SEQUENTIAL INNOVATION
AND MARKET STRUCTURE

by
Jerry Green*
and

. Jean-Jacques Laffont*#*

Discussion Paper No. 1185
October 1985

Harvard Institute of Economic Research
Harvard University
Cambridge, Massachusetts 02138

sDepartment of Economics, Harvard University, Cambridge, MA
#sGREMAQ, Universite des Sciences Sociales, Toulouse, France

; The authors thank Joseph Farrell and Michael Whinston for helpful comments.







N,

Sequential Innovation and Market Structure
Jerry Green and Jean—Jacques Laffont
October 1985

Abstract

This paper concerns the introduction of a sequence of new, higher-quality
durable products in a market in which there already exists a lower—quality
substitute. The product has the further attribute that a real resource cost
is incurred at the time a higher—quality product is first used. This stylized
feature of our model represents several common characteristics of commodities
in evolving markets. Computers and electronic consumer durables are evident

examples.

The two key features of this commodity, its exogenously improving quality
and the cost incurred in first-time use, interact in interesting ways. We
study the cases of a monopoly who can control the product price over time, and
a sequential oligopoly in which the currently-best variety of the good is pro-
duced by only one firm, but each improvement is owned by a new potential

entrant.

In the monopoly case there is a tendency for the momopolist to suppress
the earlier technologically inferior varieties of the product, waiting for the
better ones that will be available later, even when it would be socially
optimal for the consumers to switch to the earlier innovation and switch again
to the subsequent variety. The reason for this is that the monopolist can
sell the subsequent innovation for a higher price if consumers do not own the

earlier innovation.

In the sequential duopoly case a different phenomenon is operative.
There is a tendency for the earlier innovation to be produced and sold, at a
profit, when it should be suppressed in favor of waiting for the superior
quality good. This is because consumers correctly believe that if they do not

buy early, the subsequent innovation's producer will charge them a monopoly
price and they will get no surplus.
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I. Introduction

This paper concerns the introduction of a sequence of new, higher—quality
durable products in a market in which there already exists a lower—quality
substitute. A cost in terms of real resources is incurred in the first period
that the good is used, but no cost is incurred in subsequent periods. The
cost may be that incurred in the production process, or it may be a cost of
first-time use incurred by consumers as they adapt to the good. This particu-
lar interpretation of the cost represents several quite common characteristics
of commodities in evolving markets. Many of these commodities involve the use
of auxiliary complementary goods with specific characteristics that must be
standardized to insure compatibility. Newer and higher quality innovations
often cause the older set of complements to become obsolete. The particular
case in which the complementary input is the human capital iﬁvolved in learn-
ing how to use.the good prévides aﬁother example of this type of fixed cost.
Computers and electronic consumer durables are evident examples. thers might
be the manufacturing equipment used iﬁ firms with an improving techmology, or
even college textbooks, where the complementary input is the instructor's fam—

iliarity with the text itself.

The two key features of this durable commodity, its exogenously improving

quality and the fixed cost incurred in its first—time use, interact in

interesting ways. The nature of this interaction is different according to

the market structure. We study the cases of a monopoly who can control the
product price over time, and a sequential oligopoly in which the currently-
best variety of the good is produced by only one firm, but each improvement is

owned by a new potential entrant,
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In the monmopoly case there is a tgndency forlthe monopolist to suppress
the earlier technologically inferior varieties of the product, waiting for the
better ones that will be available later, even when it would be socially
optimal for the consumers to switch to the earlier innovation and switch again
totfhe subsequent variety. The réasﬁn for this is that the monmopolist can
sell the subsequent innovation for a higher price if consumers do not own the
earlier innovation. Indeed, selling the two sequenfially causes the fixed
costs of first-time usé to be incurred twice, while selling only later avoids
one of these adjustments. Inefficiency can be avoided if the monopolist can
-rent the good in period 1. This allows him to extract ail the consumers’
surplus. It results in the socially efficient production because the issue of

a prior sale by the firm competing against its own later sales is avoided.

In the seéuential duopoly case a different phenomenon is operative.
There i$ a tendency.for the eaflier innovation to be produced and sold, at a
profit, when it should be suppressed in favor of waiting for the superior
quality good. This is because consumers correctli believe that if they do not
buy early, the subsequent innovations' producer will charge them a monopoly
price and they will get no surplus. Therefore they accept a smaller sure
surplus from the earlier producer. This producer can commit himself to his
’price at a time when the later prdducer is not active and therefore cannot

compete, and the consumer rightly locks in any sure gains.

