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Abstract 
The bargaining power, an important factor in the classic Porter five forces competition 
model of supply chain, is introduced into the two-stage supply chain for game, and its 
impact on the overall utility of supply chain is analyzed. According to the prospect theory 
proposed by Kahneman, the bargaining process of supply chain is discussed from the 
perspective of expected utility. Firstly, the maximization model of total utility function 
of two-stage supply chain based on prospect theory is established. Then, according to the 
characteristics of S-type objective function, the local optimal values under different 
bargaining power and different wholesale prices are obtained by using MATLAB 
software according to the multi initial point search method of nonlinear multivariate 
function. Finally, netlogo software is used to simulate and analyze the manufacturer's 
bargaining power, and the simulation result data is substituted into Matlab to draw a 
picture. The influence of bargaining power and risk attitude on supply chain utility and 
rating can be visualized. It can be found that the result is consistent with the multi initial 
point search method using nonlinear multivariate function, The optimal value trend of 
the two means: the change form of utility under different bargaining power and 
wholesale price is basically consistent, and the conclusion is verified to be correct. 
Through the results of the proposed model, it can be seen that the stronger the 
bargaining power, the higher the overall utility of the supply chain. 
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1. Introduction 

At present, the fierce competition of manufacturing products makes manufacturers pay more and 
more attention to their own profit space. For manufacturers how to improve their own profit space, 
the typical method is to enhance the bargaining power with suppliers and compress each other's profit 
space to improve their own profit. Guo, Su [1] and others also proposed that with the progress of 
technology, the bargaining power will gradually shift to the manufacturer. On the premise that the 
manufacturer has all the bargaining power, other supply chain members still have profits. And when 
the attitude towards market risk is consistent, the guiding result of bargaining is the same direction 
for supply chain members. 

However, in the actual market, as two extremely important roles in the supply chain: manufacturers 
and suppliers, they have different attitudes towards market demand, which are mainly divided into 
three states: Overconfidence, risk aversion and neutrality. Many literatures[2-6] have mentioned the 
impact of the risk attitude of supply chain members on the whole supply chain, and most of them use 
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the means of evolutionary game. some risk preference characteristics are described by mean variance 
model [7-9], and some will use other models such as dynamics [4]. 

Some articles related to bargaining and risk attitude are basically analyzed by simulation or dynamic 
game, but without the support of historical data, it is difficult to predict the benefits and risks in 
general. Prospect theory is the main description theory of decision-making under uncertainty [10], 
which summarizes that expectation realizes utility by introducing nonlinear decision weight and loss 
aversion. A difficulty of this multi-attribute based research: the utility under prospect theory is to 
determine when an attribute produces benefits or losses. One possibility is to assume that a decision 
maker decides whether the complete result is profit or loss; In this overall evaluation, decision weight 
and loss aversion are general and attribute independent. Another possibility is to assume that the 
decision-maker has a reference point for each attribute; Risk preference is an attribute specific 
evaluation, in which decision weight and loss aversion depend on attributes. In the second case, the 
decision-maker has reference points for attributes.  

Prospect theory was first put forward by professors Daniel carnerman and Amos Tversky. It applies 
psychological research to economics and makes outstanding contributions to human judgment and 
decision-making under uncertainty. Aiming at the hypothesis of rational man, which has been used 
for a long time, starting from empirical research, this paper reveals the irrational psychological factors 
affecting choice behavior from people's psychological and behavioral characteristics. Prospect theory 
holds that people usually consider the problem not from the perspective of wealth, but from the 
perspective of winning or losing, and care about the amount of income and loss. 

To sum up, this paper intends to consider the utility impact of different management risk attitudes 
and bargaining power of supply chain members based on prospect theory. Firstly, it involves the 
utility function of two-stage supply chain, then establishes the utility function maximization model, 
and searches and solves the S-type utility function through MATLAB software, Through the market 
simulation data of netlogo, the important influencing factors in the model are analyzed, and the 
conclusion is verified by the comparison of the two methods. 

2. Multi-agent Model Construction 

For the research of complex economic system, multi-agent modeling method can be considered. By 
constructing agents with different attributes and their relationship, computer simulation technology 
can be used to give individuals different initial eigenvalues, establish interaction rules, record the 
changing characteristics after multiple operations, and then calculate some macro indicators. The 
multi-agent modeling method is a bottom-up method. Through the simulation of the macro 
phenomenon evolved from the micro individual behavior, it can effectively analyze the impact of 
different risk attitudes and bargaining power on the total utility of the supply chain. 

