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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 concern real situation of market. In practice, cost structure of
competitor is not clear. Firm required to conjecture 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 results, seven concrete conclusions are
presented.

Keywords: Cournot model ; Duopoly ; Homogeneous product ; Incomplete

information
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1. Introduction

In the market of modern society, some products are dominated by a few
firms in oligopoly market-oriented ideology. In oligopoly market, there are a few
of firms, 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 firm 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. In this study, we explored the non-cooperative
oligopoly behavior and find out the optimal production quantity and price for their
firms to maximize their total expected profits.

In actual situation of competitive market, firms must assess the
competitor’s strategies before making decision, but facing the unknown cost of
competitor, firms in order to reduce market risk, and then they invest money to
collect the competitor’s information and consider their own total expected profit
to determine the optimal pricing and production strategy. Finally, the firms 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 Cournot 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 pretty 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
theory 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

quantities.
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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 Cournot 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 Cournot model. Wen and David (2001) used Cournot game theory
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 output 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 purpose is to force the competitors leave the market, and
then maximize its own profit. In pricing behavior, the price-cutting will stimulate
customers to buy and price-raising will 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 Cournot model about the substitute products and complementary
products, the results showed that if product is a substitute, the Cournot profit will
be higher than the Bertrand; if the product is a complementary, the Bertrand profit
will 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

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 risk,
firm invests money to collect the cost information of competitor, and assess its
expected profit to determine the optimal price and production strategy. In this
study, we study the optimal pricing and production strategy under duopoly,

homogeneous product and incomplete information.

3. Model Construction

In this study, 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 of period depends on each
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industry.

. 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 oneself.

. 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.

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

the brand loyalty.

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

price-reducing strategy.

. 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 - O = (g, +¢q;)=a—aP > q,,q, is the production quantity of firm
1 and firm 2,  respectively.
a : Intercept of the demand function, it means the potential market size, that is, when
the price 1s 0, the total market demand is “a ™
a : The price coefficient of homogeneous product, That is, when the price changes
one unit, the change amounts of market demand is “a ™
er,rj 1 : | Firms themselves, firm 1’s cost is r,, firm 2’s cost is 1, f guest the cost

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

equilibrium, § means price-reducing.



172

plr,-rjOk

The Optimal Pricing and Production Strategy for Homogeneous Product
under Incomplete Information and Duopoly

* Ink condition, firm 1 with 7, cost, firm 2 with 7, cost, fims /’s market

price./ =12, k=eb, r,=h,m,l, r,=h,m,l, emeans monopoly, bmeans

equilibrium, /4 means high cost, 7 means middle cost, / means low cost.

: Firm 1 with 7, cost, firm 2 with 7, cost, firms /’s production quantity

=12, n=hm,l, v =h,m,l

- Firm 1 with 7, cost speculate the production quantity of firm 2 with f cost

r=hmil, f=hml

* Firm 2 with 7, cost speculate the production quantity of firm 1 with /* cost

r,=hml, f=hm,Ll

. Total expected profit of information
¢ Cost of collecting partial information
: Discount factor inz Period » 0<8 <1 » §=1/(1+6) » @ for compare-based

interest rate

: The possible cost structure in period n

: The price after the price-cutting under firm 1speculate the cost of firm 2 with

f=hml

: The price after the price-cutting under firm 2 speculate the cost of firm 1 with f

S=hm]l

* The actual variable cost of Firm 1is7, . r, =h,m,/

* The actual variable cost of Firm 2 is 7, . r;=h,m,l

: Firm 1 speculate firm 2’s variable costis /1 f=h,m,l
: Firms 2 speculate firm 1’s variable costis £ f =h,m,l
: Firm 1’s fixed cost

: Firm 2’s fixed cost

- The profit of firm / under firm 1 with r, cost and firm 2 with 7, cost.

1=12 r,=hm1l > r,=hm,1
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N7 et The profit of firm 1 under firm 1 with 7, cost and speculate firm 2 with f cost

in k condition and no information. n=123, rr=hml , k=e)b,s ,

e means monopoly * b means equilibrium, §means price-reducing

PRy The profit of firm / under firm 1 with 7, cost, firm 2 with r; cost in k condition and
partial information. » =1,2,3, [=12, r,=hm,l, v, =hm,l, k=eb,s,

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

Pyicon : The profit of firm 1 under firm 1 with 7, cost and speculate firm 2 with r, cost
in k condition and partial information.
n=123, r,=h,m|I, k=eb,s, emeans monopoly, b means equilibrium,
S means price-reducing

