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Abstract

It is necessary to evaluate performance using a proper combination of all re-
sources of supply chain in the best possible way to provide products and ser-
vices in the market. One strategy to measure supply chain efficiency is the
data envelopment analysis (DEA), which involves use of current inputs and
outputs to evaluate supply chain performance. Therefore, the outcome of
each DEA evaluation is not suitable for providing suitable benchmark for the
future. Hence, managers are not able to improve the activities of their subset
using the results of DEA model. For this purpose, we forecast data of units
under evaluation using system dynamics simulation and then we present a
proper model to formulate strategies for improving performance using the
proposed DEA model. Finally, we implemented the designed algorithm in the
milk industry of Fars province (Iran), and proper strategies for improving the
efficiency of this industry were developed.

Keywords

Supply Chain Management, Benchmarking, Data Envelopment Analysis,
System Dynamics Simulation

1. Introduction

In today’s global market, companies are not units with unique brands that can
operate independently. The complexity of goods and services in today’s world is

so that an organization can rarely produce or provide a service by itself without
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the help and cooperation of other organizations. The challenges in the business
world have led to the emergence of supply chain approach that goes beyond the
boundaries among the companies and includes all interactions, ranging from
supply of raw materials to delivering finished goods to customers. In the chal-
lenging and intensely competitive environment, supply chains must constantly
improve their performance to ensure their survival.

This cannot be achieved except by evaluating performance. Proper design and
evaluation of supply chain are important issues for managers and researchers,
which increases the complexity of the process because of the interrelationships
between the units involved. Thus, in designing a performance evaluation system,
all communications, interactions, preferences, effects and limitations should be
considered as far as possible so that the results of the evaluation of a supply
chain offer more accurate feedback to improve the performance.

Demand management, optimal level of product accessibility and reduction of
inventory costs (ordering, maintenance and shortages) through the chain are
significant goals of the supply chain, which requires the design of a proper per-
formance evaluation system. One of the most challenging fields in this area is the
choice of performance indexes and the use of different techniques to evaluate
performance. A useful technique used in assessment of the supply chain is data
envelopment analysis (DEA). This technique calculates efficiency and evaluates
the system performance using a weighted ratio of outputs to inputs and the crea-
tion of an efficient frontier. In other words, DEA is one of the techniques which
can consider internal complexities of the supply chain in the evaluation process
and offer a more accurate and more realistic evaluation.

The DEA has also some limitations like other methods. One of the problems
with this technique is that the DEA models use the present and the past inputs
and outputs to evaluate. So, consequently, the results obtained on the basis of the
past data cannot be a beacon of light to guide the organization towards the fu-
ture. The managers are not able to plan for the future and to improve the activi-
ties of their subsets using the results obtained from DEA. In other words, the
classic DEA models cannot offer a proper benchmark for the future. To deal
with this problem, numerous methods have been proposed up to now, including
the method presented by [1]; it uses goal programming to search for production
possibility set and the method presented by reference [2] which uses also a goal
programming method in order to locate points on the efficient frontier that are
evaluated at the closest conditions to the under evaluation unit. These methods
consider the units evaluated as one-stage units and ignore inter-organizational
relations.

This weakness of DEA is exactly the strength of the system dynamics simula-
tion. The model of system dynamics simulation is able to forecast data and to
describe very complex systems, and can be used to test the systems which are not
yet in existence or to test existing systems without changing them.

The food supply chain is one of the types of supply chains which need special
attention due to its complexity, importance, and role in people’s daily lives and
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health of people. Therefore, selection of the best supplier of the raw materials
and improvement of the performance of the food supply chain can be an impor-
tant step towards achieving macroeconomic objectives of a country on the one
hand, and the public health on the other hand. One of the most important activ-
ities in the improvement process is the measurement and evaluation, which pro-
vides premises for planning for the improvement by identifying the current sta-
tus of the results and outputs of the food industry. DEA model uses past data so
strategic decision is taken based on it will not succeed in real world. This prob-
lem, as well as the dynamics in the business environment, highlights the need to
use simulation techniques for future-based assessment. Therefore, focusing on
future periods, the present study tries to formulate an organizational strategy
using a combination of data envelopment analysis and system dynamics simula-
tion to provide a proper model for the improvement of the supply chain perfor-
mance.

This study utilizes system dynamic, along with DEA, to introduce benchmark
of inefficient supply chain. To this end, inputs and outputs of each supplier are
forecasted by system dynamics simulation. Then, network DEA model is applied
to present a benchmark for inefficient units. Subsequently, based on obtained
results, a strategy plan is proposed for improving performance to achieve the
best performance of the inefficient units.

In the present work, we review previous research in Section 2, followed by
methodology in Section 3. In Section 4, we present a case study which will be

followed by concluding remarks in Section 5.

2. Review of the Literature

In recent decades, managers have witnessed global dramatic changes through
advances in technology, the globalization of markets and stabilization of the po-
litical economy. With the increase in the number of competitors, organizations
have been forced to improve inter-organizational processes to stay in the com-
petition scene. In the 1980s, companies searched for techniques and strategies by
which they can reduce production costs and compete in different markets. Some
of these techniques include the just-in-time production system, Kanban system,
lean manufacturing, total quality management, and so on. The companies have
been able to reduce their production costs as much as possible by using these
techniques, but competitors have also been able to reduce their production costs
as much as possible by using the same techniques.

