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Abstract

This paper deals with the problem of optimization of sales of a 
company involved in selling various financial products. Based on the 
data available from the company, identification of target category of 
customers for specific financial products is attempted. Genetic 
algorithm technique is applied for obtaining near optimal 
combinations of the customer category and product category which 
result in good sales. It is shown that Life Insurance  for the average 
ticket size of Rs 1 to 5 lakhs  should be targeted at  those customers who 
belong to the age group 20-30 yrs and are in the salary group Rs. 
25,000-45,000. Similarly, it is shown that debenture sold by the 
finance company under consideration is a hot seller in the age group 
40-50 yrs for the persons having monthly  salary in the range Rs. 
45,000-60,000.

Keywords: Genetic algorithm, finance company, insurance, 
debenture, mutual fund.

Introduction

The problem of variation and chaotic behaviour of customers in the 
face of lack of sufficient information is a challenge to many financial 
organizations, which may result in many  missed corporate business 
opportunities. In order to embrace more business opportunities and 
build up and enhance competitiveness, discovery of unexplored 
patterns and extraction of useful rules from large databases generally 
leads the business to a vantage point. Adopting proper marketing 
strategies generally results in enhanced profits of any finance 
company.

 In particular, for any finance company involved in selling various 
finance products, there are many criteria which affect the tendency of 
customer to purchase a product. Such criteria have to be identified 
based on the historical past sales records of the company. The product 
purchasing behaviour of the customers will generally depend on the 
customer's age, previous purchasing experience, income etc. and can 
be extracted in terms of probabilities or proportions from the past sales 
records of the firm. This enables the firm to evolve marketing 
guidelines and sketch a roadmap for success. Thus, it is very 
imperative for any finance firm to study customer's profile and then 
target the product based on the guidelines systematically evolved from 
past behaviour of similar customers. As a result of such a study, 
company agents can recommend the right product with the correct 
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investment value to a customer in a specific category. It will businesses with the company or not. We have tried to use GA 
then be easy to convince the customer to purchase the in a new framework, wherein we have used probabilities of 
suggested product without spending much time and effort. occurrences of different groups of customers in evaluating 
This will help in maintaining the growth of the company in the study at each step through fitness function. This, to the 
terms of wide market visibility and improving its sales. best of our knowledge and belief, is the first attempt at using 

GA for such a study, especially, in a probabilistic 
Genetic Algorithm (GA) is a heuristic search technique for 

framework.
optimization in situations where it is not possible to 
analytically establish the extreme values of the function. It The remaining part of this paper is organised as follows: 
employs a strategy based on the theory of natural selection to section 2 presents literature review. section 3 explains the 
obtain iterative refinement of a population of potential methodology of GA with an example; section 4 presents the 
solutions. It has been applied to diverse fields in problems model developed in this work. section 5 explains result and 
like Travelling salesman problem (TSP), Marketing, finance analysis, section 6 explains the limitations and difficulties 
etc. faced by us in use of the GA and presents the conclusions.

In this work, we address the problem of optimization of sales Literature Review
of a company involved in selling various financial products 

Genetic Algorithm(GA) has been used by many researchers 
like life insurance, mutual funds and debentures of various 

for solving the Travelling Salesman Problem(TSP) for 
ticket sizes. Based on the data available from the company, 

example, Bryant et al (2000), Abeysundara et al (2005) etc.. 
identification of target category of customers for specific 

Another problem solved using Genetic Algorithm by Huang 
financial products is attempted. 

et al (2005) is that of a supply chain model. 
Genetic Algorithm(GA) is a heuristic search technique for 

Genetic Algorithm has also been applied in many problems 
optimization, where it is not possible to analytically 

in stock market and other finance fields. Lettau(1997) 
establish the extreme of the function. It employs a strategy 

studies portfolio decisions of agents in a financial market. 
based on the theory of natural selection to obtain iterative 

Shin and Lee(2002) illustrate how GA can be applied to 
refinement of a population of potential solutions. It has been 

bankruptcy prediction modeling. Lin et al (2004) apply GA 
applied to diverse fields in problems like Travelling 

for selection of values for all parameters and their 
salesman problem (TSP), Marketing, finance etc.

combinations so as to attain success of a trading rule by 
In this work, we address the problem of optimization of sales finding a near optimal value in a reasonable time. Lin et al 
of a company involved in selling various financial products (2005) use genetic algorithm  to automatically search for 
like life insurance, mutual funds and debentures of various improved trading models. Tsai et al (2011) consider the 
ticket sizes. Based on the data available from the company, problem of deciding the signal for buying or selling funds 
identification of target category of customers for specific and invoke a genetic algorithm to dynamically select funds 
financial products is attempted. Genetic algorithm according to their past performances (profitability). Bonde 
technique is applied for obtaining near optimal and Khaled  (2012 ) use genetic algorithm to predict whether 
combinations of the customer category and product the highest prices of the stocks of companies are going to 
category which result in good sales. For this, we first study increase or decrease on the next day on the basis of  six 
the factors which affect customer behaviour towards attributes. Kozeny(2015) evaluates the predictive 
purchase of the product as suggested by the company performance of different fitness functions used by genetic 
analysts - in terms of variation in their age, income and ticket algorithms in credit scoring. Aguilar-Rivera et al (2015) 
size of their previous purchase if any, from the same finance present a review of the application of evolutionary 
company. Using Genetic Algorithm, we have tried to find computation methods including GA to solving financial 
the solution of the major problem of any finance company problems.In the present work, to the best of our knowledge, 
selling various financial products like insurance policies, for the first time attempt has been to use Genetic Algorithm 
debentures etc. - namely, which customer segment should be in a probabilistic frame work. 
the major target for each given product category (product, 

