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The supply chain is a major issue in a global market. The efficient relationship between supplier-producer-retailer conforms the
perfect combination to achieve a high level of competitiveness according to the needs of increasingly demanding and changing
markets.Thedifficulty of synchronizing the members within the SC is related to the inherent uncertain factors.This paper proposes
a methodology for integrating the supply chain that can be applied in any type of business. To demonstrate its relevance, a case
study is performed at a handmade shoe company. An improved demand forecasting, an optimal balanced production line, a proper
inventory management of raw materials, and an efficient calculation of the delivery time to the customer represent some of the
main results.

1. Introduction

Proper integration of supply chain (SC) is a major issue
because in a global world the company competitiveness is the
key to stay in the market. Nevertheless, in the competition for
its permanence, companies must sail endless problems.

These problems force the enterprises not only to effi-
ciently coordinate their activities internally, but also to
establish and preserve harmonious relations with its suppliers
and retailers within the SC.The synchronization of the supply
chain is a topic that has been widely discussed in different
approaches. A healthy relationship between the three main
members (supplier-producer-retailer) leads companies to get
a high level of competitiveness. The complexity of harmoniz-
ing these three elements lies in the various viewpoints and
approaches that each member may have in order to generate
an adequate coordination. For the manufacturer it is impor-
tant to have a system that supports an efficient planning,
scheduling, and production control, a proper selection of

their suppliers and to define efficient distribution protocols
in order to be able to integrate, synchronize, and optimize the
performance of the entire chain.

The competitiveness of markets has forced manufacturers
to select the most appropriate supply chain network to
reduce total costs and loss of time. In the literature there
are examples of various methodologies to achieve the supply
chain integration, for example, Ghasimi et al. [1] used genetic
algorithms to optimize a novel mathematical model for the
supply chain network for defective products, in order to min-
imize the production, distribution, and maintenance costs.
The model permits to determine the amount of economic
production, the length of each cycle, and the number of
defective products, waste products, and retail scarcity using
just-in-time technique.

Efendigil and Önüt [2] present a methodology for SC
integration from customers to suppliers through warehouses,
retailers, and plants via both adaptive network based fuzzy
inference system and artificial neural networks approaches.
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The methodology presented provides this integration by
finding the requested supplier capacities using the demand
and order lead time information across the whole SC in an
uncertain environment. The sensitivity analysis is made by
comparing the obtained results with the traditional statistical
techniques.

Finally Hon and Ng [3] propose a Process Integration (PI)
approach to supply chains, especially developing further the
analogy between Pinch Analysis and the field of operational
research. Their work provides clear insight into how the PI
concept brings a significant contribution to the development
of supply chain design.

In Mexico, according to the National Institute of Statis-
tics, Geography and Informatics (INEGI) [4], over 90% of
business units across the country are SMEs, which represent
52% of GDP. Most companies have seen a decline of their
profits due to poor internal organization and administration.
In addition, many of the products or goods are unattractive
to customers. There is a fierce competition both national and
international to find a distinctive feature that makes a product
or service unique. One of the industries where the difficulties
are more visible is the shoe industry. In this article the case
of a shoe maker company is presented to demonstrate the
performance of the methodology proposed.

We present a state of art in the following section, the
problem to address will be exposed in the third section,
in the fourth section the proposed methodology for the
integration of supply chains is presented. In the fifth section
the methodology is applied in a case study and finally the
conclusions about the work are presented.

2. State of the Art

At the present, the highly competitive and changing markets
have caused that companies demand quick responses that
represent an advantage to face its competitors [5]. Besides
the rapid evolution of technological innovation, the stiff
competition and the fluctuating consumer demands have
forced to establish a closer cooperation between suppliers,
producers, and distributors, as well as the study of the
relationships between the members within the chain supply
in order to improve their performance [6].

Global competition is imposing to current industry to
make high quality products in a faster and cheaper way. The
demand for a quick exchange of information has increased,
especially among remote sites, for creating a better coop-
eration and coordination. Several papers seek the effective
coordination between the entities that make up the supply
chain network. Traditionally, the strategic management of
human resource had been focused as an isolated entity.
Lengnick-Hall et al. [7] present a support framework for
identifying factors that influence the efficient orientation of
the supply chain and define strategic management practices
to capitalize this orientation. The framework also generates
a better human resource strategic management, a better
relationships both internal and external at the organization,
and understanding of the links among the human resource
systems, the orientation of the supply chain, and the strategic
results.

Palma-Mendoza et al. [8] propose a detailed plan to
support the supply chain integration based on the unified
framework of three different domains: redesign of business
process, redesign of the supply chain process, and design
e-business, which can be applied to any company or sector.

Several tools and techniques had been used to achieve
the supply chain integration depending on the current needs.
Eliman and Dodin [9] propose a supply chain integration as
a network of projects that covers certain activities: sending,
processing, and receiving orders. This network is modeled by
mixed integer programming that captures various advantages
and disadvantages as the stationary and transient inventory
costs, processing activity costs, the shipping cost, and the
penalty for delay in delivery of customer orders. The optimal
solution found provides cycle times, modes of transport, pro-
cessing times, and due dates at minimal cost. From another
perspective Jafar [10] studied the supply chain in two stages in
order to reduce the delivery time. He involved the distributors
to participate in the coordination plan making emphasize in
the importance of more reliable shipping equipments.

Mehdi [11] presents a programming model for multiple
objectives with the purpose to adopt an integrated approach
that support the decision making on the optimal allocation
of the limited resources in the supply chain, the suppli-
ers selection, the production, distribution, and schedule of
supplies, and the lower cost and the higher income, thus,
maximizing the benefit of the chain. The model considers the
integration level of suppliers, producers, and distributors, as
well as the free relationships among the producers to manage
the product supply through the process or even the products
of each other, and finally consider the effect of the economic
factors in decisions such as inflation.

