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Abstract:  Solving multi-objective decision–making problems is, generally, a very difficult goal. In these 

particular optimization problems, the objectives often conflict across a high-dimensional problem space and 

may also require extensive computational resources. Genetic Algorithm (GA) is a stochastic heuristic 

optimization search technique designed following the natural selection process in biological evolution to arrive 

at optimal or near-optimal solutions to complex decision making problems. In this paper we consider the 

solution of multi-objective linear-fractional decision-making  problems by GA. The GA proposed by us can 

produce results, which are very close or improved to the results obtained by the existing methods. 

Keywords: Multi-objective decision-making (MODM) problems, fractional programming problems,  genetic 
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I. Introduction 

Multi-objective optimization problems have attracted considerable attention from the scientific and economic 

community in recent years. Multi-Objective Decision Making (MODM) has been one of the fastest growing 

problem areas in many disciplines. The multilevel multi-objective system has extensive existences in 

management fields. Usually, this kind of problem can be solved by multiple mathematical programming.  

Although this problem is very relevant in practice, there are few methods available and their quality is hard to 

determine.  

Fractional programming (FP) which has been being used as an important planning tool for the past four decades 

is applied for a lot of disciplines such as engineering, business, finance, economics etc. FP is generally used for 

modeling real life problem which has one or more than one objective(s) as a ratio of two functions such as 

profit/loss, inventory/sales, actual cost/standard cost, output/employee etc. Fractional programs arise in various 

contexts such as , in investment problems, the firm wants to select a number of projects on which money is to be 

invested so that the ratio of the profits to the capital invested is maximum subject to the total capital available 

and other economic requirements which may be assumed to be linear. If the price per unit depends linearly on 

the output and the capital is a linear function then the problem is reduced to a linear fractional program. 

An example of linear fractional programming was first identified and solved by Isbell  and  Marlow 

(1956).Their algorithm generates a sequence of linear programs whose solutions converge to the solution of the 

fractional program in a finite number of iterations. Since then several methods of solutions were developed. 

Gilmore and Gomory (1963) modified the simplex method to obtain a direct solution of the problem. Martos 

(1964) has suggested a simplex-line procedure, while by making a transformation of variables, Charnes and 

Cooper (1962) have shown that a solution of the problem can be obtained by solving at most two ordinary linear 

programs. Algorithms based on the parametric form of the problem have been developed by Jagannathan (1966) 

and Dinkelbach (1967). 

After the development of the method by Isbell and Marlow (1956) for solving linear fractional programming 

problems, various aspects of single objective mathematical programming have been studied quite extensively. It 

was however realized that almost every real-life problem involves more than one objective. For such problems, 

the decision makers have to deal with several objectives conflicting with one another, which are to be optimized 

simultaneously. For example, in transportation problem, one might like to minimize the operating cost, 

minimize the average shipping time, minimize the production cost and maximize its capacity. Similarly, in 

production planning, the plant manager might be interested in obtaining a production programme which would 

simultaneously maximize profit, minimize the inventory of the finished goods, minimize the overtime and 

minimize the back orders. Several other problems in modern management can also be identified as having 

multiple conflicting objectives i.e., multi-objective decision-making (MODM) problem. There is pressing need 
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to develop approaches to solve such type of multi-objective linear or non-linear fractional programming 

problems . 

Multi-objective linear fractional programming (MOLFP) problems  are studied by a few approaches which have 

appeared in Kornbluth and Steur (1981); Lai (1996); Luhandjula (1984); Sakawa and Yumine (1983). 

