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 The aim of this paper is to present mathematical models optimizing all materials flows in 
supply chain. In this research a fuzzy multi-objective nonlinear mixed- integer programming 
model with piecewise linear membership function is applied to design a multi echelon supply 
chain network (SCN) by considering total transportation costs and capacities of all echelons 
with fuzzy objectives. The model that is proposed in this study has 4 fuzzy functions. The first 
function is minimizing the total transportation costs between all echelons (suppliers, factories, 
distribution centers (DCs) and customers). The second one is minimizing holding and ordering 
cost on DCs. The third objective is minimizing the unnecessary and unused capacity of 
factories and DCs via decreasing variance of transported amounts between echelons. The forth 
is minimizing the number of total vehicles that ship the materials and products along with SCN. 
For solving such a problem, as nodes increases in SCN, the traditional method does not have 
ability to solve large scale problem. So, we applied a Meta heuristic method called Genetic 
Algorithm. The numerical example is real world applied and compared the results with each 
other demonstrate the feasibility of applying the proposed model to given problem, and also its 
advantages are discussed.  

© 2012 Growing Science Ltd.  All rights reserved.
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1. Introduction 

A supply chain is a set of a network of facilities and distribution options that performs the functions 
of procurement of materials, transformation of these materials into intermediate and finished 
products, and the distribution of these finished products to customers. Supply chains also exist in 
both service and manufacturing organizations. Realistic supply chains have multiple finished 
products with shared components, facilities and capacities (Ermis et al., 2004; Falcone, 2008). A 
supply chain is a network of organizations that are involved, through upstream and downstream 
linkages, in various processes and activities that produce value in the form of products and services 
delivered to the ultimate consumer (Verma & Seth, 2011).  
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As the economy is changing, as competitions become more global it is no longer company vs. 
company but supply chain vs. supply chain. Properly implemented, supply chain management (SCM) 
can positively influence many functions and outcomes of the organization including product quality, 
customer responsiveness and resultant satisfaction, manufacturing cost control, product and market 
flexibility, and macro performance outcomes including market share and profitability (Meier et al., 
2004). In recent years, companies have faced increasing challenges and conflicts in their abilities to 
detect and to manage labor and employment conditions and the environmental footprint at different 
tiers of their supply chains (Van Opijnen & Oldenziel, 2011). In  today’s global market,  if an 
enterprise wish  to  succeed  in a  business environment,  it must  manage  and  design  its  entire  
supply  chain  network  (SCN). This is obvious that the traditional and usual SCN methods are not 
sufficient to satisfy conscious customers anymore. To overcome aforementioned problem, enterprises 
must handle integrated manufacturing and distribution  processes  together  and  present  alternative  
options  to  customers  via  strong relationships with the suppliers  (Paksoy, 2005). It should be 
noted that supply chain management has traditionally been viewed as a process wherein raw materials 
are converted into final products, then delivered to the end-consumer (Fortes, 2009). This process is 
involving extraction and exploitation of the natural resources (Srivastava, 2007). SCM is the 
integration of key business processes across the supply chain for the purpose of creating value for 
customers and stakeholders (Lambert, 2008). 

The concept of SCM, nowadays, is very important for every organization. This paper presents a 
decision support system (DSS) mechanism for managers to make appropriate decision on the amount 
of production as well as the time schedule for ordering in uncertain environment. As it is clear, the 
world of today has its own complexity and ambiguity. Therefore, it is necessary to overcome to such 
a critical problem. For overcoming, the paper uses fuzzy sets theory to reduce ambiguity and 
uncertainty of our environment. 

In this study, we develop a mathematical model to optimize the materials flows in supply chain. This 
model introduces 4 fuzzy functions, which minimizes total costs between suppliers and distribution 
centers (DCs). The aim of this paper is to provide near-optimal solutions by employing the genetic 
algorithm (GA) to proposed model. In this study, the model is developed based Paksoy et al. (2010). 
The rest of this study is coming as below: first, literature review is conducted and we take a look to 
previous works on SCM concept. Then the proposed model of this paper presented, and for solving 
the problem, GA algorithm is applied. At the end, the results are compared with each other. 

