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Abstract— The present research article
presents the evaluation of the characteristics of
the perfect order; time, quantity and form of a
supplier in a supply chain. In that the balanced
loops and the loss function tool are integrated to
monitor the fulfillment of the supplier's goals. The
integration of this tool allows evaluating the
economic loss by means of an indicator for not
reaching the objectives. The calculation of the
loss function is possible due to the Stella tool that
allows the import and export of data to excel. The
data that are exported to excel are the records that
are generated in each characteristic until reaching
the goal and the imported ones are the individual
loss function values of each of the exported data.
The contribution of this work is the evaluation of
the perfect order; time, quantity and form; of an
any member of the supply chain by integrating a
guality engineering tool into the dynamic system
model. The simulation model was implemented
and validated in an invitation card manufacturing
company in the city of Tunja, Colombia.

Keywords—component; : Loss Function,
supply chain, balanced loops, system dynamics.

I. INTRODUCTION

Over the course of history supply chains have
emerged to meet the diverse needs of human
societies, to exploit natural resources and to enable
humans to engage profitably in commerce and trade
[1]. The supply chain performance and effective
management of supply chain have been increasingly
recognized as critical factors in enhancing bottom-line
performances [2], that is why it arises the need to
evaluate the elements that make up the supply chain.

System dynamics is a perspective and set of
conceptual tools that enable us to understand the
structure and dynamics of complex systems [3]. The
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Taguchi loss function was developed by Genichi
Taguchi as an aid to improving the implementation of
total quality control in Japanese, Taguchi defines
quality in a negative manner as “the loss imparted to
society from the time the product is shipped”, and this
“loss” includes the cost of customer dissatisfaction that
leads to loss of company reputation [4].

In the present work a model is developed under the
approach of the system dynamics methodology that
allows to evaluate the economic loss through the
function of loss, the characteristics to evaluate are of
nominal type is better and will be the form, time and
guantity of each member of the supply chain. The
present paper is organized as follows: in the first
section, the literature review is presented; in the
second section, the development of the methodology
with the proposed approach is displayed; the results
are shown in the penultimate section, and, finally the
conclusions are presented.

Il. LITERATURE REVIEW

In the literature there are several works where the
supply chain has been evaluated through various tools
and methodologies. Reference [5] developed a model
integrating the analytical hierarchy process that helps
determine the importance of the risks and benefits of
choosing a provider and the loss function that allows
evaluating the performance of each provider to help
support the selection decision of a provider. Other
investigations that integrate the function of loss and
the chain of supplies, in [6] they developed a tool so
that the decision makers could have more information
when hiring and selecting suppliers, the method used
to evaluate was the function of Taguchi loss, to include
non-tangible factors, these factors are Impact on the
selection of the personnel, they produced a table to
give weight to the qualifications obtained from the
developed tool.
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Reference [7] integrated three tools including
simulation, Taguchi method and data envelopment
analysis (DEA) approach to use efficiently the
advantages of them simultaneously. Reference [8]
carried out an investigation of the logistics of third
parties, where all the relevant decision variables are
identified through a scientific process known as QFD.
The loss function provides a method for quantifying
vendor performance in a single unit, allowing
managers to make faster decisions.

Unlike the papers presented in the literature review,
where they focus on evaluating certain characteristics
of the supply chain using the loss function tool, in the
present work, excel is integrated into the Stella
simulation software, Stella have some characteristics
that allows the link with Excel to export and import data
and thus determine the economic loss of the three
main characteristics of the elements of the supply
chain.

The integration of the system dynamics
methodology in the development of a supply chain has
also been the object of study, in [9] developed a game
called Mortage Service Game (MSG) under the system
dynamics approach that allows simulating a chain of
supplies, where each participant takes a role within the
chain and helps him to better understand the
repercussions of the decisions made.

Reference [10] conducted a study of systems
dynamics and the supply chain applied in a poultry
industry in Bangladesh, initially a causal diagram is
proposed that is transformed into a stock and flow
diagram for the model simulation. The results indicate
that the supply chain contributes economic, social and
environmental sustainability along with a structured
production process.

Reference [11] explored the dynamics of the supply
chain in relation to sustainable product programs and
develops a framework for the supply chain to bring
sustainable products to market. An empirical study is
done on 28 European and American companies. The
study identifies six dimensions of product
sustainability, allowing managers to design programs
for sustainable products, reduce costs and predict
behavior with the introduction of them.

Reference [12] proposed a systems dynamics
approach to model the total cost of supply chain
(TSCC) in a grain chain in India, in order to predict the
outcome in different situations and to develop policies
for Reduce costs, there are nine scenarios for three
activities:  cooperative  supply chain, contract
agriculture and collaborative supply chain, based on
optimistic, pessimistic and likely scenarios. Finally, it is
proposed to reduce some intermediate measures for
the reduction of costs between the final consumer and
the farmer.

Reference [13] used the system dynamics
methodology as a tool to evaluate the supply chain of
an organization, considering the relationships between
the different variables that involve the system, the
study suggests that a company should increase its
cooperative strength to be able to serve customers

when there are large orders, in order to reduce the
chances that customers will go with another supplier.

