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FAbstract—Revenue sharing contract is widely used in the 

field of film studios and video rental industry. This paper 
presents a revenue sharing contract between one 
manufacturer and one retailer in a two stage supply chain 
based on prospect theory. The models of centralized decision 
making system and revenue sharing contract are built by the 
method of prospect theory, and their optimal policies are also 
proposed. Finally, an example is given to illustrate and 
validate the models and conclusions. It shows that the retailer 
and the manufacturer can be coordinated by the revenue 
sharing contract in prospect theory, in which they obtain the 
same total expected utilities as the centralized decision-making 
system. The change of the level of optimism of the decision 
marker has no impact on the optimal wholesale price in the 
revenue sharing contract. However, the optimal order quantity 
and expected utility of the retailer and the manufacturer all 
decrease as the level of optimism of the decision marker 
increases. 

 
Index Terms—supply chain, prospect theory, revenue 

sharing contract, expected utility 

I. 0BINTRODUCTION 

N the demand uncertain setting, revenue sharing contract 
is often adopted by the manufacturer to encourage the 

retailer to order more products. This coordination 
mechanism has attracted a lot of attention from both 
scholars and practitioners, and has achieved much success 
in film studios and video rental industry. 

Revenue sharing contract as an important kind of popular 
contract is an instrument for supply chain coordination. 
Cachon and Lariviere [1] studied the strengths and 
limitations of the revenue sharing contract. Giannoccaro 
and Pontrandolfo [2] showed that revenue sharing contract 
could coordinate members in a three-echelon supply chain. 
Chen and Cheng [3] developed a price dependent and price 
independent revenue sharing contracts models in a 
vendor-buyer channel. Sarathi et al. [4] used a mixed 
revenue sharing and quantity discounts contract to 
coordinate a two-echelon supply chain. Wu et al. [5] 
proposed a revenue sharing contract between a principal 
and an agent by establishing an uncertain agency model. 
Recently, Seifbarghy et al. [6] studied a revenue sharing 
contract in a two level supply chain in which the market 
demand was a function of the product’s price and quality 

 
   Manuscript received February 12, 2017; revised October 10, 2017. This 
work was supported by the Humanity and Social Science Youth 
Foundation of the Ministry of Education of China (NO.17YJC630116) 

Shengju Sang is with the School of Business, Heze University, Heze, 
274015, China (phone: +86 15853063720; e-mail: sangshengju@163. 
com ). 

degree. Avinadav et al. [7] took the risk attitude of the 
supply chain members into consideration to analyze a 
revenue sharing contract where the demand depended on 
both price and quality investment. Saha and Sarmah [8] 
designed a revenue sharing contract to coordinate a 
distribution channel in which the demand is ramp-type price 
and effort sensitive of the product. Feng et al. [9] combined 
revenue sharing and buyback contracts to investigate supply 
chain coordination of budget constrained members when a 
financial market was unavailable. Liu et al. [10] investigate 
a revenue sharing contract with consumers’ reference 
quality effects. Becker-Peth and Thonemann [11] studied 
behavioral aspects of revenue sharing contracts and 
analyzed the effect of the reference dependent valuation on 
inventory decisions. Hu and Feng [12] developed a supply 
chain model with service requirement in a revenue sharing 
contract in which both supply and demand were uncertainty.  

In addition, some studies have been done on analyzing 
competition problems of the supply chain actors in the 
revenue sharing contract. Chakraborty et al. [13] studied the 
revenue sharing mechanisms with two competing 
manufacturers and one retailer under a linear stochastic 
demand. Zhang et al. [14] proposed a revenue sharing and 
cooperative investment contract for deteriorating items to 
coordinate a supply chain. Arani et al. [15] proposed a novel 
mixed revenue sharing option contract for coordinating a 
retailer-manufacturer supply chain. Hu et al. [16] discussed 
a revenue sharing contract with one retailer and two 
manufacturers to investigate the impact of product 
substitution on the decisions of the retailer. Recently, 
socially responsible of the supply chain actors was taken 
into account in the revenue sharing contract. Panda [17] and 
Hsuel [18] developed a revenue sharing contract embedding 
corporate social responsibility to coordinate the supply 
chain.  