PZe s The profit of firm 2 under firm 2 with 7, cost and speculate firm 2 with r; cost
in k condition and partial information. =123, r,=hmil, k=eb,s ,
€ means monopoly, b means equilibrium, § 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 Cournot 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:

Alx :Pﬂ.llr,.oﬂ;(qlrpf clr,.-vcl--f)_Nﬂ-llr,.-ﬂ)(qlriof clr,.n:cluf)

3
1
:Z_; 3 Z Z ”'llr,.-fb(‘hr,.f

ren fen

3
1
_Zl 5 Z Z jz-llr‘.oﬂ)(qlriof

€N fen

clrioo7cloofvc2.rjoacZoof)p(c2orjo) " (1)

n
clri oo’c]oof,CZero,CZQQf) 5
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If the incremental profit, Alx , 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 structures, the profit function is

”-]hhu = (plhhn - C]ho- )qlhh- - F‘l

A= pne — Donne

”ozhho. = (thh-- - c2.h. )qzhho _F‘z =

a - 1o - ]
(%’ﬂ— Coun Mo — B 3)

Let the derivative of profit function of firm 1 by g,,.. , we obtain

A~ Y9rhhe — XClhes 4)

Dine = >

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

a—q ~w eN1e
Donne = lhh.z = (5)

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

quantities
a + ac eNne - 2ac L1]
Qihhe = =4 L (6)
3
A+ QClpee — 20C 40
92hhe = 3 (7)

The demand function is

Q:(qi"'qj):a_aP
So

bl
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OQuinee = (Giane + Gapne) = =Py,

_a+ Ay, — 20C, 00

L At - 20Cy 04,

3

The optimal prices of both firms is

_a T AC) jee +ACHepe

e =
hh 3a

Table 1
The Optimal Production Quantity and Equilibrium Price of All Possible
Combinations of The Cost Structure of Duopoly Firms

ehhee

175

®)

A equilibrium
quantity of firm1

A equilibrium
quantity of firm2

Equilibrium price of

two firms

high-cost/high-cost

high-cost/
middle-cost

high-cost/low-cost

middle-cost’high-cost

middle-cost/middle-cost

middle-cost/low-cost

low-cost’high-cost

low-cost/middle-cost

low-cost/low-cost

a+ QCoype — 20C, e,

a+ o)., —200,,,.

a + OC ey + OCoqp

3 ] 3a
a4+ 00, . =200 ., A+ O ipes — 20C s pys a+ac,,,, +oc,,,.,
3 3 3a
a+ac,,, —2oc,;.. a+ac,,, —2ac,,,, a+ac,,, +ac,,,.
3 3 3a

a+ 0, — 200,

A+ O s — 20055,

Ot ALy s + O

3

A+ OCsy e — 2000) ee

3

A+ OC) 0 — 200C,,.,

3a

a+ ac) .. +ac,,,.

3

a+oc,,, —20c,,,.

3

a+ ac| e, — 20,5,

3a

a—+0oac,),,, +xCsy,

3

a+oc,,,, — 20c,,,

3

a+ac,,, —2ac,,,,

3a

a+ ac,,, + aCs,;e

3

a+ ac:-ml — zaclloo

3

a+ o), — 20C,, .

3a

a+ acy,, + 0Cyype

3

a+ac,,, —2ac,..

3

a+ acy,, — 20C,,,,

3a

a+ oy, +ac,,,

3

3

3a
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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
1.

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 purpose of
monopoly, however, the price war may hurt itself. Therefore, in beginning of
period 1, firm 1 must assess its advantages and disadvantages of cost structure,
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

s

N
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Figure 2
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Dynamic Decision Model under Three Periods and Firms with Middle-Cost
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Figure 3
Dynamic Decision Model under Three Periods and Firms with Low-Cost

Incomplete Information and Duopoly
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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 of firm 2 and derive the probabilities of cost
structures of firm 2. Furthermore, 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

c]ri--’CI--f) = Z z ”]l;-ﬂc(qlr,-f C]r;”'c]"f’c.«,’-rj"c}'f)p(c_’-rj-)p(c.’--f) )
150 [ St

Formula (9) means that given firm 1’s cost isc),..,C,.. ,, and guess firm 2’s cost

Py, ."ﬂ'(q]’,-'f

i1sC». rerCaef, 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 structure, no matter what cost structures of
firm 2, firm 1°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

n=1 renfen

3 )
P”nh-jb (qlh-f|clh-ncluf) = Z{E Z Z”nh-/b (qlhtflclh-nC]uf’czor/nc;’nf )P(cz-r,-) (10)

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 of firm 1 is

P”l 1me fb (qlmnf

c]mn > Cluf > CZ-rJ- ) cﬁuf )p(c‘_’-r/o )}" ( 1 ] )

