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This essay explores why firms would want to practiaporware-- the issuance of intentionally

false product announcements. In my model, a firm is able to release an upgraded version of its
original product. However, consumers do not know the date at which the upgrade will first
become available. A firm that is successful practicing vaporware steals market share from its
competitor and earns greater profits than if consumers had perfect information. A firm that would
release an upgrade at a relatively early date will issue only true announcements about the product's
release. Firms that release upgrades at later dates will practice vaporware only if consumers
believe they will make truthful announcements. Successful vaporware is equivalent to a firm
cashing in on its reputation for making truthful product preannouncements.
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Vaporware

vaporware promised software that misses its announced release date, usually
by a considerable length of timeMicrosoft Press Computer Dictionary, 1991

l. Introduction

Recently, inUnited States of America v. Microsoft Corie practice of "vaporware" has
been thrust into the public eye. Parties opposed to the consent decree asked the District Court to
compel the Justice Department into investigating allegations that Microsoft makes false and
misleading "preannouncements” of its products in an attempt to gain market power. Certainly
computer software manufacturers make announcements tlext postalse. One need only
look at the various trade publications to find examples of computer software for which

introduction has been delayed past its initially anticipated’date.

'For examplePC Weelon October 22, 1990 reported that Microsoft's DOS 5.0 would be
released as early as the first quarter of 1991. In actuality, MS-DOS 5.0 was released in June
1991. The article also reports that there was much speculation that an MS-DOS upgrade in 1991
was vaporware, although in a broader sense than is considered in this paper. Supporters of rival
operating systems believed that the announcements Microsoft made about DOS's features were
spurious. While this is different from announcing a false release date, the effect is the same.
Some potential customers may be lured into delaying an operating system purchase until a later
date or into joining Microsoft's network today to receive network benefits tomorrow.



While "vaporware" is a relatively new term, product preannouncements have been part of
antitrust case history for some time. One of the central accusatidnged States v. IBMvas
that IBM gained market power by announcing its new computer systems while they were still
early in developmerit. The contention is that preannouncements make consumers want either to
delay their purchase of a rival's good or to join the customer base of the "offending” firm.
However, for a preannouncement to violate antitrust laws, these announcements must be
"knowingly false and contribute to the acquisition, maintenance, or exercise of marketower."
Therefore, a theory is needed to show when and how firms can benefit from making spurious
announcements. This essay will show that, when consumers have incomplete information about
the date at which a firm will be able to release a product upgrade, some firms will make false
announcements about the upgrade's arrival unless consumers are unlikely to believe such
announcements.

The presence of false or misleading announcements is not new to the economics
literature. Crawford and Sobel (1982) develop a model in which a Sender transmits imprecise
(but not false) messages to a Receiver in a Nash bargaining game. Stein (1989) shows that this
"cheap talk" mechanism explains policy announcements made by monetary authorities. Farrell
and Saloner (1986), hereafter F&S, develop a model that explains preannouncements in the

presence of network externalities. F&S consider a game of symmetric information in which a

’See Fisher, McGowan, and Greenwood (1983) for a detailed analysis of this famous case.
Chapter 8 in particular discusses product preannouncements.

3United States. Department of Justice. Antitrust Division. "Memorandum of the United
States of America in Response to the Court's Inquiries Concerning 'Vaponkaieed States v.
Microsoft Corp. Civil Action #94-1564 (SS). January 27, 1995.



firm may preannounce a forthcoming product. Products in this market exhibit network
externalities where the new product's network is incompatible with the old. By preannouncing
the product, the firm is able to induce some consumers to delay purchasing the original good.

Preannouncements in F&S are not, however, vaporware, in the least favorable sense of
the word -- intentionally false. Consumers believe all announcements are true, and they are
correct. For a firm to practice vaporware, it must be willing to issue an announcement that
consumers know is not true. Consumers can only be susceptible to such an announcement if they
have incomplete information about when the firm is capable of delivering an upgrade to the
market. Landis and Rolfe (1985) postulate that when a firm repeatedly makes mistaken forecasts
of product availability, intelligent consumers will discount these forecasts. They speculate that
consumers can be fooled by a false announcement but once -- that a firm continually making
announcements that are later proven false will lose all credibility with consumers.

In the model below, the upgrading firm competes in a Bertrand duopoly game with a rival
that does not upgrade. The firms' original goods are identical except each firm's good exhibits
network externalities. That is, the more consumers who buy one particular firm's original good,
the greater the utility each consumer receives from buying that firm'é gbveltwo rival's
networks are mutually exclusive.

Prior to the game, nature chooses the upgrading firm from one of three possible types.

One type upgrades at d&#8, another upgrades at d&atd, and the last releases its upgrade at

“For an example of a network externality consider Microsoft Windows. As more and more
consumers use Windows as their personal computer's operating system, the more utility an
individual Windows user will receive from its use. The network externalities are realized
through such things as common interfaces and the ability to share files.



datet=5. When consumers know which type of upgrader is present in the market, the model
arrives at the F&S result -- consumers join the upgrading firm's network in anticipation of the
upgrade. This "bandwagon" effect means the upgrading firm gets a market share in excess of the
standard Bertrand solutidoeforeits upgrade has been introduced. Therefore, if consumers do
not know which type of upgrader they face, a firm that can upgrade at only a relatively late date
has an incentive to falsely announcesarlier upgrade date and get consumers to join its
network sooner than otherwise. New consumers will purchase the original good from the firm
with the bigger network, and a firm successfully practicing vaporware will earn greater profits.
However, the profits of a firm that makes false announcements depend upon consumers'
beliefs about the firm's type. When consumers realize a previous announcement was false, they
update their prior beliefs about the upgrader's type according to Bayes' Rule. The less likely
consumers are to believe an announcement, the less profitable it is for the firm to make that
announcement. Therefore, whether or not a firm practices vaporware, and how successful it is
when it does, depends upon consunegrantebeliefs about the upgrader's type and upon their
revised beliefs after they see a false announcement.
This paper is organized as follows. Section Il describes the model. Section Il presents
the results of the full-information model. In section 1V, the results of the game with incomplete

information are presented. Section V concludes the essay.

II. The Model
Consider an industry in which two firms produce a good with two periods of durability.

Each firm's good exhibits network externalities: as more consumers own a firm's product, each



consumer receives more utility from that product at the margin. Each firm's network is exclusive
-- consumers of firm A's good do not receive network utility when another consumer purchases
firm B's good. In the absence of network externalities, these goods would be perfect substitutes.
The firms compete in prices, so the game they play is a simple derivative of Bertrand price
competition.

Let firm A be able to offer an upgrade of its original durable good at som&>date
The upgrade is a strict improvement over the original good. A's upgrade also exhibits network
externalities. The upgrade's network is exclusive of the network for firm B's original good. The
upgrade is alsbackwards compatibleith firm A's original good -- consumers who own the
upgrade receive network utility from both purchases of the upgrade and previous purchases of
A's original good. Consumers who own only A's original good at the time of the updradet
receive network utility when other consumers purchase the upgrade. Firm B is never able to
release an upgrade. Each firm sets prices in each period to maximize the present value of its

profit stream, given its rival's price. The marginal cost of producticallfgoods isc>0.

®In the full-information game, consumers kn®w The results of the full-information game
will hold for any general>1. In the incomplete information game, consumers do not Khow
For simplicity,T is restricted in the incomplete information game to be in the set {3, 4, 5}. That
is, nature determines prior to the game that the upgrade will be available at one of these three
dates. Consumers do not know which of these three dates nature has chosen, only the set from
which nature has made its choice.

®Choi (1994, p. 173) defines backwards compatibility as "the ability of the new product to
subscribe to the benefit of the old product's network." In contrast, forward compatibility is "the
ability of the old product to subscribe to the benefit of the new product's network." In F&S, the
new product is perfectly incompatible with the old. If F&S were to use backwards compatibility,
the new product is more likely to be adopted as the market standard because the network benefits
to new consumers would be even larger than under incompatibility.



At the beginning of each period, a cohort of consumers of mass equal to one enters the market.
These consumers are infinitely wealthy; they can pay any price charged for either A or B's

goods. Consumers live for two periddhe present value to each consumer in cadtadrt

(L+ B+ N+ (L+ P i+ [E My,ii HA, B}

owning firmi's original good is:
wherepe[0,1] is the discount factov,is the base utility of the original good, afig> 0 is the
per-period network utility accrued at dafeom belonging to firmi's networlé E signifies
taking an expectatiomy'.1 > 0 indicates that some (or all or none of the) consumers born in the
previous period, in Cohottl, have joined firm's network. These consumers areitis¢alled
basefor Networki at date. Upon joining firmi's network, new consumers receive network
utility conferred upon them by the installed base.

In equation (1), consumers receive the present value of two periods worth of base utility,
(1+B)v. They receive network utility from the installed bage, > 0. They further receive the

present value of two periods worth of network utility from their own generation's purchases of

They are born at date They die at date-2. Therefore, they cannot make any purchases in
the period beginning with date2.