2. Literature Review 
 
There are literally tremendous efforts accomplished to establish an appropriate supply chain in order 
to increase the efficiency and reduce the associated expenditures. To cope with the complicated 
problem of supply chain, researchers have used mathematical programming or heuristics algorithm to 
solve such problems.  The challenge in global SCM is the development of decision-making 
frameworks, which accommodate diverse concerns of multiple entities across the supply chain. 
Considerable efforts have been expended in developing decision models for SC problems 
(Narasimhan & Mahapatra, 2004). Melachrinoudis et al. (2000) applied multi objective and integer 
programming for two-echelon factory/warehousing facility to solve the problem. Ross (2000) 
implemented performance-based strategic resource allocation to solve the supply chain network 
design. Syam, (2002) used meta heuristic method called simulated annealing and Lagrangian 
relaxation in supply chain network environment of multiple echelons to minimize the costs.  Schwarz 
(1973) applied one-warehouse N-retailer inventory model. Muckstadt and Roundy (1987) evaluated 
multi-item, one-warehouse, multi-retailer in a distribution system. Cheshmberah et al. (2011) 
proposed a mathematical model to optimize single-commodity distribution in chain stores network. 
Yang and Wee (2000) proposed a model for buyer and vendor by differential equations. Banerjee 
(1986) for the first time, present the two-echelon inventory model for vender and buyer. Hill (1999) 
presented a production and inventory model with integration as a whole. Lau and Lau (2001) 
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proposed a two-echelon problem where the retailer has better market information than the 
manufacturer. Pasternack (2001) applied a single inventory problem vendor (retailer) has limited 
funds to purchase items to sell.   

The issues of how to simultaneously integrate manufacturing and distribution systems in a supply 
chain with multi objectives have attracted considerable interest from both practitioners and academics 
(Liang & Cheng, 2009) respectively. Cohen and Lee (1989) proposed a deterministic, mixed integer, 
non-linear programming with economic order quantity technique to develop a global supply chain 
plan. Output of the model provides global resource deployment policy for the factories, distribution 
centers and customer zones. Paksoy et al. (2010) applied fuzzy nonlinear multi-objective 
mathematical model for supply chain network.  

Hu and Fang (1999) solved the problem of fuzzy inequalities linear membership function by 
implementing the concepts of constraint surrogating and maximum entropy. Vasant et al. (2005) 
proposed a new fuzzy linear programming based methodology applying modified S-curve 
membership function. Liang (2006) developed an interactive fuzzy multi-objective linear 
programming method for solving the fuzzy multi objective transportation problems with piecewise 
linear membership function. Peidro et al. (2007) proposed a new mathematical programming model 
for supply chain planning under supply, process and demand uncertainty. Chang (2007) proposed a 
new idea of how to formulate the binary piecewise linear membership function. Alves and Climaco 
(2007) reviewed interactive methods for multi objective integer and mixed integer programming. 
Liang (2008) developed a fuzzy multi-objective linear programming model with piecewise linear 
membership function to solve integrated multi-product and multi-time period production/distribution 
planning decisions problems with fuzzy objectives. Liang and Cheng (2009) represented fuzzy sets to 
multi-objective manufacturing/distribution planning decision problems with multi-product and multi-
time period in supply chains by considering time value of money for each of the operating categories. 
Peidro et al. (2009) proposed a new mathematical programming model for supply chain planning 
under supply, process and demand uncertainty. The model has been formulated as a fuzzy mixed 
integer linear programming model where data are ill-known and modeled by triangular fuzzy 
numbers. Cao et al. (2010) developed stochastic chance constrained mixed-integer nonlinear 
programming models to solve the refinery short-term crude oil scheduling problem. Zandhessami et 
al. (2011) proposed a hybrid ANP and fuzzy goal programming to select the best supplier. 

3. Mathematical model and notations  

In this paper, a fuzzy multi-objective nonlinear mathematical model is proposed for 3 echelons to 
optimize the supply chain material flows. This research determines the supplier, manufacturer and 
DC, to design the best supply chain network. The assumptions of proposed model are: 

1- Amount of customers and suppliers and also their demand is known. 

2- Amount of factories and DCs and their maximum capacities are fuzzy. 

3- Customers are serviced at least from a single DC. 

