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Abstract

The modern industries are compelled to become
more competitive for providing the quality product at
a minimum cost. In particular, companies have to
analyze the efficiency of their logistic operations and
need to adopt a holistic view of the entire supply
chain network. The network design optimization
attempt to optimize the flows of goods traverse
among the main entities of the supply chain, not
limited to the suppliers, warehouses, distribution
centers, retailers and customers. In this study,
Network Optimization (NO) will be carried from the
perspective of the Retail Supply Chain (RSC) and
study proposes a Genetic Algorithm (GA) for
optimizing a novel mathematical model of the retail
SCND. Most of the real world scenarios involve
multi-source, multi-stage and multi-product with
large instances. Therefore, the developed GA is more
beneficial for real world scenarios strategic
decisions such as location and allocation decisions
and also to perform powerful ‘what if” analyses. The
authors have elaborated the GA with numerical
examples and compared the results. The outcome of
the study proposes the GA approach to reduce the
distribution network design cost and the most
appropriate number of facilities to minimize total
supply chain costs to match the organization’s
service goals.

Keywords: Genetic Algorithm (GA), Mixed Integer
Linear Programming (MILP), Network Optimization
(NO), Retail Distribution, Supply Chain Network
Design (SCND), Supply Chain Performance

1. Introduction

A world-class transformational supply chain
begins with a network that employs an all-
encompassing view of the various business
areas that manage the delivery of products to
customers. The result is significant capital,
operational, and tax savings while achieving
optimal customer satisfaction. The result is
significant capital, operational, and tax savings
while achieving optimal customer satisfaction.

As customer service requirements become
more complex, supply chain optimization
studies have become the foundation for some of
the most successful companies’ logistics and
fulfillment  operations. Thus, world-class
organizations now realize that non-integrated
manufacturing processes, non-integrated
distribution processes and poor relationships
with suppliers and customers are inadequate for
their success [4]. The network design problem is
one of the most comprehensive strategic
decision problems that need to be addressed for
a long-term efficient operation of the entire
supply chain. The SCND provides an optimal
platform for efficient and effective supply chain
management [8] and also determines the
number, location, capacity and type of plants,
warehouses and DCs to be used [2].

Due to the complexity of Location Routing
Problem (LRP), the exact methods have been
used for solving small sized instances, and only
for two-index formulations [6]. Three-index
formulations, a more versatile but more
complex, have not been solved optimally.
Therefore, multi-stage formulation is realistic as
well as a timely research which has a significant
practical importance. Many of studies have
focused only a two-stage supply chain network
design with multi-product and/or multi-source
scenarios. Therefore, in this study, authors
consider the multiproduct, multi-source, multi-
stage nature of the SCND. The multi-stage
formulation has more advantages as opposed to
the single SCND formulation. Furthermore, the
proposed GA considered six stages on SCND
and the Network Optimization (NO) will be
carried from the perspective of Retail Supply
Chains (RSC) and study proposes a Genetic
Algorithm (GA) for optimizing the MILP. Most
of the real world problems deal with large
instances consisting multi-source, multi-stage
and multi-products. Therefore, the developed
model is more beneficial for real world strategic
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decision making such as location and allocation
decisions. The authors have developed the new
GA to optimize the retail SCND and has
validated the solutions with the CPLEX
optimization, which was developed by [15].

2. Literature Review on SCND
Optimization

The authors report a rigorous literature survey
with the approaches gaps and applicability of
existing literature related to the network design
optimization of supply chain network. The
review process is carried out by extending the
published review literature from [12] and [10],
which consists articles up to 2016.

Network design is the basis for the efficient
operation of the supply chain and consequently
one of the most important problems a supply
chain manager is called to solve. During the past
decades, there have been some interesting
studies in the literature concerning the network

design problem [12]. Review of the SCND
problems are depicted in Table 1 with
application areas and solving techniques.

As the review, most of the studies are in
related to the production-distribution planning.
A few of the studies focused with on the
distribution network planning. The authors have
reviewed the literature across the production-
distribution and distribution network planning
studies to enhance the understanding of problem
formulation and applicability of the proposed
model. There are two studies, which have
concerned about supply chain network design
optimization. One of the studies have solved by
using empirical test cases, whereas the other one
has solved by using CPLEX. The CPLEX
approach cannot be used for large instances and
only one study has used GA with a single source
approach. Therefore, there is an open research
area for the SCND optimization with GA for
multi-source and multi products context.