3
clm"’clnf) = Zlé Z Zﬂl 1me fb (qlm-f

n=1 renfen

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 expected profit in three periods of firm 1 is
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3
ClioesCloes) = Z % Z Z”l o (Guies

n=1 rienfen

P”l 1l fb (qll°f clI" E] cluf> c'.!-rj' ) c?_nf )p(c'l-rjo )}" (1 2)

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 s,..,,
and the new price must be less than or equal to unit variable cost of firm 2, Coorys -
The market price reduce t0s,.., <c,,,. and force firm 2 to withdraw from the
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 the firm 1. When the firm 2 is the low-cost, launch price war by the
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 s,,.,,and the new price must be less than or equal
to unit variable cost, c¢,.,. , of firm 2. In the second and the third periods, firm 1
adopt monopoly strategy, production quantity and price are as follows:

a— 00, .

Production quantity under monopoly of firm 1: O = 3

(13)

Price under monopoly of firm 1 : p,,... = 4% Formee.

(14)

2a

Put the new price, s,,,, , in the first period and monopoly price in the second
and the third periods into the total expected profit is
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P”Hm.hs = ((S|..;, =Clmee )Q = E )5l + ((P;,,..., = c],,,-.)Q = F} )(52 23 53)
5 26'aas,,., — 25'azs,,,hclm,, -28'aac,,, + 25'0:20,”,,,2 8% — 2§2aac,m" (15)
N 2a

222 2 2 2 2 3 2 3 3.2 2
+8‘a’c,,.’ +8%a’c,,," -6°a* -26"aac,,,, +6°a‘c,,.,

—-(8'+6*+8YF,

When the firm 2 is the middle-cost structure, firm 1 launches the price war
in the first period, the new price is s,..,,and the new price must be less than or
equal to unit variable cost, c,.,,., of firm 2. In the second and the third periods,
firm 1 maintains equilibrium price. The total expected profit of firm 1 is

P”llm-ms = ((slnh _clm- )qlm-m _F;)é‘l Tt ((plm-b _clmo- )qlmom _E)(52 +53)
35'aas,,, +38'Q%S,,Cour — 800S00 — 3 aC,, ., —35'Cc,, 6. +65'Cc, P 4O
4 (16)
+28%aac,,, —48%aac,,, +8°a’,,, —48°d’c,, ¢\, +45°Cc,,, +8°d’ +25°anc,
4707

2_ A58 3 2
45 azc]m“c!-om +45 azclrm- _(51 +52 +53)[;l'

Radi] e m

~ASacc,, . +5°c

leen

9a

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

first period, the new price is s,..,, and the new price must be less than or equal to

unit variable cost, c,,,., of firm 2 . After the first period, firm 2 monopolies the

market, in the second and the third periods, firm 1 will withdrew from the market.
The total expected profit in the first period of firm 1 is

P”] Lmels = ((Sluh - clmu )qlmol i FI ) 61

2 17
_( L e Ty L S S L, (17)

3 ~I

Firm 1 launches a price war with middle-cost structure at the first period,
the total expected profit iS o P7 un + PP 1pems + PP Tiipts =P 1mes - COmparing
with the total expected profit of price warPx,,,...and the equilibrium expected
profit Pz,,,., , if Pmy,.., —Pm,,., >0, then price war is the optimal decision,
otherwise, equilibrium strategy is an optimal decision. Finally, if the difference
between total expected profits of partial 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 s,,., <c..,.ands,..,, <¢,.,. to select an optimal pricing
strategy.

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

Production quantity under monopoly of firm 1 : Q= i (18)
Price under monopoly of firm 1 : py,.,, = %& (19)
a

The new price of market is s,,, and _, < . In the second and the

S Coehe

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

P s1ans = ((Syeen, —Cu1ea)Q _F;)51 +((Pypeee — €1 )2 - H )8 +8%)
_ Zé'laas]”h —25]a2s,,.hcl,,, -20 ]aac”.. + 25’(120”..2 +68%a? —252aacxz.. (20)
2c
+8a’c,, !+ 8% - 28%ac,,, + 8'a’c,.}

2

—(8'+8*+°)E,

When firm 2 is the middle-cost structure, firm 1 launches a price war in the
first period with s,,,, <c..,., and re-launch price war in the second period
withs,,,. < ¢,,., in the third period, firm 1 monopolies the market. The total
expected profit of firm 1 is as follows



Chiao Da Management Review Vol. 30 No. 1, 2010 183

P”l Voms — ((S]“h “Cllee )‘]u.,,, = F;)al + ((sl-.m “Clree )Q_E)52 T ((Pllue “Clres )Q_ F;)(sa

1 1 2 ] 2 1 1 _2 12 2
_46aas,., +46 A'S\iCieun -85'a’s,.cp. —46 aac,,, -45 a’c,, c..,, +80 a’c,..

