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ABSTRACT 

 
This research studies a case that two enterprises produce two different but substitutable goods. The 
consumer demand depends on two kinds of factors: prices and service levels of the product and 
substitutable product. This article is based on three scenarios: Nash Equilibrium, Enterprise Alliance and 
Stackelberg. Game-theoretic framework is applied to find the optimal solutions for every participant. This 
research has conclusions as follow. Firstly, if market base of one product increases or one product has some 
economic advantage in providing service, it benefits for itself but is bad for substitutable product. Secondly, 
enterprises will provide fewer services, gain fewer customers, but earn more profit in Enterprise Alliance 
than in Nash Equilibrium. Thirdly, when one enterprise is dominant, if substitutable goods influence its 
demand greatly, it will take the advantage to earn more profit; otherwise, it will give up the advantage to 
seek the Enterprise Alliance. 
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1. INTRODUCTION  
 

As the development of economy, price is no 
longer the only competitive factor for enterprise. 
Some non-price factors, such as service, play more 
and more important role in enterprise competition. 
Many traditional manufacturing enterprises, such as 
IBM, GE, and DELL and so on, begin developing 
product services to enhance enterprise 
competitiveness. Their service industries provide 
more and more incomes and profits. So, it is very 
difficult to judge whether it is a manufacturing 
enterprise or a service enterprise. 

There are many literatures about competition 
based on price and service. In [1], the authors find a 
conclusion that enterprises can keep old customers 
by service and attract new customers by price. In 
[2], the authors study the duopolistic interaction 
between two facilities which supply substitutable 
goods and make decisions on service and price, and 
compare the results to monopoly. In [3], the authors 
use conjoint analysis to investigate the relative 
importance of price and service in attracting 
consumer. In [4], the authors propose a theoretic 
model, in which passenger’s choice behavior is 
used to investigate the role of competing service 
quality. In [5], the authors discuss a model for price 
and service competition of two participators. They 
research the optimal decisions of them under 
uncertainty demand. In [6], the author examines 

how manufacturer coordinate channel distribution 
when two retailers compete with price and non-
price factors. In [7], the authors provide a 
mechanism where the retailer adds value to the 
product, thereby differentiating it from the basic 
product being sold through direct sales. 

Literatures are also rich in studies on game-
analysis between enterprises. In [8], the authors use 
a game theory model to study the price competition 
between a manufacturer’s direct channel and its 
traditional channel. In [9], the authors investigate 
the service competition in the dual-channel supply 
chain using the consumer choice model. They find 
that the manufacturer’s optimal channel strategy 
depends on the channel environment. In [10], the 
author finds that the manufacturer and retailer can 
use revenue-sharing policies to achieve channel 
coordination effectively. In [11], the author study 
Retailer Stackelberg scenario where retailers have 
the initiative compared to their suppliers. The 
suppliers are mostly concerned with receiving 
orders from the retail giants.  

However, there are little literature to study when 
two substitutable goods enterprises provide both 
products and services, especially they form a 
enterprise alliance. This research studies the case 
that two enterprises should determine the prices and 
service levels to influence demand dependently and 
obtain the optimum profits. We use game-theoretic 
approach to derive equilibrium solutions for prices, 
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service levels, demand quantities, and profits for 
each member. Three scenarios are considered: Nash 
Equilibrium, Enterprises Alliance and Stackelberg. 
The results of this research will find the role of 
service and price, which has not been focused by 
the existing literatures. 

 
2. MODEL 

In this case, two enterprises produce two 
different but substitutable goods and sell them to 
customer. We assume that there are only two 
enterprises in this area, which means there is no 
competition among them. We assume that all 
activities occur in a single period. We also assume 
that consumer demand for each product is sensitive 
to four factors: (1) product price, (2) product 
service level, (3) substitutable product price, (4) 
substitutable product service level. So there is a 
deterministic consumer demand that is influenced 

by prices 1 2,p p and service levels 1 2,s s′ ′ . 

2.1 Demand Function 
In [12, 13], the authors set some basic 

characteristics for the demand of each product. So 
we make the assumptions for defining the demand 
function. 

