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摘要:以現今的競爭市場來說，廠商問生產成本皆其有某種程度的差異，而

此差異將影響產品問之售價，亦會影響管理者如何在此種環境中，作出最適

的訂價與生產策略 。 然而，廠商在訂定產品的售價時必須同時考量競爭者的

生產成本及產品價格後再決定最適價格與生產策略，而比價格則是最直接影

響消費者選擇的重要因素 。 另外，早期之研究僅針對產品最適價格與數量進

行探討，並未更貼進市場實際情況，實際的競爭市場中，競爭者成本結構資

訊是不透明的，廠商需籍由請測對手成本結構及評估自身總期望利潤後決定

最適價格與生產策略。因此，本研究提出雙占市場，考量競爭者成本結構資
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訊不完全下，評估投入資訊成本對總期望利潤之影響，探討雙占廠商生產同

質產品最通訂價與生產策略，並提出數值範例及針對參數進行敏成度分析。

最後，根據模式推導與數值結果，提出七點具體結論，包括: (1)經由最佳化

與統計期望理論，建構出使總期望利洞最大化之最適策略(2)在資訊未知情況

下，為降低市場風險，進而投入經費去蒐集競爭對手的相關資訊，建構出使

自身總期望利潤最大化之最適價格策略(3)雙方廠商進行 Cournot 數量競爭

時，利用兩廠商之數量反應函數，得到雙方均衡數量與價格(4)當廠商自發性

採取價格競爭策略，雙方則會進行價格競爭，最終由成本優勢之廠商獨占市

場(5)當自身為中成本峙，若第一期採行降價策略且對手跟進之條件下往後各

期則以恢復均衡價格為最通決策(6)前一期以維持均衡為前提下，往後各期皆

以維持均衡為最通選擇(7)廠商價格靜、數與單位生產成本增加時，會導致廠商

利潤下降。

關鍵詞: Coumot 模式;雙占市場;同質產品;不完全資訊

Abstract: In the competitive markets, for varied firms , there are some differences 

in production cost under different production structure. The differences not only 

affect price but also production strategy. Firms can set the optimal price and 

propose suitable production strategy after considering both production cost and 

price from opponents. In addition, early studies only focus on optimum price and 

quantity, but not concem real situation of market. ln practice, cost structure of 

competitor is not c1ear. Firm required to conjecωre cost structure of competitor 

and evaluated their own expected profit, then determine the most appropriate 

price and production strategies. Therefore, in this study we evaluate the effect 

about of information cost affecting the expected total profit under incomplete 

information and duopoly. Production strategies are proposed for homogeneous 

product. Numerical example and sensitivity analysis of parameters are also taken 

Finally, according to the analysis and resu1ts, seven concrete conc1usions are 

presented 

Keywords: Coumot model ; Duopoly ; Homogeneous product ; lncomplete 

information 
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1. Introduction 

1n the market of modern society, some products are dominated by a few 

firrns in oligopoly market-oriented ideology . 1n oligopoly market, there are a few 

of firrns, but each firm has ability to monopolize the market. However, based on 

common interests, if each of them in the market cooperates to avoid price 

competition, then they can gain maximized profits, so it seems to be a good 

solution for them. Despite of cooperating with each others, but each firrn is still 

production independently, and pursue their maximum profit. So cooperative 

behavior in oligopoly market whether they can reach a binding agreement or not 

is a problem. Therefore, in most of time, the main market type is the 

non-cooperative oligopoly. 1n this study, we explored the non-cooperative 

oligopoly behavior and find out the optimal production quantity and price for their 

firrns to maximize their total expected profits 

1n actual situation of competitive market, firms must assess the 

competitor' s strategies before making decision, but facing the unknown cost of 

competitor, firrns in order to reduce market risk, and then they invest money to 

collect the competitor' s inforrnation and consider their own total expected profit 

to deterrnine the optimal pricing and production strategy. Finally, the firrns need 

to assess the cost of collecting information whether it is worth or not 

Synthesize the description as above, this study will set the price as a 

decision variable and explore the optimal pricing and production strategies under 

homogeneous products and incomplete information of competitor' s cost. This 

paper is organized as follows . Section 2 explores the relevant literatures; Section 

3 constructs the mathematical models; Section 4 takes an example to verify the 

availability and the sensitivity analysis are also taken. Finally, section 5 gives 

seven brief conclusions 
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2. Literature Review 

This section is divided into three parts : First, explore the relevant literature 

of homogeneous duopoly; Second, summary the related papers about price 

competition and incomplete information; third, give the section a conclusion. 

2.1 Homogeneous Duopoly 

Quantitative analysis of oligopoly market by Coumot in 1838. The main 

underlying assumptions are: (1) market demand is a linear function (2) only two 

firms in the market (3)the product is homogeneous (4) the cost of production is 

zero (5) the firms determine their own production volume simultaneously, but 

assume naively that when we adjust the production quantity, the opponent do not 

change its quantity . 

The oligopoly market means that the number of firms is few, but there are a 

lot of buyers and the firms are in the competition situation. Oligopoly market has 

the following characteristics: (1) several firms produce all or most of products in 

the market (2) firms produced homogeneous or heterogeneous products and the 

buyers are the price receivers (3) based on technologies and patents, the entrance 

barrier is pre昀， high (4) firm has strategic behavior, its profit is influenced by 

competitor (Chang and Wu, 2000). Key feature of oligopoly firms is their mutual 

interdependence, in order to highlight the dependency between the firms; many 

scholars assumed that only two firms in the market. Cabral (2000) studied the 

duopoly firms produce the homogeneous products, the profit come from the R&D 

cooperation and non-cooperative production, and the success of R & D is 

uncertainty . Lin et al. (2005) explored the duopoly market and used the fuzzy 

the。可 in airlines companies, without considering the risk attitude of decision 

makers. They assessed their own fixed costs and unit variable costs, and finally 

find out the optimal strategy under the consideration of competitor' s production 

quantltles. 
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2.2 Incomplete Information 

In dynamic game under incomplete information, the second-move firms can 

observe the first-move firm ' s behavior, and first-move firm knows all about it. 

Lofaro (2002) compare Coumot and Bertrand models under incomplete 

information, in the Bertrand model , although the firm's prior expected profit 

higher than the actual profit, but in the social welfare, Bertrand model is still 

better than the Coumot model. Wen and David (2001) used Cournot game the。可

to research oligopoly electricity market, under incomplete information of market, 

in different ways for providers to assess their profit functions to search for the 

market equilibrium price 

2.3 Price Competition 

Each firm must pursuit optimal ou中ut and prices so that maximize their 

profits. It seems intuitively to set price as high as possible, but in fact may not 

be able to achieve, because firms choose their price strategy, also need to consider 

the market state. Under market information is not completely transparent, the 

firms do not understand the cost structure each others, but price-reducing 

launched by one firm , its pu中ose is to force the competitors leave the market, and 

then maximize its own profi t. In pricing behavior, the price-cutting wiII stimulate 

customers to buy and price-raising wiII lose most of the market share, facing the 

threats by other competitors, the advantageous firm will reduce the price, to force 

other firms out of the market. In price competition, Singh (1984) compared the 

Bertrand and the Coumot model about the substitute products and complementary 

products, the results showed that if product is a substitute, the Coumot profit will 

be higher than the Bertrand; ifthe product is a complementary, the Bertrand profit 

wiII be higher than Cournot model. Anderson and Leruth [5] propose a portfolio 

pricing of goods, when the firms carry out a game in one period, two firms adopt 

a mixed portfolio pricing, when the firms carry out a game in two periods, and the 

equilibrium is to set individual price each other 
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2.4 Summarize 

The Optima/ Pricing and Production Strαtegy f or Homogeneous Product 
under Incomp/ete bφrmation and Duop。今

Synthesize the description as above, most scholars assumed that the market 

information is complete, and they studied the competitive strategies under 

homogeneous, heterogeneous or partial homogeneous products. But in practical, 

the cost information of competitor is unknown. In order to reduce the market ri 此，

firm invests money to collect the cost information of competitor, and assess its 

expected profit to determine the optimal price and production strate島大 In this 

study, we study the optimal pricing and production strategy under duopoly, 

homogeneous product and incomplete information. 

