
  

 

Abstract—Modern products such as smart phones are 
quickly updated with limited innovation. However, the 

promotion level of these products is very high in the market. 

Literature has not adequately addressed this phenomenon 

above. This paper studies it from consumer behavior and the 
collaboration of the supply chain. The model of this paper 

integrates firms' innovation and promotion decisions in a 

two-tier supply chain, where a monopoly manufacturer sells 

products to end-customers through a distributor. The level of 

product renewal and the level of promotion are decided by the 
manufacturer and the dealer respectively. Research shows that, 

when the proportion of marginal revenue between the 

manufacturer and the distributor meets certain conditions, the 

game has a unique equilibrium. The manufacturer has the only 

optimal level of product innovation. In addition, if the 
manufacturer chooses the best participation rate with the 

distributor to carry out the product promotion, the profits of 

both sides are increased. We can see that the collaboration of 

the supply chain indirectly promotes the limited product 

updates. The conclusions of the study have some guiding 
significance for the product innovation and promotion. 

 

Index Terms—Innovation, promotion, collaboration, 

consumer behavior. 

 

I. INTRODUCTION 

Iphone is an intelligent mobile phone series developed by 

the Apple Corp  in the United States. It positions itself in  the 

middle and upper end of the market. Iphone releases new 

products every year, and its' products are very popular with 

consumers. We find that the product innovation is limited 

between two generations. However, the promotion of new 

products has not been reduced by comparing the product 

development expenditure and market ing expenditure of the 

Apple Corp. 

Then we have the following questions: Why is the level of 

product renewal limited with the increase of product research 

and development (R&D) budgets? Why do manufacturers 

have such a high enthusiasm for product promotion? What is 

the mechanism that drives enterprises to make such decisions? 

This paper tries to explain the above questions. 

The survival of enterprises depends on the product, and if 

enterprises want to have a better development, it depends on 

product innovation. Innovation is regarded as a method to 

gain competitive advantage and to ensure longstanding 

tenacity of the enterprise. As we all know, R&D is a strong 

support for innovation which is anchored in. R&D is one of 
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the strategic cores of enterprises' survival and development. 

Usually, a  company's R&D effort is characterized by lower 

cost [1] and increased demand [2]. Successful innovation 

should contribute to improving the firm performance via 

focusing on such aspects of products such as quality and the 

brand image, which in turn are thought of as important 

criteria for customer purchasing decisions [3]. Therefore, the 

research of product innovation activities has been paid  more 

attention by scholars and members of the supply chain. 

Facing increasingly fierce market competit ion, enterprises 

pay attention to the management of supply chain on the basis 

of their own internal management. Corporate advertising 

investment strategy is another important content in supply 

chain management. The members of the supply chain 

enterprises by advertising accumulate goodwill and obtain a 

favorable position in the fierce competition in the market. 

This phenomenon has attracted many domestic, foreign 

industry and academia's attention, as a study focus. 

Manufacturers and retailers determine the level of investment 

in advertising and product categories through mutual 

coordination and cooperation. They optimize the supply 

chain decisions, moreover improve the performance of the 

supply chain members [4]. 

In addition, studies on behavioral factors have found that 

the behavior of consumers is affected by the anchoring effect 

[5]. Part icularly, customers often develop their own ideas of a 

"fair price", also referred to as the reference price, after 

observing past prices of the product. Numerous studies have 

shown that the impact of reference prices on consumer 

purchase behavior is significant [4], [6]-[12]. 

In this study, we consider a supply chain that includes a 

monopoly manufacturer and an independent distributor, 

where the monopoly manufacturer sells to the ultimate 

consumers through the distributor. Both the innovation effort 

and the promotion investment will contribute to the demand 

of the ultimate consumers. In view of the importance of the 

reference price effect, our model combines product 

innovation and product promotion with the reference price 

effect. We seek the best level of innovation and promotion to 

achieve the maximum benefits of these two enterprises. 

Through the above analysis, we will exp lain why the product 

innovation in the market is limited. In addition, under limited 

product innovation constraints, we exp lore whether the 

manufacturer's participation in product promotion has 

contributed to the earnings of the two companies. And in the 

whole process, this paper analyzes the in fluence of the 

reference price effect on the above decision. 

The rest of this paper is structured as follows. Sect ion II 

reviews the related literature. Section III specifies the model. 