12
2 % 2 2 2 29 2 3 2 3 (21)
+66°aas,,,, —66°a‘c,,.s,.,, —66 aac,,, +66°a’c,,.” +36°a” —65°aac,,,
12c
3 2
38, —(8 +62+6Y)F,
12a

When firm 2 is the low-cost structure, firm 1 launches a price war in the
first period with s,,, <c,.,., and re-launches a price war in the second period
with s,,.,,, <¢,.,., i the third period, both maintain equilibrium strategy. The total
expected profit of firm 1 is as follows

P71ty = (Sjeen —Cuiee) e — F )8 + ((Sieam — €10 )i — )%+ ((Pyets —Ce) it — )0 )
_38'aass,., +30'a’s,..,0,. —858'%S, 00, — 30 acxey,, —38' ¢, C, + 60 e,

Yo
+38%aas,.,, +35°00S ., C o — 05208, Cpon —35%a00C,.. — 35%0C¢, €,y +65%c,. ) (22)
Yo
+8%a* +28%aac,., +a’c, . -48%aac,,, +8°d’c, | —48%d e, ¢\, +45°dPc,.}
Yo

—(8'+85+ 8,

Firm 1 launches a price war with the low-cost structure, the expected profit
1S PP s + PoP T ftoms + P3P Ty 11ais = Py 1ees - When firm 2 is the high-cost structure,
firm 1 launches a price war in the first period with s,,,,, <c..,., and in the second
and the third periods, firm 1 adopts monopoly strategy, its production quantity and

price are as follows:

Production quantity under monopoly of firm 1 : O = s -] (23)
Price under monopoly of firm 1 : p,,.., = i%’r. (24)

The market’s new price in iss,,., <¢,.,., and use monopoly price in the

second and the third periods, p,,..,. The total expected profit is
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P”]/.h, = ((51..,,. “Cllee )Q - E )51 + ((P”.., = C”")Q o F‘l)(é2 + 53)
_ 28'aas,,,, -28'a’s,., ¢c,.. —28'aac,,,, +258'a’c,, } + 8%a’ - 26%aac,,,, (25)
20
+68%a’c, t+ 8% -26%aac,,, + 8%a’c,.?

—(8'+8+ 8%,

2cx

When firm 2 is the middle-cost structure, firm 1 launches a price war in the
first period with s,,, <c,.,., and the second and the third periods, firm 1

monopolizes the market. The total expected profit is as follows

P”llltm: = ((sloom - cll.a )Q N Fi )6l + ((pllone o clloc )Q ik F; )(62 + 53)
_ 28'aas,,,, -28'a%s,,., c,.. —26'aac,,, +28'a’c,, ! +6%a* -25%aac,,,, (26)
2a
+6%a’e,, .} +6°a* -26%aac,,, +5%a’c,,,
2a

2

—(8'+8*+ %K,

When firm 2 is the low-cost structure, firm 1 launches a price war in the
first period with s,., <c,.,., and in the second and the third periods, both
maintain equilibrium strategies. The total expected profit of firm 1 is

P s = (Siaen — Ciree it ~F1)8" + WPy — Cryon it —FIHS” +8°)
36'aas,,,, +358'a’s,, .., —68'a’s,.,c,.. - 18'aac,,, - 16'a’c,.c,.,

9
+1 0510152c1,“2 +d'a* +28'aac,,, + 25lozzcl”,2 + 252aac1__, - 452aacl,,,
Yo
+a’c,, ! + 8%, —46%a’c,..c.,

9a

leem

(27)

~(8'+6*+8°)F,

Firm 1 launches a price war with the low-cost structure, the total expected
profit 1S o P, o + PP yoms + 2P 7 s =P es » and then compare the total expected
profit between sequential and one-shot price-cutting strategy to select optimal
pricing strategy. Comparing Pz, with Pz, ., , if Pz...>Pn,,.,, 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 will 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 1s