I1. The Model

We consider a two period model of a market for a good whose quality is
improving over time. The source of the quality improvement is not part of

this analysis. It may be the result of research and development by the firms
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that produce it, or it may be a byproduct of activities outside the firm, for
ekaple. education or training faken by the consumers. For the purposes of
this paper, two facts are important: first, the quality change is exogenous,
and second, the improved quality available in the second betiod is available

only if the consumer avails himself of a newly produced good in that period.

That is, although the two goods fill the same economic need, they are physi-

cally distinct. The good produced in period one can be used in period 2, but

it is inferior, in the value of its service flow, to the newly produced good.

A consumer who does not buy the good avails himself of the reservation

utility x4 In period 1, the gross services provided by the good are worth

Xy From this we must subtract a cost of adjustment, F, paid only when the
good is used for the first time. If the consumer continues in period 2 to use
the same good, the full T is available to him. If he were to switch to the

newly produced good, he would receive x,, minus the adjustment cost of F.

Now we will introduce some basic considerations that place the parameters
of our model within an interesting range, from the point of view of am
economic analysis. First of all, as the technology is improving, we have
x0<xl<x2. Beyond this reétriction further constraints can be imposed by exaf

mining the four possible outcomes of this model:
1) The good is never introduced.

2) It is introduced in period 1, but the innovation in period 2 is not

introduced.

3) It is suppressed in period 1, but in period 2 the good is introduced

for the first time.
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4) It is introduced in period 1, and in period 2 the new superior good

is adopted to take its place.

If x2—F<x0, then the second period is surely irrelevant as x, could com-
pete neither with x, nor with xy at that time. Everyone could predict this
outcome and thus x, would be adopted if and only if it is better than x, over

the two period horizon.

If xl—§<xo. then the first period’s innovation is irrelevant because the
fixed costs cannot be recovered even if it remains in use for both periods.

The model degenerates to one where the second period good competes directly

with xo.

Thus we restrict our analysis to the domain where

xo<xl<x2
xo(xz-F

xo<x1—5

which encompasses all of the interesting cases where the two periods can

genuinely interact.

We will analyze the performance of this system when the?e is a momopolist
who éontrols production in both periods and when there are two firms, each
controlling one of the goods, but.ﬁith mutual knowledgebof each other's stra-—
tegies apd of parameters of the system., These outcomes ﬁili be measured
against the social optimum. It is straightforward to compute that this

optimum is given by the following decision rule:

S
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produce X and not x, if and only if xz—F(x1 and xz(le-xo
produce x, and not xy if and only if xl—F(xo and'x2)2x1-xo
produce both x, and x, if and only if xl-F>xo and xz-F>xl.

IIXI. Seguential Innovation by a Monopolist

Iﬁ this section we characterize the behavior of the system when a single'
monopolist controls the good in period 1 and the higher quality innovation in
period 2. We derive thevcircumstances under which the two successive innova-
tions will be produced and marketed, and the divergence of this monopoly solu-
tion from the socially oftimal pattern of innovation. In the first subsection
we treat the case of a monopoly thet can sell the good at a price it can
determine, but where the good, if sold in period 1, remains in the hands of
the consumer without further cost in period 2. In the second subsection we

consider a monopolist for whom one-period renting is possible.

A. Monopoly Selling Strategies

Let us first characterize those cases in which the monopolist will find
it optimal to sell the good in both periods. To determine the monopolist's

profit from this strategy, we proceed backwards. Assume that the good has

_been purchased by all consumers in period 1. To sttract them as customers in

period 2, consumers must be offered a utility of at least x, because they
could continue to use the good in period 2 without further costs, Thus

xz-F—p2 2 x,. OT, taking the limit where Py is set as high as possible,
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p2=x2—xl-F.* This will be a rational decision for the monopolist only if this
value of Py is positive. For the present, let us proceed under the further

hypothesis that it is.

