RAIRO-Oper. Res. 55 (2021) 701-725 RAIRO Operations Research
https://doi.org/10.1051/ro/2021032 WWW.rairo-ro.org

MANAGING STRATEGIES OF PRODUCT QUALITY AND PRICE BASED ON
TRUST UNDER DIFFERENT POWER STRUCTURES

X1a0 Ful, SHucHUN Liut, WENDI SHEN? AND GUANGHUA HAN?*

Abstract. This paper investigates the quality and pricing decisions in a supply chain consists of
one retailer and two manufacturers. The retailer updates the trust value to manufacturers based on
the historical information of product quality to determine the actual order quantity. We propose four
game models by considering two situations, i.e., manufacturer-dominant scenario and retailer-dominant
scenario. Based on theoretical and numerical analysis, we obtain a series of valuable management in-
sights. For example, when a manufacturer with unreliable product quality is the leader and competes
with another reliable manufacturer, the retailer’s profit would eventually surpass that of two stronger
manufacturers. When the retailer is the leader, the retailer’s profit is often greater when two manu-
facturers engage in the Stackelberg game rather than that in Bertrand game, and the manufacturer
with unreliable product quality can make profit no less than that of another manufacturer with reliable
quality.
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1. INTRODUCTION

Retail industry profoundly impacts the society in both developed and developing economies all over the
word. According to the Digital Commerce [8], the total retail sales increased 3.8% in 2019 to $3.763 trillion
dollars, contributes 17.5% of US GDP. At the same time, China’s retail sales of customer goods valued at
41.16 trillion yuan rose 8 percent year-on-year in 2019 [32]. Among the supply chains in retail industry, the
retailers and manufacturers contribute sales by selling channels and producers, respectively. Some large retailers
such as Wal-Mart, Carrefour, Best Buy, etc. hold the dominant position in the supply chain, which is named as
retailer-dominated supply chain. Meanwhile, some powerful manufacturers (e.g., s Dell, Procter & Gamble, Nike,
etc.) enable to dominate supply chains, which is called manufacturer-dominated supply chain. The leadership
between the retailers and manufacturers determines the interactions among them, and conversely affects the
performance of the supply chain as well as the industry.
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Since customers’ willingness-to-pay is determined by many factors, among which product quality is a piv-
otal determinant. Due to today’s competitive market, retailers negotiate against manufacturers for advantaged
production quality with exceptional price. In practice, retailers partly refer to historical product information
to estimate the product quality in orders. The reliance on historical information enable to be denote as trust
[30]. The retailer’s trust value directly affects manufacturer’s profit and the extent to which the retailer trusts
the manufacturer in the future transaction. At the same time, the manufacturer’s product quality and pricing
decision have always been the focus of market competition. An enterprise can only attract and remain customers
by providing better product quality and more reasonable price than other competitors [1]. Therefore, this paper
studies the trust-based product quality and price competition between retailer and manufactures by analyzing
four game situations of Bertrand game and Stackelberg game when manufacturer or retailer is in the dominant
position respectively.

Given the dual-tier supply chain of two manufacturers and one retailer, this paper considers the retailer
purchase same type of product. But the product quality of two manufacturers is slightly different, the retailer
tends to have different order quantity for the two manufacturers and updates trust to manufacturers based
on previous historical information on manufacturer quality. Moreover, considering two manufacturers are in a
strong and weak relationship in the market, and this is analyzed through the Bertrand game and the Stackelberg
game. A Stackelberg game in which one player makes a decision first and the other makes a decision later is
also called a leader-follower game. It is a dynamic game process, the status of participants is not consistent, the
follower’s strategy choice depends on the leader’s strategy choice, and finally achieves Nash equilibrium [36].
In Bertrand game, the position of each participant is the same. Moreover, the two parties involved in Bertrand
game produce homogeneous products, and there is no collusion, but competition through price. This paper uses
the retailer’s trust update model towards manufacturers to study the impact of product quality and pricing
decision on trilateral profit under different supply chain power structure.

The main contributions of this study are twofold. First, we explore supply chain decisions within multi-
period transactions within four different supply chain power structures. Second, we analyse decision processes
considering retailer’s perception of trust. Therefore, we employ historical quality information to formulate a
trust-updating model, and analytically explore how trust affects decision makers’ decision in multiple periods.
The optimal decisions considering trust and power structure in supply chain are explored in the following
context.

2. PRIOR LITERATURE AND MAIN ASSUMPTIONS

2.1. Literature review

Previous studies on product quality and pricing issues focus on parallel competition decisions between multiple
single-tier enterprises of replaceable products [1]. In recent years, there has been research on the analysis of
product quality and market pricing from the perspective of game decision-making in a dual-tier supply chain
system [3,7,9,16,17]. Gurnani et al. [19] studied the quality inputs of suppliers and sales efforts and the retail
pricing optimization decision of retailers under a variety of different game structures by assuming the product
market demand as a linear function of its quality, retail price, and retailing sales effort. Confronted with market
risks, Zhu et al. [38] considered designing a product and owning the buyer of the brand but outsourcing the
production to the supplier. They also studied the effect of quality investment based on brand reputation on
the supplier’s production batch decision and the impact of the retailer’s order quantity decision. Xie et al. [37]
studied the impact of decision makers’ risk aversion in three different game structures, vertical integration,
manufacturer Stackelberg and supplier Stackelberg in the supply chain system comprising component suppliers
and finished product manufacturers, on product quality investment and retail pricing decisions in the end
market. Chen et al. [5] analysed whether a direct sales channel must be introduced into a traditional retailing
channel and the impact of channel introduction on quality and pricing decision. Giri et al. [18] studied study
the product quality and pricing issue in a closed-loop supply chain. Manna et al. [27,28] and Khara et al. [24]
established an economic output (EPQ) model with incomplete production system and advertising-dependent
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demand. The advertising rate is assumed to be a function related to time. Two types of inspection errors are
considered in the product inspection process.

In most supply chains, the research is on product quality and pricing issues and the decision-making goal
merely focuses on maximize profit, which discord with the information sharing and mutual benefit highlighted by
the current supply chain. In recent years, an increasing number of empirical studies found that decision makers
in the supply chain often express the need to be trusted [2,20,31,34]. They are concerned not only about their
own profits but also the long-term development of supply chain cooperation, both of which are inseparable from
a trust relationship [21,23,25]. Therefore, some scholars have tried to establish a model from the perspective
of trust to study the decision-making in supply chain enterprises. Ozer et al. [30], after constructing a dual-tier
supply chain model, found that the manufacturer’s information screening process based on trust s is a powerful
tool for effective production setting, noting that the root cause of cooperation is trust and reliability. Ebrahim-
Khanjari et al. [11] studied the change in profits caused by a retailer’s incomplete trust in the demand forecast
information in a seller’s supply chain. A seller’s decision-making behaviour affects her direct economic profits
and her future reliability. Fu et al. [14] studied the trust relationship between agent and retailer in the case of
multi-period transactions. They analysed the impact of the agent’s recommended order quantity on the retailer’s
trust value based on an enthusiastic or selfish agent. Dubey et al. [10] used empirical analysis to evaluate 250
manufacturing companies in a resource-based view and provided a more nuanced idea of the flexibility, visibility,
cooperation, trust and behavioural uncertainty in the supply chain.

