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Eating Your Own Lunch:
Protection Through Preemption

Barrie R. Nault « Mark B. Vandenbosch
University of California, Graduate School of Management, Irvine. California 92717-3125
University of Western Ontario, Western Business School

Abstract

Recent discussions of management practices among success-
ful high-technology companies suggest that one key strategy
for success is to “eat your own lunch before someone else
does.” The implication is that in intensely competitive. or
hypercompetitive, markets, firms with a leading position
should aggressively cannibalize their own current advantages
with next-generation advantages before competitors step in
to steal the market. Given the pace of technological and
other types of change. such strategy often requires creating
next-generation advantages while the current advantages are
still profitable—that 1s, trading current profits for future
market leadership.

We capture the tradeoff between a market leader’s willing-
ness to reap profits with its current set of advantages and its
desire to maintain market leadership by investing in the next
generation. Using a competitive model that determines the
equilibrium launch time of a next generation advantage. we
find that, in absence of lower launch costs for an cntrant, the
incumbent will be first to launch to maintain its market
leadership. That is, regardless of the severity of penalties for
being a follower in the next generation, it is optimal for the
incumbent to preempt the entrant by launching early —even
if the incumbent consequently loses money at the margin. We
derive a straightforward condition to dcterminc when an
incumbent will make negative incremental profits from its
investment in the next-generation advantage. The fact that
the condition does not depend on the size of the incumbent’s
investment costs indicates that the severity of competition.
rather than the costs of developing and introducing a next-
generation advantage. is what forces firms to cannibalize at a
loss.

Finally, we find that a preemptive launch can result in an
carlier faunch of the next generation than 1s socially optimal,
and provide a sufficient condition for that to occur. Although
customers are better off as a result of an earlier launch, their
gain may be outweighed by the additional costs firms ncur
from launching prematurely.

(First-mover; Hypercompetition; Management Practices;
Competitive Strategy)
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1. Introduction

We address the question of whether it is better to
sustain a current advantage or preempt it with a next-
generation advantage. A recent Fortune article dis-
cussing the management practices of successful high-
technology companies such as Intel. Hewlett Packard,
and Microsoft gave one of the key strategies for success
as “cat your own lunch before someone clse does”
(Deutschman 1994). This strategy suggests that in in-
tensely competitive, or hypercompetitive, markets, firms
with leading or dominant market positions should can-
nibalize their own current advantages—advantages in
product, process, knowledge, and so on—with next-
generation advantages before competitors step in to
steal the market. Given the pace of technological and
other types of change, such strategy often requires
investing in and launching next generation advantages
while current advantages are still profitable—that is,
trading current profits for future market leadership. It
has been employed successfully by Hewlett Packard to
dominate both the laser and inkjet printer markets,
and by Intel in its microprocessor business. In contrast,
Seagatc Technology, which did not cannibalize 1ts fa-
vorable position in 5.25 inch disk drives with the
emerging 3.5 inch format, and National Semiconduc-
tor, which delayed the upgrade to its market-dominat-
ing ethernet chipset, lost millions of dollars and market
position by not “eating their own lunches.”

The actions of several leading firms support an “eat
your own lunch™ strategy. Motorola began using “self-
obsoleting tactics” when its frequency modulation (FM)
development cannibalized its AM car radio business in
the 1940s (Shutsker 1994), and continues to do so today
in its paging and cellular phone businesses. Bell North-
ern Research, the research arm of Northern Telecom,
uses an approach it calls “backcasting,” working back-
ward from the required market launch to track the
progress of next-generation development projects
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(Telesis 1993). Many firms, such as Hewlett Packard,
are investing in processes that reduce their product
development times (House and Price 1991), whereas
other firms, such as Intel, maintain their product devel-
opment readiness by simultaneously working on several
successive product generations ( Business Week 1995a).

The preceding examples illustrate the appeal of a
strategy we call “protection through preemption.” We
believe such a strategy is necessary to maintain market
dominance. That is, a competitive advantage in an
intensely competitive market can be sustained only by
a series of preemptive moves designed to stay ahead of
competitors. Each of those moves has the potential to
cannibalize current strengths. D’Aveni (1994) supports
that notion by suggesting that a protection-through-
preemption strategy is appropriate in hypercompetitive
markets. He argues that because no barriers are sus-
tainable, to be successful, a firm must organize to
create a series of temporary advantages, with self-can-
nibalization being one approach to building such an
advantage.

Though many of our examples are of technology-
intensive industries that have frequent introductions of
next-generation products, our model results apply to
any multi-generational setting where next-generation
advantages of any kind can supersede current advan-
tages. Examples of our protection-through-preemption
strategy in non-technology-intensive product markets
include Sealed Air Corporation’s launch of ““uncoated”
bubble wrap to thwart potential competitors (Dolan
1982) and Hanes Corporations introduction of L’Eggs
panty hose. Advantages outside product markets in-
clude information systems (e.g., American Airlines’
SABRE reservation system and WalMart’s inventory
management system), supply chain management (e.g.,
Compagq), scale of R & D investment (e.g., Samsung in
the DRAM market), manufacturing and management
processes (e.g.. Boeing Corporation). and service deliv-
ery (e.g., Walt Disney).

Despite being successful in practice, a protection-
through-preemption strategy runs counter to many of
the findings in the economics and marketing literature
suggesting that incumbents should delay their launch
of the nexr generation (e.g., Ghemawat 1991; Kamien
and Schwartz 1982; and Reinganum 1983, 1985). The
rationale for those results, which pertain almost exclu-
sively to product markets, is that the incumbent will
damage its current rent stream by launching the next
generation. Because the entrant has less to lose by
launching the next generation than the incumbent, the
entrant will be compelled to launch first.

OrcanizaTion Science/Vol. 7, No. 3, May-June 1996

Ghemawat's (1991) model is typical of models sup-
porting a delayed launch strategy by the incumbent. He
develops a modified patent race model that allows for
overlapping generations and imitation of the next gen-
eration by followers. The key result is that the incum-
bent (i.e., AT & T in the voice-only PBX business) is
unwilling to innovate and launch the next generations
(voice and data PBX technologies). As the entrant has
little to lose by innovating and entering the next gener-
ation. doing so is in its best interest. Hence, the incum-
bent may be better off by not competing with the
entrant in the next generation, thus limiting self-can-
nibalization. Such strategy is argued to be optimal in
hotly contested markets— markets similar to those in
which self-cannibalization strategies are now being
practiced.

The limited ecmpirical research on protection-
through-preemption strategy provides mixed findings.
While some empirical research has been done on first-
mover advantage (Kerin et al. 1992), pioneering (Golder
and Tellis 1993) and timing of entry (Lilien and Yoon
1990), most of the work has examined the performance
of firms entering markets in a particular order rather
than the entrant-incumbent interaction we study.
Nonetheless, some of the findings are relevant. Analyz-
ing 112 products from 52 French firms, Lilien and
Yoon (1990) found that firms are more successful when
they enter a market in the introduction phase of the
product life cycle, but first entrants are not as success-
ful as followers. Like other research on pioneering and
timing of entry, the study concerned only the firm’s
entry into the market. Lilien and Yoon do not analyze
the influence of changes and modifications in the firm’s
offerings after market entry. Therefore. it is difficult to
determine whether self-cannibalization by incumbent
firms has an effect on performance. In a study of the
American diagnostic imaging industry, Mitchell (1991)
found that incumbents in a segment have better perfor-
mance than true entrants when a new segment is
opened. For example, market leaders in computer to-
mography (CT) scanners are also leaders in magnetic
resonance imaging (MRI) scanners even though they
were not the first to enter the MRI market. To the
degree than MRI scanners are the next-generation
technology. Mitchell's findings run counter to our pro-
tection-through-preemption strategy—even if incum-
bents are late, assets they are able to transport from
the current generation such as brand name, distribu-
tion, and experience allow them to succeed in the
next-generation market. However, Mitchell found that
when only incumbents are considered, there is a first-
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BARRIE R. NAULT AND MARK B. VANDENBOSCH  Eating Your Own Lunch

mover advantage. That result is consistent with our
suggested strategy.

