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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
[image: ]
Display 2.2
[image: ]
Display 2.3
[image: ]

Display 2.4
[image: ]
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
[image: ]

Check the log window to verity that the library is successfully created. 
Display 2.6
[image: ]
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 for creating the data set.
Display 2.7
[image: ]
Display 2.8
[image: ]
Display 2.9
[image: ]
Display 2.10
[image: ]

Display 2.11
[image: ]









Display 2.12
[image: ]

Display 2.13
[image: ]
Display 2.14
[image: ]
(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
[image: ]
Display 2.16
[image: ]
Exercise 3:  
In Data Source Wizard, at Step 4 of the Metadata Advisor Options, select “Advanced” as shown in Display 2.17.
Display 2.17
[image: ]
Display 2.18
[image: ]

Display 2.19
[image: ]
Display 2.20
[image: ]
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, if it 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 “interval” as shown in Display 2.14 and the regression node uses  the ordinary least squares method by default. 
Display 2.21
[image: ]
Display 2.22
[image: ]

Exercise 4
Display 2.23
[image: ]


Display 2.24
[image: ]
After you set the “Class Levels Count Threshold” property to “3”, you must enter and then click “OK”.
(4f)
Display 2.25
[image: ]
The data source “Option2” is used in exercises 5-8.







Exercise 5
Display 2.26
[image: ]
Display 2.27
[image: ]
Display 2.28
[image: ]
Display 2.29
[image: ]
Display 2.30
[image: ]
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
[image: ]










Display 2.32
[image: ]
Display 2.33
[image: ]
 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  
AOV16_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 : APR is 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.

Exercise 7
Display 2.34
[image: ]
Display 2.35
[image: ]

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
[image: ]

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
[image: ]
Display 2.38
[image: ]



Display 2.39
[image: ]

Display 2.40
[image: ]

The top 5 variables are: 
MultLang, Gendern (an indicator of gender), Tenure (explained above), good_bal  (explained above)             and MaritalStatus. 


Chapter 3
Create a new project called “Ch3_Solutions”
Display 3.1
[image: ]
Display 3.2
[image: ]
Create a libref by entering the libname statement in the Project Start Code window, and click “Run Now”.
Display 3.3
[image: ]

Open the log window and make sure that the libref is successfully assigned. Then click on “OK”.

Display 3.4
[image: ]

Exercise 1 
Create a data source using the data source wizard.
Display 3.5
[image: ]
Display 3.6
[image: ]


Display 3.7
[image: ]
Display 3.8
[image: ]









Exercise 2
Display 3.9
[image: ]
Exercise 3
Display 3.10
[image: ]
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
[image: ]

Exercise 4
Display 3.12
[image: ]








Display 3.13
[image: ]
Display 3.14
[image: ]
Display 3.15
[image: ]

Display 3.16
[image: ]
Exercise 5
Display 3.17
[image: ]

Display 3.18
[image: ]



Display 3.19
[image: ]
Data Partition 
Display 3.20
[image: ]
Logistic Regression Estimated from the upper segment of the Process Flow in Display 3.21













Display 3.21
[image: ]

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

Display 3.22
[image: ]






Display 3.23
[image: ]
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 regression in the lower segment of the process flow. This shows that the optimal binning (by transformation node in the upper segment) yields better equation than the A0V16 variables used in the lower segment. 

[image: ]



Chapter 4
Section 4.9
Exercise 1:  In this exercise we use the data set Ch4_BookData1.
Let us create the project “Ch4_Solutions” in the directory “C:\TheBook\EM13.1\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. I am using Enterprise Miner 13.1 for the solutions. You can use any version 12.1 or later to replicate the results. Enterprise Miner window opens as shown in Display 4.1 below:
Display  4.1 
[image: ]

2. Create a new project by clicking on “New Project” as shown by the mouse-pointer in Display 4.1
3. In the 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.
Display 4.2
[image: ]
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
[image: ]
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.  
Display 4.4
[image: ]
6. Click on the ‘….’  In the 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
[image: ]
Click on “Run Now” button and click on “log” under tab to verify that the libref is created successfully. 
Display 4.6
[image: ]
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
[image: ]
9. By clicking on “Create Data Source”, the Data Source Wizard opens as follows:

Display 4.8
[image: ]
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
[image: ]







Display 4.10
[image: ]
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_bookdata1”. 
Display 4.11
[image: ]
The Data Source Wizard shows the table selected. 




