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Abstract—Supply chain consists of all stages involved, diyec
or indirectly, includes all functions involved inlfilling a customer
demand. In two stage transportation supply chaimblpm,
transportation costs are of a significant proportaf final product
costs. It is often crucial for successful decisiomsking approaches
in two stage supply chain to explicit account foondinear
transportation costs. In this paper, determinidéenand and finite
supply of products was considered. The optimizestribution level
and the routing structure from the manufacturingng to the
distribution centres and to the end customers tergéned using
developed mathematical model and solved by prabgsseticle
swarm optimization based genetic algorithm. Nunaéranalysis of
the case study is carried out to validate the model

Keywords—Genetic Algorithm, Particle Swarm Optimization, ¢ through effective supply chain management, mass

Production, Remanufacturing

I. INTRODUCTION

HE primary purpose for existence of any supply chgio
satisfy customer needs, in the process generatiofifg
for itself. Supply chain activities begin with astomer order
and end when a satisfied customer has paid forohiker

Supply Chain Management (SCM)
"Maximizing added value and reducing total costoasrthe
entire trading process through focusing on speedcarntainty
of response to the market." It is the term usedéscribe the
management of the flow of materials, informationd &unds
across the entire supply chain, from suppliers dmmonent
producers to final assemblers to distribution (Wareses and
retailers), and ultimately to the consumer. SCM lasome a
necessity especially for manufacturing industry witecomes
to deliver products at a competitive cost and lsigaer quality
than their competitors. SCM has allowed businesgdays to
not just have productivity advantage alone but aisovalue
advantage. Mass manufacturing offers productivityaatage

customization can be achieved. With mass custoinizat
customers are given the value advantage througtiblite
manufacturing and customized adaptation. In thisepathe
investigation of supply chain configuration has megone
using a single product two-stage transportation ehadth a
focus on the capacity of the plants, capacity efdfstribution
centers, demand at the end customers,

purchase. The term supply chain conjures up imaafes transportation cost between plants to distributtenters and

product, or supply, moving from suppliers to mawtideers to
distributors to retailers to customers along a rhAi typical

supply chain may involve a variety of stages likestomers,
retailers, wholesalers/distributors, manufacturesnponent/
raw material suppliers. Objective of every supphaia is to
maximize the overall value generated. Supply clmiocess
should be measured in terms of supply chain piifita and

not in terms of profits at an individual stage. Gssful supply
chain management requires several decisions rglatinthe
flow of information, product, and funds. These dawuis fall

into three categories or phases, supply chaireglyair design,
supply chain planning and supply chain operatie@pethding
on the frequency of each decision and time franes asich a
decision phase has an impact.
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distribution centers to the end customers. We mego
particle swarm optimization based genetic algoritarapplied
to solve the problem.

Il. LITERATURE REVIEW AND METHODOLOGY

A two-level mathematical model for supplier selentin
developing a supply chain network to minimize thede
customer’'s level of dissatisfaction by making adé&raoff
between price and delivery lead time by assumiag ttere is
a defined set of potential suppliers at each stdighe supply
chain [1]. Supply chain scheduling has the comfikexiof the
two aspects initiated respectively by MC and supghain
environment at the same time [2]. To provide a togy of the
field of supply chain management as an aid to hibih
classification of research in the field, and as eans of
providing a framework for the identification of they content
of the subject [3]. A mathematical model for theoistage
supply chain fixed charge distribution problem dgsnfiulated
and solved using a GA-based heuristic method [4teady-
state genetic algorithm (SSGA) for the single-seunculti-
product multi-stage supply chain network designbjem,
which is a NP-hard problem, a new encoding strectiar
represent a solution for the problem and new gréedyistics
to generate initial population were employed [5]heT
decisions related to the development of a SCN taategic in
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nature. The approach presented here is to faeilithie
decision-making process and not to force the datishs the
solution depends on the set of data, the objedtinetions
with different sets of data will be different [@}loreover, the
characteristics that a facility location model slobave been
identified to adequately address SCM planning n¢édsThe
main conclusion that can be drawn from this revievthat
finding a growing stream of research aiming atititegration
of strategic and tactical/operational decisionstpply chain

