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Abstract. This paper aims to develop a strategic decision support system for logistics and supply chain
network design of a multi-stage, multi-commodity, and multi-period distribution and transportation system. A
mixed integer linear programming model is proposed to tackle the problem while minimizing the operating,
transportation and handling cost through all tiers of the supply chain network. A genetic algorithm based method
has been proposed to solve the problem in a large scale realistic environment. The efﬁcacy of the developed
strategic decision support model in achieving better utilization of network and resources to fulﬁl the customer
demand is demonstrated using illustrative scenarios inspired from the real case of a logistics company.
Keywords. Supply chain network; logistics network; facility location; decision support system; CPLEX;
genetic algorithm.

1. Introduction
In the present competitive era, logistics and supply chain
network plays a vital role towards the economic growth of a
country. Manufacturing companies focus on developing a
logistics network to fulﬁl the customer demand by taking
account of the market demand. Due to this, in the last
decade, the role of manufacturing has shifted from simple
producers of goods and services, to ones that co-ordinate
the whole industry value chain. Now, manufacturers have
own activities to integrate all intermediate activities to
provide the product to the customers without any delay.
Network design decisions have a signiﬁcant impact on
performance, because they determine the supply chain
conﬁguration and set constraints within which the other
supply chain drivers can be used to decrease the supply
chain cost or increase responsiveness. All network design
decisions affect one another and must be made taking into
this consideration. Decisions concerning the role of each
facility are signiﬁcant, because they determine the amount
of ﬂexibility the supply chain network has in changing the
way, it meets demand.
A supply chain distribution network as shown in ﬁgure 1
describes three stages and four levels of network. The two
levels of entities based on customer–supplier relationship
have been considered in a generic framework of network
design. The available levels are the sources, named also
manufacturing plants (at the ﬁrst level), the central
*For correspondence

distribution centres (CDCs, at the second level), the
regional distribution centres (RDCs) representing the third
level, and ﬁnally the customers demand points (CDPs) at
the fourth level. This is an example of a generic distribution
network and this conﬁguration is adopted in this paper and
treated by the proposed models, methods and DSS as discussed in the rest of the paper.
A decision support system is now developed to design
and control the multi-echelon logistics distribution network
at different level of supply chain systems. A genetic algorithm (GA) based method is proposed to support the decision making process on strategic and operational planning.
This model can be used to design and control many real and
complex practical scenarios and can be used by practitioners, planners and managers easily.
The remainder of this paper is organized as follows. The
literature review is described in section 2. Section 3 presents problem description and the mathematical model. The
methodology and approach is described in section 4. We
summarize the results and discussion in section 5. Finally,
conclusion is presented in section 6.

2. Literature review
A model for multi-product, multi-period three stage supply
chain network with warehouse reliability is developed by
Pasandideh et al [1]. A bi-objective mixed integer linear
programming is formulated to minimize the total cost of
network used for supply chain and maximize the total
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Figure 2. Logistics network to design the strategy model.
Figure 1. A supply chain distribution network.

number of products dispatched to the customer [2]. In
recent growth of freight transportation, the greenhouse gas
emission inﬂuences the factors of sustainable supply chain
network. He et al [3] introduced a problem on multi-echelon container supply chain and modeled as mixed integer
linear programming to minimize the total supply chain
service cost. The closed loop supply chain for multi-product, muti-echelon model has been described by Kalaitzidou et al [4] to fulﬁl the market demand by minimizing the
overall capital and operational cost. A closed loop supply
chain model is developed to capture the environmental
issues [5] and determine the ﬂow of parts and products in
CLSC network. A rule based optimization method is proposed by Pratap et al [6] for bulk handling port operations.
Fattahi et al [7] developed a model for multi-echelon and
multi-product supply chain network for multi-period horizon and maximize the proﬁt and revenue in network.
The design of sustainable supply chain network is
described by Dejax and Olivier [8], who present various
sustainable factors inﬂuencing the supply chain network.
Mousavi et al [9] designed a model for supply chain network for seasonal multiple product location/allocation
inventory problem and minimize the inventory cost associated with distributor and retailer. A reconﬁgurable supply
chain network is developed by Kristianto et al [10] which
minimize the inventory allocation and transportation routing cost. Pramanik et al [11] presented a model for two
stage supply chain network with imprecise capacitated
ﬁxed charge transportation cost and maximize the proﬁt in
order to fulﬁl the retailers demand with associated distributed centre. Mousavia et al [12] designed a supply chain
network model for sessional multiple product allocation for
inventory management in a certain time horizon.

3. Problem statement
The logistics supply chain network design and distribution
network are mainly dependent on strategic planning of
large enterprises company. Simchi-Levi et al [13] describes

the long effect inﬂuence of the strategic level decision on a
company. Supply chain networks should be managed by
taking into consideration the objectives of all supply chain
stakeholders [14].
The design of logistics network controls the multi-echelon logistics production distribution network. For designing, decision making should be based on strategic planning
and operational planning.
Strategic level planning is generally classiﬁed on the
basis of the following:
•
•
•
•
•
•

Capacity decision
Inventory decision
Procurement decision
Production decision
Routing decision
Choice of transportation model

In the model, the complexities involved in designing the
network are dimension of instance (number of entities-DCs,
production plant, customer, etc.), products (single vs multicommodity) and planning period (existing of single sourcing hypothesis), as shown in ﬁgure 2.