The objectives of our article are to determine condi-
tions under which an incumbent will use a protection-
through-preemption strategy and to refine those condi-
tions to show when an incumbent will preemptively
launch a next-generation advantage at a loss to pre-
serve its market leadership. To achieve our objectives,
we build a model in which competition between an
incumbent (the recognized leader in the deployment of
the current generation advantage) and an entrant (a
challenger in the next generation) determines the equi-
librium launch time of a next generation advantage. In
doing so, we capture the tradeoff between the market
leader’s willingness to reap profits on the current gen-
eration and its desire to maintain market leadership by
launching the next generation. We assume that the
launch of the next-generation advantage incurs a one-
time fixed cost for R & D and other costs necessary to
bring the advantage to market, which we model as
declining in real terms over time. In addition, firms’
launch costs and profit flows are common knowledge.
We employ the modeling approach and solution con-
cept from games of timing by Fudenberg and Tirole
(1985, 1986). That approach is general enough to ac-
commodate differences in the diffusion processes be-
tween generations.

The results of our model indicate that regardless of
the severity of penalties for being a follower in the next
generation, it is optimal for the incumbent to preempt
the entrant by launching early—even if the incumbent
consequently makes lower overall profits after the next
generation launch. We also provide a straightforward
condition to determine when the incumbent’s preemp-
tive launch of the next generation makes negative
profits at the margin. The condition does not depend
on launch costs, but rather on the severity of competi-
tion, which therefore determines when firms wi!l canni-
balize at a loss. We also show that competition can
result in a preemptive launch that is earlier than would
be socially optimal, and derive a sufficient condition
for that to occur. The results have significant implica-
tions for practicing managers and policy makers. For
managers, our results imply that firms in intensely
competitive industries should be willing to launch
next-generation advantages preemptively to maintain
market leadership, even if they lose money at the
margin. For policy makers. our results imply that leav-
ing next generation launch timing to the market may
not be socially optimal.

The remainder of the article is organized as follows.
In the next section we discuss our model formulation

344

and prior research. We then outline our notation and
assumptions. In the subsequent section we provide the
details of our model and report our main results,
followed by an analysis of the welfare implications and
limitations of our model. In the final section we discuss
managerial implications, how our model could be vali-
dated, and directions for future research.

2. Model Formulation and Prior

Research

Our model formulation incorporates standard assump-
tions and results from the marketing literature. Study-
ing multigeneration product diffusion, Norton and Bass
(1987) found that sales of each generation followed a
single peaked distribution over time. Subsequently,
Wilson and Norton (1989) found that the optimal time
to launch a product line extension is either early in the
original product’s life cycle or not at all. Their results
depend on the relationship between the sales of the
two products, their relative margins, and the length of
the firm’s planning horizon relative to the original
product’s diffusion time. Purohit (1994) found that if
the firm can decide the extent of innovation then a
product replacement strategy (discontinuing the cur-
rent product) is more profitable than a line extension.
Our model’s assumptions and results are consistent
with those findings. Other research has examined the
diffusion process as a function of such variables as
price, quality, and promotion expenditures that are
under the control of the firm (Kalish and Lilien 1986).
Our model is formulated in terms of profit flows rather
than unit sales, prices, and costs, and accounts for
diffusion effects in the relationships among the profit
flows over time and across generations. Although not
explicitly part of our formulation, an equilibrium set-
ting of marketing mix variables is reflected in our profit
flows.

Although the problem we model is similar to the one
modeled by Ghemawat (1991), discussed previously,
our results are opposite to his because we model the
problem differently. In our formulation the launch of
next-generation advantages is a timing decision rather
than a binary launch /no launch decision, so preemp-
tion is admitted as a strategy. In addition, the rivalry
component in our model is less severe as we allow
differentiated competition between the two genera-
tions, and declining launch costs play a role in our
analysis.

Our approach is rooted in research in which irre-
versible capital commitments are viewed as a way to
deter entry. That stream began with a static model
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showing that excess capacity could deter a new entrant
by giving an incumbent a credible threat to expand
output and reduce marginal cost, thereby lowering
price (Spence 1977). Then Spence (1979) found that
from a static view of a dynamic solution to entry
deterrence through investment, firms overinvested, il-
lustrating that entry-deterring investment that was not
rational in a static setting could be rational in the
larger dynamic context. Eaton and Lipsey (1980) ex-
tended the finding by showing that if capital is not
durable, then an incumbent monopolist protecting its
position may need to replace capital (e.g., plant) before
the capital is economically obsolete. Thus, the protec-
tion of its incumbency under the threat of a new
entrant forces the monopolist to invest earlier than it
would otherwise choose to do. Dixit (1979, 1980) mod-
eled excess capacity as deterrence where full use of the
capacity is not precommitted and found that a new
entrant could be deterred if the incumbent sct output
just over a threshold level, but could not solve for the
equilibrium output level. Fudenberg and Tirole (1983)
developed a model based on Spence’s (1979) and estab-
lished the existence of a set of perfect equilibria. Being
unable to refine the set, they developed the solution
concept we use here as a response. In our model the
combination of timing dynamics and the threat from
the entrant forces the incumbent to launch earlier than
it would prefer to do, and Fudenberg and Tirole’s
equilibrium concept is necessary to resolve that combi-
nation of effects.

Although we characterize our model differently. it
also follows in the spirit of “‘an endless race” described
by Aoki (1991). His results suggest that if returns on
investment in technology are deterministic, then a firm
may cease to compete even if it is only one generation
behind. It returns are stochastic, however, then a firm
may invest in technology even if it is more than one
generation behind becausc a future launch by a com-
petitor may fail. Aoki's formulation fixes launch costs
over time, makes technology proprietary, and most
important, restricts positive profits to a single genera-
tion. In our model next-generation advantages have
deterministic payoffs, launch costs decline in real terms
over time, the entrant can launch the next generation
without having launched the current generation, and
both generations can generate positive profits simulta-
neously.

Our model is also related to work on first-mover
advantage. Kerin et al. (1992) point out that the pres-
ence and magnitude of first-mover advantages are con-
tingent on a number of economic and behavioral fac-
tors. We assume that there are positive first-mover

OrGanizaTioN Science/Vol. 7, No. 3, May-June 1996

advantages, which may be the result of technological
leadership, preemption of scarce resources, and the
introduction of buyer switching costs (Lieberman and
Montgomery 1988). The magnitude of those advan-
tages is reflected in the firms’ profit flows resulting
from the launch of the next generation.

Although we do not study probabilistic payoffs to
next-generation advantages. another important stream
of research addresses uncertainty as the key issue in
managing new generations For example, several arti-
cles have examined how much costly information firms
should gather prior to launch when the profitability of
an innovation is unknown (Mamer and McCardle 1987,
McCardle 1985). Timing is not a factor because there
are no first-mover advantages, but firms gather infor-
mation to lessen the chance of launching an unprof-
itable innovation and may modify their decisions be-
cause of potential competition. Our case is precisely
the opposite-—profitability resulting from next-genera-
tion launches is known and, because there may be
first-mover advantages. timing is critical.

3. Notation and Assumptions

For ease of communication, we describe the setting as
a duopoly consisting of an incumbent that markets a
product or service based on the current-generation
advantage and an entrant that may also have a
current-generation advantage. The firms compete to
launch the next-generation advantage. Our modeling of
the setting. however. is less restrictive as we allow
many firms to compete to launch the next generation.
Our concentration on one incumbent and one entrant.
as we define them, entails no loss of generality in our
analysis. as the cquations that determine our results
involve only those two firms. Omitting additional firms
has no effect. The assumptions we require for our
results follow.

