_15", "Typicalvalue_4","Range_4", "Range_2")1)
= FDXPredeictions <- ComputedMvodel$net.result
> cor (FDXPredeictions,FDX$Dependent, use="complete”,method="pearson")

[,
[1,] 0.6502417224
> NueralNetworkDeep <- neuralnet(Dependent ~ Skew_3 + Max_4 + PointStep_16 + Close_3 + Close 4 + PointStep_17 _ZScore + Pointst
ep_15 + Typicalvalue_4 + Range_4 + Range_2, data = FDX, hidden = c(8,6,4))
> plot(NueralNetworkDeep)
> ComputedModelDeep <- compute(NueralNetworkDeep,FDX[,c("Skew_3","Max_4","Pointstep_16","Close_3","Close_4","PointStep_17_Z5co
re","pointstep_15","Typicalvalue_4","Range_4","rRange_2")1)
> FDXPredeictionsDeep <- ComputedModelDeep$net.result
> cor (FDxXPredeictionsbeep,FDxX$Dependent, use="complete",method="pearson")

m

[,1
[1,] 0.9184549566
>

It can be seen that the correlation between predicted and actual has leaped to a staggering 0.91 in
response to increasing the complexity of the model.

Procedure 5: Training a Classification Model.

Neural Networks are universal classifiers, which means to say that they can be used as well on
numeric prediction as classification. It won’t have escaped notice however that the internal weights
comprising the neural network are all numeric coefficients. It follows that all input and output
variables should be numeric also (via categorical data pivoting to 1 / 0, unfortunately not being able
to rely on neuralnet() to interpret factors). In this example, a dataset of transactions where half of
the transactions are fraud and half genuine, will be used as in procedure 98. Start by importing the
FraudRisk dataset:

FraudRisk <- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/FraudRisk/FraudRisk.csv")
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i, Breakpoints cannot be set until the file is saved. ®
1 Tibrary(readr)
2 FDX =- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/Equity/abstracted/Fox/PC_FDX_Close_200x1D_Close_50x1D_10.csv")
3 wview(FDX)
4 Tibrary(neuralnet)
5 NeuralNetworkFourByOne <- NeuralNetworkFourByoOne <- neuralnet(Dependent ~ skew_3 + Max_4 + Pointstep_16 + Close_3 + Close_4
6 plot(NeuralNetworkFourByone)
7 cComputedvodel =- compute(NeuralNetworkFourByone,FDx[,c("skew_3","Max_4","Pointstep_16","Close_3","Close_4","Pointstep_17_z=
8 FDXPredeictions =- ComputedModelfnet.result
9 cor (FDxPredeictions,FDX5Dependent, use="complete"”,method="pearson")
10 NueralNetworkDeep <- neuralnet(Dependent ~ Skew_3 + Max_4 + PointStep_16 + Close_3 + Close_4 + PointStep_l7_ZS5core + Points
11 plot(NueralNetworkDeep)
12 cComputedModelDeep <- compute(NueralNetworkDeep,FDX[,c("skew_3","Max_4","Pointstep_16","Close_3","Close_4","PointStep_17_Z5¢
13 FDXPredeictionsDeep <- ComputedModelDeepinet.result
14 cor (FDXPredeictionsDeep,FDX$Dependent, use="complete”,method="pearson™)
15 FraudRisk =- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/Fraudri sk.-’FraudR'isk.csv"'}|
4| 1] [
1586 | (Top Level) + R Script =

Run the line of script to console:

Console |
LsLl =

[1,1 0.6457890196

> NueralNetworkDeep <- neuralnet(Dependent ~ Skew_3 + Max_4 + PointStep_16 + Close_3 + Close_4 + PointStep_l7_ZScore + Pointst

ep_1l5 + Typicalvalue_4 + Range_4 + Range_2, data = FDX, hidden = c(8,6,4))

= plot(NueralnetworkDeep)

> ComputedmodelDeep <- compute(NueralnNetworkDeep,FDx[,c("skew_3","Max_4","Pointstep_16","Close_3","Close_4","Pointstep_17_Zsco

re","pointstep_15"," "Typicalvalue_4","Range_4","Range_2")]1)

> FDXPredeictionsDeep <- Computedvodelpeepfnet.result

> cor (FDxPredeictionspeep,FDox$Dependent, use="complete”,method="pearson")

[,1]

[1,] 0.9183155627
> Fraudrisk =- read_csv("D:/users/Trainer /Desktop/Bundle/pata/Fraudrisk/Fraudrisk.csv")
parsed with column specification:
cols(

.default = col_integer(),

Type = col_character (),

Transaction_amt = col_double(),

sum_Transactions_1_bay = col_double(),

Sum_ATM_Transactions_1_bay = col_double()

m

see spec(...) for full column specifications.
=

Once the FraudRisk data frame has been created, create a neural network of ten independent
variables known to have strong correlation to the dependent variable with one hidden layer of four
processing elements:

FraudRiskNeuralNetwork <- neuralnet(Dependent ~ Count_Unsafe_Terminals_1_ Day +
High_Risk_Country + Foreign + Authenticated + Has_Been_Abroad + Transaction_Amt +
Different_Country_Transactions_1 Week + Different_Decline_Reasons_1_Day +
Count_Transactions_Declined_1_Day + Count_In_Person_1_Day,data = FraudRisk, hidden = 4)
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Tibrary(readr)

1
2 FDX =<- read_csv("D:/users/Trainer /Desktop/sBundle/Data/Equity/Abstracted,/FOx/PC_FDX_Close_200x1D_Close_50x1D_10.csv")

3 view(FDX)

4 Tibrary(neuralnet)

5 NeuralNetworkFourByone =- NeuralNetworkFourByone <- neuralnet(Dependent - Skew_3 + Max_4 + PointStep_16 + Close_3 + Close_4
]

8

9

<0

plot(NeuralNetworkFourByone)
computedvodel <- compute(NeuralnetworkFourByone,FDX[,c("skew_3", "Max_4","Pointstep_16","close_3","Close_4","Pointstep_17_z=
FDXPredeictions <- ComputedModelinet.result
cor (FOXPredeictions,FDXSDependent, use="complete”,method="pearson™)
10 nNueralNetworkDeep <- neuralnet(Dependent - sSkew_3 + Max_4 + Pointstep_16 + Close_3 + Close_4 + PointsStep_17_Zscore + Points
11 plot{nueralNetworkDeep)
12 computedvodelDeep <- compute(NueralNetworkDeep,FDX[,c("skew_3","Max_4","Pointstep_16","Close_3","Close_4","Pointstep_17_Zsc
13 FDxXPredeictionsDeep <- ComputedModelDeepinet.result
14 cor (FDXPredeictionsDeep,FDXSDependent, use="complete”,method="pearson")
15 FraudRisk <- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/Fraudrisk/Fraudrisk.csv")
16 FraudriskNeuralNetwork <- neuralnet(Dependent - Count_Transactions_1l_Day + Authenticated + Count_Transactions_PIN_Decline_1

4| n 2

16:1 (Top Level) = R Script =

Run the line of script to console, it may take some time:

Console -~/ =0
Bp_13 + IyplLdIvdIUuE_4 + RKdIye_4 + Kdige_<£, Udid = FUX, flHduaen = .is,0,4)) e
= plot(NueralnetworkDeep)

> ComputedmodelDeep <- compute(NueralnNetworkDeep,FDx[,c("skew_3","Max_4","Pointstep_16","Close_3","Close_4","Pointstep_17_Zsco
re","pointstep_15"," "Typicalvalue_4","Range_4","Range_2")]1)
> FDxXPredeictionsDeep <- ComputedvodelDeep$net.result
> cor (FOXPredeictionsDeep,FDx$Dependent, use="complete" method="pearson")
[,1]

[1,] 0.9090850292
> Fraudrisk <- read_csv("D:/users/Trainer /Desktop/Bundle/Data/Fraudrisk/Fraudrisk.csv")
parsed with column specification:
cols(

.default = col_integer(),

Type = col_character (),

Transaction_amt = col_double(),

sum_Transactions_1_bay = col_double(),

Sum_ATM_Transactions_1_bay = col_double() T

see spec(...) for full column specifications.

