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Abstract— Optimization is a process of making something 

better. Genetic Algorithm (GA) has been widely used in many 

applications specifically in optimization problem. This paper 

describes GA and its application to warranty problem in 

optimizing total cost of warranty. A detail procedure of GA 

process is provided in this paper. Initial point were created 

randomly and the survival are depends on fitness criterion. 

Improvement in every generation of GA process gives the fittest 

solution which is the most optimum. The results of GA give small 

error of parameter values while comparing with estimated values 

by using Maximum Likelihood Estimation (MLE).  

 
Index Terms— Fleet vehicle, Genetic Algorithm, Optimization, 

Warranty 

I. INTRODUCTION 

 A warranty is a manufacturer assurance to a buyer that a 

product is or shall be as represented (Murthy et. al) [1]. 

Generally, reducing warranty cost is an interesting issue in 

warranty area. In automobile industry, the manufacturer 

incurs additional costs when an item fails under warranty. 

Thus, it becomes an important thing for manufacturers to 

obtain an accurate prediction of warranty cost and period. 

Reducing warranty cost is an interesting issue in warranty 

studies and the literature on warranty cost model has been a 

very active research. 

Recently, some researchers do not deal with conventional 

techniques anymore. Verma and Lakshminarayanan [5] stated 

that many optimization problems are complex and difficult to 

solve by conventional optimization techniques. Thus, we 

applied GA technique in warranty area as an alternative to 

conventional techniques. The advantages of GA in 

optimization are common in previous research. 

Therefore, the purpose of this paper is to obtain optimum 

warranty cost by optimizing parameters in warranty cost 

model using GA. This paper is organized as follows. Section 2 

presents some review of previous research regarding the 

implementation of GA in solving optimization problem. 

Section 3 describes a flowchart of GA approach. Then, the 

warranty cost model which considering distribution of delay 

time is presented in section 4. Section 5 describes a detail 

procedure of GA in obtaining optimal solution followed by 

section 6 which presenting experimental results and some 

discussion. The results of GA will be compared with other 

method. Section 7 provides the conclusions drawn from this 

paper.  
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II. PREVIOUS RESEARCH 

GA is one of the useful techniques in Artificial Intelligence 

which is based on the natural evolution to solve search and 

optimization problem. In early 1970s, the idea of GA was first 

introduced by John Holland which was inspired by natural 

process of evolution. The application of GA has been widely 

use and the benefits of using GA technique are clear and 

well-known. GA is a simple method yet effective in finding a 

reasonable solution to a complex problem. Genetic Algorithm 

can also produce solutions close to optimal solutions. In 1996, 

Gen and Cheng proved that GA gives better results than the 

traditional optimization method in solving real life problem.  

Based on previous findings, the application of GA has been 

studied in many different areas. For instance, Chaudhry and 

Luo [6] reviewed the application of GA in twenty-one major 

production and operations management journals during the 

period of 1990 to 2001. Their findings show that most 

researchers implementing GA in scheduling and facility 

layout topics. Besides, Hairudin et. al [3] reviewed the 

application of soft computing methods in warranty problem 

during the period of 2003 to 2012. In literature, there have 

been few reviews regarding the application of GA in warranty 

areas. For example, Jin and Ozalp [3] proposed a stochastic 

reliability model to minimize warranty cost through design for 

reliability. GA was applied in the model for optimization 

process. 

In the same year, Sohn, Moon and Seok [7] proposed a 

dynamic pricing model for mobile phone in order to find an 

optimal pricing policy by implementing genetic algorithm 

method. They found that GA gives high profit in a series of 

optimal price for mobile phone. GA also has been applied in 

many different fields. For example, Verma and 

Lakshminarayanan [5] applied GA for optimization of engine 

parameters specifically in selecting a simple speed-dependent 

injection timer for a diesel engine.  Besides, in 2007, Woods 

clarified that Genetic algorithms are well suited in optimizing 

complex problems such as image segmentation. The paper 

discusses the feasibility and issues involved in image 

segmentation. 

