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Abstract

In this paper, a bi-level programming is proposed for designing a competitive supply
chain network. A two-stage stochastic programming approach has been developed for
a multi-product supply chain comprising a capacitated supplier, several distribution
centers, retailers and some resellers in the market. The proposed model considers
demand’s uncertainty and disruption in distribution centers and transportation links. A
Stackelberg game is used to formulate the competition among the components of
supply chain. A bi level mixed integer programming mathematical model is used to
formulate the supply chain and the impacts of the strategic facility location on the
operational decisions such as inventory and shipments have been investigated via the
mathematical model. To solve the model, Bender’s decomposition algorithm is used.
Some discussions through several numerical examples and some managerial insight
are suggested for the situations similar to the assumed problem.

Keywords: Competition, Supply chain network design, Disruption, Benders
decomposition algorithm

1- Introduction

The field of disruption in supply chain management had attracted the interest of many researchers and
very important articles on this subject have been published by different journals. Natural disruption
(earthquakes, floods, etc.) and human activities, intentionally or unintentionally (operator errors, terrorist
attacks, etc.) have a great effect on the performance of supply chains and in some cases enormous costs
have been arisen. As Snyder et al (2012), disruption has attracted more attention for the following factors.
First, the various events such as the 11th September attacks, Katrina Hurricane and the tsunami in Japan
caused disruptions which their impacts on the society and the global economy are understood well. The
second factor was an increase in the use of JIT (Just in time) production, lean production and existence of
many uncertainties in dynamic systems which have greatly increased the vulnerability of systems.
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Furthermore, because reducing the vertical integration of supply chains besides globalization, the possible
failures of each of the facilities could affect the performance of other sectors and resulting large losses in
total supply chains.

Nowadays, intense competition in the markets makes the organizations and firms to make certain about
their reliable and correct performance at different periods of time and implement their strategic and
operational planning by considering the potential risk in the competitive environments. Small crash in
systems could cause a different kind of disruption and also can be seen as a severe threat to the society
and environment. Excessive complexity of supply chains makes them highly sensitive to disruptions and
failures, and minor disturbance in one component of the chain could cause harmful effects on the whole
supply chains. Disruption in the supply chain components’ can cause a loss of market share in a
competitive market and will create irreparable damages or harm. Therefore, taking possible disruptions
into account in supply chains at the planning period could reduce costs, increase competitiveness, service
and reliability. Supply chain network design (SCND) considers some strategic decisions such as the
location of facilities and their capacities and also operational decisions such as inventory and distribution
policies. In most of the literature in supply chain network design, it is considered that the supply chain
performs exclusively and the existence of competitors is ignored in most cases. It should be considered
that supply chains compete to gain market share and even if there was no rival at the time, supply chains
should be prepared for competitive condition in the future (Farahani et al. 2014b). One of the factors that
could affect the competition between supply chains and also among the components of each supply chain
is disruption and the way the supply chains are facing them at different times. Therefore, in this paper,
supply chain network is designed by considering two important factors, competition and disruption.

The remainder of this work is organized as follows. In Section (2) the literature will be reviewed. Then,
Section (3) and Section (4) describe the problem, and presents the proposed model, Section (5) presents
the Benders' decomposition algorithm for solving the proposed model. Next, Section (6) describes a
computational study for implementing the feasibility of the applied model and discusses the significant
findings for the practical application of the proposed model. Finally, conclusions are drawn in Section (7)
and some topics for future research in this area is given.

2- Literature review

In this section, the recent researches in the literature of competitive and reliable supply chain
network design are reviewed and the main contributions of this work are specified in comparison
to the recent literature.

2-1- Literature on Competitive Supply Chain Network Design (CSCND)

Intense competition in the markets requires organizations to act as a member of the supply chain. Being
a member of a chain helps firms in their field of expertise to respond quickly to customer needs changes
and improve their agility and flexibility. The ultimate goal of supply chain management is to improve the
competitiveness of the entire chain. Integrating different parts of the supply chain to form a network for
managing the flow of materials through the structure, plays an important role on the chain performance
and competitiveness (Bernstein and Federgruen, 2004). When the supply chain has no rival in the market,
it has a monopoly on the market and gain all the market share. When there are other competitors in the
market, considering the monopoly for the supply chain is an unrealistic assumption in many cases (Zhang
and Rushton, 2008).