Section IV solves the three-stage game to obtain their 

decision on product innovation, product promotion and 

Effects of Reference Price and Collaborative Product 
Promotion on Product Innovation in Supply Chain 

Baojun Zhang, Shaojian Qu, and Panpan Li 

International Journal of Modeling and Optimization, Vol. 8, No. 5,  October 2018

281DOI: 10.7763/IJMO.2018.V8.666



  

promotion part icipation. Section V conducts numerical 

analysis. Section VI concludes the work. 

 

II. LITERATURE REVIEW 

There are two streams of literature which  are relevant to 

our work. The first stream of literature deals with the product 

innovation and supply chain collaboration. The second deals 

with the reference price effect. 

The research on product innovation management mainly  

focuses on five points : 1) Research on strategy and evaluation 

theory of new product [13]; 2) Research on the success and 

failure of new product [14]; 3) Research on development 

performance of product [15]; 4) Research on innovation 

organization theory [16]; 5) Research on cost of design 

function for product [17].  

Anthony [18] interprets collaboration as two or more 

companies that share the responsibility of co-planning, 

managing, executing, and measuring performance 

informat ion. Collaboration usually plays an important role in  

the business decision making. Generally speaking, 

innovation collaboration is mainly  divided into two  

categories: horizontal collaboration and vertical 

collaboration [19]-[22]. However, there is little  research on 

collaborative promotion. Th is article innovatively combines 

product innovation with collaborative promotion. 

Winer [23] builds a model to predict the probability o f 

purchasing a product by a linear function of, among other 

variables, the d ifference between  the reference price and the 

observed price. After him, the influence of the reference price 

has been paid more and more attention by scholars and 

managers. Nonetheless, according to the literature we have 

mastered, the impact of reference prices on product 

innovation and collaborative decision-making is rarely  

studied. 

Closely related to our work, Song et al. [24] first integrate 

firms' innovation and advertising decisions in a two-echelon 

supply chain. The study shows that the impact of innovation 

and advertising on demand will clearly disrupts both the 

optimal operation and marketing decisions. Further, they 

assume that manufacturers are more keen on cooperation. 

However, our paper differ from the above studies in that we 

set up a dynamic model considering the behavioral factors of 

consumers. When manufacturers make decisions on the level 

of updating, they consider not only the cost of updating but 

also the market factor of consumer behavior. Our model 

focuses on collaborative promot ion and we find a different 

phenomenon from their conclusions. It is not always 

beneficial fo r the manufacturer to participate in product 

promotion, while the dealer is always keen on collaborative 

promotion. 

We find that many of the products are updated quickly, but 

in fact the company's new product innovation is very limited. 

Most of the previous studies  explain this phenomenon from 

the perspective of brand competition [25], [26]. In this paper, 

we exp lain the phenomenon from consumer behavior and the 

collaboration of the supply chain. We study the three-stage 

game of the supply chain: 

1) Whether the manufacturer decides to participate in 

product promotion, as well as how to set the 

participation rate. 

2) Whether the dealer decides to accept the dealer's 

subsidies. 

3) Both the manufacturer and the dealer make their level 

decisions simultaneously. 

We have taken into account the internal factors of the 

manufacturer and the external factors of the market  to exp lain  

the phenomenon of limited product innovation. The model 

integrates product innovation and product promotion to 

explore other ways for manufacturers to improve the product 

demand. Further, we explore the impact o f reference prices 

on the optimal operation and marketing decisions. 

 

III. THE MODEL 

In this paper, the notations are included in Table I. We 

consider a two-tier supply chain, where a monopoly 

manufacturer sells products to customers through a 

distributor. The model o f this paper integrates product 

innovation and product promotion with the effect of 

reference price in this supply chain. The specific process is 

shown in Fig. 1. The manufacturer sets the wholesale price 

(w ) at which the product is sold to the retailer and also 

decides the innovation level of the product (a ). The retailer 

in turn sets the retail price ( p ) at which it finally markets the 

developed product and also decides the promotion level of 

the product (q ). In order to maximize its own income, the 

manufacturer can decide whether to cooperate with the dealer 

for product promotion. And product innovation and product 

promotion will affect the demand of the product. 

 
TABLE I: NOTATION 

Notation Explanation 

( )a t   innovation level of the manufacturer 

( )q t   promotion level of the distributor 

aC   the innovation costs 

qC  the promotion costs 

c   the basic cost of the product 

w   the wholesale price of the product 

p   the price of the product  

T   R&D time of unit innovation level 

( )G t   the consumers' purchase intention 

( )r t   the consumers' reference price 

( )S t   the demand 

  manufacturers' participation rate in promotion 

  the discount rate 

 

 
Fig. 1. The process. 

