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Abstract

This paper develops a two-stage model to cansider franchise/franchisee
environment in which supply chains are simultdnegusly entesifig the untapped
market to produce either identical or highly substitut products and give franchise
to franchisees. Customer demand is elastic, prige
function is based on Huff gravity rule model.

shape their networks and set the market pri
franchisees, in the second stage, specify their 3

d on dynamic games. The
activeness levels and set the

locations of their retailers in simultan mes. Possibility theory was also applied
to cope with uncertainty. Finally lie@ our model to a real world problem,
discussed the results, conducted\so sitivity analyses, and gained some

managerial insights. @
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Introduction

Competition in business is slowly changing from “firms against firms”
to “supply chains versus supply chains”; based on the literature;
(Farahani et al., 2014), markets are full of different brands like Nike,
Adidas, Nachi, Koyo, TTO, Nokia, SAMSUNG, Apple, Kia, Hyundai,
GM, Volvo, Renault, and so on that mostly have some plants and
distribution centers to produce and distribute their products to the
retailers where the customers can buy the products directly._ln this
model, they have a semi-integral Supply Chain (SC) i
retailers are working individually but the plants and distri
are working together as an integrated part of the chain.
can be matched with the customers’ utility fungffon
where firstly to select their famous brand then wi osejthe suitable
retailers to patronize their demand. For exa , the a ask a lot of
people who want to buy a cellphone and al all of them agreed that
if they want to buy a cellphone, firstly, iie¥aselegt their famous brand
mainly based on the brand reputation an then after selecting the
most preferred brand, they select a suitale franchisee to buy the
cellphone. This example can be d to a lot of industries and shows
that customers have two-sta y flinctions, firstly they choose their
famous brand and then their franchisees; so we consider this two-stage
approach as our main ass§um in the rest of the paper.

the chains design their network structure
and set the marketqgricethen use local retailers as their franchisees to
this way, they reduce their costs and also make
ties, but also they will face the questions like:
it equilibrium network structure? What is their equilibrium
any market shares can they obtain? What is the

this paper is to find the solutions to these questions.

Competitive Supply Chain Network Design (CSCND) considers
the impact of competitive markets in designing the network structure
of a chain to improve its future competitiveness (see Farahani et al.,
2014, for a review on CSCND).

CSCND problems have three main decisions: Strategic, tactical and
operational decisions. Based on these decisions, the related literature
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of this subject can be categorized into two sub-fields such as:
Competitive location problems and competitive supply chain
problems in which the former usually concentrates on strategic
decisions like location and the latter mostly concentrates on
operational decisions like pricing. On the other hand, competition, in
general, is classified into three different types as: Static competition,
dynamic competition, and competition with foresight.

Moreover, in each type of competition, customer utility function
and customer demand are two essential factors which
structure of a competition. Hotelling (1929) and Huff (1964
the most commonly used customer utility functio
dependent demand and inelastic demand are the ngost ¢
customer demand functions in the literature.

The existing literature considers differenticriteria f stic demand
like service levels (Boyaci & Gallego, 2 prices (Bernstein &
service level (Tsay
& Agrawal, 2000; Xiao & Yang, 2008), and distance (Fernandez et
al., 2007), distance (Plastria & Vamhaverbeke, 2008; Godinho & Dias,
2013; Godinho & Dias, 2010), and one or more attractiveness
attributes (Aboolian et al., 20 mostly modeled according to O-
1 (all or nothing) rule’® otelling’s (1929) utility function. On the
other hand, inelastic cukaydin et al., 2011; Kucukaydin et al.,
2012, Fahimi et aky 20 mostly modeled according to Huff (1964,

1966). Definitely, omers have different criteria like quality, price,
brand ima ,%Ievel and etcetera to choose a SC and patronize their
demand% venient retailers and do their purchasing. As our
mple in cellphone market customers have two-stage
, but all the mentioned articles consider one step utility function
for theycustomers that cannot be applied to our described environment, so
we assume the customers have two-stage utility function and define our
approach to model this behavior.
Three kinds of competitions can be found in the SC competition
literature: Horizontal competition, a competition between firms of one

tier of a SC; vertical competition, a competition between the firms of
different tiers of a SC; and SC versus SC, a competition between SCs.
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Most of the franchise/franchisee problems are put into competitive
location problems. Kucukaydin et al. (2011) presented a
franchise/franchisee problem in which a franchise entered a market
with existing franchises that belonged to a competitor and wanted to
shape his network by locating some new facilities and set the
attractiveness of the facilities where the competitor could react to his
entrance by adjusting the attractiveness of the existing facilities of his
own. Kucukaydin et al. (2012) follows the introduced problem by

attractiveness of the current franchises; also, t
function with inelastic customer demand. Godi
presented a franchise/franchisee problem @n which competitors
simultaneously enter the distance depen market with elastic
demand and want to shape their netwopK a imize profits while

situation.
Watson, rinhagen, and Wollan (2016) employed

organizati i ty theory to explain when the franchisor desires to
u

franchisees that have the potential for
behavior. Badrinarayanan et al. (2016) offer a

francRising relationships. Shaikh (2016) proposes a comprehensive
conceptualization of the concept of fairness in the context of
franchisor—franchisee relationship. In CSCND problem, we can
mention the following works: Rezapour and Farahani (2010),
Rezapour et al. (2011), Rezapour and Farahani (2014), Rezapour et al.
(2014), Rezapour et al. (2015), Fallah et al. (2015), Fahimi et al.
(2017a), and Fahimi et al. (2017D).
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Contributions