Modeling efforts, mainly optimization and simulation models, have tried to address some of the
competitive supply chain network design. Competitions in the context of the SC can be classified into
three categories: (1) competition among firms in one tier of a SC. (2) Competition among firms from
different SC tiers and (3) competition among independent SCs.
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Seifert and Langenberg (2011) investigated that if supply chains want to remain in competitive markets,
they should be sensitive to environmental changes and quickly adapt themselves with these changes.
Viswanadham and Gaonkar (2003) proposed a mixed integer programming model considering all of the
chain members shared their information for obtaining the maximum profit and then the efficiency of the
supply chain is evaluated. Boyaci and Gallego (2004) considered a market with two competing supply
chains that supply only one kind of product and the competition is based on the service level of each one
for having more consumers. Shen(2005) designed a supply chain for maximizing the profit of an
organization and expressed that it is not necessary to satisfy all of customers demands. Therefore, it is
better to satisfy the demands which maximize the profit and rest of the demands should be assigned to
other competitors. The model is solved by branch and bound algorithm.

Zhang (2006) proposed a model for the formulation of competition in supply chains. An economic
supply chain network of companies are involved in procurement, production and distribution activities is
designed. The proposed model investigates some heterogeneous supply chains with different number of
echelons and the winner of the competition is determined in the equilibrium condition. Gurnani et
al.(2007) have considered a two echelon supply chain including producer and retailers. Also, it is assumed
that advertisement, quality level of the products, price of retailers and price of producers have some effect
on demand of consumers. Both of the players want to optimize their profits.

Xu et al.(2008) proposed a model for designing a supply network taking into account the impact of
price and delivery time on utility function for customer satisfaction and competitiveness in organizations.
They assumed three strategies for distribution of products. A game theory approach is used for modeling
the supply network design. Most of the papers considers the competition just among independent firms
and focuses on the integration of supply chain. The competition among different members of each layer
and the other layers of supply chain do not have attracted many attentions. Some papers such as the
following have been studied the competition among supply chains. Xiao and Yang (2008) considered
two bilayer supply chain with uncertain demands, sensitive to retail price and service competition. Supply
chains consist of a risk neutral supplier and a risk averse retailer. Products are not quite the same and
suppliers sell their products through retailers to customers and then the impact of risk for retailers on the
wholesale price and selected strategies of the players was examined.

Rezapour and Farahani (2010) proposed an equilibrium model for supply chain design. They have
considered that demand is certain and the price of the products depends on demand .In this model, the
supply chain competitors have been produced the same products that can be replaced by each other and
the role of strategic decisions in the tactical decisions such as facility location and transportation are
being seen. In recent years, more attention has been made to the competition in supply chain network
design.

Farahani et al.(2014a) have designed a two-level supply chain network that determines the location of
retailers and capacity of competing supply chains in the market. In this paper the competition is assumed
to be static with having final certain demands. The model in this paper can be used in the automotive
industry, fuel and tires as well as luxury goods for tensile and non-tensile demand. To solve the model in
the small-scale, a branch-and-bound algorithm is used and for large-scale problems a heuristic approach
has been developed. In another study, Rezapour and Farahani (2014) designed a new supply chain with
regard to price and service level and also restrictions on production. The main goal of the multilevel
proposed model was to achieve the maximum profit in the future. Fallah et al.(2015) considered the
competition between two closed-loop supply chains, including manufacturers, retailers and recycling
centers in an uncertain situation. In this study, retail price and the cost paid by the consumers to buy
recycled products are assumed as competitive factors. The proposed model is used to examine the
Stackelberg game and competition between the chains with respect to price dependent demand.
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2-2- Literature on Supply Chain Network Design under Disruption and Uncertainty

Considering disruption and uncertainties helps organizations and companies to service and supply in a
better manner. In the last decade an excessive research have been attended the possible disruptions and
uncertainties in supply chains. In this section the recent research in the context of disruption and
uncertainties in SCND is investigated.

