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Solutions to Exercises

Kattamuri S. Sarma, PhD

Chapter 2.

2.12 Exercises

The exercises in this section use the data set Ch2_Clus_Data2. This is credit card holder data. The target
variable is “Cancel” which takes the value 1 if the card is cancelled and 0 if it is not cancelled during a
given period of observation. The data set has 16 variables including the target. The exercises highlight
the differences in measurement scales which are based on Meta Data Advisor Options selected (Basic
vs. Advanced)

Exercise 1: Create a new project called “Credit Cards”

Display 2.1

Welcome to Enterprise Miner

Create a New Enterprise Miner Project

S Help Topics

. . Mew Project...
SAS5*Enterprise !

Miner-14.3
Open Project...

View Metadata...

=
=
%7 RecentProjects...
E
Ed

Exit
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Display 2.2

i}, Create New Project -- Step 1of 2 Specify Project Mame and Server Directory >

Specify a project name and directory on the SAS Server for this project. All
SAS data sets and files will be written to this location.

SAS®Enterprise Project Name
Miner-14.3 CreditCards

SAS Server Directaory
Z:\TheBook\EM 14, 3\EMProjects\Chapter 2 | Browse

= Back Cancel

Display 2.3
i, Create Mew Project -- Step 2 of 2 New Project Information et
Mew Project Information
Mame CreditCards
Server Directory C:TheBook'\EM 14, 3\ EMProjects\Chapter 3

SAS®Enterprise

Miner- 14.3

= Back Cancel
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Display 2.4

-- Data Sources
&[ Diagrams
[#-{] Model Packages

.. Property Value

Mame CreditCards
Project Start Code
Project Macro Variables
Created 12617 12:37 FM
Server
Grid Available Mo

Path C:\TheBook\EM 14, 3\EMProjecd
Metadata Folder Path
Max. Concurrent Tasks Default

In order to create a library reference for the data set, we must enter the “libname” statement in the
Project Start Code window and click on “Run Now.”

Display 2.5

Enter code to execute when this project is opened or a node is run. Enter SAS OPTIONS statements, LIBMAME
statermments, TITLE statements and other code that will affect the environment of the SAS code submitted by
Enterprise Miner.

i, Project Start Code x

1 libname TheBook "C:\Thelook\EMid, 3\Data \Chapters™; ™

z Bum ;

3 W
< >

Check the log window to verity that the library is successfully created. Click “OK”.

Exercise 2: Create a data source using the sas data set Ch2_Clus_Data2. This data set is located in the
directory library “TheBook” which we defined earlier (See Display 2.5 and Display 2.6).

Open the data source wizard as shown in Display 2.6.
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Display 2.6

. Enterprise Miner - CreditCards
File Edit View Actions Options Window Help

¥ hBXHxEAGisniOdRlae
é\iditﬂards
..

[+]-{ 2] Diagrams EE Create Data Suurceﬂ

[+-{%] Model Packages

.. Property Value

Display 2.7

hE Data Source Wizard -- Step 1 of 8 Metadata Scurce

| Select a metadata source

I

——
= ‘ Source : | SAS Table

AT
LY

N

< Back MNext = Cancel
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Display 2.8

I.E Data Source Wizard -- Step 2 of 8 Select a SA5 Table x

Select a SAS table

Table :

CLUS_DATAZ | Browse.

<Back | MNext> | | Cancal
Display 2.9
IE Data Source Wizard -- Step 3 of 8 Table Information *
Table Properties
Property Value
Tahle Name [THEBOOK.CH2_CLUS_DATAZ
Description
Member Type DATA
Data Set Type DATA
Engire Ve
MNumber of Variables 16
Mumber of Observations 5000
Created Date October 27, 2012 2:59:49 PM EDT
Modified Date October 27, 2012 2:59:49 PM EDT
<Back |[ Next> |  Cancel
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Display 2.10

hE Data Source Wizard -- Step 4 of 8 Metadata Advisor Options
Metadata Advisor Options

Use the basic setting to setthe initial measurement levels and roles based on the variable attributes.

Use the advanced setting to setthe initial measurement levels and roles based on both the variable
attributes and distributions.

(® Basic () Advanced Customize...

Cancel
Display 2.11
il Data Source Wizard -- Step 5 of 8 Celumn Metadata
! (none) ~ |:| not |Egualto A Apphy Reset
Columns: [ Label [ Mining [ Basic Statistics
MName Role Level I Report Order I Drop Lower Limit
APR Input Interval  |No o .
BAL Input Interval  |No jno .
Target - rval hn hu .
reditiine Input ¢ [Interval o o .
gendern Input Interval hln hln .
good_bal Input Interval o o .
High Credit [Input Interval o jno .
Margin Input Interval o o .
MaritalStatus  [Input Interval  |No o .
J,Ff MultLang Input [Nominal o o .
num_tran_bal_GInput [Intenral Plu hln .
occupation Input INominal o o .
Pct_unpaid_bal_Tnput Interval Pln hlyu .
purch_amount Input Interval Pln hln .
Purch_count_12Input Interval Pln hlyu .
TENURE Input Interval  |No o .
<
Show code Explore Compute Summary < Back Mext = Cancel
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Display 2.12

il Data Source Wizard -- Step 6 of 8 Create Sample X

N

-

L

L

] Do you wish to create a sample data set?
: (®) No () Yes

L]

L]

Table Info

Columns 16

Rows 5000
'\_\\‘ Sample Size

..':‘:\\_;“ l,.";l Type Percent
R “\_._\ ,."f
'-\.\\\_:‘: / Percent |20

H-H""--.,_\___ l."l

- Rows
< Back Cancel
Display 2.13
il Data Source Wizard -- Step 7 of 8 Data Source Attributes X

Yy "b.q.
= :n)‘ # You may change the name and the role, and can specify a population segment identifier for the data
E'S g
It 5] source to be created.

Name : CH2_CLUS_DATAZ
:—I Raole : Raw -
Segment :
Motes :

< Back Cancel
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Display 2.14

il Data Source Wizard -- Step 8 of 8 Summary

d ’b.ﬂ
Pt ‘ . { Metadata Completed.

& g =
i o8 .
Dl & ~ Library: THEBOOK
g % Data Source: CH2_CLUS_DATAZ2
“  Role: Raw
Role Level Count
@ i Input Interval 13
i Input Mominal 2
" Target Interval 1

-
2

-3
3

< Back Cancel

(2d) There are 14 interval scaled variables and 2 nominal scaled variables (see Display 2.14).

(2e) Displays 2.15 and 2.16 show how to rename the data source.

Display 2.15
CreditCards
EI@] Data Sources
: o
&[ Diagrams name |>3
[#-{] Model Packages Duplicate
Delete
Y
.. Property Edit Variables...
Refresh Metadata - e
ame

Wariables Edit Decisions...
Dedsions.
Role Explore...
Motes
Library THEBOOK
Table CH2_CLUS _DATAZ
Sample Data Set
Gize Type L¥]

% 4
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Display 2.16

CreditCards

EI@] Data Sources
&[ Diagrams
@[ Model Packages

.. Property Value

ame Option1

Wariables
Dedisions
Fole Faw
Motes
Library THEEQOK

Table CHZ_CLUS_DATAZ
Sample Data Set
Size Type W
S

Exercise 3:

In Data Source Wizard, at Step 4 of the Metadata Advisor Options, select “Advanced” as shown in
Display 2.17.
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Display 2.17

i Data Source Wizard -- Step 4 of 8 Metadata Advisor Options X
Metadata Advisor Options
Use the basic setting to set the initial measurement levels and roles based on the variable attributes.
Use the advanced setting to set the initial measurement levels and roles based on both the variable
attributes and distributions.
(") Basic Customize...
< Back Next = Cancel
Display 2.17A
il Data Source Wizard -- Step 5 of 10 Column Metadata x
! (nonej w |:| not |Egualto Apply Reset
Columns: [ Label [] Mining [ Basic [] statistics
Mame Role Level I Report Order I Drop Lower Limit Upper |
APR. Input Interval  |io o .
BAL Input Interval  |io o .
CANCEL Target Binary o o .
High_Credit  [Input Interval o o .
Margin Input Interval o o .
MaritalStatus  [Input [Nominal o o .
MultLang Input Nominal o o -
Pct_unpaid_bal [Input Interval o o .
‘3} Purch_count_12Input INominal hlyu hlu .
/' |TENURE Input Interval  No o .
creditiine Input Interval o o .
gendern Input Nominal hln hln .
good_bal Input Interval o o .
num_tran_bal_GInput Interval hlyu hlu .
occupation Input [Nominal o o .
purch_amount [Input [Interval o o .
< >

Show code Explore

Refresh Summary

Mext = Cancel
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Display 2.18

lﬁ Data Source Wizard -- Step 6 of 10 Decision Configuration

Decision Processing

® No

Do you want to build models based on the values of the decdisions ?

If you answer yes, you may enter information about the cost or profit of each possible dedsion, prior probability and
cost function. The data will be scanned for the distributions of the target variables.

() Yes

<Back [ Next> | | Cancel

Display 2.19

li Data Source Wizard -- Step 7 of 9 Create Sample

Do you wish to create a sample data set?

(®) No () Yes

Table Info
Columns 16
Rows 5000

Sample Size

Type | Percent w ‘

Percent |20 ‘

Rows | ‘

<Back [ Mext> | Cancel
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Display 2.20

~8 g W

L,

L. Data Seurce Wizard -- Step 9 of 9 Summary

‘ Metadata Completed.

Library: THEBOOK

Data Source: CHZ_CLUS_DATAZ
Role: Raw

Role Level
Input Interval
Input Nominal
Target Binary

Count
10

< Back Cancel

The measurement levels of the variables are shown in Display 2.20. When we select the “Advanced”
Option, the Enterprise Miner detects that the Target variable is Binary. When the target is recognized as

binary, the regression node fits a logistic regression by default.

When we select the “Basic” option, the Target Variable is treated as “interva

IM

as shown in Display 2.14

and the regression node uses the ordinary least squares method by default.
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Display 2.21

e CreditCards
EI @j Data Sources
. %1cHz CLUs D
: :‘ﬁ Option1 Rename
l +]-{%] Diagrams Duplicate
&[] Model Packages Delete
e
.. Property Edit Variables...
Refresh Metadata - L]
Vari Edit Decisions... =
Decdisi
Role Explore... E'
Motes Ql
Library THEBOOK
Table CH2_CLUS_DATAZ
Sample Data Set
Gize Type W
S
Display 2.22

File Edit View Actions Options Window Help

¥-hBX BgFEAG 4 W Od
Creditl:ards

EI @j Dam Snur::es

#lopton2 ;8

: L ‘* Dl:ltlﬂrll
. +-{%] Diagrams
#-{%] Model Packages

Library THEEOOK

Table CH2_CLUS_DATA2

Sample Data Set

Gize Type W
S
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Exercise 4

Display 2.23

Wl Data Source Wizard -- Step 4 of 8 Metadata Advisor Options
Metadata Advisor Options

Use the basic setting to set the initial measurement levels and roles based on the variable attributes.

Use the advanced setting to set the initial measurement levels and roles based on both the variable
attributes and distributions.

() Basic (@

x

< Back MNext = Cancel
Display 2.24
il Advanced Advisor Options *
Property Value
Missing Percentage Threshold 50
Reject Vars with Excessive Missing Values s
(Class Levels Count Threshold 3
Detect Class Levels es
Reject Levels Count Threshold 20
Reject Vars with Excessive Class Values s
Database Pass-Through s
AW
Class Levels Count Threshold

If "Detect class levels"=Yes, interval variables with less than the number

specified for this property will be marked as NOMINAL. The default value 15
20.

carce
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After you set the “Class Levels Count Threshold” property to “3”, you must enter and then click “OK”.

Display 2.24a
I.'E Data Source Wizard -- Step 5 of 8 Column Metadata
! (nonej e |:| not |Egualto o Apply Reset
Columns: [ Label Basic Statistics
MName Raole Level I Order I Drop Loweer Limit
APR. Input Interval Mumeric hln hln .
BAL Input Interval Mumeric Plu .
arget Binary h o
High_Credit  [Input Interval Mumeric o .
Margin Input Interval Mumeric hln hln .
] MaritalStatus  [Input Interval MNumeric {no o .
;'J ~ MultLang Input Nominal Character Pin Plu .
/e Pct_unpaid_bal_Input Interval MNumeric {no o .
l,." . \ ‘5 Purch_count_12Input Interval Murmneric Pin Plu .
[ e~ / [TENURE Input Interval  umeric jNo o .
/ .::N\:\ f creditline Input Interval Mumeric Pin Plu .
i;_.\ r."f gendern Tnput Interval Mumeric N o .
— good_bal Input Interval Numeric ) o .
- num_tran_bal_GInput Interval Mumeric N o .
occupation Input Nominal Character {no o .
purch_amount Input [Inter'.ral Mumeric hln hln .
<
Show code Explore Refresh Summary < Back Mext = Cancel
(4f)
Display 2.25
il Data Source Wizard -- Step 9 of 9 Surmmary
Ya P wia'
: z i . Metadata Completed.
& O g
. )
1)1 &2 ~ Library: THEBOOK
: Data Source: CHZ2_CLUS_DATAZ
“ Role: Raw
Role Level Count
Input Interval 13
Input MNominal 2
Target Binary 1
< Back Cancel
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(4g) The data set is renamed as Option 3.

Display 2.25A

CreditCards A
EI@] Data Sources

.+ Property Value

ame Option3
Wariables
Decisions
Role Faw
Motes
Library THEBOOK,
Table CH2Z_CLUS_DATAZ
sample Data Set
Gize Type ¥
LW

The data source “Option2” is used in exercises 5-8.
Exercise 5

Display 2.26

EI@] Data Sources ~
i LM Option3

[+ {®] Model E*Qg Create Diagram I} w
L7 Import Diagram from XML

.. Property Value |
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Display 2.27

Create Mew Diagram

Diagram Mame:

Explore

Cance

Display 2.28

Optlion2

-

StatExplore
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Display 2.29

.. Property Value
~
Mode ID
Imported Data [
Exported Data [
Motes [
Varabes | .
=[Cata
ber of Observations 100000
ru’aidahon Mo
-Test Mo
=|Standard Reports
-Interval Distributions =]
-Class Distributions =]
-Level Summary =]
-Use Segment Variables Mo
(]
fes
1000
=[Chi-Square Statistics
-Chi-Sguare s
-Interval Variables fes .
-Mumber of Bins 5 by
[Blarrelation Statistics ¥
-
Interval Variables
Generates Chi-Square statistics for interval variables
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Display 2.30

[ Chi-Square Plot = | &:
chisquare |
Target = CANCEL
Data Role = TRAIN
1500
-]
§ 1000 -
=
[
‘= 500
]
el ——
E T T T T T T T T T T .‘é T T T T
T T A T T T T 3 % %
% % % % B % % %% % %S
% r:% %%} e % '3% ?a
. % g
-;" e (=5
2 2, 1
e %
Input

Based on Chi-square value, the top three inputs are :
MultiLang: Indicates if the customer speaks multiple language

Occupation

Good_bal (balance without delinquency). The amount of balance, which is not overdue.