3. Establishment of Model based on Prospect Theory 

3.1 Assumptions 

The purchasing behavior of manufacturers to suppliers can be regarded as a game, involving pricing 
estimation, bargaining and other processes. This paper focuses on the impact of different risk attitudes 
and bargaining power of supply chain members on the wholesale price range of manufacturers and 
the total utility of supply chain members. The assumptions are as follows: (1) this paper only 
considers the manufacturer and supplier market, and the total amount will not change. There are no 
other interference factors when the manufacturer negotiates the transaction price of a specific supplier. 
(2) Different risk preference assumptions: set the manufacturer and supplier as rational economic 
persons with loss aversion or preference risk, and adopt prospect theory utility function and S-type 
power utility function:  

 



International Core Journal of Engineering Volume 8 Issue 3, 2022
ISSN: 2414-1895 DOI: 10.6919/ICJE.202203_8(3).0047

 

343 

f(x, μ) =
(𝑥 − 𝜇) ,       𝑥 ≥ 𝜇 

– 𝜌(𝜇 − 𝑥) , 𝑥 < 𝜇
 

 

among them, μ Is the reference point, and X represents the actual value (corresponding to the 
reference point); β (0<α ≤ β ≤1) reflect that investors' attitude towards gains and losses; ρ Is the 
loss aversion coefficient, which means that the negative utility brought by unit loss to investors is the 
positive utility brought by unit return ρ Times; When x ≥ μ,f(x) is a concave function of risk 
aversion; When x < μ When f(x) is a convex function of risk pursuit, μ is the inflection point of 
the value function, The curve is as follows: 

 

 

 
Figure 1. Functional curve of the theoretical value of the prospect 

 

3.2 Model Construction 

Table 1. Table of parameter settings 

Variables Explanation 

a Probability that a conventional supplier will accept the initial wholesale price event proposed 
by the manufacturer 

b The alternative supplier accepts the best price in the manufacturer's price negotiation process 

α Risk attitude and preference of suppliers  

 

β Manufacturer's risk attitude preference 

p Wholesale price proposed by the manufacturer to conventional suppliers 

L Supplier's psychological minimum wholesale price 

H The highest wholesale price that the manufacturer considers acceptable 

θ Bargaining power of manufacturer (0, 1) 

𝑢  Utility value of supplier (during negotiation) 

𝑢  Utility value of supplier (during negotiation) 

𝑢  Two stage supply chain: the total utility of manufacturers and suppliers (in the process of 
bargaining) 
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In this paper, the members of the two-stage supply chain are manufacturers and suppliers. Based on 
the bargaining situation and effectiveness of manufacturers to suppliers, an evolutionary game model 
is constructed. Considering the different risk attitudes of manufacturers and suppliers to market 
demand and the different bargaining power of suppliers, the bargaining process is as follows:  

Conventional suppliers put forward the wholesale price p, because neither the manufacturer nor the 
wholesaler will disclose their true minimum and maximum accepted order price, so this two-stage 
supply chain negotiation game is based on information asymmetry. The lowest wholesale price of 
supplier psychology is L, and the highest wholesale price of manufacturer psychology is H. 

The first round: when the initial wholesale price P is proposed, if the conventional supplier cannot 
accept its price, it will enter the second round. Under different risk attitudes, if both parties reach an 
agreement, the conventional supplier will accept its price, that is, P is close to the reference point of 
the wholesale price of both parties, and its total utility is expressed in (p − L)α, (H−p)β Related 
representation.The second round:according to different bargaining power parameters θ, The value 
after price reduction is  p = p(1 − θ) ≤ H and p = p(1 − θ) ≥ L. 

In this round, for the convenience of later calculation, the cash flow discount coefficient K (involving 
time sunk cost) in the bargaining process is not considered, if both members of the supply chain 
accept the wholesale price p’ proposed under the bargaining power, The total utility is expressed in 
k(p′ − L) , k(H − p′)     express.  

