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Abstract

Background/Objectives: Banking sector faced many problems like credit assessment, credit worthiness, and credit risk
etc. Many techniques are used to solve these problems in artificial intelligence. But these problems are not fully resolved
in previous years. Methods/Statistical Analysis: One of the most important problems is credit risk as customer defaulter
risk. Recent studies have not discussed about defaulter or non-defaulter customer. This research work has discussed about
customer’s defaulter risk as well as credit risk. Findings: A fuzzy expert system has been designed which can categorized
customer as defaulter and non- defaulter. The defaulter risk is calculated by considering factors as CS (CIBIL Score),
LVR (Loan to Value Ratio), AAL (Already Availed Loan), IRF (Income Ratio Factor). Data of customers are collected from
Indian Overseas Bank (I0B) branches. Different defuzzification methods are used to verify the result of customers. It also
verified by the expert in banking domain. Further it is also tested on the data of other branches of banks. Application/
Improvements: The system can be helpful for the bank employees in decision making process. In addition to this the
system can be used for training new employee for loan approval tasks.
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1. Introduction

Bank is a commercial institution. It accepts money from
public for the purpose of lending and investment. It
provides various services like lending loans, public money
deposit, credit and debit card, electronic fund transfer like
fix deposit, NEFT (National Electronic Fund Transfer),
RTGS (Real Time Growth Settlement), Demand Draft
(DD), loans, lockers and many more. In day to day
transactions banks play a very important role. Banking
system is the mechanism of stock exchanging in world".

Lendingloan to anyone could be a risky activity for the
banks. Therefore there should be an appropriate method
through which the risk of lending loan to any individual
can be evaluated. In credit assessment of customers
number of factor are considered like sex, age, education,
marital status, career, no return check, deposit account,
deposit period (month), average salary?.

*Author for correspondence

The main reasons of defaulters are:

o Vulnerability in credit-risk assessment by the bank
and they have accepted the loan application’. These
problems faced by the decision maker are due to the
fact that a large number of parameters should be
considered with different weight for different cases.

o Don’t have enough knowledge about each and every
aspect that affects the credit decision.

o The main reason of financial failure is the lack of

experts in banking domain®.

To overcome these problems various expert systems
are now available in world which can help in taking a
decision about credit assessments.

This research work includes those factors which could
help in evaluating defaulter risk of the customer taking
loans from the banks. These factors are CS (CIBIL Score),
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LVR (Loan to Value Ratio), IRF (Income Ratio Factors),
AAL (Already Availed Loan) are shown in Table 1. -—" !

2. Research Methodology

____IR

Fuzzy expert system is an expert system that uses a

grouping of fuzzy membership function and rules instead
of Boolean logic. Fuzzy expert system is also called - -
knowledge based or rule based system?®. In this proposed

system fuzzy logic toolbox of MATLAB has been used to I
implement the system®

The first step to start with development of fuzzy expert / -\

system is to convert real values into fuzzy values after
which the membership function are selected, rule base is -\\»-
created, and inference system is generated’. Last step of
the development is to convert fuzzy values to real or crisp
values. The general process of developing fuzzy expert

I%I

\
l

Figure 1. Process of developing fuzzy expert system.

system is shown in Figure 1° It describes the various Table 2. Collected data of an IOB branch’s customer
stages in detail and also shows how the steps are followed ANNUAL
1 0
to build a fuzzy expert system. LVR(%) INCOME EMI CS AAL
. 48 820300 6525 760 Nill

2.1 Data Collection and Factors )
Identificati 73 470000 16069 706 Nill

entification 26 578000 10777 740 Nill
This step includes the collection of data of customers 78 522000 21596 753 Nill
frorildvirllous branihes of }:hedlnfdlaln Ov'eli(seafs Bank which 74 1214387 17670 ot avail Nill
could help to evaluate t e defau ter. risk of a customer. = 560000 510 7 Nill
Table 2 shows the acquired data which includes the val- %0 519710 5558 il Nill
ues for various factors such as Loan to Value Ratio (LVR), 1 1
Annual Income, EMI, CIBIL Score (CS) and Already >0 290000 6888 Nill Nill
Availed Loan (AAL). These factors act as the input to the 60 130000 5342 Nill Nill
fuzzy expert system and output will be defaulter risk. The 80 100000 4150 739 Nill
ranges for membership functions for these input variables 77 591000 10900 675 1100000

80 1098000 20031 697 400000

Table 1. Main Factor that affects credit decision are also decided by taking into consideration the collected

FACTORS What It Is? data of the customers.
CV(CIBIL Score) It represents the score before The meaning of all the main factors‘ such as CV
granting any loan. (CIBIL Score), LVR (Loan to Value Ratio) and AAL
It includes annual income, EMI, (Already Availed Loan) and IRF (Income Risk Factor) are
IRF(Income Ratio AAL of customers. It helps to described as follows:
Factor) describes customers able to repay
actor the amount what they want from o CS (CIBIL Score): CIBIL Score of the customer is
banks. calculated before accepting any loan application. Its
LVR(Loan To Value It represents the amount which is range is from 300 to 90(?. It 1ncll%des various factors
Ratio) decided after re.ady. to accept loan like customer personal information, identity proof,
application. AAL (Already Availed Loan), and credit history. If a
AAL(Already Availed It represents the amount of customer have no credit record availed then the value
Loan) availed loan. of CS is -1
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o IRF (Income Ratio Factor): It includes annual income,
EMI, AAL of the customers. It helps to describe
whether the customers are able to repay the amount
they want to borrow from the banks. The banking
norm says that if a person is having 50% of the income
which can covers all the EMIs, then they can take
the loan from banks. This is explained through the
following equation Equation (1).

annual income

EMI = - AAL (1)

The Income Ratio factor can then be calculated

through the following equation Equation (2).

