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transport homogeneous products from several sources to several destinations so that the total cost 
can be minimized . In a transportation problem, when fixed cost is also taken into account, the 
problem is known as fixed charge transportation problem (FCTP). The objective of an FCTP is 
to find the combination of routes that minimises the total distribution costs satisfying the supply 
and demand constraints (Vinay & Sridharan, 2012). So, the fixed-charge transportation problem 
is an extension of the classical transportation problem that considers two kinds of cost (variable 
and fixed costs) (Raj & Rajendran, 2011; Schaffer & O'Leary, 1989).Variable cost depends on 
per unit of transported and linearly increases with it. Fixed charge incurs whenever a nonzero 
quantity is transported from a source to a destination (Adlakha & Kowalski, 1999; N Jawahar & 
Balaji, 2009).In FCTP, the parameters (for example variable costs, fixed charges, price and 
demand) can be deterministic and Non-deterministic. Some research can be refer as deterministic 
(Adlakha, Kowalski, & Lev, 2010; N Jawahar & Balaji, 2009; N. Jawahar & Balaji, 2012; Lotfi 
& Tavakkoli-Moghaddam, 2013), etc. On the other hand, few works are undertaken with non-
deterministic parameters in FCTP. Non-deterministic parameters can be different approaches 
such as fuzzy (Kundu, Kar, & Maiti, 2014; Yang & Liu, 2007), interval (Safi & Razmjoo, 2013), 
chaos, stochastic etc. To the best of our knowledge, there are not any works about FCTP when 
parameters of demand and price are stochastic in a 3-stage supply chain. 
In this paper, we focus on a 3-stage FCTP. We try to find quantity of transported products from a 
manufacturer plant to a distribution centre and from a distribution centre to a retailer and a 
retailer to a customer when the parameters of demand and price are nondeterministic to obtain 
maximum income. 
The organization of this paper is as follows: Section 2 presents the literature review of FCTP to 
find gaps. Section 3 describes the mathematical model and its descriptions. Section 4 explains 
the solution methodology. Sensitivity analysis is presented in Section 5. Finally, in Section 6, 
conclusions are provided and some areas of further research are then stated. 

2. Literature review 
Literature review includes two sections: deterministic parameters and nondeterministic 
parameters in FCTP. Further, number of stages is considered in these two sections. There are 
many studies regarding deterministic parameters for FCTP. Review is categorised based on 
number of stage.  