In this paper, we turn to the essential issue of CSCND problem by
assuming a two-stage customer behavior utility function. Our
modeling and solution approaches are similar to Fahimi et al. (2017a)
and Fahimi et al. (2017b). Our main contributions are:

v Our modeling approach that is inspired from our customer utility
function driven from a real market, we assume a two-stage
customer behavior utility function.

v' Our parameters that are known as fuzzy numbgrs @ of
convex functions which make them more practi

v Our solution approach that is based on bi
differential system, enumeration method and

v Our definition of quality that is based

According to our mentioned example gyt

model the customer behavior by two @
selects a brand (SC) to patronize it base

ellphone market, we
firstly each customer
on the price and brand

reputation, and next he/she ch ifferent franchisees to buy from
them. Up to our knowledge int of view is novel and did not
appear in the previou® li Turning our view to the player’s side,

we consider n haips simultaneously enter the untapped market.
In stage one, th e their networks and set market price in

dynamic co in stage two, each supply chain gives franchises
to m, c& d independent franchisees. There is a high tight

ion"hetween the SCs and their franchisees whereby the SCs
arket price and the network to satisfy the franchisees’
needSywhich essentially impacts their profits.

Actually we propose a two-stage solution approach to solve the
model. Stage one is related to SC’s problem and constructed based on
bi-level programming, differential system and Wilson algorithm.
Stage two is related to franchisee’s model in which by the help of
enumeration method the problem is convexified and solved.
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Table 1. Characteristic of the Relavant Works

N

Pre-determined component Modeling framework Integration degrees Type of considered game SQ_HMM__.FMW
Authors(s)( e : . decentralize =
) e B parameters Bi Multi- Customer utility function full semi d dynamic Stackelberg
iontype  certai  uncert  level level Hoteling Huff
n ain based based
Rezapour
and .
v v
Farahani 4 Duopoly Price
(2010)
Godinho
and Dias 2 Duopoly v v v Distance
(2010}
Kucukayd:
netal. 2 Duopoly v v Quality, distance
(2011)
Rezapour et v 7
al. (2011) 2 Duapoly
Kucukaydi
netal 2 Duaopoly v v Quality, distance
(2012)
Godinho
and Dias 2 Duopoly v v v Distance
(2013)
Rezapour
and Oligopol Price, service
Farahani 4 y v v level
(2014)
Rezapour et Oligopol S
al. (2014) 4 ¥ % Price, distance
Rezapour et g
al. (2015) 4 Duopoly v v Price
Fallah et al. :
(2015) 4 Duopaly v Price
Fahimi et -
al. (2017a) 3 Duopoly v v v Quality, distance
Fahimi et Oligopol v . - Price
al. (2017b) 3 5
This paper 4 o._mkuo_ v v ?MW_MMM”Q.
A
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To clarify the primary contributions of this paper in relation to the
existing literature, Table 1 summarizes the characteristics of the
relevant published models, including those of the current paper. The
remainder of this paper is organized as follows: Section 2 describes
the problem; Section 3 presents the solution approach; Section 4
presents the numerical results and discussions; and Section 5 discusses
the conclusions.

Problem Definition

In this section, we first describe the problem environment en
formulate the problem faced by the SCs, theif i endent and
competing franchisees. n SCs are planning to e he fompetitive
markets in which no rival has previoushy, existe e SCs are
centralized and have two different tiers named¥according to the plants

ighly substitutable
m, independent and

n

plants and DC locations) an
franchisees. Figure 1% problem environment. SCs shape their
networks based o amiC game relating to specified market
shares. Next, th \ chises to m, franchisees, paying attention

to the fact that customers patronize their demand to the franchisees by
a probability Yelated to the franchisees’ attractiveness. In other words,
stemers fixst select the chain based on brand imaging and price and
w’ -1 rule; second, they choose to patronize their demand
to the\ franchisees according to the franchisees’ attractiveness (in this
step, each franchisee has a chance to be selected according to Huff’s
gravity rule model).
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Problem enviorement

s

Frarlpu‘see T

ler

" |
Franchisee f's Fanchieb s
ouner i

ower

2
@oblem environment
The total rket shares of each supply chain are

dependent on thgirfprices and the paths that they choose to satisfy the
markets. The pathsgare based on the opened plants and the DCs of the

chains. t ofits of the franchisees are also highly dependent
0 and paths defined by the chains as well as the
attr of the franchisees’ facilities. This definition shows that

theref\are two stages by two different games in our proposed
environment: The first one is a simultaneous game between the chains
and pertains to shaping the network structures and the price specifying
the equilibrium market price with respect to the fact that the prices are
strictly related to the SC’s opened paths (opened plants and DCs). The
second game is between the franchisees, which is aimed at specifying
the equilibrium qualities and distances by paying attention to the fact
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that m, franchisees enter the market at the same time, thus, the second

game is also a simultaneous game and will take place after the SC’s
game. Now, we can introduce the stages as follows:

Stage 1. SC selection

According to 0-1 rule and based on the price and reputation,
customers choose one SC to patronize their demand. In this step, we
use linear demand function.

