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1. Introduction

International R&D competition often results in outcomes where several
firms develop and patent products that are close substitutes. In this situation, it is
not uncommon for governments to set anticipatory standards intended to improve
the strategic (competitive) position of their firms. This paper examines the Impact
of such standards, and shows that in a dynamic, uncertain environment, the use of
simple, anticipatory standards is problematic. The welfare effects of a standard are
shown to depend on the way the standard is specified, but more importantly on
which firm develops which product and on the order In which products are
discovered. We show that simple standards are, in general, time inconsistent. Even
if a standard increases welfare after all products are discovered, it still can reduce ex
ante expected welfare because consumers are hurt when products ruled out by a
simple standard are discovered before the discovery of the product set as the
standard. Thus the only type of standard which can unambiguously increase
welfare In a dynamic, uncertaln environment is one that is complicated in the sense
that it is state-contingent.]

Understanding the effects of product standards is important because the
Technology Policy Task Force has recommended the use of standards to "support
USS. industry in technology development (Technology Task Force, 1988, p. 18).2
The creation of the Task Force and its recommendations were prompted by concern
over the performance of U.S. high-technology industries. Since 1980 the U.S. trade
surplus in high-technology products has fallen, and the share of foreign companles
in U.St patent registrations has steadily risen3 US. companles appear to be
dropping behind in patent races in industries they once dominated. For example,
the U.S. market share in consumer electronics has fallen from 100% in 1970 to less
than 5% (Technology Policy Task Force (1988)), and U.S. firms appear to be behind in



the race to develop high definition television (HDTV). Similar examples can be
found in other high tech industries (Wysocki (1988}}.

One example of a standard is one requiring new products to be compatible
with existing ones, such as the Federal Communication Commission's regulation
that HDT}I transmission in the United States be compatible with existing
broadcasting channels. This was generally consldered to have been a strategic move
to improve the position of U.S. firms trying to develop HDTV, because it meant the
Japanese MUSE system could not be used in the US. without adaptation (Sims
(1988)). When the standard was announced (September 1988), the Japanese MUSE
system was in working prototype. Zenith was developing a retrocompatible
version, but it was only in the theoretical stage of development and was generally
considered to be inferior to the Japanese version. Hence, retrocompatibility was, in
offect, a standard based on the product being developed domestically. The move was
considered strategic because its announced intention was to alter the Japanese
advantage in the race.

The United States is not alone in this type of standard setting. As is well
documented by Crane (1978), Europe never adopted a single color TV standard
because individual governments promoted standards to protect the interests of their
firms. Hazard and Daems (1988) and Pelkmans and Beuter (1987) also make it clear
that the European position on HDTV standards has the same motivation.

This paper examines the impact of standards set for strategic reasons before
products are successfully developed. In order to examine such policies, it is
important to model both the racing aspect of international R&D competition and
the simultaneous development of different products by rival firms. In Section 2, we
present a model of uncertain R&D between a foreign and a domestic firm where the
foreign firm has an advantage in developing the superior of two closely related
products. Whether firms race for the same patent, pursue different patents
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simultaneously, or the lagging firm drops out is determined endogenously in this
model. This allows us to examine the impact of a standard imposed before the end
of the race. In the absence of policy, the unique subgame perfect equilibrium (SPE)
involves the foreign and domestic firm simultaneously pursuing different patents if
the foreign firm has a sufficiently large advantage. In this model, dropping out is
never subgame perfect in the absence of policy if pursuing an alternative patent has
positive expected return for the lagging firm.

In Sections 3 and 4, we show that the imposition of a standard can alter these
outcomes in several ways. In Section 3, we examine the impact of the lagging firm's
government imposing a standard based on the product being developed
domestically. We show it is more likely that both firms will race to develop the
same patent (in particular, the one being developed domestically). Some of the
more interesting effects, however, arise when the foreign and domestic firms still
pursue different patents in equilibrium. We show that the standard need not be
welfare improving ex ante in this case even if it is certain to improve welfare after
both products are discovered. That is, expected welfare can still be lower because the
standard benefits a domestic firm only after its R&D has succeeded, but consumers
suffer losses after the foreign firm succeeds. Hence, if the foreign firm succeeds first,
losses suffered by consumers before the domestic firm succeeds can outweigh the
gains from this policy after the domestic firm succeeds. This shows that the
imposition of a standard can be time-inconsistent in two ways. It may not be
optimal to impose it before either product is discovered, but optimal to impose it 1f
the domestic firm discovers the inferior product first, Also, it may be optimal to
impose it before either product is discovered, but then remove it if the foreign firm
succeeds in developing the superior product first.

In the latter case, the announced standard has limited credibility. Firms may
well expect the lagging firm's government to remove the standard if the foreign
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firm discovers its product first. The FCC, for example, reversed its decision on a
color TV standard in the fifties once a superior system was developed.4 Thus, in
Section 4, we consider the effect of a domestic policy that includes a contingency to
adopt the foreign product as a standard once it is discovered. To capture common
licensing pracl'ices,s the contingency includes a requirement that the foreign firm
license its patent to the domestic firm at a minimal fee. An interesting aspect of this
policy is that 'In equilibrium the lagging firm may drop out of the race and wait to
acquire a license from the foreign firm. The policy is shown to be time consistent
whether or not the lagging firm drops out. That is, when licensing occurs, domestic
expected welfare is higher at every date than it would be with no policy. In Section 5
we compare the contingent standard and the domestic standard for an example with
linear demand and constant marginal cost. Section 6 concludes.

Our work differs from the literature on compatibility standards in two
important ways. First, we examine the impact of a standard imposed before the
successful completion of R&D. Farrell and Saloner (1985 and 1986a) and Katz and
Shapiro (1986a and b) focus on the relation of compatibility and innovation, but they
address issues related to adoption of exogenously developed technologies which are
currently available. Second, we focus on international competition. Besen and
Saloner (1989), David (1987), and Farrell and Saloner (1988) discuss coordination
problems involved in international standard setting, and Crane (1979), Pelkmans
and Beuter (1987), and Hazard and Daems (1988) discuss the use of television
standards as nontariff trade barriers to trade. Lecraw (1987) discusses Japanese
standards for a wide range of products as trade barrlers.6 However, theoretical
models have abstracted from international issues, so that welfare comparisons in
the existing literature examine the profits and consumer surplus of ali firms and

consumers. To understand unilateral policies, such as the recent FCC regulation, it



is important to determine profits and surplus of domestic residents, as we do in this
policy analysis.