Zhang et al. [12] conducted a biobjective model for
the design of the supply chain for dispersed manufacturing
considering essential trade-offs between the supply chain
costs and the lead time to determine the optimal location of
the manufacturing activities.

It is imperative for contemporary companies proactively
seek to improve continuously the performance of their
supply chain. The coordination and the integration of the
decision making across the supply chain between the various
partners that conform it are often used for this purpose.
Such coordination strategies of the supply chain include the
use of a common cycle time, fix quantity discounts, the use
of an optimal batch sizing, the quality improvements and
inspections, to mention a few. An important issue in the
supply chain refers to the incorporation of human factors pre-
sented thought the supply chain task such as the failed quality
inspections and production improvements due to learning.
Khan et al. [13] present a simple mathematical model for
determining an optimal inventory policy seller-buyer that
considers the quality inspection errors. The objective is to
minimize the annual cost incurred in the supply chain.

To ensure the effective supply of biomass to produce
biofuels on a large scale, Tao et al. [14] presented an
optimization model of the supply chain to minimize the
annual costs of biomass-ethanol production by optimizing
both strategic and tactical planning decisions simultaneously.
The mixed integer linear programming model optimizes
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the activities like biomass collection, packaging, transporta-
tion, internal transport, preprocessing, storage, production,
and distribution of ethanol. The locations, capacities and
quantity of facilities and distribution patterns of biomass
and ethanol are considered as key strategic decisions, while
biomass production, delivery and operation schedules and
inventory monitoring are key tactical decisions.

A common problem at network design for integrated
supply chain consists in determinate the locations of dis-
tribution centers and the allocation of customers and sup-
pliers to the centers of distribution. The problem tries to
seek at the same time the distribution of products from
the manufacturer to the customer and the collection of
components from suppliers to manufacturers through cross-
docking at the distribution centers. Zhang et al. [15] propose
an algorithm based on Lagrangian relaxation which includes
the co-location of different types of distribution centers
and the coordination of the transport to achieve savings in
transportation costs.

Eren et al. [16] propose an integrated model that jointly
optimizes the strategic and tactical SC closed loop decisions.
Strategic level decisions concern the amounts of goods flow-
ing in chains downstream and upstream, while tactical level
decisions concern the balancing of removing lines of inverse
chain.The objective is to minimize transportation, purchases,
renovation, and operation costs of disassembly workstations.
Finally, the authors formulated and described a nonlinear
mixed integer programming model for this situation.

Sarkar and Majumder [17] propose an integrated SC
supplier-seller model. Two models constructed on the basis
of the probability distribution of the time were presented.
The waiting time is normally distributed in the first model,
while in the second model a free distribution for the delivery
time is considered. For this second model, only the mean and
standard deviation are known. The objective of the model is
to reduce the total cost of the system taking into account the
reduction of installation costs for the supplier.

A manufacturing SC with multiple suppliers in the pres-
ence of multiple uncertainties as uncertain supplies of mate-
rials, stochastic times of production and randomly costumer
demand is a scenario that Song et al. [18] addressed in their
study. They formulated an inventory management policy, a
raw materials acquisition policy, and a production control
policy using the stochastic dynamic programming approach.
Then they investigated other strategies as the reduction of
suppliers and the differentiation of suppliers under the inte-
grated inventory management policy, establishing qualitative
relationships between the amount of suppliers, the supplier
capabilities, and the total expected cost. The model allows
achieving quantitatively the best trade-off between reducing
suppliers and improving the supplier capability, in addition to
quantifying the supplier differentiation in purchase decisions.

The multiskill environment is a problem for staff alloca-
tion, so Telhada [19] formulates a mixed integer program-
ming model whose application supports the assignment of
shifts and tasks on the same problem.

Finally Zhang [20] formulated a model and a method
for the coordination of production and inventory cycles
throughout the manufacturing SC involving reverse logistics

for items with multiperiod finite horizon inventory. An
entire manufacturing SC involving reverse logistics includes
category 2 Suppliers, category 1 suppliers, manufacturers,
distributors, consumers, and Recycling. The authors propose
a mathematical model to represent the behavior of this
system; the solution methods proposed are based on a
decentralized decision-making process and a combination
of decentralized and centralized decision, known as the
semicentralized decision making process. The centralized
decision-making process is achieved by a mixed integer linear
programming.

This brief literature review allows seeing the different
angles from which the SC has recently been addressed. In
general it can be concluded that the above efforts are looking
to integrate the various links in the chain, in order to reduce
costs and increase yields. But in particular, this study has dealt
with the management and inventory control, the distribution
of finished products, the identification of multiple suppliers
in the presence of uncertainties, and the inclusion of human
errors and their impacts to the chain, with this last point being
the most important. The ability, performance, and proceess
that the human resource had, can move the chain differently.

The above represents individual efforts to demonstrate
how particular issues affect the operation of the SC. Also var-
ious techniques, algorithms or tools were used to potentially
improve the SC and support the decision making process. All
these contributions were tested into SC that does not include
artisanal production processes, which opens the possibility to
question the validity of these applications in such processes.

This article proposes a methodology for ensuring the
SC integration regardless of the type of business, using
traditional engineering techniques and artificial intelligence
techniques. This integration does not detract from the tradi-
tional methods of problem solving but they complement each
other.

3. Problem Statement

The SC synchronization is a topic that has been widely
discussed in recent years as it could be shown in the previous
section. Due to various factors, companies not only search
the efficient coordination of their activities internally, but also
maintain a harmonious relationship with its suppliers and
dealers within this chain.