 

The update level of the product is determined by the 

manufacturer, hence, the update cost involves the expense of 

product development and the expense of invoking the 

resources to achieve this update. Refer to previous studies, 
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we characterize the cost of product updates as follows   [21], 

[27]. The formula contains an upfront investment equal to the 

fixed cost of investment which is a function of the level of 

innovation (a ) and the variable development cost which is 

dependent on the time taken to develop the innovation [27]. 

2 ,aC Ia aT  (1) 

Here, I , , T are positive. I is the investment parameter.  

  is a constant and T is the time taken for technology 

development. 

The higher the level of promot ion means the higher the 

cost of promotion. Similar to previous literatures, the 

advertising costs are assumed quadratic [4], [24], [28], i.e., 

21 .
2

qC q  (2) 

Generally speaking, when consumers find new products 

have higher level of innovation and promotion, consumers 

will consider this new product as relatively higher grade. The 

above views will enhance the consumer's willingness to buy. 

Usually, if the time interval of a product innovation is too 

long, it will reduce the consumer's willingness to buy. 

Referring to the previous research results [28], the state 

transition equation of purchase intention will satisfy the 

following framework. 

1 2( ) ,G t a q aT G                (3) 

here, 0(0)G G , 0 0G  is the base of purchase intention. 

G  is the accumulated purchase intention over time t . 1 , 2   

and are positive constant. If the update level and the 

promotion level are h igh, they will promote the consumer's 

willingness to buy. But longer update time of p roduct will 

reduce consumers' desire to buy. 0 is the dimin ishing 

rate of intention. 

For the following reasons, we assume that the price and the 

wholesale price are constants. First, in our model, if the price 

is not constant, the dealer will change the sales price 

frequently. Similarly, if the wholesale price is changed, the 

manufacturer and the distributor have to negotiate the 

wholesale price frequently. However, this is not reasonable in  

the actual sales process of the product. Changing price 

frequently will affect consumer's positioning of the product 

brand, that is, frequent discounts will reduce the consumer's 

reference price for the product [29]. Consequently, both the 

manufacturer and the distributor will not change the sales 

price and the wholesale price frequently. Secondly, product 

renewal and product promotion have been shown through 

demand, reference effect and purchase intention. The focus 

of this paper is not the problem of product pricing. Finally, 

the reality is that, like the Apple Corp, they have the same 

price fo r the same series of products (unless the product rank 

is changed).  

The level of product innovation and promotion will also 

affect the consumer's reference price. Reference price that 

exists in the minds of consumers is a consumer behavior. In  

this model, the consumer reference price is not only affected 

by the past product image, but also influenced by the level of 

innovation and promotion. When a consumer wants to buy a 

product, he will compare the price of the product with his 

own reference price. If r p  , consumers buy the products; 

If r p , consumers do not buy the products. The state 

transition equation of the reference price satisfies the 

following equation: 

1 2( ) ( ),r t a q p r                (4) 

Here,
0(0)r r ,

0r is the base of reference price. r is the 

accumulated reference price over time t .
1

,
2

 are positive 

constant. If the update level and the promotion level are high, 

they will raise the reference price that in the consumers' 

minds. And, ( )p r reflects the past experience of 

consumers. 0 , called "memory parameter" [6], [9]. In  

general, the consumer will buy a product, if he thinks that the 

reference price of the product is greater than the price of the 

product. Otherwise, the consumer will not buy the product. 

Thus, there is r p , i.e. ( )p r is a negative number. A  

larger value of  reflects the consumer's shorter memory  of 

the past. This value also reflects the low loyalty of consumers 

to the product. 

From the above analysis, we can think that the consumer's  

reference price, purchase intention, the level of innovation 

and the level of promotion of the product will affect the 

demand for the product S (over time). 

( ) ( ) ,S t r p G da q            (5) 

Here, , d ,  are positive. G  indicates that high 

consumer purchase will directly increase the demand for 

products. Sinced , are positive, the level of innovation and 

promotion will have a positive impact on product demand. 

( )r p  indicates the impact of reference prices on demand: 

when r p , it has a positive impact on demand. When 

r p , it has a negative impact on demand. A higher  

explains consumers are more sensitive to the gap between 

their reference price and the product price. 

