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Abstract - A two-stage supply chain distribution problem with a fixed charge is considered in this paper. There 
is a variable transportation cost that depends linearly on the quantity transported, and a fixed cost associated 
with a route between a source and a destination when a non-zero quantity is transported. A heuristic method that 
is influenced by Vogel’s approximation method has been proposed with the objective of minimizing the total 
distribution cost. The proposed heuristic is compared with the existing methods. The comparison reveals that the 
proposed method provides solutions close to existing methods while having a simpler approach to its existing 
counterparts. 
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I. INTRODUCTION 
 
The two-stage supply chain distribution problem 
studied in this paper consists of distributing a product 
from a set of manufacturing plants to a set of 
customers through a set of distributors. In addition to 
the unit transportation cost which varies linearly with 
the transportation quantity, a fixed-cost of 
transporting operating a route from a source to a 
destination makes the supply chain distribution 
problem more difficult to solve. The fixed charge 
might be in the form of vehicle rent, toll charges on a 
high way, permit fee, etc. This paper focuses on 
developing a simple constructive heuristic procedure 
to solve the two-stage supply chain distribution 
problem with a fixedcharge for a transportation route. 
A fixed charge transportation problem (FCTP) can be 
regarded as a single stage of a supply chain where in 
a product is to be transported from a set of suppliers 
to a set of customers. The FCTP is extensively 
studied in the past by several researchers. The fixed 
charge transportation problem was first proposed by 
Hirsch and Dantzig (1968). Adlakha and Kowalski 
(1999, 2003) developed heuristic procedures to solve 
the FCTP problem.Jawahar and Balaji (2009) 
proposed a genetic algorithm (GA) to solve the 2-
stage FCTP (2FCTP) problem. Balaji and Jawahar 
(2010) developed a simulated annealing (SA) based 
algorithm for the 2FCTP. Raj and Rajendran (2012) 
proposed a GA to solve the 2FCTP under two 
scenarios – first, a fixed cost associated with a route 
and unlimited distributor capacity, and second, a 
fixed cost associated with opening a distribution 
center with capacity constraints.Vinay et al. (2012) 
developed an ant colony optimisation (ACO) based 
heuristic to solve the 2FCTP.  A single stage 
transportation problem has only a set of plants and a 
set of customers between which the goods are 
transported. A two stage transportation problem has a 

set of intermediate distributors through which the 
goods from the source must pass through in order to 
reach the destination. A fixed charge transportation 
problem has a fixed cost of transportation which 
doesn’t depend on the volume of goods transported in 
addition to unit cost of transportation. 
 
The rest of the paper is organized as follows: Section 
2 presents the description of the two-stage SC 
distributionproblem. The proposed heuristic method 
is discussed in Section 3. Section 4illustrates an 
example which has been solved using proposed 
method. Section 5discusses the performance of the 
proposed methodology compared to other existing 
heuristic methods. A summary of the analysis is 
presented in the concluding Section 6. 

 
II. PROBLEM DESCRIPTION 
 
Consider a two-stage supply chain distribution 
problem consisting ofp plants, d distributors, and r 
customers. A plant can ship the product to any of the 
distributors, and a distributor can ship the product to 
any of the retailers. A route from plant i to distributor 
j is associated with a unit transportation cost of 
퐶 and a fixed cost of shipping a non-zero quantity of 
퐹 .Similarly, a route from distributor j to customerkis 
associated with a unit transportation cost of 퐶 and a 
fixed cost of shipping a non-zero quantity of퐹 . Plant 
ihas 푆  units of supply and customer k has 퐷  units of 
demand. Fig. 1 shows the pictorial representation of 
the two-stage supply chain distribution problem under 
consideration. 
 
Let 푥  denote the quantity transported from plant 푖 to 
distributor푗, and 푥  denote the quantity transported 
from distributor 푗 to customer푘. Let 푦  and 푦  
represent the fixed cost of operating routes such that 
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푦 = 1,			푖푓	푥 > 0	
0,			표푡ℎ푒푟푤푖푠푒and푦 = 1,			푖푓	푥 > 0	

0,			표푡ℎ푒푟푤푖푠푒. The 

problem is to determine the values of 푥 ,푦 ,푥 ,푦  
so as to minimise the total distribution cost in the 
supply chain given by 

퐶 푥 + 퐹 푦 + 퐶 푥 + 퐹 푦  

(1) 
while meeting the demand at the customers. 
 