Exercise 6

Display 2.31

5 ) 3 -[! Wariable
ERkian ‘ L,nlﬂ Selection
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Display 2.32

.. Property Value
”
Mode ID arsel
Imported Data [
Exported Data [
Motes [
ariables [

Max Class Level 100
Max Missing Percentage 50
Target Model R-Square
Manual Selector [

| [RIChi-Sguare Options
| {-Mumber of Bins 50
-Maximum Pass Mumber 6
-Minimum Chi-Sguare 3.84

| |S|R-5Sguare Options

-Maximum Variable Mumber 3000

-Minirnum R-5quare 0.005
-Stop R-5quare 5.0E-4
-Use AOV16 Variables fes "
-Use Group Variables fes Ll
-Use Interactions Mo

Ilse SPD Engine Library fes

Print Option Default

% Rejected Variables pes

Unused Variables es

eate Time 12617 2:28 PM W
e

Use AOV16 Variables

This option bins interval variables into 16
equallv-spaced groups to help identify non-linear
relationships with the target.
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Display 2.33

R Results - Node: Variable Selection Diagrarn: VariableSelection
File Edit View Window

BB S E| &
il Effects in the Model e S N 1 B ™
0.3
=
o
=
=
0.2
=4
5
=
@ 0.1+
=
=
& .
0.0
’ T T T T T T T T T T T T
G Gt E g - E A & A Gt L= st]
e N, % 2 % 2 2 % L v B %
[ B = = e = e o e = =
L s 0% % % e L% N
C &) T <, : G 2
e B % 0 B 5 % %z e g
s Y W ol
o % Cé‘g} 'y %,-3
= o 5
= %/ A
Effect

Based on R-Square Criterion the top 5 variables are:

G_MultiLang : Grouped form of the MultiLang vaiable, where some of the levels are combined.

G_Occupation: Grouped form of the occupation variable , where some of the occupations combined

AQV16_Tenure : The Tenure variable is binned into 16 groups. Tenure is the number of months a

customer stayed with the credit card company.

AOV16_APR : APRis the annual percentage rate. This is the interest rate charged on the unpaid balance.

The binned version of this variable is called AOV16_APR

AOV16_good_bal : Balance outstanding without any part past due, is called good balance. This variable

is binned and the binned version is called AOV16_good_bal.

Note: The AOV16 variables and Grouped (“G”) variables are discussed in the text. Please review the

discussion.

This set of Solutions to Exercises is a companion piece to the following SAS Press book: Sarma, Kattamuri S., Ph.D. 2017.
Predictive Modeling with SAS® Enterprise Miner™: Practical Solutions for Business Applications, Third Edition. 21
Copyright © 2017, SAS Institute Inc., Cary, North Carolina, USA. ALL RIGHTS RESERVED.



Exercise 7

Display 2.34

ominz |- [l |

Display 2.35
.. Property Value
Y
Mode ID arsel
Imported Data [
Exported Data [
Motes [
ariables [
Max Class Lewvel 100
Max Missing Percentage S0
Target Model Chi-Square .,
Manual Selector Lag =
Rejects Unused Input Ves
[&[Eypass Options
-Wariable one
-Role Input
&|Chi-Square Options
-Mumber of Bins 50
-Maximum Pass Mumber ]
-Minimum Chi-Sguare 3.84
[S|R.-5quare Options
-Maximum Variable Mumber (3000
-Minirmum R.-Square 0.005
-Stop R-Square 5.0E-4
-Use ACQV 16 Variables Mo
-Use Group Variables es
-Use Interactions Mo
Ilse SPD Engine Library es
Print Option Default
des Rejected Variables es
des Unused Variables es
eate Time 12/6/17 2:40 PM W
~
Target Model
Specifies a variable selection model associated with
targets.
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When you set the Target Model Property to Chi-Square , some of the R-Square Options are not
available. Hence, you cannot set the “Use AOV16 Variables” property to “Yes”, because it is set to “No”
by default, when the Target Model Property is set to “Chi-Square”.

Display 2.36

Il Variable Importance

o[

1.0+
]
= 0.8+
=
=
2 0.6
E
2 0.4+
=
=
aQ —
= 0.2
. [ [ T
: T T T T T T T T T T T T T
A
T & B B L e B R % 5 B %
“x =] 2 [e] = o - =, T ‘. >, e L3
O T S % 7%
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The top 5 variables are:

MultLang, Gendern (an indicator of gender), Tenure (explained above), good_bal (explained above)

and MaritalStatus.
Exercise 8

Display 2.37

Optlion2 |

Create Mew Diagram >
Diagram Mame:
Varsel3
Display 2.38
I:'|:| Variable

L,nl\:é Selection
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Display 2.39

Y
.. Property Value
M
Mode ID arsel
Imported Data =
Exported Data =
Motes =
Max Class Level 100
Max Missing Percentage 50
Target Model R and Chi-square
Manual Selector =]
Rejects Unused Input Yes
[&[Eypass Options
-Wariable
ol
=Chi-Square Options
-Mumber of Bins 50
-Maximum Pass Mumber 5
-Minimum Chi-Sgquare 3,84
R.-Square Options
-Maximum Variable Mumber (3000
-Minimum R.-5guare 0,005
-Stop R-Square 5,0E-4
-Use AQV16 Variables fes
-Use Group Variables M=
-Use Interactions Mo
IIse SPD Engine Library M=
Print Option Default
des Rejected Variables  [fes
des Unused Variables Yes
eate Time 12617 2:51FM v
% d
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Display 2.40

Il Variable Importance

(=[5 [

Variable

EED.S—:
B 044
£ 0o [ .
%, % & L% B % B B %
%% %% A %%;’a%’* A “"?%%%
)

The top 5 variables are:

MultLang, Gendern (an indicator of gender), Tenure (explained above), good_bal (explained above)

and MaritalStatus.
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Chapter 3

Create a new project called “Ch3_Solutions”

Display 3.1

il Create New Project -- Step 1 of 2 Specify Project Mame and Server Directory >

Specify a project name and directory on the SAS Server for this project. All
SAS data sets and files will be written to this location.

SAS®Enterprise Project Name

Miner-14.3 Ch3_Solutions

SAS Server Directory
C:\TheBook\EM 14, 3\EMProjects\Chapter 3

< Back Mext = Cancel
Display 3.2
il Create New Project -- Step 2 of 2 Mew Project Information >
Mew Project Information
Mame ICh3_Solutions
Server Directory iZ:\TheBook\EM 14, 3\EMProjects\Chapter 3

SAS*Enterprise

Miner-14.3

< Back Cancel

Create a libref by entering the libname statement in the Project Start Code window, and click “Run

”

Now”.
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Display 3.3

i, Project Start Code x
Enter code to execute when this project is opened or a node is run. Enter SAS OPTIONS statements, LIBMAME statements,
TITLE statements and other code that will affect the erwvironment of the SAS code submitted by Enterprise Miner.
1 libname TheBook 'O \TheFook\EM14, 3\Data\Chapteri': ~
Z Bun;
3
L
Code |+ Llog |-
[anon [\ i Cance
Open the log window and make sure that the libref is successfully assigned. Then click on “OK”.
Display 3.4
i, Project Start Code x
Enter code to execute when this projectis opened or a node is run. Enter SAS OPTIONS statements, LIBMAME statements,
TITLE statements and other code that will affect the environment of the SAS code submitted by Enterprise Miner.
9 MNOTE: Libref THEEOQOOE was successfully assigned as follows: ~
10 Engine: e
11 Physical Name: C:\TheBook“EM14.3\Data\Chapterd v
< >
o 1< L og .......... =
Fun Mow Stop Cancel
Exercise 1
Create a data source using the data source wizard.
Display 3.5
Ch3_Solutions
R = oata Sources!
[+)-{B2] Diagrams 1] Create Data Source L\&
[#)-{®] Model Packages
4
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Display 3.6

lﬂ Data Source Wizard -- Step 1 of 8 Metadata Scurce

Select a metadata source

Source ;| SAS Table |

< Back Next = | | Cancel

Display 3.7

ﬁ_.'{ Data Source Wizard -- Step 2 of 8 Select a SAS Table

Select a SAS table

Table : EBOCK. ATTRDATAS NEW | Browse..

<Back | Next>l\‘l - Cancel
1y
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Display 3.8

I.-'E Data Source Wizard -- 5tep 3 of 8 Table Information

*
Table Properties
Property Value
Table Name [THEBOOK, ATTRDATAS_MEW
Description
Member Type DATA
Data Set Type DATA
Engine Ve
Mumber of Variables a6
Mumber of Observations 15000
Created Date July 19, 2016 4:27:34PM EDT
Madified Date July 19, 2016 4:27:34FM EDT
< Back Cancel
Exercise 2
Display 3.9
I.-'E Data Source Wizard -- Step 4 of 8 Metadata Advisor Options ped
Metadata Advisor Options
Use the basic setting to set the initial measurement levels and roles based on the variable
attributes.
Use the advanced setting to set the initial measurement levels and roles based on both the
variable attributes and distributions.
(® Basic () Advanced Customize...
< Back Cancel
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Exercise 3

Display 3.10
i, Data Source Wizard -- Step 3 of 8 Column Metadata >
! (none) ~ |:| not |Equal to ~ Apphy Reset
Columns: [ ] Label [] mining [] Basic Statistics
Mame Raole Level I Repart Order I Drop Lower Limit

AGE Input Interval o o - A

APR Input Interval o o .

BALAVG3M  [Input Interval o o .

BalTranAmt Input Interval hln hln N

BalTranFrg Input Interval hln hlru N

Bal_Act1 Input Interval o o .

Bal_Act2 Input Interval o o .

LY CREDLINE Input Interval o o .

= DEQUAR Input Interval  No o .

/' EARMEDTD  [Input Interval  |No o .

arget Binary hn hu -

FAMCOMP Input Interval o o .

FROQFIN12M  [Input Interval o o .
FROPURCH12M Input Interval o o . =

< b3
Show code Explare Compute Summary < Back Mext = Cancel

The target variable “EVENT” can be considered a “default”. Its measurement level is set to “Binary”
because it takes the values 1 and 0 : 1 if the customer defaults, and 0 if the customer does not default in
the observation window.

Display 3.11

(. Data Source Wizard -- Step 6 of 10 Decision Configuration X

Decision Processing

Do you want to build models based on the values of the dedisions ?

If you answer yes, you may enter information about the cost or profit of each possible dedision, prior
probability and cost function. The data will be scanned for the distributions of the target variables.

< Back Mext = Cancel
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Exercise 4

Display 3.12
I‘E Data Source Wizard -- Step 7 of 10 Decisicn Cenfiguration pd
‘ Targets Prior Probabilies  pedsions  Dedision Weights

Do you want to enter new prior probabilities?

v Oo

Level Count Prior Adjusted Prior

1 2401 0.1601 0.024

a 12599 0.8399 0.978

<Back | MNext> | | Cancel
Display 3.13
@{ Data Source Wizard -- Step & of 10 Create Sample et
Do you wish to create a sample data set?
(® Mo () Yes
Table Info
Columns 86
Rows 15000
Sample Size
Type |Per::er1t
Percent |2|:|
Rows |
| <Back || Next> I | Cancel
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Display 3.14

I.-'E Data Source Wizard -- Step 9 of 10 Data Source Attributes *
TaE v |
o L # You may change the name and the role, and can specify a population segment identifier for the
it : data source to be created.
2 MName : ATTRDATA4_NEW
Role : Raw -
Segment
Motes :
< Back Mext = Cancel
Display 3.15
>

I.-'E Data Source Wizard -- Step 10 of 10 Summary

D /4 + ZUPR
i m‘ 2 ”1 Metadata Completed.

R §
Z.)l Library: THEBOOK
: Data Source: ATTRDATA4 _MEW

¥ i)
P o
ﬂs “ Rale: Raw
4 Role Level Count
= . Input Interval 85
B Target Binary 1

« Back Cancel
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Display 3.16

I.E Enterprise Miner - Ch3_Solutions

File Edit View Actions Options Window Help

Flaax fcfgaGs s Wod
Ch3_Solutions

E|®| Data Sources

&[ Diagrams

[+-{®] Model Packages

.. Property Value

ame ATTRDATA4_MEW

Wariables
Dedisions
Raole Faw
Motes
Library THEBOOK

Table ATTRDATA4_MEW
Sample Data Set
Size Type

-

1D

Data Source identifier. The metadata tables
associated with the data source are stored in the
EMDS SAS library and use this idenfifier as the
prefix for naming these tables.

Exercise 5

Display 3.17

Create Mew Diagram >

Diagram Mame:

Ch3_Solutions |

carce
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Display 3.18

hi Enterprise Miner - Ch3_Solutions
File Edit View Actions Options Window Help

FrhBEX @gREAG £ =TS

==] Ch3_Solutions
EI @j Data Sources
-] ATTRDATA4_NEW
EI &| Diagrams
R «3Ch3_Solutions
D Model Packages

-
.. Property Value

Mame Ch3_Solutions
Status Open
Motes
History
Create Date 12/9/17 4:24 AM
Encoding milatinl Western (Windows)
Data Representation WINDOWS_32
Mative 05 h’es

S,

D

Diagram Identifier. This identifier corresponds to
the SAS libref used to identify the phvsical location
of the contents of this diagram on the server.