Our work also differs from studies of patent races that have generally
analyzed models in which identical firms compete for the same patent (see
Reinganum (1989) for an excellent survey). One exception is the literature on
sequences of races, in which firms compete for the same patent, but are not identical
because the winner of the preceding race eamns greater profit during the current race.
Another exception is the literature on preemption and leapfrogging. Fudenberg,
Gilbert, Stiglitz, and Tirole (1983, hereafter FGST) analyze several related models in
which one firm has an advantage in a race for the same patent. In one of these
models the firm behind drops out of the race immediately (and the leader does R&D
until discovery). In the others, the laggard will not only stay in the race, but also
may be able to leapfrog into the leadership role if the R&D process involves two
distinct stages with random discovery or if there is imperfect monitoring of the
rival's R&D effort. Lippman and McCardle (1988) show that if the decdision to do
R&D is made at discrete dates, then laggard drops out only if its rival has a large
enough lead. This paper contributes to this literature by showing a laggard will not
drop out if it can develop a related, though inferior, patent.

Several of the issues we raise are addressed in the international trade
literature. Dixit (1988a and b), Bagwell and Staiger (1989), and Beath (1990) examine
international R&D competition in the context of patent races. Although they allow
asymmetries among firms, these studies consider firms racing to develop the same
product. Krishna (1988) and Yanagawa (19§0) examine trade policy in the presence
of compatibility issues, but they do not examine the use of standards or explicitly
consider R&D issues. Finally, Staiger and Tabellini (1987) examine the time
consistency of international trade policy, but they do not address R&D or standards
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2. A Model of Uncertain R&D With Substitutes

Consider a two country world in which a domestic and a foreign firm choose
whether or not to do R&D to develop a new product A. R&D is risky because the
date of discovery is stochastic, and because winning the patent for A does not
prevent the development of a close, but imperfect, substitute for A. That is,
winning the patent for A does not guarantee monopoly in the standard sense
because theré is a close substitute for A that can be developed. This can occur if
patent protection is imperfect, as is often the case across countries. It can also occur
if there are many substitutes for A which are different from the view of patent law,
so it is not feasible to obtain patents for all of them (see Gilbert and Newbery (1982)
for a thorough discussion of this possibility).

Each firm can also do R&D to develop a new product B which is a close, but
imperfect, substitute for A. Further assume A is superior to B in that each firm
would prefer to win the patent for A. To keep the analysis tractable, assume neither
firm can, or will, try to develop both A and B. Scarcity of trained researchers and
research facilities can imply that conducting two R&D programs simultaneously
either reduces the probability of success in each program, or increases the cost of
R&D in each program, or both. In this event each firm conducting only one R&D
program at a time can be derived as an equilibrium outcome, although we do not do
so in order to avoid complicating the analysis unnecessarily. If, as noted above, it is
infeasible to patent all of the close substitutes for A, the firm that has the patent for
A cannot prevent its rival from developing some substitute. Therefore, there is no
loss of generality in dealmg with only two products, A and some substitute, B.

Let n,(A) = I, x (A) be the total flow proﬁt earned by firm i if it has
discovered A but B has notzbeen discovered, where 1:1 is firm I's flow profit from
country m. Let x,(A;B) = m1‘,= ;‘i (A;B) be the flow profit earned by firm i if it has



discovered A and B has been discovered. Define x.(B) and x; (B;A) analogously.
Then the assumption

(A1) m (A) > max(n (B),%; (A;B)) and x; (B;A) < min{x] (B (A;B))
embodies both the notion that A and B are substitutes and that A is superior to B in
each market. We assume markets are segmented and that in the absence of
government policy, profits in each market are positive (i.e., :tl-m(O} > 0). Then (Al)
implies both n:i(A) > n:i(A;B) and xi(B) > n:i(B;A), and xi(A} > xi(B) and
:ti(A;B} > n:i(B;A). Under this specification of R&D, (Al) guarantees the expected
return from discovering A is greater than that from discovering B when the R&D
costs of A and B are the same. Also note this does not assume A is superior enough
to B in production that .(A;B) > n,(B). Having a monopoly with B may provide
greater profit than producing A when B is available. This profit ranking can hold
with a variety of differentiated product models, including Shaked and Sutton's
(1982) vertically differentiated demand structure and models with network
externalities and variety (Farrell and Saloner (1986b)).

The discovery date of each new product is assumed to be stochastic and
exponentially distributed with parameter p, so that if either firm does R&D, the
probability it will discover the new product between times t and t + dt is pdt. Firms
incur a constant flow cost of development, and these costs may differ by firm as well
as the product being developed. Firm i must pay a constant flow cost k; , >0 to do
R&D on A or a constant flow cost k;p > 0 to do R&D on B (i = 1,2). Then firmi has
an advantage relative to firm j in developing A if k4 < kj A- This is the most
tractable way of giving one firm an advantage in doing R&D on A. This modeling
choice is not crucial because the analysis can be generalized to hazard rates that differ
among firms or innovations, or that depend on accumulated R&D experience, as in

FGST (1983) and Lippman and McCardle (1988).



Because we are interested in subgame perfect equilibria (SPE), we must
construct payoffs which incorporate optimal behavior by the remaining firm after its
rival has discovered A or B. First, suppose A is discovered by firm i, but B has not
been discovered. Then firm j (j = 1,2, j # i) can either drop out or do R&D on B. If it
drops out it earns 0. I it does R&D on B, it pays flow cost ij until it succeeds, and
earns nj(B;A) thereafter. Hence, the expected return from R&D on B, discounted
back to the discovery date of A, is

S iB = [/ r)uj(B;A) - ijll (r +p 4))
where SjB is used to denote the fact that B is the second product discovered (by j}
and r is the common discount rate. Note that the assumption

(A2} (u/ r)nj(B;A) > ij forj=12
guarantees that B will be developed even if A is available.

Similarly, firm i earns (A} in each period after A is discovered, but before B
is discovered, and x;(A;B) in each period after B is discovered. Hence, firm i's
expected return from A, discounted back to its discovery date, is

Fip = [n(A) + W/Dx(AB)/ (r + ). v
The notation F; , denotes that A is the first process discovered (by i)-

If B is discovered first by firm i, then firm j can either drop out and earn 0 or

do R&D on A and earn the expected return (discounted back to the discovery of B)
SjA = [(ﬂ/f)ﬂj(A-‘B) - ij]/(r +u). (3
The assumption

(A3) (jl/r)nj(A;B) > ij forj=1.2
guarantees that A will be developed even if B is avallable. As noted above, (Al)
implies Sj A> SjB if ij =kja (superiority of A in production implies its superiority
in development if the flow costs are the same). Firm i's expected return from B,
discounted back to its discovery date, is

Fig = [m(B) + /0n(B:A)/(r + ). @
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Notice (A1) also implies F; , > F,p. More importantly, there is an incentive for a
firm at a disadvantage in a race for A to begin trying to develop B immediately,
rather than race for A and develop B if it loses the race. If it discovers B first, it earns
monopoly profit x,(B) untit A is discovered.

