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Abstract

Conditions are outlined under which it is a sequential equilibrium for
firms to forego current profit to reduce the likelihood of entry, if firms are
uncertain about rivals’ costs. The assumptions about out-of-equilibrium
beliefs that sustain such equilibria axe more plausible if firms produce
strategic substitutes than if firms produce strategic complements.
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1 Introduction

In the words of Bain (1949, p. 449), limit pricing occurs when

established sellers persistently ...[forego] prices high enough to max-
imize the industry profit for fear of thereby attracting new entry to
the industry and thus reducing the demands for their outputs and
their own profits.

The implications of limit pricing for market performance are mixed. Because
incumbents forego some economic profit, market performance is better than it
would be without the threat of entry. But limit pricing allows incumbents to
exercise some market power over the long run.

Milgrom and Roberts’ (1982) model of monopoly limit pricing traces its
ancestry to Bain’s literary analysis. From their work springs a proliferation
of models of monopoly and more recently oligopoly limit pricing.1 A central
topic of this literature is the analysis of circumstances, if any, under which
noncooperative limit pricing is an equilibrium strategy when there are multiple
incumbents.

Bagwell and Ramey (1991) model noncooperative entry deterrence in
duopoly when incumbents’ costs depend on an industry cost parameter. Be-
cause incumbents’ costs are either both high or both low, plausible pooling
equilibria fail to exist. In equilibrium an entrant can infer the true value of the
industry cost parameter by observing incumbents' prices.

In this paper, | explore an alternative specification, in which unit costs
may differ across firms. It is clear that such differences occur in real world
markets.2 Results show that if an entrant’s uncertainty about incumbents' costs
is firm-specific, then there are conditions under which incumbents, in sequential
equilibrium, noncooperatively give up some current profit to deter some or all
future entry. This is so even if incumbents have high cost and each incumbent
knows that the other has high cost. But whether firms’ products are strategic
substitutes or strategic complements is seen to be critical to the plausibility of
the disequilibrium beliefs that, sustain entry-limiting and other equilibria.

1For references, see Martin (1993, Chapter 4) or Bagwell and Ramey (1991. pp, 155 156).
2Consider, for example, the world automobile industry.



2 Preliminaries

2.1 General setup

In the first period of a two-period market, there are two incumbents. A potential
entrant observes first-period actions and decides whether or not to come into
the market in the second period.

Each firm’s constant unit cost is either high (ch) or low (c/,).3 Unit costs
may differ across firms. At the beginning of the game, each firm knows its own
unit cost, but not the unit costs of its rivals. Each firm has prior beliefs about
rivals’ cost types. Prior beliefs are common knowledge. Following Harsanyi
[1967-68], this makes it possible to model the game as one of complete but
imperfect information.

If entry occurs, the entrant pays a fixed and sunk entry cost K (the value
of which is common knowledge). The entrant breaks even by staying out of the
market.

2.2 Solution concept

I examine conditions for specified actions and beliefs to constitute a sequential
equilibrium. In sequential equilibrium, each firm’s strategy maximizes its ex-
pected payoff, given the equilibrium behavior of other firms and beliefs about
out-of-equilibrium behavior.4 Equilibrium beliefs must be consistent with equi-
librium behavior, as implied by Bayes’ Law. Beliefs about out-of-equilibrium
behavior are not restricted by the requirement of consistency with Bayes’ Law,
and will be specified below on a case-by-case basis.

In pooling equilibrium, incumbents of either cost type play the same action
in the first period. No knowledge about cost types is gained by observing
first-period actions, and prior beliefs are carried forward from the first period
to the second. In separating equilibrium, incumbents of different cost types
play different actions in the first period, and observation of first-period actions
reveals incumbents’ cost types. In either type of equilibrium, if only a low-cost
entrant would find it profitable to come into the market, then the fact of entry
reveals the entrant’s cost type. If an entrant of either cost type would find
entry profitable, then incumbents carry prior beliefs about the entrant’s cost
type forward from the first to the second period.

3The assumption that the values of high unit cost and low unit cost are the same for all
firms can be relaxed without altering the nature of the results.

4Formally, an incumbent’s strategy is an ordered triple, giving its first period action, its
second-period action if entry occurs, and its second period action if entry does not occur.
The entrant’s strategy specifies whether or not it enters and, if it enters, its second-period
action.



3 Pooling Equilibria

3.1 Preconditions for pooling to limit entry

The extent to which a pooling strategy can limit entry depends on the relation
between the entrant’s expected post-entry profit and sunk entry cost K. If
incumbents pool in the first period, three cases may be distinguished:

(1) Free and easy entry: sunk entry cost K is so low that a high-cost entrant
expects a positive net profit after entry if each incumbent’s cost type is
known only to itself;

(2) Some entrant limitation possible: sunk entry cost K takes intermediate
values; a low-cost entrant expects a positive net profit after entry, if each
incumbent’s cost type is known only to itself, but a high cost entrant does
not. Two subcases may be distinguished:

(a) for smaller values of sunk entry cost K, if a high-cost incumbent
defects from pooling equilibrium in the first period, revealing its cost
type, it becomes profitable for a high-cost entrant to come into the
market;

(b) for larger values of entry cost K. a high-cost incumbent can defect
from pooling equilibrium in the first period, revealing its cost type,
without making entry profitable for a high-cost potential entrant;

(3) Complete entry limitation possible: sunk entry cost K takes higher values;
if each incumbent’s cost type is known only to itself, a low-cost entrant
expects a negative profit after entry. Two subcases may be distinguished:

(a) for smaller values of sunk entry cost K. if a high-cost incumbent
defects from pooling equilibrium in the first period, revealing its cost
type, a low-cost entrant expects a positive post entry profit and a
high-cost entrant expects a negative profit after entry;

(b) blockaded entry: for larger values of entry cost K, a high-cost incum-
bent can defect from pooling behavior in the first period, revealing
its cost type, without making it profitable for a low cost entrant to
come into the market.

To determine the ranges of K that define these different cases, one must
examine equilibrium payoffs in the one-period game that would be played in
the second period if entry occurs but each firm knows only its own cost typo.
The natural generalization of Nash equilibrium such markets is to require that

3



each firm’s noncooperative equilibrium action maximize its own expected profit,
taking the equilibrium actions of rivals of different cost types as given.5

If entry occurs and each firm knows only its own cost type, the game that
is played has b notional players: a high-cost firm 1, a low-cost firm i, a high-
cost firm 2, a low-cost firm 2, a high-cost entrant, and a low-cost entrant. Let
the subscripts 1 and 2 designate the first and second incumbent, respectively,
while the subscript 3 refers to the entrant. To describe prior beliefs, write

Uij = firmi's prior probability that firmj's costs are high, Q)

fori,j = 1,2,3 andj / i. For notational compactness, write vf] = 1 —utJ.
The high-cost entrant’s expected payoff in this 6-player game (before
allowing for the cost of entry) can be written6

TT3tf(«12, «13, «21, «23, «31, «32)- 2)

The first two arguments in (2) indicate firm |’s prior beliefs, the next two
indicate firm 2’s prior beliefs, and the last two give the entrant’s prior beliefs.
This notation will be used throughout the paper.
Then if
73l («12, «13, «21, «23, «31, «32) > K. 3)

a high-cost entrant expects a positive net profit after entry. This puts the game
in case 1. incumbents cannot prevent entry by pooling.
On the other hand, if7

N(«12,0, «21,0,«31,«32) > K > TB//(«12,«13, «21, «23, «31, «32), 4)

a known low-cost entrant expects a positive profit competing against incum-
bents whose cost types are not common knowledge. This is the condition for
the game to be in case 2: if incumbents pool in the first period, a high-cost
entrant will stay out of the market, but a low-cost entrant will come in. In case
2, the fact of entry reveals that the entrant has low unit cost.
Finally, if
K > 31 («i2,0, «21, fi, «31, «32), (5)

a known low-cost entrant expects a net loss competing against incumbents
whose cost types are not common knowledge. If condition (5) is met, the game
is in case 3: if incumbents pool in the first period, entry does not occur.

5This is the approach of Saloner’s [1987] model of duopoly with one-sided uncertainty
about firm costs.

6For explicit solutions for the various payoffs in linear quantity-setting and price-setting
models, see the Appendix.

71 adopt the convention that if a potential entrant expects to break even, it stays out of
the market.



Making due allowance for the fact that they model a market with a single
incumbent, Milgrom and Roberts (1982) consider a situation that corresponds
to case 2. Detailed discussion in this paper is also limited to case 2. Results
for case 3, which are logically parallel to those for case 2, are contained in an
Appendix that is available on request from the author.

3.2 Strategic substitutes: high—eutput pooling equilib-
rium

For concreteness, consider a market in which firms set quantities and produce
a homogeneous product. Qualitatively, the results obtained hold provided the
outputs of different firms are strategic substitutes.8 Let qi be noncooperative
(Cournot) equilibrium duopoly output if both incumbents are known to have
low cost. | seek conditions under which the following pooling entry-limiting
collection of strategies and beliefs is a sequential equilibrium:

High-output pooling, case 2:

(a) incumbents each produce gL in period 1,
(b) a high-cost potential entrant stays out in period 2:
(c) a low-cost potential entrant enters in period 2;

(d) if entry does not occur, then in the second period incumbents produce
their equilibrium outputs in the duopoly game with unknown cost types;

(e) incumbents and the entrant carry prior beliefs about incumbents' cost
types forward from the first to the second period; if entry occurs, the
entrant is revealed as having low cost, while each incumbent's cost type is
known only to itself, and each player produces the second-period output
that maximizes its expected payoff, given beliefs.

Out-of-equilibrium beliefs are not restricted by the requirements of sequential
equilibrium. Assume that if an incumbent produces any output other than qi
in period 1, rivals believe that it has high cost.

Incumbents’ payoffs are the sums of their payoffs in the two periods.

8That is, that an increase in the choice variable of one firm, here taken to lie output,
decreases the marginal profitability of other firms; see Bulow et. al. [1985).



3.2.1 Behavior of the potential entrant

In equilibrium, the potential entrant acquires no information about incumbents’
cost types by observing first period output. The pooling strategy calls for
the potential entrant to come in if its expected post-entry profit is positive,
otherwise to stay out, and to maximize expected profit if it does come in. Given
its beliefs, the entrant maximizes its expected payoff by behaving in this way.

3.2.2 Behavior of low-cost incumbents

If a low-cost incumbent produces any output other than gi in period 1, it
reduces its expected first-period payoff and portrays itself as a high-cost firm
to the other incumbent and to the entrant. Because products are strategic
substitutes, this induces the other incumbent to produce more in period 2 than
if the pooling strategy were followed. It does not reduce, and may increase,
the probability of entry. First-period defection therefore reduces the expected
second-period payoff as well as the expected first-period payoff. It follows that
a low-cost incumbent would not wish to defect from the strategy outlined above.

3.2.3 Behavior of high-cost incumbents

If incumbent 1H pools in the first period, its expected equilibrium payoff is
+ UI37TTIff(ui2, «21) + 0, It21i 0, U3, U32). (6)

The first term is the equilibrium payoff of a high-cost firm that produces output
gL in the first period. The second term is the second-period payoff of firm 1H
if the entrant has high cost and stays out of the market, weighted by firm IFTs
prior probability that the entrant has high cost. The third term is firm IH"s
the second-period payoff if the entrant has low cost and comes into the market,
weighted by firm IH ’s prior probability that the entrant has low cost. (Because
the game is in stage 2, the fact that the entrant comes into the market reveals
that the entrant has low cost; thus the second and fourth arguments in the third
term are zero.)

Case 2(a) Firm IFTs defection payoff depends on whether the game is in case
2(a) or case 2(b). In case 2(a), defection implies that entry becomes profitable
for a high-cost entrant. The defecting firm IH ’s payoff is

+ nIH(LU, U3, 1, u23, 1, «32)- @

Given out-of-equilibrium beliefs, any defection by firm 1 in the first period
convinces rivals that firm 1 has high cost. This being the case, if firm 1H
defects, it will produce its best-response output to the equilibrium output of

6



the other firm. This is the first term in (7). Then in the second period, firm
I'’s cost type is common knowledge, while each other firm's cost type is known
only to itself.

In case 2(a), firm 1H will pool if (6) is greater than or equal to (7), a
condition that can be written

WIR[TH//(12,2]) - TTIRUIZ, 1)] ®)

+Vi3{kxh{ui2, 0, L21.0, «31, «32) ~ TTI//(«12, «13, 1, «23, 1, «32)]

+«13[tN//(«12, 1) - TTI//(«12,«13, 1,«23, 1,«32)] > ~ Nh(Qr)

The right-hand side gives the first-period increase in profit from defection.
The first and second terms on the left show the impact of cost-type revelation
on firm IH"s second-period payoffs, in the cases in which the entrant has high
and low costs, respectively, weighted by the corresponding prior probabilities.
The third term on the left shows the impact of entry by a firm of unknown cost
type on firm IH ’s second-period profit, when firm IH's cost type is common

knowledge.
The second term on the left in (8) can be written as the difference between
two components. The first,

T/r(«12,0,«21,0,«31,«32) —7Mi//(«12,0, 1,0, 1. U32), 9)

is a pure cost revelation effect: it gives firm IH ’s lost profit competing against
firm 2 of unknown cost type and a known low-cost entrant because it reveals
itself as having high cost. The second,

TN//(<12, «13, f,«23, 1, «32) —"1//(«12,0,1,0. L WB2), (20)

is firm IH ’s expected gain in profit competing against an entrant of unknown
cost type rather than a known low-cost entrant. When products are strategic
substitutes, firm 1H has a greater expected profit if there is some probability
that firm 3 has high cost than if it is known that firm 3 has low cost. Expres-
sions (9) and (10) are both positive; their difference, the net effect, of cost type
revelation on firm IH ’s second-period payoff if the entrant has low cost, can be
positive or negative.

Case 2(b) In case 2(b), defection does not alter the probability of entry. Firm
IH ’s expected defection payoff is

Tiw) +«13™M//(«12, 1) + «13™//(«12,0, 1.0, 1.U32). (11)
The condition for firm 1H to pool if the game is in case 2(b) is

«13klIff(«12,U2l) - Thih(W2. 1)] (12)

7



Payoff Difference (1) (2)

TM//(«12,«2l) -7 Tih(wi2. 1) 0.5033 0.0000
Mft(«12, 0, «21.0, «31,«32) - TT,,,(«12,0.1.0. 1. «32) 0.4094 0.1825

ri//(«12, 13> L «23, 1, «32) —™M«(«12, 0, 1,0, 1, «32) 0.4094  0.4656

TN//(«12, 1) —TTI//(<12, «13, 1, «23, 1, «32) 3.1944  3.4055

Ah(@)- TNH(gL) 0.2500 0.2500
Table 1. Firm 1H Pooling Condition, Strategie Substitutes; (1) a = 10, o/, = 1,
cH= 2, «12 = «21 = 0.4, «13 = «23 = 0.5, «31 = «32 = 0.6; (2) «i2 = «21 = 1,
otherwise as for (1).

T«i3[rri/l/(«i2,0,«21,0,«31, «32) —kinh{ul2,0,1,0, 1,«32)] > (?t) ~ niHHL)-

Since defection does not alter the probability of entry, the incentive to
separate depends on a tradeoff between lost second-period profit due to cost-
type revelation and the first-period gain from defection.

Given that the entrant and low-cost incumbents maximize their expected
payoffs by pooling, the results of this section may be summarized as

Theorem 1: For firms producing strategic substitutes, high-output pooling is
a sequential equilibrium if a high-cost incumbent’s second-period expected lost
profit due to cost type revelation and entry (if any) outweighs the first-period
profit gained by defecting.

It is only in case 2(a) that high-output pooling involves entry-limiting
behavior.

3.2.4 Linear examples

Let the product be homogeneous and the demand curve linear,
p—a-Q. (13)

Leta = 10, ci = 1, and ch = 2. Case 2 (by pooling, incumbents can
preclude entry by a high-cost firm) holds if 3.90 < K < 6.76. Case 2(a) (first-
period defection from pooling equilibrium means that entry becomes profitable
for a high-cost entrant) occurs for 3.90 < K < 4.20. The high-output pooling
equilibrium calls for incumbents to produce qi = 3.

First, let «12 = «21 = 0.4, 203 = «23 = 0.5, and «31 = «32 = 0.6.9 Then
condition (8) becomes (see Table 1)9

91 have imposed a limited symmetry of prior beliefs, to reduce the number of entries in the
tables. BASIC computer programs that evaluate stability conditions for general parameter
values are available on request.



i (0.5033) + ~(0.4094 - 0.4094) + ~(3.1944) > (14)

The first two terms on the left are cost, type revelation effects. These terms
alone are greater than the gain from defection (the right hand side), which
means that firm 1H would be willing to pool in case 2(b). The third term on
the left is expected lost profit due to entry; it is an order of magnitude greater
than the cost type revelation effects, and sufficient to ensure pooling in its own
right.