So, to reduce the costs and stay in the competitive market, other potential
opportunities to reduce costs should be found. One of the options which involve
many potential opportunities to reduce costs is the supply chain [3]. A supply
chain includes all stages (chain members) which play either directly or indirectly
a role in meeting demands of a customer [4] [5]. Supply Chain Management
(SCM) involves integrating key business processes from end users by original

suppliers to provide different products and services, as well as information
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which enhance the value for various stakeholders [6].

According to reference [4], the conceptual framework of supply chain consists
of three tightly coupled components: supply chain structure (a network of com-
panies), business processes of the supply chain, and its components. Supply
chain structure consists of all the companies involved in the production chain,
services from raw materials to the end user, and relations among them (by which
business activities or business processes are done). According to reference [4],
this structure forms a holding company (controlling company) and several re-
lated companies (suppliers and customers). The dimensions to be considered
involve the length of the supply chain and the number of suppliers and custom-
ers in each level. Note that the supply chain does not emerge in the form of a
chain, but it is more like the branches of a tree whose roots and branches are the
symbols of a network [7]. Business processes are activities that create special
output with added value for the customer.

As this issue deals with measuring the performance supply chain members,
and integrating and coordinating their performance, however, it is a difficult
task. There are two obstacles in measuring the value of chain efficiency. One of
them is that there are several efficiency measures determining the performance
of each supply chain member, and there is a conflict between the chain members
in relation to the specific efficiency [8]. These problems cause that various tools
are applied in performance evaluation of supply chain. For example, reference [9]
discussed binary Multi-Objective Optimization (MOP) as an attractive method
based on Quality Function Deployment (QFD) method to evaluate supply chain
of garment industry. Also, a multi-objective optimization and genetic algorithm
were applied in multi-national automotive supply chain spread in Europe by
[10]. A novel idea was proposed by [11]; they developed a method based on
graph theory to evaluate supply chains in Japan.

It is important to note that there are many DEA models in supply chain per-
formance evaluation, as well as supplier selection. Many of them, however, have
problems. Research has shown that classic DEA models cannot correctly identify
supply chain efficiency and the efficiency of the overall supply chain perfor-
mance does not necessarily indicate the assessment of the individual compo-
nents of the supply chain [7]. As a result, progress in achieving the best action
may be uneven. In other words, improvement of a member’s performance af-
fects the efficiency of other members due to the intermediate measures.

In the DEA literature, there are different methods that have the potential to be
used in the evaluation of supply chain efficiency. References [12] [13] proposed
two methods to model efficiency in the form of a two-stage process. Reference
[14] has created the network DEA for modeling multi-stage processes, in general,
involving intermediate inputs and outputs. Reference [15] presented a structure
for performance measurement for systems consisting of two subsystems that
were together in a series, which provides a simultaneous and separate measure-

ment of the efficiency of the overall system and each subsystem. Reference [16]
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focused on supply chain with bi-level structure including follower and leader;
they applied cost efficiency DEA model to evaluate these structures.

Although the two-stage models proposed by references [17] [18] [19] can be
extrapolated to the decision-making units (DMUs) with over two stages, unfor-
tunately such a generalization requires that multi-stage processes have a unique
common feature where all outputs at each stage are only the inputs in the next
stage. In other words, excluding the first stage, any stage will not have indepen-
dent input (and/or output) that enters or exits the process at that stage. There
are more common cases where every stage is an open system, which involves al-
so inputs (and/or outputs) specific to itself, in addition to the intermediate
measures. These open multi-stage structures are fairly common, especially in the
industry. In many cases, the output of a stage may be the final form which enters
into the consumer market, and what remains is processed in the next stage, so
that a more specific form of the product is achieved. Petrochemical and perfu-
mery industries are cases in point [7].

Reference [12] has developed a method to improve value chain efficiency by
the sensitivity analysis of returns to scale. Reference [20] also showed that the
game model can be used to determine a unique complete secondary Nash equi-
librium (if available). In this study, it is assumed that the returns to scale are
constant, which can be generalized to variable returns to scale. Reference [21]
conducted a similar study and represented a two-stage non-cooperative buy-
er-seller model in which leader initially decides and then considering common
processes; he optimizes his decision based on the follower. This model maximiz-
es the cross-sectional efficiency of seller and buyer by assigning weights to
common processes and actions calculates realistic efficiency (level of output that
is used as an input of the in the next level). Also, reference [22] investigated cus-
tomer value in a two-stage supply by using three perspectives in game theory.

In another study, reference [23] presented a rough DEA model to evaluate
supply chain performance. They used an optimist @ and a pessimist « in the
process of solving the model to transform the model with rough data into a defi-
nite linear programming model. In this model, an efficiency interval is applied
for the efficiency of any decision-making unit. Efficiency interval is utilized to
rank DMUs and the smallest maximum reduction in efficiency is known as an
efficient DMU. Then, this rough DEA model is used to evaluate the efficiency of
supply chains.

Reference [24] presented firstly two definitions of a production possibility set
of supply chain based on constant return to scale. They offer a DEA model for
assessment of overall efficiency. In other words, the model deals with efficiency
evaluation by finding out the most efficient production abilities in supply chain
and by replacing or improving inefficient subsystems and also by identifying the
model (efficient) units. Reference [25] considered the internal structure of the
supply chain as a network and presented a model to evaluate it. Reference [26]

forecast the future efficiency of a green supplier. To this end, they used dynamic
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data envelopment analysis as well as artificial neural networks to evaluate green
suppliers in the past, present, and future periods, simultaneously. Notwith-
standing, this technique is not suitable for presenting of benchmark for ineffi-
cient units.

