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In this paper, a three-echelon supply chain model, including two producers, distributor and retailer was
considered, which both producers produce one kind of goods in different brands and qualities. Each
manufacturer has its own channel that the retailer can offer exclusively its manufacturer's product and
receives a discount on the purchase of the goods from the distributor (exclusive market) or offers the
goods of both manufactrers (non-exclusive market). In this work, pricing decisions for the same
substitute products were developed with different brands in the exclusive and non-exclusive markets.
Customers are divided into two categories of loyal customers and indifferent customers whom the
demand for products depends on the distance from the brand and the distance of the product prices
from the ideal product prices. In this model, the retailer sells the required goods from the distributor,
there may be a risk of discontinuity between the retailer and the distributor, in which case only a
percentage of the retailer's order quantity can met by the distributor and the unsatisfied orders are
directly purchased from the manufacturer on a special order. The purpose of this research is to
maximize the total supply chain profit by application of game theory, which determines the optimal
sales price in each supply chain. Finally, application of the model is illustrated by numerical examples
and then sensitivity analysis was conducted on its important parameters.
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1. INTRODUCTION

Profitability and ensuring the profitability are some of
the main reasons of creating a supply chain. Each chain
seeks to maximize the benefit of the entire chain instead
of increasing its own profits. In fact, pricing a single
item or multiple items in a system hasa great
importance. Most of the papers published in pricing
domain were about the substituted products; while,
increase in the use of the product, the use of others are
reduced. However, a few researchers have pointed out
the substitute products with different brands. The users
of these products are usually divided into two groups of
indifferent and loyal customers. Since the type of
products manufactured is the same in both companies,
loyal customers use their own brand in each case; but
the distance between the customer's position and the
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place of supply of the product is important to the
indifferent customers. In the competitive market of the
substitute products with different brands, if the product
doesn't exist in the market, after a while it would be out
of the market competitionand since there are different
risks, retailers who deliver products to their customers
may not be able to meet all the orders of upper level.
Therefore, the retailers must think carefully to meet the
final customer demand. In general, application of the
game theory in the supply chain is incorporated to the
interaction between the members of the supply chain.
Supply chain members may have conflicting goals so
that each chain hope to maximize their profits, and this
may lead to a reduction in the overall supply chain
profit. For this reason, most models in the supply chain
seek to interact with the supply chain members so that
the total supply chain profit is maximized and the profit
or loss in the supply chain is shared across all the supply
chain.

Literature review is divided into two parts:
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1. Reviewing researches on the pricing of substitute

and complementary products and the game theory in the
supply chain. 2. Reviewing researches related to the
disruption risk in the supply chain and special order.
Moorthy [1] showed that in the competitive market
between different trading companies, the results did not
depend solely on the company's own performance and
decision, but depended on how other companies used
their strategy to seize the market. Taleizadeh and Noori-
daryan [2] proposed a three-echelon supply chain
consisting of multi-suppliers, a manufacturer, and a few
retailers with reworking operation in an integrated and
non-integrated structure to optimize the chain's profit in
both cases by setting the optimal price and production
policy which uses the Stackelberg model between the
chain members. There are extensivestudies on pricing of
substitute products, such as: Karakul and Chan [3]
examined the analytical and management effects of
substitute products on pricing and procurement
decisions. Their model is single-period with two
products: an old product and a new one, the new
product replaces an old one, if there is a shortage.
Karakul and Chan [4] presented a single-period model
for substitute products as a combination of pricing
products and supplies for substitute products, in which
each product requiring logistic time and the demand for
substitute products are random. Chen et al. [5] provided
a pricing policy in a supply chain with substitute
products, in which the manufacturer sells its products
directly and through the internet. The retailor sells the
substitute product which is produced by another
producer. Zhaoet et al. [6] identified the problem of
pricing substitute products with a producer and two
retailers. The consumer demand and producer costs are
uncertain with a centralized and three decentralized
pricing models. Rasouli and NakhaiKamalabadi [7]
presented a new mathematical model towards a joint
pricing and inventory control for seasonal and
substitutable products in a competitive market over a
finite time planning horizon. It is assumed that the two
substitute products belong to two different rival firms.
Ahmadi Yazdi and Honarvar [8] presented a hew model
for designing integrated forward/reverse logistics based
on pricing policy in direct and indirect sales channel.
The proposed model includes producers, disposal
center, distributers and final customers. Unlike pricing
on a substitute product, few studies have been
conducted on complementary products, which some of
them are discussed as follows: Esmaeilzadeh and
Taleizadeh [9] presented the optimal price of two
complementary products in a two-level supply chain in
two modes. The supply chain at each level includes a
retailer and two manufacturers. In the first case, they
assumed that, the costs of producing complementary
products at each level are the same, while in the second
case it was assumed that the costs of production are