 
 
III. THE HEURISTIC METHOD 
 
A simple constructive heuristic method has been 
developed for solving the distribution allocation 
problem for a two stage supply chain with fixed cost.  
We define a parameter called approximated unit 
costfor each plant (i) – distributor (j) – customer (k) 
combination, using the formula: 
퐴푝푝푟표푥푖푚푎푡푒푑	푈푛푖푡	퐶표푠푡, 

푈 = 퐶 + 퐶 + 	
퐹
푆 + 	

퐹
퐷 																																(2) 

We use the concept of penalty cost similar to the one 
used in Vogel’s Approximation Method (8) used to 
arrive at a basic solution in a single stage 
transportation problem. A penalty cost 푃  associated 
with customer k will be obtained as the difference 
between the minimum and second minimum 푈  
with respect to that customer. Then the customer with 
the highest penalty will have the highest priority for 
making the allocation. For customers with nearly 
equal penalty cost푃 , the customer with 
highest푈 will be given higher priority for 
allocation. Now the heuristic method is given below: 

 
1. Obtain the 푈  matrix using (2). This constitutes 

all possible paths that the goods may be 
transported through. 

2. From the 푈  matrix, the Penalty Cost푃  for 
each customer is calculated by finding the 
difference between the minimum 푈 and the 
second minimum 푈  for the customerk. 

3. List (L) thecustomers in descending order of their 
penalty costs. This represents the order in which 
the customer demands are satisfied. In case the 
penalty cost of customers are equal, the customer 
with higher 푈  is placed before in the list. 

4. Choose the first customer in the list, and allocate 
the maximum quantity possible. The maximum 
allocation would be the minimum of the 
remaining supply at plant i and remaining 
demand at customer k. 

5. Update the supply and demand values. If the 
demand at customer kis not completely satisfied, 
then the path with second least 푈  is selected 
and the customer demand is filled. This process 
is repeated till the customer demand is 
completely satisfied. 

6. Now the second customer on the listL is chosen 
and the same procedure is carried out. The 
process is repeated till all the customer demands 
are satisfied. 

7. The distribution obtained is the solution. 
 
The above procedure is carried out by comparing the 
penalty costs of each customer. An identical 
procedure can be carried out from the supplier side. 
The heuristic procedure is shown as  a flow chart in 
Fig 2. 
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IV. A NUMERICAL ILLUSTARTION 
 
We explain the proposed heuristic with the help an 
illustrative example in this section. The example 
gives a solution by calculating the penalties from the 
customer side as there are more customers than 
plants. Table 1 shows the supply at plants, demand at 
customers, and the two types of costs. 
 
Table 2 gives approximated unit cost values 
calculated for each possible path from a plant to a 
customer through a distributor and Table 3 gives the 
list of customers along with their penalty 
costs(calculated for each kby subtracting the 
minimum푈  from the second minimum푈 ) 
arranged in descending order of their penalty costs. 
 
Customer 7 should be allocated first. We should 
choose the path with minimum푈 . This corresponds 
to푖 = 1, 푗 = 3,푘 = 7. Since plant 1 has enough 
supply to meet the demand of customer 7, the demand 
at customer 7 is fully satisfied. This would be the first 
allocation made and is as shown in Table 4. Since 
customer 7 demand is completely satisfied, we move 
to the next customer on the list i.e. Customer 1. 
 

Table1: Cost, Supply, and Demand data 
Plant 
푖 

퐷푖푠푡푟푖푏푢푡표푟, 푗 푆푢푝푝푙푦 
푆  1 2 3 

1 
퐹 :4000 2000 3000 

3000 퐶 :8 90 17 

2 1900 2500 6500 3000 43 13 60 
Customer 

푘 
퐷푖푠푡푟푖푏푢푡표푟, 푗 Demand 

퐷  1 2 3 

1 
퐹 :1700 1800 5400 750 퐶 :20 20 40 

2 6700 5400 7200 600 14 15 30 

3 2400 3400 2700 980 22 23 20 

4 7000 8100 7200 700 31 32 25 

5 4500 3700 6800 550 42 54 30 

6 2000 1800 3400 400 55 60 32 

7 8000 9000 6700 800 60 65 35 

8 4700 5200 6300 350 65 66 60 
 

Table 2:Approximated Unit Cost values 
푈  

Custome
r 
푘 

Plant, 푖 = 1 Plant, 푖 = 2 
퐷푖푠푡푟푖푏푢푡표푟, 푗 퐷푖푠푡푟푖푏푢푡표푟, 푗 

1 2 3 1 2 3 

1 21.
6 

113.
1 

65.
2 55.9 36.

2 
109.

4 

2 34.
5 

100.
7 

60.
0 68.8 23.

8 
104.

2 

3 33.
8 

117.
1 

40.
8 68.1 40.

3 84.9 

4 50.
3 

134.
2 

53.
3 84.9 57.

4 97.5 

5 59.
5 

151.
4 

60.
4 93.8 74.

6 
104.