Assume there are | demand points indexed byk andni

SCs indexed byu, then uth SC has s, potential locations f@ 10
plants indexed by e andm, potential locations for DCs
indexed by i, correspondingly. So, the demand f ns SC
in market k can be defined as follows, similar t grawal
(2000):

déU’)(pk ) — du’ak _gpk(U’) +ﬂ~i(Pk(U) _ Pk(U’)) (l)

d, is the potential market size (if ces were zero), a, IS

related to SC u brand reputati a,d, is related on the basis of
demand for SC v if all pri e st to zero. Since demand cannot
be negative, we assuge:

a,d, —oP" - j P )

Stage 2. Fyanch selection
In this step, the Bustomers in each chain patronize their demands to

the franCRisees he chain based on the Huff gravity-based rule, so
h has a chance to be selected by the customers. Imagine
as f, franchisees and each franchisee has m, potential

w

indexed by j, , if the franchisee opens a retailer at site j, ,
with d?, as the Euclidian distance between the retailer j and
customerk, and with a quality level ofa, , so, the attractiveness of
ajfu

2
rk

this facility for customer kis given by . By utilizing the gravity-
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based rule, the total attractiveness of franchisee f, for customer k by

the newly-opened retailers is given byzai'" . Then the probability

ity ik

Alr | that customer k visits facility j, of franchisee f, (based on all
opened retailers in all franchisees of SCu) is expressed as
ity

2
Jg, K

Alr; = " .Therefore, the revenue of franchisee S
it
22,
follows > > m“(R“d (R)Atr, ,). By a similag fashion,"“\we can

i,k

calculate the total revenue of other franchisges.

The following assumptions, parame riables are used to
model the introduced problems:

Assumptions

v The candidates’ plant Ig€atigns are known in advance.

v" The candidates’ DC locatiensgre known in advance.

v' There are no 6o tential locations between the chains.
v' The demand customer market is concentered at

<\
O
@D
3

tic and price dependent.
v Custamer ufility function is based on Huff gravity rule model.
v uc either identical or highly substitutable.

Fixed cost of opening a plant at location e for SC u

gi Fixed cost of opening a DC at location i for SC u

Unit production cost at plant e for SC u

Unit transportation cost between plant e and DC i for SC u

h. Unit holding cost at DC i for SC u
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Fixed cost of opening retail j for franchisee f atSC u

iju Unit attractiveness cost for retail j for franchisee f at SC u
ﬁifu Unit holding cost at retailer at location j for franchisee f atSC u
~ Unit transportation cost between DC | and retailer j for franchisee f at
Ciiy SC u
~ Unit transportation cost between retailer at location j for franchisee f
Ciik at SC u and customer k
djz' ) Euclidian distance between retailer at location j for franchisee
! u and customer k
pY Number of opened plants for SC u
p® Number of opened DCs for SC u
P Number of opened retailers for franchisee f at
m Percent of marginal profit for SC u

Decision variables

y(l) 1if SC u opens a plant in location e
& 0 otherwise
@ 1if SC u opens a DC in location i
Yi
‘ 0 otherwise
y 1if franchisee f in SC u op taider in location j
& 0 otherwise
_ * .
Xeuiu Quantity of produc from plant € to DC |
Quanti uct®hipped from DC 1 to retailer at location j for
Wl franchis atSe u
X Quantity of uct shipped from retailer at location j for franchisee f
t

i Kk
Iy ustomer k
q; ality level of retailer at location j for franchisee f atSC u

following model represents the problem of SC u:
scu = MaXZy., = ZZ Z Pk(U)m(U) (Xeuiu )ye(:) i(f) - vu @
i, & k

Z ?eu yéj) + Z giu yi(f) + Z Z §eu Xeuiu yéul) yi(u?-) +
iy e,

eu

h
PIDAIEIRTERD 2 NESCAPVENE

eu
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st

22 % YOYP = d(R) vu )
i, & k
Z Xeli, yé:) = Z Z X, i, yi(UZ) vi, (®)
ey v Ju
2.V =R (6)
3y =p®@ (7

Xoi X% PO 20,y v {0

Term 3 represents the objective function of SC u,
profits captured by selling the product to the franchi
fixed cost of opening plants and DCs, the produ€ti
the transportation cost between plants and DCs,
at DCs. Constraint 4 ensures that all the de
satisfied by the opened plants and DCs. Constfaint 5 is related to flow

balance; Constraints 6 and 7 ensure thegl \
are opened; and Constraint 8 is related taghinary and non-negativity

restrictions on the correspondi ision variables.
The problem of franchiseeyf 1afSC
. u u 9
P maxz, = 22(1 R ’xj'ukyj'u - v, f, ©)
k iy
yj'u
a vul fuy jfu (10)