The decisions variables of model are coming as follow: 

fkj Quantity of the product transformed  from kth factory to jth DC 

bsk Quantity of raw material transformed  from sth supplies to kth factory

qji Quantity of the product transformed  from DC j to ith customer 

skη  Quantity of expected vehicles needs to ship the material from sth supplier to kth 
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kjη  Quantity of expected vehicles needs to ship the product from kth factory to jth DC 

jiη  Quantity of expected vehicles needs to ship the product from jth DC to ith customer 

yji 1, if jth DC is serving customer i 

0, otherwise 

Parameters of model are: 

Dk
~

 Fuzzy capacity of kth   factory 

~
sSup  Fuzzy capacity of sth supplier for raw material 

W j
~

 Fuzzy distribution capacity of jth DC 

di Demand for the product at ith customer 

Cji Unit transportation cost for the product from jth DC to ith customer 

akj Unit transportation cost for the product from kth factory to jth DC 

tsk Unit transportation and purchasing cost for the raw material from sth supplier to kth factory 

Ch Holding cost per year at jth DC 

s Ordering cost to kth factory from each of DCs 

φ s Volume of material at sth supplier 

Ws Weight of material at sth supplier 

kφ  Volume of product at kth factory 

Wk: Weight of product at kth factory 

vω  Volume capacity of vehicle. 

wω  Weight capacity of vehicle. 

 

• kD%  fuzzy capacity of kth   factory 
• ~

sSup the fuzzy capacity of sth supplier for raw material 
• iW% fuzzy distribution capacity of jth DC 
• di  demand for the product at ith customer 
• Cji unit transportation cost for the product from jth DC to ith customer 
• akj unit transportation cost for the product from kth factory to jth DC 
• tsk unit transportation and purchasing cost for the raw material from sth supplier to kth factory 
• Chholding cost per year at jth DC 
• S is ordering cost to kth factory from each of DCs 
• φ s Volume of material at sth supplier 
• Ws Weight of material at sth supplier 
• kφ Volume of product at kth factory 
• Wk Weight of product at kth factory 
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• vω Volume capacity of vehicle 
• wω Weight capacity of vehicle. 

The first function is minimizing all transportation costs. The second function is minimizing the 
annual holding and ordering cost of products in DCs according to the economic order quantity (EOQ) 
model. The third one is the equity of the capacity utilization ratio for manufacturers and DCs, and it is 
measured by mean square error (MSE) of capacity utilization ratios. The smaller value is, the closer 
the capacity utilization ratio for every manufacturer and DC is, thus ensuring the demand are fairly 
distributed among the DCs and manufacturers, and so it maximizes the capacity utilization balance. 
The last one, minimize the quantity of vehicles that transforming the materials and products along the 
networks. For simplification, the volume and weight of vehicles are constant. 
The proposed model is: 
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Constraint (5) represents that at least 1DC should serve customer, (6) is fuzzy capacity for all DCs, 
constraints (7) and (8) satisfy customers' demands, constraint  (9) represents the fuzzy capacity of 
suppliers, constraint (10) represents the restriction for raw materials, constraint (11) is fuzzy capacity 
of manufacturers. Constraints (13) to (17) determine the expected quantity of needed vehicles by 
function 4. For convenience, to solve the model, we convert the multi objective model to one 
objective; then applying the analytical hierarchy process (AHP) to give them a weight. So the model 
could be like: 

0 1 1 2 2 3 3 4 4min ( )g x w f w f w f w f= + + +  (21)

In fact, we manipulate the weight in all functions. 
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3.1. Model development  

For solving the problem, the model should be converting to crisp model, so we have:  

~
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And by applying Zimmermann’s method (1978), the problem transformed to: 
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For Eq (24) S-curve membership function is applied for fuzzy nonlinear objective function and non-
increasing linear membership function is used for fuzzy constraints (Turan et al., 2010). The modified 
S-curve membership function proposed by Vasant (2005) and has particular value of B, C andδ . 
Modified S-curve membership function is coming as: 
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In this Eq. (25), μ  is the degree of membership function. Vasant(2005) determined the parameters of 
B, C and μ . So they are: as B=1, C=0.001001001 and δ =13.81350956.  Fig. 1 shows the modified 
S-curve model. 

