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KKEEYYWWOORRDDSS                                  ABSTRACT 
 

This paper represents a model of strategic programming with 
limited resources in a complex supply chain. The main goal of the 
proposed model is to increase efficiency and effectiveness of the 
supply chain with respect to income increases and cost decreases. 
Using special objective functions, has guaranteed the lean supply, 
production, distribution and suppliers' selection strategies. 
Furthermore, it can use for production programming in the supply 
chain. Moreover, customer satisfaction has also been perceived, by 
using minimization objective functions of shortage amount and 
restrictions of maximum allowed shortage. In this model, objective 
functions have been defined in a way, which directs the supply 
chain to the lean. Finally, after determining strategies according 
to objective functions and constraints, the optimal strategies using 
multi-criteria decision making - ELECTRE process- have been 
chosen. 
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11..  IInnttrroodduuccttiioonn

                                                

∗ 
Ensuring competitiveness in today’s globally 

connected marketplace is very demanding, and calls for 
different business strategies than what were employed 
by businesses in the past. Today’s businesses have to 
be more adaptive to change. In order to survive in 
competitive business, they need to be better suited to 
handle fluctuations in an ever-changing market than 
their competitors.  
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Production and manufacturing establishments are also 
faced with such challenges additionally to managing 
and modification their supply chains [19]. The key 
problem in a supply chain is management and 
coordinated control of programming for supply and 
demand, selecting the suppliers, provision of the raw 
materials, production and programming of the product, 
maintaining the goods, inventory control, distribution, 
delivery and service to the customers. Strategic 
programming of the supply chain causes that the 
customers can receive reliable services, with high 
quality, fast and with the least-cost [6]. 
Quantitative modeling for sstrategic supply chain 
planning continues to be a fruitful research area. The 
purpose of the modeling is usually to provide effective 
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decision support for strategic resource allocation in the 
longer term, including factors such as: Selection of 
suppliers, configuration of manufacturers and 
distributors’ capacities, as well as allocation of these 
capacities to products and so forth [8, 9]. 
The presented models for optimizing the activities of 
the supply chain have been designed in 3 levels. The 
first type is the models that their objective is studying 
each type of the chain in a separate form. For example, 
we can refer to the presented models for selecting the 
suppliers in a supply chain, the presented models for 
reducing delivery time in distribution centers and so 
forth.  
The second one is the models that only for reducing the 
costs create relation between producers, and 
distributors or the distributors and the customers. The 
third type of these models is the presented qualitative 
models for each part of the chain or combination of the 
two parts in the chain [8]. In studying the models 
related to the first and second types, we cannot declare 
obviously that they have the most optimum decisions 
and results because, these results are out of the bilateral 
relation between the parts and nods and sensitivity of 
affecting a part on another part in these types of models 
have not been considered.  
In the study on the third type models, also due to non-
quantitative decisions we cannot  refer to them exactly 
for performance, and they only are executive for the 
quality of the performed affairs. In most of these 
models, the model has become far from the world of 
reality regarding various hypotheses. However, we 
have attempted to adopt this model with the real 
conditions of one supply chain to the extent that is 
possible [20].  
Ereng et al (1999) have mentioned designing of the 
supply-chain network as a strategic decision making 
matter for the production-distribution models. In this 
decision making, they determine the number of the 
places for suppliers of raw materials, products, 
inventory in the process and distribution facilities for a 
period of time [2]. 
Yang et al (2002) have created a compositional model 
for production-distribution. They have studied a set of 
producers, distributors and the customers, and 
developed their model with a supposition for 
completing a product in several phases of production at 
each plant.  
Moreover, they have mentioned that there is a 
possibility for making an integrated model for supply, 
produce, and distribution [3]. Scott et al (2003) have 
developed on the combination of the affiliates of 
transportation and storage (production-distribution) in 
the supply chain based on the simulator model [5]. 
Fu et al (2004) have studied the improvement of 
quality for supply chain with consideration of 
prioritizing in suppliers.  
In this model using the quantitative models and 
formulas in expressing the problem and statistical 
looking to the manner of selecting the customers, 