11)
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Iy

X, 8, 20,y €{0,1} (13)

Term 9 represents the objective function of franchisees in SC u,
which includes the profits from selling the product to the customers
minus the fixed cost of opening and setting the quality level of the
facilities, the holding cost at the retailers, and the transportation cost

opened retailer satisfies the level of demand fr
Constraint 11 specifies the number of opened retailets,;
is related to balance flow; Constraints 13 is relat
negativity restrictions on the corresponding decisi

Solution Approaches

In this section, we present the solutioy ac es to our two-stage
dynamic competitive supply chain networK design. Our solution
approaches are similar to Fahigmiget al. (2017a) and Fahimi et al.
(2017b). We also, based o@)roposed modeling approach,
categorize the problem into two nct stages. In the first stage, the
SCs set the market price shape their networks. In the second
stage, the franchis Nheir optimum locations and attractiveness

to maximize thei he proposed algorithm is as follows:
Stage 1. SC seleC

1- Consider le strategies for the SCs:
-1'@onstruct an empty poly-matrix by considering all pure

of the SCs.

culate Nash equilibrium prices and flows for all the chains in
the defined strategies.

2-1 Construct the profit function in each strategy and
differentiate the terms and solve equilibrium prices for all SCs
simultaneously.

3- Find the best response of all the players.
3-1 Fill the empty poly-matrix with the obtained payoffs from

2 _ W, f | j (12)
inujfu Yi, —Zklxjfukyjfu ol
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the previous stage and find the best network structure using
Wilson algorithm.

Stage 2. Franchisee selection
4- Consider the whole strategies for the franchisees:

4-1 Construct an empty poly-matrix by considering all pure
strategies of the players based on locations and quality levels.

5- Calculate Nash equilibrium locations and quality levels
franchisees in the defined strategies.

5-1 Use enumeration method to obtain locati N
levels for all franchisees simultaneously

6- Find the best response of all the franchisees.

ity

6-1 Fill the empty poly-matrix with obtained payoffs from
the previous stage and find the nétwork structure using
Wilson algorithm.

However, in our solution approaches, Introduce a step-by-step
procedure in which we can reag ilibrium networks, price, location
and attractiveness. Moreo 2ach step, we formulate the
equivalent crisp model d%en the method introduced by Inuiguchi
and Ramik (2000), LN amura (1998), Heilpern (1992), and
Pishvaee et al.

Stage one; ction
Each SC{has intrinsically different decisions. Price and
i

location 4deci in which price is operational and location is
st ic cahnot be decided simultaneously as they are naturally
dif . A0, the model should first decide about the locations and
then \8ets the price; in addition, the variable costs that should be
considered in the price are directly related to the location of facilities
and production, holding and transportation costs. Therefore, to solve
this problem, we use a three-step algorithm in which step one
constructs a poly matrix based on location variables of the chains; step
two uses bi-level programming and sets the price and assignments;
and step three selects the equilibrium networks and consequently
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equilibrium prices with the help of Wilson algorithm (Wilson, 1971).
Step one
This step is shaped based on the location variables of the SCs, as

S
the number of opened plants [“ J and DCs ( )

p® J in each chain is
eu

known in advance, so we can construct a poly matrix by dimension

SRR L I T TR LI B I I L .
equal to[(ﬂf”]{&fz)n ((Pej”}[aﬁZ)D [[Pe(nl)].(aiz)j} Togelarify,
consider we have two incoming SCs and each one wa % e
plant and two DCs through 5 and 3 potential locatj ist
G].@]ﬂS pure strategy so we have a bi-matri sion equal
to15*15and we encountered with 225 di t pro S in the next
step that should be solved through_differential systems and

mathematical optimization. Now, we ulate the price in each
strategy in the next step.

Step two

We introduce a bi-level @ing here to solve the model of
the SCs in each defingd strategie ollows: Inner level

This step deals wi idher part of the bi-level model, which
determines they eg@ilibr prices for the SCs. In fact, pricing
decisions are hi d to the possible paths (indexed bys) in
serving the miarket, Bach path is a combination of one plant and one
DC fro chlychain. For example, if SC u’ opens a plant and DC at
logation i, then the costs of path for the chain (including

ansportation, and holding costs) is calculated as:

h
+C, . + (%) (14)

The following models are then used to maximize the profit of the
SCs:
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(15)

u=1
u#u’

Tscu = (Pk(u’) CUS'){&&'K _Spk(u’) +Bz Pk(U)]

max {7zg., |

Let assume p“) >¢: then by differentiating the terms and solving

equilibrium prices for all SCs simultaneously that result in equilibrium
prices.

Outer level

This step deals with the outer part of the bi-lev

P =maxZ_ ZZZP”m”(x )
Zf +Zg +ZZC X,
ZZS xL+ZZ<—xx )

A7)

PR Zﬁ(“)
(18)

; m, (19)
l ‘( Yu,e e e
i P(1) u P(Z)

presents the objective function of SC u in the defined

stra and” with respect to the fact that the prices here are given by
the er part. Constraint 17 is related to demand satisfactions.
Constraint 18 is related to flow balance; and Constraint 19 is related to
non-negativity restrictions on the corresponding decision variables.