There are several uncertainties in supply chain network including operational uncertainties and
unexpected disruptions with low probabilities of occurrence. The first category are related to uncertainties
in demand of customers, supply and procurement process and also uncertain quantities of raw material
prices, etc. These uncertainties have significant impacts on the performance of supply chains and they
occur frequently. There has been much work in literature of designing supply chain considering
operational uncertainties only in demand-side (Shen and Daskin, 2005), (Romeijn et al. 2007), (Ko and
Evans, 2007), (You and Grossmann,2008), (Pan and Nagi,2010), (Park et al. 2010), (Cardona-Valdés et
al.2011),(Hsu and Li,2011), (Rezaee et al. 2015), (Rezaee et al. 2015), (Han et al. 2015), (Yin et al. 2015),
(Cardoso et al. 2015)). Also supply-side uncertainty management which affect operational uncertainty
beside demand uncertainty has a rich literature (Santoso et al. 2005), (Yu et al. 2009), (Bode and Wagner
2015), (Giri and Bardhan, 2015),(Jabbarzadeh et al. 2015)). Difficulties with supply in one entity can
disrupt the performance of all entities of the supply chain leading to lost sales and poor service level and
long-term demand attenuation (Rezapour et al. 2015).

In the recent years an excessive research have been attended the possible disruptions in SCND. The first
research which considers disruption in facility location was proposed by Drezner (1987). He introduced
two models in his study. The first is P-median problem where it is assumed that the nodes fail with a
certain probability and each node and also connection links are likely to fail. The aim is to minimize the
distance traveled for satisfying expected weighted demand. The second model is a (p-q) center problem in
which the location of P facilities are determined and the assumption that in the future Q facilities may be
failed. The objective is to minimize the distance between the closest facilities to their customers. Snyder
and Daskin (2005) investigated a facility location problem by considering reliability and fixed costs for
establishing then in P-median problem. Both proposed model used a bi objective programming in which
the first objective minimized the total expected costs in normal condition and the second one minimized
the total expected costs with considering expected failure. Peng et al.(2011)proposed a model for
designing a reliable network performed after failure like normal condition (without disruption) as much as
possible. Using P-robust for reducing the disruption risk is the main contribution of this study. In fact, by
using mixed integer programming in association with P-robust concept, the total costs are minimized by
considering the maximum regret for each scenario. Jabbarzadeh et al.(2012) have been studied a supply
chain network design by assuming risk of disruption in facilities. They proposed a nonlinear mixed
integer programming for determining the number and location of facilities, the allocation of customers to
facilities and also the flow of product in supply chain. Finally, they used Lagrangian relaxation for
solving the proposed model. Azad and Davoudpour (2013) have been considered a location routing
problem with disruption risks. To deal with operational risk in the supply chain network, robust
optimization is used. In this paper location routing problem at three levels: customer, distributor and the
supplier, was investigated. For the first time, conditional value at risk is used in routing problem. In fact,
the main purpose of this model is to show the advantage of using the conditional value to control risk in
the supply chains. To solve the model, a hybrid approach, Tabu search and simulated annealing algorithm
is used. In some recent studies, Torabi et al.(2015) proposed a two stage stochastic programming for order
allocation and supplier selection in which the operational and disruption risks are considered for making
the supply chains more resilient. They applied several proactive strategies for enhancing the resilience
level of selected supply base. Sadghiani et al.(2015) proposed a robust retail network design under
disruption risk, they proposed multiple deterministic set covering models and they developed a robust
scenario based model for designing retail network. Eventually, it has shown that designing the retail
supply chain without considering the disruption is misleading.
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Investigating the literature of CSCND and SCND under risk of disruption demonstrates that
competition and disruption are considered simultaneously in a few studies. Most of the studies ignore this
fact that any disruptions could impress the competitive position of each supply chain in markets and could
cause loss of market share. A modeling effort for SCND under risk of disruption and uncertainty has not
been considered the competition among the components of supply chain to the best of our knowledge.
One general reason could be the difficulty of solving the competitive model for example bi-level
programming which is used in this paper (Saharidis and lerapetritou, 2009). In this study it has been
considered that disruptions affect the competition between components of supply chain which have
ignored in the most studies. This paper contributes to the era of CSCND and SCND under risk of
disruption and uncertainty in the following way. First we present a stochastic bi level supply chain
network design model for optimization of the profit of each supply chain’s member. Second, we present
Benders' decomposition approach for solving the bi level proposed model. Third, a number of numerical
tests are implemented to investigate (1) the performance of the proposed solution method, (2) impact of
considering disruption and competition simultaneously, and (3) sensitivity of numerical result to change
in the input parameters. In the next section, the assumed problem will be described and a bi-level
programming will be proposed for competitive and reliable supply chain network design.