Artificial Neural Network (ANN) failed to identify cause and effective rela-
tionships between processes of supply chain. This weakness of ANN is exactly
the strength of the system dynamics simulation. In another study, reference [27]
utilized goal programing and robust DEA for benchmarking and ranking sus-
tainable supplier. The benchmarks depend on goals of each DMU, expectations
of decision makers are seen as goals, and goals and deviational variables for all
goals may change, and therefore, the results will be different for different values.

Reference [28] determined the benchmarks and prioritized the variables of
DMUs in DEA models. This method helped them to improve the capability and
flexibility of general DEA models and make intelligent investment on target fac-
tors that can improve their firms’ productivity. Also in another study, reference
[29] proposed an integrated method, DEA and data mining, to measure the effi-
ciency of inefficient terminals.

In order to overcome the regression shortcoming of a single dependent varia-
ble, reference [30] estimated the efficiency of DMUs and re-evaluated DEA
benchmarks by neural networks. Reference [31] established an effective ben-
chmarking approach in DEA by clustering DMUs into a number of layers based
on their efficiency and then introduced a benchmarking method through the
sequence of layers.

In another study, reference [32] applied clustering methods to estimate a
frontier for input-output and clustering of similar DMUs. Based on efficiency
concept in DEA, a stepwise benchmarking method is introduced by [33]. Refer-
ence [34] evaluated airports by DEA and identified benchmarks. Reference [35]
focused on three criteria, e preference, direction and similarity proposing a
method for stepwise benchmark target selection. Reference [36] extended the
stepwise benchmarking to identify a minimization-improving performance in
order to improve the efficiency of units.

Reference [37] focused on the best practice way for benchmark regulation of
electricity distribution and compared DEA, stochastic frontier analysis (SFA)
and Stochastic non-smooth envelopment of data (StoNED) in regulating the
distribution of electricity. They also, examined the performance of these me-
thods by Monte Carlo simulations. Reference [38] specified benchmarks for in-
efficient units by using of the “optimal” weights for inputs and outputs. Based on
linear combination of the efficient DMUs, they proposed benchmarks for an in-
efficient DMU.

Reference [39] proposed an integrated method for a benchmarking network
consisting of an alternative sequence of benchmark goals. They applied K-means
clustering, cross-efficiency DEA and context-dependent DEA methods to mi-

nimize the amount of resource improvement pattern inconsistency aimed at
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selecting a benchmark targets for an inefficient DMU.

Through an additive efficiency decomposition method in DEA, reference [40]
explored the benchmarks of the Investment Trust Corporations in Taiwan and
evaluated the management and investment efficiencies of Taiwanese ITCs. Ref-
erence [41] determined a pattern of targets in DEA using the iterative solving
algorithm for technology with constant returns to scale. Reference [42] devel-
oped their method for variable returns to scale.

In another study, reference [43] applied facet of DEA efficient frontier to spe-
cify the best frontier for benchmarking and ranking of DMUs. Reference [44]
explored the benchmark corporations in a semiconductor industry. DEA models
are utilized to ensure that the benchmark standards are precisely selected.

As can be seen, there has been a great deal of research on benchmarking. The
major drawback of these methods are that the proposed benchmarks by these
methods are suitable for a special period of the time, e.g., past. Information
about future of a system in several periods leads to a better performance of a
system. Also, forecasting techniques that used for benchmarking only focused on
inputs and outputs and their cause and effect relationships have been ignored.

In this study, we present a model based on a new approach and then explain
this method. In this method, if managers are able to estimate inputs and outputs
in the future, they can forecast the performance of the units under evaluation
using this data. So, we introduced firstly the method of system dynamics simula-
tion to forecast the data of the units under evaluation and then we modify the
method of using the classic DEA models to provide a proper model.

This paper suggests a new approach to present a benchmark for inefficient
units and thus makes significant contributions. In sum, the contributions are as
follows:

- Based on system dynamic, cause and effect relationships between demand
management, orders delivery, production flow management and inventory
completion or purchase, are identified as the processes of supply chain busi-
ness.

- Simulation of the supply chain based on the system dynamics identifies key
business processes in the supply chain.

- Future efficiency of supply chain is forecasted using system dynamics simu-
lation and network DEA and a new ranking approach is proposed.

- Benchmark of inefficient supply chain is presented.

- Based on the results of our approach, strategies are proposed for improving

performance to achieve the best performance of the inefficient unit.

3. Research Methodology

In this section, using system dynamics simulation technique, we forecast the in-
puts and outputs and therefore we consider the performance of supply chains that
are composed of five members: end customer, retailer, wholesaler, manufacturer,

and supplier. Each of the members, with the exception of the end customer and
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supplier which have been assumed to be outside the scope of the model, gets or-
ders from the member immediately before them in the chain and can simulta-
neously offer the final product (Figure 1). For this purpose, we draw a caus-
al-loop diagram for each level so that it describes the material flow and subordi-
nate information respectively from the previous level to the next level in the
supply chain.