Globalization and new technologies are commonly terms
used to reflect the current reality and are associated with ideas
of change, speed, real-time communications, and electronic
commerce, among others. However in this changing world
still prevail situations such as the development of customized
products for specific needs, the correct allocation of task in a
process, and the reduction of delivery time to name a few.

At the present, company competitiveness is the key to
staying in the market, but the fact is that in the competition
for their permanence businesses must deal with endless
problems. In addition some businessmen persist to see their
companies as a standalone system and not as a member
of a bigger system that influences the future behavior of
the market. They do not consider that the competition
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Figure 1: Methodology for the integration of the supply chain.

between networks and the integration of key processes with
trading partners allow them to form a much larger system,
where suppliers and customers are no longer part of its
environment, but part of his whole system known as SC.

It is necessary for companies to have support tools that
allow them to guide their efforts to identify their place
within an efficient SC, establishing harmonious relations with
suppliers and distributors, in order to establish itself in a
competitive market.

That why this paper presents a methodology to integrate
the SC that aims to be a tool to optimize the resources and
the flow of certain products thoughout the SC and even
more to demonstrate the use of the proposed methodology a
case study in the artesian company of footwear is presented.
In general, the integration is made in two levels: first, the
internal processes of the footwear company are analyzed and
the solution of possible problem that could block the SC
integration are looked for; second, strategies that permit an
integration with the suppliers and retailers are proposed and
evaluated.

This methodology is a flexible tool that enables each
of its steps apply both traditional engineering tools and
sophisticated or specific tools. Finally, it is appropriate for any
type of business, including those whose production process is
artisanal.

4. Methodology for Supply Chain Integration

As we already mention all companies that conform the SC
must interact in order to achieve competitive advantage,
which represent the reason why a methodology to guide the
integration of each of the links in the SC was formulated.
Each step of the proposed methodology is described below
and schematized in Figure 1.

(1) Improve internal behavior: the first step for the
successful integration of the company with the others
that take part of the SC is to improve internal perfor-
mance by applying traditional techniques to diagnose

system performance, setting goals and strategies to
improve the indicators and assess the progress.

(2) Demand forecast: this is a critical step to integrate the
SC. A good demand forecast achieves synchroniza-
tion of all the companies that conform the chain. This
information is provided by historical records of the
main selling points.

(3) Synchronize the quantity to order of raw material with
demand: the aim is to reduce the costs generated by
the stock of raw materials but they must be available
at the time which has to make use of it from the
forecasted demand.

(4) Determine the delivery time: the aim is to establish
reliable times or delivery of the final product repre-
sents the last point.

The four steps of the methodology together enable the
company improve its internal performance and to establish a
harmonious and synchronized relationship these changes will
place the company in its respective SC and their respective
partners within the same chain. The integration result of
the application of the proposed methodology will allow
companies able to face the rest of the factors promoting the
competitiveness of enterprises.

5. The Case of Study: Application
of the Methodology for the Integration of
the Supply Chain

The footwear industry in Mexico is considered one of the
most important in the artisanal field, with products whose
quality is widely recognized. But unfortunately this industry
like many others is submerged in a chronic crisis since
several years. According to the National Chamber of the
Footwear Industry in Mexico [21] the cost of production
ranges between 18 and 20 dollars, while in Asian countries
varies between 6 or 8 dollars. Although, some Mexican
companies have made the effort to get new technology and
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maintain high levels of international competitiveness, it is
virtually impossible to compete against countries like China
due to their business strategies and their labor cost.

The case of a handmade shoe company located in South-
eastern Mexico is exposed and for which the methodology
proposed is applied in this paper in order to prove its effec-
tiveness and allow the company to become more competitive.

The shoe company studied follows artisanal production
processes. In this kind of companies, the rate of work
depends on the capabilities and skills of workers. In addition,
the lack of control over their inventory and delivery times
which are key criteria for determining the competitiveness
of any company makes almost impossible to get a successful
integration of SC.That is why a correct distribution of the task
in order to achieve the goal and objectives is fundamental.

The shoe company under study represents only one link
in the network of SC in which it is immersed, and to become
more competitive it must be integrated to the rest of the links.

5.1. Improve the Internal Behavior. The first step of the
methodology is to improve the internal behavior and focus-
ing mainly on the production of shoes, so we will seek to make
more efficient this area. This first step is divided into three
activities which are detailed below:

Step 1 (simulation of the production process). To better
understand the operation of the system under study simu-
lation was used to obtain information on the performance
of certain actions and to define strategies to improve these
indicators.

Step 2 (solution to the identified problem). After detecting
the problem, the best alternative to solve it was looked for.

Step 3 (evaluation of proposed alternative). To prove if what
is being proposed really solves the problem and improves the
performance of the measure evaluates, the simulation model
of the production area is modified. The statistical results
obtained are compared. If the goal is not achieved, another
solution is proposed and evaluated.

5.1.1. Simulation of the Production Process: Modeling and
Analysis System. Discrete event simulation is a technique
that allows developing computer models of some desired
system, in order to identify unknown characteristics and/or
conduct experiments in a defined time frame, respecting
some imposed restrictions.

One of the initial conditions to successfully implement
a correct SC management is to improve the efficiency of
internal operations.The simulation model was focused on the
analysis of the department in which according to the owner
there are more problems.

The objectives pursued with the development of the
simulation model were as follows:

(i) analyze the current production process for the 3
products (shoe models) with greater demand;

(ii) Analyze the productivity indicators for workers in the
production process at the current system.