We represent the incumbent by superscript / and
the entrant by superscript E. Let 7' be the launch
time of firm i € {I, E}. The notation in Table 1 gives
the profit flows at a given time ¢ for each firm, exclu-

Table 1 Profit Flows
Time Incumbent Entrant
0<t<mn{T' 75} mhlt) mi)
T'<t=<TF milt) w5
TéE<t<T mwhit) wE(t)
t>max{r, T} wilt) wit)

w
B
n
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sive of the launch cost. ((¢) is the pre-launch profit
flow, mi(¢) is the profit flow to firm i when only that
firm has launched, wi(z) is the profit flow to firm i
when only the other firm has launched, and 7i(¢) is
the profit flow when both firms have launched.

Our first assumption is partly definitional and partly
a restriction on firms’ relative profits. Assumption |
defines the incumbent as the firm with the largest
difference in the present value of profit flows between
having launched the next-generation advantage and
having had a competitor preempt that launch—the
firm with the most to lose if it does not preempt. If
there are more than two firms, then the entrant is the
firm with the next largest difference. Assumption 1
requires that we rank the firms by the magnitude of the
difference,

f:[wi(t) — m(0)] e dr.
ASSUMPTION 1.

f:['rr{(t) — wl(0)]edt

o

> f [7E(r) — 7wE(t)]e " de > 0.

The assumption orders firms by what Katz and Shapiro
(1987) call the incentive to preempt: which firm bene-
fits the most from being the first mover. The restriction
embedded in the assumption is that firms can be
ordered in a way that does not depend on the time T
when the ordering is computed. Thus, in absence of an
exogenous event that affects only a proper subset of
firms, we believe the order of the difference in profit
flow between being first and being preempted should
be a function of relative firm characteristics rather
than the time of launch. For example, Intel, the market
leader with an 80 percent share of the PC microproces-
sor business, would be classified as the incumbent
because it has the most to lose from being preempted
by the launch of a superior PC-based processor.

Assumption 1 follows directly when the incumbent is
the only firm with a current-generation advantage. In
this case, prior to the entrant’s launch, profit flows for
the entrant are zero wl(¢t) = w£(+) = 0. We can then
rearrange Assumption 1 into

[l ar> [ [wl(e) + wt ()] dr.
T T
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That inequality is true because, for a product-market
example, a two-product monopoly has profits greater
than the joint profits from two differentiated products
offered by competing firms. Because the next genera-
tion supersedes the current generation, the resulting
vertically differentiated competition lowers the prof-
itability of current generations. Although not necessary
for our analysis, it is plausible that the leader with the
current generation advantage is the incumbent in our
model. However, our analysis extends to situations in
which the firm with the most to gain from being the
first mover is not the market leader in the current-gen-
eration. For example, on the basis of its strong brand
and inkjet printing capabilities, Hewlett Packard went
from nowhere to being one of the leading firms in the
plain paper fax market.

Kim and Kogut (1996) show that some technologies
offer a better starting point, or platform, than others
for the exploration and development of new advan-
tages 1n different markets. The incumbent defined by
Assumption 1 could be the leading firm in a second
market where it has experience with a promising tech-
nology platform, a platform from which it could be-
come the leader in the first market. As such, that firm
has the most to lose by not being first to enter the new
market.

Let r be the discount rate. Assumption 2 makes the
discount rate strictly positive.

ASSUMPTION 2.
r>0.

Let K(t) be the present value of the cost of launch-
ing the next generation at time ¢. There is no super-
script on launch costs because we give neither firm a
launch cost advantage. Assumption 3 specifies that the
nominal cost of launching the next generation falls
over time at a decreasing rate. The launch costs reflect
the improvement in technology—product or process—
from basic research, which reduces current costs of
development and launch. That feature is included to
model the reality that, over time, the skills necessary to
successfully complete R & D on a specific technology
improve and become more widely available. Moreover,
related technologies become further developed with
time.

ASSUMPTION 3.

d[K(t)e"] d*[K(t)e"]
—df—_ <0 and T > 0,
Vit < o iminfK(¢) = 0.
t—x
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From Assumption 3 the present value of launch
costs, which we use subsequently, falls over time:

d[K()e"]  dK(1)
dt T di

_ dK(1)
dr

e + K(t)re’ >0

< —K(1)r<0. (1)

Using (1), we can show that their present value falls at
a decreasing rate:

d*[K(t)e"]
dr*
d*K(t) , dK(t) S,
= __drg )e "+ 2—5(1-—)—re "+ K(t)re" >0
d*K (1) dK (1)
= T > —F——Ji—— > 0. (2)

The assumption is satisfied, for example, by exponen-
tial costs of the form K(¢) = ¢ "*# where B is the
rate of current cost decay (Fudenberg and Tirole 1985).

The conditions in our next assumption in essence
preclude a sccond launch of the next-generation ad-
vantage. We argue that there are several forms of
competition in which we cxpect those conditions to
hold.

ASSUMPTION 4. When firm i is second to launch the
next generation,

dK(T')

[73(T") = (T e = d(T’ > 0,

(a)
() [ [mi(e) = wi)]e " di + K(T) > 0.
T

Assumption 4(a) is stated in terms of the time of the
second next-generation launch, 7. [t implies that when
the cost of launch is factored in for the follower,
differentiated competition is more profitable than di-
rect competition between the follower’s and the leader’s
next generations. Because the last terms in Assumption
4(a) and (b) are positive, the profit flows from entering
the next-generation market! for the follower can be
greater than those from not entering at all, but not
enough greater to alter the launch decision.

This condition is weaker (i.e.. less restrictive) than
the scenario of direct and unencumbered Bertrand

OracanizaTioN Science/Vol. 7, No. 3, May-June 1996

competition in the next-gencration market, which would
imply that profits from the next generation are zero,
wi(t) = 0. If the entrant and incumbent are able to
differentiatc their next-generation advantages, As-
sumption 4 implies that they are not sufficiently differ-
entiated to cover launch costs. Bertrand competition
can support profits between two undifferentiated goods
il there arc decreasing returns to scale from produc-
tion, for example capacity constraints (Tirole 1988). In
that case, Assumption 4 implies that those profits do
not exceed the costs of launch. Traditional Cournot
analysis is really a choice of capacity with subsequent
price competition. and Assumption 4 could again imply
that the profits do not cover launch costs. (Tirole
argues that the assumption of Bertrand competition is
more appropriate for fairly flat marginal cost produc-
tion and Cournot competition is more appropriate with
sharply rising marginal cost. We believe that high-tech-
nology firms, for example, are likely to have high fixed
and low marginal costs of production.)

This condition is also weaker than the result from
Judd (1985), employed bv Ghemawat (1991) to set
7i(t) = 0, where, in a product-market scenario, an
incumbent would rather not compete directly with an
cntrant that markets a differentiated product because
the direct competition in the diffcrentiated product
cannibalizes profits tfrom the current product. That
result is one in which profits can increase due to
abandonment of a product. in our case the incumbent
not launching the next-genecration product. It is also
supported by Purohit (1994), who found that a
product-replacement strategy—discontinuing sales of
the current generation in favor of the next generation
—was more profitable than a line extension where
both generations are sold.

Finally, after the first mover launches its next-gener-
ation advantage, the first mover’s goal will be to drive
down the potential profits of any new entrant in the
next generation quickly, providing a credible threat to
prevent entry. In the particular case of the entrant that
does not have a current-generation advantage, if the
entrant is second with the next generation, then it may
not be able to set the price of its offering higher than
marginal cost.