Display 4.12
[image: ]

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
[image: ]
Click “Next” 






Display 4.14
[image: ]
Select “Advanced” and “Customize” option as above. The window for customization opens as shown in Display 4.15.
Display 4.15
[image: ]
Set the Class Levels Count Threshold to 5 and click “OK”.  Then the following (Display 4.16) window opens:
Display 4.16
[image: ]
Click “Next”.  In the next window, I 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. 
Display 4.17
[image: ]

The role of the variable “Event” is changed to “Target”
Display 4.18
[image: ]
Click “Next” 
Select “Yes” to Decision Processing and click on “Next” (Display 4.19).




Display 4.19
[image: ]
Select the “Prior Probabilities” Tab in Display 4.20
Display 4.20
[image: ]


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.  







Display 4.21
[image: ]
Then select the tab “Decision Weights”.  Enter the decision weights from Display 4.1 (Page 174 of the book).
Display 4.22
[image: ]
Click Next.
In the next window I answered “No” to the question “Do you wish  to create a sample data set?” and clicked next (This window is not shown here)
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
[image: ]

Display 4.24
[image: ]

Click “Finish” and the data source is created.  










Display  4.25
[image: ]


Create Diagram:
Open the project, right-click on diagrams, and select “Create Diagram
Display 4.26
[image: ]
Type a name for the Diagram (such as 4.9_Exercise 1) as shown in Display 4.27.
Display 4.27
[image: ]
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
[image: ]

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

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






Display 4.30
[image: ]
Property settings of Decision Tree (2) are shown in Display 4.31.
Display 4.31
[image: ]

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




Display 4.32
[image: ]
Add a model comparison node as shown in Display 4.33
Display 4.33
[image: ]

Run the decision tree nodes and then the Model comparison node. Open the results window of the Model comparison node.  I 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
[image: ]
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
[image: ]

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

Display 4.36
[image: ]
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.
Display 4.37
[image: ]
By comparing the cumulative capture rates, we can decide which model is better. For example  at the   6th decile (30th 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 74.865% 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).
[image: ]
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.
Chapter 5 
Display 5.1
[image: ]

Display 5.2
[image: ]
Display 5.3
[image: ]

Display 5.4
[image: ]
Display 5.5
[image: ]
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
[image: ]




Display 5.7
[image: ]
Display 5.8
[image: ]
Display 5.9
[image: ]



Exercise 2
Display 5.10
[image: ]
Exercise 3.
Display 5.11
[image: ]
Display 5.12
[image: ]





Display 5.13
[image: ]

Display 5.15
[image: ]

Display 5.16
[image: ]




Display 5.17 (Cumulative Lift)
[image: ]
Display 5.18
[image: ]

Display 5.19
[image: ]

Display 5.20
[image: ]

Display 5.21
[image: ]
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 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)
[image: ]
Display 5.23 shows the calculation of probability of the Event (default in this example)
Display 5.23
[image: ]
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. 
Question 3f
Display 5.24
[image: ]


Question 3g
Display 5.25
[image: ]

Display 5.26 (Auto Neural)
[image: ]
Display 5.27 shows the cumulative Capture rates for the model created by AutoNeural .
Display 5.27 
[image: ]



Display 5.28 (Lift charts for DMine Regression)
[image: ]
Display 5.29
[image: ]
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
[image: ]
From Display 5.30, the best model is produced by the DMine Regression. 





Chapter 6
Create a project and give it a name.
Display 6.1
[image: ]

Display 6.2
[image: ]

Create a libref  in the Project Start code window
Display 6.3
[image: ]


Display 6.4
[image: ]
Check the log window and click “OK”
Display 6.5
[image: ] 
Create a data source using the data source wizard as illustrated in Displays 6.6 –6.21
Display 6.6
[image: ]





Display 6.7
[image: ]
Display 6.8
[image: ]
Display 6.9
[image: ]



Display 6.10
[image: ]
Display 6.11
[image: ]
After you type in the value for Class Levels Count Threshold property, you must enter, then click “OK”.
Display 6.12
[image: ]



Display 6.13
[image: ]
Display 6.14
[image: ]
Display 6.15
[image: ]



Display 6.16
[image: ]
Display 6.17
[image: ]
Display 6.18
[image: ]