Assume the R&D game begins at t = 0. Optimal behavior after discovery of A
or B is given above. Let a denote the strategy of doing R&D on A until its discovery
{by either firm), b denote the strategy of doing R&D on B until its discovery (by
either firm), and d denote the strategy of doing nothing unless and until discovery
of A or B by the rival. Assuming that the discovery dates for A and B are
exponentially distributed with constant parameter p allows the strategies and payoffs
for this game to be specified in a simple way. In particular, reduced-form payoffs can
be computed and the game can be analyzed as if it were a one-shot game. Table 1
gives the expected payoffs to firm 1 for all possible strategies of firm 2. We omit the
payoffs to firm 2 because they are defined analogously.

It is easy to see from these payoffs that delaying R&D cannot be an
equilibrium in this model.” This is because (A2) and (A3) ensure that a firm's
expected return to doing R&D on either A or B is greater than the return to delaying,
regardless of its rival's strategy. As long as discovering either product has a positive
expected return, then it is surely better for a firm to begin R&D immediately because
there is a chance it will discover its product first. Therefore the only question
question is whether a firm conducts R&D on A or B. From Table 1, one can see that
R(F; o = Fig) > ky 5 — kg implies that firm 1 will do R&D on A regardless of firm
2's strategy. This condition simply says that firm 1's expected flow return from
being first to discover A, net of the flow cost of R&D, is greater than that from being
first to discover B. Conversely, if p(F1 A™ FIB) < kl AT kl B then firm 1's expected
flow return from being first to discover B (net flow cost of R&D) exceeds that from
A, and firm 1 will do R&D on B regardless of firm 2's strategy. Analogous
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arguments apply to firm 2, so that the results of Theorem 1 follow immediately.

Formal proofs of this theorem and all remaining ones in the paper, are given in the

Appendix.
Theorem 1. Under (A1)-(A3), delaying is never a SPE. Moreover:

(i) (aum) is the unique SPE if and only if k; , ~k.g < p(F; 4 ~ F;p) for i = 1.2.

(ii) (ab) is the unique SPE if and only if both k; o —k;g < p(F3 4 - Fyp)
and ky 4 —kyp > u(Fy . - FZB)'

(iii) (ba) is the unique SPE if and only if both ky 4 ~ kg > #(Fy 4 - Fyp)
and ky 4 ~kop < #(Fy 4 - FZB)'

(iv) (b} is the unique SPE if and only if k; » ~k;p > U(F; 4 —F;p) fori=12.

(v) There are multiple SPE and SPE in randomized strategies only if
ki - kip =#F;4 - F;p) for at least one i.

Figure 1 is a convenient way to describe the results in Theorem 1. The lines
Wy o - Fip) =k; 4 kg and p(F, 5 - Fyp) =k, 5 - kg divide the space into four
quadrants, where equilibria are as indicated. These lines intersect at I, where
k; o —k;g > 0 for both i, because (A1) implies that it is better to be first to develop A
than B, F; , > F;g. Notice that the equilibrium of this game is unique for all values
of parameters such that k; , —k.g # i(F; 4 - F;p) for bothi = 1,2 The reason for this
is that a Is firm i's strongly dominant strategy if and only if k; 5 — kg < W(F; 4 — F;g),
and b is firm i's strongly dominant strategy if and only if k, , - kg > W(F; 5 - Fg)-
Because the set of parameter values such that either k; , —kyg =p(Fy 5 - Fig),
ky o ~kyp =R(F, , - Fyyg), or both has measure zero {(in the set of all possible
parameter values in the plane), this game has a unique subgame perfect equilibrium
generically.

As is clear from Figure 1, whether or not one firm has an advantage over the
other in developing a product depends on the flow costs of R&D. The easiest way to
see this is to observe that, if flow R&D costs are the same for both firms and
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products, then k; o —~k;g =ky 4 —~kyg = 0. The corresponding point in the figure is
the origin, and (a,a) is the unique SPE. However, if firm 1 is given a large enough

advantage in developing A (by increasing k, , enough), then the point (kq » —k;p,
koo —kyp) In the figure moves upward along the k, 4 — kyp axis until (a,b) is the
unique SPE. The latter equilibrium is the most interesting one for our purposes.
Not only is it consistent with the observation that firms often race to develop
imperfect substitutes, but also it allows us to examine the impact of product
standards announced before products are developed.

3. A Standard Based on the Domestic Product

In this section, we assume firm 1 is owned by residents of country 1 and and
that its advantage in developing A is large enough that (ab) is the unique SPE in
the absence of government standards. To consider the strategic use of standards, we
assume firm 2 Is owned by residents of country 2 and that its government sets B as a
domestic standard, so that A cannot be sold in its market (without adaptation). We
show that setting such a standard before the successful completion of R&D may not
increase country 2's expected welfare even if it is certain to Improve welfare at the
end of the game.

Let the superscript p denote a variable when B is the standard, so that firm i's
total flow profit under this policy is denoted by xj (). Because A cannot be sold in
country 2 under this policy, xF(A) = n::(A) < xi(A) and a:g(A;B) = a:; (A;B) < a:i(A;B).
As long as country 1's government is inactive, u?(ﬂ) = a:l(B) because B can be sold in
each market. The ﬂo;v profit from B when A is available increases under the policy
because the firm selling B in country 2 earns monopoly profit from that market.
That is, n:f(B;A) = n::(B;A) + u?(B) > n:i(B). Notice that this presumes an adapter
cannot be developed to bring A in line with the standard. If an adapter could be
developed, which would not increase A's production cost, then the standard would
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have no effect. If an adapter could be developed, but was costly to produce, then the
standard would have the same qualitative effects as it does in this analysis.

Thus this policy has the effect of decreasing the return to discovering A and
increasing the return to discovering B for both firms. This implies SliJA < 5;5s 50
that in order to ensure A is developed, (A3) must be strengthened to

(A3 @/MA(AB) > kg for =12
It also implies Sli)B > S, g, 50 that (A2) still ensures that B is developed. Finally it
implies FfA < Fi A and FfB > FiB for both firms, so that {a,b) is now less likely, and
(b,b) is more likely, to be the SPE of the R&D game. In terms of the figure, the
standard causes the lines to shift so that the point I is northwest of its location in the
absence of policy.

Theorem 2. Under (A1), (A2), and (A3)’ the unique SPE with this standard is

(i) (ab) if and only if both ky » —kqp < ,u(PgA - FI;B) and ky o —kyp >
. Fg A~ Fg g} and
(i) (bY) if and only if and k; , ~ ki > p(Frp ~ Fig) fori=12.
Moreover, suppose that absent this standard, the SPE is firm 1 develops A and firm
2 develops B. Then under this standard, the SPE is less likely to be that firm 1
develops A and firm 2 develops B, and more likely to be that the firms race for B.