Whether the manufacturer decides to participate in the 

promotion act ivities. Assuming that the manufacturer's 

participation in the promotional activ ities  is , i.e. the 

manufacturer subsidizes part of R&D expenses to the dealer. 

So, the dealer will improve the level of product promotion. At 

this point, we can establish the manufacturer's revenue 

function: 

2 21
( ) ( ) .

2
M t w c S Ia aT q          (6) 

The dealer's revenue function is: 

21
( ) ( ) (1 ) .

2
R t p w S q            (7) 

The degree of participation in the promotion of the product 

does not depend on the time. The reasons are as follows: first, 

the strategic communication between manufacturers and 

distributors involves many factors. So part icipation will not 

change frequently. Secondly, the focus of our study is 

whether there is a degree of part icipation, this participation 

will increase the profits of manufacturers and distributors. 
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Finally, assuming that the degree of participation does not 

vary with time, we can simplify the model. 

The purpose of the manufacturer is to get the best level o f 

product innovation and participation of the product 

promotion. In addition, the purpose of the dealer is  to get the 

best level of product promotion. Therefore, they can achieve 

the respective maximum present values of their profits 

respectively, i.e., 

 

2 2

0

1
max (( ) ) ,

2
t

M
a
J e w c S Ia aT q dt  (8) 

2

0

1
max (( ) (1 ) ) .

2
t

R
q
J e p w S q dt  (9) 

 

The marg inal utility of innovation will decrease in  the level 

of innovation. And taking into account the cost factors, we 

believe that manufacturers will not have unlimited increase in  

the level of product innovation. Similarly, the dealer's 

product promotion level is not infin ite. Thus we get: 

0 ( ), ( )a t q t M , where M is a sufficiently large constant. 

 

IV. ANALYSIS OF THE GAME 

We will study the product promotion Stackelberg  game 

between the manufacturer and the distributor. We can obtain 

their decision on product innovation, product promotion and 

promotion participation. 

First and foremost, the manufacturer determines the 

participation rate of the product promotion. When the 

participation decision is made, the manufacturer and the 

dealer will determine their own level of effort (manufacturer - 

product update level; dealer - product promotion efforts). 

Since these decisions may  change over time, we can conclude 

that they make their level decisions simultaneously. We solve 

the game by backward deduction. In order to solve the 

Stackelberg  game, at first they should set the manufacturer's 

participation rate . We can establish the present value 

Hamilton function: 

 

2 2
1 2

1
( ) + ( ) ( ),

2
M M MH w c S Ia aT q G t r t

 (10) 

2
1 2

1
( ) (1 ) ( ) ( ),

2
R R RH p w S q G t r t  (11) 

 

Here, 1 2 1 2, ( , )M M R R  represent the state variables of 

the consumers' purchase intention and the reference price to 

the manufacturer (the dealer). 

Solving the above Hamilton function, we can get the 

following  conclusions. For the proof, please see appendix. 

Proposition 1. When the participation decision is made, 

taking into account the impact of consumer purchase 

intention and the reference price, in order to achieve the 

maximization of their own income, the optimal level of 

product innovation and the level of promotion efforts are: 

1 1( ) ,
2 2

Tw c T
d

I I
a     (12) 

2 2( ).
1

p w
q             (13) 

From proposition 1, we can see that both the level of 

product innovation and product promotion are affected by 

their marg inal revenue. When the memory parameter and the 

dimin ishing rate of intention increase, the level of optimal 

product renewal and the level of promotion will decrease. If 

the time taken fo r technology development is very long, the 

manufacturer should appropriately reduce the level of 

product renewal. The manufacturer can consider other ways 

to seize the product market. The manufacturer's promotion 

coordination with the dealer will affect the level of product 

promotion. We see that the level of product promotion 

increases when the manufacturer participates in the product 

promotion. 

In particu lar, the optimal level of product renewal and the 

optimal p romotion level are affected by the reference price 

effect. Specifically, if consumers are more sensitive to the 

difference between their reference price and the product price, 

the optimal product update level and product promotion level 

should be improved. What enlightens the managers is that it 

is necessary to consider the consumer behavior factors in the 

supply chain management. If managers choose to ignore the 

consumer behavior factors, they will lose some potential 

markets. 