Adlakha et al. (Adlakha et al., 2010) proposes a branching method for the solution of the 
single stage fixed charge transportation problem.  Adlakha and Kowalski (Adlakha & Kowalski, 
2010) develop a heuristic algorithm for its solution for the same problem. The algorithm is based 
upon the Balinski (Balinski, 1961) approximation solution method for a fixed cost transportation 
problem. This method is useful in dealing with the fundamental nonlinear problems. Kim et al. 
(Kim et al., 2011) consider the fixed-charge capacitated network design problem with turn 
penalties. They present a mixed integer programming model for the problem and suggested a 
two-phase heuristic algorithm to solve the problem. The objective of the problem is to minimize 
the sum of flow costs for routing the commodities demand, fixed costs for using arcs and penalty 
costs for flows with 90-degree turns. Jawahar and Balaji (N. Jawahar & Balaji, 2012) propose a 
genetic algorithm (GA) based heuristic to the multi-period fixed charge distribution problem 
associated with backorder and inventories. The objective is to determine the size of the 
shipments, backorder and inventories at each period, so that, the total cost incurred during the 
entire period towards transportation, backorder and inventories is minimum. The model is 
formulated as pure integer nonlinear programming and 0–1 mixed integer linear programming 
problems, and proposes a GA based heuristic to provide solution to the above problem. Adlakha 
et al. (Adlakha, Kowalski, Wang, Lev, & Shen, 2014) propose a new approach of approximating 
and solving a single stage FCTP by proposing novel approximations for the objective function of 
the FCTP to obtain lower bounds for the optimal solution. Lev and Kowalski (Lev & Kowalski, 
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2011) formulate single stage fixed-charge problems with polynomials. Using polynomial 
formulations. They show structural similarity between different kinds of linear and fixed charge 
formulations. Lotfi  and  Tavakkoli-Moghaddam (Lotfi & Tavakkoli-Moghaddam, 2013) 
propose a genetic algorithm using priority-based encoding (pb-GA) for linear and nonlinear 
fixed charge transportation problems in which new operators for more exploration are proposed. 
They modify a priority-based decoding procedure proposed  by Gen et al. (Gen, Kumar, & Ryul 
Kim, 2005)to adapt with the FCTP structure. Pintea et al. (Pintea, Sitar, Hajdu-Macelaru, & 
Petrica, 2012) describe some hybrid techniques for solving the fixed charged transportation 
problem. The problem is a two chain supply network. Classical nearest neighbor algorithm is 
used basically to find the best distribution centres.  
Now we point some studies about FCTP with Non-deterministic parameters. A few works are 
done about uncertain FCTP. Safi and Razmjoo (Safi & Razmjoo, 2013) consider the fixed charge 
transportation problem under uncertainty, particularly when parameters are given in interval 
forms. All of parameters (i.e., variable costs, fixed charges, supply and demand parameters) are 
in interval forms. In this case it is assumed that both cost and constraint parameters are arrived in 
interval numbers. Considering two different order relations for interval numbers, two solution 
procedures are developed in order to obtain an optimal solution for interval fixed charge 
transportation problem (IFCTP). Kundu  et al (Kundu et al., 2014) consider two fixed charge 
transportation problems with type-2 fuzzy parameters. Unit transportation costs, fixed costs in 
the first problem and unit transportation costs, fixed costs, supplies and demands in the second 
problem are type-2 fuzzy variables. 
A defuzzification method of general type-2 fuzzy variable is outlined and compared numerically 
with geometric defuzzification method. Yang and Liu (Yang & Liu, 2007) investigate the fixed 
charge solid transportation problems under a fuzzy environment, in which the direct costs, the 
fixed charges, the supplies, the demand, and the conveyance capacities have been considered as 
fuzzy variables. They designed a hybrid intelligent algorithm based on the fuzzy simulation 
technique and tabu search algorithm to solve them. Table presents a review on some papers. The 
first row shows characteristics of this study. According to the above  discussion, some gaps are 
considered in this paper: 
 Most of the works in the literature consider the FCTP with deterministic parameters. Few 

works consider nondeterministic parameters, as seen in Table 1. 
 Demand and transportation costs are considered under uncertainty (see Table 1). We 

consider price and demand in an uncertain environment. 
 In nondeterministic works, fuzzy and interval are two main nondeterministic approaches. To 

the best of our knowledge we cannot find any papers with stochastic approach (about 
demand and price) in 3-stage supply chain. 

Finally, based on the above analyses of literature review in Table 1, this paper is proposed a 3-
stage FCTP with stochastic demand and price and it is solved by a scenario-based solution 
methodology. 
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Table 1: A review of planning under uncertainty for FCTP 

Paper solution method price demand stage 

Hajiaghaei et al.  2010 
spanning tree-based genetic 

algorithm 
− deterministic 1 

Xie and  Jia 2010 
spanning tree-based genetic 

algorithm 
− deterministic 1 

Vinay Panicker et al. 2012 
genetic algorithm (GA) based 

heuristic 
− deterministic 3 

Adlakha et al. 2007 Heuristic algorithm − deterministic 1 

Molla-Alizadeh et al. 2013 

artificial immune algorithm (AIA) 
and GA based on the spanning 

tree and Prüfer number 
representation 

− deterministic 2 

Xie and Jia 2012 
the minimum cost flow-based 

genetic algorithm named NFCTP-
HGA 

− deterministic 1 

Kim et al. 2011 two-phase heuristic algorithm − deterministic 1 

Yang and Liu 2007 
hybrid intelligent algorithm based 
on the fuzzy simulation technique − Fuzzy 

 
and tabu search algorithm 

El-Sherbiny and  Alhamali 
2013 

Hybrid Particle Swarm algorithm 
with artificial Immune Learning 

(HPSIL) 
− deterministic 1 

Raj and Rajendran 2011 hybrid genetic algorithm − deterministic 1 

El-Sherbiny 2012 
alternate Mutation based Artificial 

Immune (MAI) algorithm 
− deterministic 1 

Safi  and Razmjoo 2013 
Equivalent crisp problem using 

order relation 
− Interval 1 

Kundu et al. 2014 
A defuzzification method of 

general type-2 fuzzy variable, 
geometric defuzzification method 

− Fuzzy 1 

Raj & Rajendran 2012 GA − deterministic 2 

This study 
multi-criteria scenario-based 

solution approach 
stochastic stochastic 3 

 