> Fraudriskneuralnetwork <- neuralnet(Dependent ~ Count_unsafe_Terminals_1_pay + High_risk_Country + Foreign + authenticated + &
Has_Been_sbroad + Transaction_amt + Different_Country_Transactions_1_week + Different_bDecline_Reasons_1_Day + Count_Transacti
ons_bDeclined_1_pay + Count_In_Person_l_pDay,data = Fraudrisk, hidden = 4) |
- L3

Once the console returns, the Neural Network has been trained upon the FraudRisk Dataset. For the
purposes of this procedure it can be taken for granted that plot would return.

Procedure 6: Activating a Classification Model and Appraising Performance.

To recall the neural network, return a value between 0 and 1 depending on the likelihood that the
record is fraudulent:

FraudRiskPredictions <- FraudRiskNeuralNetworkSnet.result
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[ |

&1 | | Elseurceonsave | Q # - & - [=#Run | [ | | #Source -
Tibrary(readr)
FDX <- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/Equity/abstracted/FDX/PC_FDX_Close_200x1D_Close_50x1D_10.csv")
view(FDX)
Tibrary(neuralnet)
NeuralNetworkFourByOne <- NeuralNetworkFourByone <- neuralnet(Dependent —~ Skew_3 + Max_4 + Pointstep_16 + Close_3 + Close_4
plot (NeuralNetworkFourByone)
ComputedModel <- compute(NeuralNetworkFourByone,FDX[,c("Skew_3","Max_4","Pointstep_16","Close_3","Close_4","PointStep_17_Z&
FDXPredeictions =- ComputedModelinet.result
cor (FDXPredeictions,FDXSDependent, use="complete",method="pearson")
NueralNetworkDeep <- neuralnet(Dependent ~ Skew_3 + Max_4 + PointStep_16 + Close 3 + Close 4 + PointStep_17_ZScore + Points
plot(NueralNetworkDeep)
computedModelDeep <- compute(Nueralnetworkbeep,FDX[,c("skew_3"
FDXPredeictionsbeep <- ComputedModelDeepinet.result
cor (FDXPredeictionsDeep, FDXSDependent, use="complete”, method="pearson")
Fraudrisk =- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/Fraudrisk/Fraudrisk.csv")
FraudriskneuralNetwork <- neuralnet(Dependent - Count_uUnsafe_Terminals_1_bay + High_Risk_Country + Foreign + authenticated
Fraudriskpredictions <- FraudRiskneuralnetworkSnet.result]

Max_4","Pointstep_16","Close_3","close_4", "Pointstep_17_75c

« | m F
(Top Level) = R Script =

Run the line of script to console:

Console -/ =
F PIULLNUENd INELWON KUeep ) 0
> ComputedModelDeep <- compute(NueralNetworkDeep,FDX[,c{"skew_3","Max_4","PointStep_16","Close_3","Close_4","PointStep_17_Z5co
re","Pointstep_15", "Typicalvalue_4","Range_4","Range_2")1)

> FDXPredeictionsDeep <- ComputecdModelDeepinet.result

> cor (FDXPredeictionsDeep,FDX%Dependent, use="complete"”,method="pearson")

[.1]
[1,] 0.9191813473
> Fraudrisk <- read_csv("D:/Users/Trainer /Desktop/Bundle/Data/Fraudrisk/FraudrRisk.csv")
parsed with column specification:

cals(

.default = col_integer(),

Type = col_character(),

Transaction_amt = col_double(),
sum_Transactions_1_bay = col_double(),
Sum_ATM_Transactions_1l_pay = col_double()

)

see spec(...) for full column specifications.

= Fraudriskneuralnetwork <- neuralnet{Dependent -~ Count_unsafe_Terminals_l_pay + High_risk_cCountry + Foreign + authenticated +
Has_Been_abroad + Transaction_amt + Different_country_Transactions_1_week + Different_pecline_Reasons_l_pDay + Count_Transacti |=
ons_peclined_1_pay + Count_In_Person_l_pay,data = Fraudrisk, hidden = 4)

> Fraudriskpredictions <- Fraudriskneuralnetworkinet.result

=

Peeking the results with the head() function:

head(FraudRiskPredictions)
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library(readr)}
FDX <- read_csv('D:/Users/Trainer/Desktop/Bundle/Data/Equity/Abstracted/FDX/PC_FDX_Close_200x1D_Close_50x1D_10.csv")
View(FDX)
Tibrary(neuralnet)
NeuralNetworkFourByone <- NeuralNetworkFourByone <- neuralnet(Dependent - Skew_3 + Max_4 + PointStep_16 + Close_3 + Close_4
plot(NeuralNetworkFourByone)
computedModel <- compute(NeuralNetworkFourByone, FDX[,c("skew_3","Max_4","Pointstep_16","close_3","Close_4","Pointstep_17_z=
FDXPredeictions <- Computedvodelinet.result
cor (FDXPredeictions,FDx3Dependent, use="complete", method="pearson")
NueralnetworkDeep <- neuralnet(Dependent - skew_3 + max_4 + Pointstep_l6 + Close_3 + Close_4 + Pointstep_17_Zscore + Points
plot(NueralnetworkDeep)
computedvodelDeep =- compute(NueralNetworkDeep,FDx[,c( "skew_3","Max_4","Pointstep_16","Close_3","Close_4","Pointstep_17_2Zsc
FDXPredeictionsDeep <- computedvodelpDeepinet.result
cor (FDXPredeictionsDeep, FDX$Dependent, use="complete”,method="pearson")
Fraudrisk <- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/Fraudrisk/Fraudrisk.csv")
FraudriskNeuralNetwork <- neuralnet(Dependent — Count_Unsafe_Terminals_1_Day + High_Risk_Country + Foreign + Authenticated
FraudriskPredictions <- FraudRiskNeuralNetworkinet.result
head(FraudriskpPredictions)

4| (1] +
(Top Level) = R Script =
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Run the line of script to console:

Console |
1. ¥4 U. 8013/10£01L04 o
083 0.17452497436

084 0.84718762331

985 0.17632441455

986 0.17449192090

987 0.17448935004

988 0.17448827646

989 0.17448920140

990 0.17448717189

991 0.17820431355

992 0.17449598911

993 0.17448900255

994 0.17449907979

995 0.86335537847

996 0.86662731949

997 0.86345892557

998 0.90343642401

999 (0.25103923982

1000 0.17448732790

[ reached getoption{"max.print") -- omitted 827 rows ]
=

Word 2015 =

It can be seen that numeric values, between 0 and 1, have been returned. The closer to one, the
more likely that the record is fraudulent. To assert a proper classification, so that a confusion
matrix may be plotted to appraise performance of the model, create a vector contains a 1 where the
value of FraudRiskPredictions > 0.5, else 0, yet wrapping FraudRiskPrediction with the unlist()
function to transform the list output to a vector:

IsFraud <- ifelse(unlist(FraudRiskPredictions) > 0.5,1,0)
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Tibrary(readr)
FDX <- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/Equity/Abstracted/FDX/PC_FDX_Close 200x1D_Close_50x1D_10.csv")
View(FDX)
Tibrary(neuralnet)

NeuralNetworkFourByone <- NeuralNetworkrFourByone <- neuralnet(Dependent - sSkew_3 + Max_4 + Pointstep_16 + Close_3 + Close_4
plot(NeuralNetworkFourByone)

Computedvodel =- compute(NeuralNetworkFourByone,FDX[,c("skew_3","Max_4","Pointstep_16","Close_3","Close_4","Pointstep_17_z=
FDXPredeictions =- ComputedModelinet.result

cor (FDxPredeictions,FDox$Dependent, use="complete"” ,method="pearson")

NueralNetworkDeep <- neuralnet(Dependent - skew_3 + Max_4 + Pointstep_16 + Close_3 + Close_4 + Pointstep_l7_Zscore + Points
plot(NueralNetworkDeep)

ComputedModelDeep <- compute(NueralNetworkDeep,FDX[,c("Skew_3"," "Max_4","Pointstep_16","Close_3","Close_4","PointStep_17_ZSc

FDXPredeictionsDeep <- ComputedModelDeepinet.result
cor (FDXPredeictionsDeep,FDX3Dependent, use="complete",method="pearson")

FraudRisk <- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/Fraudrisk/Fraudrisk.csv")

