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Abstract

This paper develops an incomplete contract model of the licensing relationship that is
susceptible to the moral hazard problem. The optimal contractual form of licensing derived in
the model generates predictions that seem to be consistent with actual practice. For instance,
the introduction of inputs that are not contractible and costly explains the prevalence of royalty
contracts in the licensing relationship. Moreover, the model is able to relate the size of the
royalty rate to the parameters that represent the environments under which the concerned
parties operate. The framework also provides a rigorous evaluation of the recent debate on the
issue of technology licensing and competitiveness in the global economy. In addition, the
difficulty that the licensor faces in controlling the use of information in the development of
related products in the future can also explain the rationale for including grant-back clauses in
licensing contracts. Finally, the model can be naturally extended to analyze the choice of a
technology holder between direct investment and licensing in an attempt to serve a foreign
market.
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L. Introduction

Licensng isavoluntary form of dissemination whereby an inventor can enjoy at leest
some of the gainsto trade by availing other parties of the use of her superior knowledge. Inthe
theory of licengng, it isamog invariably assumed that intellectua property can be viewed asa
"public good" in that the margind cost to the owner of transmitting information and providing
accessto it is essentidly zero compared to dl of the costs involved in the creation of knowledge
(see Arrow [1962]). In other words, ether licenang isSmply viewed astheright to infringe on
patents or the knowledge is assumed to be completely codified (see Kamien [1992] for an
excdlent survey on patent licenang). Underlying this view is a common belief that technology is
nothing but a set of blueprints usableto dl at trivial cogt.

In practice, however, information is often costly to transfer to other firms because
licenang frequently involves the services of the licensor's personnd to ingtal and train the
licensee' s personne.2 In agmilar vein, for the licenseefirms, it isinsufficient merely to expose
them to the relevant knowledge without their own exerted efforts to internalize such knowledge.3
Thisis particularly true when knowledge is less explicit and less codified.# In the case of an
internationa technology trandfer, it may further entail adaptation of the technology to aloca
market. To render empirical supports, Teece (1977), for instance, reports that the costs of

trandferring aproduction process averaged 19 percent of the total costs of the project.

1For instance, Grossman and Helpman (1991) assume that ideas and knowledge flow costlessly and
instantaneously across national boundaries.

2For instance, Barton ez al. (1988) claim that substantial teaching and training are usually necessary for
technology to be transferred effectively.

3See Kim (1993) for adiscussion on absorptive capacity and itsrolein Korea'sindustrial growth.

4Berrill (1964) points out that "only the broad outlines of technical knowledge are codified by non-personal
means of intellectual communication”.



This paper presents asmple forma analyss of the licenang rdationship under the
circumstances in which effective tranamisson of knowledge requires costly inputs by both
dispensing and receiving parties.  Incorporating these eements in the technology transfer
process will be shown to shed some light on issues that cannot be handled in more conventional
models of licensang. Theseinclude, in particular, the prevalence of royaty contracts even in the
absence of asymmetric information and the role of grant-back clauses under the threet of future
competition. In addition, the optima contractua form of licensing derived in this model
generates predictions that seem to be consistent with actud practice.

The basic premise of the paper is that the costly inputs needed for effective transmisson
of knowledge cannot be contracted directly. These costly inputs include the efforts exerted in
the transfer process by either party, which may not be observable to the other party. Or they
may be observable to the parties in the relationship but not verifiable to athird party.
Henceforth, they are not enforcegble in court. Thisimpliesthat the process of technology
transfer is susceptible to the moral hazard problem. In this Stuation, | analyze how the optimal
contractua form of licensing should be structured. | assume that the contract can specify the
lump-sum payment and/or roydty fee which depends on the verifiable quantity produced by
using the technology licensed, and may specify the alocation of property rights on any
forthcoming improvement based on the licensed technology. The andysis aso sheds some light
on how the choice between licenaing and direct foreign investment (DFI) asavehicleto servea
foreign market ismade. It is shown that the two aternative ways of penetrating the foreign

market present different investment incentives for the two partiesinvolved in the technology



transfer process. The choice, consequently, depends on the relative importance of the
investments by the two parties in the relationship.

Theincomplete contract framework developed in this paper can aso be applied to the
case where the incompleteness of the contract stems from the fact that the nature of knowledge
to be transferred is not well-defined that it cannot be specified exactly in the contract; the
technology concerned contains a high tacit component which isinforma and less codified. In
this case, there may be conflictsin the type of technology that is actudly delivered and the one
that is desired to be ddlivered unless the contract is designed to be incentive-compatible. The
andysis here provides a new perspective on the relationship between internationa technology
transfer and competitivenessin the globa economy. One commonly made clam in relaion to
the international competitivenessissue is thet the licenaing of cutting-edge technologies can lead
tothelossof competitive advantage for the licensor. This, in turn, prompted a popular view
that seesthe licensing of frontier technologiesto foreign firms as a cardind sin from the
perspective of protectionists. In thisregard, it may seem naturd that we witness tendencies to
withhold the best technologies by U.S. firms. How plausible this explanation may be, thelogic
behind the argument, however, contains gaps because it begs the question of why the licensing
firm cannot negotiate and extract more surplusiif thereis any additiond gainsfor the licenseein
future competition due to the transfer of the frontier technology. The incomplete contract
gpproach in this paper will make explicit the mechanism by which the transfer of cutting-edge
technology is hindered. Then, | demonstrate how the grant-back clause can relax the incentive

compatibility congtraint and can facilitate the transfer of the best technology available.



In spirit, this paper is closaly related to arecent paper by Aghion and Tirole (1994)
who open the black box of "the managemert of innovation” from an organizationd point of view.
Using the incomplete contract framework pioneered by Grossman and Hart (1986), they
demondrate that incorporating the imperfections of the innovation market explicitly in the
andyds can generate useful ingghts on the management of innovation. The analys's of
technology transfer in this paper is another step in that direction.