Consistent with our Assumption 4, in his study of the
Japanese beer industry Craig, (1996) found firms that
launched copycat dry beers—second introductions of
the next generation—all discontinued their dry beer
brands within a few years because they did not sell
well. Without Assumption 4, our model would yield
very different results, a point we reexamine subse-
quently.
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Assumptions 5 and 6 are used to ensure that the
next generation is launched in the interior of the
solution space. Assumption 5 ensures that no firm
launches the next generation at time zero. The profit
flows for the incumbent are used in Assumption 5.

ASSUMPTION 5.

f[w{(z) — wi(t)] e~ dt < K(0).

Assumption 6 ensures that the next generation is
launched in finite time. The profit flows for the entrant
are used in Assumption 6.

ASSUMPTION 6.
inf{K(t)e") < [ [#E(t) = mE(0)]e " dt.
t !
In the fully general case, payoffs to firm i are

(T T) = [Tmi(eye e + [Mmi(eye e
0 T

+ [ mie)e T d — K(T)
T!
when firm i launches first and

gi(T', T = fOT’mg(z)e--"dH f:"wf_,(:)e-"dz

[ minye T di = K(TY)
T

when firm i launches second, where the superscript j
means “‘not i.”

4. Model

4.1. Equilibrium Launch Times

We begin by establishing the time of the second next-
generation launch. That time is the solution to maxi-
mizing the payoffs to launching second by choosing
when to launch, max,. gi(7', T’). Using Assumption
4(a), we know that the first derivative, marginal rev-
enue less marginal cost, is positive for both the incum-
bent and the entrant,

ag'll(T”T]) ! ! ! ! —rT!
oT"! = [WZ(T) - W}(T )]C ’
_dK(T)
dT' )

348

recognizing that in this case wi(¢) applies to firm i
being the second mover with the next generation.
Therefore, because the payoffs are increasing as firm ¢
waits longer, there is never a second time when the
next generation is launched. That is, either only one
firm launches the next generation or the next genera-
tion is launched simultaneously by both firms.

Solving for the optimal launch time assuming the
other firm has not yet launched is equivalent to maxi-
mizing the payoffs from being first to launch by choos-
ing when to launch, max, g(7',7’). For each firm,
the necessary first-order condition equating marginal
revenue and marginal cost is

dK(T) _,

[7(T) = mi(T)]e” " = —

(3)

The second-order condition sufficient for (1) to define
a maximum is

dm(T') _ dmi(T") | 7
dar" dT*

2 !
KT

- <0.
a7

=gy = (T ]e T -
(4)

Using (2) and (3), we know that the last two terms in
(4) together are negative. Because profit flows are sure
to increase at the time of the next-generation launch,
(dm!i(T")/dT") — (dw{(T")/dT") is positive. Thus, (4)
is satisfied.

Using T to represent the time of the next-generation
launch, we can define payoff functions for the first firm
to launch the next generation as L (leader), for the
second firm to launch the next generation as F (fol-
lower), and for simultaneous launch of the next genera-
tion by both firms as M. Those payoff functions arc

L(T) = [Twi(t)e " dt + [ mi(r)e " di — K(T),
0 T

F(TY = [mi(e)e " di + [ ay(e)e "'dr, and
[¢] T

M(T) = /;)Tw{,(t)e”'dt + [:wg(z)e-”dt — K(T).

ORrGaNizaTION SciENCE /Vol. 7, No. 3, May—June 1996
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For both firms, leading with the next generation yields
higher profits than simultaneous launch of the next
generation, L'(T) > M*(T). Using Assumption 4(b), we
know that following is also more profitable than simul-
taneous launch, FY(T) > M'(T). Therefore, we can
safely stop further analysis of simultaneous launch as
neither firm would choose it in equilibrium. We note
that, in general, a simultaneous launch is not an equi-
librium in models of this type (Fudenberg and Tirole
1985, Reinganum 1981).

For there to be a single time when each firm is
indifferent between launching and not launching—that
is, for the leader and follower functions to intersect
only once—we require that four conditions be satis-
fied. We can describe them intuitively as follows. At
time zero, payoffs to leading must be less than those to
following (i.e., waiting). Later, there must be a time
when leading is more profitable than following. Be-
cause of the nature of decay in launch costs and
because of discounting of profit flows, for next-genera-
tion launch times far into the future the payoffs to
leading must converge with those of following. Finally,
once a time is reached when payoffs to leading are
greater than those to following, payoffs to leading at
any subsequent time are greater than payoffs to follow-
ing. We can express Conditions 1 through 4 mathemat-
ically as follows.

Condition 1: L'(0) — F40) < 0.

Condition 2: AT such that L'(T) — F{(T) > 0.
Condition 3: liminf,_, .. L(T) = 0.

Condition 4: L(T) — F'(T) is strictly quasi-concave.

In our model, Condition 1 is

f:[“i(t) ~ wi(t)]e " dt — K(0) < 0.

Condition 1 for the incumbent is directly satistied by
Assumption 5. Use of Assumptions 1 and 5 shows that
Condition 1 is also satisfied for the entrant.

Condition 2 for the two firms is

f:[w;(r) — my(t)]er dr — K(T) > 0.

Condition 2 for the entrant is directly satisfied by
Assumption 6. Assumptions 1 and 6 are sufficient for
Condition 2 to be satisfied for the incumbent.

Condition 3 is satisfied for both firms because the
limits of integration over profit flows converge and the
next-generation launch costs approach zero from As-
sumption 3.

Taking first and second derivatives of the function
LA(T) — F(T), we can determine that Condition 4 is

OracaNizaTioN Science/Vol. 7, No. 3, May-June 1996

satisfied. Setting the first derivative to zero, we get

i)~ myn]e - I g (s

and

dmi(T) dwmwy(T)
|\ 4T dT

+r[m(T) — 7y(T)|eT

2
— M < 0. (6)
(a7 ]
Using (2) and (5), we know that the last two terms
together in (6) are negative. From our discussion of (4),
profit flows increase at the time of the next-generation
launch so dw{(T)/dT is positive. dwi(T)/dT is non-
positive because a firm’s current generation cannot be
more profitable when the other firm launches the next
generation.

We use 7| to denote the unique time when each
firm’s leader and follower functions intersect, that is,
when the payoffs to leading are equal to those from
following. The following lemma determines the order-
ing of T/ and TF.

LEMMA 1 T} occurs prior to TE.

PrROOF. T} is defined by L'(T})= F(T|). Using
Assumption 1, we know that at the same T, LY(T) —
FI(T) > LE(T) — FE(T). Therefore, at TE, L(Tf) —
FATEY> 0. Asaresult, T/ < Tf. O

The intuition is captured directly by Figure 1. Be-
cause the incumbent has a larger gain from launching

Figure 1 Leader and Follower: Functions for the Incumbent
and the Entrant
L. F
L1
LE
Fl
FE
o T
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the next generation versus being preempted than does
the entrant (Assumption 1), the incumbent can launch
(i.e., lead) with positive profits earlier than the entrant.
Consider the case in which the entrant does not have a
current-generation advantage. In a product market, for
example, if the incumbent leads with the next-genera-
tion product, then it has a two-product monopoly. In
contrast, if the entrant leads with the next generation,
then it faces differentiated competition from the in-
cumbent’s current-generation product. Hence, the in-
cumbent’s leader function is sufficiently above the en-
trant’s leader function that the time when payoffs to
leading are equal to those from following is earlier for
the incumbent. Using Lemma 1, we determine the
equilibrium launch time of the next generation.

THEOREM 1. The unique perfect preemption equilib-
rium is when the incumbent launches the next generation
at TE and the entrant never launches.

PrOOF. See Appendix. N )

Theorem 1 applies if TF < T/, where 7' solves the
first-order Condition (3) that represents the optimal
time for the incumbent to launch in absence of compe-
tition. Otherwise, the incumbent launches at theA same
time as it would if the entrant were not present, T/, the
entrant never launches, and the equilibrium is not
preemptive. We do not pursue the latter case because
competition from the entrant plays no role in the
incumbent’s decision of when to launch.

