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Abstract
That arise within organizations, allowing decisions to be taken
to benefit the improvement of the supply chain, from
production logistics, inventories, supply and distribution, in
order to optimize each of the processes, thus maximizing the
profits of the organization. In the present study, a proposal is
designed and developed to improve the food preparation
process applying the simulation of discrete events. The applied
methodology is based on the identification and recognition of
the production process and analysis of the data provided by the
company, finally the construction of a model and its simulation
with the suggested proposals. To support the simulation process,
the Simul8 software was used as an integrated environment tool
for the situation presented, due to the flexibility of its use, in
addition to the fact that it is possible to work with precision,
various models applying simulation, and the friendly use in the
model building process and the possibility of obtaining
effective solutions to the organization's problems. The topic
was approached as a case study, due to the descriptive situation
of a specific situation. Favourable results were found to
improve the food preparation process, allowing to find a
balance between the foods that must be had in supply for the
preparation of the restaurant order orders.
Keywords: Discrete simulation, Decision making, Healthy
food, Supply chain, probability distribution function.

I. INTRODUCTION
It is important that companies play a vital role within the
competitive environment, since it is the same companies that
satisfy all kinds of social needs, such as the technological and
economic development models of the countries. This is how
organizations, as they evolved, tangible and intangible
innovations appear, which forces them to modify their
commercial strategies, as well as their way of working [1].

necessary to determine the most suitable combination.
Adequate decisions that lead to the best project results [3].
These analysis and simulation models should be carried out in
order to better understand complex systems, to innovate and
experiment with new resources, processes, policies or systems
with modern manufacturing expectations without the need to
invest resources in prototyping real, gathering information and
knowledge without disturbing the current system and with
which decisions will finally be made [4].
In accordance with [5]. In production systems, methodologies
are required for the description of the system and an event
modeler must be available that can identify the variations of
said system. This is how simulation is used as a technique that
allows to simulate the behavior of a physical or theoretical
system under certain operating conditions in order to analyze,
study and improve the behavior of a system.
The present study is approached from the perspective of a case
study, where it is necessary to use the discrete event simulation
technique with applications of exponential, uniform and
average probability distribution according to the activities that
are handled within of the organization. Regarding the design of
experiments, it is important to mention that according to [6], is
the set of treatments applied to all possible combinations of the
levels of various factors, where each factor will provide various
treatments. In general, a factorial experiment allows the
separation and evaluation of the effects of each of 2 or more
factors that affect only one experimental unit, on the other hand,
it also admits the identification of the instruments of interaction
between 2 or more factors. .
The starting point is the analysis of the different processes
within the supply chain of a healthy food restaurant which
seeks to improve the food preparation process in which
novelties have been found that prevent the company from
having better competitiveness and satisfaction of the user of
said service.

For companies to be competitive, they must make certain types
of decisions, which will imply changes in the organization's
productive systems [2], these results must be evaluated by
engineering techniques to guarantee that the company is
effectively on the right track. However, a simple evaluation of
the results can be done through the support of the simulation of
a model, which, although often not enough to determine the
best decisions of the project, a more exploratory study is

There have been several studies carried out where the
integration of computational techniques applied to the food
industry is used in order to optimize its processes, for the search
for information, reliable sources were used such as indexed
scientific articles of the last 10 years and of the which are
framed in issues of the agri-food industry and companies
focused on providing the food distribution service, where
simulation techniques are used for the analysis and
improvement of their processes.
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The criteria for the search of keywords were carried out taking
into account the search algorithms, guaranteeing a more
efficient exploration and it was carried out in English and
Spanish, since this selection of keywords is decisive to be
located in a context of information search, in addition to giving
an idea about the content of the article.

expected number of motorcyclists required per hour is
demonstrated with a fairly acceptable level of precision, as well
as the number of replications necessary to reach this level.
After analyzing different situations in which the application of
simulation is used to generate solutions in organizations, the
case is presented that will be analyzed using simulation
techniques.