Scholars have made many achievements in the study of classical Stackelberg game and Bertrand game. Edalat-
panah [12] used Nash-Stackelberg game to obtain the optimal pricing strategy. Xie et al. [37] considered the
risk-averse behavior of the players in three different supply chain strategies: Vertical Integration, Manufacturer’s
Stackelberg and Supplier’s Stackelberg. Jafari et al. [22] investigated newsvendor problem for a dyadic supply
chain in which both the supplier and the retailer are concerned with Nash bargaining and Stackelberg game.
Ma and Li [26] constructed dynamic Bertrand—Stackelberg pricing models including two manufacturers and a
common retailer in a risk-averse supply chain with the uncertain demand. There are also some literatures related
to product quality and pricing involving game theory. Maiti and Giri [29] discussed that in a closed-loop supply
chain, manufacturers produce products with acceptable quality to customers and sell products through retailers.
They constructed five different scenarios — centralized, decentralized or Nash game as well as three different
Stackelberg games, which are led by the manufacturer, retailer and third party respectively. Chakraborty et al.
[4] studied how a retailer and each of two competing manufacturers can be beneficial under the strategy of
improving collaborative product quality in the supply chain. Two competing manufacturers make investment
in their respective product to improve quality and a common retailer sells substitutable products with higher
quality to the end customers. They dealt with mainly three different contract scenarios based on the framework
of game theory. Taleizadeh et al. [33] aimed to investigate the pricing strategies as well as product quality and
decision-making of manufacturer, retailer, and third party operated in two types of closed-loop supply chains.
On the basis of these different structures, Stackelberg game model with two manufacturer is developed to explore
the maximum value for price, product quality, sales volume (Tab. 1).

This study formulate the decision processes of a dual-tier supply chain which consists of a retailer and two
supply manufacturers. After that, we explore how supply chain partners decides their optimal product quality
and price considering the retailer’s perception of trust on product quality. There exists at least four supply
chain power structures, our decisions are made under each supply chain power structure.

2.2. Research assumptions

The optimal decisions considering the retailer’s trust are explored in multiple transaction periods. In the
supply chain we considered, we assume two manufacturers produce the same type of product but with different
product quality. The main notations are presented in Table 2.

Before purchasing products, the retailer relies on historical quality information to prejudge the product
quality and update the reliance level after receiving the product. Refer to some prior studies [30], we deem the
reliance on historical information as trust. The assumptions are listed as below.
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TABLE 1. Comparison of related literature.

Paper Simulation Demand Channels  Decision- Historical Trust
scenarios function making in product factor
multi-period quality
transaction
Maiti et al. [29] Nash + Stackelberg Linear Single No Yes No
Cheng et al. [6] Control quality Random Single No Yes No
method
Chakraborty et al.
[4] Contract Linear Dual No No No
Taleizadeh et al.
[33] Stackelberg Linear Dual No Yes No
Ebrahim-Khanjari No Random Single Yes No Yes
et al. [11]
This study Bertrand Linear Dual Yes Yes Yes

and Stackelberg

TABLE 2. Main notations.

Basic :i;: The total market demand in the in the nth period;
Information ¢ : The minimum product quality requirement, i.e., the acceptable quality;

Manufacturer M;, 1 =1,2 Retailer R
¢; : Fixed production cost for manufacturer
i;
Decision piy : The wholesale price set by manufac- p;, : The wholesale price set by manufac-
making turer ¢ in the nth period; turer in the nth period and p;, > pi, > ci;
variables din : The actual order quantity reported
by the retailer to manufacturer ¢ in the nth
period;
T n: The retailer’s trust value toward man-
ufacturer ¢ in the nth period;
Target Hi\;]’i (pznn) : The manufacturer ¢ profit in Hf (pr) : The retailer profit in the nth
function the nth period. period.

(1) Two manufacturers produce the same type of product.

(2) Customers have a tolerated product quantity. The customer’s minimum product quality requirement is g.
When the product quality from manufacturer is less than ¢, the customer considers is as defective product.
(3) Without loss of generality, we assume market demand for products are affected by both product selling

price and quality.

(4) Trust is a response to product quality, and the product quality affect the retailer’s trust on the manufacturer.
The trust value ¢ ranges from 0 to 1, which means ¢ = 1 when the retailer fully trust the manufacturer.
(5) The retailer’s trust to the manufacturer will affect the order quantity in the next trading period.

3. MODEL CONSTRUCTION

This paper studies a dual-tier supply chain consisting of one retailer (she) and two manufacturers (he). The
basic decision-making process for the supply chain is shown as follows (Fig. 1): (1) The market determines the
total demand based on the retail price and qualified product of the previous period and reports to the retailer.
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FIGURE 1. Supply chain decision-making flow chart for one retailer and two manufacturers.

(2) Retailer determines the actual order quantity based on the trust on the manufacturers’ product quality. (3)
Manufacturers set the wholesale price based on respective strategies. (4) Retailer determines the uniform retail
price based on the manufacturers’ wholesale prices and updates the trust value according to the actual product
quality in the current period.

3.1. Trust-based retailer order quantity model

This paper assumes that market demand is related to price and quality [1,5,37]. In the nth period, the market
forecast demand for manufacturer ¢’s product is

din = a; — Bp,, +aq (3.1)
where a; is the potential market demand for the product from manufacturer M; (i = 1, 2). « and 8 are the
influence factors of product quality and price on market demand respectively. p; indicates the uniform retail
price set by the retailer in the nth period.

__Retailers have two manufacturer channels to order products to meet the total market demand, namely,
dn, = di n, + d2,,. Because of the different product quality between the two manufacturers, the retailer judges
the manufacturers’ trust value based on the historical product quality and then selectively purchases products
from both manufacturers to determine the actual order quantity.