2 [ )
P”z]h-fb(qlhoflclhu:clnf) :Z 3 Z Z 7’21;,-/1;(qnpf|clh.nc1..f,cz.,}.,Cz..f)p(cz.rj.) (28)

n=1 riEx fex

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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= 1
P”Z]mojb(qlm-f‘clm-nclnf) = Z{g Z Z ”21m'fb(qlrnof'clnnncl--fac’.’-rj->c‘_’o-f )p(cbrjo)}n (29)

n=l| T e fen

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

Pyt Qs Clioe3Clea £ 5C0r,05C 200 )P(cznrj- )}" (30)

| 1
Clies sCloe ) = Z[g Z Z Zorie o (Gt g

n=l| T riex fexn

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
follows:
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Production quantity under monopoly of firm 1: O = £ 31
Price under monopoly of firm 1 : p,,.... :L;c‘”ﬂ (32)
(24
Taking the monopoly price into the total expected profit is:
P”Zlmhoe = ((p[mo-e - clmo. )Q _E )(51 + 52)
a’ -2aac,,, +a'c,, (33)

={ ~F)S'+6°)

da

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

2 l .
5 z f; 7[21m-fb (q]m'ficlmo-7c]--f,c_‘2-rja7c2nf )p(clorjo)} (3 4)
71612 €12

P”zlnp/b(qm-flclm-,c]..f) =

n=l1

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 of firm 1 is

21
cl,,,,c,,,f)zz 3 Z Z”zu-/b(qu-f

n=l| “rien fez,

Py (9o f ClioeCloe fC20r 05000 1 )P(cz-rj- )}" (35)

When firm 2 is the high-cost structure, in the second and the third periods,
firm 1 adopts monopoly strategy; its production quantity and price are as follows:
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Production quantity under monopoly of firm 1: Q= a;(;c‘# (36)
Price under monopoly of firm 1: p,,,, = E% (37)
(24
Taking the monopoly price into the total expected profit is
P”zllh-e = ((pllooz — c“-n )Q i Fi )(5l T 62)
a’ -2aac,,, +a’c,,’ (38)

=( ~F)8'+6%)

4a

When firm 2 is the middle-cost structure, firm 1 launched a price war in the
second period and monopolize in the third period. The total expected profit

PRy egs 18

P”le-,,.J = ((sl..,,, - cu.. )Q - F] )51 & ((Pu.., - Cu.. )Q ‘ Fi )52
26'aas,,., —26'a’s,.,c,.. - 28'aac,,, +26'a’c, ! + 8'a* - 26%aac,,,, (39)

da

+6 zazc, ,,,2

o —(8'+8%)F,

When firm 2 is the low-cost structure, firm 1 launched a price war in the
second period and maintains equilibrium in the third period. The total expected

profit Prm,,,,. is

Py = ((Syeem = C11e )1 — F4 )s' + ((Prress = €110 )90 — F )6*

_38'aas,,, +36'a’s,,,c.., —668'a’s,, c,..—368'aac,,, -36'a’c,,.c..,
+638'a’c,,.t + 8%t + 268%aac,.,, - 48%aac,,, + 8'a’c,,} - 48%a’c,..c,..,
9a

2.2 2
+48 ey, _(6'+6YF,
Yo

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

total expected profit is p,P 7y + PsP 71105 = Py, - Comparing the total
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expected profit Pz, with Pryy,.s , if P7ryyye, — Py >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 Casel: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

If firm 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

1
P”SIh-fb(qlh-flclh"’cl“f)=§ Z Z 3100 o (Gihe s clh-nclufcm-rj->cl--f)p(c20rj-)5] (41)
ricxs fes

Decision Model for Firm 1 with Middle-Cost Structure

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

Clmee> C]..f) is

expected profit Pz, 5 (q),.,

1
P”Blm-fb(qlm-flclm-ncluf) ZE Z Z 73 1me o (Qime 1 clm"’clﬂf’c?.'rj"CZ"f)p(CZOrjO )8\ (42)

ri€xn fex

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

C]loc, c]-of) 1S

expected profit Py, ,(q,,.

1
C][.-,clo-f) = -3— Z Z ”311.fb (qllof

ri€xs fexs

P”}l[.fb (qllof cl[.- ) c]oof > cZorjo B c200f )p(c?_orjo )61 (43)

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 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 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 period. The total expected profit Pz, ,(q,,., |c]m,,,cl,, 7) is

1
P71 Qi clmoncl--f):‘i Z Z”Slm-/b(qlm-f|clm“7Cluf3c20rj-7czn-f)p(c2-r:,-)6] (44)

ri€x fexs

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

c]loo7c]oof) 1S

equilibrium in last period. The total expected profit Pz, ,(q,,.,
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1
P75 1 o (Q1af|CrnesCron ) :5 Z 2”311./1, Gvey cllu:c]uf7020rjo’CZ»f)p(cer-)51 (45)

riexs fen

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 profit Px,,,.. 1s

P7Z3lmhoe = ((plmue - Clmu )Q e F: )é‘l
2 (46)