GA is robust in producing near-optimal solutions even it 

takes plenty of time to provide a good result. It can also 

handle varieties of objective function and constraint. The 

capability of GA in optimization problem becomes famous in 

many research areas. Thus, this paper is carried out to obtain 

optimum warranty cost by optimizing the parameters in 

warranty cost model using GA approach. 

III. FRAMEWORK 

Fig. 1 shows a simple flowchart of GA process. An initial 

population is randomly created 

where the survival depends on 

the fitness criterion. In order to 
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find near-optimization of the problem, selection, crossover, 

and mutation are the three main operators that were used in 

GA process. The fittest individual will survive more 

frequently and have high chances for reproduction. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: Flowchart of GA process. 

IV. WARRANTY COST MODEL 

In this paper, the modeling of warranty cost is based on real 

data which cover five-year period that is from 1998 to 2002. 

We employ the model proposed by Hairudin and Scarf [4] 

which consider a Non-Homogeneous Poisson Process 

(NHPP) model with asymptotically defect arrivals,  and 

mixed exponential distribution, . The equation of 

asymptotically defect arrivals is as follows: 

 

 
where   

   Initial value of failure rate at time zero 

       Steady state defect rate 

Basically, there are several types of delay time distribution 

such as weibull distribution, exponential distribution and 

mixed exponential distribution. Hairudin and Scarf [4] 

introduce the mixed exponential distribution since zero delay 

time may occur in some defects. As a result, they found that 

the result with mixed exponential models is more reasonable. 

The probability density function (pdf) of mixed exponential 

distribution is 

                                                         

 

 

where p is the probability of failure with zero delay time and 

 is mean of delay time. Therefore, the final model of total 

warranty cost is as follows: 

 

 
where    

 

Cf = Cost of failure 

Ci =Cost of inspection 

Cs = Cost of service  

ns = Number of free service  

V. GENETIC ALGORITHM 

In this section, a procedure of GA method with description 

is presented. GA is proposed in order to obtain optimal value 

of parameters in the warranty cost model. GA is selected 

based on its computational efficiency with less mathematical 

calculation and the capabilities of handling large search 

space.  

The objective of the optimization process in this study is to 

determine the optimal values of the parameters that lead to the 

minimum value of warranty cost. The information of the 

model was extracted from a research made by Hairudin and 

Scarf [4]. The total warranty cost model is proposed as the 

fitness function for optimization solution of GA which is 

expressed as follows: 

 

 

 

 

The minimization of the fitness function value of the above 

equation is subjected to limitation constraints. The limitation 

constraints are as follows: 

 

 

 

 
 

Generally, some GA operator must be considered by GA 

algorithm as shown in Table I below. 

 

Table I:Value of GA operator 

GA operator Setting Value 

Initial Population 100 

Number of Iteration 100 

Probability of Crossover 0.8 

Probability of Mutation 0.1 

A. Initial Population 

At first generation (iteration) where t = 1, a population which 

contains 100 chromosomes is generated randomly. The 

random numbers ranged based on the limitation constraints 

for each variable. Each chromosome has 4 genes which 

represent the unknown parameters. 

B. Fitness Function 

All chromosomes in the 

population are evaluated through 

fitness function. Fitness function 

is a function to be optimized. In 

Evaluate fitness function 

Selection 

Mutation 

End 

Replacement 

Satisfy stop 

criterion 

 

Start 

Set t =1 

Crossover 

Set t = t+1 

Generate initial population 
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this paper, the fitness function is warranty cost model which 

was minimized to give optimal solution of parameter values. 

C. Selection 

Selection process is performed in which some 

chromosomes are chosen from the population to be parents. 

The selection operator is implemented in a number of ways. In 

this paper, we use Roulette-wheel selection method where a 

chromosome is selected from the population with a 

probability proportional to the fitness, F. The probability of 

the i
th

 selected string is 

 
where n is the population size. Then, cumulative probability is 

required by adding the individual probabilities from the top of 

the list. In order to choose n chromosomes, n random numbers 

are created at random. Thus, the chromosomes that represent 

the random number lie between the ranges of cumulative 

probability are copied to the population. The chromosome 

with higher fitness value has a higher probability of being 

copied into the population.   

