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Abstract: The problem of locating distribution centers is one of the most important issues in design of supply chain. The
design of the distribution system is an important issue for almost every company. Wide range of problems arising in practical
applications can be formulated as Mixed-integer nonlinear Models. Multi-commodity distribution system design is a
generalization of a facility location problem where we have several commodities, and shipment from a plant to customer
occurs through a distribution center. This report presents a real life distribution problem. The problem is to determine which
distribution centers to use so that all customer demands are satisfied, production capacities are not exceeded, and the total
distribution cost that is the fixed cost of operating the distribution center and the transportation cost is minimized. A computer

program (Software R) is developed to obtain the optimal solution.
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1. Introduction

Today, global marketing and manufacturing is developing
rapidly. With this rapid development, competition among
manufacturing  companies  becomes more  severe.
Manufacturing products, shipping products into warehouses
and delivering products to customers is very difficult today.
Therefore every company is looking for a logistic system to
balance the overall supply chain of the company.

Deciding locations of distribution centers are the most
difficult part in supply chain management because inefficient
locations will result in excess cost. Thus management should
recognize the future conditions when making facility location
decisions. Multi-commodity distribution system design is a
generalization of a facility location problem where we have
several commodities, and shipment from plant to customer
occurs through a distribution center.

One of the most important attempts was taken by
Geoffrion et al [1] in which a mixed integer programming
model was formulated for the multi-commodity location
problem. Distribution center locations, capacities of the
distribution centers, customers, and transportation flow

patterns for all commodities were determined Solution to the
problem was presented based on Benders Decomposition
Method. 1t is possible to solve problem with any number of
commodities from this decomposition method. The
transportation part of the problem was broken into a separate
classical transportation problem for each commodity. The
major conclusion obtained from this study is the
effectiveness of the Benders Decomposition as a
computational strategy for multi-commodity distribution
location problem.

Simple and effective Genetic Algorithm has been
presented by Fernandes et al [2] for the two stage capacitated
facility location problem, which arises in freight
transportation. A single product transported from a set of
plants to meet customers’ demands is considered. The
transportation is not performed directly. The plants send the
product to customers through a distribution center. The
algorithm has written to determine the minimum operation
cost of the system satisfying the demands and capacity
constraints. As the first step of the Genetic Algorithm,
chromosome identification is performed and two different
constructive heuristics have used to find the initial
population. One is based on a pure greedy criterion, and the
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other one is based on rounding linear relaxations of the
problem. Computational experiments were performed to set
the best Genetic Algorithm parameters to ensure the quality
of the solutions.

Lelkes et al [3] has developed a new model by
considering much simpler problem where several
commodities produced in several plants, distributed to
several destination sites according to the customer demands.
The model was developed for multi-commodity
transportation and supply chain problem which is expressed
as a step-wise constant function. From this study, new model
is tested on multi-commodity transportation problem of SAB
Miller Europe and compared with the other methods from the
literature. Also feasibility checking method has been
developed for large scale mixed integer linear programming
problem having binary variables in the objective function.

In addition to the above studies, Afshari et al [4] has
presented a multi-objective mixed integer linear
programming formulation for location within network
distribution problem. To formulate this model, some
assumptions were considered; two potential central
warehouses that at least one of them should be located,
limited capacities for both central and regional warehouses,
transportation cost per unit is a coefficient of the distance
between the central and the regional warehouses, and
between the regional warehouses and the customers
respectively and the minimum level of the customer
satisfaction. Two Objectives have been considered;
minimizing the total cost including establishment of
warehouses and the transportation cost, and maximizing the
customer satisfaction. In this case study, Afshari has get data
from Automotive Part Distribution Corporation and solved
the formulated model using Lingo Software package.