To model and simulate supply chain, we should firstly draw the causal loop
diagram and then run the simulation, and we translate the causal-loop diagram
to the flow chart. The model used in this study involves a supply chain in which
the structure is linear and is formed by levels of the end customer, retailer, who-
lesaler and manufacturer. Each of the interrelated elements proposed by [4] as
elements constituting the conceptual framework of the supply chain, has been
considered as our conceptual basis in the present study. The elements used to
draws the causal-loop diagram of the supply chain in this study are as follows:

A) The demand is defined as the end customer demand and demand from one
level to the next immediate level.

B) Orders received in the company (retailer, wholesaler, and manufacturer):
Orders consist of the demand sent from the level immediately before the cus-
tomer level and overdue orders of the same level of the chain. Specially, if the
index 7is associated with a level of the chain which has been considered, D,, is
the demand of the level immediately before it and P, is overdue orders of the
given level. Then, the orders of the company are as follows:

Orders of /" company = D,, + P,

C) Overdue orders (retailer, wholesaler, and manufacturer).

D) On hand inventory (including retailer, wholesaler, and manufacturer): On
hand inventory is the amount of the inventory which is available in stock whose
value is never negative. On hand inventory is of significant because it shows the
customer’s specific demand met directly from the inventory in the stock.

E) Demand forecasting (i.e. retailer, wholesaler, and manufacturer): Forecast-
ing is made possible using exponential smoothing.

F) Inventory status (for the retailer, wholesaler, and manufacturer): Inventory
status is defined by the following equation:

The inventory status = on hand inventory + orders which have been submit-
ted but not yet received (products when they are ordered) — overdue orders.

G) Inventory completion orders (retailer and wholesaler).

H) Manufacturing orders (related to the manufacturer): Manufacturing and
inventory completion orders are given based on the inventory policies adopted

in order to manage demand. In addition to the inventory policy, “demand

Retailer — 7 End

]
1
| Supplier e — Manufacturer — { Wholesaler
1
1
! 1

(o]
o
[
P43
o
3
o
=

Figure 1. The members of supply chain.
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» <

forecasting”, “inventory value” and “lead time of production or supply” are con-
sidered to launch manufacturing orders.

I) Lead time (wholesaler and manufacturer).

J) Products on the way (retailer, wholesaler and manufacturer) involves both
the inventory which is not available until the lead time (ie. the time required to
prepare and submit product) and the inventory which is available in stock after
the completing the production process.

K) Production capacity (the manufacturer): It is shown by the number of
product units which are produced in a period of time.

L) Production (the manufacturer).

M) Production lead time (the manufacturer).

N) Fulfillment rates (retailer, wholesaler and manufacturer): Fulfillment rates
are the ratio units submitted to the customers in a given period to the total
numbers of units demanded by them.

Q) Inventory costs (costs of ordering and maintenance for retailers, wholesa-
lers and manufacturers) and the costs of inventory shortages (when the order
fails to be completed on time).

It is logical for these elements to be different according to the type of the
modeled supply chain. After identifying the elements which influence supply
chain members, we define or draw the relationships or impacts between the ele-
ments. Then all the loops made at the time of system modeling, particularly pos-
itive loops which make the system unstable, should be considered, and finally,
after doing the above steps, we eliminate elements that do not affect the system.

In this study, the end customer is someone who demands final products sup-
plied by the chain (demand pull approach). These customers are people who
come to the supermarket to receive the product. The demands created through
these customers are estimated by supermarkets as retailers, and the retailers
purchase the goods needed to sell from large wholesale warehouses that supply
retailers as wholesalers. Several of manufacturing and inventory completion or-
ders display the information flows between all elements forming the chain, whe-
reas the material flows are indicated by delivering goods to these elements. In
other words, each member of the chain is engaged to meet the needs of the
member immediately before it.

In this study, demand management, orders delivery, production flow man-
agement and inventory completion or purchase are considered as the processes
of supply chain business, which show management of the demand of each
supply chain member. After recognition of all variables in the system, and cause
and effect relationships between them, we draw them graphically in the form a
cause and effect diagram.

Causal loop diagrams are drawn with regard to the lowest level of the supply
chain (Figures 2-4).

According to the process approach and network relationships of the supply
chain members, it seems necessary to identify key processes and variables af-

fecting the performance to evaluate more accurately the chain and each of its
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On-Order Products -

Retailer Inventory On-Hand
/ Retailer
+
Lead Time
Wholesaler
Firm Oreders
Retailer +
+
+ -
Inventory Position
Retailer Backlogged Orders
+ - Retailer
- \ S
Replenishment
Orders Retailer
+
Final Customer
Demand
Demand b
Forecasting Retailer
Figure 2. Causal-loop diagram of retailer level [3].
On-Order Products ‘+
Wholesaler Inventory On-Hand
/_,_' Wholesaler
Lead Time
Manufacturer
Firm Orders
+ Wholesaler +
+ -
Inventory Position
Wholesaler - Backlogged Orders
i — Wholesaler
—
Replenishment
Oreders Wholesalerg
+
Retailer
Demand

Demand Forecasing +
Wholesaler

Figure 3. Causal-loop diagram of wholesaler level [3].

members. Simulation of the supply chain based on the system dynamics simula-
tion identifies key business processes in the supply chain. Supply chain man-
agement components are those variables through which business processes are
integrated and managed through supply chain [10].