In [7] an investigation was carried out that consisted in the
identification of models and indicators that serve for the
analysis of managerial information and constitute key tools for
decision-making by entrepreneurs of the food industrial sector
in Culiacán, Mexico. The main findings make it possible to
determine that the main models and indicators used by
entrepreneurs in this sector are: liquidity, solvency, operating
performance, stimulus programs and analysis of the capacity of
employees, evolution of the competitive position and
monitoring of objectives. Thus, it was also found that a high
percentage of entrepreneurs do not make use of indicators such
as: Discounted cash flow, return on investment, return on
capital and added economic value.

II. DESCRIPTION OF THE PROBLEM
Today, healthy food has impacted the market in a significant
way thanks to the use of fresh and healthy ingredients. In the
“Healthy Food” restaurant, two processes are required for the
production of products: first, there is the food preparation
process and second, there is the customer service process. It
should be noted that only the first process was taken into
account to carry out the work, this given that the problem was
identified in it. For the food preparation process, initially orders
are made to suppliers, which depends on the amount of raw
material that is held in storage. These orders arrive every week
and in the event that some references are exhausted, the
supplier is called to supply what is missing.

In [8] the problem of dissatisfaction of restaurant customers due
to long service times in times of high demand is addressed.
Simulation is used as a strategy to model the customer service
process, culminating in an increase in the number of customers
that the restaurant is able to serve, which has brought about a
strong increase in sales and profitability of the business.

Figure 1 shows the layout of the floor corresponding to the
restaurant, the kitchen and the product storage refrigerators. In
particular, the premises functions as a distribution center, since
orders for raw materials are received and stored on site;
specifically, they are received in the morning hours and stored
in an appropriate location.

For his part [9] present a methodology based on stochastic Petri
nets to assess the impact caused by the capacity restrictions of
the productive factors on the level of service in a massproduced restaurant. The system under study is identified and a
discrete simulation model is developed in Stochastic Petri nets,
which takes into account the most representative components
and characteristics of the system and their interrelations. The
impact caused in the production and service stages could be
identified, and the most critical and their effects were
characterized.
The processes of continuous improvement in customer service
are strengthened from the engineering processes and that is
where [10] applies the ServQual method in restaurant service
in order to obtain a measure of service quality. The procedure
is complemented with the Petri net method, in order to evaluate
the response capacity component in the provision of a service
in the restaurant sector. Methodologically, continuous
improvement was evaluated through customer satisfaction
surveys. Subsequently, the simulation design in Petri nets was
experimentally validated using Visual Basic. With the results
obtained, improvements in the process were achieved, which
are translated into recommendations, on topics such as:
increase in restaurant staff, greater number of customers served,
improvements in the efficiency and effectiveness of the service
provided.
Finally, in [11] the process of home deliveries in a fast food
restaurant is analyzed through the simulation of discrete events,
through the development of a stochastic simulation model
determining the number of homes needed to cover the demand.
The input and output analyzes for the relevant simulation model
are shown, as well as a detailed explanation of the algorithm
(and its programming in Excel VBA) that generates these
outputs. The ability to find confidence intervals for the
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Once the raw materials are stored, part of them remain in place
to supply the same business and another part is distributed to
other locations. After this process, the employees proceed to
portion and pack the already portioned food. Before this
packaging, it is verified that they are the grams required for
each of the recipes, later, the packaged foods are stored in
another refrigerator and each time an order is placed, these
packaged foods are deducted from the inventory.
As mentioned previously, the model will only take into account
the products that rotate the most, which are: Vegetable, falafel
and Rice with vegetables. Continuing with the process, once
the orders arrive, the food is prepared.
To this end, it is desired to simulate the production process in
the restaurant, analyze and identify both endogenous and
exogenous variables which generate a negative impact on the
customer service process, thus giving delays caused by the time
of preparation of products or because it is not counted with the
optimal number of servers to provide good service to customers;
Once the identified variables have been analyzed, two different
simulated scenarios will be evaluated in order to issue a
diagnosis that contributes to increased productivity. Some of
the information on the process is presented in tables 1 and 2.
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Table 2. Data taken from the variables (Data provided by the
company)