Also, Agarwal et al [5] has provided with an integrated
model to minimize total transportation cost by determining
the optimal locations, flows, shipment composition, and
shipment cycle time. A Model has formulated for a two tier
distribution network. Agarwal has made following
assumptions to formulate the mathematical model; each
distribution receives the goods only from the warehouses or
directly from plants, the average monthly demand at various
nodes has been taken as independent of each other,
manufacturing location always has the material ready when
the order arrives, major safety stock is maintained at the
warehouses for its direct sale and for the distributors which
are replenished at regular intervals by the warehouse. But the
operating cost at each warehouse is not considered.

Uzorh et al [6] has developed a linear programming
method problem to solve the cost related problem. The
objective of the formulated problem was to minimize the
total transportation cost and to increase the profit on sale. A
case study has done to apply the linear programming method
to real world problem. TORA software has used to solve the
problem. Sensitivity analysis has done to classify the optimal
solution and check the allowable increase and decrease of the
cost coefficient and r.h.s values of constraints.

Linderstorm [7] restricted the survey to the standard linear

multi-commodity minimum cost network flow where all the
constraints and the costs are linear functions. Multi-
commodity minimum cost flow problem has converted into a
maximum flow by setting all supply and demands to zero,
and adding artificial arc going from each sink to
corresponding  source.  Price-directive  decomposition,
Resource-directive decomposition, partitioning methods is
given as the most common three categories to solve the
multi-commodity minimum cost flow problem.

Jil et al [8] has presented a mathematical model for two
stages planning of transportation and inventory for several
products. A local manufacturing company in which the total
supply exceeds the total demand is considered for the survey.
The rational unit cost is a new concept that has been used to
develop the mathematical model. The objective of this study
was to plan both transportation and inventory for both stages.

Behmardi et al [9] has presented a dynamic multi-period
multi-commodity capacitated facility location problem in
supply chain to maximize net-profit during the planning
horizon. Only one-echelon supply chain has considered.
Once fictitious plants are opened it cannot be closed, moving
capacity between existing plants is not allowed and
expansion or reduction of existing plants is allowed are some
of the assumptions made to simplify the model. Mixed
integer programming formulation has been modeled by
ILOG Optimization Programming Language (OPL) studio
3.5. Five different types of test problems include different
number of customers’ commodities and plants have been
considered.

Also, H. Afshari et al [10] have presented a multi-objective
mixed integer programming formulation for location within
network distribution problem. Objectives are to minimize the
total cost including establishment and transportation cost and
to maximize the customer satisfaction. The problem
describes two location layers in single period. We determine
the volume of the inventory in both stocks and middle
warehouses.

2. Materials and Methods

Transportation problem is an important area in operations
research. The objective is to determine the amount that
should be transported from each source to each destination,
so that the total transportation cost is minimized. It consists
with a linear objective function and linear constraints.

There are two main objectives in transportation problem:
minimize the cost of shipping and maximize the profit of
shipping from sources to destinations. If the transportation
cost from each source to each destination is known, the
transportation problem can be determined the optimal route
such that minimizing total transportation cost. Basically there
are two types of transportation problems; balanced
transportation problem and unbalanced transportation
problem. If the total supply is equal to the total demand, the
problem is defined as a balanced transportation problem. If
not, the problem is defined as an unbalanced transportation
problem. Unbalanced transportation problems should be
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converted into balanced by adding a dummy demand or a
dummy supply.

2.1. Solution Procedure of Balanced Transportation
Problem

Transportation problem can be solved using two stages;
determining initial basic feasible solution and then determine
the optimal solution.

There are three standard methods to find an initial basic
feasible solution:

1. Northwest corner rule

2. Minimum cost method

3. Vogel’s approximation method/Regret method

Optimal solution can be find using Stepping stone method
and Modified Distribution Method or U-V Method.

2.2. Multi-Commodity Transportation Problem

Multi-commodity transportation problem is a problem
where several commodities, shipped from a plant to a
customer occur through a distribution center. The objective of
the multi commodity transportation problem is to determine
which distribution centers to use so that all customer
demands are satisfied, production capacities are not
exceeded, and the total distribution cost, that is, the fixed cost
of operating the distribution centers and the transportation
cost, is minimized.