The concept of supply chain management requires the total efficiency of the
supply chain, as well as the individual efficiency of each member in the supply
chain. Each member in the supply chain aims to achieve an efficiency of 100%.
100% efficiency of a member does not necessarily mean 100% efficiency of a dif-
ferent member. Due to potential conflicts between members of the supply chain,
the inefficiency on the part of a member may be due to the efficiency of another
member.

Some measures related to the supply chain members cannot be considered as

supply chain “input” or “output”. For example, supplier’s revenues are not just
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On-Order Products
Manufacturer

Inventory On-Hand
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Lead Time +
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Backlogged Ordrers

Inventory Position Manufacturer

Manufacturlng - Manufacturer
Orders <"

+

Wholesaler

emand Forecasting Demand

Manufacturer J—/

Figure 4. Causal-loop diagram of manufacturer level [3].

the output of the supplier (the supplier aims to increase it), but it is considered
as an input for the manufacturer (manufacturer aims to reduce it) as well. For
this reason, the concept of supply chain efficiency must be carefully defined and
studied, and we need models to define and measure the efficiency of supply
chain and its members.

Some methods have been developed to determine the performance of the
supply chain members by providing a performance measure [12]. However,
there has been no attempt to find the best performance of the supply chain, no
reliable mathematical model has been developed to simultaneously. In this study,
we focus on 1) define and measure the performance of the overall supply chain
with possible conflicts in specific efficiency values, 2) evaluate the performance
of the supply chain members, and 3) find the best performance and provide so-
lutions to achieve a supply chain with its best performance.

As mentioned, using system dynamics simulation, we identify key business
processes of supply chain and indices influencing the processes. After determin-
ing key indices of the evaluation of the supply chain performance (Figure 8), we
proceed to forecast the values of indices in a future year by simulating the system
dynamics. On one hand, DEA models are past and present-oriented, not fu-
ture-oriented. DEA techniques offer improvement solutions for the inefficient
units to achieve the best performance (benchmarking approach). Since the solu-
tions to improve efficiency in inefficient units are provided by benchmarking ef-
ficient units, and it is possible that these efficient units have a better performance
in the future than their current performance, thus improvement solutions for an
inefficient unit lead to efficiency of the unit in the future. Therefore, to over-
come this weakness of DEA models, we evaluated the current position of the
unit studied which was achieved by system dynamics simulation. Thereby, we
turned efficiency improvement solutions into efficiency improvement strategies

and provide competitive conditions for the units.
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The proposed DEA model determines the efficiency of the overall supply
chain system as well as that of each member of the supply chain and offers solu-
tions to get the best performance from the supply chain. This model eliminates
the need for unrealistic assumptions in conventional models of supply chain and
the probability models.

Supply chain systems consist of an integrated input-output system where each
member of the supply chain applies inputs for production. As a result, we can
classify performance measures of the supply chain members as inputs and out-

puts.

Modeling

Suppose I* and R* are respectively the symbols of input and output sub-
script set of the supply chain member A. The inputs and outputs of each mem-
ber the supply chain are shown respectively by x' (i el A) and y° (r € RA).
Now suppose x, and y, are vectors consisting of x' (i el A) and

y2 (r € RA). Pareto-Koopmans efficiency is applied to provide a definition of
define an efficient supply chain member.

Definition 3-1: Efficient supply chain member [7]: the supply chain member
A is efficient if (x,,y,) isnot dominated.

Considering Figure 5, suppose DI* and DR" are direct inputs and out-
puts of a subscript set for the supply chain member A.

Thus the following notation is used to define intermediate inputs and outputs:

Z* M " intermediate output from the supplier to the manufacturer,
t=1T

Z¥5: ni™ intermediate output from the manufacturer to the supplier,
m=1--M

z™": £" intermediate output from the manufacturer to the wholesaler,
f=1--F

z,; ™" : g" intermediate output from the wholesaler to the manufacturer,
g=1--,G

ZY " I" intermediate output from the manufacturer to the retailer,
=1,

Z ;’M : ¢" intermediate output from the retailer to the manufacturer,
g=1--,0

Z"*: " intermediate output from the wholesaler to the retailer, e=1,---,E

A n" intermediate output from retailer to wholesaler, n=1,---,N

Intermediate outputs have only been defined each one simultaneously
represents the input related to a supply chain member. For example Z° ™
(supplier output) represents the input for the manufacturer [7].

Assume that we have J observation related to each supply chain member
(j=1--,J), Le, we have observed input and output values of x (i € IA) and
y2 (r € RA) respectively. The efficiency of each supply chain member A is
determined by the following input-oriented DEA model with constant returns to
scale [46]:
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ZEB Mg =1,..,Q)

ZHSn=1,..,M) ZyMg=1.,06) Zi"(n=1,.,N)
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> > > .
—> Supplier Manufacturer Wholesaler Retailer
>
§upplier ) retailer
K . A 4
(l e Dlsupplzer ) (T € DRretaLler )

x manufacturer

o manufacturer x [/ hotesaler et
. i i
(iepr ) ; Wholesaler i € pyretailer
supplier (ieDI ) yWhole saler i€
A r
(7‘ € DRsupp[ier ) (T € DRWholesaler )
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A
(r € DRmanufacturer ) ZIM*R (il=1,..,L)

Figure 5. Supply chain.

6" = min 6"
2

J A_A A A A
s.t ZFIQ/.x,.j <60 Xl €l (1)

J A A A A
Zj:lgjyrj < VT €R
D220, =1,,J.

