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1. INTRODUCTION

Grocery shopping is one of the most fundamental activities which usually perform at the
supermarket or hypermarket regularly [1]. Supermarket or hypermarket is a self-service store with a lot of
products stacked along the aisles such as foods, clothes and pharmacy products [2]. Today, the growth of the
supermarket is not only in terms of an increase in its numbers but also its size. Unfortunately, the expansion
in the size of the supermarkets has resulted in customers having to walk longer than before. Nevertheless, it is
one of the strategies used by supermarkets to increase their profits and sales. Grocery shopping looks trivial,
but it can become a challenging task once a person cannot afford the time given their busy schedule. In
Malaysia for example, there are thousands of products inside a huge supermarket. Every supermarket has a
different shelf layout and the shoppers often find it difficult and time-consuming to find their desired
products [3]. It is imperative for shoppers to know the exact location of their products to plan their shopping
activity. Sometimes, the shoppers must ask the supermarket staff about the position of the products, which
adds more time to the shopping task [4]. Therefore, we need to find an optimal shopping route for such
shoppers, which not only can navigate themselves in finding their products inside the supermarket but also
can reduce their shopping times.A heuristic technique is an approach used for problem-solving, learning, or
discovery that employs a practical method not guaranteed to be optimal or perfect, but sufficient for the
immediate goals [5-6]. It is designed to solve a specific problem quickly when the classic methods are too
slow [7]. It also designed for finding the approximate solution when traditional methods fail to find any exact
solution [8]. Groceries shoppers are having difficulty to find their desired products from the supermarket with
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the traditional approach since it requires them to visit almost all racks to locate their list of products, and this
seems to be time-consuming. Thus, a heuristic based technique seems a good solution to assist those shoppers
in being quick to complete their groceries shopping.

This paper presents a heuristic based model for groceries shopping navigator that attempts to
improve the navigation problem that usually face by customers while doing their shopping. The findings
show that the combination of order one crossover and inverse mutation produced better optimal results,
which is the minimum total amount of groceries shopping time. The results gave a good comparison between
the changed parameter tuning to determine which setting can yield better results. Section 2 describes about
Genetic Algorithm while section 3 presents the Shopping Navigator (SHoNa) development. The results and
findings of the experiments are presented in Section 4. Finally, Section 5 concludes the research with the
recommendations of the future works.

2. GENETIC ALGORITHM

In solving navigation problems, Cela et al. [9] stated that polynominal time algorithm could
become a solution and the results can be obtained in a quicker time if the algorithm is combined with time
complexity [9]. Mladenovi¢ et al. [10] claim that the neighbourhood search technique can also solve
navigation problem. The technique can improve the overall solution around seven percent using huge
instances of data and it is also can reduce the computational time [9]. In addition, Ant Colony Optimization
(ACO) hyperheuristic technique is also a better solution in handling navigation problem [11]. According to
Aziz [11], ACO solution is better than several other methods such as simulated annealing, annealing genetic,
Tabu search, and adaptive Tabu. Beyond that, Roberti et al. [12] found that general variable neighbourhood
search and dynamic programming can solve 20 customers’ instances in a short amount of computing time.
Another interesting algorithm that is commonly used in navigation problem is Genetic Algorithm (GA) and
has been applied in many similar applications due to its simplicity and robustness [13-14]. Genetic Algorithm
(GA) simulates the natural process of natural evolution, which follows the law of survival of the fittest. It is a
method of repeating the genetic operators, which are selection, crossover and mutation, based on the total
number of individuals in the population and it will evolve continuously for each individual in a population to
generate more excellent population [14-17]. GA is a stochastic search method. It shows high robustness,
global optimality, implicit parallelism and adaptability in solving the continuous optimization problems over
a long period of time.