 

 
Figure 2. bargaining utility diagram of two-stage supply chain based on prospect theory 

Note: K involves the discount coefficient of cash flow, which does not affect the main research 
object of the article. The recommended reference value is 1 for subsequent calculation 

 

Integrating the meaningful bargaining process of the first round and the second round, the supplier 
utility function:  u = a(p − L) + (1 − a)b(p − L) ,Manufacturer utility function:  u = a(H −
p) + (1 − a)b(H − p ) . 
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Total utility function of two-stage supply chain:u = a[(p − L) + (H − p) ] + (1 − a)b[(p −

L) + (H − p ) ] . Order = a ∙ α(p − L) + (1 − a) ∙ α ∙ b(1 − θ)(p − pθ − L) =

0, be (
( )

) = +
( )( )

,the available price variables are related to bargaining power, 

the lowest expected price of the supplier's psychology, and the probability that the conventional 
supplier accepts the price proposed by the manufacturer. The same is true for the manufacturer's 

utility function, order = a ∙ (−β)(H − p) + (1 − a) ∙ β ∙ b(θ − 1)(H − p + pθ) =

0 ,  ( ) =
( ) ( )

. The available price variable is related to bargaining power, the 

manufacturer's psychological maximum price, and the probability that the alternative supplier accepts 
the price proposed by the manufacturer. 

Order = (1 − a) ∙ b(−p) ∙ α[p(1 − θ) − L] = 0 ,then the possible occurrence of extreme 

points is   θ =   or a=1 or b=0;Order  = (1 − a) ∙ b ∙ p ∙ β[H − p(1 − θ)] = 0 ,then the 

possible occurrence of extreme points is θ =  or a=1 or b=0. “a=1 or b=0”is the ideal state of 

the bargaining process, that is, when the manufacturer puts forward the expected price, the 
conventional supplier fully accepts to provide all output at this price. In the actual market, this 
situation is difficult to appear. Therefore, the occurrence of extreme value of recordable utility 

function isθ = 1 −   or θ = 1 − . 

3.3 Treatment of Non Smooth Part of Objective Function 

After the model is established, the extreme value is used to verify that there is an optimal solution to 
the model, but the objective function is interpreted and found to be an S-type function. For the power 
function segment in the objective function, through the literature reading of the non smooth part of 
the objective function, the multi local initial point method is selected for smoothing.  

4. Model Solution 

Through the interpretation of the objective function, it is a multivariate nonlinear objective function, 
so MATLAB is used to solve the model. Due to the particularity of multivariate nonlinear solution, 
the global optimal solution cannot be obtained quickly. Therefore, several groups of representative 
univariate initial points with the same interval are selected to demonstrate the results of local optimal 
solution. Using the classical method for solving the extreme value of multivariate nonlinear function 
in mathematical modeling algorithm and application edited by Si Shoukui, combined with the special 
multi initial point search optimal solution method, the main steps are as follows:  

①Because there is no clear direction about the manufacturer's products in this paper, and there is no 
standard reference point about the price, this paper uses simulation to draw up the price. The 
experimental data set L as 50 and H as 100. p’ ranges from 50 to 100. When p is greater than 100, it 
can also enter the simulation cycle, but when p is less than 50, it has no bargaining significance. 

②Formulate the solution rules, set the objective function and constraint conditions through the utility 
function formulated in Figure 2, and use matlab to solve the local optimal solution of the objective 
function. The nonlinear constraint part is L ≤ p ≤ H, L ≤ P′ ≤ H, and the linear constraint part is 
0 < θ < 1 . Finally, search the optimal solution in the form of [x, Fval] = fmincon ('fun1 ', 
[50,0.4,0,0,0,0,0,0], [], [], [50,0,0.5], [100,1,1,1,0.5,1],' test2 '), Among them, fun1 is the main 
objective function part of the m file, and test2 is the nonlinear constraint condition m file. Considering 
the possible occurrence of the extreme value of the utility function proposed above, several groups 
of different initial prices are extracted as the experimental comparison, and a total of 30 groups of 
experiments are carried out. 
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③The initial wholesale prices of 50, 80 and 100 are used to search and traverse respectively. 
Considering the impact of different bargaining power parameters on the utility value, 30 groups of 
experimental result data are exported, and the results are sorted into Figure 3, as shown in the 
following figure: 

 

 
Figure 3. effect of manufacturer's bargaining power coefficient on utility value under different 

initial wholesale prices 

 