Fraudriskneuralnetwork neuralnet (Dependent - Count_unsafe_Terminals_1_pay + High_Risk_country + Foreign + Authenticated
FraudriskpPredictions <- FraudriskneuralNetworkSnet.result

head(FraudriskpPredictions)

IsFraud <- ifelse(unlist(Fraudriskpredictions) > 0.5,1,0)]

L) 1 L3
(Top Level) = R Script

Run the line of script to console:
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Console

ua3 U.L/43249/430
984 0.84718762331
985 0.17632441455
986 0.17449192090
987 0.17448935004
988 0.17448827646
989 0.17448920140
990 0.17448717189
991 0.17820431355
992 0.17449598911
993 0.17448900255
994 0.17449907979
995 0.86335537847
996 0.86662731949
997 0.86345892557
998 0.90343642401
999 0.25103923982
1000 0.17448732790
[ reached getoption("max.print") -- omitted 827 rows ]

= IsFraud <- ifelse(unlist(FraudriskPredictions) = 0.5,1,0)
=

As has become customary, use a confusion matrix to appraise the value of the classifier:
library("gmodels")

CrossTable(FraudRiskSDependent, IsFraud)
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1 Tibrary(readr)
2 FDX <- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/Equity/Abstracted/FDX/PC_FDX_Close_200x1D_Close_50x1D_10.csv")
3 wview(FDX)
4 Tibrary(neuralnet)
5 NeuralNetworkFourByone <- NeuralNetworkFourByOne <- neuralnet(Dependent ~ Skew 3 + Max_4 + PointStep_16 + Close_3 + Close_4
& plot(NeuralNetworkFourgyone)
7 Computedvodel <- compute(NeuralNetworkFourByone,FDX[,c("skew_3", "Max_4","Pointstep_16","Close_3","Close_4","Pointstep_17_z=
8 FDxPredeictions <- Computedvodelinet.result
9 cor(FDpxPredeictions,FDxiDependent, use="complete" ,method="pearson")
10 NueralnNetworkDeep <- neuralnet(Dependent - skew_3 + Max_4 + Pointstep_l6 + Close_3 + Close_4 + Pointstep_l7_Zscore + Points
11 plot(NueralNetworkDeep)
12 cComputedModelDeep <- compute{NueralNetworkDeep,FDX[,c("Skew_3","Max_4","PointsStep_16","Close_3","Close_4","PointStep_17_Z5¢
13 FDxXPredeictionsDeep <- ComputedModelDeepinet.result
14 cor(FDXPredeictionsDeep,FDXfDependent, use="complete",method="pearson")
15 Fraudrisk <- read_csv("D:/Users/Trainer/Desktop/Bundle/Data/FraudrRisk/Fraudrisk.csv"’
16 FraudriskNeuralNetwork <- neuralnet(Dependent ~ Count_Unsafe_Terminals_1_bay + High_risk_Country + Foreign + authenticated
7 Fraudriskpredictions =- FraudRiskneuralnetworkinet.result
18 head(Fraudriskpredictions)
19 1IsFraud <- ifelse(unlist(Fraudriskpredictions) = 0.5,1,0)
20 Tibrary(“gmodels™)
21 crossTable(Fraudriskipependent, IsFraud)
22
< | n +
21:41 (Top Level) = R Script

Run the block of script to console:

Console
| IsFraud
Fraudrisk$pependent | | 1 | row Total |
| | | |
[V} 817 | 109 | 926 |
|  191.425 |  230.448 | |
| 0.882 | 0.118 | 0.507 |
| 0.819 | 0.131 | |
| 0.447 | 0.080 | |
| | | |
1] 181 | 720 | 901 |
|  196.736 | 236.843 | |
| 0.201 | 0.799 | 0.493 |
| 0.181 | 0.869 | |
| 0.099 | 0.394 | |
| | | |
Column Total | 998 | 829 | 1827 |
| 0.546 | 0.454 | |
] ] | |

In this example, it can be seen that 720 records were classified as being fraudulent correctly. In
total, it can be seen that 901 records were classified, so the accuracy rate on predicting fraud is
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79.9%, a substantial uplift on the logistic regression models created in procedure 93. Itis well worth
mentioning, that for classification problems, less is very often more and rather than increase
network complexity by adding more and more hidden layers and processing elements, it is often
more efficient to create many more abstracted variables backed by intuitive judgement and domain
expertise.

Module 14: Exhaustive Search

Exhaustive is software that automates the search for Regression (Linear or Logistic) and Neural
Networks Topology (Levenberg Marquart Learning). The software gains it name from the manner in
which it will randomly trials topologies to arrive at an optimal, and tidy, model.

This module will focus on using Exhaustive for classification and will use the FraudRisk.csv
AdTech.csv dataset.

These procedures assume that Exhaustive is already installed, however if this is not the case, the
installation guide to install Exhaustive is available in the following location:

https://ui.jube.io/Help/Index.htm

Firstly, execute the Exhaustive program — which is a thick client application — by navigating to the
directory:

Bundle\Exhaustive\

ApplicationTools  Exhaustive _

« 4[> ThisRC » Desktop » Bundle > Bxhaustive Vo 5 »

8 This PC

i Network

LogichP Cryptolicensing.dil
LagichP.CryptoLicensing

sx

item selected 201 KE

Execute the application titled JubeCapitalHorizontalAbstraction.exe:
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& Exhaustive Jubeio — *

Model Regression Settings LM Settings  Optimisation  Production
Inputs

Data File: | Search

Predict:

(@ Mumeric Prediction () Classffication
GUID: | New GLID

Prescribe:

Fiac:

Momalise Varables Automatically

— Score

Plzase enter a new or existing GUID for this training instance.

Start

The Exhaustive thick client application will be loaded and available for use. The default parameters
will be used throughout this training guide.

Procedure 1: Configure and Train a Classification Exhaustive Model

Once the Exhaustive application is loaded, the first step is to specify a csv file that is to be used for

training. This file is typically structured such that the dependent variable is the very first column in
the file, with the independent variables trailing that column. In this example, the FraudRisk.csv file
will be used which is available as:
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Bundle\Data\FraudRisk\FraudRisk.csv

2[5 v | ik - o x
[ R °

« v 4 1> ThisPC » Desktop » Bundle » Data > FraudRisk v/ & | Search FroudRisk £

Name Type size

# Quick sccess
B Deskeop
& Downloads
 Dropbox

&) FraudRisk

B FroucRisk
FraudRiskOneWayDesired
FraudRiskOneWayinputs

Q) FraudRiskRandom

& Documents

7% OneDrive

Y

= Pictures
4l Maketing <
&) JubeCapitalHorizon
JubeQuontPresenta
Platiorm

R
37 Dropbex
@ OneDrive
3 ThisPC

o Network

Sitems 1 item selected 127KB =

On inspection of this file in Excel it can be seen that the file is structured as aforementioned and as
below:

Inset  Pageloyout  Formulas  Data  Review View  Addins  Help  Tesm O Tell mewhatyouwantto do
Sy Caibr e AN ==E % | Bweptet Genersl F. (¥ [Normal |Bad Good Neutral [Calcula...]”| %= Bx [iff X dutesum - iy O
Paste E;:“"’ ) BIU- (- D-A- === 2= EMagelCenter - § - % » | % & Conditional e ) Explan... [IAPUETT] Linked ... [Note 21 Insct Dlte ot | B Sort & Find &
- format Painter Formatting - Tabls - & Clear Filter - Select -
cuproara n Font 5 Aignment 5 number ] sttes ces egting -
@) POATES AVAILABLE Updates for Office areready to be installed butfirst we need to close some apps. | Updiate now x
Al N % Dependent c
A B © D E F G H | J K L M N (o] P Q R |
1 Depender_Tvpe Count_Trz AuthenticiCount_TrzCount_TrzCount_Un Count_In_Count_Int ATM Count_AT Count_Ov In_Person TransacticSum_Tran Sum_ATMForeign  Different
2 0 Chip 6 0 1 1 2 6 0 1 6 2 1 28739 8128.73 812873 0
3 0 Chip 7 1 0 0 0 7 0 1 7 4 1 88581 15609.5 15609.5 0
4 0 Chip 5 1 0 1] 0 5 0 1 5 0 1 908.82 32767.98 32767.98 0
5 0 Chip 6 1 0 6 0 6 0 1 6 2 1 908.82 0 0 0
6 0 Chip 1 1 0 0 0 1 o) 1 1 0 1 537.67 5376.65 5376.65 o}
7 0 Chip 2 0 0 0 2 2 0 1 2 o] 1 908.82 12852.66 12852.66 0
8 0 Chip 3 1 0 0 0 3 o) 1 3 2 1 642.63 6426.33 6426.33 0
9 0 Chip 1 1 0 1] 0 1 0 1 1 0 1 908.82 90882 9088.2 0
10 1 Chip 1 0 0 0 1 1 0 1 1 o] 1 203.22 2032.18 2032.18 0
11 1 Swipe 8 0 0 2 2 8 o] 1 8 4 1 45.44 4977.81 4977.81 1
12 1 Swipe 13 0 0 5 7 13 0 1 13 4 1 111.31 28753.78 28753.78 1
13 1 Swipe 10 0 1 6 10 10 o) 1 10 3 1 90.88 1219.31 1219.31 1
14 1 Swipe 2 0 0 1 2 2 0 1 2 2 1 45.44  406.44  406.44 1
15 1 Swipe 6 0 0 6 6 6 o} 1 6 5 1 128.53 0 0 1
16 1 Chip 7 0 0 1 7 7 0 1 7 5 1 64.26 157412 1574.12 1
17 1 Swipe 1 o 0 1 1 1 o) 1 1 1 1 64.26 o 0 1
18 0 Chip 1 1 0 0 0 1 0 1 1 o] 1 908.82 9088.2 9088.2 0
19 0 Chip 4 1 0 0 0 4 o 1 4 2 1 1113.07 15741.23 15741.23 0
20 0 Chip 2 1 0 1] 0 2 o 1 2 0 1 64263 90882 9088.2 0
21 0 Chip 4 1 0 0 0 4 0 1 4 o] 1 28739 5747.88 5747.88 0 -
FraudRisk 1 3
Ry @lo o - ' - 0o

In the Exhaustive application, on the first tab titled Model and in the Inputs section, draw attention
to the textbox titled Data File. This textbox is intended to accept the location of the csv file to be
used in model training. The simplest means to complete the Data File textbox is to click on the
Search button to expand the directory search tool:
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@ Exhaustive Jube.io —

File  Help
] EHegression Settings LM Settings Optimisation Production

Inputs
Data File: | Search

Predict: o
(® MNumeric Prediction () Classfication
GUID: | /| MNewGuID

r

Prescribe: /

Fix:

Nomalise Variables Automatically

— Score

Plzase enter a new or existing GUID for this training instance.

Start

On clicking the Search button, the Directory and File browser will appear. Use this dialog box to
navigate to the file FraudRisk.csv:

Bundle\Data\FraudRisk\FraudRisk.csv
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[ Open
€ - v
Organize =

* Downloads

2# Dropbox
Documents
#& OneDrive
[&] Pictures

@ Marketing

Platform

R

&

@

22 Dropbox
f@ OneDrive
[ This PC

= Netwnrk

» ThisPC » Desktop * Bundle » Data » FraudRisk

MNew folder

& JubeCapitalHorizontal Abstraction

& JubeQuantPresentationServices

% % % % % %

MName

£ FraudRisk

[& FraudRisk

D FraudRiskOneWayDesired
D FraudRiskOneWaylnputs
ﬁ FraudRiskRandom

Search FraudRisk

Date modified

5/13/2018 11:26 AM
5/13/2018 11:26 AM
5/13/2018 11:26 AM
5/13/2018 11:26 AM

5/13/2018 11:26 AM

P
o @

Type
Microsoft Excel
Bayes Met

Text Document
Text Document

Microsoft Excel

File name: | FraudRisk

Cancel

Upon navigating to the FraudRisk.csv file, click Open to place the file location in the Data File

textbox:
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& Exhaustive Jube.io

File  Help

Maodel

Inputs
Data File:
Predict:

GUID:

Prescribe:

Fix:

Regression Settings LM Settings  Optimisation  Production

|C:\Users\F!ichard\Desldop\Eundle\Data\FraudHisk\FraudHisk.csv|

Search

Dependent
(® Numeric Prediction () Classification

New GUID

[] Dependent

[] Type

[] Count_Transactions_1_Day

[] Authenticated

[] Count_Transactions_PIN_Decline_1_Day
[] Count_Transactions_Declined_1_Day
[] Count_Unsafe_Teminals_1_Day

[] Count_In_Person_1_Day

[] Dependent

] Type

] Court_Transactions_1_Day

[] Authenticated

[] Count_Transactions_PIN_Decline_1_Day
[] Count_Transactions_Declined_1_Day
[] Count_Unsafe_Teminals_1_Day

[] Count_In_Person_1_Day

MNomalise Variables Automatically

Please enter a new or existing GUID for this training instance.

Start

— Score

It can be seen that the File Headers have been used to populate several control boxes in the

software. Drawing attention to the Predict drop down, set this value to the Dependent Variable,
which in the case is titled Dependent:
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Data File: C:\Users'Richard"\Desktop*BundieData*FraudRisk \FraudRisk .csv| Search
Predict: Dependert "t
Fraud Risk is a classification problem, and as such, set the Classification radio button:

Data File: |C:'-.Users'-.Richard ‘DesktopBundle'\Data"FraudRisk \Fraud Risk cav Search

Predict: Dependent w

() Numeric Prediction (@)

A\

Exhaustive stores its training process in an SQL Server database under a training instance. The
training instance is allocated a GUID (a guaranteed unique value). To create a GUID, click the New

GUID button which will populate a fresh GUID in the GUID textbox:

Data File: |C:'-.Users'-.F-!ichard'-.Desktop'-.Bundle'-.Data'-.FraudF-!isk'-.FraudF-!isk.csv | Search
Predict: Dependent o,

() Mumeric Prediction (@) Classffication
GUID: |22545565—Dadf~42e&af?ce5a?8?d1al}52 | E NewGUID {

For this classification problem, there are no prescription variables and no variables to fix. The model

is now ready to start training:
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@ Exhaustive Jube.io — x
File  Help

Model  Regression Settings LM Settings  Optimisation  Production
Inputs

Data File: |C:\Users\Hichard\Desktop\Bundle\Data\FraudHisk\FraudHisk csv Search

Predict: Dependent “
() Numeric Prediction (@) Classification
GUID: |22949565—Dadf-42&ﬁ»af?c-eﬁa?ﬂ?d1aﬂ'52 | E MNew GUID i

Prescribe: ] Dependent

] Type

[] Count_Transactions_1_Day

[] Authenticated

[] Count_Transactions_PIN_Decline_1_Day
[] Count_Transactions_Declined_1_Day

[] Count_Unsafe_Teminals_1_Day

[] Court_In_Person_1_Day v

Fix: [] Dependent

] Type

[] Court_Transactions_1_Day

[] Authenticated

[] Count_Transactions_PIN_Decline_1_Day
[] Count_Transactions_Declined_1_Day

[] Count_Unsafe_Teminals_1_Day

] Count_In_Person_1_Day v

Mommalise Varables Automatically

—— Score

Start

To start model training, click the Start Button towards the base of the tab. The status bar towards
the base of the tab will feedback the training progress, alongside line chart report detailing the best
model score and number of models attempted:
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é.‘ Exhaustive Jube.io — x

Model  Regression Settings LM Settings  Optimisation  Production
Inputs

Data File: |C:'-.Users'-Hichard “DesktopBundleData"\FraudRisk \FraudRisk csv Search

Predict: Dependent “
() Numeric Prediction (@) Classification
GuUID: |22545555—Dadf-42&5»af?c-eEa?E?d'IaDEE MNew GUID

Prescribe:  |[] Dependent

] Type

[] Count_Transactions_1_Day

[] Authenticated

[] Count_Transactions_PIN_Decline_1_Day
[] Count_Transactions_Declined_1_Day

[] Count_Unsafe_Teminals_1_Day

[] Court_In_Person_1_Day v

Fix: [] Dependent

[] Type

[] Court_Transactions_1_Day

[] Authenticated

[] Count_Transactions_PIN_Decline_1_Day
[] Count_Transactions_Declined_1_Day

[] Count_Unsafe_Teminals_1_Day

[] Count_In_Person_1_Day v

Momalise Varables Automatically

Total Trials: 22 Regression Trials: 16 LM Trials: 6

0.8

0.6

0.4

0.2

0

-1 0 1 2 3

Best Score; 0.78090306709931 Regression.