The department studied has 6 operators. The direction sets
the goal of producing 250 pairs of shoes by day for any type
of product with a transfer batch of 25 pairs of shoes, based
on time study conducted by the Chamber of the Footwear
Industry of the State of Guanajuato [21]. Operations were
assigned according to the skills of each employee and no
previous study of line balancing was performed. The main
problem of the production system detected was the failure
of workers to get the goal imposed during the working
time journey, causing unpaid overtime. Another aspect is
the existences of bottlenecks that cause the workers to have
no work to do. When this happens, they have to support a
worker who has a lot of inventory in batch process causing
the transfer not to be respected and the bottleneck keeps
changing.

A simulation model that represents the system as it
currently operates was made.The model takes into account all
the operations assigned to 6 workers for the manufacture of 3
products. The resulting simulation model allowed knowing
some indicators such as the cycle time, the productivity of
each worker, and machine as well as the main bottleneck.

(1) Data Collection and Definition of Current System Perfor-
mance Parameters. The process flowchart, time study, the
name of the workers, their skills, and their assigned tasks
within the production process was analyzed to build the
simulation model. Also it was necessary to know about the
available machinery, the capacity and size of the machinery,
and the total size of the production area to develop the layout.

To build the simulation model, the cutting tasks, the
processing time, and the workers who are part of the die
cutting department were took into account.

The following measures of performance were evaluated:
the cycle time, the productivity of workers and machines, the
bottlenecks, and the efficiency of line balancing.

(2) Construction and Verification of the Simulation Model. To
build the simulation model ProModel, which is a powerful
simulator with integrated animation, was used.

The model contains each of the elements of interest in
the system, such as machines, pieces, and personnel. Figure 2
shows the layout of the model made.

Once the construction of the model was finished, we
proceeded to verify it using the tracking system which
ProModel has integrated. It shows each of the events every
minute of time simulated, which allows a broad view of what
is happening internally.

(3) Verification, Validation, and Experiment Design. The
simulation model was validated in order to confirm that
truly reflect reality, these phases include the pilot testing, the
validation, and the experiment design.

Pilot tests were conducted to obtain preliminary informa-
tion provided by the simulator.This information will serve for
the later stages; in this case 10 pilot runs were performed.

Validation is the comparison of the observed data and
the simulated data, in order to prove that the differences are
statistically insignificant.

Statistical paired t-test was used to compare the results
obtained from the simulation with real data. The time that
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Figur e 2: Model layout.

250 pairs of shoes for each of the three products takes to be
produced was the performance measure.The results conclude
that the difference observed between 𝜇

𝑥
(mean of observed

data) and 𝜇
𝑦

(mean of simulated data) is not statistically
significant at a confidence level of 95%, and may be explained
by random fluctuations, thereby the model was accepted.

Finally, to determine the optimal number of runs for
the simulated model, the method of estimating the mean
𝜇 = 𝐸(𝑥) with a specific error is used. In other words, if 100
independent confidence intervals are constructed of 90%, is
expected𝑋 to have an absolute error 𝛽 of at most 90 cases; 10
intervals around the absolute error would be greater to 𝛽.

The time that takes to produce 250 pairs of shoes in
minutes, obtained from the 10 independent pilot runs were
used and the average manufacturing time in minutes with
an absolute error 𝛽 = 5 minutes and a confidence level of
99% was estimated. With this procedure, we found that the
optimal number of replications was 14 runs.

(4) Analysis of Results. Results after running the model 14
times are shown in Table 1. Table 1shows the value of the three
parameters selected: the total manufacturing time, manufac-
turing cycle (sum of durations of all the tasks assigned to each
worker) and cycle time for each of the three shoes products.
Finally the individual productivity and efficiency of the whole
production line based on a production rate of 250 pairs of
each of the three products is included.

The results show that the actual efficiency of the produc-
tion line on average is 56%; this represents the percentage
of time that the resources of the factory are working, while
the remaining 44% is considered idle time. It also states that
staff ’s productivity is uneven. While the worker 6 is occupied
23% of the total simulation time, the worker 2 has nearly an
89% of total time occupied. This means that the workload is
poorly distributed and does not justify the hiring of new staff.
A new task assignation is required.

Ta ble 1: Results of the simulation model of the current manufactur-
ing process.

Parameter Mean
(minutes)

Standard deviation
(minutes)

Total time for manufacturing
three products 1252.4 5.9

Product 1
Manufacturing cycle 591.4 7.2
Cycle time (batch) 22.0 0.2

Product 2
Manufacturing cycle 469.8 3.0
Cycle time (batch) 21.0 0.2

Product 3 3
Manufacturing cycle 457.0 3.0
Cycle time (batch) 21.0 0.1

Parameter Mean
(%)

Standard deviation
(%)

Workers
Worker 1 63.3 0.4
Worker 2 88.9 0.1
Worker 3 74.2 0.5
Worker 4 61.2 0.4
Worker 5 46.8 0.8
Worker 6 23.6 0.1

Line efficiency 56.0

5.1.2.Optimization of Supply Chain. The results of the simu-
lation showed that there is low productivity of both workers
and machines. Likewise, we emphasize that the lead time is
too high. Because of this situation the perfect balance at the
production line is necessary, that is, the sum of the operation
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time allocated to each operator must be equal to the cycle time
and, therefore, the product flows without delays.

(1) Balancing Production Lines. Following the proposed
methodology (Section 5.1), we propose the line balancing
that consists of assigning tasks to individual operators or
workstations so that any performance measure is optimized.

The problem of balancing the manufacturing lines of
shoes should considers the following.

(a) Operation times are probabilistic.
(b) The tasks cannot be executed in an arbitrary order

given the precedence requirements.
(c) It is desired to minimize the number of workers.
(d) The line is balanced with the available machinery.
(e) The tasks cannot be divided between two or more

stations.
(f) The setup times are negligible.
(g) Each station processes only one task at a time.
(h) All tasks must be processed once.
(i) Transportation time between a work stations is not

considered
(j) The tasks run only once for a season (considered a

serial line).
(k) Some workers cannot perform certain tasks.