Display 3.19

T Iy
A‘I'I'RDATM L gn o Partition L_j' *’% Cnrrpanm
V. Iﬂlle T For
L,LaEs:rlmm(z) e v::ﬂumm L“"( Hepes sl P
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Data Partition

Display 3.20
.. Property Value
Mode ID Part
Imported Data
Exported Data
Motes
!ariables
Output Type Data
Fartitioning Method Default
Random Seed 12345
| [BData Set Allocations
-Training 50.0
-V alidation 50.0
-Test 0.0
Interval Targets s
Class Targets fes

Logistic Regression Estimated from the upper segment of the Process Flow in Display 3.19

Display 3.21

The selected model, based on the error rate for the walidation data, is the model trained in Step §. It consists of the following effects:

Intercept OFT_GOODBAL OPT_LEZENEENQ OPT_METVAL OPFT_NUMEPDEM OPT_OpenCardsPct OPT_PPSCORES OPT_SALESFRQ OPT_TOTEBAL

Likelihood Ratio Test for Global Null Hypothesis: BETA=0

-2 Log Likelihood Likelihood

Intercept Intercept & Ratio
Only Covariates Chi-%quare IF Pr > Chifg
6595.713 4100.731 2497.9514 14 <£.0001

Type 3 Analysis of Effects

Wald
Effect IF Chi-Scquare Pr > Chifg
OFT_GOODEAL 1 173.7686 <£.0001
OFT_LZENEENQ 3 66. 1808 <£.0001
OFT_METVAL 3 TZ6.5914 <£.0001
O0FT_NUMRFDGM 1 25,9232 <£.0001
OPT_OpenCardsPct 2 54.3740 <.0001
OFT_PPSCORES Z T6.3475 <£.0001
OFT_SALESFRQ 1 22.7529 <£.0001
O0FT_TOTEAL 1 14,7030 0.0001

Display 3.22 shows the logistic regression estimated from the lower segment of the Process Flow in
Display 3.19.
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Display 3.22

The szelected model, based on the error rate for the walidati

on data,

Likelihood Ratio Test for Global Mull Hypothesis: BETa=0

-2 Log Likelihood Likelihood
Intercept Intercept & Ratio
inly Covariates Chi-%quare DF Pr > Childq
6598.713 4218.476 2380.2389 15 <.0001
Type 3 Analysis of Effects
Wald

Effect DF Chi-%Scquare Pr > ChifSqg
OPT_METVAL 3 793.9265 <.0001
TI_AOV16_LPRS 1 111.9575 <.0001
TI_A0¥1&6 GOODEALL 1 116.2403 <.0001
TI_A0V1& MAXNCREDS 1 22.4711 <.0001
TI_AOV1e NUNTOTOPNZ 1 26.2170 «<.0001
TI_AO¥16_PCTOPNTOTTRL 1 42.4707 «<.0001
TI_AOV1e_PPSCORESLS 1 96,6912 «<.0001
TI_a0V1e_PPSCORES14 1 62.9732 <.000L
TI_ADV16_SALESFROL 1 84,4505 <.000L
TI_A0V16_TENURELS 1 18.3166 <.0001
TI_AOV16_TENUREZ 1 66.1567 <.0001
TI_AOV16_TOTBALZ 1 30.6351 <.0001
TI_AOV16_TOTFCL 1 50.2308 <.0001

iz the model trained in Scep 13. It consists of the following effects:

Intercept OFT_METVAL TI_AOVL6_APRS TI_A0V1e_GOODBALL TI_AOV16_MAXCRED3 TI_AOV1e_NUMTOTOPNZ TI_AOV16_PCTOPNTOTTRL TI_AOV1l6_PPSCORES13 TI_AO¥1e_FPSCORE

Display 3.23
[z ROC Chart: EVENT = B e
Data Role = TRAIN Data Role = VALIDATE
1.0 : I —
Hsgrssslinj_____:_—_:_——
08— Regression(2)
g E 0.6 -
;] ;]
= =
& i 0.4
0.2 7
0.0
I I I I T I I I I I T I
0.0 0.2 0.4 06 o0& 1.0 0.0 0.2 0.4 06 o0& 1.0
1 - Specificity 1 - Specificity
| ——— Rearession (2) Regression Baseline |

From the ROC charts based on the validation data set in Display 3.23, the Regression from the upper
segment of the process flow performed better than the Rregression (2) in the lower segment of the
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process flow. This shows that the optimal binning (by transformation node in the upper segment) yields
better equation than the AQOV16 variables used in the lower segment.

Number Numberof ~ Number of Cumulatve Cumulatve Cumulatve Cumlative
Bin Percentile of responders non-responders observations %Response %Response responses %captured response Lift. Lift CumResp Cum Obs
1 5 95 280 375 25.3% 25.3% 95 53.4% 10.7 10.7 95 375 25.3%
2 10 14 361 375 3.7% 14.5% 109 61.2% 1.6 6.1 109 750 14.5%
3 15 12 363 375 3.2% 10.8% 121 68.0% 13 4.5 121 1125 10.8%
4 20 9 360 375 2.4% 8.7% 130 73.0% 1.0 3.7 130 1500 8.7%
5 25 9 366 375 2.4% 7.4% 139 78.1% 1.0 3.1 139 1875 7.4%
] 30 8 367 375 2.1% 6.5% 147 82.6% 0.9 2.8 147 2250 6.5%
7 35 8 367 375 2.1% 5.9% 155 87.1% 0.9 2.5 155 2625 5.9%
8 40 5] 369 375 1.6% 5.4% 161 50.4% 0.7 2.3 161 3000 5.4%
9 45 5 370 375 1.3% 1.9% 166 93.3% 0.6 2.1 166 3375 4.9%
10 50 5 370 375 1.3% 4.6% 171 96.1% 0.6 1.9 171 3750 4.6%
1 55 3 372 375 0.8% 4.2% 174 97.8% 0.3 1.8 174 4125 4.2%
12 60 1 374 375 0.3% 3.9% 175 98.3% 0.1 1.6 175 4500 3.9%
13 65 v} 375 375 0.0% 3.6% 175 98.3% 0.0 1.5 175 4875 3.6%
14 70 1 374 375 0.3% 3.4% 176 98.9% 0.1 14 176 5250 3.4%
15 75 1 374 375 0.3% 3.1% 177 99.4% 0.1 1.3 177 5625 3.1%
16 80 0 375 375 0.0% 3.0% 177 99.4% 0.0 1.2 177 6000 3.0%
17 85 1 374 375 0.3% 2.8% 178 100.0% 0.1 1.2 178 6375 2.8%
18 90 0 375 375 0.0% 2.6% 178 100.0% 0.0 11 178 6750 2.6%
139 95 1] 375 375 0.0% 2.5% 178 100.0% 0.0 11 178 7125 2.5%
20 100 0 375 375 0.0% 2.4% 178 100.0% 0.0 1.0 178 7500 2.4%
Total 178
Average Response 2.4%
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Chapter 4

Section 4.9
Exercise 1: In this exercise we use the data set Ch4_BookDatal.

Let us create the project “Ch4_Solutions” in the directory “C:\TheBook\EM14.3\EMProjects” to illustrate
the solution to Exercise 1. (You can create the project in any directory, using any name for the project. )

1. Open Enterprise Miner by clicking on the Enterprise Miner icon. | am using Enterprise Miner
14.3 for the solutions. You can use any version 13.1 or later. Enterprise Miner window opens as
shown in Display 4.1 below:

Display 4.1

i, Enterprise Miner

File Edit View Actions Options Window Help

#REBXENEEAGAnAOFRAAQ

Create a New Enterprise Miner Praoject

‘5r  Help Topics

Mew Project...

5A5* Enterprise
Miner- 14.3

Open Project...

Recent Projects...

View Metadata. ..

4 4 4 4 4

Exit

2. Create a new project by clicking on “New Project” as shown by the mouse-pointer in Display 4.1
3. Inthe first window that appears you enter the name of the project and the directory where you
want to save your project, and click on “Next” as shown in the next directory.
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Display 4.2

i, Create New Project -- Step 1of 2 Specify Project Name and Server Directory x

Specify a project name and directory on the SAS Server for this project. All
SAS data sets and files will be written to this location.

SAS®Enterprise Project Name
Miner-14.3 Ch4_Solutions

SAS Server Directaory

C:\TheBook\EM 14, 3\EMPrajects
< Back k Cancel

4. The next window shows what you entered in the previous window- the project name and the
directory where the project will be saved.

Display 4.3
il Create New Project -- Step 2 of 2 New Project Informatien >

Mew Project Information

Mame Zh4_Solutions

Server Directory Z:\TheBookEM 14, 3\EMProjects

AS* Enterprise
Miner-14.3
< Back Cancel

When you click on the “ Finish” button, the project is created and the project window opens.

5. Now we have to tell the Enterprise Miner where our data is located. You can do this by creating
a libref in Project Start Code.
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Display 4.4

I Enterprise Miner - CH4_Solutions
File Edit Y%ew Actions Options Window Help

(] o | ] 31 2 B ] % | 0 [ S 90 ] 31| 22

5
Data Sources
Diagrams

Model Packages

= = al ¥ @l

-
Property Yalue

Project Start Code

Project Macro Yariables

Created 16115 5155 PM

Server

tarid Available I

Path =i\ TheBook\EM13. 1{EMPrajects
ekadata Folder Path
lax, Concurrent Tasks Default

o

6. Clickonthe ‘...’ Inthe value column to the start of “Project Start Code” property as shown in
Display 4.4. The Project Start Code window opens.
7. Type the library statement as shown below (Display 4.5)

Display 4.5

Wl Project Start Code >

Enter code to execute when this projectis opened or a node is run. Enter SAS OPTIONS statements, LIBMAME statements,
TITLE statements and other code that will affect the environment of the SAS code submitted by Enterprise Miner.

1 libname TheBock "C: \TheBook\EMid, 3\Data\Chapterd™; ~

Z rum;

Code |» Llog |~

Click on “Run Now” button and click on “log” under tab to verify that the libref is created successfully.
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Display 4.6

. Project Start Code x

Enter code to execute when this projectis opened or a node is run. Enter SAS OPTIONS statements, LIBMAME statements,
TITLE statements and other code that will affect the environment of the SAS code submitted by Enterprise Miner.

g 30233 libname TheBook "C:\TheBook“EM14, 3\Data'\Chapterd”: A
9 NOTE: Libref THEEOOE was successfully assigned as follows:
10 Engine: e
11 Physical MWame: C:%\TheBock“\EM14.3\Data)Chapterd
12 30234 rumn;
13 13 The 34% Zysten W
£ >

Run Mow Stop Cancel

Click on “OK” to close the window.

8. The next task is to create a data source. Right-click on “Data Sources” and click on “Create Data
Source”

Display 4.7

ﬁ{ Enterprise Miner - Chd_Solutions
File Edit View Actions Options Window Help

#-hBRX fgREG s Wod
Ch4_Solutions

38 /| Data Sourges

&| Diagrams Jﬂ Create Data Source
@[ Model Packages

9. By clicking on “Create Data Source”, the Data Source Wizard opens as follows:
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Display 4.8

i, Data Source Wizard -- Step 1 of & Metadata Source X

Select a metadata source

Source ; |SAS Table [

< Back Cancel

If you are using a SAS data set for this project then the metadata source is a SAS Table. This is
already selected by the Enterprise Miner. So click on “Next”. From the display above, you can
see that the Metadata Source has 8 steps.

10. In the second step of the Meta Data Source, you select the table. Earlier we created a “libref” for
the directory where the SAS table for this project is stored (See display 4.5). To point to the
library where the data is stored, we click on the “Browse” button as shown in Display 4.9.

Display 4.9

1], Data Source Wizard -- Step 2 of 8 Select a SAS Table *

Select a SAS table

Table - || Browse..

< Back MNext = Cancel
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Display 4.10

Wl Select a SAS Table 4
SAS Librarie MName Engine | Path
""" j Maps ﬁ Maps V9 C:\Program Files\sASHomel, ..
""" j Mapsgfk ﬁ Mapsafk V9 C:\Program Files\sASHomel, ..
""" j Mapssas ﬁ Mapssas V9 C:\Program Files\sASHomel, ..
""" j Sampsio ﬁ Sampsio V9 C:\Program Files\sASHomel, ..
""" j Sashelp ﬁ Sashelp V9 C:\Program Files\sASHomel, ..
""" j SasUser ﬁ Sasuser V9 C:\Usersikssar\Documents, ..
""" =P Thebook | | 5 Thebook Vg C:\TheBook\EM14. 3\DatalC...
""" j Woark j Work % V9 C:\Usersikssar\AppData'Lo. ..
Get Details Properties... Refresh oK Cancel

Double click on “TheBook” shown under the names in the “Select a SAS Table” window as shown in the
above display. You will get a list of tables in the selected directory (TheBook, in this example). Select the
table and click OK. The table we selected is “CH4_bookdatal”.

Display 4.11
Wi, Select a SAS Table X
=) SAS Libraries Mame Type

----- =¥ Maps B Ch4 bookdatal

----- =) Mapsafk | [E=Y L ossdata3 Table

""" j Mapssas EE; Lossfreguency Table

""" = Sampsio E=]Mn_resp_data Table

----- =) Sashelp | [F=H Resp Table

""" =P Sasuser EE; Resp_scare Table

""" ﬁ EE; Risk_score Table

..... g Wark

et Details Properties... Refresh IE_' Cancel

The Data Source Wizard shows the table selected.
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Display 4.12

. Data Source Wizard -- Step 2 of 8 Select a SAS Table

Select a SAS table

Table - EBOCK. CH4_BOCKDATA Browse .

< Back Next > Cancel

Click on “Next” button. You will see a window showing the properties of the table (SAS data set) that
you selected for this data source.

Display 4.13

. Data Source Wizard -- Step 3 of 8 Table Information

! Table Properties
.-‘\
Property Value
Table Name THEBOOK., CH4_BOOKDATAL
Description
Member Type DATA
Data Set Type DATA
Engine \E]
Mumber of Variables 35
Mumber of Cbservations 12933
Created Date December 14, 2012 7:04:00 PM EST
Modified Date December 14, 2012 7:04:00 PM EST

< Back Cancel

Click “Next”
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Display 4.14

L'\E Data Source Wizard -- Step 4 of 8 Metadata Advisor Options >

Metadata Advisor Options

Use the basic sefting to setthe initial measurement levels and roles based on the variable attributes.

Use the advanced setling to setthe initial measurement levels and roles based on both the variable
attributes and distributions.

-
Lo

< Back Mext = Cancel

Select “Advanced” and “Customize” option as above. The window for customization opens as shown in
Display 4.15.

Display 4.15
. Advanced Advisor Options >
Property Value

Missing Percentage Threshold 50
Reject Vars with Excessive Missing Values M=

5]
Detect Class Levels fes
Reject Levels Count Threshold 20
Reject Vars with Excessive Class Values M=
Database Pass-Through M=
S
Class Levels Count Threshold

If "Dietect class levels"=Yes, interval variables with less than the number

specified for this property will be marked as NOMINAL. The default value 13
20.

Cancel
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Set the Class Levels Count Threshold to 5 and click “OK”. Then the following (Display 4.16) window
opens:

Display 4.16

i Data Source Wizard -- Step 4 of 2 Metadata Advisor Options >

Metadata Advisor Options

Use the basic setting to set the initial measurement levels and roles based on the variable attributes.

Use the advanced setting to set the initial measurement levels and roles based on both the variable
attributes and distributions.

() Basic (® Advanced

« Back k‘ Cancel

Click “Next”. In the next window, | changed the role of the variable “Event” to “Target”. This is done by
clicking on the role column for the variable “Event”. The variable “Event” indicates default. It takes the
value 1 if the customer defaults and 0 if he/she does not default in the observation period.