Fig. 1. Classification of ML algorithms
III. MODELING THE SITUATION
To develop the case study it was necessary to collect
information on the operation of the company and its processes.
Once the information was collected, it was necessary to use the
SIMUL8 software, since it is “a software package for
simulating discrete events. It allows you to create a visual
model of the system under investigation by drawing objects
directly on the screen ” [12].

Table 1. Distributions and percentages given by the
restaurant (Data provided by the company)

The use of this tool served to reorganize the programming, with
the necessary assumptions to be able to model the situation and
in this way present the company with a proposal that allows it
to make decisions about the changes that must be made in order
to implement the pertinent actions to minimize the impact that
is occurring.

Probability distributions.
In order to obtain a simulation model that faithfully represents
the behavior of the real system, the data obtained from the
system were adjusted to probability distribution functions by
means of the Statgraphics software, with which the P-value test
statistic was evaluated in different distributions such as Normal,
Lognormal, Triangular, Weibull and Uniform, in order to
identify which of these best fit with the observed data, table 3
below presents the results of the goodness of fit test with its
respective P-value.
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Table 3. Results of the goodness-of-fit tests

Fig. 2. Histogram for celery falafel with fit to Log normal
distribution.
The analysis of the previous table was carried out by means of
hypothesis tests as shown below.

For the corn variable, a Triangular distribution is adjusted, with
a mean of 565.7 as can be seen in Figure 3.

Ho: the variable follows the evaluated distribution Vs.
Ha: the variable does not follow the evaluated distribution.
If the P-value test statistic is less than or equal to 0.05, it can be
concluded with a 95% confidence level that the null hypothesis
(Ho) is rejected and the variable does not follow the evaluated
distribution.
If the P-value test statistic is greater than 0.05, it can be
concluded with a 95% confidence level that the null hypothesis
(Ho) is NOT rejected and the variable follows the evaluated
distribution.

Fig. 3. Histogram for corn with adjustment to Triangular
distribution.
For the eggplant variable, a Uniform distribution is adjusted,
with a lower limit of 703 and an upper limit of 998, as can be
seen in figure 4. This same distribution was adjusted for the
variable celery for rice (with limits 703 - 998) and vegetable
meat (with limits 703 - 998).

Table 4 presents the probability distribution chosen for each
variable, specifying the parameters necessary for its generation,
and the graphic adjustment of the probability distributions
chosen to the histograms of the different variables is shown.

Table 4. Distribution selected according to the test.

Fig. 4. Histogram for aubergine with adjustment to Uniform
distribution.
For the paprika variable, a Weibull distribution is adjusted, with
a mean of 874 as can be seen in figure 5.

Tests of goodness of fit.
After conducting the goodness-of-fit tests, the distributions that
best fit the data were identified and the necessary parameters
for their random generation were obtained from these.
Next, some of the histograms of the data in the system with
their respective fit of the probability distribution function are
presented in Figures 2 to 6.
For the variable celery falafel, a lognormal distribution is
adjusted, with a mean of 441.2 as can be seen in Figure 2. This
same distribution was adjusted for the chicken variable with a
mean of 910.4.

Fig. 5. Histogram for paprika with adjustment to Weibull
distribution.
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For the cheese variable, a Normal distribution is adjusted, with
a mean of 145.6 and a standard deviation of 45.6, as can be seen
in Figure 6.