Now let «12 = «21 = 1, keeping all other parameters of the example un-
changed. This is the situation in which each incumbent believes with certainty
that the other has high cost. It illustrates incentives to pool if incumbents have
high cost and, because they have competed in the same market for some time,
know each other’s cost type. Condition (8) becomes

i(0.0000) + ~(0.1825 - 0.4656) + ~(3.4054) > | (15)

The first term on the left is zero: if firm 2 believes that firm 1 has high
cost, then firm 1H loses nothing by confirming this belief. The second term
is negative: for these parameter values. (10) is greater in magnitude than (9).
Nonetheless, expected lost profit due to induced entry dominates the first
period gain from defection. High-cost incumbents will pool on (. in case 2(a).
but not in case 2(b).

3.3 Low-price pooling equilibrium

Suppose now that firms set price, supplying differentiated varieties that are
strategic complements. Let pL be the noncooperative (Bertrand) equilibrium
duopoly price if both incumbents are known to have low cost. Consider the
following low -price pooling entry-limiting collection of strategies and beliefs:

Low-price pooling, case 2

(a) incumbents eaclt set price pi in period 1,
(b) a high-cost potential entrant stays out in period 2:
(c) a low-cost potential entrant enters in period 2:

(d) if entry does not occur, then in the second period incumbents set their
equilibrium prices in the duopoly game with unknown cost types:

(e) incumbents and the entrant carry prior beliefs about incumbents' cost
types forward from the first to the second period; if entry occurs, the

9



entrant is revealed as having low cost, while each incumbent’s cost type
is known only to itself, and each player sets the second-period price that
maximizes its expected payoff, given beliefs.

If an incumbent sets any price other than pi in period 1. rivals believe that it
has high cost.
Incumbents’ payoffs are the sums of their payoffs in the two periods.

3.3.1 Behavior of the entrant

In equilibrium, the entrant acquires no information about incumbents’ cost
types by observing first-period price. The strategy outlined above calls for the
entrant to come in if expected profit from entry is positive, and otherwise to stay
out. Given its beliefs, the entrant maximizes its expected payoff by behaving
in this way.

3.3.2 Behavior of high-cost incumbents, case 2(a)

When firms set price and defection by a high-cost incumbent would make it
profitable for a high-cost entrant to come into the market, the condition for a
high-cost incumbent to pool on pp in the first period is

WIBKI/f(«12, 1) - "TIff(«12, «13, 1.«23, 1,«32)] > rfH(pL) - TTH(pL) (16)
+ U[iih (UN2, 1) —TTIf/(«12, «1)]
+«13Kk1//(«12, «13i 1) «23. h “32) — 7TI//(«12, 0, «21.0, U31, «32)]

The term on the left is the pure entry effect of defection on firm IH"s profit;
the first term on the right is the first-period gain from defection. The remaining
terms on the right are cost- type revelation effects. When produce varieties that
are strategic complements, a firm has a higher second-period profit if rivals be-
lieve that it has high cost, holding the number of rivals constant. If a high-cost
incumbent defects, thus revealing its cost type, rivals charge higher prices in the
second period than they would if they thought there was some possibility that
the incumbent had low cost. With upward sloping reaction functions, this allows
the defecting firm to charge a higher equilibrium second-period price. When
firms produce varieties that are strategic complements, entry deterrence effects
and cost-type revelation effects influence high-cost incumbents' incentives in
opposite directions.10

It is apparent from the left-hand side of (16) that if «13 is sufficiently
small—if firm 1 thinks it very likely that the entrant has low cost—a high-cost
firm 1 will defect from the low-price pooling equilibrium. If ui3 is low, firm 1
believes entry is likely to occur whether it pools or not. In this case, firm 1H
is able to set a higher price in period 2 if it defects and reveals its cost type.

10See Bulow et al. [1985, p. 506],

10



3.3.3 Behavior of high-cost incumbents, case 2(b)

When firms produce varieties that are strategic complements, if a high-cost
incumbent can defect without making it profitable for a high cost entrant to
come into the market, then it will always find it profitable to defect from the
low-price pooling strategy.

The intuition behind this result is straightforward. Defection increases
the high-cost incumbent’s first-period payoff. By revealing that it has high
cost, the defecting firm leads second-period rivals (whether this is the other
incumbent or the other incumbent and the low-cost entrant) to set higher prices
than they would if they thought there was some probability that the defecting
firm had low cost. Since defection does not affect the likelihood of entry, first-
period defection raises the high-cost incumbent’s payoff in both the first and
the second periods.

3.3.4 Behavior of low-cost incumbents, case 2(a)

If firm 1L pools on pi in the first period, its expected equilibrium payoff is
TIK p1) + UI3NL(ui2,U2l) + VISTIL(uU,0,U21.Q, U;H,U32). 17)

pi is firm IT's best-response price if firm 2 sets price pi (which is firm
2’s equilibrium action). This explains the first term in (17). In equilibrium
entry does not occur with probability ul3, incumbents play a duopoly game in
which cost types are not common knowledge in the second period, and firm 1Z
has the payoff given by the second term in (17). Equilibrium entry occurs with
probability vi3, firm I T s prior probability that the entrant has low cost, leading
to a second-period game in which the entrant is known to have low cost while
each incumbent’s cost type is known only to itself. The resulting payoff is the
third term in (17).

If firm 1Z defects by a negligible amount from the pooling price pi, in the
first period, it reduces its first period payoff by a negligible amount. Given the
assumed nature of out-of-equilibrium beliefs, this leads the other incumbent
and the entrant to believe that firm 1 has high cost.

The assumption that a small defection from pi leads rivals to believe that
firm 1L has high cost minimizes the opportunity cost to firm 1L. in terms
of first-period lost profit, of defection. With other specifications of out-of
equilibrium beliefs (for example, that if rivals observe a disequilibrium price,
they infer that the firm has the cost type for which the observed price is most
profitable) it would be more costly for a low-cost incumbent to defect. If a
low-cost incumbent would pool under the assumption made here, it would also
pool under assumptions about out-of-equilibrium beliefs that imply a greater
cost of defection.



By masquerading as a high-cost firm, firm 1L induces rivals to charge
higher prices in the second period. This allows firm 1L to charge a higher
second-period price, and to earn a greater second-period profit, than would
otherwise be possible. But the masquerade creates the possibility that a high-
cost potential entrant will come into the market.

If firm 1L defects slightly from price pc in period 1, its defection payoff is
slightly less than

a{P1) + nlL{Ui2,Ui3, 1.U23, 1-«32)- (18)

The arguments in the second term indicate that firms 2 and 3 incorrectly believe
that firm 1 has high cost, while rivals’ cost types are known only to themselves.
Firm 1L charges its best-response price to rivals’ actions.

Comparing payoffs (17) and (18), firm 1L will prefer to pool on pi in the
first period if

UNs A {u\2, 1) — K\I{u 12, «13, 1, «23) 1, «32)] > «13(*1£,(«12) 1) ~ 7UI (« 12, «21)]
(19)

+«13kli,(«12,W13) 1)«23" 1)«32) ~ 7rit(«12,0,«21,0, U31.U32)]

The term on the left gives the low-cost defector’s expected lost profit due
to entry. The terms on the right are masquerade effects. The first term is firm
IL’s profit increase from convincing a single rival, firm 2, that it has high cost
(weighted by «13). The second term combines two effects, both of which tend to
increase firm IL’s second-period payoff: convincing two rivals that it has high
cost and creating the possibility that entry is by a high-cost firm.

As with (16), it is apparent from (19) that if «13 is sufficiently small, firm
1L will prefer not to pool.

Considering the incentives of high-cost and low-cost incumbents, the re-
sults of this section may be summarized as

Theorem 2: For firms producing strategic complements, low-price pooling is a
sequential equilibrium (a) if a high-cost incumbents second-period expected lost
profit due to induced entry of a high-cost entrant outweighs the first-period gain
from defection and the second-period gain from revealing its cost type, and (b)
if a low-cost incumbent’s second-period expected lost profit due to induced entry
of a high-cost entrant outweighs the second-period gain from masquerading as
a high-cost firm.

For firms producing varieties that are strategic complements, cost-type
revelation is not enough to ensure pooling on low prices. If it is an equilibrium to
pool on pc, it is because the profit to be gained by deterring entry is sufficiently
great.



Payoff Difference (1) ()

TM//(<12, 1) - TN//(«12, «13, 1, «23, L «32) 3.6135 3.8513
KuAPI) ~ TTh (P1) 0.3906 0.3906
TN//(<12, 1) —TT//(«12, «2l) 0.1366 0

TN//(12, 13, 1, «23, 1, «32) —"H(U12,0,«21, 0, «31,«32) 0.5001 0.4643

Table 2: Firm 1H Pooling Condition, Strategic Complements; (1) a = 10,
cl =1, cH=2 «2=Ui3=nm2i =«31 =ux2=8=06; Q) u2=u2t =1L
otherwise as for (1).

3.3.5 A linear example
Let the linear inverse demand curve for firm |’s variety be
Pi=a- g - 892 (20)
if there are two firms, or
Pi —a —qi —0g2 —0q3 (21)

if there are three firms, with corresponding expressions for firm 2 and the en-
trant.

The parameter 8 governs demand relationships among varieties. For 0 <
8 < 1, products of different producers are imperfect substitutes in demand. If
8 = 0, demands for the different varieties are independent. 1f6 = 1. the different
varieties are perfect substitutes.1l

Leta = 10, cL = 1, and 8 = 0.6. If it were known that both incumbents
had low cost, noncooperative equilibrium prices in a one-period game would be

Pl =cl+ - cl) = 357. (22)

Now let ch = 2, and u\2 = wi3 = u2\ = u3\ = u® = 0.6. Case 2 (by
pooling, incumbents can preclude entry by a high-cost firm) holds if 3.98 < K <
6.92. Case 2(a) (first-period defection from pooling equilibrium means that
entry becomes profitable for a high-cost entrant) holds for 3.98 < K < 4.26.

The elements of the high-cost firm pooling condition f16) are shown in
Table 2 and (23). If a high-cost incumbent defects from the pooling equilibrium,
it gains 0.3906. In the second period, cost-type revelation gains the defecting
firm 0.1366 if the entrant has high cost, 0.5001 if the entrant lias low cost. But if
entry becomes profitable for a high-cost entrant because defection reveals that
one firm has high cost, lost profit is 3.6135. Condition (16) becomes

£(3.6135) > 0.3906 + 7(0.1366) + £(0.5001), (23)

11 Allowing for differences in notation, this is the Spence (197G) model of demand for dif-
ferentiated products. Prices and quantities must be nonnegative (Majerus. 1987).
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Payoff Difference (1) 2)
TTli(«12, 1) - *11(«12, «13, T «23, T UB2) 4.2931 4.6521
JTIt(«12. 1) - 7rit(«12,«2l) 0.1675 0
Thn(«12,«13, T «23, T «32) —T7TIZ(«12,0, «21,0, «31,«32) 0.6723 0.5259

Table 3: Firm 1L Pooling Condition, Strategic Complements; Parameters as
for Table 2.

which evidently is satisfied.

Table 3 and (24) show the elements of condition (19), the low-cost incum-
bent pooling condition. Once again, expected lost profit due to entry dominates
expected gains from cost-type revelation.

0(4.2931) > 2(0.1675) + ~(0.6723) (24)

For these parameter values, pooling on pi is a sequential equilibrium.

The second columns of Tables 2 and 3 show the elements of the pooling
conditions if ui2 = u2i = 1and «i3 = «23 = “31 = “32 = 6 = 0.6. For these
parameter values, incumbents will pool on low prices even if each is convinced
that the other has high costs.

4  Separating Equilibrium

4.1 Entrant’s post—separation payoffs

To analyze incumbents’ incentives to separate in the first period, it is necessary
to relate the entrant’s second period payoff to incumbents’ cost types. A profit-
maximizing potential entrant will come into the market only if its expected
payoff exceeds entry cost K. As shown in the Appendix, the entrant’s payoffs
against incumbents of alternative cost types can be ranked as follows:

78i,(1,0,1,0,1,1) > 78t(0,0,1,0,1,0) > 7Bt(0,0,0,0,0.0) (25)

> 7T3tf(I,MI3, T«23, T 1) > fI3ff(0,U13, 1,«23, TO) > TBW, ig3,0, U230, 0).

The first term is the payoff of a known low-cost entrant if both incumbents
are known to have high cost. The first and second inequalities state that the
low-cost entrant’s expected profit is lower if one incumbent has high cost while
the second has low cost, and is lower still if both incumbents are known to have
low cost.

If entrants of either cost type would come into the market, then in the
second period, the entrant’s cost type is not known. The fourth term represents
the payoff of a high-cost entrant of unknown cost type if both incumbents are

14



known to have high cost.12 Such an entrant’s expected payoff is lower if one
incumbent is known to have low cost (the fourth inequality) and lower still if
both incumbents are known to have low cost (the fifth inequality).

Incentives to separate in the first period vary depending on the relation
between entry cost K and the payoffs ranked in (25). For concreteness, | will
discuss two of the seven possible cases. The first, S2, holds if a low-cost entrant
will come into the market if both incumbents are known to have high cost, but
not if at least one incumbent is known to have low cost:

*31,(1.0. 1,0, 1, 1) > K > 7T3i(0, 0, 1,0, 1, 0) (26)

The second, S4, holds if a known low-cost entrant will come into the
market if it is common knowledge that both incumbents have low cost, while
a high-cost entrant will stay out of the market if it is common knowledge that
both incumbents have high cost:

*3h(0, 0,0,0, 0,0) > K > 7T31/(1,U13. 1. «23, 1, 1). 27

These cases give typical results. The remaining five cases are discussed in
the Appendix.

4.2 Strategic substitutes

In no-distortion equilibrium,13 in the first period incumbents play their nonco-
operative equilibrium action from a one-period game in which the rival’s cost
type is unknown, thus revealing their cost types.i4 For quantity-setting firms
producing varieties that are strategic substitutes, this becomes:

Nash output separation:

() incumbents produce their equilibrium outputs from a one-period game
with rival’s cost type unknown in period 1;

(b) the entrant comes into the market in the second period if and only if it
expects a positive second-period payoff (net of entry cost A");

12Comparing the third and the fourth terms, observe that 7rs/.((),0,().0,0.0) >
u3r(1,1,1,1,1,1) > H¥/(1,ui3, 1,«23 1, )= In words, a known low-cost firm earns a greater
profit competing against two known low-cost rivals than a known high-cost firm earns com-
peting against two known high-cost rivals, and a known high-cost firm’s expected payoff is
lower if there is some probability that one of the two rivals has low cost.

13This terminology is due to Bagwell and Ramey [1991].

14The one-period quantity-setting and price-setting games are discussed in the Appendix.
It may also be a sequential equilibrium for low-cost firms to expand output (respectively, lower
price) so much that it is not profitable for high-cost firms to pool. This type of equilibrium
is also discussed in the Appendix.



(c) in the second period, the entrant knows incumbents’ cost types;

(d) ifonly a low-cost entrant would earn a positive profit in the second period,
then the fact of entry reveals that the entrant has low cost;

(e) if a high-cost entrant would find entry profitable, then incumbents carry
prior beliefs about the entrant’s cost type forward from the first period to
the second;

(f) all firms noncooperatively maximize expected profit in the second period.

If an incumbent produces a disequilibrium output in the first period, rivals
believe that it has high cost.

Incumbents’ payoffs are the sums of their payoffs in the two periods.

Virtually by definition, a profit-maximizing potential entrant will wish to
follow the above strategy.

For low-cost incumbents, the separation outputs are (in equilibrium) best-
response outputs. Deviation would reduce the first-period payoff. It would lead
rivals to believe that the deviating firm had high cost, and therefore to expand
second-period output. Deviation might induce entry. Defection would therefore
reduce first- and second-period payoffs. It follows that a low-cost incumbent
would never want to deviate from the separating equilibrium.

It remains to consider the incentives of high-cost incumbents to separate.

4.2.1 Case S2

If firm 1H separates, its expected payoff is
TRI(* 12> 21) + “ 12[* 13n°1/(1) 1) + ~137iw(l; 0, 1,0, 1, 1)] + Vi2Tui(0. 1)  (28)

The first term is IH's first-period payoff. If firm 2 has high cost, a low-cost
entrant will come in, while a high-cost entrant will stay out; the second term
gives the resulting expected payoff. If firm 2 has low cost, then entry does not
occur; the third term gives the resulting expected payoff.

Given the nature of out-of-equilibrium beliefs, if firm 1H defects at all,
it will do so by producing firm IL’s separation output. This reduces its first-
period payoff, but leads rivals to believe that firm 1 has low cost (so that entry
does not occur). In case S2, firm IH's expected defection payoff is

i//Gi1) + Wi2e/ (1, 0) + A/ /(0.0). (29)

Firm 2 maximizes its second-period profit in the belief that firm 1 has low cost,
and firm 1H sets its best response output.
Comparing (28) and (29), firm 1H will separate if

TI/H(A2WR]) - TTIF(IE) > UIRCA3[7ri//(L, 0) - TTi//(, 1)] (30)
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+Ui2Vi3[7riZ/(1,0) - TMW(1,0,1,0,1,1)] + Fi2[ei//0. 0) - 7r./,(0. 1)].