It is assumed that the actual order quantity purchased in the nth period by the retailer from M1 is dj ,,

which is not in line with the expected market demand for M1 products c/i;; [11]. Such a deviation is related to
the retail trust towards both manufacturers [15]. We use e1 (T4, T%,,) to represent the deviation function:

o
e1 (T, Tom) = _ﬁdl,n +

1,n

———dy 3.2
Tl,n +T2,n > ( )

where T ,, represents the retailer’s trust value towards M1, and 75 ,, represents the retailer’s trust value towards
M2. Ty 4, T5 5, € [0,1], 0 means total distrust, 1 means full trust.
Thus the actual retailer order quantity d; , from M1 is

din = 671\; +e1 (T, Ton) - (3.3)

Similarly, the deviation function between actual order quantity da, purchased in the nth period by the
retailer from M2 and expected market demand c/l—g: is €9 (T1,n, T, ); thus the actual retailer order quantity ds ,,
from M2 is -

dop =don+e2(Tin,Ton)- (3.4)

Since the total market demand is the same as the actual retailer order quantity, Zl; = C/ZI; + c/l;; =dip+doy.
So
€2 (Tl,'ru T2,n) = —€1 (Tl,'ru T2,n) . (35)
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3.2. Manufacturer and retailer profits model

To meet the market quality requirement, manufacturers must invest additional costs in product quality. It
is assumed that the input cost for additional product quality by manufacturer M; (i = 1,2) is %qf, where ~;
is the technical cost coefficient for the manufacturer to improve product quality, and ¢; is the manufacturer’s
actual product quality.

In the nth period, the profit function for manufacturer M; is

[T @) = @ =) din — 5 (3.6)

n

where p;", represents the wholesale price established by the manufacturer; ¢; is the fixed cost for the manufac-
turer; and d; ,, is the actual order quantity purchased by the retailer from the manufacturer.
In the nth period, the retailer profit function is

T () = (0, = P1%) din + (7, — P5%,) don (3.7)
where p] represents the uniform retail price set by the retailer.

3.3. Trust update model in multiple period

The manufacturer is able to know product quality in the current period, but the retailer only knows the
actual product quality based on user feedback after the transaction. Therefore, we update the retailer’s trust
value towards the manufacturer by establishing judgement function F(g,n) as follows:

_ egeﬂla q>q
Fgn= {Wn? 121 (3)

where 6, represents the trust increase coefficient while ; represents the trust decrease coefficient, 6, € (0,1),6; €
(—1,0) and 6, < |6;]. This means that when product quality is good enough, it is a long-term accumulation
process for the manufacturer to gain the retailer’s trust, but an unqualified product is more likely to let the
retailer lose trust rapidly [11,30].

T is a time constant representing the decay rate of trust increase and decrease coeflicients, and 7 >0. The larger
T is, the faster the trust coefficient decays. In the actual transaction, as the number of transactions increases,
the retailer’s trust value towards the manufacturer tends to stabilize according to historical experience, so we
assume that the trust increase and decrease coefficients gradually diminish and tend to be stable with increased
transaction frequency [30].

On the basis of the retailer’s trust towards manufacturer M; (i = 1,2) in the previous period, the retailer
updates trust value towards the manufacturer according to the judgement function equation (3.8) [15],

T. — 711',77,—1 + F(Qi,n—lan - 1) X (1 - T%,n—l) ) Gi;n—1 2 g (3 9)
o CZ-‘7,',7171 + F(Qi,nflan - 1) X Ti,nflu Gin—1 <q ’

where T; ,, represents the retailer’s trust value towards manufacturer ¢ in the nth period, and ¢; ,—1 represents
the manufacturer’s product quality in the n — 1th. 1 — T} ,,_; means a trust increase range in the nth period,
and T;,,—1 means a trust decrease range in the nth period.

Proposition 3.1. IfVT;,_1 € (0,1), then VT; , € (0,1), that is, the trust value will not exceed the limit.

Proof. First, prove that the upper limit of the trust value does not exceed 1, and trust increase 0 < (1 — T} ,—1) <
1.

In the trust update model, if T; , = T; ,—1 + 64" 7" (1 — T; ,—1) < 1 needs to be proved, we need only prove
Oge™™ < 1.
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Since the trust increase coefficient 6, € (0,1), when n > 1, and n € Z (integer set), the time constant 7 > 0,
we can get e”7" < 1, thus obtaining 0 < f,e™™ < 1, showing that the upper limit of trust value does not
exceed 1.

Second, prove that the lower limit of the trust value is not less than 0, and the trust decrease 0 < T; ,_1 < 1.

In the trust update model, if T;, = T;n—1 + 617" 1; ,—1 > 0 needs to be proved, we need only prove
Ore™™ > —1.

Since the trust decrease coefficient 6; € (—1,0), when n > 1, and n € Z (integer set), the time constant 7 >
0, we can get e~ ™" < 1, thus obtaining —1 < 0,e~"" < 0, showing that the lower limit of trust value is no less
than 0. Proof ends. ([l

4. ANALYSIS OF OPTIMAL WHOLESALE PRICE AND RETAIL PRICE

There exist different market advantage position among manufacturers in competition. Comparing with the
advantaged manufacturer, the disadvantaged manufacturer decides its decisions based on the advantaged man-
ufacturer. In this paper, we consider two competitive manufactures to supply a retailer. The decisions process
between two manufacturers with different advantages is able to be formulated by a Stackelberg game model.
However, when two manufacturer has the same advantage in market, the decisions process between them enable
to be formulated by a Bertrand game model. In sum, there exist two different game processes in two supply
chain power structures. We thereby solve the research questions with four different models.

Therefore, we discuss the supply chain in two aspects: (1) the manufacturers are the leaders and the retailer
is the follower, and (2) The retailer is the leader and the manufacturers are the followers. For example, in order
to avoid monopoly, if the retailer’s trust towards one of the manufacturers is 0, the actual order quantity is 0. In
this case, the retailer cannot judge whether the manufacturer’s product quality is acceptable in the next trading
period. The retailer’s trust towards the manufacturer cannot be updated. Thus in this section, we assume that
T1 n, 75,5 # 0 to guarantee that the retailer can always order products from both manufacturers.

4.1. Manufacturer-dominant supply chain

In the case of a manufacturer-dominant supply chain, the retailer first updates the trust value based on
historical information on the manufacturer’s product quality to determine her actual order quantity from both
manufacturers. When the manufacturer’s wholesale price is determined, she can only maximize profit by adjust-
ing the retail price. When manufacturers are the leaders and the retailer is the follower, this scenario can be
divided into two types of games for discussion:

(1) A Bertrand game between M1 and M2, that is, two manufacturers make decisions simultaneously. In the
nth period, the retailer first sets the retail price as p;,, then M1 determines the wholesale price pi’,, and
M2 determines the wholesale price p3',,.

(2) A Stackelberg game between M1 and M2, that is, in the two manufacturers, the manufacturer ¢ dominates
is the leader and the manufacturer j is the follower. In the nth period, the retailer first sets the retail price
Py, then M; first determines the wholesale price pj’, before M; determines the wholesale price pj7,, (i,j =

1,2, # j).