 The capacities of plants and distribution centers
demand at the end customers.
* Route between which the product is transported from
plants to the customers.
« The quantity of product transporter through the
corresponding routes.
A synthesis of these sub systems is used to nEeitthie
total cost of the supply chain. The purpose of tstage
transportation model is to develop a network ofwflof

planning. A five- tiered network and the variatiorequality products from plants to distribution centers andnttio the
formulation of governing equilibrium condition utiéd in  customers by minimizing the transportation costhaf entire
order to obtain qualitative properties as well dse t supply chain. The minimum cost is achieved by feitg the
computation of the equilibrium flows and prices bmaking  most efficient way of transporting the manufactupedducts
some assumptions [8]. A large-scale model for thpply from plants to distribution centers and from dsition
chain planning problems arising at a pulp company keenters to the end customers. The processes ofsianaind
combining the rolling planning horizon and the Laggian selection of the best transportation method is doyeising

decomposition is discussed. They generated sevaralidate genetic algorithm. Details of the methodology afeeg in
solutions by starting from different dual solutibg applying Appendix |

the rolling horizon heuristic. In addition, it demgerate bounds

which are better than the LP relaxation value [9].

A new HGA approach both with a local search techaiq

and adaptive local search scheme has been propodbt

study using a hill climbing method for local seanctethod

[10]. An online system that can reduce the bullwbifect

dramatically along supply chains by applying comagiohal

intelligence techniques is proposed [12]. The psggo
algorithm is inspired by the particle swarm optiatian

technique [13]. A group (swarm) of virtual partigls moving
in discrete intervals through the search spacetichRar
represent solution instances in the search spaah particle
keeps track of the best solution (location) it emgered in its
path (pbest, particle’s best) and the best locatiocountered
by all particles (gbest, global best). The next en@f each
particle is controlled by a velocity vector thatinfluenced by
both pbest and gbest. Kennedy and Spears haveudeulcl
through rigorous experimentation that PSO is abte
accomplish the same goal as GA optimization in\& ard a
faster way [14]. A hybrid algorithm in which a pdation of

genetic algorithm is taken, when the improvemergabeto

level off, and used as the starting populationhaf particle
swarm optimization algorithm [15].

The investigation of supply chain configuration Hzeen
done using a single product two-stage transportatimdel
with a focus on the capacity of the plants, capaoit the
distribution centers, demand at the end custoniiees] cost
and transportation cost between plants to disiobutenters
and distribution centers to the end customers. Thiree
entities plants, distribution centers, end custemeare
considered in this supply chain model. The model
generalized by considerations of ‘I' number of p&n'J’
number of distribution centers and ‘K’ number oftmmers.
The total number of products manufactured at pldefsends
on demand of the end customers. The cost levehirsporting
the products between plants and the end custorepends on
the logistic flow structure from the plants to #ad customers.
So the cost factor may come in accordance withnegti
transportation root. In designing the model threlb systems
need to be analysed.
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lll.  PARTICLE SWARM-BASED GENETIC ALGORITHM

Conceptually, particle swarm optimization technicpaems
to lie somewhere between genetic algorithms antuggoary
programming. It is highly dependent on stochastimcesses,
like evolutionary programming. The adjustments tavabest
(local best) and gbest (global best) by the partslvarm
optimizer are conceptually similar to the crossowperation
utilized by genetic algorithm. It uses the conceffitness, as
do evolutionary computation paradigms. In this msgd
approach, the chromosomes in the initial genetgorithm
population are treated as particles in a swarm @ndsover
operator of GA is done in two steps. In the fitsfs a particle
is crossing with its local best and one of newdipiérticle is
crossing with its (parent particle) global best. tdion
operator of GA is not considered in this proposggraach.
t Priority-based encoding structure is consideredgmetic
representation in GA. The priority-based encodm@pplied
to a single-product transportation problem, a clusome
consists of priorities of sources and depots asdleéhgth
equals to total number of sources (|K|) and defjafs i.e. |K|
+ |J|. Depending on the selected source (depotlepot
(source) is determined considering minimum transgion
cost and an arc between them is added to corresmgpnd
network. In the algorithm, while the chromosomeéedined as
v(t), b, a, f; are the demand on depot j for product, capacity
of source k, space requirement of product on acgoand
shipment amount of product between source k anatdgp
icsespectively. Decoding of the chromosomes is given
Appendix I. The initial population is generated damly and
evaluation aims to associate each individual witfit@ess
value so that it can reflect the goodness of fitefo individual.
In this proposed approach, the objective functias been
taken as fitness function. Two parents are selefitad the
population by the binary tournament selection meism in
every generation. The crossover is done to expluee/
solution space and the crossover operator corresptmthe
exchanging parts of the strings between selectezhim
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In this proposed algorithm, new generation is @eaby