optimization of the supply chain has been carried out. 
Finally, the research findings were studied with 
performing a case study. One-dimensional observation 
of the problem and abundant constraints are the defects 
for the presented model [7].  
Graeme (2005) has presented a qualitative model 
concentrated on the time of delivering goods to the 
customer for improvement of the supply chain using 
six-sigma. This method has tried to improve the 
function of the supply chain without considering 
mathematical programming [10].  
Mohammadi et al. (2011) presented a model for the 
capacitated single allocation hub covering location 
problem. The objective of this model is introduced to 
minimize service times in the hubs [21].   
Hongyan (2007) has presented a mathematical model 
for strategic programming of the limited sources in the 
supply chain.  
This model with a comprehensive approach attempted 
to optimize the supply chain with the purpose of 
reducing the costs; this model is the closest model to 
our research, but in this method, other purposes for the 
supply-chain management such as selecting the 
suppliers, reducing the waste materials, increasing the 
customers' satisfaction, etc. have not been considered 
[13]. 
Yang et al (2006) have an approach of coordinating the 
supply-chain plan by allocating response-time among 
the node firms and assigning production time and 
logistics time rationally to each node firm [3]. 
Leung et al (2008) have considered the problems of 
coordinating serial and assembly inventory systems 
with private information where end-item demands are 
known over a finite horizon. At the core of the solution 
procedure is a supplier–buyer link model that can be 
used as a building block to form other supply chain 
configurations [17].  
Francas et al (2008) have studied on the network 
design problem of a firm, which produces new 
products and reproduces returned products in its 
facilities [16]. 
Wang et al (2008) have a business model of capacity 
planning and resource allocation in which consists of 
two profit-centered factories [15]. 
Jawahar et al (2008) have considered a two-stage 
distribution problem of a supply chain that is 
associated with a fixed charge [14]. 
Sarker et al (2008) have an optimal policy for 
production and procurement in a supply-chain system 
with multiple non-competing suppliers, a manufacturer 
and multiple non-identical buyers [18]. 
In the last decade, considerable attention has been paid 
to the supply-chain management problems. Some of 
the research results on supply-chain management 
problems were reported and reviewed in Hongyan Li et 
al (2007) [13]. 
A study on the balanced allocation of customers to 
multiple distribution centers was found in Zhou et al 
(2002). However, they dealt with an un weighted 
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allocation of customers to distribution centers without 
considering the demands of different customers; and 
what they were to balance is the “average” shipping 
cost of each distribution center, which cannot  lead to a 
true balanced workload allocation state. In this paper, a 
weighted sum of the demand and the shipping time is 
utilized to represent the delivery workload of a DC, 
which serves as the proxy of general workload and is 
embedded in the bi-level model to study the cost 
minimization problem [4]. 
Park (2005) presented a method for integrated 
production and distribution planning. He investigated 
the effectiveness of the integration through a 
computational study with the objective of maximizing 
the total net profit.  
This is considered one of the best production-
distribution models in the literature, because it is a 
relatively realistic model considering multiple capacity 
constraints within a multi-period planning horizon. 
Moreover, the model involves some fixed costs at 
different operation stages. Having proposed a MIP 
model, Park then presented alternative solutions and 
compared them in a computational study. In addition, 
sensitivity analysis was carried out on capacities and 
fixed costs.  
However, this study assumed that the plants have an 
unlimited storage capacity, and the firm can change the 
fleet size freely without extra cost, but in real 
operations, these assumptions are not often realized. 
Additionally, the model did not take changeover cost 
and production batch size constraints into account at 
the production stage.  
Moreover, the solution procedures have some 
limitations, for example, the decoupled models do not 
always give feasible solutions, since they ignore the 
interactions of different operation stages. Although the 
problem considered a supply-chain network 
configuration, including multi-plants, multi-retailers, 
multi-items, and multi-period environment, the key 
disadvantage is that no raw material procurement 
activities were considered [11]. Hongyan Li et al. 
(2007) [13] proposed a capacity allocation problem is 
discussed based on a more complex supply chain than 
has been typically considered in previous quantitative 
modeling studies.  
This study, analyses an integrated supply chain 
operation from raw material purchasing to final 
product distribution.  
The aim is to optimize the allocation of capacities 
among different facilities and product items. In this 
study, a mixed integer programming model with 
dynamic characteristics is presented, and then 
alternative solution procedures are introduced. The 
solution procedures include the development of a 
decomposition heuristic and an integrated heuristic 
algorithm.  
A computation study compares the solution procedures 
and uses sensitivity analysis to prove the capability of 