ASSUMPTION 1. The two products’ demand 
structures are symmetric. Demand for one product 
is decreasing with its price increasing or 
substitutable product’s price decreasing. At the 
same time, it is increasing with its own service 
increasing or substitutable product’s service 
decreasing. 

ASSUMPTION 2. There is a market base ia  
which is used to measure the size of product i ’s 
market. It equals to the demand of product i  when 
both products are priced at zero and no service is 
offered. 

From Assumption 1 and 2, the demand of 
product i  can be expressed as: 

i i p i p j s i s jQ a p p s sa β a β′ ′= − + + −           
(1) 

Where 
0, 0, 0i p p s sa a β a β> > > > > . 

1, 2i = , 3j i= − . 
Parameters are defined as follows:  

ia  is a nonnegative constant. It can be thought 
of as a “market base”, which is defined in 
Assumption 2. We assume that ia  is large enough 
so that iQ  will always be nonnegative.  

pa  is the measure of the responsiveness of 
product’s market demand to its price. If the price of 
product i  is decreased by one unit, the product will 
gain pa  more customers. While pβ  is the measure 
of the responsiveness of product’s market demand 
to substitutable product’s price. If the price of 
product j  is increased by one unit, the 
substitutable product i will gain pβ  more 
customers. As described by C. Charoensiriwath and 
J. C. Lu [14], p pa β> . The same explanation can 
also be used for parameters sa and sβ . 

A. Cost Structure and Profit Function 

In this model, each firm has the same goal: to 
maximize its own profit. So we make the following 
assumptions for cost structure: 

ASSUMPTION 3. Both members have perfect 
information of the demands and the cost structures 
of each member. Based on this, they try to 
maximize their own profit. 

To specify enterprises’ profit functions, we note 
that they carry two types of cost: product cost and 
service cost. In order to simplify calculation, we 
assume that product cost is 0, which do not affect 
the results of analysis. The service cost means the 
cost of providing service to customer. So we 
assume diminishing returns of service. Just as 
described by A. A. Tsay and N. Agrawal[13], we 
specify it in Assumption 4. 

ASSUMPTION 4. Cost of service has a 
decreasing return property: the next dollar invested 
produce less unit of service than the last dollar. It 
means that it becomes more expensive to provide 
the next unit of service. 

This diminishing return of service can be 
described by the quadratic form of service cost. We 

assume that the cost of providing is ′  units of 

service is 21
2 i isη ′ ′ . The enterprise’s profit function 

can be described as: 

                21
2i i i i ip Q sη ′ ′∏ = −                        

(2) 
As substitutable products, the relative 

importance of service and price to demand are 
probably equal, so we make the Assumptions 5: 

ASSUMPTION 5. The relative importance of 
service and price to demand are equal to product, 

which means p p

s s

a β
a β

= . 
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We define ,s p s pk ka a β β= = , k  is a constant 
and 0k > . 

We can also define pa a= , pβ β= , i is ks ′= , 

j js ks ′= 2, i
i k

η
η

′
=  

So the equal (1) (2) are change as follow: 
i i i j i jQ a p p s sa β a β= − + + −                   (3) 

21
2i i i i ip Q sη∏ = −                           (4) 

As k  is a constant and 0k > , so , ,i j is s η have 

the same meanings with , ,i j is s η′ ′ ′ . 

2.2 Strategic Interactions 
Strategic interaction means how the game is 

solved. In this research, three scenarios take place: 
(1)Nash Equilibrium: The two firms in the 

system has equal bargaining power, and try to 
maximize their own profit. 

(2)Enterprise Alliance: The two enterprises 
adopt a cooperative strategy, which seek to 
maximize their total profit. 

(3)Stackelberg: One firm is dominant comparing 
to the other and thus is the Stackelberg Leader. 