The term on the left is the first-period loss of profit from mimicking a low-
cost firm. The first and third terms on the right are masquerade efforts: firm
Itf’s increased second-period profit competing against a misinformed high-cost
and low-cost firm 2, respectively. The second term on the left is a pure entry
effect: the profit that would otherwise be lost if a known low-cost entrant came
into a market with two known high-cost incumbents. All terms on the left are
weighted by the appropriate probabilities. The incremental profit to be gained
by discouraging entry is an incentive to defect from separating behavior.

If condition (30) is satisfied, firm 1H will separate in the first period; a
corresponding condition will ensure that firm 2H would separate. The profit to
be preserved by limiting entry is an inducement to defect from the no-distortion
strategy.

4.2.2 Case S4

If firm 1H separates, its payoff is
7TIF(UI2,M21) + UI2[uViTrlH(I. 1) + VI3TAH (1.0. 1.0. 1. 1)] (31)

+ PI2[wi3'rlZ/(0. 1) + VA3Wui(ti. 0. 1. 0. 1. 0)].

In equilibrium, a low-cost entrant comes into the market and a high-cost entrant
stays out of the market.

If firm 1H defects, rivals believe it has low cost. Once again, a low-cost
entrant comes into the market and a high-cost entrant stays out of the market.
Firm IH"s defection payoff is

+ WI2[Wi37TiZ/(, 0) + v\3nm{1.0. 0. 0.0. )] (32)
+ W i3W 0,0) + vI3THH(0, 0. 0. 0. 0. 0);.

Comparing (31) and (32), the most profitable action for firm 1H is to
separate if
T //(M2, «2l) > (33)
M2WM3[ttiw(1,0) - 7IIH(1,1)] + ~2~13[l//(1, 0.0, 0, 0. 1) - 7TH(1.0. 1.0. 1. 1)]
+VI2«13[7TItF (0, 0) - 7MW, 1)] + 212M3[Ti //(0, 0. 0, 0, 0. 0) - 7T|//0, 0. 1, 0. 1. 0)].
The term on the left is firm IH"s first-period lost profit if it mimics a
low-cost firm. The terms on the right are masquerade effects: firm 1H earns a
greater profit in period 2 if rivals mistakenly believe it has low cost. But if entry
cost places the game in case S4, defection by a high-cost incumbent does not

alter the entry decision, with the result that entry deterrence does not affect
the high-cost incumbent’s incentives to separate.

17



Payoff Difference

TI//M2, “21) —K\n ((I11) 2.2500
Thh(1.0) - TR/(1. 1) 2.2500
*i«(0,0)-7r1*(1.0,1.0,1,1) 5.6875
7TILRO, 0) —7TILR(O, 1) 1.2500

Table 4: Firm 1H Separation Condition, Strategic Substitutes, Case S2; a =
10,cl = l,cw= 4

In each of the seven cases of entry conditions, either the possibility of entry
deterrence does not arise, and therefore does not affect a high-cost incumbent’s
incentives to separate, or the expected profit to be gained by deterring entry is
an incentive to defect from the separating strategy. While it can be a sequential
equilibrium for incumbents to separate on their equilibrium outputs from a one-
period game, such an equilibrium does not involve entry deterrence.

Theorem 3: For firms producing strategic substitutes, first-period separation on
equilibrium outputs from a one-period game with rivals cost type unknown is
a sequential equilibrium strategy if a high-cost incumbent5 first-period expected
lost profit from mimicking a low-cost firm exceeds expected second-period in-
cremental profit from masquerading as a low-cost firm and deterring entry (if

any).

4.2.3 A linear example

Table 4 shows the elements of the case S2 high-cost incumbent separation con-
dition (30) for the linear demand example. While the profit to be gained by
imitating a low-cost firm and discouraging entry is large, given the parameters
of the example, for low values of UL2, the separation condition is satisfied. For
example, ifuu = WL = 0.2, U3 = W3 = 0.5, condition (30) becomes

2.25 > (i)(i)(2.25) + (])(i)(5.6875) + | (1-25); (34)

a high-cost incumbent will prefer to separate if it believes that its rival has low
cost. On the other hand, if incumbents each believe the other has high cost,
U2 = «21 = 1, the condition (30) fails:

2.25 < (1)(i)(2.25) + (1)(i)(5.6875) + (0)(1.25). (35)

4.3 Strategic complements

If firms produce varieties that are strategic complements, the following is a
no-distortion collection of strategies and beliefs:
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Nash price separation:

(a) incumbents set their equilibrium prices from a one period game with ri-
val’s cost type unknown in period 1,

(b) the entrant comes into the market in the second period if and only if it
expects a positive second-period payoff (net of entry cost A");

(c) in the second period, the entrant knows incumbents’ cost types;

(d) ifonly a low-cost entrant would earn a positive profit in the second period,
then the fact of entry reveals that the entrant has low cost;

(e) if a high-cost entrant would find entry profitable, then incumbents carry
prior beliefs about the entrant's cost type forward from the first period to
the second;

(f) all firms noncooperatively maximize expected profit in the second period.

If an incumbent sets a disequilibrium price in the first period, rivals believe that
it has high cost.
Incumbents’ payoffs are the sums of their payoffs in the two periods.

4.3.1 Case S2

If firm 1H separates, its payoff is
fm(ui2> u2l) + UI2Jwisttl/Zf(1, 1) + «13?ri/f(1,0, 1,0, 1, 1)] + (0,1). (36)

If firm 2 has high cost, a low-cost entrant comes into the market, while
a high-cost entrant stays out. This explains the second term in (36). If firm 2
has low cost, entry does not occur; this explains the third term in (36).

If firm 1H defects at all from the separating equilibrium, it will set firm
IL’s separation price. Entry will not occur, and firm 2 will incorrectly believe
that firm 1 has low cost. This induces firm 2 to set a lower price than it
otherwise would in period 2; this tends to reduce firm 1H's payoff. Firm 1H s
expected defection profit is

Kin1Pi1) + Ui2n1H{l, 0) + t>i2triw(0,0). (37)
Comparing (36) and (37), firm 1H will separate if
FIII(WI12,U21) - K\nh (Pu) +M12c13[¢Ti//(1, 1) - TT,W(1.0)] (38)
+ih2bri/r(0,1) - 7Ti//(00)] > ni2Vi3[7tiw(T0) - 7/f(1,0.1,0, 1.1)]
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When firms produce varieties that are strategic complements, a high-
cost firm reduces its second-period payoff if it masquerades as a low-cost firm.
The expected gain in profit from deterring entry is an incentive for high-cost
incumbents not to separate. Examining the right-hand side of (38), firm IH
will separate if uyi or «13 is sufficiently small. If firm 1H thinks it very likely
that firm 2 has low cost, it expects the entrant to stay out, and it is in firm IH ’s
interest to reveal its cost type. The same applies if VI3 is sufficiently small—if
firm 1 thinks it very likely that the entrant has high cost.

If the game is in case S2 and firm 1L separates, entry does not occur.
Firm 1T ’s expected second-period payoff is

«i2*i1(1,0) + i%2*11(0,0). (39)

If firm 1L deviates slightly from its separating price, it will slightly reduce its
first-period payoff and convince rivals that it has high cost. This induces rivals
to set higher prices in the second period. A low-cost entrant will come into
the market if firm 2 has high cost; firm IL’s expected second-period defection
profit is

«12[«13*11,(1, 1) + Wi37Ti®(1,0,1.0,1,1)] + vu ttil (0. 1) (40)

Firm 1L will separate if
«i2«i3[»rii(l,0) - *ir(1,0,1,0,1,1)] > (41)

«12«13[i(l, 1) - *11.(1,0)] + Mi2[*i1 (0, 1) - *11,(0, 0)]

The term on the left is the profit lost by a known low-cost firm 1 if firm 2 has
high cost and a low-cost entrant comes into the market. The terms on the right
are masquerade effects, showing firm IL ’s increases in second-period profit from
misleading rivals about its cost type.

Examining the left-hand side of (41), if firm 1 thinks firm 2 is very likely
to have low cost (rti2 near zero) or that the entrant is very likely to have high
cost (vi3 near zero) — firm 1L will defect from the separating strategy. In
either case, it believes entry is unlikely to occur, and will profit by misleading
the other incumbent as to its cost type. On the other hand, if firm 1L is willing
to separate in case S2, it is because expected lost profit due to entry dominates
masquerade effects.

4.3.2 Case S4

If the game is in case S4 and firm 1H mimics a low-cost firm, it reduces its first-
and second-period payoffs (rivals will set lower prices in the second period). It
does not alter the probability of entry: in case S4, a low-cost entrant will come
into the market in the second period, while a high-cost entrant will stay out.
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Payoff Difference

7rm(Mi2,«2i) - nlH(pil) 0.3906
m//(. 1) - mMw1,0) 0.3494
Kih{0, 1) —7T1//(0, 0) 0.3239

W 1,0)-W 1,0,1,0,1,1) 3.8652

Table 5: Firm 1H Separation Condition, Strategie Complements, Case S2; 0 =
10,c1 = I,Cn = 2,0 = 0.6

Payoff Difference

*i1(1,0)-*~(1,0,1,0,1,1) 46161
71 (1, 1) - 71L(1,0) 0.4267
1i1(0, 1) - 7R (0, 0) 0.4012

Table 6: Firm 1L Separation Condition, Strategic Complements, Case S2; a =
10c. - 1< = 20- 06

It follows that firm 1H will always be willing to separate if the game is in case
S4.

Contrariwise, a low-cost incumbent will always wish to set a disequilib-
rium price, leading rivals to believe that it has high cost. This will increase its
second-period payoff without altering the probability of entry. No distortion
pricing is not an equilibrium in case S4.

In three of the seven possible cases, the entrant’s decision is not affected by
incumbents’ first-period actions, with the result that low-cost incumbents are
unwilling to separate. In the remaining cases, the possibility of deterring entry
is an incentive for the high-cost incumbent to defect from the no-distortion
path, while it is the only incentive for low-cost incumbents to separate.

Theorem f: For firms producing strategic complements, first, period separation
on equilibrium prices from a one-period game with rival's cost type unknown is
a sequential equilibrium strategy if a high-cost incumbents'first -period expected
lost profit from mimicking a low-cost firm and from misleading rivals as to
its cost type exceeds expected incremental profit from deterring entry, and if a
low-cost incumbent’s expected incremental profit from deterring entry (if any)
exceeds its expected incremental profit from misleading rivals as to its cost type.

4.3.3 A linear example

Tables 5 and 6 give the elements of the case S2 high-cost incumbent and low-
cost incumbent separation conditions, respectively, for a linear example. If
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ul2 = «13 = «21 = «23 = 0.2, (38) and (41) become
0.3906 + (E)) (%)(0.3494) + (%)(0.3239) > (/5\)(%)(3.8653) (42)

and
(D(1)(4.6161) > (1)(1)(0.4267) + (])(0.4012) (43)

respectively, so that high-cost and low-cost incumbents will prefer to separate.
But if «12 = «13 = 1, high-cost incumbents will prefer to defect from the
separating strategy:

0.3906 + (1)(])(0.:3494) + (0)(0.3239) < (1)(])(3.8653). (44)

5 Disequilibrium Beliefs and the Plausibility
of Equilibria

The reader will be aware that multiple equilibria are the bane of models of
oligopoly under conditions of imperfect information. The models presented
here are no exception. Provided the conditions outlined above are met, the
pooling and separating strategies examined above are sequential equilibria. It
can also be a sequential equilibrium for firms to pool on high prices or for
low-cost firms to separate by expanding output (lowering price) so much that
high-cost firms are unwilling to mimic; these possibilities are discussed in the
Appendix. Further, there may be mixed equilibria, in which one firm pools
while the other separates.

These alternatives can all be sequential equilibria: equilibrium beliefs are
consistent with equilibrium actions, and there is some set of disequilibrium
beliefs that implies players maximize expected payoffs by acting as specified.

| broach here the subject of the relative plausibility of the disequilibrium
beliefs that sustain the alternative equilibria.15 In this respect, the distinction
between strategic substitutes and strategic complements is fundamental.

Consider pooling on high outputs by firms producing strategic substitutes.
This is a sequential equilibrium if any disequilibrium output is taken as an indi-
cation that the offending firm has high cost. And if players hold this belief, then
it is never a first-best strategy for a low-cost incumbent to set a disequilibrium
output. The assumed disequilibrium beliefs are internally consistent with the
incentives they create. It seems fair to regard this combination of equilibrium

15Binmore [1992, pp. 544-545] notes the fundamental lack of consensus among game theo-
rists regarding refinements of Nash equilibrium. It is not my intention to contribute to this
debate, but to elaborate on the nature of the disequilibrium beliefs that sustain the sequential
equilibria of the models presented here.
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actions/beliefs and disequilibrium beliefs as (Cho and Kreps [1987, p. 203]) “a
mode of self-enforcing behavior that is common knowledge among the players.”

The same cannot be said if firms produce strategic complements. In that
case, cost-type revelation effects give a low-cost incumbent some incentive to
defect from a low-price pooling equilibrium. It is true that if beliefs about
disequilibrium actions are as assumed and conditions like (19) are met, low-
cost incumbents will not, on balance, wish to set disequilibrium prices. But
since there are some cases in which low-cost incumbents would wish to set
disequilibrium prices, the belief that disequilibrium prices identify a firm as
having high cost is not quite as self-evident as when firms produce strategic
complements.

The situation is similar for the equilibria in which firms separate in the
first period by following actions from the one-period game. When firms pro-
duce strategic substitutes, the incentives that stem from entry deterrence and
the incentives that stem from cost-type revelation work in the same direction;
this implies that mean low-cost incumbents will never wish to defect from the
separating equilibrium. Beliefs about disequilibrium actions and equilibrium
incentives are consistent; for firms that produce strategic substitutes, the no-
distortion equilibrium can be regarded as plausible. But when firms produce
strategic complements, there are some circumstances in which low-cost incum-
bents will never wish to separate.

Nor does not appear that any of these equilibria are $focal” in the sense of
Bagwell and Ramey [1991].16 By pooling, incumbents can impede some or all (in
Case 3) entry; this may be thought to make the pooling strategy attractive from
incumbents’ points of view. But on strictly theoretical grounds, the alternative
sequential equilibria analyzed here are all equally peccable or impeccable.

6 Conclusion

In the model developed here, unit costs may differ across firms. One class of
equilibria has incumbents pool on high output (low price). If entry cost is
such that incumbents’ first-period actions affect the entry decision, then the
expected profit from entry deterrence is an incentive for incumbents to pool
and deter entry. The high output/low price pooling equilibrium is oligopoly
limit pricing, in the sense of Bain.

If firms produce strategic substitutes, entry deterrence effects and cost -
type revelation effects work in the same direction: a high-cost incumbent may
reduce the probability of entry if it conceals its cost type, and it induces second-
period rivals to produce lower second-period outputs if they think it may have

16They [1991, p. 160] define an equilibrium class as focal “provided that other equilibria
with plausible belief specifications do not exist.”
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low cost. If firms produce strategic complements, entry deterrence effects and
revelation effects work in opposite directions. A high-cost firm may reduce
the probability of entry if it conceals its cost type, but it will induce rivals to
set higher second-period prices if it reveals its cost type. For this reason, the
conditions to sustain pooling equilibrium are more severe, and the beliefs about
disequilibrium actions that sustain pooling equilibrium less plausible, if firms
produce strategic complements than if they produce strategic substitutes.

There are other equilibria in which incumbents separate in the first pe-
riod. In such equilibria, the profit to be gained by deterring entry is typically
an incentive for one type of firm to separate, but an incentive for the other
type of firm to defect from the separating strategy. These are at most partially
entry-limiting equilibria. When firms produce varieties that are strategic com-
plements, low-cost incumbents will not separate unless there is the possibility
that their action reduces the likelihood of entry.
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1 Quantity—Setting Firms
1.1 Duopoly

Recall the notation

uj = firmj’s prior probability that firmj's costs are high.
Vij

firmi’s prior probability that firmj ’s costs are low,

fori,j =1,2,3andi™j.
With the linear demand curve

p=a—a_Q (1)
firm IL’s expected profit is
TIL = (@aL- qiL- «129%2/7 - V]2921)9il, 2
where ai = a —Q1- Maximizing (2) with respect to glL gives the equation of
firm IL’s reaction function,
20iZ, + 129// + 2%/, = «/- 3)

Note that (2) and (3) together imply that anywhere along IL’s reaction function,
and in particular in equilibrium,

*1L= QL @

In like manner, one obtains the equations of the other 3 reaction functions,
20\n + 2R/ + 29/, = ff= ®)

«i9i// + «2i9ir + 1qu, = nr. (6)

«QOI// + Q01Z, + 20// = «//m )

(where an = a —cn).
Duopoly equilibrium for a single-period game can be illustrated graphi-
cally. Define the output each firm expects to see from the other as
9i(«2i) —«2191/+ «219u. (8)

92(1/12) = «129// + 1292/, )
Now multiply (5) by «21, (3) by «21, and add to obtain

29i(«2i) + 92(1112) = «2laH + «2I®, = a(«2i) (10)
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In like manner, from (6) and (7) one obtains
9i(«2i) + 292(1*12) = «12aH+ vl2aL = a{un) (12)

(10) and (11) have the form of conventional quantity reaction functions for
the linear model. They can be graphed, as in Figure Al, to illustrate equilibrium
expected outputs g\{u2\) and 92(x12)-

Insert Figure Al about here

Now graph (10) and the reaction functions of firms 1L (3) and 1H (5)
together, as in Figure A2. The reaction function with equation (10) is bounded
below by the reaction function of firm 1H, and above by the reaction function of
firm 1L. The equilibrium outputs of firms 1H and 1L can be read off the graph
at the intersection of the respective reaction functions with the equilibrium
expected output of firm 2, 92(1*12). In like manner, the equilibrium outputs of
firms 2H and 2L are found at the intersections of their reaction functions with
the vertical line showing gq[{u2\). Figure A3 shows duopoly equilibrium outputs
for all four notional players.