3. Model Construction 

In this s仙dy ， we assumed the duopoly firms produce the homogeneous 

products, they faced with the incomplete information about the competitor' s cost 

structure. We used the Cournot model to derive the equilibrium price and 

production quantity under various cost structure combinations. And then based on 

whether the price competition was taken or not to search for the optimal price to 

maximize the total expected profit. In duopoly market, one firm ' s profit is 

influenced by competitor' s pricing strategy. In this study, we assumed that 

duopoly firms produce homogeneous products, and the demand function is known. 

The total expected profit model is constructed to determine the optimal price 

When one firm take price-reducing strategy, the equilibrium condition was broken, 

another firm also needs to adopt an optimal pricing strategy to maximize its total 

expected profit. 

3.1 The Basic Assumptions 

In this model , the basic assumptions are as follows 

1. The firms produce the homogeneous product. 

2. The market demand function is known and linear. 

3. The product' s life cycle is three periods; each length ofperiod depends on each 
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industry 

4. Under duopoly market, any firm can launch price-reducing strategy (equivalent 

to launch a price war), but need to consider the reaction of opponent and its 

impact on onesel f. 

5. When one firm starts a price-reducing strategy, the other firms need to consider 

whether to follow or withdraw from the existing market or remain unchanged 

But under the assumption of homogeneity, price remaining unchanged will lose 

most of the customers. Therefore, remaining unchanged strategy is not taken 

into considerations. In general , a firm withdrew from the market will be not 

able to return again in a short term, the cost of withdrawn firm is assumed to be 

zero in future periods 

6. The choice of consumer only considers the price of product and do not consider 

the brand loyalty 

7. The two firms only have three possible cost structures, according to different 

types of production, the cost structures can be divided into 

high-capital-intensive, middle-capital-intensive and low-capital-intensive 

8. There are two pricing strategies: maintaining equilibrium strategy, and 

price-reducing strategy 

9. The firm's cost structure will remain unchanged in a short term 

3.2 Notations Definition 

Q Overall market demand quantity for the homogeneous product. Demand 

function: Q = (qj + qj ) = α 一 αp. 吼 ， q j is the production quantity of firm 

1 and fmn 2, respectively. 

。: Intercept of the demand function , it means the potential market size, that 時， when 

the price is 0, the total market demand is “ α " 

α 

Gl叫戶

: The price coefficient of homogeneous product, That is, when the price changes 

one unit, the change amounts of market demand is "α " 

1 Firms themselves, firm 1 's cost is 門 ， fmn 2 's cost is 吧 ， f guest the cost 

structure of competitor, k = e, b, s , e means monopolization, b means 

equilibrium, S means price-reducing 
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P/的﹒k : In k condition，街m 1 with 'i ∞鈍， finn 2 with rj cost, fums 1 's market 

price. l = 1,2 , k = e，b ， 再= h, m, 1, rj = h, m, 1, e means monopoly, b means 

equilibrium, h means high cost, m means middle cost, 1 means low cost. 

q/的 : Finn 1 with 'i cost， 品m2wi血 rj cost, finns 1 's production quantity 

1 =1，2 ， 再 = h ， m，! ， 可 =h， m， 1

ql可﹒! : Finn 1 wi油門 cost speculate the production quantity of fIrn1 2 with f ∞st 

月 =h，m，/， f=h ,m,l 
Q20 rj! . Firm 2 wi出門 cost speculate the production quantity of fIrn1 1 w抽 f cost 

rj = h,m ,! , f = h,m,! 

M ,. : Total expected profit of infonnation 

D : Cost of collecting partial infonnation 

ð n : Discount factor in n Period 0 0 <δ< 1 'δ= 11(1 +θ) ， θfor compare-based 

mterest rate 

X n : The possible cost structure in period n 

SI..! : The price after 也e price-cutting under fum lspeculate the cost offum 2 withf 

f=九m，l

S 200! : The price after the price-cutting under fum 2 speculate the cost of fum 1 with f 

f=h ,m ,l 
C/r; oo : The actual variable ∞st ofFinn 1 is 時 . rj = h,m,! 

c20r) 0 : The actual variable cost ofFinn 2 is rj . 可 =h， m ， l

C，叫: Finn 1 speculate finn 2's variable cost isf f = h,m,1 

C 2.. j : Finns 2 speculate fum 1 's variable cost isf f = h,m,! 

布: Finn 1 's fix吋 cost

月: F inn 2' s fixed cost 

，.咐，) .. : The profit of fum 1 under finn 1 with 門 cost and fum 2 with rj cost. 

l 三 1，2 '馬 =h， m， 1 ' r; =h,m,l 
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Nffn1月﹒戶 : The profit of fIrn1 1 under firm 1 with 'í cost and speculate firm 2 with f cost 

in k condition and no information. n = 1,2,3 ，再= h ,m,l , k = e,b, s , 

e means monopoly , b means equilibrium, S means price-reducing 

P 7rnl的.k : The profit of fIrn1 1 under firm 1 with 月 cost， fIrn1 2 with rj cost in k condition and 

partial information. n = 1,2 ,3 , 1 = 1，2 ，馬 = h,m,!, rj = l1,m,! , k = e,b,s , 

e means monopoly, b means equilibrium, S means price-reducing 

pznlmjt:The profit of Em lunder firm l withRcost and speculatenm2wid1ηcost 

in k condition and partial information 

n = 1， 2，3 ，門= h,m, l , k = e,b,s , e means monopoly, b means equilibriw且，

S means price-reducing 

P7Ln2•弓fk : The profit of fIrn1 2 under firm 2 with 門∞st and sp∞ulate firm 2 with rj cost 

in k condition and partial information. n = 1,2,3 ，同= h,m,!, k = e,b,s , 

e means monopoly, b means equilibrium, S means price-reducing 

3.3 Model Reduction 

At first, we assumed that the duopoly firms in the market and firm invests 

money to collect the cost information of competitor, this study stands on the 

position of firm 1 and we applied Coumot model and the known demand function 

to derive the equilibrium quantity and price under homogeneous products and 

possible cost combinations. First, we decide whether invest the money to collect 

information and then modify the probability of competitor' s cost structure. Finally, 

compute the expected profit of information, expected profit of no information and 

the difference between these two expected profits 

且伽Jr =P內川z柄叫Úrjojb(何q叫川o'c舟心C1心10川.

= 三I~ 三 L Jr方叫引川11川叩l川卅W門叭.戶μ州洲(何伺q飢1叭W川叫州f川沖加|卡IC1叭丹
n=11 J r叮Jεx1 fε X1

、
'
，J

E

且
J
S‘
、
、

-il ~ L L Jr11rjojb(Q1rjoflC叭C川20rj o ， C200f) lðn 

n= l\ / 叮 EX1 fEX1 
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If the incremental profit，血IJr， greater than the cost of collecting 

information, some of the profits under the cost of information, then the investment 

on collecting information is worth; otherwise, , the investment is not worth 

3.3.1 Game Model in The First Period 

First, obtain the cost structure of duopoly firms of all possible combinations 

and find an optimal production quantity of firm 1 as follows : When firm 1 and 

firm 2 are high-cost structur郎， the profit function is 

α - qlhh. - q ?hh 
丸l枷.=(PIM---clhJqlM.-FI=(lnnMn

α 
clh.. )qlhh. - F; (2) 

一 α -qlhh﹒ -q2hh
方-2hh.. 二(昂納.. - C2你 )q2枷 -F2 一(

. - C2• h.)q2枷 -F2
α 

(3) 

Let the derivative of profit function of firm 1 by qlhh" , we obtain 

。 αcqlhJ,. = ~ '1 2hh三 1 ]，0﹒
1M，.一一 (4) 

By the same way, we can obtain the quantity reaction function as 

Q2hh. 
- qlhhe - ac2•h. 

2 
(5) 

Solve both equations (4) and (5) simuItaneously, we have the equilibrium 

quantl tIes 

.­.­Ln­IE C

一

α
一

句
，B
一

﹒
一
弓J

-
h川
-

.-呵，
t

p
L
V一

α
一

+
一

α

一. . h 
ι
H
 

1 月
可

(6) 

q 一 α肘+ α缸叫C1h•γ 2α傲叫U巧2.h叫h
2hl1. - 肉

、

(7) 

The demand function is 

Q=(qj+q)= α 一 αP

So, 
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Q o hh " = (Q1hh o + Q2hh o ) = 。一 α凡的00

一 α+臼"C2• h• - 2α"C1 h.. α+α"C1 h.. - 2α"C2. h. _ ~ ~D + ----~~~----~~α 一 αt'. hh.. 