Although the SPE may change, for purposes of comparison we assume
throughout the paper that the SPE is firm 1 develops A and firm 2 develops B with
or without the standard. It follows immediately from Theorems 1 and 2 that, with
or without the standard, the unique SPE is firm 1 develops A and firm 2 develops B
if and only if

ko~ kyp <HEF]A - Fip) and ky, ~lop > B(F ~Fap) 2
We would expect this outcome, for example, firm 1's cost advantage is sufficiently
large or if country 2's market is small relative to the total market for A8
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It is clear that firm 1 loses and firm 2 gains from B as a standard. However
this does not imply that welfare changes in the same directions because flow welfare
in a country is its firm's flow profit plus its flow consumer surplus. Let flow
consumer surplus in country i in the absence of policy be C,(A) if only A has been
discovered, Ci(B) if only B has been discovered, and Ci(A,B) if both have been
discovered. With only two firms, a natural assumption to make is

(A4) C;(AB)>CiA) > C(B).

The last inequality embodies the notion that A is superior to B for consumers in
both countries, while the first implies consumers as a group are better off with
duopoly competition when both A and B are available than when only one of them
is sold by a monopolist. Under the standard, we assume

a5 cP(a)=C,(A),C5(B) = C (B), and CJ(AB) =C,(AB), and

(A6) Ch(A) =0< C,(A), C5(B) = Cy(B), and CH(AB) = C,(B).

(AS) says the standard does not change consumer surplus in country 1 because A
and B can still be so0ld there. Given (A4), (A6) says the standard lowers consumer
surplus in country 2 once A is discovered because it cannot be sold there. Notice
that (A4) does not contradict the usual consumer surplus rankings of competitive
models with network externalities, where a standard of A or B might be preferred to
both products being available at price equal to marginal cost. Consumers in this
model prefer variety (i.e. both A and B available) because there is increased
competition if both are available.

There are three times at which welfare comparisons can be made: the
beginning of the game (t = 0); the first discovery date; and the second discovery date
(i.e., when both have been discovered). Suppose firm 1 succeeds first. Then in the
absence of policy, expected welfare, discounted back to the discovery date of A, in
each country is

W (F p) = (ry(A)+C(A) + (1/n)m, (AB) + C, (AB)])/(r + ) and (©)
13



W, (Syp) = {CoA) + (u/Dlny(B;A) + Co(AB)] - Xyl /(r + ). v
Similarly, if firm 2 succeeds first, then expected welfare, discounted back to the
discovery date of B, in each country is

W(S{0) = [CyB) + (u/Dny(AB) + C{(AB)] -k 2}/ (r + ) and )

Wy (Fyp) = [my(B) + Cy(B) + (0/n)ny(B;A) + Co(A B/ (r + ). (%)
Initial expected welfare (at t = 0) is defined analogously to the expected firm payoffs;

that is,

W, (a,b)
W,(a,b)

W, (Fop) + W (Sop) — Kapl/ (r + 21). (11)
Expressions for expected welfare under the standard are defined analogously

to (6-(11) with = (%) and C} (#) replacing (+) and Cy(s). Under our assumptions it
is clear that the standard lowers expected welfare in country 1 at all three dates.
However, the effect of the standard on expected welfare in country 2 is less clear.
Firm 2 gains after both A and B are discovered because it is always a monopolist in
its own market, zg(B;A) > :rz(B;A). But consumers lose after A is discovered because
they cannot consume it, CH(A) = 0 < C,(A) and C5(AB) = C,(A) < C5(A,B).
Although the net effect is ambiguous, some conclusions can be drawn. Suppose
that, after both A and B are discovered, the standard hurts consumers more than it
benefits firm 2, C5(AB) ~ C(A) > ©5(B;A) - n,(B;A), so flow welfare is lower. Then
expected welfare at the first discovery date is also lower whether A or B is discovered
first, W(Fop) < W,(F,p) and W,(Shp) < W,(S,p), and therefore initial expected
welfare is lower under this standard, Wg(a,b) < Wz(a,b).

Theorem 3. Assume the imposition of a compatibility standard by country 2
hurts its comsumers more than it benefits its firm, and therefore reduces ﬂow
welfare after both A and B are discovered. Then the standard also reduces country
2’s initial expected welfare and its expected welfare at the first discovery date
whether A or B is discovered first.
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Now suppose instead that, after A and B are discovered, the standard benefits
firm 2 more than it hurts consumers, so flow welfare is higher. Then expected
welfare at the first discovery date is higher under the standard if B is discovered first,
Wz(FgB) > W, (F,p). However, this policy still has an ambiguous effect on expected
welfare at the first discovery date if A is discovered first, and thus on initial expected
welfare as well. This is particularly interesting because it shows that imposition of a
compatibility standard may not be a time consistent policy. By a time consistent
policy we mean one that increases expected welfare, compared to that with no
policy, at every date.

Theorem 4. Assume the imposition of a compatibility standard by country 2
benefits its firm more than it hurts its consumers, and thus increases flow welfare
after both A and B are discovered. Then this policy can also increase both initial
expected welfare and expected welfare at the first discovery date. However, it can
also be time inconsistent in two ways.

(i) It can increase initial expected welfare, decrease expected welfare at the first
discovery date if A is discovered first, and then increase flow welfare after
B is also discovered.

(ii) It can decrease initial expected welfare, increase expected welfare at the first
discovery date if B is discovered first, and then increase flow welfare after
A is also discovered.

That this standard increases flow welfare in country 2 after both A and B are
discovered can, but need not, imply that it always increases expected welfare in
country 2 before both are discovered. It implies only that expected welfare at the first
discovery date is higher if B is discovered first. The standard can increase or
decrease expected welfare at the first discovery date if A is discovered first and initial
expected welfare. The intuition is simply that the standard hurts consumers after A
is discovered, but helps firm 2 only after both A and B are discovered. If B is

15



discovered first, then the only effect occurs after both have been discovered, when
welfare is higher with the standard (by assumption in this case). However, if A is
discovered first, then consumers are hurt thereafter, but firm 2 benefits only after it
discovers B. Consumers' expected loss between the discovery times of A and B may
be large enough to outweigh the flow welfare increase after B is discovered. If so,
expected welfare at the date A is discovered is lower with the standard. Inrfact, this
interim loss may be large enough that initial expected welfare is also higher with the
standard.

Although it is more natural to think of country 2's government setting B as a
standard, it is worth considering the effect of A as a standard. The government
might well think that imposing A as a standard could induce firm 2 to race for the
superior product. It is straightforward to show that (a,a) is more likely to be the
equilibrium with A as a standard. This is because A as a standard in country 2
increases the expected return to either firm from being the first to discover A, and it
decreases the expected return to either firm from being second to discover B.
However, with uncertain R&D it is not clear that firm 2 will win the race or that
welfare will improve. Moreover, firm 2 may have enough of a disadvantage in
R&D on A that (a,b) remains the equilibrium, in whiéh case both firm 2 and
consumers in country 2 lose. Firm 2 loses because it can't sell B in its own market
(without an adaptor). Consumers lose for the same reason they lose with B as a
standard. If B is discovered first, they lose between the first and second discovery
dates because they cannot consume the product. They lose at the end of the race
because A is sold by a monopolist rather than both A and B being sold by duopolists.