Luhandjula (1984)proposed a linguist approach to multi objective linear fractional programming by introducing 

linguistic variables to represent linguistic aspirations of the decision makers .The model of the problem 

constructed with fuzzy data due to FP approaches [Luhandjula (1984); Sakawa and Yumine (1983)] used to 

solve MOLFP problems have a difficulty in computation. In the framework of fuzzy decision, Bellman and 

Zadeh (1970) ;Sakawa and Yumine (1983)  presented a fuzzy programming approach for solving multi objective 

linear fractional programming problem by combined use of the bi-section method and the phase one of simplex 

methods of linear programming. Multi-level multi-objective linear or non-linear programming problems are new 

combination problems in the field of multi-level (or multi- objective) decision making problems. Ibrahim (2009) 

proposed Fuzzy goal programming algorithm for solving decentralized bi-level multi-objective programming 

problems. Again, Ibrahim (2010) proposed a fuzzy goal programming approach to  Solve multi-level multi-

objective linear programming problems. Eren and Turan (2013) used  Fuzzy multi-objective linear programming 

approach for  optimising a closed-loop supply chain network. 

Again for MOLFP,   Kornbluth  and  Steuer  (1981)  presented  two  different  approaches to  MOLFP , based   

on  the  weighted   Tchebyscheff  norm.      

In this paper we deal with the MOLFP problems with the essentially cooperative DMs and propose a solution 

procedure using a genetic algorithm for the problem. GAs was first introduced by Holland [1975] and since then 

it has been applied to many OR field such as: De Jong (1975);  Baker (1985); Goldberg (1989); Michalewicz 

(1992); Wanga  Guangmin et al. (2008);  Narang and Arora (2009); Ketabchi et al. (December 2010); Hecheng  

and Wang  (2010) etc. Although various optimization tools are available for MODM problems, the efficiency of 

these techniques depends to a great extent on the nature of the mathematical formulation of the problem.Some 

of these traditional techniques, which give accurate results are computationally expansive and become 

inefficient for a large domain.Genetic Algorithm, which is a population – based search technique Goldberg 

(1989) has been widely studied, experimented and applied in many fields in engineering worlds.Not only does 

GAs provide an alternate method to solving problem,it consistently outperforms other tradional methods in the 

most of the problem link. In general, GAs performs directed random searches through a given set of alternatives 

with the aim of finding the best alternative with respect to given criteria of goodness. These criteria are required 

to be expressed in terms of an objective function, which is usually referred to as fitness function. GA search for 

the best alternative (in the sense of a given fitness function) through ‘chromosomes’ evolution. This paper 

demonstrates the merit of this technique in deciding optimal solution of multi-objective linear fractional 

decision-making (MOLFDM) problem taking into cosideration the various constraints and complexities 

representing the real situation.  

The organization of the paper is as follows: following the introduction, this paper presents a brief introduction to 

MOLFP problem in section-2 and genetic algorithm in section-3. Section-4 and 5 provide the implementation 

and step by step procedures of the proposed genetic algorithm. Numerical example and a brief discussion are 

presented in section- 6 and 7 respectively. Section-8 deals with concluding remarks. 

 

II.  Multi-objective linear fractional programming (MOLFP) problems 

A MOLFP problem contains more than one linear fractional objective function and linear or non-linear 

constraints. Mathematically, a MOLFP problem can be stated as:        
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Where, )(xpi and )(xqi  are linear functions. x  is an n dimensional vector. The problem indicates that 

there are P  numbers of objective functions, which are to be maximized or minimized. The problem contains 

m  number of constraints and n  number of decision variables. 
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Most real-world decision problems involve multiple criteria that are often conflict in general and it is sometimes 

necessary to conduct trade-off analysis in MODM. We can find many instances of decision problem, which are 

formulated as MODM problem, and in decentralized firm, it is natural that the decision makers behave 

cooperatively rather than non-cooperatively.  

 

III.  Introduction to Genetic Algorithm 

Genetic algorithm (GA) is search algorithms based on the mechanism of natural selection and natural genetics. 

GA is a stochastic heuristic optimization search technique designed following the natural selection process in 

biological evolution to arrive at optimal or near optimal solutions to complex decision problems. The primary 

concept behind the use of GAs is the representation of solutions to a problem in an encoded format. These 

encoded parameters (alleles) are referred to as genes and these are joined to build strings, which represent a 

potential solution to the problem. These strings of variables are called the chromosomes. Each gene can be 

represented by a binary string or a real value. The fitness of a chromosome as a candidate solution to a problem 

is an expression of the objective function represented by it. 