EMI
(a?ammf income
2

o LVR (Loan to Value Ratio): It represents the amounts
that are received by customer from banks after accept-

INCOME RISK FACTOR = «100 (2)

AAL)

ing any loan application. LVR can be calculated as

shown in Equation (3).
Mortgage amount
LVR = Tortoas (3)
Appraised value of praperty

o AAL (Already Availed Loan): AAL (Already Availed
Loan) represents the amount of availed loan. It shows

availed loan history in CIBIL score. In other words, it
shows remaining total amount of all loans.

Table 3 shows the computed values of Income Risk
Factor (IRF) factor taking into consideration the Already
Availed Loan, EMI and Annual Income of the customer
as explained in Equation (2).

Table 3. Computed values of IRF based on other

factors

LVR |ANNUAL
(%) | INCOME EMI CS AAL AAL(%)| IRF
77 | 591000 | 10900 | 675 1100000 75 3.689
80 | 1098000 | 20031 697 400000 82 3.649
80 | 360000 | 17800 | 812 325000 66 [9.8925
60 | 700000 | 10673 | 701 750000 87 2.965
74 | 619000 | 12274 | 731 808000 78 3.966
85 | 513000 6270 793 600000 55 2.444
78 | 302000 7646 794 303800 45 5.065
55 | 336000 | 10290 | 763 203000 40 6.096
85 | 102000 1385 773 62866 20 2.716

Vol 9 (28) | July 2016 | www.indjst.org

2.2 Fuzzification

Fuzzification is the technique of transforming crisp values
into fuzzy values®’. Each input variable have 3 triangular
membership functions as well as 3 triangular membership
functions for output variable. The membership functions
of input variables and output variables are in Table 4.

The overlapping regions created by membership
functions represents the fuzziness in the input variables as
well as in the output variables'. Figure 2 shows the mem-
bership functions and their overlapping for LVR (Loan to
Value Ratio) factor.

2.3 Fuzzy Rule Construction

After fuzzification next step is construction of rules. Rules
help in taking decision according to different input values.
The rules for evaluating defaulter risk are in IF-THEN
format as shown below.

Table 4.Fuzzy linguistic variables and their fuzzy
elements

Linguistic
Variables LOW MEDIUM HIGH
Values
CS 0-300 300-700 600-900
w
5 IRF -10-0 -3-6 3-10
% LVR 45-65 60-80 73-90
Lol
AAL 0-40 30-70 60-100
OUTPUT | D_RISK 1-4.5 3.5-7.5 6.5-10
u Membership Function Editor: bank = | B
File Edit View
FIS Variables Membership function piots  Plot points: 181
low medium high
Xy
= D_isk
LVR 0 ; ; y - p p - :
45 50 55 80 . 65 ) 70 75 80 85
5 input variable "L\VR"
Current Variable Current Membership Function (click on MF to select)
Matne LYR Nathe low
Type input Type trimf v:
Range 145 90 Farams 45 55 65]
Display Range 45 90] Help Clase | ‘
Selected variahle "LYR" ‘

Figure 2. Membership functions of LVR (Loan to Value
Ratio).
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IF (conditionl AND condition2) THEN (action)

The input is described by IF part and the THEN
described output of the system. The proposed system has
84 rules which are constructed with the guidance of IOB
bank’s expert. Some IF-THEN rules of the system are
shown below:

o IF (CS is low) AND (IRF is low) AND (LVR is low)
AND (AAL is low) THEN (D_Risk is medium).

o IF (CS is low) AND (IRF is low) AND (LVR is low)
AND (AAL is medium) THEN (D_Risk is high).

2.4 Fuzzy Inference Process

The proposed system uses Mamdani Fuzzy Inference
System to develop the system. The Mamdani Inference
System for the proposed system is shown in Figure 3
which deal with 4 inputs variable CIBIL Score (CS), LVR
(Loan to Value Ratio), IRF (Income Risk Factor), AAL
(Already Availed Loan) and 1 output named as D_risk
(Defaulter Risk). It shows selected input CIBIL score
and its other related detail about CIBIL score. The 84
fuzzy rules for evaluating the defaulter risk are shown in
Figure 4. The surface view of fuzzy rules having two input
variables CS and IRF and one output variable D_Risk is
shown in Figure 5.