Step three

In this step we first fill the poly matrix by the given payoffs from
the previous step and then calculate equilibrium networks by the help
of Wilson algorithm (see Wilson (1971) for more information).
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Stage two: Franchisee selection

In the second stage, the franchisees should select the locations and
set their attractiveness levels for the facilities in order to maximize
their profits according to the market prices and customer demand
achieved by the SCs. The franchisee’s problems are formulated by a
Mixed Integer Nonlinear Programming Model (MINLP) and are non-
convex in terms of its attractiveness function. But with respect to the
modeling structure, the only nonlinear term in the model is the

o
~

i,

attractiveness term——2“  which specifi \ Y,
a.
I
y
J'Zm:;diz.uk & 6
distance, and location of opened retailers. If can fix the

attractiveness term, the remainder of the m ’s terms are linear. On
the other hand, the number of opened s ™ each franchisee is
known in advancep, . The attractive evel of the retailer is

directly related to its quality | or this purpose, we define some
scenarios for quality level efgore, like the SC’s problem, we
construct a poly matgix based¥en the pure strategies of the franchisees

i .
[ g ] in each
iju

quality level
average,

No efine a five-scale measurement of the

3, 4 and 5 which are equal to very bad, bad,
ery good quality levels. So this step encountered

]{:’W]J*[U; J*(::“ ]*,.,*['j;” J*...*[lj;“ H different
i, Iz, ir, In,

probléms that should be solved to fill the poly matrix and be able to
find the Nash equilibrium locations and quality levels of the
franchisees by Wilson algorithm.

We therefore used Wilson algorithm and the Nash equilibrium
concept and introduced a very simple and efficient procedure to obtain
the Nash equilibrium point. In the proposed method, each player has
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. Js,
several pure strategies (Pf

Ig,

] that are defined by their quality levels for

the opened facilities. With this procedure, the problem is also
convexified, and we can define a poly matrix based on the opened
retailers and their corresponding quality levels. By this manner, there
is no need for major computational calculations. Moreover, it can be
easily applied to small size problems; therefore, the equivalent model

of franchisee f in SC u is as follows:
P : — mW (u) _ J
IR Q
. “ P
h, ~
ZZ(—“)XIj +ZZC“XH \ (20)
[ 2 Koo o
+Z 61, aJ, + z f]{ \
) i
; “ R
a

j,
v, f,j, € 22
u Jf“ (Ph J ( )

(23)
reseéhts the objective function of franchisee f, in SCu;

st

(21)

sures that each opened retailer satisfies the level of
ands; Constraint 22 is related to balance flow and

correSponding decision variables.

It is worth noting that as the proposed algorithm uses Wilson
algorithm and enumeration method, it needs a lot of time, especially in
its worst case, and is just suitable for small-scaled problems, so
proposing a meta-heuristic solution by computing the complexity of
the algorithm can be a good idea.
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Numerical Study and Discussion

Our case study is related to two Iranian investors who want to produce
their brands in the spare parts industry; in particular, they want to
produce a kind of bearing used in washing machines. This market is
untapped for the Iranian investors. Based on the quality of their
product and the market price, they have no competitors. The two
chains in this study are simultaneously entering the market, and each
chain wants to open one plant and one DC from five potegtial
locations. They also want to give franchises to two co
independent franchisees named R**,R*; in SC1 and R,

Each franchisee has four potential locations and ts t en two
retail points and set their quality based on the prices to
maximize its profit. There is one demand pgint. The demand functions
of the chains are as follows:

0.55d —0.03dR” +0.07dR, O
0.45d —0.03dR,® +0.07dP®
The parameters are assu a@trapezoidal fuzzy numbers. The
ﬂres

following distribution$ ar 0 extract the required parameters (Table

2) Q\
Table 2. Distribution of Parameters

1500, 2000), u(2000,2500), u(2500,3000), u(3000, 4000))

.. f/ 0 (u(900,1500), u(1500,2000), (2000, 2500), u(2500,3000))
5, (U0 (2,25), ull (25,2.75), ull (2.75,3), ull (3,35))

¢, U (u(0.9,L5), u(L5,2.1), u(2.1,2.5), u(2.5,3.12))

Gl

(24)

(25)
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Ci [ (U(L5,2), u(2,2.5), u(2,5,3), u(3,3.5)
A R, O (u@.25,15), u(1.5,1.75), u(L.75,2), u(2,2.25))
d [ (u(9000,10000), u(10000,11000), u(11000,12000), u(12000,13000))

¢, [1 (u(900,1500), u(1500, 2000), U(2000, 2500), u(2500,3000))