3. Problem description 
The presented three-stage fixed charge transportation problem includes n plants, m distributors, l 
retailers and d customers (see Figure 1). The characteristics of the model are as follows: 
 The model is scenario-based. Demand and price are nondeterministic and it could be 

different for each scenario. Scenarios are created randomly in the three groups with poor, 
medium and high logic. 

 The number and capacity of all facilities, and all cost parameters are predetermined. 
 Each of the l retailers can ship products to any of the d customers.in other words, a customer 

can be supplied with products from more than a retailer. 
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 Each of the m distribution centres can ship products to any of the l retailers. In other words, 
a retailer can replenish the inventory from multiple distribution centres. 

 Each of the n plants can ship products to any of the m distribution centres. In other words, a 
distribution centre can replenish the inventory from multiple plants. 

 The production shortage is allowed. The backorder penalty cost is considered. 
Notations are presented as follows: 
i: Set of plants (i =1 to n) 
j: Set of distribution centres (j = 1 to m)   
r: Set of retailers (r = 1 to l)  
K: Set of customers (k = 1 to d)  
S: Demands and price scenarios (s = 1 to g) 

ijsx : Number of quantity transported from plant i to distributor j under scenario s.  

ijc : Unit cost of transportation between plant i and distributor j.  

ijf : Fixed transportation cost between plant i and distributor j.  

jrsu : Number of quantity transported from distributor j to retailer r under scenario s.       

jrb : Unit cost of transportation between distributor j and retailer r. 

jro : Fixed transportation cost between distributor j and retailer r. 

rkst : Number of quantity transported from retailer r to customer k under scenario s.            

rkv : Unit cost of transportation between retailer r and customer k. 

rkq : Fixed transportation cost between retailer r and customer k. 

ksD : Demand at customer k under scenario s. 

ksP : Sales price at customer k under scenario s. 

ksH : Number of units backordered at customer k under scenario s. 

kHc : Unit cost of backorder at customer k. 

iAm : Capacity at plant i. 

jAd : Capacity at distributor j. 

rAr : Capacity at retailer r. 

ijsz : Binary variable that specifies whether the product is distributed from plant i  to distribution 

centre j under scenario s. ( ijsz = 0 or 1) 

jrsy : Binary variable that specifies whether the product is distributed from  distribution center j 

to retailer r under scenario s. ( jrsy = 0 or 1)   

rksw : Binary variable that specifies whether the product is distributed from  retailer r to customer 

k under scenario s. ( rksw = 0 or 1) 
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plants to customers through distributors and retailers, considering the possible combination of 
routes, plus shortage costs. Constraint (2) represents plant capacity constraint. This constraint 
maintains that the product quantity which is distributed from the plant to the distribution centers 
must be less than or equal to capacity of the plant. Constraint (3) denotes distributor capacity 
constraint. This constraint implies that the quantity of products received in a distribution center 
from plants must be less than or equal to the capacity of the distribution center. Constraint (4) 
indicates retailer capacity constraint. This constraint maintains that the quantity of products 
received in a retailer from distribution centers must be equal to or less than the capacity of the 
retailer. Constraint (5) denotes customer demand constraint. This constraint maintains that the 
retailers must provide at least 80 percent of customer’s demand. So, the shortage is allowed. 
Constraint (6) is the balance constraints of distributors. This maintains that all entering flows to a 
distribution center and all issuing flows from it are equal. Constraint (7) is the balance 
constraints of retailers. This constraint guarantees that all entering flows to a retailer and all 
issuing flows from it are equal. Constraint (8) ensures the non-negativity nature of decision 
variables. Constraint (9) to (14) asserts the 0–1 binary nature of the binary variable. These 
constraints maintain that if ݔ௜௝௦ > 0, then ݖ௜௝௦=1, if 	ݑ௝௥௦	 > 0, then ݕ௝௥௦ = 1 and if ݐ௥௞௦ > 0, then ݓ௥௞௦=1 . 