3 

The optimal prices of both firrns is 

。 +αC. ..__ + αc n U I lA-v 1 he- r U.V 2_h_ 
F 一

, ohhoo 3α 
(8) 

Table 1 

The Optimal Production Quantity and Equilibrium Price of AII Possible 

Com binations of The Cost Structure of Duopoly Firms 

A equilibrium A equilibrium Equilibrium price of 
quantity of firml quantity offirm2 two firms 

high-cost/h igh-cost 
a + αC20h﹒ 一 2αC1 hoo a+αC1 hOO - 2αC20 h﹒ 。 + αC1h﹒0 + αc弓2- h

3 3 3α 

high-cost/ a + α~2.m. - 2αC 1 hoo a + αC1 hOO - 2α'C2 •me 。 +α:C1hoo + αc 

middle-cost 3 3 3α 

high-cost/low-cost 
。 +αC20/. - 2αC1 hoo α+ αC1hOO - LαC2o/﹒ 。 +αC1h• o + αC2 o / ﹒ 

3 3 3α 

middle-cost/high-cost 
a+ αC20h﹒ 一 2αC1m•• 。 + α:C1m.. - 2αC20 h﹒ 。 +αC. .. + αC20 h﹒ 

3 3 3α 

middle-cost冷niddle-cost
a + αC2omo - 2αC1 m•• 。 + αc1m•o - 2αC2•m a + αc1 m•o + αc 

3 3 3α 

middle-costllow-cost 
a + αc20'0 - 1. αc 。 + αC1m•• - 2αC2./﹒ 。 +αc1 m•• + αC"2o / 

3 3 3α 

low-costlhigh-cost 。 + α:c2.h﹒ -2位1/0. 。 +αC1 /.. - 2αC2•h﹒ 。 + αC1 /o• + αC2• h﹒ 

3 3 3α 

low-cost/middle-cost 。 +αc2•mo - 2αC1 /.. 。 + αC1/.. - Lac2 a+ αC1 /oo + αc勻, 

3 3 3α 

low-cosulow-cosl 
。 + αC2./ . - 2αC1 / .. α+αCI/.. - LαC2./﹒ a+ c屆C1/.. + αC2./﹒ 

3 3 3α 
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Similarly, by the same way, we can calculate the equilibrium quantities and 

price for firm 1 and firm 2 under other cost combination, the results list in Table 

Firm 1 hopes using the price-cutting strategy to force firm 2 out of the 

market, and then occupy the whole market share to achieve the pu中ose of 

monopoly, however, the price war may hurt itself. Therefore, in beginning of 

period 1, fi口n 1 must assess its advantages and disadvantages of cost structu間，

and then determining whether launch a price war or not. Firm 1 needs to assess 

which strategy is better than the other. The strategies are including equilibrium 

pricing and price-cutting. The dynamic pricing strategies in various cost structures 

are in figure 1, figure 2 and figure 3. 

Figure 1 

Dynamic Decision Model under Three Periods and Firms with High-Cost 

Period 1 

|
咐
| Period 2 Period 3 

High- cost 

Izmg 

而已~它叫開~zing

pnce-cuttmg 

monopolizing 

l 可ß~日ra已可忍ng
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Figure 2 

Dynamic Decision Model under Three Periods and Firms with Middle-Cost 

fi f'll 2 

+ 斗
|Period 1 

middle-cost 
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middle-cost 

pnce-cutU耳E
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Figure 3 

Dynamic Decision Model under Three Periods and Firms with Low-Cost 

EquHibr.i.t.un 
pncc 
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3.3.1.1 Option 1: An Equilibrium Decision Model in The First Period 

When the cost structure information of firm 2 is incomplete, firm 1 invests 

the money to get the cost information offirm 2 and derive the probabilities of cost 

structures of firm 2. Furthermo時， firm 1 seeks its own total expected profit under 

equilibrium strategy in three periods, the total expected profit under equilibrium 

strategy in the first period of firm 1 is 

而川的 rICj r，..， cj•戶芝~ 7rjbj'fk~伽利kr" "Cj 內 C2-.r)P(0'Tj ')P你r) (9) 
句句.f司"

Formula (9) means th前 given firm 1 's cost iscj r; '''cj" j , and guess firm 2's cost 

is c 2 ' 叮. ,c 2" f ' and then calculated the total expected profit of firm 1 

Decision Model for Firm 1 with High-Cost Structure 

When firm 1 is the high-cost struc切時， no matter what cost structures of 

firm 2, firm l's optimal strategy is maintaining equilibrium. Therefore, when firm 

1 is the high-cost structure, the equilibrium price is the optimal decision. The total 

expected profit is 

P7r" 伊峙川戶μ(何q，叫叫卅W川flc川l枷伊μ川.盯J州， c，.. 叫"/)ρ)抖=芝2| ; 工工z柄凡11阿(何q，伊W叫叫州A朮卅|卡c，川1昀伽h卅枷.. ， C1.. 叫尸州，C1e叮巾小.盯，仙
n肛蚓?仁吋=斗l川I J

弓肝ε泊f戶εE.ll玖

Decision Model for Firm 1 with Middle-Cost Structure 

When firm 1 is the middle-cost structure and under the hypothesis that firm 

1 maintains equilibrium, the total expected profit in three periods offirm 1 is 

P內叫π柄l吋(叫q引'm叫叫m'叫'1叫冰I 1朮|卡c'm川.. 吋'1汁f
n=蚓，戶吋=斗l川I

J

叮伊εI泊】If戶εZ屁

Decision Model for Firm 1 with Low-Cost Structure 

When firm 1 is the low-cost structure and under the hypothesis that firm 1 

maintains equilibrium, the total expectedprofit in three periods of firm 1 is 
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p ;r川z爪11圳弘伽心州叫/.阿叫.可叫f lc川..叫.f汁f
n肛蚓2悍叫=斗I1 ~ 弓伊E XI泊dEX局

3.3.1.2 Option 2 : Firm 1 Launches Price War in The First Period 

When firm 1 launches price war in the first period, the new price is SI..ρ 

and the new price must be less than or equal to unit variable cost of firm 2, c2•η. . 
The market orice reduce to S ,__ • ~ co __ _ and force firm 2 to withdraw from the }".I.1"',", .",,",,UV ,,", I..V03/..j ~'-'2.η ﹒ 

market, the price will maintain one period until firm 2 no longer have ability to 

re-enter the market, firm 1 will monopolize the market in next period 

Decision Model for Firm 1 with High-Cost Structure 

When firm 1 is the high-cost structure, launches a price war in the first 

period, firm 1 will withdraw from the market under negative profit. 

Decision Model for Firm 1 with Middle-Cost Structure 

When firm 2 is the high-cost structure, launches a price war is the optimal 

decision for 由e firm 1. When the firm 2 is the low-cost, launch price war by 伽

firm 1 is the worst decision 

When the firm 2 is the high-cost structure, firm 1 launches the price war in 

the first period, the new price is SI..h ,and the new price must be less than or equal 

to unit variable cost, c2•柄， of firm 2. In the second and the third periods, firm 1 

adopt monopoly strategy, production quantity and price are as follows: 

Production quantity u伽 (13) 

月 4αc
Price under monopoly of firm 1 : Plmo.e = 一， ~-I旦旦 (14) 

4己α

Put the new price, Sj..h' in the first period and monopoly price in the second 

and the third periods into the total expected profit is 
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Pπ"m咐 = ((S'''h - c'm..)Q - F;)δ ， + ((P'm叫一 C'm..)Q - F;)(δ2+δ3) 

2δ 'aαS，叫 25 1α 2S1叫C'm.. - 2δlaαClm﹒ +2δlα2Clm..2+δ2α2_2δ2aαClm • (1 5) 

2α 

+δ2α 2C.___ 2 + δ2α2cf-53。22δ3。αC'm ﹒ +δ3α2cl2
.一 (5'+δ2 +δ3 )F; 

When the firm 2 is the middle-cost structure, firm 1 launches the price war 

in the first period, the new price is S'..h ,and the new price must be less than or 

equal to unit variable cost, C 2• h• , of firm 2. In the second and the third periods, 

firm 1 maintains equilibrium price. The total expected profit offirm 1 is 

P1íIl _ mr = ((SI_h -cl__)ql酬m _F; )O' + ((P'm-b -cl__)ql惘"m _F;)(02 +03) 

301的SI叫+3O'ds，_hC，_哪一切Idsl_hCI__ 一切lαXC，__ -30'dc,__C
'
_m +師ldcbJ+dd

如(16)
+202aac

'
_m -4<52aac

l
__ +02dcl_m -4<52dclm-CI_m +4<52dcl_兩 +03d +203αXCI叮

加

-4ð3αXCI__ +03dcl..} _4<53α2clm.clH喃 +4δ3α2cl'" 2. -(01 +02 +03)F; 
9α 

When firm 2 is the low-cost structure, firm 1 launches the price war in the 

first period, the new price is S'''h' and the new price must be less than or equal to 

unit variable cost, C2•徊， of firm 2 . Mter the first period, firm 2 monopolies the 

market, in the second and the third perio血， firm 1 will withdrew from the market. 