2.5. Defuzzification

The proposed system is defuzzified to check the

correctness of results. The proposed system is

(= [© ]
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FIS Editor: bank

File Edit View

=
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Or method hame cs
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Figure 3. Mamdani inference system.
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Figure 4. Fuzzy rules and inference process.
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Figure 5. Surface viewer of the rules.

defuzzified using centroid defuzzification technique.
In this proposed system different input values are taken
and its corresponding outputs are recorded using all
the built in defuzzification methods of MATLAB such
ascentroid, bisector, LOM, SOM and MOM!". After
obtaining the output values using different defuzzifica-
tion techniques, these output values are given rank".
These ranks are compared to check the accuracy of the
system'?. The Table 5 shows defuzzified values and their
corresponding ranks.

3. User Interface

A graphical user interface is a form of interface between
user and computer system'. The users interact with
GUI through icons, symbols, images. A non-profes-
sional person can easily use the graphical user interface.
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Table 5. Defuzzified values and their ranks

Inputs Defuzzification and ranking
0 e = > e m
Z 2 £ 3 =232 2 |z |z B |2 |5 s 3
S 8 2 & SEIZ s Z E 5 E O = & = = =
8 ] ) L_l Lo Q < < s < | < o] <
x P = 2 2 2| 39= — =7 = o~ 7 e~ = e 2 &,
& = SE|<E = &
706 5.59 85 62 9.01 10 8.38 8 8.29 8 8.32 9 7.75 9
650 5 65 35 6.1 6 6.58 6 8.38 9 9.19 10 7.57 7
550 2 70 50 55 5 5.5 5 55 4 55 4 55 6
700 4.5 72 55 9.37 11 6.83 7 6.76 6 6.79 6 4.33 5
300 -1 75 65 6.67 7 5.5 5 5.59 5 5.59 5 4.33 5
-1 -2 80 75 3.88 4 2.84 1 3.61 3 4.77 3 1.81 1
300 -3 78 65 3.61 3 2.89 2 2.8 1 2.81 1 2.17 2
200 -4 84 80 3.34 2 2.93 3 2.8 1 2.83 2 2.53 3
-1 7 56 0 3.07 1 2.98 4 2.89 2 2.83 2 2.89 4
-1 2 70 0 5.5 5 2.98 4 2.89 2 2.83 2 55 6
-1 6 84 0 8.43 8 8.83 10 8.38 9 8.32 9 8.02 10
675 3.68 80 75 9.1 9 8.38 8 8.02 7 7.65 7 7.66 8
697 3.64 80 82 9.1 9 8.43 9 8.29 8 8.21 8 7.75 9
= . S Table 6. Comparison of the outputs given by the
[ CleSEEsRENs expert system and domain expert
uuuuu - = R DEFAULTER RISK
mmmmmmm . OUTPUT
. OUTPUT| BY
- CUSTOMER| INPUTFACTORS BY |BANKING
. RESULT
NAME BANK’S | EXPERT
g i vy EXPERT | SYSTEM
CS | IRF | LVR | AAL (BES)
C1 675 (3.68| 77 | 75 High 7.39 True
Figure 6. Graphical User Interface (GUI). C2 697 |3.64| 80 | 82 | High 7.75 True
c3 776 | 2 | 77 | 0 | High 7.39 True
c4 729 [3.86| 53 | 47 | High 2.08 False
A user interface has been developed for the proposed g
. . X C5 -1 7 55 0 Low 2.8 True
expert system shown in Figure 6. It shows 5 inputs as pov 93 12.42| 85 | 55 | riieh - -
CIBIL score (CS), annual income, EMI, Already Availed c - . ngh : True
. 7 812 (9.89| 80 | 6 i 6.58
Loan (AAL) and LVR. The user needs to fill all these input i e
. . Cc8 773 |2.71| 85 | 20 High 7.75 True
values. The inputvalues of annual income and EMI are
used to find out the IRF (Income Risk Factor). These input
factors are passed to the Fuzzy Inference System (FIS) 4 Testing of the System
which calculates the defaulter risks based on the rules.
The computed value of defaulter risk is then shown on Data of the customers has been collected from Indian
the user interface. Overseas Bank (IOB) branches for testing purpose.
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These real data values helped in checking accuracy of
the proposed system. These acquired values for all the
input factors are given to the developed expert system
and the computed defaluter risks are recorded. Defaulter
risk for same set of values are also determined by con-
sulting the domain expert. Both the result obtained
from the the developed system and the domain expert
are compared for validation of the systemas shown in
Table 6.

5. Discussion and Conclusion

The proposed rule based fuzzy expert system is developed
to classify customers into defaulter and non-defaulter
groups. This system not only checks whether the person
would be defaulter or not but it also calculates the risk of
assigning loan to a person. This research work includes
the factors such as EMI, CS, LVR, AAL, IRF and Annual
Income which was not considered in previous studies. A
user interface is also developed for the user so that it could
be easy for the user who doesn’t have any knowledge of
Expert Systems to use the system. The proposed system
can help the bank employees in decision making process.
Also the system can be used for training new employee
for loan approval tasks.

This research work can further be extended by
considering more factors for evaluating the defaulter risk.
Also this system could be developed using Neuro-Fuzzy
technique.
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