The problem arisgng in this paper is dso rdated to "mord hazard in teams' andyzed by
Holmstrom (1982). The focus of his paper, however, israther different. He emphasizesthe
central role of a principal who can break the balanced- budget constraint and enforce group
punishment saf-imposed by the team membersin order to prevent the free-rider problem. In
the context of the licensor-licensee rdationship, it is not obvious who can play therole of the
principd. More importantly, hisandyssis of limited vaue in the licensing relaionship because
the profits from technology transfer may be fungible by the licensee. Unlessthe profit from using
the licensed technology is directly verifiable, the optima incentive scheme in Holmstrom may be
ingpplicable.

Findly, Galini and Wright (1990) provide an andlyss of licenang in the presence of
asymmetric information. They explain the roydty rate in the contract as asgnaing device for the
licensor. In contrast, my model focuses on the mora hazard problem. The relative gpplicability
of these two mode s will depend on the circumstances under which licensing takes place.
Therefore, these two models should be viewed as complementary rather than competing.

The remainder of the paper is organized in the following way. Insectionll, | setupa

basic modd. Section 111 usesthe basic framework to analyze the choice between DFI



and licenang. The choice is shown to depend crucidly on the relative importance of investment
efforts by the licensor and the licensee. Section IV concerns the dynamic consequences of
licensaing and provides arationde for the incluson of the so-cdled grant-back clause. SectionV

contains concluding remarks.

II. The Model

| consider atechnology transfer between two firms located in two different countries. |
assume that these two national markets are segmented. Therefore, there isno direct competition
between the licensor and the licensee in the same market. This assumption spares an analysis of
the competitive effect of licenang.> | aso assume that the technology is aready established and
the commercid vaue of it is proven in the licensor's country when the licensing takes place.
Therefore, there is no informationa asymmetry regarding the value of technology.6 In addition, |
assume that the technology is licensed to only one firmin agiven market.” Thisis conggent with
the assumption of costly technology transfer, which can be regarded as afixed cost of
production.

Contrary to acommon belief that technology transfer is costless, the vaue of resources
that have to be employed to ensure a successful transfer of technology can be subgtantial .8
Accordingly, | depart from the previous literature in assuming that the effective transfer of

technology entails both transmission and absorption costs incurred by the licensor and the

SLicensing to other firms operating in the same market invites tough competition and lowers the industry's
profit. Katz and Shapiro (1985) analyzes the conditions under which licensingincreases the industry’s profit
and, therefore,licensing occurs between firmsin the same market.

6Gallini and Wright (1990) deal with the issue of informational asymmetry in the licensing relationship.
"This assumption isin accord with Firestone's (1971) finding that most licenses are sold to asingle firm.

8 |n Teece's(1977) study on 26 international technology projects, the transfer costs ranged from 2% to 59%
of total project cost.



licensee, respectively. This leads me to assume that there are two indispensable and
relationship-specific investments provided by the licensor and thelicensee. Let' s and b denote
the efforts supplied by the licensor and the licensee, respectively, in the process of technology
transfer. The candidatesfor s include pre-start-up training costs and advisory services
provided by the licensor to expedite the licenseg's acquisition of technological capability.
Smilaly, b represents the effort of the licensee to assmilate the foreign technology to alocal
market.® Kim and Dahlman [1992], for instance, report that loca efforts to assimilate, adapt
and improve imported technology are crucia to successful technology trandfer.

| assume that the constant margina cost redlized after technology transfer can be written
asc(b,s) with ic(s, b)/ls <0and Yic(s, b)/fb <0. Itisassumedthat s and b are not
contractible. The contract can be contingent only on the verifiable quantity of the product that
incorporates the licensed technology. Let me denote p(c) as the (reduced) profit function when
the constant marginal cost isgiven by c. Both parties are assumed to be risk-neutral and have
reservation utility of zero.

Lets* and b* bethefirs-best effort levels for the licensor and the licensee. They are
derived from

Max p[c(s, b)] -s - b «y

Thefirg-order condition for optimality is given by:

plots, b)) ) < prse, oy B -y

s b @

If acomplete contract can be written, the first best outcome can easily be attained. Suppose

that there are many potentid licensees. Asareault, the licensor has the

9 See Teece (1977) for categorization of technology transfer costs.



bargaining power and makes a take-it-or-leave-it offer to the licensee. The digtribution of the
bargaining power has no consequences for efficiency in my framework since | do not assume
any cash congraint for ether party.19 Then, the optimal contract specifiess* and b* and dl the
aurplus from the licensing relationship will be extracted by afixed fee. Note thet if acomplete
contract can be written (s and b are contractible), the optimal contract requires the royalty rate
to be set a zero. The reason isthat the roydty rate artificidly changes the licenseg's effective
margind cost (MC) different from the true MC and thereby induces an inefficient production
decision.

In practice, however, licenang contracts are predominantly royaty-based.1l This
discrepancy with empirical data can be reconciled by assuming that inputs for technology
transfer are not contractible. If the effectiveness of technology transfer depends on the efforts
provided by both parties and these efforts are not contractible, the firg-best outcome cannot be
implemented. | assume that the contract can specify only the output-dependent royalty fee and
any lump-sum trangfer. In this case, it will be shown that the optimal licensing contract includes
aroydty rate, which serves as a hostage to induce the licensor to exert codtly efforts.12

To seethis, suppose that the licensing contract included only the fixed fee. Then, the
licensor would have no incentive to exert any codlly efforts in the technology transfer process; if

we normalize the minimum level of efforts by the licensor and the licensee that can be enforced

10 |n contrast, in Aghion and Bolton (1992) and Aghion and Tirole (1994), ex ante bargaining power
influences the size of thetotal profits aswell asthe distribution of them due to the cash constraint facing
one of the partiesto the contract.

11According to Rostoker (1984), licensing with fixed fee alone was used only 13 percent of thetime. In
contrast, royalty plusfixed feelicensing was used 46 percent of time and royalty alone was used 39 percent
of time.

12 |f the transfer of technology is costless and, consequently multiple licenses can be given, the inefficient
price effect of the royalty rate can be mitigated by competition among several licensees.



to be zero, we have s =0.13 Thelicensee, then, maximizes

Max p[c(0, b)] - b ©)

and the firg-order condition for b satisfies p[c(0, b)]/Mb = 1.

