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Abstract: This paper introduces the simple and standard Cournot duopoly model in a 
symmetric situation in which each firm has the same information on the cost function 
of its rival. This paper considers two types of firms’ risk-taking behaviours and two 
classes of symmetric information. First, we consider that both firms are risk neutral and 
have perfect information. In this case, we obtain a unique Cournot equilibrium. Second, 
when both firms are risk neutral and have partial information, that is, each firm’s set 
of information changes from perfect to partial information, the number of equilibrium 
changes from one to four compared to case 1. Third, when both firms are risk averse 
and have perfect information, that is, firms’ risk taking behaviours change from risk 
neutral to risk averse, the number of equilibrium changes from one to three compared 
to case 1. Therefore, both firms’ information structure and risk taking behaviours affect 
their optimal output strategies. 
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1. Introduction
Firms producing some specific goods such as smart-phones and hybrid cars equipped 
with high technology compete with each other in the domestic or international market. 
Their risk taking behaviours in the face of market uncertainty are different and affect 
their rivals’ behaviours and market shares. Most of these products are produced in 
industries with few firms. 

Previous studies, including those by Appelbaum and Katz (1986), Appelbaum and 
Lim (1982), Fama and Laffer (1972), Fishelson (1989), Ishii (1989), Klemperer and Meyer 
(1986), Leland (1972), and Sandmo (1971) examined the effects of uncertainty on firms’ 
behaviours assuming perfect information in the market or uncertainty in perfectly 
competitive commodity and factor markets. However, they do not explicitly consider 
conjectures of firms about the rival firm. In this paper, we assume that each firm does 
not know the other firm’s cost structure at the time the output is produced and so 
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conjectures the other firm’s cost structure with its own information. For analytical 
convenience, we adopt the Cournot duopoly model in which only two firms exist. 

There is a growing number of studies discussing duopoly models with information 
that assumes each firm is risk neutral and can share or exchange its private information 
on market uncertainty with its rival. This line of research focuses on a key factor of 
market uncertainty such as uncertain market demand or firms’ unknown constant 
marginal costs. With respect to uncertain market demand, Novshek and Sonnenschein 
(1982) examined firms’ incentives to share their private information about unknown 
market demand, and concluded that firms would not benefit from sharing their infor-
mation. Clarke (1983a; 1983b) and Vives (1984) examined Novshek and Sonnenschein’s 
result in a Cournot duopoly model and confirmed it. Gal-Or (1985) found that sharing 
their information on unknown market demand rather by keeping it private can provide 
firms with higher profit. Gehrig and Stenbacka (2007) investigated information sharing 
with repeated banking competition and found that information sharing reduces the 
benefits and therefore relaxes competition for initial market share. Richter (2013) 
analysed the Cournot oligopoly model in which firms face incomplete information 
related to production capacities, and showed that sharing information increased 
expected output and social welfare. 

However, Li (1985) showed that firms producing homogenous products would not 
be profitable when they exchange information about uncertain demand. Uncertainty 
made firms more profitable. On the other hand, in cases of firms with uncertain 
marginal cost, Gal-Or (1986) and Shapiro (1986) showed that firms producing substitute 
goods would benefit from sharing their private information on their costs. Other 
important works concerning information sharing on uncertain demand or unknown 
costs are Doyle and Snyder (1999), Hwang (1993), Jin (1996), Kirby (1988), Malueg and 
Tsutsui (1996; 1998), Sakai (1990; 1991), and Sakai and Yamato (1989). The literature 
cited here analysed risk-neutral duopoly firms that share or exchange information and 
is based on a finite repeated game. In this paper, we extend the finite repeated game to 
an infinite repeated game and incorporate firms’ risk-taking behaviours into a Cournot 
duopoly model. 

This paper considers a simple Cournot duopoly model with unknown marginal 
costs in an infinite repeated game and assumes that there is no information sharing 
or exchange between firms. The main purpose of this paper is twofold. First, we 
investigate how firms with the same risk-taking behaviours react to the rival’s strategy 
to address change in the information on the cost function. Second, we examine how 
firms with the same information structure react to the rival’s strategy to address change 
in risk taking behaviours. 