These results suggest that setting anticipatory standards can be problematic,
regardless on which standard is set. The results are driven, in part, by the uncertain
discovery dates, but they occur, in part, because either standard creates a monopoly
in country 2 even after both products are discovered. Thus, even with a standard
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based on the superior product, A, consumers would prefer duopoly competition if
both A and B are available.

4. Toward a Time-Consistent Standard

Suppose country 2's government decides to set A as a standard if it is
discovered by firm 2 or if firm 1 discovers it and licenses the patent to firm 2 at a
fixed fee (set by the government). If firm 1 discovers A, but does not license the
patent, B is set as a standard once it is discovered. Although this policy seems
complicated, the results in Section 3 show that contingencies such as this may be
necessary to design an anticipatory policy that would unambiguously improve
welfare. This particular policy is consistent with the strategic motive to improve
firm 2's competitive position in the race because it benefits firm 2 regardless of
which product is discovered first. As we shall show in this section, it can also
benefit consumers in country 2 (relative to either of the standards considered in
Section 3) because of duopoly competition when licensing occurs.

We continue to assume (5) so that {a,b) is the unique SPE in the absence of
policy and when B is the standard. In addifion, we focus on the case where B as a
standard benefits firm 2 more than it hurts consumers in country 2 once both
products are discovered.? This entails no loss of generality since it is the only case in
which B as a standard is time inconsistent. The time inconsistency arises only
because, even though the standard increases flow welfare after both products are
discovered, consumers in country 2 lose forever if A is discovered first, but firm 2
gaiﬁs only after B is discovered. 'Ihérefore, a time consistent policy must have the
property that both firm 2 and consumers in country 2 benefit from it whichever
product is discovered first,

We shall refer to the game with B as a standard as the p game and to the game
with A as a contingent standard as the c game. Suppose A is discovered first by firm
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1 in the ¢ game, Then firm 1 can either offer a license to firm 2 at fee L, in which
case firm 2 can buy the license or not, or not offer a license. If firm 1 offers a license

at fee L and firm 2 buys, then firm 1's expected return is

Fla = ImA)/r + L, a2
and firm 2's expected return is
S3p = [my(AA/rI-L a3)

where =;,(A;A) is firm i's flow duopoly profits from selling A in both markets. If
firm 1 does not license the patent, then country 2's government will not enforce B
as the standard until it's discovery because it is not credible to do so. Therefore, if

firm 1 does not license, its expected return is

F;\A =[x &)+ W/ r}:rli’(A;B}]/ (r + W), and 14)
firm 2's expected return is
Spp = LG/DmE:A) ~lpgl/e + ). s

The assumption

(A7) @/ <[y (AA) - T AB [y (A) - 11 (AA)]
is sufficient to guarantee that firm 1 will offer a license for any nonnegative fee (i.e.,
FEA > F;\A for any L > 0). Notice that in order for (A7) to hold, firm 1's profit from
selling A in both markets when it has licensed A must exceed its profit from its own
market when A and B are both available. In this case (A7) holds for a high enough
hazard rate because increasing the hazard rate speeds up the expected discovery date
of B, and thus reduces the length of time firm 1 can earn monopoly profit from A in
both markets. The assumption

(A my(AA) > my(B;A) + 15(B) = TH(B;A)
is sufficient to guarantee that firm 2 will buy a license at a minimal positive fee (i.e,
S;B > SIZ\B for a sufficiently small but positive fee L). This condition simply says
flow profit if it buys the license exceeds flow profit under the standard when A is
available.10 |
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Now suppose B is discovered first. Then firm 2 produces B for sale in both
countries at least until A is discovered. The outcome of the licensing game now
depends, in part, on whether firm 2 can sell both A and B in country 1 when it buys
a license for A. Because this would reduce firm 1's flow profit from its own market
(compared to duopaly production of A in both countries), it is reasonable to assume
that firm 1 will not sell a license unless firm 2 agrees to stop selling B in country 1.
Hence, if firm 1 offers a license at fee L and firm 2 buys, then firm 1 earns
[1\:1 (A;A)/r] + L and firm 2 earns [IZ(A;A)/ r] - L. Otherwise, B becomes the standard,
so firm 1 earns uI;(A;B)/r and firm 2 earns ng(B;A)/r. Again, (A7) and (A8) are
sufficient to ensure A is lcensed if it is discovered second by firm 1.

Theorem 5. Suppose counfiry 2’s government adopts the contingent standard
policy and A is discovered by firm 1. Then, under (A1), (A2), (A3)’, (A7), and (AB),
there exist values L, < 0 and L, > O such that the unique SPE of the licensing
subgame induced by this policy is firm 1 offers the license at fee L and firm 2 buys
the license for any Le (L, ,L,).

The proof of Theorem 5 shows that country 2's government can choose a
small, but positive, license fee such that licensing occurs if A is discovered by firm 1.
Thus, whether A is discovered first or second, or by firm 1 or 2, it becomes the
standard in country 2, ex post. As was the case with A as an arbitrary standard, this
means that (a,a) is more likely to be the equilibrium in the ¢ game than with no
policy. In fact, in the c game (A2) is not sufficient to ensure that B is developed by
firm j if A has been discovered. To allow that possibility, we make the stronger
assumption

(A2Y (u/r)u]-l (B;A) > ij forj=12
Even though this contingent standard makes doing R&D on B less attractive, it is
still possible that (a,b) will be the equilibrium. Notice, however, that now there is
an incentive for firm 2 to drop out of the race and wait to acquire a license for A.
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Dropping out has the advantage of eliminating the uncertain flow costs of
developing B, but also has the disadvantage of eliminating the possibility of earning
monopoly profit with B.

Theorem 6: Under (A1), (A2)’, (A3)’, (A7), and (A8), if (5) holds and
Ky 4 ~ kyp > W(Fy 4 ~ F3p), then the unique SPE for all Le(Ly/Ly) is:

(i) (ab) if kyp < umo(BI(r + p).
(if) (ad)if kyg > umy(B(r + p).

In the ¢ game, firm 1's advantage in developing A does not ensure that firm 2
will develop B in equilibrium, as it did in the p game and in the absence of policy.
Firm 2 will deviate from this outcome, to wait to license the patent for A, if the flow
cost of doing R&D to discover B is greater than discounted expected monopoly profit
with B. Several remarks about this are in order. First, it is possible that only A may
be discovered under this policy even though both products would be discovered
with no policy and with B as the standard. B never is discovered if A is discovered
first. This must occur if firm 2 delays in equilibrium, but it can also occur if firm 2
tries to develop B. Second, if firm 2 does delay, then it is obviously giving up the
chance of discovering B first and earning monopoly profit until discovery of A.
Hence this indicates that delaying is more likely to be an equilibrium the lower the
expected return from discovering B first. That is, delaying is more likely the smaller
the flow profit from B and/or the larger the flow cost of discovering B. Delaying is
also more likely the higher the return from acquiring the license, or the larger the
duopoly profit from A and/or the smaller the license fee. Third, firm 1 is even
willing to give a license to firm 2 (i.e., L = 0) because this ensures firm 1's product is
adopted as a standard.