8you may also think of]it as the marginal increase to firlm networksizeat datet. At any
datet only consumers born into Cohodo not yet belong to any firm's network. Consumers
from Cohortt-1 may belong to either Network A or Network B. If the good for sale by both
firms is the original good, then only Cohbdonsumers will make a purchase and they join
either A's or B's network. In such a cages[0, 1] for allic{A, B}, n™ +n° =1. If firm A's
upgrade is available for sale, then all consumers in both Cdlsorti-1 may buy the upgrade,
but only Cohort consumers are willing to buy B's original good. Therefgtes[0, 2] andn®;
€[0, 1].



firm i's good. Finally, they receive the present value of the expected increase in network utility

from the succeeding generation's purchases at+date

(1+ B)(1+ a)v+ g+ (1+ P nj+betak nf,

The present value to each consumer in cdHooim owning firm A's upgrade is:

when the consumer has not previously purchased an original good (i.e. is in the first period of

A A
aV+’7t]_+ r’t ’

life), and
when the consumer has already purchased an original good (is in the last period of life). The
variable a represents the improvement of the upgrade over the original good. Consumers demand
at most one unit of the original good and one unit of the upgrade. Consumers never make a
purchase in the second period of their livakessthat is when the upgrade is introduced.
Consumers will purchase from firm A if the present value of the expected utility net of
prices is greater for firm A's good than it is for firm B's good. They will purchase from firm B if
the opposite is true. If the expected net utility from each firms' goods are equal, consumers will
be indifferent between buying A's good and B's good. In such a case, half of all consumers will
buy from A and half will buy from B. Otherwise, the winner takes all. This means that, even
though firm A's upgrade is strictly better than firm B's original good, consumers will still buy

from B if A sets its price too high.



The game lasts an infinite number of periods. Both full information and incomplete
information regimes will be considered. When consumers have incomplete information about
when firm A will release its upgrade, A is allowed to announce when its upgrade will be
available. An announcement may be made at the beginning of the game and at the beginning of
each period for which an upgrade might have been expected, but was not made available. Table

1 shows the order of play.

[ll. Full-information Equilibria

When consumers know for certain when an upgrade will be introduced by firm A, it
should be expected that firm A will dominate the market beginning, at least, with the period
immediately prior to the upgrade. From equation (1) we know that whether or not a consumer
will buy A's original good today depends upon the expected increase in A's network size
tomorrow. If consumers know that the upgrade will be available tomorrow, and the upgrade is
strictly preferred to B's original at the same prices, then consumers should expect that A will
"monopolize" the market after the upgrade. This, in turn, may lead consumers to believe that A
will dominate the market prior to releasing the upgrade.

There are many possible subgame-perfect equilibria when consumers are fully iffformed.

0Only one of these equilibria is enumerated here. The equilibrium at which the game arrives
depends upon consumers expectations of network effects throughout the game. For example,
consumers might expect firm A's network size to be greater than B's network. All consumers
then would join A's network. Another possible equilibrium occurs when consumers' expectations
of firm A's network size alternates each period from one to zero. How consumers expectations
are formed in this game is beyond the scope of this paper. The equilibrium described in this
section have the following expectations about network size: for all periods le3sthan
consumers expect the firms to have equal network sizes and for all periods greater than or equal
to T-1, consumers expect firm A's network size to equal one and firm B's to equal zero.

8



In the equilibrium considered here, the upgrading firm receives rents in the period immediately
prior to its upgrade's release. This is essential for vaporware to be practiced when information is
incomplete. If no benefits are received by the fimor to when consumers expect an upgrade

to be released, then there is no reason for a firm to lie about the reledfe date.

Full-information Equilibrium: At date t=1, let consumers have the following expectations about
firm A's network size: &Atq-l =1/2, EnAtzT-lzl. When consumers know the date, T, at which
firm A will release its upgrade, the following path of prices and outputs will be a subgame-
perfect equilibrium: Pera=c, 1.1=1/2, PPcra=C, Prer1=1/2, PPr.=1+ fc, o .=, PP

1=C, F1.1=0, Por.1=(1+ B)(av+2), o' >1.1=1, PPs1.0=C, Pr1.2=0.

The proof that this equilibrium is subgame-perfect is in the appendix.

This equilibrium is analogous to the findings of F&S. If the upgrade were a "surprise”
and the firm made no announcements, truthful or otherwise, the solution to this game in every
period before the upgrade would be the Bertrand solution. In every period after the upgrade, the
upgrading firm would monopolize the market. Consumers possessing perfect information about

the upgrade's release date is equivalent to the firm making a truthful preannouncement as in F&S.

19 concentrate on this full information equilibrium because consumers' expectations are
reasonable and because firm A receives economic rents in the grévroi the upgrade's
release. At datds[1, T-2], when there is no upgrade available, all consumers know that they
will not live long enough to be able to purchase the upgrade. They view A's and B's original
goods as being identical except in network effects. Therefore, | assume that they expect the
network effects to be equal as well. At dateT-1, consumers born into Cohdrl will be
alive when the upgrade is introduced at datd’ hese consumers should then expect that A's
original good will be preferred to B's -- consumers want to be part of firm A's installed base



In this model, as in theirs, consumers will join the upgrader's neemamasserior to the

upgrade's release.

BZ

m'= B [1+ B 18)

(1+B)(av+2)]

The profits to firm A in the equilibrium when the upgrade is available afldate

= B+ B ar+1)+] f—B]( av+2)]

if expectations areﬁé\T-l =1. If expectations areréT-l =1/2, then A's profits are:

_ [Tt i
m= BT+ (13)(1+ B)(alphav +2))

Finally, if expectations arerfr.; =0, firm A's profits at any dateT-1 will be:

The Full-information Equilibrium is not the only possible subgame-perfect equilibrium
for the full-information game. In fact, there is an infinite number of equilibria because there is an
infinite number of combinations of consumers' expectations across time. This is just one set of
expectations, for which, when information is incomplete, firm A may practice vaporware, as will

be shown later.

when the upgrade is released.
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The set of expectations in the Full-information Equilibrium is a good candidate for
vaporware when information is incomplete. Under these expectations, consumers reward the
upgrading firm by purchasing its original good at a price above cost in the period prior to the
upgrade's release. When information is incomplete, if a firm can fool consumers into believing
that the upgrade will arrive sooner than it truly will, then the firm will earn economic profits
during a period in which, if consumers were informed, its profits would be zero.rLet A

represent a firm that releases its upgrade atldatéen the following equations are the present-

2

B
(18)

m( As)= K1+ B)[1+ (av+2)]

2

B
(18)

( As)= B(1+ B)[1+ (av+2)]

2

B
(18)

(A= B(1+ B)[1+ (av+2)]

value of profits at date= 1 in the subgame-perfect equilibrium faoy, A4, and A:
IV. An Incomplete Information Equilibrium

In the incomplete information game, consumers do not know when firm A will release its
upgrade. This is equivalent to saying that there are many possible types of firm A and each type
upgrades at a different date. Consumers do not know which type of firm A they are facing. For
simplicity, assume that there are only three possible types of firm A: one that upgrades at date 3

(A3), one that upgrades at date 4)(Aand one that upgrades at date §.(AConsumers know

11



that there is a positive probability that the firm A they encounter is one of these three types. Let
consumers believe that typg Accurs at datewith probabilityx;, A4 occurs with probability,
and A; occurs with probabilitg=1-x:-V:.

In order to convey its true type, firm A will issue an announcement at=datand at any
date at which an upgrade was expected by consumers but was not delivered. Firm A may issue a
true announcement or a false announcement. "Vaporware" is a false announcement. Consumers
may punish firm A for making a false announcement by changing their beliefs about firm A's true
type. For example, at datel, consumers receive an announcement that an upgrade will arrive
at dateg=4. Upon seeing this announcement, consumers will revise their prior expectations about
firm A's true type. If consumers' prior beliefs grel/2,y,=1/3, andzp=1/6, an announcement of
t;=4 may induce consumers to update their belietgt0, y;=2/3, andz=1/3.

Consumers' beliefs about firm A's type serve as the firm's reputation. The more
consumers revise their beliefs towards tygeaad away from type Athe worse firm A's
reputation. The firm cashes in on its reputation by making false upgrade announcements, as
consumers revise their beliefs away from the firm's favor. The question to be answered is, will a
firm practice vaporware when doing so will tarnish its reputation?

Equations (7) - (9) give the profits each type of firm A would earn under full information.
These are also the profits these types of firm A would earn by making only truthful
announcements. sas no incentive to make a false announcement; consumers know that there
can never be an upgrade at datzand it will never pay for the firm to announce a later upgrade
date than is true (the price at the date prior to the upgrade will be lower after such a lie).

Therefore, only types £Aand A are candidates for practicing vaporware. To successfully

12



practice vaporware, firm A must make a false announcement of an upgrade that results in
increased profits for firm A and consequently, reduced market share (and/or profits) for its rival,
firm B.

There are four possible equilibria for the incomplete information game specified here.
These equilibria differ in the manner in which consumers update their beliefs after seeing an
announcement. In the equilibria below, the set of beligfs/q{, z0} are consumera' priori
beliefs. The setX, yi1, z1} specifies consumers' beliedfter they have seen the announcement
t1. Likewise, the set, ys, zs} specifies consumers' beliedfter they have realized is false at

datet=3 and have seen the new announcement t

Equilibrium 1: Let consumers have the following prior beliefg>X2 and y >1/3. Then at
date 1, types AA, and A will announce £=3. At date 3, typesAvill announce4=4 and A

will announce 4=5.