the heuristics. Thus, by adequately modeling, it will be 
applied for a more realistic sized supply chain problem. 
Cheshmberah et al. (2011) presented a mathematical 
model for optimum single-commodity distribution in 
the whole of chain stores.  
The aim this model is to find the optimum pattern to 
move and store goods based on the minimum cost just 
in the distribution part of a supply chain [22]. The 
majority of the published research treats each stage of 
the supply chain as a separate system, e.g. only the 
manufacturing stage, or production and distribution 
integration.  
Few studies have considered a supply-chain network 
from raw material procurement to final product 
distribution and their interactions. 
The presented model has studied strategic planning of 
limited sources for the procedures of the supply chain 
with regard to the costs of raw materials, production, 
transportation, distribution, shortage, waste materials 
and with consideration of the limitations for capacity of 
limited sources.  
Furthermore, with considering the purpose functions, 
optimization of the incomes and minimization of the 
costs, we have attempted to increase efficiency in the 
supply chain. In following, the introduced suggested 
model and purpose functions and limitations have been 
defined.  
Then by using multi-standard decision making, a 
method has been presented for combination of purpose 
functions and selection of optimum production 
strategies. 
 

22..  PPrrooppoosseedd  MMooddeell  
In this model, a supply-chain  network based on 

raw material flow, work in process flow and product 
flow as depicted in Fig. 1 will be considered. This 
complex supply chain network includes multiple 
suppliers, production center, contractors and 
distributions centers. 
These contractors have some abilities to supply 
products in process and final products. Moreover, they 
have direct relation with the producers (for the sale of 
products in the process) and distributors (for the sale of 
products). At the end of the model some distributors 
have been considered as well, that they can be regarded 
as representatives for the plant sale and a mediate 
between the producers and the customers (Fig. 1). 
 

 
Fig. 1. Supply Chain. 
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The main purpose of the model is to determine the 
manner of optimum allocation for the sources in 
general supply chain with consideration of the limited 
capacity of the suppliers, producers, distributors and 
transportation with considering the lean conditions in 
the chain.  
In this model, “production capacity” is determined 
considering the available time for each producer in 
each period and also warehouses’ capacity and 
capacity of each distributor as well as the constraints in 
dispatch and transportation.  
In addition, the capacity of each producer is 
independent of other producers. The capacity of the 
producers is equal to the maximum access space and 
with regard to the existing demands in each time 
period. Moreover, the producers' capacity is with 
considering the maximum raw material that each 
supplier can provide and available capacity for the raw 
materials in the warehouse is determined in each time 
period. In addition to the above constraints, some other 
factors have been considered such as changes in the 
production rate, the production type and the production 
capacity for the products in the process as well as the 
minimum economic capacity. 
Overall, the study is based on the following 
assumptions: 

• The final product of each department is not held 
for all periods. For example: all products are 
transported to distribution centers in each 
period, and product inventory incurs in 
distribution parts at the end of each period. 

• The demands generated at each distribution 
center are independent of each other. 

• Each product can be produced in at least one 
production centers, and each production center 
can produce at least one products. 

• The distribution centers cannot supply their 
shortage from other distribution centers. 

• The cost of waste materials in each place is 
allocated to the same place. 