Figure 1 also provides the intuition for Theorem 1.
At any time beyond T, if the next-generation advan-
tage has yet to be launched, then the entrant should
immediately launch the next generation because lead-
ing is more profitable than following and a launch by
the incumbent is imminent. At Tf', the cntrant is
indifferent between launching and not launching. How-
ever, at T the incumbent is better off leading than
following, and can determine that the entrant’s launch
is imminent. Therefore, the incumbent launches the
next generation precisely the instant before the entrant
would unambiguously prefer to lead rather than follow.
That result itself is not surprising because it is driven
by our Assumptions 1 and 4, which give the incumbent
the advantage and preclude a sccond launch of the
next generation. What is surprising is the number of
different models of competition, from various forms of
Bertrand to Cournot that we discussed previously, un-
der which those two assumptions hold. Moreover, we
do not require additional assumptions about the diffu-
sion process within or between generations. Theorem 1
holds regardless of the rate of migration of customers

350

to the offering that incorporates the next-generation
advantage.

The result holds as long as launch costs do not favor
the entrant sufficiently to reverse the ordering of times
when each firm’s payoffs to leading are equal to those
from following. We state that point as a necessary
condition in a corollary.

COROLLARY 1. A necessary condition for the entrant
to launch the next generation is that the entrant has lower
launch costs than the incumbent.

PrROOF. For the entrant to launch first requires that
at some T,LH(T) - FXT)> LT) - F(T). From
Assumption 1, that is possible only if K£(T) < K'(T).

|

4.2. Cannibalizing at a Loss

Although the incumbent is the first and only firm to
launch the next generation, it does not necessarily
follow that the incumbent makes positive incremental
profits with the next generation. Consider a calculation
of the post-launch profit flows for the incumbent that
isolates the marginal profit flow obtained from launch-
ing the next generation. Taking the incumbent’s profit
flow after launch less the pre-launch profit flow that
would have occurred if the launch had not taken place,
m,...(t), we have

NeW

Wlww(t) = 7T]1(t) - Trl{(t)' (7)

At the equilibrium launch time for the next generation,
TF, the incumbent prefers to lead rather than follow,
which means that

[li[ﬂnew(z) + Wé(t)]e—”dt — K(T]E)
- ?’ -rt g 0,
[

after substitution for 7 /() from (7). Reorganizing, we
obtain the following inequalities:

frfm{(t)ew dr + leEw,,gW(t)e*”dt - K(TF)
* 7 —r
> /T{n'z(t)e dt > 0.

It the present value of profits from the current genera-
tion for the incumbent should there be no launch of

ORrGANIZATION ScieNCE/Vol. 7, No. 3, May-June 1996
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the next generation is larger than the present value of
profits from the current generation for the incumbent
should the entrant have launched the next generation,

f mi(t)e " dt > f my(t)e " dt,
T T "
then it is possible that

[ (e 7 dt — K(TE) < 0. (8)
TE

In other words, the net present value of the marginal
profits obtained by launching the next gencration is
negative. Assumption | is sufficient, but certainly not
necessary over all ¢, for the condition prior to (8) to
occur. We can prove 4 surprising theorem about when
an incumbent will launch the next generation losing
money at the margin.

THEOREM 2. A necessary and sufficient condition for
the incumbent to make negative profits at the margin from
the next generation is that, at the time of launch, the
present value of additional profit flows from the next
generation for the incumbent is less than the present value
of the difference in profit flows between leading and
following with the next generation for the entrant.

ProoF. Using the definition of the marginal profit
flow from the next generation provided in (7} and
substituting into (8) gives

[ [wl) = win)]e de ~ K(TF) <.
Tt

But we know Tf is defined as the time when the
payoffs to leading are equal to those of following for
the entrant, L5(T) = FE(T[), which is

j:[""f(t) ~ wE()]erdt — K(TE) = 0.

Combining and rearranging the preceding cquations
gives

[ Iml(6) = wl(0) = mE(e) + wh()]e e < 0.
TE
Therefore, we have the following relation between

OraGanization Science/Vol. 7, No. 3, May—June 1996

profits flows:
mi(1) = mi(1) < @i (1) = 7wy (1). O

Theorem 2 is important because it does not depend
on launch costs. Thus, it shows that the incumbent
cannibalizing its current-generation advantage at a loss
with the next generation, or eating its own lunch, de-
pends on the nature of competition.

When the cntrant does not have a current-genera-
tion advantage, the necessary and sufficient condition
in the theorem is that, at the time of launch, the
present value of profit flows for the incumbent from
the current generation advantage (status quo) is greater
than the present value of the difference between profit
flows for the incumbent from leading with the next
generation and profit flows for the entrant from lead-
ing with the next generation. In that case, cannibaliza-
tion at a loss depends on the returns to an incumbent
that has acquired both the current- and next-genera-
tion advantages versus the intensity of competition
should the entrant be first to launch the next-genera-
tion advantage.

S. Welfare and Limitations

5.1. Welfare Results

General results from prior research in several disci-
plines suggest that if prices and diffusion patterns do
not change, then customers are better off when they
receive the benefits of the next-generation advantage
carlier (Balcer and Lippman 1984, Gaimon 1989). If
having a common provider across generations also in-
creases customer welfare because of continuity in style,
design, operation, and service, then the incumbent
would carry an additional advantage across genera-
tions. Whether customers are actually better off de-
pends on the extent to which the incumbent can derive
economic rents from providing such continuity. Those
cconomic rents are captured in the profit flows,

The social welfare equation is made up of a pro-
ducer component as well as a customer component. On
the producer side, launching early—the preemption
result—dissipates profits simply as a result of higher
launch costs because real launch costs fall over time.
The costs of early launch are higher because related
technology and expertise may not be sufficiently devel-
oped, and some basic rescarch relating to the advan-
tage may be incomplete. On the customer side, if we
assume prices and diffusion patterns are not altered,
then customers are better off with an earlier launch
unless the early launch causes some type of product
{ailure that would not occur if the next generation were
launched later.
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Writing social welfare as a function of the launch
time T, we have

W(T) = CSY(T) + L'(T),

where the present value of social welfare, W(T), is the
sum of the present value of customer surplus, CS'(T),
and the leader’s profits, L'(T). Customer surplus is
decreasing with a later launch time. or larger T, and is
used instead of consumer surplus as the beneficiaries
of the next-generation advantage may be in an indus-
trial rather than a retail market. Both of the latter
terms have the superscript i because they depend on
which firm launches the next-generation advantage.
The socially optimal time for the next generation to be
launched solves the first-order condition equating
marginal social benefit with marginal cost,

dW(T*) _ dCS{(T*)

dr~ = AT* + [W(t(T*) - Wi(T*)]ei'T*

dK(T*

- -0 ©)
where the firm that launches is the one that yields the
greatest welfare at its optimal launch time. Thus, the
social optimum specifies which firm launches and
the time of that launch. Using (4), we know that the
condition d*CSY(T*)/[dT*]* < 0 is sufficient for con-
cavity. The last two terms in (9) are identical to those
in the first-order condition for the firm’s optimal launch
time, (3). Because customer surplus is decreasing in 7,
the socially optimal launch time is earlier than the
optimal launch time of either firm. That is, for the firm
that launches in the social optimum, the socially opti-
mal launch time is earlier than the time it would
otherwise choose.

Reirganum (1989) suggests that because each firm
ignores the effect of its actions on others, the industry
is less profitable, as above, and that the social good
may be reduced. Hence, an important question is
whether the next generation is launched earlier than is
socially optimal because of preemption in response to
the intensity of competition. The following theorem
provides a sufficient condition for the preemptive
launch to occur earlier than is socially optimal. Tt
requires that we account for the possibility that in
some cases launch by the entrant is socially optimal
and in other cases launch by the incumbent launching
is socially optimal.