Insert Figure A2 about here
Insert Figure A3 about here

For the pooling equilibrium discussed in the text, in the first period in-
cumbents produce their equilibrium outputs from the one-period game. For
the separating equilibrium discussed in the text, in the first period incumbents
produce the outputs given by the intersection of the L-firm reaction functions.

To find an explicit solution to the system of equations of the reaction
functions, subtract (5) from (3) to obtain

9il = Qn + 2MaL ~ —9ih + 2°"Ch ~ Ct) (12)

Similarly, from (6) and (7),

Q21 = 9277 + 27anN—«y/) = 9277 + 2°Cfi ~ (13)

Substitute from (13) into (3) to eliminate 92/ and from (12) into (6) to
eliminate 9m. The result is a system of two equations in gn and 92/,

(cH-c L), (14)

which yields expressions for the equilibrium outputs of the low-cost firms,

1 —
alL 5 al + 2«122 «21 (ch - CI) (15)
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2li2l —U)2 \
%L dL H-mm - Ul (ow —a1) (16)
In like manner, one obtains expressions for the equilibrium outputs of

high-cost firms,

2«12 - «21 1
Qiw = “WemteFeen(oW - ) 1

W = aw 2«21 - «12 (ON- Cl) (18)
Here and throughout, | restrict the discussion to the case in which equilibrium
outputs are nonnegative.
Using (4) and the corresponding relationships for other players, equilib-
rium payoffs are

(12, @) —g o n BTy (19)
T2 («12,@1) = g cl H—-Z-l—l-z-l—’tﬁl-g(bw —cl)S (20)
Uw(«12, 1) = g aW____Zﬁ_Z_;_«_Zi(C« r /JV (21)
oW («12,«21) = g aw----z-«-z-}-—--f-l-z-(tw- cl); (22)

1.2 Triopoly

A game of three players, each with its cost type known only to itself, must be
analyzed to determine the limits of case 1, case 2, and case 3. Following the
same procedure as in the duopoly case, the equations of reaction functions if
there are 3 firms are

K7L + «L2RW + 27+ «138W+ «1393L —«L- (23)
KW+ «122W + «1292L + «1398BW+ «1393L = ««m (24)
X2+ QAW + 191L +  «393W+ «289%/, = «/, (25)
202W + «219IW + «2I9IL + <«23BW+ «2393L = «W. (26)
293L + «3I9IW + «3I19IL + «FR2RW+ «3292L = /= (27)
03W+ 3I9IW + 3191 +  «02W+ «32921. = \/m (28)

(12) and (13) continue to hold; in addition, from (27) and (28) one obtains

RBL = BN+ i(a.z, - aw) = %iw + Mcw - ¢/] (29)
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Using (12), (13), and (29) to eliminate the outputs of high-cost firms from
(23), (25), and (27) yields a system of 3 equations in gn, qg2L, and g31:

. L1 ¢ 22+ U3 \
KA —«L f + @+ «23 (Cff- Q) (30)
<L 1 @Bl +«32 /

[N N
— N -
N -

Write the coefficient matrix on the left as 13+ J3J 3, where | is the identity
matrix, J is a column vector of ones, and subscripts indicate dimension. Then
using

1
{h +1313) h~ 4 (31)

one obtains equilibrium outputs of low-cost firms,

1 3(U12 + «13) —(«21 + «23 + «31 + «32 ,
wne s al H ( «13) —(« L « « « )é« - ay (32)
- al H 3(«21 + «23) —(«12 + «13 + «31 + «32)(,CH_ cL) (33)
. 1 € N 3(«31 + «32) —(«12;;+ «13+ «21 + «23)«:H i C|)n (34)

In like manner, equilibrium outputs of high-cost firms are

3(«12 + «13) —(«2L + @3+ 3l + «32)

il = aH (ch - cL) (35)
3(«21 + «23) —(«12 + «13 + «31 + «32

at— g NEE ) A B D) (30)

o /. 3(«31 + «32) —(«12 + «13 + «21 + «23)(Ch —cly 37)

Equilibrium payoffs (for firm 3, subtracting entry cost) are the squares of
equilibrium outputs.

1.3 Pooling on gL
1.3.1 Case 2

If
A3[1(c12) «13]«21,«23) «317«32) ~ K = (38)

an 3(«31 + «32) — («12 + «13 + «21 + «23)

—i - K
16 (ch —ci)



is positive, pooling cannot limit entry. If (38) is nonpositive but

~(«12.0,1421,0,u3i,«32) - A' = (39
1 al + 3(1431 + 143) ~ («12 + «21) K
16 2
is positive, then a low-cost entrant would come into the market after first-
period pooling, while a high-cost entrant would stay out. This is case 2. If
(39) is nonpositive, the game falls in case 3; incumbents can limit all entry by
pooling in the first period.

If entry costs place the game in case 2 and a high cost incumbent defects
from the pooling equilibrium, revealing its cost type, then a high-cost entrant’s
payoff would be

tr3ff(«12,«13, A«23. A«32) ~ K = (40)

1 3u32 — («12 + 1'13+ «23 s -
lap e lezy Yer- 7y - A

If (40) is positive, the game is in case 2(a); otherwise, it is in case 2(b).
As noted in the text, low-cost firms and entrants will always adhere to
the pooling strategy. In case 2(a), firm 1H will pool if

«13KIff(MI2,1421) - 7tl//(u12, 1)] (41)

+«13[71//(«12>0, «21,0, «31, «32) —Hi#/(«12,«13, A«23, A«32)]
F1B[ItI(«12, 1) —ITIH( 12, <13, A3, A«32)] > h(@1) ~ \h(QL)

This is equation (8) of the text.
In case 2(b), firm 1H will pool if

«13KIZ/(MI2,2l) - 1t//(c12, 1)] 42)

T«l3ttizs (« 12,0, « 21,0, U3, « 32) — 7Tiw («12-0. 1,0. 1. « 3] > IT[7(77.) — 1Tl77(<17)).

This is equation (12) of the text.
Let us begin by evaluating the first-period gain from defection.

~ nitffar,), (43)

for the linear model.
Firm If/’s best response payoff is

ni = lan ~ Qui ~ 9i]9iH = (li/7) - (44)
using a —g™j —(ji = ¢™H from the equation of the reaction function.
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Then firm IH"s first-period pooling payoff can be written
Tih(at) = [dH-Q 1 - Qal (45)

=K - Qnh ~Q1~ (gl - Qh)J[Qw + (al - Qn)]
= %\ - Q- gh))Qu<+ (af - <&)]
= (Qw? ~ (Q1 ~ Q@n)*
= M/Ai(@Q) —(Q —Qw)2-
Hence
*in(Qr) - tiH(gL) = (q1 - Qh)2- (46)
Finally, from the equation of firm 1/f’s reaction function, ¢™H = (1/2)(o//—
qi), and recalling gL = ai/3,

3 11 1
Q —Qh —2Q ~ 2aii = 2AL~a™>= 27" ~ CLY (47)

Now turn to the impact of cost type revelation on the defecting firm’s
profits, terms which appear in both (41) and (42). Using (17) or equivalently

(21,
@i//(d2,«2i) -niHUi21) = («12,«21) - Q\H(un, 1) (48)
= [<?21«(«12, «21) + <7Itf(«12, 1))(<?1//(«12, «21) — <7l//(«12, 1)]
Vn 412 —«21 , .
g dH——mm(eoh —el) (eh - Q) > o

In like manner, using (35)
THff(«12,0, «21,0, «31, «32) —7TI//Wi2 0, 1,0, 1, UB2) (49)

= 92//(ui2,0, «21,0,«31,732) - q\H(u12,0,1,0, 1,«32)

« ;_-6 3l dH 4 + 6M2 —(«2% + @3l + 2«32)

When quantity-setting firms produce strategic substitutes, a firm’s rivals ex-
pand second-period output if it becomes known that the firm has high cost,
compared with the situation in which there is some probability that the firm
has low cost. This cost revelation effect reduces the defecting high-cost firm’s
second-period payoffs.

Similarly

©-a) (cH- a)>o.

TTf(«12,«13, 1, «23, 1, «32) - TM//(«2,0, 1,0. 1, U32) (50)
= Qh («12,«13,1, «23,1, «32) —4i//(«i2,0,1,0,1, «32)
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3¢13 — 23 2 + 6«12 + 33 —(«23 + 2732)
16 aH ;

The entry effect, which appears only in case 2(a), is

(FH - s e/ —c1) > 0.

K\H(«12, 1) —7T//m12i «13, 1, «23, T «32) (51)

- [RI/(<Q2, )+<T1//(«12, «13! 1: «23, 1, «3)|[<?ir/(«12, 1)- <T7Itf(«]2, «13- 1. «23- 1- «32)]-

This shows the change in profit of a known high-cost firm 1 if an entrant of
unknown cost type comes into the market. Examining the terms in the second
brackets on the right,

</itf(«i2, 1) = a// —«a2(// —c1)} (52)

3«12 + 3«is — (23 + «32
<ff(«12, «13, T «23! 1l «32) = J an — (FH ~ c1)

The normal case is that

9l«(«12, 1) - <?1/7(«12, «13, 1, «23, 1. « 32) (53)

«12 3«13 («23 + «32)
=l2a" + 24 + 8

is positive: we expect entry to reduce incumbents’ equilibrium outputs and
profits. But this is not a necessary result. If «12 = «13 = 1 and «23 = «32 = 0.
then firm 1 is known to have high cost, firm 1 believes both rivals have high
cost, and firms 2 and 3 each believe the other has low cost. Then (53) may be
positive. In particular

(<n - cL)

<7iw(l-1) — — g« - <), (54)

%h(1.1.1.0,1.0) = MaL = i(« - cl).

and if a™/4 > a#/3, firm 1H would expect greater output and profit with entry
than without entry. With downward-sloping quantity reaction functions, and
believing its rivals to have high cost, firm 1H would expand output. Firms 2
and 3, each believing the other to have low cost, will reduce output.

1.3.2 Case 3

If entry costs place the game in case 3 and a high-cost entrant defects from the
pooling equilibrium, revealing its cost type, a low-cost entrant’s payoff is

. 2+ U\ —« 12
7T («12,0, 1,0,1, « 32) 16 L+ 2 7 - cL) (55)
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If this is positive, then the game is in case 3(a): defection by a high-cost incum-
bent will induce entry by a low-cost potential entrant. If (55) is nonpositive,
then a high-cost incumbent can defect without inducing entry; this is case 3(b).

The high-output pooling strategy requires an entrant to come into the
market if it expects a positive post-entry profit and to stay out otherwise. If
incumbents pool in the first period, the entrant expects a negative post-entry
profit, and will maximize its payoff by staying out of the market.

If a low-cost incumbent defects, it reduces its first-period payoff and rivals
infer that it has high cost. This leads the other incumbent to expand second-
period output. It may (in case 3(a)) induce entry. Both consequences have
the effect of reducing the defecting low-cost firm’s second-period payoff. A
low-cost incumbent would therefore be willing to pool on gL in the first period.

Now turn to the incentives of a high-cost incumbent. If firm 1H pools on
gL in the first period, its expected equilibrium payoff is

TTI/E(9t) + 7ri//( 12,U21)- (56)
If firm 1H defects from the pooling equilibrium, its expected payoff is
Tu/(9t) + M3TTI//(2, 1) +«137TI//(«12,0, 1.0, I,u32) (57)
if the game is in case 3(a) and
T« (9t)+ wi//(«i2, 1) (58)

if the game is in case 3(b).
Comparing pooling and defection payoffs, in case 3(a) the incumbent will
pool if

TTIF (<12, «21) - Klh (Ui2, 1) + ««fritf(«12, 1) - 7Titf(ui2,0. 1,0, 1, U32)]

> ~ *iH(qL)- (59)

In case 3(b), the incumbent will pool if
Ti//(«12,«2i) - TW(uu,1) > ~ H(gL) - wul(ql). (60)

The right-hand side of (60) is the first-period gain from defection. The
left-hand side is the second-period lost profit due to cost type revelation. The
additional term that appears on the left-hand side in (59) is the lost second-
period profit if entry occurs, weighted by the prior probability that the entrant
has low cost.

For the linear example, the first-period gain from defection is given by
(46) and (47). The revelation effect is given by (48). In contrast to the result
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for case 2(a), in case 3(a) entry always results in lower output and profit for the
defecting high-cost firm:

Titf(ui2, 1) - nlH(uNn,0,1,0,1,u3?) (61)

= [//(«12i 1) + 91//(«12;0, 1,0, 1, U32)] [<?Itf(«12, 1) — QIh (U\2,0. 1,0, 1, U32)] .

9i//(«i2, 1) is given by (52);

N2+ 1+ UR
Jiff («12,0, 1,0, 1,U32) —- * ) T eh —er) (62)
Then
<7i//(«i2,1)—%//(«i2,0,1,0,1, uR) — -+ N— - g-) (cw—cl) > 0 (63)

In case 3(a), if entry occurs at all, it is known that the entrant has low
cost. With downward sloping reaction functions, this induces incumbents to
restrict output.

1.4 Separating equilibrium: payoffs from entry

To determine incumbents’ separating and defection payoffs, we need to spec-
ify the relationship between entry costs and expected payoffs for entrants of
different cost types. Entrants’ payoffs can be ranked as follows:

#3(1,0,1,0,1,1) > #38(0,0,1,0,1,0) > %3L(0.0.0,0.0.0) (64)

> TIh (1,U13, 1,223, 1, 1) > ~3n (0, 13, 1,«23, E 0) > 71B//(0, U13,0, U3, 0, 0).

To establish these inequalities for quantity-setting firms, it is sufficient
to show that the corresponding relationships hold for outputs. Evaluating (34)
and (37) for alternative beliefs,

@1(1,0,1,0,1,1) —-[a*, + 2(cij —c1) (65)
931(0,0,1,0,1,0) = ~faL+ [cH- cL\ (66)
93i (0,0,0.0,0,0) = -alL (67)
4
«13+ «23 —2
93//(LMI3, 1>23, 1] 1) —  aH oo  — (Ch - C1) 68,
2B, <13, 1,23, 1.0) —- an — BT By (69)
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«3+ «13+ 2
2 (

The only pairwise comparison that is not immediate is between (67) and
(68); for this, by subtraction,

<A/, «13, 0, «23, 0, 0) — - ) (70)

931(0,0,0,0,0,0) - 93H(L, «i3,1,«23,1,1) = M3g WA\ ch - cL) >0, (71)

with equality holding only if «13 = «23 = 0.

1.5 Separation by L—firm output expansion

It can be a sequential equilibrium for low-cost incumbents to separate by pro-
ducing outputs so great that their (notional) high-cost counterparts would not
find it profitable to imitate. Consider the following collection of strategies and
beliefs:

(@) firms 1L and 2L produce outputs g > gX and ¢™x > qn, respectively, in
period 1;

(b) firms 1H and 2H produce their best-response outputs gXand <£h, respec-
tively, in period 1;

(c) incumbents’ cost types are revealed by observing first-period outputs;

(d) the potential entrant comes into the market in the second period if it
expects a positive second-period profit, net of entry cost;

(e) if the fact of entry does not reveal the entrant’s cost type, incumbents
carry forward prior beliefs from the first period to the second; all firms
maximize expected profit in the second period;

If firm 1 produces any output other than r/u (firm 2 produces any output other
than <a), rivals infer that it has high cost.

It is clear that the entrant maximizes its expected payoff by behaving as
indicated, given that other players behave as indicated.

1.5.1 High-cost incumbents

The inequalities (64) define the seven ranges of entry cost that must be con-
sidered to examine incumbents’ incentives to separate. Firm IH's separation
and defection payoffs for the seven ranges, and the conditions for firm IH to
separate, are:



Case SI K > #3t(l,0,1,0,1,1)
Separation payoff:

TI//<J) + WiM//(D) 1) + Vuniffio, 1). (72)
Defection payoff:

TTiff(Qu) 4 W27Mih(1,0) + v12/rw(0,0). (73)
Condition for 1H to separate:

T/R<AR)-Tri//(<7U) > WI[TTItR(, 0)-7T VA, 1] +VI2[wiH(0, 0)-7TINO, 1)]. (74)

Case S2 w3L(1,0,1,0,1,1)>K > n3L(0,0,1,0, 1,0)
Separation payoff:

ANFf(Clh) + «12[uid7TI//(1, 1) + UIBTTIZ/(, 0, 1,0, 1, 1)] + «1271IW(0, 1). (75)
Defection payoff:
TTih (qi\) + Wi2»riff(1.0) + I27r1/r(0. 0). (76)
Condition for 1H to separate:
7T//0@lh) - TH(gn ) > «12«13Kh(1.0) - W1, 1)] (77)

+Wi2['TiZ/(00) - 7iw(0,1)] +Ui2vi3[7ri/,(1,0) - 7iw(1.0, 1,0,1,1)].