Now suppose that the contract includes aroyalty rate of r. Then, the effort levels for the
licensor and the licensee are determined in the following way. Let P(.) be the inverse demand
function and g(c) be the profit maximizing level of output when the margind cost is given by c,
i.e., q(c) = argmax [P(q)q - cq] and satisfies the firs-order condition Pq + P=c. Notethat by
the envelope theorem,

p'(c) =-a(c) (4)

The licensor's effort level given the roydty rater is derived fromi4:

Maxy (s, b; r) =Max rq[c(s, b) +1] -s

or
rqfc(s, b) +r] fic(s,b)fls -1=0 (5)
The licensee's effort leve isthe solution to the following maximization problem:

Max y 8Gs,b; 1) =Max p[c(s, b) +1] - b

or
plc(s, b) +1] fic(s, b)lb-1=0 (6)
The equilibrium leve of effort levels, can be derived by solving (5) and (6) Smultaneoudly, i.e.,

T(shb) _,

) — pie(s* b*
=p’e(s*, b*) +1] D

rqfc(s*, b*) +r]

—“C(;;’ b @

13 Alternatively, asin Aghion and Tirole (1994), the minimum level of effort could be driven by “intellectual
curiosity, ego, career concerns, and prospects of informal rewards.”
14superscripts Sand B denote the licensor (seller) and the licensee (buyer), respectively.



Let s(r) and b(r) be the noncooperative equilibrium levels of efforts for the licensor and
licensee, respectively, given that theroydty rateisr. The optimal roydty rater* isset to
maximize the joint industry profit:

Max p[c(s (1), b(n) + 1] +rafc(s (1), b() +1] -s (1) - b(r) (8)
Using thefirg-order conditions for the licensor and the licensee (Eq. (5) and (6)) and (4), the
derivative of the joint profit with respect to the roydty rater is given by:

e e Loy =
ﬂ—ss +rq ‘nbb +rg' =0 9

-q

The choice of the optimd royalty rate is based on two consderations. The first two
termsin Eq.(9) represent the "incentive" effects whereas the last term represents " output
contraction” effect of increasing the royalty rate. More specificaly, ahigher roydty rate induces
more effort by the licensor since alower cost for the licensee implies a higher royaty income for
thelicensor. Inthe Appendix, it is proved that s '(r) is postive for sufficiently smal postive
vaues of r if the stability condition for the equilibrium effort levelsis assumed. This postive
incentive effect for the licensor is represented by thefirst termin (9).  The second term
represents the effect of an increase in the roydty rate on the licensegsincentive, the sign of
whichisin generd ambiguous!®> Findly, the roydty rate introduces an artificia wedge between
the effective MC and the true MC; the effective MC (true MC +royadlty rate) isincreased for the
licensee and as aresult the output isreduced. The third term in (9) represents this negetive
effect of output contraction. The tradeoff between these two "incentive' and "output

contraction” effects will determine the optima royalty rate. When the left hand side of Eq. (9) is

evauated a r=0, it is positive snce the second and the third terms disappear. Thisimpliesthat

15The sign will depend on, inter alia, whether b and s are complementary or substitute to each other.
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for asmdl vaue of the roydty rate, the positive incentive effect for the licensor dominates the
incertive effect for the licensee and the output contraction effect. Consequently, | can conclude
that the optimal roydty rate is postive if | assume that the maximand of (8) is awell-defined
concave function of r.

My modd is dso congstent with Taylor and Silberston's (1973) finding that royalty rates
are positively related to the amount of know-how supplied and the cost of supplying it and that
roydties are higher for products subject to price-indastic demands. To see the effect of
demand eadticity on the optimal royalty rate, we can rewrite the first order condition (9) as

follows.

ﬁ*
SN
08

Clia

)

O
Q- O
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=
+

Let me assume that the demand function has a constant price dadticity of e =-D'p/D, i.e., D(p)
=Ap-€ e>1. Define p(c) asthe monopolist's profit maximizing choice of price when the
margina cost isgiven by ¢, i.e. p(c) = (e-1)c/e. Note that g(c) = D(p(c)) which impliesthat

q(c) = D'(p(c))p(c). Then,
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Therefore, thereis an inverse relationship between the eadticity of demand and the optimal
royaty rate. Thereason isthat as demand becomes more inelagtic, the negative effects of

output contraction due to a higher royalty rate become smdler.
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It should be mentioned that the exclusive focus on the linear roydty payment schemein
this paper does not entail any loss of generdity because any outcome induced by a nonlinear
schemes can be replicated by alinear one. Consder the second-best contract with a generd
royalty payment of R(q)). (I considered only the case where R(g) =rq in the paper.) Let (S , 5,
4 ) be the outcome induced by this scheme. Then, it can be easily verified, by comparing the
firg-order conditions, that the same outcome can be achieved using alinear scheme with the

royaty rate of r = R(9 ) accompanied by an appropriate adjustment of the fixed fee,

Proposition 1. If acomplete contract can be written, the optimal licensing contract will include
only afixed fee. If the effort levelsin the transmission of knowledge cannot be contracted for,
the optimal contract dso includes aroydty rate which is determined by the trade-off between

the "incentive’ and "output contraction” effects.

Remark. Theroydty contract can be susceptible to renegotiation if the efforts are expended
only at the inception of alicensang reaionship which lagsfor ardatively long time; once the
efforts are provided both parties have incentives to diminate the roydty rate from the contract.
In this case, the optima contract can resemble adiding roydty scheme. However, if the efforts
must be provided continuoudy for effective operation of the licensee firm asin asarvice
contract, renegoiation isnot an issue. For example, the licensor's efforts can represent
maintenance efforts over time, the promptness of the licensor's after-saes service to recurrent

operationa problems, and on-going training in problem-solving techniques.