different and depends on the demand. Arshadi Khamseh
et al. [10] provided a pricing model for substitute
products in the fuzzy supply chain with two
manufacturers and a retailer with four pricing models.
In most of the supply chain models, demand for
products is considered constant, or demand is a random
variable, and the utility demand function is used in a
limited number of researches. Wong and Eyers[11] Xia
and Rajagopalan [12] used the utility function for
customer demand, which is considered as the function
of product price, logistic time, and customer distance
from the brand. Xiao et al. [13] developed the game
theory model including a manufacturer and a retailer; in
which the proposed model the interaction between
procurement time and price was examined. The
proposed model includes a custom product in an order-
based production system and the demand of the product
depends upon the time of preparation and the selling
price. The supply chain may be at risk due to various
factors. One of the important risks that threatens the
supply chain is the disruption risk in the supply chain.
Xanthopoulos et al. [14] presented the Newsvendor
model with two channels of supply, in which there is a
possibility of disruption risk between the distributor and
the retailer in each channel that in the event of
disruption risk, only a percentage of the order quantity
will be met by the distributor. MohsenzadehLedari et al.
[15] presented a Newsvendor model in a multi-level
supply chain with two supply channals that allows for
the disruption risk between the retailer and the
distributor in each of the supply channels. In that case,
the event of disruption risk, the percentage of order will
not be met and the retailer would deliver the amount of
unsatisfied orders as special order and directly order
from the manufacturer. Qi [16] presented a model in
which retailers offer the possibility of supplying
products from two suppliers and the first source
provides the product at low prices, without the
guarantee (there is a possibility of disruption risk
occurrence); the second supplier provides the product at
a higher price and complete reliability (there is no
possibility of interruption risk occurrence).

In this paper, three-level supply chain model was
developed with the possibility of disruption risk
occurrence between the retailer and distributor and
special ordering in the event of disruption risk, which
uses the Stackelberg model for interaction between the
supply chain members in both cases of the exclusive
and non-exclusive markets. Thus, in exclusive market,
each retailer only sells the product of the same channel
manufacturer, but in non-exclusive market, retailers can
offer the products of both manufacturers with different
brands.

We proposed some innovations and contributions as
follows, which distinguishes our investigation from
previous work:
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v' Providing a three-level supply chain that two
manufacturers present the same product with
different brands.

v' The possibility of occurring disruption risk
between the retailer and the distributor, which
forced us to have special order in the case of
disruption.

v' Examination of exclusive and non-exclusive
markets.

v Defining utility function based upon price and
distance for demands.

Reminder of this paper is organized as follows:

Insection 2, problem description and assumptions are

described. In section 3 notations and mathematical

models are presented. A numerical example is presented

toillustrate the effectiveness of the model in section 4.

Finally conclusions from this research and future

research are discussed in section 5.

2. PROBLEM DESCRIPTION

This paper presents a three-level supply chain that its
chain members include a manufacturer, distributor and
retailer. In order to supply products to the market there
are two channels of supply from different manufacturers
with different brands that compete with each other. Both
manufacturers provide the same product, but with
different brands so that products supplied in the market
are replaceable and these two producers are looking for
increase in their share on the market. The market is
exclusive, will receive a benefit of discount percentage
from distributor. Otherwise, no discount will be given.
If the market is exclusive all products of a particular
brand will be offered at the retail location. If the market
is not exclusive, the percentage of products with a
particular brand will be at the retail location and the rest
will be offered at the retail location related to the
competitor manufacturer.The performance of the supply
chain is that the distributor buys the product from the
manufacturer and sells the retailer(s). In this case due to
political problems, equipment failure, natural disasters,
a percentage of retail demand (s) of the retailer(s) may
be not met by the distributor(s). The possibility of such
case is probable that is called the disruption risk and in
the case of occurrence, a percentage of demands are
met. Since all demand of the market should be met by
the retailer (s) and the shortage is not allowed. A
percentage of the retailer(s) demands which has not
satisfied by distributor (s), will be fulfilled and met in
the form of a special order directly from the
manufacturer of the same product at a higher price than
the price of distributor. As previously mentioned, the
products of both producers are interchangeable and it
means that customers can use any of these products.
Therefore, the tendency to buy will be related to the

price of competing products, distance from theideal
price of product and customer's distance from the
product supply location. Finally, for each product
demand, a utility function of the ideal price, sensitive to
the distance and the brand is provided so that customers
divided into loyal customers and in different customers
and uniformly distributed. Also, “d” is the distance
between the two retailers.

