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Abstract

The supply chain system is composed of two manufacturers and a retailer. The products
produced by the two manufacturers are complementary, and the retailer is responsible
for selling the two products. This paper analyzes the four kinds of game power structures
in the supply chain, and gives the analytical expressions of the optimal wholesale price
and the optimal retail price of the product, and explores the influence of the production
cost of the unit product on the optimal strategy. The research shows that complementary
products must reduce the manufacturing cost at the same time in order to make both
manufacturers profit; The dominant manufacturers make more profits; Retailers are in
a weak position in the game, and the peer-to-peer game between two manufacturers is
more beneficial to retailers.
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1. Introduction

At present, most of the existing literatures focus on the optimal strategies under a certain game
power structure in the supply chain, such as centralized decision [1], decentralized decision
[2,3], Stackelberg game [4,5], etc. However, for the supply chain that produces and sells
complementary products, it is extremely rare to study the optimal strategies under the four
game power structures, especially the comparative analysis of the impact of the production cost
of unit product on the optimal strategies. Therefore, this paper will carry out research on this,
and strive to provide reference for manufacturers and retailers to make decisions.

2. The Model

The supply chain structure studied in this paper is shown in Fig. 1. It consists of manufacturer
1, manufacturer 2 and a retailer. Manufacturer 1 and manufacturer 2 produce product 1 and
product 2 respectively. The two products are complementary. For example, the sales of product
1 will drive the sales of product 2, and vice versa.
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Fig 1. Supply chain structure
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The parameter symbols involved in this paper are described as follows:

Table 1. Description of parameter symbols

Symbol Description Symbol Description

¢ Production cost per unit product 1 C, Production cost per unit product 2
W, Wholesale price of product 1 w, Wholesale price of product 2

q, Sales quantity of product 1 q, Sales quantity of product 2

D Retail price of product 1 b, Retail price of product 2

a Potential maximum market demand of a Potential maximum market demand of

! product 1 2 product 2
a Sensitivity coefficient of product sales B Complementary coefficient between
quantity to price product 1 and product 2

T, Profit of manufacturer 1 b/ Profit of manufacturer 2

T, Retailer's profit * Optimal strategy

For the convenience of analysis, the following assumptions and explanations are made:

(1) Only the production cost is considered, and the sales cost is not considered.

(2) In order to ensure that manufacturers and retailer can make profits, it is required that
p,>w>c >0 =12

b

(3) The impact of the retail price of the product on the sales quantity is higher than that of the
complementary product. Therefore, it is necessary to ensure thata > > 0.

The demand functions of product 1 and product 2 are:

¢, =a—ap-pp, &)
4, =a,—ap,=pp, 2)
The profit functions of manufacturers and retailer are:
7,0(9) = (0% =€)a, )
7, (W,) = (W, = ¢,)q, (4)
7, (P> Py) = (P =w)q, +(py = w,)q, (5)

3. Stackelberg Game

Manufacturer 1 and manufacturer 2 are leaders and the retailer is follower. Manufacturers
formulate the wholesale price first, and the retailer formulates the retail price on this basis.
According to the reverse algorithm, the optimal retail price is obtained first.
o’z (p,py) _ O’z (P> P>) —_2g O’z (P> p>) _ 7. (P, p,) —_2p
op; op; op P, op, D,
—2a,-2p

24,2«

)

The Hessian matrix is[ } . The odd order principal sub formula of the Hessian matrix is

negative, and the even order principal sub formula is positive. The Hessian matrix is a negative
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definite matrix, that is, there is an optimal retail price to maximize the profit of the retailer.
07, (P P2) _y apq 9% (P> )

Simultaneous =0 can be obtained:
op, op,
. aa - Ba,+a’w, - fw
w )= 6
pl( l) 2(6{2—162) ( )
. Ba, +aa, +a’w, — fw,
w,)= 7
p2( 2) 2(@2—182) ( )
3.1. Peer-to-Peer Game between Manufacturer 1 and Manufacturer 2
Substituting Eq. (6) and Eq.(7) into Eq. (3) and Eq. (4) respectively, simultaneous M=O
w
andM=0 can be get:
W,
. 2aa+2a’c,—B(a,+ac
= 2ear2ee Pl vac) ()
da” - p
. a, +alfc —2a,-2ac
W = Pa, (ﬂzl 22 2) (9)
B —4a
Substituting Eq. (8) and Eq. (9) into Eq. (6) and Eq. (7) to obtain:
. (60{3 —30!,82)611 +(2ﬂ3 —SOzzﬂ)a2 +a(a2 —ﬂz)(205c1 - fc,)
= 10
P 24" —sa’ 4 ) (10)
. (2,33 —5052,6’)a1 +0¢(60{2 —3ﬂ2)a2 +a(a2 —,32)(20502 - fc,)
P, = (11)

2(4a* -50° B + B)

By bring Egs. (8) - (11) into Egs. (1) - (5), the optimal profit of manufacturers and retailer can
be obtained. The following analysis is similar to that. The optimal profits of manufacturers and
retailer can be obtained by the optimal strategy, so I won't repeat it again.