The retailer determines the retail price to maximize profit by observing the wholesale prices from both
manufacturers. By backward induction, we first obtain the response function of the retail price from retailer.
The response function of the retail price from retailer given the conditions of pi",, and p3’, is as follows:

Ay T n

. T2 n
(M m ) _ ‘1 m ) m 4.1
Pn (pl,n7p2}n) 4ﬂ + 2 (Tl,n + Tz,n)pl’n + 2(T17n ¥ T27n)p2’n ( )

where A1 = a1 + as + 2a4q.
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Corollary 4.1. In a manufacturer-dominant situation, the optimal retail price is positively correlated with the
wholesale price.

Proof. After calculating the first order derivation of equation (4.1), we have the following formulation.

ap:z* (p?frwpg?n) _ Tl,n >0 ap’z* (pgnn7pgfn) _ T2,n >0
ap??n 2 (Tl,n + T2,n) ' apgfn 2 (Tl,n + TQ,n)
Because two formulations are positive values, we have Corollary 4.3. Proof ends. (Il

According to equation (4.1), the optimal retail price from the retailer is positively correlated with the man-
ufacturer’s wholesale price. It is also affected by the retailer’s trust value towards both manufacturers. The
greater the retailer’s trust value towards manufacturer i, the more likely the retailer’s optimal retail price will
be affected by the manufacturer’s wholesale price fluctuation.

4.1.1. Scenario 1: Bertrand Game between M1 and M2
Backward induction is used to obtain the retailer’s reaction function equation (4.1). Two manufacturers make
decisions at the same time to determine their own optimal wholesale price to maximize their own profits. The
optimal wholesale price of both manufacturers p;”n is:
gt = ATt Tin 260 Tim &
Y6 T, 3 Tin3’
Proof. Substituting equations (3.1)—(3.5) and (4.1) into M1 profit function equation (3.6) and deriving the
wholesale price pY",, we can obtain

(i,j=1,2,i #j). (4.2)

Ay T; T; - T;
dip = -2 — AL B AL ' 2 L 4.3
s |:a1 + as ﬁ ( 4 + 2 (Thn + 1}77l)pz,n + 2(7-,1,71 + Tj,n)pjyn> + CVq:| TL'JL + T]7n ( )
oMt (p{” ) Ty Ti 2

H:a—&-a -2 ;+20¢~77n— mn—C ——-n 4.4

v, (a1 +az —26p a) Ton+t Ton (p1" 1) 6 <T1,n n T2,n> (4.4)

02l (Pinn) :_25< Tin >2<0 (4.5)
pr{’an T +Ton

From equation (4.5), the second derivative of manufacturer profit function on wholesale price is less than 0,
so the retail price has a maximum value. Let equation (4.4) equal 0, we can obtain

o Al Tl,n + T2,n 1 T2,n m Cc1

m _Z . 4.
pl,n 4 Tl,n 9 TanZ,n + 2 ( 6)
Similarly, we can obtain
AT ,n+T, 1T, C2
m _ 71 -1, m  —Fln o m =2 4.7
p2,n 4 TQ,n 9 T2,np1’n + 2 ( )
Equation (4.2) can be obtained by linking equations (4.6) and (4.7) simultaneous. Proof ends. O

Substituting equation (4.2) into equation (4.1), the retailer’s optimal retail price p is

« A T; c T c

Py o=+ bn L 2n_ %2, (4.8)
12 (Tin+T2n) 6 (Tin+Tsn) 6

Corollary 4.2. When the fized costs of two manufacturers are the same, the optimal retail price is independent

with the retailer’s trust value.

Proof. According to equation (4.8), when the fixed cost of two manufacturers’ products is the same, that is,
c1 = c3, the optimal retail price of the retailer is constant regardless of her trust in the manufacturers. Proof
ends. O
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4.1.2. Scenario 2: Stackelberg game between M1 and M2

Manufacturer ¢ is the leader and manufacturer j is the follower between two manufacturers. In the nth
period, manufacturer M; first determines the wholesale price p7', and then M; determines the wholesale price
p?fn(i, j =1,2,i # j). By backward induction, according to the wholesale price set by the manufacturer i, we can
obtain the response function of manufacturer j’s wholesale price after obtaining the retailer’s reaction function.

The reaction function of manufacturer j’s wholesale price under the given condition of wholesale price p;",

by manufacturer ¢ is

« AT, +T;, 1T, Ccj

m" 5 n - ) m . 4.9
Pin =701, 2T, T2 (4.9)

According to equation (4.9), we can obtain

apzln _ 1 Tz’,n

8;0{?” - 2 Tj,n

< 0. (4.10)

After obtaining the reaction function of the retailer and of manufacturer j, manufacturer ¢ makes the decision

to determine his own optimal wholesale price to maximize profits. The optimal wholesale price of manufacturer
0Py, is
P = A1 Tin+ Tjm  Tinc + 4. (4.11)
’ 4 Tin Tin 2 2

Substituting equation (4.11) into equation (4.9), we can obtain the optimal wholesale price of manufacturer
Py
m_ A Tin+ T Tinei | 3¢
Pin =78 1, Tind 4

(4.12)

Lastly, substituting equations (4.11) and (4.12) into the retailer response function, we obtain the optimal
retail price p:l*:
* 7A1 Ti,n C; Tj,n Cj .

= — — - 4.13
P =06 T TontTo) 8 T Tt o) 8 (4.13)

Corollary 4.3. The wholesale price of manufacturer i decreases by wholesale price of manufacturer j.

Proof. Tt can be seen from equation (4.10) that when the wholesale price of manufacturer i increases, the optimal
wholesale price of manufacturer j decreases, the extent of which is related to the retailer’s trust ratio towards
both manufacturers. Proof ends. O

When the retailer’s trust ratio to manufacturer i and manufacturer j is greater, this indicates that the retailer
is more likely to trust manufacturer ¢, and the optimal wholesale price of manufacturer j decreases when the
optimal wholesale price of manufacturer ¢ increases.

4.2. Retailer-dominant supply chain

When the retailer is the leader and the manufacturers are the followers, this scenario can be divided into two
types of games for discussion:

(1) A Bertrand game between M1 and M2, that is, two manufacturers make decisions simultaneously. In the
nth period, M1 determines the wholesale price pi",, M2 determines the wholesale price p3’,,, and lastly, the
retailer sets the retail price as pJ.