THEOREM 3. Case (i): If launch by the entrant is
socially optimal, then a sufficient condition for the pre-

352

emptive launch to occur earlier than is socially optimal is
that, at the time of the preemptive launch, the difference
in the present value of the entrant’s profit flow between the
status quo and being the follower with the next generation
is greater than the marginal loss in customer surplus.

Case (i1): If launch by the incumbent is socially opti-
mal, then a sufficient condition for the preemptive launch
to occur earlier than is socially optimal is that, at the time
of the preemptive launch, the difference in the present
value of the incumbent’s profit flow between the status
quo and being the follower with the next generation is
greater than the marginal loss in customer surplus AND
that the difference in the present value of the incumbent’s
profit flow between leading and following with the next
generation is smaller than the marginal decline in launch
costs.

Proor. The condition in case (i) is identical to the
first condition in case (ii). That condition is

L dCS'(TF
[Wé(Tlé) - ”ﬁ(le)]e > - dT(lLl )

Adding [7UTE) — wi(TH)le """ to both sides gives

[7(TE) = my(TE)] e ™ >

dCSHTE . . .
B d]EEl ) + [7(TF) = mi(TE)]e .
|

Multiplying by —1 and rearranging the last term on the
right hand side yields

~[m{(TF) = my(TF)]e

dCs'(Tf . .
> _dT(EI )y [7)(TE) = =i(TF)|e . (10)
{

Now consider case (i). Let 7" be the T defined by (5)
for the entrant. Using the definition of T}, together
with the strict quasi-concavity of LE(T) — FE(T), we
know that T}* < T**. Again using the strict quasi-con-
cavity of LE(T) — FE(T) and the fact that (5) defines
the extrema of LE(T) — FE(T), we know that the
following inequality must hold.

dK(TE)

=[mH(TE) = mE(TE)e T > T

For case (ii) the second condition directly assumes that

OracanizatioN Science/Vol. 7, No. 3, May-June 1996
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inequality for the incumbent. Combining it with (10).
we get

dCS(TE : Y
dT(IEl ) + [WG(TI‘L') — (T )]e "
K (T} )

-

From (9) and the concavity of the social welfare func-
tion, TFE < T*. O

Theorem 3 is important because it signifies a lose-
lose outcome as a result of hypercompetition that
results in a preemptive launch. That is, producers’
profits are dissipated from competition to such an
extent that the losses are larger than the gains cus-
tomers receive from an earlier launch of the next-gen-
eration advantage. Consequently, society loses as well.

Thus. we find that customers are always better off
with an earlier launch, meaning that the earlier launch
is a wealth transfer from firms to customers. If the
customers’ gain is greater than the firms’ loss from
launching prematurely. then society is better off. At
some point, however, the customers’ gain is less than
the firms’ loss, and at that point society begins to lose.
Although strictly outside our model. should we choose
to define society as a country, then society could be
better off even when customers’ gain is less than firms’
loss if the premature launch preempts a foreign en-
trant from launching the next-generation advantage,
possibly preventing a loss of jobs and technological
know-how.

5.2. Limitations

Aside from conditions that ensure an interior solution
to the launch-timing game-—neither firm launches im-
mediately and a launch is made eventually—our re-
sults rely on two key assumptions, Assumptions 1 and
4. We believe those assumptions are representative of
a large number of cases. Assumption 1 embodies the
presence of a strong first-mover advantage with the
next generation by strictly ordering the gains to pre-
emption versus the losses from being preempted. It
allows us to determine unambiguously which firm
launches the next generation first. Assumption 4 cap-
tures the futility of following. It ensures that after the
first launch of the next generation there will not be a
following launch of the same generation, and helps us
restrict the range of our analysis. Relaxing Assumption
4 is the focus of our future efforts.

ORrcanizaTioN Science/Vol. 7, No. 3, May—June 1996

As we discuss through the main steps of the analysis,
Assumptions 1 and 4 are even less severe when the
entrant does not have a current-generation advantage.
In that case. Assumption | should be automatic: in a
product-market scenario, the profit flow from a two-
product monopoly is larger than the combined profit
flows of two tirms competing with differentiated prod-
ucts. Assumption 4 is also supported in that case. First.
Assumption 4(a) directly relies on differences in profit
flows at the time of the second next-generation launch.
Second, in the absence of positive externalities, differ-
entiation, or decreasing returns to scale, the result of
Bertrand competition would preclude positive profits
from the next generation. If the entrant were the
follower, then at the time of the second next genera-
tion launch the entrant would have no externalities
with which to work. and it would be in the incumbent’s
interest to sec that none are gained by being willing to
undercut the entrant temporarily until the entrant is
forced to exit. If the incumbent were the follower, then
the differentiated competition result from Judd (1985)
would apply: being second with the next generation
would intensity competition for its current generation.
so the incumbent may be better off not following with
the next gencration.

The profit flows. and our assumptions about rela-
tionships between them, are flexible enough to incor-
porate the effects of a diffusion process on market
demand. Moreover, we made no assumptions about
launch cost asymmetries between firms—neither firm
has a launch cost advantage. We address that point in
the corollary to Theorem I: it is not possible for the
entrant to launch the next generation first without a
launch cost asymmetry in its favor.

6. Discussion

The results of our model have clear implications for
firms competing in intensely competitive markets. Indi-
vidual advantages are not sustainable and market lead-
ership may require the development of a series of
temporary advantages. In product markets, for exam-
ple, older products are continually being replaced by
next-generation products that typically provide supe-
rior functionality. Although gaining a competitive ad-
vantage in a particular generation may be very prof-
itable. continued investment must be made in the de-
velopment and launch of future generations to protect
the original advantage. Without subsequent launches
of more advanced generations. a firm can expect to be
leapfrogged by a competitor. Our results validate the
“eat your own lunch before someone else does’ strat-

Copyright © 2001 All Rights Reserved



~
o))
S
o
-0
€
\‘-_’L
cL
L C
55
@
o
m—
C
E=e]
o3
=
>a
o'
O
= 9
SE
8=
© ©
» o
et
>0
o®
8 3
2 .
c =
- -
»n
B
5
Q o
= a
D =
T o
(7))
2o
© £
(Ol
O o
t o
© c
w ©
=l
Lo
—
o
£ o
(22
=5
=
(&)
o ¢
o-—
nc
B o
2%
o E
=20
o c
23
2o
=
S
o]
<C

BARRIE R. NAULT AND MARK B. VANDENBOSCH  Eating Your Own Lunch

egy outlined by Deutschman (1994). However, our re-
sults go further by implying that to protect the gains
created by a competitive advantage. it may be neces-
sary for the next generation to lose money at the
margin. That is, a firm may incur incremental losses
from the launch of the next-generation advantage to
maintain its leading position in the market. In addition,
our welfare results imply that preemption can cause a
next-generation advantage to be launched earlier than
is socially optimal. In other words, because society
bears the cost of a premature introduction. social wel-
fare may be reduced by hypercompetitive forces that
lead to an early launch of the next-generation advan-
tage. Therefore, not only can firms be forced to eat
their own lunches, they can be forced to eat society’s
lunch as well.

The conditions under which our series of results is
obtained are reasonably intuitive. For a given firm to
employ a protection-through-preemption strategy re-
quires that the firm be the one with the most to lose if
it does not preempt, that the time value of money be
accounted for, that launch costs fall at a decreasing
rate over time, and that following by another firm is
futile. In addition, for the incumbent to cannibalize at
a loss requires that the present value of the incumbent’s
additional profit flows from the next-generation advan-
tage be less than the difference in profit flows between
leading and following for the entrant—essentially the
incumbent is forced to launch to maintain its current
leadership.