Some literature also focused on the revenue sharing 
contract in a multi-echelon supply chain. For example, Rhee 
et al. [19-20] proposed a spanning revenue sharing contract 
to coordinate a multi-echelon supply chain with random 
demand. Feng et al. [21] studied a revenue sharing contract 
with more than one actor at some echelons in a 
multi-echelon supply chain. Huang and Huang [22] studied 
the supply chain coordination problem with three types of 
channel structures in a three-echelon supply chain. Moon et 
al. [23] discussed a revenue sharing contract with budget 
constraints in multi-echelon supply chains. Pang et al. [24] 
considered a revenue sharing contract in a three-echelon 
supply chain in which the demand was in the additive form 
with effort dependent demand. Hu et al. [25] proposed 
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revenue sharing contracts with a loss-averse retailer in two 
different three-echelon supply chain structures. Sang [26-27] 
studied the supply chain contracts in a three-echelon supply 
chain where the market demands were considered as 
trapezoidal fuzzy numbers. Sang [28] further studied a 
revenue sharing contract in a multi-echelon supply chain 
with fuzzy demand and asymmetric information. 

All studies mentioned above mainly assumed that the 
supply chain actors were all risk neutral and maximized 
their expected profits. However, in real life, the profits that 
the supply chain actors pursued are usually affected by their 
preference. The prospect theory is the basic theory for 
decision makers to predict preferences when they face 
uncertainty. Nagarajan and Shechter [29], Long and Nasiry 
[30] applied the prospect theory to study the newsvendor 
problem. Nagarajan and Shechter [29] showed that prospect 
theory did not explain the observations in the behavioral 
operations literature regarding the newsvendor problem, 
and posed a question of why prospect theory was not 
applied to a fundamental operations management problem. 
To answer this problem, Long and Nasiry [30] proposed an 
alternative based on newsvendor’s salient payoffs and 
showed that prospect theory could explain the 
newsvendor’s behavior problem. Zhao and Geng [31] also 
showed that the general prospect theory model might be 
powerful in predicting the preferences of decision makers in 
inventory management.  

Then, a natural question is whether the prospect theory 
can be applied to the supply chain coordination problem. To 
our knowledge, no one has studied the supply chain 
coordination mechanism problem based on prospect theory. 
Therefore, in this paper, we adopt prospect theory to 
measure the preferences of the supply chain actors, and 
analyze the revenue sharing contract in the framework of 
prospect theory.  

This study aims at developing the coordination 
mechanism of the manufacturer and the retailer and 
pursuing their optimal strategies under an expected utility 
theory framework. The contributions of this article are as 
follows. Firstly, we study the revenue sharing contract in 
the framework of prospect theory, in which the profits of 
the supply chain actors are affected by their preference. 
Secondly, we discuss the impacts of the level of optimism 
of the decision marker and contract parameter on the 
optimal policies in the revenue sharing contract. Thirdly, we 
show that the prospect theory can be applied to the supply 
chain coordination problem. These can improve decision 
making of the experts in supply chain management. 

The rest of the paper is arranged as follows. Section II 
presents the notations and the assumptions of the problem 
under consideration. The centralized decision making 
system and the revenue sharing contract in prospect theory 
are provided in Section III. A numerical example is given 
and the optimal solutions are analyzed in Section IV. Finally, 
Section V draws the conclusion and indicates the way to 
future research.  

II. 1BNOTATIONS AND ASSUMPTIONS 

This paper considers a conventional two-echelon supply 
chain consisting of one manufacturer and one retailer. The 
retailer orders the products from the manufacturer and sells 

them to the customers. The products are sold only in one 
period. As the lead times of such goods are much longer 
than their selling season, the retailer has no chance to place 
a second order.  

The following notations are used for a product in the 
models: 

p : the retail price per unit of the product;  
w: the wholesale price per unit;  

mc : the per unit product cost incurred to the 
manufacturer;  

rc : the per unit cost incurred to the retailer;  
Q: the order quantity of the retailer;  
x: the market demand;  
Φ: the fraction revenue of the retailer in the revenue 

sharing contract and 0 1< Φ < . 
Below is a list of relevant assumptions: 

1)  The market demand x is assumed to be a uniformly 
distributed on [ ],x x . 

2)  In order to avoid trivial cases, we assume m rp c c> + . 
This ensures that the manufacturer and the retailer make 
positive expected utility. 

III. 2BMODELS AND SOLUTION APPROACHES 

A. Centralized decision making in prospect theory 

Consider a supply chain occupied by an integrated-actor, 
which can also be regarded as the manufacturer and the 
retailer making cooperation.  