Case S3 u3L(0,0,1,0,1,0) > K > n3L{0,0,0,0,0,0)
Separation payoff:

TI//G/) +«12[«1371/f(L1) +VI37TIZ/(1,0, 1.0, 1 1)] (78)

+Ul2[uidrTi/Z/(0, 1) + i37Ti/f(0,0, 1,0. 1.0)].
Defection payoff:

~Nif/(Gia) + Ui2[“i37i//(1,0) + U3T7//(1,0,0,0,0,1)] + ii2”iw(0,0). (79)
Condition for 1H to separate:

ftmiqui) —Kit/iqu) > (80)

+U12Ui3[7TiW(1,0) - WIH (I, 1)] 4-«12Ui3[7Tih (1,0,0,0.0, 1) - 7TIW(1,0. 1,0. 1. 1)]

+Wi2Ui3[7r1//(0,0)  ft]h (0, 1)] + Vi2Vi3[irlH(0,0) - wlw (0,0, 1.0. 1,0)]
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Case S4 %#3L(0,0,0,0, 0,0) > K > AW1, ul3 1,u23,1,1)
Separation payoff:

T/AQA) + MIZ[*137TIZ/(. 1) + WeTONH(1) 0, 1,0, 1, 1)] (81)
+V 12[ui37TV/(0, 1) +1>137Tiw (0,0, 1,0, 1,0)].
Defection payoff:
Mh{GY + UI2[*I37>'1//(1,0) + Vi3TIiH(l, 0,0, 0, 0, 1)] (82)
+D2[wi3”iff (0,0) + v13niH(0,0,0,0,0,0)].
Condition for Iff to separate:
VIH(gih) ~ TTItF(Cu) > (83)
WI2MIETIh (1, 0) - 7IW(1, 1)] + UXV13[kiH(1,0,0,0,0,1) - 7m(l, 0.1,0, 1, 1)]
+V12«13kIff(0, 0) - 7MW, 1)] + fl2D3[7TI//(0, 0,0, 0, 0, 0) - 7IW0, 0, 1,0, 1,0)].
Case S5 n3H(l, uu, 1,u23,1,1) > K > n3H(0, «i3, 1, «23,1, 0)
Separation payoff:

NiH {0 h) + WI27TIi/(, «13, 1, «23, 1, 1) + «12[«137TI/(0, 1) + VI3WAH (0,0, 1,0, 1,0)].

(84)
Defection payoff:
KUiiqgw) + «12[«137TItf(1,0) + «137TI//(l, 0,0, 0,0.1)] (85)
+Vvi2[«i37Titf(0,0) + «i37riH(0,0,0,0,0,0)].
Condition for Iff to separate:
7TI//7(Ih) - TTh(91a) > «12«13[7TIw(l,0) - TIW1,« 13 1,«23, 1, 1)] (86)

+«12«13[7T1//(1,0,0,0,0, 1) - 7Titf(1, «13, 1, U23, 1, 1)]
+«12«13[7rtf(0, 0) — 7Ti/(0, 1)] + «12«13[7TI/(0, 0, 0, 0, 0, 0) — 7Ti/i(0, 0, 1,0, 1, 0)].
Case S6 #3WO,«13,1,«23,1,0) > K > n3H(0, ul3, 0, u23,0, 0)
Separation payoff:
AlHigih) + «127Tih (1, «13, 1, «23, 1, 1) + «12712(0, «13, 1, «23, 1, 0). (87)
Defection payoff:

Tk(gn) + «127Tm(l, «13, 0, «23, 0, 1) + «12[«137Tih (0, 0) + «137TIW0, 0, 0, 0, 0, 0)].

(88)
Condition for Iff to separate:

TNA(gih) - #1H(qIX) > «12kiw (I, «13,0, «23,0, 1) - nW{l, «13,1, «23, 1, 1)] (89)
+«12«13britf (0, 0) - 7Tih (0, «13, 1, «23, 1, 0)]

+«12«13bri/f(0,0,0,0,0,0) - 7T2(0, «13, 1, «23, 1,0)].
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Case S7 73H(0,ul3,0,u23,0,0) > K
Separation payoff:

Kmiqui) + Wi27TiZ/(, «13, 1, «23, 1,1)+ «13, 1. «23, 1.0). (90)
Defection payoff:
Thh (P1a) + «127TIt(l, «13,0, «23,0, 1) + «127H//0, «13.0. «23-0.0). (92)
Condition for 1H to separate:

- Thh(9ia) > «12KI/r(l, «13,0, «23,0, 1) - 7MW, « i3, 1,«23, 1.1)] (92)

+«iz2kirr(0,«13,0, «23,0,0) - 7riW0. «13,1,u23, 1,0)].

In cases Sl, S4, and S7, the potential entrant’s decision is not affected by
action of the high-cost incumbent, with the result that the possibility of entry
or entry deterrence does not affect the incentives of the high cost incumbent.
In the remaining cases, the possibility of deterring entry is an incentive to
defect from the separating strategy. For high-cost incumbents, separation is
not entry-limiting behavior.

1.5.2 Low-cost incumbents

Case SI #>7(1,0,1,0,1,1)
Separation payoff:

7 1(9U,92a) +«127Tir,(1.0) + «12712.(0. 0). (93)
Defection payoff:

Tu,(<ha,<2a) + «127Tii(1, 1) + «12°/.(0- )m (94)
Condition for 1L to separate:
«i2kit(1,0)-7riL(l,D]+«i2[7r,L(0,0)-7rl,.(0,D)] > (95)

T'U.telA.fcO - Tlu (<”1A42a)
Case S2 73L(1,0,1,0,1,1) > K > #3(0,0,1.0. 1.0)
Separation payoff:
Th1 (&ia,22a) + «27Ti1 (1-0) + ti27rUj(0.0). (96)
Defection payoff:
*U,071A, i2a) + «12[«137Tit1 (1, 1) + «UA110-0. 1.0, 1. 1)] + i [2717t(0, 1)- (97)
Condition for IL to separate:
«12«I3[7riL(1,0) - TTiE(, 1)j + «12«I3[7MA(I, 0) - 71%.(1.0. 1.0. 1 1)] (98)
+«i2[ttil(0, 0) - 7TL(0,1)] > m~L(gn ,<h\) ~
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Case S3 u3L(0,0.1,0,1.0) > K > n3L(0,0, 0, 0, 0,0)
Separation payoff:

AZXNAT <2a) + “12[“137TIt(li 0) + VISTTIE(, 0, 0, 0, 0, 1)] + 0).  (99)
Defection payoff:
7lu,(9u ,92a) + «12[wid7rit(D 1) +D37Tii,(1,0,1.0,1. 1)j (100)
+#>i2[uidit(0,1) + )i3riz (0, 0,1,0,1,0)].
Condition for \L to separate:

Ui2«i3briz, (1, 0)-7T1L(I, 1)]+tii2«i3Ki(l, 0,0,0,0, 1) - wl(1, 0.1.0,1,1)] (101)

+D2Ui3[etil(0, 0) - 7Tix,(0,1)] + ti2fi3[7R1(0, 0) - 7iL(0,0.1, 0,1.0)]

> AlNAL o) - AltfalA, <)

Case S4 n3L(0,0,0,0,0,0) > K > #3//(l,ui3, 1,u23 1,1)
Separation payoff:

Thiz,(9ia,92a) +Mi2[ui37rll(1,0) + i>3nu (1,0,0,0,0,1)] (102)
+V12[ml37Ti1 (0, 0) + ViZTTin (0, 0.0, 0. 0, 0)].
Defection payoff:
T'UXtfIANA) + Ui2[mi3rTlL(1. 1) + VI3TTEAI,0, 1.0.1.1)] (103)
+«i2[M37rii,(0,1) + fi37rii(0, 0.1,0.1,0)].
Condition for 1L to separate:
W2WI3['Tiz.(110)-7ru, (I, 1)]+«i2W3[z(1,0.0,0,0, 1)-7rit(1.0,1.01.1)] (104)
+V12<13[' T (0, 0) - 7Tu,(0, 1)] + «12M3[7TIi(0, 0, 0, 0, 0. 0) - 7Mt(0. 0, 1,0, 1, 0)]
> MlitelA) 92a) —KIL(G\\,Q2\)-
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Case S5 n3H(\,u13 1,u23,1,1)> K > n3H(0,ul3 1, «23 1.0)
Separation payoff:

+ «12[«137Tiz.(1,0) + vI3TIL{l, 0.0,0,0,1)] (105)
+«12 [«1377,1,(0,0) + nI37 t(0,0,0,0,0,0)].
Defection payoff:
@a) + 1277111, «13, 1, «23, 1- 1)] (106)
+«12[«137Tii,(0, 1) + vi3nii(0,0,1,0,1,0)].
The condition for firm 1L to pool is
Ui2M3[tei1(1,0) - 7TL(1.U13 1,«23, 1.1)] (107)
+Mi2Vi3[€Ti1 (1,0,0,0,0, 1) - 7TIt(l, «13, 1, «23, T 1)]
+«l2«13[7rlt(0. 0) - 7Tu,(0, 1)] + «12«13klt(0. 0, 0.0. 0.0) - 7T}.(0, 0. 1.0. 1,0)]
> nlL(q1A,92a) - TTV,(t7IA, 92a),
Case S6 7BWO, «i3,1,«23,1,0) > K > #3W0, «i3,0, u23,0, 0)
Separation payoff:
TIU(NA <2a) + «127Tin (1, «13, 0, «23, 0. 1) (108)
+«i2[«i37Tir,(0,0) + «i37rtL (0, 0,0.0,0,0)].
Defection payoff:
TTu (<7T1A<T2a) + «127711,(1, «13, 1,«23, 1, 1) + «127711,(0, « ]3, 1. «23, TO). (109)
Condition for 1L to separate:
«l2[nu(l, «13,0, «23,0, 1) - 7Ti/_(l. «13, 1.« 23. T 1)] (HO)
+«12«13[7T11(0,0) - 7111,0,«i3, 1, «23, TO)]
+«12«13[7T11 (0, 0,0, 0,0,0)—7ri/,(0,«i3, 1,«23. 1,0)] > Trfi ((/1A- f-2A) —TTI/. (<7TIA-1/2A) -
Case S7 71311(0,«i3,0, «23,0,0) > K
Separation payoff:
T7N,(<?IA, <2a) + «127rlt( 1, «13,0, «23, 0, 1) + «127711,(0. «13, 0. «23, 0. 0) (111)
Defection payoff:
TINIARa) + «127711(L «13, 1, «23, T 1) + «Q277]1(0. « B. 1. UJ3, 1.0).  (112)
Condition for 1L to separate:
«12[ril, (I, «13,0, «23,0, 1) - 77n,(1,«13, T «23- T 1)] (113)
+«12[i1,(0, «13,0, «23,0, 0)-7Tu,(0, «13, 1, «13, 1, 0)] > 7rft,(glA #L\)—77L (1A <)-
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Separation by L-firm output expansion: resumé In cases Sl, S4, and
S7, the potential entrant’s decision is not affected by action of the low-cost
incumbent, with the result that the possibility of entry 01 entry deterrence
does not affect the incentives of the low-cost incumbent. In the remaining
cases, the possibility of deterring entry is an incentive to separate. For low-cost
incumbents, separation by output expansion is entry-limiting behavior in four
of the possible seven cases.

1.5.3 Linear example

| consider only case S2 here. If firms 1L and 2L expand output so that the
high-cost firm separation conditions hold with equality (to expand output even
more would lower own profit without altering rivals’ behaviors), the high-cost
incumbent separation conditions are (compare (77))

*i/j(qih) - TTitR(gu) = uIAM3[7ri//(, 0) - 7TIH(1,1)] (114)
+Vi2briw(0,0) - 7MW0, 1)] +Ui2Vi3[/i/AL,0) - 7MW(1,0,1,0,1,1)] = RHS\h\
KeH{<IZh) - K2h (Q2N) = «2iV\J//0, 1) - TW(L. 1)] (115)

+*2Ibb//(0, 0) —A2Af(1,0)] + NV (0, 1) - ~//0-0.1,0,1,1)] = RHSAU,

where the terms RHS\n and RHS”h are defined for notational convenience.
To evaluate km(Qih) - Tih(Q\), write

T {Q\N) = [oH —<I\ —UNx<2h ~ VI2Q\J<IIX (H6)

= f-H —Qlh —W2<2fc — ~222A ~ (?1A ~ gili)][gili + (21A _ <7li)]

= [4i - (gu—gi/)][gu + (qu - gu)]

(using the equation of IH ’s reaction function)
= Qh~ (gu “ Qih)2

= TTI//(gih) — (giA —Qlh)2-

Hence
Kih {Qih) —Kih (Qi\) = (giA — QIh)2, (117)

and in like manner

TR —K2h{@x) = {@\~ GhY = (118)

The high-cost firm separation conditions (114) and (115) become
gu —Qih = RHS\h (119)

46



and
92A ~ 92ft — R H S2H (120

respectively.

gih and gzh are best reply outputs. From the equations of the firm 1/7,
2H reaction functions, therefore, 91/ and 721 are related to ¥ and g2a via the
system of equations

(2 u gift 1 @ M2\ ( 9ia N (121)
\«1 2 or 1 «1 0 j \PAy
By subtraction,
/ 2 m2 \ / 9ft—Ra 2 1\ /9a (122)
\«@l 2 y ™ ft—PA 1 2]\ 9%a

Now substituting from (119) and (120), we obtain a system of two equations
that determines the smallest values of qw and g2\ that high-cost incumbents
will not be willing to mimic:

2 1 9lA 2 «l12 \/ nnSu,
12 g O @ 2 il THS2 (123)
(o = IN 1 f4-u2i —2<2 \ ( RHSIZ\ (124

Voald 3 V1) 3V -2«2i 4- «2j ~RHS2H ) *

It remains to determine whether the 1L separation condition, (98), and
the corresponding condition for 2L, are satisfied.

1.6 Separation on Nash duopoly outputs

This is the separating equilibrium discussed in the text.

1.6.1 High-cost incumbents

The inequalities (64) define the seven ranges of entry cost that must be con-
sidered to examine incumbents’ incentives to separate. Firm IH's separation
and defection payoffs for the seven ranges, and the conditions for firm 1H to
separate, are:

Case SI K> w3L(1,0,1,0,1,1)
Separation payoff:

TMh (ml2,«2i) + «12M//(1, 1) + t125TIE/(0. 1). (125)
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Defection payoff:
kih (1) + Wi27TiZ/(1, 0) + Wiit\n (0,0). (126)
Condition for 1H to separate:

7ritf(«12,«2l) > MI2[7ri//(L0) -7TiW(I, 1)] + BR2[7TW0, 0) - 7ILH(O, 1)].
127)

Case S2 w%¥(1,0,1,0,1,1) > K > %3%(0,0,1, 0,1, 0)
Separation payoff:

TTi//(Wi2,«2i) + «12[* 137T1//(11) + Vi3%i//(1,0.1.0.1.1)] + Vi2nIH(0,1) (128)
Defection payoff:
Kih (Q\1) + M2711//() 0) + VI2ITIH(Q. 0). (129)
Condition for 1H to separate:
TTItf(ui2, «21) - 7H//0L1) > UUUL3[EIH(L, 0) - 7IW(1, 1)] (130)

I2[TTIZ/(0,0) - TTi//0, 1)] + U2W63nIH(\, 0) - 7IW(L. 0, 1,0, 1, 1)].

Case S3 n3L(0,0,1,0,1,0) > K > %3t(0,0,0,0,0,0)
Separation payoff:

“21) + UI[Ui37TIZ/(, 1) + VISTTIZ/(,0, 1,0, 1, 1)] (131)
+Vi2[ui37ri//(0,1) + n 137TW(0.0,1,0,1,0)]

Defection payoff:
7In{<]IL) + M2WwidTih (1, 0) + WsTha (1, 0,0, 0, 0, 1)] + I27T1//(0,0).  (132)
Condition for IH to separate:
T//(ui2U21) - 7in(9i1) > (133)
+UIRWIB[7TIZ/(1,0) - 7TTIW(I, 1)] + UW3[ii (}.0,0,0,0, 1) - 711H(1.0, 1,0, 1. 1)].