Changing the role of the variable “Event” is shown in Displays 4.17 and 4.18.
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Display 4.17

I.{{ Data Source Wizard -- Step 3 of 8 Column Metadata

! (none) ~ |:| net |Egualto Apply Reset
Columns: [ ] Label [ Miniing [] Basic [] statistics
MName Role Level I Report Order I Drop Lowver Limit
AGE Input Interval  [No o .
APR. Input Interval  [No o .
BALAVG3M  [Input Interval N0 o .
BalTranAmt Input Interval hln Plu .
BalTranFrg Input Nominal hlu hln .
Bal_Act1 Input Interval Ino o .
Bal_Act? Input Interval o o .
CREDLINE  [Input Interval  [No o .
= |DEQVAR Input Binary o No .
/' |[EARNEDTD  [Input Interval  |No o .
f Input o ry INo o .
FAMCOMP Residual & [Interval INo o .
FRQFINIZM  |Segment Interval N0 o -
Sequence : ' ' 3
Text
Show code E}\\'|:llv::nre.|.E)<t Locati Summary < Back MNext = Cancel
The role of the variable “Event” is changed to “Target”
Display 4.18
il Data Source Wizard -- Step 5 of 8 Column Metadata
= ! (none) ~ | [Inot |Equalto Apply Reset
— |
- Columns: [ ] Label ] Mining ] Basic [ statistics
L]
] Mame Rale Level I Repart Order I Drop Lower Limit
L]
— AGE Input Interval o |no .
- APR Input Interval  JNo o .
BALAVGIM  [Input Interval  JNo o .
BalTranAmt Input Interval Pln hlu .
BalTranFrg Input Hominal Pln hlu .
Bal_Actl Input Interval o o .
Bal_Act2 Input Interval o |no .
CREDLINE Input Interval o |no .
=)  DEQUAR Tnput Binary No o }
ff EARNEDTD  (Input Interval  |No o }
arget Binary h h: o
FAMCOMP  [Input Interval  |No o .
FROFIN12M  [Input Interval o o .
L4 >
Explore Refresh Summary < Back Mext = Cancel

Click “Next”

Select “Yes” to Decision Processing and click on “Next” (Display 4.19).
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Display 4.19

. Data Source Wizard -- Step 6 of 10 Decision Configuration

Decision Processing

Do you want to build models based on the values of the dedsions ¢

If you answer yes, you may enter information about the cost or profit of each possible decision, prior probability
and cost function. The data will be scanned for the distributions of the target variables.

O o ® ies

< Back Mext > Cancel

Select the “Prior Probabilities” Tab in Display 4.20

Display 4.20

l'mi Data Source Wizard -- Step 7 of 10 Decision Configuration

! Targets  Prior Probabilih’esl\ Dedsions  Dedsion Weights

= 2N b
=t Name : EVENT
[_1- E
- : : Measurement Level : Binary
- b 3

. : F Target level order :  Descending

]

= Event level : 1

Format :
Refresh
< Back Cancel

Select “Yes” to the question “Do you want to enter new prior probabilities?” and enter the new prior
probabilities in the Adjusted Prior column as shown in the above display.
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Display 4.21

I.'\E Data Source Wizard -- Step 7 of 10 Decision Configuration

‘ Targets Prior Probabilites  Decisions  Dedision Weights

Do you want to enter new prior probabilities?

(® Yes () No Set Equal Prior

Level Count Prior Adjusted Prior
1 2031 0.1564 0.052
a 10957 0.8436 0,948

HOUOO00

U0oooooo

< Back Mext = Cancel

Then select the tab “Decision Weights”. Enter the decision weights from Display 4.1 (Page 174 of the
book).

Display 4.22

HE Data Source Wizard -- Step 7 of 10 Decision Configuration

‘ Targets  Prior Probabilities Decisions Dedsion Weights

Select a decision function:
(®) Maximize () Minimize
Enter weight values for the dedsions.

Level DECISION1  DECISIOMZ
1 10.0 0.0
0 -1.0 1.0

< Back Cancel

Click Next.

In the next window | answered “No” to the question “Do you wish to create a sample data set?” and

clicked next (This window is not shown here)
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The data source is created and the following window is displayed.
You can write notes and click next (Display 4.23). You get a summary.

Display 4.23

i, Data Source Wizard -- Step 9 of 10 Data Source Attributes

) L
= D 1 You may change the name and the role, and can specify a population segment identifier for the data
7 [ o g3y source to be created.
% 3
4 %
Mame ; CH4_BOOKDATA1L
Role : Raw "
— Segment
Motes :

Mext = Canicel

Display 4.24

i, Data Source Wizard -- Step 10 of 10 Summary

- B 1
1 G > ‘ Metadata Completed.
7 Ik L Library: THEBOOK
’ i”g Data Source: CH4_BOOKDATA1
Role: Raw
b Role Level Count
Input Binary 4
Input Interval 75
1 g Input MNominal 3
E—— Rejected Interval
Target Binary 1

< Back Cancel
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Click “Finish” and the data source is created.

Display 4.25

0. Enterprise Miner - Chd_Solutions - O ot
File Edit View Actions Options Window Help

FrRRBX fsHPuGs nlOFRAS

Ch4_Solutions %

gt = Wy

E@] Data Sources Ll ﬂ = . B H

E ':H"*—E‘D': ) Sample | Explore | Modify | Model | Assess | Utility | HPDM | Applications Tr:x....z 1+

&[ Diagrams
[#-{%] Model Packages

Fs. 4
.. Property Value
Role Raw :‘
MNotes [
Library THEBOOK,
Table CH4_BOOKDATAL
Sample Data Set
Size Type
Sample Size
Type DATA
Mo. Obs 12983
MNo. Cols B85
Mo, Bytes 8831152
Begment
Created By kssar o
F 4
D o

| kssar as kssar %, Connected to DESKTOP-3LIT415

Create Diagram:
Open the project, right-click on diagrams, and select “Create Diagram

Display 4.26

i, Enterprise Miner - Chd_Solutions - O X
File Edit View Actions Options Window Help

#BBXHxHEAGAsniOFRAQ

Ch4_Solutions o
: - =t B i
@--@[DaESouroes = = M E . B “

: CH4 BOOKDATA1 Sample | Explore | Modify | Model | Assess | Utility | HFDM | Applications Tr:x....t‘l PI
ey

@[ Model P %?3 oSl
Import Diagram from XML...

.. Property Value

%

Type a name for the Diagram (such as 4.9_Exercise 1) as shown in Display 4.27.
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Display 4.27

Create Mew Diagram X

Diagram Mame:

4,9_Fxercisel |

Cance

Click OK to create the diagram.

Drag the data source into the work space diagram and attach the data partition node. Set the data set
allocation as shown in Display 4.28.

Display 4.28

L‘K Enterprise Miner - Chd_Solutions
File Edit View Actions Options Window Help

W hEX @Gt loFRae

Ch4_Solutions

- = e

S@]DaﬁSources =) S .lﬁ - Eﬁ ] E“E
CH4_BOOKDATA1 Sample  Explore  Modify Model Assess Utlity HPDM  Applications TextMining Time Series
&[Diagrams

@: 4.9_Fxercisel g-zg 4.9 Exercisel
[-[%] Model Packages

Fe d
.. Property Value
=T CHA
ode 1D part BDOKDATA1
Imported Data .
Exported Data
Motes
Variables
Output Type Data
Partitioning Method Default
Random Seed 12345
| [BData Set Allocations
-Training 60.0
-Malidation 30.0
-Test 10.0
terval Targets (=]
FlassTargets es v
FS 4

Add the three Decision Tree nodes as shown in Display 4.29. The first decision Tree node is called
“Decision Tree” by default. But | renamed it as Decision Tree (1).
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Display 4.29

Sz 4.9_Exercisel

-—}E Data Partition ].._,. h Dacison Tree ]
\ Lo |

°9 CHa_
| BODEDATA1L

Properties of Decision Tree (1) are shown in Display 4.30.
Display 4.30

iInterval Target Criterion  ProbF
-Mominal Target Criterion  ProbChisg .
-Ordinal Target Criterion ~ Entropy by

-Gignificance Level 0.2

-Missing Values |Jse in search

-Use Input Once Mo

-Maximum Branch 2

-Maximum Depth &

-Minimum Categorical Size |5
Bloe
L] eaf Size 5

-Mumber of Rules 5

-Mumber of Surrogate Rules 0

-Gplit Size .
T
| {Use Dedsions No

-lise Priors Mo

-Exhaustive 5000

-Mode Sample 20000
Blsutree
- Method Assessment

-Mumber of Leaves 1

-Assessment Measure Decision

-Assessment Fraction 0.25

Cross Validation

-Perform Cross Validaton Mo

-Mumber of Subsets 10

-Mumber of Repeats 1 W
L

Property settings of Decision Tree (2) are shown in Display 4.31.
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Display 4.31

B|Splitting Rule

| Interval Target Criterion  ProbF

-Mominal Target Criterion ~ Entropy [
-Ordinal Target Criterion ~ Entropy = b8

-Significance Level 0.2

-Missing Values |Jse in search

-llse Input Once Mo

-Maximum Branch 2

-Maximum Depth 3

-Minimum Categorical Size |5
Bode
|- Leaf Size 5

-Mumber of Rules 5

-Mumber of Surrogate Rules [0

-Split Size
=|Split Search
- |se Decisions No

-Ise Priars Mo

-Bdwausﬁue 5000

20000
_
Aszessment
-M_rrber of Leaves 1
-Aszessment Measure Decisiun

-Assessment Fraction
B=|Cross Validation
| -Perform Cross Validation Mo

-Mumber of Subsets 10
-Mumber of Repeats 1 W
AW

Property settings for the Decision Tree (3) are shown in Display 4.32.
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Display 4.32

Splitting Rule
-Interval Target Criterion  ProbF

-Mominal Target Criterion  Gini
-Ordinal Target Criterion Entropy

-Significance Level 0.2

-Missing Values Lise in search

-IUse Input Cnce Mo

-Maximum Branch 12

-Maximum Depth

-Minimum Categorical Size |5
Spoe
| i-Leaf Size 5

-Mumber of Rules 5

-Mumber of Surrogate Rules 0

-5plit Size
=[5plit Search
| -Use Dedsions Mo

-IUse Priors Mo

-Eld"lﬂl..tSﬁUE 5000

(20000
_
Assessment
-M_rrber of Leaves 1
-Assessment Measure Decisjun

-Wssessment Fraction
=|Cross Validation
| LPerform Cross Validation Mo

-Mumber of Subsets 10
-Mumber of Repeats 1 W
e

Add a model comparison node as shown in Display 4.33

Display 4.33
(3 DecisionT)
_}h (:;I“m ree ]‘\\x
e e HE Data Partition ]H-& ?;;iﬂm e ]"_ ﬂ% :I‘:::Jla'ism ]]

1] T
_} : :;]-m:nn Fes
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Run the decision tree nodes and then the Model comparison node. Open the results window of the
Model comparison node. | selected the cumulate capture rates graphs as shown in Display 4.34.

Display 4.34 shows the cumulate capture rates for the three models in training, validation and test data
sets. We use the test data set for an independent evaluation of the models.

Display 4.34

EF Results - Node: Model Comparisen Diagram: 4.9_Exercisel
File Edit View Window

B B S| &
[ Score Rankings Owverlay: EVENT EE@

f!:umulative % Captured Response ~

Data Role = TRAIN

100

80

60

Cumulative % Captured Resp...

40

1] 20 40 60 80 100
Depth

Data Role = VALIDATE

100

80

60

40

Cumulative % Captured Resp...

Depth

Data Role = TEST

100

80

60

40

Cumulative % Captured Resp...

1] 20 40 60 80 100
Depth

Decision Tree (3) Decision Tree (2) Decision Tree(1)|
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From the cumulative capture rates for the Test data sets shown in the bottom frame of Display 4.34, it
appears Decision Tree (1) is slightly better than the other two models. We can see the differences by
printing the tables underlying these graphs. To enter the SAS code needed for these tables we attach a
SAS code node to the process flow as shown in Display 4.35

Display 4.35

Ir‘o D ecision Tree

P
--‘ Data Partiion g _!F:L (D;;iﬁm ==
r'o Decision Tree

aTam (3)

o ata_
Llj BOOKD ATA1

Enter the code shown in Display 4.36 into the code editor window of the SAS Code node.

Display 4.36

Title "IEST™:

Data Test:

get &EM LTE..mdlcomp emrank;
keep model decile cap capc ;
if datarole = "TEST™;

rum;

DATA TestMl (rename = [(model=Modell CAP=CAF]1 CAPC = CAPCL))
TestMZ (rename = (model=Model: CAP=CAPZ CAPC = CAPCZ))
TestM3(retnane = (model=Modell CAP=CAP3 CAPC = CAPCZ)):

set Test:

if upcase (MODEL) = "TEEE"™ then output TestMl; else
if upcase (MODEL) = "TREEZ™ then output TestMzZ; elze
if upcase (MODEL) = "TREES™ then output TestM3:

rumn ;

Data Test_all:

nerge TestMl TestHM2 TestM3 :
by decile :

rum;

proc print data=test_all ;

Ium;

After you run the above code, open the output window of the SAS Code node. You will see the capture
rates (CAP1, CAP2 and CAP3) and the cumulative capture rates (CAPC1, CAPC2 and CAPC3) for the three
models as shown in Display 4.37.
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Display 4.37

Obs Modell CAPl CAPCL DECILE ModelZ CAPE CAPCE Models CAP3 CAPC3
1 Tree 36.0127 36.013 5 Treed 33.8235 33.824 Tree3d 33.5186 33.519
2 Tree 10.7334 46, 746 10 Treez 9.9515 43,805 Treesd 13.4114 46,930
3 Tree 9.8923 56,638 15 Treed 7.5835 51.389 Treel 10.8603 57,790
4 Tree 9,510z 66,149 20 Treed 9.6597 61,045 Treel §.2907 66,051
5 Tree 4,3919 70. 541 25 Treed G. 5526 69,601 Treed 4,3919 70.473
] Tree 4,3919 74,932 30 Treed 4, 5577 74,159 Tree3d 4,3919 74,865
7 Tree 3.1417 78.074 35 Treed 3.6942 TT.853 Tree3d 3.2093 78.074
g Tree 3.3387 §l.413 40 Treel 3.5062 §1.359 Treesd 3.3387 §l.413
9 Tree 3.3387 §4.751 45 Treed 3.5062 Gd. 8665 Treel 3.3387 §4.751

10 Tree 3.3387 g8, 090 50 Treed 3.5062 8§8.371 Treel 3.3387 §8.090
11 Tree Z2.4962 a0. 586 55 Treez 3.5397 91.911 Tree3 Z.4962 90. 586
12 Tree 1.0460 91.632 a0 Treed 1.3984 93.310 Tree3d 1.04a0 91.632
13 Tree 1.0460 9Z.678 65 Treed 0.5444 94,154 Tree3d 1.04a0 9Z.678
14 Tree 1.0460 93.724 70 Treed 0. 5444 94,995 Treel 1. 0460 93,724
15 Tree 1.0460 94,770 75 Treed 0. 5444 95,643 Treel 1. 0460 94,770
16 Tree 1.0460 95,816 g0 Treed 0. 5444 96. 687 Trees 1.04a60 95,816
17 Tree 1.0460 96,862 g5 Treed 0.5444 97,532 Tree3d 1.04a0 96,362
13 Tree 1.0460 97.908 a0 Treed 0.5444 98.378 Tree3d 1.04a0 97.908
19 Tree 1.0460 95,954 a5 Treez 0.5444 99,221 Treed 1.04a80 95,954
20 Tree 1.0460 100,000 100 Treed 0.7735 100,000 Treel 1. 0460 100,000

By comparing the cumulative capture rates, we can decide which model is better. For example at the
6" decile (30" percentile) the cumulative capture rate is 74.932 for Decision Tree 1 (Model 1), 74.159
for Model 2 and 74.865 for Model 2. This means that, if you target the top 30% of customers selected
model 1, you will capture 74.932% of all defaults, If you target the top 30% of customers selected by
Model 2, you will capture 74.159% of all defaults and if you target the top 30% of customers selected by
Model 3, you will capture 74.865% of all defaults. Hence Model 1 (Decision Tree 1) is most powerful in
identifying the defaults. Model 3 is the next most powerful model and Model 2 is the least powerful.
But, the differences are not that large.