D. Crossover 

A crossover operation starts with selection of two random 

individuals from the population to produce an offspring. In 

this paper, one-point crossover method is used which select 

the cut point randomly and exchanges the right parts of two 

parents to generate an offspring. The number of pairs to be 

performed in crossover process is depends on the probability 

of crossover. According to previous studies, the probability of 

crossover is varied from 0.5 to 0.8. 

E. Mutation 

In order to prevent the algorithm to be trapped in local 

minimum, mutation operator is performed in GA process. 

Probability of mutation determines the number of mutations 

occurred in the population.  We kept the probability of 

mutation at 0.1. A small percentage of the population is 

allowed to mutate.  Then, old generation will be replaced by 

new generation.  

F. Termination Criterion 

We consider maximum generation as the termination criterion 

which was set at 100. The old generation will be replaced by 

the new generation if the generation is more or equal to 100. 

Otherwise, breeding process is repeated until the termination 

criterion is fulfilled. When the termination criterion is 

fulfilled, the process has to be terminated and new generation 

is produced to give optimal values of parameter. Therefore, 

individual with the best fitness in 100 generations is taken as 

the best solution. 

VI. EXPERIMENTAL RESULTS 

An experiment of a case study of selecting the best parameter 

values of warranty cost model are described in this section. 

This paper attempts to optimize the parameters of warranty 

cost model using GA approach. The process of GA was 

carried out using Matlab software to minimize the objective 

function.  
Table II: Results of parameter values of warranty cost model 
Parameters Estimated 

Value  

Genetic 

Algorithm 

Errors 

 
0.0164 0.0026 0.0138 

 
0.0071 0.0004 0.0067 

 
0.0291 0.0164 0.0127 

 
0.0089 0.0089 0.0000 

By referring to Table II, the results of parameter values by 

using GA which lead to minimum warranty cost are 0.0026 

for initial value of failure rate, 0.0004 for steady state defect 

rate, 0.0164 for probability of failure with zero delay time and 

0.0089 for mean delay time. The time unit is 1 day. This 

implies that the initial value of failure rate is 0.95 which 

means the defect arrive on average once a year. Based on the 

probability of failure with zero delay time, p, approximately 

2% occur defect immediately failure. Besides, the mean delay 

time is approximately 112 days since the calculation interval 

for mean delay time is 1/  = 1/0.0089  112.35. Thus, the 

performance of GA is good since the parameter values of GA 

and the estimated values using MLE do not differ 

significantly. 

 

Table III: Best Solution of Warranty Cost 

Experiment 

number, 

 (i) 

Best Solution of 

Warranty Cost,  

WC(i) 

Errors 

1 158.75 0.0122 

2 241.82 0.0131 

3 191.64 0.0140 

4 185.57 0.0083 

5 167.66 0.0132 

 

Table III shows best solution of warranty cost in five times 

of running program. These results were the product of 100 

generations with population size of 100, and a probability of 

crossover and mutation of 0.8 and 0.1 respectively. From the 

five experiments, we choose 185.57 as the best solution for 

warranty cost which selected based on smallest error. This is 

the result of warranty cost value incurred by manufacturer at 

the first free service. 

The value of fitness function is plotted against number of 

iteration as illustrated in Fig. 2. It shows the value of the best 

fitness function of GA which means the optimum warranty 

cost is RM185.57. According to the figure, the optimal 

solution is obtained at the 56
th

 iteration.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Fitness Function plot of GA 
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VII. CONCLUSION 

In this paper, GA approach is implemented for optimizing 

parameters of warranty cost model. The results of GA were 

analyzed and compared with exact values based on error. 

Small error indicates a good result. Our findings show that 

GA is able to produce good results with small errors and need 

only function value which makes it easy to apply in real 

problem.   

GA was found advantageous in finding global solution 

since it is a probabilistic search method. As a conclusion, the 

implementation of GA approach in optimizing the parameters 

of warranty cost model has been successfully applied. This 

technique can also be applied to many other optimization 

cases. 
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