 
3. NASH EQUILIBRIUM 
 
3.1 Reaction Function 

In this model, every firm has equal bargaining 
power and makes its decision simultaneously. The 
two enterprises try to maximize their profit 
function. The first order condition can be shown as: 

2 0i
i i j i j

i

a p p s s
p

a β a β
∂∏

= − + + − =
∂

 (5) 

0i
i i i

i

p s
s

a η
∂∏

= − =
∂

 (6) 

Where 1,2i = , 3j i= − .  
Then we should check the Hessian for 

optimality. We have 
2 2 2

2 22 , , .i i i
i

i ii i p sp s
a η a

∂ ∏ ∂ ∏ ∂ ∏
= − = − =

∂ ∂∂ ∂
  

When
2i
aη > , the Hessian is a negative definite 

matrix and the second order condition is satisfied. 
Therefore, the 1 2,p p  and 1 2,s s   calculated are the 
optimal reaction functions for the enterprises. 

Using the first and second order optimality 
conditions above, we have the expression for the 
firm’s reaction functions as follow: 

*N
i is Ta=                                   (7) 

*N
i i ip Tη=                                   (8) 

*N
i iQ Taη=                                 (9) 

* 21( )
2

N
i i i iTη a ηa∏ = −                      (10) 

Where iT  are constants defined as follow: 

2 2

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

j i j j
i

i j i i j

a a
T

a η a β a η
a η a η a β a η a η

− − −
=

− − − − −
 

3.2 Numerical Studies 
Because production technology could improve or 

consumption environment may change sometimes, 
so this section, we use numerical approach to study 
the behavior of firm when environment change. We 
explore how profit is affected by the changes of 
some parameters. Thus, it can help us to understand 
the robustness of our results to the changes. 

A. Numerical ia  
OBSERVATION. 3.1 The increase of market 

base of product i  brings in more revenue for 

product i . Namely, 0i

ia
∂∏

>
∂

.  

Proof: 

Because 
2j
aη > , which means (2 ) 0ja η a− > , 

so 0i

ia
∂∏

>
∂

. 

OBSERVATION. 3.2 If jη a> , The increase of 
market base of product i  also brings in more 
revenue for substitutable product j . Namely, 

0j

ia
∂∏

>
∂

.  While, if jη a< ,  it  will damage 

substitutable product j  profit. Namely, 0j

ia
∂∏

<
∂

 

Proof:  
When jη a> , which means 0ja η− < , so 

0j

ia
∂∏

>
∂

 

When jη a< , which means 0ja η− > , so 

0j

ia
∂∏

<
∂

 

The conclusions show that when jη a> , 
substitutable products have spillover effect. The 
market share expansion of one product, not only 
increases its own profit, but also indirectly 
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improves substitutable product’s benefit. While, if 
jη a< , the results is contrast. 

B. Numerical iη  

OBSERVATION.3.3 The decrease of service 
cost iη  brings in more revenue for product i  but 
reduces substitutable goods j  profit. 

Namely, 0i

iη
∂∏

<
∂

, 0j

iη
∂∏

>
∂

. 

Proof: ellipsis. 
Due to the results, there is a strong competition 

relationship between the enterprises. They try to 
enlarge their own market share and lower their own 
service costs, but at the same time, they would not 
like to help substitutable goods enterprise. 
C. Numerical Simulation Experiment  

In this section, we use numerical simulation 
experiment to check OBSERVATION.3.1, 3.2 and 
3.3. All of the following results are derived by 
MATLAB. 

We set 100i ja a= = , 6i jη η= = , 10a = , 1β =  

as the initial data. We can get * 41.67N
is = , 

* 25N
ip = , * 250N

iQ = , * 1041.67N
i∏ = . 

When the market base of product i  increases 
form 100 to 110, we can get the changes of  *N

iΠ  
and *N

jΠ as Figure 1. 
From it, we can observe that increase of ia  

benefits to product i , but is bad for substitutable 
product j , because 0ja η− > . 

When the service cost iη  decreases form 6 to 
5.5, we can get the changes of  *N

iΠ  and *N
jΠ as 

Figure 2. 
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1400
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π

πi
πj

 
Figure 1: Changes Of  *N

iΠ  And *N
jΠ When 

ia Increases 
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Figure 2: Changes Of *N

iΠ  And *N
jΠ When 

iη Decreases 

The decrease of  iη  brings profit to product i but 
is bad for substitutable product j . 