It isworth mentioning complementary work by Galini and Wright (1990) who dso
provide atheory asto why aroyalty contract can be optimal. In their modd, the innovator has
private information regarding the quality of the technology that islicensed. In this case, the
incluson of aroyalty rate servesasasgnd of the qudity of thetechnology. The Stuation
consdered in their paper is most appropriate when there is an independent inventor who triesto
<l histechnology to afirm with manufacturing capability. In this case, the technology has never
been tested in the market. 1n other words, the moral hazard problem is responsible for the
incluson of aroydty ratein my mode wheress adverse selection is the main reason in Galini
and Wright. Asymmetric information, however, isless plausble in the context of internationd
technology transfer where the technology has aready been proven in the licensor's country and

therefore, the quaity is more or less known to the potentia licensee16

III. Licensing versus Direct Investment

Up to now | restricted the option to serve aforeign market only to licensang. An
dternative way to penetrate aforeign market isto set up asubsidiary in the foreign country via
direct invesment. The framework can be naturaly extended to andyze afirm's decison to
serve aforeign market by licensing or direct foreign investment (DFI).  Let me assume that
even with direct investment through asubsdiary, alocd manager isindigoensable for the
successful operation of the subsidiary. We interpret b asinvestments by alocaly recruited
manager. Inthiscontext, b includes efforts to adapt the technology to loca market conditions,

clear locd government regulations, and aid the enforcement of intellectud property rights of the

16 |f there is any asymmetric information in our context, the chances are that the licensee would have
superior information regarding local market conditions.
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parent company, etc. With direct investment, however, the benefits of investment by aloca
manager accrue to the multinationa firm. Therefore, the locad manager has no incentive to exert
efforts, invesment in b will be zero. The multinationd firm maximizes

A/{)ax p[c(s,0)] - s

and the firg-order condition for s satifies p[c(s, 0)]/1s = 1.

In my framework, therefore, the relative attractiveness of the two approaches to
penetrating a foreign market will depend on the relative importance of b and s in the technology
trangfer process. Licensing will be chosen over DH if the margind efficiency of the licensee's
effortsisreatively large compared to that of the licensor's.  If the licensor’ s effort is relaively
more important in the transfer process, DFI would be favored because it is necessary to include
an inordinately high royalty rate in alicenang contract to induce a proper leve of licensor
effort.1” This prediction is congstent with the evidence that multinationals tend to be important in

products that are technically complex (Caves [1982] and Markusen [1995]).

Proposition 2. The preferred mode of entry into aforeign market depends on the relative
importance of efforts by the dispensing and receiving parties in technology transfer.
Licenang is preferred to DF if the licensed's efforts are rdatively more important than the

licensor's.

171t profits are verifiable, DFI may involve equity participation by thelicensee. In this case, the level of
equity participation will also reflect the relative importance of the marginal efficiencies of the two types of
efforts.
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In arecent paper, Horstman and Markusen (1995) also compare relative merits of
direct investment vs. an am’s length arrangement such aslicensng in amode where alocd
agent possesses superior information regarding market conditions. Use of aloca agent
insulates the multinationd firm from the downside risk of deploying assetsin amarket that may
not be large enough to judtify direct investment. However, the multinationd firm hasto give up
informationd rents to the loca agent to induce salf-sdection. The mode of entry in their paper,
therefore, is determined by the tradeoff between the benefits of information gathering and the
cogt of informationa rents through the agency arrangement. They conclude that direct
investment is the desirable mode of entry when the market is on average large and there isllittle
down-side risk in expected profits. Both Horstman and Markusen’s and my papers emphasize
agency codsin a contractud relationship. However, the sources of agency costs differ across
models. My modd focuses on the mora hazard aspect of the agency relationship whereas they

areinterested in the adverse selection problem.18

IV. Dynamic Effects of Licensing: the "Boomerang' Effect and Grant-Back Clauses
Huge current-account deficits, coupled with the erosion of United States (U.S.)
upremacy in the high-technology industries, have prompted both academicians and practitioners

to search for ways to restore the competitive edge of the U.S. in the globa market. Many

theories have been put forth to explain what was responsible for the decline of U.S.

18 | should mention that in an earlier paper, Horstman and Markusen (1987) provides atheory of the
multinational’ s mode of entry based on agency costs due to moral hazard. Intheir model, thereisimperfect
information in the product market, which make consumers’ purchase decision depend on the reputations of
the products. Agency costs of licensing stem from the fact that alicensee does not fully appropriate the
returns from maintaining the multinational firm’s brand reputation. Their paper focus on one-sided moral
hazard on the part of the licensee whereas this paper concerns two-sided moral hazard problem and the
relative importance between the two.
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competitiveness, together with prescriptions to reverse the trend [see, for instance, Dertouzos,
Lester, and Solow (1989)].

Technology trandfer to foreign firms has been one of the popular culprits blamed for the
erosion of U.S. supremacy. Inthissection, | anadyze the dynamic effects of licenang on the
competitiveness of the licensor and examine the rationale for often observed grant-back clauses.
Of particular concern are how the consideration of future competition distorts the licenang
relationship and how the "grant-back” clause can mitigate this distortion. In the process, |
evauate the vaidity of the casud argument we often hear in rdation to internationa technology
transfer.

According to this argument, myopic U.S. firms sold their future by  licensng the Sate-
of-the-art technologies for short-term profits. Asaresult, they lost ground to their competitors
in the succeeding generation of technological development. The VCR and the semiconductor
are two prominent examples. In this context, it is not surprising to witness a recent trend to
safeguard the cutting-edge technologies by the U.S. firms; once burned, they are anxious not to
repeet the same mistake. As aresponse to this problem, it has aso been suggested that a
"technology flowback™ provision in the contract that requires the licensee to share any advances
or improvements in the licensed technology with the licensor, might remedy the licensor's
problem of losing competitive advantage to the licensee in product development (see Shapiro
(1985) and Rothstein and Willgohs [1988]). Infact, Caves et al. (1983) report that 43 percent
of licensng agreements contain such grant-back clauses.

