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Abstract: Knowledge pricing is a game process between buyers and sellers. Firstly, through the analysis of multi-stage 
knowledge pricing, this paper reaches a conclusion that the knowledge pricing game for the first stage is an incomplete 
and perfect dynamic game and is a complete and perfect information dynamic game for the following stages. Secondly, 
this paper tries to build a knowledge-priced multi-stage game model for knowledge pricing, analyzing and studying a va-
riety of situations. By using backward induction to solve the objective function, the paper obtains some pricing criteria for 
sellers when the knowledge quality is different and the rules for whether the buyers choose to buy this knowledge when 
the knowledge pricing is different. 
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1. INTRODUCTION 

Recently, knowledge has surpassed the land, labor and 
capital, becoming the key resource and a new economic 
growth point. More and more enterprises recognized that it is 
important to ensure sustainable development and enhance 
enterprises’ core competitiveness by using knowledge rea-
sonably and keeping continual innovation. 

Many domestic and foreign scholars have conducted re-
searches on the knowledge pricing, which mainly started 
from cost, value and game theory [1]. Among foreign schol-
ars, Reich measured the value of knowledge on the basis of 
two types of knowledge’s definitions in 1994 [2]. In 2004, 
by means of products and work processes, Ahn assessed the 
contribution of knowledge to the business performance and 
measured the value of knowledge [3]. Among domestic 
scholars, Wang studied knowledge pricing from social labor 
and cost [4, 5], concluding the formula of knowledge pric-
ing. Gao used present earning value method to measure the 
value of knowledge [6]. Chen introduced the concept of 
knowledge distance. By influencing the trust relationship 
between buyers and sellers and knowledge distance, he used 
game theory to study knowledge pricing respectively from 
the perspective of buyer and seller [7]. Liu constructed and 
analyzed the game model of intellectual property transaction, 
then pointed out that there are five possible game results 
between buyers and sellers in the non-repeated game of intel-
lectual property transactions [8]. 
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After the study of von Neumann and Morgenstern [9] and 
Nash [10, 11], game theory rapidly became matured. Game 
theory plays an important role in decision support systems 
and decision sciences and involves in extensive subjects like 
psychology, quantum computing, voting, trade, AI, pricing 
and so on [12-17]. In real life, when buyers and sellers are 
trading knowledge, the transaction prices are the result of 
game. Essentially, the transaction of knowledge is a game 
under the premise of buyers and sellers which maximizes 
their own interests. In order to reduce the risk, sometimes 
buyers don’t tend to buy the knowledge out at the first time. 
Purchasing it through several stages is safer. Hence, it is 
necessary to apply multi-stage game theory to knowledge 
pricing. 

2. MODELING MULTI-STAGE GAME OF 
KNOWLEDGE PRICING 

In the whole process of knowledge pricing, the trading 
activities can be regarded as a game in which participants are 
parties to the transaction. The entire transaction goes through 
quotation, concluding a transaction and other processes, 
which turn out to be a dynamic game. In the first pricing 
stage, the buyer merely knows the seller’s bid, and the quali-
ty level of knowledge is unknown. While in the non-first 
stage, the buyer and seller know each other’s decision strate-
gies of former stages and then determine the quality of the 
knowledge based on the actual profit and bid of the former 
stages. Therefore, this model is incomplete information dy-
namic game in the first pricing stage and perfect information 
dynamic game in the non-first pricing stages. Assuming that 
the benefit brought by knowledge is constant in every stage, 
it can be further defined as totally perfect information dy-
namic game. 
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2.1. The Basic Assumption 

The model is constructed as below with the following as-
sumptions:  

(1) The transaction is successful or not only depends on 
the buyers and sellers involving in the game, regardless of 
other external factors. 

(2) The types of knowledge only have two cases: high 
quality and low quality. 

(3) In the first stage, the two kinds of future gain that 
buyers expect to generate in the two cases are gV  and bV  
respectively and g bV V> ; while in the non-first stages, let 1V  
be the practical gain in the previous phase and 1g bV V V≥ ≥ . 
The buyer determines the type of knowledge by comparing 
the expected gain and the actual gain. 

(4) At the beginning of each stage, the seller make deci-
sion first，setting high price hP  or low price lP . 

(5) The buyer can’t bargain and the strategies are to buy 
or not to buy, which are denoted by 1a  and 2a . 