 
2.1 Model Formulation  
Considering the presented explanations, the suggested 
model is defined as follows: 
 
2-2. Parameters 
Raw material: The raw material that is acquired in the 
supply centers. 
Products: the product that is produced in the production 
centers and is sent to the distribution centers. 
Products in the process: the products which are 
produced in the production centers and are sent to other 
production centers as raw material. 
i : Counter of the centers for supplying raw materials 
( ). Ii ,,2,1 K=

pj, : Counters of the production centers for products in 
the process and the products 
( , ,JP= Jj ,,2,1 K= Pp ,,2,1 K= ). 

k: Counter of the centers for distribution of the 
products ( Kk ,,2,1 K= ). 
q: Counter of the contractors ( ). Qq ,,2,1 K=
n: Counter of the raw material ( ). Nn ,,2,1 K=
m: Counter of the products in process ( Mm ,,2,1 K= ). 
l : Counter of the products ( ). Ll ,,2,1 K=

lkd : The rate of demand for product l, in the k 
distribution center 

: The price for each unit of the product l. lpr

ljkctfd : The transportation cost for each unit of the 
product l from the production center j to the distribution 
center k. 

nijctsf : The transportation cost for each raw material n 

from supply center i to the production center j . 

mjpctff  : The transportation cost for each product in the 
process m from the production center j to the production 
center p. 

lqkctcf : The transportation cost for each unit of the 
product l purchased from the contractor q by the 
distribution center k. 

mqjctcff : The transportation cost for each product in the 
process m purchased from the contractor q by the 
production center j. 

ljcp : The cost for production of each unit of the 
product l by the production center j 

lqcb : The cost for purchasing of each unit of the 
product l, from the contractor q. 

mqwc : The cost for purchasing of each unit of product 
in the process m, from the contractor q. 

lkcdc : The cost for distribution of each unit of the 
product l in distribution center k. 

ljca : The cost for setup of the production center j  for 
producing the product the l. 

mjac : The cost for setup of the production center j  for 
producing the products in process m. 

lkcwhs : The cost for storage of each unit of the product 
l by the distribution center k. 

mpcwhf : The cost for storage of each unit of products in 
process m in p production center. 

njcwhrs : The cost for storage of each unit of raw 
material n in production center j. 

lkcsh : The cost for shortage of each unit of the product 
l by the distribution center k . 

nicsu : The cost for obtaining each unit of raw material 
n in supply center i  

mjcw : The cost for producing each unit of products in 
process  m in the production center j. 
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nicsvrs : The cost for the wastes in supply center i for 
raw material n. 

mpcsvwf : The cost for the wastes in production centers 
p for products in process m. 

ljcsvpf : The cost for the wastes in the production center 
j for producing the product l. 

lkcsvpd : The cost for the wastes in the distribution 
center k for the product l. 

lqcsvcd : The cost for the wastes from the contractor q 
for the product l. 

mqcsvcf : The cost for the wastes from the contractor q 
for the product in the process  m. 

nlrm : The rate of raw material n that is consumed for 
producing the product l. 

nmrmw : The rate of raw material n that is consumed for 
producing the product m. 

mlnw : The rate of products in process m that is 
consumed for producing the product l. 

nisvrs : The cost for the wastes in obtaining raw 
material n in supply center i . 

ljsvpf : The cost for the wastes in producing the goods 

l in  production center j
mjsvwf : The percent of the wastes in producing the 

products in process  m in j production center. 

lksvpd : The percent of the wastes from distribution of 
the goods l in the distribution center k. 

lqsvlpc : The percent of the wastes from the contractor q 
for the product l. 

mqsvmpc : The percent of the wastes from the contractor 
q for the products in process  m. 

jttpa :The access production time of j production center. 

ljtsp : The setup time of j production center for 
producing the product l. 

ljtpp : The required time for producing the product l in j 
production center. 

mjtsw : The setup time of j production center for 
producing the products in process  m. 

mjtwp : The required time for producing the products in 
process  m  in j production center. 

kvwhd : The capacity of warehouse for distribution 
centerk  

jvwhf : The capacity of warehouse for production 
center j. 

lvnp : Necessary volume for warehousing each unit of 
the product of l. 

mvnw

nvnr : Necessary Capacity for warehousing each unit of 
raw material of n. 

xM : A large number that is greater than the total 
amount of the productions. 