The model will keep running ad infinitum, or until the maximum number of trials is exceeded as
specified in the Settings tabs. In this example, the best score achieved is 78, which would indicate
that the average between Correlation and Percentage Correct is 78.

Procedure 2: Configure and Train a Prescriptive Exhaustive Model
One of the interesting and unique features in Exhaustive is the ability for models to be recalled
where certain variables are randomised to observe the effect it has on the score at recall. Fluttering
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certain variables in this way can facilitate experimentation in real-time to prescribe an optimal
solution to a problem.

Creating a prescription model is exactly the same as creating other models in Exhaustive, with the
additional step being the specification of variables that are to be used as prescription variables.

In this procedure, repeat the steps as detailed in procedure x, with the following file but stop short
at clicking the Start button:

\Bundle\Data\AdTech\AdTech.csv

= | AdTech - B

37 Dropbex

& OneDiive
8 This PC

i Network

ted 154 M8

This is structure in the same manner as the FraudRisk.csv file, although there is a field called
Response Elevation (i.e. bid) for which optimisation is sought. Specifying the variable as being
Prescriptive instructs exhaustive to simulate the variable on model recall, rather than rely on what
has been passed (if indeed such a value exists at the time of recall):
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@ Exhaustive Jube.io

File  Help

Model  Regression Seftings LM Settings  Optimisation  Production

Inputs

Data File: |C:\Users\Hjchard\Desklop\BundIe\Data\AdTem\MTem.csv Search
Predict:

Outcome

() Mumeric Prediction (@) Classffication
GUID: |3525321df3534aﬂ?—aa1e-2c5d4dd32255 New GUID

Prescribe: ] Outcome
ResponseHevation

[] Keywords

[] Geo

[] TangetlD

[] TargetDomain

[] UserAgent

[] Target v

Fix: ] Outcome

[] RespanseElevation
[] Keywords

[] Geo

[] TargetlD

[] TargetDomain

[] UserAgent

[] Target v

Normalise Variables Automatically

Start

In this example, as it is thought that geography plays an important part in AdTech, fix the Latitude
and Longitude fields such that these variables will be in an Exhaustive trial as a minimum:
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e Exhaustive Jube.io
File  Help

Model  Regression Settings LM Settings  Optimisation  Production
Inputs

Data File: |C:\Users\F{imard\Desktop\Bundle\Data\MTech\ﬁdTem.csv

Search

Predict: Outcome

() Mumeric Prediction (@) Classfication

GUID: |3525521de3534aﬂ?—aa1e-2c3d4dd322&6

Mew GUID

Prescribe: [ Outcome
ResponseHevation

[] TargetiD

[] TargetDomain
[] UserAgent
[] Target

Fix: [] DatePartMin
[ IPCiy

[] IPCountryShort
[] IPCountryLong
[] IPRegion
IPLatrtude

-
[ UKG:W Electnc:t:.'MedmnConsumphon

[«] Momalise Variables Automatically

Start

—— Score

Click on the Start button to begin the training as in procedure x:
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& Exhaustive Jube.io — x
File  Help
Model  Regression Settings LM Settings  Optimisation  Production
Inputs
Data File: |C:\Users\Richard\Desldop\BundIe\Data\AdTech\AdTech.csv Search
Predict: Outcome w
() Numeric Prediction (@) Classffication
GUID: |3&25&21 d-e8a8-4a97-aa1e-2c8d4dd 32286 New GUID

Prescribe:  |[] Outcome
ResponseHevation
[] Keywords

[] Geo

[] TargetlD

[] TargetDomain

[ UserAgent

[] Target v

Fix: [] DatePartMin
] 1PCiy

[] IPCountryShort
[] IPCourtryLong
[] IPRegion

= IF‘Latrtude

G
O UKGo\tEIectncrtyI'v'IedmnConsumptlon

[+] Momalise Variables Automatically

Total Trials: 1007 Regression Trials: 1000 LM Trials: 1

0.8

0.6

0.4

0.2

Best Score: 0.952291631961309 Regression.
Stop

Procedure 3: Recall an Exhaustive Model

It has been observed that the a GUID is specified at the point the model is trained. This GUID is used
to produce reports on the training process as well as facilitate model recall via batch file or API.

The GUID that will be used for this example is as follows, being the FraudRisk.csv model training
outcome:

22949565-0adf-42e6-af7c-e6a787d1a062
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To view the winning model for this GUID, start by clicking on the Optimisation tab in Exhaustive:

€& Exhaustive Jubeio - O *

File  Help
Model Regression Settings LM Settings  Optimisation  Prodution
Inputs

Gup: |

Leaming Curve
® Winners () Al

Monte Cardo Comparison

Place the GUID in the GUID textbox:

Inputs
GUID: |229495654]adf42&6a1‘7:}e63?8?d1a[521

| v
"N

Navigate to the base of the tab and click the Fetch button, which will now be available:
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& Exhaustive Jubeio - O *
File Help
Model  Regression Settings LM Settings  Optimisation | Production
Inputs
GUID: |22549565-Dadf-4235-aﬁoeﬁa?3?d1am21
Leaming Curve
® Winners () Al

Monte Caro Comparison

Upon clicking the fetch button, the model evolution will be returned in the upper grid, with the
selected variables being returned in the lower grid:
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& EBxhaustive Jube.io - x
File  Help
Model ~Regression Settings LM Settings Optimisation  Production
Inputs
GUID: |22949565{hdf4ﬂe&a17&e6378?d1a[62
Leaming Curve
® Winners (O Al
Completed_Date Model Type Score
3 104117201 P Regression 0.790647376806...
1041172018 10:1... | Regression 0.788493721706...
10/11/2018 10:1... | Regression 0.786514486441.
10/11/2018 10:1... | Regression 0.782062726135...
10/11/2018 10:1... | Regression 0.730503067035
10/11/2018 10:1... | Regression 0.774247258545. .
10/11/2018 10:1... | Regression 0.773653728347...
10/11/2018 10:1... | Regression 0.772548610224...

Mante Cardo Comparisan

Mame Mean ﬁgjrl‘lated Maximum Minimum gt:;::fﬁl gf::ljﬂ::
Deviation
[T 1 045577011494... 6343581861031 |5 0 0.322688876769... | 3.34821766177
Count_Transacti... |0.860426929392. . 2899372617291 |15 D 1.756135990830... | 1.91461668810)
Count_Unsafe_T... | 2495894909688, . |2.170505250537... | 22 0 4004564701832 | 1.20480798457
Foreign 0.354132457580. . |1 1 0 0.478380516867... |0
Count_In_Person... | 4.946360153256... | 2.283800963217... | 26 0 4.575683580327... | 1.23646381053
Different_Decline... | 1.355227148330... | 2.701968634827... |4 0 0.667037056044... | 1.24779230185
Count_ATM_1_D |4.871921182266 |2.148153104113.. |26 0 4.567374992767... | 1.18942778399
Count_Transacti... | 0.053092501368... |3575947101460... |3 D 0.270744002882... | 2 51046537689
Sum_Transaction... | 8575.364318555. . | 2 153976061974... | 43109.12 D 7996.793094610... | 1.16511025649
Authenticated | 0.594964422550. . |1 1 0 0.491033329759... |0
Count_Same_Me.. | 4157088122605 |2 845432820715 | 24 0 3297740248961 .. | 1.58764220347

The lower grid, detailing the variable selection, will include statistics and rankings:

The statistics for each variable calculated before training.

The statistics derived from Monte Carlo simulation detailing the summary statistics, for each
variable, only for the simulations where the score exceeds a given threshold specified in the
settings tabs.

e Sensitivity metrics including a ranking and score detailing the most sensitive variable to the
least sensitive variable.
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The statistics will be produced for the best performing model only. A key requirement is to recall
the model against an excel spreadsheet of csv file, so that the model can be used in the day to day
operations. Recall can take place by uploading a file, but also via an API (please see Formats
document). This example will explore the invocation of the model via file.