The remaining question of interest is whether the contingent policy is time

consistent. The following theorem shows that if B as a standard increases flow
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welfare at the end of the game, the contingent standard policy is indeed time
consistent.

Theorem 7. Assume the conditions of Theorem 6 and CZ(A,A) 2 CZ(A),
where C,(A,A) is country 2°s consumer surplus from duopoly production of A. If
flow welfare in country 2 after both A and B are discovered is higher with B as the
standard than in the absence of policy, then the contingent standard policy is time-
consistent (i.e., expected welfare in country 2 at the beginning of the game, at the
first discovery date, and at the end of the game are higher with this policy than with
no policy).

The intuition for this result is straightforward. If B is discovered first, then in
the period before A is discovered flow welfare is the same with both policies as with
no policy. Once A is discovered, whether it is first or second, then the contingent
standard results in licensing. After this occurs, flow welfare is higher with the
contingent standard than with B as a standard (which by hypothesis is higher than
with no policy). Firm 2's flow profit must be higher because otherwise it would not
buy a license. Consumers in country 2 are better off because consumer surplus from
duopoly production of A exceeds that from monopoly production of A, and
therefore that from monopoly production of B by (A4). Hence, the contingent
standard is time consistent in the sense that it increases expected welfare, compared

to that with no policy, at every date.

5. An Example
This section presents a simple market model to show that the results of
Sections 3 and 4 are not vacuous. Assume the demand for good A in country j
(= 1,2)isl’jA =D].+o:—qu-—qu and the demand for B in j istB =Dj_qu_qu'

where Dj and @ are positive constants, %A is the output of A produced for sale in j,

and %8 is the output of B produced for sale in j. Assume the constant average cost
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of producing A or B Is ¢, where 0 < & < ¢ < min(D;,D,}. Note & is a measure of the
superiority of A. Also assume a < min{D, - ¢,D, ~ ¢}, 50 A is not superior enough
that B cannot be produced when A is available.

If firm 1 develops A and firm 2 develops B, Nash equilibrium flow profits in
the absence of policy (with quantities as strategies) are n;(A) = [(D; + a - c)2 +
(D, + & - 21/4, %, (AB) = [(D; +2a - A2 + (D, + 20 - 19, 7y(B) = [(@; - & +
(D, - A?21/4, and no{B;A) = (D, -a - 2 + (D,-a- &21/9. Flow consumer surplus
in country § is Cj(A) = (D +a - ?/s, C((B) = (D - 92/8, and C{aB) =
D, + a- 20%/18. In the p game, =% (A) = (D, + & - )2/4, Ty (AB) = (D + 20~ &2/9,
T(B) = m(B), h(B:A) = (D, - & -2/9] + [(D, - 92/4L C}(4) = C;(A), €] B) = C; (B,
P(aB) = C,(AB), C5(A) = 0, and C(B) = CH(AB) = C(B). One can verify these
satisfy (A1) and (A5)-(A6). Moreover, flow costs of R&D can always be chosen so
that (a,b) is the equilibrium with B as the standard. Then ordinary algebra then
gives the following.

Lemma.

(i) W,(F,p) § Wy(Fhp) if and only if a3 (D, - c)f2.

(i) If plr S 3/2, then Wylab) > Wa(ah) for all , but if plr 2 3/2, then there
exists a unique oy, such that Wy(ab) 3 W;(n,b) if and only if & % ay,,
where ay is defined by 3(D, + ayy - ¢ + 2Hirldaly - (D, ~ /'] = 0 and
0<aw<(D2—c)f2. .

(iti) If ptfr S3, then Wi(S,p) > Wy(Sh ) for all o; but if lr > 3, then there exists
a unique og such that Wo(5,p) % szsga) if and only if % A, where ag
is defined by 3D, + ag -} + (p/r)uazs —(D,-cP1=0and 0 < ag < ay <
(D, - a2

In this example, after both A and B are discovered, the gain to firm 2 from B
as a standard exceeds the loss to consumers if and only if a < (D, - ¢)/2. However,
in order for the standard in the p game to increase expected welfare in all cases also
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requires that the hazard rate p be large relative to the discount rate r. This
additional condition is needed to insure that the future gains after both have been
discovered are large enough to offset the expected loss to consumers if A is
discovered first.

If licensing occurs in the c game, then firm 2's profit is 1:2{A;A)

[(D;+o- o2 + (D, + o~ c)2]/9, and consumer surplus in country 2 is C,(A,A)
%(D2 + 0 c)2 > Cy(A). 1t then follows from Theorem 7 that the contingent standard

improves welfare at all dates for any o < (D, —¢)/2 such that (A7) and (A8) hold (so
that licensing occurs if A is discovered first). For this example, (A7) requires
Dy + - a2+ (Dy+ 0 - c)2][(l.25r/u) -11< -(D; +2a- c)2,
and (AB) requires
)2 2 2 2

(Dy+o-cf +(Dy+a-)">(D;-a-c) + 225D, - ).
It is straightforward to show that these conditions and a < (D, - ¢)/2 can hold
simultaneously (for example, set D2 =12, DI =10,¢=4,and c=2).

6. Conclusion

This paper has examined anticipatory product standards in an international
setting where one government imposes a domestic standard to alter the competitive
position of its firm in an R&D race. As we noted earlier, governments often impose
standards for precisely this reason. Public policy debates on the efficacy of such
standards have focused on such issues as whether standards should be announced
before products are developed, whether they indeed alter the relative positions of
domestic and foreign firms in races, and whether consumer losses from standards
outweigh any benefits to domestic firms. Our work shows that the answers to these
questions depend crucially on the way standards are defined, as well as the

underlying R&D competition.



We addressed these questions in the context of a patent race between a
domestic and a foreign firm, where the foreign firm has an advantage in developing
the superior of two closely related products. Firms choose whether to race to
develop a single f:roduct, develop different products, or drop out of the race. In the
absence of a standard, the foreign firm will do R&D on the superior produc} and the
domestic firm will race to develop an imperfect substitute if the foreign firm's
advantage is large enough.

