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ABSTRACT 
Genetic algorithms simulate how a system transforms over generations to reach its optimal fitness, a key to survival. A system 

consists of a population with individuals each having its own fitness level or score. The individuals are made to participate in a 

process of evolution.  

Algorithm Implementation Steps: 

1. Generation of random population  

2. Selection – Selection of individuals / parents based on fitness score 

3. Crossover – Mating between individuals 

4. Mutation – Introduction of random modifications 

A simulated experiment was conducted on a transportation problem to generate a random population of individuals. The program 

then identifies two individuals(parents) that are best suited for crossover based on the fitness score. Crossover and mutation are 

performed on fit parents and a child individual is created and added into the population. This process of selection, crossover and 

mutation is performed in an iterative manner until the fitness score of the population does not change further. This final fitness 

score is considered to be the most optimized solution to the problem. This paper explains the algorithms used to generate the 

random population, select parents and perform crossover and mutation until the optimized solution is achieved. 
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INTRODUCTION 
 
Transportation problem: 

Genetic Algorithm (GA) , the search method offers the best solution among many problems.  It follows the 
mechanism of natural selection. GA is an evolutionary algorithm. By the process of evolution, from the initial 
population, a new set of solutions which are appropriate are got. These new solutions give way to optimal 
solution. GA is the best method for solving large search space optimization problems [1]. Transportation 
problems have many practical applications.  There are many methods to solve them.  Of many methods, GA will 
be an appropriate method to solve the transportation problem. 

Transportation model consists of m points of origin A1, A2, . Am  and n destination B1,B2,....BnThe point Ai (i 
= 1,2,...m) supplies ai units and destination Bj  (j = 1,2,....n)  require  bj   units  

 
∑ai=  ∑bj     (i = 1,2,.....m)       (j = 1,2,....n) 
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The cost of transporting a unit from AitoBj is cij. To obtain the minimum transportation cost is the objective 
of the problem.  The supply origin and demand destination should be equal as far as the number of  units are 
concerned [2]. If xij is the number of units transported from Ai to  Bj, then the total transportation cost can be 
found after determining the xij  values  (i = 1,2,...m)    

(j = 1,2,...n) 
∑ ∑ cijxij  
Subject to 
∑ xij   =  aii  =  1,2,...m 
∑ xij  =bj           j  =  1,2,...n 
X ij  ≥  0 
 
Mathematically a transportation problem is a linear programming model. The objective function is to 

minimize the transportation cost 
 

 
 
A transportation problem involves factories and warehouses. Each factory has a certain quantity of 

available goods that are supplied to the warehouses. It must be noted that the total availability must equal the 
total supply at the end of the allocation. In other words, no item should remain un-allocated in the end. The 
following form allows the user to create a custom grid to test the simulation. 

 

 
 
Submitting the form above provides the below grid that allows the user to enter the cost of allocating an 

item from each factory to each warehouse and the total availability in each factory and the total supply to each 
warehouse. The totals of these must be equal. After the values are entered the user may set the sample count 
which is a random population of individuals required for selection of parents. The larger the population, the 
better are the chances of finding individuals of a higher fitness. 

 
The following is the filled up form: 
 

 
 

1.Process of application of genetic algorithm: 
In GA, the population is randomly generated. In a standard method such as the North-west corner rule the 

initial solution would always be the same and would result in a population where all individuals are alike. GA 
works on the principle of identifying fit individuals from a large random population. This would mean that the 

Z = c11x11 + c12x12 + f .. + cmnxmn
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number of iterations required to generate random individuals is very high. It is for this reason that web workers 
have been used in this program. 

 
1.1 Preference: 

In real life, most actions are performed based on preferences. Preferences are driven by environmental 
conditions and past experiences. Liking to a brand, an art form or a colour are examples of preferences. In the 
current context, a factory manager may prefer sending an item to a particular warehouse. Some of these reasons 
could be: 

a. Specific nature of the good – Example, a refrigeration unit being available at one warehouse. 
b. Staff competency – Example, a warehouse having more equipped and knowledgeable staff to handle 

situations proactively. 
c. Damage reduction – Example, a warehouse that has a high incidence of pests or rough travelling terrain 

may have a lesser chance of being chosen. 
d. Interpersonal rapport – Example, a warehouse manager who enjoys a high interpersonal rapport with a 

factory manager has a greater chance of receiving goods from that factory. 
 

