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Abstract

     This project involves the development of a web-based software application designed to plot interactive strategy curves and efficient frontier curves for the credit consulting company, Fair, Isaac & Co., Inc.  Fair, Isaac provides consultation to credit lenders concerning how to improve their current lending strategies.  These curves will aid lending institutions in determining an appropriate operating point catered to the institution’s business objectives.  In determining an appropriate operating point, a lending institution must weigh several tradeoffs.  The three main objectives of a lender are to maximize its profits and customer base while minimizing the risk associated with its strategy of choice.  By altering the point at which potential credit customers are accepted or rejected, lending institutions can achieve their desired results regarding these objectives.  This project aids lenders in this decision process. 

INTRODUCTION

     This project created and tested a web accessible computer program to aid Fair, Isaac consultants in advising their clients on critical lending decisions.  The program aids lending institutions in the refinement of lending strategies and tests the sensitivity of these decisions.

     In creating a lending strategy, the three primary objectives of a credit portfolio manager are to maximize profit and market share, while minimizing the risk associated with the lending strategy.  With the strategy and efficient frontier curves, lenders can then evaluate their current model and determine if they are performing at the desired operating point.

     Strategy curves, or the acceptance rate vs. bad rate, and efficient frontier curves such as projected profit vs. loss and profit vs. acceptance rate, are used to assist lending institutions in making important operating decisions.  These curves are certainly useful, but they depend on several parameters that vary among lending institutions.  Consequently, the areas of uncertainty in the decision must be allowed to vary to display the sensitivity associated with different scoring schemes.  Without this ability, lending institutions are unable too see all of the possibilities and permutations of a particular lending decision.  Naturally, this results in a decision being made without the full array of information available.  To combat this problem, this project develops an interactive piece of software designed to help lenders make a more informed decision regarding their operation strategies. 
     The remainder of this paper begins by discussing the field of credit scoring and how strategy and efficient frontier curves are formulated.  This will be followed by an overview of the system design and architecture.  Next, this paper covers the web application and its functionality.  Finally, the paper discusses conclusions drawn from the project and provides future recommendations for the project.

CREDIT SCORING

Scorecard Development
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Scorecards are created for several reasons.  Primarily, they better quantify the procedures involved in ranking and choosing candidates by finding statistically common traits among bad customers.  This facilitates impartiality and better decision turnaround time since a scorecard result is instantaneous.  Furthermore, a scorecard also provides consistency in the decision-making process.  Hence, scorecards ensure that impartial decisions regarding credit applicants are made repeatedly over time.

     The existing scorecard models for determining credit risk are based on applicant data gleaned from questionnaires and credit bureau reports.  Questionnaires ask key questions related to an applicant’s characteristics such as residence type, occupation, age, and past credit references.  Each of these characteristics is assigned a numerical score based on an applicant’s response.  For example, if an applicant is 35 years old, he would earn 15 points toward his total application score.  By cumulating the scores from these characteristic values, a scoring system will determine the applicant’s total credit score (Lewis 1992).  A sample scorecard with the discrete values for each characteristic is provided in Figure 1.

	Rent or Own Home

	Own
	Rent
	All Other
	Blank

	30
	10
	20
	15

	Occupation

	Retired
	Professional
	Clerical
	Sales

	40
	30
	20
	10

	Age of Applicant

	18 to 25
	26 to 31
	32 to 40
	Above 40

	10
	5
	15
	20

	Credit Reference

	Derogatory
	No Record 
	Satisfactory
	Exemplary

	-10
	0
	5
	15


Figure 1:  Sample scorecard

Strategy Curve Development

      A strategy curve results from a given credit scoring system and is a plot that maps the expected bad rate versus the expected acceptance rate for all of the possible cut-off scores.   A cut-off score is a credit score below which applications are rejected and above which applications are accepted.  The acceptance rate is defined as the fraction of the total number of credit applications that are accepted, while the bad rate is the fraction of accepted accounts that perform in an unsatisfactory manner (Lewis 1992).   An example of a bad consumer may be an individual who routinely late on his payments.  Figure 2 shows how acceptance rates and bad rates are affected by varying cut-off scores.


Figure 2:  Sample Strategy Curve

Efficient Frontier Curves 

     Efficient frontier curves (EFC) graphically represent the relationships among a lending institution’s operation dimensions.  Deciding on a cutoff score, or operation point, at which to operate can be difficult for a lender because there are many tradeoffs and opinions involved.    

     A lending institution's primary objective is to maximize profits.  However, there are also two other significant objectives involved when deciding on a specific lending strategy: risk minimization and market share maximization.  Market share is defined as the total number of customers for a company.  Because of the increased number of customers, maximizing market share allows for an increased potential in profits.  Unfortunately, with a higher market share, a lending institution automatically assumes higher losses and greater risk.  Therefore it is necessary for a company to determine the ideal balance among market share, risk and profit when determining where to set a cutoff score (Wells 1999).