The total expected profit in the first period of firm 1 is 

P 1íllm•1s = ((S'''h - C'm..)q'm.l - F; )ð' 

aS. . +αS. .C. -zαS. .C 一 αc 一 αC. C. +zαc2 、 自""''--''''.....l..h'' .. lm- -.....lm- """'.....lm..'""}..m I 

""''''''' 

..... 1m.. ~)Öl 
3 

(1 7) 

Firm 1 launches a price war with middle-cost structure at the first period, 
the total expected profit is 月P1í"mohs + P2P 1í"mo間+向P1íllmo/s =P1íllm-s . Comparing 

with the total expected profit of price war P1íIl ",..s and the equilibrium expected 

profit P1í"m.戶， if P 1í11mo•s - P 1í11mofb >0 , then price war is the optimal decision; 

otherwise, equilibrium strategy is an optimal decision. Finally, if the difference 

between total expected profits of pa吋al and no information greater than the 

information collection cost, D , then the investment in collecting information is 
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worth, otherwise, the investment is failed 

Decision Model for Firm 1 with Low-Cost Structure 

When firm 1 is the low-cost structure, and firm 2 is the high-cost or 

medium-cost structure, price war is launched by firm 1 is the best decision. When 

the both firms are at a low-cost structure, the equilibrium pricing is the optimal 

decision. When firm 1 launches a price war in the first period, comparing the total 

expected profit between Slooh 幻2oho and Sloom 三 c2omo to select an optimal pricing 

s甘ategy

When firm 2 is the high-cost structure, firm 1 launches the price war in the 

first period. In the second and the third periods, firm 1 adopts a monopoly strategy; 

its production quantity and price are as follows 

叫lction q叫

月↓ αc一­Price under monopoly of firm 1 Pl/oo e = - , --1/竺
4己α

(1 8) 

(19) 

The new price of market is Sloo h and S I..h 主 C 20 h. ' In the second and the 

third periods, the total expected profit of firm 1 is as follows 

PπI l/咐 = ((SI叫- cl/o.)Q - F; )51 + ((Pl/oo e 一 C1Zoo)Q - F;)( 5 2 +δ3 ) 

251aαSlooh -251α2S1oohClloo - 2δlaαCllOO + 251α2CIl-- 2 +δ2α2 _ 252ααc 

2α 

+52α2cll.-2 +53α2 一 253aαCIl--+532cll﹒ 。.一 (51 + 5 l + δ3 )月
2α 

(20) 

When firm 2 is the middle-cost structure, firm 1 launches a price war in the 

first period with Slooh 三 c20徊 ， and re-launch price war in the second period 

withsjool/J三 c20叭 ， in the third period, firm 1 monopolies the market. The total 

expected profit offirm 1 is as follows 
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P1!，柄11川1/川l

4δla，ααS叫l叫 +4δ01α2

、S叫l叫C1••叫m-8δ01α2%Sl叫C1恤1.. 一4δla，αC1υl川"一 4δ01α2C1仙1..CI..m + 8δ01α2~Cl仙1..

12α 

+似的SI..m -602a 2cl/..SI..m -602a，αcli--+Mb2Cll.-2+訝。2_ 603ιæl/••
12α 

(21) 

U
仆

"
。

+ "
。

+ no 

w
-
山

When finn 2 is the low-cost structure, finn 1 launches a price war in the 

first period with SI..h 三 C:! e徊， and re-launches a price war in the second period 

with SI叫n 三 C2• m• , in the third period, both maintain equilibrium strategy. The total 

expected profit offinn 1 is as follows 

Pπ11I的= ((SI叫一CI/..)ql/叫一F;)81 +((司..m 一CI/..)ql/﹒1 -F; )82 + ((p)/吋 -CI/..)ql/.1 - F)83 

3臼δla，ααS叫l叫 +3臼δ81αa2s丸"川川.吋.hC的C1叫 一 6ωδ 1aα2勻S司1_hC的仇C1內)/.內.. -3臼δ81αωα仰叫C1印1/.. 一3臼olaα2CI/伸_C1.. 川"叫1+ 6ωδ♂lαa2c印lυ1..
9α 

+382aαSlHm+35VSI--mC1"l-MdslmClh﹒ _302的ClIJMVCIIJl叫 +68γC11_2 (22) 

9α 

+83a2 +203。此1..1 +α2C1叫2 -dmCIl--dhkJ-Mb2cllJM+似的lIJ
9α 

一 (δ1+ 82 +δ3 )F;

Firm 1 launches a price war with the low-cost structure, the expected profit 

ISρ'IP 1!111恥 +ρ2P柄 11﹒間 +角P1!I1I./s =P1!I1I..s .When finn 2 is the high-cost structure, 
finn 1 launches a price war in the first period with Sl..m 三 C2•m• , and in the second 

and the third perio血， finn 1 adopts monopoly strategy , its production quantity and 

price are as follows 

叫lction q叫 (23) 

a+ α.C" 
Price under monopoly of firm 1 Pll..e = 一 . --1/立

4己α
(24) 

The market's new price in iss1 •• m 三 C2•m• ， and use monopoly price in the 

second and the third periods, PII叫 . The total expected profit is 
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PπIJ.hs = ((SI..m 一 cl/..)Q - F;)δ1 + ((Pl/... 一 cl/..)Q - F; )(82 + δ 3 ) 

2δlaαSI..m - 281α 2SI..mCI/" -28 1 aαC 1 /.. +2δlα 2CIl--2 +5、2 -282。αC1 /.~ (25) 
2α 

+82α 2C1 /.. 2 +83α 2 _2δ3。αCl/.. + 83α 2 C..__ 2 
.一(以 +δ2 +δ 3 )F;

2α 

When firm 2 is the middle-cost structure, finn 1 launches a price war in the 

first period with SI"m ~ C2• m• , and the second and the third perio血， finn 1 

monopolizes the market. The total expected profit is as follows 

P7r II /叫， = ((SI..m - Cl/..)Q - F;)δ1 + ((PII... _ clI..)Q - F; )(82 +δ3) 

2δ1。αSI..m -281α2SI--mCll.--25loαC1 /.. +28 1α 2ClIJ+δ 2a2 _ 282

。αCII•﹒ (26)
2α 

+8 2α 2C..__ 2 + 8 3a 2 - 283ααc.. +8 3α 2C 
.一 (8' +82 +δ3)F; 

2α 

When finn 2 is the low-cost structure, finn 1 launches a price war in the 

first period with SI..m 三 C20mO ， and in the second and the third periods, both 

maintain equilibrium strategies. The total expected profit of finn 1 is 

Pπ111.1$ = (如l… - cl/.. )ql/.1- F;)δ ， + ((P l/.lb - cl/.. )ql/.J- F; )(8
2 
+8

3
) 

一 38 1aαSI..m +38 1α 2SI--mCIHI-66lα 2 SI.. mCI/.. -78'aαCl/.. -781α2CII..c 
9α 

+108/α2Cll.- 2 +δla2 + 20 'aαC1../ +20 1α 2cl叫2+2δ2aαC，../ - 402aαCl/ 

9α 

+4α2Cl.-I2 +62α2Cl.-I2 -462α2Cll.-Cl--I 

9α 
(0 1 +02 + δ3 ) F; 

(27) 

Finn 1 launches a price war with the low-cost structu悶， the total expected 

profit is到P7rlllohs + PzP7rllloms +角P7rlll•/S =P;r,. ll"" and then compare the total expected 

profit between sequential and one-shot price-cutting strategy to select optimal 

pricing strategy. Comparing P 7rl l1... withP7rl l1•戶， if P 7r111... > P7r11l•戶， then the 

optimal strategy is to launch a price war; otherwise, maintaining an equilibrium 

strategy. Finally, if the different between total expected profit of partial and no 
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information greater than the information collection cost, D , then the 

investment in collecting information is worth, otherwise, the investment is failed . 