Notwithstanding the plausibility of the argument above, a closer ingpection reveds that

the logic behind it isincomplete in many respects. | argue that the possibility of
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legpfrogging by the potentia licensee in and of itsalf cannot be the reason for withholding the
frontier technologies. Thereasonisthat if this possibility is foreseen by the parties concerned,
the licensor can be potentialy compensated for any future loss of competitiveness due to the
technology transfer. Therefore, the current theory, if there is one, is deficient for it fallsto reved
the logica sepsthat carry it from the possibility of legpfrogging by the licensee to the reluctance
of the licensor to transfer the cutting-edge technologies.

To make my point, | first demondirate that if'a complete contract can be written, the
best available technology will dways be licensed smply because it enablesthe licensee to
produce more efficiently; the firs-best outcome is achieved and grant-back clauses are not
necessary. Thisleads me to conclude that the redl reason for the failure of licenang originates
from the inability of the parties to the licensing relationship to write a complete contract.
Without a commitment mechanism for the licensor, the contract should be incentive competible
for the best technology to be transferred in order to prevent ex post opportunism. 1t will be
shown that if the cost of the incentive compatibility congraint (ICC) istoo high, the best
technology will not be transferred. Then, | analyze the mechanism by which the ICC can be
relaxed with grant-back clauses.

To formdizethe ides, | assume that there are two types of technology that can be
licensed: the core and the peripheral technologies. The core technology differs from the
peripherd technology in two respects. Firdt, the core technology is superior to the peripherd in
that it enables the licensee to produce at alower cost; the production cost with the core
technology is ¢ while the production cost with the periphera technology is c,where¢ <c.

In addition, the transfer of core technology may enable the licensee to
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develop afuture generation of related product and may creste a competitor to the licensor in the
future.19

To determine which type of technology will be trandferred in the licensing rdaionship, it
IS necessary to describe the nature of future competition. To accommodate the possibility of

future competition, consider atwo period modd (see Figure 1).

Period 1 Period 2

Thelicensor  Production The new product
transfers takes place. with market vaue of V
the core or issold.
the periphera
technology. Instantaneous R& D

competition for

the next generation

of the product.

If the core technology

was transferred,

the licensee wins

the competition

with probability  g.

Haure 1. Timing of the Licenang and R&D Compstition.

Oncethereisatransfer of the core technology, there will be arace to bethefirst oneto
develop anew generation of the product which will render the old product obsolete. The new
product is assumed to be sold in the second period. The R&D competition occursin the

intervening period between the end of the first period and the beginning of the second period.

19Rockett (1990) also allows the licensor to choose which versions of the technology to license when the
licensor and the licensee are duopolists competing in the same market. In her paper, the quality of the
licensed technology affects the licensee's ability to imitate. Different versions of the technology, however,
are fully characterized by their corresponding marginal costs. Therefore, the effects of the quality of
licensed technology and the grant-back clause on future product development are not considered.



18

Thevdue of winning theraceisV. Theloser gets nothing.20 Thefirst one to develop captures
the whole value because further entry is blocked by the patent. Alternatively, the assumption of
Bertrand competition and a smal sunk cost of entry will ensure no further entry.

| assume that the transfer of the core technology endows the licensee with the ability to
win in the future competition with probability . For indance, we can imagine astuation in
which the licenseg's hazard rate of innovation with the transfer of the core technology is given by
|, which parametrizes the ability of the licensee to absorb the technology (see Cohen and
Levinthal [1989]). However, with the transfer of periphera technology, the licensee cannot
succeed in the development of the new technology regardless of its ability level.21 Let mdenote
the hazard rate for the licensor. Then,q=1 /(I + ). Sincethereisaone-to-one
correspondence between q and | , henceforth, | will parametrize the absorptive capacity with q
when the core technology is transferred.

Letf (" and " denote the expected future (second period) payoffs for the

licensor (sdller) and the licensee (buyer) when the core technology istransferred. Then,
abgtracting away from discounting and R& D cogts, we have?2;
£ =(1- gV, fO =qv (12)

B

In contrast, with the trandfer of the periphera technology, the licensor captures the market with

20The payoff structure of "the-winner-takes-it-all" is not necessary for my argument. All we need isthat
the winner's payoff islarger than that of the loser and the game exhibits the feature of arace. If the payoff
structureisreversed and the gameis one of waiting, there is no need to worry about the transfer of the core
technology.

21More generally, | could have assumed that the hazard rates for the licensee are given by f(l) and g(l )
when the core and the peripheral technologies are transferred, respectively, without altering any qualitative
results. Then, the main argument that follows will be valid if we assumethat h() =f(1)-g(l) isincreasing
inl.

220nce again, this assumption is not crucial and is made only for expositional simplicity. We can easily
construct afull-fledged R& D model that accounts for R& D cost and discounting without affecting any
qualitative results that follow.
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probability one since thereis no danger of being preempted by the licensee. Therefore, the
future payoffs when the peripherd technology istrandferred are:

fPERI = V, fPERI - O (12)

S B

Let REO%£(r) and R™** (r) be the royaty income for the licensor when the roydty rateisr:

R =rq(c+n), R (N =rq(c+) (13)

Now suppose that a complete contract can be written specifying which type of
technology will be transferred. If the core technology is transferred with the royalty rate of r, the
payoffs for the licensor, excluding fixed fee component, are £ + REORE(r) = (1- q)V +r1
g(c +r). Inaddition, the licensor can extract the licenseg's payoffs from the technology transfer
in the form of afixed fee, which is given by:

F%=p(c+n)+qV (14)
Therefore, the licensor's payoffs with the transfer of the core technology are:

P CORE (CI) = RCORE (I‘) + [CORE f <;0RE

=rq(c+n+[plc+nN+aqVl+(1-q)V =rg(c+rn +p(c+n+V

CORE

will be maximized when roydty rate, r, isset a zero snce by usng the envelope
theorem, we have d[r g(c +r) + p(c + r)]/dr = g'(c +r) <0. Since any efficiency gain by the
licensee can be extracted by afixed feg, thereis no reason to distort the licensee's effective MC

by introducing aroyalty rate. Therefore, the payoff for the licensor when the core technology is

transferred is given by:
P (@=p(c)+V (15)

CORE

Note that P (9) isindependent of g. The reason isthat any loss of competitive advantage

by the licensor will be exactly offset by the corresponding increase in the fixed fee.