(2) A Stackelberg game between M1 and M2, that is, with two manufacturers, the manufacturer ¢ dominates
and is the leader and the manufacturer j is the follower. In the nth period, M; first determines the wholesale
price pi",,, then M; determines the wholesale price py’,, and lastly, the retailer sets the retail price py,.
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4.2.1. Greedy function

In a retailer-dominant case, the retailer must determine her actual order quantity based on the trust value
towards the manufacturer’s product quality and wholesale price. Therefore, in the retailer-dominant case, we
introduce the greedy function B; (p’;?n, p}’fn) as the retailer’s forecast demand deviation caused by the wholesale
price set by the manufacturer M; [1,35]. The specific form is as follows (i,j = 1,2,i # j):

i D] (4.14)

B, (p™ p" ) = ——tn
% (pz,napj,n) E,n+Tj,n i,n Ti,n+Tj,n Jn

Therefore, in the retailer-dominant case, her actual order quantity d;, to manufacturer M; is

di,n = E;; + UBi (an7an) + &4 (Ti,’ru Tj,n) (415)

where v is the greedy coefficient in order to adjust the magnitude between price and demand. We analyse the
rationality of adjusting greedy function:

(1) B; (p;”n,pj W) + By (P, p) = 0, so dy = cilvn + c/lg; = dy n + dap, that is, the total market demand
remains unchanged.

(2) The retailer’s greedy function solves the monopoly. Even if the retailer’s trust in one manufacturer i is
reduced to 0, the actual order quantity d;, = vp}’, from manufacturer ¢ prevents manufacturer j from
making monopoly, then uncontrollably increasing wholesale price pi”, . This also guarantees that the retailer

always has two manufacturers to provide her with products.
4.2.2. Scenario 3: Bertrand game between M1 and M2

The retailer determines the optimal retail price p:: by observing the wholesale prices of two manufacturers.
By backward induction, we first determine the reaction function of the wholesale price of both manufacturers
at the given retail price p;:

2 T} 2 175
S e I U O e et 4.16
o 00) = + g ) A+ Jo+ 3 (4.16)

where A = a1 + a2 — 20p), + 2aq indicates total market demand.
According to equation (4.16),

opy, Tjm
— = — —_— 0. 4.17
2 ﬁ( 3ﬂn)< (4.17)

Corollary 4.4. In the retailer-dominant case, the optimal wholesale price is negatively correlated with the retail
price.

Proof. According to equation (4.17), the manufacturer’s optimal wholesale price p:”n is negatively correlated
with the retail price p]. The optimal wholesale price is influenced by the retailer’s trust ratio towards both
manufacturers, the influence coefficient of price on market demand and the greedy coefficient. Proof ends. [

Substituting equation (4.16) into the retailer profit function equation (3.7) and deriving the retail price, we
can obtain the optimal retail price p:;:

. K, 1
o= A K K: 4.18
Dr, B+ ) 1+9(1+K1) (Kac1 + Kseg) (4.18)
16g Th 277, +6T1 o Ton+T5 , 275  +6T1 T2 n+T7 ,
where Ky =1+ + ( 1 + T1 K2 1T2 n(Tl,n+T2,n)2 ’K?’ 2T1 n(Tl,n+T2,n)1

Lastly, substltutlng the optlmal retail price (4.18) into the manufacturer’s wholesale price response equation
(4.16), we can obtain the manufacturer’s optimal wholesale price p{”; :

. 2 Tjn K, 20 2 1T; ",
LCUY I T I I P Al — K K e 4.19
Pin <3v + 3UTi,n> { 1 ) 1 901+ K1) (Kac1 + K3zea) | + 3Ci + 3T”L ( )
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4.2.3. Scenario 4: Stackelberg game between M1 and M2

Manufacturer ¢ is the leader and manufacturer j is the follower. In the nth period, manufacturer M; first
determines the wholesale price p'", , and then M; determines the wholesale price p;’, (i, =1,2,i # j). By back-
ward induction, first, according to the retail price set by the retailer and the wholesale price set by manufacturer
1, obtain the reaction function of the wholesale price of manufacturer j, then substitute it into the profit function
of manufacturer 7. Derive p;",, to obtain the reaction function of the wholesale price of both manufacturers:

1 T; 1 17;
=|— A i 20 4.20
i ) = (g5 + g ) A+ et 1 2% (1.20)
. 5 Tin 5.  1Tin
m* oy [ 2 : A gL 4.21
o 00 = (5o + o ) A+ 5o+ gpes (421)
According to equations (4.20) and (4.21)
opy, LT ' T,
2= — ") <0, =X =— v <. 4.22
oy, # < WT; n) Iy, 2 ( AT, n) 422
Therefore, the optimal wholesale prices pZ”n Y ™" are negatively correlated with the retail price p’.

Substitute the reaction function of both manufacturers on the retail price equations (4.20) and (4. 21) into
the retailer profit function equation (3.7). Deriving the retail price, the retailer’s optimal retail price pn can be
obtained:

o= Bi + By + B3 A+ By + Bs o+ Bs + By . (4.23)
" T 28(14+Bi+By+B3) " 28(14+Bi+Ba+Bs) " 28(1+By+By+Bs) '

where

115 B Tin 381,
Bi=14+ —+ — —
+16 +8vTjn+160Tim

356 36 1 T;
B, — [ 222 L 2P Lim -
2 ( 16w + 16v T; n) <Tz,n + Tj,”)

318 B Tin Tin
B - °»®
T <160 T8 T7n> <Ti7n+Tyyn>

_ 58 [ 38Tjn

B4_1—6+1—6Tm
Bs = ﬁ Js 7%+i e L L
20T, 2v 32 Tim +Tjn

_ 38 BTin

BG_16+16TJH

B Tim B 96 Tim
B, = [ L2 Rt Mmoo ).
’ <2U Tjn T T3 Tim+ Tim

Lastly, the optimal wholesale price can be obtained by substituting the optimal retail price pf: (4.23) into
the reaction function equations (4.20) and (4.21) of both manufacturers’ wholesale prices:
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4.3. Experimental design and sensitivity analysis

4.3.1. Ezperimental design

To more clearly understand the impact of trust model on the entire supply chain, we set a series of values to
analyse the change in the retailer’s trust in the manufacturer, and the impact of the change in trust value on
the optimal wholesale price, the optimal retail price, and the actual order quantity and profits of various parties
in the supply chain in the four supply chain right structure. The specific relevant parameters are set as follows:

The potential market demand for M1 and M2 is a; = 200, as = 200. The influence coefficient of product
quality on market demand o = 1, and the influence coefficient of price on market demand g = 1. M1 and M2
are technical cost coefficients v = 2, 79 = 2 for improving product quality. The fixed cost of M1 and M2 is
c1 = 25,c = 25. The acceptable quality ¢ = 15. The trust increase coefficient 6, = 0.25, and the trust decrease
coefficient §; = —0.35. The transaction period is IV = 48.