Under the given condition, the manufacturer's update level 

has a unique optimal value. That is, if the manufacturer 

chooses a low level of update, the potential customer value is 

greater than the update cost. In this case, the potential 

earnings of the manufacturer will be lost. On the contrary, the 

manufacturer chooses an update level which is higher than 

the optimal value, then the increase of customer value is 

insufficient to make up for the cost of renewal. In this case, 

the choice of the enterprise is also unwise. 

Proposition 2.  By proposition 1 we know that the optimal 

level of product innovation and the optimal level of product 

promotion are both constants. We get the consumer's 

purchase intention and the reference price over time as 

follows. 

 

1( ) ,t
SG t D e G  (14) 

2( ) ,t
Sr t D e r  (15) 

 

Here, 1 0 1 2, (( ) ) /S SD G G G T a q
,

2 0D r Sr  and 1 2( ) /Sr a q
. 

We note that consumer purchase intention and the 

reference price will reach their steady states SG  and Sr   

when t . From the steady state of consumer purchase 

intention, we find that it is mainly affected by the level of 

product innovation, the level of product promotion  and the 

product time interval. When the level of product promotion 

rises, the steady-state value of consumer purchase intention 

becomes larger. In particular, we note that when 

1 0T , the level of product innovation has a positive 

effect on the steady state of purchase intention. In other 
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words, when consumers measure their utility of product 

innovation and wait t ime, they think that it  is worthwhile 

wait ing. Moreover, if the other conditions are unchanged, the 

consumer's purchase intention will be greater when the 

diminishing rate of intention decreases. 

Similarly, we analyze the steady state of the reference 

price. We find that it is mainly affected by the level of 

product innovation and the level of product promotion. 

Moreover, they have positive effects on the steady state of the 

reference price. We find that when the level of product 

innovation and promotion are zero, the reference price is 

equal to the selling price of the product. We also find that the 

steady-state value of the reference price decreases when the 

consumer's memory parameter becomes larger. A large  

value reflects the consumer's shorter memory of the past. 

This value also reflects consumers ' low loyalty to the product. 

We also find an interesting phenomenon that the reference 

price of the consumer is related to the stable price of the 

product. Specifically, when the price of the product is 

maintained at a high level, the consumer will increase the 

reference price o f the product. It has a certain guid ing 

significance for the brand effect of the enterprise. If an 

enterprise wants to place a product as a high-end commodity, 

he should stabilize the price of the product at a relatively high 

position. The decision can help consumers to distinguish 

low-end products. 

Proposition 3. We get present values of the manufacturer's  

profit and the dealer’s profit based on the manufacturer's 

promotional participation rate . 

 

2

2
1 2

( )( ) ( ) ( )

( ) ( )( )
,

2

S S

M

w c r p w c G w c da Ia

D w c D w cw c q aT q

J

 (16) 

2
1 2

( )( ) ( ) ( )

( ) ( )( ) (1 )
.

2

S S

R

p w r p p w G p w da

D p w D p wp w q q

J

 (17) 

 

If consumers think the reference price is greater than the 

selling price, the difference between those two prices has a 

positive effect on present values of the manufacturer's profit 

and the dealer’s profit based on the manufacturer's 

promotional participation rate . Specifically, present values 

of their profits increase with the difference. 

Since the manufacturer can get the present value of his  

profit for any specific promotional part icipation rate , he 

can then decide the optimal  to maximize the present value. 

Proposition 4. The manufacturer's optimal part icipation  

rate of the product promotion is: 

 

3 2
, 3 2 ,

2
0, .

=
w c p

if w c p
w c p

else

              (18) 

 

We can see that when the marg inal revenue of the 

manufacturer and the dealer satisfy 3 2w c p , the 

manufacturer's product promotion participation rate will be 

(3 2 ) / ( 2 )w c p w c p , and the manufacturer has 

optimal profit. Interestingly, the manufacturer's optimal 

participation rate for collaborative promotion is not affected 

by the reference price effect. For dealers, they welcome 

manufacturers to participate in product promotion. While in  

other conditions, the manufacturer's earnings will be lower 

than the benefits mentioned above. We can clearly see that 

when manufacturers choose the optimal level of renewal, it is 

useful for him to part icipate in the collaborative p romotion 

with  the best participation rate. In the next  section we will 

discuss their benefits. 