The proposed algorithm was implemented in Matlap®¢20 d
carried out on a Pentium dual-core 2.6 GHz withg2 GB In this
study, we determine equilibrium prices and locat d $pecify how

the chain should give franchises to fran e effect of

used the prices obtained as the market
franchisees sold the product to the customers at the equilibrium prices
specified by two SCs in the pri etition. There is also a dynamic
competition between the fra terms of market shares. Table
3 shows the results df . According to this table, SC1 opens a
plant at Location 5 C ocation 2; SC2 opens at 3 and 5, and
therefore, the opened Path™s (5,2,3,5). The remainder of results are

presented in
N 4 Table 3. Numerical Example

Opened Total market DC .o o 28 Eqit‘j'r:b’ Equilibriuobjfranchi
paths share price 2= location m quality see
‘ R (13  (23) 1090529
SC1 (5235) 120296 7.95 32727 8.74
R (24)  (33)  8407.12
R*? (1,2) (31)  13163.88
SC2 (52,35) 161192 7.02 30729 w, 172
RS (23)  (22)  5650.864
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Discussion

We now discuss the sensitivity analysis of the equilibrium prices,
market shares, total SC profit, total franchisee profit, opened paths,
attractiveness levels, and equilibrium location of the retailers with
respect to the effect of s, parameters, which are related to switching

and marginal customers and represent different marketing decisions.
Moreover, we discuss the situations in which the SCs have different

with each other; and simply we use weighted sum t
function of the chains by the corresponding constraint
is worth noting that0<A<1, and we assumed
4€{0.1,0.2,0.30.4,05,0.6,0.7,0.8,0.9} . In the franchise

the effect of SC decisions to give their franghise to ju
instead of two. In addition, they can considethe situations in which
the franchisees can sell the products of b@ , hamed in terms of
common franchisees. In this case, we analyze the effect of the
existence of one to two independent franchiSees on their attractiveness
levels and profits.

Table 4 shows the behavi
DC price, total SC %rofi

pened paths, total market share,
ilibrium locations and qualities, and
franchisees’ total pr ect to B. The amount of parameter g
varies in the so s whiles is set to 0.03EV (d). According to
figure 2, by i the competition intensity, the total market share
ingreases, but the amount of expansion for SC2 is
hat of SC1. In the case of low competition intensity, SC1
re market share. According to figure 3, the DC price of

intensity, their difference is more than high competition intensity.
Figure 4 shows the total profit of the chains; in the low amount of 3,

SC1 has gained greater profits than SC2. However, by increasing the
amount of g, their total profit becomes similar because of similar DC
prices, and the market share of SC2 increases. Figure 5 shows the
behavior from total profit of the franchisees in SC1 with respect to 3,
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which has the same patterns as the total profit of SC1.

Table 4 . The Change of the Opened Paths, Total Market Share, DC Price, Total SC
Income, Equilibrium Locations and Qualities and Retailer’s Total Income with Respect to

B
- @ %)
@ &" g £ [%2] S n &
= %z 2 £ g 5 2EZE %
o 5= £ © o @\ 5 2% 25X c g
o o S = d= rs) = =8 = <
= o o 4‘5 72} 8 [} © > 8 =} 8_ »t
o = T2 T =
Il = ¢ i )
«w
~
SC1 (52,35) 1007360  10.97 57068.36377 2 =
RZSCI o \>_/
[S4]
RlsCZ g
909438  8.89 32308.68637 = =
R © w |l
10238.64824 10.76 55952.82602 5
=
[e]
1170467331 |
9465504477 8.81  33021.29351 ©
6032.590397
24512.79151
1030330557 1001 548051531 . @R
;0 A% e @3) s3I o
g =
o [e]
82028 €28 (1,2) (31) 12081.09246 |
0815.004571 S8 8204695 g ©
66 0
0
R @ (23) (32) 6361265591
SC1
0.399 R; 2o (13) (33) 23887.42254 .
10537,80486 , 5388285126 . =S =
R 99 4 @3 1031820
SC2 S
63900 RS 23 (12) (1) 1238208807
45. oigy 3401935216 . 28 I
R o8 (23) (32) 6623307599
SC1
103170 R 2o (13 (33) 2358351877
10606.35822 oo 5339101336 . B F &
R™ =™ @4 B3 16101174 3
SC2 S
RS oo (1,2) (31) n
103041712 859758 34197 56551 8 12508.2258
153 RS2 S8 (23 (32
2 23) (32 6737893052
SC1
R N (1.3) (33) 1831203119 &
S on
11552.34031 9'213339 44874.1369 8 S
R S (24 (33) o
2 s ) 12824.15562 I
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= B 8 g E 3
S g, T 8 o 5 3g3g £
o 55 € s 123 s S& Sk 2 Yij
= 23 =k €) = = =8 =8 o
S o s a © 8 298 23 =
I & g 8- 4 g
w o
788603 R ©g (12) (31) 13117.57212
SC2 (5,2,3,5) 12843.27734 '2323 34631.57888 sc2 58
R, o™ (2,3) (3.2) 7236.613728
SC1
8.42478 R S (13) (33) 1413253451 .
SC1 (5,2,3,5) 11947.72798 0795 38142.684 RSCl §§ 3
2 S
sc2 i
7.38388 R™ q¢g I
SC2 (5,2,3,5) 14665.67309 0362 32841.03869 Rscz ﬁ% ©
2 [o0]
R1$C1
SC1 (5,2,3,5) 12029.6 7.95 32727.11107 'ir. =
RSCt @ =
2 S
Rlscz ‘i
SC2 16119.2 7.02 30729 sc2 ©0
R, (23) (22) 5650.864
20000
15000 =
T m s 10000 _/ Total market share
a of SC1
° . h 5000
t a Total market share
a k r 0 T T T 1 of SC2
| e o 0 0.02 0.04 0.06 0.08
t
Amountof 8
A 2
QU . Befiavior of total market share of SCs with respect to 3
15
p
r 10 P ——
D .
o ! 5 e==DC price of SC1
=== DC price of SC2
e 0 T T T 1
0 0.02 0.04 0.06 0.08
Amountof 5