+2;i20i13[r/(0, 0) - TIW0, 1)] + ni2™M3[7TI//(0,0) - 7IW0, 0, 1,0, 1 0)]
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Case S4 ™ (0,0,0,0,0,0) > A" > m3//(l, ul3 1,«23,1,1)
Separation payoff:

TTUI«12, « 21) + ni2[* 137TH/(I, 1) + ~1371//(1,0,1.0,1.1)] (134)
+UI2[wi37TI//(0, 1) + t>I37TiW(0,0, 1,0, 1.0)].
Defection payoff:
Kih (Q\1) + “ 12[wi37Ti//(1.0) + t437TiW(1,0,0, 0,0, 1)j (135)
+D 2[«137(0,0) + nl137T~(0, 0,0.0,0.0)].
Condition for 1H to separate:
TM//(Wi2, «21) —kih ((Ji1) > (136)
UI2«I3KItf(1,0) - nlH(l, 1)] + Ui20)i3[riff(1,0,0.0,0.1) - 7Ti//(0, 1,0.1, 1]
+D2Mi3[hi//(0,0) —7L//(0, 1)] + ni2VI3[7TIt (O, 0. 0, 0, 0, 0) —71i//(0. 0. 1.0.1.0)].

Case S5 #3//(1«i3,1,«23,1,1) > K > #3W0, Ui3, 1. u23, 1.0)
Separation payoff:

7TItF(2, u2l) + wi27hi//( L« 13, 1. «23. 1. 1) (137)
+c12[«137TI//(0, 1) + «137W(0.0.1,0,1.0)].
Defection payoff:
Nih(Qil) + «12[«i3™i/A1,0) + «i37//(1. 0.0.0.0.1)] (138)
+«12[«1371//(0, 0) + Vi3Win(0.0,0,0,0. 0)].
Condition for 1H to separate:
TM//(«12,«2l) - nIH(glIL) > «i2«i3Kff(1,0) - 7riH(l,«i3, 1. «23, 1-1)]  (139)
+«12«13[€i//(1,0.0,0,0, 1) - 7mW(1,« 13, 1. «23, 1. 1)]

+«12«13[€N//(0,0) - 7Til/(0, 1)] + t'12«I3[7TI//(0.0.0.0.0.0) - 7T.//(0,0, 1.0. 1.0)].

Case S6 #3j/(0,«13,1,«23,1,0) > K > #3//0, «13,0. «23.0.0)
Separation payoff:

T/f(<12, «21) + «12FI/F(1, «13, 1, «23, 1, 1) + «12712(0, «13, 1. «23, 1-0).  (140)
Defection payoff:
Alh Q1) + «127TI//(1, «13,0, «23,0, 1) + «12[«137T1//(0, 0) + «I37TIW0, 0, 0, 0, 0. 0))

(141)

Condition for 1H to separate:
Thh («12,«2i) ~ >M W I, «13,0,«23,0, 1) - 7TT//(L «13, 1. M3. 1.1)]
(142)

+«12«13[M/F(0, 0) —7T|//0 «i3, 1, «23, 1, 0)]
+<(12(<13[7T|//(0, 0, 0, 0, 0, 0) TMi2(0, «13, 1.« 23, 1, 0)]

49



Case S7 ird/(0, «13,0,«230,0) > K
Separation payoff:

M//Wi2, «2l) + t12rff(1> «13, 1) «23, 1, 1) + t,2271//(0, «13, 1, «23, 1,0).  (143)
Defection payoff:
Kiniqu.) + wmrlA(l, «13, 0, «23, 0, 1) + UI27TIZ/(0, 1113, 0, «23, 0, 0) (144)
Condition for 1H to separate:

iru/(«12,«21) —~I//(9It) > «Q2[7TI//(1, «13, 0, «23,0, 1) —7//(l, «13, 1, «23, 1, 1)]
(145)
+«12[1//0, «13, 0, «23,0,0) - 7Ti//(0, «13, 1, «23, 1, 0)].

In cases Sl, S4, and S7, the potential entrant’s decision is not affected by
action of the high-cost incumbent, with the result that the possibility of entry
or entry deterrence does not affect the incentives of the high-cost incumbent.
In the remaining cases, the possibility of deterring entry is an incentive to defect
from the intuitive separating strategy. For high-cost incumbents, separation on
equilibrium outputs from the one-period game is not entry-limiting behavior.

2 Price—Setting Firms

2.1 Duopoly

Inverting the equations of the inverse demand curves
Pi- G=a- C- 602- o\ (146)
p2- c2=a- c2- 6gi - g2, (147)

one obtains the equations of the demand curves

(@a- ci)- 6g- c2) + - ¢2) - (pi- ct)

1- & (148)

<h
(@a- c2)- 6(a- ci) +0(pi - cQ- (p2- c2)
1- 62
The equations of the inverse demand curves are valid for nonnegative prices;
the equations of the demand curves are valid for nonnegative quantities.
Firm IL’s expected profit is

(149)

<72

aL - dan + OpiH - Pil . Aat -Oa-L + OPIL  P\1
L= PIL «12 1- 02 j +«l2 1-<92

(150)
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(1 - 0)aL+ 6un{alL - aH) + ux0p2, + OW2p2L - py
= PIL \ -e2

writing pIL = piL- cL, plH = Pm - cH, p2L = P2L ~ ("-RH = Pin - ('ll- and
cll —a —Qr,, and an ~ a —c¢n-
Maximizing (150) with respect to pIL gives the equation of firm IL’s price
reaction function,
2Pii - UuOp2H - OvnPu = (1 - #)“/+ #12(«/. - «//)= (151)
Observe that (151) implies
(1 - 0)aL4-~ul2(at - aH) + ul20p2H + Ovip2L ~P\1 = P\I- (152)

It follows that anywhere along firm IL’s reaction function, and in particular in
equilibrium,
*1L=fr™ (P Ilt)2- (153)

Proceeding in the same way, one obtains the equations of the reaction
functions of firms 1H, 2L, and 2H:

2Pm - u\20p2H - Ovnp2l = @ - 0)a,, - 0v¥{a, - a,,)(154)
2P2L - u2\OP\n - Ov?PP\L = (1 - 0)aL + Ou-2i(ai. - «/7)(155)
2Pm - u2XiplH - 0v2iplL = 1 - 0)aH- Ov2X<L - a,,)(156)

The duopoly equilibrium can be illustrated graphically, in a way that
parallels the quantity-setting case. Weighting (151) and (154) by e2i and u
respectively and adding gives the equation of firm | s expected (by firm 2)
reaction function:

2pi(«2i) - 0p2(ui2) = (1 - 9aL ~ («21 - Oav,){ah- a,,) (157)

In like manner, one obtains the equation of firm 2’s expected (by firm 1) reaction
function,

- Opi(u2i) + 2p2{u\M) = (1 - 0)ol ~ («12 - 6uUN)(<U. - «//)
Insert Figure 4 about here
Graphing the two expected reaction functions, as in Figure 4. gives equi-
librium expected prices. Matching the firm 1L and 1H reaction functions with

firm 2’s equilibrium expected net price, as in Figure 5. illustrates pu and p1(/.

Insert Figure 5 about here
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Figure 6 shows all four equilibrium net prices.
Insert Figure 6 about here

Comparing equilibrium prices net of marginal cost, note that pIL > pIH
and p2L > p2H, although the relative magnitudes of prices is the reverse. Low-
cost firms charge lower prices and earn greater margins than the corresponding
high-cost firms.

To obtain explicit expressions for equilibrium net prices, subtract (154)
from (151) and (156) from (155) to obtain

, ch ~rL ,lcoi
PIL ~ Pih + ——2-—" (158)

and
P2L=P2H+ e VI59°

respectively.
Using (158) and (159), the system of four equations in four unknowns can
be reduced to two subsystems each of two equations in two unknowns,

[ (160

and

(-» i) (E£«)* (i"#H"" - K s ) (¢ -cr <161)

Noncooperative equilibrium prices are

1—9 e (2ul2 + 9u2I\

- ] 162
PIL= 5 _ 9aL + 2 \ 4-oéc"\]“’ (162)

1—0 O faLR + 221\

— - 163

Pil= 9% enL+2\ A-e2 )(Ch ct) (163)
1-6 9 (2vi2 + 6v2i\

- . 164

PIH= 5 gaH~2v 4—g )" eV (1649
1-9 9 (9vi2 + 2v2i\

P2H ~ ( éch- cl) (165)

2 - 9aii~2 I, 4-0

Here and throughout | restrict attention to the case in which net prices are
nonnegative (prices are not less than marginal costs).

Having found equilibrium prices, equilibrium payoffs are obtain using
(153) and the corresponding relationships.
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2.2 Triopoly

Inverting the equations of the inverse demand curves

Pi-Ci=a-Ci-qi-6g2- dg3 (166)
p2- c2=a- c2- 0gx- g2- 0g3 (167)
P3- c3=a-c- Ogi- 602 - g% (168)

one obtains the equations of the demand curves

(14" O\ —O0(ci2 4- @) —(L + @p\ + @{P: + P3)

9 = (1 —6m)(l + 29 (169)
_ (1 +0)a2 —0(a1l+ a3) —(1 + d)p2 + dj>\ + p3) (170)
q2~ (1 -0)(1 +26)
_ (L +d)a3—0(ai + a2) —(1 + 8)p3 + 6(pl + p2) a71)
93« (I - &)1 HX)
Firm IL’s expected profit satisfies
(- 0)(1+ 207w = plL{(1 - O)aL+ 6(uxX+ uxd{cH- cL)+ (172)

0 [ui2p2H + vI2p2L + ul3p3H + w8p3L] - (1+ 0)pXY

Maximizing (172) with respect to pIL gives the equation of firm IL's price
reaction function,

2(1 + 0)plL - Ou\2p2H - Ovi2p,L - Oux3p3H - Owi3p3l = (173)

(1 - 6)aL + O(uxX+ uid)(cH- cL)

In like manner, one obtains the equations of the reaction functions of the
other players:

2(1 + 6)piH- O0ui2p2H - 6vX@p2L - Oul3p3, - OvidpaL = (174)

1- d)aH- d(vI2 + vi3){cH- cL)

2(1 + 0)p2L - Ow2lpIH - Ov2p A - OQu23p3H - 0v23p3L = (175)
(1 - 6)aL+ 9(u2t + u23)(cH - cL)

2(1 + 0)p2H - Ou2iP\H - Ov2IpIL - 0u23p3H - 0v23p3L = (176)
(1 - 0)atl - 0(v2l + v23)(cH - c1)

2(1 + 0)p3L - Ou3IpIH - Ov3IpiL - OuPp2H - Ov3p2L = (177)

(- 0)aL+ 0(u3t + u3i)(cH- cL)
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2(1 + 0)p3H- Ou3lpIH- 6v3Ip - 9u3p2H - 9v3p2l = (178)
(1 —9)dH —o0(v3i + v3i)(ch —Cl)
Observe that (172) and (173) yield an expression for firm IL’s profit anywhere
along its reaction function, and in particular in equilibrium,

mL (179)

+0 .
@-0)(1 + 20) PIDZ
Corresponding relationships hold for the payoffs of other firms (for the entrant,
subtracting off entry cost K).

(158) and (159) continue to hold; in addition, from (177) and (178), one
obtains

Vel = P3H+ C' 2 °Lm (180)

Using (158), (159), and (180), reduce the system of equations of the reac-
tion functions to a system of three equations in the low-cost firm prices,

/ Pit \ Q ( «12 + «13 \
[(2+ 30)73—0J313] p2t l= 1 —0)«t™3+ 2 «1+ «23 \(ech—c1). (181)
Vp3L / Va1 + 32 )

In like manner, obtain a system of three equations in the high-cost firm
prices,

/ Pih \ e ( «12+ «13 \
[(2+ 30)/3 —033,/3] P2H 1= (1 —6)uhJ3—2 1 «l + ~23 1{ch—cl). (182)
V P3H / \ «31 + «32 /

Using the inverse

[(2+ 30)73- 073]3]-1 = + ’ (183)

solve the two subsystems of equations to obtain expressions for equilibrium
prices

1 1 Q 7 0 \
Pit = j(I ~ +22+30\ 2+ U3+ 2*y ~“H~ CI® (i84)
1 1 Q / 0\
P2L= ™M1~ «i-+ 22+ B (“2A+UB+2 / th ~ °LX185)
1 1 Q / Q \
PsL=j(! “6)«t+22+30 V3IA+“R+ 2U) *H~ (186)
1 1 Q f 0 \
PIH= ~(t -°)an- 22+10 (Ui+ M3+ 2V) (c« ~ ci) (187)
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Pih = 2/ ~ Aafl ~ 22 + 30 (Y2L+ I'B+ 27) /€ ~¢'A (188)

1 1 Q |/ Q\
P3H= 2~ _ MNa« ~22+30 C3L+ 12+ 2 /Cf—CI? (189)

writing U = U12+U13+U21+M23+WBi+nR and V —«12+ «13+«21 +«23+«3i+ |,32
for notational compactness.

2.3 Pooling on pi
2.3.1 Boundaries of Case 2

The boundaries of case 2 are determined by the inequalities

(1- flul+26) "3~ U122 M WBI'MR)J2- ~ N9°)
1+0
> (1 —65(1 + ) [P.3ff(«12, «13. «21. «23, «31, «32)]2-

If the game is in case 2, a high-cost incumbent defects from the pooling equi-
librium, revealing its cost type, and a high-cost entrant conies into the market,
the high-cost entrant’s payoff is

1+6»

tt3//(«12, «13, 1,«23, 1, «32) — (1 -6»)(1 +26»)

[P3//(«12, «13. 1, «23- 1, M82)]2 - K-

(191)
If (191) is positive, the game is in case 2(a); otherwise, it is in case 2(b).

2.3.2 Case 2

Case 2(a) niH(ul2,«13,1,«23, 1,«3) > K > *Th («12-« 13, «21. «23, «3L,«32) 1H
pooling payoff:

TIHNPI) + 3TJH(<12, «2I) + 237LH(«12,0, «21, 0. «3[. UX) (192)
1H defection payoff:
NIHPIS) + *il/(«12,«13, 1«23, 1, «32) (193)
Condition for 1H pooling:
«I13Kh(«12 1) - TTI//(«I2,«13, 1. «23, 1,«32)] > (194)
TTAPI) - TIh{P1) + «13[?Tih(«12 1) ~ *iw(«12- 21)]
+«13[lh («12,«13, 1, «23, 1,«32) ~ 7tl/f(«12,0, «21,0, UBL. «32))
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IL pooling payoff:
7Tit(p 1) + u13eeli (u 12, u21) + vi3eeil (u 12, 0, W2i, 0, WBi , «32)- (195)
1L defection payoff:
T {P1) + K\I1(ui2,U13, 1, « 23, 1,«32)- (196)
Condition for 1L pooling:

«13[€T1Z,(«12, 1) — 7Tl (W12i«13, 1,«23, 1, «32)] > WI3[7TIiE,(W12, 1) — 7Ti1 (« 12, «21)]
(197)

+«13[7ri/,(M12IWI3, 1,¢23, 1,«32) ~ 7Tli(«12,0, «21,0, « 31, « 32)]
Case 2(b) #3//«12,0, «21,0, nm3i, «32) >K> MW«12,«13, 1, n23, 1,«32) 1H pool-
ing payoff:
TTh(P1) + 377 («12, « 21) + «137TI/(12, 0, «21,0, «31, « 32) (198)
1H defection payoff:
71-A(PL) + «137TWI(«12, 1) + VIanIH(u12,0, 1,0, 1, «32) (199)

Condition for 1H pooling: 1H will always wish to defect.

2.3.3 Linear example, Case 2(a)

High—eost incumbents

1 - e)aL + OpL - PL

200y
1-6>2

h\a{PI1) = A ~ (ch - cL\'

aH- OaL+ OpL- pTh + Pui ~PI1 + («/. - «//)
= VW1 ~ (CH- CL\ l-e2

PYh+ Wh -P I +ch - a.
= \PH- P?H -P 1+ CH- CLN\ 1-ff2 - )

(using an —dai + 9pL—ﬁT—| = 6XT—| from the equation of ILTs reaction function)

= (~)2e ~pL+c" ~cy

= "m(Pt) - ~ Q)2
(using the definition of pL to evaluate the final term). Hence the first-period

gain from defection is

1 1
Ah(Pr) - THh{P) = 4 ,(ch - cL)2 (201)
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Firm IH’s second-period gain from revealing its cost type is positively
proportional to the difference between its prices if it has and has not revealed
its cost type. This is

@ 2
—Pi “ - 202
Pm(“i2, 1) —Pih{uu,“2l) 24.- ez(cH cL) (£U2)
if the entrant has high cost and
PIZZ(“12 %13, 1,“23>1,«32) ~ PI/f(*12,0, V21,0, V81, U32) = (203)
16 “ “ “ “ “ h 1) >0
9y 4+ 30 BF 2("B+ A+ B+ 3) (ch - c1) >0

if the entrant has low cost.
Explicit evaluation of the entry deterrence term, the left-hand side of
(194), is unrevealing.

Low-cost incumbents For firm 1L, the second-period cost revelation ef-
fects are positively proportional to the difference between prices in the different
regimes. These are

c 2 .
« blifw)o « . >0 204
PIL(*12, 1) -P li(*“12,“2l) 24 02((// ci.) (204)
and
PU,(*“12,«13> L #23j 1132) -P 1t (*12,0,U21,0,U3i, U32) = (205)

1 e ,
99 +3 “B+2°UB <z 2+ -3) @/-c)>0

Explicit evaluation of the entry deterrence term, the left hand side of (197), is
unrevealing.