2 2
a‘—-2aac, . +a‘c
1lmee 1 mee 1

da

=

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 Pr,,,., is
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Pty ipee = ((Plieee —Ci1es )2 — F )o!
(47)

2 2. 2
a® -2aacy,, +a‘cy,,,

—F)é!
Aex 1)

=t

When firm 2 is the middle-cost structure, firm 1 adopts monopoly price in
the third period. The total profit Pr,, ., 1is

P”3llm-e = ((pu..e - C]I.. )Q - F; )51

2 2 2
a‘ -2aacy,, +a‘cy,,

4o

(48)

=4 -F)s’
When firm 2 is the low-cost structure, firm 1 adopts equilibrium price in the
third period. The total profit Pr,,,, is

Py = ((Pries —Ciiee )ue — F4 )51

a* +2aac,,, —4aac,,, +d’c,, ! —4d’c,,c,.. +da’c,.} ] (49)
={ v ~-F)s

In this study, we can find the production quantity and profit depend on cost
structure. Firm with high-cost structure will produce lower quantity and earn less
profit; on the contrary, firm with low-cost structure will produce more quantity
and earn more profit. In equilibrium condition, when both firms produce the same
products, their setting pricing will be the same. The result is consistent with
Cournot model. Then we proposed two propositions to describe the result:

[ 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])

a-— qlr,r}o - qu‘rIo
”olrlrloo = (plr;r/c- - clr'oo)qlr;rjo - Fi = ( a - clr.-o )qlr,rjﬁ - F; (50)

N}
|
o
~
o
.
Q
o
)

r,e

ﬂ-Zr,r/" = (er,r/n _CQorlo)q2r,r‘- _Fé =( _CZorj-)qu,r]. _F‘z (51)
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~ Let the derivative of profit function of firm 1 by p,, o equal to zero, we
obtain

a_quirj' _ac]r,-"

= 32
qlqrjo 2 ( )

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

a—qlrir-o O, s
q2r,rj¢ = . 2 - (53)

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

quantities
a+ac,, .- 2ac,..
qlr;';' = 3 (54)
a+ac,,, — 2acz,,j,
q2r,-rj0 = (55)
3
The optimal price of the two firms is
a+ac,, +ac,,, .
P =, i J (56)

or,ryoe

3a

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 (& )and production unit cost
increase, then the firm's profit will be decreased. Only when the potential scale of
market (a ) increase, both firm's profits will be increased.

[ Proof] Firm 1 profit is
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1
Purr o = (O arr o + Pt o+ PsTutrr, o + Piutrr o
J 3 J 4 J J (57)

s pZ”'lr-r-ﬂ) + p3ﬂ'-¢1r-r»fb + pl”-lr.r‘ + pZﬂ'lr-r- + p37[01r-r- )
iTj iTj i jfb ljjb i jfb

Because the analysis of profit under different cost structures is similar, this
study only discusses the profit in one cost structure.

A=Giyef ~Qaref

Fatnryp = - —C1,00)q,,.r — F1.) , used first derivative, we have
a”ﬂr-r-ﬂ) 1 ql i
e e >0 58
oa 3( a ) (°8)
a”'OIr,-r-_fb 1 _(a—q nef ~92re )q re
a j =_( 1:f 221.[ 1, f)so (59)
a 3 a
a”-Olr-r-jb 1
— P e %0 60
aclrirj. 9q1r,- f ( )

By the same way, we can obtain

a7r°2r.-r}lb 21 Daref >0 > a”-anjfb =l_(a_qlp;--f G )oses <0 > a”-zr,»rjfb :-lq <0
a 9 a da 9 o B a,,, aadn

4. The Example Analysis

There are only two firms, firm 1 and firm 2, to produce 1 G memory card
for cellular phone in the market, the memory 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 O =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

a 100000 F, 3000000
o 62 E, 2000000
o 1 F, 1000000
G 900 o 04

& 800 P, 0.4

; 700 P 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 p, =0.4,
P, =04, and p, =02 respectively. When substituted the values of parameters
in Table 2 into the total expected profit model that maintaining equilibrium, we

acquire

3
1
Py ye Qe c)l--acl--f)zz 3 Z Z”}ll-/b(%uf

n=1 rienfen

c]I.o scloofacZOrjo ’c’lo-f )p(cjor]o )}" (6 l)
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If firm 1 predicts firm 2 is the high-cost structure, the total expected profit
of firm 1 is

P7yv1ens (Gien

3
CiiessCloeh) =Z % z Z 10 (Giren

n=1 ri€n fexn

n
c][.o’CIOO}ncZorjc aCZQQf)p(czorJo)}

=(0.4x 7y + 0.4 %7, +0.2x 70001
=0.4x14297144 +0.4x 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