Vi LV}
N ™

first retailer second retailer

Uj =r—o I —tX; 1)

2.1. Model Assumptions

1. For supplying two substituted products, the value of
the barand is taking into account.

2. The disruption risk will be accured between the
distributor, the retailer and in the case of occurence the
disruption risk, we will have special ordering.

3. Using both exclusive and non-exclusive markets in
the study.

4. When have two type of customers: loyal and ordinary
customers; also using the utility function for these two
types of demands.

5. The shortage and lead time are not permitted.

3. MODEL DEFINITION

This section presents the mathematical model of the
exclusive and non-exclusive markets; then the concave
objective function related to each chain in the supply
chain is described using Hessian matrix.

Parameters:

r - The ideal price of the product

g Percentage of the product j to the retailer k
c, : Sales price of the product j by the manufacturer to

the distributor
a, : The production cost of j " product

U, Utility function related to the demand of j "

product
t : The sensitivity of the customers to the brand
x, . Customer location (customer distance from the

desired brand)
p, - Disruption risk in the i"" distributor

y, - A percentage which is met by the distributor
2, - Discount rate by the distributor i

Decision variable:
r, - The price of the j Moroduct at the k™ retailer

w;, : The price of the | ™ product by the i"distributor
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T, : The price of the sale of the j" product by the

manufacturer to the retailer k
d;: The demand for theproduct j

3. 1. The Problem Model in the Exclusive Market
In the exclusive market, each channel only provides the
products of its manufacturer to the final customer and
receives a discount. In the state of exclusive market with
discount the profit of retailerlare as follows:

gy = Q= p)-((h, — A= 4)w,))d, +

B (s — (L A) ).y, dy + (L y) A ( ~Tu)) O
Profit of retailer 2 is as follow:
Mgy = (1_ pz)-((rzz _(1_/12)-W22))-d2 + (3)

P2-((Fy = (L= 4)- W)Y, + (1= Y,).dy (1, —Tp,))
Profit of distributor 1 is as follow:

7oy = (1= P)-((A-A4)-wy, —¢)d) + p(A-4)wy; —¢)  (4)
Profit of distributor 2 is as follow:

Ty = (1= P)-((A=A) Wy, —C,).d,) + P (A 4) W, —C,)  (5)
Profit of manufacturer 1 is as follow:

7y = (6, —8).dy + pp. (T, —&).(1-y,).d, (6)
Profit of manufacturer 2 is as follow:

Znz = (G, —8,).d; + P, (T, —3,).(1-Y,).d, @
Profit of the total chain is as follow:

Tiotal =r1+ Tro + Tpy + o + 7Ty + 7Ty 0 (8)

Utility function of demand for the product 1 is as
follow:

U =r—n, —tx ©)

Utility function of demand for the product 2 is as
follow:

U, =r—r, —tx, (10)

Manufacturer 1

Manufscturer 2

Distributer |

Retaile: 2 Retailer |
'\\.\. . P -
R -
= |I

Figure 1. Exclusive market

The demand for the first and the second product is the
total demand of loyal and indifferent customers to any
of these products. The demand of the loyal customers is
calculated by putting the utility function equeals to zero
for that product and the demand of the in different
customer is equal to equivalence of the two utility
function in such a waythat the following expression
should be considered:

Loyal customer demand functions for the first product
are as follows:

r-r,—tx =0 (11)

r—n,
t

X, = (12)

In different customer demand for the first product are as
follows:

r—n,—tx=r-r, _t-(d_x1) (13)
_r,—r,+td
x =2 s 14

Total demand of the first product is as follows:

r,—r,+td r-—r
22 11 + 11

d =
' 2t t

(15)
Loyal customer demand for the second product is as
follows:

X, = (16)
Indifferent customer demand for the second product is
as follows:

r=n _t-(d _Xz) =r=r, _t-Xz (17
r,—r,+td

==t 18

=t Z (18)

The total demand of second product is as follows:

d. — r,—r,+td L
: 2t t

(19)

Hessian matrix is used to illustrate the concavity of the
utility function for each chain in the supply chain as
follows:

627ZR1 827le
or,2 or,,or,

HRl — 211 121 21 (20)
O gy 0“7y,

2
Ory,0n, ory,

t (21)

3d-py) 3y: _3d-y)
-+ p(——-——" 0
Hoy, = : P
0 0

As shown in the Hashin matrix of the first retailer, the
profit function of the first retailer is concave.
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O 7ty 8% 7ty
or,’? or,,or,
HR2 — 212 122 22 (22)
O 7T, O 7tx,
or,,or,, or,,”
0 0
He, = 0 _3(1_ pz) _%_3(1_)/2) (23)
e P( " "

As it is clear from the Hessian matrix of the second
retailer, the profit function of the second retailer is
concave. The profit functions of the distributors and
producers are linear based on the sale price. Therefore,
they areconcave and also convex, and if we use Hessian
matrix, all members of Hessian matrix will be zero. In
order to obtain the product sales price at retail,
following equations should be solved and the amount of
the obtained sale price should be entered into the profit
of the distributor chains to obtain the sales price at the
distributor chain.

O7Tr,

on, 0
r
11 (24)
O7try _ 0
or,,
2 6 18 8 8
r11:gr+£t-d %Wu w4 — Wy Py + WPy A
8 1
*g Py-Wiy. Yy — pl h1-Y1- + p1 1= p1-T11-y1 +£t-d
25)
3 3 (
*%sz Wop. Ay — o Wop. P, + sz P-4, + pz WY
3 W, A, +— T, 73 T,
35 P2 Wa;. Y5 35 P2-12 35 P2-12-Y,
2 1 3
Gy = gl‘ +£td +£W11 Wiy Ay — = Wy Py + Wy PA
3 6
+oz PuW Y — Py Wy YA + p1 1 Py Ty, + o td
35 3 3 35 (26)
+§w A, = 18w 22+ 18 W,
3522 Woy . Wy, Py + 35 22+ P2 pz 22:Y2
18
35 P2 WY, A, +£ P, T pz 22:Y2

By replacing the optimal sales price of the product in
retailat the distributor's profitand solving the below
equations, the optimal sale price at the distributor chain
will be obtained.

s g (27)
W, (A) + W, (B) =C 28)
W, (E) +W,;.(M) =F (29)
w, = =E—BF (30)

AE — BM

CM — AF

Wez = BM — AE (81)

By replacing the optimal sales price of the product in
distributor at the producer's profitand solving the
following equations, the optimal sale price at the
manufacturer chain in the case of special order are
obtained stated as follows:

O7tma o
OT,
11 (32)
Oy, » -0
oT,,
18p 18p y 3p +3p y
3 3 Wt (041 s VDY
L= Rl ) -6 -a) (B —F s T T
t 2t 33
8 3 3 (33)
ip1 7P1y1 7p1+?p1-y1
1(p..(L-yy)- & : t % )
£p2+992y2 £p2+3p2y2 ﬁp2+@p2y2
T2=(-p (a2 -y B—5 (- B
1 21
43 B (34)
—p2+=p2.y2 —p 7p2y2 7p2+ p2y2
LT ipag-ya S ; )
2 t 2[

3. 2. TheProblemModel in the Non-exclusive
Market In the non-exclusive market, each retailer
can offer both products and there is no restriction and
discount for retailer. In the non-exclusive market,
equations are:

Profit of retailer 1 is as follows:

= (1= py)-((ry =Wy )0y 0y) + (L= Po) (1 — Wy )tp.0,)
+ p1 ((ry =Wy ) Yy 0y + (0 =Ty )y (1- ) 0 + (35)
Py (1 = Wy )0ty Yoy + (g = Tyy) 0t (1= Y,).,)
Profit of retailer 2 is as follows:

= (1= pp)((r =Wy )00, ) + (1= py). (1, =W, )-0,.0) +
pz (( 2 = Why )-8, + (N = Tpp). 005 (1= Y,).0,) (36)
+Pp. (1 =W, )0ty ¥y. 0, + (1, =Ty, )0, (L= ).