 
4. ENTERPRISE ALLIANCE 

4.1 Reaction Function 
In this model, the two enterprises adopt a 

cooperative strategy, which seek to maximize their 
total profit. So the profit function is: 

2 21 1
2 2i i i i j j j jp Q s p Q sη η∏ = − + −          

(11) 
The first order condition can be shown as: 

0i i i j
i

p s p
s

a η β∂∏
= − − =

∂
                 

(12) 

2 2 0i i j i j
i

a p p s s
p

a β a β∂∏
= − + + − =

∂
          

(13) 
Where 1,2i = , 3j i= − .  
Then we check the Hessian for optimality. We 

have
2

2 i
is

η∂ ∏
= −

∂
,

2

0
i js s

∂ ∏
=

∂ ∂
,

2

i is p
a∂ ∏

=
∂ ∂

,

2

i js p
β∂ ∏

= −
∂ ∂

,
2

2
i jp p

β∂ ∏
=

∂ ∂
,

2

2 2
ip

a∂ ∏
= −

∂
. 

When 2 22 0i j i jaηη a η β η− − >  and 
2 2( ) 2 ( ) 4 0i j i ja β a η η ηη− − + + > , the second 

order condition is satisfied and the Hessian is a 
negative definite matrix. Therefore, the ,i jp p  and 

,i js s  calculated are the optimal reaction functions 
for the enterprises. 
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Using the first and second order optimality 
conditions above, we have the following expression 
for the firm’s reaction functions:  

*
2 2

1
( )

A
ip

a β
= *

−
 

2 2

2 2

(2 ) [ ( ) 2 ]
( ) 2 ( ) 4

i j i j i i j i j j

i j i j

a aaηη a η β η β a η η ηη
a β a η η ηη

− − − + −

− − + +
(14) 

*
2 2

(2 )
( ) 2 ( ) 4

j i jA
i

i j i j

a a
s

η a β
a β a η η ηη

− −
=

− − + +
        (15) 

*
2 2

(2 )
( ) 2 ( ) 4

j i jA
i i

i j i j

a a
Q

η a β
η

a β a η η ηη
− −

=
− − + +

     (16)

2 2 2
*

2 2 2 2

[ (2 ) 2 ( ) ]
2( )[( ) 2 ( ) 4 ]

i j i j i j jA
i

i j i j

a a a aη a η a β a η β
a β a β a η η ηη

− − − −
∏ =

− − − + +
(17) 

4.2 Numerical Studies 
A. Numerical ia  

OBSERVATION. 4.1 The increase of market 
base of product i  brings in more revenue for 
product i but reduces substitutable product j  

profit. Namely, 0i

ia
∂∏

>
∂

0j

ia
∂∏

<
∂

. 

Proof: ellipsis. 
The conclusion shows that there is a competition 

between the substitutable products.  

B. Numerical iη  

OBSERVATION.4.2 The decrease of service 
cost iη  brings in more revenue for product i  but is 

bad for substitutable goods j . Namely 0i

iη
∂∏

<
∂

, 

0j

iη
∂∏

>
∂

. 

Proof: ellipsis. 
The conclusion also shows that there is a 

competition relationship between the enterprises. 
The result is similar with OBSERVATION. 3.3 

C. Numerical Simulation Experiment  

In this section, we use numerical simulation 
experiment to check OBSERVATION.4.1 and 4.2.  

We also set 100i ja a= = , 6i jη η= = , 
10a = , 1β =  as the initial data. We can 

get * 33.33N
is = , * 22.22N

ip = , * 200N
iQ = , 

* 1111.11N
i∏ = . 
When the market base of product i  increases 

from 100 to 110, we can get the changes of  *A
iΠ  

and *A
jΠ as Figure 3. 
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Figure 3: Changes Of  *A

iΠ  And *A
jΠ When 

ia Increases 

From it, we can observe that the increase of ia  
benefits to itself but reduces the substitutable 
product j  profit. 