First, this paper considers the simple and standard Cournot duopoly model in 
which each firm has the same information set about the rival’s cost function, but there 
is no information sharing or exchange between firms. In a traditional Cournot duopoly 
model, each firm’s optimal output depends on both its own cost function and the other 
firm’s cost function. Thus, when the information on the cost function is given, each firm 
has to use its beliefs about the other firm’s cost function, and then we can summarise 
these beliefs in a subjective probability distribution. 
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Second, we introduce two types of risk-taking behaviours and two classes of 
symmetric information. First, when both firms are risk neutral and the set of infor-
mation of each firm changes from perfect to partial, we compare these firms’ optimal 
strategies for the change in information set. Second, when both firms have perfect 
information and their risk taking behaviours change from risk neutral to risk averse, we 
compare these firms’ optimal strategies for the change in their risk taking behaviours. 
Sandmo (1971) found that the expected utility maximising firm with risk aversion shows 
some different behaviour from the expected profit maximising firm with risk neutrality. 
We use Sandmo’s approach to analyse the change in the firms’ risk taking behaviours. 

The remainder of this paper is organised as follows. Section 2 introduces the 
basic and standard duopoly model and analyses three cases: (i) both firms are risk 
neutral and have perfect information, (ii) both firms are risk neutral and have partial 
information, and (iii) both firms are risk averse and have perfect information. Finally, 
section 3 provides concluding remarks. 

2. The Model and Analysis
We introduce a simple Cournot duopoly model in which two firms produce identical 
products and compete with each other in a market. The inverse linear market demand 
function is given by:

where q i denotes the amount of output produced by firm i, the demand intercept is a 
and the slope of market demand is 1 for simplicity. We assume that firms have no fixed 
costs and the marginal cost of firm i is constant and equal to               . When firms have 
perfect knowledge of the other’s cost function, the profit function of firm i is 

 (1)

From the profit maximisation problem of (1), the standard Cournot equilibrium for firm
i under perfect information,     is

 (2)

We consider that each firm knows exactly its own constant marginal cost but the 
set of information about the rival’s marginal cost available to each firm is different. 
That is, each firm has its subjective probability distribution about the rival’s constant 
marginal cost. Before proceeding, we define the random variables to distinguish them 
from the non-random variables given the set of information available to each firm as 
follows: 

 

where      is the set of information available to firm i.

P a q qi j= − −

c ci i( )> 0

π i i j i ia q q c q i j i j= − − − = ≠( ) , , ,for 1 2

qi
c

q a c c i j i ji
c

i j= − + = ≠
1
3

2 1 2( ), , ,for

q c i j i jj i j i i iΩ Ω Ω, , , , ,and forπ = ≠1 2

q c i j i jj i j i i iΩ Ω Ω, , , , ,and forπ = ≠1 2

MJES V54N2 3Ryu_Kim.indd   225 28/10/2017   7:50:48 PM



226 Malaysian Journal of Economic Studies Vol. 54 No. 2, 2017

Suyeol Ryu and Iltae Kim

2.1 Case 1: Both Firms are Risk Neutral and have Perfect Information

We assume that both firms are risk neutral and have perfect information. Each 
firm chooses its output to maximise its expected profit conditional on its private 
information. Firm i ’s expected profit function given its private information,      is 

 

 

where E is the expectations operator. 
We assume that each firm has its subjective probability distribution about the 

rival’s constant marginal cost as in the following. 

Assumption: Let firm j ’s expectation about ci be                    ; where bi is a small 
(relative to ci) non-systematic bias. This implies that firm i ’s expectation about firm j ’s 
expectation bias, bi  is zero:                    . Then,

 
 

We now consider the symmetric situation in which both firms have perfect 
information about the constant marginal cost of the rival firm. That is, 

  

From the first-order condition of (3), we can write the best reaction function for each 
as:
 

 (4)

 (5) 

This unique Cournot equilibrium can vary, depending on each firm’s expectation 
based on the other firm’s information set,              . Thus, the expected reaction function 
of one firm based on the given information set of the other firm is as follows.