Vegetable meat

200 gr

cheese

40 gr

Tortilla

2 units

The other assumptions defined for the case study are presented
below:
b) The second assumption corresponds to the urgent order
when the inventory of raw materials is less than the
amount needed for a plate.
c) There are 6 external points of sale to which 30% of the
received raw material is delivered.
d) The raw material warehouse is taken without receiving
capacity for the refrigerator where the packed material
is stored, which has a capacity of 50 portions of product.
e) A fixed time of 7 seconds is inferred for the verification
of all products.
f) The packaging time of the products follows an
exponential distribution with lambda of 30 seconds.
g) There are 5 workers in charge of portioning, verifying,
packing and preparing the dishes.
h) It starts with an inventory of 500 grams in the raw
material warehouse.

Fig. 6. Histogram for cheese with fit to Normal distribution.

Model development
Assumptions. They are defined as an assumption, theory or
hypothesis to initiate a study or an analysis. For the present
situation, the assumptions were established as follows:
a) It is based on the assumption of preparing three dishes:
falafel, rice and vegetable meat, the recipes of which
are listen in tables 5, 6 and 7 respectively.
Table 5. Recipe for falafel.
INGREDIENT

WEIGHT (gr)

falafel

150

IV. DEFINITION OF VARIABLES

dad

30

Eggplant

fifty

The variables that are identified in the system are classified
as Endogenous, Exogenous and State. Which are defined
according [13]:

Celery falafel

twenty



Table 6. Recipe for rice.
INGREDIENT

WEIGHT (gr)

Celery rice

25

Rice

90

Peppers

25

Corn

25

Chicken

150

Customer arrival distributions
Number of workers (involved in all processes of the
organization)
Demand for local orders
Demand for home orders
Resource allocation



Endogenous variables They are those that represent an
activity that occurs internally in the system; the
exogenous variables defined for this process are:
Number of dishes sold for each type
Average queue times
Percentage of resource use
Average queue orders
Customer time in the system
Inventory level of each ingredient
Urgent orders

Table 7. Recipe for vegetable meat.
INGREDIENT

Exogenous variables represent actions influenced by
the environment or external agents to the process,
therefore they are not controllable; However, when
exogenous variables are controllable by the system,
they are called parameters and assume fixed values;
the exogenous variables defined for this process are:

QUANTITY
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The State variables. The state variables are derived
from the endogenous ones, which show or reflect
relevant characteristics of the system and the elements
that compose it at the instant t that they are observed.
The state variables defined for this process are:
Inventory level of each ingredient
Number of dishes sold for each type
Average queue times
Percentage of resource use
Average queue orders
Customer time in the system
Inventory level of each ingredient
Urgent orders

Results of the simulation model.
For the development of the simulation model, the SIMUL8
software was used, where from the information collected, the
model of figures 7, 8 and 9 is obtained as a result.
Fig. 8. Model in SIMUL8 for the dosing stage.
In the production process, there are three stages for each of the
products, these stages are: portioning, verification and
packaging, which share a common resource. The final storage
of this product is restricted by the storage capacity of the
refrigerator.

Fig. 9. Model in SIMUL8 for the distribution stage.
There are two sources of order, which are addresses and the
commercial premises that the headquarters have for its
operation. For each of these options there is a supply of the
three products studied in the current model.

Fig. 7. Model in SIMUL8 for the supply stage.
It is observed as a result for the supply stage, a first step of
reception of original and extraordinary orders of raw material,
which is activated when a shortage is generated in the line or
weekly, under the conditions previously described. After this,
the raw material is sent to the six points of sale located in the
city, for which 30% of the total volume is reserved. Finally, the
raw material that remains in the plant is stored in the warehouse.
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VERIFICATION AND VALIDATION
Through this step it is intended to analyze the existing
coherence in the results of the model, versus the assumptions,
parameters and established variables. In this sense, the variable
number of workers is modified, going from 5 to 10 workers, for
which it is expected that the number of orders handled will
increase for each of the options.
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Table 9. Result of the experimental design.
Table 8. Verification and validation

Although the number of additional orders decreases as the
number of workers decreases, the number of orders fulfilled
behaves inversely, increasing as the number of workers
increases. With the above it is inferred that the number of
workers is a determining factor in the performance measures of
the model.