3.3.2 Game Model in The Second Period 

Game model in the second period, assumption that in the first period, the 

optimal strategy is launching a price war or maintaining equilibrium price. Firm 1 

in the beginning of the second period wilI re-assess which strategy is a dominant 

strategy 

3.3.2.1 Casel: The Decision Model in Second Given an Equilibrium Strategy 

in The First Period 

When firm 1 in the first period maintains equilibrium, it means that 

equilibrium pricing is better than a price-cutting. However, price war in the first 

period is better than the second period, so, maintaining equilibrium strategy in the 

first period is better than the second period 

Decision Model for Firm 1 with High-Cost Structure 

If firm 1 with high-cost structure maintains equilibrium in the first period, 

then the optimal strategy is also maintaining equilibrium in next period. When 

firm 2 launches a price war then firm 1 is forced to withdraw from the market. In 

the second and the third periods, the total expected profit under equilibrium 

strategy IS 

P均叫z馬2叫(何q1卅W叫j朮h伊伽μ. ， C川=L罰I~LL π馬叮2訂l阿(何q1卅W叫A朮Ic川l枷卅枷μ川肘0 ' C1心，♂， C100叭.ηV戶.叫，川 )p(C2川.門叮rj. )巾卡伊扒n吋"(28ο仰2泊8的) 
n=1 1 ~ rjEZ2f'ε%2 

Decision Model for Firm 1 with Middle-Cost Structure 

If firm 1 with midline-cost structure maintains equilibrium in the first 

period, then the total expected profit in the second and the third periods under 

equilibrium strategy is 
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P川戶μ州(何叫q飢札心仙叫)"，.川n伸叫叫"吋叫f lc川1枷叫川肺m恥叫川.叫J州，c卅A心c)印恥川).川..
"肛蚓，仁叫=斗1川I~ 弓伊直叮x2f戶E:X2

Decision Model for Firm 1 with Low-Cost Structure 

If firm 1 with low-cost structure maintains equilibrium in the first period. 

The total expected profit in the second and the third periods under equilibrium 

strategy IS 

P7r叫川π吭九7r2 J1幻刊lυl州h阿叫/.f lc卡c)叭可J戶)=主乏對I~LL矛π叫q弘恥恥蜥lυh阿/.阿心.吋f
n肛柯T戶叫=斗I1 ~ η伊εxd戶ε叮X2

3.3.2.2 Case 2: The Decision Model in Second Given a Price War in The First 

Period 

When firm 1 launched a price war in the first period, it need to re-assesses 

which strategy is better between price-cutting and maintaining equilibrium in the 

second period. 

Decision Model for Firm 1 with High-Cost Structure 

When firm 1 with high-cost structure launched a price war in the first 

period, then in the second and the third periods, firm 1 withdrew from the market 

under negative profit. 

Decision Model for Firm 1 with Middle-Cost Structure 

When firm 1 with middle-cost structure launched a price war in the first 

period, and firm 2 is also the middle-cost structure, the optimal decision for firm 1 

is maintaining the equilibrium strategy. When firm 2 is the low-cost structure, 

price war launched by firm 1 is the worst decision. 

When firm 2 is the high-cost structure, then in the second and the third 

periods, firm 1 adopts monopoly strategy; its production quantity and price are as 

foIlows 
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Producti叫

月+ac，
Price under monopoly of firm 1 P 1m..e = 一一士且主

4己α

Taking the monopoly price into the total expected profit is : 

P 7r21mh.e = ((P1m.. e - c1m.JQ - 1'; )(01 + 0 2
) 

α2 -2aac. +a2 
=(~1m.. . '-"'" .....lm.~_ F; )(01 +02 ) 

4α 
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(31 ) 

(32) 

(33) 

When firm 2 is the middle-cost structure, the total expected profit in the 

second and the third periods under equilibrium strategy of firm 1 is 

P7r柄π馬2吋(何q叫c1枷"，..叫川，..酌J叫.盯J州，C1••叫..f )ρ)=乏~~LL丟z叫(q飢心仙l枷叫呻叫f lc叫1.川川..
n肛，戶=11 ~ 伊%2fEε叮%2

When firm 2 is the low-cost structure, firm 2 launched a price war in the 

second period and monopolize in market in the third period, firm 1 withdraw from 

the market under negative profit in the second and the third periods 

Decision Model for Firm 1 with Low-Cost Structure 

When firm 2 is the middle-cost structure, launched a price war by firm 1 

with low-cost structure in the first period is the optimal decision. When firm 2 is 

the low-cost structure, the optimal decision is maintaining equilibrium 

In the second and the third periods, the total expected profit under 

equilibrium strategy offirm 1 is 

P內柄叫z馬叮2釗l叫飢恥/.阿州'f
n=蚓1=叫=斗l川I~ 叮伊ε叮%2fEε叮%2

When firm 2 is the high-cost structu悶， in the second and the third periods, 

firm 1 adopts monopoly strategy; its production quantity and price are as follows: 
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月 -ac"
Production quanti可 under monopoly of firm 1 : Q =一了主 (36) 

月斗 ac"Price under monopoly of firm 1: Pl1叫=一. ~JI主
4己α

(37) 

Taking the monopoly price into the total expected profit is 

P 1í2llhoe = ((Pl/叫一 Cl/oo )Q_ F; )(OI +02) 

=(α2_ 2ααCl/oo +α2ClIJ-R)(6l+δ2) 
4α 

(38) 

When firm 2 is the middle-cost structu悶， firm 1 launched a price war in the 

second period and monopolize in the third period. The total expected profit 

pz21/-mis 

P 1í21 /oms = ((Sloom 一 Cl/o.)Q - ~ )01 + ((P l/ooe - Cl/o.)Q - ~)δ2 

20 1aαSI10m 一 201α25lhmCIl-- -26laαC1/oo + 201α2CIl--2+6202 一 2δ2aαCI/o﹒

4α 

(39) 

RA 
肉
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When firm 2 is the low-cost structure， 自口n 1 launched a price war in the 

second period and maintains equilibrium in the third period. The total expected 

profit P Jr21l.Is IS 

Pπ2 1/0& = ((Sloom - cl/.. )qll.1 - F;)δ1 + ((PI/o必 - Cl/o.)ql /ol - F;)δ2 

3olaα Sloom + 3δlαkl--mCl"I-65lα 2SI--mClI..-35laαCI/oo - 30 1α2cll.-cl叫
9α 

+6b" 1α 2Cll.- 2 +52α 2 +2δ2aαC100I - 4δ 2aαC1 /•• + δ2α2Cl--l2 -4δ2α2CII..cl"I 
9α 

(40) 

+4δ2α 2C" ， ..... 1 .....? 9it--(51+54)FI 
α 

Firm 1 launched a price war with low-cost structure in the first period, the 

total expected profit is P4P1í2110ms + ρsP tr211的 = Ptr21100s . Comparing the total 
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expected profit P7i21/oo s with P7i21/﹒戶， if P7i211..s - P7i211. jb >0, then launching a 

price war is the optimal decision; otherwise, equilibrium strategy is an optimal 

one 

3.3.3 Game Model in the Third Period 

Assessment game model for one period, there are only two strategies: 

monopoly or maintaining equilibrium 

3.3.3.1 Case1 :The Decision Model in The Third Period Given The First and 

The Second Periods were Maintaining Equilibrium 

Because the third period is the last period, therefore, maintaining 

equilibrium will be the best 

Decision Model for Firm 1 with High-Cost Structure 

Iffirm 1 with high-cost structure maintained equilibrium in the first and the 

second periods, no matter what cost structures of firm 2, firm 1 's optimal strategy 

is maintaining equilibrium, the total expected profit in the third period is 

P7i柄z吧3川(何q}伊叫川圳州fl木圳|卡Ic} 伊仙川川.盯o ， c}心心c}印川}o川川00
叮j ε %3 f E%3 

Decision Model for Firm 1 with Middle-Cost Structure 

When maintaining equilibrium in the first and the second perio缸， only one 

choice of decisions in the third period is maintaining equilibrium. The total 

仰ec削 p叫t P7i3Imojb(qlmof Ic恥C100f ) is 

P7i柄z吭3叫(何q心1枷W咿叫叫叫州fl朮朮沁|卡料μc}川l枷moO以川.盯J州，c}心心川c}心川}OO川00叫.可f) = ; z z?z3 吋(叫q弘心心}m枷mO冰. 
.,J 

rjε %3 fι%3 

Decision Model for Firm 1 with Low-Cost Structure 

When maintaining equilibrium in the first and the second periods, only one 
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choice of decisions in the third period is maintaining equilibrium. The total 

仰ec削 profitP呵呵(ql川CI/..， C1..f ) is 

Pπ們刊3汎1阿 (q叫川， C)心).叫.
d 叮 ε%3 f E%3 

3.3.3.2 Case2 : The Decision Model in The Third Period given Launching a 

Price War in The First Period and Maintaining Equilibrium 

in The Second Period 

When firm 1 launched a price war in the first period, maintaining 

equilibrium in the second period, the analysis of best decision of firm 1 in the 

third period is as follows 

Decision Model for Firm 1 with High-Cost Structure 

When firm 1 is the high-cost struc仙風 firm 1 launched a price war in the 

first period and withdrew from the market under negative profit. 