Our results show that a standard may or may not alter firms' equilibrium
strategies. An important point to come out of the analysis is that simple
anticipatory standards can be problematic even when they do not change the
equilibrium. Because discovery dates are uncertain, a simple standard imposed
before the successful completion of R&D may decrease expected welfare even if it is
certain to improve flow welfare at the end of the race. This is because the standard
benefits the domestic firm only after its R&D has succeeded, but consumers suffer
losses once the foreign firm succeeds. Thus a standard can be time inconsistent if
the foreign firm discovers its product before the domestic firm is successful. For this
reason, contingent policies such as the one considered in the ¢ game can be Pareto
superior because they allow consumers and firms to benefit regardless of which
product is discovered first.

Notice that both the simple and contingent standards make it more likely that
firms will race to develop the product favored by the standard. In this regard, our
analysis shows that standards may indeed result in firms dropping out of the race.
Although the time consistent standard examined here benefits the domestic firm, it
does so because licensing is possible, so that if the firm has a large enough cost
disadvantage it will drop out of the race. Finally, notice that we did not make

welfare comparisons for cases in which a standard would alter the equilibrium.
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Such comparisons could be made, however, it would not be surprising to find that

time consistent policies were even more complicated in those cases.



Footnotes

Igee David and Greenstein (1990) for an excellent survey of needed research on
the use of standards in dynamic environments.

2g0¢ also p. 33 and pp. 205-210 on the Task Force's recommendation that
government policy be aimed at "restoring” the consumer electronics industry.

3The share of foreign companies in U.S. patent ;%isu'aﬁons rose from 35% in
1975 to 47% in 1988 (U.S. Department of Commerce, 1990). See McCulloch (1988) for
an analysis of U.S. high technology exports.

4This particular case involved a switch in the standard from the CBS system
that was not retrooong:ﬁble to the NTSC retrocompatible system developed by
other domestic firms. Hazard and Daems (1988).

SSee Farrell and Shapiro (1991) on licensing requirements associated with
standard setting of HDTV.

6Ma;,rer (1982) examines a theoretical model of the protective effect of standards,
but his analysis is not strategic and he abstracts from issues of compatibility and
innovation.

7Deiayi can be an equilibrium in certain policy scenarios, such as that
considered in Section 4. It can also be an equilibrium when there are spillovers or if
imitation is possible. It is also possible for (a,b) to be an equilibrium with spillovers
(or imitation) because a firm earns monopoly profits for some period if it discovers
its product first. Results for the race with spillovers are available from the authors.

8In the case of HDTV, some analysts predict that Japanese and European
markets will grow faster than the U.S. market. Hence the Japanese may not find it
worthwhile to modify their development strategy.

91 B as a standard reduces welfare after both products are discovered, it is not a
credible policy for eountr{ 2's government. is lack of credibility alters the
expected returns to firms 1 and 2 so that licensing will not occur in equilibrium.
Thus the benefits associated with licensing under the contingent policy we consider
would not occur.

10(A7) and (A8) are stronger than is necessary for licensing to occur. All that
is necessary is that Fi A> F;‘ A and S;B > 51'2an A natural sufficient condition (which

is also weaker than (A7) and (A8)) is that the present value of both firms' profits
;.}nderl licensing exceeds the present value of both firms’ expected profits without
icensing,

(5, (A;A) + RUAAN/r > [, (A) + Q/DIRTAB) + R5EBAN/ @ + ).
We make the stronger assumptions use they guarantee the contingent standard
is time consistent under natural rankings of consumer surplus. '
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Table 1
Payoiffs to Firm 1

Pavoffs to firm 1 if firm 2" a i do nothi i i
firm 1
PI(ﬂ;d) = (P-FIA - kIA)/(r + )

Pltd,d) = 0
Pavyoffs to firm 1 if fi ! a i o R&D
P{(ab) = (uF;, +pSqa —kya)/(r+2)

Pibb) = (UFp+pSyp —kip)/(r + 240
PiAB) = KS{,/C +4)

Payoff: firm 1 if firm 2's stra is todo R&D on A
Pi@a) = (uFjp +uSqp—ky )/ (r+2p)
Piba) = (uFip +pSip—kip)/(r+2x)

P1(s;sy) is the expected payoff to firm 1 (discounted to t = 0) if firm 1 uses s; and
firm 2 uses So, §;€ {a,bd).



kya-kop

Figure 1

ki~ kg =W(Fy o ~Fpp)

(ab) (b.b)
L
koA ~kop =H{(F25 ~Fop)
(aa) (ba)
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Appendix

Proof of Theorem 1. From Table 1:
P,(aa) - P () = Py(ab) ~ P, (bb) = [(uF; 5 —k; 4} - (uF ;g - kyg)l/(r +20) and
h P (a,d)-P (bd) = [WF; , ~Fip) = (ky o - kyg)l/(r + ).
From the analogous payoffs to firm 2,
Po(da) - Po(d,b) = [I(F, , ~Fop) — (ko5 ~ k,g)/(r + ).
These facts prove the "only if" parts of (i)-(iv).

Now observe that (A1)-(A3) imply Pl(a,b) > P,(d,b), P(ad) > P,(d.d), P1(b,a) >
P,(d,a), P;(.d) > P;(d,d), P,(b,a) > P,(b,d), Py(d,2) > P,(d,d), Py(a,b) > P,(a,d), and
P,(d,b) > Py(d,d).

Suppose that W(F; , —~F;p) > kya —kip- Then P,(a,s,) > P;(b,s;) for all
5,€ {a,b,d). This plus P1(b,a) > Pl(d,a) implies P;(aa) > Pl(d.a). and so Pl(a,sz) >
PI (d,sz) for all S,€ {a,b,d} also. That is, a is firm 1's strongly dominant strategy if
K(F; o —Fipg) > k1o —kig- Now suppose instead that p(F; , —~F;p) <k;a - kg
Then P, (b,s,) > Pl(a,sz) for all Bo€ {abd). This plus Pl(a,b) > Pl(d,b) implies P, (M,b) >
Pl(d,b), and so PI(b,sz) > PI(d,sz) for all S,€ (a,b,d}. Hence, b is firm 1's strongly
dominant strategy if u(F; , — F;g) <k; 4 ~k; 5. Analogous arguments show firm
2's strongly dominant strategy is a if W(F,, - Fop) > kyp - k, g, and b if
W(F,, —Fyp) <k, ~kyp. These resuits prove the “if* parts of (i)-(iv), and (v) then
follows immediately.

Proof of Theorem 2. The proof of (i} and (ii) are entirely analogous to that in

Theorem 1. Note FFi’A and F?B are computed as in (2) and (4) with uf(A), u?(A;B).

uF(B), and u?(B;A) replacing ui(A), xi(A;B), ui(B), and ui(B;A). It then follows that

FA-Fp <F,, —F,g for i = 1,2, s0 it is possible that both WL ) -Fip) <k —kig
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<WFya -Figland k, , —kyg >U(F, , —~Fop) > p(F‘; A~ F‘;B). If so, then (a,b) is the
unique SPE without the standard, but (b,b) is the SPE with the standard.