The variables used to construct the model of line balanc-
ing are as follows:

𝑘 = Total number of workstations
𝑛 = Total number of manufacturing processes
𝑐 = Cycle time
𝑡
𝑖
= Manufacturing time operation 𝑗, 𝑗 = 1, . . . , 𝑛

𝐼 = Idle time of the production system

𝑋
𝑖𝑗
= {
1, If the process 𝑗 is assigned to workstation 𝑖, 𝑖 = 1, ..., 𝑘
0, otherwise.

The objective function is to minimize the idle time given
by (1)

𝐼 = 𝑘𝑐 −

𝑛

∑

𝑗=1

𝑡
𝑗
. (1)

This function is subject to the following restrictions:
𝑛

∑

𝑗=1

𝑋
𝑖𝑗
𝑡
𝑗
≤ 𝑐, 𝑖 = 1, 2, . . . , 𝑘, (2)

𝑘

∑

𝑖=1

𝑋
𝑖𝑗
= 1, 𝑗 = 1, 2, . . . , 𝑛, (3)

𝑋
ℎV ≤

ℎ

∑

𝑖=1

𝑋
𝑖𝑢
, ℎ = 1, 2, . . . , 𝑘; (𝑢, V) ∈ 𝑅, (4)

where the total time of all processes assigned to each work-
station must not exceed the cycle time (2), a task can only be
assigned to a workstation, (3) and precedence relationships

exist (4). The precedence relationships were modeled as
published by Ragsdale and Brown [22].

Most of the operations for the manufacture of shoes
in this company are manual; because of this, the operating
time of some activity varies from one shoe to another so
each time operation follows a probabilistic distribution at
the mathematical model. Each operation must be assigned
to only one worker; this situation is represented by a binary
variable with value 1 when the process 𝑗 is assigned to
workstation 𝑖 and 0 otherwise. We proposed to optimize the
lines balancing problem by a simple genetic algorithms.

(1)Solution of the Mathematical Model

(i) Optimization of the Mathematical Model through a Genetic
Algorithm (GA). The objective function was minimizing the
idle time. As long as the idle time decreases the efficiency of
the line increases. The efficiency of the line is considered as
percentage, thus the optimal value is 100%.

The basic structure of classical Assignment Problem (AP)
is the minimization of an objective function involving cost
or time. It is a well-studied problem in the optimization
literature due to its many applications such as facility location,
personnel scheduling, task assignment, and so forth. It is
formulated as an 0-1 optimization problem. However, many
real-life problems consider constraint such as budgetary lim-
itations, time restrictions, or personal abilities, and so forth,
that affect the assignment decisions. Due to this fact, finding
a solution becomes more complex. Many authors solve this
type of problems by genetic algorithm with excellent results
[23, 24].

The genetic algorithm is a useful adaptive method to
solve search and optimization problems. Based on the theory
of Darwinian evolution, it is a robust technique that can
solve problems in various areas including those in which
the application of other methods is difficult. While these
algorithms do not guarantee an optimal solution to the
problem is obtained, empirical evidence shows that it can
find solutions to an acceptable level in a competitive time
compared to other combinatorial optimization algorithms.
The assignment problem for the case of the proposed study
is a clear consequence of the same situations. The Simple
Genetic Algorithm used, also called Canonical, was encoded
based on the binary variable that assign the task to its
respective workstation. Genetic Algorithm (GA) includes
three fundamental genetic operations: selection, crossover,
and mutation. Thefirst step in any GA is to generate an initial
population with a group of individuals randomly created.The
individuals in the population are then evaluated and assigned
a fitness value. The evaluation function is provided by the
operator and gives the individuals a score based on how well
they perform at the given task (fitness value). Two individuals
are then selected based on their fitness; the higher the fitness,
the higher the chance of being selected.

After selection has been carried out, crossover is applied
to randomly paired individuals. The recombined individuals
create one or more off-spring. This can be viewed as creating
the new population. The randomly mutation of the offspring
is then applied. In terms of GAs, mutation means a random
change of the value or a gene in the population. After
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Ta ble 2: Comparison of the results obtained after line balancing according to the modification of the simulation model.

Parameter
Unbalanced system Balanced System

Mean (minutes) Standard deviation (minutes) Mean (minutes) Standard deviation (minutes)
Total manufacturing time
(three products)

1252.4 5.9 1121.1 7.2

Product 1
Manufacturing cycle 591.4 7.2 550.3 4.2
Cycle time (batch) 22.0 0.2 20.1 0.1

Product 2
Manufacturing cycle 469.8 3.0 417.5 2.4
Cycle time (batch) 21.0 0.2 19.8 0.1

Product 3
Manufacturing cycle 457.0 3.0 392.0 1.8
Cycle time (batch) 21.0 0.1 19.0 0.2

Parameter Mean (%) Standard deviation (%) Mean (%) Standard deviation (%)
Workers

Worker 1 63.3 0.4 81.5 0.5
Worker 2 88.9 0.1 66.6 0.5
Worker 3 74.2 0.5 67.9 0.6
Worker 4 61.2 0.4 57.1 0.4
Worker 5 46.8 0.8 66.6 0.5
Worker 6 23.6 0.1 64.5 0.5

Line efficiency 56.0 73.6

the process of selection, recombination and mutation, the
next population can be evaluated.The process continues until
a suitable solution has been found or when a given number of
generations have been reached.

GA parameters used are population size 200 individuals,
400 generations (stopping criterion), 40% crossover rate, and
mutation rate of 30%. A new allocation of tasks for each of
the three products (different models of shoes) separately was
generated.