Exercise 2
(4) If a customer is assigned to Leaf Node 1, then the predicted probability of response = 0.02.

(5) Using the Profit matrix given in display 4.8, we calculate the expected profits under Decision 1
(responder) and Decision 2 (non-responder).

Decision 1 Decision 2 Posterior probability
1 5 1] 0.02
1] -1 1] 0.98
Expected Profit Underr Decion 1= -0.88
Expected Profit Underr Decion 2= 0

Since the expected profit under Decision 2 is greater than the expected profit under Decision 1, we label
the leaf node as “non-responder” node. Since the selected customer is assigned to Leaf Node 1, we
should not send invitation to the customer.
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Chapter 5

Display 5.1

i}, Create New Project -- Step 1 of 2 Specify Project Name and Server Directory

SAS®Enterprise

Miner-14.3

Project Mame
Ch5_Solutions

SAS Server Directory
C:\TheBook\EM 14, 3\EMProjects

Specify a project name and directory on the SAS Server for this project. All
SAS data sets and files will be written to this location.

Browse

< Back k Cancel

Display 5.2

il Create New Project -- Step 2 of 2 New Project Informatien

AS®Enterprise

Miner-14.3

Mew Project Information

Mame

ICh5_Solutions

Server Directaory

Z:\TheBook'EM 14, 3\EMProjects

< Back

Cancel
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Display 5.3

il Project Start Code x

Enter code to execute when this project is opened or a node is run. Enter A3 OPTIONS statements, LIBMAME statements,
TITLE statements and other code that will affect the environment of the SAS code submitted by Enterprise Miner.

1 Libname TheBook "CU:\Thelook\EMid, 7\Data \Chapteri'™; ~
& Run;

Code |+~ Llog |~

Display 5.4

il Project Start Code et

Enter code to execute when this projectis opened or a node is run. Enter SAS OPTIONS statements, LIBMAME statements,
TITLE statements and other code that will affect the environment of the SAS code submitted by Enterprise Miner.

7 BO03L tlet BYIMEG=: ~
g 60032 Libhame TheEook "C:%\TheBook‘EM1ld.3\Data\Chapters™;
9 NOTE: Libref THEEOOE was successfully assigned as follows:
10 Engine: wa
11 Physical Name: C:\TheBook\EM14,3\Data\Chapters W
£ >

Code | w

Run Mow Stop Cancel
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Display 5.5

. Data Source Wizard -- Step 2 of 8 Select a SAS Table

*
Select a SAS table
Table : EBOOK. CH5_EXDATA Browse..
< Back MNext = Cancel
Exercise 1:
Steps 1 and 2 of the Data Source Wizard are not displayed here, because they were discussed in the
previous exercises. Step 3 of the Data Source Wizard is shown in Display 5.6.
Display 5.6
I.'E Data Source Wizard -- Step 3 of 8 Table Information et
Table Properties
Property Value
Table Mame [THEBOOK. CHS_EXDATA
Description
Member Type DATA
Data Set Type DATA
Engine \E]
Mumber of Variables 65
Mumber of Observations 12933
Created Date January 20, 2013 12:32: 24 PM EST
Modified Date January 20, 2013 12:32: 24 PM EST
< Back Cancel
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Display 5.7

i Advanced Advisor Options >

Property Value
Missing Percentage Threshold 50
Reject Vars with Excessive Missing Values =]
Class Levels Count Threshold 3
Detect Class Levels fes
Reject Levels Count Threshold 20
Reject Vars with Excessive Class Values =]
Database Pass-Through =]
e

Class Levels Count Threshold

If "Detect class levels"=Yes, interval variables with less than the number
specified for this property will be marked as NOMINAL. The default value is
20.

Cancel

Display 5.8

I.-'E Data Source Wizard -- Step 3 of 8 Column Metadata

‘ (nonej A |:| not | Egual to A Apphy Reset
Columns: [ ] Label [] Mining [ Basic [] statistics
Mame Role Level I Report Order I Drop Lower Limit Upp

Input Interval Pln Pln
Input Interval o o
Input Interval o o
Input Interval hln hlu
Input Interval o o
arget |Binary o o
Input Interval o o
Input Interval hln hlu
. FROPURCH12M Input Interval o o
' |GOODEAL  [Tnput Interval  |No INo
HCREDIT Input Interval  |No INo
INCOME Input Interval  |no o
NG 12M Input Interval o o
NG 24M Input Interval o o
TCEEE [ P—— P S—— 7T It

< >

Explore Refresh Summary < Back Next = Cancel
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Display 5.9

@{ Data Source Wizard -- Step 7 of 10 Decision Configuration

‘ Targets Prior Probabilities  Decisions  Decision Weights

Do you want to enter new prior probabilities?

v O
Level Count Prior Adjusted Prior
1 2031 0.1564 0.052
0 10957 0.8436 0.948
|| -
C1mm
1=
1=
1=
1=
1=
1=
<Back | Next> | | Cancel
Exercise 2
Display 5.10A
CHS_EXDATA (== H’H Data Partition
Display 5.10B
.. Property Value
Mode ID Part
Imported Data [
Exported Data [
Motes Q
Output Type Data
Partitioning Method Default
Fandom Seed 12345
[EData Set Allocations
-[Training 0.0
ruraidahon 30.0
-Test 10.0
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Exercise 3.

Display 5.11

I-—)-% Meural Network -\
[ [ MNeural \
I'I _}# Network (2) -"‘“-...H_ \

| -'.I . ;
- Model

# If il
FEEE] - ] Neural o
CH5_EXDATA  |ms—» == Data Partition ]ﬂ—)%ﬁ Network (3) ]-— T Comparison

1 s
| Fy
| /

Vi

1
1 7
| [ &
1 it Dmine ) -
Regression

Display 5.12

Initizlization Seed 12345
Model Selection Criterion Average Errar
Suppress Output Mo
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Display 5.13

Target Layer Activation Function

W Network >
.. Property Value
Architecture Multilayer Perceptron
Direct Connection Mo
Mumber of Hidden Units 5
Randomization Distribution Mormal
Randomization Center 0.0
Randomization Scale 0.1
Input Standardization Standard Deviation
Hidden Layer Combination Function Default
Hidden Layer Activation Function Default
Hidden Bias Yes
Target Layer Combination Function Default
Target Layer Activation Function Logistic [
Target Layer Error Function Default by’
Target Bias fes
Weight Decay 0.0
S 4
~

Specifies the target layer activation function for vour user-defined network.
The value produced by the combination function is transformed by an
activation function, which involves no weights or parameters. The default hd

e

Display 5.15
ariables
Continue Training Mo
Metwork
Optimization o
Initialization Seed 12345 E§
Model Selection Criterion Average Error
Suppress Output Mo
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Display 5.16

M, Optimization >
.. Property Value
Training Technigue Default A
Maximum Iterations 100
Maximum Time 4 Hours
e
- |Use Defaults fes
-Bbsolute -1.34078E154
-Absolute Function 0
-Absolute Function Times 1
-Absolute Gradient 1.0E-5
-Absolute Gradient Times 1
-Absolute Parameter 1.0E-8
-Absolute Parameter Times 1
-Relative Function 0.0 W
e
Maximum Iterations

Maximum number of iterations to perform during training. This can be any
mteger between 1 and 1000.

Cance
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Display 5.17 (Cumulative Lift)

| Score Rankings Overlay: EVENT

Cumulative Lift L

o [& &=

164

Cumulative Lift
'

0.8 ~

Depth

[ TRAIN VALIDATE |

T
100

Display 5.18

|+ Score Rankings Overlay: EVENT

i{:umulaﬁve % Captured Response b

(= [3 E=

1004
B0
60

40 : e —

20 e

Cumulative % Captured Response

0 20 40 B0 80
Depth

[ TRAIN

VALIDATE |

T
100
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Display 5.19

Wl Metwork X
.. Property Value
Architecture Multilayer Perceptron
Direct Connection Mo
Mumber of Hidden Units 5
Randomization Distribution Maormal
Randomization Center 0.0
Randomization Scale 0.1
Input Standardization Standard Deviation
Hidden Layer Combination Function Default
Hidden Layer Activation Function Default
Hidden Bias fes
Target Layer Combination Function Default
Target Layer Activation Function Logistic
Target Layer Error Function Bernoull
Target Bias es by
Weight Decay 0.0
AW
Target Layer Error Function ~
Specifies the target layer error function for yvour user-defined networlk.
Each unit in a neural network produced a single computed value. Input and
1dden units oa e commbuied valne o other hidden or o Tt b
cans
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Display 5.20

| Score Rankings Overlay: EVENT E@@

f{:umulaﬁve Lift ~

Cumulative Lift
L)
1

T
0 20 40 B0 80 100

Depth
| TRAIM VALIDATE |
Display 5.21
| Score Rankings Overlay: EVENT P e |
i{:umulaﬁve % Captured Response -

1004 —
L]
(]
c
=]
&
o 80+
14
o
L
=]
=
& 60
o
X
]
=
& 40
3
£
=]
| &]

204

T T T T T T
0 20 40 60 80 100
Depth
| TRAIN VALIDATE |

Answer to Question 3d:

Yes, the model improved significantly when we changed the Target Layer Error Function Property to
Bernoulli. This indicates that a Bernoulli error function is appropriate when the target layer activation
function is logistic. The improvement can be seen by comparing the cumulative lift charts in Displays
5.17 and 5.20. A comparison of the cumulative capture rates in Displays 5.18 and 5.21 also confirms
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that a Bernoulli error function is more appropriate than the default error function when the target layer
activation function is logistic.

To see the SAS Code you do View =» Scoring =» SAS Code. Displays 5.22 and 5.23 give a partial view of
the SAS code. Display 5.22 shows that the Hidden Unit Activation Function is tanh.

Display 5.22 (Partial list of the sas code)

HLl = 1.79279303430874 + H1l ;
HlZ = -0.28844556732052 + H1Z ;
HL3 = -1.41348112144533 + H13 ;
Hl4 = 1.41030460683973 + H14 ;
HLS = 0.3011311937617 + H1S ;
HLl = TANH{H1l ):
HlZ = TANH{H1Z }:
H13 = TANH{HL3 );
Hl4 = TANH{(H14 ):
HL5 = TANH(HLS );:

Display 5.23 shows the calculation of probability of the Event (default in this example)

Display 5.23
IF _DM BAD EQ 0 THEN DO;
P_EVENT1 = -0.5%3152571676659 * H11 + 1.10654049440834 * H1:Z2
+ 1.03379863331732 * H13 + -0.73230535031816 * Hl4
+ 0.71802227266483 * HLS ;
P_EVENTO = 0.5315257M1676659 * H11 4+ -1.10654049440834 * Hl1:2
+ -1.05579863331732 * H13 + 0.7523055031816 * H1d4
+ -0.7802227266483 * H1S
P_EVENT1 = -2.09442074800226 + F_EVENTL :
P_EVENTO = 2.09442074800226 + P_EVENTO ;
DEOP _EXP BAR;
_EXP_EAR=150;
P EVENTL = 1.0 / (1.0 + EXP(MIN{ - F_EVENTL , EXPF E4R))):
P EVENTO = 1.0 / (1.0 + EXP(MIN{ - F_EVENTO , EXPF EAR))):
END:
ELZE DO;
P EVENTL = .:
P EVENTO = .;
END ;
IF _DM BAD EQ 1 THEN DO;
P_EVENT1 = 0.1114921935%48387;
P_EVENTO = 0.58850806451612
END;

The code given in Display 5.23 shows that the formulae used are as expected. They are similar to the
formulae one uses for calculating probabilities of default (Event) when one uses a logistic regression.
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Exercise 3f

Display 5.24
Wl Network >
.. Property Value
| e Oiery Radal ~Eaual it .
Direct Connection Mo
Mumber of Hidden Units 5
Randomization Distribution Mormal
Randomization Center 0.0
Randomization Scale 0.1
Input Standardization Standard Deviation
Hidden Layer Combination Function Default
Hidden Layer Activation Function Default
Hidden Bias Yes
Target Layer Combination Function Default
Target Layer Activation Function Default
Target Layer Error Function Default
Target Bias fes
Weight Decay 0.0
.
Architecture
Specifies which network architecture is used in constructing the network. The
following are valid selections: generalized inear model, mulfilaver perceptron,
ordinary radial basis function with equal widths, ordinary radial basis function
with unequal widths, normalized radial basis function with equal heights,
normalized radial basis function with equal volumes, normalized radial basis
function with equal widths, normalized radial basis function with equal widths
and heights, normalized radial basis function with unequal widths and heights
and a User specified networl.

care
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Exercise 3g

Display 5.25
l*.i Metwork X
.. Property Value
_Nnrmalized Radial - Equal Width w | M
Direct Connection Mo
Mumber of Hidden Units 5
Randomization Distribution Marmal
Randomization Center 0.0
Randomization Scale 0.1
Input Standardization Standard Deviation
Hidden Layer Combination Function Default
Hidden Layer Activation Function Default
Hidden Bias es
Target Layer Combination Function Default
Target Layer Activation Function Default
Taraat | =wuar Errar FEunctom af=lt o
A
Architecture

Specifies which network architecture is used in constructing the network. The
following are valid selections: generalized linear model, multilaver perceptron,
ordinary radial basis function with equal widths, ordinary radial basis function
with unequal widths, normalized radial basis function with equal heights,
normalized radial basis function with equal volumes, normalized radial basis
function with equal widths, normalized radial basis function with equal widths
and heights. normalized radial basis function with unequal widths and heights
and a User specified network.