Table 1. Summary Of The Literature Review

Study Application Area Solving Technique

[19] Production- distribution, Facility location-allocation Heuristic procedure with the aid of Lagrangian relaxation

[23] SCND optimization, production-distribution planning Lagrangian heuristic and GA

[1] Capacitated location-allocation MILP and Spanning tree based genetic algorithm (GA)

[22] production—distribution model with consideration bills of MILP problem solved using LINDO

materials (BOM)

[24] Production-distribution Heuristics

[25] Facility location-allocation problem Non-linear integer program and propose a Lagrangian-
relaxation solution algorithm

[2] Facility location-allocation problem Non-linear integer program and propose a GA

[3] Production-distribution planning MILP and heuristics

[13] Transportation planning Non-linear integer program and propose a spanning tree-

based GA

[9] design task involves the choice of facilities (plants and GA and result compared with CPLEX, Lagrangian
distribution centers (DCs)) to be opened and the distribution heuristic, hybrid genetic and simulated annealing
network design to satisfy the customer demand algorithms
[16] Facility location Non-dominated sorting algorithm (NSGA 1)
[18]
Distribution network planning MIP and heuristics
[20] Distribution allocation A mathematical model is formulated as an integer-
programming and the model is solved using GA-based
heuristic
[17] Production-distribution MILP and particle swarm optimization heuristic algorithm
[10] Production-distribution planning Heuristics based on Tabu Search (TS)
[14] Supply chain network design optimization Empirical test cases
[15] Supply chain network design optimization Simulation and optimization based approach. Optimization

has performed with CPLEX

SLAAI - International Conference on Artificial Intelligence

51

University of Moratuwa, Sri Lanka 31 October 2017



Munasinghe & Rupasinghe

3. Formulation of the GA

The Genetic Algorithm (GAs) using the
Darwinian concept was first introduced by
Holland (1975). GA is useful when a large
search space with little knowledge of the
solution is presented, and has been successful in
providing near optimal solution for many
diverse and difficult problems [10]. Overall GA
procedure is depicted in Figure 1.
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Figurel. Overall GA Procedure

A. Chromosome Representation

Literature suggests to use the flexible multi
logistics network (fFMLN) with vertex based
encoding GA solution to find the best route for
delivering the product to each customer when
the network is single source [11]. In our
approach to depict the multi product, multi-
source  SCND nature. The chromosome is
represented as an edge based. The formulation
has a SCND with six different delivery routes
along with multiple products as supplier to
warehouse, warehouse to DC, DC to retailer,
supplier to DC, supplier to retailer and
warehouse to retailer. Therefore, the length of
every chromosome is equal to:

Xx(I(J]+K+L) +[(K+L) +K(L)) @

Where;
X: Number of Products

I: Number of Suppliers

J: Number of Warehouses
K: Number of DCs

L: Number of Retailers

There are six different types of decision
variables as
Qixlj ; szjl{ ; anl{l , Q4xll , stll{ and Qﬁ‘le. and
they are depended on the number of suppliers,
warehouses, DCs, retailers, and products. Every
gene represents the product amount shipped
between different facilities. Figure 2 is depicted
the proposed chromosome representation to
solve the multi-product, multi-source SCND
problem.

001 92,01 @300 08,105,408 00, 02,01 03,01 08,0 [ 05,0 0hiy

Prodser 1 Prodsct x

Figure 2. Chromosome Representation

B. Initialization

A random chromosome generation has been
implemented to generate the initial population
and the fitness of each chromosome is equal to
the corresponding SCND cost, which is obtained
by multiplying shipping quantity, unit shipping
cost and distance. The first generated population
is improved by applying crossover and mutation
genetic operators.

The value for each gene is generated
randomly within a defined and specific range. In
this study, this specific range is defined by
generating random value in between 0 and upper
limit value. This upper limit value is defined by
considering retailers demand values. Because,
each SCND should be satisfied the retailer’s
demand.