(2) Evaluation of Proposed Alternative. With the new tasks
configuration for each products is necessary to make changes
to the simulation model to verify that this configuration
reduces manufacturing time and achieves a proper pro-
duction line balancing between existing workstations. This
corresponds to Step 3 (improvement rate) of the proposed
methodology.

The results show an increase in the efficiency of the line of
17.5%, Table 2 shows a comparison of the current system and
the system after balancing it.

To determine whether this reduction in manufacturing
time is significant, a statistical test between means of two
small samples was completed. It was concluded with 95%
confidence that the proposed improvements will cause a
reduction in the cycle time was performed.

5.2. The Demand Forecast. Step 2 of the methodology is the
demand forecasting. To forecast the demand and calculate the
monthly cycle time, historical record of the sale was used.

To determine the type of forecast to use it was necessary
to plot the demand data. As shown in Figure 3, the behavior
of the demand for each pattern is irregular, therefore has
no tendency, or seasonality. To test this assumption the
nonparametric statistical test of Daniels was performed to
detect the seasonality of a series. This statistical test does not
require the assumption of normality in the population. It was
concluded to a 95% confidence that the monthly demand for
shoes has not trend.

Once it was found that a model without trend is the
most appropriate, the next step was to select the appropriate
procedure tofit the data to the model. Methods of exponential
smoothing, moving averages and updated mean were applied
to forecast the demand for each of the selected shoe’s models.
For each product the best forecasting model was selected
based on the performance of the three measures of statistical
adequacy (median absolute deviation, MAD; root mean
square error, RMSE; and mean absolute percentage error,
MAPE).

5.2.1. Adjusting the Forecast by Fuzzy Logic. Deterministic
forecasting methods have as a principle that every event is
determined by the chain of cause and consequence, regardless
of random events.

In the case study, to determine the demand it was
convenient to use a fuzzy logic model, since it allows making
decisions based on uncertain data or subjective knowledge,
which are usually presented through linguistic variables. In
this research, the fuzzy logic model proposed by Escobar
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Figur e 3: Graph of the monthly demand.

Gómez [25] was applied. This is still part of Step 2 of the
methodology.

(1) Linguistic Variables and Fuzzy Sets. Fuzzy logic is an arti-
ficial intelligence technique that allows modeling situations
whose variables are measured according to a subjective scale,
or that depend on knowledge or opinion of experts in the
subject concerned and also arise under uncertain conditions.
The process involves identifying some variables, defined as
input, which directly influences another variable, identified as
output and their respective levels of response. The result will
be a model that is able to translate subjective information on
reliable and easily quantifiable results.

This model considered three factors which have influence
demand according to expert knowledge: season, perception,
and offer. These factors are described below.

Season as linguistic variable is the expression that refers
to the behavior of demand in a given period compared to
the same period of previous years. Three output cases were
considered representing three fuzzy sets for this variable: low,
medium and high season.

The membership functions for each of the fuzzy sets are
shown in (5) as follows:

𝜇Low (Season) =
{{{

{{{

{

1; 𝑊 ≤ 𝐴,

1 −
𝐵 −𝑊

𝐵 − 𝐴
; 𝐴 < 𝑊 ≤ 𝐵,

0; 𝐵 ≤ 𝑊,

𝜇Medium (Season) =

{{{{{{{{

{{{{{{{{

{

0; 𝑊 ≤ 𝐴,

1 −
𝐵 −𝑊

𝐵 − 𝐴
; 𝐴 < 𝑊 ≤ 𝐵,

1 −
𝑊 − 𝐵

𝐶 − 𝐵
; 𝐵 < 𝑊 < 𝐶,

0; 𝐶 ≤ 𝑊,

𝜇High (Season) =
{{{

{{{

{

1; 𝑊 ≤ 𝐵,

1 −
𝐶 −𝑊

𝐶 − 𝐵
; 𝐵 < 𝑊 ≤ 𝐶,

1; 𝐶 ≤ 𝑊.

(5)

Perception as a linguistic variable is defined as the feeling
of satisfaction that the customer has because the product
met their expectations and needs. Fuzzy sets that are part

of this variable are three: poor, fair, and good perception.
Membership functions are shown in (6) as follows:

𝜇Poor (Perception) =
{{{

{{{

{

1; 𝑋 ≤ 𝐴


,

1 −
𝑋 − 𝐴



𝐵 − 𝐴
; 𝐴


< 𝑋 < 𝐵


,

0; 𝐵


≤ 𝑋,

𝜇Fair (Perception) =

{{{{{{{{{{

{{{{{{{{{{

{

1; 𝑋 ≤ 𝐴


,

1 −
𝐵


− 𝑋

𝐵 − 𝐴
; 𝐴


< 𝑋 < 𝐵


,

1; 𝐵


≤ 𝑋 ≤ 𝐶


,

1 −
𝑋 − 𝐶



𝐷 − 𝐶
; 𝐶


< 𝑋 < 𝐷


,

0; 𝐷


≤ 𝑋,

𝜇Good (Perception) =
{{{

{{{

{

0; 𝑋 ≤ 𝐶


,

1 −
𝐷


− 𝑋

𝐷 − 𝐶
; 𝐶


< 𝑋 < 𝐷


,

1; 𝐷


≤ 𝑋.