The profit of the supply chain system for order quantity Q 
and market demand x is 

( ) { } ( ), min ,SC m rQ x p Q x c c QΠ = − +           

( )
( )

, ,

, .
m r

m r

px c c Q x Q

p c c Q x Q

− + <⎧⎪= ⎨
− − ≥⎪⎩

         (1) 

The optimal order quantity that maximizes the expected 
profit is given by 

0 1 m rp c c
Q F

p
− − −⎛ ⎞

= ⎜ ⎟
⎝ ⎠

            (2) 

Prospect theory model is widely used to predict 
preferences when decision makers face uncertainty. 
Similar to Long and Nasiry [30], a piecewise-linear value 
function for the reference-dependent supply chain problem 
is assumed as 

( )
, 0,

, 0.
y y

V y
y y

η
λη

≥⎧
= ⎨ <⎩

               (3) 

whereη stands for the strength of the reference effects 
and λ is the coefficient of loss aversion. A higher value of 
η  implies more sensitivity to deviations from the 
reference point; A higher value of λ  indicates more 
sensitivity to losses in comparison to gains. 
  Thus, the utility of the supply chain system is 

( ) ( ) ( ), ,SC SCU Q x Q x V y= Π +           (4) 
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We assume the reference profit of the supply chain 
system ( )SCR Q for an order Q is a convex combination the 

maximum possible profit ( )m rp c c Q− − and the 

minimum possible profit ( )m rpx c c Q− + . That is, we 
assume 

( ) ( ) ( )( )1SC m r m rR Q p c c Q px c Q c Qα α= − − + − − −   (5) 

where the parameter [ ]0,1α ∈ can be interpreted as the 
level of optimism of the decision maker. The higher value 
of α is the higher expectations of the supply chain system 
for the final outcome holds.  

Let ( ) ( )d
Q

x
F Q f x x= ∫ and ( ) ( )1F Q F Q= − . 

The expected utility of the supply chain system is 

( )SCE U Q⎡ ⎤⎣ ⎦ ( ) ( )d
Q

m rx
px c Q c Q f x x= − −∫   

( ) ( )d
x

m rQ
p c c Qf x x+ − −∫  

( )
( )

( )d
SC m rR c c Q

p
SC m rx

R px c Q c Q f x xλη
+ +

− − + +∫  

( )( ) ( )dSC m r

Q
R c c Q m r SC

p

px c Q c Q R f x xη + ++ − − −∫  

( ) ( )d
x

m r SCQ
p c c Q R f x xη+ − − −⎡ ⎤⎣ ⎦∫  

( ) ( )d
Q

m rx
px c Q c Q f x x= − −∫  

( ) ( )m rp c c Q F Q+ − −  

( )
( )

( )d
SC m rR c c Q

p
SC m rx

R px c Q c Q f x xλη
+ +

− − + +∫  

( )( ) ( )dSC m r

Q
R c c Q m r SC

p

px c Q c Q R f x xη + ++ − − −∫  

( ) ( )m r SCpQ c Q c Q R F Qη+ − − −             (6) 

Theorem 1. The optimal order quantity *Q in centralized 
supply chain is 

( )
( )

* 1
2

1
1

m rp c c p
Q F

p p p
η α

η λ α η
− ⎛ ⎞− − + −

= ⎜ ⎟⎜ ⎟+ − +⎝ ⎠
 

Proof: The first and second derivatives of ( )SCE U Q⎡ ⎤⎣ ⎦ in (6) 
with respect to Q can be obtained as  

( )d
d

SCE U Q
Q

⎡ ⎤⎣ ⎦ ( ) ( )m rp c c pF Q= − − −  

( )' SC m r
SC m r

R c Q c Q
R c c F

p
λη

+ +⎛ ⎞
− + + ⎜ ⎟

⎝ ⎠
 

( )' SC m r
SC m r

R c Q c Q
R c c F

p
η

+ +⎛ ⎞
− + + ⎜ ⎟

⎝ ⎠
( )pF Qη+  

( )2

2

d
d

SCE U Q
Q

⎡ ⎤⎣ ⎦ ( ) ( ) ( )1pf Q pf Qη λ η= − − − + ( )'
SC m rR c c+ +  

'
SC m r SC m rR c Q c Q R c c

f
p p

⎛ ⎞+ + + +⎛ ⎞
× ⎜ ⎟⎜ ⎟

⎝ ⎠⎝ ⎠
 

'' SC m r
SC

R c Q c Q
R F

p
λη

+ +⎛ ⎞
− ⎜ ⎟

⎝ ⎠
 

'' SC m r
SC

R c Q c Q
R F

p
η

+ +⎛ ⎞
− ⎜ ⎟

⎝ ⎠
 

Note that '
SC m rR c c pα+ + = and '' 0SCR = . Therefore, 

( )2

2

d
0

d
SCE U Q

Q
⎡ ⎤⎣ ⎦ <  and ( )SCE U Q⎡ ⎤⎣ ⎦ is concave in Q .  