 

V. NUMERICAL EXAMPLE 

In this section, we consider a numerical example to 

analyze the optimal product update level, promotion level 

and compare the two firms' profit under different 

participation rate and reference price effect sensitivity. We 

refer to the previous research results [4], [21] and [30] and set 

the values of the parameters involved as  1 0.03 , 

2 0.04 , 2 , 0.01 , 2I , 0.2 , 2T , 

0.1 , 1 0.02 , 2 0.04 , =0.5 , =0.5 , 1d . 

If 3 2w c p , 0 . However,  should be greater 

than 0. So, we do not discuss this situation. Without loss of 

generality, we assume that the sale price of the product p  is 

30, the wholesale price w  is 20, the basic cost c  is 10. Based 

on the above conclusions, we can find the optimal p romotion 

participation rate  is 1/3. We consider four participation 

rates respectively are 1/3, 0, 2/3 and 1/6. 1/3 indicates that the 

participation rate is the best decision, 0 shows that the 

manufacturer do not participate in  collaborative product 

promotion, 2/3 says that the rate of participation is greater 

than the optimal decision, 1/6 expresses that the participation 

rate is less than the optimal decision. 

 

 
Fig. 2. The level of product innovation. 

 

 
Fig. 3. The level of promotion. 

 

From Fig. 2 and Fig. 3, we have verified some of the 

explanations from proposition 1. If consumers are more 
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sensitive to the difference between their reference price and 

the product price, the optimal product update level and 

product promotion level should be improved. And the 

optimal level o f product promotion is improved with the 

increase of the manufacturer's  participation rate. 

We compare the benefits of the manufacturer, the dealer, 

and the entire supply chain in these four cases. Based on the 

above parameters, we can get the benefits of the 

manufacturer, the dealer, and the entire supply chain 

corresponding to different consumer sensitivity to their 

reference prices. In order to better reflect the change trend of 

profit accompanied by  the effect  of the reference price, we 

extend the axis of the reference price impact strength. 

 

 
Fig. 4. The profits of the manufacturer. 

 

 
Fig. 5. The profits of the distributor. 

 

As we can see in Fig. 4, when the manufacturer selects the 

optimal part icipation  rate 1/3, he gains the most. When the 

manufacturer's participation rate is higher or lower than the 

optimal participation rate, his earnings are lower than the 

optimal value. Interestingly, we find that the above 

phenomena can be divided into two cases. When the 

participation rate is lower than the optimal value, the profit of 

the manufacturer is h igher than that of the non-participation. 

On the contrary, when the participation rate is higher than the 

optimal value, the profit of the manufacturer is lower than 

that of the non-participation. And with the increase of the 

impact strength of the reference price, the difference of  the 

above income tends to become larger. In particu lar, with the 

increase in the impact of the reference price, the trend of 

change from the above incomes is different. When the 

participation rate is greater than the optimal value, the 

manufacturer's inco me decreases with the greater impact of 

the reference price. When the participation rate is less than 

the optimal value, the situation is opposite. It suggests that 

the manufacturer should be conservative when he chooses to 

carry out a collaborative product promot ion. That is to say, it 

is always beneficial for the manufacturer to choose a 

participation rate less than or equal to the optimal value. 

Further, the manufacturer should never ignore the reference 

price effect for the sake of its own interests. 

From Fig. 5, when the manufacturer's part icipation  rate 

increases, the distributor's earnings are increased. That is, the 

dealer should take a positive attitude towards the 

collaborative p romotion of products. And with the increase in  

the impact of the reference price, the dealer benefits more 

from the collaborative product promotion. According to the 

change of the manufacturer's income, the two enterprises will 

achieve equilibrium at  the point of the manufacturer's optimal 

participation rate. Similarly, if the dealer is wise, he would  

not ignore the reference price effect. 

Combined with the above findings, they can only reach an 

agreement that the manufacturer's participation rate is 1/3 and 

their income will increase under the circumstances. We 

compare the benefits of the entire supply chain with 

participation rates of 1/3 and 0. 

 

 
Fig. 6. The profits of the Supply chain. 

 

In Fig. 6, we see that the agreement reached by the 

manufacturer and the dealer is beneficial to the whole supply 

chain. And with the increase of the impact of the reference 

price, the equilibrium income of the supply chain is 

increasing. The results show that the research has some 

guiding significance for the operation decision of 

manufacturing industry. Facing the pressure of the cost and 

market factors, the manufacturer has the best value for the 

product update level. If the innovation level exceeds this 

optimal value, his efforts have a negative impact. Whereas, if 

the manufacturer collaborates with the dealer for product 

promotion, his earnings will improve. The agreement he 

reaches with the dealer is beneficial to both parties. The 

phenomenon above is more obvious in the supply chain with 

the high impact of the reference price. 