TABLE Il
crossing each particle (here the chromosome isetieas the TRANSPORTATION COSTS BETWEEN DIFFERENT NODES
particle ina swarm) with its local l_:)est_ solu_t|o1mlathe global c i II:rotn; Cost FomDCto .
best solution. In PSO, each solution is adjustestthaon the ommodity  PRILIO gy customer <% ®)
best chromosome in its search path through thergtoes 1 06t 1 03¢
(pbest) and the best chromosome generated up tqdlirat 1-2 0.5¢ 1-2 0.3€
(gbest). A chromosome is first crossed with pbestiiting in 1-3 0.7€ 1-3 0.3
two children from that one is chosen randomly. Thesen ;’_‘i %‘i‘z 1;_11 06324
chromosome is then crossed with gbest using theesan 2.2 0.68 2.2 0.40
operator. Again, one of the resulting two ph|ldnemhosen Transportation gi 8.22 gi 8?2
randomly and copied to the new generation. Theeeftre cost for unit 3'1 0.70 3'1 0.50
outcome of a crossover operator assumes a locatidhe product 3.2 0.62 3.2 0.4¢
search space in the average space that includegpattent 33 0.64 33 0.3C
particle, the best solution in its search path #mel best 34 0.6 34 0.42
; : 41 0.4¢
solution found over the whole population. Procedanepted 4.2 0.32
is given in Appendix IlI. 4-3 0.26
4-4 0.28
IV. RESULTS AND DISCUSSIONS TABLE I
The proposed 'Partlcle Swarm-based GA. is tf-zsted tvigh PRODUCT QUANTITY FROM PLANT TODC
actual data obtalngd from a company which is oneth_ef Distribution Centers (DC)
producers of plastic which is planning to produdastic 1 2 3 4
profile which is used in buildings (vinyl sidinggjoors, Plants 1 10C 40C 0 0
windows, fences, etc.), pipe lines and consumeeriads. The g 4gc % 1030 1250
company intends to establish new plants at threengial
locations which were determined depend on the sspeeific
considerations. The company is planning to opemast six TABLE IV
DCs as the demand densities of 63 customer zondse to PRODUCT QUANTITY FROMDC TO CUSTOMERS
served and access time from DCs to customer zohes. Customers
X : : 1 2 3 4
company intends to estgbh;h supply chain netwdrt t Distribution 1 350 0 230 0
satisfying the company objectives f(_Jr the produtd_so meet Centers 2 49C 0 0 40C
customer demands from DCs. The input values ginefable 3 0 0 13C 37¢C
I and II. 4 0 37C 0 40
TABLE |
CAPACITIES AND DEMANDS OFPLANTS, DC’S AND CUSTOMERS V CONCLUSIONS ) )
Plant Distribution Customers Fixed A network for solving two-stage transportation desh in
ants Centre (DC) Demand Costof  supply chain management has been developed whichn is
No. Capacity No. Capacity No. Demand D(g)s attempt to address some shortcomings such as et of
1 50c 1 5oc 1 350 24.C |n|F|aI so'lut!on. An attempt was made to solve m@blgm
2 49C 2 40C 2 34C 26.C using priority-based encoded for chromosome reptaten
3 500 3 130 3 360 24.6 and crossing each particle (chromosome) with italldest
4 370 4 440 25.4

solution and the global best solution in genetgoegthm. The

This example problem is optimised by using genetigeveloped network is tested with a numerical exampl
algorithm by random generation of the initial sidatand then 9enerated randomly. MATLAB was used as the platféom

optimizing the total cost taken. The desired héigrimethod developing the program using which the problem salsed.
was incorporated in the form of program based oe tm>cope for further research can be done by extenthieg
algorithm developed by using MATLAB software. Thefindings to more complicated problems such as ruutiduct,
program developed was tested with numerous randoniijulti-stage supply chain problems.