5 

6 69.
3 

155.
2 

58.
5 

103.
6 

78.
3 

102.
7 

7 79.
3 

166.
9 

61.
4 

113.
6 

90.
1 

105.
5 

8 87.
8 

171.
5 

96.
0 

122.
1 

94.
7 

140.
2 

 
Table 3: List of Customers, L 

푘 Penalty Cost, 푃  
7 18 
1 15 
6 11 
2 11 
8 7 
3 7 
4 3 
5 1 

 
Table 4: Partial solution after the first allocation 

Plant 
푖 

퐷푖푠푡푟푖푏푢푡표푟, 푗 푆푢푝푝푙푦 
푆  1 2 3 

1 0 0 800 3000 
2 0 0 0 3000 

Customer 
푘 

퐷푖푠푡푟푖푏푢푡표푟, 푗 Demand 
퐷  1 2 3 

1 0 0 0 750 
2 0 0 0 600 
3 0 0 0 980 
4 0 0 0 700 
5 0 0 0 550 
6 0 0 0 400 
7 0 0 800 800 
8 0 0 0 350 

Thus, the procedure is repeated to get the final 
distribution plan as given in Table 6. 
 

Table 5: Solution obtained using the heuristic 
Plant 
푖 

퐷푖푠푡푟푖푏푢푡표푟, 푗 푆푢푝푝푙푦 
푆  1 2 3 

1 1800 0 1200 3000 
2 0 2130 0 3000 

Customer 
푘 

퐷푖푠푡푟푖푏푢푡표푟, 푗 Demand 
퐷  1 2 3 

1 750 0 0 750 
2 0 600 0 600 
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3 700 280 0 980 
4 0 700 0 700 
5 0 550 0 550 
6 0 0 400 400 
7 0 0 800 800 
8 350 0 0 350 

 
RESULTS AND DISCUSSION 
 
The proposed heuristic was coded in C++ using Code 
Blocks IDE and implemented to solve the problem. 
The results thus obtained are tabulated. To 
demonstrate the effectiveness and efficiency of the 
proposed heuristic, the 20 problem instancesfrom 
Jawahar and Balaji (2009) were considered, which 
provide a broad coverage of situations with 
increasing complexity. Table 6 shows the 
performance of the proposed heuristic against the GA 
in Jawahar and Balaji (2009) and ACO of Vinay et al. 
(2012). The relative percentage deviation of the 
proposed heuristic from the GA and ACO solutions 
are alsoshown in Table 6. 
 
It can be observed from the results presented in Table 
6 that the solution obtained from the proposed 
heuristic method gives reasonable solutions that are 
nearer to the solutions compared. The proposed 
heuristic gives better solution than GA in 5 instances 
and ACO in 2 instances. 
It should be noted that the other methods (GA and 
ACO) compared here are evolutionary meta-heuristic 
methods which are significantly time consuming than 
the heuristic proposed. They take a longer time to 
arrive at a solution while the proposed method is not 
only simple and intuitive but also quick in arriving at 
a basic solution. 
 
We observe that when the list L is prepared from the 
customer side for푚 < 푟, a better solution can be 
obtained. 
 

Table 6:Performance of Proposed heuristic 
against GA and ACO 

Prob
. 

Propose
d 

Heuristi
c 

GA ACO 

% 
Deviation 

GA AC
O 

1 112,600 112,60
0 

112,60
0 0.0 0.0 

2 237,750 237,75
0 

237,75
0 0.0 0.0 

3 185,550 180,45
0 

180,45
0 2.8 2.8 

4 165,650 165,65
0 

165,65
0 0.0 0.0 

5 162,850 162,49
0 

162,49
0 0.2 0.2 

6 63,900 59,500 59,500 7.4 7.4 

7 34,350 32,150 32,150 6.8 6.8 
8 71,295 69,970 69,045 1.9 3.3 

9 257,080 264,68
0 

258,73
0 -2.9 -0.6 

10 80,400 85,200 80,900 -5.6 -0.6 

11 81,865 94,565 80,865 -
13.4 1.2 

12 51,620 47,140 47,140 9.5 9.5 

13 178,950 178,95
0 

178,98
0 0.0 0.0 

14 72,850 57,100 57,100 27.6 27.6 

15 152,800 152,80
0 

152,80
0 0.0 0.0 

16 132,890 132,89
0 

132,89
0 0.0 0.0 

17 105,810 106,61
5 

105,71
5 -0.8 0.1 

18 317,940 302,35
0 

281,73
0 5.2 12.9 

19 77,250 83,500 77,250 -7.5 0.0 

20 118,450 118,45
0 

118,45
0 0.0 0.0 

 
CONCLUSION 
 
The two stage supply chain distribution problem with 
fixed charge commonly encountered in real-life 
situations is an NP-hard problem. This paper 
proposes a simple heuristic method which applies the 
concepts behind Vogel’s Approximation Method 
used in solving a single stage transportation problem. 
Problem instances of various sizes available in the 
literature are solved and compared with those 
obtained using GA-based and ACO-based heuristics 
reported in existing literature. It can be inferred that 
the proposed heuristic provides quick and reasonable 
solutions for most scenarios. 
 
The present study highlights that in certain situations 
simple procedures may produce better solutions than 
existing heuristics and may be used to check whether 
better solutions may be obtained when compared to 
existing methods. 
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