Profit of distributor 1 is as follows:

Manufacturer 2 Manufacturer |

Iy Y
. 5
Retailer 2 Retailer 1

Figure 2. Non-exclusive market
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Ty = (1= Py)-((Wy =€)y dy + (W, =€)ty ) + Py (W =€) Y3

+(W, —C,).a,.Y,.d,) @7
Profit of distributor 2 is as follows:
g = (L= Po)-((Wy, = C;) 0.0, + (Wyy =€)y ) + P (W, =€) 25.Y,., (39)

+(Wy, —C,).05,.Y,.0,)
Profit of manufacturer 1 is as follows:
Ty =(6-a)d +p.(Ty -a).A-y)doay + p.(T, -a)(L-v) dor,  (39)
Profit of manufacturer 2 is as follows:

we = (6= 8,)0,+ . (T, —3) (1= Y,) by @ + 1, (T —8,).(1-Y,) . (40)
The total profit of supply chainis as follows:
Total = Try + 7Trp + 7Ty + Tpy + 7Ty + 7T (41)

Utility function of demand for the first product is as
follows:

U =r—oy,.n —o,.h, —tx (42)

Utility function of demand for the second product is as
follows:

U, =TF — .0, —ap.h — X, (43)

Loyal customer demand for the first product is as
follows:

r—og,.h —ag,.h, —tx, =0 (44)

r—ay,.h —a,h
t

X, = (45)

Indifferent customer demand for the first product is as
follows:

=0yl =0yl —1X =T =0yl — 0y 1 —t(d = X)) (46)

Ay Moy + App Wy +0.d —aty, .0, — 5.1,

X, = >t (47)
The total demand of first product is as follows:
Qo Ly + Qy by +1.A =t 1 — O r—ay,h, —o,t,

d - 21°°21 22722 117711 12712 + 11711 127712 48
= ( o )+ ( n ) (48)
Loyal customer demand for the second product is as
follows:

r—o,,.0, —a,.r, —tXx, =0 (49)
X, = M=yl =0 Ty (50)

t

Indifferent customer demand for the second product is
as follows:

=0y, =0,y =1 (d = X,) =1 =y Ny =ty 1y — X, (51)

_ O O, N, — Oy Ny — Oy Ty, +td

X 52
: = (52)
Total demand of the second product is as follows:
d :(a11-r11+0’12-"12_a21-r21_0’22'rzz+t'd)+(r_azz-rzz_0521!21) (53)
: 2 t
Hessian matrix is used to illustrate the concavity
of the utility function of each chain in the supply
chain as follows:
O 7y O 7y (54)
H or,,° or,,0r,,
R O*7ey &% 7p,
ar-Zlarzl.l ar-212
1 A-p)oyay +1 (- pz)-azrau—
_3-p)e 2t 2t
t +£p1l(a11-y1-‘121+a11-(l’ yl)'a21)
P( 3a121-y1 30‘121-(1_)’1) 2 t t
T t 1 Y, @ (1-Y,)
e
Hy %.(17 pz)t-au‘azu (55)
1 (- p,) o0 _3(1‘ pz)-azz1 ¥
2 t t
1 Vo .l_ X 2 2 _
+E-p1-(a11 {1 Ay +0(11( tY1) an) le(_ 30’2;-)’2 _30’21-(:- yz))
1 Yy (A=Y,
7+E.p2.(a21 {Z a11+a21( tyZ)all)
2 2
0 7rx, 0 7z,
or,>  or,or,
H ng = , 12 122 22 (56)
O 7Tg, 0 7,
arZZariZ ar222
[ 1 A—p,).ay.a, +_
2’ t
1 A-p)ea,ay,
_3@-p)ag 27t
t 1 Xp-Y> -y
b3 TP
’ t 4@ Yr) ooy
3ah.(A-y,) t
t 1 P13 Y1:0,
+E'p1'(f
H, = () e,
' (57)

1 - p,)ay.a, +
2’ t

i_ A—p)a,.ay

2 t

QA22-Y2-Qp
t

_3a-p,)ag
t

_3ah.y, _

1
‘*'E-pz-( + p-(

oY) e,y 30,.(-y,),
t t

1 Xy Y, &, A—-y,).a
E'pl'( 12 );1 22 12-C ty1) 22)

As Hessian matrix of the first retailer profitshows, its
first minor determinant is negative and the second minor
determinant which is the determinant of Hessian matrix
is equal to %; that is a positive value. Therefore,