Smilarly, | can derive the payoffs for the licensor when the periphera technology

istrandferred.  The payoff for the licensee which can be extracted as afixed feeis

FP® =p(c) + 2 =p(c) (16)

In this case d <0, the roydty rate will be set a zero for the same reason. Therefore,

the payoff from trandferring the periphera technology is given by:
P PERI (CI) = RPENI (0) + pPERI 4 f PERI
N

=p(c)+V (17)

Sncep(c)>p (E ), thelicensor will always prefer to transfer the core technology. This
vindicates my clam that the possihility of losing future competition aone cannot explan the
nonoccurrence of technology transfer in the core technology as future competition from the
licensee becomes more formidable. Theintuition is quite Smple. Since the licensor can extract
al the surplus from the licensee via afixed fee, the first-best outcome is achieved by maximizing
the available pie in the relationship, which gtipulates that the most efficient technology be

transferred at the royalty rate of zero.

Proposition 3. With acomplete contract, the core technology will be dways transferred

regardless of the consideration of future competition.

Proposition 3 suggests that the failure to transfer the core technology is aresult of
the inability of the concerned parties to write a complete contract. More specificaly,
assume that the license contract cannot specify which types of technology will be

transferred. Even though which elements of the technology congtitute the core component
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may be well-understood by the parties to the relationship, they may be difficult to convey to a
third party. Consequently, what type of technology was actudly transferred may not be easly
verifiablein court. Inthis case, for the core technology to be transferred it should be incentive
compatible. The incentive compatibility congtraint for the licensor to transfer the core
technology is:

RCORE (r) + fEORE 3 RPERI (r) + f;’ERI, or

REE(N) - R () =r{a(c+1) - glc+n] 3 qv = £ - £ (18)
In other words, the increase in royaty income by transferring the core technology should be
aufficiently large to overcome the decrease in the profit due to future competition. Note that if
there i's no future consideration due to the transfer of the core technology (i.e, f ;' - £ =
0), the incompleteness of the contract does not cause any inefficiencies. Specifying any
arbitrarily smal royaty rate will make the transfer of the core technology to be incentive
compatible. In other words, the possibility of future competition is a necessary condition for the
falure of transferring the core technology to occur even though it done cannot be a sufficient
condition, as we have seen above in Propostion 3.

The effect of the roydty rate on the gap in royaty incomes between the core and the
peripherd technologies can be derived as.

d[R™ (1) - R”™ (lfdr =[a(c+1) - a(c + D] +1ld(c+1) - d(c+n]  (19)
When (19) isevauated at r=0, it is positive; the gap in royaty incomesincreases at least
initidly as the roydty rate becomes positive. To avoid unnecessary complications, let me

assume that sup[ R““%* (r) - R ()] > V.23 Thisensuresthat there exiss aroydty raer

23Thjs assumption is made purely to simplify exposition and is not necessary. If this assumption isviolated,
thereisacritical value  where sup[ R““** (r)- R”*® (n] =Qq V. Then, the incentive compatibility



that can satisfy the ICC for dl i [0,1]. Let r*(q) be the minimum royalty rate that satisfies the
ICC. Notethat the existence of aroyalty rate that satisfies the ICC does not necessarily imply
that the core technology will be transferred. Thereasonisthat r*(q) isincreasngin g, reflecting
the fact that the ICC becomes more cogtly to satisfy as the possibility of legpfrogging incresses,
If the ICC istoo codly to satisfy, the licensor may opt to transfer the peripherd technology.

When the core technology is transferred with royalty rate r*(q), the licensor extracts the
payoff for the licensee viaafixed feewhich isgiven by p[c + r*(q)] + ™" :

F =ple+r(@] + 57 =plc+ (@] +qv (20)
Therefore, given the probability of losing the future competition q, the payoff for the licensor

from transferring the core technology can be written as:
P CORE (q) :RCORE (r) +FC0RE + ngRE
=r(@afctre(@] +plctrr (@] +V (21)
When the peripherd technology is transferred, the payoff is the same as in the complete contract
case snce thereis no additiond incentive congraint to be satisfied.
P PERI (CI) — RPER] (O) + FPERI + ngRI - p(g) +V (22)

By using the envelope theorem, | can derive

CORE

dP

——— = r(@dle+ (@] (@) <0 (23
a

Since P " (q) is congtant and independent of g, thereis aunique g* such that

P (q>pP "™ (g ifandonlyif g <g*. If nosuch g* exigts set g* =1.

constraint can be met for all g £a . All the analysis that follows, then, can be applied to thisrestricted
region.



Thisresult can explain why there will be less trandfer of the core technology as the
capability of the licensee to develop anew product increases. It can aso be shown that, given
the ability of the licensee g, the ICC is more difficult to satiSfy as V becomeslarger. Thisimplies
that as the vaue of winning future competition becomes more important, the core technology will
be transferred less often.  These predictions are consistent with the protectionist arguments that

advocate safeguarding the cutting-edge technology.

However, it isimportant to understand why transferring the core technology becomes
less atractive for the licensor as the probability of legpfrogging and the value of future
competition get larger. A smple explanation that the licensor gets more cautiousin safeguarding
her frontier technology to maintain her dominant position begs the question of why the expected
loss of the licensor cannot be compensated via afixed fee if the licensee's competitive gains
come at the expense of the licensor. Indeed, in Proposition 3, | demonstrated that any loss of
competitive edge that accompanies the transfer of the core technology can be compensated via
afixed fee. Inmy model, the reason liesin the cost of stisfying the ex post ICC dueto the
inability to write a complete contract. According to my modd, therefore, it is not a mistake for
the licensor to transfer the core technology even when she loses future competition to the
licensee to whom her core technology has been transferred. It could have been a calculated risk

taken by arational decision-maker.