3- Problem description

Consider a supply chain including a producer, distribution centers (DC's) and resellers which are in
contract with producer to order their needs of products only from the producer. But in some periods to
obtain more profit, they will be eager to buy their requirements from other suppliers which are in the
market or for the sake of disruption in connection link; resellers have to buy their requirement from other
suppliers. If resellers buy their needs from other suppliers instead of the main producer, it makes the
manufacturer lose and reduce its profits. To prevent this situation, the producer could expand its supply
chain by increasing number of DCs or by balancing the price of products. In other word, the price of the
products and the location of the DCs are affecting the profit of the producer and even resellers. So in this
paper, the main purpose is to redesign the existing supply chain and to determine the location and the
number of new distribution centers as strategic decisions, besides the flow of products in supply chain and
the price of the products under risk of disruption in connection link and distribution centers.

For modeling the explained problem, a bi level programming is proposed for modeling the competition
between the main producer and resellers when the producer is the leader of the competition and the
resellers are their followers. The structure of the supply chain is illustrated in figure 1. As it is obvious,
resellers could gain their product needs form DCs of the main producer and other suppliers in markets. In
addition to existing DCs, some locations are candidate for establishing new DCs. After opening new
facilities, the flow of products will be changed. The assumptions of the proposed model are as follows:

Disruption is considered in existing DCs and there is no disruption in new DCs.

Disruption is considered to be partial in DCs and complete in connection links.

The capacity of the DCs is known.

Demand of each reseller is uncertain.

Resellers could gain their need form the suppliers in market by some limitations and also from
DCs.

34



/
-~ /
o \L _/
e -
- -~
_— -
_— -
o -
-~
»
>
<
\— =~ ~
~
~
=~ ~
. ~ TN
Main N A{
producer \

Suppliers in

market
Resellers

Distribution centers(exist and
candidate location)

Figure 1. Structure of the supply chain

e The producer has a limited capacity for supplying products.

o Each of the resellers should order a minimum level of products from the producer.

o Each reseller sells the products at the price which the leader determined also the product
obtained from suppliers in the market.

The model aims to determine the following decisions at each period of the planning horizon:

The number of new DC should be established.

The location of new DCs.

The flow of products in supply chain under each scenario.

The price of the product sold at each reseller point under each scenario.

The quantity of product which have been bought form other suppliers in the market by
resellers under each scenario.

e The product inventory level in DCs at the end of each period under each scenario.

4- Mathematical model

In this section, after introducing the nomenclature, the proposed model is presented and the model is
linearized.
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4-1-Nomenclature

Indices:

I Set of existing DCs indexed by i '

I Set of candidate location for new DCs indexed by i

L Set of all existing and candidate location for DCs indexed by I, 1 U I’

J Set of sellers indexed by j

K Set of suppliers in the market indexed by k

R Set of routes between main producer and DCs indexed by r

M Set of routes between DCs and sellers indexed by m

S Set of disaster scenarios indexed by s

T Set of time periods indexed by t

P Set of products

Parameters:

fi, Fixed cost of establishing a DC at candidate location i

0pC,, Unit transportation cost of product p from producer to DC | under scenario s

trljmp Unit transportation cost of product p from DC | to reseller j under scenario s

Scap, Production capacity of producer for product p

Dcap, Capacity of DC |

Rcap; Capacity of reseller j

MPy, Maximum supply of product p by supplier k

ordj Minimum order of reseller j from the producer at each period

Pl Unit cost of supplying product p for reseller j from supplier k at each period

n A binary parameter, equal to one if the routes r between producer and DC i is disrupted
Isrt under scenario s at period t ; O otherwise

ilst Percent of disruption at DC i under scenario s at period t

7 A binary parameter, equal to one if the routs m between DC | and reseller j is disrupted
lsmt under scenario s at period t ; 0 otherwise

djSIDt Demand for product p at reseller j in period t under scenario s

i Travel time from DC | to reseller j in rout m

ttfjk Travel time from supplier k to reseller j

Budg Maximum budget for establishing new DC

hd, Unit holding cost at DC |

0 Percent of the profits from product sales at each reseller

LB, The minimum price of the product p
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Decision variables:

PRSpJ-S Price of product p at reseller j under scenario s
XDIpsrt Quantity of product p delivered at DC I in rout r under scenario s at period t
Y|' t Quantity of product p delivered at reseller j from DC | in rout m under scenario s at period
jpsm
t
XOkjpst Quantity of product p bought from supplier k by reseller j under scenario s at period t
|nplst Product p inventory level at DC | under scenario s at the end of period t
X A binary variable, equal to 1 if a DC is located at site i ; O otherwise

4-2-Objective functions

The leader objective function maximizes the expected profit of the producer and the follower objective
function maximizes profit of resellers.