 

 

 

 

 

 
 

Fig. 1. S-curve modified model 
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Fig. 2. The membership functions for the fuzzy constraints ( )i iAx b≤ %    (Turan et al., 2010) 
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4. Genetic algorithm (GA) 

GAs is an evolutionary process that implementing “a survival of the fittest” strategy (Rezaei & 
Davoodi, 2008). GAs is probabilistic search techniques that their mechanism is based on natural 
selection. This technique is searching global near-optimal solution of functions and satisfying 
constraints. For more study of this evolutionary global-search technique, it is suggested to read Davis 
(1991), Golderberg (1989), Holland (1975) and Michalewicz (1994). GAs has some operators that 
should be noted in this study. One of the operators is Chromosome.  In fact, chromosome is sets of 
solutions. Fig. 3 shows the schematic structure of chromosome in our study.  

Y11 Y12 …. Yji …. Yji-1 Yji 

Fig. 3. Chromosomes consisting binary variables 

Fig. 3 shows the binary variables used for the proposed study of this paper. The next one is mutation 
and crossover. Crossover and mutation are of the proposed GA of this paper are adopted from 
Michalewicz (1994). In fact crossover mixed information of parent and the new children have a 
resemblance to each parent. In addition, mutation expands the solution area and ensures that GA 
achieves global near-optimal solution. Fig. 4 shows the proposed GA used to solve the proposed 
model. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. GA structure (Golderberg, 1989) 

Optimization process, in GA, is based on generating sets of chromosome that is called population is 
started. The population has Npop chromosome and could be performed by: pop varN ( )bitsN N× ×  that 
they are 0 and 1 matrices. Therefore, we would have: 

Initialize  

Calculate 
Fitness  

(Evaluation) 

Satisfy? Best Solution 

Yes 

No

Selection 

Crossing over and 
Mutation 

Generating 
Alternative 
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var[ ( , )pop bitspop round rand N N N= ×  (27) 

For example, in this research, we have 120 variables (Nvar= 120), and for every variables we put 5 bit 
(Nbit=5). Also the population size is 90 (Npop=90).  

After generating initial population, the fitness function is evaluated. The iterations on this study, was 
130 times. Selection has the most important role in GA process. In addition, tournament selection 
operator is applied to select best chromosome in this study. Two-point crossover is applied in this 
study because it is determined as the best operator. The Fig. 5 shows the schematic crossover 
operations in this study. 

     
Parents    
    
     
  
Children     
     
     

 

Fig. 5. Tow-point crossover 

A mutation is applied generation by generation. It should be noted that mutation expands the feasible 
space. Rate of mutation was 0.2 in this study. After determining the rate of mutation, we could 
calculate the amount of chromosome should be mutated. The Eq. (28) shows details of our 
computations, 

  ( 1)pop bitnumber of mutation N Nμ= × − ×  (28)

So in this paper: 0.2* (90-1)* 5 = 89. This means that 89 chromosome should be mutated.  

 

 

 

 

 

Fig. 6. Pseudo code for mutation 

  Offspring: 0110100011010110011 

                     

  Offspring: 0110100000010110011 

Fig. 7. Mutation occurrence  

There are some strategies to terminate the algorithm. One of them is specified maximum generations. 
The other one is convergence criteria. In this paper, we employed maximum generations as 
termination strategy. 

Nmut=ceil ((Npop-1)*Nbit*µ);      %number of mutation 

Nrow=ceil (rand (1, µ)*( Npop-1))+1;  % the row that  mutation is occurred  

Ncol=ceil (rand (1, µ) * Nbit);       %   the bit that mutation is occurred  

Pop (nrow,mcol)=abs (pop (nrow,mcol) -1); 
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5. Numerical example 

In this part, we illustrate the numerical example of real-world SCN. An automobile part maker in Iran 
is conducted in this study.  We have 6 suppliers, 4 factories, 3 DCs and 5 customers. Table 1 
demonstrates the data set of this research. 