Let
( )d

0
d

SCE U Q
Q

⎡ ⎤⎣ ⎦ = , and 

SC m rR c Q c Q Q xF
p x x

α
+ +⎛ ⎞ −

=⎜ ⎟ −⎝ ⎠
( )F Qα= . 

We have 

( ) ( ) ( )2
m rp c c pF Q pF Qληα− − − −  

( ) ( )1 1 0p F Q p F Qηα α η− − + − =⎡ ⎤ ⎡ ⎤⎣ ⎦ ⎣ ⎦          (7) 

Solving (7), we can get the optimal order quantity *Q as 
follows 

( )
( )

* 1
2

1
1

m rp c c p
Q F

p p p
η α

η λ α η
− ⎛ ⎞− − + −

= ⎜ ⎟⎜ ⎟+ − +⎝ ⎠
       (8) 

The proof of Theorem 1 is completed. 

Theorem 2. The supply chain system overorders if 
( )
( )

2

2

1
1 1

m rc c
p

λ α α
λ α

− ++
>

− +
and underorders otherwise.  

Proof: ( ) ( ) ( )
( )

* 0
2

1
0

1
m r m rp c c p c c

F Q F Q
pp p p

η α
η λ α η

− − + − +
− = − >

+ − +
if 

and only if ( )
( )

2

2

1
1 1

m rc c
p

λ α α
λ α

− ++
>

− +
. 

The proof of Theorem 2 is completed. 
From (6) and (8), we can obtain the optimal expected 

utility of the supply chain system, which is given by 

[ ]*
SCE U ( ) ( )

*
* * d

Q

m rx
px c Q c Q f x x= − −∫  

( ) ( )* *
m rp c c Q F Q+ − −  

( )
( )

( )
*

* * d
SC m rR c c Q

p
SC m rx

R px c Q c Q f x xλη
+ +

− − + +∫  

( )( ) ( )
*

*
* * dSC m r

Q
R c c Q m r SC

p

px c Q c Q R f x xη + ++ − − −∫  

( ) ( )* * * *
m r SCpQ c Q c Q R F Qη+ − − −        (9) 

B . Revenue sharing contract in prospect theory 

In the revenue sharing contract, the retailer shares with 
the manufacturer a percentage of his revenue. Let Φ be the 
fraction the manufacturer earns, and then (1 )− Φ is the 
fraction the retailer keeps.  

Thus, we can express the profits of the retailer and the 
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manufacturer as follows 

( ) ( ) ( ), 1 min ,R rQ x p Q x wQ c QΠ = − Φ − −  

( ) ( )
( ) ( )
1 , ,

1 , .
r

r

px w c Q x Q

pQ w c Q x Q

− Φ − + <⎧⎪= ⎨
− Φ − + ≥⎪⎩

     (10) 

( ) ( ), min ,M mQ x p Q x wQ c QΠ = Φ + −  

( )
( )

, ,

, .
m

m

px w c Q x Q

pQ w c Q x Q

Φ + − <⎧⎪= ⎨
Φ + − ≥⎪⎩

        (11) 

The utility of the retailer is 

( ) ( ) ( ), ,R RU Q x Q x V y= Π +          (12) 

The reference profit of the retailer is 

( ) ( ) ( )1R rR Q px w c Qα= − Φ − +⎡ ⎤⎣ ⎦    

          ( ) ( ) ( )1 1 rpQ w c Qα+ − − Φ − +⎡ ⎤⎣ ⎦    (13) 

Thus, the expected utility of the retailer is 

( )RE U Q⎡ ⎤⎣ ⎦ ( ) ( ) ( )1 d
Q

rx
px w c Q f x x= − Φ − +⎡ ⎤⎣ ⎦∫  

( ) ( ) ( )1 d
x

rQ
pQ w c Q f x x+ − Φ − +⎡ ⎤⎣ ⎦∫  

( )
( )

( )1 1
R rR w c Q

p
Rx

R pxλη
+ +

− Φ− − − Φ⎡⎣∫  

( ) ( )drw c Q f x x+ + ⎤⎦  

( ) ( )( )
( )1

1R r

Q
R w c Q r

p

px w c Qη + +

−Φ

+ − Φ − +⎡⎣∫ ] ( )dRR f x x−  

( ) ( )1
x

r RQ
pQ w c Q Rη+ − Φ − + −⎡ ⎤⎣ ⎦∫ ( )df x x  

( ) ( ) ( )1 d
Q

rx
px w c Q f x x= − Φ − +⎡ ⎤⎣ ⎦∫  

( ) ( ) ( )1 rp w c QF Q+ − Φ − +⎡ ⎤⎣ ⎦  

( )
( )