Hessian matrix of the retailer profit is concave. The
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profit function of the distributors and producers is linear
based on the sale price, so it is concave and convex as
well and if we use Hessian matrix, all members of the
Hessian matrix will be zero. In order to obtain the
product sale price at retail, following equations should
be solved and the amount of the obtained sale price
should be entered into the profit of the distributor chains
to obtain the sales price at the distributor chain.The
equations are as follows:

O7try _
on,
O7py _
or,,
Oy (58)
or,,
Oy,
or,,

Optimal values of retailer prices are as follows:

r, =(2r+dt+4a,.wW, — 20, W, +4T,,.0,.p, — 2T,,.,,. P,
—40(11. Py, + 20‘12- Py-Wi, + 40‘11- PyWi; Yy — 2-0‘12- Py-Wiz. Yy (59)
—AT 0. Py + 2T.00,. P Y1) [ 6y

N = (2r +d.t+ 40y Wy — 205 Wy +4T.00p1. P, = 275,00 P,
_40521- P2Wy, + 20522- Py-Wy, + 40[21- P2 WY, — 2-“22- P2 Wo,.Y, — (60)
AT51.051-P5-Y, + 215505, P,.Y,) 1 6.0y,

ty = (2 + 0.t =20, Wy, + Ao, Wy = 27,000y + 4T, 0. Py + 201, P Wy — At PLW, (6 1)
=203 Py Yy + Ay P W Yy + 2T, 0P, — AT, P, ) 6

Ty = (20 + 0t = 20 Wy, + B0y Wy = 2T 00 Py + 4T 0.0 Py + 2000,y Wy

_4%2' P W, = 2“21- Py Y, + 4“22' Py Woy.Y, + 2Tz1'azr P2y, — 4Tzz-“zz- p2'yz) / 60‘22

(62)

By replacing the optimal sales price of the product in
the retailerat the distributor's profit and solving the
below equations, the optimal sale price at the distributor
chain will be obtained.Optimal values of distributer
prices are as follows:

O 5,

=0
OV, 4
O 7T, — o
W, (63)
O o
W,
O o — o
OV,

21

Wy, =W, = (14r +18a,,C, +18a,,C, +3a,,C, +3a,,C, + 7dt —17T, 1, p,

717T12a1z p,+ 3T21a21 P+ 3Tzzazz P, ’180’11(:1 P 7180‘12C1 Py 730‘2102 P,

—301,,C, P, +182,C, P Y; +1823,C, 1Y, +32,:C, P, Y, +35,C, P, Y, + (64)
17T00, Py + 1773500, P1Y; = 3T5100: P, Y, = 3Tp002, P, Y,) 1 35( ety +

—ay P, P tan Py, o, p1y1)

W,, =W,, = (14r + 3a,,C, +3,C, +18a,,C, +18a,,C, + 7dt + 3T, 1, p,
+3T,00, Py = 17T 105, P, = 175505, P, —301,C, Py — 3213,C Py —18a,,C, P,
—18a,,C, P, +303,C, P1Y; + 33,6, Py Yy +182,,C, P, Y, +182,,C, P, Y, — (65)
SToa00 Py Yy = 3Tp0, Py Yy + 1775005, 0,Y, + 17750000, 0,Y,) 1 35(ty, + a1

=0y Py — Ay Py + QP Y, + 0y P Y5)

By replacing the optimal sales price of the product in
the distributor at the producer's profit and solving the
following equations, the optimal sale price at the
manufacturer chain in the case of special order is
obtained. Optimal values of manufacturer prices are as
follows:

O7Tpp1 -0

oT,,

O7Tpp 1 -0

oT,

12 (66)

Oy, » -0

oT,,

Otma _ o

oT,,

T, =T, =(578a, +51a, —578c, —51c, +518r —569¢,,C,

—569¢,,C, +51a,,C, +51a,,C, + 259dt +578a,c,, p, +

578a,a,, p, + 518,01, P, +518,a1,, P, +569c;,¢, P, +569¢,C, Py

—51a,,C, p, —51a,,C, p, —578a,a,, Py Y, —578a,, P, Yy — 518,05, P, Y, (67)
751320‘22 Py, — 569“1101 PiY1— 569“1201 PiY: + 510-’2162 Py, +