The fitness of each chromosome equal to
the corresponding SCND cost. Developed GA
fitness function calculation is based on the
model developed by [14] where the total supply
chain network design cost is minimized. The
overview of the proposed GA is depicted in
Figure 3.

C. Genetic Operators

In order to enhance the ability of producing
new solutions, this study is employed the cross
over and mutation operators. Due to the
different natures of the different products in the
chromosome, crossover and mutation operations
are performed in separately with each product.
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Procedure: GA for SEND optimization
Input: Problem data
initinlize P(g) // population of chromosomes
Output: Best Solution
forg=0to G [/ g generation number
GA copacitated constrained checking

apply cross over to obtain C
apply mutation to £

/{ generate new of feprings
fitness evaluationof C

g =l
end while
cutput: best solution

end for

fitness evaluate P(g) // evaluation function (s objective function
while (termination criteria is reached) do
zelect €1 and C2 by tournament selection from Pig)

select Plg+ 1) from Plg) and C by romoving the worst solution

Figure3. Proposed GA

1) Crossover

This operator allows genetic material to be
exchanged between two chromosomes with the
aim of exploring new solution spaces [5]. Cross
over operates on two parent chromosomes at a
time.

It generates offspring by adding both
chromosomes’ features. A sample illustration of
cross over operator is depicted in Figure 4,
Figure 5 and this sample is illustrated for one
supplier, one warehouse, one DC and one
retailer for multi-product.

Step 1: generate a random split point from
each product to cross over. (Figure 4)

cut puind 2

|

parent 4 465 | 120 0 | Z35 1150 | 345 | 635 450 130 245 [ 175

cul paint 1

- .

Froduct 1 Prodwee 2

parent 2| 066G | 355 | 160 ] 0 |

130 (4904807 165 (100 166 | 7% | ©

Product | PFroduct 2

Figure 4. Step 1 Overview

Step 2: Exchange substrings between
parents and generate new offspring. (Figure 5)

wffspring 1 | %65 1200 0 | 255 | 130 | 810 635 | 450 130 | 185 75 ]

Product | Froduct 2

of fsprimy 2 | W65 1 U565 fo0 | O 150 345 7400 | fof | 100 | 45 0 175

Froduct | Frodwr 2

Figure5. Step 2 Overview

1)  Mutation

This operator produces spontaneous random
changes in one or more chromosomes of a
population generation selected on a fitness basis

[5]. In the proposed GA, a gene swapping
mutation operator is executed. It randomly
selects two genes from each product within a
chromosome and exchange their positions each
other. A sample illustration of mutation operator
is depicted in Figure 6.

parent | | A48 IZ(I‘ ° 35 RS0 345 | 635 a8 130 @ 244 ] 175
Product 1 Froduer 2
of (spring | 465 PASA] 0 | 235 PR30 345 (6351 450 | @ | 235 [ 330 | 175

Frodsee 1 Freduct 2

Figure 6. Mutation Overview

In this study, GA was developed to solve
the SCND problem, which was formulated by
[14], and performance comparison was carried
through GA and CPLEX solution computed
previously by the authors [15] lot of
diversification in the solutions. Consequently, it
is better to use an evolutionary algorithm like
GA in this phase [7].

4. Discussions and Findings

The proposed GA chromosome representation,
initialization, crossover and mutation have been
explained in previous section. The algorithms
were coded in C#.Net language and the
parameters have been tuned for the proposed
GA. Results of the proposed GA is depicted in
Table 2.

A. Performance Comparison of Developed GA

With an approximation method like GA, it
is not ensured the optimum solution is found.
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Therefore, the solution obtained with the
GA is compared with those obtained with
CPLEX [15].

According to the results obtained in Table 2,
it can be seen that as the number of generations
increase, the solution quality enhances. From
the GA, the minimum value is reached when the
GA parameter of the generation size is fixed to
five. In Figures 7 and 8 show this phenomenon.