4.8.2. Sensitivity analysis

In order to set a suitable time constant 7, it is assumed that the product quality of the manufacturer in
each period obeys the normal distribution G (q, 02), and the product quality of manufacturer i obeys normal
distribution G(g;,0?) with mean value ¢; and variance o?. We take ¢ = 17, 02 = 2 represents the case when
the trust value rises, and ¢ = 13, 0> = 2 represents the case when the trust value falls, the time constant
7 € [0.01,0.4] is simulated respectively, The result is shown in Figure 2 below:

It can be seen from Figure 2 that when the time parameter 7 = 0.05, the trust value basically stabilizes after
the 30th period, which is in line with the trading cycle we set. Therefore, the following experiments set the time
parameter 7 = 0.05 for simulation.

We then carry out sensitivity analysis on the price sensitivity coefficient «. The value set of price sensitivity
coefficient a is « € {1,2,3,4}, and the other parameters remains the same as above. The retailer’s order
quantity changes between two manufacturers, the price changes between the manufacturer and the retailer, and
the profits changes between the three are shown in Figures 3-5.
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FIGURE 5. The impact of different price sensitivity coeflicients (o = 1,2,3,4) on the profits of
each role.

We can find that the variation of model parameters does not change the decision-making result of manufac-
turers and retailers in the context of multi-period trading, that is, the change trend of order quantity, selling
price, and profits remains unchanged. From the simulation experiment, we can directly obtain decision results
from each role. Therefore, we do not need to do too much sensitivity analysis on other model parameters. This
also illustrates the rationality of the trust update model design in this paper.

5. SIMULATION RESULTS

Through the above problem description, model construction, game analysis, and parameter setting, we mainly
resort to simulation to analyse the decision-making behaviour of two manufacturers and one retailer in multi-
period transactions when the product quality of both manufacturers is different. The following issues are dis-
cussed in detail:

(1) The impact of different product quality of two manufacturers on trust value;

(2) The impact of changes in the retailer’s trust to manufacturers on the actual order quantity;

(3) The impact of manufacturer-dominance or retailer-dominance on order quantity, pricing, and profits;

(4) The impact of the Bertrand game or Stackelberg game on the pricing and profits of the three roles in the
supply chain.

5.1. Manufacturers are the leaders, M1 and M2 conducts a Bertrand game

5.1.1. Product quality of both manufacturers is reliable

Set the retailer initial trust value towards two manufacturers as 719 = T2, = 0.5; when the mean value of
M1 product quality is ¢; = 17 with the variance 07 = 2, and the mean value of M2 product quality is g» = 16
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FI1GURE 6. Changes in trust, order quantity, pricing, and profit when the product quality of
both manufacturers is reliable.

with the variance 03 = 2, the product quality of both manufacturers is relatively reliable, but the quality of M1
is more reliable than that of M2. The simulation results are shown in Figure 6.

We can see from Figure 6 that the retailer’s trust value towards both manufacturers is increasing, but she
trusts M1 more, and the increase in M1 trust lasts longer because M1’s product quality is more reliable than
that of M2. Accordingly, the retailer order quantity for M1 increases while the order quantity for M2 decreases.
Since manufacturers are relatively more dominant than retailers, manufacturers can always make more profits
than retailers. To increase the retailer’s actual order quantity and maintain trust between the two parties, M1
appropriately lowers his wholesale price while M2 increases his wholesale price in order to maintain his own
profits. As a result, the profit between the two manufacturers is basically equal in the final calculation.

5.1.2. Product quality of both manufacturers is unreliable

Set the retailer initial trust value towards two manufacturers as 119 = T30 = 0.5; when the M1 product
quality mean value ¢; = 14 with the variance 07 = 2 and the M1 product quality mean value ¢; = 13 with
the variance 03 = 2, the product quality of both manufacturers is unreliable, but the product quality of M1 is
relatively more reliable than that of M2. The simulation results are shown in Figure 7.

We can see from Figure 7 that the retailer’s trust value towards both manufacturers is declining, and the
decline in M2’s trust lasts longer because his product quality is less reliable than that of M1. Accordingly, the
retailer can only increase the order quantity of M1 and reduce the order quantity of M2, so the profit of M1 is
greater than that of M2.

From the change in the retailer’s profit and M2 in Figure 7d, it can be clearly seen that although the retailer’s
profit is increasing at the beginning and M2’s profit is decreasing, M2 improves his wholesale price to maintain
his own profit due to the manufacturer-dominant situation. Eventually, M2’s profit increases and the retailer’s
profit declines, thus swallowing retailer revenue.
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F1GURE 8. Changes in trust and profit when M1’s product quality is reliable while M2’s is
unreliable.

5.1.3. M1 product quality is reliable while M2 product quality is unreliable

Set the retailer initial trust value towards two manufacturers as 119 = T30 = 0.5; when the M1 product
quality mean value is q; = 16 with the variance o7 = 2 and the M1 product quality mean value is gz = 14 with
the variance o3 = 2, M1’s product quality is reliable while M2’s product quality is unreliable. The simulation
results are shown in Figure 4. (The change in order quantity and pricing is similar to Figs. 8b and 8c and are
not presented).

We can see from Figures 4a and 4b that the retailer’s trust value towards M1 increases while trust value
towards M2 decreases and finally stabilizes. Figure 4d differs from Figure 3d in that M1’s product quality is
reliable. Although manufacturers are the leaders, the retailer’s trust value towards M1 is much greater than
towards M2 through the trust update mechanism. She prefers to choose M1’s product with reliable quality. So
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FI1GURE 9. Changes in pricing and profit when the product quality of both manufacturers is
reliable.

although M2 raises the wholesale price, he fails to swallow retailer revenue. The retailer’s profit is higher than
that of unreliable M2.

5.2. Manufacturers are the leaders, M1 and M2 conducts a Stackelberg game

It is assumed that the manufacturer M1 is the leader of the two manufacturers, i.e., the strength of the three
roles in the supply chain is M1 > M2 > R. Since the trend in trust value and order quantity is the same as the
corresponding case in Section 6.1, it is not presented below.

5.2.1. Product quality of both manufacturers is reliable

The product quality of both manufacturers is relatively reliable, but M1’s product quality is higher than M2.
The parameter settings are the same as those in 6.1.1, and the simulation results are shown in Figure 9 below:

Observation 5.1. When manufacturers are the leaders, the manufacturer with the more reliable product is
always at the top of the supply chain in terms of profits.

We can see from Figure 9 that since M1 is in a strong dominant position, he slightly reduces the wholesale
price in the early stage to increase the actual order quantity and maintain the retailer’s high trust value. When
the transaction enters the 15th period, the retailer’s trust in him stabilizes and M1 begins to gradually increase
his wholesale price until it approaches the retail price, thus making his own profits far greater than other roles.
M2 can only maintain his own profits by raising the wholesale price. This shows that when both manufacturers
are reliable, the stronger M1 tends to suppress M2 by using the retailer’s trust so that her own profit is at the
top of the supply chain.

5.2.2. Product quality of both manufacturers is unreliable

The product quality of both manufacturers is unreliable, but the quality of M1 is relatively more reliable than
that of M2. The parameter settings are the same as in 6.1.2. and the simulation results are shown in Figure 10
below.