 

VI. CONCLUSIONS 

In this paper, we focused our work on the existing 

phenomenon in modern products. Although modern products 

update quickly, its innovation is very limited. However, in  

spite of the limited  level of product renewal, the level of 

product promotion in the market has not been reduced. We 

explain this phenomenon from consumer behavior and the 

collaboration of the supply chain. 

We consider a two-echelon supply chain, where a 

manufacturer sells products to customers through a 

distributor. The model o f this paper integrates product 

innovation and product promotion with the effect of 

reference price in this supply chain. The manufacturer and 

the distributor decide the level of the product renewal and the 
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promotion level respectively. It can be found that the 

manufacturer has an optimal level of renewal due to the 

double constraints of the cost of renewal and the market  

factors. When the update level is higher than the optimal 

value, the manufacturer's earnings will be infringed. This 

shows that there is an economic exp lanation for the limited 

product innovation in the market. However, the manufacturer 

can promote their own profits through collaborative product 

promotion. Through our study, we find that when marg inal 

revenues of the manufacturer and the dealer meet  

3 2w c p , the manufacturer and the dealer will reach an 

agreement. This protocol is the only optimal solution in this 

game. The manufacturer's product promotion participation 

rate is (3 2 ) / ( 2 )w c p w c p , which is responsible 

for the cost of product promotion (3 2 ) /w c p  

( 2 )w c p . Meanwhile, the manufacturer and the dealer 

can reach an agreement, that is, the manufacturer participates 

in the collaborative product promotion with his best 

participation rate. Their benefits are all improved by the 

agreement. 

The model analysis gives some meaningfu l management  

inspiration. In the case of the market, it is not necessary for 

the manufacturer to carry out a high level of product 

innovation. While ensuring the optimal level of product 

renewal, the manufacturer should participate in the product 

promotion with appropriate participation rate to improve its 

own income. But when the manufacturer decides to 

participate, he should take a conservative attitude (in other 

words, he does not accept the participation rate higher the 

optimal value). At the same time, the dealer should actively 

communicate with the manufacturer to facilitate the best 

collaborative promot ion. The above analysis also shows that 

it is very necessary for modern enterprises to pay attention to 

the promotion of products. 

We also find that the influence of the reference price effect  

on manufacturers and dealers should not be ignored. 

Specifically, the level of optimal p roduct renewal and the 

level of promotion are in direct proportion to the reference 

price effect. In  the case of the manufacturer's different 

participation rate, the reference price effect will amplify the 

income d ifference between the two enterprises. Their 

respective optimal returns also increase with the intensity of 

the reference price impact. And their respective optimal 

returns also increase with the reference price effect. It means 

that as consumers play an increasingly important role in the 

market, enterprises should attach importance to the reference 

price effect. Enterprises should pay attention to market  

research so as to know consumers' voice. 

Finally, we want to mention potential extensions for future 

research. In this paper, we suppose that there is no 

informat ion asymmetry between the manufacturer and 

distributor. Firstly, a different focus would be to further the 

analysis by exploring their optimal strategies with 

informat ion asymmetry. Secondly, it is interesting to explore 

their optimal strategies under the assumption that the retailer 

also implements innovation efforts for the product. Finally, 

since a bilateral monopoly supply chain is modelled in our 

paper, it would be interesting to extend a supply chain 

consisting of more than two firms. 

APPENDIX A 

PROOF OF PROPOSITION 1 

From (10), we have: / 0
M
H a , (A.1);

1
/

M M
H  

G , (A.2); 
2

/
M M
H r , (A.3);

1 1
/

M M M
H  

G , (A.4); 
2 2

/
M M M

H r , (A.5). From (A.1), we 

have: / 0
M
H a , (A.6). From (A.6), we have: (( -a w  

1 1 2 1
) ( ) ) / 2

M M
c d T T I , (A.7) and

1 1
(

M
 

2 1
) 2 ( )

M
T Ia w c d T , (A.8). From (10), we 

have:
1

/
M M
H G w c , (A.9) and / (

M
H r w  

2
)

M
c , (A.10). Taking (A.9) into (A.4), we have:

1M
 

1
( ) ( )