(6) The efforts that sellers make to obtain high-quality 
and low-quality knowledge are recorded as gC  and bC , and 

the packaging cost is pC  when the seller sets high price for 
low quality knowledge. 

(7) 1Q  and 2Q  are the net gains that measure the benefit 
of buyers and sellers. 

(8) For simplification, let 0g h b l b hV P V P V P− > − > > − . 
The inequation means the benefit gained from buying the 
low quality knowledge with low price is smaller than that 
gained from buying the high quality knowledge with high 
price but it still does not achieve negative returns; while it is 
possible for buyers to earn negative profit if paying a high 
cost to buy low quality knowledge. As the buyer, to purchase 
high quality knowledge with a low price will get the highest 
profit, but in this situation there is the possibility that 
knowledge is undervalued or existing related to party trans-
actions market or benefits transferred. 

2.2. Process Analysis of Multi-Stage Game 

(1) The first pricing stage 

In the first phase, nature selects the type of knowledge. 
The type set of knowledge is { , }g bθ = , where g  represents 
the high-quality knowledge and b represents the low-quality 
knowledge. Let ( )p g  and ( )p b  represent the priori proba-
bility of knowledge that are high-quality or low-quality re-
spectively, where 0 ( ), ( ) 1p g p b≤ ≤  and ( ) ( ) 1p g p b+ = . 

In the second phase, seller selects price { , }p P h l∈ =  
according to the type of knowledge, where h  stands for high 
price and l  stands for low price. 

 

In the third phase, the buyer does not know the type of 
knowledge, but knows the probability distribution of the type 
of knowledge 

  
p(! )  and draws on the posterior probability 

of the quality of knowledge ( | )p Pθ  through the price P  
given by the seller, then decides to buy or not. Due to that 
the seller’s price can be high or low in case of any quality of 
knowledge. The buyer can not only determine the level of 
quality of knowledge by the seller's bid, but also still needs 
to collect additional information (assume that the posterior 
probability is available by market research and the buyer 
selects an action from the set 

  
A ={a

1
,a

2
}  according to this 

posterior probability). 
The above processes are shown in the game tree in Fig. 

(1). At the brackets, the upper formulas denote the seller's 
benefit, and the below denote the buyer’s benefit (the same 
in Fig. (2)).  

Based on the above analysis, the expectations benefit of 
the buyer in the first stage is:  

( ) ( | )( ) ( | )( )

( | )( ) ( | )( )
g h b h

g l h l

E V p g h V P p b h V P
p g l V P p b l V P

= − + −

           + − + −  (1) 

The above four probabilities in sequence are the condi-
tional probabilities of high price given to the high-quality 
knowledge, high price given to the low-quality knowledge, 
low price given to the high-quality knowledge and low price 
given to the low-quality knowledge. 

(2) The non-first pricing stages 

The situation of the first two phases is similar to the first 
stage. In the third phase, the buyer knows that knowledge 
can bring gains 1V . If 1 ( ) 2g bV V V> + , then the buyer con-
siders that the knowledge is high-quality knowledge. If 
1 ( ) 2g bV V V≤ + , then the buyer believes that the knowledge 

is low-quality knowledge. Consequently, the buyer will cor-
rect posterior probability ( | )p Pθ  through the type of the 
knowledge quality and select an action from the action set 

1 2{ , }A a a=  according to this probability. 

Similarly, the above process can be shown in Fig. (2), the 
expectations benefit of the buyer in the non-first stages is: 

1 1

1 1

( ) ( | )( ) ( | )( )
( | )( ) ( | )( )

h h

l l

E V p g h V P p b h V P
p g l V P p b l V P

= − + −
            + − + −  (2) 

3. ANALYZING AND SOLVING MULTI-STAGE 
GAME OF KNOWLEDGE PRICING 

3.1. Analysis of the Buyer 

(1) The first pricing 
After the seller set high price, the buyer's action is to 

meet the following optimization model: 
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( ) max{ ( | )( ) ( | )( ),0}g h b hE V p g h V P p b h V P= − + −  (3) 

( ) ( ) 1
0
0. .

0 ( | ) 1
0 ( | ) 1

g h

b h

p g p b
V P
V Ps t
p b h
p g h

+ =⎧
⎪ − >⎪⎪ − <    ⎨
⎪ ≤ ≤⎪

≤ ≤⎪⎩  

 When ( ) 0E V ≥ , the buyer chooses to buy; when
( ) 0E V < , the buyer chooses not to buy. 