Display 6.19
[image: ]
Display 6.20
[image: ]
Display 6.21
[image: ]

When you click “Finish”, the data source creation will be completed. 
Create a Process Flow Diagram.
Display 6.22
[image: ]
Display 6.23
[image: ]
Display 6.24 (Data Parturition Node Properties)
[image: ]
Display 6.25
[image: ]
Display 6.26 (Regression Node Properties – a partial view Q3 a, b and c)
[image: ]


Display 6.27
[image: ]
Display 6.28
[image: ]
Display 6.29 (from the Output Window)
[image: ]





Display 6.30
[image: ]
Question 6
Display 6.31
[image: ]
Display 6.32
[image: ]




Display 6.33
[image: ]

Display 6.34
[image: ]

From the iteration plot in Display 6.28 you can see that the Schwarz Bayesian Criterion (SBC) selected 5 explanatory variables selected at the 5th 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 351 and 352 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. 


Chapter 7

Display 7.1
[image: ]
Display 7.2
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Display 7.3
[image: ]

Display 7.4
[image: ]




Display 7.5
[image: ]

Display 7.6
[image: ]









Display 7.7
[image: ]

Display 7.8
[image: ]







Display 7.9
[image: ]

Display 7.10
[image: ]
Display 7.11
[image: ]
Display 7.12
[image: ]

Display 7.13
[image: ]









Display 7.14
[image: ]

Display 7.15
[image: ]
Display 7.16
[image: ]
Display 7.17
[image: ]

Display 7.18
[image: ]
Display 7.19
[image: ]





Display 7.20
[image: ]
Comparing the cumulative % captured response of the two models shown in Display 7.21, Gradient Boosting seems to be slightly better than Decision Tree.
Exercise 2
Display 7.21
[image: ]










Display 7.22
[image: ]
Display 7.22 shows the properties of the data partition node.
Display 7.22
[image: ]









Display 7.23
[image: ]
Display 7.24
[image: ]







Display 7.25
[image: ]
Display 7.26
[image: ]








Display 7.27
[image: ]
From displays 7.26 and 7.27, it appears that Ensemble and Gradient Boosting are close to each other in terms of model accuracy.
Display 7.28
[image: ] 








Display 7.29
[image: ]

Based on the cumulative lift charts (Display 7.28) and Cumulative %Captured Response (Displays 7.27 and  7.29), Gradient Boosting is the best model. 


















Chapter 9
Using %tmfilter macro we downloaded web pages from 
(1) www.theguardian.com/business/useconomy
(2) www.healthscout.com
(3) www.healthcentral.com 
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.theguardian”, (2) ”tmlib.healthscout”  and  (3) tmlib.healthcentral 
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
 [image: ]
Display 9.2
[image: ] 
Display 9.3
[image: ]
Display 9.4
 
[image: ]
Display 9.5
[image: ]

Display 9.6
[image: ]






Display 9.7
[image: ]

Display 9.8 shows the creation of the target variable. If the web page is Economics related, then target =  1 and 0 otherwise. 
Display 9.8
[image: ]


Display 9.9
[image: ]

Display 9.10
[image: ]

Display 9.11
[image: ]





Display 9.12
[image: ]
Display 9.13
[image: ]
Display 9.14
[image: ]




Display 9.15
[image: ]

Display 9.16
[image: ]
Display 9.17
[image: ]

Display 9.18
[image: ]
Display 9.19
[image: ]

Display 9.20
[image: ]

Display 9.21
[image: ]

Display 9.22
[image: ]

Display 9.23
[image: ]
TextTopic_Raw15 is characterized by terms “sleep”, “account”, “email” and “ Facebook” (See Display 9.22).  From the logistic regression in Display 9.23 you can see that the coefficient of “texttopic_raw15” is negative. It makes sense because the terms that describe texttopic-raw15 are not related to economics.   
Similarly TextTopic_raw5 is characterized by terms “posted”, “Crohn”, “treatment”, “hepatitis c”, and “patient” which are not related to economics. Hence the coefficient has negative sign.
TextTopic_raw2  is characterized by terms “share”,  “edition”, “economy” and “union” which are related to economics. Hence TextTopic_raw2 has a positive sign.
Therefore the logistic regression presented in Display 9.23 makes perfect sense. 
[bookmark: _GoBack]You should experiment with more web pages of your interest. 
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