The proof that this is a perfect Bayesian equilibrium is in the app&hdix.

Whenxy>1/2, consumers believe that a firm that annoutie&sis of type A with high
probability. Therefore, it is easy for the firm to fool consumers into thinking it is not tyjes A
As. That consumers believe the firm is typgwith probabilityx, is equivalent to 10§% of
consumers believing the firm i Avith probability one and 100¢(4)% of consumers believing

the firm is one of the other types with probability one. Thereforeq®0f consumers will be

Hsee Kreps and Wilson (1982) for a discussion of the distinction between the two
refinements of sequential equilibria and perfect Bayesian equilibria.
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willing to purchase firm A's original good at some price greater than marginal costta2date
Recall that when consumers have full information, they are willing to pay a price above cost in
the period prior to when they expect the upgrade to be released. Therefore, both &ypkesA

will prefer to falsely announce an upgrade for date 3.

If at date 3 no upgrade is released, consumers realize that they have been fooled by the
firm and revise their beliefs about the firm's typeyo #1/3, consumers believe that the firm is
type A, with a high probability. Therefore, 1§26 of consumers believe that the upgrade will
be released at date 4 and are willing to pay a price above cost for the original good at date 3.

When consumers believe a false announcemeit®itame from either Lor As, type
As will prefer to make a new true announcemengdh. At first, this may seem strange. After
all, sincey is relatively large, consumers are relatively susceptible to a false announcement.
However, compare the price paths fgrflom each different set of announcements.

Wheny=1 in Table 2, the prices and quantities in each period are the same. However,
wheny is just slightly smaller than one and @nouncest4, there is just enough uncertainty in
consumers minds that the price and quantity are both lower than if the firm anngabces is
better off revealing its true type in period 3 because the gain in network size from the first false
announcement is sufficient to induce all consumers to purchase its good in period 3. The
uncertainty generated by a second false announcement is undesirable.

In Equilibrium 1 consumers are trusting. In the following three propositions, consumers
are much more cynical; the firm's reputation either starts out small, or suffers from a false

announcement.
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Equilibrium 2: Let consumers have the following beliefs>X2 and y <1/3. Then at date 1,
types A and A will announce =3, and type Awill announce £=4. At date 3, type Awill

announcesz=5.

The proof that this is a perfect bayesian equilibrium is in the appendix.

In Equilibrium 2, consumers initially believe that the firm is typemth a relatively high
probability when they see an announcemeti=¥. However, upon realizing a false
announcement at date 3, they revise their beliefs such that they believe the firm's truestype is A
with a relatively high probability. Therefore, #ill not make a false announcement at date 1
because the punishment is too severe; there are very few consumers who will be willing to pay a
price greater than marginal cost at date 3 {8 ériginal good. Athen prefers to reveal its type
at date 1 and announce an upgrade forthcoming at date 4.

Type As however, will prefer to mimic typesand initially announce an upgrade for date
3. As can sell original units to 18% of cohort 2 consumers at date 2 for a price greater than
marginal cost. At date 3, A's type is perfectly revealed because onlystypk rAake a false
announcement. However, because more than half of all cohort 2 consumers purgbased A
original good, A's network is relatively large. Therefore, cohort 3 consumers will value A's
original good more highly than B's original good. So practicing vaporware pays handsomely for
As under these beliefs. It has stolen enough market share by making false announcements to

guarantee that it profits even after its true type is revealed at date 3.
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Equilibrium 3: Let consumers have the following beliefsg2 and y>1/3. Then at date 1,

type A will announce £3, and types A and A will announce =4.

The proof that this is a perfect Bayesian equilibrium is in the appendix.

Because is relatively small, type Aprefers to reveal its true type and announce an
upgrade for date 4. Typeg Avould like to make two false announcements3 andt;=4.
However, because type Avould initially announcé&,=4, Ag's type is revealed at date 3 when

announcing;=3. Therefore, Awill prefer to announcg=4 and mimic type A

Equilibrium 4: Let consumers have the following beliefsg2 and y<1/3. Then at date 1,

type A will announce £=3, type A will announce =4, and A will announce #=5.

The proof that this is a perfect Bayesian equilibrium is in the appendix.

Here consumers believe that the firm is typevith a relatively small probability at date
1 and is type Awith a relatively small probability at date 3. In other words, consumers are
skeptical and firm A has a poor reputation. In this case, neither fyq@eAd benefit from
making a false upgrade announcement; consumers do not believe what they are told. Therefore,
each firm will reveal its true type at date 1 and make only true announcements about the
upgrade's release date.

From these four equilibria come the following propositions.

16



Proposition 1: Type Awill only make a false announcement if consumers' prior beliefs about
the firm's type arepe 1/2 and y > 1/3 (the firm has a good reputation for making truthful
announcements). Otherwise, the firm will make only true announcements.

Proof:

When x, > 1/2 andy, > 1/3, as in Equilibrium 1, consumers believe that the probability
of the firm's type being As relatively high. When they see an announcemempt®fconsumers
do not revise their beliefs and typg @an earn greater profits by falsely annountingd. At
date 3, when consumers realize taB was indeed false, they revise their beliefs suchxthat
Since the prior probability that the true type idyo > 1/3, the posterior probability for this
type isy; > 1/2, by Bayesian updating. At no time igsAreputation” tarnished with consumers -
- at first its reputation is excelleng > 1/2, and its revised reputation is good as we, 1/2.

As can be seen from Equilibria 2, 3 and 4, if the firm's reputation is any lessxe#hBR,y, <
1/3 or both, then type Awill only want to make truthful announcemen@ED.

For largexy andy,, consumers place a high probability on announcemept®being
made by type A Therefore, the benefits from falsely announting are large for type A
Largexo andyy are equivalent to firm A having a good reputation. Conversely, ggraaid/ory,

are equivalent to firm A having a poorer reputation.

Proposition 2: Type Awill only make a true announcement if consumers' prior beliefs about the
firm's type are x< 1/2 and y < 1/3 (the firm has a poor reputation). Otherwise, the firm will

make false announcements.
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Proof:

Whenxg < 1/2 andy, < 1/3, as in Equilibrium 4, consumers believe that the probability of
the firm's type being Ais relatively high. If they see an announcemem=& consumers do not
revise their beliefs and type; Bannot earn greater profits by falsely announg® Similarly,
if they ever witness an announcemerntt=df at any date, consumers will revise their beliefs about
the firm's type such that=0. Since the prior probability that the true type 434 < 1/3, the
posterior probability for this type y§ < 1/2, by Bayesian updating. This means that the posterior
beliefs that the true type issArezz>1/2. Under these beliefs the firm has a very poor reputation.
Consumers believe that the firm is highly likely to be typeefjardless of the announcement
they receive. There is no benefit toflom making a false announcement when the firm's
reputation is so poor. As can be seen from Equilibria 1, 2 and 3, if the firm's reputation is any
better, eitheky > 1/2,y, > 1/3 or both, then typesAwill prefer to make a false announcement.
QED.

As in Proposition 1, for smak, andy, consumers place high probability on any
announcement being made by type Aherefore, the benefits from any false announcement are
small. However, if eithex, oryp are relatively large, then there is not enough of a deterrence to

keep type Afrom making a false announcement.

Proposition 3: Firm B's sales will decline if eithes Makes a false announcement or4f A

makes a false announcement andnd y are large enough.
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Proof:

Under perfect information, firm B's sales are one-half unit in each period until the date
before the upgrade is expected. From dlateonward, firm B's sales will be zero. Therefore, if
firm A's true type is A firm B would receive 1/2 unit of sales in each of the first three periods
when A makes a true announcement or if consumers have full information. When consumers
have incomplete information amglis relatively large, firm B will make sales@f=1/2 and
a.°=1x (see Equilibria 1 and 2) when; Announces falsely. For ary1/2, firm B's sales will
be less than full information. X is relatively small buy; is relatively large, as in Equilibrium
3, firm B's sales will bey®=0,°=1/2 andgs®=1-y. Therefore, for any;>1/2, firm B's sales will
be less than full information. Then whepmakes a false announcement, firm B's sales will
decline.

In Equilibrium 1, A, makes a false announcement. Firm B's sales willte/2, g,°=1-

x andgs®=1-+y. If x+y>3/2, then firm B's aggregate sales will be less than the full information
aggregate sales of 1 unQED.

In each period, firm B can sell at most one unit of its original good to the newly arrived
cohort of consumers. Early in the game the two firms sell the "same" product and the upgrade is
far enough away so that it does not influence the purchasing decisions of the current cohort of
consumers. In these early periods, firms A and B will have equal market share (as predicted by
Bertrand's paradox) provided that the is no exogenous impetus for consumers to all join one
network as opposed to the other. When typéraAls it profitable to make a false upgrade

announcement, it will capture market share from its rival, B, in one of these "early" periods.
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This is of particular interest when describing the antitrust implications of vaporware.
First, for an announcement to be illegal according to antitrust laws, it must be intentionally false
or misleading. Second, the announcement must enable the firm to acquire market power. Both
of these conditions have been shown to occur in the theory.

