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ABSTRACT. Intending to solve the coordination problem between multi-manufacturers
and single-retailers, this paper constructed a retailer-led, multi-manufacturer-following
supply chain model, using Stackelberg game theory to discuss the profit of the cooperating
parties and the supply chain in decentralized and centralized decision-making. We used
the Shapley value method and the same profit growth rate method to make a coordinated
comparison. The research showed that the dominant retailers choose the same profit
growth rate method to be more beneficial to themselves. In contrast, the subordinate man-
ufacturers choose the Shapley value method as more useful to themselves.

Keywords: Retailer-led, Multi-manufacturer, Homogeneous products, Shapley value,
The same profit growth rate

1. Introduction. Supply chain coordination is an essential concept in today’s competi-
tive business, and is particularly important in [1]. Supply chain coordination management
is an effective management, and has become a research hotspot in supply chain-related
fields [2]. Regarding supply chain coordination, the subjects and methods used by various
scholars differ. Many scholars use the commitment-based revenue sharing and punishment
model to coordinate the supply chain coordination where two members face random de-
mand [3-6]. [7] effectively coordinated the supply chain through volume discounts, and
[8] used revenue and cost-sharing to achieve coordination among supply chain members.
[9,10] studied the benefit-sharing coordination mechanism of two-level supply chains to
create a win-win situation. [11] not only extended the coordination to the three-level
supply, but also deduced the coordination conditions of the two supply chain structures.

Most of the above studies are dominated by manufacturers. Even if retailers are dom-
inant, exiting studies focus primarily on single-manufacturer-to-single-retailer or single-
manufacturer-to-multi-retailer coordination. For example, [12] achieved the coordination
of a single manufacturer and a single retailer through an optimal production rate. [13] and
[14] achieved supply chain coordination among single manufacturers (suppliers) and multi-
ple retailers, respectively. Even if there are literature studies on supply chain coordination
between numerous manufacturers and a single retailer, there are generally only two manu-
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facturers involved. [15] constructed a supply chain model of a retailer, a supplier, and a
manufacturer, and achieved supply chain coordination through Pareto improvement. [16]
extended Model 4 to the case of single-retailer-to-multi-manufacturers procurement, ex-
ploring delivery supply chain coordination for future quotes and hedging issues.

For the coordination of multiple manufacturers and a single retailer, [17] found that
the retailer should choose m orders with the lowest wholesale price among n manufac-
turers, 2 < m < n, but this does not consider the relationship between the profits of
the parties in the cooperation and the number of manufacturers, nor does it feel the ho-
mogenization of products among manufacturers. At this stage, it is relatively common
for multiple manufacturers to sell products to consumers through a single retailer, due
to the dominant position of retailers, and manufacturers can only obtain retained profits.
As a result, the stability of the supply chain is affected. Therefore, the decision-making
and coordination problem of the n : 1 supply chain dominated by retailers has become a
real problem that members of the supply chain face. Based on previous research results,
this paper considered the research of strategic choices and development countermeasures
of the relationship between the profits of all parties in the n : 1 supply chain and the
number of manufacturers, the homogeneity of products among multiple manufacturers,
and the comparison of manufacturers under various coordination mechanisms. The Shap-
ley value method and the same profit growth rate method were chosen for supply chain
coordination; both ways resulted in increased profits for manufacturers and retailers com-
pared to the decentralized decision. How exactly to choose is also the question that needs
to be explored in this paper to provide a new approach and reference for supply chain
coordination mechanism.

The rest of this paper is organized as follows. We perform the model description in
the second part and conform to the assumptions. In the third section, the decentralized
decision-making scenario is explored. The fourth section focuses on the analysis of the
centralized decision scenario; it concludes that manufacturers are motivated to participate
in the coordination of centralized decisions only if they obtain no less profit than when the
decisions are decentralized. In the fifth section, the supply chain coordination mechanism
is completed using the Shapley value method and the same profit growth rate method.
In the sixth section, numerical arithmetic examples are used to derive the precision of the
conclusions in the text. Finally, in the seventh section, we conclude and propose directions
for future research.

2. Model Description and Symbolic Assumptions. This paper mainly considered
the n: 1 (n > 1) supply chain coordination between multiple manufacturers and a single
retailer under asymmetric information; that is, it was assumed that n manufacturers
are selling homogeneous products to consumers through retailers. The model structure is
shown in Figure 1.