Now consider period 1 and assume that the monopolist offers the good at
Py - Let each consumer believe that everyone else will purchase it and that,
therefore, the period 2 eguilibrium will be as described above. Under what

conditions will these consumers buy in period 17

In period 1 each will receive xl—F—pl.if he buys, or x, if he does not.
Invperiod 2 he will receive x, by purchasing the good at P, - We assume that
the monopolist cannot price discriminate against such a consumer based on the
fact that all other consumers have purchased the good and he has not. Impli-
citly we regard the fact of having purchased the good as unobservable to the

‘monopolist. Therefore his second period utility is invariant to whether or
not he purchased the good in period 1, and the decision to puréhase can there-
fore be made by comparing the first period‘utilities alone. For the monopol-
ist to sell the good, it is required that_xl—F-—p1 2 x,. Or; in the limit
p1=x1—x0—F. Summing over the two periods, selling in both periods produces a

total profit of

(1) p1+1_’2=x2—x0—2F

* To derive unique equilibria, we employ the following convention of a game
theoretic nature. The price strategy chosen by firms may, in equilibrium,
lead consumers to be indifferent to their purchasing decision. To arrive
at a determinate equilibrium, we assume that if one firm could price
slightly lower tham its equilibrium price, leaving consumers with ¢ of
surplus, and if the other firm could not counter this price cut without
making a2 loss, then the customers will all go to the price cutter. In the
limit, however, it does not cut its price; we use this limiting argument
to determine the equilibrium buying pattern.
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To see whether the monopolist would follow this strategy, we must compare
this érofit to what he qould earn by refusing to sell in period 1, or with the
strategy of selling only in period 1. Refﬁsing to sell in period 1 would
change the period 2 equilibrium because all consumers would know that none of
the.ofhers had purchased the good, and hence the price that could be extracted
from them would be higher. Specifically, if no one has purchased it in period

1, then p2=x2-xo—F which is larger than (1) under our assumptions. Therefore,

under all interesting circumstances, the monopolist would prefer to suppress

the good in period 1 rather than to sell it.

From the point of view of social surplus maximization, the monopoly may
very well be inefficient. In particular, whenever xl-xo—F>0 and xz-xl-F>0.
the good will be sold only in the second period whereas the social optimum is

for repeated innovation to take place.

The above analysis is predicated on the fact that xz—xl—FzO. Let us now
consider the case where this is negative. If the good had been sold in the
first period, the firm could not sell it at a positive price in the second.
This would be perfectly predictable by all consumers in the first period, and
they would evaluate their two period utility from buying then to be 2x1—F—p1.
If they do not buy, they know that the monopolist can hold them down to x,
nexé period, because anyone in the market for the good at a positive price in
period 2 must be someone who had not bought at date 1, under the maintained
hypothesis xz—xl-F(O. Therefore py can be set so that le—F—p1=2x0. or

p1=2x1-2x0-F.

The monopolist must compare this level of profit to that which could be

made by selling only in period 2. A; above, this is p2=;2—xo-F. Therefore he
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will sell in period 1 or 2 according to the sign of x2—2x1fxo. It should be
noted that, subject to the restriction that xz(x1+F, this is also the condi-
tion determining the social optimality of introducing the innovation in either

only the first or only the second period.

A graphic summary of the comparison between the optimal innovation pat-

~tern and the monopolist’s choice of innovations is given in Figure 1. The

monopoly solution will be efficient except when 12>11+F and xl)io+F. In this
situation the monopolist will always suppress the earlier innovation and it
will be socially non~optimal to do so. This is precisely the case of a

rapidly evolving technology.




optimum is repeated entry

equilibrium is entry in period 2 only

=x_ +
X=X, +F

x,.=x_+2F L optimum and

equilibrium are

entry in period 2

only optimum and equilibrium are
~ entry in period 1 only

FIGURE 1

monopoly (selling strategy only)
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B. Monopoly Renting Strategies

Now let us consider the possibility that the monopolist can rent the good
rather than sell it. This is a strategy that is often followed by producers
in rapidly evolving industfies. The principal reason is probably that it pro-—
tects the consumers aéainst obsolescence when the technology is uncertain. In
our model, Fhere is another reasoﬁ as well, Reﬁting effectively eliminates
the fact that the durable good sold in period 1 can compete against the better
good of period 2, reducing the price that the m&nopolist can then charge.
Recall that this factor was precisély what was responsible for the ineffi-
ciency of the equilibrium above, in the case where the monopolist would

suppress the sale in the first period.