Finance Company Problem
ticket size), so as to increase the sales of the company 
significantly. In a company that sells financial products, several factors 

contribute to growth of the firm. While firms try to improve 
We have addressed the problem of deciding upon the target 

the services to their clients, in order to achieve growth of the 
customer category on whom the company  should focus 

company in terms of  improved sales, it is required that the 
upon selling a particular product of a specified ticket size, in 

company studies the behaviour of its existing and potential 
terms of customer's age group and his income group in both 

customer. This step can help in finding such aspects of 
conditions whether he/she has experience of prior 

customers which affect the sales.



51www.pbr.co.in

Volume 9 Issue 10, April 2017

While there is a wide range of analysis techniques to deepen understanding of investment behaviour and identify 
customize the investment portfolio for the customer, there is the category of customers who will turn out to be good 
still a need to develop an intelligent method for extracting investors for various product categories. 
customer behaviour in the financial industry, so as to 

Research Methodology: 
increase the availability and utilisation of decision support 
data and hence increase customer satisfaction. It is to be This technique of Genetic Algorithm requires utmost care in 
noted that targeted customers are the better customers. building the model, especially the fitness function and 
Therefore extracting useful rules for targeting specific chromosomes. Once the model is developed, computer 
customer categories can be provided through an insight into intensive methods give near optimal solutions.Our study 
customer's buying behaviour. relates to only three types of products which are debenture, 

Life Insurance policies and Mutual funds where we further 
In this work, we use probabilities based on data collected 

classify the debentures as well as Life Insurance into five 
from a financial company. We aim at using Genetic 

different ticket sizes D1- D5 and L1- L5 respectively. 
Algorithm method to identify such factors which will not 
only improve the cash inflow of the company, but also 

Table 1:  Different Groups of the factors for the construction of chromosomes
Product

 Life Insurance

 
Debenture

 Code

 

Average 
Ticket 
size in 

Thousan
d Rupees

 

Cod
e

 

Ticket 
size in 

Thousan
d Rupees

 
L1

 

25

 

D1

 

25

 

L2 75 D2 75
L3 200 D3 200
L4 400 D4 400
L5 750 D5 750

Customer
Income Group Age Group

Cod
e

 

Monthly 
Incomein 
Thousand 

Rupees

Code Age 
Group

1

 

Below 10 1 Below 10
2

 

10-25 2 10-20
3 25-45 3 20-30
4 45-60 4 30-40
5 Above 60 5 40-50

6 50-60
7 60-70
8 Above 70

Table 1 presents the categories for various factors under consideration

The Genetic Algorithm (GA) is a relatively new Reproduction: Reproduction (or Selection) is usually the 
optimization technique to find the solution of the various first operator applied to a population. This operator selects 
problems. This technique does not ensure that the solution good (fit) chromosomes in the population for generating an 
obtained is optimal. However it provides good offspring. The commonly used reproduction operator is 
approximation to optimal solution in a reasonable time proportionate selection operator, where a chromosome in 
period. (Deb (2004)) Based on Darwin’s principle of the current population is selected with probability 
“survival-of-the-fittest”, this algorithm is quite flexible. The proportional to the chromosome’s fitness. 
principle used in GA is that if an offspring produced by 

Crossover:Crossover operator is next applied. This operator 
genetic processing is above-average, it is more likely to 

picks two chromosomes randomly from the population and 
survive longer than an average individual. If, on the other 

exchanges some portion of the chromosomes. It is 
hand, if a below-average offspring is created, it is not likely 

interesting to note from this construction that good 
to survive long.

offsprings from either parent chromosome can be combined 
Beginning from an existing population of solutions called to form a better offspring.
chromosomes and a fitness function defined depending 

 Mutation: The need for mutation is to maintain diversity in 
upon the problem we make use of the GA operators – 

the population.The mutation operator changes 1 to a 0 and 
Reproduction, Crossover and Mutation to generate new 

vice versa with a small mutation probability.
populations (solutions). In the new population, we apply the 

0  0  1  1  1  1  1  1 0  0  1  1  1  1  0  1law of survival of the fittest and select the chromosomes that 
are fit enough  to remain in the population and delete the 

Here, the seventh bit 1 of the chromosome is changed to 0, 
unfit chromosomes. By continuing this process, at each step, 

thereby creating a new solution. 
we get an improved population of fit chromosomes and find 