Conce

Display 5.26 (Auto Neural)

=[Model Options
-Architecture Single Layer
-Termination Cverfitting
-Train Action Search
-Target Layer Errar Function Logistic
-Maximum Iterations 50
-Mumber of Hidden Units 5
-Tolerance Medium
-Total Time One Hour

Display 5.27 shows the cumulative Capture rates for the model created by AutoNeural .
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Display 5.27

| Score Rankings Overlay: EVENT EE@

i{:umulaﬁve % Captured Response w

100+

B0+

60+

404

Cumulative % Captured Response

20

T
0 20 40 60 B0 100
Depth
[ TRAIN VALIDATE |

Display 5.28 (Lift charts for DMine Regression)

|+ Score Rankings Overlay: EVENT EE@

Cumulative Lift iv

Cumulative Lift

Depth
[ TRAIN WALIDATE |

Display 5.29 shows Cumulative capture rate for the Dmine Regression
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Display 5.29

|7+ Score Rankings Overlay: EVENT = = [
;i‘:umulaﬁve %% Captured Response ~
100 — —
@ e
7 —
g _—
o
7]
€O
0 50
o
b
=]
=
(=3
o
(8]
X 60
L
=
ki
3
£
=]
o 404
T T T T T T
0] 20 40 E0 80 100
Depth
| TRAIN WALIDATE |

Run the Model Comparison node, open the Results Window. Display 5.30 shows the ROC charts for all

the five models compared.

Display 5.30

|+ ROC Chart : EVENT

Data Role = TRAIN

Data Role = VALIDATE

Data Role = TEST

1.0 1.0 1.0
Dmine Dmine
0.8 0.8 Rearession g Fearession
EU.E— é‘ 0.6 é‘ 0.6
= = =
= = =
w w w
5 5 5
wn 0.4 wn 0.4 wn 0.4
0.2+ 0.2+ 0.2+
0.0+ 0.0+ 0.0+
T T T T T T T T T T T T T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
1 - Specificity 1 - Specificity 1 - Specificity
Meural Metwork (3) Meural Metwark (2) Meural Metwork
Dmine Regression AutoMeural Baseline

From Display 5.30, the best model is produced by the DMine Regression.
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Chapter 6

Create a project and give it a name.

Display 6.1

S5A5*Enterprise

Miner- 14.3

i, Create New Project -- Step 1 of 2 Specify Project Mame and Server Directory

Project Mame
Ché_Solutions

SAS Server Directaory
C:TheBook'\EM 14, 3\ EMPrajects

« Back

Specify a project name and directory on the SAS Sernver for this project. All
SAS data sets and files will be written to this location.

Browse

Mext = Cancel

Display 6.2

SAS®Enterprise

Miner- 14.3

i, Create Mew Project -- Step 2 of 2 New Project Information

Mew Project Information

Mame

Ch&_Solutions

Server Directory

C:TheBook'\EM 14, 3\EMProjects

< Back

Cancel
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Display 6.3

IIE Enterprise Miner - Ché_Solutions

File Edit View Actions Options Window Help

hl.X BG4 n U OdFRQe

Afchs_Solutions
-- 5| Data Sources
&| Diagrams
[+-{#®] Model Packages

F %

.. Property

Project Start Code
Project Macro Variables ]

Created 12/14/17 10:25 AM

SErver

Grid Available Mo

Path :\TheBook\EM 14, 3\EMProjec
Metadata Folder Path

Max. Concurrent Tasks Default

Create a libref in the Project Start code window

Display 6.4

Wl Project Start Code .

Enter code to execute when this projectis opened or a node is run. Enter SAS OPTIONS statements, LIBMAME
statements, TITLE statements and other code that will affectthe environment of the SAS code submitted by Enterprise
Miner.

1 libname TheBook O \TheBook\EMid, 3\Data\Chaptera™: ~
2 rum;

e o[ o

Check the log window and click “OK”
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Display 6.5

W Project Start Code x

Enter code to execute when this projectis opened or a node is run. Enter SAS OPTIONS statements, LIBMAME

statements, TITLE statements and other code that will affect the environment of the SAS code submitted by Enterprise
Miner.

28 MNOTE: Libref THEEOOK was successfully assigned as follows: "~

29 Engine: a

30 Physical Name: C:\TheBook4EM1d4.3\Data\Chaptero W
< >

s | [ [ o

Create a data source using the data source wizard as illustrated in Displays 6.6 —6.21

Display 6.6

il Enterprise Miner - Ché_Solutions - O x
File Edit View Actions Options Window Help

#RhBXFxHEAGiniOdRae

Chi_Solutions

-&' Diagrams E Create Data Source
-{%] Model Packages

S, 4
—

.. Property Value

F S 4

Connected to DESKTOP-3LIT4
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Display 6.7

il Data Source Wizard -- Step 1 of 8 Metadata Source X
Select a metadata source
Source - | SAS Table L
< Back Mext = Cancel
Display 6.8
Wl Data Source Wizard -- Step 2 of & Select a SAS Table *
Select a SAS table
kL -MITHEB OOk, TESTSELECTION Browse..
< Back Mext = Cancel
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Display 6.9

i Data Source Wizard -- Step 3 of 8 Table Information et

Table Properties

Property Value
Table Name THEBOOK. TESTSELECTION
Description
Member Type DATA
Data Set Type DATA
Engine va
Mumber of Yariables 1
Mumber of Observations 10589
Created Date August 6, 2007 10:27:51 AM EDT
Modified Date August 6, 2007 10:27:51 AM EDT

< Back Cancel

Display 6.10

I.ii Data Source Wizard -- Step 4 of 8 Metadata Advisor Options .
Metadata Advisor Options

Use the basic setting to set the initial measurement levels and roles based on the variable attributes.

Use the advanced setting to set the initial measurement levels and roles based on both the variable
attributes and distributions.

r

< Badk Mext = Cancel
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Display 6.11

. Advanced Advisor Options *
Property Value
Missing Percentage Threshold 50
Feject Vars with Excessive Missing Values fes
Class Levels Count Threshold 3
Detect Class Levels Yes
Reject Levels Count Threshold 20
Reject Vars with Excessive Class Values fes
Database Pass-Through fes
e
Class Levels Count Threshold

If "Dietect class levels"=Yes, interval variables with less than the number

specified for this property will be marked as NOMINAL. The default value 13
20.

Cancel

After you type in the value for Class Levels Count Threshold property, you must enter, then click “OK”.

Display 6.12

Wl Data Seurce Wizard -- Step 4 of 8 Metadata Advisor Options d

Metadata Advisor Options

Use the basic setting to setthe initial measurement levels and roles based on the variable attributes.

Use the advanced setting to setthe initial measurement levels and roles based on both the variable
attributes and distributions.

() Basic (@ Advanced

< Back Cancel
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Display 6.13

ﬁ_.'{ Data Source Wizard -- Step 3 of 8 Celumn Metadata ht
! (none) v Clnot | Equalto v/| | | Apply || Reset |
Columns: [ ] Label [] Mining []Basic [] Statistics
Name Role I Level I Report Order I Drop Lower Limit Upper L
CVARDO1 Input [Hominal o o .
MNVAR 103 Input Interval  |No o .
NVAR179 Input Interval  |No No .
MNYAR2Z Input Interval o o .
NVAR253 Input Interval  |No o .
NVARZ7 Input Interval o o .
MNVAR30S5 Input Interval  |No o .
NVARS Input Interval  |No No .
MNVART Input Interval o o .
NVARS Input Interval  |No o .
e o pnary o 1o :
< >
[ Show code || Explore || Refresh Summary < Back || Mext = | | Cancel
Display 6.14
ii Data Source Wizard -- Step 5 of 8 Column Metadata et
M= =T | B | aeoy | Reset |
Columns: [ ] Label [ Mining [ Basic [] statistics
MName Role I Level I Report Order I Drop Lower Limit Upper L
CYARDO1 Input [Hominal o o .
NVAR 103 Input Interval o o .
NVAR179 Input Interval  |No o .
NVAR2 Input Interval  |No No .
MNVARZ53 Input Interval o o .
NVARZ7 Input Interval  |No o .
NVAR305 Input Interval o o B
MNVARS Input Interval  |No o .
NVART Input Interval  |No No .
MNVARS Input Interval  |No o .
B e nary o o :
Segment A
Seguence
[Text 5
[Text Locati
ime ID
ETreah‘nent Efresh Summary < Back || Mext = | | Cancel
Web Addre v
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Display 6.15

i, Data Source Wizard -- Step 3 of 8 Column Metadata *
! (none) ~ | []not Equalto ~ Apphy Reszet
Columns: [ Label [ Mining [] Basic [] statistics
Name Role I Level I Report Order I Drop Lower Limit Upper L
CVARDO1 Input [Nominal Ho o .
NVAR103 Input Interval  |No INo .
NVAR 179 Tnput Interval Ho o .
NVARZ Input Interval Ho o .
NVAR253 Input Interval Mo o .
NVARZ7 Tnput Interval o o .
NVAR305 Input Interval Mo o .
7 NVARS Input Interval Mo o .
NVART Tnput Interval o o .
/' [aRrs Input Interval  |No ) ]
B Taget  Bnary Mo o :
< >
Explore Refresh Summary < Back Mext = Cancel
Display 6.16
i Data Source Wizard -- Step 6 of 10 Decision Configuration >

Decision Processing

Do you want to build models based on the values of the decisions ?

If you answer yes, you may enter information about the cost or profit of each possible dedsion, prior probability and
cost function. The data wil be scanned for the distributions of the target variables.

()Mo

< Back Next = Cancel
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Display 6.17

0o0o0oao

OO0

Ii'{ Data Source Wizard -- Step 7 of 10 Decision Cenfiguration

Targets  Prior Probabilities Decisions Decision ﬂeightsr\

LY==z

by

Name : resp
Measurement Level : Binary
Target level order :  Descending
Event level : 1

Format :

<Back [ Next> | | Cancel |
Display 6.18
Iﬂ Data Source Wizard -- Step 7 of 10 Decision Cenfiguration
‘ Targets Prior Probabilities Dedsions Decision Weights

Select a dedsion function:

(@) Maximize () Minimize

Enter weight values for the decisions.

Level DECISION1 DECISIOM2

1 10.0 0.0

0 0.0
| -
o ]
‘mm ]
‘o ]
o ]
o ]
o ]
‘mm ]

| Cancel

< Back || Next > N
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Display 6.19

000000

0o0o0ooo0

lﬁ Data Source Wizard -- Step 8 of 10 Create Sample

Do you wish to create a sample data set?

(®) Mo () Yes

Table Info

Columns 11

Rows 10589

Sample Size

Type | Percent ~ ‘
Percent | 20 ‘
Rows | ‘

<Back |[ MNext> | Cancel

Display 6.20

lﬁ Data Source Wizard -- Step 9 of 10 Data Source Attributes

You may change the name and the role, and can specify a population segment identifier for the data

source to be created.

Name: | TESTSELECTION

Role : Raw v |
Segment: | |
Notes :

<Back [ Next> [ | Cancel
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Display 6.21

i Data Source Wizard -- Step 10 of 10 Summary

j 4 P P
TngW e Metadata Completed.

k-
8 J3
Z.)l & -~ Library: THEBOOK

Role: Raw

Role
Input
Input
Target

L4 |

= )

-2
-3
—{_]

. % Data Source: TESTSELECTION
-

Level
Interval
Mominal
Binary

Count

< Back

Cancel

When you click “Finish”, the data source creation will be completed.

Create a Process Flow Diagram.

Display 6.22

Lﬂ: Enterprise Miner - Ché_Sclutions

File Edit View Actions Options Window Help

H-RBX JEERG £ WO

Ch&_Solutions
EI@] Data Sources
i L] TESTSELECTION

0

+-{Bu
-{&] Model ??g Create Diagram
Import Diagram from XML...

L3

F S

.. Property Value
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Display 6.23

Create Mew Diagram

Diagram Mame:

|6.?_Exercises

Display 6.24

TESTSELECTIO
B2 M

“531 Data Partition

[ cp—

Display 6.25 (Data Parturition Node Properties)

terval Targets

-
.. Property Value
| Genera
Mode ID Part
Imported Data ]
Exported Data ]
Motes ]
ariables ]
Dutput Type Data
Partitioning Method Default
Random Seed 12345
| [=|Data Set Allocations
{-Training 40,0
-Validation 30.0
-Test =20.0

=]

Targets

Create Time

=]

12/14/17 4:12PM

Fun ID

Last Error

Last Status

Last Run Time

Fun Duration

Grid Host

User-Added Node

av
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Display 6.26 (Regression Node Properties — a partial view Q3 a, b and c)

-Selection Model Forward

-Selection Criterion Schwarz Bayesian Criterion (SBC)
-Use Selection Defaults fes

-Selection Options

Display 6.27
EP Results - Node: Regression Diagram: 6.7_Exercises
File Edit VYiew Window
El | | Properties  *
|f"‘_-¢’ Score SAS Results  * ¥
| »
Cumulati Scering w
Aszessment ¥
Model : Effects Plot
4- Estimate Selection Plot
Table
[teration Plot
Plot... [},
Display 6.28
¢ Iteration Plot N
;ﬁ.verage Square Error o
0.090
0.085
0.080 =___:_:_
T T T T
0 2 4 /:'? 3]
Model Selection Step Number
Train: Average Squared Errar
Walid: Average Squared Error
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Display 6.29 (from the Output Window)

The selected model, based on the Schwarz Bayesian criterion, is the model trained in Step 5. It consists of the following effects:

Intercept CVAROOL NVARIOS NVARZS3 NVARZT HNVARI0S

Likelihood Ratio Test for Global Mull Hypothesis: BETA=0

-2 Log Likelihood Likelihood

Intercept Intercept & Fatio
only Covariates Chi-3quare DF Pr > ChiSg
2163, 746 1728.164 435.5818 13 <. 0001

Type 3 Analysis of Effects

Wald
Effect DF Chi-Square Ir > ChiSg
CVARDOL o al.o051 <.0001
NVARLOS 1 176, 4902 <.0001
NVARZSS 1 49, 5683 <.0001
NVARZT 1 10,6516 0.0011
NVAR3O0S 1 22,3969 <.0001
Display 6.30
[#+ Score Rankings Overlay: resp [ @ [=
Cumulative Lift w
44
L=
|
o o7
=
=
=
E
5
(3]
2_
1 -
T T T T T T
0 20 40 E0 80 100
Depth
[ TRAIN VALIDATE |
Question 6
Display 6.31
-Selection Model Forward
-Gelection Criterion Akaike Information Criterion (AIC)
-Use Selection Defaults es
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Display 6.32

[z Iteration Plot = |- B [
?,ﬁ.verage Sguare Error e
0.0890
0.085
0.080
T I I
0 2 4 G
Model Selection Step Number
Train: Average Squared Errar
—Valid: Average Squared Error
Display 6.33

The selected model, based on the Akaike information criterion, is the mnodel trained in Step 6. It consists of the following effects:

Intercept CVAROOL NVARIOS NVARES3 NVARZY NVARI0S NVAR7

Likelihood Ratio Test for Global Null Hypothesis: BETA=0

-2 Log Likelihood Likelihood

Intercept Intercept & Ratio
Only Covariates Chi-%cquare IF Pr > Chiiq
2163.746 1715.165 444, 5505 14 <.0001

Type 3 Analysis of Effects

Wald
Effect LF Chi-%quare Pr > Chiiqg
CVAROO1 9 91,5441 <.0001
NVAR103 1 176.8076 <.0001
NVARZ253 1 50. 4588 <.0001
NVARZT 1 13.3377 0.0003
NVAR30S 1 15. 5836 <.0001
NVART 1 9.3743 0.0022
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Display 6.34

[ Score Rankings Overlay: resp e B [
Cumulative Lift L
\
i \
\

=
- \
[
2 3 -
s
: \
£ I
=] —
8] R‘“‘H—-:ﬁ

2 S

:?b‘ﬁh-‘":"‘: —
~——— )
i :::____=='——--——_.___—_..=.== —
i —._______________‘_‘
T T T T T T
0 20 40 B0 80 100
Depth
| TRAIN VALIDATE |

From the iteration plot in Display 6.28 you can see that the Schwarz Bayesian Criterion (SBC) selected 5
explanatory variables selected at the 5" iteration. The selected variables are: CVAR001, NVAR103,
NVAR253, NVAR27 and NVAR305. By the Akaike Information Criterion (AIC) 6 explanatory variables are
selected (See Display 6.32)—the 5 variables selected by the SBC criterion plus an additional variables
NVAR7. The reason for this the SBC criterion imposes a larger penalty for each additional explanatory
variable than the AIC criterion does. This can be seen from equations (6.29) and (6.30) given in pages
406 and 408 in the third edition of the book. You should also look at the output window and scroll down
to see which variable is added at each iteration. Displays 6.29 and 6.33 show the variables selected at
the final iteration for SBC and AIC.