My modd can adso shed some light on the mechanism by which a"grant-back” clause
can facilitate the transfer of the core technology; it rlaxesthe ICC. To andyze the effect of the
grant-back clause on the incentive to transfer the core technology, let me assumethat V
comprises two components, Vg and Vg (V=Vg + Vg). Vg and Vg denote the values of the

new product in the licensee's and licensor's local markets, respectively.  The grant-back clause
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dtipulates that any improvements derived from the licensed technology by the licensee be
assigned to the licensor.  However, they may be used by the licensee without any additiona
licensee fee or royaty (Areeda[1981]). In such an event, the licensor and licensee will capture
their own loca marketsif we assume a Bertrand type competition and asmall sunk cost of entry
into the other's market. Therefore, with the inclusion of the "grant-back™ clausein the licenang

contract, the future payoffs from transferring the core technology are24:

¢ CORE ¢ CORE

f, =1 qV+avs, f, =dvp (11)
The future payoff from the peripheral technology isthe same as before (F, " =f I*'=v, £

_§ PERI
=f 5

= 0) because the grant-back clause has no consequencesin this case.
The ICC for the licensor to transfer the core technology can be rewritten as:

RCORE (r)+ FSCORE 3 RPER] (r)+ _F';’ERI or

¢ PERI ¢ CORE

REFEM) - R™M () =r[q(c+1) -dlc+n] 2 qvg=f, " - £, (18)

Let 7 *(qg) be the minimum royaty rate to stisfy the ICC given the probability of losing future
competition . Since the incentive compatibility has been relaxed with the grant-back clause
(Vg <V), wehave 7 *(q) <r*(q). The payoff from transferring the core technology can be

written as;

~ CORE

P (@ =plct+7*@] +*(alc+ 7 *(] +V (21)

The payoff from trandferring the peripherd technology is the same as before:

~~ PERI

@ =P " (@ =p(c)+V (22)

Let a* be the unique value such that 5C0R5(q) >5PER[ () ifadonlyif g <a*. Thefact

24y ariables corresponding to the case with a grant-back clause are denoted with tilde.
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that 7 *(qg) <r*(q) impliesthat a*> g*. Consequently, grant-back clauses can be beneficia
for the licensor in two respects.  Firt, the grant-back clause alows the core technology to be
transferred for awider range of parameters. For parameter valuesq 1 (g, EI *], the core
technology will not be transferred without the grant-back clause. Second, for g <g*, the grant-
back clause is not necessary for the core technology to be transferred. The grantback clause,

however, reduces the roydty rate and induces amore efficient output level (see Figure 2).

P PERI (q) S N
5% e | S~ T
@ T~ T

‘V

q* T* * q

The parameter region in which the inclusion of the grant-back clause is needed for the core
technology to be transferred.

Figure 2. The Effect of the Grant-Back Clause in the Licensng of the Core Technology
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Proposition 4. Incluson of aroydty rate is necessary for the transfer of the core technology to
be ex post incentive-compatibleif the type of technology to be trasnferred cannot be specified
in the contract. Asthe vaue of winning future competition becomes more important, the
incentive compatibility constraint becomes more codtly to satisfy. Asaresult, the transfer of
core technology is observed less often. Grantback clauses dlow the core technology to be

transferred in awider parameter space by relaxing the ICC.

It should be mentioned that my modd abstracted from two important consderationsin
the andyss of the grant-back clause. First, the moddl was devoid of any drategic R&D
competition; innovation was implicitly assumed to occur by chance. Therefore, the only effect of
the grant-back clause was an indirect one; grant-back clausesrelax the ICC, whichin turn
affects the current production decision through the roydty rate. If | introduce R&D costs which
vary with the intensity level, theincluson of the grant-back clause may have the direct effect of
dulling the incentive for the licensee to engage in R&D. In this case, there may be an additiona
incentive to include the grant-back clause to avoid rent disspation in R& D competition.
However, this may be socidly harmful if the outcomeisacollusve level of R&D. Second,
innovation was assumed to occur anyway regardless of the number of firms capable of
innovating. Also by ignoring discounting, the R& D game had the feature of a congtant-sum
game. Only who develops first matters, not when the innovation actudly occurs.  If we amend
the game to account for these omissions, the merit of licensing the core technology vs. the
periphera technology will depend on the tradeoff between duplication and diversfication in the

R& D process.
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V. Concluding Remarks

The market for information is replete with imperfection and thisis reflected in the
Sructure of licensng agreements. In this paper, | develope an incomplete contract mode of
technology transfer that accounts for market imperfection. More specificaly, noncontractible
agpects of technology trandfer that have been largely ignored in the literature, are explicitly
introduced in the andysis of licenang. Theresult isaframework that brings the modd of
licensing closer to redity and generates predictions congstent with empirica findings.

Firg of dl, the introduction of inputs that are not contractible and costly explainsthe
prevaence of roydty contractsin the licensing relationship. Moreover the model was able to
relate the Size of the royalty rate to the parameters that represent the circumstances under which
the concerned parties operate. The framework aso provides arigorous evaluation of the recent
debate over the issue of technology licensing and competitivenessin the globa economy. In
addition, the difficulty thet the licensor facesin controlling the use of informationin the
development of related products in the future can dso explain the rationae for including grant-
back clausesin licensng contracts. Findly, the mode can be naturaly extended to andyze the
choice of atechnology holder between direct invesment and licensng in an attempt to serve a
foreign market.

My modd may have implications for the dynamicsin the formulation and implementation
of technology policy for developing countries, which often pursue active government policies
amed &t the crestion of indigenous capacity. In fear of foreign dependency and/or for the
purpose of strengthening the bargaining power of domestic firms, governments often require their
own gpprova of foreign licensing agreements. In the gpprova process, governments restrict the

type of contractsin order to preclude congraints that may be imposed by foreign nationas on
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local firms efforts to develop their own capability. However, as the economy matures and
threatens to be a competitor to potentia licensors, it may even be necessary to dlow foreign
suppliers greater control and favorable termsin order to have any chance of securing continued
access to advanced foreign technologies; it may be counterproductive to indst on retrictive
technology policy as the economy matures. In this respect, it isilluminating to observe that in the
beginning of 1980 Korea abolished dl redtrictions imposed on terms and conditions of foreign
licenang asit found it increesingly difficult to obtain sate-of-the-art technologies [see Kim and
Dahlman (1992)].25

In order to focus on the implications of the cogt of transfer for optimal contractua forms,
| consdered the licensing relationship between two firms serving segmented markets. This
paper, therefore, deliberately ignored the effect of payoff interdependence that can arise from
downstream competition between the licensor and licensee or among potentia licensees, which
was the main concern in the traditiond licensing literature [see, for example, Katz and Shapiro
(1985), Kamien and Tauman (1986), Gallini and Winter (1985), etc.]. To merge these two

digtinct but complementary approaches would be alogica step for future research.