22222(1—9) PRS ;.Y isem —;Zhdl I,
] P m
Leader :Max ) 7, S X @)

" {EEr e T T | T

Follower : Max > > 7, (ZZZZHPRSijY,jpS,m +2. 2.2 PRS ;. X0,
t s m | j p ko j p
- ; Z Z prjkp Xokjpst)
J p

The leader objective function components under each scenario include the profit of selling the products
by resellers, inventory costs, transportation costs and costs of establishing new DCs. Also, the follower
objective function components include the expected profit of selling products which have been supplied
from the producer and other suppliers and the other term is the costs of supplying products from other
suppliers.

)

Decision variable Xi, is the only scenario-independent variable. More specifically, decision on the
location of DCs are made before a scenario occurs and hence the value of Xi, is not reliant on the scenario

realization. In our two-stage programming approach the value of decision variable Xi/ is determined in
stage 1 and the other decisions are made in Stage 2 when a decision scenario is realized.

4-3- Model constraints

The objective functions formulated in Section 4.3 are subject to the following constraints.
> > XDy, < Scap, VpeP,VseS, vteT 3)
ro |
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Zp: XD,y < Dcap, (1-7,)
D> XDy, < Deap, X,

T e

> > XD, < Dcap, A,

T e

Nt + Z XDy = ZZJ-:Y”"S” +1n,q
Yiipsmt < RCAP, 7
Zm:ZZDZY,jpmst < Reap,

Z ZY,jps,t + Zk: X0yipq = g
Zj: XOyipet < MP,

; Zp:ZI:Y”psmt >ord,

LB, <PRS , <UB,

Z f. X, <budg

PRS ., XD, ., Y,

pjs? Ipsrt? " ljpsmt ?

Xo

kjpst ?

VlelL,VseS,VreR,VteT
Vi'el' \VseS,VteT
Viel,VseS,vteT

VlielL VpeP,VseS,VteT

Vjel,VseS,VteT

Vjeld,VseS,VteT
Vjel,VpeP,VseS,vteT
VkeK,VpeP,VseS,VteT
Vjeld,VseS,VteT

Vjel,VpeP,VseS

Npigs X 20, X € {01}

(4)

(®)

(6)

()

(8)
)

(10)

(11)

(12)

(13)

(14)

(15)

Constraint (3) ensures that the quantity of products in each period does not exceed the production
capacity of producer for each product. Constraint (4) enforces having no flow of product in the routs if
they have been disrupted. Constraint (5) makes sure to have no flow of product to new DCs if they have
not been established. Constraint (6) considers the capacity of existing DCs by considering partial
disruption. Constraint (7) represents product inventory balance constraints at DCs. Constraint (8) and (9)
determine the capacity of resellers by respect to disruption in connection routs. Constraint (10) ensures
that demands in resellers are fulfilled under each scenario. Constraints (11) express the maximum
capacity each supplier could supply for each product. Constraint (12) presents that each reseller should
order a minimum quantity of products from the producer. Constraints (13) and (14) express the minimum
and maximum price for each product and the available budget for establishing new DCs respectively. At
last, constraints (15) define the eligible domains of the decision variables.
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4-4-Linearization of the model

As it is obvious in objective functions, two continuous variables are multiplied each other,
PRS Vs and PRS ;i X0y, so the model is nonlinear. For linearization of the model we use the

approach introduced by Vidal and Goetschalckx (2001). In this approach, first a lower bound and an
upper bound should be determined as follows for each of the continuous variables have multiplied.

Constraints (16) and (17) determine lower bound and upper bound for variables )(ijpst and Y,J-psmt which
is equal to demand of each product at resellers.