A2000000

Optimal Sokution
.o o

10000000
5000000
o

Sample Problem

Inmum solution

GA M. CPLEX optimal sofution

Figure 7. Performance comparison for first six sample problems

Table 1. GA solutions for sample problems

Figure 8. Performance comparison for last six sample problems

Since most of the real world scenarios are
large cases, the model should be facilitated to
reach optimal solution within a reasonable
timeframe. To evaluate the accuracy, the authors
have calculated a gap calculation between
CPLEX and GA solutions for above 12 sample
problems within 10 generations. Gap calculation
are depicted in Table 3 and 4. It is facilitated to
enhance the accuracy and fine function of the
proposed model with GA.

GA Minirmmm Solution — CPLEX Optimal Solution
= &

100
CPLEX Optimal Solution

O]

This study has used the GA and CPLEX
together for validation of the proposed approach
using different scenarios and compared the
outputs to demonstrate the quality of the
performance [15]. By using the gap calculation,
the authors concluded that the newly proposed

Gap

Sample Parameters tuning with varying size of the Generation size in the GA
Problem 1 2 3 4 5
01 13, 636, 420 13, 356, 785 13, 347, 360 13, 269, 780 13, 158, 690
02 21, 436, 450 21,342,830 21,198, 760 21,136, 960 21, 065, 490
03 35, 087, 960 34,969, 520 34,723, 695 34,725, 875 34, 926, 650
04 16, 526, 555 16, 465, 452 16, 136, 450 16, 136, 985 16, 236, 895
05 20, 325, 645 20, 136, 540 20, 136, 525 19, 888, 995 19, 865, 750
06 22, 236, 450 22, 036, 980 22,036, 475 21,936, 210 21,723,920
07 17, 656, 980 17,536, 565 17,523, 325 17, 223,680 17, 232, 640
08 27, 269, 545 27, 220, 075 27,034, 895 26, 958, 750 26,932, 125
09 49,923, 695 49, 823, 680 49,767, 855 49, 775, 660 49, 678, 930
10 28,136, 450 27, 936, 495 27, 648, 750 27,769, 840 27, 469, 780
11 34,526, 985 34,526, 970 34, 264, 450 33,969, 785 33,865, 210
12 36, 598, 750 36, 572, 655 36, 498, 760 36, 149, 320 36, 126, 695
£0000900 GA is more suited for large-scale real world
o 59000200 scenarios to optimize the SCND with minimum
£ 40000000 distribution cost.
_‘g 30000000
%mmmu 6. Conclusion
o
10000000 - a aja -
: In this study, initially a thorough systematic
5 B g 20 i1 i review has been carried out on SCND model
samere rroviem approaches and  problem  formulations.
GA minimum selution CPLEX cptimal solution Subsequently, the authors have considered the

new MILP model for retail SCND by taking into
account several factors such as transportation
cost, capacity allocation and optimal facility
location based on the study of [14]. The novelty
of this study is carried out by considering
distance from facility to facility with SCND and
multi-echelon approach with new proposed GA.
Therefore, the proposed GA is a new approach,
which covers multi-product, multi-stage and
multi-source scenarios together.

The solutions obtained have been compared
solution with CPLEX optimal solution, which
was obtained by [15]. Finally, the proposed GA
is a more suitable approach for solving the
SCND real world scenarios.

Furthermore, this study provides solutions
for  determining; the most profitable
combination of supplier-warehouse-DC-retail
mapping for product flows, locations of
Distribution Centers (DCs) and, warehouses and
locations for setting up new warehouse/DC, and
capacities of DCs and warehouses.
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Table 3. Gap Calculation for Sample Problems 01-06

Sample Problem 01 02 03 04 05 06
GA minimum solution 11, 708, 690 19, 465, 490 33, 626, 650 15, 036, 895 18, 865, 750 20, 543, 920
CPLEX optimal solution | 11, 520, 830 19, 248, 380 33, 589, 850 14, 755, 220 18, 655, 860 20, 331, 350
Gap (%) 1.63 1.12 0.10 1.90 1.12 1.04
Table4. Gap Calculation for Sample Problems 07-12
Sample Problem 07 08 09 10 11 12
GA minimum solution 16, 932, 640 26, 332, 125 49, 078, 930 26, 669, 780 32, 565, 210 35, 326, 695
CPLEX optimal solution 16, 713, 430 26, 237, 330 48, 681, 050 26, 362, 970 32,202, 610 34,942, 930
Gap (%) 131 0.36 0.81 1.16 1.12 1.09
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