Indeed, it is observed that as the number of workers increases,
there is a percentage increase in the increase in orders handled
by the premises, such as orders handled by home, as can be seen
in the last column of table 8.

V. RESULTS AND DISCUSSION
ANALYSIS
REGARDING
BIBLIOGRAPHY

After analyzing the results obtained from the model, it is
observed that some processes, such as portioning in a large
amount of resources, present problems such as bottlenecks, for
which it is suggested to make various changes in the line, such
as balancing it. That allows a better distribution of the resources
available at the time. Currently in the system there are
emergency orders for raw materials such as falafel, rice,
paprika, chicken and vegetable meat. This is closely related to
the scorched products packed in the fridge, eggplant, chicken
and vegetable meat. Additionally, there is a delay in the
attention of a large number of orders (31952 orders at the local
and 16104 at home).

In [7], [8] and [9] the simulation model carried out coincides as
the main objective to carry out a complete analysis of the
waiting times of customers in the restaurant system before
being served. In the case of the healthy food restaurant, thanks
to the application in the SIMUL8 software it is possible to
predict the average time in which a customer can be served due
to an inefficient distribution of resources, which allows an
action plan to be carried out to mitigate these effects.

According to the results obtained, the following experimental
design is proposed for the identified processes:
Variation of the capacity or the resource associated
with the processes so that they adjust to the
improvement needs of the organization.



Support through an increase in capacity, the main
bottlenecks that limit the general operation of the
system.



Identify critical resources, in order to increase their
availability in the system and identify those
resources that are not so relevant in order to adjust
them to their necessary level.



CONSULTED

According to the bibliographic review [6] the association of key
performance indicators is presented that help to make a
diagnosis of the system, complementing the simulation. In the
case analyzed, no management indicators are presented that
allow relating the results obtained with the financial status of
the company or the costs it may incur, therefore it would be a
good practice for the healthy food restaurant to develop
management indicators for the control of the results of your
company.

EXPERIMENTAL DESIGN



THE

In [10] a queuing system made up of customer orders to be sent
is analyzed, in order to identify the optimal number of
domiciliary necessary to supply the demand. In the case of the
Healthy Food restaurant, a home delivery system for meals is
not specified; however, the model presented in [10] is a basis
with which this situation could be analyzed in the case of being
implemented in the restaurant of the case analyzed.

VI. CONCLUSION
The previous report presents a complete analysis to a food
preparation company, said analysis is developed through the
simulation tool SIMUL8, following all the necessary steps to
develop a simulation model in order to establish a solution to
The problem presented, with the analysis developed in this
report, identified downtime and bottlenecks, allowing the
company to predict an increase in its productivity through a
more efficient management of its resources. In the developed

As many as parameters can be mentioned in the
model, however, for the purposes of this model,
the variation in the number of workers associated
with the different activities will be analyzed.
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context, the validation and verification of the simulation model
and its result are presented. The generated model has multiple
benefits.

[11] P. Tay and J. Havlicek, "Image Watermarking Using
Wavelets", in Proceedings of the 2002 IEEE, pp. II.258
– II.261, 2002.

The previous analysis was developed using a simulation model,
which allowed identifying the current state of the system
without the need to make a direct observation on it and avoiding
all possible consequences such as additional costs generated by
the inefficient use of resources. To develop the previous model,
it was necessary to identify all the processes that make up the
system, how they are related and what are the operating times
of each one, for which it was necessary to carry out a sampling
and identify the probability distribution function that govern
the data observed by means of a goodness-of-fits test applied to
these distributions.

[12] P. Kumswat, Ki. Attakitmongcol and A. Striaew, "A
New Approach for Optimization in Image
Watermarking by Using Genetic Algorithms", IEEE
Transactions on Signal Processing, Vol. 53, No. 12, pp.
4707-4719, December, 2005.
[13]
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