3.1 Mathematical model
3.1a Objective: To determine the optimal location of production/distribution centres, allocation of customer demand
(activation of links and ﬂows between two generic entities
of different levels e.g. central DCs and regional DCs) and
determine the optimal handling and storage capacities of
available set of production/distribution centres.
Index
p = production plant {p = 1, 2, 3…P}
c = central distribution centre {c = 1, 2, 3…C}
q = regional distribution centre {q = 1, 2, 3…Q}
t = transportation mode {t = 1, 2, 3…T}
i = customer demand point {i = 1, 2, 3…I}
l = number of products {l = 1, 2, 3…L}
where M, D and R represent a manufacturing plant, central
distribution centre, and regional distribution centre,
respectively.

A strategic decision support system
Decision variables
fpM
fcD
fqR

ﬁxed
ﬁxed
ﬁxed
(
1

yp

(

yc

(

yq

ﬁxed cost for manufacturing plant

cost for manufacturing plant p
cost for central distribution centre c
cost for regional distribution centre q

C
X

xcqtl

xqitl
s
Cpctl

c
Cpqtl

c
Cqitl

tM
pl
tD
cl
tRql

ﬁxed cost for central distribution centre

if plant p is used

0

otherwise

1

if distribution centre c is used

0

otherwise

Q
X

h¼

fpM

 yp þ

p¼1

þ

fcD

 yc þ

Q
X

c¼1

P X
C X
T X
L
X

s
Cpctl

 xpctl þ

P X
C X
T X
L
X

s
Cnptl
 xnptl :

p¼1 c¼1 t¼1 l¼1

Manufacturing plant to distribution centre (p)
Q X
C X
T X
L
X

c
Cpqtl
 xpqtl :

c¼1 q¼1 t¼1 l¼1

Distribution centre (p) to regional distribution centre (q)
Q X
M X
T X
L
X

c
Cqitl
 xqtl :

q¼1 i¼1 t¼1 l¼1

Regional distribution centre (q) to Customer point order
Handling cost
P X
C X
T X
L
X

xnptl  tM
nl :

p¼1 c¼1 t¼1 l¼1

Handling cost to supply product l from plant n to distribution centre (p) by transportation a
Q X
W X
T X
L
X

xpqtl  tD
pl :

Handling cost to supply product l from distribution
centre (p) to redistribution center by route a

 yq

Q X
C X
T X
L
X

Q X
W X
L
X
c
Cpqtl

c¼1 q¼1 t¼1 l¼1

c
Cqitl
 xqtl þ

q¼1 i¼1 t¼1 l¼1
Q X
P X
T X
L
X

fqR

q¼1

p¼1 c¼1 t¼1 l¼1

þ

ﬁxed cost for regional distribution centre
Transportation cost

q¼1 p¼1 t¼1 l¼1

C
X

Q X
M X
T X
L
X

fqR  yq

q¼1

Strategy planning
P
X

fcD  yc

c¼1

1 if regional distribution centre q is used
0 otherwise
Quantity of product l ﬂows from plant p to
distribution centre c using transportation mode t
Quantity of product l ﬂows from distribution centre
c to regional distribution centre q using
transportation mode t
Quantity of product l ﬂows from regional
distribution centre q to customer demand point
using transportation mode t
Transportation cost of product l per unit load from
plant p to central distribution centre c through
transportation mode t
Transportation cost of product l per unit load from
central distribution centre c to regional distribution
centre q through transportation mode t
Handling cost of product l from regional distribution
centre q to customer order demand point i through
transportation mode t
Variable cost per load from manufacturing plant
p of product l
Variable cost per load from distribution centre c of
product l
Variable cost per load from regional distribution
centre q of product l

xpctl

585

P X
C X
T X
L
X

xpctl  tM
pl

p¼1 c¼1 t¼1 l¼1

xpqtl  tD
cl þ

q¼1 p¼1 t¼1 l¼1

Q X
I X
L
X
q¼1 i¼1 l¼1

xqil  tRql

 xpqtl

xqil  tRql :

q¼1 i¼1 l¼1

Handling cost to supply product l from redistribution
center (q) to customer order point
Q
X

xqil ¼ dil :

ð1Þ

q¼1

Total quantity of product l ﬂows from RDCs to demand
point i

min{h}
Fixed cost
P
X
p¼1

fpM  yp

C X
T
X
c¼1 t¼1

M
xpctl  hCpl
yp :

ð2Þ

586

T Biswas and Susmita Samanta

Total quantity of product l from plant p to distribution
centre c through transportaion mode t is greater than supply/production capacity of source plant p

Start

Initialize population

Q X
T
X

D
xcqtl  hCql
yc :

ð3Þ

q¼1 t¼1

Fitness

Total quantity of product l from distribution centre c to
regional distribution centre q through transportation mode t
is greater than supply/production capacity of distribution
centre c
Q X
T
X

xqitl  hCilR yq :

Satisfy condition ?