The random interaction of the genes in populations under different GA operators constitutes the GA technique 

[De Jong (1975); Baker (1985); Deb (1995); Holland (1975);  Michalewicz (1992)]. The genetic operators used 

in reproductive process are selection, crossover and mutation. 

Selection is the procedure by which chromosomes are chosen for participation in the reproduction process. New 

points in the search space are generated by crossover and mutation. Crossover is the exchange of important 

building blocks between two strings that perform well. The number of strings in which material is exchanged is 

controlled by the crossover probability forming part of the parametric data. Goldberg (1989) and Michalewicz 

(1992) described various methods of crossover. 

 Mutation is an important process that permits new genetic material to be introduced to a population. A mutation 

probability is specified that permits random mutations to be made to individual genes.  

An initial population of individuals representing possible solutions is created when this technique is applied to a 

problem. Each of these individuals has certain characteristics that make them more or less fit as members of the 

population. The most fit members will have a higher probability of matching than lesser fit members, to produce 

offsprings that have a significant chance of retaining the desirable attributes of their parents.  

This method is very effective at finding optimal or near optimal solutions because of the use of populations of 

solutions at every iteration, as opposed to single solution, help genetic algorithm to examine the population 

space, and hence avoid local optimal traps. Also it does not impose many of the limitations required by 

traditional methods. It is an elegant generate-and- art strategy that can identify and exploit regularities in the 

environment, and converges on solution that are globally optimal or nearly so. 

 

IV.  Procedure of the proposed Genetic Algorithm 

A.  Representation 
 The first step in designing a genetic algorithm for a particular problem is to devise a suitable representation 

scheme.There are many ways to represent a chromosome, in a GA. Most GAs in used today still used binary 

chromosome as suggested by Holland in his pioneering effort  Holland (1975).The motivation for the use of 

binary chromosome is that for a given amount of information content, binary strings contains the largest number 

of schemata and hence provide the GA with the largest space to search and locate similarities between 

successful chromosomes. Here we use binary vectors as a chromosome to represent real value. 

 

B.  Initialization 
Initially many individual solutions are randomly generated to form an initial population. The population size 

depends on the nature of the problem. In this paper the process of initialization used by Liu (2002) is followed. 

An integer is defined as the number of chromosomes, called pop_size and initialize pop-size chromosome 

randomly. Suppose that it is feasible for a decision maker to determine to an interior point 
)0(x  within the 

constraint set. Let M  be an appropriate large positive number so that all the genetic operators are 

probabilistically complete for the feasible solutions. Select a direction  d  in
nR  and define a chromosome x  

as  dMx .)0(   if it feasible for the inequality constraints. If not, then we select a random number between 0 

and M until  dMx .)0(   is feasible. To obtain the pop_size initial feasible chromosomes 

)1(x ,
)2(x ,…….

)_( sizepopx , we repeat the process pop_size times. 

 

C.  Fitness function and selection strategy 
During each successive epoch, a proportion of existing population is selected to breed a new generation. 

Individual solutions are selected through a fitness-based process. The selection strategy is one of the most 

important factors in the genetic search. Initially Holland (1975) used the Roulette wheel selection strategy. But 
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it has some limitations for example, it only works for the maximization problem and it is not appropriate to 

apply it to minimization problem because it assigns greater probability to the chromosome that has a greater 

fitness value. Also in the presence of some super individuals, the Roullet wheel does not work properly. A super 

individual has a comparatively greater chance to be selected because it has significantly better fitness value. 

Consequently, it has relatively large number of off spring and has a tendency to prevent other individual from 

being selected to contribute to the next generation. Therefore, after a number of generations, a super individual 

may eliminate other individual and lead to a local optimum. 