( )1 1
R rR w c Q

p
Rx

R pxλη
+ +

−Φ− − − Φ⎡⎣∫  

( ) ( )drw c Q f x x+ + ⎤⎦  

( ) ( )( )
( )1

1R r

Q
R w c Q r

p

px w c Qη + +

−Φ

+ − Φ − +⎡⎣∫ ] ( )dRR f x x−  

( ) ( ) ( )1 r RpQ w c Q R F Qη+ − Φ − + −⎡ ⎤⎣ ⎦            (14) 

Theorem 3. For any 0, m

m r

c
c c

⎛ ⎞
Φ∈⎜ ⎟+⎝ ⎠

, the optimal wholesale 

price *w in the revenue sharing contract satisfies 

( ) ( )* 1 m rw c cΦ = − Φ − Φ  

Proof: The first and second derivatives of ( )RE U Q⎡ ⎤⎣ ⎦ in (14) 
can be obtained as 

( )d
d

RE U Q
Q

⎡ ⎤⎣ ⎦ ( ) ( ) ( )1 1rp w c pF Q= − Φ − − − − Φ  

( )' R r
R r

R wQ c Q
R w c F

p
λη

⎛ ⎞+ +
− + + ⎜ ⎟

⎝ ⎠
 

( )' R r
R r

R wQ c Q
R w c F

p
η

⎛ ⎞+ +
− + + ⎜ ⎟

⎝ ⎠
( ) ( )1 pF Qη+ − Φ  

( )2

2

d
d

RE U Q
Q

⎡ ⎤⎣ ⎦ ( ) ( ) ( ) ( )1 1pf Q pf Qη= − − Φ − − Φ  

( ) ( )'1 R rR w cλ η− + + +
'

R r R rR wQ c Q R w c
f

p p
⎛ ⎞⎛ ⎞+ + + +
⎜ ⎟⎜ ⎟

⎝ ⎠⎝ ⎠
 

'' R r
R

R wQ c Q
R F

p
λη

⎛ ⎞+ +
− ⎜ ⎟

⎝ ⎠
'' R r
R

R wQ c Q
R F

p
η

⎛ ⎞+ +
− ⎜ ⎟

⎝ ⎠
 

Note that ( )' 1R rR w c pα+ + = − Φ and '' 0RR = . Therefore, 

( )2

2

d
0

d
RE U Q

Q
⎡ ⎤⎣ ⎦ < and ( )RE U Q⎡ ⎤⎣ ⎦  is concave in Q .  

Let
( )d

0
d

RE U Q
Q

⎡ ⎤⎣ ⎦ = and 

( ) ( )1R rR wQ c Q
F F Q x F Q

p
α α α

⎛ ⎞+ +
= + − =⎡ ⎤⎜ ⎟ ⎣ ⎦

⎝ ⎠
, we can get 

the optimal order quantity **Q in the revenue sharing contract 
as follows 

( ) ( )( )
( ) ( )

** 1
2

1 1 1
1 1

rp w c p
Q F

p p p
η α

η λ α η
−

⎛ ⎞− Φ − − + − − Φ
⎜ ⎟=
⎜ ⎟⎡ ⎤− Φ + − +⎣ ⎦⎝ ⎠

  (15) 

In order to fully coordinate of the whole channel, we 
require ** *Q Q= in the revenue sharing contract. From (8) 
and (15), we can obtain  

( ) ( )* 1 m rw c cΦ = − Φ − Φ             (16) 

Since 0w > , thus we get 0, m

m r

c
c c

⎛ ⎞
Φ∈⎜ ⎟+⎝ ⎠

.  

The proof of Theorem 3 is completed. 