Figure 1 shows the pseudocode of a standard GA. It shows the iterative process of GA in finding
optimal solution based on a certain fitness function. First, a simple GA process should initialize its population
randomly before it can be computed into its fitness formula. After each individual has its own fitness value,
some of the individuals will be selected to obtain the parent individuals through selection operator.
Next, depending on the crossover rate, the crossover operator is applied to the individuals in the population to
get the new generation. Then, according to some certain mutation rate, the mutation operator is performed.
The steps from the evaluation process will be repeated until it meets the stopping condition. The possible
termination situation is when either the fitness value reaches the predefined value, or the iteration number
beats the maximum [18]. GA can successfully solve the supermarket shopping route problem because the
problem they try to solve is similar to TSP [3]. Other than that, Hardi [19] showed in his study that the
optimal solution for TSP can also be found just in one generation by using GA because of near optimal
solution. Another study proposed by Xiao and Chen [20], found that the research where the adaptive GA and
can increase the efficiency of searching and was able to reduce the time consumption of the searching.
The standard basic GA usually costing more time to find the optimal solution compared to the adaptive GA.

To receive the best results when dealing with multi-objective GA that are dominated by a mono-
objective GA, for instance, the single objective GA is needed to be parameterized in a different way which is
by fitting to the identified problem [21]. In another perspective, the implementation of GA together with
Geographic Information Systems (GIS) in a genetic programming has produced an unexpected output.
The results from the integration of GA and GIS are better because DNA distance display the shortest path
compared to geographical distance [22]. Other artificial intelligent techniques also can be hybridized with
GA such as a hybrid between GA and the variable neighborhood search. Based on the study conducted by
Pham and Huynh [23], the combination from those two techniques can perform much better in terms of
running time and the quality of solutions in many data instances. They added [23], the performance of GA
also can be improved with the application of nearest neighbor tour construction and second optimal mutation.
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Genetic_Algorithm() {
Initialize random population;
Evaluate the population;
Generation = 0;
While termination criterion is not
satisfied {
Generation = Generation + 1;
Select good chromosomes by
reproduction procedure;
Perform crossover with probability
crossover (Pc);
Perform mutation with probability
of mutation (Pm);
Evaluate the population;

Figure 1. Standard pseudocode of genetic algorithm

Generally, the researchers were required to obtain the best combination order of cities and discover
every possible solutions and alternatives. The solutions will cost some time, depending on the number of the
cities they visit. However, heuristics method such as GA can deal with the time consumption problem
because the method involves some rules to select the next city. GA gets the most people’s favour and it is one
of the most effective methods to solve navigation problem not just because of its wide adaptability, it is also
because of its character in which there is no need to gain further insight into the problems and depends less
on the specific fields of the problem [24-25]. In this research, the problem is occurs when the shoppers need
to visit some shelf to find their desired groceries products in the shortest time possible. We use GA to get the
optimal combination order of shelves in order to navigate the shoppers to purchase their groceries products
efficiently and faster. Furthermore, GA has a simple calculation method, strong search capability that capable
to adapt to the changes of nature, self-organization and parallelism.

3. SHOPPING NAVIGATOR (SHONA) DEVELOPMENT

This section presents the development of SHONA that includes data acquisition, system architecture
and system design. The process begins by collecting the information from the supermarket's grocery shelves,
which includes the shelves' name, position and the products available on the shelves. We limit the sample to
33 groceries shelves and record the distance and the time taken between thesegroceries’ shelves. Figure 2
shows the plan of the supermarket.
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Figure 2. Supermarket plan layout
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Figure 3 shows the architecture of SHoNa’s system. As can be seen, the system will receive inputs
from the user which are the products that the user wants to purchase and the user data. The information will
be stored in the database before it can be used by the GA engine. From the database, the engine will retrieve
the information about the products, which are the shelves that locates the products, the items that the user
wants to purchase and the time between each shelf. After the process is completed, the system will display
the results to the user, which are the sequence of shelves that the user needs to visit, and the total minimum of
shopping time processed by the engine. For the GA engine, it starts by retrieving some data from the
database, which are the list of the products that the user wants to purchase and the time as well as the distance
between each shelf. After that, the system initializes the parameters such as the number of candidates in a
population, iteration number and the type of genetic operator used. Next, the system generates a random
population based on the initialized population humber before the system includes the starting point. The
starting point is the entrance of the supermarket in which its position is fixed along the process while the
gene after the starting point, which is the shelves, will be the subject for the genetic operators later.
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Figure3. System architecture of SHoNa