Thus, our results suggest that firms in hypercompeti-
tive markets cannot afford the luxury of extending the
life of a current advantage. The market dynamics are
such that firms must become accustomed to repeatedly
leapfrogging their own current advantages with next
generations to maintain market dominance. Those dy-
namics serve to shift the distribution of profits within
the life cycle toward the early stages, as in the case of
personal computers where most of the profits from a
given generation are made within months, and some-
times weeks, of launch (Business Week 1995b). Simi-
larly, firms competing on their expertise in supply
chain management find that the process of improve-
ment can never stop as early advantages are competed
away by rivals that employ similar or more advanced
strategies (Henkoff 1994).

The managerial prescription implied by our model is
straightforward: when there is competition to be first
in a market, incumbents should strive to maintain
leadership in the next generation even if they must
cannibalize their current (market-leading) advantages.

354

That prescription is consistent with Craig’s (1996) ob-
servation that hypercompetition can play out in a series
of hypercompetitive “rounds”—periods of intense
competition on a particular dimension—similar to the
setting we model. In the Japanese beer industry, Craig
found that following an initial market share loss as a
result of a competitor’s preemptive strike, the Kirin
brewery retained its market leading status by institut-
ing a series of self-cannibalizing moves—moves that
maintained rather than increased market share and
profitability. Those findings, obtained from a detailed
case study—a vastly different methodology than the
one we employ—are consistent with our results in
Theorems 1 and 2. Together, those theorems indicate
that a preemptive launch of a next-generation advan-
tage can be optimal, not necessarily resulting in in-
creased performance, but rather protecting the firm’s
market position.

Despite the clarity of the prescription, several practi-
cal difficulties make implementation of a protection-
through-preemption strategy difficult. One difficulty is
the fact that the competition to be first to market leads
to a premature market entry. That is, rather than
waiting for the optimal launch time (when profits re-
lated to the current-generation advantage decline and
launch costs fall), a firm is forced to launch early
because of competition. The implication is that firms in
rapidly evolving markets must be well organized to
execute a preemptive strategy effectively. As noted in
the introduction, several leading companies appear to
be instituting policies that enable them to carry out
such a strategy.

A second impediment that firms face in implement-
ing a strategy of protection-through-preemption is that
the returns to the next generation may be significantly
less than the returns to the current generation. In fact,
as outlined in Theorem 2, once the cannibalization of
the current generation is taken into account, the next
generation may lose money at the margin. That feature
makes it increasingly difficult for next-generation de-
velopment projects to survive an internal “business
case” evaluation. For example, questions are being
raised about the viability of microchip projects slated
for production around the year 2000 because the esca-
lating fixed costs of entry (R & D and wafer fab facility
costs) will preclude a return given today’s short life of
product generations ( Business Week 1994).

Third, a protection-through-preemption strategy may
be sidelined by the management structure of the in-
cumbent. For example, if the projects leading to two
separate generations of advantages are managed by
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different people, the current-generation manager may
demand that the next-gencration launch be delayed so
profits can accrue to the current generation advantage.
That delay, which may occur at the business case stage
rather than the launch stage, can result in the incum-
bent losing the race to Jaunch. To counter such individ-
ually optimal but firm-suboptimal behavior, some com-
panies such as Northern Telecom and Motorola Com-
munications have taken steps to ensurc that they are
ready with the next generation on time.

Finally, Kim and Kogut (1996) show that firms hav-
ing proprietary experience with a promising technology
platform possess a strength that can be turned into a
next-generation advantage. In a study of start-ups in
the semiconductor industry, they found that firms
founded on strong technology platforms were more
likely to survive than those founded on weak platforms.
A key to the success of surviving firms was the ability
to grow by diversification into related subfields, devel-
oping next-generation technologies that replaced old
ones. That process of survival and growth by going on
to new advantages may explain the emergence and
persistence of market-dominating firms—especially in
technology-intensive industries. Indeed. several ¢xem-
plars we use to illustrate our protection-through-pre-
emption strategy (e.g., Intel and Motorola) have their
origins in promising technology platforms.

The results of our model provide the foundation for
future research in several areas. One area is the
longer-run implications of a protection-through-pre-
emption strategy for the entrant and the incumbent.
First. if an incumbent following such a strategy leads in
each generation, then the optimal strategy for the
entrant is an open question. Second, although we illus-
trate that it may be optimal for the incumbent to
launch a next generation that loses money at the mar-
gin, if that strategy is used repeatedly, then the rewards
for achieving market-leading competitive advantage
may diminish over time. The firm may be better off
alternating as leader and follower in successive genera-
tions. Such a strategy would allow the firm to achieve a
higher return on each generation it pursues by reduc-
ing cannibalization and lowering launch costs.

Another area is relaxation of the requirements
imbedded in our Assumption 4 which, in essence, pre-
cludes a second launch of the next generation advan-
tage. We have done some preliminary work showing
that the results reported here continue to hold under
less restrictive conditions where second launches of the
next generation do occur—consistent with our argu-
ment that Assumption 4 is representative of many

OrcanizaTION ScieNce/Vol. 7, No. 3, May-June 1996

forms of price and quantity competition. Completely
eliminating the restrictions associated with Assumption
4 is likely to change our results drastically—and may
also be a fruitful avenue to pursue.

Yet another important area for future research is
cmpirical validation of our model’s results. Though
many firms seem to be following a protection-through-
preemption strategy (i.e., Intel in microprocessors and
Hewlett Packard in its printer division). whether they
are making their decisions as a result of that strategy
or on some other basis is unclear. In-depth case analy-
ses of a set of firms would be useful to clarify the
relationship between their decision-making processes
and our suggested strategy.

An alternative empirical approach would be to de-
termine whether next gencration advantages have di-
minishing returns (when cannibalization is factored in)
or are losing money at the margin. That issue has
important implications for investment decisions in di-
versified firms becausc it may be in the best interest of
the overall firm nor to protect its advantage in some
markets in favor of alternative investment opportuni-
ties. An investigation of the issue would require infor-
mation about individual companies and their specific
markets.
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Appendix

The proof of Theorem | makes use of the strategy spaces and payoftf
functions formahzed mn Section 4 B of Fudenberg and Tirole (1985,
p 392-393) Ouw notation 15 shghtly modified as we employ super-
scripts to denote firms. and use 77 as a subscript 1 place of 7 as a
superscript to the function (7

Strategy Spaces and Payoff Functions

DEFINITION . A simple strategy for firm ¢ 1n the game starting at
T 1s a pair of real-valued functions (G, «') [T, %) X [T. =) = [0, 1]
% [0. 1] satisfying

(a) ' 1s nondecreasing and rnight-continuous.

®a'>0=GU(T)Y=1

(¢) o' 1s nght-differentiable.

(d) If a'(TY=0and T = inf(» = T]a'(:) > 0), then a'(:) has a
positive right derivative at T
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Let the “first interval of atoms” be represented by

if a’'(s) =0Vs>T,

otherwise .