The transaction price between the manufacturer and the retailer will directly affect
the retail price set by the retailer for the consumer, affecting the market demand. The

manufacturer 1
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manufacturer 2

manufacturer »

FiGURE 1. n : 1 supply chain model



ICIC EXPRESS LETTERS, PART B: APPLICATIONS, VOL.14, NO.1, 2023 49

market demand further affects the benefits of each member of the supply chain. For ease
of analysis, assume that the manufacturer’s unit production cost is ¢;;, the wholesale price
to retailers is w, n is the number of manufacturers (n > 1), ¢; is the quantity supplied by
manufacturer ¢ to the retailer, @ = >_"" | ¢; indicates total supply, 7y is the profit for the
manufacturer z; p is the retail price of the product sold by the retailer, and p=a — b - @
assumes that the retailer can sell all products at a specific price, where a, b are constants
greater than zero, cg is the unit cost of goods sold by the retailer, and ¢ is the unit
profit. At this point, the unit profit, wholesale price, and retail price satisfy p = w + g.
mr is the retailer’s profit and 7 is the whole profit of the total supply chain system.
For the convenience of the research, it was assumed that there is no essential difference
between the manufacturers’ products, and retailer R is fair and non-discriminatory to
manufacturer <.

According to the assumptions, the respective profit expressions of the manufacturer
and the retailer can be obtained:

i = (W—cm)gi = (p—9—cu)gi = (a—bQ — g — cm)g;

N (a_bzn:Qi_g_CM)Qi (1)

TR =(p—w—cr)Q=(9—cr)@Q (2)
To compare the effect of cooperation and non-cooperation, this paper analyzed the
profit situation in the case of decentralized and centralized decision-making, respectively.

3. Decentralized Decision-Making. Assuming that a single retailer is the leader of
the Stackelberg game, multiple manufacturers are followers. Their goals are to maximize
their profits to play a non-cooperative game, the decision order is: the retailer first decides
its unit profit level g, and the manufacturer decides the supply quantity ¢; based on the
decision of the retailer. According to the reverse induction method (It means that there is
a sequence of actions of the players in the game, and the players who act later can observe
the previous steps.), the first-order condition of ¢; in Formula (1) can be obtained:

a—g—cy
_ 3

(n+1)b )
The retailer’s total supply to the manufacturer is then

_ - _n(a_g_CM>
Q;Qi (n+1)b (4>

q; =

Substitute Equation (4) into Equation (2) and obtain from the first-order condition of
g: .\
a — Cy CR
Y Q
Substituting Equation (5) into Equation (3), the optimal supply quantity from manu-
facturer 7 to the retailer is

g:

a — Cpr — CR
_ 6
2(n+1)b (6)
Then, the optimal decision for total sales volume, retail price, and wholesale price
obtained from Q =37 ¢, p=a—b-Q, and w = p — g are as follows:

4 =

. nla—cy —cgr)
@ = 2(n+1)b (M)

. 2a+n(a+cy+cg)
B 2(n+1)

(8)
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. a+(@2n+1)ey —cr (9)
B 2(n+1)

Substitute Equations (6)-(9) into Equations (1) and (2) to obtain the optimal profits
of manufacturers, retailers, and supply chains:

. _la—cu—cp)’ x ~ . _ n(a—cm —cg)’
Ty = IMCESE T = ZWMi =
=1

4b(n + 1)2 (10)
= n(& —CMm — CR)2 =t ot = (n2 + 2n) (CL —CMm — CR)2
R 4b(n+1) MR 4b(n 4 1)2

4. Centralized Decision-Making. If both parties can play cooperative games with
the goal of maximizing the total profit of the supply chain, the wholesale price of the
manufacturer to the retailer is the production cost c¢j;, and then the expression of the
total profit of the supply chain is

m=(p—cu—cr)Q=(a—0bQ —cy —cr)Q (11)

Substitute @ = Y ; ¢; into Equation (11). Since it has been assumed that there is no
essential difference between the products of the manufacturers, and the retailer R is fair
and non-discriminatory to manufacturer ¢, the first-order condition of ¢; in Equation (11)

can be obtained:
a — Cpr — CR

R 12
Then, the equilibrium result under centralized decision-making can be obtained:
a — Cpr — CR
Q u (13)
**:a+cM+cR (14)
2
N2
Wﬁz‘ _ 07 W}k%* = 7 = (CI, CMm CR) (15)

4b

Property 4.1. Whether it is a decentralized or centralized decision-making situation, the
dominant retailer, at best, leaves the manufacturer with retained profits. With decentraliz-
ing deciston-making, the sum of the multi-manufacturer profits is only HLH of the retailer’s
profit. When decision-making is centralized, the gain of the supply chain is concentrated in
the retailers, and the total profit of the supply chain is higher than that under decentralized
decision-making.