(6)

Offer as linguistic variable is defined as the level of competi-
tion that exists for the product analyzed at the market. For this
variable three output alternatives were defined as fuzzy sets
and are as follows: the level of competition is little, medium
or large. The membership functions are presented in (7) as
follows:

𝜇Little (Offer) =
{{{

{{{

{

1; 𝑌 ≤ 𝐴


,

1 −
𝑌 − 𝐴



𝐵 − 𝐴
; 𝐴


< 𝑌 ≤ 𝐵


,

0; 𝐶


≤ 𝑌,

𝜇Medium (Offer) =

{{{{{{{{

{{{{{{{{

{

0; 𝑌 ≤ 𝐴


,

1 −
𝐵


− 𝑌

𝐵 − 𝐴
; 𝐴


< 𝑌 ≤ 𝐵


,

1 −
𝑌 − 𝐵



𝐶 − 𝐵
; 𝐵


< 𝑌 < 𝐶


,

0; 𝐶


≤ 𝑌,

𝜇Large (Offer) =
{{{

{{{

{

0; 𝑌 ≤ 𝐵


,

1 −
𝐶


− 𝑌

𝐶 − 𝐵
; 𝐵


< 𝑌 ≤ 𝐶


,

1; 𝐶


≤ 𝑌.

(7)
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Figure 4: Graphical representation of the fuzzy sets of the linguistic input variables and output AD.

Ta ble 3: Fuzzy rules base.

Perception
Poor Fair Good
Offer Offer Offer

Little Medium Large Little Medium Large Little Medium Large
Season

Low R R R RS R R M M RS
Medium M RS R IS M RS I IS M
High M RS R IS IS M I I IS

Therefore, the output variable of the model is Adjusted
Demand and is defined as the change in the level of the
projection of the aggregate demand percentage. Under this
consideration five cases are presented, which allow to define
the fuzzy sets belonging to this: reduce, reduce slightly,
maintain, increase, and increase slightly (8). Consider

𝜇Reduce (Adjusted demand)

=

{{{

{{{

{

0; 𝑍 < 𝐴


,

1 −
𝑍 − 𝐴



𝐵 − 𝐴
; 𝐴


≤ 𝑍 < 𝐵


,

0; 𝐵


≤ 𝑍.

(8)

Both the input variables and the output variable, in this image,
are presented in Figure 4 which shows the relationships
described in the membership functions ((5)–(8)) where the
different scenarios that can occur for each variable are clear,
and allows modeling these variables by geometric figures.

(2) Fuzzy Rules. Given the input linguistic variables and their
fuzzy sets (3 variables with three sets each) a base of 27
fuzzy rules was obtained. In this set of rules the knowledge

of the experts consulted on decision-making related to the
adjustment of the forecast demand is summarized. The
summary of the rules used for the inference process is
presented in Table 3.

Where D means high projected demand reduction, DP
means low projected demand reduction, M maintains the
projected demand, IP means low projected demand increase,
and finally I means high projected demand.

Thedefuzzification process was the next step.This process
consists in obtaining the values through fuzzy membership
functions of the values assigned to the input variable. In this
model the degree of membership in fuzzy sets was obtained
by evaluating the values assigned to linguistic variables
using the membership functions. If, after applying the fuzzy
equations the value obtained for a given set is greater than
zero, it is considered to belong to the set analyzed with a
degree equal to the value found. Otherwise, it is considered
that the degree of belonging to the set is zero.

The fuzzy logic model applied to the demand of each of
the products is shown in Tables 4, 5, and 6. This modification
caused the forecasting model fit better to actual demand.
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Ta bl e 4: Adjusted demand product 1.

Month Input variables Output variable
Season Perception Offer % Fit Adjusted demand 𝑦

𝑡
𝑒
𝑡

May 2.8 8.2 2.5 6.62 7153.85 2246.15
June 2 7 2 0 7944.33 261.67
July 1.5 7 2 −12.95 6841.26 −1070.26
August 1.5 4.5 2 −14.14 6690.50 ?

MAD 1192.69
Product 1 RMSE 1444.43

MAPE 15.21%

Ta bl e 5: Adjusted demand product 2.

Month Input variables Output variable
Season Perception Offer % Fit Adjusted Demand 𝑦

𝑡
𝑒
𝑡

May 2.8 8.2 2.5 6.62 5202.38 −859.58
June 2 7 2 0 5069.53 −1130.65
July 1.5 7 2 −12.95 4673.35 −1349.25
August 1.5 4.5 2 −14.14 4435.82 ?

MAD 218.61
Product 2 RMSE 1131.04

MAPE 13.31%

By having a reliable forecast of the demand for the three
products, it was possible to best determine the daily quantity
of products to manufacture and the cycle time. Finally this
information represents the input data to the simulator. The
results are shown in Table 7.

5.3. Synchronizing the Quantity to Order of Raw Material
with Demand. The third step of the methodology was to
synchronize the order quantity of raw material with the esti-
mated demand. Figure 5 illustrates the relationship between
the variables involved in the establishment of the order points
and the safety stock. The main relationship is shown in (9) as
follows:

OP = EDDLT + SS (9)

5.3.1. Fuzzy Model to Determine the Safety Stock. There are
several methodologies to determine the safety stock. These
techniques assume that the demand follows either a normal
probability distribution or a discrete probability distribution.
A fuzzy logic model allowed finding the safety stock taking
into account the uncertainty.

The model included the following assumptions.
(i) The assumption of normality of daily demand was

dismissed.
(ii) There are no contracts between the supplier and the

company therefore there is no planning orders.
(iii) Sometimes it is difficult to find another supplier who

can supply the product because either there are no
competitors or the product’s specifications do not
permit it.

(iv) There is no feedback of information between cus-
tomer, company, and suppliers.

(1) Linguistic Variables and Fuzzy Sets. As in the case of the
product demand, the amount of raw material that should
be considered as safety stock was estimated by a fuzzy logic
model considering the following factors: Delivery time, Qual-
ity and Shortage. Delivery time as the linguistic variable is
defined as the fulfilling of the delivery date of the raw material
by the supplier. Fuzzy sets that are part of this variable are
three, which are: high, medium and low punctuality.