Proof of Theorem 3. If W.l(FI;A), W.I(Sl-:A), WZ(FEB), and Wz(SgB) are the

expressions for expected welfare at the first discovery date under the standard, then
these are defined by (6)-9) with } (+) and C} (+) replacing x,(*) and C,(+). Similarly,
let Wg(a,b) and Wg(a,b) be initial expected welfare under the standard. Then these
are defined by (10) and (11) with W, (F} 5), W (S} ), W,(F5p), and W, (sp)
replacing WI(FIA)' W1‘S1A)' WZ(FZB), and WZ(SZB). One can show that
W,(F,p) - Wy(Fop) = (/n)ixy(B;A) - 25(B;A) + C,(A,B) - CHAB)/(r + ) and
W,y (S,p) ~ W,(S5p) = {C5(A) + (/)i (B;A) - K5 (B;A) + Cp(A,B) - CHABN/(x + ).
After both A and B are discovered, country 2's flow welfare is x5(B;A) + Ch(A,B)
with the standard and nz(B;A) + CZ(A,B) without it, so it reduces flow welfare if and
only if x,(B;A) ~ x5 (B;A) + C,(A,B) - C(A,B) > 0. Hence, W,(F,p) > W,(Fop) and
W,(S,p) > W,(S55), whence Way(a,b) > Wh(ap).

Proof of Theorem 4. From the proof of Theorem 3, if flow welfare is higher with the
standard after both are discovered, x,(B;A) - wh(B;A) + C,(A,B) - CH(A,B) < 0, then
W,(Fhp) > W,(Fop). However, note that C,(A) > 0 implies W, (S,5) > W,(Shg) can
hold. Further, because W,(a,b) - Wh(ab) = p[W,(F,p) - Wo(Fop) + W,(S,p) -
W,(SSp1/(x + 24, it Is possible that W(Fg) > W,(Fyp), W,(S,p) > W(Shp), and
either W5(a,b) > W,(a,b) or W, (a,b) > Wh(a,b).

Proof of Theorem 5. Firm 2's strongly dominant strategy is to buy a license if
Sy > Spp (when A is discovered first) and [x,(A;A)/r] - L > nh(B;A)/r (when B
is discovered first). It is easily shown that [uz(A;A)/r] -L> ng(B;A)/r implies

a3



S;B > SIZ‘B' Hence, whether A is discovered first or second, firm 2's strongly
dominant strategy is to buy if [r,(A;A)/r] - L > xg(B;A)/ r,or
L <Ly = [n,(A:A) - 3 B:AN/x,

where (A1) and (A8) imply L, > 0. Therefore, given any compulsory fee L < L, firm
1's strongly dominant strategy is to offer to sell a license at L if Fi A> F;‘ A (when Ais
discovered first) and [uI(A;A) /t] + L > uli(A;B)/ r {(when B is discovered first).
Because Fi A> F?A implies {JII(A;A)/ rl+L> ‘.'EI;(A;B)/I‘, whether A is discovered
first or second, firm 1's strongly dominant strategy is to offer to sell for any L < L, if
Fa > Fia- One can show that F], > Fy 5 if and only if

L> Ly = [y (A) + Q/0n (AB/(x + 0] - by (A:A) /1),
where (A1) and (A7) imply L; < 0. Thus, whether A is discovered first or second,
the unique SPE of this licensing game is firm 1 offers to sell and firm 2 buys for ali
Le (L L)

Proof of Theorem 6. Under the contingent policy,
c c c c c
Pj(a) - P{(ba) = P{(a,b) ~P{bb) = [F{ 5 — Fp ~ (kg 5 ~k; )}/ + 230,
c c c c
c c c
Py(a,2) - Py(ab) = Py(b,a) - P(bb) = [Fy 4 ~ Fop ~ (ky 4 — kyp)}/(r + 20), and
c c c c
Pz(d,ﬂ) = Pz(d:b) = [F?.A - FzB - (kz A~ kzn)]/ r+ ll)-
TA>F <k PA-F
Because Fy 4 >Fj 5 and Fip <Fjp, it follows that k; , ~kyp <p(Fj o — Fip) implies
c c ' c c
kia —kip <i(Fyo —F1p). Moreover, (A1), (A2), and (A3)" imply P1(a,b) > P;(db),
Pj(a,d) > P1(d,d), and P{(b,a) > P{(d,a). Hence, if (21) holds, then developing A is
firm 1's strongly dominant strategy because P?(a,sz) > Pi (b,s,) and P? (as,) > Pi(d,sz)
for sye{abd). Becausek,, —k,p> u(F; A~ FCZB) implies Pcz(a,b) > P;(a,a), the SPE
must have firm 1 developing A and firm 2 either developing B, delaying, or
randomizing on these two pure strategies. The result follows from the fact that
c c -
Py(a,b) % Pylad) if and only if un,(B)/(r + ) % k,g- Moreover, if x,(B) <
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(r+ u)::;(B;A)/ W, then kyp 2 R, (B)/(r + p) and (A2)’ can hold simultaneously, so (i)

can occur.

Proof of Theorem 7. Under these assumptions, (a,b) is the unique SPE in the p game
and the game with no policy, while in the ¢ game the unique SPE is (ab)
if kg <uxy(B)/(r + p) and (ad) if kyg > ux,(B)/(r + p). First suppose
kyp < Mnp(B)/(r + ). Then Wa(a,b) ~ Wylah) = (W, (Fop) ~ Wo(F,p) + W, (Sgp) -
W(S,p)1/(r +2u). One can show W,(Fop) > W,(Fyp) if and only if L < L, where
LY = [1y(A:A) - 1y (BA) + Cp(A,A) - C(AB))/r.

Similarly, WZ(S;B) > W,(S,p) ifand only if L < L"P, where
L¥P = [ny(A;A) /1] - [/ DIy (B;A) - Kyl + 1)) + [Co(A,A) /1] - HICH(A) +
W/ICKABN/ @ + L.
One can show that (A4), T5(B;A) + CH(AB) > 1,(B;A) + C,(AB), and C,(A,A) 2
C,(A) imply both LY L, and v, L,, so WZ(F;BJ > Wy (Fyp), WZ(SCZB) >
W.,(S,p), and thus Wa(ah) > W,(ab). :

Now suppose kyp > mtz(B)/(r + H) so W;(a,d) = “wz(S;B)/(r + i), One can
show W;(a,d) > Wz(a,b) ifand only if L < LWd, where
L% = [y (AA) + Cy(AAN /1] - [{ry(B) + Cy(B) + 201/ D)mrf AB) + ColA, B}/ (& + 240)]
+[kyp/Hl-
Because (A4), m5(B;A) + CH(A,B) > x,(B:A) + C,(AB), Cy(A,A) 2 C(A), and k
HRo(B)/(r + p) imply vl L,, we have W;(a,d) > W, (a,b) also.
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