Figure 4 shows the example of a chromosome representation that represents “shopper” who wants to
purchase groceries products from four different shelves. The first gene of the chromosome is the entrance of
the supermarket and the rest of the genes are the shelves that the shopper needs to visit. In each gene, there
are shelf’s label, distance between shelves and time taken between shelves that the shopper needs to visit.
The entrance will be fixed along the process while the rest of the genes will be manipulated by the
genetic operators.

Equation 1 shows the fitness function of this study that is used to find the total minimal of shopping
time. The two best candidates, which are the candidates with the shortest time among the other candidates,
will be selected. These two best candidates are called as parent. Then, the selected parent will be applied with
crossover and mutation operators. The process will generate two new candidates to proceed with the elitism
process. There were two crossover methods and four mutation methods experimented in this study. The
crossover methods are Order One Crossover and Cycle Crossover, while the mutation methods are Swap
Mutation, Insert Mutation, Inverse Mutation, and Scramble Mutation. Order One Crossover is a simple
permutation crossover. Basically, a random swath of consecutive alleles from the first parent drops down,
and the remaining values are placed in the child in the order which they appear in the second parent. The
Cycle Crossover operator identifies several cycles between the two parent chromosomes. Then, to form child
1, cycle one is copied from parent 1, cycle 2 from parent 2, cycle 3 from parent 1, and so on.
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Figure 4. The example of a chromosome representation

min f(x) = X% x; (1)

For the swap mutation, this technique picks two points at random while inversion method picks two
alleles at random and then inverts the substring between them. For the scramble mutation, it picks a subset of
genes at random before it randomly rearranges the alleles in those positions. Two new offspring will be
generated after the crossover and mutation process. Next, elitism process will occur where the two worst
candidates in the current population will be replaced with the two best candidates among the parent and the
offspring. Lastly, the system will evaluate the candidates in the current population to be the final optimal
results. If the system meets the stopping condition, which is the maximum number of iterations, the best
solution from the last iteration will be the solution or else, the current candidates will repeat the process as
the next new population until it reaches the stopping condition. Software such as Sublime Text Version 3 and
Mobirise are the tools used in designing the system interface. The interfaces of the system are carefully
designed in order to ease the user to interact with the system. A bootstrap template was applied for
developing the interface as it has the responsive features and compatible to mobile devices. Figure 5 shows
the difference between regular system interface and the responsive interface. The integration process
combines the engine and the interfaces, and this process is the last activity in the system development phase.
After these two components have been integrated, the system is ready to be tested and validated.

SHONA

Vo s s 1y et b e o e s
e prxicts geckar

Figure 5. Regular webpage view and responsive webpage view

4. RESULTS AND ANALYSIS

This section presents the results of the experiments in two different cases, Case 1 and Case 2.
The goal of this experiment is to find the best combination of genetic operators and to identify the
convergence point of the optimal graph. There were two experiments involved in both cases. There were 50
iterations for experiment 1 and 150 iterations for experiment 2 and similar number of populations which is
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100 were tested in both cases. Next, for each experiment, there were two crossover types (order one and
cycle) and four mutation types (swap, insert, inverse and scramble) in which the goal is to find the best
combination of genetic operators.