If 0* =1, the supply chain member A is poorly efficient. Also, for the inef-
ficient performance, model (1) provides projection paths onto efficient frontier
via the optimum values of ijlgf*xﬁ and Z;@;‘.* vy -

Owing the potential conflicts in the intermediate measures taken by supply
chain members, performance of supply chain cannot be simply defined by
non-dominancy using model (1). Suppose Assume that w, represents us-
er-specified weights reflecting the priority of the performance (operation) of
supply chain members. Thus, the following linear programming problem is ap-

plied to assess the performance of a supply chain [7]:
4

4
Q= mn >YwQ /Dw
i=1

QA B0 2
S.t
(Supplier)

.

J
i _ plicr - i
E/l.x,.” + 5, PR = QP [ e DI
Jy ! 0
=

/

J
ippli +supplier __ ippli supplier

2 A = =Yy, -’ €DR
=

2 s s s

M M _ ~S-M
Z/ijztj -5, =z t=1,---,T
J=1

J
M-S | M-S _ M-S _ _ 1
Zﬂ,‘/zm/. +sy =2, m=1-- M
J=1
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(Manufacturer)

J
> Bx; +5; =Q,x; ,ie DI
=

J

facturer + acturer __ acturer manufacturer
2B,y 5 = Yy .+ € DR
=

J
S-M | S-M _ =S-M . _q ..
Zﬂjz{/. +s, 0 =2, ,gt=1,---,T

fo

J
B U SN ] F
Jj=1

J
WM | W-M _ sW-M 1
2Bizg sy =g g =1G
Jj=1
J

M-R M-R _ zM-R 7 _1 ..
2Bz =5 =2, Sl=lL

J=

J

R-M R-M ~R-M
2Bz s =2 =10
=

(Wholesaler)
J hol 7, hol ], hol 7, hnl
Z5sz-j +; =Q,x; ,ieDI
Jj=1
J o], wholesal wholesal wholesaler
Zé/yrj -, =Y ,y€DR
Jj=1
4 M-w M-w M-W
20,7y s =2 [ =1 F
Jj=1
W-M _ W-M _ W-M _ _1 ...
.ldl.zg,. =85 =y ,g=L.G
=
z W-R W-R W-R
20,7y = =E e=1 E
=1
z R-W R-W R
-W __ =R-w
Zé'jz"/. +sy 0 =Z,0.n 1,---,N
Jj=1
5,20, j=157
(Retailer)

J

retailer —retailer __ retailer  + retailer
Z}/jxij +5; =Qx """ ie DI
=

J

retailer +retailer __ _ retailer retailer
2y =) =Yy TE€DR
J=1
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J
R-M R-M _ ~R-M _ _
Z)/quj _S4 _quo ’q_la"':Q

W-R | W-R _ sW-R _ _1
Z}/‘/zej +s, 0 =2y ,e=1,--- E

J
RW _ RW _ sR-
Z;/.z -5, =z, ,n=L- N

Jjoni
7,20, /=10

Obviously, if Q" =1,then 6" =1,and 6" is the optimal value of the mod-
el (2). In other words, if Q" =1, then all members of the supply chain are effi-
cient.

It should be noted that Q" can be an index for input or cost savings for (in-
efficient) supply chain. The smaller the Q, the more savings can be made to
achieve the best performance. The same observation can also be made to 0

supply chain best performance. Also

supplier” acturer” hol
(wﬂmpp’” +w, 0" +w,6

* *
I retailer 4
+w,0 ) / > oW

is the index for input savings that can be by all supply members combined. The
theorem shows that the overall supply chain can achieve further input savings
resulting in better performance.

Theorem 3-1 [7]

* ippli " turer” wholesaler” retailer” 4
Q S(wlﬁ +w,0 + w0 +w,0 )/Zi:lw,.

Based on Zhu’s idea, we proposed a model to evaluate overall performance of

supply chain and each member as follows:

K lier
) 1 PP
: supplier _ Z ) i
min) w 1 D[supplier ieDIspplier xsupplier
io
1 manufacturer
+ Wmanufacturer 1 S;

i
z jeprmantacturer g facturer
xio

N | D [manufacturer

1 wholesaler
+ wwholesaler 1_ z Si
| DI wholesaler iepy¥holesaler xi\:;holemler
1 retailer
tailer i
L N el
retailer ieDI" retailer
2 X
s.t
(Supplier)

J

ippli —supplier _ ippli : supplier
lexij +5, =X ,ie DI
=l
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8,20,j=1,J

(Retailer)

10

J
retailer —retailer __ _ retailer - retailer
Doy X s, =y i e DI
=
L I I 1 1
retailer +retailer __ _ retailer retailer
Zyjy;:j _sr _ym ’FEDR
Jj=1

J

M-R M-R _ =M-R 7 _1 ...
Z;/jz,j +s, =%, =1L
1

J

R-M _ R-M _ sR-M _ _
Zyqui =i =%, »4=L.0
j=1

7]’ 20,]21,"',J

Theorem 3-2 if Q" and Q are optima of objective function for model (2)

and model (3), respectively then Q<.
Proof: Suppose that

turer
N

* £3 e3 * * * * * _ rr’. +suppli
(Z :ﬁ ;5 57/ :QDQ27Q3’Q4’S ;S ,S

waholesaler S+wh0]esaler S*Vetailer S+retailer S*S*M S*M*S s*S*M *M-S

turer
>

*M-W

s s s s 9] 997 L) 59 m L) 5

*W-M S*M—R S*R—M S*M—W S*W—M S*W—R S*R—W S*M—R S*R—M S*W—R S*R—W)