() = {mf(s > Tla'(+) > 0)

7(T) = min(7/(T), 7 5(T)). a'(s) = lim, _, ([G'(s) — G'(s — |e])]} Let

G'~(T) be the left imut of G'(-). at T'. The game begins at 7 > 0 so
set G'7(T) = 0. Payoffs are

VAT (G, a"),(G*, a®))

= jT*(”'(L(s)(l ~ G'(s)) dG'(s)

+F(s)(1 - G'(5))dG(s)) + Y

s<7(T)

a'(s)a’(s)M(s)

+[(1= Gy (7T (1 - G~ (r(T)))

Wi(+(T),(G". a"). (G5, a))].
where W(-) is defined as follows: If 7/(T') > 7(T), then

W’(T(T),(G’. a’), (GE, ah))

[P E D10 - wipre + women)

-],
+[1 -G/ (1) L)

If 78(T) > 7/(T), then

W'(T(T),(Gl, aly. (G*, ab))

_ [G'(r) -G (1)

e ][(1 — &!(1))L(7) + a'(M(7)]

1 - GY(7) .
+[1 — G”(T)]F( )-

Finally, if 7/(T) = v£(T), then

Wi (r(TY(G', a"), (G5 a)) =M(r) fa'(r)=al(r)=1,

a' ()~ /(T L(7) + a/(T)(| — a'(7))F(7) + a'(1)a’(r)M(T)
al(t) + al(7) — a'(t)al(7)

if 2> a'(7) + al(7) >0,

a''(TYL(7) + a’ (7)F(7
a''(r) + o’

)(T) ifa'(t) =al(r) =0

356

DEFINITION 2 A pair of simple strategies (G/, ') and (G*, o®)
is a Nash equilibrium of the game starting at 7 (with neither firm
having yet launched) if each firm’s strategy maximizes its payoff,
V(T ... ), with the other firm’s strategy held fixed.

DEeFINITION 3. A closed-loop strategy for firms 1s a collection of
simple strategies (G%(-), aj ()}, , for games starting at T satisfying
the intertemporal consistency conditions:

€) GHUT +v) = GHT + w) + (I = GH(T + w)Gy, (T + v)
for T <u < v

) af(T+v)=0ap, (T+v)=a(T+v) for T<sucx<uo.

DEFINITION 4. A pair of closed-loop strategies {((G1(-), af(- W7, ¢
and {(GE(), aF( M}y, , is a perfect equilibrium if for every T the
simple strategies (G1(-), a}()) and (G¥(-), af(-)) are a Nash equi-
hibrium.

Let n'(T) = mf{s = T|GXs) > 0}. Note that if n'(0) < 7'(0), then
7'(0) is the first time of an solated jump. And let n(0) =
mm{n(0), nEO)}.

ProOOF OF THEOREM 1. G%(s) 1s the cumulative probability that
firm : has launched by time s, in the game starting at 7, given the
other firm has not already launched. «'(7T) measures the intensity of
G m the interval [T, T + dT]. Consider the following simple strate-
gies for the two firms.

if s <TE

GL(s) =
() ifs>TF

fs>TF
LE(Ty —mE(T) ~ %0

ifs <TE

GES._
r=1, if s > TE

if s < TIF
al(s) = Lb(T) - FE(T) . ;
0 if s < T
LY(T) - FI(T)
L(T) - M(T)

a"‘(s) - if s> T]h.

All games starting at T must be considered, G5 (T) = 0. We exam-
ne strategies starting at T, that is, T € [Tf, =). Prior to Tf,
waiting 1s a dominant strategy for both firms.

We begin by examiming the incumbent’s strategy and payoffs.
Assume first that T € [T, ). From the entrant’s equilibrium strat-
egy a«(T), 7= 75T) = T. If GL(T) = 0, then the resulting payoff
is FAT). If GI(T) = A, 0 < A < 1, then 1t must be that &'(T) =0
and 7/(T) > 7%(T). The resulting payoff 1s

AaB(TMIT) + (1 - «5(T)LATH] + (1 = NFIT) (11)

[ (L) = M@ (~L'(T) + FI(T))
L(T) = M'(T)

+L(T)

+(1 = N)FI(T) = FI(T). (12)
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If GIHTY=1. then a(T)>0 and r/T)= r5(T) With 2>
a!(T) + a'(T) > 0, the resulting payoft is

a (T =« E(THLUT) + a 5T - « (TYHFUT) ~ a(TYa ' (TIMN(T)
o (T) +a B (T) - a'(T)a B(T) '

(13)
which, using (11) and (12), yields

a (TYF(T) + o«5(TYL - o«(TY)F(T)
al(T) + a®(T) = a'(TYa"(T)

=F{T). (14)

Thus, the mcumbent s indifferent between those strategies over
Te(Th <)

Next. consider T = TE. Again from the entrant’s equilibrium
strategy, a’(T) = 0 and GH(T) = 0. If GH(T) = 0, then o(T) = 0.
Thus, 74T) 2 78(T) = 7> TE, and 2 > a'(v) + a’(7) > 0. The
resulting payoff is calculated as i (13) and (14), and 1s therefore
Fi(r). If GH{T) = A, 0 < A< 1, then the situation 15 the same as
when GH(T) =0, and the resulting payoff is equivalent, F/(7). If
GI(T)=1. then a(T)> 0, and therefore 7= Tf = t/(T) <
7f(T). Because the remaming terms cancel, the resulting payoff is
L(7). Because L/(r) > F'(r) when 7= T[, the incumbent prefers
GHT)Y=1.

Now we check the entrant’s strategy and payoffs. Examine first
T € (TF,=) From the incumbent’s equilibrium strategy, o (T) > 0,
thus, 7/(T) = 7(T) = T I GE(T) = 0, then o™(T) = 0. and 75 (T)
> r!(T). With the remaining terms dropping out, the resulting
payoff 1s FA(T) If GE(T) = A, 0 <A < 1, then agam a“(T) =0,
and 75(T) > 7X(T). The payoff s therefore

M (TYME(TY + (1 - «(T))LH(T)] + (1 = M) FH(T)
Analogous to (11) and (12), the result is FE(T). If Gf‘(T) = |, then
aE(T) > 0. 75(T) = 7/(T), and 2 > a(T) + a¥(T) > 1. Similar to

(13) and (14), the payoff 1s

ab(M(1 - «(TYLET) ~a (T)(1 - a5(THFHTY ~ o« (Tya L (TIMET)
afiry+al(1y-a'(Myef(n

= FE(T)

Consequently, the entrant is indifferent over those strategies for
T e(T},=)

Consider T =T/ From the incumbent's equilibrium strategy,
a(TY >0, GHTY =1, and 7= T{ If GET) =0, then of(T) =
0.75(T) > 7XT). If Gi{T)= A, 0< A <1, then again «®(7) =0,
and 75(T) > (T If GE(T) =1, then «5(T) > 0.7 (T} = 74T)
=r,and 2 > a'(r) + aF(r) > 0. Each payoff is the same as when
T & (T{.=), FE(T). Hence, the entrant 1s also indifferent over those
strategies

Therefore, those simple strategies are a Nash equilibrium for
every T, and are intertemporally consistent over 7. As a result they
are a perfect equilibrium

We now show that there are no other perfect equihbinia. Assume
first 7(0) < m(0) Prior to 7, neither firm wants to launch because

OracanizaTion Science/Vol. 7, No. 3, May-June 1996

F'(T) > L(T), M{T). Prior to I'f the entrant docs not want to
launch because FH(T) > LUT) MA(T). In fact, FUT). LAT) >
MYT)VT. For T € [T!.T}!) the mcumbent preters to wait because
LT + €) > L'(T) for small but positive €. At any T & (T}, =) cach
firm’s best response 1s to launch at 7(7) + € because L(7(T) — ¢)
> FYT) Now consider T = TF The incumbent’s dominant strategy
15 to launch because L/(T1 2> F/tT). By definttion of T\, the entrant
15 inditferent between tollowing and leading at that tme For both
firms those pavoffs cxceed the payoff from simultancous launch.
therefore, the entrant 1s better off not launching at 7/

Assume next that nt0) < 7(0) Prior to 7 waiting 1s optimal for
both firms. For I € [T T} ), 7(T) = n(T) because the entrant is
still better off waiting. But L(7") 1s increasing 1n this nterval so
launching at 7 15 not optimal tor the incumbent either. At T = T/,
if 7(T) = n!(T), then the entrant can avod a possible mistake
(simultaneous launch) by warting For T & (T, =) 1f p(T) = 57T ),
then tirm ; 15 better off launching with probability one at 7' — e
Finaily, at 7/ the incumbent can avoid a positive probability of a
mistake by launchimg with probability one. O

'
v
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