51&2202 | yz) / (1147(0(11 Pyt e, P — o P Y —a, Py Y1))

T, =T, = (51a, +578a, —51c, —578c, + 518" +51cz,,C, +51at,,C,
-569a,,C, —569a,,C, +259dt +51a,a,, p, +51a,a,, p, +578a,a,, p,
+57832a22 p,— E’:I-‘:‘11C1 S 51‘112(:1 P+ 5690‘2102 P+ 569“2202 P, =
51310‘11 Py — 5181‘112 Py — 578a2a21 P2Y, — 578320522 P2y,

Jr510{11(:1 Piy; + 51&1201 Py — 5690’2102 P2y, — 5690’2202 P, YZ) / (1147(0’21 P,

0 Py — 0y P2 Y, — 02 P2Y2))

(68)

4. NUMERICAL EXAMPLE

Five numerical examples are solved to demonstrate the
functionality and performance of the proposed models.
In all examples data were randomly generated. In each
instance, it was shown that by changing the important
parameters of the problem, the sales price of the product
per chain of the supply chain, the demand for each
product and the supply chain profit will be changed.

4. 1. Numerical Example in the Exclusive Market
For the different values of the parameters, the values of
the decision variables are listed in Table 1. It has shown
that how the changes in the important parameters affect
the decision variables as well as the total profit of the
chain.

In examples 1, 2 and 3 it has shown that by a

corresponding increase of Ci»Cz2: @132, Piy P2, Y1 Yo
the amount of selling pricesarealso increased in all
chains of the supply chain and rising prices lead to
reduce the demands for both products. Thus, the profits
of the entire chain are reduced. In examples 4 and 5
only the cost of producing and the manufacturer's
selling price (c,,c,,a,,a,)are increased that cause

increasing the average of selling price in all chains of
the supply chain whereas the demand for both products
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and profitability are reduced. As shown in the above
table, with a  simultaneous increase in

766

TABLE 2. Optimum values of the decision-variables in the
exclusive market

C,Cr 84,85, Prs Pay Y1 yz; the selling prices are 5’;&';325 Case 1 Case 2 Case 3 Case 4 Case 5
increased in all the chains of the supply chain and
rising prices lead to reduce the demands for both M 34.5744 353454 361777 36.9423 393103
products. Thus, the profits of the entire chain are
. C,.C,,a,,a Iy, 343715 35.0929 358236 36.5367  38.7018
reduced and also in cases where only ™1’~2'“1"%2
increase, the seIIing prices increase in aII the chains, the Wll 31.1240 325775 34.3373 35.1173  39.1106
demands for both products and the profits decrease. In
Table 3, the up arrow is an increase sign and the down W, 306660 32.1605 32.7144  34.0820  37.4980
arrow is a decrease sign that show the summary results
in Figure 3. T. 13.7254 189705 18.1512 274509  41.1764
T, 10.9803  13.7254  19.7285 21.9607  32.9411
TABLE 1. Parameters for the model in the exclusive and non-
exclusive market d, 0.8327 078300 0.7278  0.6784  0.5209
Parameters Casel Case2 Case3 Cased4 Caseb d, 0.8581 058145 0.7720 0.7291 0.6001
r 40 40 40 40 40
t 16 16 16 16 16 ;f;?l't 509103 47.8980 431172 39.4669  29.22463
d 1 1 1 1 1
oy, 0.5 0.5 0.5 0.5 0.5
a, 0.5 0.5 0.5 0.5 0.5 N ___M%
Oy 0.5 0.5 0.5 0.5 0.5 paicl -
Qy, 0.5 0.5 0.5 0.5 0.5 :
c 7 9 12 14 21 — : . :
c, 6 8 10 12 18 : z \
a 5 6 8 10 15 ; // pud o
a, 4 5 7 8 12 — :
P, 0.2 0.4 0.7 02 0.2 T :
total profit
p, 0.3 0.6 0.65 0.3 0.3 w
Vi 0.7 0.8 0.9 0.7 0.7 - \
Y, 0.75 0.85 0.9 0.75 0.75 N
A 015 015 015 015 015 ’ .
2 Figure 3. The impactsof changing parameters on the decision
2 0.14 0.14 0.14 0.14 0.14 variables and benefit of supply chain
TABLE 3. The impacts of changing parameters on the decision variables and benefit of supply chain
Change of parameters Impact on the decision variables
Total
rofit of
¢ & & a PP J Jy y Iy Wy W Ty Ty d, d, psupp|y
chain
AANAANAN AN A A A A NN OANN VY 14
AN AN - - - - A A AN A VOV \%
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4. 2. Numerical Examples in the Non-exclusive
Market For the different values of the parameters,
the values of the decision variables were obtained and
results are shown in Table 4. In fact, it has shown that
how the changes in the important parameters affected on
the decision variables as well as the total profit of the
chain. In examples 1, 2 and 3 it has shown that by a