2.3. Mathematical Model of Multi-Commodity Transportation Problem

Distribution Center

Figure 1. A Multi-commodity DistributionNetwork.

Objective function of the multi-commodity transportation
problem consists with three parts; minimizing the total
distribution cost, the annual operating cost and the cost of
flow through the distribution centers.

1. Total distribution cost is the cost of producing and

shipping i ™ commodity from j "plant to /™ customer via
k™ distribution center.

p m
ie. Zzzz Ciikt Xijkl (D

Where,
ciw: Unit cost of producing and shipping i™ commodity

from j plant to customer [ via ™ distribution center.

Xijii: Amount of i" commodity shipped from ;" plant to
customer / via k™ distribution center.

2. Annual operating cost can be defined as follows:

p
D iz @
k=1

Where,
fi: Fixed annual operating cost of the k™ distribution center.

2. = {1sif k™ distribution center is open
kK7 10; otherwise
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Here, the operating cost is added only if k™ the distribution
center is open. So z; is a binary variable.
3. The cost of flow through the distribution center can be
defined as follows:
If £ distribution center serves to the /™ customer and if the
demand of i commodity to /™ customer is given by Dy,

P g m
ie ZZZ Vi Di vy (3)

k=1i=11=1

Where,
Dy: Demand of ™ commodity by /™ customer
v Unit cost of flow through the k™ distribution center

vy, = {Liif k™ distribution center surves 1™ customer
kK7 10; otherwise

Total transportation cost can be calculated by adding above
three equations:

Le. ZZZZ Cijki Xijk1 T szzk

i=1 j=1k=11=1

p g
+ zzz Vi Dty

k=1i=11=1

Following requirements should be satisfied to reach to the

objective function:

a) Number of units of /™ commodity that can be
transported from j ™ plant to /™ customer through the k™
distribution cannot exceed the supply of each
commodity.

P m
ie. DD X < 8y foralli,j

k=11=1

Where,

Xijii: Number of amount of /" commodity shipped from ;"

plant to /customer via ™ distribution center.

S;;: Production capacity of i commodlty at j plant.

b) Number of amounts of 7' commodlty shipped from ;"
plant to /™ customer via &A™ distribution center must be
equal to the amount of that i™ commodity produced at
all plants that is designed for that the customer and
shipped via that distribution center. This constraint
forces x;ji; to take the value 0, ify, =0. That is
whenever y,; =0, I™ customer is not served by A"
distribution center.

n

j=1

D;, yy; forallik,l1

¢) Each customer is
center.

served by only one distribution

p
ie ZYkl =1 foralll
k=1

d) Flow through k™ distribution center, if open (that is
7, = 1) is between the lower bound L; and the upper
boundU,,. That ensure the logical relationship between
the y and z variables; that is z, = 1 if and only if y,;
=1 for some /.

z z Djjyi

i=l 1=1

ie Lz, < Uy z, (k=1,...,p)

Where,
L, U Minimum and maximum allowable annual flow
through thek™ distribution center.
e) Amount of commodity shipped to customer via
distribution center cannot be negative.

ie X0 2 0 00kl

Yy 1 a binary variable. y,; =1 if customer is served by the
distribution center k.

f) zis also a binary variable. If z, = 1, k™ distribution
center is opened on that site and if z, = 0, there is no a
distribution center.

iez, 20o0rl 0k=1,..,p

Formulated mathematical model for multi-commodity
transportation problem:

Minimize = ZZZZ Cijk1 Xijk1 + ka Zy

i=1 j=1k=11=1

I .
ZIZZV i1 Yk

i=11=1

Subject to,

D Xiju < Sy foralli,j,
11=1

TV

=

Xijki = Djyi forallik,l

.
1

D
Zykl =1 foralll
k=1

q m
Lz < ZZ ¥k S Ugzg (kzl,...,p)

i=1 1=1
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Xij 2 0 Okl

3. Results
3.1. Case Study

The problem arises in a local company categorized under
Candy and Confectionery-Manufacturers  Equipment.
Company has only one plant. Chocolate toffees, wafers
biscuit, extruded snacks and many more products are
produced in this plant. This problem involves the
transportation of a truckload of their products from a plant to
seven distribution centers, and to 15 customers at a minimum
transportation cost in Sri Lanka.