xM : A large number that is greater than the total 
amount of products in process. 

qM : A large number that is greater than the total 
amount of the demands for the products. 

qM : A large number that is greater than the total 
amount of he products. 

ljb : It is equal to one in case that the j plant can 
produce the l product; otherwise it is equal to zero. 

mjc : It is equal to one in case that the j plant can 
produce the products in process of m; otherwise it is 
equal to zero. 

lqe : It is equal to one in case that the contractor  can 

supply l  product, otherwise it is equal to zero. 

q

mqf : It is equal to one in case that the contractor q can 
supply the products in process of m; otherwise it is 
equal to zero. 
 
Variables:  

ljx : The number of producing the l  type product in the 

j  production center. 

mjx : The number of producing the products in process 

of m type in the j  production center. 

lqknlpc : The number of product the l  type from the 

contractor  for the k  distribution center. q
mqjnmpc : The number of producing the products in 

process  of m type from the contractor q for the  
production center . 

j

nijnsf : The number of delivering raw material type n 

from supply center i to the j  production center. 

ljknfd : The number of delivering product type l  from 

production center  to the k  distribution center. j
mjpnff : The number of delivering the products in 

process  of  type from the  production center to  
production center . 

m j p

lkndc : The number of distribution of product type l  in 

distribution center k . 

lknwhs : The remained amount of product type l  in 

distribution center k  at the end of the period. 

mpnwhf : The remained amount of products in process  
type m  in distribution center  at the end of the period. p

: Necessary volume for warehousing each unit 
of products in process  of m. 

lknsh : The shortage amount of product type l  in 

distribution center k  at the end of the period. 
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njnwhrs : The remained amount of raw material type  

in production center 

n
j  at the end of the period. 

mjnwhcpf : The warehouse of products in process  type m 

entered into production center j  at the end of the period. 
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The equation (1) expresses the objective function for 
optimization of the income and costs, Section 1 in 
equation (1) expresses the objective function for 
optimization of the income, Section 2 in equation (1) 
indicates the objective function for minimization of the 
costs related to acquiring raw materials from supply 
centers, producing of work in process products  and 
products in the production centers, distribution of the 
products in distribution centers, and purchase of work 
in process products  and products from the contractors, 
Section 3 in equation (1) indicates the objective 
function for minimization related to transportation 
costs in the whole supply chain, Section 4 in equation 
(1)  indicates the objective function for minimization 
related to start up of production centers for producing 
of work in process products  and products, Section 5 in 
equation (1) indicates the objective function for 
minimization related to raw materials, work in process 
products and products storage costs, Section 6 in 
equation (1) indicates the objective function for 
minimization of costs related to shortage of products in 
distribution centers, Section 7 in equation (1) indicates 
the objective function for minimization of the costs 
related to the created wastes in the supply chain. The 
equation (2), indicates the objective function for 
minimization of the shortage number from each type of 
the products in distribution centers. The equation (3) 
indicates the objective function for minimization of the 
stored number from each type of raw materials in the 
production centers. The equation (4) indicates the 
objective function for minimization of the stored 
number from each type of work in the process products 
in production centers. 
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The equation (5) indicates the objective function for 
minimization of the stored number from each type of 
products in distribution centers. The equation (6) 
indicates the objective function for minimization of the 
sent waste rate from each type of raw materials from 
the supply centers to producing centers. The equation 
(7) indicates the objective function for minimization of 
the sent waste rate from each type of work in process 
products from production centers to other producing 
centers. The equation (8) indicates the objective 
function for minimization of the sent waste rate from 
each type of products from production centers to 
distribution centers.  
The equation (9) indicates the objective function for 
minimization of the sent waste rate from each type of 
products from distribution centers to all the customers. 
The equation (10) indicates the objective function for 
minimization of the purchased and sent waste rate from 
each type of work in process products from the 
contractors to all the production centers. The equation 
(11) indicates the objective function for minimization 
of the purchased and sent waste rate from each type of 
purchased goods from the contractors to all the 
distribution centers. 
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The relation (12) indicates the limitation related to 
access time in each plant. The relation (13) indicates 
the constraints related to the capacity of warehouse 
volume in each distribution center.  
The relation (14) indicates the constraints related to the 
capacity of warehouse volume in each production 
center. The relation (15) indicates one logical 
limitation related to the production or non- production 
of one product in a production center.  
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The relation (16) indicates one logical limitation 
related to the production or non-production of one 
work in process products in a production center. The 
equation (17) indicates logical constraints for 
calculating the shortage and remained amounts for 
each product in each distribution center. The equation 
(18) indicates one logical limitation for calculating the 
sent amounts from each product to the customer in 
each distribution center.  
The relation (19) indicates controlling constraints for 
optimal performance of the constraints in the equation 
(17). The equation (20) indicates one logical limitation 
for determining the production rate and number of sent 
amounts from each product and from each production 
center to the distribution centers. The equation (21) 
indicates logical constraints for calculating the 
remained amounts from each raw material in each 
production center.  
The equation (22) indicates one virtual warehouse for 
each type of work in process products  purchased from 
the contractors and received from other production 
centers  and their maintenance for the next period 
during all the time periods. The equation (23) indicates 
logical constraints for calculating the remained 
amounts from each type of work in process products at 
each production center.  
The relation (24) indicates the limitation related to the 
possibility or non possibility for supply of each product 
by each contractor for the distribution centers. The 
relation (25) indicates the limitation related to the 
possibility or non possibility for supply of each work in 
process product by each contractor for the production 
centers. 
The main purpose of the presented model can be the 
following cases: 