We can see from Figure 6 that M1 lowers his wholesale price and forces M2 to increase his wholesale price
to maintain profits. Since M1’s product quality is relatively more reliable than M2’s, the retailer increases the
actual order quantity of M1 and reduces the actual order quantity of M2. Since M1 is the leader, his wholesale
price can eventually come close to M2’s wholesale price but is always higher. Lastly, the higher M2’s wholesale
price, the smaller the decline in M1’s wholesale price. M2 guarantees his high wholesale price and guarantees
greater profits than retailers’. The relatively reliable M1 obtains a greater actual order quantity from the retailer,
making his own profit far greater than other players’.
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FiGURE 11. Changes in pricing and profit when M1’s product quality is reliable and M2 is
unreliable.

5.2.83. M1 product quality is reliable, while M2 product quality is unreliable

MT1’s product quality is reliable, while M2’s product quality is unreliable. The parameter settings are the
same as in 6.1.3, and the simulation results are shown in Figure 7 below:

We can see from Figure 11 that M1’s product quality is more reliable and dominant than M2’s and that M2
could pose no threat to M1 profit. Therefore, M1 need only appropriately lower his wholesale price to maintain
a high trust value with the retailer. However, M2 is relatively more dominant than the retailer, and if he finds
that the retailer is more likely to trust M1 but he cannot threaten M1 on his own, he can only significantly
increase his wholesale price and squeeze retailer profit to ensure that his profits are always greater than the
retailer’s.

5.2.4. M1 product quality is unreliable, while M2 product quality is reliable

When the mean value of M1’s product quality is q; = 14 with the variance 02 = 2, the mean value of M2’s
product quality is go = 16 with the variance o3 = 2; i.e., M2’s product quality is reliable while M1’s product
quality is unreliable; simulation result are shown in Figure 12 below:

Observation 5.2. If unreliable but dominant M1 competes with the reliable M2, the retailer ultimately makes
more profit than the two stronger manufacturers.

We can see from Figure 8 that dominant M1, because his order quantity is reduced, finds that the retailer is
more likely to trust M2 and bring his wholesale price close to the retail price. To increase the retailer’s actual
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FIGURE 12. Changes in pricing and profit when M1’s product quality is unreliable and M2’s
is reliable.

order quantity, M2 greatly reduces his wholesale price and maintains trust with the retailer while ensuring
that his own profit remains unchanged. Although the wholesale price set by M1 is very high, the retailer order
quantity from M1 is gradually decreases and the order quantity from M2 increases. M1’s profit decreases in
his competition with M2 until it finally reaches almost the same level as M2’s profit. Conversely, due to the
competitive behaviour of both manufacturers, the retailer expands her profits and surpasses the two stronger
manufacturers to become the final winner.

In reality, on the one hand, manufacturers with high market status and good product quality will take most
of profits from retailers in the same type of product, but retailers will still trust these manufacturers more
because their products have better quality and can achieve good publicity effect. On the other hand, when
the manufacturer take the dominant position in the supply chain, the retailer will also choose to sell products
from other small manufacturers that produce the same type of product, because this can effectively prevent the
product quality from falling caused by monopoly, and it can also increase the retailer’s bargaining power in the
supply chain so as to obtain more profits.

5.3. The retailer is the leader, M1 and M2 conducts a Bertrand game

When the retailer is the leader, we introduce a greedy function. Based on the previous parameter set and
on simulation results, we find that the manufacturer’s wholesale price is of the same magnitude as the order
quantity; thus in the following experiment, we make the greedy coefficient v = 1, and the other parameters are
the same as in Section 5.1. The simulation result is as follows:

Comparing Figures 13a, 14a and 15a, we find that when two manufacturers are both reliable, the order
quantity decline is small, but recovery is not obvious. When two manufacturers are both unreliable, the order
quantity decline is huge, and recovery is obvious.
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FiGURE 13. Changes in order quantity, pricing, and profit when both manufacturers’ product
quality is reliable.
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FIGURE 14. Changes in order quantity, pricing, and profit when both manufacturers’ product
quality is unreliable.
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F1GURE 15. Changes in order quantity, pricing, and profit when M1’s product quality is reliable
and M2’s is unreliable.

Observation 5.3. When the retailer is the leader, the order quantity from both manufacturers first drops and
then rises, and the actual order quantity from the manufacturer with a more reliable product quality is always
greater than that from the other manufacturer. Retailer profits are always at the top of the supply chain, but
the manufacturer with the more reliable product quality is not as good as the other manufacturer in terms of
profit.

In Figures 13-15, the retailer is the leader and M1’s product quality is relatively more reliable than M2’s.
In the early stages of the transaction, the retailer increases her retail prices and reduces her actual order
quantity in order to squeeze manufacturers’ profits. M1, with more reliable product quality, believes that his
high wholesale price leads to a reduction in order quantity, reduces his wholesale price. M2, with an unreliable
product quality, believes that his poor quality leads to a reduction in order quantity, increases his wholesale price
to maintain profits. After a certain transaction period, the retailer finds her own profit decreasing as the actual
order quantity is being reduced. To increase retailer profit, she begins to increase her actual order quantity
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F1GURE 17. Changes in order quantity, pricing, and profit when both manufacturers’ product
quality is unreliable.

and maintains her retail price basically unchanged to ensure that the total market demand does not decrease.
At the same time, in order to prevent M1, with his reliable quality, from discovering that his profits are being
squeezed and from increasing his wholesale price after realizing that his quality is more reliable than M2’s, the
retailer must increase the actual order quantity from both manufacturers, although M1’s order quantity, with
a more reliable product quality, is greater than M2’s. M2 realizes that the retailer is taking advantage of him
to suppress another manufacturer after observing the increase in order quantity, so he no longer increases his
wholesale prices.

Since the retailer is the leader and the manufacturers have no idea of the retailer’s trust value toward them,
they are utilized and squeezed by the retailer. As a result, the retailer’s profit is always at the top of the supply
chain. When the retailer utilizes M2 with his unreliable product quality to suppress M1 with his reliable product
quality, M2 increases his wholesale prices to surpass M1 in profits with reliable product quality in the supply
chain.

5.4. The retailer is the leader, M1 and M2 conducts a Stackelberg game

It is assumed that M1 is the leader of the two manufacturers. At this time, the strength of the three roles in
the supply chain is R > M1 > M2. Experiments are carried out according to the four situations and parameter
settings in Section 5.2. The simulation results are as follows:

Observation 5.4. When the retailer is the leader and M2 is suppressed by M1, M1’s order quantity is always
greater than M2’s, but the profits of two manufacturers are basically equal.