Proof: Comparing manufacturers, retailers, and supply chain profits

(a — cpr — cg)?

T R T T 4b(n + 1)?
(a — cpr — cg)?
A — k% _ * — O
TR=Tr — TR 4b(n + 1) =
(a —cpr — cp)?
Am =7 — 1" = >0
TemoT 4b(n +1)2

From Equations (10) and (15), the following inferences can be obtained.

Inference 4.1. In the case of decentralized decision-making, as the number of manufac-
turers n increases, the retailer’s profit increases, and the manufacturer’s profit decreases.

Inference 4.2. The larger the number n of manufacturers, the closer the total profit of the
supply chain under decentralized decision-making is to the profit of centralized decision-
making.
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Since retailers are the leaders and manufacturers are followers, if the supply chain is to
be stable, it is necessary to ensure reasonable profits for the supply chain members. Only
when the manufacturer makes a centralized decision and obtains no less than the profit
when a decentralized decision is made, can he actively participate in the centralization.
The coordination of decision-making, therefore, requires a reasonable profit distribution
mechanism.

5. Coordination Mechanism of an n : 1 Supply Chain. The role of the coordination
mechanism is not only to make the profits of both manufacturers and retailers higher than
before coordination, but also to be quantified and easy to operate. In the following, a
research method from [18] is used for reference, the Shapley value method and the same
profit growth rate method are used to distribute the profits of the supply chain system in
centralized decision-making separately, and we study the applicable conditions of different
distribution mechanisms.

5.1. Shapley value method coordination mechanism. When n members are en-
gaged in a non-confrontational economic activity, the increase in the number of members
participating in the action will not only not cause a decrease in benefits, but will increase
the benefits, and the cooperation of all n members will bring the most significant over-
all benefits. In terms of benefit distribution, the Shapley value method can be used for
distribution based on the contribution made by each member to the alliance.

In the Shapley value method, the profit distribution of each enterprise under cooper-
ation [ is recorded as ¢(v) = [¢1(v), P2(v), ..., ¢, (v)] and among them ¢;(v) represents
the distribution amount obtained by the i-th enterprise under cooperation I.

6i(0) = S w(sDlo(s) — o\, i =1,2,..0m, w(ls]) = LSS L

n!
SES;

where s; is all subsets of member i contained in set I, |s| is the number of elements
in subset s, w(|s|) is the weighting factor, v(s) is the benefit of subset s, v(s\i) is the
number of elements removed from subset s’s benefits after member ¢, and n is the number
of elements in set I.

For the convenience of analysis, M is used to represent all manufacturers, and R is used
to represent retailers. The calculation process of the Shapley value of manufacturers is
shown in Table 1.

TABLE 1. Manufacturer Shapley value assignment calculation

5 M MUR
v(s) = e
U(S\l) 0 71'}‘%
U(S) - U(S\l) 77}*\/[ T 777{
] 1 2
w(]sl) 0.5 05
w(|s])[v(s) —v(s\1)] WQM %

Adding up the data in the last row of Table 1, the profit distribution of the manufacturer
is
™+ — 7  (2n+1)(a—cy —cp)?
2 B 8b(n + 1)2
Similarly, the profit distribution of the retailer can be obtained as
™ +ah -7y (2n*+2n+1)(a — ey — cr)?

or(v) = 2 - 8b(n + 1)2 (17)

du(v) = (16)
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Compared with the decentralized decision-making situation, it can be concluded that

™+ T~ TR T —(mh + 7)) (a—cy — cgr)?

— ¥ = e = 1
O (V) = iy 2 m 2 8b(n +1)2 >0 (18)
., T HTmh—Ty . T —(my+7h) (a—cy —cgr)?