OSXOijstdeps VpeP,keK,jel,seS teT (16)
OSY“psmtdelost VpeP,lel,jel,seSmeM teT (17)
Then the nonlinear phrase is replaced with new continuous variables as illustrated below:

Wit = PRS X0y VpePkeK,jel,seS,teT (18)

Vipsmt = PRS ji¢Yient VpeP,lel,jel,seSmeM,teT (19)
And these constraints are added to the model:

0<W,,q <d 4 PRS VpePkeK,jel,seS,teT (20)
LB, X0 SWq SUB X0 VPeP,keK,jed,seS,teT (21)

0 <V <4 PRS VpeP,lel,jel,seSmeM,teT (22)
LB, Yipsmt <Vipsmt SUB Y VPEPleL, jed,seSmeM,teT (23)

5- Solution procedure

In bi level optimization, two optimization level exists which are leader and follower optimization levels.
The feasible region of the upper level optimization is determined by its own constraints and the follower
constraints. In addition, in bi level programming some of the variables are controlled by leader and some
of them are under the control of the followers. The model can be considered as a two-person game where
the leader knows the cost function of the followers who may or may not know the cost function of the
leader (Saharidis and lerapetritou, 2009). As Sun et al.(2008) claimed, in general, it is difficult to solve
the bi-level programming problem for the following reasons. First, the bi level programming problem is
an NP-hard as Ben-Ayed et al.(1988) investigated, also bi level models are possible to be a non convex
problem while the upper level and lower level are convex. In the literature, the exact method for solving
mixed integer bi-level linear problem addressed a very restricted class of problem. In our model both of
objective functions are linear and the objective function includes some binary variables. We used
reformulation method for solving the model. The reformulation techniques transform the bi-level model
into a single level one, for example by using Karush—-Kuhn-Tucker (KKT) optimality conditions of the
lower level and adding them as constraints in the upper level problem. In this paper, we used benders
decomposition algorithm (BDA) for resolution of proposed bi-level mixed integer model. The proposed
algorithm is developed by Saharidis and lerapetritou (2009). BDA is used in a variety of contexts of
supply chain management, such as Pishvaee et al. (2014), Uster and Agrahari (2011),Keyvanshokooh et
al. (2015). In BDA that was first introduced by Benders (1962) the model is decomposed into series of
sub-problems for facilitating the solution of complex mixed integer models. One of the sub-problem is
slave problem (SP) which is obtained by fixing the binary variables in the bi-level model and the second
one is restricted master problem (RMP) which gives the optimal solution after the addition of cuts. The
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assumption which is added in this algorithm for solving mixed integer bi-level problem (MIBLP) is that
although integer variables could appear in both levels they should be controlled by leader optimization

problem. Let fix the binary variable in the proposed bi-level model to given values ( X, :X_i,) then the
slave problem is formulated as follows which has been named SP1.:

ZZZZZ (1=0) PRS ;Yipem — ZZhd. I,
t E—
SP1: Leader :Max ) 7, -S>,

s [ZZZZOpcp.rXD,W +ZZZZZt . “psmt] >, fiX,

Follower : Max > > 7, (ZZZZHPRSmSYIJpsmt +Zzz PRS X0,
t s m | j
- ; Z Z prjkp Xokjpst)
] P

(25)

Subject to:

ZZXDIpSn_Dcap, . Vi'el’,\VseS,VteT (26)

And constraints(3,4,6,7,8,9,10,11,12,13,15,20,21,22,23).

Then the SP1 can be transformed into a single level problem by using KKT optimality condition. The
follower objective function is introduced by FF (V,W,XO) and the set of continuous variables is

demonstrated by CV = {W,V, Xo,PRS,Y, XD} , also U; represents the dual variables of corresponding

constraints of SP1. The constraints of the model are in the shape of G(cv) < 0. Then the SP2 is created as
follow. The constraints of SP2 for optimality condition are given in appendix.

SP2:

IZZJ:;Z;@— PRS ,.Yjpem — Zztjhdl I
Max Y 7, -3 RX 27)

s (ZZZZOP%XDW+22222t.,mp ”psmt} B X,

Subject to:

Stationary conditions:

Ve FF(V,W, X0)=> 0V, G (cv)=0 (28)

Complementary conditions:
vG;(cv)=0 (29)

And constraints{3,4,6,7,8,9,10,11,12,13,15,,20,21,22,23,26,27,28}.

40



After solving SP2, the active constraint has been determined, for example, if constraint (3) specified as
an active constraint, it is added to later sub-problem (SP3) as an equal constraint as follows:

SP3: The objective function of equation (24)
Subject to:

Active constraints for example:

> XDy, = Scap, VpeP,VseS,vteT
ro|

And constraints{4,6,7,8,9,10,11,12,13,15,,21,22,23,24}.