2 22 02 203 03 93 293 394 294 04

>3y

is optimal solution of model (2) and also Qs optima of objective function for

the mode. It is easily to see that:
A=A, p=p", =5, y=y

S;arupplier — sfsupplier + (1 _ Q’]* )x;upplier ,

§+supp1ier — S+supplier
5 turer _ = trer (1 _ Q; )x:mnuﬁzcturer ,
§+ acturer =g facturer
i holesal. 5 holesal +(1_Q;)x;4/holesaler
~+ — S+
S;fretailer — Sfretailer + (1 _ QZ ) x:etailer
~+retailer +retailer
S =S
~S-M S-M ~M-S *M-S
T =S » S =8
~S-M _ *S-M  ~M-S _ *M-S  ~M-W _ *M-W  ~W-M _ *W-M
S; T8 5 8 =85, 85 0 =5 » 5 =5 >
~M-R _ ~*M-R  ~R-M __ _*R-M
2 =5 » S =5
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MW _ MW =W-M _ *W-M  ~W-R _ *W-R =R _ *RW
83 =53 > 83 =53 > 83 =8 5 85 =8
~M-R _ *M-R ~R-M _ *R-M  ~W-R _ *W-R ~RW _ *RW
5" =s, , S, =8, , 8, =8, 0, 8, =8,

is feasible solution of model (3) and also:

—supplier O supplier
_ mior 1 s + (1 Q )xo
Q=w"” l-— z lier
supplier ieDI*"PP supplier
DI X
—manufacturer * manufacturer
s, +(1-9)x
manufacturer 1 i 2 o
tw ‘ 1- | G ieDI r manufacturer
D X;
io
1 S.fwholemler + (1 _ Q; )x‘\)fvholemler
+ lemlesaler 1 _ Z i
| D [wholesaler iepy¥holesaler xiv(:'holesaler
—retailer * retailer
retailer 1 S; + (1 - Q4 )xﬂ
g oL
|Dlretailer iepyretaiter xretailer
io
— WsupplierQ;‘ +w turer Q; +w holesal Q; + WretailerQ:
supplier
+ Wsupp[ier 1 z Si
- . : supplier — 0T
supplier ieDI PP supplier
DI X
1 manufacturer
manufacturer S i
tw | @ ieDI K manufacturer
DI cturer X’
io
wholesaler
wholesaler 1 S i
+w - " - ryywholesaler — -~
| DI wholesaler ieDI x'whulesaler
io
retailer
+ Wretailer _ 1 Z S,'
retailer ieDI"®er " retailer
2 X0
* *

<w ippliel Qr +w ifa erQ; + thole.xalerQ3 + Wrela[lerQ: =0

So Q<O=<Q

So model (3) is more exact for identifying of inefficient supply chains.

As mentioned in the previous section, the information obtained based on the
projection presented by DEA models is not enough to improve activities in the
future and provide a suitable model. In this method, our work is on this basis
that if managers can forecast inputs and outputs in the future, they can present
the model of the units under evaluation in the future using this data. For this
purpose, system dynamics simulation has been combined with DEA models as
follows.

To evaluate the under evaluation supply chain as has been shown at follows,
current inputs, intermediate measure and outputs of the chain are considered,
but for other units, forecasted inputs, intermediate measures and outputs are

used.
k+1 k+1 k+1 k+1 k+1 | k+1 k+1
DMU, ~(x11 > X 521 57 21 Vi ot Vi )

sMm >

K.k ko _k ko k k
DMUP'(X X le"”’zldypl"”’yps)
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K+l | K+1 k+1 k+1 k+1 _ k+1 k+1
DMUn '(xnl 4 X le ’ ’lel ynl s ’yns )

So using the results of this evaluation, a new projection can be introduced for
inefficient units. In short, the given process is explained as the following algo-
rithm:

1) Collecting the input, intermediate and output values of the units under
evaluation.

2) Forecasting the inputs and outputs of the units under evaluation in the fu-
ture.

3) At each stage, the unit under evaluation is placed in the current coordinates
and other units are placed in the forecasted coordinates, and

4) Running the DEA model.

4. Case Study

The frontier of supply chain model of the milk industry in Fars province, Iran
has two members of retailer and manufacturer. Supplier, and end customer are
out of the frontier of the assumed model (Figure 1). Specifications of the model
(the values of the parameters used) to simulate each of the supply chains of one
year (365 days) has been presented in Table 1.

Each applied research requires the study and recognition of the parameters
affecting the subject of the research. Therefore, in order to identify and extract
indices affecting supply chain, extensive field studies and library research were
done on the variables and indices available in different activity areas of the
supply chain. Here the variables are introduced based on APIOBPCS' model [45]
[46], which were used to draw the causal loop diagram, see Figure 6 and Figure
7.

Figure 6 and Figure 7 show the end customer demand and the demand of
other levels at its next level, orders of the company, overdue orders, inventory
status, demand forecasting, inventory completion orders, manufacturing orders,
lead times, the products on the way (products produced by the manufacturer
and the products which are on their way to the retailer), production capacity,
production, production lead time and fulfillment rates.