To process a file of data through a model, navigate to the Production tab in the Exhaustive
Application:

& Exhaustive Jubeio — X
File  Help
Model Regression Settings LM Settings  Optimisation  Production

Inputs

Data File: | | Search

GUID: | |

Simulations: |4 =

Activation:  |0.50 =

I Score
0 1 2 3 4 5 &

Start
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The Production tab takes two parameters. The first parameter is the file that contains records to be
processed through the model, being in the same formal as the training dataset albeit without a
dependent variable (usually). The second parameter is the GUID of the model to be recalled for
each record | the dataset.

Start by clicking the Search button to facilitate the population of the Data File text box with the
target file:

Inputs

Data File: | | Search
GUID: | |

Simulations: |4 =

Activation: |0.50 =

Select the file in the Directory File Explorer Dialog Box, which in this case will be the same file as
used for training:

Bundle\Data\FraudRisk\FraudRisk.csv

é.‘ Open X
&« v P » Bundle » Data » FraudRisk v O Search FraudRisk o
Organize v New folder =~ m @

* Downloads ~ MName - Date modified Type
& Dropbox {15 FraudRisk 5/13/201811:26 AM  Microsoft Excel

5/ Documents [ FraudRisk /2018 11:26 AM  Bayes Net
#& OneDrive |_'| FraudRiskOneWayDesired /2018 11:26 AM  Text Document
| Pictures |_'| FraudRiskOneWaylnputs 2018 11:26 AM  Text Document
& Marketing £ FraudRiskRandom 5/13/201811:26 AM  Microsoft Excel
AdTech
FraudRisk
«  Platform
R

<
2% Dropbox
f@ OneDrive
[ This PC

= Netwnrk i = v

File name: | FraudRisk e

Once the file is selected, pair the GUID by entering it in the GUID textbox as follows:

22949565-0adf-42e6-af7c-e6a787d1a062
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é.‘ Exhaustive Jube.io — = f
File  Help
Model Regression Settings LM Settings  Optimisation Production
Inputs |
Data File: |C:'-.Users'-Hichard'-.Desktop'-.Bundle'-.Data'-.FraudRisk'-.FraudRisk.csv | Search
GUID:  |22349565-Dadf-42¢6-5f Tc-e6a787d12062] |
Simulations: |4 =
Activation:  |0.50 2
I Score
0 1 2 3 4 5 6
Start

If there are prescriptive variables declared for this model, then it will be fluttered randomly in a
triangular distribution as identified from the training dataset during the training process, the
Simulations textbox is the number of random simulations to perform. The largest score value will be
retained as the optimal and returned to the record as a prescription. In this case, no prescription is
required, hence the value is set to zero:
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Data File: |C:'-.User5 “RichardDesktopBundle’.Data"Fraud Risk \FraudRisk csv | Search
GUID: |22943565-Dadf-42e6-2f 7c-e6a787d 12062 |
Simulations: |0 B

AN

Two columns will be appended to the dataset provided, or a copy of that dataset at least. The first
column will be the score returned by the model with the second being a flag which is intended to
determine if the record is classified in one direction or another (i.e. 1 or 0). Classification models
return as a probability, between 0 and 1, hence values greater than 0.5 would suggest that the
record is more likely classified than not:

Inputs

Data File: | C:A\Users\Richard . Desktop'Bundle®Data“FraudRisk \FraudRisk csv | Search
GUID:  |22949565Dad-42e6-af Tc-e6a787d 1062 |

Simulations: |0 =

Activation:  |0.50 - <—

Upon selecting the values for model recall, click the Start button at the base of the Production tab:
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& Exhaustive Jubeio — *
File  Help
Model Regression Settings LM Seftings  Optimisation Production
Inputs
Data File: |C:'-.Users'-.Hichard'-.Desktu:np'-.Bundle'-.Data'-.FraudF!isk'-.FraudRisk.csv | Search
GUID:  |229495650adf-42e6-af Tc-e6a787d1a062 |
Simulations: |0 B
Activation:  |0.50 =
I Score
0 1 2 3 4 5 6
Start

Upon clicking the start button the file will be loaded with each record being processed through the
model and returning a score. The status of processing will be written out to a status bar during
processing. Upon completion of processing, a histogram of the scores achieved will be created:
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e Exhaustive Jube.io —

File
Model Regression Settings LM Settings  Optimisation  Production

Inputs

Data File: |C:\Users\Hjmard\Desktop\BundIe\Data\FraudHisk\FraudHisk.csv || Search
GUID: | 22949565 Jad-42e6-af 7c-e6a787d 12062 |
Simulations: |0 =

Activation:  |D.50 =

600 ) - ; B Score

Saved File and Finished.

A file will be created in the same directory as the original dataset, copied and appended with the
score and an activation flag:
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| = | FraudRisk - o
« v 4 [|> ThisRC » Desktop » Bundle > Data » FraudRisk /&) [ Search FraudRisk
Name - Date medified Type Size

# Quick aceess

) FroudRisk
B Desktop * ud
87 FroudRisk.cov_Output 111018123400
& Downloads  # [y i
' FraudRiskOneayDesired
* FraudRiskOneWayinputs
@ Oncdive  # B0 FraudRiskRendom
& Pictures .
&l Muketing #
Adlech
FraudRisk
G Pittorn
ar
& Dropbox
& OneDiive
3 This PC
¥ Network

Gitems

'“'-‘ ey 0 - Bwaple Genersl - \h.‘ Homal Bad Good Neutral [Calcula..| | &= Bx E:M"m iy O
Paste -~ §-% s % Conduonal Fornatac [ATTI ] Explan... [IAPUE Linked ... [note " et Delete Format | o Sort& Find &