1.1.1 Preference algorithm for allocation: 
In the simulation developed, allocations from factory to warehouse are done one unit at a time. For every 

such unit allocation from the factory, a preference order of warehouses is randomly created and stored in an 
array. The program then attempts to allocate the unit to the warehouse in this preference order. Navigating 
through the preference the program checks if the warehouse has reached its full capacity. If the first warehouse 
in the preference order is full, an attempt is made to allocate the unit to the next preferred warehouse. The 
following flowchart describes this procedure. 

 

 
1.2 Fitness: 

After all the allocation is complete, the fitness of the entire allocation (individual) is determined. In this 
simulation, the fitness of an individual is determined by the total cost. Each factory-warehouse cost is multiplied 
with the allocation from the particular factory to the warehouse. 
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1.3. Allocation output: 
The below shown is a screen shot of the output simulated from the user inputs set earlier. The program 

generated 100 (samples count) individuals as specified. The last row in each of these tables shows the total cost 
for the allocation. This is treated as the fitness score when determining the parents. 

 

 
 

1.4 Identification of parents: 
Parents are identified by the fitness score, which is least cost in this case. The program identifies parents 

having the lowest cost, as shown below. 
 

 
 

1.5 Crossover: 
The two most fit individuals or parents are selected and a crossover is performed based on a random row as 

indicated in the diagram below. 
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A crossover done in this manner may change some of the column totals as shown in the table below. 
 

  Column 1 Column 2 Column 3 
Parent 23 40 20 
Child 20 43 20 
Difference -3 +3 0 

Note: The net change is always zero.  
 

1.6 Mutation: 
In order to make this a valid individual in the population, it is imperative to ensure that the column totals 

are corrected. This is done by mutation.  
 

First level of mutation:  
The following steps comprise of the algorithm that is used to perform a mutation for correction. 
 
• Identify the column in the child that has the excess quantity. 
• Get a random row in the child that has at least 2 units. 
• Remove 1 unit from the identified row (current row). 
• Identify the column that has a shortage. 
• Add 1 unit to the identified column and current row. 
• Repeat until all excess quantities are eliminated. 
 
This mutation is performed only to correct the individual.  
 

Second / Third level of mutation: 
The greater the randomization in the child, the greater is its chance of becoming a fitter individual. In order 

to randomize the child further, a second level of mutationis necessary. A third level of mutation is advisable. 
Each mutation is performed by swapping the positions of one unitsuch that the column totals or row totals do 
not change. The diagram below shows the swapping: 

 
1.7 Adding the child to the population: 

The child is now ready to be added to the population. It replaces the most unfit individual (highest cost) in 
the population. The new fit individuals completely and continuously replace the older unfit individuals over 
generations.  
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1.8 Optimal solution: 
When the fitness score of individuals in the population does not change any further, the individuals are said 

to be most optimized. In this case, when the cost doesn’t reduce further, the optimized solution is achieved.  
 

2. Result: 
For the above transportation problem, the solution generated by the conventional method is compared to 

that generated by the GA method. 
 
Solution from GA Method 
Computation screen shot: 

 
Optimal Solution from GA: 1811 
 
Solution from Conventional Method 
Solution from the conventional method is arrived as below: 
• Step 1: Least-cost method to find the initial solution  
• Step 2: Applying the MODI method to find the optimal solution. 
 

Optimal allocation: 
 F1 F2 F3 

W1  22 3 
W2  18  
W3 20   
W4 3  17 

 
The optimal transportation cost when the least cost method is applied is : 
(22 * 20)+ (3 * 18) + (18 * 30) + (20 * 17) + (3 * 21) + (17 * 20)   =  1817 
Optimal Solution from Conventional Method: 1817 
 
The GA method offers a better solution than the conventional method. 
 

Conclusion: 
Genetic algorithm is a suitable method of optimization for a transportation problem. However, the method 

requires large computational resources as against the paper-pen approach. The use of this method can be 
appreciated when the search space is large and the population has multiple fitness parameters. This paper throws 
light on the ability of GA to optimize real-life situations. 
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Appendices: 
Programming Environment: 

Language: Javascript 
Styling: CSS 3.0 
Mark up: HTML5, with web workers 
Runtime Environment:  
HTML5 browsers such as Chrome, Firefox, Opera, IE9+, iOS Safari, mobile Chrome 
Note: The cross-domain policy of Chrome requires web workers to be run from a server 
Server: Apache 
 

ACKNOWLEDGEMENTS 
 
This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-

profit sectors. 
 

REFERENCES 
 

1. http://www.doc.ic.ac.uk/~nd/surprise_96/journal/vol1/hmw/article1.html 
2. http://www.obitko.com/tutorials/genetic-algorithms/ga-basic-description.php 

 
 