Now discuss and analyze these two cases: 
 

( ) 0E V ≥  means ( | )( ) ( | )( ) 0g h b hp g h V P p b h V P− + − ≥ . 
It can be modified as the following by the constraint condi-
tions: 

( | )
( | )

h b

g h

P Vp g h
p b h V P

−
≥

−  (4) 

That is when formula (4) is met, the buyer's expected 
gain is not negative. Move hP  to the right hand of the ine-
quality sign, then 

( | ) ( | )
( | ) ( | )

g b
h

p g h V p b h V
P

p b h p g h
+

≤
+  (5) 
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quality

Seller
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price
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price

low 
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low 
price
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yes no yes yes yesno no no

h g

g h

P C
V P

−⎧ ⎫⎪ ⎪
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gC−⎧ ⎫
⎨ ⎬
⎩ ⎭ 0

gC−⎧ ⎫
⎨ ⎬
⎩ ⎭

l g

g l

P C
V P
−⎧ ⎫⎪ ⎪

⎨ ⎬−⎪ ⎪⎩ ⎭

h b p

b h

P C C
V P
− −⎧ ⎫

⎨ ⎬−⎩ ⎭ 0
b pC C− −⎧ ⎫

⎨ ⎬
⎩ ⎭

l b

b l

P C
V P
−⎧ ⎫

⎨ ⎬−⎩ ⎭ 0
bC−⎧ ⎫

⎨ ⎬
⎩ ⎭

 

Fig. (1). Game analysis for the first pricing stage. 
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P C
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Fig. (2). Game analysis for the non-first pricing stages. 
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When ( ) 0E V < , in the similar way we can get: 

( | ) ( | )
( | ) ( | )

g b
h

p g h V p b h V
P

p b h p g h
+

>
+  (6) 

That means in the first pricing game, if the seller set a 
high price, the buyer will consider whether the pricing meets 

( | ) ( | )
( | ) ( | )

g b
h

p g h V p b h V
P

p b h p g h
+

≤
+

. If it does, the buyer would de-

cide to buy the knowledge, otherwise chooses not to buy.  
After the seller sets low price, the buyer's action needs to 

meet the following model: 

( ) max ( | )( ) ( | )( ),0}g l b lE V p g l V P p b l V P=   { − + −  (7) 

( ) ( ) 1
0
0. .

0 ( | ) 1
0 ( | ) 1

g l

b l

p g p b
V P
V Ps t
p b l
p g l

+ =⎧
⎪ − >⎪⎪ − >   ⎨
⎪ ≤ ≤⎪

≤ ≤⎪⎩

 

When ( ) 0E V ≥ , the buyer chooses to buy; when
( ) 0E V < , the buyer chooses not to buy. 

According to 0 ( / ) 1p g l≤ ≤  and 0g lV P− > , we can get 

( | )( ) 0g lp g l V P− ≥ and ( | )( ) 0b lp b l V P− ≥ , therefore
( | )( ) ( | )( ) 0g l b lp g l V P p b l V P− + − ≥ , that is to say 

( ) 0E V ≥ . Hence in the first pricing stage, if the seller 
chooses low price, the buyer would choose to buy the 
knowledge regardless of the quality of knowledge. 

(2) The non-first pricing 

Different from the first pricing stage, in non-first pricing 
stages the expected gain can be simplified through compar-
ing 1V  with ( ) 2g bV V+ .  

When the seller sets high price, the buyer's choice should 
satisfy 

1 1( ) max{ ( | )( ) ( | )( ),0}h hE V p g h V P p b h V P= − + −  (8) 

When 1 ( ) 2g bV V V> + , the knowledge is high quality. 

That is ( | ) 1p g h = , ( | ) 0p b h = , therefore, 1( ) hE V V P= − . 
According to assumptions that high-quality knowledge given 
the high price would not get a negative benefit, we can see 
that 1 0hV P− ≥ , hence ( ) 0E V > . Similarly, 1 0hV P− < , so 
( ) 0E V < . It is concluded that in the non-first pricing game, 

if the seller choses high price, the buyer judges the quality 
type of knowledge by 1V . If 1 ( ) 2g bV V V> + , the knowledge 
is high-quality, the buyer chooses to buy, otherwise not to 
buy. 