We can see from Figures 16—-18 that when M1 is the leader of the two manufacturers, regardless of whether
or not his product quality is more reliable than M2’s, in order to suppress M2 and increase the retailer’s actual
order quantity, he always keeps the wholesale price lower than that of M2 in the transaction. If M2 in inferiority
raises the wholesale price, he will be suppressed by the retailer, but if he lowers the wholesale price, he will
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F1GURE 18. Changes in order quantity, pricing, and profit when M1’s product quality is reliable
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FiGURE 19. Changes in order quantity, pricing, and profit when M1’s product quality is unre-
liable and M2’s is reliable.

still be suppressed by M1, so the current wholesale price can only remain unchanged. Although M2 is always
suppressed by M1, the lesser order quantity and high wholesale price strategy keep his profits in line with the
stronger manufacturer M1 in the long run. The retailer no longer needs to use the relatively unreliable M2
to squeeze the profits of M1. The competition between both manufacturers is enough for the retailer to enjoy
extra benefits so that the retailer’s profit always remains at the top of the supply chain. Therefore, if M1 is so
presumptuous as to suppress M2, this leads to a lose-lose situation,only enabling the retailer to increase her
profits.

In reality, when the retailer dominates the supply chain, she tends to choose some lesser-known manufacturers.
This is because the manufacturer wants the retailer to maintain a high degree of trust to him, the product quality
will not be too bad; and the retailer can obtain product with lower price through competition among multiple
manufacturers. For example, suppliers of Wal-Mart’s private brand product GreatValue consist of a multiple
of small and medium-sized manufacturing enterprises. As a result of competition among manufacturers, the
product price of GreatValue is often about 30% lower than that of similar product (Fig. 19).

5.5. Comparisons of game modes.

5.5.1. Manufacturers are the leaders

Comparing Figures 3¢ and 3d with Figure 5, we find that when two manufacturers conduct a Bertrand
game and their initial wholesale price is equal, if the wholesale price of M1 with more reliable product quality
decreases, the wholesale price of M2 increases. The two wholesale prices are negatively correlated. When both
qualities are reliable, their benefits are basically the same. The retailer shows a positive correlation between
their trust value and the actual order quantity. When two manufacturers compete in a Stackelberg game, if
the dominant M1 is more reliable, he will resort to the retailer’s trust to suppress M2 and his initial wholesale
price is already higher than M2’s. M2 can only squeeze retailer profits by increasing his wholesale price. The
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ultimate profits for all three parties are expressed as M1>M2> R. Thus both manufacturers are eager to
increase their profits by conducting a Bertrand game. When the manufacturer takes the dominant position in
the supply chain, they hope to get greater bargaining power by sharing information, while the retailer hopes
that two evenly matched manufacturers compete through Bertrand game. When one manufacturer is stronger,
he hopes to restrict the stronger manufacturer through Stackelberg game, that is, the case in Section 7?7, which
is more beneficial to the inferior retailer in the supply chain. In real life, a retailer has many manufacturers to
provide products for it. When manufacturers have different market positions, the retailer will choose the type
of manufacturer that can maximize her own interests based on trust.

5.5.2. The retailers are leaders

Comparing Figures 9 and 12, we find that when two manufacturers conduct a Bertrand game, the retailer
confuses the manufacturer by reducing the order quantity and then recovering it. She also utilizes the relatively
unreliable M2 to check and balance M1 to obtain more benefits. Manufacturers can only guess the extent to
which retailers trust themselves, and change their wholesale prices, but in the end, the relatively unreliable M2
seeks benefits in the process. Thus the ultimate profits for the three parties is expressed as R > M2 > M1. When
manufacturers compete in a Stackelberg game, there is competition between manufacturers and the retailer no
longer needs to utilize the unreliable M2 to seek a profit. Since M2 is suppressed by M1, the retailer need
only gain extra benefits. Thus the retailer’s profits in a Stackelberg game between manufacturers are generally
greater than those in a Bertrand game. In real life, when the retailer is dominant in the supply chain, the retailer
always hope that two manufacturers compete so that she can obtain product with lower price, and to ensure
product quality through trust so that can obtain more profit.

6. CONCLUSION

In the context of two manufacturers providing same type of product to the retailer, this paper establishes a
dual-tier supply chain demand and profit model and a product-based trust update model to study product qual-
ity and pricing decisions. We decide among four game models by considering two situations, i.e., manufacturer-
dominant and retailer-dominant scenarios, and resort to a Bertrand game and a Stackelberg game respectively
in order to derive the corresponding optimal pricing strategy. The rationality of the trust update model and
the impact of the increase, decrease and time parameters of trust on the optimal results are also given.

The main findings of this paper are as follows:

(1) When manufacturers are the leaders, the manufacturer with more reliable product quality is always at the
top of the supply chain in terms of profit. However, if M1 with unreliable product quality is the leader and
competes with M2 with reliable product quality, this eventually causes the retailer’s profit to surpass that
of both stronger manufacturers.

(2) When two manufacturers conduct a Bertrand game, retailers have a positive correlation between their
trust value and the actual order quantity. When the two manufacturers compete in a Stackelberg game, the
dominant M1 tends to suppress M2 by means of the retailer’s trust. The initial wholesale price is already
higher than M2’s, and M2 can only make a profit by squeezing the retailer’s profit.

(3) When the retailer is the leader, the order quantity of both manufacturers first drops and then recovers, and
the actual order quantity for the manufacturer with the more reliable product quality is greater than that
of the other manufacturer. The profit of the manufacturer with the more reliable product quality is worse
than the other manufacturer’s. In particular, when M1 is the leader and M2 is suppressed by M1, the order
quantity for M1 is always greater than that of M2.

(4) When two manufacturers conduct a Bertrand game, the retailer utilizes M2, with a relatively unreliable
product quality, to check and balance M1. Manufacturers can only guess the extent to which retailers trust
themselves in order to change their wholesale prices, but in the end, unreliable M2 seeks more benefits.
When the two manufacturers compete in a Stackelberg game, given the competition between the two
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manufacturers, the retailer no longer needs to make a profit by utilizing M2. She only needs to gain extra
profit, as M2 is suppressed by M1.

The results of this paper show that the multi-manufacturer product quality and price competition model based
on the retailer’s trust update under the multi-period transaction can fundamentally understand the influence of
trust level of manufacturer’s product quality and channel, and market power structure on the pricing strategy
and maximum profit of two products of same type with slightly different qualities in the multi-manufacturer-
retailer supply chain. This research is conducted with certain assumptions on linear demand and supply chain
situations. However, the supply chain situation is diverse, and the research can be extended to more explorations
in future. For example, the market demand can be formulated as non-linear or random functions. More case
studies respecting to different supply chain situations (e.g., competitions among supply chains, limited capacity
in production, irrational decision makers, etc.) potentially drive more observations.
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