Type A, is never the only type that would be willing to make a false announcement. Type
As will always find it profitable to make false announcements whgmAs it profitable to do
so. Therefore, the effect upon firm B from typendaking a false announcement in the first
period depends upon consumers beliefs about the announcement they see in the third period. In
period three, once consumers realize that a false announcement was made in the first period, they
revise their beliefs about the firm's type. If they see a new announcerzedt cbnsumers
must remain skeptical about the firm's type. Although Equilibrium 1 says thatdypé A
announcés;=5, consumers' beliefs must be consistent with the equilibrium. Theyefdreand
(1-y)% of consumers will not buy from firm A at any price greater than marginal cost when they
receive the signat=4. Depending upon the sizeyaf firm B's aggregate sales then may
increase or decrease when typevfakes a false announcement. Therefore, it is possible for the

practice of vaporware to actually benefit the firm's rivals.

V. Conclusion
The better a firm's reputation, the more likely are consumers to believe a false

announcement. Therefore, vaporware can only be effective in a market in which the offending

120f course, proving that an announcement was knowingly false and misleading can be
extremely difficult in court.
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firm makes announcements that consumers tend to believe: where the firm has a good
reputation. When consumers do tend to believe a firm's announcements, a firm may issue false
announcements that reduce its rival's market share. This brings to light two possible future
considerations for models of vaporware. One extension of the model would be to allow firms to
make multiple upgrades of its original good. In such a model, reputation effects would be even
more apparent. Firms could build a reputation by releasing upgrades at the announced dates and
eventually cash in on that reputation.

The second possible extension is to introduce uncertainty into the firm's upgrading date.
For example, firm Amay have an upgrade ready for release at date 4 with a 90% probability.
However, there would be a 10% probability that this firm could not produce the upgrade until
date 5. With such uncertainty, we might expect to see some firms making truthful
announcements for a larger set of consumers' beliefs. Other types of firms, hikgl# be
more inclined to practice vaporware when upgrade dates are uncertain because consumers might
be more forgiving of a delayed upgrade. However, in any instance, vaporware can only be
effective in a market where consumers do not punish false announcements.

This type of model also has applications to any situation in which a firm or an agent must
make an offer or announcement to which it cannot commit, but receives some benefits prior to
the realization that the offer was untrue. For example, a graduate student on the job market
promising his dissertation will be complete by a particular date. Or, a manager promising a stock
split or dividend in the coming quarter. All of these games have the same quality: false
announcements are not realized until some time has passed and some benefit has been conferred.

In each of these games, we should expect that the more skeptical the players receiving the

21



announcements are, the less likely a false announcement will be made.

As for implications to antitrust law, this model would seem to suggest that policy makers
should punish firms that make false announcements. However, because this model does not
include the possibility that firms may make honest errors in their announcements, current policy
with regard to product preannouncements should not be changed. Currently, product
preannouncements that prove to be false must be shown to be made with the knowledge that they
would be false. While this essay suggests that firms sometimes have an incentive to make
intentionally false announcements, it may be extremely difficult to prove in court such

announcements were made intentionally.

VI. Appendix

Lemma 1. Let T be the date at which A releases an upgrade. Consider any date t >T. Let the
state beff\t-l =1, ﬂBt-l = 0. Let expectations be:,é[ = 1. Then the subgame-perfect equilibrium
prices and quantities are: (=(1+ f(av+2)+c, " =1, P®=c, ¢® = 0.
Proof:

Assume for simplicity that & 1= En'.. A consumer in cohott> T will prefer to buy A's

upgrade over B's original good if

(1+B)(L+a)v+ i+ (1+2 PE n; PE>v+ ng+(1+2 PE n; PE.

Otherwise, the consumer would prefer to buy from firm B. Consumers will be indifferent

between these two choices when
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PA=(L+ B)(av+2)+ PE

If A sets its price low enougPR;* < (1+8)(av+2)+PE, A will capture the entire market.
Firm B will not make any sales any non-negative price. Even if B is willing to give its original
good away, A can still set a positive price such that all consumers are willing to purchase its
upgrade. Therefore, A will sB*=(1+3)(av+2)+c, and make sales gf* = 1, for per-period
profits of (14)(av+2). Firm B will setP® = ¢, and make no sales, earning zero profits per
period. Given firm B's Bertrand-style pricing straté®j§ < -(1+3)(av+2) +P{*, A can do no
better under any other strategy. Any higher price and B will get all sales. Any lower price and
A's profits will be lower. Likewise, given A's Bertrand-style pricing strategy, B cannot make any
sales at any positive price. Therefore, this set of prices is a subgame-perfect equiEDm.

The present value of all profits fofT for firm A is:

= %](u B)(alphav+2)

The present value of all profits fofT for firm B is zero.

Lemma 2: Consider date T. Let the staterPe; =y, n°r.1 = (1-y) where ¥(0,1). Let
expectations be # =1. Then the subgame-perfect equilibrium prices and quantities afe: P
= (1+Pav+2(y+P)+c, o =1, PP =c, gq° = 0.
Proof:

There argy consumers who belong to firm A's network and are willing to pay at most
P*=av+1 for the upgrade. There areylconsumers who belong to firm B's network and are

willing to pay at most fi=av+2y for firm A's upgrade. Consumers in colibwill buy the
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upgrade from firm A iP*; < (143)av+2(y+B)+P5r. It is easy to see that igioes to one,
(1+B)av+2(y+p)+P5-c is greater than both @¢+1-c) and (2y)(av+2y-c), fory < 1/2, and (2-
y)(av+1-c) and 2(v+2y-c) fory > 1/2. Therefore, A's best response to any price offered by B at
dateT is P < (14B)av+2(y+p)+P°. Similarly, B's best response to any price offered by A is

P5; < -(14B)av-2(y+p)+P*. Therefore, even if B offered a price of zero all consumers would
buy from A at a price greater than marginal cost. So B is indifferent between offering any price
other than marginal cost. If A offers any price greater thamr R1+3)av+2(y+p)+c, no

consumer will buy. At any lower price, A's profits will fall. Therefore A will not offer any other
price. The equilibrium is subgame perfeQED.

The present value of profits to firm A whgr 1 as given by Lemma 2 is:

= %lm B av+2)

The present value of profits to firm A whegrr 0 as given by Lemma 2 is:

mr=(1+ Blav+ B f_ﬁ](l+ B)(av+2)

The present value of profits to firm A whegr 1/2 as given by Lemma 2 is:

e =(1+ B)(av+1)+ B+ f—B](1+ B)(av+2)

Lemma 3.1: Consider date T-1. Let the statede, =y, 7°1.2 = (1-y) where ¥(0,1). Let
expectations be #1.1 =1 and Ef*; =1. Then the subgame-perfect equilibrium prices and
quantities are: R.* = 2y+p+c, gr.i =1, Pri® = ¢, qr® = 0.

Proof:

24



Regardless of the firm from which cohdrl consumers choose to buy at date these
consumers will not want to buy the upgrade at @at&iven their expectations about the
increase in firm A's network size, consumers will buy firm A's original good instead of firm B's if
y+(1+3)-P*r1 > 1-y PPr1. Then A's best response to any price offerel isyP”r.; <2y+B+P5r
1. Firm B's best response to any price offered byRRis 5-2y-B+PAT.1 . As long as marginal
costs are not too large, firm A can always offer a positive price at which all consumers will prefer
to buy A's original good. Then firm B cannot do better than to offer a price of marginal cost and
sell zero units of the good, given firm A's strategy. B's sales will not increase from zero at any
other price. Therefore, B is indifferent between a priaearfd any other price. Given B's
strategy, firm A will offer the pric€”r.; =2y+p+ ¢ and sell one unit of its original good. Any
higher price, and all consumers will switch to firm B's good. Any lower price and A's revenues
will fall. These prices are then part of a subgame perfect equilibQED.

Firm A's profits whery =1 from the equilibrium in Lemma 3.1 are:
BZ
n=2+ B+ —(1+ +
m=2+f (13)(1 B)(av+2)

Firm A's profits whery = 1/2 in the equilibrium in Lemma 3.1 are:

2

=1+ B+ 1B_B(1+ B)(av+2)

In Lemma 3.3, consumers in coh®fL know that they will not purchase the upgrade at
the price A will set at daté. Therefore, these consumers do not need to make an additional,

inter-temporal purchase decision; they are only concerned with the net utilities they will receive
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from buying the original good from either A or B. When these consumers expect A's network
size to grow by 1 in the current period, they are willing to pay a premium for A's original good
and will not buy firm B's good at any positive price.

Firm A's profits whery = 0 in the equilibrium in Lemma 3.1 are:

BZ

M= B+ a8)

(1+B)(av+2)

Lemma 3.2: Consider date T-1. Let the statee, =y, n°r- = (1-y) where ¥(0,1). Let
expectations be #1.1 =0 and Ef*r =1. Then the subgame-perfect equilibrium prices and
quantities are: R./*=c, qT:" =0, PT,® = 2(1-y)+f+c, qT.° = 1.