There are several modified models of Roullet wheel selection such as De Jong (1975) elitist model, expected 

value model and crowding factor model that try to overcome the restrictions. Baker (1985) proposed a ranking 

method by mapping individuals to a partially ordered set. The ranking method is a non parametric selection 

procedure. The population is stored by the fitness values from the best to worst. Ranking methods assign 

probability to individuals based on their ranks. Therefore, minimization and negativity of the objective function 

become eligible. Motivated by this analysis we use the normalized geometric Ranking method . In this method, 

the probability of the
thi   individual being selected is defined by: 

 
1)1(')(  ith aaindividualitheSelectP  

       Where, a     is the probability of selecting the best individual, i  rank of the individual, 

 
})1(1{ _

'

sizepopa

a
a


       

 The highest efficiency is regarded as a common benchmark for Decision Making Units (DMUs). This 

brings about the existence of more than one DMU with the highest score.   One may also use Ranking Method 

Based on Common Weights proposed by Ali Payan et al. (June 2014) or Weighting method  by Mishra Savita 

(2007). The overall balance in decentralized programming problem  is seen through the consistency ratio. 

Consistency means that the decision maker is exhibiting coherent judgments in specifying the pair wise 

comparison ( Morteza Rahmami , June 2009 ) of the criteria or alternatives. 

 

D.  The crossover 

The crossover operator is one of the important genetic operators. In the optimization problem with continuous 

variable, many crossover operators appeared, such as Michalewicz (1992): simple crossover, heuristic crossover 

and arithmetical crossover. Among them, arithmetical crossover has the most popular application. The paper 

uses arithmetical crossover which can ensure the off-springs are still in the constraint region and moreover the 

system is more stable and the variance of the best solution is smaller. The arithmetical crossover can generate 

two off-springs which are totally linear combined by the father individuals. 

Crossover is a genetic operator used to vary the programming of a chromosome or chromosomes from one 

generation to the next. It is an analogy to reproduction and biological crossover, upon which  genetic algorithm 

are based. The crossover is responsible for the recombination process. It is applied to pairs of chromosomes with 

a probability, say pc to create new children. We determine the parents for crossover as in Liu (2002). A random 

number c is generated from the interval [0,1]. The chromosome 
)(ix  is selected as a parent if cpc  . We 

repeat the process from 1i   to pop_size times. If
)1(x   and 

)2(x  be two parents then the crossover operator 

will produce two children 
)1(y  and 

)2(y  as follows: 

 
)2()1()1( ).1(. xrxry   

)2()1()2( .).1( xrxry   

 

Where r  is a random number generated from )1,0( . Now we check the feasibility of the children 

chromosomes. If both the children are feasible, then replace the parents by them. If one child is feasible or no 

children are feasible, we generate the random number until two feasible children are obtained. 

 

E.  Mutation 
Mutation operator performs changes in a single individual. It randomly searches in the neighborhood of a 

particular solution. Its role is very important to guarantee that the whole search space is reachable.  

We define the probability of mutation and use the process similar to that of selecting parents for crossover 

operation for mutation. Now for each selected parent chromosome, we randomly choose a direction d  in
nR . 

If  dMx .)0(   , where 1

)0( (xx  , 2x ,……. )nx  and M  is a sufficiently large positive number define 
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earlier in the process of initialization, is not feasible, select a number between 0   and M  until it is feasible. If 

the process fails to produce a feasible solution, we set 0M  and replace the parent 
)0(x  by its 

child dMx .)0(  . 

 

F.  Stopping rule 

A parameter called number of generation is defined for a GA. As soon as the number of iteration will be equal 

to the number of generation, the execution will be stopped. 

 

V.  Steps of Proposed GAs are as follows: 

Step-1: Randomly initialize number of chromosome which is equal to the size of the population size (population 

of feasible trial solution of different decision maker). 

Step-2: Apply crossover and mutations scheme as described above to upgrade the chromosomes. 

Step-3: For all chromosomes (decision maker), calculate the value of the objectives (each of which is a ratio of 

two linear functions). 

Step-4: According to the value of the objective, calculate the fitness of each chromosome (member). 

Step-5: Select the chromosome according to the selection process. 