Table 1  
Fuzzy data set for this paper ( , )i i ib b p+   
 Suppliers Manufacturers DCs Customers 
1 (4300,4340) (5300,6000) (7800,9000) 4000 
2 (4310,5400) (6000,6400) (6700,8700) 4000 
3 (5400,6000) (5000,7000) (6000,6590) 4000 
4 (3600,5600) (4900,5700) --- 4000 
5 (4000,4500) 

6(3800,4300) 
 
----------- 

 
-------------- 

4000 

 

In this study, we are comparing the results of GA and fuzzy multi objective problem. Analytical 
hierarchy process (AHP) is applied to give the weight to functions. In Table 2 pairewised comparison 
is performed, 

Table 2  
Pairewised comparison (AHP) 
 f1 f2 f3                          f4
f1 1 2 3                   6 
f2 1/2 1 2                   3 
f3 1/3 1/2 1                   5 
f4 1/6 1/3 1/5                1 
        Sum 2 3.83 6.2               15 
 

At last, the weight for functions coming as: W1=0.477, W2= 0.259, W3=0.198 and W4=0.068. For 
proposed S-curve membership we have: 
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Fig. 8. S-curve membership 
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Table 3 to 5 demonstrate the transportation cost between echelons.  

Table 3                                                                                          Table 4  
Unit shipment costs ($)                                                                  Unit shipment costs ($) 
 Suppliers   Manufacturers 
Manufacturers 1 2 3 4 5 6  DCs 1 2 3 4 
1 3.5 5 3.4 6.4 3.5 4  1 3 2.4     1.1 2 
2 2.4 3 2 5 1.5 7  2 2.3 1.2 3 5 
3 4 4.5 6 3.8 7.4 3.2  3 1.3 2 1 3 
4 1 11 3.6 5 5.3 3              
 
Table 5  
Unit shipment costs ($) 
 DCs
Customers 1 2 3 
1 2 1.3 4 
2 0.7 1.3 5.4 
3 1.4 2.5 3 
4 1 3 3.5 
5 2 4 1 
 

Tables 6 demonstrates details of the results of the implementation of our GA method for the proposed 
method of this paper. 

Table 6  
The results obtained by LINGO and MATLAB 7.8 packages program 
GA Fuzzy Problem Fuzzy Problem 
Decision variable Value Decision variable Value 
b1,1 2190 b1,3 1800 
b4,3 4320 b2,1 3200 
B6,2 3690 b2,2 2900 
b5,3 1056 b3,2 400 
f1,1 3100 b4,1 1600 
f3,3 5000 b5,3 2900 
q1,2 2000 f1,2 2800 
q1,3 2901 f2,1 3100 
q3,1 3100 f3,2 4000 
q3,4 3100 f3,3 3100 
y1,2 1 q1,4 3100 
y1,3 1 q2,2 3100 
y3,1 1 q2,3 3100 
y3,4 1 q3,1 3100 
  y1,4 1 
  y2,2 1 
  y2,3 1 
  y3,1 1 
Objective   Objective   
f1 30120 f1 39800 
f2 1100 f2 1600 
f3 0.27 f3 0.58 
f4 21 f4 25 
Time 2 min Time 4 min 
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For first echelon 12 vehicles, the second echelon 10 vehicles and third echelon 3 vehicles needed 
(fuzzy model). In addition, for GA fuzzy model we have 9, 8 and 4 vehicles for every echelon 
respectively. 

6. Conclusion 

In this study, we presented and developed a nonlinear fuzzy mixed integer programming. The 
proposed model of this paper considered four functions for minimization of all costs and 
maximization of the utility of capacity in given network.  The major assumptions were that, suppliers, 
DCs and factories are known, and each customer is served at least by one DC. We have explained 
that, as number of nodes increases in the network, traditional methods could not able to achieve 
efficient results in an acceptable amount of time. Therefore, we employed GA to obtain the results 
and the proposed fuzzy GA model has shown to have better solutions than fuzzy model. The results 
show that how much materials and products should be ordered and transported. In addition, the 
proposed model reduced 13% of total costs in network for the company. 

As a future study, it is recommended to consider uncertainty for costs and expand the proposed model 
of this paper for more realistic cases. In addition, other Meta heuristic methods like Artificial Bee 
Colony (ABC), Simulated Annealing (SA) and Ant Colony (AN) are suggested to be applied for 
solving the problems.  
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Appendix( Membership functions for echelons) 

Non-increasing linear membership function for DC  
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