4.1. Casel

In the first case, SHoNa was tested to find ten random groceries products. For the first experiment,
the system was tested with 100 number of population and 50 number of iterations. For the second
experiment, the system was tested with 100 number of population and 150 number of iterations. Table 1
summarizes the results of case 1.From the first case, the combination between cycle crossover and inverse
mutation was the best combination. The reason is because it produced better results compared to other
genetic operators’ combinations. Cycle crossover is considered as the best crossover operator in the second
experiment since it produced more best results than order one crossover. On the other hand, inverse mutation
was considered as the best mutation operator since it produced more best results in both experiments. The
result from the best combination is shown in the Figures 6 and 7.

Table 1. Case 1 Results
Experiment  Best Crossover Best Mutation  Average Shopping Time (min.)

1 Order One Inverse 15.09
2 Cycle Inverse 14.58
EELER) 0.07
0.069
0.067
Sequence of Shelves é 0.066
” £ 0.065

0.064
0.063
0.062

0.061
0 20 40 60 80 100 120 140

Number of Iteration

Supermarket Plan v

Figure 6. Case 1 best results Figure 7. Optimal graph produced from the best
results of case 1

From Figure 6, the user was estimated to complete the shopping task in 14.55 minutes. By using this
system, user can find their desired products much easier compared to the conventional way of shopping. This
is because the user can navigate themselves with the sequence of shelves generated from the system. From
Figure 6, it shows that the best sequence of shelves for case 1 is (0-1-2-27-29-28-18-17-15-5-7). The
convergence point was found in the 57th iteration as shown in Figure 7.

4.2. Case 2

In the second case, SHoNa was tested to find twenty random groceries products. For the first
experiment, the system was tested with 100 number of population and 50 number of iterations. For the
second experiment, the system was tested with 100 number of population and 150 number of iterations.
Table 2 summarizes the results of case 2.

Table 2. Case 2 Results
Experiment  Best Crossover ~ Best Mutation  Average Shopping Time (min.)
1 Order One Inverse 29.54
2 Order One Inverse 28.40

From the second case, it was concluded that the combination between order one crossover and
inverse mutation was the best combination. The combination had generated the best results for both
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experiments in Case 2. Its constancy in producing the best results was the key that leads to its best
performance. The result from the best combination is shown in the Figures 8 and 9. From Figure 8, the user
was estimated to complete the shopping task in 28.40 minutes. By using this system, user can find their
desired products much easier com-pared to the conventional way of shopping. This is because the user can
navigate themselves with the sequence of shelves generated from the system. Figure 8 shows that, the best
sequence of shelves for case 2 is (0-1-30-28-18-7-6-5-15-16-26-27-4-14-3-2-25-17-19-29-20). The
convergence point for the second case was found in the 140th iteration as shown in Figure 9. After the system
was tested, we were managed to identify the convergence point for each case and we had also found that the
best genetic operator’s combination was order one crossover and inverse mutation. As we can refer to
Tables 1 and 2, from the four experiments that have been done, three optimal results were generated from the
order one crossover and all experiments have shown that the inverse mutation produced the best results. By
using this system, user can plan their time before they can do the shopping task since the system can
estimated an optimum shopping time for the user. This system also can improve the experience of grocery
shopping into a better way. The user can navigate themselves in finding their grocery products which saves
their time and energy.
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Figure 8. Case 2 best results Figure 9. Optimal graph produced from the
best results of case 2

5. CONCLUSION AND FUTURE WORKS

This system was designed to help the grocery shoppers in finding their desired grocery products
while shopping at the supermarket. A heuristic based system, SHONA, was developed to help the shoppers to
navigate themselves inside the supermarket and finish their shopping with a minimal total shopping time.
Genetic Algorithm was used in the navigation system for finding the optimal sequence of shelves that the
user needs to visit. Thus, it can help the shoppers to do their groceries shopping in a faster and efficient way.
The results from our findings show that it is a reliable method for shoppers since it can produce better
solutions than the classic shopping method. Our findings showed that the combination of order one crossover
and inverse mutation produced a better optimal performance, which is the minimum total amount of groceries
shopping time. SHoNA can be further enhanced with visualization features for a better shopping experience.
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