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INTRODUCTION 
 
Facility planning is arrangement of the goods, services, shelves 
for production of goods or for delivery of the services (Figure 
1). The main objective of the facility planning is to bring our 
maximum customer satisfaction. Research 
2015) on pathway design has shown that well
principles of urban retail designs are very important for retail 
managers, in particular for supermarkets and larger retail 
stores. The store layout influences both shopping atmosphere 
and shopping behavior of consumers visiting the store 
(Lewison, 1994). A well designed store layout can contribute to 
a positive shopping atmosphere, which results in the kind of 
shopping behavior, a retailer wants to achieve. According to 
study by Timjen Elbers (2016), Grid layout, long pathways 
which are placed parallel to each other, facilitates an efficient 
and fast shopping experience. Retailers are in favor of grid 
layout style because the rectangular arrangement of the shelves 
fits well in the shopping behavior of consu
universally the most preferred layout style by supermarket 
retailers. Tompkins and White (1996) discuss about 50% of 
total operating expenses can be reduced through a good 
placement of facilities. John Holland invented GA in 1960s 
(Holland, 1975). In contrast with evolution strategies and 
evolutionary programming, Holland’s original goal was not to 
design algorithms to solve specific problems, but to formally 
study the phenomenon of adaptation as it occurs in nature and 
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Facility planning is arrangement of the goods, services, shelves 
for production of goods or for delivery of the services (Figure 
1). The main objective of the facility planning is to bring our 
maximum customer satisfaction. Research (Juel-Jacobsen, 

on pathway design has shown that well-established 
principles of urban retail designs are very important for retail 
managers, in particular for supermarkets and larger retail 
stores. The store layout influences both shopping atmosphere 

r of consumers visiting the store 
. A well designed store layout can contribute to 

a positive shopping atmosphere, which results in the kind of 
shopping behavior, a retailer wants to achieve. According to 

layout, long pathways 
which are placed parallel to each other, facilitates an efficient 
and fast shopping experience. Retailers are in favor of grid 
layout style because the rectangular arrangement of the shelves 
fits well in the shopping behavior of consumers and has 
universally the most preferred layout style by supermarket 

discuss about 50% of 
total operating expenses can be reduced through a good 

John Holland invented GA in 1960s 
. In contrast with evolution strategies and 

evolutionary programming, Holland’s original goal was not to 
design algorithms to solve specific problems, but to formally 
study the phenomenon of adaptation as it occurs in nature and  
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to develop ways in which the mechanisms of natural adaptation 
might be utilized into computer systems. Holland (1975) in 
‘Adaptation in Natural and Artificial Systems’ presented the 
GA as an abstraction of biological evolution and gave a 
theoretical framework for adaptation under the GA. Many 
problems in engineering and related areas require the 
simultaneous genetic optimization for a 
competing objectives. These have been solved by combining 
the multiple objectives in to single scalar by the approach of 
linear combination. The combining coefficients, however, 
usually based on heuristic or guesswork can exert an unknow
influence on the outcome of the optimization. A more 
satisfactory approach is to use the notion of Pareto optimality 
by Goldberg (1989) in which an optimal set of solutions 
prescribe some surface ‘The Pareto front’ in the vector space of 
the objectives (Goldberg, 1989
front no objective can be improved without simultaneously 
degrading at least one other. This is routinely used to generate 
useful solutions to optimization and search problems. Genetic 
algorithms belong to the larger class of evolutionary algorithms 
(EA), generates solution to optimization problems using 
techniques inspired by natural evolution, such as inheritance, 
mutation, selection, and crossover. In a genetic algorithm, a 
population of strings (called chrom
the genome), which encode candidate solutions (called 
individuals, creatures, or phenotypes) to an optimization 
problem, evolves toward better solutions. Traditionally, 
solutions are represented in binary as strings of 0’s and 1’s
other encodings are also possible. The evolution usually starts 
from a population of randomly generated individuals and 
happens in generations. In each generation, the fitness of every 
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might be utilized into computer systems. Holland (1975) in 