• Calculation of the optimum allocation of the 
limited sources in the integrated supply chain. 

• Directing the supply chain toward the lean 
considering the equation (2 to 11). 

• Obtaining the rate of optimum production of 
each product in every production center. 

• Obtaining the rate of optimum production of 
each work in process product in every 
production center. 

• Obtaining the rate of optimum purchase of 
each work in process product in every 
contractor center for every production center. 

• Obtaining the rate of optimum purchase of 
each product in every contractor center for 
every distribution center. 
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• Obtaining the rate of optimum delivery of each 
raw material from every supply center to every 
production center. 

• Obtaining the rate of optimum delivery of each 
product, from every production center to every 
distribution center. 

• Obtaining the rate of optimum delivery of each 
semi-made material from every production 
center to every other production center. 

• Obtaining the rate of optimum distribution and 
delivery of each product from every 
distribution center to every customer. 

• Obtaining the rate of optimum storage of each 
product in every distribution center. 

• Obtaining the rate of optimum storage of each 
work in process product in every production 
center. 

• Obtaining the rate of optimum storage of each 
raw material at every production center. 

• Obtaining the rate of optimum storage of each 
work in process product entered into every 
production center. 

• Optimum production programming 
• Controlling the inventory for reducing the costs 
• Selecting the suppliers, producers and 

contractors as well as their evaluation 
• Considering the factor of inflation and 

increasing the price in the programming 
• And finally very high efficiency for making the 

optimum decision related to one multi-stage 
supply chain 

 
3. The Proper Strategies for SUPPLY Produce 

and Distribute 
In this paper, the optimal solution is carried out by 

the multi-criteria decision-making procedure 
(ELECTRE). 
The ELECTRE method has recognized in both 
qualitative and quantitative criteria. When a set of 
alternatives must be ranked according to a set of 
criteria reflecting the decision maker’s preferences, 
ELECTRE as a multi-criteria decision-making can be 
applied.  
There are two main parts to an ELECTRE application: 
first, the construction of one or several outranking 
relations, which aims at comparing in a comprehensive 
way each pair of actions; second, an exploitation 
procedure that elaborates on the recommendations 
obtained in the first phase.  
Relationships between alternatives and criteria are 
described using attributes concerned to the 
characteristics of alternatives that are relevant 
according to the established criteria. In multi-criteria 
decision problems, although logical and mathematical 
conditions required to determine an optimum do not 
exist, a solution representing a good compromise 
according to the conflicting criteria established can be 