When the seller sets low price, the buyer's choice should 
meet 

 

1 1( ) max ( | )( ) ( | )( ),0}l lE V p g l V P p b l V P=   { − + −  (9) 

Similarly, when 1 ( ) 2g bV V V> + , ( | ) 1p g l = , ( | ) 0p b l = , 

then 1( ) 0lE V V P= − ≥ . When 1 ( ) 2g bV V V≤ + , 

( | ) 0p g l = , ( | ) 1p b l = , then 1( ) 0lE V V P= − > . It is con-
cluded that in the non-first pricing game, if the seller sets 
low price, the buyer chooses to buy. 

3.2. Analysis of the Seller 

To simply the analysis, it can be assumed that when the 
seller sets high price, probability of the buyer choosing to 

purchase the knowledge is 1
( | )( | )

( | ) ( | )
p g hp a h

p g h p b h
=

+
, not 

to purchase is 2
( | )( | )

( | ) ( | )
p b hp a h

p g h p b h
=

+
; when the seller 

sets low price, probability of the buyer choosing to purchase 
is 1( | ) 1p a h = , not to purchase is 2( | ) 0p a h = . 

Factors that affect the seller’s pricing the knowledge 
have not changed no matter in the first pricing stage or non-
first pricing stages. That is the game model for the seller 
does not change. Therefore, there is no need to analyze the 
cases in first or non-first stage respectively. It only needs to 
analyze the cases with different types of knowledge quality. 

 (1) High-quality knowledge 
According to the above analysis, the goal of the seller’s 

decision is to satisfy: 

{
}

1 2

1 2

max ( | )( ) ( | ) ,

( | )( ) ( | )

h g g

l g g

Z p a h P C p a h C

p a l P C p a l C

= − −

               − −
 (10) 

1 2

1

2

( | ) ( | ) 1
( | ) 1

. .
( | ) 0

0h l

p a h p a h
p a l

s t
p a l
P P

+ =⎧
⎪ =⎪    ⎨ =⎪
⎪ > >⎩  

According to the constraint conditions, the objective 
function can be simplified into:  

{ }1max ( | ) ,h b p l bZ p a h P C C P C= − − −
 (11) 

When 1( | ) h b p l bp a h P C C P C− − > − , that is to say 

( )1( | ) l p hp a h P C P> + , the seller chooses to set high price, 
otherwise, the seller chooses to set low price. 

 (2) Low-quality knowledge 
Similarly, the goal of the seller’s decision is to satisfy 

{
}

1 2

1 2

max ( | )( ) ( | )( ),

( | )( ) ( | )
h b p b p

l b b

Z p a h P C C p a h C C

p a l P C p a l C

= − − − +

                − −       (12) 
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2 1

1

2

( / ) 1 ( / )
( / ) 1

. .
( / ) 0

0h l

p a h p a h
p a l

s t
p a l
P P

= −⎧
⎪ =⎪    ⎨ =⎪
⎪ > >⎩

 

According to the constraint conditions, the objective 
function can be simplified into: 

{ }1max ( | ) ,h b p l bZ p a h P C C P C= − − −
 (13) 

When 1( | ) h b p l bp a h P C C P C− − > − , that is to say 

( )1( | ) l p hp a h P C P> + , the seller chooses to set high price, 
otherwise, the seller chooses to set low price. 

CONCLUSION 

Through the establishment and analysis of a multi-stage 
game of knowledge pricing model, after giving the seller’s 
pricing and the buyer’s standard of decision, we can con-
clude the buyer's decision criteria as follows. In the first pric-
ing stage, if the seller chooses high price, the buyer chooses 
to buy the knowledge according to 

( | ) ( | )
( | ) ( | )

g b
h

p g h V p b h V
P

p b h p g h
+

≤
+

, otherwise chooses not to pur-

chase it; if the seller sets low price, the buyer purchases the 
knowledge in any case. In the non-first pricing stage, if the 
seller sets high price, the buyer would determine about the 
quality of the knowledge by 1 ( ) 2g bV V V> + ; if the seller 
sets low price, the buyer would buy it in any case.  

 In the paper, we also analyzed the seller's pricing 
strategies. If the knowledge is high-quality, when the proba-
bility of the buyer purchasing it with a high price is 

1( | ) l hp a h P P> , the seller will choose high price, whereas 
the seller chooses low price. If the knowledge is low-quality, 
when the probability of the buyer purchasing it with high 
price is 1( | ) ( )l p hp a h P C P> + , then the seller will choose 
high price, whereas the seller chooses low price.  

This paper’s conclusions have a certain degree of theoret-
ical guidance on improving the market of knowledge and 
promoting knowledge trade. 
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