Quality is the next factor and as a linguistic variable is
the term that refers to compliance with the specifications of
raw materials stocked by the supplier. This variable considers
three cases, and each of these cases defines a fuzzy set, which
is good, fair, and poor quality.

The last factor to consider is the Shortage of raw materials.
The shortage does not refer to the lack of material at the
warehouse; it refers to the shortage of materials on the market
in general. For these variable, three fuzzy sets are assumed:
low, medium and serve shortage.

The output variable of the model represents an adjust-
ment factor that will be multiplied by the demand during the
lead time (EDDLT) to determine safety stock. This variable
is named raw material. Under this consideration five cases
are presented, which allow to define the fuzzy sets belonging
to this variable: not critical, uncertain, critical, uncertain-
critical, and supercritical. Figure 6 shows the sets of input
variables and the output model for safety stock.

The summary of the rules used for the inference process
is presented in Table 8.
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Ta bl e 6: Adjusted demand product 3.

Month Input variable Output variable
Season Perception Offer % Fit Adjusted demand 𝑦

𝑡
𝑒
𝑡

May 2.8 8.2 2.5 6.62 4194.96 147.84
June 2 7 2 0 3912.54 26.34
July 1.5 7 2 −12.95 3604.60 −280.51
August 1.5 4.5 2 −14.14 3118.00 ?

MAD 121.51
Product 3 RMSE 183.70

MAPE 8.10%

f(DDLT)

EDDLT

Demand during lead time (DDLT)

Order point (OP)

SS
OP = EDDLT + SS

EDDLT: expected demand during lead time
SS: safety stock

Risk of a
stock-out

Figure 5: Relationship between DDLT, EDDLT, SS, OP and the probability of shortage of each cycle reorder.

Ta ble 7: Simulation results according to the monthly demand for all
three products.

Month
Adjusted

demand for the
three products

Daily amount of pair of
shoes produced by each
type of product

Line
efficiency

1 2 3
May 7154 265 208 168 85%
June 7944 294 203 157 95%
July 6841 253 187 144 81%
August 6691 248 178 125 79%

Where NC means not critical, INC means Unclear-not
critical, C means Critical, IC means critical uncertain, and SC
means super critical.

The fuzzy model will provide a percentage factor (variable
output) that will be multiplied by the EDDLT to calculate the
safety stock.

5.4. Determine the Delivery Time: FuzzyModel for the Product
Delivery Time. The products arrive to end consumers in two
ways: to sell directly the products to shoe stores established in
the region and to get their products through intermediaries,
that is, their products are collected by a third company that
store the products at central storehouses and distributes them
to the point of final sale.

The model includes the following assumptions.

(i) There are no contracts between the supplier and the
company; therefore there is no planning orders.

(ii) There is no feedback of information between cus-
tomer, company, and supplier.

(iii) The company is responsible for bringing products to
point of sale.

5.4.1. Linguistic Variables and Fuzzy Sets. The two factors
create uncertainty in the estimated delivery time: Ease of
manufacturing product and the location of the point of sale.
Ease of manufacturing as linguistic variable is defined as a
facility, according to experience, that company has to satisfy
the quantity of product requested by the customer. Fuzzy sets
that are part of this variable are three: very possible, possible,
and hardly possible. The location is the second factor and as a
linguistic variable represent the distance between the factory
and the place from which the order was placed. The variable
considers two cases are near and far. The output variable of
the model is an adjustment factor that multiplies the delivery
time thrown by internal planning. This variable is named Fit.
Under this consideration the 3 cases are presented, which
allow to define the fuzzy sets belonging to this variable: the
adjustment is null, slight, or large. Figure 7 shows the two
input variables and the output of this model.

Finally Table 9 summarizing the rules used for the infer-
ence process.

The input data (fuzzy variables) were introduced to the
fuzzy model and as results the model provided a percentage
factor (variable output). This factor will be multiplied by the
initial delivery time in order to give an accurate delivery date
to the client. With these results the company is able to offer
a delivery date where the breach of agreed orders is reduced.
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Ta ble 8: Fuzzy rules base.

Quality
Poor Fair Good

Shortage Shortage Shortage
Low Medium Severe Low Medium Severe Low Medium Severe

Punctuality
Low C SC SC C UC UC UNC UNC C
Medium C C UC C C UC UNC UNC C
High UNC C UC UNC C UC NC NC UNC
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possible
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1
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0

1
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A B C

A B C D

A B

Figur e 7: Fuzzy set of the output variable Fit.
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Ta ble 9: Fuzzy rules base.

Location
Near Far

Easy of manufacturig
Very possible Null Slight
Possible Slight Large
Hardly possible Slight Large

A greater confidence between the producer and client will be
established.

6. Conclusions

The SC integration is a major issue today, as it allows
companies to position themselves in a highly competitive
market.The main contribution of this research is to propose a
sequence of logical steps to achieve this integration regardless
of the nature of the company, especially when talking about
companies that have manual processes.

As an advantage the proposed methodology permit to
integrate the traditional engineering techniques with new

developed tools as soft computing to overcome the problems
that prevent the successful integration of the members of the
SC adapting the use of them depending on the features and
restrictions of each company without condition the use of
any particular tool. This integration does not detract from
the traditional methods of problem solving but complement
each other. As already mentioned, the resulting models can be
taken up to other companies. The application of this method-
ology in a company in the footwear industry shows its effi-
ciency when it is applied to a business process which is con-
sidered artisanal and affected by an uncertain market. This
approach helped the company to synchronize the SC to which
it belongs. Figure 8 summarizes the methodology for the
SC integration more broadly; in this scheme the techniques
used for each of the steps in the methodology samples are
mentioned.
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