2.3.4 Case 3

Case 3(a) 73L(tii2,0,1,0, I,u32) > K > #3,(ui2,0, “21,0, “31, bB2)
1H pooling payoff:
Kih(pl) + THtF(“12,“21) (206)

11 defection payoff:
An(Pl) + “I3tri//(*12, 1) + “137H //*12,0. 1.0.1. “32) (207)
Condition for 1H pooling:
tri/f(“12,421) - TR// 12, 1) + “WJrhin(“i2, 1) - M//UI20.1,0,1. «32)] > (208)
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Ki'HP1) ~ *\h(P1)
1L second-period pooling payoff:

7Tli(ui2,u21)- (209)
1L second-period defection payoff:
M3TTi 1 (wi2, 1) + Vi3TIL(ui2,0,1,0,1, u32) (210)
Condition for XL pooling:

VIB[~A1(P1) - 7T (M20, 1,0, 1, UB2)] > 7RL(Mi2, 1) - 7 («12,W21)  (211)

Case 3(b) K > ®3(ul12)0,1,0, l,u3?2)
1H pooling payoff:
Kih{P1) + 7TItf(«12,M2l) (212)

1H defection payoff:
w/(P/) + mitf(wi2>l) (213)

Condition for 1H pooling: 1H will always wish to defect.

2.4 Pooling on p#

It can be a sequential equilibrium for price-setting firms to pool on high prices.
In a certain sense, this equilibrium is dual to the high-output pooling equilib-
rium described for quantity-setting firms. But if pooling on a high price is an
equilibrium, it is not a limit-pricing equilibrium: the profit to be gained by
discouraging entry encourages firms to defect from high-price pooling behavior.

Let pH be the first-period Nash equilibrium price if both incumbents are
known to have high cost. Suppose an alleged equilibrium strategy calls for firms
to pool on ph, and let out-of-equilibrium beliefs be such that if the entrant sees
any price other than pu, it infers that the defector has low cost.

For concreteness, let the game be in case 2 (if incumbents pool, a high-cost
entrant will stay out of the market but a low-cost entrant will come into the
market). Conditions for high-price pooling in the other cases can be analyzed
in a similar manner.

To evaluate defection payoffs, case 2 must be divided into two subcases.
In what | will call case 2(c), entry cost K is relatively small,

73 (mi2,0,0,0,0,u32) > K > n3u(ui2,ui3,u2i,u23,u3i,u3?), (214)
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and a low-cost entrant will come into the market in the second period if one
incumbent has defected and revealed itself as having low cost. For larger values
of K, in case 2(d),

'I'3t(«i2,0,«2i,0,U3],U32) > K > n3L(un,0,0,0,0, «32), (215)

a low-cost potential entrant will stay out of the market if it is known that once
incumbent has low cost.

If incumbent 1H pools on pu, it earns its best response payoff in the first
period, and has expected second-period payoff

«132tl//(wi2,«2l) + *h3tri//(wi2,0, «21,0, «31, «32)- (216)

If the game is in case 2(c), firm 1H would never defect. To do so would
reduce its first-period payoff. It would not alter the probability of entry. By
convincing rivals that it had low cost, firm 1 would cause rivals to set lower
prices in the second period, reducing its expected second period payoff.

Now suppose the game falls in case 2(d). By defecting slightly from the
high-price pooling equilibrium, firm 1H slightly reduces its first-period payoff.
Defection convinces rivals that it has low cost and causes a low-cost entrant to
stay out of the market. Firm IH's expected second-period defection payoff is

i/ /(<i2,0)- (217)

its best-response payoff if incumbent 2 believes incumbent 1 has low cost while
incumbent 1 does not know incumbent 2’s cost type.

Comparing (216) and (217), in case 2(d) a high-cost incumbent 1 will pool
on high prices if

ttl//(«12, «21) —Klh (Ui2, 0) > «13britf («12, «21) —7i //(m12- 0. «21-0. «31, «32)]-
(218)
The term on the left, lost profit due to pretending to have low cost, is a pure
masquerade effect. The term on the right is the gain in profit if a low-cost
entrant stays out of the market, weighted by the prior probability that the
entrant has low cost. If the profit lost by entry is great enough, and if the
high-cost incumbent thinks it very unlikely that the potential entrant has low
cost, then it will defect from the high-price pooling strategy.
Now consider the incentives of a low-cost firm 1 to pool on pu- Its pooling
payoff is

tth (Ph) +«137T11(«12,«2i) + VhnlL(ui2,0, «21,0. «31, «32)= (219)

Any defection by firm 1L reveals it as a low-cost. firm. This being the
case, if 1L defects, it will set a price that maximizes its first, period payoff. If
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the game is in case 2(c), defection does not affect the likelihood of entry. Firm
IL’s defection payoff is

Tt (ph) + mid7Ti 1 (wi2, 0) + vI3n14{u12,0,0,0,0, U32). (220)

The second term is firm IL’s payoff if the entrant has high cost and stays out
of the market; the third term is firm IL’s payoff if the entrant has low cost
and comes into the market. Each payoff is weighted by the appropriate prior
probability, and each payoff reflects the fact that after defection firm 1 is known
to have low cost.
Comparing (219) and (220), in case 2(c) a low-cost firm 1L will pool on
high prices if
W71 (Ui2, 1/20) ~ K1L(ul2,0)] (221)

+t'i3ku,(ui2, o, «21, 0, «31, «32) - 7rii(ui2,0,0,0,0, WB2)] > ¥uXph) - *il(ph)-

The terms on the left are firm IL’s profit lost by revealing its cost type, in the
event that entry does not and does occur, weighted by the appropriate prior
probabilities. The term on the right is the first-period gain from defection.
Firm 1L will pool on high prices if cost revelation is sufficiently costly. But in
case 2(c), entry limitation is not a factor in the low-cost incumbent’s decision.
In case 2(d), on the other hand, a consequence of firm IL ’s defection is that
a low-cost entrant will stay out of the market. Firm IL’s expected defection
payoff is
Nt (Ph) +7rig,(wi2,0). (222)

Comparing (219) and (222), in case 2(d) firm 1L will pool on high prices if
W3[ttil(wi2, WR1) - 71 (mi2 0)] > (223)

7 (Ph) - T (Ph) + VA3[ER1 (ui2,0) - 7TL(ul2,0, W21,0. «31, «32)m

The term on the left is firm IL’s expected second-period lost profit due to
cost-type revelation if the entrant has high cost and would have stayed out of
the market in any event. The terms on the right are the first-period gain from
defection and the expected second period gain from defection if the entrant has
low cost and stays out of the market because it is known that firm 1 has low
cost.

Condition (223) will fail if «13 is sufficiently large—if firm 1L thinks it
very likely that the incumbent has low cost. The possibility of entry limitation
is an incentive to defect from the high-price pooling equilibrium.

2.5 Separating equilibrium: payoffs from entry
For price-setting firms, the inequalities (64)

n3L(l,0,1,0,1,1) > #31(0,0,1,0,1,0) > 73L(0,0,0,0,0,0)
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> 7IB//(1,MI13, 1,U23,1, 1) > 7r3//(0,«13, 1,«23, 1,0) > 713//(0, Ul:i, 0. U23,0, 0)

can be verified by showing that the corresponding relationships hold for net
prices. Evaluating (186) and (189) for alternative beliefs.

1 i i20
P3L(1,0,1,0,1,1) - -(1 - e)aL+ 2”A (ci/ - C1) (224)
p3t (0,0,1,0,1,0) = ~(L - 0)aL + (L+0)(n, - c1) (225)
p3i(0,0,0,0,0,0) = i(l-6»)alL (226)

1 100
P3«(1,U13 1,“23,1,1) = 2~ _ 0)aH~ 42 |3/~ + I9)(Cv~ (L)  (227)

P3«(0,ui3,1,«23,1,0) = -(1—0)aH— + 2°[2+(2+w13+t23)0)(c//—cL) (228)

P3//(0,U13,0,u23,0,0) = -(1—0)clh—~2 + 2~[4+(4+Wi3+r23)0](c//—Cf) (229)

The inequalities (64) are satisfied.

2.6 Separation by L-firm price reduction
Consider the follow collection of actions and beliefs:
(a) firms XL and 2L set prices pu > pi/, and p2* > p2t. respectively, in period
iy

(b) firms 1H and 2H set their best-response prices pi/, and p>h, respectively,
in period 1,

(c) incumbents’ cost types are revealed by observing first period prices;

(d) the potential entrant comes into the market in the second period if it
expects a positive second-period profit, net. of entry cost;

(e) if the fact of entry does not reveal the entrant’s cost type, incumbents
carry forward prior beliefs from the first period to the second; all firms
maximize expected profit in the second period;

If firm 1 sets any price other than pu (firm 2 sets any price other than p2\),
rivals infer that it has high cost.

It is clear that the entrant maximizes its expected payoff by behaving as
indicated, given that other players behave as indicated.
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2.6.1 High-cost incumbents

The inequalities (64) define the seven ranges of entry cost that must be con-
sidered to examine incumbents’ incentives to separate. Firm IH’s separation
and defection payoffs for the seven ranges, and the conditions for firm IH to

separate, are:

Case SI K > n3L(1,0,1,0,1,1)
Separation payoff:
wN//(Pih) + Mi27Ti//(1, 1) + v127ri//(0,1) (230)
Defection payoff:
di//(Pia) + 0) + ul27rifr(0,0) (231)

Condition for IH to separate:

By imitating a low-cost firm, firm 1H reduces its first-period payoff. By
convincing rivals that it has low cost, it induces them to set lower prices in the
second period. This reduces firm IH’s second-period payoff. It follows that
firm 1H would always wish to separate.

Case S2 #3.(,0,1,0,1,1) > K > n3L(0,0,1,0,1,0)
Separation payoff:

THeF(PIh) + WI2[“ I3™1//(1- 1) + VA37TI//(1, 0, 1,0, 1, 1)] + W27TI/(0, 1) (232)
Defection payoff:
ttih(Pia) + Wi2~N//(1i 0) + ui2fTih (0, 0) (233)
Condition for 1H to separate:

THfF(PIh) - Thnh (PI\) + W2WI37ri//(, 1) ~ 7TItR(, 0)] + U2[IW0, 1) - 70, 0)]

(234)
> WI2«3[¢hi //(1, 0) - 7MW, 0, 1,0, 1, 1)]
Case S3 ir3L(0,0,1,0,1,0) > K > %3i(0,0, 0,0,0,0)
Separation payoff:
TBw(Pih) + Mi2wi37Ti/Z/(l, 1) + W3ti\n (1,0,1,0,1,1)] (235)

+vi3[uidttin(0, 1) + wi37i//(0, 0,1, 0,1,0)]
Defection payoff:

TH/I(P1a) + UL[midh//(1,0) + BBMWI, 0,0,0,0,1)] + «127~(0,0)  (236)
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Condition for IH to separate:
niH(PIh) ~ 7i//(Pla) + MI2MI3[7TIff(l, 1) - 7TW(1.0)] (237)

+ «12M3[7TiI//(, 0, 1,0, 1, 1) —TTijf(1, 0,0, 0, 0, 1)] + 212«13bri//(0. 1) - T§//(. 0)]

> VI2VI3[7Ti//(0, 0) - T7Tih (0, 0. 1,0. 1,0)]

Case S4 73£,(0,0,0,0,0,0) > K > #3H(, u13 1, u23.1.1)
Separation payoff:

TTitf(Pi/.) + WL2[«137T1//(1,1) + Mi3nin(l. 0.1. 0.1.1)] (238)
+Di2[wi37ri//(0,1) + ni37Ti//(0,0,1.0.1. 0)]
Defection payoff:
Kih (Pi\) + Wi2[wi37Ti//(l. 0) + i’i37Ti//(1,0.0.0.0.1)] (239)

+ni2[wi37ritf(0,0) + n,37Mw (0. 0.0.0.0.0)]

Condition for 1H to separate: by the same argument that was used for
case Sl, firm 1H will always wish to separate.

Case S5 mW(I,w13 1,u23,1,1) > K > n3HO0,ul3. 1. u23. 1.0)
Separation payoff:

AH (PIh) + WR2TLZ/(1, «13, 1, U23, 1,1)+ «12[ui3#]//(). 1) + t'13”1//(0.0. 1.0. 1.0)]
(240)
Defection payoff:
TTh (Pla) +«12[«137Th (1,0) + M3\ (1,0.0.0.0. 1)] (241)
+«12[«137r1tf(0, 0) + «137miw (0. 0, 0.0.0. 0)]

Condition for IH to separate:
TTItF(PIN) -7 TIWPia) + «12D 3(70w(l,«13, 1,«23, 1- 1) ~ 7T,,(1.0.0.0.0. 1)j (242)
+«12«13[7Ti //0, 1) - 7m (0,0)] + «i2«i3[#//(0,0.1.0. 1.0) - #,,,(0.0.0.0.0.0)j

> MI2«13[7THI(l, 0) - 7IW(1, W13, 1, (23, 1. 1)]
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Case S6 7#3tf(0,ml13 1,«2,1,0) > K > #3//(0, «i3,0,«23,0,0)
Separation payoff:

TTIw(PIfc) +Mi27ri//(LLUI3, 1,«23, 1, 1) + W2'Tlh (0, «13. 1,«23, 1,0) (243)
Defection payoff:
~//(Pia) + M27h (1, W13, 0,M23i 0, 1) + fl2[wi37Tl«(0, 0) + 1,]371//(0, 0, 0, 0, 0, 0)]

(244)
Condition for 1H to separate:
TTiw(Pu) - 7Iff(pU)+ (245)
«12[tih (1, «13, 1, «23, 1,1)- in\H(1, «13, 0, «23, 0, 1)]
+«12«13KI//(0, «13, 1, «23, 1,0 ) - TIW(0, 0, 0, 0, 0, 0)]
> «12«13[7TI//(0,0) - TTi/F(O, «13, 1, «23, 1, 0)]
Case S7 w3nh{0, «13,0, «23,0,0) > K
Separation payoff:
TI//PI/) + WR2TIIW(I, «13, 1, «23, 1,1)+ «127Tl«(0, «13- 1, «23, 1,0) (246)

Defection payoff:
T //(Pla) + «127°"1//(1, «13, 0, «23, 0, 1) + I'I27Ti//(0, «13.0, «23,0, 0) (247)

Condition for 1H to separate: by the same argument that was used for
case Sl, firm 1H will always wish to separate.

In cases S, S4, and S7, the entrant’s decision is not affected by a high-
cost incumbent’s first-period action, with the result that the possibility of entry
deterrence does not affect the high-cost incumbent’s incentives to separate. In
the remaining cases, the possibility of deterring entry is an incentive for the
high-cost incumbent to defect from separating behavior.