3.2. Manufacturer 1 is the Leader and Manufacturer 2 is the Follower

azﬂ’.mZ (WZ) —
2

Substituting Eq. (6) and Eq. (7) into Eqg. (4) to obtain 5
W,

—a < 0. Therefore, there is an

. . . . or,,(w
optimal wholesale price w, to maximize the profit of manufacturer 2. Solve ’gz—(2)=0 to
W,

obtain:
W= a, +ac, — fw, (12)
2a
Eq. (12) is substituted into Eq. (7) to obtain:

. (3052 —,Bz)az +(0{2 —ﬂz)(ac2 —ﬂwl)—2aﬂa1
p= 4(0{3—05,6’2)

(13)
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Substituting Eq. (6) and Eq. (13) into Eq. (3) to obtain <0. Therefore,

o', (w) B -2a’
W} 20
there is an optimal wholesale price w, to maximize the profit of manufacturer 1. Solve
or,,(w)

W

=(0to obtain:

. 2aa,+2a’c, - f(a,+ e, +ac,)
" 4o’ 2 (14)

Substituting Eq. (14) into Eq. (6), Eq. (12) and Eq. (13) respectively
(60(3 —4aﬂ2)a1 +(3ﬂ3 —50{2,8) a, +(a2 —,6’2)((20(2 —,82)c1 —aﬂcz)

. _ 15
P 4(2a" =30’ + ') (15)
. (40{2 —ﬂz)a2 =20’ Be, + Pe, +4a’e, —af’c, - 2afa,
w, = 5 > (16)
8a” —4af
. (6aﬂ3 —100{3ﬂ)a1 +(120¢4 -9a’ B +ﬂ4)a2 +(a2 —/7’2)((/7’3 —2052ﬂ)c1 +a(4a2 —,Bz)cz) (17
P, =

8a (20" 30’ B + ')
3.3. Manufacturer 2 is the Leader and Manufacturer 1 is the Follower

2
a ﬂ-ml (Wl) —
2

W

Substituting Eq. (6) and Eq. (7) into Eq. (3) to obtain —a < 0. Therefore, there is an

. . o ' or
optimal wholesale price w, to maximize the profit of manufacturer 1. Calculate %:0 to
W

get:
W= a,+ac, — pw, (18)
2a
Substituting Eq. (18) into Eq. (6) to obtain:
. (3052 —,Hz)al —2apa, +(052 - p? )(acl - Bw, )
p= 4(053 —a,Bz)

(19)

Substituting Eq. (7) and Eq. (19) into Eq. (4) to obtain < 0. Therefore,

o’r,,(w,) _p’-2a’
w,  2a
there is an optimal wholesale price w, to maximize the profit of manufacturer 2. Calculate
or,,(w,)

=( to get:
ow, 8

W= 2aa, —afic, +2a’c, - fc, - Ba,
? 2(2a° - §%)
Substituting Eq. (20) into Eq. (7), Eq. (18) and Eq. (19) respectively

(20)
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. (3ﬂ3 —Sazﬂ)al +(60{3 —4aﬁ2)a2 +(a2 —,32)((20{2 —ﬂz)c2 —aﬂcl)

= 21
P 420" =30 + ') !
. (4052 - B ) a,—2afa, +4a’c, —afi’c,—2a’ fe, + e,
W = i . (22)
8a” —4ap
y :(120/‘—90(2,6’2+ﬁ4)a1+(6aﬁ3—10a3ﬁ)a2+(a2—ﬁ2)(<4a3—0!,32)01+/3<,32—20‘2)Cz) (23)
80:(20:4 -3a’p° +,B4)
4. Nash Game

Manufacturer 1, manufacturer 2 and retailer make decisions at the same time. Manufacturer 1
decides the wholesale price w;, manufacturer 2 decides the wholesale price w,, and retailer

decides the retail price p, and p,.

It can be seen from the above Hessian matrix analysis thatz, (p,, p,) is a concave function and
there is an optimal retail price to maximize the retailer's profit. Set p, =w, +m,, p, =w, + m,,
Where m, is the difference between the retail price and the wholesale price,m, >0,i=1,2.
27Z-ml(W1) _ azﬂmz(wz) _
o ows
z,,(w) and = ,(w,) are concave functions, the existence of the optimal wholesale price

Substituting p, into Eq. (1) - (4) to obtain 0 —2a <0 . Therefore, both

maximizes the profit of the manufacturers.
on,, (W) ~0 on,,(W,) -0 o, (P, Py) —=0and oz, (py, P,)

Simultaneous =0, =0, =0and ——2£22 =0 to obtain:
ow, ow, op, op,
. aa —Pa
p= a; - ﬁ,zz (24)
. aa,— fa
P,= aj_ ﬁ,z‘ (25)
. aa a
e e (26)
a —p
. aa a
w,=——"—-1 B — (27)
a —p

By comparing Eq. (24) and Eq. (26), Eq. (25) and Eq. (27), it can be seen that the retail price of
the two products is equal to their wholesale price, which means that the retailer is unprofitable,
so the retailer will resist the simultaneous decision. In this case, numerical simulation will not
be conducted in Section 5.