generated problems. The minimum total cost for gheduct
for plant to distribution centers and from disttibn centers to
customers was 741$. The flow of products is shomwithe
tables Il and IV.
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APPENDIXI

A. Mathematical Formulation

We do a programming formulation to the single-prdu
multi-stage SCN design problem. This problem iddétermine
the subsets of plants and DCs to be opened andsigrdthe
distribution network strategy that will satisfy akpacities and
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demand requirement for each product imposed byomests
with minimum cost. The assumptions used in thidbmm are:

exceed their upper limit. This constraint is vemportant
when a manager has limited available capital. Caimgt (5)

« The number of customers and their demand capacitiessure that all demand of customers are satisfiedpened

are known.

DCs; Constraints (6) and (7) enforce the non-negati

« The number of potential plants, DC's and theirestriction on the decision variables and the lyinzature of

maximum capacities are known.
» Customers are supplied products from a single DC.

Indices and Parameters:

| set of plants (i to 1)

J set of DCs (j to J)

K set of customers (k to K)

g capacity of plant i.

bj capacity of DC j.

dx demand of customer k.

W maximum number of DCs.

W maximum number of DCs.

g; annual fixed cost for operating a DC j.

Ci unit transportation cost from DC j to customer k.

tj unit transportation cost for product from platd DC j.

Decision Variables

z 1if DC | is opened, O otherwise.

Yjk quantity of product shipped from DC j to custorker

X;j quantity of product shipped from plant i to DC j.
Objective Function

minz=Y 3 + 330y, + 303 1)

Term1: Total Transportation cost for product frofar® to
DC.

Term2: Total Transportation cost for a product fid@ to
Customer.

Term3: Annual Fixed cost of a DC.

Subject to
S x, <a, 01 2)
gylkaJZp 0 (3)
i z, sW, (4)
Syuzd. 0k (5)
Xij, Yik= 0 (7)
z={0, 1} (8)

the decision variables used in this model. Conssai(8)
ensure that DC’s are open or close.

APPENDIXII
Procedure: Decoding of the chromosome
Input: K : set of sources
J : set of depots
@ : capacity of source k[J k OK
& unit transportation cost of product from smuk
to depot jO kOK ; Oj0OJ,

v (k+j)  :chromosomél kOK; O jOJ,
Output: g;  : quantity of product shipped from source k to
depot j

step 1. g <0,0kOK, 0j 0J
step 2. & arg max{v(t), tO |k|+|j|}; select a node
step 3. If I O K, then k*I; select a source

j*<arg min{gg |v((j) # 0, j O J}; select a depot with
the lowest cost

else j& | ; select a depot

k*-arg min {Gg [v((k) # 0,k OK}; select a source with
lowest cost
step 4. g <min{a*/,b;* }; assign available amount of units

Update availabilities on source k* atgpot j*

&=ak - Oy 8= bj*- Qi
step 5. If g=0 then v(k*) =0

If p*=0 then v(j*) =0
step 5. If v( k+j) =0,0 kOK , O j OJ,
transportation cost and return

else go to step 1.

then calculate

APPENDIXIII
Procedure of the proposed Particle Swarm-based tiGene
Algorithm
Input: Data, Parameters
Output: best solution
Begin
k 0;
initialize the population P(k);
evaluate P(Kk);
while not (termination condition) do
select P1 and P2 by binary tournament fron);P(k
apply crossover to P1 and P2 using PSO
For each chromosome pi in P(k)
pbesti = pi
End
Denote the best chromosome in P as gbest
Repeat over all generations while terminationnist

Equation (2) and (3) ensure that the pIant-capaci%ached

constraints and the distribution centre-capacityst@ints,
respectively. Constraint (4) satisfies the opendgs @lo not
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For all chromosomes pi in P(k)
c= outcome of crossover between pi and pbesti
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pi = outcome of crossover between c¢ and gbesti
If pi is better than pbesti
pbesti = pi
End if
If is better than gbest
gbest = pi
End if
End for
End repeat
Evaluate pi

Update P (k) by deleting the worst solution addiag the pi

(1]

(2]

(3]

(4]

(5]

(6]

(7]
(8]

9]

[10]

[11]

(12]

[13]

[14]

(18]
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End
Output best solution
End
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