individuated. ELECTRE method is based upon pseudo-
criteria. A pseudo-criterion allows, by using proper 
thresholds, to take into account the uncertainty and 
ambiguity that can affect the evaluation of the 
performance, so that, if the difference in the 
performance of two alternatives is minimal, according 
to a certain criterion, such as alternatives can be 
considered indifferent according to that criterion. 
Another peculiarity which differentiates ELECTRE 
from other methodologies is that it is not 
compensative, which means that a very bad score in 
one objective function is not compensated by good 
scores in other objectives. In other words, the decision 
maker will not choose an alternative if it is very bad 
compared to another one, even on a single criterion. 
This occurs if the difference between the values of an 
attribute of two alternatives is greater than a fixed veto 
threshold [1]. 
ELECTRE is based upon outranking relations: an 
alternative  outranks another alternative b  if 
sufficient reasons exist to assert that a  is as good as  
and good reasons to reject such assertion do not exist. 
Outranking is therefore based upon a 
concordance/discordance principle, which consists in 
the verification of the existence of a concordance of 
criteria in favor of the assertion that an alternative is as 
good as another one, and upon the verification that 
strong discordance among the score values that may 
reject the previous assertion does not exist [12]. 

a
b

For each criterion, the following thresholds are 
introduced: 

jq : Indifference threshold, 

jp : Preference threshold, 

jv  : veto threshold. 

Where: jjj vpq ≤≤ .  
By these thresholds, the following six preference 
relations between alternatives a  and b  may be 
established, referring to the values  and ( )ag j ( )bg j  of 

the attribute j : 
1. ( )

j
bIa :  is indifferent to b  with respect to 

the criterion 

a
j  if ( ) ( ) . jjj qbgag ≤−

2. ( )
j

bWPa :  is weakly preferred to b  with 

respect to the criterion 

a
j  if  

( ) ( ) jjjj pbgagq ≤−≤ . 

3. ( )
j

bSPa :  is strongly preferred to b  with 

respect to the criterion 

a
j  if . ( ) ( ) jpjj bgag ≥−

4. ( )
j

bNRa : the assertion that a  outranks  

cannot be refused with respect to the criterion 

b
j  if 

( ) ( ) jjj vagbg ≤− . 
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5. ( )
j

bWRa : the assertion that  outranks b  is 

weakly refused with respect to the criterion 

a
j  if 

. ( ) ( ) jjjj vagbgp ≤−≤

6. ( )
j

bSRa : the assertion that  outranks b  is 

strongly refused with respect to the criterion 

a
j  if 

. ( ) ( ) jjj vagbg ≥−

For each criterion, thresholds ( ,  and ) can 
either be fixed values or functions of the performance, 
according to the expression (26). 

jq jp jv

 

 (26) ( ) ( ) jjjj agas βα +=  

 
The previous equations (1)–(3) are named 
‘‘concordance’’ equations and are used to evaluate the 
reasons favorable to the assertion that alternative  
outranks alternative , according to criterion

a
b j . 

Expressions (4)–(6) are named ‘‘discordance’’ 
expressions and are used to measure the strong reasons 
that lead to reject the assertion that  outranks b  with 
respect to criterion

a
j .  

Suppose that: 
rStr : The r  production strategy, that satisfy the 

constrains from 12 to 25. ( ). Rr ,,2,1 K=

srZStr : The amount of objective function for 
production strategy r .( ) 11,,2,1&,,2,1 KK == sRr
( bas StrStrc , )

)

)

)

: With considering the  index, the 

production strategy is preferred to the . 

s

aStr bStr
( bas StrStrd , : With considering the  index, the  

production strategy isn't any preference to the . 
s aStr

bStr
( ba StrStrC , : The matrix for preference the 

production strategy  to the . aStr bStr
( ba StrStrS , : The preference credibility of the 

production strategy than for all indexes. aStr bStr
Concordance, indicated by ( )bas StrStrc , , is equal to 1 
if  is greater than  or, in any case, 
expression (1) is verified, is equal to 0 if 