Property 5.1. By distributing the cooperative profits of manufacturers and retailers
through the Shapley value method, the profits of all parties are higher than that under

(a—cpm—cr)?

decentralized decision-making, and the higher amount is ST 1)°

Therefore, before cooperation, if the manufacturer and the retailer reach a consensus
on using the Shapley value method to distribute the cooperation profits, all parties will be
motivated to collaborate to achieve a win-win improvement compared with independent
decision-making.

5.2. Coordination mechanism of the same profit growth rate. To compare the
applicability of different coordination mechanisms, we used the same profit growth rate
method to distribute profits in centralized decision-making. Assuming that the profit
growth rate under centralized decision-making is more decentralized than that of decen-
tralized decision-making, r, we can obtain from T = 1 + r:

K% (a—cpr—cgr)?
r=l_ 1= E R S S
* n24-2n)(a—cpr—cp)?
T ( +24gén+11)g R) n(n + 2)

Then, under centralized decision-making, the profits distributed to manufacturers and
retailers according to the same profit growth rate are

(n+1)? n(a—cy —cr)? (a—cy —cr)?

Iy = (1 V= . = 2
= ()M = e T D 1 12 I(n+2) (20)
., (m+1? nla—cy—cr)? (m+1)(a—cy—cg)?
]___[ e ]_ = . — 21
r= )T, = e T 1 1) 4b(n + 2) (21)
The added value of profits in the case of more decentralized decision-making is
e — n)? )2 N2
My — 7%, — (@a—cm—cr)® nla—cu —cp) _ (a — cpr — cr) (22)
4b(n + 2) 4b(n + 1)2 4b(n + 1)%2(n + 2)
. (m+1)(a—cy—cr)? nla—cy—cr)? (a — cpr — cg)?
[y — 7l = - - (23)
4b(n + 2) 4b(n +1) 4b(n +1)(n + 2)

Property 5.2. Use the same profit growth rate to distribute the profits of centralized
deciston-making based on the earnings of decentralized, so that the earnings of manufac-
turers and retailers are increased in the same proportion; therefore, Iy, > w4, g > 73
and Iz > 1I,,.

5.3. Profit comparison under different strategies. The analysis of the above two
coordination mechanisms shows that, whether using the Shapley value method or the
same profit growth rate method to distribute the profits in centralized decision-making,
the retailer’s profit is always more significant than the sum of the profits of the manu-
facturers. Comparing the profits of manufacturers and retailers under the two allocation
mechanisms, the following properties are obtained.

Property 5.3. Ilg > ¢r(v) > ¢ar(v) > Iy

Proof: Compare the following results obtained from the above two allocation mecha-
nisms.
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(n+1)(a—cp — cr)?
8(n+2)(n+1)2%
n(a — ¢y — cg)?
Hr = 0r() = S T 1%

It can be seen that although both coordination mechanisms can make the profits of
manufacturers and retailer higher than that of non-cooperation, there are still differences
in the size of the profits obtained by each party with different coordination methods. It
is more beneficial for the manufacturer to use the Shapley value method, while it is more

beneficial for the retailer to use the same profit growth rate method.
Calculated from ¢g(v), ¢ar(v), lg, Iy out of (16), (17), (20), (21), the profit added

% of both parties when the Shapley value method is used in Formulas (18)

and (19), and the profit added value % of the manufacturer and value %

of the retailer when the same profit growth rate method is used in Formulas (22) and (23),
give the following inference.

ou(v) — My = > 0, which is ¢ (v) > Iy,

> 0, which is IIp > ¢R(U)

value

Inference 5.1. In the above two coordination mechanisms, the changing trend of the
profits of retailers and manufacturers with the number of manufacturers n is the same
as that in decentralized decision-making; when reconciling using the Shapley method, the
increase in profit is precisely the same for both parties and decreases with the increase
in the number of manufacturers n. When using the same profit growth rate method for
coordination, with the increase of manufacturers n, the added value of both parties’ profits
shows a decreasing trend, and the added value of the manufacturer’s profit decreases faster.

According to the assumptions of this paper, the retailer is the dominant enterprise
in the supply chain system, so the retailer will tend to choose the same profit growth
rate method for profit distribution. The profit obtained by the manufacturer is also more
extensive than that in the non-cooperative game.