7 Sromapume & 1Y AR | EMan ot | $ % 91| 18 )| TR EL 1 EX0 102 I i - S Qs Figer- Select-

Cuppoars - Font 5 Augnment 5 nmver styes cens Egiting

@ vrosTes AvaiLABLE U to be installed, Update now

1 ' % Output_Raw

A F 6 i J K L [ N o 3 a R s T u v w X ¥ z AA 28
1 [Dependent Type  Count_Trar Authentica Count_Trai Count_TraiCount_UneCount_n_{ Count_Inte AT Count_AT! Count_Oveln_Person Transactio Sum_Tran: Sum_ATM Foreign _ Diferent_C Difierent_l Different_C Diferent_C Count_Sar Has_Been Cash_Tran High_RiskOutput_Raw | Output_Actiale
2 Chip [ [) 1 1 2 & 0 1 6 2 1 W1 BIBT HBWTI 3 1 1 2 2 2 o 1 o] 0841831161 1
3 0 Chip 7 1 0 0 o 7 0 1 7 4 1 88581 166095 156095 0 1 1 1 1 7 0 1 0| 0.227927129 o
[ 0 Chip 5 1 0 o 3 5 3 1 5 [} 1 90882 3076798 3276796 0 1 1 1 1 5 o 1 0] 0.347838654 (]
5 9 Chip 5 1 0 6 0 6 0 1 6 2 1 90882 [] o 0 1 1 1 2 4 0 1 0| 0.0s6803887 9
6 o Chip 1 1 0 0 3 1 0 1 1 o 1 8367 637665 537665 0 1 1 1 1 1 0 1 0] 0.180312439 9
T o Chip 2 0 0 0 2 2 0 1 2 0 1 90882 1285266 1285266 0 1 1 1 1 z 0 1 [ 9
8 o Chip 3 1 [] 0 0 3 0 1 3 2 1 64263 642633 642633 0 1 1 1 1 3 0 1 oo q
) 0 Chip 1 1 0 0 0 1 0 1 1 0 1 %892 90882 90882 0 1 1 1 1 1 0 1 o] 0. 9
10| 1 Chip 1 0 [] 0 1 1 0 1 1 0 1 2322 20%218 203218 0 1 1 1 1 1 0 1 [ q
1 1 Swipe 3 0 0 2 2 8 0 1 8 4 1 4544 497781 49778 1 2 1 2 2 2 0 1 1f 0 1
12| 1 Suipe 13 0 0 5 7 3 0 1 1 s 111131 2876378 2875378 1 2 1 2 3 1 1 1 1 1
1| 1 Suipe 10 0 1 6 10 10 0 1 10 3 19088 121931 121931 1 1 1 4 2 7 0 1 1 1
H 1 Swipe 2 0 0 1 2 2 0 1 2 2 1 4544 40644 40644 1 1 1 2 1 2 1 1 1| 0505115081 1
15| 1 Swipe 5 0 0 6 5 6 0 1 6 5 1 12853 0 [} 1 1 1 1 2 2 1 1 1 ostnse 1
16| 1 Chip 7 0 0 1 7 7 0 1 7 5 1 6426 157412 157412 1 1 1 2 1 7 1 1 1| 0 84395247 1
17, 1 Swipe 1 0 0 1 1 1 [ 1 1 1 1 626 ] [} 1 1 1 1 1 1 1 1 1| 0825862875 1
18] 0 Chip 1 1 0 0 3 1 0 1 1 0 1 90882 90882 90882 0 1 1 1 1 1 0 1 0] 0.209565859 (]
19| 0 Chip 4 1 0 0 3 4 0 1 4 2 1111307 1574123 1574123 0 1 1 1 1 4 0 1 0| 0237952282 9
20 0 Chip 2 1 0 0 3 2 0 1 2 [} 1 64263 90882 90882 0 1 1 1 1 z [) 1 0] 0.206705801 o
21 0 Chip 4 1 0 0 [3 4 0 1 4 0 1 2739 T4TE 51T 0 1 1 1 1 4 0 1 0] 0.184222633 (]
2 0 Chip s 1 0 1 3 [ 0 1 [} 2 190892 272646 212646 0 1 1 2 1 ¢ 0 1 o] 03708009 9
2 0 Chip. 2 1 0 0 3 2 0 1 2 0 1 128527 11764 181764 0 1 1 1 1 2 0 1 0| 0.256226573 o
2 0 Manual 7 1 0 o 3 ) 7 [ o o 0 9068 240451 o 0 1 1 1 2 7 o 0 0] 0.080674213 (]
2 1 Swipe 4 0 0 4 4 4 0 1 4 s 1 6426 0 ] 1 1 1 1 1 3 1 1 1f o.784698121 1
% 1 Swipe 16 0 0 5 16 1 0 1 1 3 1 6426 264964 264964 1 1 1 3 2 15 1 1 1| 0573288877 1
Fif 1 Chip 5 1 1 1 0 5 0 1 5 3 1128527 181764 181764 0 1 1 2 1 s 0 1 0| 059806458 1
% 1 Chip 2 0 0 0 2 2 0 1 2 0 1 63 90882 90882 0 1 1 1 1 2 0 1 0| 0.457505873 9
2 1 Swipe 1 0 0 0 1 1 0 1 1 1 1 4064 40644 40644 1 1 1 1 1 1 1 1 1 1 1
) 1 Chip 5 0 2 3 2 5 0 1 5 3 178106 1M30T3 1113073 0 1 1 3 2 2 0 1 0] 0.950496256 1
3 1 Chip 3 0 0 0 3 3 0 1 3 3 1 4544 45841 5e41 1 1 1 1 1 3 1 1 1| 0884186229 1
32 1 Swipe 2 0 0 1 2 2 0 1 2 1 1 3T MBI 143697 1 1 1 2 1 2 1 1 1| 0507352208 1
Ex) 0 Chip 2 1 0 0 0 2 0 1 2 [} 1 3198 497781 497781 0 1 1 1 1 2 0 1 0] 0.185687855 [
3 0 Chip 1 1 0 0 0 1 0 1 1 [ 1 128527 1285266 1285266 0 1 1 1 1 1 0 1 0] 0230517686 (]
S 0 Manual 4 1 0 0 [ 0 4 0 0 2 0 9088 12852 0 1 1 1 2 4 0 0 0] 0.118432702 g
3 0 Chip 1 1 0 0 [3 1 0 1 1 [ 145441 45841 dsiad 0 1 1 1 1 1 0 1 0] 0.186164293 g
37 0 Chip ) 1 0 2 [ 9 ] 1 9 6 1 128527 1285266 1285266 0 1 1 2 1 s ) 1 o| 022545579 9
8 0 Manual 1 1 0 0 3 0 1 ] 0 [ 0 9088 9088 0 1 1 1 1 1 0 [ 0| 015624279 (]
3 0 Chip 3 1 0 0 3 3 0 1 3 0 1 64263 90882 90882 0 1 1 1 1 3 0 1 0] 0.203674708 9
Sheett @ .

Ry Avenage: 0470081127 Count: 3656 sum: Tireresss [EEN @ @ - ' B

In the event that a prescription variable has been specified, this value will be updated for each
record.

Module 15: Deep Learning with H20

H20 is an external server-based software application that presents a variety of machine learning
algorithms. The machine learning algorithms available do not materially differ from those already
presented and freely available in R. H20 provides several useful features for deep learning though:

e Compression of data while processing, in a hex format. This makes the memory
requirements less burdensome, keeping in mind that R keeps data frames in memory
otherwise and;

o Compatibility with a GPU to facilitate Deep Neural Networks and Deep Learning.
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H20 has exceptionally well coupled with R, and while processing will take place in the H20 server, it
is as though it is taking place within RStudio. H20 exists in the mix of tools predominately because of
its ability to use a GPU for deep learning as well as providing granular control over cross validation
and activation functions.

H20 is fundamentally an API led platform and R is just one tool that can make use of the tool via API.
H20 has its own tool, called Flow, that can invoke these API's and make for a self-service user
interface, setting a low bar to create models. These procedures will use Flow to create a familiarity
with H20, before seeking to replicate the processes with R commands, which is how most users will
tend to interact with H20.

Procedure 1: Install H20 package, instantiate and browse to the Flow User Interface
Even though H20 is server software and runs externally to R, it can be installed and initialised from
with R. Installing the entire H20 server is no more complex than installing any other R package.

To install H20, use RStudio and begin by installing the H20 package:

Install Packages

Install from: 7 Configuring Repositories
Repository (CRAN) -

Packages (separate multiple with space or commay):

' h29|
h2o ibrary:
Ilzﬁg,p}l Richard/Documents/R/win-library/3.5 [Default] <

¥ Install dependencies

Install Cancel

Wait for the installation to complete, although this will take a little bit longer than most packages as
itis big:
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Console  Terminal =]
~f
SR SLAn LRy 1 G I EID W ORI LS TUSS LU S i

Type 'q()’ to quit R.

> install.packages("h20")

Installing package into ‘C:/Users/Richard/Documents/R/win-Tibrary/3.5’

(as ‘1ib’ 1is unspecified)

trying URL 'https://cran.rstudio.com/bin/windows/contrib/3.5/h20_3.20.0.8.z1ip"
Content type 'application/zip' Tength 129060464 bytes (123.1 MB)

downloaded 123.1 MB

package ‘h2o’ successfully unpacked and MD5 sums checked

The downloaded binary packages are in
C:\Users\Richard\AppData\Local\Temp\RtmpuhDPhf\downloaded_packages
>

Load the H20 package by typing:

library(h20)
@] Untitled1* —=

i (= SourceonSave = (O 7 - = Run | b= Source ~
1 Tibrary(h2o)|

1:13 (Top Level) = R Script %

Run the line of script to console:

Console  Terminal =
~f
ALLACIT Iy PaCRaySs  11ew

The following objects are masked from ‘package:stats’:
cor, sd, var

The following objects are masked from ‘package:base’:
%*%, %in%, &, ||, apply, as.factor, as.numeric, colnames, colnames<-,
ifelse, is.character, is.factor, is.numeric, log, ToglQ, loglp, log2,
round, signif, trunc

Warning message:

package ‘h2o’ was built under R version 3.5.1
>
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The H20 server needs to be started externally, but this can be achieved through a helper function
available to the H20 library. To start the H20 server, use the h2o.init function with the default
parameters (i.e. no parameters):

H2oServer <- h2o0.init()

© | Untitled1* =

SourceonSave | O /- § = Run | = Source -
1 Tlibrary(h2o)
2 H2oserver <- h2o.init(Q)]
3

2:24 (Top Level) = R Script =

Run the line of script to console and wait for confirmation to be provided that the h2o server has
been started externally to R:

Console  Terminal =]
H20 cluster healthy: TRUE )
H20 Connection 1ip: localhost
H20 Connection port: 54321
H20 Connection proxy: NA
H20 Internal Security: FALSE
H20 API Extensions: Algos, AutoML, Core V3, Core V4
R Version: R version 3.5.0 (2018-04-23)

Warning message:

In .h2o.startJar(ip = ip, port = port, nthreads = nthreads, max_memory = max_mem_size,
You have a 32-bit version of Java. H20 works best with 64-bit Java.