in Natural and Artificial Systems’ presented the 
GA as an abstraction of biological evolution and gave a 
theoretical framework for adaptation under the GA. Many 
problems in engineering and related areas require the 
simultaneous genetic optimization for a number of possibly 
competing objectives. These have been solved by combining 
the multiple objectives in to single scalar by the approach of 
linear combination. The combining coefficients, however, 
usually based on heuristic or guesswork can exert an unknown 
influence on the outcome of the optimization. A more 
satisfactory approach is to use the notion of Pareto optimality 
by Goldberg (1989) in which an optimal set of solutions 
prescribe some surface ‘The Pareto front’ in the vector space of 
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useful solutions to optimization and search problems. Genetic 
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individual in the population is evaluated, multiple individuals 
are stochastically selected from the current population (based 
on their fitness), and modified (recombined and possibly 
randomly mutated) to form a new population. The new 
population is then used in the next iteration of the algorithm. 
Commonly, the algorithm terminates when either a maximum 
number of generations has been produced, or a satisfactory 
fitness level has been reached for the population. If the 
algorithm has terminated due to a maximum number of 
generations, a satisfactory solution may or may not have been 
reached. Genetic algorithm (GA) has been widely used in 
optimization with binary and continuous variable and is 
popular in solving facility layout problem, R. Haupt and Haupt 
(2004). GA are found to be efficient search methods for finding 
solution of Travelling Salesperson problem (Choubey, 2012; 
Choubey, 2013), Travelling Tournament problem (Choubey, 
2010), Solving different maze structures (Choubey, 2012), 
grammar induction (Choubey and Kharat, 2012; Nitin Choubey 
and Madan Kharat, 2011; Choubey and Kharat, 2010) etc. 
Misola and Navarro (2014) presented genetic algorithm to 
solve facility layout problem to minimize total cost function 
(Maricar G. Misola and Bryan B. Navarro, 2014). Dalgic used 
GA for Market floor planning. The objective of the paper is to 
find the optimal grid-shelf layout for the floor planning using 
Genetic Algorithm with different level of complexity for the 
specific rectangular floor dimension. 
 

 
 

Figure 1. Typical Market shop floor (Maricar G. Misola and 
Bryan B. Navarro, 2014) 

 
Methodology Used 

 
The following subsections introduce the various important 
components used in the genetic algorithm process. 
 
Genetic Algorithm  

 
The GA produces successive generations of individuals, 
computing their “fitness” at each step and selecting the best of 
them, when the termination condition arises. Genetic 
Algorithm approach used in the papers is given below. 
 

1. Create initial random population.  
2. Calculate fitness of the individuals in the population.  

3. Perform selection of the individual by Tournament 
selection method. 

4. Generate offspring by single point crossover. 
5. Generate offspring by swap bit mutation. 
6. Calculate fitness for the generated offspring. 
7. Combine offspring generated in step 4 & step 5 with 

current population to get next population by overlapped 
population method. 

8. Repeat steps 3 through 7 until termination criterion is 
reached. 

 
The offspring are generated separately by the process of 
crossover and mutation and the entire collection is treated as 
child population. The resultant child populations is them 
combined with parent population to get next population. 
 
Chromosome structure and Mapping 

 
The chromosome structure encoding uses decimal numbers for 
representing the cells for shelves placement. Figure gives the 
chromosome representation and the equivalent for the 
chromosome representation. To get the optimal length of the 
chromosome, it is kept at size of twice that of the number of 
racks (Shelves). The chromosome bit is encoded as 4-tuple 
{Row, Column, Direction, Length}. The codes for direction are 
0, 1, 2 & 3 for arrangement of the shelves from row-column 
position to Right, Left, down and up respectively. The sample 
chromosomes structure for 10 shelves placed in rectangular 
layout of size 6 by 6 is shown in the Figure 2. The fitness of a 
chromosome is calculated based on several criteria’s as given 
below. 
 

1. No shelve should be placed in overlapping with another 
cell. 

2. The ENTRY and EXIT cells should not be blocked. 
3. No shelve should have more than three shelves kept 

adjacent to it.  
4. The Grid layout should be followed. 
5. There should not be isolated/unreachable areas from 

either ENTRY or EXIT in the layout. 
 
The penalty is applied in case of each violation of the criteria 
mentioned above.  
 
Experimental Setup and Result 

 
The experiment is conducted JDK 1.6 on Experiment is done 
with JDK 1.4 on an Intel Core™2 CPU with 2.66 GHZ and 2 
GB RAM. The experiment was examined for varying 
population size and the shelves to be placed in a 10 by 10 shop 
floor space. Maximum number of generation = 100000, 
Crossover Rate = 0.8 and mutation rate = 0.1 is used for the 
purpose of experiment. The length of chromosome is 
considered equal to the length double to the size of the number 
of racks to be placed. The Generation run is terminated, if the 
solution with desired fitness values is found before reaching to 
the maximum number of generations. Comparison of 
generation runs for the various numbers of shelves 
arrangements (25, 30, 35, 40) with different population size 
(10, 20, 30) are shown in the   Figure 3. As GA’s works on 
initial random seed population, the collected data is represented 
as average of the best fitness over generation runs for ten 
executions samples for the purpose of comparison. The result 
obtained for the arrangement of 25, 30, 35 and 40 racks are 
shown in Figure 4.  
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Figure 2. Chromosome structure and equivalent Layout 
 

 
 

Figure 3. Generation Charts 

 

53531                                          International Journal of Current Research, Vol. 9, Issue, 07, pp.53529-53533, July, 2017 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Conclusion 

 
Genetic algorithms proved to be efficient method for finding 
the optimal results in market shop floor layout planning. It is 
found that Gas required higher number of generations to find 
optimal layout when used for higher number of shelves to be 
placed in the given floor dimension. Genetic Algorithms found 
to provide multiple optimal solutions to the given number of 
shelves requirement in the given area. 
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