6. Numerical Example. Suppose a = 2.5, b = 0.1, ¢py = 0.35, cg = 0.15 and n = 9,
and let the retailer be the dominant enterprise. The calculation results are shown in Table
2, and the results in Table 2 further verify the correctness of Property 4.1.

TABLE 2. Equilibrium results and comparison of decentralized decision-
making and centralized decision-making

Decentralized Centralized
. . . . Balanced contrast
decision-making decision-making
Manufacturer’s profit Ty = 0.9 my =0 T < T
Retailer’s profit TR =9 T =10 TR > Th
Supply chain profit ™ =99 m™* =10 T >

We choose the cell phone as a representative product category to conduct the numerical
study. A data report from STATISTA shows that the manufacturing cost of the iPhone is
in the range of [0.16,0.35] [19], and we choose ¢j; = 0.35 [20]. It shows that the cost of the
retailer accounts for 35%-60% of the manufacturing cost, and we assume that cg = 0.15.
To ensure the positive value of the retailer price, we assume that a« = 2.5 and b = 0.1 [21].
Without loss of generality, we also assume that n = 9 to represent the realistic scenario.

In decentralized and centralized decision-making, two coordination methods are used to
distribute profits. The profits of manufacturers and retailers are shown in Table 3. When
the retailer is the leading enterprise, the relationship between the profit size is consistent
with Properties 5.1 and 5.2’s conclusions.

It can be seen from Table 3 that the distribution of the cooperative profits of man-
ufacturers and retailers through the Shapley value method and the same profit growth
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TABLE 3. Comparison of profits under different situations

Decentralized Shapley Profit growth ~ Balanced
decision-making value method rate contrast

Manufacturer’s profit i, =0.9 dnm(v) =095 Tl = 0.909 Ou(v) > T
HM > 7TM

iler’ x _ - Or(v) > Th,
Retailer’s profit =29 or(v) =9.06 Il =9.09 My >

rate method can make the profits of all parties higher than that of decentralized decision-
making. When the retailer is the dominant enterprise, it is most beneficial for the retailer
to choose the profit growth rate method for distribution. When using the same profit
growth rate method for distribution, the difference between the manufacturer’s profit and
the distributed decision-making profit is 0.009; the difference between the retailer’s prof-
it and the decentralized decision-making profit is 0.09. Obviously, using the same profit
growth rate to distribute the profits of centralized decision-making based on the profits
0.009 0.09

of decentralized decision-making, the results are 505, 555 respectively, and the profits of

the manufacturers and retailer increased in the same proportion.

7. Conclusion. Based on game theory, this paper studies the coordination of an n : 1
supply chain composed of multiple manufacturers and a single retailer under the condi-
tion of complete information. Through comparing decentralized decision-making in non-
cooperative games and centralized decision-making in cooperative games, we found that
supply chain collaboration is an effective way for supply chain members to win togeth-
er. For the coordination of multi-manufacturer homogeneous n : 1 supply chains under the
condition of complete information, under the premise of a linear demand function, this pa-
per used the Shapley value method and the same profit growth rate method. Distributing
profits using the Shapley value method enables manufacturers and retailers to obtain the
same profit increment; however, using the same profit growth rate method for distribu-
tion, the profits of both parties will be increased in the same proportion, and the profit
gap will be further enlarged. No matter which coordination mechanism is adopted, as the
number of manufacturers increases, the manufacturers’ profits decrease and the retailers’
profits increase. The coordination mechanism depends on the dominant position and bar-
gaining power supply chain members. To maintain the stability of the entire supply chain,
retailers should not choose too many manufacturers of homogeneous products for supply,
and should make appropriate concessions to manufacturers. Manufacturers should also
seek opportunities to form supply chains with more downstream companies, for example,
supply chain coordination between supermarkets selling fresh milk, yogurt, and manufac-
turers; supply chain coordination between hotels requiring disposable consumables and
manufacturers, etc. This provides a decision-making reference for the selection of n : 1
supply chain coordination strategies and cooperation objects in reality. This paper studied
a supply chain system composed of homogeneous multi-manufacturers and a single retail-
er under complete information. In fact, the situation is usually more complicated, and
dealing with asymmetric information, multi-layer supply chains, and multiple upstream
enterprises with non-homogeneous synergy needs further study.
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