Please download the latest Java SE JDK 8 from the following URL:

http://www.oracle.com/technetwork/java/javase/downloads/jdk8-downTloads-2133151.html
>

The h20 server acts as a web server which serves up the Flow application. To navigate to the Flow
application, open a browser such as Chrome:
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Navigate to the URL:

http://localhost:54321

[a #20Fiom

<«

x +
C  ® localhosts4321/f

HO FLOW Flow~  Cell~  Data~

Untitled Flow

o

D@ +43 @B 28 H>» 6

assist

@ Assistance

Routine

TOS RN THE LY BES

® ressy

Description
Import file(s) intoH;0

e Import SQL table intoH;0

Getalist of framesin H;0
Split aframe into two or more frames
Merge two frames into one
Get alist of models in Hy0
Geta st of grid search results in H;O

5 Getalistof predictionsinHz0

Get alist of jobs running in Hz0
Automatically train and tune many models
Build 3 model

Importa saved model

Make a prediction

@ Help -

Using Flow for the first time?
[® Quickstart Videos
Or, view exampl ows toexplore and learn
Hz0.

SaRM20ONGTIUE!

O s 3412

BoaLes

Flow packs are a great way to explore and
Jearn H0. Try out these Flows and run them

in your browser.
8 1

Connections: 0 H,0

The H20 server is now installed and available for use via the Flow user interface, APl or R commands.

Procedure 2: Loading Data into H20 with Flow
In this example a logistic regression model will be created, using Flow, achieving the same results as
achieved in the GLM functions of R and Exhaustive.

In the Flow user interface, start by navigating:

Flow >>> New Flow
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8 K20 Fiow X+ - o X

&€ 5 C ® localhost54321/flow/indexhtml & QO =@

Confirm

‘This action will replace your active notebook.
Are yousure youwant to continue?

If prompted to create a new workbook, affirm this:

[g +20Fion x4 - o x
€ 9 C @ localhost54321 fflow/indexhtmi & o 0 =@

H0 FLlOW Floww  Cellv  Datav  Modelv  Scorev  Admin>  Help~

Untitied Flow

Oe 8 +4+¢% 9B 2B Hr» 0 »
I @ outume  mows s | mEw

ﬂ
9 Help -

Using Flow for the first time?
[® Quickstart Videos
Or, view example Flows to explore and learn
H20.
sSTaRHzOONGTHUS!

O sur 3412

seeRaL
* FlowWebUl...

aking Predictions
sing Flows
« _Troubleshooting Flow

e

Flow packs are 3 greatway 1o explore and
learn Hz0. Try out these Flows and run them
in your browser.

Browse installed packs.

oREST A8

* Routes
* Schemas

® Resdy Comections: 0 H0

To add a cell for the importing of data, navigate to:

Data >>> Import Files
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[ 20 Flon x4 - 8 x
<« C @ loclhost:54321/flow/indexhi & » [¢] o )
HyO FLOW Flows  Cell= | Datar | Model~  Scorex  Admine  Helpr
Untitled Flow \mport Flles.
OB B + 4 ¥ & B 2 ImportSQLTable. »
Upload Fle
= Spiit Frame. % curume  mows  cues  mms
Merge
erge @ Help #
List All Frames - -
Using Flow for the first time?
Impute. R Quickstart Videos
Or, view mple Flows to explore and leam
420
O s 3412

Flow packs sre s srest way to sxplors and
learn H0. Try cut these Flows and run them
in your browser.

rowse nstalled packs.

® Resty Conrections: 0 H0

It can be seen that Import Files Cell has been added to the Flow:

x + - 8 X
@ * 0 @
H,O FLON Flow=  Cell=  Data~ - Scores  Admine  Help~
Untitled Flow
O &8 +4+ 3 OB X8 HFH» O »
,,,,, @ outume mows  cues | et
#
a  QHelp #

Using Flow for the first time?

[® Quickstart Videos

€ Import Files

Search: Entera fileor directo

Or, view example Flows toexplore and learn
H20.

Selected Files: (No files selected)

Actions:
RH20ONGTIUE!

O s 3472

Flaw packs are a sreat way to explore and

learn H30. Try out these Flows and run them
in your browser.
Browseinstalled packs

HORES

® resdy Connections: 0 H,0

In the Search dialog box, enter the location of the FraudRisk.csv file until a drop down is populated,

for example:

2] Import Files

Search:  C:\Users\Richarg Bundle\Data\FraudRisk\FraudRisk.csv|

Selected Files: ( C:\Users\Richard\Desktop\Bundle\Data\FraudRisk\FraudRisk.csv
Actions: C:\Users\Richard\Desktop\Bundle\Data'\FraudRisk\FraudRisk.csv_Output_111018123400.xIsx

Click on the Search Icon to bring back the contents of this directory:
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Search:  C:\Users\Richard\Desktop\Bundle\Data\FraudRisk)\FraudRisk.csv Q
Search Results: Found 2 files: Add all

+ C:\Users\Richard\Desktop!\Bundle\Data\FraudRisk\FraudRisk.csv
+ C:\UsersRichard\Desktop\Bundle\Data\FraudRisk\FraudRisk.csv_Output 111018123400.xIsx

Selected Files: (No files selected)

Actions:

Click on the file or plus sign to add the file to the cell:

£ Import Files

Search:  C:\Users\Richard\Desktop\Bundle\Data\FraudRisk\FraudRisk.csv Q
Search Results: Found 2 files: Add al

4+ C:\Users\Richard\Deskt: Data\FraudRisk) csv_Output_111018123400.xI5x

Selected Files: 1 file selected:

% C:\Users\Richard\Desktop\Bundle\Data\FraudRisk\FraudRisk.csv

Actions: & Import

Click the Import Button to import the file to H20:

importFiles [ "C:\\Users\\Richard\\Desktop\\Bundle\\Data\\FraudRisk.\\FraudRisk.csv" ]

& 1/ 1files imported.
Files @ C:\Users\Richard\Desktop\Bundle\Data\FraudRisk\FraudRisk.csv

Actions & Parse thess files

Note that the file is not parsed to the H20 column compressed format, known as Hex. To achieve
parsing, simply click the button titled 'Parse These Files':

S | mportFiles [ "C:\\Users\\Richard\\Desktop\\Bundle\\Data\\FraudRisk.\\Fraudrisk.csv" ]

& 1/ 1filesimported.

Files @ C:\Users\Richard\[es] Bundle\Data\FraudRisk)\FraudRisk.csv

Actions | 8 Parse these files...

The next screen allows for the specification and data types to be more robustly configured. In this
example, a cursory check to ensure that the data types are correct is sufficient:

s | setupParse source_frames: [ "nfs:\\C:\\Users\\Richard\\Desktop\\Bundle\\Data\\FraudRisk.\\FraudRisk.csv" ]

£# Setup Parse

PARSE CONFIGURATION

Sources @ nfs:\C:\Users\Richard\Desktop\Bundle\Data\FraudRisk)\FraudRisk.csv
ID FraudRiskhex

Parser | CSV/ v
Separator | :'044' v
Column Headers O Auto
@ First row contains column names
First row contains data
Options Enable single quotes as a field quotation character

¥ Delete ondone

EDIT COLUMN NAMES AND TYPES

umn name.
1 Dependent Numeric v [} L} @ @ @ @ ) ] 1
2 Type Enum v chip chip Chip Chip Chip Chip Chip Chip Chip
3 Count_Transactiens_1_Day Numeric v 6 7 5 6 1 2 3 1 1
4 Authenticated Numeric ¥ e 1 1 1 1 ° 1 1 0
5 Count_Transactions_PIN_Decline_1. |Numeric v 1 ] @ e 2 ° ® ° 0
6 Count_Transactions_Declined_1_Day |Numeric v 1 e @ 6 2 ° 3 ° 0
7 Count_Unsafe_Terminals_1_Day Numeric ¥ 2 e ] ] [ 2 [ [ 1
8 Count_In_Person_1_Day Numeric ¥ 6 7 5 6 1 2 3 1 1
9 Count_Internet_1_Day Nume