The expected reaction function of firm 1 based on the information set of firm 2 in 
round 0 is

 (6)

q c i j i jj i j i i iΩ Ω Ω, , , , ,and forπ = ≠1 2

(3)

E c c bi j i i( )Ω = +

E bi i( )Ω = 0

E E c E c b c E b ci j i i i i i i i( ) ( ) ( )Ω Ω Ω Ωi  = +  = + =

 ( ) ( )i j i j i j i iE E E c E c c b            

 ( ) ( )i j i i i j i iE E E c E E c c                

 ( ) ( )i i i j i i iE E a q q c q        

 ( ) , for , 1,2i i j i ia q c E q q i j i j        

E c c E c c( ) ( )1 2 1 2 1 2Ω Ω= =and

 1 1 2 1
1 ( )
2

q a c E q     

 2 2 1 2
1 ( )
2

q a c E q     

( )j iE q   

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

E q E a c E q          
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The expected reaction function of firm 2 based on the information set of firm 1 in 
round 0 is

 (7)

Substituting (6) into (7), we get

 (8)

Using  we have

 (9)

Substituting (7) into (9), we get the expected reaction function of firm 2:

 

That is,

 (10)

We call this equation the expected reaction function of firm 2 based on the information 
set of firm 1 in round 1. 

In round 2,

 (11)

Hence, we have a sequence of expected reaction functions of firm 2 based on the 
information set of firm 1.

In round n, we get

 (12)

E q E a c E q( ) ( )2 1 2 1 2 1
1
2

Ω Ω Ω= − − 








 

E q E a c E a c E q( )2 1 2 1 2 1 2 1
1
2

1
2

Ω Ω Ω Ω= − − − − ( ) 






























      2 1 1 2 1 2 1 2 1
1 1 1 1 1
2 4 2 4 4

a E c E c E q                     
 

      2 1 2 1 2 2 1 2 1 2 1 2 1( ) , and ,E c c E c c E q E q                 

   2 1 2 1 2 1
1 1 1 1 1
2 4 2 4 4

E q a c c E q        
 

 

 2 1 2 1 2 1 2 1
1 1 1 1 1 1 ( )  
2 4 2 4 4 2

E q a c c E a c E q                      
 

   2 1 2 1 1 2 1
1 1 1 1 1 1 1
2 4 8 2 8 4 8

E q a c c E q                      
 

 2 1 2
1 1 1 1 1 1 1 1
2 4 8 16 32 2 8 32

E q a c              
   

 

 1 1 2 1
1 1 1
4 16 32

c E q           
 

 
2 1

2 1 2
1 1 1 1 1 1 1 1 1 1 1 1
2 4 8 16 32 2 2 2 8 32 2 4

n n

E q a c
                                   

 

 
1 1

1 1 2 1
1 1 1 1 1 1
4 16 4 4 8 4

n n

c E q
                         
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Thus, in the limit, we have 

 (13)

Similarly, we have the expected reaction function of firm 1 based on the information set 
of firm 2,

 (14)

Inserting (13) and (14) into (4) and (5), respectively, we finally obtain the unique
Cournot equilibrium              :

 (15)

 (16)

Figure 1 illustrates these best reaction curves for firms 1 and 2 by round.

 2 1 2 1
1 2 1
3 3 3

E q a c c     

 1 2 1 2
1 2 1
3 3 3

E q a c c     

 1 2,c cq q  

q a c cc
1 1 2

1
3

2= − +( )

q a c cc
2 2 1

1
3

2= − +( )

Figure 1. Cournot equilibrium under perfect information

 

𝑞𝑞1𝑐𝑐 

𝑞𝑞2𝑐𝑐 

Firm 2’s best reaction curve in the limit 

𝑞𝑞1 

𝑞𝑞2 

Firm 2’s best reaction curve in round 0 

Firm 1’s best reaction curves in the limit 

Firm 1’s best reaction curve in round 0 

2.2 Case 2: Both Firms are Risk Neutral and have Partial Information 

Next, we investigate the case in which both firms are risk neutral and have partial 
information about the constant marginal cost of the rival firm. That is, 

  E c c b E c c b( ) ( )1 2 1 1 2 1 2 2Ω Ω= + = +and
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Using  from 

(8) we have

 (17)

As the round goes on, at the limit, we get

 (18)

Similarly, we have the expected reaction function of firm 1 based on firm 2’s informa-
tion set,                 .