Decision Model for Firm 1 with Middle-Cost Structure 

When firm 1 launched a price war in the first period and maintaining 

equilibrium in the second period, then the optimal decision is maintaining 

equilibrium in last 阿

P;r柄z馬3吋(何Q1mo叫fl朮朮|卡C1枷神m恥叫.盯. ， C1_心C1印心1"川..
ηJE;去E白31ε%3

Decision Model for Firm 1 with Low-Cost Structure 

When firm 1 launched a price war in the first period, maintaining 

equilibrium price in the second period, then the optimal decision is maintaining 

叫圳
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P 7l"3Uo jb (Qllof ICUoo ,C1"f ) =* L L7l"3州 (Qllof lC1川﹒的O'j O ,c2oo f ) p(C2o' j O )5
1 (的)

~ ' j E Z l f EZl 

3.3.3.3 Case3 : The Decision Model in The Third Period given The First and 

The Second Periods Launched a Price War 

When firm 1 launched a price war in the first and the second periods, the 

analysis of best decision of firm 1 in the third period is as follows 

Decision Model for Firm 1 with High-Cost Structure 

When firm 1 is the high-cost structure, firm 1 launched a price war in the 

first period and withdrew from the market under negative profit 

Decision Model for Firm 1 with Middle-Cost Structure 

When firm 2 is the high-cost structure, firm 1 uses monopoly price in the 

third period. The total expected ProfitPJZ"3lmhoe is 

P 7r3Imho. = ((P1mooe - C1moJQ - F)51 

。2 _2ααC， ... + α2C. 
> Z Im---R)δl 

(46) 

When firm 2 is the middle-cost structure, the optimal decision in the second 

period is maintaining equilibrium; therefore, this situation will be impossible to 

happen 

When firm 2 is the low-cost structure, firm 2 launched a price war in the 

second period; firm 2 monopolize the market in the third period. Firm 1 withdrew 

from the market in the second and the third periods with negative profit 

Decision Model for Firm 1 with Low-Cost Structure 

When firm 2 is the high-cost structure, firm 1 adopts monopoly price in the 

third period. The total profit PJZ"311hoe is 
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Pπ3l/.卅. = ((p]/叫- cJl..)Q - F; )Ô1 

=(~2 _2ααqlJdclI..2-R)， 
4α 

(47) 

When firm 2 is the middle-cost structure, firm 1 adopts monopoly price in 

the third period. The total profit PJ月Jl"向 IS

P們11m.. = ((p]/叫一 C1I..)Q - F; )8 1 

(α2_2ααC， ， __ + α 2 C,,__ 2 、- 11.. -ue~- F. )81 
4α" 

(48) 

When firm 2 is the low-cost structure, firm 1 adopts equilibrium price in the 

third period. The total profit PJ月1I1.b IS 

P有JU'b = ((P1仙 一Cl/.. )qw. - F; )ôJ 

α2 +2ααCo_ ，_ -4aac,,__ + α2cJ4α2Co_ ，_C，，__ + 4α2C，，__ 2 
9α"ll"-R)δl 

(49) 

In this study, we can find the production quantity and profit depend on cost 

struc仙re . Firm with high-cost structure will produce lower quantity and eam less 

profi t; on the contra句， firm with low-cost structure will produce more quantity 

and eam more profi t. In equilibrium condition, when both firms produce the same 

products, their setting pricing will be the same. The result is consistent with 

Coumot model. Then we proposed two propositions to describe the resul t: 

<Proposition 1> When the firms produce homogeneous product, the price of 

both firms is the same, and the firm's production quantity inverse proportion to 

the unit cost of oneself, and direct proportion to the opponent' s unit cost 

<Proof>

α - q1rr.. - q2rr . 
几1月') .. = (p1 t; T,.. - C. 月..)qIW-Fl=(a J SJ -CIn--)qlw-Fi(50) 

α 

α Q1 r. r . . -Q2 r. r. 
π卅弓.. = (P2的 .. - C2'rJ ﹒ )Q2叭 .-Fz=( -'.'.r -~. ， . ; 一叮叮)Q2刊.-Fz (51) 

. α 
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Let the derivative ofprofit function offirm 1 by PI的.. equal to zero, we 

obtain 

ql叮叮﹒
α 一色的﹒一αC1rj ••

2 
(52) 

By the same w呵， we can obtain the quantity reaction function of firm 2 as 

a -qlrjrj. -ac2• rj • 

q2叮叮 2 (53) 

Solve both equations (52) and (53) simultaneously, we have the equilibrium 

quantltles 

Gd (54) 

G +αC， 一 -2α'Co__ _ 

Q2 r,r ,. = 門 "-'j-
2巧。'2

(55) 

The optimal price ofthe two firms is 

。 +αC， 一 +αCo__ _ 
D ‘叮~.， J 

- .叮叮.. (56) 

Based on (54) 、 (55) 、 (56)， we can find when both firm's product is 

homogeneous, both prices will be consistent, and firm's production quantity is 

influenced by the unit cost of oneself. When the unit cost is higher, the production 

quantity then is lower, if the opponent unit cost is higher, then own production 

quantity is also higher. 

<Proposition 2> When firm's price coefficient (α)and production unit cost 

increase, then the firm's profit will be decreased. Only when the potential scale of 

market (的 increase， both firm's profits will be increased. 

<Proof> Firm 1 profit is 
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p1( 
几1的戶 =3{A7r.圳。戶 +ρ'27[，圳。戶 +ρ3丸1的戶+A7r•1rjη戶

(57) 
+ρ27r.l叮叮fb+ ρ37r.l叮叮fb+ 月7r•1月rjfb + ρ21r-hofb+為几1叮叮fb)

Because the analysis of profit under di fTerent cost structures is similar, this 

study only discusses the profit in one cost structure. 

F-ia -qlη ﹒ [ -q2η ﹒f 
'''.1 叮叮 fb - \ α C1rj ..)ql可﹒[ - F;.) , used first derivative, we have 

θ1f.lrjrj 晶 1 r q1r;.[ 
"i" JJ" -::-(一:.c..!...-)主 O

。a 3 α 

θ1r• 1 月 rjfb 1 f 一 (α -qlr; ﹒[ -q2叮﹒[)ql η ﹒f
( 勻 )三 O

θα3 、 α4

θ1f• 1 r . r . fh 

T斗斗=一云qlr，. f 三 O
OC1 叮叮 ':J

By the same way, we can obtain 

(58) 

(59) 

(60) 

。几2的戶 1 q2伊>[ ...... ^ 8tr.2的戶 1 一 (α -qlr;.[ -q2r;.[)q2r;•f 三 o ' θ丸 , 
一一一一一二一-;:q2r，﹒ ff三 o .à:t 9 α 一 如 9 a 2 æ2叮叮 9 -:J. L Tj e, 

4. The Exam ple Analysis 

There are only two firms, firm 1 and firm 2, to produce 1 G memory card 

for cellular phone in the market, the memo可 card almost makes no difference in 

customer's mind. The customers only take selling price into consideration; one' s 

product can be substituted completely by the other, so there is no loyalty problem. 