Required cost, capacities and demands of distribution
centers to commodity are given in following tables 1 to 7.

Table 1. Unit cost (in Rupees) of producing and shipping toffees to each
customer through each distribution center.

Table 3. Unit cost (in Rupees) of producing and shipping Biscuit to each
customer through each distribution center.

Distribution  Toffee

center 1 2 3 4 5 6 7
Customer

1 1.21 1.26 1.24 1.24 1.21 1.24 1.24
2 1.21 1.27 1.24 1.24 1.21 1.24 1.24
3 1.23 1.29 1.25 1.26 1.22 1.25 1.25
4 1.21 1.25 1.23 1.24 1.2 1.23 1.24
5 1.54 1.49 1.62 1.63 1.48 1.63 1.51
6 1.28 1.35 1.26 1.28 1.25 1.27 1.29
7 1.29 1.36 1.27 1.29 1.26 1.28 1.3
8 1.35 1.43 1.34 1.32 1.31 1.35 1.43
9 1.34 1.41 1.33 1.31 1.3 1.34 1.42
10 1.3 1.34 1.31 1.3 1.27 1.3 1.31
11 1.31 1.35 1.32 1.31 1.27 1.31 1.31
12 1.27 1.33 1.29 1.28 1.25 1.26 1.33
13 1.29 1.36 1.31 1.3 1.26 1.28 1.36
14 1.29 1.29 1.37 1.31 1.26 1.33 1.27
15 1.29 1.3 1.37 1.32 1.26 1.35 1.28

Distribution  Biscuit packet
center 1 2 3 4 5 6 7
customer
1 26.79 2854 27.57 2781 26.6 27.57 27.57
2 26.89 28.69 27.61 27.89 26.6 27.61 27.68
3 26.82 284 27.5 27.78 26.51 27.55 27.53
4 26.89 2821 2754 2784 2649 27.57 27.6
5 3648 35.09 3892 3941 3485 3941 3583
6 29.29 31.62 28.67 29.32 2834 2899 2945
7 29.22 31.62 28.66 29.3 28.26 2898 29.54
8 3091 33.42 3053 2997 29.62 3091 3342
9 3142 34.03 31.01 3044 2995 3147 3436
10 29.65 30.8 29.81 29.53 28.58 29.53 29.81
11 29.29 30.64 29.57 2934 2835 29.29 2931
12 293 31.34 29.76 29.55 284 28.7 31.26
13 29.6 31.74 30.11 2994 2857 29.05 31.76
14 29.43 29.61 32.18 30.11 2837 31.02 28.67
15 29.47 29.82 32.11 3045 2843 3146 28.93

Table 4. Demand for each commodity by the customer.

Demand

Customer Toffee Chocolate Biscuit
1 2460000 49400 74190
2 2475000 50000 74286
3 2063000 48200 78571
4 2690000 47000 80000
5 2235000 52000 73571
6 2570000 52600 73207
7 2470000 46000 75000
8 2466800 49500 78929
9 2625000 46000 73571
10 2390000 48450 73214
11 2280500 50650 78500
12 2750000 51400 73571
13 2400000 46000 70064
14 2470000 49800 72500
15 2360000 49500 71286

Table 5. Capacity of each commodity at each distribution center.

Table 2. Unit cost (in Rupees) or producing and shipping Chocolates to each
customer through each distribution center.