Now for achieving the lower bound at each iteration, dual of SP3 (DSP3) is solved and then the lower
bound of the algorithm is updated. The dual sub-problem formulation is as follow:

Min Dual Sub — problem: ZZZuzstScapp +ZZZZU,‘;H Dcap, (1-7,,.) + ZZZuﬁst Dcap, X
+2.2. 2 vsDeap A + ZZZZZUNRcamm F2L 22RO, 420 2 ) Vi
+ZZZZU,pamPkp+ZZZUN( ord, )+ ZZZ%( LP)+ZZZUT$UP

(30)
Subject to:
pst +Ulsrt +Ulst +Ulst +Ulpst 27 0pcphr VIv p, S, r’t (31)
7 12 23 23 H
_Ulpst +Uljst +UJS'[ +UJpst UJS'[ +LB Uljpsmt UB Uljpsmt =7 trljmp Vl, Ji p’ S, mvt (32)

o+ Uy + LB LS —UB v, >0 Vj .k, p,s,t (33)

jpst p~ pkjst p~ pkjst

_UJDS +01ps szpkjst zzdlpstvpklst zzzdjpstvhpsmt 20 VI’ j’ m, p,S,t (34)

Vjost — Vot + Vgt = 75 V1, §, p,s,m,t (35)
Vst — Ul + Vet = (1=0) 7, V1, j, p,s,m,t (36)
~Upgt + Vs = 700, V1, p, st (37)
U:;st’Ulin’ulst’ulst’vjst’Ujst"Ujl';st’U}SZ'[’U};’U};’Upkjst’vljpsmt’ |Jpsmt7—0 VpJ’J S,r,t (38)
jpst’UIpst free Vp,l, J,s,t (39)

Now, according to DSP3 solution, the RMP is created for obtaining the upper bound at each iteration.
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MaxRMP: £ f.X, +constant (40)

Subject to:

EDIIP A IEDIIPIPN AL TS EDIPIPICACDIEDIPIP Il
p s t | s r t i st i st

DR IILAENIEDIDIPILALTEDIPIPIPICCITED IPI) I WL
| j s m t j s t j p s t k p s t

DD HIACUCHEDIIICHCEA DI IPIC L
j s ot p j s p i s

(41)

z ZZ BEstscapp + Z zzzgért Dcapl (l_ nlsrt) + ZZZ gi5'st Dcapi’xi’ + Zzzggt Dcapi’;{’lst
DWW RLALINTNES P IIAIED I I IACIED 3p 3p 29I
+ X Y0 (~ord )+ X3 03 (LR, )+ 2 X Y bUR, 20

(42)

> f.X; <budg (43)

Constraint (40) and (41) represent the optimality and feasibility cut and v.and ED indicates the extreme

points and rays which have obtained by solving the DSP3. In the first iteration the variables Xi, are

assumed equal to one caused SP2 to be feasible at first iteration. While the gap of lower and upper bound
becomes smaller than a specific value the algorithm will be continued.

6- Computational results

In this section some experiments have been designed to (1) evaluate the performance of the proposed
solution method, (2) examine the impact of disruption and (3) investigate the competition among the
producer and resellers and (4) also sensitive analysis on the capacity of facilities is being done. All
computational experiments are completed using mathematical modeling software. Data for parameters of
sets are generated randomly for a large scale problem as shown in Table 1.

Table 1. Characteristics of the dataset used in all experiments
L] 1] 1 N IR] M| |PI Tl |SI

Dataset 11 6 5 18 4 4 5 4 4
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6-1- The initial numerical results

For three set of random parameters the model is solved by the proposed algorithm (Benders'
decomposition) and the number of iterations for convergence of the model, running time and lower bound
and upper bound of the solution is reported in table2.

Table 2. Numerical results for the three datasets

Experiments  Number of iterations time (T/Iuiﬂutes) tgme(; tL)J(?upr?(;
1 17 37 23412 23412
2 19 41 33569 33570
3 15 36 43120 43120

The related experimental results are reported in figure 2, as the experimental results illustrated the
running time of the bi-level model is appropriate for this large scale problem. Figure 2 shows the
convergence of the model more clearly for three mentioned data sets.