      EFCs are created to help lending institutions analyze and determine their operation point.  Figures 3 and 4 demonstrate an EFC and how to accomplish an analysis between frontiers.  Figure 3 displays the efficient frontier of expected losses versus expected profit.  Notice how operation points A and A* are at the same level of expected profit, but A is also at a higher level of expected losses.  Point A has higher expected losses because it has a lower cutoff score of 190 and hence, more bad consumers incurring debt.  Operation point B optimizes expected profits and is the vertex of the curve.  A vertex occurs in the curve because the number of bad consumers eventually reaches a level where expected profits begin to decrease.  This happens because the loss incurred on bad consumers are typically fifteen to twenty times greater than the profits made on good consumers (Wells 1999). 
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Figure 3:  Loss vs. Profit EFC

     Figure 4 displays the efficient frontier of expected profits versus expected acceptance rate.  Operation points A and A* represent the same operation points from Figure 3.  Point A has a higher acceptance rate than point A*, and therefore, A has a lower cutoff score of 190 compared with A* at a cutoff score of 200.  Operation point B from Figure 4 is also the same point as B in Figure 3.  Also, notice that as the acceptance rate increases to 100%, the expected profits rapidly decrease.  This happens because the lending institution has accepted every bad consumer in the population, thereby incurring huge losses.

     A lender can see the relationships between operation dimensions when comparing Figures 3 and 4.  Operation point B’s dimensions have values of $50 million expected profit, $20 million expected loss, a 50% acceptance rate, and a cutoff score of 195.  A financial analyst will prefer operation point B since it maximizes profits.  The actual operating point, however, will likely occur at a point other than B because the marketing department desires a greater volume of consumers at point A and the risk management department desires the lower level of loss at point A*.  Consequently, the three parties will use these EFCs to agree on a final operating point. 
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Figure 4:  Profit vs. Acceptance Rate EFC
SYSTEM DESIGN

Requirements

     The following are the requirements for the web application agreed upon at the outset of the project.  First and foremost, the application is designed to be modular in structure.  No matter how careful one is about defining the system requirements, there will always be things that will inevitably change in the future.  Having a modular application structure is ideal because it allows a developer to add and subtract components without affecting the application as a whole.  Although these modules will continuously interact with one another, each component is 100 percent independent of all other features of the web application, thus allowing for minimal maintenance in the future.  Another important specification reached in the design discussions is that the web application must have the ability to retrieve data from the Fair, Isaac UNIX machine.

     The application must also be capable of displaying a strategy curve with the ability to display other curves important to lending institutions in the future.  These future curves may include Profit vs. Loss and Profit vs. Volume plots.  For each curve, the following characteristics are desirable:  

1) The ability to layer curves to compare different data sets and parameters

2)  The ability to zoom in on areas of particular interest

3) The ability to track points on a curve for sensitivity analysis

4) The ability to print curves

5) The ability to upgrade and include other efficient frontier curves

     Finally, Fair, Isaac desires the capability to allow for user inputs into the web application.  These inputs include:  

1) A FICO ID and password to log into the application
2) A project ID and password specific to each lending institution
3) The gain, or average profit on a good customer 
4) The loss, or average negative profit on a bad customer 
5) Zoom input points
6) Tracking points
Graphical User Interface Design

     With the specifications in order, it was possible to develop an initial graphical user interface design for the web application.  From the initial menu page a user can set the parameters for a new curve, or view old plots with parameters already saved in the system.  The parameters, such as the current operating point, population odds, gain, and loss, can also be altered through the main menu page.  Finally, there is a toolbar that permits the user to select from an assortment of options relating to the various curves.
Database Design

     The web application must have a database to store all pertinent and persistent data.  A Microsoft SQL Server 7.0 database was used to store this data.  The database architecture is not complex, consisting of three database tables; Consultant, Client, and Curve.  The Consultant and Client tables’ purpose and contents are very similar.  These tables were needed to establish a secure website.  Each table stores information such as FICO consultant and client names, identification numbers, and passwords.  The Curve table is responsible for saving EFC parameters that users create.  Some values found in the Curve table are curve name, population size, and expected profit on consumers.  The relationships between the tables are as follows:

1) Consultant to Curve is 1:M (One to Many)

2) Client to Curve is 1:M

3) Consultant to Client is no relationship

CLASS ARCHITECTURE

     The design for the strategy curve tool is a collection of functional classes.  Individually these classes perform the tasks required to scrub data, perform calculations, generate reports and display graphs.  This functionality is used collectively to create an interface that allows the user to gain greater understanding of score cutoff decisions.