2.6.2 Low-cost incumbents
Case SI K > #3£(1,0,1,0,1,1)
Separation payoff:
ALI(PLAP2a) + «127Tu.(1,0) + «127Ti1(0,0) (248)
Defection payoff:
rfz,(PIAP2A) + «127T1 (1, 1) + «12711.(0, 1) (249)

If firm 1L defects, it sets its best-response price in the first period, and
leads firm 2 to believe that it has high cost. This leads firm 2 to set a higher
price in the second period, which allows firm 1L to set a higher price and earn
a greater profit. Firm 1L earns a greater profit in both periods if it defects if
the game is in case SI, and will never be willing to separate.
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Case S2 #3i(l,0,1,0,1,1) > K > n31(0,0. 1,0.1. 0)
Separation payoff:

7Tl (PU,P22) + WIZTTi1(1-0) + ?I27TA(0.0) (250)
Defection payoff:
1 (Pia,P2a) + «i2[«iFM1(1, 1) +*37Tin(1,0, 1.0.1,1)] + ¥P7ru(0.1)  (251)
Condition for 1L to separate:
«12«is[*I£.(1,0) - 7T,t(l1,0, 1,0, 1. 1)] > 7P1(PU,P2A) - Th/.(Pia.P2a)  (252)

+UI2II3[ITIZ(, 1) - 70t(1,0)] + Oi2[rit(0,1) - —/(0.0)]

Case S3 #3t(0,0,1,0,1,0) > K > ~(0,0,0,0.0.0)
Separation payoff:

TTZ(PIA P2a) + Ui2[Uid7Ti1(1,0) + «I37Tif,(1.0.0,0.0. 1)] + V(0.0 (253)
Defection payoff:
AMKPiAP2a) + MI2[UISTTIE(l. 1) + »i37Tu,(1.0.1.0. 1 1)] (254)
+Hi2[uidTi1(0, 1) + t'i37riL(0. 0,1. 0. 1.0)]
Condition for 1L to separate:
AN2MI[TTu (0,0) - 7TU,00. 1,0, 1,0)] > 7iu,(pia,P2a) ~ TIL(Pia<2A>  (255)
+UIRUIB[7ILL(I, 1) - 7rt(1,0)] + «12WI3KIt(I-0. 1.0, 1. 1) - JT]/(1.0.0.0.0.1)]

+Vi2Uid[ed1(0, 1) - 7KL(0,0)]

Case S4 ¥3(0.0,0.0.0.0) > K > #3//(l. «13. 1. Lp3. 1.1)
Separation payoff:
7Tir(PIA,P2A) + MI2[Ui37ri£,(I-0) + I']37Tit(l, 0. 0. 0. 0. 1)j (250)
+1'12[«371-11(0, 0) + 2i37Ti1(0. 0. 0. 0. 0. 0)]
Defection payoff:
71 (pia.P2a) +«12[«137Tiz (1. 1) f <1.371,/,(1.0. 1.0.1. 1)] (257)

+A2[137Ti1(0, 1) + «I37T1t(0,0. 1.0. 1.0)]

Condition for 1L to separate: by the same argument that was used for
case Sl, firm 1L will always wish to defect from separating behavior.
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Case S5 n3H(l, «13, 1, «23,1,1) > K > m3Wo,«13, 1,«23,1,0)
Separation payoff:

TTIH(PIASP2A) +«12[«13triL(l,0) + ni37rlL(l. 0,0,0,0,1)] (258)
+ni2[ui37rii (0,0) + ni371£(0,0,0,0,0,0))
Defection payoff:
*U,(PIAP2A) + «12ffli(l, «13,1,«23,1,1) (259)
+12[«137Ti1 (0, 1) + «137T1i.(0,0,1,0,1,0)]

Condition for 1L to separate:
«12«13[¢tin(1,0) - 7ML(1,u13 1,«23,1,1)] > A (plap2a) - 7lu.(pia,P2a) (260)
+«i2«i3[tru,(l, «13, 1,«23,1,1) - trit(1,0,0,0,0,1)]
+«12«13ku.(0, 1) - 7IE(O, 0)] + «12«13[7TIt(0,0.1,0,1,0) - 7r£(0, 0,0, 0,0,0)]

Case S6 iAW, «i3,1,«23,1,0) > K > #3//0,uu .0, u23,0,0)
Separation payoff:

71 (PiAP2a) + «12/M1,(1, «13,0, «23,0, 1) (261)
+«i2[«i37Tin (0, 0) + v137Tii(0,0,0,0,0,0)]
Defection payoff:
A (PIAP2a) + «12M1.(1, «13, 1, «23, 1, 1) + «1211,(0, «13, 1,«23,1,0) (262)
Condition for \L to separate:
«12«13[7Tli,(0, 0) - 7ML(0, «13, 1, «23, 1, 0)] > (263)
71 (P1AP2a) - Tlu,(pia,P2a) + «12°11,(1, «13, 1,«23, 1, 1) ~ 7li1 (1, «13, 0, «23, 0, 1)]
+«12«13[' Tl (0, «13, 1, «23, 1,0) - 7Tt (0, 0,0, 0, 0, 0)]

Case S7 A3/(0,un,0,«23,0,0) > K
Separation payoff:

TTU.(PIAP2a) + «12[Tl1 (1, «13,0, «23,0, 1) + «i27KE,(0, « 13,0, «23,0,0) (264)
Defection payoff:
T (PLAP2a) + «127Tin (1, «13, 1, «23, 1, 1) + «12/°11,(0,«13, 1, «23, 1,0) (265)

Condition for 1L to separate: by the same argument that was used for
case Sl, firm 1Z will always wish to defect from separating behavior.
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Separation by L-firm price reduction: resume

A low-cost incumbent will never be willing to separate if entry costs and
prior beliefs place the game in case SI, S4, or S7. A low cost incumbent may
be willing to separate in remaining cases. If it is willing to separate, it is
because the expected lost profit from the entry that would following defection
(pretending to have high cost) outweighs expected gains from inducing rivals
to set higher prices in the second period. If low-cost incumbents are willing to
separate, their motivation is to limit entry. For high-cost incumbents, however,
the expected profit to be gained by deterring entry is an incentive to defect
from the separating strategy.

2.7 Separation on Nash duopoly prices

This is the case considered in the text.

2.7.1 High—eost incumbents

Case SI # > 7 (1,0,1,0,1,1)
Separation payoff:

Ttf(wi2, 21) + UI2ZITIZf(l, 1) + W27Ti//(0, 1) (266)
Defection payoff:
TTi//(Pit) +«127T1//(1,0) + r127rlH(0,0) (267)

By imitating a low-cost firm, firm 1H reduces its first period payoff. By
convincing rivals that it has low cost, it induces them to set lower prices in the
second period. This reduces firm IH's second-period payoff. It follows that
firm 1H would always wish to separate.

Case S2 #3t(1,0,1,0,1.1) > K > #3(0.0.1,0.1,0)
Separation payoff:

m//(12,U21) + Ui2[ui3rmi//(1, 1) + WsK\H(1,0, 1.0. 1. 1)] + fi2%|//0.1) (268)
Defection payoff:
TTIw(PIt) + t/127T1//(1,0) + UL27Ti /(0. 0) (269)
Condition for \H to separate:
7Tiw(ui2,u2i) - nlH(piL) + U12U13[7T1//(1.1) - jriw(1.0)] (270)

+fi2bru/(0,1) -7riw(0,0)] > ti2Wi3[tri//(1,0) - 7/A1. 0.1.0.1.1)]
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Case S3 %3i(0,0,1,0,1, 0) > K > wsL(0,0,0,0.0,0)
Separation payoff:

77/(WM2, «2l) + UI2[ui37TI/Z/(li 1) + 3T (1.0, 1,0, 1, 1)] (271)
+vi2[Wi37iw(0,1) 4- vr6iriH{Q 0,1. 0,1, 0)]
Defection payoff:

Kih{Pi1) + WI2[Wi37TI//(l, 0) + Vi3Tih(1, 0, 0, 0. 0, 1)] + 172°1//(0, 0) (272)

Condition for 1H to separate:
TTIW«I2W2l) - TNa{PilL) + «12«13[""//(1, 1) “ W1, 0)] (273)
+ui2«i3[7ri//(1,0,1,0,1,1) —7Ti//(,0,0,0,0,1)] + ni2Ui3[7rifl(0.1) —71i //(0, 0)]

> wiauufirii/ZfO, 0) - n1H(0,0.1, 0,1. 0)]

Case S4 #¥/(0,0,0,0,0,0) > K > #WI, ui3, ,u23-1.1)
Separation payoff:

m//wi2, “21) + Ui2[u13rm//(1, 1) + 1'13711/X1,0,1.0.1.1)] (274)
+M2[uid7TI//(0, 1) + V]3Wn (0, 0, 1,0, 1, 0)]
Defection payoff:
Thih(pil) + ni2[ui37Ti//(1,0) + ul3mr,w(l, 0,0,0,0,1)] (275)
+Ni2[wi37rl#/ (0,0) + WA3ITih (0, 0,0, 0.0. ()]

Condition for 1H to separate: by the same argument that was used for
case SI, firm 1H will always wish to separate.

Case S5 A3W(1,ui3, 1,m23,1,1) > K > w3H(0, ul3, 1,«23. 1.0)
Separation payoff:

K\h {u12. W21) + WRFI//(1- U13, 1. 1i23, 1. 1) (276)
+VI2[wI3~1//(0, 1) + Vi3Tih (0,0,1.0, 1.0))
Defection payoff:
7Ti//(Pit) + U i2[mi37h//(1.0) + Uid7dw(l, 0.0,0,0,1)] (277)
+Vi2[ui37iW0, 0) + vi37iw(0,0,0,0,0, 0)]
Condition for 1H to separate:

7ri//(ui2,«2l) - TR//Pit) + UVIBKIH(I,WI3. 1,23, 1, 1) - TIW({, 0, 0, 0, 0, 1)]
(278)

+«12«13kIf/ (0, 1) - 7T1w(0, 0)] + V12Ul3[7r1//(0,0,1,0. 1,0) - 7T1W(0,0,0,0,0,0)]

> «12«13kI//(1, 0) - TTi/f(l, UJ3, 1, «23, 1 1)]
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Case Se m3//(0,u13,1,«23,1,0) > K > m//0, U3, 0, u23,0,0)
Separation payoff:

TTIVEWM2, «21) + WIZITI//(1, «13, 1, «23, 1, 1) + «12fTiw(0, « 13, 1. «23, 1-0) (279)
Defection payoff:

TTI/f(pit) + «127Tiw (1, «13,0, «23,0, 1) + t>12[« 137Ti//(0, 0) + t>I137TIW(0, 0. 0. 0. 0. 0)]
(280)
Condition for \H to separate:

Tri/f(«12,«21) - K\n{P\1)+ (281)
«Q2[7M//(1, «13, 1, U3, 1, 1) - 7r//(l, «13,0. «23,0, 1)]

+«12«13[k1//(0, «13, 1, «23, l=0) - 7TV, 0, 0. 0. 0. 0)]
> «12«13[€1i//(0. 0) - TTH(0. «13. 1. «23, 1. 0)]

Case S7 #3/(0,«13,0, «23,0.0) > K
Separation payoff:
TTItF(«12,«21) + «127Tir/(1,«13, 1, «23, 1- 1) + «12ZfTI//(0. «13. 1. «23, 1-0)  (282)
Defection payoff:
ttih(pil) + «127THf(1, «13,0,«23, 0, 1) + t~itf (0, «13.0. u23 0,0) (283)
Condition for 1H to separate: by the same argument that was used for
case SI, firm 1H will always wish to separate.
2.7.2 Low-cost incumbents

Given the assumed nature of beliefs about disequilibrium actions, a minimal
deviation from pi/, convinces rivals that the offending firm has high cost. In-
centives to defect essentially depend on a comparison of second period payoffs.

Case SI K > #3t(l,0,1,0,1,1)
Separation payoff:
«127TIli(l, 0) + t’127TIL(0, 0) (284)

Defection payoff:
«i27Tii(l, 1) + r,i2#ii(0, 1) (285)

If firm 1L defects, it leads firm 2 to believe that it has high cost. This
leads firm 2 to set a higher price in the second period, which allows firm 1L to
set a higher price and earn a greater profit. Firm 1L will not wish to separate
in case SI.
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Case S2 w37(1,0,1,0,1,1) > K > 7u (0,0,1,0,1,0)
Separation payoff:
uiZrmin(1,0) + Vi27w,(0,0) (286)

Defection payoff:
W2[uidrmin(1, 1) + vun\L{\,0.1,0,1,1)] + ul2#1L(0,1) (287)
Condition for 1L to separate:
«i2™3[7Ti1(4, 0) - #Alz(L 0,1,0,1,1)] > (288)

+«12«13kli(I> 1) - 7hui(1, 0)] + «i2[*i1(0,1) - 71U (0, 0)]

Case S3 73L(0,0,1,0,1,0) > K > %3L(0,0,0,0,0,0)
Separation payoff:

Ui2[ni37rir,(l, 0) + r'i37rii,(L0,0,0,0.1)] + t'i27rii(0.0) (289)
Defection payoff:
««[«13*11,(1,1) + «13*11.(1,0,1,0,1,1)] (290)

+«i2[«i3*it(0,1) + «I3*n (0,0,1,0,1,0)]

Condition for 1L to separate:
«u«is[*i1(0,0) - *u,(0,0,1,0,1,0)] > (291)
+«i2«i3[*ii(l, 1) - *i1(1,0)] +«i2«13[*it(l1,0,1,0,1,1) - *i1(1,0,0,0,0, 1)]

+Vi2«i3[*i1(0, 1) - *1i(0,0)]

Case S4 73i(0.0,0.0,0.0) > K > 73WMI,« 13 1.u23, 1,1)
Separation payoff:

«ia[«i3*ii(1,0) +vi3mt(1,0,0,0,0,1)] (292)

+«12[«13*U,(0, 0) + w37riL(0,0,0,0,0,0)]
Defection payoff:

«i2[«i3*u, (1, 1) + «i3*it(l, 0,1,0,1,1)] (293)

+«l2[wid*It(0, 1) + «13*11,(0,0,1,0,1,0)]

By the same argument that was used for case S, firm 1L will not wish to
separate in case S4.
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Case S5 //(1,ul3 1,«23,1,1) > K > 7W3WO0,ul3 1. u23.1.0)
Separation payoff:

U12[ui37Tin (1,0) + wl37Tit(1,0,0,0,0,1)] (294)

+«i2[«i3rTi1 (0, 0) + Vi37ri/,(0,0.0.0.0. ()]
Defection payoff:

«12%11,(1, «13, 1,«23, 1, 1) + «12[«13%11,(0, 1) + «13%11,(0.0. 1.0. 1.0)] (295)
Condition for XL to separate:
2i12MI3[7T1i(1,0) = *u, (1, «i3, 1,«23, 1, )] > (290)
+WI2V 13K Ii(l, «13, - *23.1.1) ~ *11,(1.0.0.0.0. 1)j

+«i2«i3[*ii,(0,1) - nIL(0,0)] + «i2«i3[*i£,(0,0,1.0. 1.0) - ™t(0.0.0,0.0,0)]

Case S6 #3h(0,«13,1.«23,1.0) > K > %#3//(0. u13.0.m23.0. 0)
Separation payoff:

«12* 11.(1, « 13,0, W3.0.1) + «i2[«i3*t/,(0.0) + t'i3jrn,(0.0.0.0.0. 0)i (297)
Defection payoff:
«12+11.(1, «13, 1,%23. 1) 1) + «12#11,(0. «13- 1. «23- 1.0) (298)
Condition for XL to separate:
«l2«i3[*ii,(0, 0) - 7Ht(0. «13, 1. «23. 1.0)] > (299)

«12[*11,(1,«13, 1. %23, 1. 1) - 7T|X(. «13,0. «23.0. 1)]

+«12«18[*11,(0, « 13, 1. «23- 1 ,0)- 7Ti/,(0.0.0.0.0.0)j

Case S7 *3//(0,ui3,0, «230.0) > K
Separation payoff:

*11(puU,P2a) + «12¢ 11 (1, 13,0, «23,0,1) + «12*11(0, «13.0. «23.0.0) (300)
Defection payoff:

*11.(PiAP2a) + «12*11,(1, «13, 1, <23, 1, 1) + «12*11.(0. «13, + «23- 1 0) (301)

By the same argument, that was used for case SI. firm 1L will not wish to
separate in case S7.
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Separation on Nash duopoly prices: resumé A low-cost incumbent will
not be willing to separate if entry costs and prior beliefs place the game in case
S1, S4, or S7. A low-cost incumbent may be willing to separate in remaining
cases. If it is willing to separate, it is because the expected lost profit from the
entry that would following defection (pretending to have high cost) outweighs
expected gains from inducing rivals to set higher prices in the second period. If
low-cost incumbents are willing to separate, their motivation is to limit entry.

For high-cost incumbents, however, the expected profit to be gained by
deterring entry is an incentive to defect from the separating strategy.

2.7.3 Linear example, case S2
The condition for firm IH to separate, reproduced here for convenience, is
TTUIUIZ2, «21) - *\h{Pil) + ai2Ui3[7Ti//(I, 1) - 7T,W(1.0)]

+VI2[7rltf (0> 1) — 7TI//(0, 0)] > U l2t>13[7ri/f(1, 0) — 7Ti//(1,0, 1,0, 1. 1)].

Firm IH"s payoff in the one-period game with only own cost type known

W «i2,«2i) = (302)
If instead of separating firm 1H masquerades as firm 1L, its payoff is

al- ui2aH- vnOalL + ui20p2WV+ vt20p2t - plL

kih(Pil) = {PiL+ c1- ch)~ 1-02
(303)
. a |/ \ aL - ul20aH- vi20alL + tti20p2/ + vi29.2L - pu
PIH + —- 0--------- a) 1. 69
(making use of (158))
/_ cH-c L\
= \PIH 2 ) X
CH- cl + plH- P1L+ [(1- 9)aii - vadjaL - an) + M2<P2/+ "129>21 ~ Pit]
1-02
/_ cH-cL\ v -C 1 +P\H -PIL+Pill
=(pN— 2—; 1-02
(using the equation of firm ill"s reaction function)
1 7/ cH- cL\ (_ cH- cL\
- Yzp (pih — +—2~)

1.1 PZ(Pih)2 ~ %1 _~b|§(cH—ct)2
= TTHI(WI2, W2I) - ~ Q)2
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Hence
1 1

41 - @'
Expressions for the other elements of the stability condition are

- <]_y

ftin(ui2, U2]) —wih{pil) —

T/, 1) -7ri/,(1,0) = Tz~ {[Pih(1-1)]2- [PiZ/L )]}

1—9 92 .
(1—02)4- 92) 2-9°3" 44. g8(M- W) i I - cl)
W 01) . lv-]_]_/(0,0): {|p|W(0,l)]2- [p,,,(0.0)]Z}
92 1-9 94+9,
- 694- 6 2-9 eH 5T d¥/ —) @I- <)

iriw(1.0) -irw/f1.0.1.0.1.1)

1 2 1+9
L oBPWON  (1gy(1azg) PWI0LOLDI:

(304)

(305)

(306)

(307)

This can be evaluated using (164) and (187); the result is not informative.
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Figure A2: Equilibrium Outputs, Firm 1L and Firm 1H
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Figure A3: Equilibrium Outputs, Firms IL, IH, 2L, 2H
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Figure A6: Equilibrium Prices, Firms IL, IH, 2L, 2H
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