When the service cost iη  decreases form 6 to 
5.5, we can get the changes of  *A

iΠ  and *A
jΠ as 

Figure 4. 
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Figure 4: Changes Of *A

iΠ  And *A
jΠ When 

iη Decreases 

The decrease of iη brings profit to product i but 
is bad for substitutable product j . 
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5. STACKELBERG 

5.1 Reaction Function 
The Stackelberg scenario arises in markets 

where firm j  have the initiative compared to firm i . 
The problem is solved backwards. First, the firm i ’ 
problem is solved to derive the response function 
conditional on the price and service level chosen by 
the firm j .  Then the firm j ’ problem is solved 
given that the firm j  knows how the firm i  would 
react to the price and service level he sets. 

A. Firm i  Reaction Function 

First, firm j  set price jp  service level js  as the 
earlier decision. Then, firm i  in this game choose 

,i ip s  to maximize his equilibrium profit.  
The first order conditions are 

2 0i
i i j i j

i

a p p s s
p

a β a β
∂∏

= − + + − =
∂

 (18) 

0i
i i i

i

p s
s

a η
∂∏

= − =
∂

 (19) 

Then we check the Hessian for optimality. We 

have 
2 2 2

2 22 , , .i i i
i

i ii i p sp s
a η a

∂ ∏ ∂ ∏ ∂ ∏
= − = − =

∂ ∂∂ ∂
 So 

when
2i
aη > , the Hessian is a negative definite 

matrix and the second order condition is satisfied. 
Using the first and second order conditions 

above, the response price and service level for firm 
i  can be derived  

* *
*

2

S S
i j jS

i
i

a p s
s

β β
η a

+ −
=

−
                  (20) 

* *
*

2

S S
i j jS i

i
i

a p s
p

β βη
a η a

+ −
=

−
               (21) 

B. Firm j  Reaction Function 

Having the information about the reaction 
functions of firm i , the firm j  would then use 
them to maximize its profit. 

21( , ( , ), , ( , ))
2j j j j i j j j i j j j jp Q p p p s s s p s sη∏ = −

 
21( , )

2j j j j j jp Q p s sη= −                                  (22) 

The firm j  in this game choose price jp  and 

service level js  to maximize his equilibrium profit. 
The first order condition can be shown as 

( , )
( , ) 0j j j j

j j j j
j j

Q p s
Q p s p

p p
∂∏ ∂

= + =
∂ ∂

       (23) 

( , )
0j j j j

j j j
j j

Q p s
p s

s s
η

∂∏ ∂
= − =

∂ ∂
         (24) 

Then we check the Hessian for optimality. We 
have  

2 2 2 2

2

(2 )
2

(2 )
j i i

ijp
aβ a η a β η

a η a
∂ ∏ + − −

= −
−∂

, 

2

2
i

j
js

η
∂ ∏

= −
∂

,  

2 2 2 2(2 )
(2 )

j i i

j j ip s
aβ a η a β η

a η a
∂ ∏ + − −

=
∂ ∂ −

. 

When 2 2(2 )(2 ) 0i j ia η a η a β a β η− − − + > , the 
Hessian is a negative definite matrix and the second 
order condition is satisfied. 

Using the first and second order conditions 
above, the response price and service level for firm 
j  can be derived  

*
2 2

(2 ) ( )
(2 )(2 )

i j i iS
j

i j i

a a
s

a η a β η a
a η a η a β a β η

− + −
=

− − − +
         (25) 

*
2 2 2

(2 )
(2 )

j iS
j

i i

p
aη η a

a η a β a β η
−

= *
− + −

 

2 2

(2 ) ( )
(2 )(2 )

i j i i

i j i

a aa η a β η a
a η a η a β a β η

− + −

− − − +
              (26) 

*
2 2

(2 ) ( )
(2 )(2 )

i j i iS
j j

i j i

a a
Q

a η a β η a
η

a η a η a β a β η
− + −

=
− − − +

       

(27) 
*

2 22[ (2 )(2 ) ]
jS

j
i j i

η
a η a η a β a β η

∏ = *
− − − +

 

2

2 2 2

[ (2 ) ( ) ]
(2 )

i j i i

i i

a aa η a β η a
a η a β a β η

− + −

− + −
                 (28) 

  
Using the results, we can also obtain the 

response price and service level of firm i . 
*S i

i
i

M
s

N
a=                               (29) 

*S i
i i

i

M
p

N
η=                              (30) 

*S i
i i

i

M
Q

N
aη=                            (31) 
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* 21 (2 )( )
2