By identifying which one of the above mentioned variables are auxiliary, level
or rate variables, the causal loop diagram must be transformed into a flow chart.
Note that the variables required to create an appropriate flow chart are added to
the flow chart while they are not required in the causal loop diagram (especially
rate variables which are correct level variables).

Given the multiplicity of indices because of the extent of supply chain activi-
ties, the most important indices of among the indices presented above, which
affect the efficiency evaluation, were selected according to interviews with ex-
perts and managers in the industry. Selected indices are in Figure 8.

After identifying the variables as auxiliary, level and rate variables and draw-

ing flow charts, it was needed to write equations related to each of the variables

!Automatic Pipeline, Inventory and Order-Based Production Control System (APIOBPCS).
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Figure 6. Manufacturer level.
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Figure 7. Retailer level

and enter the equations into the software to run the simulation. By entering the
equations of each of the supply chain variables, we run the simulation. After de-
termining key indices of performance evaluation as showing in Table 2, the fo-
recasted values of the indices under evaluation in the next year, resulted from

the simulation, were recognized in Table 3.
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Figure 8. Indices of evaluation of the supply chain performance.

Using the values of indices for each of the chains, DEA model was used based
on the proposed method. In order to provide a better understanding and to
show more inputs savings for each supply chain member, DEA model (1) was
made individually for each member of the chain and efficiency of the overall
supply chain was obtained from the average efficiency of its members. We com-
pared the results of both models, which have been presented in Table 4, the re-
sults of the model (2) indicate a more accurate performance of the chain and
specify, in collaboration with its members, the performance of the overall supply
chain.

Columns 2 and 3 in Table 4 specify the performance of supply chains based
on model (1). Column 4 shows the efficiency scores of the supply chain mem-
bers. The supply chain performance has been presented in Column 5, while Q:
has been shown in two columns. Although some supply chain members are effi-
cient, only the performance of one a supply chain (supply chain 4) is efficient. In
other words, supply chain 4 the best performance among supply chains.

Note that in this case, all members of the supply chain are efficient. As we can
see, the average efficiency score of the supply chain members (Column 4) is
greater than that of the supply chain (Q"). For example, consider the supply
chain 5 in which a member of the supply chain (retailer) acts efficiently. The av-
erage efficiency of the supply chain members is equal to 0/952 and the efficiency
score of the supply chain is equal to 0/932, which implies that the supply chain
system is able to provide more inputs savings. Optimum values obtained from
the model (2) show strategies of moving towards the best performance for ineffi-
cient supply chains.

Consider the supply chain 1, Q) =1 which indicates that the retailer has an

efficient performance and that there is no need to change the measures
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Table 4. The results of the efficiency scores of the supply chain.

DMU, is placed in the period #and other units are placed in £+ 1.

Efficiency of supply chain Efficiency of member of supply chain
Retailer ~ manufacturer Supply chain  Average Retailer ~ manufacturer
Q; Q]‘ o greaiter Qrandacturer’ DMU
1 0.871 0.935 0.965 1 0.931 1
0.97 0.692 0.831 0.85 1 0.701 2
0.747 0.948 0.847 0.986 0.972 1 3
1 1 1 1 1 1 4
0.864 1 0.932 0.952 1 0.904 5

associated with the retailer, but to achieve the best performance of the supply
chain 1, the manufacturer must reduce the inputs of its system to the value of
Q,. The completion rate of the manufacturer must increase from the current
completion rate of 98% to 99%. Products delivered to the retailer must be re-
duced by about 1%. These solutions, which are based on the best performance,
show that the manufacturer should be able to keep 99% completion rate, while it
reduces the products delivered to the retailer. Some supply chains may work
with high cost and product accessibility, while others may tend prefer to have
lower levels of service.

Efficiency of DEA presented in this study provides a method to identify and
measure supply chain efficiency and also the efficiency of supply chain members
making it clear that two supply chains may have different combinations of in-
put-output, but be efficient. Model (2) enables supply chain members to im-
prove collectively supply chain performance. Using model (2), each supply chain
can find ways to achieve the best performance and to gain competitive advan-

tage.

5. Conclusions

Unlike DEA models, the aim of this study was not to compare and rank the units,
because DEA models evaluate the performance based on the past data. Solutions
suggested based on the performance of the unit cannot be efficient based on past
data and the results cannot be a beacon to guide organizations towards the fu-
ture.

Therefore, in this study, we decided to give a solution to deal with this prob-
lem. We used the system dynamics simulation and by modeling the supply chain
behavior and creating relationships between variables of the supply chain. Pro-
viding equations which show the relationships between variables, we predicted
the behavior of the supply chain in the following year. With the help of the fore-
casted information on the variables in the future, we evaluated the supply chain
performance using DEA. We kept the supply chain under evaluation in its cur-

rent situation and transfer the remaining supply chains into the future. We
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evaluated the performance of the unit under evaluation in relation to the fore-
casted performance of the rest of the units in the future. Instead of offering solu-
tions to improve performance based on past data, we presented strategies for
improving performance on simulated data to achieve the best performance of
the inefficient unit on the frontier of efficiency.

Although the method is effective, there are some limitations for further re-
search. This technique cannot be applied for undesirable inputs or outputs. Un-
certainty demand is another problem. So the model needs to extend for stochas-
tic data on pricing decision and product choice. Furthermore, Malmquist index

can be considered to evaluate technological changes in two periods of time.
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