Experiment 1 Experiment 2
23700 33700
23600 33650
23500 33600
23400 33550
23300 33500
23200 33450
23100 33400
1234567 8 91011121314151617 33350
Iteration number 1234567 8 910111213141516171819
Iteration number

Experiment 3

43200
43150
43100
43050
43000

42950
123456 7 8 9101112131415

Iteration number

Figure 2. Convergence of benders decomposition algorithm for experiments 1-3
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6-2- Impact of disruption

This section aims to examine the impact of considering disruption in competitive supply chain network
design. First the model is solved without any disruption in distribution centers and transportation links
and then disruptions are considered individually. The importance level of each disruption and their impact
on the profit of producer and resellers is determined. As it has being illustrated in figure 3 the producer

Profit of producer Profit of Resellers
14 1.67
[ [
2 2
D12 o 166 Disruption in transportation
link between DCs and
1 165 resellers _
Disruption in transportation
1.64 link between producer and
0.8 DCs
1.63 Disruption at DCs
0.6
1.62
0.4 161
0.2 1.6
0 1.59

Figure 3. Impact of Disruption

and also reseller's profits are reduced when disruption is considered in SCND, but the impact of the
disruption on transportation links between DCs and resellers are more obvious on the profit of producer
while this disruption makes the resellers obtain more profit in comparison with other case of disruptions.
As it is obvious, disruption at DCs will be more effective on the performance of supply chain and
decreases the profit of producer and resellers more visibly.

It can be concluded that each disruption has a different impact on the performance of supply chain and
considering these disruptions in SCND could cause recognizing them easier.

6-3- Considering competition

As mentioned before, the competition has been considered among producer and resellers. For analyzing
the competition among them, the proposed model is solved first without considering the competition. For
this purpose, each of objective functions is optimized and then the results are compared with competitive
condition.
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Profit of producer Profit of resellers

o 091 o 217
2 0.905 2 2165
@ 09 @ 216
0.895 2.155
0.89 215
0.885 2.145
0.88 214
0.875 2135

Considering Competition Considering Competiton

No Competition No Competition

Figure 4. Competition between Producer and resellers

As figure 4 illustrates when competition is considered, the leader decides for the location of new DCs
and the price of products which makes the profit of resellers reduce. When more DCs are established the
resellers are eager to provide their needs more form the producer which makes the profit of producer
increase. So as a leader the producer should be considered the market's competitive environment to
achieve more profits.

6-4- Capacity of facilities

Now sensitivity analysis will be done to examine whether facility capacity adjustment can be used as a
strategy to improve Profit for the leader or not. A general observation is that increased capacity of DCs
results in reduced supply chain cost and increase in profit for leader. Similar patterns can be observed for
the three datasets. The cost savings (curve steepness) is indeed a function of “inventory cost over
transportation cost” ratio. As figure 5 show, dataset 2 holds the lowest ratio implying a greater
transportation cost and smaller inventory cost which allows the network to take advantage of increased
capacity of facilities to reduce the frequency and quantity of shipments between supply chain nodes.

3
2.5
S 2
T
(@)
c
815 Setl
O
E Set2
e 1
a Set3
0.5
0
0 0.1 0.2 0.3 0.4 0.5 0.6

Capacity change(%)

Figure 5. Analysis on capacity of facilities
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7- Conclusion and future research

Competition and disruption both have a great impact on the correct performance of organizations and
firms. Small crash in systems could cause different kind of disruptions and also can be seen as a severe
threat to the society and environment. Disruption in the supply chain components can cause a loss of
market share in a competitive market and will create irreparable damages or harm. Therefore, taking
possible disruptions into account in supply chains at the planning period could reduce costs, increase
competitiveness, service and reliability. In this paper, a bi level programming was used to design a
reliable competitive supply chain network by considering risk of disruption in distribution centers and
communication links. The competition has been considered among two main components of the chain
(the main provider agencies or retail-sales). Then the impact of each disruption and competition among
supply chain members' has been investigated. Also Benders' decomposition algorithm was used for
solving the proposed model and the efficiency of the proposed solution is investigated for large scale
problem.

The modeling effort in this paper can set the stage for additional research in the area of competitive
supply chain network design. Future researches could investigate the application of the model and
solution method presented in this paper to manage actual supply chain challenges. In addition, more
sophisticated models and solution techniques such as multi-objective programming and also robust
optimization can be used for developing the presented model in this paper.
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Appendix A

In this section the constraints of SP2 (Slave problem 2) for KKT optimality condition are given:
Complementary condition

Upst (ZZ XDIpsrt Scap j VpeP,Vse S,vteT Al
Ulsrt (Z XDIpsrt Dca-p| 1 nlsrt \] 0 Vvl e L,VS (S S,Vr S R,Vt eT A2
,St[ ZXD,psrt Dcap, X J Vi'el',\VseS,vteT A3
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