Step-6: Repeat step-1, step-2, step-3, step-4 and step-5. 

Step-7: Report the best chromosome as the optimal solution. 

 

Used parameters and their values 

Parameters Notations Value 

Population size 

Probability of crossover 

Probability of Mutation 

Number of Generation 

Pop_size 

pc 

pm 

N 

50 

0.8 

0.08 

Problem Dependent 

 

VI.  Numerical Example 

       The following example considered by Chakraborty and Gupta (2002) is again used to demonstrate the 

solution procedures and clarify the effectiveness of the proposed approach:  

 

Consider the following MOLFP problem Chakraborty and Gupta (2002): 
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tosubject  

;12 21  xx              ;1532 21  xx         ;99 21  xx         0,3 21  xx .      

Solution: Solution of the above problem obtained by Chakraborty and Gupta [5] using fuzzy mathematical 

programming is: 

1x  
2x  1z  

2z  3z  

3 2 -0.625 1.15 0.785714 

 

The proposed GA gives the solution as: 

1x  2x  1z  2z  3z  

3.599999 2.599999 -0.608696 1.14760 0.823529 

Which is very close or improved to the results obtained by the existing methods Chakraborty and Gupta (2002). 

 

VII.  Discussion 

Multi-objective linear fractional decision making problem is an important branch of Operation Research. 

Presently many approaches have been made to solve MODM problems mostly based on fuzzy programming. 
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However, it has not yet made a significant break through in the field of MOLFP problem. Following are the 

advantages and special features of the proposed algorithm to solve MOLFP problem: 

(1) Multi-objective programming problems have some properties that are more complex than in the usual 

mathematical programs .Thus solution techniques for this problem have to be rather specialized. Feasible 

solutions for a MODM problem correspond to members of a particular species, where the fitness of each 

member is measured by the value of the objective function. Rather than processing a single trial solution at a 

time, the proposed approach now work  with an entire population of trial solution and the population is used 

to create linking paths between its members and to re-launch the search along these paths. 

(2) For each iteration (generation) of a genetic algorithm, the current population consists of the set of trial 

solutions currently under consideration. These trial solutions are thought of as the currently living members of 

the species. Some of the youngest members of the population (including especially the fittest members) survive 

into adulthood and become parents (paired at random) who then have children (new trial solutions) who share 

some of the features (genes) of both parents.  

(3) Since the fittest members of the population are likely to become parents than others, a genetic 

algorithm tends to generate improving populations of trial solutions as it proceeds. Mutations occasionally occur 

so that certain children also can acquire features (sometimes desirable features) that are not possessed by either 

parent. This helps a genetic algorithm to explore a new, perhaps better part of the feasible region than previously 

considered. 

(4) Solution techniques derived in the MODM literature often assume uniqueness, which is done in the 

exposition of this paper as well. Eventually, survival of the fittest should tend to lead a genetic algorithm to trial 

solution (the best of any considered) that is at nearly optimal. 

 (5)  This method is very effective at finding optimal or near optimal solution of MOLFP problems.  

 

VIII.  Conclusion 

Since the emergence of multi-objective optimization problems at the beginning of the second decade of the last 

century, it has become a necessary requirement and has an important role to all areas and fields in the real 

world. From its early stages, it evolved systematically and scientifically through the genius of scientists and 

professionals in this field. It had passed through several stages, and it has branched more into various 

specialized disciplines in the real world. 

The GA approach to MOLFP problem proposed by us can produce results which are very close or improved to 

the results obtained by the existing methods. This approach considers the solution of each DM by randomly 

pairing up the decision maker (their solutions) .Each pair of DMs (solution) give birth to new feasible trial 

solutions whose features are a random mixture of the features of the solutions of each decision makers .Unique 

characteristic of a MODM is reflected by including objective or solutions of each DM. One may use a random 

process that is biased towards the more fit members. Whenever the random mixture of features and any 

mutations result in an infeasible solution, this is a miscarriage, so the process of attempting to give birth then is 

repeated until a child is born that corresponds to a feasible solution. 
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