Suppose the life time of the product has three periods, and the demand function 

is Q = 100000 - 62P .The next we will discuss which strategy is the optimal 

strategy in duopoly market, the feasible strategies include: price-cutting and 
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maintaining equilibrium. Under the condition of incomplete information of 

competitors, one firm considers to collect the cost structure information of 

opponent, and assess which strategy is a dominant strategy. Summary the related 

parameters and values in table 2 as shown: 

Table 2 

Related Parameters and Values in Example 

Parameter Value Parameter Value 

α 100000 F; 3000000 

α 62 凡 2000000 

5 凡 1000000 

Ch 900 ρI 0.4 

Cm 800 ρ2 0.4 

C/ 700 ρ3 0.2 

D 500000 

4.1 Maintaining Equilibrium by Firm 1 

This section analyzes the situation when firm 1 faces the competitor and has 

no information available. In order to reduce market risk, firm 1 invests money 

D = 500000 to collect cost information of the competitor through by a marketing 

consultant company with the aim to force the disadvantageous competitor out of 

the market. After collecting information, firm 1 predicted the cost structure of 

firm 2 being high, middle, and low cost structure with probabilities are Pl = 0.4 , 

向= 0.4, and Pl = 0.2 respectively. When substituted the values of parameters 

in Table 2 into the total expected profit model that maintaining equilibrium, we 

acqUlre 

p，.πJJ叫q弘b心蜥叫lυh叫叫呻/.吋叫.可叫I1ωJ.川.
n=J I J 叮ε品 fε叮z局
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If firm 1 predicts firm 2 is the high-cost structure, the total expected profit 

offirm 1 is 

P 1rJ 11川

= (O .4 x πJ IIh泌+ 0.4 X 1rJ 11"抽+ 0.2 X 1rJ JlI蛤 )1

= O.4 x 14297144 + 0.4 X 9674516+ 0.2 X 5096774 

= 10608018.8 

If firm 1 predicts firm 2 is the middle-cost structure, the total expected 

profit of firm 1 is 

P1r.何凡π柄凡~札l刊川仙lυ伽叫I川，

= (0 .4 X 1rJ IIhmh + 0.4 X 1rJ IImmb + 0.2 X 1rJ Jll岫 )xl

= 0.4 X 14297078 +0 .4 X 10089883 + 0.2 x5923541 

= 10939492.6 

If firm 1 predicts firm 2 is the low-cost structure, its total expected profit of 

firm 1 is 

內叫川1刊叫川lυ川心I岫b

= (O .4 x πJ IIhlb + 0.4 X 1rJ IImlb + 0.2 X 1rJ Jlllb) X 1 

= 0 .4 X 13883845 +0 .4 X 10091883 +0.2 X 6336741 

= 10857639.4 

We are able to acquire the low-cost structure of firm 1 who adopts 

equilibrium strategy and its total expected profit in the first period is shown in 

Table 3: 
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Table3 

The Production Quantity and Total Expected Profit of Firm 1 with Low-Cost 

Structure and Maintaining Equilibrium in The First Period 

firm 1 
Actual Cost 

Low-cost 

Estimated Cost of 
firm 2 by firm 1 

High-cost 

h位ddle-cost

Low-cost 

production Total expected 
quantity of firm 1 profit of firm 1 

23000 10608018.8 

20900 10939492.6 

18867 10857639.4 

Table 3 shows that the total expected profit of firm 1 with low-cost 
structure in the first period is P 1rl1/..b = 10939492.6 . In the first period, firm 1 
compares with launching a price war sequentially and directly based on partial 
information of firm 2 and then firm 1 selects the optimal price-cutting strategy. 
Initially, firm 1 adopts a sequential price war. 

4.2 Price War Strategy Adopted by Firm 1 

When firm 2 is the high-cost structure, firm 1 launched a price war in the 

first period. In the second and the third periods, firm 1 monopolizes the market, its 

total expected profit P7r1l1ohs is 

P7r1川 = ((Slooh -clloo )Q-F; )ð1 +((Pll-e -Cll_)Q-F; X52 +53
) 

251的SI_h -2ð1æ s
1
_

h
c

ll
_ -2ð1aacll_ 十2ð1æcll} +52d -2ð2aac

l1
_ 

2α 

dedqI..2 +dgd-apmcIM+♂æc，，__ 2 
2α" 一(51 +52 + 53

)F; 

The monopoly production quantity and price offirm 1 are as follows : 

Production quantity under monopoly of firm 1 : 

Q = a - ac1/oo 100000- 62 汗。。=一--1/00 - - - - - - - - '" • - - 28300 
2 2 

Price under monopoly of firm 1 : 

(62) 
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缸，__ 100000 + 62 x 700 Pl/ooe = 二一一」竺三 - ---- - . - - . -- 1156.4 
2α2x62 

Substituting the values into Equation (62) . Iffirm 1 predicts firm 2 is the 

high-cost structu間， the total expected profit of firm 1 is 

P1rll /ohs = ((900 一 700)28300 - 3000000)11 + ((1 156.4一 700)28300 - 3000000)(12 + 13
) 

2 Xl1 x100000 x62 x900-2 x l1 x622 x900 x700-2 x l1 x l00000 x62 x700 

2α 

+2 X 11 x 622 X 7002 + e x 1000002 - 2 X 12 X 100000 x 62 x 700 + e x 622 X 7002 

2α 

+ 13 x 1000002 - 2 X 13 X 100000 x62 x 700+e x622 x 700 勻它
一 (1' + l L + 1~ )3000000 

2 x62 

= 2249516 1.29 

When firm 2 is the middle-cost structure, firm 1 launched a price war in the 

first and the second periods. In the third period, firm 1 monopolizes the market, its 

total expected profit P7l111oms is 

P柄II叫= ((Sl_h -Cll_)ql卅一F;)c51 +((司-m -Clloo )Q-F;)c52 +((部oe -cll_)Q- F;)ð3 

“lmSMJMbZS1"的"m-Mlds1"hh-45l從叫/-一45ldqmq"m+8ddqJ
12a 

船2側一切切C，，__S，___ - 6δ2腳+筋2α2CIH2 +鈞、2 _653aacl/..u1_m v'-' --11.. 

'J1'd c, ,_ 2 
一:::- '1I- - (8 +ð' +8Y;; 

12a 

12α 

(63) 

Substituting the values into Equation (63). If firm 1 predicts firm 2 is the 

middle-cost structure, the total expected profit of firm 1 is 

P 1r1 1l﹒閒 = ((900 一 700)20933 - 3000000 )11 + ((800 一 700)28300 - 3000000 )12 

+((1 156 .4一 700 )28300 - 3000000 )e 

= 10934247 

When firm 2 is the low-cost structure, firm 1 launched a price war in the 
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first and the second periods. In the third period, both finns maintain equilibrium 

strategy. The to叫 expected profit offinn 1 is 

Pπ11岫= ((SI叫一CI/o.)qll叫-1';)51 +((呵呵 -CJ/o.)ql/﹒1- 1'; )52 + ((PI川b 一 CJ/o.)ql卅一只)♂

351aasI叫 +351αkl--hCl叫- 651a2SI
_

hCJ/_一切laaCI/_ 一切lα2ClIHCl.-I+65lα2ClIJ

9α 

+352的Sloom +35γSloomCI叫“γSloomCl/oo - 352的CJ/_ 一 352a2cI/ooclooI +6δ2a2c11002 (64) 

9α 

+53α2 +253ααC1叫 +α2Cl"l2 -4δ3。αCI/oo +δ3α2ClHl2 -4δ3α2Cl/ooCI_1 +4δ3α2cu--2 
9α 

一 (51 +δ2 +53)1'; 

When both finns are low-cost structures, the equilibrium quantity and price 

of firm 1 are as follows 

100000+ 62 x 700 - 2 x 62 x 700 
Equilibrium quantity offinn 1 : ql/./=-- ----. - . _ - . _-

18866.6 
3 

100000+62 x700+62 x 700 
Equilibrium price offirm 1 : ~/./b = 

.~~~~ ~ , 
~:" '，:~ 

, ~~ '" ~~ 

1004.3 01 
3x 62 

Substituting the values into Equation (64). If finn 1 predicts firm 2 is the 

low-cost structure, the total expected profit of finn 1 is 

P 7í ll/ols = ((900 一 700 )18866 .6 - 3000000 )11 + ((80。一 700)18866 . 6 - 3000000 W 
+ ((1004 .301 - 700)18866 .6 - 3000000 W 
= 2401146 .953 

Table4 
Expected Profit of Firm 1 with Sequential Price War in The First Period 

Firm 1 
Actual Cost 

Low cost 

Estimated Cost of 
nrm 2 by firm 1 

High cost 

Middle cost 

Low cost 

Profit of firm 1 

8998064 

4373698 

480229 

Total expected 
profit of firm 1 

13851991 
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The probabilities of high, middle, low-cost structures of firm 2 are 0.4 , 

0.4 and 0.2 respectively. Accordingly, the total expected profit of firm 1 with 

sequential price war in the first period is shown in Table 4. 