Theorem 4. For any 0, m

m r

c
c c

⎛ ⎞
Φ∈⎜ ⎟+⎝ ⎠

, the retailer and the 

manufacturer attain their optimal expected utility at w* in 
the revenue contract, where 

[ ] ( ) [ ]* *1R SCE U E U= − Φ , 

[ ] [ ]* *
M SCE U E U= Φ  

Proof: Substituting ( ) ( )* 1 m rw c cΦ = − Φ − Φ and ** *Q Q=  
into (14), the optimal expected utility of the retailer is given 
as 

[ ]*
RE U ( ) ( ) ( )

*
* *1 d

Q

m rx
px c Q c Q f x x= − Φ − −∫  

( ) ( ) ( )* *1 m rp c c Q F Q+ − Φ − −  

( ) ( ) ( )
( ) *

* *1 d
SC m rR c c Q

p
SC m rx

R px c Q c Q f x xλη
+ +

− −Φ − + +∫  

( ) ( )( ) ( )
*

*
* *1 dSC m r

Q
R c c Q m r SC

p

px c Q c Q R f x xη + ++ − Φ − − −∫  
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( ) ( ) ( )* * * *1 m r SCpQ c Q c Q R F Qη+ − Φ − − −  

( ) [ ]*1 SCE U= − Φ  

Similarly, the optimal expected utility of the 
manufacturer is given as 

[ ]*
ME U ( ) ( )

*
* * d

Q

m rx
px c Q c Q f x x= Φ − −∫  

( ) ( )* *
m rp c c Q F Q+Φ − −  

( ) ( )
( ) *

* * d
SC m rR c c Q

p
SC m rx

R px c Q c Q f x xλη
+ +

−Φ − + +∫  

( ) ( )( )

*

*
* * dSC m r

Q
R c c Q m r SC

p

px c Q c Q R f x xη + ++Φ − − −∫  

( ) ( )* * * *
m r SCpQ c Q c Q R F Qη+Φ − − −  

[ ]*
SCE U= Φ  

The proof of Theorem 4 is completed. 
The value of contract parameter Φ depends on the 

bargaining power between the retailer and the manufacturer. 
The total optimal expected utility of supply chain system in 
the centralized decision marking system can be allocated 
with specified ratios between the retailer and the 
manufacturer in the revenue sharing contract. 

IV. 3BNUMERICAL EXAMPLE 

In this section, we tend to further elucidate the proposed 
models with a numerical example. We will analyze that the 
effective of the parameter α and Φ on the other parameters. 
Let 40$p = , 15$mc = , 5$rc = , 1λ = , 1η = and

[ ]~ 100, 200x U . 

The optimal order quantity Q*, wholesale price *w and 
expected utility of the retailer and the manufacturer in the 
revenue sharing contract can be listed in Table I. 

TABLE I 
OPTIMAL SOLUTIONS FOR DIFFERENT α and Φ  

Φ  α *Q  *w  [ ]*
RE U  [ ]*

ME U

0.40 0.40 155.00 7.00 1926.00 1284.00

 0.45 152.50 7.00 1861.50 1241.00

 0.50 150.00 7.00 1800.00 1200.00

 0.55 147.50 7.00 1741.50 1161.00

 0.60 145.00 7.00 1686.00 1124.00

0.50 0.40 155.00 5.00 1605.00 1605.00

 0.45 152.50 5.00 1551.30 1551.30

 0.50 150.00 5.00 1550.00 1500.00

 0.55 147.50 5.00 1451.30 1451.30

 0.60 145.00 5.00 1405.00 1405.00

0.60 0.40 155.00 3.00 1284.00 1926.00

 0.45 152.50 3.00 1241.00 1861.50

 0.50 150.00 3.00 1200.00 1800.00

 0.55 147.50 3.00 1161.00 1741.50

 0.60 145.00 3.00 1124.00 1686.00

From Table I, we can obtain the results as follows 
1)  The optimal order quantity *Q decreases as the level of 

optimism of the decision marker increases. In this 
numerical example, if 0.50α = , the optimal order 
quantity *Q equals to the mean demand, and overorders 
if 0.50α < , and underorders if 0.50α > . It shows that 
when the decision maker’s level of optimism is higher, 
he only orders the lower quantity. That is to say, he is 
unwilling to undertake more risk in prospect theory. 

2)  The different level of optimism of the decision marker 
does not affect the wholesale price w*. This is because 
the decision marker does not affect the wholesale price, 
and the wholesale price is impacted only by the 
operational costs mc and rc , and the parameter Φ . The 
optimal wholesale price w*will decreases as the 
parameter Φ increases. 

3)  The optimal expected utility of the retailer and the 
manufacturer will both decrease along with the raise of 
the level of optimism of the decision marker. The 
optimal expected utility of the retailer is decreasing 
with the increasing of the parameter Φ , while the 
optimal expected utility of the manufacturer increases 
as the parameter Φ  increases. Moreover, the expected 
utility of the retailer is equal to that of the manufacturer 
when 0.5Φ = . 