Proof:

Regardless of the firm from which cohdrl consumers choose to buy at dete these
consumers will not want to buy the upgrade at @at&iven their expectations about the
increase in firm A's network size, consumers will buy firm A's original good instead of firm B's if
y-P*r.1 > 1-y +(148)-P°r.. Then A's best response to any price offeref isyP"r.; <-2(1+)-
B+PPr1. Firm B's best response to any price offered byRis<2(1y)+B+P"*.1. As long as
marginal costs are not too large, firm B can always offer a positive price at which all consumers
will prefer to buy B's original good. Thus firm A cannot do better than to offer a price of
marginal cost and sell zero units of the good, given firm B's strategy. A's sales will not increase
from zero at any other price. Therefore, A is indifferent between a pricandfany other price.
Given A's strategy, firm B will offer the pri¢®r., =2(1y)+B+ c and sell one unit of its original
good. Any higher price, and all consumers will switch to firm A's good. Any lower price and B's

revenues will fall. These prices are then part of a subgame perfect equiliQrizin.
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Firm A's profits fory = 1,y=1/2 ory=0 from the equilibrium in Lemma 3.2 are:

= F(1+ Blav+ Br f_ﬁ(l+ B)(av+2))

Firm B's profits are equal fpwheny=1. Firm B's profits will be equal to f+wheny=1/2 or

y=0.

Lemma 3.3: Consider date T-1. Let the state'he = 7°r.,= 1/2. Let expectations berf ;
=1/2, Ezf’t = 1. Then the subgame-perfect equilibrium prices and quantities arg® 8, qT.
A=1/2, PT®=c, qT.® = 1/2.

Proof:

Under these expectations, the price at @atéll be Py"=(1+B)(av+1)+c, so cohorfl-1
consumers will not buy the upgrade at datel'herefore, cohoff-1 consumers do not expect to
receive any additional network utility at ddte from the perspective of a cohdrl consumer,

"A=0 even though all cohoftconsumers will buy A's upgrade. Consequently, consumers in
cohortT-1 will prefer to buy the original good from A than B if
A+ pB)v+1+ %,3 P> (1+ B)v+1+ %[3 PE,

Equation (A11) can be rewritten, Bs,"<Pr..>. The profit stream firm A will accrue
from datesl onward, in equilibrium, are given in equation (A6). Given consumers expectations
about the future, this profit stream will not change for any price that adheres to A's equilibrium
strategy. Therefore, A's best-response function depends upon only the current period. So, when

A offersPr./"<Pr.,%, all consumers will buy from A, so this is A's best-response function.
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Similarly, firm B's best-response functiorPis,®><Pr.{".
Given firm B's strategy, firm A will not offer ar.1 > c. It would lose all consumers
to firm B. A will not offer any price lower thar.;" = c, else its profits would be less since
sales would not increase. Given A's strategy, firm B can do no better than @y gtferc. It
would lose all customers to A from any higher price, and could not increase its sales at a lower
price. Therefore, this is a subgame-perfect equilibriQaD.

Firm A's profits in the equilibrium in Lemma 3.3 are:

= f1+ Bl ar+1)+] f—B](GV+2)]

Lemma 4: Consider date t<T-1. Let the statefier.1 = 7°<r.1 = 1/2. Let expectations be
E7f\+1 =1/2. Then the subgame -perfect equilibrium prices and quantities axg:/P= c,
et 1 = 1/2, Pt<r.1® = ¢, qt<r..® = 1/2.
Proof:

The consumers in cohorts that enter the market prior toTelatgill never live long
enough to see the upgrade. If expectations do not change prior Teldakten as long as firm
A's price conforms to its equilibrium strategy, its profits from dateonward are unaffected by

the current period. Consumers prefer to buy firm A's original good to firm B's good if

(1+ BV +Ng+(1+2 BE N PE>(1+ B+ N+ (1+2 PE 0] PP
This simplifies toP’<P.°. This expression is A's best-response to any price offer by B that is

greater than or equal to marginal cost. Similarly, B's best-response fun&yttPis.
Therefore, the best price each firm can offer at anytdalel, given its rival's strategy, is price

equals marginal cost. At such a price, the two firms will sell 1/2 units each.
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Given B's strategy, A cannot offer any price greater than marginal cost without losing all
sales. A is then indifferent between pricing at cost and any higher price. Any price less than
marginal cost and A will lose money. Similarly, given A's strategy, B cannot offer any other
price such that its profits would be greater. Therefore, these prices are part of a subgame-perfect

equilibrium. QED.

Lemma 5: Let the date be T-2. Let the statefhe; = x,7°1.3 = 1-x, where x(0,1). Let
expectations be #1., =1 and E;°r.,=1. Then the subgame-perfect equilibrium prices and
quantities are: P*=2x+f+c, " =1, P°=c, ° = 0.
Proof:

Given their expectations about the increase in firm A's network size, consumers in cohort
T-2 will buy firm A's original good instead of firm B'sxf (1+3)-P*r, > 1-x P51 Thus A's
best response to any price offeredBuig P*r., <2x+p+P°r,. Firm B's best response to any price
offered by A isP®r, <-2x-p+P"r.2 . As long as marginal costs are not too large, firm A can
always offer a positive price at which all consumers will prefer to buy A's original good. Then
firm B cannot do better than to offer a price of marginal cost and sell zero units of the good,
given firm A's strategy. B's sales will not increase from zero at any other price. Therefore, B is
indifferent between a price ofand any other price. Given B's strategy, firm A will offer the
price P*r., =2x+f3+ c and sell one unit of its original good. Any higher price, and all consumers
will switch to firm B's good. Any lower price and A's revenues will fall. These prices are then

part of a subgame perfect equilibriu@QED.
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Full-information Equilibrium: At date t=1, let consumers have the following expectations about
firm A's network size: &Atq-l =1/2, EnAtzT-lzl. When consumers know the date, T, at which
firm A will release its upgrade, the following path of prices and outputs will be a subgame-
perfect equilibrium: Pera=c,  «1.1=1/2, PPcra=C, Prer.1=1/2, PPr.=1+ f+c, o r.=1, PP
1=C, °1.1=0, Plori=(1+ A(av+2), o11=1, PPor1=C, Qo7-1=0.
Proof:

At the beginning of the game, expectations are that the marginal increase in firm A's
network size will equal the marginal increase in firm B's network sizen’éeﬂi: Er]BKT-l
=1/2. Assuming that no upgrade is available until at least the third p&ro8, then the
equilibrium prices and quantities for all datesT-1 are given by Lemma 4. Each firm sets its
price to marginal cost and sells 1/2 a unit of its original good.

At dateT-1, the date immediately prior to the upgrade, one half of consumers in cohort
T-2 own A's original good and the other half own B's original good. Since the upgrade is due at
the start of the next period, let consumers expect the marginal increase in A's network size to be
equal to one, #'1.1 = 1. From Lemma 3.3, firm A will charge a priceP6f.1=1+3+c and sell
o r-:=1 unit of output. Firm B will set a price equal to marginal cost and sell nothing.

At dateT, the date of the upgrade, all consumers in cofir@rbelong to firm A's
network. Since A's upgrade is an improvement over firm B's good, let consumers expect the
marginal increase in A's network size to be equal to omé; £1. Then from Lemma 2.1, firm
A will charge a price oP*=(1+3)(av+2)+c and sell Gr.;=1 unit of output. Firm B will set a

price equal to marginal cost and sell nothing. From Lemma 1, these will also be the prices and
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guantities for every periacT.
Since the equilibria specified in lemmas 1, 2.1, 3.3, and 4 are subgame-perfect equilibria,
then (by backwards induction), the equilibrium specified in this proposition must also be a

subgame-perfect equilibriunQED.

Lemma 6.1: Let the state bgy, = 7°.1 = 1/2. 100y% of all consumers believe that the
upgrade will arrive in the next period, where(¥/2, 1). 100(1-y)% of all consumers believe that
the upgrade will not arrive for at least two periods. Let expectationse= and E7°; =1-y.
Then the subgame-perfect equilibrium prices and quantities afe= Ry-1)(1+8)+c, g =y,
PP=c, g = 1.
Proof:

Those consumers who believe the date is fFe2ywill be unwilling to pay any price
greater than marginal cost for the original good. Given their expectations about the increase in
firm A's network size, the consumers who believe the dateliwill buy firm A's original good
if (L+B)y - P > (14B)(1-y) - P’r. ThenP*< (1+3)(2y-1)+P% is firm A's best-response
function. Firm B's best-response functio?s< -(1+B)(2y-1)+P*;. As long as marginal costs
are not too large, firm A can always offer a positive price at which all consumers will prefer to
buy A's original good. Firm B cannot do better than to offer a price of marginal cost and sell
zero units of the good, given firm A's strategy. B's sales will not increase from zero at any other
price. Therefore, B is indifferent between a price ahd any other price. Given B's strategy,
firm A will offer the priceP"r., =(1+3)(2y-1)+ ¢ and sell one unit of its original good. Any

higher price, and all consumers will switch to firm B's good. Any lower price and A's revenues
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will fall. These prices are then part of a subgame perfect equilibQED.