To see that renting will restore efficiency in the case whéte'xz)xl+F and
xl)xo+F, observe that consumers can be held to their reservation utility x, in
period 2 by the price p2=x1-F—x0. Therefore, in period 1, they base their
buying decision on the two period reservation utility‘Zxo. lgading to
p1=x1f£o—F. Two period monopoly profits from selling in both periods are
therefore x2+xl—210—2F, and under our hypotheses..these exceed the profits to

be made by selling in either one of the two periods alone.

In all other cases, the prbfit from the optimal renting strategy is the
same as that from the optimal selling strategy —— and as these coincide with
the optimum we have the result that renting is efficient when the market is
dominated by a single producing firm. Therefore renting should be allowed,

and certainly not prohibited in these cases.

e,
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IV. Sequential Innogafion in a Duopoly

In this section we assume that the evolution of technology is the same as
that studied above, but that the property right to.the period 2 good is owned
by a different firm than that which owns the good sold in period 1. Thé
mﬁrket structure is thus a sequential duopoly. In period 1, one firm can sell
xq and can choose its price'at that time. In period 2, x, can be sold by the
other firm. Evefyone knows that the second firm cannot commit itself to any

particular price until period 2 arrives. At that time, it will know the

results of period 1's economic activity. That is, it can set a price depen—

‘dent on the number of consumers who have bought the good in period 1. When

both firms are actively seeking the same set of customers, price is determined
by Bertrand competition between thém. If some consumers did not buy in period
1, which can happen only if xl—F<xo, firm 2's closest competitor will be Xqe

and firm 2's optimal price will lead consumers to have the surplus x, instead

of xy in period 2.

Working backward, assume that all consumers have bought the good in

period 1, Firm 2 can charge p2=x2—xl-F and all individuals will have a util-

ity of . It will do so if and only if P, is positive. Because the firm in

period 2 cannot price discriminate against a consumer who has not purchased
the good in period 1, even such an individual would have second period utility

x Therefore, the firm in period 1 must give any consumer who purchases at

1.
least a utility of x,, $0 that their two period utility will be x0+xl'which is
the utility they could achieve by waiting until period 2 to buy. Thus

p1=x1—x0-F. Hence, the equilibrium will involve a sale of the good in both

periods whenever p, and p, are both positive.
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Maintaining the hypothesis that all consumers have purchased the good in

period 1, let us consider the caée in which xz—xl—F<0. so that firm 2 will not

be able to earﬁ a profit. Under what circumstances can the firm in perioﬁ 1
sell to all consumers and make 8 profit? Whenever they do, firm 2 is expect-
ing not to be able to sell at all, even at a price of zero. To compute the
perfect equilibrium behavior of firm 2 we must imagine a deviation from the
equilibrium behavior by some small set of consumers, who do not buy in period
1. In the presence of such a deviation, however small, the optimal price to
“ be set by firm 2 is p2=x2—xo-F. Firm 2 strictly prefers selling to thig very
small fraction of the consumers at a positive price to competing unsuccess-
fully for the entire market. These deviating consumers get a utility of xq.
Therefore, firm 1, which is‘ﬁ Stackelberg leader knows that it can offer the
good for sale under conditions which give the consumer a two period utility of
2x0 —-— that is, x, in each period. Hence p1=2(x1-xo)—F. and firm 1 will sell

whenever this quantity is positive.

Observe that this will lead to an inefficient, premature, entry by firm 1
when xl—xO—F > 2(x1—x0)—F >0 x,~x,-F. Firm 2 cannot enter in period 2
since firm 1 has entered in period 1 (xz—xl—F<0). Firm 1 enters because its
profits over the two periods are positive (2(x1-x0)—F)0). However, the social
surplus obtained if only firm 2 had entered would have been larger
(le—F < xz—F+x0 or x2—F—x0 > 2(x1—xo)—F). Even when there is a higher social
surplus from delayed entry, firm 1 can profitably enter and all individuals

will buy from firm 1 because they fear that their consumers’ surplus will be

extracted by firm 2's monopolistic pricing strategy.

When 2(x1-x0)—F<0. firm 1 cannot enter and efficiency will result. Firm

2 enters according to the sign of xz-xo—F, just as it should. (See Figure 2

for a summary,)
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