V. 4BCONCLUSION 

This paper formulates supply chain coordination problem 
based on prospect theory, where the manufacturer and the 
retailer adopt the revenue sharing contract. We show that the 
retailer and the manufacturer can be coordinated by the 
revenue sharing contract in prospect theory.  

Based on the discussions above, three findings can be 
obtained. Firstly, as the level of optimism of the decision 
marker increases, the optimal order quantity of the retailer 
decreases. Secondly, the different level of optimism of the 
decision marker does not affect the wholesale price in the 
revenue sharing contract. Thirdly, with the increasing of the 
level of optimism of the decision marker, the optimal 
expected utility of the retailer and the manufacturer will 
both decrease.  

However, there are some possible extensions to improve 
our models. For example, further work is desirable to test 
whether our conclusions extend to other forms of demand 
function. We can also consider the supply chain with 
multiple competitive retailers and multiple competitive 
manufacturers or in a multiple stage supply chain based on 
prospect theory in the future. 

REFERENCES 
[1] G. P. Cachon and M.A. Lariviere, “Supply chain coordination with 

revenue-sharing contracts: strengths and limitations”, Management 
Science, vol. 51, no. 1, pp. 30–44, 2005. 

[2] I. Giannoccaro and P. Pontrandolfo, “Supply chain coordination by 
revenue sharing contracts”, International Journal of Production 
Economics, vol. 89, no. 2, pp. 131–139, 2004. 

[3] J. M. Chen and H. L. Cheng, “Effect of the price-dependent 
revenue-sharing mechanism in a decentralized supply chain”, 
Central European Journal of Operations Research, vol. 20, no. 2, pp. 
299–317, 2012. 

[4] G.P. Sarathi, S.P. Sarmah and M. Jenamani, “An integrated revenue 
sharing and quantity discounts contract for coordinating a supply 
chain dealing with short life-cycle products”, Applied Mathematical 
Modelling, vol. 38, no. 15–16, pp. 4120–4136, 2014. 

[5] X. Wu, Y. Lan and H.Liu, “Optimal revenue-sharing contract based 
on forecasting effort for uncertain agency problem”, International 

IAENG International Journal of Applied Mathematics, 47:4, IJAM_47_4_18

(Advance online publication: 17 November 2017)

 
______________________________________________________________________________________ 



Journal of Machine Learning and Cybernetics, vol.5, no 6, pp. 
971–979, 2014.  

[6] M. Seifbarghy, K. Nouhi and A. Mahmoudi, “Contract design in a 
supply chain considering price and quality dependent demand with 
customer segmentation”, International Journal of Production 
Economics, vol.165, pp. 108–118, 2015. 

[7] T. Avinadav, T. Chernonog and Y. Perlman, “The effect of risk 
sensitivity on a supply chain of mobile applications under a 
consignment contract with revenue sharing and quality investment”, 
International Journal of Production Economics, vol.168, pp. 31–40, 
2015.  

[8] S. Saha and S.P. Sarmah, “Supply chain coordination under 
ramp-type price and effort induced demand considering revenue 
sharing contract”, Asia Pacific Journal of Operational Research, 
vol.32, no 2, pp. 1–24, 2015.  

[9] X. Feng, I. Moon and K. Ryu, “Supply chain coordination under 
budget constraints”, Computers & Industrial Engineering, vol.88, pp. 
487–500, 2015. 

[10] G. Liu, S.P. Sethi and J. Zhang, “Myopic vs. far-sighted behaviors in 
a revenue-sharing supply chain with reference quality effects”, 
International Journal of Production Research, vol.54, no 5, pp. 
1334–1357, 2016. 

[11] M. Becker-Peth and U.M. Thonemann, “Reference points in revenue 
sharing contracts—How to design optimal supply chain contracts”, 
European Journal of Operational Research, vol.249, no 3, pp. 
1033–1049, 2016. 

[12] B. Hu and Y. Feng, “Optimization and coordination of supply chain 
with revenue sharing contracts and service requirement under supply 
and demand uncertainty”, International Journal of Production 
Economics, vol.183, pp. 185–193, 2017.  

[13] T. Chakraborty, S.S Chauhan and N. Vidyarthi, “Coordination and 
competition in a common retailer channel: Wholesale price versus 
revenue-sharing mechanisms”, International Journal of Production 
Economics, vol.166, pp. 103–118, 2015. 

[14] J. Zhang, G. Liu, Q. Zhang and Z. Bai, “Coordinating a supply chain 
for deteriorating items with a revenue sharing and cooperative 
investment contract”, Omega. vol. 56, no. 3, pp. 37–49, 2015. 