Lemma 6.2: Let the state bgyy = 7°.1 = 1/2. 100y% of all consumers believe that the
upgrade will arrive in the next period, whereg(@,1/2). 100(1-y)% of all consumers believe that
the upgrade will not arrive for at least two periods. Let expectationsfie=B and E;° =1.
Then the subgame-perfect equilibrium prices and quantities afe=d® a;" = 0, P° = 1+p+c,
o = 1.
Proof:

Given their expectations about the increase in firm A's network size, consumers will buy
firm A's original good instead of firm B'sf*.; < -(14B)+P°.1. This is also A's best response
to any price offered bB. Firm B's best response to any price offered byR¥is <(1+B)+P*r.1
. As long as marginal costs are not too large, firm B can always offer a positive price at which all
consumers will prefer to buy B's original good. Thus firm A cannot do better than to offer a price
of marginal cost and sell zero units of the good, given firm B's strategy. A's sales will not
increase from zero at any other price. Therefore, A is indifferent between a praxedadiny
other price. Given A's strategy, firm B will offer the pig.; =143+ ¢ and sell one unit of its
original good. Any higher price, and all consumers will switch to firm A's good. Any lower
price and B's revenues will fall. These prices are then part of a subgame perfect equilibrium.
QED.
Lemma 6.3: Let the state b1 = X, 7°.1 = 1-x, where x(0,1). 100y% of all consumers
believe that the upgrade will arrive in the next period, where y is "large”. 100(1-y)% of all

consumers believe that the upgrade will not arrive for at least two periods. Let expectations be
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E7\ =y and E;, =1-y. Then the subgame-perfect equilibrium prices and quantities afe: P
=(2x-1)+(1+/2y-1)+c, 6" =y, PP =c, ¢ = 1-y.
Proof:

Those consumers who believe the dafe2sor earlier are unwilling to pay any price
greater than marginal cost for the original good. Those consumers who believe th&-date is
will buy firm A's original good ifc+(1+B)y-P* > 1x+(1+B)(1-y)-P%. A's best response to any
price offered by B i®" < (2x-1)+(143)(2y-1)+P®. Firm B's best response to any price offered
by A isPPr; <-(2x-1)-(14B)(2y-1)+P*.1 . As long as marginal costs are not too large, firm A can
always offer a positive price at which yitonsumers who believe the daté-it will prefer to
buy A's original good. Then firm B cannot do better than to offer a price of marginal cost and
sell 1y units of the good, given firm A's strategy. B's sales will not increase at any lower price;
only consumers who believe the dat&-8 will want to buy from B. At any higher price, no
consumers will buy from B. Therefore, B is, at best, indifferent between a paemadfany
other price. Given B's strategy, firm A will offer the prig.; =(2¢-1)+(14)(2y-1)+ c and sell
y units of its original good. Any higher price, and all consumers will switch to firm B's good.
Any lower price and A's revenues will fall. These prices are then part of a subgame perfect
equilibrium. QED.

Lemma 6.4: Let the state b@.1 = X, 7.1 = 1-x, where x(0,1). 100y% of all consumers

believe that the upgrade will arrive in the next period, where y is "small". 100(1-y)% of all
consumers believe that the upgrade will not arrive for at least two periods. Let expectations be
E7/\ =0 and E/°, =1. Then the subgame-perfect equilibrium prices and quantities afe=cP

o =0, PB = (1+f)-(2x-1)+c, g°= 1.
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Proof:

Those consumers who believe the dafe2sor earlier are unwilling to pay any price
greater than marginal cost for the original good. Those consumers who believe th&-date is
given their expectations, will buy firm A's original good-P*, > (1-x)+(1+B)-P?. A's best
response to any price offered by BPfs< (2x-1)-(1+B)+P?. Firm B's best response to any price
offered by A isP®r.; <-(2x-1)+(1+8)+P".1 . As long as marginal costs are not too large, and b is
large enough, firm B can always offer a positive price at which all consumers will prefer to buy
B's original good. Then firm A cannot do better than to offer a price of marginal cost and zero
units of the good, given firm B's strategy. A's sales will not increase at any other price.

Therefore, A is indifferent between a pricec@nd any other price. Given A's strategy,
firm B will offer the priceP”r.; =(1+B)-(2x-1)+ ¢ and sell 1 unit of its original good. Any higher
price, and all consumers will switch to firm A's good. Any lower price and B's revenues will fall.

These prices are then part of a subgame perfect equilib@iED.

Lemma 6.5: Let the state by, = 0, 7°.1 = 1. 100y% of all consumers believe that the
upgrade will arrive in the next period, where y is "large". 100(1-y)% of all consumers believe
that the upgrade will not arrive for at least two periods. Let expectationsfhef and E°
=1-y. Then the subgame-perfect equilibrium prices and quantities al“e.:(la+,6)(2y-1)-l+c,
o=y, P®=c, o = 1-y.
Proof:

Those consumers who believe the dafe2sor earlier are unwilling to pay any price

greater than marginal cost for the original good. Those consumers who believe th&-date is

34



given their expectations, will buy firm A's original good if ly-P* > 1+(14B)(1-y)-P®. A's

best response to any price offered by BYis< (1+3)(2y-1)-1+P®. Firm B's best response to any
price offered by A i$°1., <-(1+)(2y-1)+1+"; . As long as marginal costs are not too large,
firm A can always offer a positive price at whichyalonsumers who believe the daté-it will
prefer to buy A's original good. Then firm B cannot do better than to offer a price of marginal
cost and sell 3~units of the good, given firm A's strategy. B's sales will not increase at any
lower price; only consumers who believe the datedswill want to buy from B. At any higher
price, no consumers will buy from B. Therefore, B is, at best, indifferent between a rice of
and any other price. Given B's strategy, firm A will offer the gfga =(1+3)(2y-1)-1+c and

selly units of its original good. Any higher price, and all consumers will switch to firm B's good.
Any lower price and A's revenues will fall. These prices are then part of a subgame perfect

equilibrium. QED.

Lemma 6.6: Let the state by, = 0, 7°.1 = 1. 100y% of all consumers believe that the
upgrade will arrive in the next period, where y is "small". 100(1-y)% of all consumers believe
that the upgrade will not arrive for at least two periods. Let expectationsfe& and Er;
=1. Then the subgame-perfect equilibrium prices and quantities afezdPq” = 0, P;® =
1+p+c, or° = 1.
Proof:

Those consumers who believe the dafe2sor earlier are unwilling to pay any price
greater than marginal cost for the original good. Those consumers who believe th&-date is

given their expectations, will buy firm A's original goodf < -(1+3)+P®. This is also A's best
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response to any price offered by Birm B's best response to any price offered byRXis
<(1+B)+P*.1. As long as marginal costs are not too large fasdarge enough, firm B can
always offer a positive price at which all consumers will prefer to buy B's original good. Then
firm A cannot do better than to offer a price of marginal cost and zero units of the good, given
firm B's strategy. A's sales will not increase at any other price. Therefore, A is indifferent
between a price afand any other price. Given A's strategy, firm B will offer the ptiga

=1+3+c and sell 1 unit of its original good. Any higher price, and all consumers will switch to
firm A's good. Any lower price and B's revenues will fall. These prices are then part of a

subgame perfect equilibriunQED.

Equilibrium 1: Let consumers have the following prior beliefs>X2 and y >1/3. Then at
date 1, types AA, and A will announce £=3. At date 3, typesAvill announce4=4 and A
will announce 4=5.
Proof:
First consider date=4. If no upgrade has been released by this date, consumers know
that firm A's true type must besAlf As announced its true type at the start of the g&m®, or,

if it announced;=3 andt;=5, then its profits at date 4 will be

2

o= (1+ B)[1+ f—B(ON+ 2)]

(see Lemma 3.1). If the firm made a previous false announcentgm of t;=4, then at date 3,
100y% of all consumers believed the firm was truly typeaAd purchasedds original good.
The remaining 100($)% of consumers believed the firm was trulyakd purchased firm B's
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original good. From Lemma 3.1 then, we know thgs Arofits at date 4 will be

2

=2y + B+ f—ﬁ(l+ B)(av+2)

Type A, if it made a truthful announcement at the start and consumers all believe such an

announcement when it is made will receive profits of

=L 14 By (av+2)

1B

beginning at date 4. If 100¢3% of consumers did not believe an announcementéfort;=4
when it was made, then these consumers would have bought firm B's original good at date 3.

Then from Lemma 2, £s profits will be

2

= (1+ B)av+2(y+ P+ f—ﬁ(l+ B)(av+2)

Type Ag's profits at date 4 are given by equation (A16). We know from the lemmas that
these profits are each part of a subgame-perfect equilibrium. Since consumers have full
information at daté=4, these subgame perfect equilibria are also sequential equilibria.

At datet=3, if there is an upgrade available, then consumers know that the firm's typdfis A
there is no upgrade and either an announcetihtr an announcementt@f4 was previously
made, then 1086 of consumers believe that the firm is typeafdd 100(1y¥)% of consumers
believe the firm is type A

Suppose that the announcement at date I;wéds The consumers who believe the firm's
true type is A will not be willing to pay any price greater than marginal cost at date 3. The

consumers who believe the firm's true type js# willing to pay a price greater than cost,
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depending upon their expectations for the increase in network size.ySi2ethen from

Lemmas 6.1 and 2, profits will be at date 3

3

= (1+ B)ly(2y1)+ Bov+ f—B(GVJf 2)]+ A2y + P)

for type A, and from Lemmas 6.1 and 3.1 profits will be

2= (1+ BlyyD)+B1p(av+2)]+ B2y + )
for type As.