3
1 "
Py rtems (Qr1em[CrivesCroem) :Z 3 Z Z 71110 mb (Grtom c]lonclo-maczorjnczuf)P(czor,-):Iﬁ
n=1 ri€n fen
=(0.4 X 7} 1 04X 11y + 0.2 X 74500 ) X1
=0.4x14297078 + 0.4 x10089883 + 0.2 x 5923541

=10939492.6

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

3
1
Ciiee>Claet) =z 3 Z Z e (Gize

n=1| 2 ren fen
=(04x 7, +04x 7,0 +0.2x 7, ) x1
=0.4x13883845+0.4x10091883 +0.2 x 6336741
=10857639.4

P71 (Gurer

c]I-o 9c]-olaczoyjo702-of)p(c?_-rjo )}n

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 Estimated Cost of production Total expected
Actual Cost firm 2 by firm 1 quantity of firm 1  profit of firm 1
High-cost 23000 10608018.8
Low-cost Middle-cost 20900 10939492 .6
Low-cost 18867 10857639.4

Table 3 shows that the total expected profit of firm 1 with low-cost
structure in the first period is P7,y,., =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
is

total expected profit P, ,,

Py = (Spon =1 )0~ S +(Pyns ~ 61 YO~ FXS +6°)
_ 25005, ~28' 511 ~25'000C,, +25' 20y + 57 ~ 25700k (62)
2%
+8%c,. +8°d -2 aa,., + 5

2a

—(8'+8*+8°F,

The monopoly production quantity and price of firm 1 are as follows:
Production quantity under monopoly of firm1:
a-ac,,, 100000-62x700

0= = =28300
2 2

Price under monopoly of firm 1 :
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_a+acy.. 100000+62x700

e ~1156.4
Pu 2a 2%62

Substituting the values into Equation (62). If firm 1 predicts firm 2 is the
high-cost structure, the total expected profit of firm 1 is

P15 = ((900—700)28300 —3000000)1" +((1156.4 —700)28300 — 3000000)(1* +1°)

~ 2x1'x100000x 62 x 900 — 2 x 1' x 627 x 900 x 700 — 2 x 1' x 100000 x 62 x 700
B 2a
+2x1' x62% x 700* +1% x 1000007 — 2 x 1* x 100000 x 62 x 700 +1% x 62% x 700*
2a
+1° x100000” —2 xI” x 100000 x 62 x 700+ I° x 62* x 700*
2x62

(1' +1% +1*)3000000

=22495161.29

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 P, is

17 ms

P e = ((Sieen = Cltea Wtom —F1)0 '+ ((Seem —Cue)O—F )8° + ((Pygone —C1e)O—H )8°
_ 45 A0S, 0y + 45’5 00, Croem =85 X' S1esCoe —46 001G, —46'0°C,10 G + 85 X6

12
+b6%aazs,,,, —65°a’c,..s...,, —68°aac,., +65°a’c,, +35°a* —65°
12«
2
%_(s S+ -

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

Py, = ((900 —700)20933 — 3000000 )1' + ((800 — 700)28300 — 3000000 )1>

+((1156.4 — 700)28300 — 3000000 )1
=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 firms maintain equilibrium

strategy. The total expected profit of firm 1 is

P71y = ((Seun = Citae )y —F1)6 '+ ((Sioem —Cee )t —F1)0 Ly ((Prseis —Cuea )i — 4 )6°

I 12 1.2 ! 12 1.2, 2
_3daas,,, +36 a’s,,,,c., —65 a's,..,c.. — 30 aag,,, 35 a’c.c.., +65 a’cy,

9
o2 2 ~2 022 2 22 2 52 2
+38%aas,,.,, +38%’s,., .., —65%%s,.., c,.. —38%aac,,, - 38%d%c,, ¢, +65%’c,,} (64)
9
+6%a* + 253aac]", +a’e,.} -48%aac,,, +8°d e, )} -45%d ¢, ..., + 40, ]
9

(8" +8*+HF,

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

of firm 1 are as follows

Equilibrium quantity of firm 1 : ¢,,,, = URD HoaR 720_ Lh i 18866.6

Equilibrium price of firm 1 : B,,, = 100000+6?})x 220+6ZX700 =1004.301
X

Substituting the values into Equation (64). If firm 1 predicts firm 2 is the
low-cost structure, the total expected profit of firm 1 is