Displays 6.30 and 6.34 show lift charts for the models generated by the SBC and AIC. There is no
significant difference between the lift. But the model produced by SBC is parsimonious in the sense
that it has fewer explanatory variables.
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Chapter 7

Display 7.1

il Create New Project -- Step 1 of 2 Specify Project Mame and Server Directory

AS®Enterprise

Miner-14.3

Specify a project name and directory on the SAS Server for this project. All

SAS data sets and files will be written to this location.

Praoject Mame
Ch7_Solutions

SAS Server Directory
C:\TheBook\EM 14, 3\EMProjects

< Back

Mext = Cancel

Display 7.2

il Create New Project -- Step 2 of 2 Mew Project Information

AS®Enterprise

Miner- 14.3

Mew Project Information

Mame

Ch7_Solutions

Server Directaory

Z:\TheBook\EM 14, 3\ EMProjects

< Back

Cancel
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Display 7.3

i, Project Start Code >

Enter code to execute when this project is opened or a node is run. Enter SAS OPTIONS statements, LIBMAME statements,
TITLE statements and other code that will affect the environment of the SAS code submitted by Enterprise Miner.

1 Libname Theook "C:\Thelook\EM1d, 3\Data \Chapter?™;
2 run;

Code |+ Llog |~v

Display 7.4

I.'vi Enterprise Miner - Ch7_Sclutions

File Edit View Actions Options Window Help

#hBX {fiigyHEaGs s iOFfFRae
Ch7_Solutions
% Diagrams E*ﬂ Create Data Source L\J\e
@[ Model Packages

[

.. Property Value
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Display 7.5

il Data Source Wizard -- Step 1 of 8 Metadata Source X

P |

Select a metadata source

Source : |SAS Table

< Back Mext = Cancel
Display 7.6
Wl Select a SAS Table X
= Mame Engine I Path
""" =P Maps ﬁ Maps V3 C:\Program Files\SASHome?, ..
""" (=P Mapsgfk j Mapsgfk V3 C:\Program Files\SASHome?, ..
""" (= Mapssas j Mapssas V3 C:\Program Files\SASHome?, ..
""" (=} Sampsio j Sampsio V3 C:\Program Files\SASHome?, ..
""" =P Sashelp j Sashelp V3 C:\Program Files\SASHome?, ..
""" =P Sasuser j Sasuser V3 C:\Jsersikssar Documents?, ..
----- ERLll e oo e G heBook 14 3pataC...
""" =P Work j Work V3 C:\Jsersikssar\ApplatalLo...
Get Details Properties... Refresh Ok Cancel
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Display 7.7

Wl Select a SAS Table

Type

Attrition2_c

Ch7_exerdse

Eﬁ Ch7_thebookdata
EE; Ch7_thebookdata2
EE; Lossdatas

Table

able
Table
Table
Table
Table

et Details Properties... Refresh Cancel
Display 7.8
i Data Source Wizard -- Step 2 of 8 Select a SAS Table
Select a SAS table
Table: EQOK.CH7_EXER.CISE
< Back Next = Cancel
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Display 7.9

i Data Source Wizard -- Step 3 of 8 Table Information

*

Table Properties

Property Value

Table Name THEOQOK.CH7_EXER.CISE

Description

Member Type DATA

Data Set Type DATA

Engine V3

Mumber of Variables a5

MNumber of Observations 12988

Created Date December 14, 2012 7:04:00 PM EST

Modified Date December 14, 2012 7:04:00 PM EST

< Badk Cancel
Display 7.10
I.-'E Data Source Wizard -- Step 4 of 8 Metadata Advisor Options *

Metadata Advisor OpliO[‘lS

Use the basic setting to setthe initial measurement levels and roles based on the variable attributes.
Use the advanced setting to set the initial measurement levels and roles based on both the variable
attributes and distributions.

Ossic ®Aganced [ _cusomie. |
< Back Next = Cancel
This set of Solutions to Exercises is a companion piece to the following SAS Press book: Sarma, Kattamuri S., Ph.D. 2017.
Predictive Modeling with SAS® Enterprise Miner™: Practical Solutions for Business Applications, Third Edition. 95

Copyright © 2017, SAS Institute Inc., Cary, North Carolina, USA. ALL RIGHTS RESERVED.




Display 7.11

Wi, Advanced Advisor Options *
Property Value
Missing Percentage Threshold 50
Reject Vars with Excessive Missing Values fes
Class Levels Count Threshold 5
Detect Class Levels Yes
Reject Levels Count Threshold 20
Reject Vars with Excessive Class Values fes
Database Pass-Through fes
S 4
Class Levels Count Threshold
If "Dietect class levels"=Yes, interval variables with less than the number
specified for this property will be marked as NOMINAL. The default value 13
20.
Cancel
Display 7.12
I.E Data Source Wizard -- Step 5 of 8 Celumn Metadata
! (none) ~ |:| not | Equal to ~ Apply Reset
Columns: ] Label [ Mining [] Basic [] statistics
Mame Role Level | Report Order | Drop Lower Limit Upper Limit
AGE Input Interval  |No o
APR. Input Interval o o
BALAVG3M  [Input Interval  |No o
BalTranAmt  [Input Interval o o
BalTranFrg Input INominal o o
Bal_Acti Input Interval  |No o
Bal_Act2 Input Interval o o
| CREDLINE ~ Input Interval  |No o
/ ~  |DEQVAR Tnput Binary ) no
- /  [EARMEDTD  [nput Interval  |No o
Jre ) BT terset | ey o o
25/ FAMCOMP  Tnput  lo[Interval o No
— FRQFIN12M  [Input Interval o o
- FRQPURCH12M Tnput Interval  |No o
GOODBAL Input Interval  |No o
HCREDIT Input Interval  |No o
< >
Explore Refresh Summary < Back Mext = Cancel
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Display 7.13

lﬂ Data Source Wizard -- Step & of 10 Decision Configuration

Decision Processing

Do you want to build models based on the values of the dedisions ?

The data will be scanned for the distributions of the target variables.

(@) No (D) Yes

If you answer yes, you may enter information about the cost or profit of each possible dedision, prior probability and cost function.

<Back [ Next> | | Cancel

Display 7.14

I‘E Data Source Wizard -- Step 7 of 9 Create Sample

Do you wish to create a sample data set?

(@) No (O Yes

Table Info
Columns &85
Rows 12988

Sample Size

Type |Percent w |

Percent |zu |

Rows | |

<Back | Next> | | Cancel
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Display 7.15

W, Data Source Wizard -- Step 8 of 9 Data Source Attributes

'3 N |

i B L | You may change the name and the role, and can specify a population segment identifier for the data source to be
;r.i 93) created.

& «

MName : CHY_EXERCISE

Role: Raw "

_!—| Segment:

Notes :

< Back Cancel

Display 7.16
i, Data Source Wizard -- Step 9 of 9 Surmmary
') i Y p ,E_ ]
L L e o = ‘ Metadata Completed.
I = )
Z') 2 - Library: THEQOK
ot 1_‘!.‘.%1 Data Source: CH7_EXERCISE
"~ Role: Raw
Role Level Count
Input Binary 4
Input Interval 75
! s Input Mominal 3
|:.J Rejected Interval 2
Target Binary 1
—
s
< Back Cancel
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Display 7.17

a Enterprise Miner - Ch7_Solutions
File Edit View Actions Options Window Help

#RBEBX HLHEAGAnlORRCQ

Ch7_Solutions .
: - =t N e

EI@] Data Sources = gEy i'-.l T . B I"I
CH7_EXERCISE Sample |Explore | Modify | Model | A
[+ (%] Diagrams
(- {%] Model Packages

Y,
.. Property Value
CH7_EXERCISE
Wariables [
— =
Role Raw
Motes Igl
Library THEQOK
Table CH7_EXERCISE
Sample Data Set
Size Type
Sample Size
Type DATA
Mo, Obs 12938
No. Cols B85
Mo. Bytes 3381152
segment
Created By kssar
Create Date 12/15/17 12:45 PM
Modified By kssar
Modify Date 12/15/17 12:45 FM
Scope Local
Display 7.18
Create Mew Diagram =

Diagram Mame:

|Ch?_50|uﬁuns | |
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Display 7.19

I-—)-& Decision Tree J-\

f ,

{ A%

I.' \H% MModel _ J
Comparison

ﬂ CH7_EXERCISE J-—)- F.Hﬁ Data Partition J-\i {/
h : Gradient
> H?ﬂ Boosting J-

Display 7.20 (Properties of the data partition node)

S
.. Property Value
Mode ID Fart
Imported Data =]
Exported Data =]
Notes =
Output Type Data
Partitioning Method Default
Random Seed 12345
| [=|Data Set Allocations

| - Training 50.0

12/15/17 6:02 PM

Last Errar
Last Status
Last Run Time
Fun Duration
Grid Host
Ilzer-Added Mode Mo
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Display 7.21

Eeubtree |

Lo Ty PO Ny Ty

Display 7.22

-Method Bssessment

-Mumber of Leaves 1

-Assessment Measure Average Square Error
-Assessment Fraction 0.25

Score Rankings Overlay: EVENT

(= [3 E=

Cumulative Lift

Data Role = TEST

Decision Tree

Cumulative Lift
I

Gradient Boosting

40

Depth

60

a0

T
100

Decision Tree

Gradient Boosting]
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Display 7.23

Score Rankings Overlay: EVENT = o [
;I:umulaﬁve % Captured Response v
Data Role = TEST ~
1007 ——————
o Gradient Boosting _d_—;—:————_—__—______
b —
= = o
2 T
I 4
B0 /
o
o Decision Tree
@
=
S
o
& B0+
Q
=®
@
=
B 40+
=]
E
3
(&)
£
204
T T T T T T
0 20 10 60 80 100
Depth v

Decision Tree Gradient Boosting

Comparing the cumulative % captured response of the two models shown in Display 7.23, Gradient
Boosting seems to be slightly better than Decision Tree.

Exercise 2

Display 7.24

CHT_EXERCISE& % Data Partition %

[o
)

&
L2 )

)
ig » Meural Network
\K Regression

) Gradient
[T?ﬂ Boosting

Decision Tree

@f’]\ Ensemble

LT

Model
Comparison
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Display 7.25 shows the properties of the data partition node. Display 7.26 shows the Subtree properties
of the Decision Tree node.

Display 7.25
S
.. Property Value
Mode ID Fart
Imported Data I
Exported Data I
Notes =
Dutput Type Data
Partitioning Method Default
Random Seed 12345

| [BData Set Allocations
-[Training 50.0

Create Time 12/16/17 7:32 AM
Run ID

Last Errar
Last Status
Last Run Time
Run Duration
Grid Host
Ilzer-Added MNode Mo

Display 7.26

-Method Assessment

-Mumber of Leaves 1
-Assessment Measure Wverage Square Error
-Assessment Fraction 0.25

Cross Validation
-Perform Cross Validation
-Mumber of Subsets 10
-Mumber of Repeats 1
-Geed
Chbservation Based Importance
i-Observation Based Impartance Mo
i-Mumber Single Var Importance |5
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Display 7.27 shows the properties of the Neural Network model and 7.28 shows the Network
architecture. Display 7.29 shows the optimization parameters for the Neural Network.

Display 7.27

12345
AWverage Error
Mo

Create Time 12/16/17 7:43 AM
Run ID

Last Errar
Last Status
Last Run Time
Fun Duration
Grid Host
Iser-Added Mode Mo
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Display 7.28

l%i Metwork
.. Property Value
wrchitecture Multilayer Perceptron
Direct Connection Mo
Mumber of Hidden Units 5
Randomization Distribution Mormal
Randomization Center 0.0
Randomization Scale 0.1
Input Standardization Standard Deviation
Hidden Layer Combination Function Default
Hidden Layer Activation Function Default
Hidden Bias Yes
Target Layer Combination Function Default
Target Layer Activation Function Loqgistic
Target Layer Error Function Bernoulli
Target Bias fes
Weight Decay 0.0
e
Target Layer Error Function

function.

Specifies the target layer error function for yvour user-defined network. Each

vt in a neural network produced a single computed value. Input and hidden

units pass the computed values to other hidden or output units. The predicted
value for output is compared with the target value to compute the error

cone
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Display 7.29

I.i Optimization *
.. Property Value
Training Technigue Default ~
Maximum Iterations 100
Maximum Time 4 Hours
Borinear optors
| Use Defaults Yes
-Absolute ~1.34078E154
-wbsolute Function ]
-dbsolute Function Times 1
-dbsolute Gradient 1.0E-5
-dbsolute Gradient Times 1
-dbsolute Parameter 1.0E-8
-dbsolute Parameter Times 1
-Relative Function 0.0
-Relative Function Times 1
-Relative Gradient 1.0E-6 W
e
Maximum Iterations

Maximum number of iterations to perform during training. This can be any
integer between 1 and 1000.

cares

Display 7.30 shows the properties of the Regression node.