Suppose the announcement at date 1twa&sand consumers believe that eithgioAAs
could have made such an announcement. Then tybasAthe choice between making a new
announcement d§=4 ortz=5. At date 2, 106 of all consumers believed the firm was type A
and bought the original good from A. The remaining 100%4-of all cohort 2 consumers
believed the firm was either type Ar As and purchased from firm B.

If As announce=5, its profits will be, from Lemmas 5 and 3.1,

m°=2x+ B+ 2+ P)+ f—ﬁ(l+ B)(av+2)

If As announceg=4, its profits will be, from Lemmas 6.3 and 3.1,

3

1m3°= (2x1)+(1+ B)(2y1)+ B2y +B)+ f—ﬁ(l+ B)(av+2)

Equation (A21) is greater than (A20). Therefore, when consumers believe a false
announcement df=3 came from either Lor As, type As will prefer to make a new true
announcement @§=5. At first, this may seem strange. After all, sipcerelatively large,
consumers are relatively susceptible to a false announcement. However, compare the price paths
for As from each different set of announcements.

Notice in Table 2 that wheyx1, the prices and quantities in each period are the same.
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However, whery is just slightly smaller than one and @&nounceg=4, there is just enough
uncertainty in consumers minds that the price and quantity are both lower than if the firm
announce$=5. Ag is better off revealing its true type in period 3 because the gain in network
size from the first false announcement is sufficient to induce all consumers to purchase its good
in period 3. The uncertainty generated by a second false announcement is undesirable.

A, announcings=4 and A announcinds=5 is a subgame-perfect equilibrium. Given the
other players' strategies, neither type can do better than to announce their true types when
consumers believe an announcemertt=8 could have come from either. There are no out-of-
equilibrium announcements in then this equilibrium. Therefore, this is a Perfect Bayesian
Equilibrium as welf3

At datet=2, no announcements will be made. Now consider datg tamAdo no worse
than to announce its true type at date 1 and earn its full-information profits (see equation (11)).

Type Ay's expected profits from announcitig3 are

(1= 3)= H(2x1)(1+B)+ B y[2xL+(1+ B)(2y1)]

+B(1+ ov+2(y+ P+ f—ﬁ(l+l3)(0N+2)

where the equilibrium prices and quantitiesRyfesc, q."=1/2, P,"=(2x-1)(1+B)+c, g5/ =x,

Py*=2x-1+(14B)(2y-1)+¢, 05"=y, Ps"'=(1+B)av+2(y+B)+C, Gi =1, P* s =(1+B)(av+2)+c,

*The number of possible out-of-equilibrium moves is very limited since announcements are
for upgrades arriving at discrete points in time. For example, an announcemgeftoirtakes
no sense and cannot be an out-of-equilibrium move. When no out-of-equilibrium move exists, a
subgame-perfect equilibrium is a sequential equilibrium
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qt25A:1-14

It is easy to see that the profits in equation (A22) are greater thansypellA
information profits from equation (8). Therefore, typenll announce =3 whenx; andys; are
both relatively large.

Type Ag's expected profits from announcing4 are

5

(1= 4)= By(2y1)(1+B)+ B2y + B)+ f—ﬁ(l+ B)(av+2)

whereP,*=c, q."=1/2, P)*=c, q,*=1/2, Py"=(2y-1)(143)+c, q5"'=y, P, *=2y+p+c, q."=1,
Pos =(14B)(av+2)+c, gus =1."° Type A's expected profits from announcingd and =4,
whereP;"=c, q,"=1/2, P"=(2x-1)(1+B)+c, gu"=x, P =2x-1+(143)(2y-1)+c, gz*=y,

P A=2y+B+c, qs*=1, Pes=(1+B) (av+2)+<, s =1 aret®

(1= 3,15= 4)= K(2x1)(1+B)+ B y[2x1+(2y1)(1+B)]

5

+ B2y + B)+ f—B(H B)(av+2).

Finally, As's expected profits from announcing3 and $=5 are

m%(1:=3,15=5)= K(2x1)(1+B)+ B*(2x+ B)+ B2+ )+ f—ﬁ(l+ B)(av+2)

whereP;*=c, o;"=1/2, P,*=(2x-1)(1+B)+c, qu"=x, PsA=2x+P+c, g5"'=1, PsA=2+B+c, a4 =1,

YSee Lemmas 1, 2, 4, 6.1, and 6.3.
15See Lemmas 1, 3.1, 4, and 6.1.

1%See Lemmas 1, 2, 3.1, 4, 6.1, and 6.3.
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Pos =(1+)(av+2)+C, Gs =1."

It is easy to see thatsA profits from announcing43 and =4 are greater than the profits
from announcing;t4. Also, for ally "large enough", profits from announcing3 and $=5 are
greater than from announcing3 and $=4.

In a subgame-perfect equilibrium, all three types of firm will annotjr8an the first
period. In period three, type, Avill announces=4 and A will announcet;=5. Let consumers
believe that an out-of-equilibrium move is made by typ&vith probability one. Then all types
of the firm will prefer to not deviate from the equilibrium -- profits would be considerably less

otherwise. Therefore, this equilibrium is also a perfect bayesian equilibrium.

Equilibrium 2: Let consumers have the following beliefs>2 and y <1/3. Then at date 1,
types A and A will announce =3, and type Awill announce £=4. At date 3, type Awill
announce#5.
Proof:
First consider date=3. Suppose that no upgrade has been released and the true firm type
is As. Further suppose that made an announcementtgf3 in the first period, and 18% of
all cohort 2 consumers purchasegks/riginal good in period 2, believing that the upgrade
would arrive at date 3. If consumers believe with probalyilibhat the firm's type is Athen

type As will receive the following profits from announcitg4:

(1= 4)= B f—B<1+ﬁ>(av+2>,

Y"See Lemmas 1, 3.1, 4, 5, and 6.1.
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where the path of prices and quantitie®iS=c, q5"=0, P;*=p+c, q,"=1, Pss =(1+B)(av+2)+c,

Oes =118 If type As announce&=5, its profits will be:

3°(15=5)=(2x+ B)+ A2+ P+ f—ﬁ(l+,3)(aV+2)

where the path of prices and quantitie®iS=2x+p+c, g5"=1, P/ =2+B+c, q,"=1,
Pog =(1+3)(av+2)+c, gus ' =1.1° It is easy to see that Avill prefer to announce=5 when
consumers believe with (small) probabiltyhat the firm's type is Ait was previously
announced thdi=3, and 108% of consumers bought the original good from firm A in the
second period.

If, in this state of the game, typ'@only recourse is to annourige4. Its profits will

be:

3

' (1:=4)= A1+ Par+2 [+ f—ﬁ(l+ﬁ)(0N+2)

Ps=c, 05"=0, P/*=(1+B)av+2p+c, as"=1, Pes =(1+B)(av+2)+c, gus =12° Given the other
players strategies, neither will want to offer any other price or make any other announcement.
Therefore, this is a subgame perfect equilibrium for this state. Furthermore, there is no out-of-

equilibrium announcement, so this equilibrium must also be a perfect bayesian equilibrium for

¥5ee Lemmas 1, 2, 3.1, and 6.4.
19See Lemmas 1, 2, 3.1, and 5.

2%See Lemmas 1, 2, and 6.4.

42



this state.

Suppose in the first period type would have announceg=4. Then at date 3, if a
previous announcement RE3 was made and no upgrade is how available, consumers will know
with certainty that the firm's true type is.ATherefore, Ahas no other choice of action but to
announces=5. Its profits will be identical to equation (A27). We know from the associated
lemmas that the corresponding price path is a subgame perfect equilibrium for this state.
Furthermore, since consumers have complete information, this is a perfect bayesian equilibrium
as well.

No announcements occur in the second period, so now considexrdalieype A's
profits from announcing=4 (when A announce$=3) are its full-information profits from
equation (8),

2

B
(18)

m(1,=4)= B(1+ 1+ (av+2)]

By announcind;=3, A, would earn profits of

m*(11= 3)= B(L+ B)(2x1)+ B[(1+ Bav+2 ]+ f—ﬁ(l+ B)(av+2)

from a price path dP,"=c, q,"=1/2, P,"=(2x-1)(1+p)+c, g *=x, Ps"*=c, g5"=0,
P/=(1+3)av+2B+c, 04 =1, Pus =(1+3) (av+2)+¢, s =121 If the discount factor b is large
enough, then Awill prefer to reveal its true type in the first period to announiig)

If type As announces =5, its profits will equal its full information profits in equation (9),

2

B
(18)

21See Lemmas 1, 2, 478 ard5h= B (1+ B)[1+

(av+2)].