S i
i i i

i

M
N

aη η a∏ = −                  (32) 

Where iM , iN are constants defined as follow: 
2 2

2 2

[ (2 )(2 ) ( )( )]

[ (2 )( ) ]
i i j i j i

i j i j

M a

a

a η a η a β η a η a

aβ η a η a β a β η

= − − − − −

+ − − − +
 

2 2

2 2 2

[ (2 )(2 ) ]

[ (2 ) ]
i i j i

i i

N a η a η a β a β η

a η a β a β η

= − − − + *

− + −
 

5.2 Numerical Studies 
A. Numerical ia  and ja  

OBSERVATION. 5.1 The increase of market 
base of product i  brings in more revenue for 

product i . Namely 0i

ia
∂∏

>
∂

. 

Proof: ellipsis. 
OBSERVATION. 5.2 When jη a> , The 

increase in market base of product i  also brings in 
more revenue for substitutable product j . Namely, 

0j

ia
∂∏

>
∂

.  While, if jη a< ,  it  will reduce 

substitutable product j  profits. Namely, 0j

ia
∂∏

<
∂

. 

Proof: ellipsis 
The influences of change of ja  to j∏  and i∏  

are the same with  ia . The result is similar with 
OBSERVATION. 3.1 and OBSERVATION. 3.2 

B. Numerical iη  

OBSERVATION.5.3 The decrease in service 
cost iη  brings in more revenue for product i  but is 

bad for substitutable goods j . Namely 0i

iη
∂∏

<
∂

, 

0j

iη
∂∏

>
∂

. 

The influences of change of ja  to j∏  and i∏  
are the same with  ia . The result is similar with 
OBSERVATION. 3.3 and OBSERVATION. 4.2. 

C. Numerical Simulation Experiment  

In this section, we use numerical simulation 
experiment to check OBSERVATION.5.1 and 5.2.  

We also set 100i ja a= = , 6i jη η= = , 
10a = , 1β =  as the initial data. We can get 

* 40.84S
is = , * 24.51S

ip = , 
* 245.10S

iQ = , * 1001.22S
i∏ = , * 44.44S

js = ,
* 26.14S

jp = , * 266.67S
jQ = , * 1045.75S

j∏ = . 
When the market base of product i  increases 

from 100 to 110, we can get the changes of  *S
iΠ  

and *S
jΠ as Figure 5. 
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Figure 5: Changes Of  *S

iΠ  And *S
jΠ When 

ia Increases 

From it, we can observe that increase of ia  
benefits to product i , but is bad for substitutable 
product j , because 0ja η− > . 

When the market base of product j  increases 
from 100 to 110, we can get the changes of   *S

iΠ  
and *S

jΠ as Figure 6. 
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Figure 6: Changes Of  *S

iΠ  And *S
jΠ When 

ja Increases 
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From it, we can observe that increase of ja  
benefits to product j , but is bad for substitutable 
product i , because 0ia η− > . 

When the service cost iη  decreases form 6 to 
5.5, we can get the changes of   *S

iΠ  and *S
jΠ as 

Figure 7. 
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Figure 7: Changes Of  *S

iΠ  And *S
jΠ When 

iη Decreases 

The decrease of iη brings profit to product i but 
is bad for substitutable product j . 

When the service cost jη  decreases form 6 to 

5.5, we can get the changes of   *S
iΠ  and *S

jΠ as 
Figure 8. 

5.5 5.6 5.7 5.8 5.9 6
0

500

1000

1500

2000

2500

ηj

π

πi
πj

 
Figure 8 Changes Of  *S

iΠ  And *S
jΠ When 

jη Decreases 

The decrease of jη brings profit to product j but 
is bad for substitutable product i . 

 
6. COMPARISON OF RESULTS 

 
In this section, we compare the results from the 

three different scenarios to observe the effect of 
competition strategy on prices, service levels, and 

profits of each member. In order to separate the 
effects of different competition strategy from the 
effects of the differences of parameters, we assume 
enterprises have same parameters (same market 
base and service cost).This assumption simplifies 
the results by setting i ja a a= = , i jη η η= = . 