The value of lowest price is substituted into the constructed model. When 

firm 2 is the high-cost structure, firm 1 launched a lowest price war in the first 

period, then in the second and the third periods, firm 1 monopolizes the market, 

its total expected profit offirm 1 is 

PJrll•", = ((以m -cll_ )Q- F; )ô1 + ((PIl-e -cll_ )Q-F; Xô2 +δ3) 

2δ.laaS1_m 一251dkmC1I" 一2<51仰以 +2δldclFJ+dd-MS仰'C1I
_

2α 
(65) 

+ô2dcll} +~ci玄的'C1I
_

+ô3d'1J 一(ô1 +刊所

Substi仙ting the values into Equation (6月 . If firm 1 predicts firm 2 is the 

high-cost struc仙風 the total expected profit of firm 1 is 

P 1rll﹒知 = ((800 一 700)28300 - 3000000)11 + ((1 156.4一 700)28300 - 3000000)(12 + 13
) 

= 1966516 l.29 

When firm 2 is the middle-cost structure, firm 1 launched a lowest price 

war in the first period. Therefore, in the second and the third periods, firm 1 

monopolizes the market, its total expected profit of firm 1 is 

P方柄凡l刊山lυ川I
2訟δl扭晶仰XS叫S冉1..m 一2訪似δô1αa2s心l恤_mC句心υ仙•• -2訪δ拘1a，α缸c句U叭.. +2鈔δ1aα2沁c1句lUl"2~+δ訢2ci 一 2討δ訢2a仰臼C句弘U仙... 

2α 

+82α2cJd3d-MmCIl--+ddc2 
缸"一(ô1 +ô2 +ô3 )汽

(66) 

Substituting the values into Equation (66). Iffirm 1 predicts firm 2 is the 

middle-cost structure, the total expected profit of firm 1 is 
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P 1f1l 1oms = ((800 一 700)28300 - 3000000)11 + ((1 156.4 -700)28300 - 3000000)(1 2 + e) 

= 19665161.29 

When firm 2 is the low-cost structu悶， firrn 1 launched a lowest price war in 

the first period and in the second and the third periods, both firrns maintain 

equilibrium strategy. The total expected profit is as follows 

P1f11凶 = ((Sloom -Cll_)qll.1 - F; )SI + ((Pl岫 - Clloo )qll.1 - F;)(δ2 +δ3 ) 

381aαSloom + 38'α2SI--mCl叫一 681α2Sl..mCIl-- 一 7S1aαC1100 -7S 1α2cll.-cl叫
9α 

+10S1α 2Cll00 2 +81a 2 +2δlGIZCl叫 +28'α2C1_/ +282ααC1叫 一 482ααClloo
9α 

+4α2Cl.-I2 +52α2C l2 -452α2Cl C ，、﹒l 一 {81 +δ2 +δ3 )F.
9α

、， 且

(67) 

Substituting the values into Equation (67) . If firm 1 predicts firrn 2 is the low-cost 

structure, the total expected profit offirrn 1 is 

P 1f11l 0 /S = ((800 一 700)18866.6 - 3000000)1' + ((1 004. 3 一 700)18866. 6-3000000)(f + e) 
= 4368960.5 

The probabilities of high, middle, low-cost structures of firrn 2 areO.4 , 

0.4 and 0.2 respectively . Accordingly, the total expected profit of firrn 1 with 

lowest price war in the first period is shown in Table 5: 

Table5 

Total Expected Profit of Firm 1 with the Lowest Price War in The First 

Period 

firm 1 
Actual Cost 

Low cost 

Estimated Cost 
of firm 2 by firm Profit of firm 1 

1 

High cost 7866064 

Middle cost 7866064 

Low cost 873792.1 

Total expected 
profit of firm 1 

16605920 
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As shown in Table 4 and 5, we conclude that the total expected profits 

under sequential price war and the lowest price war are 13851991 and 

16605920 respectively . Therefore, the lowest price war is the optimal strategy 

Firm 1 in the first period maintains equilibrium and its total expected profit is 

P J[l1/..b = 10939492.6 . When firm 1 launches a lowest price war, its total 

expected profit is P J[ll/.. s = 16605920 , if firm 2 is the middle-cost structu間，

then it is forced out of the market. Firm 1 monopolizes the market in the second 

and the third periods, its total expected profit is P J[ll /..e = 22835161 .29 

Evaluating whether the investment in collecting information of cost 

structure of firm 2 is worthy or not. The information cost D = 500000and the 

difference of total expected profit between launching a lowest price war and 

without available information is LlI1i三 500000 ， so the investment is a corrected 

decision. 

4.1 Sensitivity Analysis 

In this pa此， this study brings the known information into the model and 

conducts sen副Vl句 analysis about potential market scale(a) , price coefficient(a) , 

and unit price (clI ..) to understand the intluence of specific parameters to the price 

and profit of firm 1 

4.1.1 The Profit Influenced by The Changes of Potential Market Scale 伊)
When other parameters hold constant, the increase of potential market scale 

has influenced on profit as shown in figure 4. 

As shown in Fig. 4, when other parameters hold constant, the increase of 

potential market scale will dramatically increases profit. This result is consistent 

with Equation (58). This is because the increase of potential market scale will 

push the increase of demand as well as price, and then the profit of firm is also 

mcreasmg. 

4.1.2 The Profit Influenced by The Changes of Price Coefficient (α) 
When other parameters hold consistent, the increase of price coefficient has 

influenced on profit as shown in figure 5 
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Figure 4 

Sensitivity Analysis of Potential Market Scale 
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Figure 5 

Sensitivity Analysis of Price Coefficient (α) 
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As shown in Fig. 5, when other parameters hold constant, the increase of 

price coefficient will result in price and profit drop. This is because the increase 

ofprice coefficient will reduce the demand and accordingly, revenue and profit of 

firms will drop. This result is consistent with Equation (5月. Thus, firm has to 

possibly reduce price sensitivity of market to avoid the influence on profit. 

4.1.3 The Profit Influenced by The Changes ofUnit Cost (cll. 

When other parameters hold constant, the increase of unit cost has 

influenced on profit as shown in figure 6 
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As shown in Fig. 6, when other parameters hold constant, the increase of unit cost 

will result in price and profit drop. This is because the increase of unit price wi I1 

raise the price and reduce the demand and accordingly, profit of firm will drop 

This result is consistent with Equation (60). Thus, managers should reduce 

internal operational cost to increase profit 

Figure 6 
Sensitivity Analysis of Unit Price 仇-)
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5.1 Conclusions 
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5. Conclusions 

This study adopts Cournot model to construct an optimal decision model on 

production quantity and price based on given demand function , incomplete 

information of opponent's cost structure and duopoly. Seven concludes are drawn 

as follows: 

This study used the given demand function to construct an optimal strategy 

through by optimization techniques and expectation the。可 under incomplete 

information of opponent's cost structure and homogenous product 

2. When cost information of competitor is unknown, in order to reduce the 

market risk, firm will invest the money to collect relevant information and 

construct the optimal price strategy to maximize its total expected profit 
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Furthermore, firm need to evaluate the difference of expected profit with and 

without the investment of collecting information. If the difference of 

expected profit is greater than the information cost, then the investment is 

worthy; otherwise, the investment is not worthy. 

3. Based on Coumot model and applied the quantity reaction function, two 

firms acquire the equilibrium quanti可 and price. Firms at the beginning of 

each period evaluate the equilibrium strategy and price war strategy and 

estimate the cost structure of competitor based on the result of previous 

period to search for the optimal strategy to maximize the total expected 

profit 

4. When a firm launches a price war, the equilibrium price of market will be 

destroyed and both firms will begin a price competition. Finally, firm with 

cost advantage will monopolize the market. When a firm is the high-cost 

S甘uc仙悶 it is not suitable to launch a price war and the maintaining 

equilibrium is the optimal pricing strategy 

5. If a firm with middle-cost structure launched a price war in the first period 

and competitor followed, then the equilibrium price is the optimal decision. 

6. If a firm adopted equilibrium strategy in previous period, then maintaining 

equilibrium is the optimal strategy in following periods 

7. The increase of price coefficient and unit price will result in the drop of 

expected profit. However, the increase of potential market scale will also 

increase the expected profit 
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