Display 7.30

@ Class Targets
i-Regression Type ogistic Regression
t-Link Function ogit

[EModel Options

t-Buppress Intercept o
i-Input Coding Deviation
=(Model Selection

-Selection Model Stepwise
-Selection Criterion Akaike Information Criterion (AIC)
-Use Selection Defaults fes

This set of Solutions to Exercises is a companion piece to the following SAS Press book: Sarma, Kattamuri S., Ph.D. 2017.
Predictive Modeling with SAS® Enterprise Miner™: Practical Solutions for Business Applications, Third Edition.
Copyright © 2017, SAS Institute Inc., Cary, North Carolina, USA. ALL RIGHTS RESERVED.



Display 7.31

[ Score Rankings Overlay: EVENT

Cumulative Lift fw

Data Role = TEST

o[ &=

Ensemble
. \

Gradient Boos%\

Cumulative Lift
1

0 20 40 G0 a0 100
Depth v
Ensemhle Gradient Boosting
Display 7.32
[ Score Rankings Overlay: EVENT o [Pl |
Cumulative % Captured Response L
Data Role = TEST ~
100 —
mmm— |
3 ,—-:?_f—‘.-m
g ;}4‘-:'_d_/
oy
b 80
3
-
2
2
2 60+ Ensemble
(4]
=
o
=
5 40
=
E //
=
o s
,(/
20
T T T T T T
0 20 40 60 80 100
Depth =
[ Ensemble Gradient Boosting|
From displays 7.31 and 7.32, it appears that Ensemble is slightly better than Gradient Boosting in terms

of model accuracy.
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Display 7.33

[ Score Rankings Overlay: EVENT

il‘:umulative Lift

Data Role = TEST

o [& &=

Cumulative Lift
1

T
100

0 20 40 60 80
Depth =
{L Decision Tree (2 }—— Regression (3 }—— Neural Network (4 J}—— Ensemble (5 }—— Gradient Boosting|
Display 7.34
[ Score Rankings Overlay: EVENT o (e B [
;I:umulative %% Captured Response HE
Data Role = TEST A
100 —
e ———
: 5 ————
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o
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]
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=
>
E 40
S
E
S
Q
20
T T T T T T
0 20 40 60 a0 100
Depth v
Decision Tree Regression Meural Metwork Ensemhle Gradient Boosting|

Based on the cumulative lift charts (Display 7.33) and Cumulative %Captured Response (Displays 7.34),
Ensemble is the best model, although the difference between the Ensemble and Gradient Boosting is
very small.

This set of Solutions to Exercises is a companion piece to the following SAS Press book: Sarma, Kattamuri S., Ph.D. 2017.
Predictive Modeling with SAS® Enterprise Miner™: Practical Solutions for Business Applications, Third Edition.
Copyright © 2017, SAS Institute Inc., Cary, North Carolina, USA. ALL RIGHTS RESERVED.



Chapter 9

Using %tmfilter macro we downloaded web pages from

(1) www.wsj.com/news/economy

(2) www.webmd.com
(3) www.nytimes.com/economy

The %tmfilter macro is executed separately for each link shown in (1), (2) and (3) above. After running
the %tmfilter macro three times, three sas data sets are created: (1) “tmlib.ws;j”, (2) "tmlib.webmd” and
(3) tmlib.nytbusiness.

The links selected here are arbitrary. They are used for illustration only. You can do the same with links
of your own interest.

Display 9.1

libname tmlih "C:% TheBookhWEM13. 1% TextMining, SASDLTL™:
run;

Display 9.2

ttmfilter (url=http://Wwww.ws].com/news,/economy,
depth=1,
dir=c:\TheBook\EM14.3\TextMiningidirl,
destdir=c:\TheBook\EM14.3\TextMininghdestdirl,
norestrict=1,
dataset=tmlib.wsj,numnchars=32000, force=Y) ;
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Display 9.3

The SAS System

The FREQ Procedure

Language

Cumulative | Cumulative
LANGUAGE | Frequency Percent Frequency Percent

English 114 100.00 114 100.00
Frequency Missing =6

Frequency Table of TRUNCATED by OMITTED
Percent .
Row Pt OMITTED(Omitted)
Col Pct TRUNCATED(Truncated) 0 1 Total
0 111 4 115
92 50 333 9583
96.52 3.48
95.69  100.00
1 5 0 b
417 000 477
100.00 0.00
4.3 0.00
Total 116 4 120

96.67 3.33 100.00

Display 9.4

ttmfilter (url=http:// www.webmd. com/,

depth=2,

dir=c:\TheBook EM14.3\TextMininghdirZ,
destdir=c:\TheBook\EM14.3\TextMiningidestdirZ,
norestrict=1,

dataset=tmlib.webmnd, numchars=32000, force=Y) ;
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Display 9.5

The SAS System

The FREQ Procedure

Language

Cumulative | Cumulative
LANGUAGE | Frequency | Percent  Frequency Percent

English 159 | 100.00 159 100.00

Frequency Missing = 15

Frequency Table of TRUNCATED by OMITTED
Percent .
Row Pct OMITTED({Omitted)
Col Pct TRUNCATED{Truncated) 0 1 Total
0 159 12 171
91.38 6.90  93.28
52 98 7.02
95.15  100.00
1 3 0 3
1.72 0.00 1.72
100.00 0.00
1.84 0.00
Total 162 12 174
83.10 6.90  100.00
Display 9.6

ftmfilter (url=http://www.nytimes.com/section/business,

depth=1,
dir=c:%TheBookWEM14.3\TextMiningh\dir3,
destdir=c:\TheBook\EM14. 3\ TextMiningidestdir3i,
norestrict=1,

dataset=tmlib.nytbusiness, numchars=32000, force=Y) ;
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Display 9.7

The SAS System

The FREQ Procedure

Language

Cumulative | Cumulative
LANGUAGE | Frequency Percent | Frequency Percent

English 15 100.00 15 100.00

Frequency Missing =1

Frequency Table of TRUNCATED by OMITTED
Percent .
Row Pt OMITTED{Omitted)
Col Pct TRUNCATED|Truncated) 0 1| Total
0 15 1 16
93.75  6.25|100.00
93.75 6.25

100.00 | 100.00

Total 15 1 16
93.74 6.25  100.00

Display 9.8 shows the creation of the target variable. If the web page is Economics related, then target =
1 and O otherwise.
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Display 9.8

data wsj ;
set tmlikb.ws]
keep text omitted target
if omitted then delete ;
TARGET = 1 :
TN ;
data webmd ;
set tmlib.webmd ;
keep text omitted target ;
if omitted then delete ;
TARGET = 0 ;
TN ;
data nytbusiness ;
set tmlib.nytbusiness ;
keep text omitted target
if omitted then delete ;
TARGET = 1 ;
T ;
data tmlik.combined ;
set wsj webmd nytbusiness ;
lakbel TARGET = "Economics (1) / Health (0)"
TN ;

Display 9.9

il Create New Project -- Step 1 of 2 Specify Project Mame and Server Directory

] - jo .
SAS®Enterprise Project Name

Miner-14.3

Chg_Solutions

SAS Server Directory
C:\TheBook\EM 14, 3\EMProjects

< Back Mext =

Specify a project name and directory on the SAS Server for this project. All
SAS data sets and files will be written to this location.

Browse |

Cance
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Display 9.10

i, Create Mew Project -- Step 2 of 2 New Project Information >
Mew Project Information
Mame Cha_Solutions
Server Directory C:TheBook\EM 14, 3\ EMProjects

SAS® Enterprise

Miner- 14.3

< Back Cancel

Display 9.11

il Project Start Code

Enter code to execute when this projectis opened or a node is run. Enter SAS OPTIONS statements, LIBNAME statements,
TITLE statements and other code that will affect the environment of the SAS code submitted by Enterprise Miner.

1 libname TheBook "C:'\TheBool\EM1d, 3\TexytMining\SA504ATA; ”~
2 rum;

Code |~ Llog |-

Run Mow Stop Cancel
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Display 9.12

I.-'E Data Source Wizard -- Step 1 of 8 Metadata Source *
Select a metadata source
Source : |5AS Table
< Back Mext = Cancel
Display 9.13
Wl Data Source Wizard -- Step 2 of & Select a SAS Table x
Select a SAS table
Table : EBOQK. COMBIMED Browse..
= Back Mext = Cancel
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Display 9.14

l'\E Data Source Wizard -- Step 3 of 8 Table Information

! Table Properties
Property Value
Table MName THEBOOK., COMBINED
Description
Member Type DATA
Data Set Type DATA
Engine VI
Mumber of Variables 3
Mumber of Observations 293
Created Date December 19, 2017 &:16:04 AM EST
Modified Date December 19, 2017 8:16:04 AM EST
< Back Cancel

Display 9.15

. Data Source Wizard -- Step 4 of 8 Metadata Advisor Options

Metadata Advisor Options

LIse the basic setting to set the initial measurement levels and roles based on the variable
attributes.

Use the advanced setting to set the initial measurement levels and roles based on both the
variable attributes and distributions.

(® Basic () Advanced Customize...

< Back Cancel
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Display 9.16

VE Data Source Wizard -- Step 5 of 8 Column Metadata x
= ! |(nune} w | [ net |Equa| to w | | | | Apply | | Reset |
: Columns: [ Label [] Mining [] Basic Statistics

: MName Role Level | Report Order I Drop Lower Limit
- OMITTED Rejected  [Interval o o .
= arget [Binary o Mo .
TEXT ext Nominal o o .
L4 >

| Show code || Explore || Compute Summary < Back ” Mext = | | Cancel
Display 9.17

“E Data Source Wizard -- Step & of 10 Decision Configuration bt

Decision Processing

Do you want to build models based on the values of the decisions ?

(@) Mo () Yes

If you answer yes, you may enter information about the cost or profit of each possible dedision, prior
probability and cost function. The data will be scanned for the distributions of the target variables.

<Back [ Next> |

| Cancel
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Display 9.18

b

v;{ Data Source Wizard -- Step 7 of & Create Sample

Do you wish to create a sample data set?

(@) No (") Yes

Table Info

Columns 3

Fows 293

Sample Size

Type ‘Percent e |
Percent ‘ZD |
Rows ‘ |

| <Back |[ Next> I | Cancel

Display 9.19

‘*‘irﬂ
=

k2 : lﬁ"
.
¢

H_.'{ Data Source Wizard -- Step 8 of 9 Data Source Attributes

You may change the name and the role, and can specify a population segment identifier for
the data source to be created.

Name: |COMBINED |
Role: |Raw w |
Segment | |
Motes :

<Back [ Next> | | Cancel
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Display 9.20

il Data Source Wizard -- Step 9 of 9 Summary

‘ Metadata Completed.

Library: THEBOOK

Role: Raw

Role
Rejected
Target
Text

Data Source: COMBIMED

Level
Interval
Binary
Mominal

< Back

Count

Cancel

Display 9.21

{| COMBINED

[‘% Text Parsing

[’:%% Text Filter

Text Topic

£ Regression

Display 9.22

=] Tepics EE@
Category | Topic ID Document Cutoff Term Cutoff Topic Number of Terms | #Docs |
Multiple i 0.172 0.016 dow jones +company,data, a 523 44 A
Multiple 8 0.357 0.016medscape webmd,medicine espafiol francais 275 84
Multiple 9 0.180 0.016 chg,preview ytd read, months 506 15
Multiple 10 0.182 0.016dec,navigation,tech,search,subscriptions 495 12
Multiple 11 0.198 0.016healthwise,poisoning, disease syndrome +source 566 26
Multiple 12 0.250 0.016wsj,6:00am,boss,quirky,culture 322 43
Multiple 13 0129 0.015islands, republic republic french,samoa 303 4
Multiple 14 0.174 0.016 stocks, +stock barron,markets, pm 396 25
Multiple 15 0.249 0.016 medical +cancer, moneyball perspective lewis 400 23
Multiple 16 0178 0.015kindle, amazon,medscape +cookie +specialty 206 12
Multiple 17 0.153 0.015+doctor,para,pacientes, sobre de 176 8
Multiple 18 0.135 0.017 +user,senices third pary,+site, +address 525 11
Multiple 19 0.164 0.016+copy,embed,+account, +hour,close 366 1
Multiple 20 0.109 0.017 +disease, +symptom, medical +Hreatment,pain 594 20
Multiple 21 0.118 0.017 4,4 +rain,+kill christmas GO6 15
Multiple 22 0.160 0.016wsj,+student +membership,gift, complimentary 287 22 v
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Display 9.23

The selected model is the model trained in the last step (Step 4). It consists of the following effects:

Intercept TextTopic_rawl? TextTopic_rawl® TextTopic_raw? TextTopic_rawd

Likelihood Ratio Test for Global Null Hypothesis: BETA=0

-2 Log Likelihood Likelihood

Intercept Intercept % Fatio
Only Cowvariates Chi-Square DF Pr > Chilg
402,598 15.330 387.5681 4 <, 0001

Analysis of Maximum Likelihood Estimates

Standard Wald Standardized
Parameter DF Eztimate Error Chi-Square Pr > ChiSg Eztimate Exp(Est)
Intercept 1 -1.0130 0.5452 1.44 0.z307 0. 365
TextTopic_rawl? 1 -5E67.3 3645 Z.4z2 0.1194 -31.0306 0.ooa
TextTopic_rawl® 1 50,0116 34,3655 2.95 0.0859 2.8269 999,000
TextTopic_raw? 1 243.3 139.2 3.05 0.0805 13.47581 999,000
TextTopic_rawd 1 -10z.1 63.5545 2.58 0.losa -10.7847 0. ooo

TextTopic_Raw17 is characterized by terms “doctor”, “para” and “ patients” (See Display 9.22). From
the logistic regression in Display 9.23 you can see that the coefficient of “texttopic_raw17” is negative. It
makes sense because the terms that describe TextTopic-raw17 are not related to economics.

Similarly TextTopic_raw8 is characterized by terms “webmed”and “medicine” which are not related to
economics . Hence the coefficient of TextTopic_raw8 has negative sign.

TextTopic_raw19 is characterized by terms “copy”, “account”, “hour” and “close” which may be related
to economics or finance. Hence TextTopic_raw19 has a positive sign.

TextTopic_raw?7 is characterized by terms “dowjones”, “company” and “data” which may be related to
economics or finance. Hence TextTopic_raw7 has a positive sign.

Therefore, the logistic regression presented in Display 9.23 makes sense, although some irrelevant
terms appear in the text topic descriptions. This may be due to the fact that the pages included here are
not cleaned.

You should experiment with more web pages of your interest and also clean the files, if possible.
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