Figure 3. Behavior of DC price with respectto f3
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60000 \
50000
T 40000 \
r
o o \
t 30000 - —
f Total profit of SC1
a , 20000 _
| Total profit of SC2
t 10000
O T 1
0 0.05 0.1
Amountof £
Figure 4. Behavior of total SCs profit with respect t
30000
f
P 25000 +N\
r
o 20000
n
o f c 15000 \ =—=Total profit of R1in
ris \\ sc1
at i 10000 — ==Total profit of R2 in
|
s 5000 >cl
o
e
f
e 0 T T T 1

0 0.02 0.04 0.06 0.08

Amountof £

W&vior of total profit of franchisees in SC1 with respect to §
shews the behavior of the opened paths, total market share,
e, total SC profit, equilibrium locations and qualities, and

isees’ total profit with respect to &; the amount of parameter ¢
in the solved examples while gis set to 007EV(d). Figure 6

shows the behavior of total market share with respect to 5. According
to the figure, the total market share of the chains will decrease by
increasing the amount of &; however, SC1 experiences a greater
decrease in its market share than SC2. Figure 7 shows the behavior of
DC prices with respect to &, which are very similar to each other,
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decreasing by the increase in the amount of &. It is observable from
Figure 8 that the SCs’ total profits are strictly close to each other with
respect to ¢, decreasing to zero by increasings. Figure 9 shows the
behavior of the total profits of the franchisees in SC2 with respect to
6. According to this figure, at the high amount of &, it is not
profitable for the franchisees to participate in the market as their
profits go below zero.

Table 5. The Change of the Opened Paths, Total Market Share, DC Price, Total SC Income,
Equilibrium Locations and Qualities and Retailer’s Total Income with Resm

=
) 2 |5 3 £ E 3 ’
= = = g = S ¢ = 2
S S Eg £ 3 o Eg ¢ 5
S B Es &= % E 2§ 2 s 10
o IO °© ] =] S =
I g 2 e e 4° E oy
s (@) © ugJ_ =)
s R 34)  (33) 808.899
SCL (235 25745 1190930 oifo 13100 (£ : <
235) 93056 401 ' sc1 33341 S
19 RS (33) 7231755712 S
o
sc2 =)
28495, 10.94606 6% R 14 2) (3.3) 934520779
SC2 (5239 Hyu7a g1 999 oer o7 w
2 R, ‘ (33)  73126.97431
scl  (soas 26 1L (34)  (33)  90188.33852 =
90615 412 (4 (33 62724743719 3
o
o
scr  (oag 22T 12022 w2 (3 sw0s72019
30455 "Wost ©@3) (33  ew4241728 ©
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g4 R s (A (33 7848302564
SC1  (5,235) 3 oo oduas 3
67 R, (24)  (33) 5447686321 =
o
sc2  11.072 =}
b, Slflﬁ R 19602 (12 (3,3) 70378.91344 i
U S 2 s RS2 (23) (33 5401448667 ©
SC1
21953. 10.64290 3523% R 1707 G4 @3 6834973013 <
06767 666 2 stm 19732 o4 (33 4733304650 S
o
sc2 <)
(5235 24976 9688437 5%672 R 10657 12 B9  Sl227923%3
250) 41501 s ' sc2 28125 w
33 R (2,3) (3.3) 38123.93408
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SC1 (5235 20852 1020733 gg% Ry 137 G4 @Y 51972 &
0405022 Toet RGO o4 @3 a110468497 D
o
sc2 S
SC2 (5235 2397 0345612 ;g%g R 10280 2 (B3 - 4343500765
239) 55085 132 ' sc2 17335 w
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20326. 10.13604 1030 sc1 11149 3
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Figure 6. Behavior of total market share with respect to §
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14
D 12
8 \\\\
P 6 — =DC price of SC1
r
i 4 e DC price of SC2
2
O T T 1
e 0 0.02 0.04 0.06
Amountof &
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Figure 7. Behavior of DC price with respegtto &
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t 160000 \
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Figure 8. Behavior of total SCs profit with respect to §
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100000
T
f \
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, \
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a n 60000
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; i ==Total profit of R2 in
s 20000 SC2
o e \\
f
. e 0 T T ’
1
' s ( 0.02 0.04 0.06
-20000
Amountof &
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Figure 9. Behavior of total profit of franchisee§(in,SC2 witI-Jct tod