OBSERVATION.6.1 When the two 
manufacturers are identical, * *N A

i is s> , * *N A
i iQ Q> . 

If 0a β η− − > , * *N A
i ip p> ; otherwise, 

* *N A
i ip p< . 
Proof: 
According to the equations (7), (15) 

*

2

N
i

as
βηη a β
a

=
− + −

, *

2
A

i
as

η a β
=

− +
.  

So * *N A
i is s>  

According to the equations (9), (16) 
*

2

N
i

aQ η
βηη a β
a

=
− + −

, *

2
A

i
aQ η

η a β
=

− +
. 

So * *N A
i iQ Q>  

According to the equations (8), (14) 
*

22
N

i
ap η

ηa a aβ βη
=

− + −
, 

*
22 ( )

A
i

ap η
ηa a aβ βη β a β η

=
− + − + − −

.  

So if 0a β η− − > , * *N A
i ip p> ; otherwise, 

* *N A
i ip p< . 
This proposition states that when the enterprisers 

form a alliance, consumers can receive lower 
services than in Nash Equilibrium.  And in this 
case, the demands also decrease, which means there 
will be less consumers to buy the products. 

OBSERVATION.6.2 When the two 
manufacturers are identical, * *N A

i i∏ < ∏  
Proof:  
According to the equations (10), (17) 

2
*

2 2
2

1
2 ( )2 2 2

(2 )

N
i

aη
β a ηηa a aβ ηβ
a η a

∏ =
−

− + − +
−

,  

2
*

2 2

1
2 2 2 2

A
i

aη
ηa a aβ ηβ β

∏ =
− + − −

.  

So * *N A
i i∏ < ∏  

This proposition means when the two firms in 
the system has equal bargaining power, if the two 
enterprises form a alliance, they can earn more 
profit, which means they can achieve pareto 
improvement. So the two enterprises are willing to 
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cooperate. But as discuss in OBSERVATION. 4.1 
and 4.2, their cooperation is only focus on price and 
service level, but not includes enlarging market 
share or reducing service costs. 

OBSERVATION.6.3 When the two 
manufacturers are identical, * *S N

i i∏ < ∏ . 
Proof: ellipsis. 
This proposition means when firm j  have the 

initiative compared to i , firm i ’ profit will reduce 
comparing to Nash Equilibrium because of its 
disadvantage. 

OBSERVATION.6.4 When the two 
manufacturers are identical, if 

2

(2 )(2 )
2

a η a a ηβ
η

− −
> , * *A S

j j∏ < ∏ ; if  

2

(2 )(2 )
2

a η a a ηβ
η

− −
< , * *A S

j j∏ > ∏ . 

Proof: ellipsis. 
This proposition means when the firm have the 

initiative, if β is big enough, it will use the 
advantage to obtain more profits, conversely, it will 
give up the advantage and turn to seek the 
cooperation. 

 
7. CONCLUSION 

 
The primary objective of this article is to 

highlight the importance of service with two 
substitutable products, which face end consumers 
who are sensitive to both prices and services. We 
have explored the problem through three different 
scenarios. Using game theoretic approach, our 
analyses have found a number of insights into 
economic behavior of firms, which could be used as 
the basis for theoretical research in the future. 

In this paper, we obtain expressions for optimal 
prices, service levels, demand quantities and profits 
for each product. Then we have analyzed the results 
and discuss the influence of each parameter. Our 
results show that as one product increases its 
market base, or has economic advantage in 
providing service, its profits is increasing while the 
other one suffer a loss. The results also show that 
the consumer can receive less service in Enterprise 
Alliance. Firms also can earn more profit in this 
scenario. We also find that when the firm possesses 
more bargaining power, it will use it to obtain more 
profits if β  is big enough, conversely, it will give 
up and turn to seek cooperation. 

 In this paper we only study where there are two 
product enterprises. Other possibilities may include 
the situation where there are more enterprises. 
Another approach is to extend the model over 

multiple periods to study temporal dynamics. In 
this paper, both the members have perfect 
information of the demands and the cost structures 
of each member. We also can research on the 
reaction and countermeasure of enterprises where 
information is asymmetric. 
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