End

ð4Þ

i¼1 t¼1
Parent selection

Total quantity of product l from distribution centre c to
regional distribution centre q to customer demand point i is
greater than supply/production capacity of regional distribution q.

Crossover

Mutuation

4. Methodology

Generate new
population

The following two methods are used to solve the problem.
Figure 3. Genetic algorithm to evaluate ﬁtness function.

4.1 Genetic algorithm
A nature inspired genetic algorithm is proposed to solve the
mixed integer linear programming (MILP) problem to
determine the optimal strategy. Genetic algorithms (GAs)
are adaptive heuristic search algorithms based on the evolutionary ideas of natural selection and genetics as described
in ﬁgure 3. As such, they represent an intelligent exploitation
of a random search used to solve optimization problems.
Although randomized, GAs are by no means random, instead
they exploit historical information to direct the search into
the region of better performance within the search space.
Crossover
Crossover is the main genetic operator. It operates on two
parents (chromosomes) at a time and generates offspring by
combining both chromosomes’ features. The crossover is
done to explore new solution space and crossover operator
corresponds to exchanging parts of strings between selected
parents.
Mutation
Mutation is another important operator which generates
random changes in chromosomes. Similar to crossover,
mutation is done to prevent the premature convergence and
explore new solution space. However, unlike crossover,
mutation is usually done by modifying gene within a
chromosome. We also investigate the effects of two different mutation operators on the performance of GA. Insert
mutation is used for this purpose. Several mutation operators have been proposed for permutation representation,

such as inversion, insertion, displacement, and reciprocal
exchange mutation.
Evaluation of ﬁtness
The evaluation aims to associate each individual with a
ﬁtness value, so that it can reﬂect the goodness of ﬁt for an
individual. The evaluation process is intended to compare
one individual with other individuals in the population. The
choice of ﬁtness function is also very critical, because it has
to accurately measure the desirability of the features
described by the chromosome. The function should be
computationally efﬁcient, since it is used many times to
evaluate each solution. In this study, the objective function
has been taken as ﬁtness function.

4.2 ILOG CPLEX optimizer
ILOG CPLEX optimizer is a ﬂexible and user-friendly
software platform for manufacturing plant in logistics sections, encountering the multi-echelon and multi-level enterprises. It creates a platform to integrate development
environment with optimization programming language
(OPL) and can be implemented in recent Microsoft environments It is ﬂexible because the strategic planning and
operational modules can be implemented separately. The
MILP models are generated and solved by the IBM ILOG
CPLEX Optimizer (linear solver). The considered scenario
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Table 1. Outcomes in different scenarios.
Strategy planning case study
3s
Strategic planning modeling
Active RDC
Active CDC
Active plants
Total cost (€)
Regional distribution cost
(€)
Distribution centre cost (€)
Plant handling cost (€)
Average time to reach a
point of demand (h)

GA

1S and 2S
ILOG

GA

ILOG

MCC (cost based)
GA

ILOG

MCC (distance based)
GA

ILOG

4
4
4
4
4
3
11
14
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
51,210,008 52,103,008 51,297,281 52,386,112 51,190,412 52,626,312 61,283,510 64,316,780
2,764,236 2,932,438 3,042,785 3,128,231 3,119,006 3,358,781 12,264,037 13,652,115
4,114,267 4,381,247 4,114,267 4,381,247 4,114,267 4,381,247 4,114,267 4,381,247
16,996,219 17,108,992 16,996,219 17,108,992 16,996,219 17,108,992 16,996,219 17,108,992
63.41
65.61
55.81
57.23
61.94
64.12
61.76
63.54

for the strategic model as described: multi-level (four levels),
single period (e.g. 1 year), multi-product, capacitated in
terms of handling at each level and production at the ﬁrst one
(the source level), multi-modal transportation. In the strategic planning, the distance between two generic locations are
generally quantiﬁed adopting the Euclidean hypothesis, but
the tool gives the user the option to measure the
exact road distance in quickest or shortest hypotheses.
This is the mixed integer linear programming strategic
planning model 3S, which can be obtained by the solver to
ﬁnd the optimal solution, or the solution as close as possible
to the optimal when the instance of the decision problem is
too wide and complex.

transportation cost and handling cost associated with
manufacturing plants, central and regional distribution
centres. In the proposed model, the impact of manufacturers
and cost associated to design the networks are considered
by integrating the sourcing decisions into model. To
encounter the problem complexity, two solution approaches
are proposed: nature inspired genetic algorithm and ILOG
CPLEX solver. A comparative study is done and quality of
solution, where it is observed that ILOG CPLEX performs
better than GA, but the computational time is vice versa.
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