As prepresents competition intensity, t

intensity in competition, the chains wer,
to obtain in the competition and absorb

easing the amount of

decrease their price
ustomers, by this way,

their market shares will incre cording to the demand function,
but their total profits will de e fbecause of the lower marginal
profit. On the other‘ha d, Whe increases, the customers of the

chain pay more attenti chain price itself and in this manner,
Xe its price and by the same way results in

rofits (interested readers can refer Anderson and

tails and mathematical proofs).

prigings’step, the power factor has no effect on the

rice because it has been omitted by the differential

In 8C1, total franchisee profits in duopoly competition is 19,312;
R** and R;*' total profits in monopoly competition are 35,606 and
36,925, respectively. Total franchisee profits in duopoly competition,
in the case that the franchisees sell the products of both chains, if R>*
and R;* served the market is 75,915; R*** and RS** total profits in
monopoly competition, in the case that the franchisees sell the
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products of both chains, are 98,382 and 94,687, respectively.
Correspondingly, for SC2, total franchisee profits in duopoly
competition is 18,814; R** and R** total profits in monopoly
competition are 36,051 and 35,482, respectively. Total franchisee
profits in duopoly competition, in the case that the franchisees sell the
products of both chains, if R** and R}** served the market is 70,140;
R** and R}** total profits in monopoly competition in the case that
the franchisees sell the products of both chains are 10 and
87,677. Obviously, the best structure for franchisees i

competition, in the case that the franchisees sell the p
chains, and the worst case is duopoly competition n theyguality of

the facilities is exactly vice versa. Therefore, s want to
increase customer satisfaction, they gshould ch duopoly
competition; if they want more profitsgythey should use some
negotiating mechanism to profit from th ly structure (Table 7
shows these situations).

Moreover, the SCs can choose to co te with each other; the
outcomes of this model are sho Table 8. In this circumstance, the
market share, total objecti ctigh of SCs, DC price, objective

function of SC1, andgobjégtive™ function of Franchisee 1 and
Franchisee 2 in SC1 i% y 15%, 33%, 3.7%, 55%, and 41%,
respectively. C ingly, for SC2, they decreased by 24%, 56%,
-12%, 3.7, an respectively.

Table 6. The Change@f the Optimal Price, Market Share, SCN Structure and Total
e with Respect to Power Effect Parameter

ExE) Z = I T < @
S5 % 2 3 s 8 3 i
N £ S 3 = E = 2
ko) = S ) > S S
s3 £ g 9 8 = = |k &
TR = i = = g
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n o N —
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The following managerial insights are derived from these
sensitivity analyses:

v" Increasing market competition is more profitable for the
smaller SC, because its market expansion is greater than that
of the larger SC.

v By increasing the number of factors s, 2, the total profit of both

chains will decrease, and it would be more profitable for them
to control the competition intensity at a low level.

v' By decreasing the number of competing fran
allowing them to sell the products of bot
attractiveness level will decrease, but J
increase. This can make customers unh
and decrease customer-based demand.

v Having more power has no effect o
help to gain more profits and chan
the location phase.

v Cooperation in the location ph s the smaller SC (the
one with less market-ba emand) to gain more profits, but
the larger SC will ga oke profits in a non-cooperative
manner.

prici ep, but it can
network structure in

It is worth noting_that accerding to the literature, duopoly is the
most commonl d f competition and in this way, we follow
the literature Moreover, Anderson and Bao (2010) gave
mathemati a@x showing no difference between duopoly and
oligopol t of the behavior of market shares, prices, and total

pr

Conglusion

This paper has developed a dynamic competitive supply chain
network design problem with price dependent demand and Huff utility
function in which nsupply chains tending to enter the untapped
market and give franchises to competing franchisees. Customers are
faced with a two-step decision model: At first, they chose a brand
(SC) to buy based on the price according to 0-1 rule; then, they chose
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the retailers of the franchisees by a certain probability based on their
attractiveness applying Huff gravity rule model. There are two games
in this context. The first one is a dynamic game between the SCs, as
the first stage, based on the location and price. After the franchisees,
as the second stage, enter a simultaneous game to set their locations
and attractiveness.

We converted the model of the SCs into a bi-level model in which
the inner part sets the price and the outer part shapes the networks. We
also used Nash’s concept and Wilson algorithm to conye
model of the franchisees and find equilibrium locations,an
Moreover, we used fuzzy set theory to cope with the u
the players encounter as they are all newcomers gnd h precise
knowledge and information about the parameters.

Finally, we applied our model and soluti@n approa a real world
problem and discussed the sensitivity analysis of the total market
share, DC price, total profit of both chg guidbrium locations and
qualities, and franchisees’ total profit % espect tog,6. We then

considered the effect of SC po in the pricing and location phases
and analyzed the effect of c e competition intensity on the
franchisees’ attractiveness leviel ofits.

We concluded tha?
both chains wi

sing the amount of g,s, the profits of

franchisees is one in which they can sell the
ins without any competitors. However, this is also

This model can be applied in many different industries as most
industries prefer to have some independent and competing
franchisees, such as the car, shoe, and retail industries. Moreover, the
proposed model can be extended by different aspects. For example,
the closed-loop, robust, or sustainable SC can be considered, or
stochastic approaches can be used to handle uncertainty.
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