The horizontal axis is the bargaining power coefficient, and the vertical axis is the total utility value 
(%) of the two-stage supply chain. Three curves of different colors represent the impact of the 
manufacturer's bargaining power on the total utility value of the two-stage supply chain based on 
different initial wholesale prices. It is obvious from the figure that: first, the lower the initial wholesale 
price, the more room for negotiation, and the total utility value of the supply chain increases at a 
slower and uniform speed, and the utility value is higher, which is more beneficial to both members 
of the supply chain; Second, it can also be seen intuitively that the higher the bargaining power of the 
manufacturer, the higher the utility value of the supply chain. When it is between 0.8-0.9, the utility 
value is the highest. On the contrary, when the bargaining power is closer to 1, that is, the 
manufacturer has complete bargaining power, it has obvious disadvantages for the two-stage supply 
chain. When the bargaining power is infinitely close to 1, the utility value of the supply chain drops 
sharply. Thirdly, in the ergodic calculation with different initial wholesale prices, the corresponding 
bargaining power interval at the highest utility value of the supply chain conforms to the extreme 
value occurrence point calculated above, which can verify the correctness of the method.  

5. Analysis of Influencing Factors 

It can be seen from Figure 3 that three groups of different initial wholesale prices have a discount 
point at the same bargaining power. In the range of bargaining power 0-1, it is not that the stronger 
the bargaining power is, the higher the utility value of the supply chain is. The three groups of turning 
points can be quantified at the position where the bargaining power and their characteristics also meet 
the extreme point mentioned above. Through netlogo software, the relationship between supply chain 
utility value and supply chain members' risk attitude and bargaining power is analyzed in more 
intuitive detail, and the bargaining behavior of two-stage supply chain is simulated. Based on the 
prospect theory, the income part: the higher the value, the greater the risk can be accepted, and the 
lower the value, the smaller the risk can be accepted. Manufacturer's attitude in two-stage supply 
chain α And supplier attitude β The value is 0-1. The closer it is to 1, the more risk appetite it 
represents, and the closer it is to 0, the more risk aversion it represents. In this simulation model, the 
bargaining power value of the manufacturer is between 0-1. When the bargaining power is equal to 
0, it means that the manufacturer does not have bargaining power. At this time, the initial wholesale 
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price in the second round will not decline. Only when the manufacturer has a certain bargaining power 
in the second round, that is, when it is greater than 0, Wholesale prices will decline with the 
improvement of manufacturers' bargaining power. Since the discount factor of time value will be 
generated only after entering the second round, the real time value factor should be combined when 
analyzing the bargaining power. However, when considering the time value coefficient, since there 
is no specific product reference price, in order to facilitate calculation and reflect the impact of 
important influencing factors on the overall model, it is set to 1, which means that there is no change 
in value due to time and the sunk cost in the process of price negotiation is not considered. Adjust 
different bargaining power respectively, and then analyze the impact of suppliers' different risk 
attitudes on wholesale prices under different bargaining power. The reduction of enterprise bargaining 
in this paper is based on the psychological expected wholesale price proposed by the manufacturer in 
the first round. When the relative bargaining power of the enterprise is about 0.8, the reduction of 
price increase is 80%. At the same time, other control variables are set: the number of stops of 
simulation movement is 500, the number of turns movement is 1000, and the bargaining power 
coefficient is 0.8. At the same time, the influence of suppliers on the optimism of market demand is 
fixed. This paper adjusts the variables in the netlogo environment, and uses its behavior space to take 
the manufacturer's manager's market risk attitude and supplier's bargaining power as independent 
variables. Export the data and draw in MATLAB. 

 

 
Figure 4. Analysis of the impact of risk attitude and bargaining power parameters of supply chain 

members on the overall utility value 

 

It can be seen from the above figure that in the "income" part, the supplier is in a risk aversion state. 
Because the supplier's relatively optimistic and relatively pessimistic attitude has a small impact on 
the negotiation range of wholesale price, this paper sets the manufacturer's risk preference as 1, that 
is, at this time, the manufacturer maintains a relatively optimistic attitude. Taking the supplier's 
bargaining power and the manufacturer's manager's risk preference as independent variables, we can 
see from the above figure (1) when the supplier's relative bargaining power coefficient is 0.4-1 and 
the manufacturer's manager's risk attitude value is 0.5-1, the highest utility value can be generated, 
that is, when there is no bargaining power θ= The utility increment at 0 is 28%. (2) When the 
bargaining power coefficient of suppliers is 0-0.3, the total utility value of supply chain members is 
directly proportional to the risk preference of manufacturer managers to the market. When the 
supplier's bargaining power is high, the manufacturer with relative risk aversion often does not enter 
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the second round of bargaining. Only when the manufacturer with less relative risk aversion is more 
likely to enter the second round. (3) compared with the manufacturer's optimistic attitude towards the 
market, the supplier's bargaining power has a negative impact on the overall utility. A certain 
bargaining power can bring appropriate profit space to the manufacturer, but excessive compression 
of the wholesale price will sometimes exceed the psychological expectation of the supplier, resulting 
in the failure of the negotiation, so that the manufacturer's order price can not reach the psychological 
expectation price. 