Figure-1shows, how beginning from initial population of the solution i.e. identify the right product for the respective 
chromosomes successive generations are created using customer categories.
Genetic Algorithm:

We now present some details of these three operators.
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Figure – 1: One cycle of Genetic Algorithm

Proposed Model And Methodology Of GA groups , the conditional probability of the various products 
with assumed ticket size, previously purchased product and 

In this work, as explained by the company experts, we have 
ticket size and also marginal probability of different income 

used the customer purchase behaviour factors to be:  
groups of the customers. We then construct the five bit 

customer's age, income group, , history of earlier purchase  
chromosomes using these factors. The first bit in 

from this company  , product along with its  ticket size. We 
chromosome is taken as product, second bit as customer age 

wish to use the past records of customer penchant, we are 
group, third bit as ticket size, fourth bit as previously 

prompted to develop a probabilistic model for the fitness 
purchased product and the last bit as income group. We have 

function of Genetic Algorithm. In order to apply this, we 
taken each of these factors as one bit of chromosomes as 

have found the probabilities of the different customer age 
shown in figure – 2. 

Figure – 2: Representation of Chromosome

A typical chromosome (above chromosome decoded).

Since customer behaviour is a random variable, we have Where, the notations are as follows:
designed the fitness function of the associated problem as a 
probabilistic function which estimates the expected sales 
value for the individual chromosomes. As we improve the 
sales, we maximize the fitness function. We define the 
fitness function  to be maximised as

We have assumed that income group is independent of age 
and repurchases. This is true in current real life scenario 
where young executives earn much more than older 
clerks/school teachers.

Equation (1) presents a probabilistic fitness function for 
model in order to enable the evaluation of the chromosomes, 
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as we are interested in generating the population of information for each individual ticket size of respective 
profitable chromosomes. Further analysis provides us with products.
good combinations of customer factors for each product and 

Results and Analysis
ticket size. For practical reason, we have fixed the product 

We adapted the procedure as describe in figure-1and the best with individual ticket size, so that we could find the 
solutions are presented in table 2particular age group, income group and earlier purchase 

Table – 2: Best Solutions for each ticket size with product   

S. 
No.  

Product  

Ticket 
grp 
code  

Age 
grp  

Earlier 
purchase  

Earlier 
prdct

Avg 
ticket 
size in 

thousand 
rupees

Monthly 
Income 
group in 
thousand 

rupees

1.
 Debenture

 
D1

 
40-50

 
yes

 
D1 25 below 10

2.
 

Debenture
 

D2
 

60-70
 

no
 

75 25-45

3.

 
Debenture

 
D3

 
60-70

 
no

 
200 45-60

4.

 
Debenture

 
D4

 
60-70

 
no

 
400 60- 100

5.

 
Debenture

 

D5

 

60-70

 

no

 

750 100-250

6.

 

Life 
Insurance

 

L1

 

40-50

 

no

 

25 below 10

7.
Life 
Insurance L2 30-40 no 75 25-45

8.
Life 
Insurance L3 20-30 no 400 45-60

9.
Life 
Insurance L4 30-40 no 400 60- 100

10.
Life 
Insurance L5 30-40 no 750 100-250

11.
Mutual 
Fund MF 30-40 yes D1 5 below 10

In order to carry out modelling and obtaining near optimal probabilistic framework. Excel macros were developed by 
solution using Genetic Algorithm, first we have taken a us for the large amount of data processing. We observed that 
simple random sample of the past record of about ten the LI is good to be sold to those customers who belong to 
thousand sales. We have found the probabilities of the the age group 20-30 yrs with the salary group Rs. 25,000-
different age groups of the customer for the proposed model 45,000 for the average ticket size of Rs. 100,000-5,000,000. 
as described in equation (1). The chromosome is taken over Similarly, Debenture is a hot seller in the age group 40-50 
the customer identification factors – age, income and yrs., with the salary group Rs. 45,000-60,000 for the average 
previous purchasing status and the company factors – ticket size of Rs. 100,000-300,000. We have also identified 
products and ticket size. For all these factors the the individual ticket size for the different products as 
probabilities are estimated from the sample of the firm follows:
(Finance Company) for evaluating the fitness function of the 

As Genetic Algorithm was applied for each of the three 
problem

products (Life Insurance, Debenture and Mutual Fund) and 
Conclusion each of the eleven sub products, conditional, joint and 

marginal probabilities had to be calculated separately for all 
In this work, we have presented near optimal solution of the 

these using the past data the fitness function for the GA 
problem of the finance company for sales of each product, 

applications. Each application required about hundreds of 
since the company is interested in recognizing the 

runs of the macro before reaching convergence of the fitness 
combinations of the customer category and product 

functions. However, the method employed is easy once the 
category which would result in good sales. For this, while 

macros are ready. It is hoped that this methodology and 
we have used the familiar Genetic Algorithm technique, we 

results would benefit many finance companies facing 
have added a new dimension to it by considering a 

similar problems.
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