 (19)

Inserting (18) and (19) into (4) and (5), respectively, we finally obtain the Cournot
equilibrium              with partial information as:

 (20)

 (21)

Let the upper and lower bound of the bias, b2(b1) be denoted by             and 
respectively; then, we can write the expected reaction function of firm 2 (or firm 1) 
based on the information set of firm 1 (or firm 2) as:

 (22)

 (23)

Now, compared to case 1 with perfect information, we have four Cournot equilibria: 
 That is, if the firm’s set of information changes 
from perfect to partial information, the number of equilibria changes. Figure 2 illus-
trates this case. 

 

2.3 Case 3: Both Firms are Risk Averse and have Perfect Information 

We now assume that both firms are risk averse                                      and each firm has 
perfect information about the constant marginal cost of the rival firm. 

The objective function of the expected utility maximising firm 1 is

 (24)

      2 1 2 2 1 2 2 1 2 1 2 1 2 1( ) , and ,E c c b E c c E q E q                  

     2 1 2 2 1 2 1
1 1 1 1 1
2 4 2 4 4

E q a c b c E q         
 

 

   2 1 2 2 1
1 2 1
3 3 3

E q a c b c      

 1 2E q   

   1 2 1 1 2
1 2 1
3 3 3

E q a c b c      

 * *
1 2,q q  

 *
1 1 2 2

1 2 ( )
3

q a c c b     

 *
2 2 1 1

1 2 ( )
3

q a c c b     

b bu u
2 1( )

   * *
1 1 2 2 1 1 2 2

1 12 ( ) and 2 ( )
3 3

u uq a c c b q a c c b         

b b2 1
 ( )

   * *
2 2 1 1 2 2 1 1

1 12 ( ) and 2 ( )
3 3

u uq a c c b q a c c b         

( , ), ( , ), ( , ) ( , ).* * * * * * * *q q q q q q q qu u u u
1 2 1 2 1 2 1 2
    and

′ > ′′ <u u( ) ( )π π0 0and

 1 1 1 1 1 2 1 1 1( ) ( )E u E u a q q c q              
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We can write the first- and second-condition as:

 (25)

and 

 (26)

The second-order condition is always satisfied because, for the risk averse firm, 
and              .

From the first-order condition (25),  .

Subtracting  from both sides; then,

 (27)

From the symmetric uncertainty of expected utility maximisation in Sandmo (1971, p. 
67), we propose: 

Thus,  

Clearly, it follows that:

 (28)

Figure 2. Cournot duopoly equilibria in case 2 compared to case 1
 

𝑞𝑞2
𝑢𝑢∗ 

𝑞𝑞2
𝑙𝑙∗ 

Firm 1’s best reaction curve in case 1 

Firm 1’s best reaction curve in case 2 

Firm 2’s best reaction curve in case 1 
𝑞𝑞2

𝑐𝑐 

𝑞𝑞1
𝑙𝑙∗          𝑞𝑞1

𝑐𝑐  

Firm 2’s best reaction curve in case 2 

        𝑞𝑞1
𝑢𝑢∗   𝑞𝑞1 

𝑞𝑞2 

 1 1 1 1 1 2 1( ) 2 ( ) 0E u a q c q          

 2
1 1 1 1 1 2 1 1 1 1( ) 2 ( ) 2 ( ) 0E u a q c q u             

′ ⋅ >u1 0( )
′′ ⋅ <u1 0( )