Distribution  Chocolate

center 1 2 3 4 5 6 7
Customer

1 27.66 30.28 28.83 29.19 27.37 28.83 28.83
2 27.77 30.46 28.85 29.26 27.34 2885 2895
3 27.92  30.51 29.04 2949 2743 29.12 29.09
4 28.17 30.42 29.27 29.78 27.49 29.32 2937
5 41.21 39.25 44.68 4537 3891 4537 40.29
6 30.95 34.19 30.08 30.99 29.62 30.54 31.17
7 31.84 35.76 3093 3197 30.28 3145 3236
8 3439 38.39 33.79 32.89 32.33 3439 38.39
9 3523 3941 3458 33.67 32.89 3531 3993
10 31.99 33.73 3224 31.82 30.39 31.82 3224
11 31.62 33.71 32.05 31.69 30.15 31.62 31.65
12 31.13  34.05 31.78 3148 29.85 30.27 33.93
13 31.97 35.23 32.76 3249 3041 31.14 35.26
14 3142 31.69 3542 3241 29.88 33.73 30.31
15 31.41 31.92 3522 32.82 2991 3427 30.64

. Commodity

Distribution Center

Toffee Chocolate Biscuit
1 10000000 200000 310000
2 2500000 58000 75000
3 5500000 102000 166000
4 5500000 100000 160428
5 5200000 110000 160000
6 5300000 100000 150000
7 5000000 110000 150000

Table 6. Fixed cost (in Rupees) at each distribution center and per unit cost
of flow through the distribution center.

Distribution

Center Toffee Chocolate Biscuit Fixed cost
1 0.516 0.78 0.54 3470870

2 0.78 0.78 0.552 2654949
3 0.576 0.576 7.26 3921083

4 4.86 4.86 5.22 5772084

5 4.98 4.98 4.62 4952241

6 7.26 7.26 7.26 4043158

7 5.22 5.22 4.86 3963477
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Table 7. Capacity of each plant for each commodity.

3.2. Optimum Transportation Schedule

Commodity Plant Formulate model in chapter 2 can be solved with respect to
1 39000000 the data gathered from the company and to satisfy the company
2 780000 requirements. It is solved using sofiware environment R to
3 1171428 determine the optimum transportation schedule so that the total
transportation cost will be minimized and optimum solution to
the problem given in table 8.
Table 8. Optimum transportation schedule.
Commodity Distribution center Customer Total cost (Rs) Cost of flow through the distribution center (Rs)
Toffee 1 1 2982000 11193100
Toffee 1 2 3006600 11225440
Toffee 5 6 3221234 25924315
Toffee 5 9 3405034 26382015
Chocolate 1 4 2151200 9155340
Chocolate 1 8 2439950 9443254
Biscuit 5 4 2118834 12392915
Biscuit 5 8 2337984 12607117

Total minimum Cost =Rs.1183223496.00

> Toffee

-3 Chocolate

-3 Biscuit

{ Badulla

b i3

._;'
) o 14
CUSTOMERS 15

Anuradhapura

Figure 2. Graphical representation of the optimal transportation schedule.

4. Discussion

Solving the above transportation problem using R software
package, Minimum transportation cost is Rs.1183223496.00.
The amount, Rs. 1195599652.00 represents the minimum
annually transportation cost for the company to transport its
products from the plant to seven customers via two
distribution centers. So clearly we can see that the optimum
solution we obtained through our process is more profitable
than the existing one. It is also clear from the result that to
minimize the transportation cost chocolates can be
transported only through the Kandy distribution center, and

biscuits can be transported only via Colombo distribution
center. Figure 2 illustrates the graphical representation of the
optimal transportation schedule to distribute each commodity
to customers via two distribution centers.

5. Conclusion

Facility locations decisions are critical to the efficient and
effective operation of a supply chain. Multi-commodity
transportation problem is a generalization of a facility
location problem with several commodities, and shipment
from plant to customer occurs through a distribution center.
Main idea of this study was to minimize the total
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transportation cost. It is clear from the result and the given

data,

to minimize the transportation cost only two

distribution centers can be used. Also only few customer
demands were satisfied. By increasing the capacity or
reducing the transportation cost, company can select dealers
in a more profitable way to satisfy more customers’ demands.
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