P, . = (900 — 700)18866 .6 — 3000000 )1' + ((800 — 700)18866 .6 — 3000000 )1*

+((1004 .301 — 700)18866 .6 — 3000000 )1*
= 2401146 .953

Table4
Expected Profit of Firm 1 with Sequential Price War in The First Period
Firm 1 Estimated Cost of Total expected
Actual Cost firm 2 by firm 1 Erofitaf e 1 profit of firm 1
Low cost Middle cost 4373698 13851991

Low cost 480229
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The probabilities of high, middle, low-cost structures of firm 2 are0.4,
0.4and 0.2 respectively. Accordingly, the total expected profit of firm 1with
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 of firm 1 is

Py = (Syeom =€ )0 8 )8’ (P — )0 —F X6 +8%)
28'aas,,., —28'a’s,., ¢, — 26 a0cy,, +28'd’c,.t +8°d’ —28%aac,,,
= leem leem 1/ 17 17 T 65
B % (65)
+0%a? Cll“2 +68°d —253aac”" +53a2c1,“2

2

—(6'+6*+8°)F,

Substituting the values into Equation (65). If firm 1 predicts firm 2 is the
high-cost structure, the total expected profit of firm 1 is

P, = ((800—700)28300 —3000000)1' + ((1156.4 —700)28300 — 3000000)(1*> +1°)
=19665161.29

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

Pﬂ.l Homes = ((sloom i C]z.. )Q - E)al a: ((pu--e - cuu )Q - F{ )(52 + 53)
_ 28'aas,,, —28'a’s,..,c,.. —28'aac,,, +28'd’c,, ! +8°d —25%aac,,, (66)
- 201
+8*a’c,. ! +8°d* —-28%aac,,, +8°d’c,.}
2o

—(8"+8*+8°)K

Substituting the values into Equation (66). If firm 1 predicts firm 2 is the
middle-cost structure, the total expected profit of firm 1 is
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Pz, =((800—700)28300 —3000000)1' + ((1156.4 — 700)28300 — 3000000)(1* + 1)
=19665161.29

When firm 2 is the low-cost structure, firm 1 launched a lowest price war in
the first period and in the second and the third periods, both firms maintain
equilibrium strategy. The total expected profit is as follows

P tets = ((Seam = Citee )it — F )" + ((Prrets = Citee Y9100 — NS +6°)
_36 ‘aas,,, +35'a’s,.,, c..—658'a’s,, c..—18'aac,,, - 15'a’c,, c..,
9a

+108'a’c,.} +8'a* +28'aac,,, +26'a’c,,  +26%aac,,, —46%aac,,,

(67)

9a
2 2 2 2 2 2 =2
Ha'e , +0a"e; ~40°4 ¢l

—(8'+8*+8°)F,
O9a

Substituting the values into Equation (67). If firm 1 predicts firm 2 is the low-cost
structure, the total expected profit of firm 1 is

P45 = ((800—700)18866.6 — 3000000)1' +((1004.3 — 700)18866.6 —3000000)(1* + I°)
— 4368960.5

The probabilities of high, middle, low-cost structures of firm 2 are0.4,
0.4and 0.2 respectively. Accordingly, the total expected profit of firm 1with
lowest price war in the first period is shown in Table 5:

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

Estimated Cost

kit L of firm 2 by firm  Profit of firm 1

Actual Cost

Total expected
profit of firm 1

1
High cost 7866064
Low cost Middle cost 7866064 16605920

Low cost 873792.1
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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
Pr ., =10939492.6 . When firm 1 launches a lowest price war, its total
expected profit is Prx,,,.., =16605920 , if firm 2 is the middle-cost structure,
then it is forced out of the market. Firm 1 monopolizes the market in the second
and the third periods, its total expected profitis Pr,,,.., =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 Alz >3500000, so the investment is a corrected

decision.
4.1 Sensitivity Analysis

In this part, this study brings the known information into the model and
conducts sensitivity analysis about potential market scale(a), price coefficient(«),
and unit price(c,..) to understand the influence of specific parameters to the price
and profit of firm 1.

4.1.1 The Profit Influenced by The Changes of Potential Market Scale (a)

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

increasing.

4.1.2 The Profit Influenced by The Changes of Price Coefficient (@)

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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Sensitivity Analysis of Price Coefficient ()

12000000

10000000

‘:\\\\\\\

8000000

“~‘\§_\\\\\‘>

profit 6000000

\

4000000

R

2000000

0
45

50 55 62

price coefficient

203

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

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

firms will drop. This result is consistent with Equation (59). 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 of Unit Cost (c”")

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 will
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 (cI ,,,)
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5. Conclusions

5.1 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:

1. This study used the given demand function to construct an optimal strategy
through by optimization techniques and expectation theory 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 Cournot model and applied the quantity reaction function, two
firms acquire the equilibrium quantity 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
structure, 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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