E u a q c E u q′ − −  = ′ 1 1 1 1 1 1 1 1 2 12( )( ) ( )( )π πΩ Ω Ω

E u E q′ 1 1 1 2 1( ) ( )π Ω Ω

   1 1 1 1 1 2 1 1 1 1 2 1 2 1( ) 2 ( ) ( ) ( )E u a q c E q E u q E q                   

π π1 1 1 1 2 1 1 1 1 1 1 2 1 1Ω Ω Ω Ω= − − − = − − − ( ) ( ) ( )a q c q q E a q c E q qand

π π1 1 1 1 2 1 2 1 1Ω Ω Ω Ω− = − − E q E q q( ) ( )

′ ≥ ′   ≥u u E q E q1 1 1 1 1 1 2 1 2 1( ) ( ) , ( )π πΩ Ω Ω Ωif
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Now the following inequality holds for all          :

 (29)

Taking the expectations on both sides:

 (30)

From (27) and (30),

 (31)

This implies that, for an optimal decision, the following inequality must be satisfied:

 (32)

which is the best reaction function of firm 1. Similarly, we obtain the best reaction of 
firm 2:

 (33)

In the present model, each firm does in fact react to the expected reaction function 
of the other firm based on its own information set. Let r ij be firm i ’s response to the 
change in firm j ’s expected output level based on its own information set. r ij is equal to 
or less than –(1/2) under perfect information in (32) and (33). This means that if firm 
i, based on its own information set, anticipates a reduction in firm j’s output by 1 unit, 
then firm 1 increases its output by less than or equal to 1/2 unit. That is, this makes 
firm i ’s reaction curve move inward by ki (> 0) under perfect information. Let ki be firm 
i ’s output reduction under perfect information; the best reaction functions of both firms 
in (32) and (33) can be written as:

 (34)

 (35)

From (34), the expected reaction function of firm 1 based on the information set of firm 
2 in round 0 is

 (36)

From (35), the expected reaction function of firm 2 based on the information set of firm 
1 in round 0 is

 (37)

2 1q   
′ −  ≥ ′   − u q E q u E q E q1 1 1 2 1 2 1 1 1 1 2 1 2 1( ) ( ) ( ) ( )π πΩ Ω Ω Ω Ω Ω

   1 1 1 2 1 2 1 1 1 1 2 1 2 1( ) ( ) ( ) ( )E u q E q E u E q E q                    

= ′   −  =u E E q E q1 1 1 2 1 2 1 0( ) ( ) ( )π Ω Ω Ω
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By calculating the value as in case 1, we get the best reaction of each firm, respectively

 

 

where     and     are the Cournot equilibrium in case 1.

Let      be the relative size of the amount of output from both firms which is reduced 
under risk aversion. The values of k measure the difference in firms’ reaction in terms of 
risk taking behaviours. 

Compared to case 1, where both firms are risk neutral and have perfect informa-
tion, we get three possible Cournot equilibria for the different values of the ratio of k. 
Because they have the same information set but show different risk taking behaviours, 
they have different strategies from those in case 1. Figure 3 illustrates this case. 

(i) If   (a in Figure 3).

(ii) If  (b in Figure 3).

(iii) If  (c in Figure 3).
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Figure 3. Cournot duopoly equilibria in case 3 compared to case 1
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3. Concluding Remarks
This paper discusses the Cournot duopolists facing a symmetric situation in which both 
firms in a market have the same information structure and risk taking behaviours. First, 
we consider that both firms are risk neutral and have perfect information. In this case, 
the equilibrium strategies are the same as in the standard Cournot cases. Second, 
when both firms are risk neutral and have partial information, that is, each firm’s set 
of information changes from perfect to partial information, the number of equilibrium 
changes from one to four compared to case 1. Third, when both firms are risk averse 
and have perfect information, that is, the firms’ risk taking behaviours change from risk 
neutral to risk averse, the number of equilibrium changes from one to three compared 
to case 1. Therefore, both firms’ information structure and risk taking behaviours affect 
their optimal output strategies and market shares.
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