Modular Design

     Using a modular structure for the design of the application provides several advantages over other design possibilities.  The building blocks of a modular design are classes.  A class is a description of a set of objects that share the same responsibilities, relationships, operations, attributes, and semantics.  Essentially, a class is a template for the structure and behavior of its objects used by an application.

     One beneficial aspect of modular, or object-oriented design, is that it makes it easy to add, change, or delete items from the application without affecting the application as a whole.  These objects merely interact with other application components rather than affect their functionality.  This same concept leads to superior encapsulation of data objects.  By separating components into different modules, an object’s internal state is protected from outside corruption, the main premise behind encapsulation.  Finally, a modular design makes an application much easier to maintain in the future when new developers begin updating the application.  It is much simpler to gain an understanding of the parts in a modular application as opposed to attempting to pull individual concepts from a large, interconnected program.

Modularizing the Classes of the Web Application

     Given the relationships among the classes shown in Figure 5, certain modular abstractions can be made to help explain the interactions of the application.  These relationships are portrayed in Figure 5, along with the application’s overall architecture.  Notice that Curve represents a base class that all other curves inherit from.
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Figure 5:  Application Architecture With Simplified Class Architecture
CURVE CALCULATIONS

     A calculator class was developed to calculate the points that comprise a given curve.  The data received from Fair, Isaac contains the following:

1) Cutoff scores

2) Population Odds

3) Descending cumulative probability distribution of a good customer given a cutoff score

4) Descending cumulative probability distribution of a bad customer given a cutoff score

     The calculator class contains functions to manipulate this data to create the points necessary for the various curves.  For example, when constructing a strategy curve, the acceptance rate for each individual cutoff score must be known.  Thus, the calculator class first calculates the cumulative number of good customers at a given cutoff score and the cumulative number of bad customers at a given cutoff score.  This data is then used along with the total population to determine the lender’s acceptance rate at a particular cutoff score.  All calculations for other curves are performed in a similar fashion.

Java 2 Enterprise Edition

     The web application was designed using a sophisticated programming language called Java 2 Enterprise Edition (Java).  Java was chosen because it provides many technologies that help meet the project’s requirements.  Java is an object-oriented programming language with web component capabilities and security procedures.  A web component is a piece of code that operates independently from other web components.  Web components help programmers reduce the complexity of a web application, thereby making the application easier to maintain and upgrade.  Furthermore, the use of Java web components, or Java Session Beans, will make EFC additions much easier for future programmers.  Finally, Java is platform independent, thus enabling Fair, Isaac to host the web application on any server operating system.

IMPLEMENTATION

     When the user logs into the application, the first thing to display is the login screen.  Once the login information is submitted, the application checks for the user in the database, and if found, sends the user to the main menu page shown in Figure 6.  If, however, the user is not found in the database, an error message will appear asking the user to reenter the login information.

Once in the main page, the user is supplied with a variety of options.  The user can enter a new set of parameters; view previously saved parameters; peruse the help menu; or link to the main Fair, Isaac web page.
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Figure 6:  Main menu and parameter entry windows
After selecting to enter new parameters, a pop-up box will automatically appear to enable the user to enter in the new information.  Saved parameters will also display in this window when a link is selected in the “Name” field shown in Figure 6.  A user also possesses the ability to delete parameter sets no longer needed.

     Finally, when a user checks the “Select” box for a given set of parameters, then clicks on the “Strategy Curve” option in the side-menu, he is brought to a page shown in Figure 7.  Here, the user will have a variety of options once in the Strategy Curve window.  The options include:  

1) The ability to set tracking points 

2) The ability to delete tracking points

3) The ability to zoom in on a particular point in the graph
[image: image5.png]A strategy Curve - Microsoft Internet Explorer =18 x|

¢
: A\
fairlsaac.

128%

s

100%

s

oo

sas

©~ oD

s

OF”"“’
-
e

003 003 003 0% 07 w01 7007 007 07 005
Acceptance Rate





Figure 7: Plotted Strategy Curve Given Entered Parameters

conclusions

     Over the course of the year, our Systems Engineering Capstone group developed a piece of web-based software designed to plot strategy and efficient frontier curves specific to the clients of Fair, Isaac & Company, Inc.  Keeping the option of expandability in mind, the application was designed modularly in hopes that it will be easily maintainable well into the future.  The Java classes, the most important feature in modular design, were carefully crafted and designed to Fair, Isaac’s specifications in hopes that the application transfer process runs as smooth as possible.
     Presently, the application needs to be tested by Fair, Isaac consultants to ensure that it reflects the full range of activities an analyst might experience when working with a client.  Once satisfied with the results, Fair, Isaac can begin to look into expanding the product to produce more efficient frontier curves to better server its clients.
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