Quantify the equilibrium results of the above game process: risk aversion and relative risk preference 
have different effects on enterprises with different bargaining power. Based on the different risk 
aversion of manufacturers, different M & a price increment strategies are adopted. According to the 
prospect theory, for the "income" part, both sides of M & A are risk aversion. The higher the value, 
the more relative (1) with the increase of the risk preference value of the acquirer, when the 
manufacturer's bargaining power coefficient is 0-0.7, the utility value in the bargaining process 
increases significantly. That is, when the bargaining range of the manufacturer is between the initial 
wholesale price * [0.7-1], continue to negotiate. (2) when the bargaining power coefficient of the 
supplier is 0-0.2, the risk preference attitude of the manufacturer's managers does not significantly 
improve the effectiveness of the supply chain, that is, when the bargaining range is the initial 
wholesale price * [0.8-1], the bargaining value is small, but it may bring a reduction in the value of 
time. Therefore, for manufacturers with weak bargaining power, Choosing to accept in the first round 
is a wise choice. 

When the bargaining power coefficient of suppliers is 0-0.2, the risk-averse attitude of manufacturers' 
managers does not significantly enhance the supply chain utility, i.e., when the bargaining interval is 
the initial wholesale price * [0.8-1], the value of bargaining is not significant, but may bring about a 
discount in the value of time. Therefore, for manufacturers with weak bargaining power, choosing to 
accept in the first round is the wisest choice. 

The manufacturer's bargaining power has an important influence in the ordering contract, but since 
this power is closely related to the firm itself and cannot be improved rapidly in a short period of time, 
for the manufacturer to obtain a lower wholesale price, it is possible to combine the bargaining power 
and the supplier's risk attitude to optimize the M&A utility by adjusting the supplier's minimum 
expectations as much as possible. 

6. Conclusion and Shortcomings 

Ordering bargaining is not a simple process, but a complex game. Presenting great uncertainty and 
complexity, purchasers are involved in the negotiation, and based on human irrational factors, 
managers' psychological characteristics and emotions can have an impact on the game process of 
pricing. 

Due to the lack of scale data of these managers' psychological preferences in real life, scholars rarely 
introduce risk preferences into the M&A game; a few scholars have introduced risk preferences 
theoretically, but they are not explored in detail to provide a clear guidance for this paper. On the 
other hand, foreign scholars do not consider bargaining as a factor when exploring risk preferences. 
Since bargaining has a strong influence on the ordering price in ordering negotiations. Therefore, this 
paper analyzes that the ordering price depends on the behavioral attitudes of both supply chain 
members in the second stage, the bargaining power and the influence of other aspects. Through a 
multi-subject simulation model, we can dynamically see how the supply chain utility changes with 
the attitude of risk attitude toward the market and the bargaining power. The main innovations of this 
paper are. 

(1) Using simulation technology, the risk attitude and bargaining power of managers are added to the 
game theory from the micro-individual. (At present, most domestic and foreign scholars do not 
consider the influence of risk attitude when studying negotiated pricing. Fewer use simulation 
technology to simulate the impact of risk attitude on supply chain utility.). 
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(2) Based on prospect theory, the average utility level corresponding to different risk concave values 
and bargaining power of both supply chain members can be derived through simulation.  

In addition, due to the complexity of behavior, rational pricing is also related to many factors such as 
corporate culture, type of M&A, and firm growth. There are many shortcomings in this paper: first, 
it is not detailed enough in characterizing the subject's characteristics and does not consider the 
specific behavioral attributes of the subject, such as the size and culture of the supply chain members. 
Second, there is no empirical test analysis in this paper because the quantification of manufacturers' 
risk appetite and optimism towards the market is too subjective and difficult to measure with data in 
reality. Further, other factors such as negotiation time, number of supply chain members' subjects, 
and economic cycle can be analyzed in detail in this paper. 
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