corresponding increase of Ci»Cz: &3, Py P2y V1, Yo
the amount of selling prices were also increased in all
chains of the supply chain and rising prices lead to
reduce the demand for both products and thus the profits
of the entire chain are reduced. In examples 4 and 5
only the cost of producing and the manufacturer's
selling price (c,,c,,a,;,a,)are increased that caused

increase in the manufacturer's selling price in all chains
of the supply chain whereas the demand for both
products and profitability were reduced.

As shown in the above table, with a simultaneous

increase in G C2: 88 P P2y Y1 Yo e selling
prices are increased in all the chains of the supply

chainand rising prices lead to reduce the demand for
both products. Thus, the profits of the entire chain are

reduced and also in cases where only GG 8, &,
increased, the selling prices increased in all chains, the
demand for both products and the profitability also
decreased. In Table 5, the up arrow is an increase sign
and the down arrow is a decrease sign; these arrows
show the summary results in Figure 4.

TABLE 4. Optimum values of the decision variables in the
non-exclusive market

r,, 43.1623  43.2575 43.4670 43.5891 44.0160
w,, 171075 19.1409 21.5955 23.0140 28.9205
W, 17.1075  19.1409 21.5955  23.0140 28.9205
W,, 16.4351 18.3907 19.5735 21.4874 26.5398
W,, 16.4351  18.3907 19.5735 21.4874 26.5398
T, 204.155 206.9709 293239 157.137  225.1883
T, 204.155  206.970 293.239  157.137 225.188
T,, 189.3009 243.7934  247.6904 153.3157  198.5546
T,, 2437934 189.3009 247.6904 198.5546  153.3157

d, 0.2964 0.2911 0.27790  0.2638 0.2313
d, 0.30431  0.2981 0.2850 0.2796 0.2548

;:ngt 23.3314 22.4198 20.4044  18.9952 15.1143

Decision

H

§ 0§ 8 8 B

g

: Case 1 Case 2 Case 3 Case 4 Case 5 e
variables R
. 43.2251 43.3140 43.5239  43.7148 44.2045 =
r, 43.2251  43.3140 435239  43.7148 44.2045 . : : . .
Figure 4. The impact of parameter changing on the decision
N, 43.1623  43.2575 43.4670 43.5896 44,0160 variables and the benefit of the supply chain
TABLE 5. The effect of changing parameters on the decision variables and the profit of the supply chain
Change of parameters Impact on the decision variables
Total profit of the
Cl CZ al a‘2 Py p2 Yl YZ r]k W]I le dl dZ Sup?ﬂy chain
AN DA A A A A AA AN VY v
AN A A - - - A A A VY N

5. CONCLUSION

In this paper, a three-echelon supply chain problem for
the pricing of substitute products taking into account the
brand value and the disconnection risk between the

distributor and the retailer was developed in two states
of exclusive and non-exclusive markets; in which the
event of disruption risk, the retailer provides its required
products by special order and directly from the
manufacturer. We showed that in both cases, when the
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cost of production in the manufacturer chain increases,
it causes an increase in the price of the products in the
chains of the distributor and retailer which reduces the
demand and profitability. In addition, production costs,
when the possibility of the disruption risk rises, the
product price also increases which causes reduction in
the demand and also supply chain profitability in both
cases of the exclusive and non-exclusive markets. In
this work, the utility function of the demand was used to
determine the demand for products. In future research
we can use random variable for demand function and
the lack of lag and lost sales when the shortage occurs.
Based on the obtained results, it can be concluded that
in the competitive market, where the competition is on
the quality and price, manufacturer selection has the
great importance and the retailers can offer several
products from these manufacturers to optimize their
benefits.
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