[15] H.V. Arani, M. Rabbani and H. Rafiei, “A revenue-sharing option 
contract toward coordination of supply chains”, International 
Journal of Production Economics, vol.178, pp. 42–56, 2016. 

[16] B. Hu, D. Xu and C. Meng, “Inconsistency of a retailer's optimal 
policies and channel performance under revenue sharing contracts”, 
International Journal of Production Economics, vol.183, pp. 53–65, 
2017.  

[17] S. Panda, “Coordination of a socially responsible supply chain using 
revenue sharing contract”, Transportation Research Part E: Logistics 
and Transportation Review, vol. 67, no. 2, pp. 92–104, 2014. 

[18] C. F. Hsueh, “Improving corporate social responsibility in a supply 
chain through a new revenue sharing contract”, International Journal 
of Production Economics, vol.151, no.3, pp. 214–222, 2014. 

[19] B. Van Der Rhee, J.A.A. Van Der Veen, V. Venugopal and V.R. Nalla, 
“A new revenue sharing mechanism for coordinating multi-echelon 
supply chains”, Operations Research Letters, vol. 38, no. 4, pp. 
296–301, 2010. 

[20] B. Van Der Rhee, G. Schmidt, J.A.A. Van Der Veen and V. Venugopal, 
“Revenue-sharing contracts across an extended supply chain”, 
Business Horizons, vol. 57, no. 4, pp. 473–482, 2014. 

[21] X. Feng, I. Moon and K. Ryu, “Revenue-sharing contracts in an 
N-stage supply chain with reliability considerations”, International 
Journal of Production Economics, vol. 147, no. 1, pp. 20–29, 2014. 

[22] Y. Huang and G.Q. Huang, “Price competition and coordination in a 
multi-echelon supply chain” Engineering Letters, vol.18, no 4, pp. 
399–405, 2010.  

[23] I. Moon, X.H. Feng and K.Y. Ryu, “Channel coordination for 
multi-stage supply chains with revenue-sharing contracts under 
budget constraints”, International Journal of Production Research,   
vol.53, no 16, pp. 4819–4836, 2015.  

[24] Q. Pang, Y. Hou and Y. Lv, “Coordinating Three-Level Supply Chain 
under Disruptions Using Revenue-Sharing Contract with Effort 
Dependent Demand” Mathematical Problems in Engineering, 
vol.2016, no7, pp. 1–10, 2016.  

[25] B. Hu, C. Meng, D. Xu and Y.J. Son, “Three-echelon supply chain 
coordination with a loss-averse retailer and revenue sharing 
contracts”, International Journal of Production Economics, vol.179, 
pp. 192–202, 2016.  

[26] S. Sang, “Coordinating a three stage supply chain with fuzzy 
demand”, Engineering Letters, vol.22, no 3, pp. 109–117, 2014. 

[27] S. Sang, “Buyback contract with fuzzy demand and risk preference in 
a three level supply chain”, IAENG International Journal of Applied 
Mathematics, vol.46, no 4, pp. 518–526, 2016.  

[28] S. Sang, “Revenue sharing contract in a multi-echelon supply chain 
with fuzzy demand and asymmetric information”, International 
Journal of Computational Intelligence Systems, vol. 9, no. 6, pp. 
1028–1040, 2016. 

[29] M. Nagarajan and S. Shechter, “Prospect theory and the newsvendor 
problem”, Management Science, vol. 60, no. 4, pp. 1057–1062, 2014. 

[30] X. Long and J. Nasiry, “Prospect theory explains newsvendor 
behavior: The role of reference points”, Management Science, vol. 61, 
no. 12, pp. 3009–3012, 2015. 

[31] X.B. Zhao and W. Geng, “A note on prospect theory and the 
newsvendor problem”, Journal of the Operations Research Society of 
China, vol.3, no 1, pp. 89–94, 2015.  

 
Shengju Sang is an associate professor at 
Department of Economics and 
Management, Heze University, Heze, 
China. He received his Ph.D. degree in 
2011 at the School of Management and 
Economics, Beijing Institute of 
Technology, China. His research interest 
includes supply chain management, fuzzy 
decisions and its applications. He is an 
author of several publications in these 
fields such as Fuzzy Optimization and 
Decision Making, Journal of Intelligent & 

Fuzzy Systems, International Journal of Computational Intelligence 
Systems, Springer Plus, Mathematical Problems in Engineering and other 
journals. 
 

IAENG International Journal of Applied Mathematics, 47:4, IJAM_47_4_18

(Advance online publication: 17 November 2017)

 
______________________________________________________________________________________ 