43



If it announces$;=4 when A also announces=4 its profits will be:

BS
(1B)
where the price path B*=P,"=c, q,"=0,"=1/2, Ps"=c, q5"=0, P/*=p+c, 9,"=1,

mo(1,=4)= B+

(1+B)(av+2)

Pos =(14B)(av+2)+c, gss =1. It is easy to see that equation (A31) is greater than equation
(A32). Therefore, Awill never announcg=4.
It has already been shown thatull not announcés=4 in period 3 when it announces

t,=3. Ag's profits from announcing=3 andt;=5, when A announceg;=4, are:

where the path of pricesfs"=c, q,"=1/2, P,"=(1+B)(2x-1)+c, g *=x, Ps *=2x+p+c, g5 =1,
P/A=2+3+c, 04'=1, Pus =(1+3)(av+2)+¢, gus =127 It is easy to see that (A33) is greater than
(A31). Therefore, Awill prefer to announcg=3 in the first period and=5 in the third period.
Given the other players' strategies, no type of firm will make any other announcement or offer
any other price. Therefore, this equilibrium is a subgame perfect equilibrium for this game.
Further, if consumers believe that an out-of-equilibrium move is made by thestypi A
probability one, no type of firm will wish to make any out-of-equilibrium announcement or any

price offer. Therefore, this equilibrium is also a perfect bayesian equilib@ED.

Equilibrium 3: Let consumers have the following beliefsg2 and y>1/3. Then at date 1,

type A will announce £3, and types A and A will announce =4.

22See Lemmas 1, 2, 3.1, 4, 5, and 6.1.
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Proof:
At datet=4, consumers are perfectly informed -- either an upgrade occurs and the firm's
true type is Aor there is no upgrade and the firm's true type.isMow consider date=1. If A4

and A both announce=4, then A's profits will be:

5

(1= 4)= By(1+ B)(2yL)+ B[(1+ Pav+2(y+ P+ f—B(l+ B)(av+2)

where the path of pricess"=c, q."=1/2, P,"=c, q,"=1/2, P5"=(2y-1)(1+B)+c, 05"=y,
P/=(1+3)av+2(y+B)+C, quA=1, Pus =(14B)(av+2)+C, s =17 If A4 announces=3 when A

announces$;=4, then A's profits will be:
m*(1:=3,15=4)= BY[(1+ ByD1]+ BI(L+ P ar+2(y+ P

ﬁS
+ E(H B)(av+2),
where the path of pricesis”=c, 9,"=1/2, P,=c, q,"=0, P5"=(2y-1)(1+B)-1+c, g5"=y,
PA=(1+3)av+2(y+B)+c, 04 =1, Pus =(1+B)(av+2)+c, gus =12* It is easy to see that'd profits
are less when it announdgs3, t;=4 instead of;=4. The price it can charge in period 3 is

strictly less when the announcement#s8, t;=4 instead of;=4, while all other prices are the

same.

e (1,=4)= By(1+ B)(2yl)+ B°(2y+ B)+ f—ﬁ(l+ B)(av+2)
If A4 and A both announcig=4, then A's profits will be:

2’See Lemmas 1, 2, 4 and 6.1.

2See Lemmas 1, 2, 4, 6.2, and 6.5.
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whereP,=c, q,"=1/2, P,=c, 0,/*=1/2, P5"=(2y-1)(1+ B)+c, a5"=y, P =2y+p+c, g =1,

Pog =(1+3)(av+2)+¢, s =12 When A would announc&=4, As would be unable to
announce;=3, t3=4; consumers know that if they sge3tin the first period and no upgrade is
on the market in the third period, the firm's type cannotpéu must be A If As announces

t,=3, =5 when A would announceg4, its profits will be:

5

M(1,=8,1,=5)= B4 151+ Bav+2)
whereP,=c, q;"=1/2, P,"=c, q,*=0, P5"*=c, 05"=0, P;/*=B+c, q"=1, Pus"=(1+) (av+2)+c,
Oes =12° For relatively smalk (x<1/2), As prefers to announde=4.
Therefore, given the other players strategies, no player wants to make any other
announcement or offer any other price. Further, if consumers believe that an out-of-equilibrium
move is made by typesAvith probability one, then no type of firm will deviate from the

equilibrium. Therefore, this equilibrium is also a perfect bayesian equilibrium for this game.

QED

Equilibrium 4: Let consumers have the following beliefsg3 and y<1/3. Then at date 1,
type A will announce £=3, type A will announce =4, and A will announce £=5.
Proof:

In this equilibrium, each of the firms will earn its full-information profits, as specified in
equations (7) - (9).

2

B
(18)

(1=3)= AL+ BIL+ o(av+2)]

(1
gee Lemmas 1, 2, 3.2,'4, an

265ee Lemmas 1, 2, 3.1, 4, and 6.2.
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2

m(1,=8)= Far Plts

(av+2)]

If type Ay were to announce instead that it would release its upgrade aits profits

would be:

5

7Tf4(T1:3,T3:4): :83[(1"' pa+ @+ (18)

(1+B)(av+2)

where the path of prices and outputBis=c, q,"=1/2, P,=c, q,"=0, P =c, q5"=0,
P/ =(14B)av+p+c, g°=1, Pus =(1+B) (av+2)+c, s =1. It is easy to see that the profits in
equation (A41) are less than'&\full-information profits in (A39). Therefore, when typg A
would announcé&=3 and type Awould announc&=>5, type A prefers to announdg=4 tot;=3
andt;=4.

If, given the other types' announcementswAre to announdg=3 andt;=5 (it could not

announce;=3 andt;=4 when A announceg;=4), its profits would be:

m°(1,=3,1,=5)= '+ f_ﬁ(l+ﬁ)(GV+2)

where the path of prices and outputBis=c, q,"=1/2, P,*=c, q,"=0, P =c, q5"=0, P4 "=B+c,
04°'=1, Pes =(1+B)(av+2)+c, guss =127 If As were to announce=4, given the other types

announcements, its profits would be the same as in equation (A42):

e (1,=4)= B+ f—ﬁ(l+ B)(av+2)

where the path of prices and outputBis=c, q,"=1/2, P,=c, q,"=1/2, Ps"=c, q5"=0, P/*=p+c,

2'See Lemmas 1, 2, 3.1, 4, and 6.2.
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04°=1, Pus =(14B)(av+2)+¢, gues =128 It is easy to see that type prefers to make only a true
announcement in this situation.

Given the other players' strategies, no type of firm wants to make a different
announcement or offer a different price path. Therefore, this equilibrium is a subgame-perfect
equilibrium for this game. Let consumers believe that an out-of-equilibrium move is made by
the type A with probability one. Then this equilibrium will also be a perfect bayesian
equilibrium. Types Aand A, would be strictly worse off by offering some out-of-equilibrium

price when consumers have such beli€@&D

28See Lemmas 1, 2, 3.1, 4, and 6.2
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Table 3.1

Sequence of Events

Date Event

0 - Nature chooses T, the date at whjch
firm A can introduce its upgrade.

t<T - Start of period t < T.
- Consumers belonging to Cohort t gre
born.
- Consumers belonging to Cohort ttl
turn middle-age.
- Firm A announces a date at which |ts
upgrade will be available.
- Firms A and B simultaneously offg
prices for their original goods.
- Consumers in Cohort t-1 transmit the
history of the game to Cohort
consumers.

- Consumers revise their beliefs abqut
when the upgrade will actually ke
released and set expectations about|the
marginal increase in each firm[s
network size from sales this period.
- Consumers in Cohort t buy frof
either firm A or firm B.
- End of period t < T.

=

—

T - Start of period T.
- Consumers belonging to Cohort T gre
born.
- Consumers belonging to Cohort Tjl
turn middle-age.

- Firm A releases its upgrade.

- Firms A and B simultaneously offg

=
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prices for their goods.

- Consumers in Cohort T-1 transmit twre

history of the game to Cohort
consumers.

- Consumers set expectations about
marginal increase in each firm
network size from sales this period.

- Consumers in Cohort T buy from

either firm A or firm B.
Consumers in Cohort T-1 choo

whether or not to buy firm A's upgradé.

- End of period T.

the
S

bE

h

t>T

- Start of period T.

- Consumers belonging to Cohort T gre

born.

- Consumers belonging to Cohort T
turn middle-age.

- Firms A and B simultaneously offg
prices for their goods.

- Consumers in Cohort T-1 transmit tﬂ\re

history of the game to Cohort
consumers.

- Consumers set expectations about
marginal increase in each firm
network size from sales this period.

- Consumers in Cohort T buy frof

either firm A or firm B.
- End of period T.

1

=

the
S
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Table 2

date A's price (=4) output A's price (=5) output
1 c 1/2 c 1/2
2 (2x-1)(14)+c X (2x-1)(14B)+c X
3 (2x-1)+(14B)(2y-1)+¢ y 2x+p+c 1
4 2y+p+c 1 2+B+C 1
5 (1+B)(av+2)+c 1 (1+B)(av+2)+c 1
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‘\ Vaporware issued by firins upgrading at dates t+1 and t+2

Vaporware issued by firms upgrading at date t+2

No Vaporware issued by any firm

Y Y
i
{
113 T X+¥=1
0 112 1
X
Figure 1

Announcements in relation to beliefs X and Y
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