5. Numerical Simulation

In order to compare and analyze the influence of the manufacturing cost per unit product on
the optimal strategy under different game power structures, on the basis of satisfying the model
constraints, a group of parameter values are taken as follows:q, =5, a, =5, «=0.8, f=0.5,

¢=02,c,=03.
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5.1. Optimal Strategies Whenc, =0.2<c,=0.3

Table 2. Under three game power structures when ¢, =0.2<¢, =0.3

. Peer-peer game between Manufacturer 1 is the .
Decision . Manufacturer 2 is the leader,
. manufacturer 1 and leader, manufacturer 2 is a .
variables manufacturer 1 is a follower
manufacturer 2 follower
Wl* 2.43983 2.71165 2.35592
w; 2.51255 2.42761 2.78107
pl* 3.14299 3.27890 3.10104
p; 3.17935 3.13688 3.31361
72':11 2.00673 2.03051 1.85919
7r:12 1.95816 1.81069 1.98137
72': 1.22012 1.06221 1.06785

5.2. Optimal Strategies When ¢, =¢, =0.3

Table 3. Optimal strategies under three game power structures when ¢, =¢, =0.3

. Peer-peer game between Manufacturer 1 is the Manufacturer 2 is the
Decision . .
. manufacturer 1 and leader, manufacturer 2isa  leader, manufacturer 1is a
variables
manufacturer 2 follower follower
wl* 2.49524 2.76165 2.41198
W, 2.49524 2.41198 2.76165
pl* 3.17070 3.30390 3.12907
p; 3.17070 3.12907 3.30390
7[,*”1 1.92763 1.95047 1.78419
7, 1.92763 1.78419 1.95047
i 1.18623 1.03544 1.03544

5.3. Optimal Strategies When ¢, =0.4>¢,=0.3

Table 4. Optimal strategies under three game power structures when ¢, =0.4 >¢, =0.3

. Peer-peer game between Manufacturer 1 is the Manufacturer 2 is the
Decision . .
) manufacturer 1 and leader, manufacturer 2isa  leader, manufacturer 1is a
variables
manufacturer 2 follower follower
wl* 2.55065 2.81165 2.46805
w; 2.47792 2.39636 2.74223
pl* 3.19840 3.32890 3.15710
p; 3.16204 3.12126 3.29419
77;1 1.85012 1.87204 1.71074
72-*2 1.89734 1.75789 1.91982
T 1.15322 1.00937 1.00389
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Comparing Table 2, Table 3 and Table 4, it is found that (1) no matter what kind of game power
structure, the profit of manufacturer 1, manufacturer 2 and retailer will decrease with the
increase of manufacturing cost per unit product of manufacturer 1; The wholesale price and
retail price of product 1 both increased, while the wholesale price and retail price of product 2
both decreased. (2) No matter what kind of game power structure, no matter how the unit
product production cost changes, the retailer's profit is the lowest among the three game
players. (3) In the peer-to-peer game structure of manufacturer 1 and manufacturer 2, with the
increase of unit production cost of product 1, the profit of manufacturer 1 decreases the most,
and is gradually lower than that of manufacturer 2. (4) In the case of unequal game power
structure between manufacturer 1 and manufacturer 2, no matter how the manufacturing cost
per unit product changes, the manufacturer as the leader always gains the most. (5) The retailer
gains the most when two manufacturers peer-to-peer game.

6. Conclusion

By constructing a two-level supply chain model composed of manufacturers and a retailer, this
paper analyzes the optimal strategies under four kinds of game structures, and gives an
analytical formula for the optimal strategies. Through numerical simulation, the influence of
production cost per unit product on the optimal strategy is explored. The management
enlightenment obtained through comparative analysis is as follows: (1) for the two
complementary products, one party's increase in the production cost of unit product will lead
to the reduction of the profits of both parties, so reducing the production cost of unit product
at the same time can promote both parties to increase profits. (2) In the game with
manufacturers, retailers are in a disadvantaged position. In order to obtain more profits, they
must take additional measures, such as improving service levels and striving for subsidies from
manufacturers. (3) In order to make the most profit, the two manufacturers do not favor the
structure of equal power in the game. They will try their best to break the balance and strive
for more power to speak, so as to make themselves the leaders in the rule making. However,
retailers prefer the emergence of the phenomenon of two manufacturers' equal game. This
paper will further study the complementary coefficient between products in the future.
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