, while it is evaluated by the 

equation (27) when : 

saZStr sbZStr

ssasb pZStrZStr ≥−

ssasbs pZStrZStrq ≤−≤
 

 (27) 
( )

ss

sbsaj
bas qp

ZStrZStrp
StrStrc

−

−+
=,  

 
Discordance, indicated with , is 0 when 
expression (4) is verified, 1 when expression (6) is 
verified, while it is expressed by the equation (28) 
when expression (5) is verified: 

( bas StrStrd ,

(28) ( )
ss

ssasb
bas pv

pZStrZStrStrStrd
−

−−
=,  

 
For each pair of strategies  and , the values of 
concordance 

aStr bStr
( )bas StrStrc ,  with respect to each 

criterion , are aggregated in the global concordance 
matrix, by means of a weight  assigned to each 
criterion. The generic element of such a matrix is 
expressed by equation (29): 

s
sk

 

(29) ( ) ∑ ×=
s

bass StrStrckbaC ),(,  

A further step consists in the definition of the 
credibility of ‘‘  outranks ’’, that summarizes 
the information expressed by concordance and 
discordance: 

aStr bStr

 

⎪
⎪
⎪
⎪

⎩

⎪⎪
⎪
⎪

⎨

⎧

−
−

∀≤

=
∏

>∀

Otherwise

StrStrC
StrStrdStrStrC

sStrStrCStrStrd

ifStrStrC

StrStrS

babas StrStrCStrStrdj ba

bas
ba

babas

ba

ba

),(),( ),(1
),(1).,(

),(),(

),(

),(
 (30) 

 
The next step of the method is the so-called descending 
distillation: based on the credibility parameter, the 
strategies are ranked in descending order. 
A further threshold is considered (equation (31)) : 
 

(31) ( )
ba StrStr

ba StrStrS
,

,max
∀

=λ  

 
A credibility level λ′ , less but close to λ , is 
established so that the interval ( )λλ ′−  can be 
considered as an indifference interval of credibility. A 
Boolean matrix is then calculated as equation (32): 
 

( ) ( )
otherwise

StrStrSStrStr
StrStrB baba

ba
λ′>∀

⎩
⎨
⎧

=
,,

0
1

,   (32) 

 

Finally, for each , the difference  between 
the number of  that are outranked by  at level 

iStr ( iStrQ )
jStr iStr

λ′  or higher (i.e. the  having 
jStr ( ) 1, =ji StrStrB ) 

and the number of  that outrank the , at level kStr iStr
λ′  or higher (i.e. the  having kStr ( ) 1, =ik StrStrB ), is 
calculated. The first distillates are the strategy  
having:  

iStr)

(33) ( ) ( )ssi StrQStrQ
∀

= max  
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If the set containing all the strategies, for which the 
previous equation is verified, has a cardinality higher 
than 1, the described procedure is applied recursively 
until the set contains only one strategy or a group of 
strategies that cannot be differentiated further. In this 
last case, an ascending distillation can be applied, 
ranking the strategies in ascending order. This new 
ranking, coupled with that obtained by descending 
distillation, leads to a unique final ranking. Among the 
different versions of the ELECTRE method, 
ELECTRE III [1] has been employed. 
 

4. Conclusion 
In this paper, a model was presented for strategic 

planning of a multiple supply chain.  The main purpose 
of the model is obtaining optimum strategies in the 
supply chain with considering purpose functions for 
minimization of raw materials costs, production, 
transportation, distribution, shortage and losses, 
optimization of the incomes, and minimization of the 
shortage and losses.   
In this model, the limitations of capacity for provision, 
production, distribution, transportation and stores, 
minimum economic volume of production and lean 
have been considered.  The important point is this that 
in addition to considering the functions that directs the 
strategies of the supply chain toward lean; 
simultaneously lean of the model has been guaranteed 
using the 6-sigma statistical tool. The integrated 
approach of the model to the whole supply chain is a 
major privilege of the presented model in comparison 
with other methods. Finally, optimum strategies of 
provision, production, distribution, transportation, 
stores and selection of the suppliers were selected by 
using the procedure for multi-standard decision 
making. 
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