M
w c , (A.11). Taking (A.10) into (A.5), we 

have: 
2 2

( ) ( )
M M

w c , (A.12). From (A.7), we 

have: 
1 1 1 2

(( ) ) / 2
M M

a T I , (A.13). Taking (A.11) 

and (A.12) into (A.13), we have:
1 1

(( )(( )
M

a T  

1 2
( )) (( ) ( ))) / 2

M
w c w c I , (A.14). Taking 

(A.8) into (A.14), we have:
1 2
( ( ) (2

M
a Ia T  

1 1
( ))( ) ( )( )) / 2d w c T w c I , (A.15) and 

1 2 1 1
( ) 2 (2 ( ))( ) (

M
Ia Ia T d w c

)( )T w c , (A.16). From (A.15), we have: ( 1( )a  

(( ) 2 ( )) 2 ( ) ) / 2M w c I a I , (A.17). Taking  

(A.16) into (A.17), we have: [2 (2 ) ( )a I a  

1 1
(( )(( ) 2 ) ( )( ))w c d Ia T w c T

1
( )( )] / 2w c I , (A.18). Arranging the above equation, 

we have: (2 ) ( )( ) [( )a a a  

1 1 1
(( )(( ) ) ( )( )) ( )w c d T w c T

( )] / 2w c I  , (A.19). Solv ing the above equation, we have: 

( ) ( )

1 2
( ) t ta t C e C e a , (A.20) and (( )(a w c d  

1 1
( ) / ( ) / ( )) ) / 2T T I , (A.21). Here, 

1C  and 2C  are unknown parameters. If 0( 1,2)iC i and 

t , ( )a t will be infin ite.  Because the level of product 

innovation can't be infinite in reality, we can  get 

=0( 1,2)iC i . Thus ( )a t  is constant, i.e., when the 

participation rate of the manufacturer for product promotion 

is given, the manufacturer's optimal level of product 

innovation is a . 

The solving process of the optimal p roduct promotion 

level is similar to the above process. Here we omit  the solving 

process of the optimal product promotion level. 

APPENDIX B 

PROOF OF PROPOSITION 2 

By proposition 1 we know that the optimal level of product 

innovation and the optimal level of product promotion are 

both constants. By putting a , q into (5) and (6), we can  

replace ( )a t to a and ( )q t  to q .
1 2

/ ( )dG dt T a q  
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G , (B.1). From (B.1), we have:
1 2

+ ( )G G T a q ,  

(B.2). It is similar to ( ) ( )y p x y q x . Solving the above 

equation, we can get:
1 1 2

( ) [ (( ) )t tG t e D T a q e  

]dt  
1 1 2

(( ) ) /tD e T a q , (B.3). When t=0, we 

know 
0

(0)G G . We can get:
1 0 1 2

(( ) )D G T a q  

/ , (B.4). Let
1 2

(( ) ) /
S
G T a q . So,

1 0
D G  

S
G ,

1
( ) t

S
G t D e G . 

The solving process of the reference price over t ime is 

similar to the above process. Here we omit the solving 

process of the reference price over time.  

APPENDIX C 

PROOF OF PROPOSITION 3 

Taking ( )G t , ( )r t , a  and q into (8), we can  

get :
,

2 2
0max (( ) / 2)

M
a q

t
J e w c S Ia Ta q dt

2 2
0

1

2
(( )( ( ) ) )te w c r p G da q Ia Ta q dt

0 2 1
(( )( ( ) )t t t

s s
e w c D e r p D e G da q

 2 2 / 2)Ia Ta q dt , (C.1). From (C.1), we have: 
MJ   

2 2
( )( ) ( ) ( )( )

S S
w c r p w c G w c da q Ia Ta q   

     

    
     

1 2
( ) ( )D w c D w c

   

 


 
 , (C.2).  

The solving process of 
RJ  is similar to the above process. 

Here we omit the solving process of 
RJ  .  

APPENDIX D 

PROOF OF PROPOSITION 4 

Here we solve the manufacturer's optimal participation 

rate of the product promotion in order to maximize its 

interests. 

From (C.2), we have: 2 2
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From (D.1), we have: 2 2
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can get:
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(D.6), we have:
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From (D.7), we can get:
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2(1 )

p w
w c





 
 


 , (D.8). 

Arranging the above equation, we can get:
3 2

2

w c p

w c p
 , 

(D.9). So, we can get: 

3 2
, 3 2 ,

2

0, .
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w c p
if w c p
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(D.10). 
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