4. Solution methodology 
Scenario-based approaches for solving the stochastic programming problems are efficient 
methodologies (Kaut & Wallace, 2003; Listeş, 2007). In this paper, the problem is solved with 
using a multi criteria scenario based solution approach , that the first time is presented by 
Soleimani (Soleimani, Seyyed-Esfahani, & Shirazi, 2013). Mean, standard deviation and 
coefficient of variation, which are the mentioned criteria for finding the optimal solution. 

The solution of this mathematical model consists of two plants, two distribution centers, two 
retailers and two customers. It is undertaken for two products and 16 scenarios. Then, 2 various 
possibilities for demands and prices based on the 4 range of the data in Table 2 are created 
randomly. A set of system’s parameters are presented in Table 3. 

Table 2: Range of the  demand and price in scenarios. 

 Low-quality Medium-quality High-quality Very High-quality 

Demand 100─200 200─300 300─400 400─500 
     
Price 10000─12000 12000─14000 14000─16000 16000─18000 

Table 3: Parameters of the computational study 

Parameter     value  
    
unit cost of transportation between plant i and distributor j ( ܿ௜௝)   ܿଵଵ =	100  
 ܿଵଶ =	200 
 ܿଶଵ = 150 
 ܿଶଶ =	200 
  
fixed transportation cost between plant i and distributor j ( ௜݂௝) ଵ݂ଵ =	500 
 ଵ݂ଶ = 300 
 ଶ݂ଵ = 300 
 ଶ݂ଶ = 400 
  
unit cost of transportation between distributor j and retailer r ( ܾ௝௥) ܾଵଵ =	500 
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 ܾଵଶ = 300 
 ܾଶଵ = 100 
 ܾଶଶ = 200 
  
fixed transportation cost between distributor j and retailer r ଵଵ݋  (௝௥݋) =	550  
ଵଶ݋  = 400 
ଶଵ݋  = 200 
ଶଶ݋  = 350 
  
unit cost of transportation between retailer r and customer k (ݒ௥௞) ݒଵଵ = 300 
ଵଶݒ  = 150 
ଶଵݒ  = 200 
ଶଶݒ  = 200 
  
fixed transportation cost  between retailer r and customer k (ݍ௥௞) ݍଵଵ =	500 
ଵଶݍ  = 250 
ଶଵݍ  = 350 
ଶଶݍ  = 250 
   
unit cost of backorder at customer k (ܿܪ௞) ܿܪଵ =	10000 
ଶܿܪ  = 15000 
  
capacity at plant I (݉ܣ௜) 500 
  
capacity at distributor j (݀ܣ௝) 500 
  
capacity at retailer r (	ݎܣ௥) 500 
  

The solution steps are illustrated as follows: 

Step 1: all scenarios are solved by LINGO and the optimum points are obtained and recorded 
as candidate solutions for final optimal point. The results are illustrated in Table 4. Figure 2 
presents the objective function values of 16 scenarios 

Table 4: objective function values of 16 scenarios. 

Scenarios S1 S2 S3 S4 S5 S6 S7 S8
Profit 251675 248507.5 391845 962130 91978.75 349452.5 910430 2.67E+05 

Scenarios S9 S10 S11 S12 S13 S14 S15 S16 
Profit 407075 365657.5 5.07E+05 3.11E+05 258617.5 850635 2.82E+05 1.46E+06 
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based solution approach to find optimal solution. First,16 scenarios with different logical are 
generated randomly. Then, initial solutions of scenarios are evaluated and weighted average of 
the results is calculated. Finally, mean, standard deviation and coefficient of variation are 
regarded as acceptable criteria in order to decide about best solution. This model can be 
expanded to a multi-product and multi-period for the future research. 
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