In the previous works they evaluate the supply
chain as a whole; this work focuses on the fulfillment of
the goals of the different main characteristics: quantity,
time and form of each of the elements of the supply
chain through the use of balanced loops.

IIl. METHODOLOGY

Fig. 1 shows the methodology to carry out the
evaluation of the members of a supply chain, the work
is supported by a theoretical framework and a
literature review of the methodologies and tools that
are used, the proposed approach consists of the
integration the loss function to the system dynamics
methodology, in the simulation model we use balanced
loops to meet the goals of the main characteristics of
the members of the supply chain, each of the main
characteristics  were  evaluated as nominal
characteristics is best in the loss function, integration
of the loss function is possible because the Stella
simulation software allows a link with Excel, which
makes possible the import and export of data, in Excel
we will calculate the loss function with the data
generated from the stock variables, after the
calculation of the individual and total loss function, we
will export the data back to Stella to a variable of
graphic function where we will perform the graph of the
loss function to compare it with the curve of fulfillment
of the goal.

Evaluation of the members of the supply chain

— —

| Literature review |

l—l

| Theoretical Framework |

‘—l

Proposed approach |

— EE N
/ / ; / ’ m \ Quantity
Supplier ,i = R B L Time

Fig. 1. Proposed approach

A. Development causal loop diagram

The causal diagram of the supplier system is
shown in Fig. 2. In the diagram we can see that the
variables product packaging, review of product
guantity and stock confirmation affect positively the
variable to increase the number of cards, the latter
variable has a positive relation with the variable of
increase of cards delivered. The increase in the
number of cards delivered by the supplier creates a
decrease in the variable of the discrepancy number of
cards.
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Fig. 2. Causal Loop Diagram

The diagram shows in variables the necessary
corrective activities for the fulfilment of the target
variables of the different characteristics for the supplier
of a supply chain. The registers that are accumulating
in the variable number of cards delivered to the
provider are exported to excel to perform the
calculation of the individual and total loss function after
that, the data is imported from Excel to the variable
Loss function number of cards to be able to realize the
graph of the function of loss and to compare it with the
accomplishment of goals. The loss function number of
cards, loss function delivery time supplier and loss
function delivery form variables has a positive effect on
the total loss function variable.

B. Stock and Flow Diagram

The stock and flow diagram of the supplier is
shown in Fig. 3 the system is composed of four stock
variables that are identified with a rectangular shape
are accumulation variables, four flow variables that
allow changes in the levels of the stock variables and
twenty-two auxiliary variables are represented by a
circular shape and help to explain the system better. It
is also possible to identify three balanced loops, each
of which represents the fulfillment of the goals some of
the main characteristics of the perfect order to
evaluate any member of the supply chain.
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Fig. 3. Stock and Flow Diagram
IV. RESULTS

In Fig. 4, 5, 6 and 7, we can see the individual
behavior of the represented loss with a red line and the
fulfillment of the goals represented with a blue curve.
Figure 4 shows the behavior of the Quantity feature
where it can be observed that due to the balanced loop
the characteristic is achieving its goal of 30 units and

the loss function that has an initial value of 2100
Colombian pesos is having a decrease almost
reaching zero.

deliversd by the supplier

0 1: Mumber of c

3
2N

...............................................................................................

x\_\_ﬁz
— ) )
0.00 1250 26.00 750 50.00
Fage 1 Time 05:15 a.m.  mig, 10 de may de 2017
aEAs ? Unitied

Fig. 4. Behavior of the Quantity characteristic

Fig. 5 shows the time characteristic that is directed
to 48 hours, and its loss function value that initially is
1600 Colombian pesos is having a considerable
decrease. In Figure 6 we can observe the behavior of
the form characteristic so that because it is achieving
its goal in a faster way its value of loss function that
initially is 3500 Colombian pesos has a drastic
decrease that makes the loss is lower for this
characteristic in comparison with the other two
characteristics.
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Fig. 5. Behavior of the Time characteristic
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Fig. 6. Behavior of the Form characteristic

Interpretation of the graph of the total loss function,
in Fig. 7 we can see the result of the accumulation of
economic loss of the three characteristics quantity,
time and form, which were evaluated as characteristics
of nominal type is better, how Were evaluated as an
individual behavior of each of them of descending type
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and the accumulation of all generated a behavior of
type looking for goals.

000 12.50 25.00 3750 50.00
Time 08:22 am. vie, 12 de may de 2017|

Page 1
g EA P Untitied

Fig. 7.Behavior of the Total Loss
V. CONCLUSIONS

The approach used in our research shows the
possibility of evaluating the fulfilment of each of the
characteristics of the elements of the supply chain
from an economic approach, through the integration of
the loss function with the system dynamics
methodology, this in order to strengthen decision-
making and identify strategies to reduce economic
losses. With the methodology used in the present
investigation the other elements of the supply chain
can also be evaluated.

The integration of the loss function in the present
project is largely due to the functionalities of the Stella
software, since with the versatility of importing and
exporting the data to Excel, it was possible to perform
the calculation of the loss function, perform the graph
of the loss function and carry out the comparison with
the chart of achievement of goals. It also shows the
importance of balanced loops to achieve the goals of
different characteristics. It is proposed for future
research to develop the loss function in the same
Stella platform for different types of quality
characteristics.
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