25|n the face of increasing reluctance to transfer technology by firmsin industrially-advanced countries,
Korean firms also resorted to the strategy of setting up "antennas" which serve astechnological outposts.
For example, several Korean firms (especially major chaebols) have set up outpostsin Silicon Valley to
|eapfrog into state-of-the-art technol ogies by monitoring technological changes and to acquire advanced
semiconductor and computer technologies [see Kim (1993)].



References

Aghion, Philippe and Patrick Bolton, "An Incomplete Contract Approach to Fianncid
Contracting," Review of Economic Studies, LIX (1992), 473-94.

Aghion, Philippe and Jean Tirole, "The Management of Innovation, " Quarterly Journal of
Economics, 1994, 1185-1209.

Areeda, Phillip, Antitrust Analysis, Little, Brown and Company, Boston, 1981.

Arrow, Kenneth, "Economic Welfare and the Allocation of Resources for Inventions,” in
Richard Nelson (ed.), The Rate and Direction of Inventive Activity, Princeton
University Press, 1962.

Barton, John H., Robert B. Dellenbach, and Paul Kuruk, "Toward a Theory of Technology
Licenang," Stanford Journal of International Law (25), 1988, 195- 229.

Berrill, K. (ed.), Economic Development with Special Reference to East Asia, St. Martin
Press, New Y ork, 1964.

Caves, Richard E., Multinational Enterprise and Economic Analysis, Cambridge
University Press, 1982.

Caves, R., Crookdl, H. and JP. Killing, The Imperfect Market for Technology Licenses,”
Oxford Bulletin of Economics and Statistics (45), 1983, 223-248.

Cohen, Wedey M. and Daniel A. Levinthd, "Innovation and Learning: The Two Faces of
R&D," Economic Journal (99), 1989, 569-596.

Dertouzos, Michad L., Richard K.Lester, and Robert M. Solow, Made in America:
Regaining the Productive Edge, Cambridge, MIT Press, 1989.

Firestone, O., Economic Implications of Patents, University of Ottawa Press, 1971.

Gdlini, Nancy T., and Raph Winter, "Licengng in the Theory of Innovetion,” Rand ~ Journal
of Economics (16), 1985, 237-252.

Gdlini, Nancy T. and Brian D. Wright, "Technology Transfer under Asymmetric
Information,” Rand Journal of Economics (21), 1990, 147-160.

Grossman, Gene and Elhanan Helpman, Innovation and Growth in the Global Economy,
The MIT Press, Cambridge, 1991.

Grossman, Sanford and Oliver Hart, "The Costs and Benefits of Ownership: A Theory of
Lateral and Verticd Integration, Journal of Political Economy (94), 1986, 691-719.



Holmstrom, Bengt, "Mora Hazard in Teams" Bell Journal of Economics (3), 1982, 324-340.

Horstman, Ignatius and James R. Markusen, "Licensing versus Direct Invesment: A Model
of Interndization by the Multinational Enterprise,” Canadian Journal of Economics
(20), 1987, 464-481.

Horstman, Ignatius and James R. Markusen, "Exploring New Markets. Direct Investment,
Contractua Reations and the Multinational Enterprise NBER Working Paper No.
5029, 1995.

Kamien, Morton I, "Patent Licensing,” in Robert J. Aumann and Sergiu Hart (ed.),
Handbook of Game Theory, Vol.1, Elsevier Science Publishers B.V., 1992.

Kamien, Morton |. and Yair Tauman, "Fees versus Roydties and the Private Vdue of a
Patent,” Quarterly Journal of Economics (101), 1986, 471-491.

Katz, Michad and Carl Shapiro, "On the Licensing of Innovations" Rand Journal of
Economics (16), 1985, 504-520.

Kim, Linsu, "Absorptive Capacity and Industrid Growth: A Conceptua Framework and
Koreds Experience" Eagt Adan Ingtitute Reports, Columbia University, March
1993.

Kim, Linsu and Carl J. Dahlman, "Technology Policy for Indudridizatio: An Integrative
Framework and Korea's Experience,” Research Policy (21), 1992, 437-452.

Markusen, James R., "The Boundaries of Multinational Enterprises and the Theory of
Internationd Trade," Journal of Economic Perspectives (9), 1995, 169-189.

Rockett, Katherine, "The Quality of the Licensed Technology,” International Journal of
Industrial Organization (8), 1990, 559-574.

Rostoker, M., "A Survey of Corporate Licensing,”" IDEA (24), 1984, 59-92.

Rothstein, Paul M. and Eric H. Willgohs, "Summary of Proceedings of the Symposium on
the Law and Economics of Internationa Technology Licensing,” Stanford Journal
of International Law (25), 1988, 231-256.

Shapiro, Carl, "Patent Licenang and R&D Rivdry," American Economic Review (75),
1985, pp.25-30.

Taylor, Charles T. and Z. A. Silberston, The Economic Impact of the Patent System: A
Study of the British Experience, Cambridge University Press, 1973.

Teece, David J,, Technology Transfer by Multinationd Firms: The Resource Cost of
Trandferring Technologica Know-How," Economic Journal (87), 1977, 242-61



31

Appendix
This gppendix provesthat s'(r) >0 for sufficiently smadl vaues of podtiver if we assume
that the Nash equilibrium in the choice of effort leve issable. The equilibrium in effort levels by
the licensor and the licensee with the roydlty rater, (s (r), b(r)), is defined by the pair of firs-

order conditions (4) and (5). Totaly differentiating these first-order conditions gives us.
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It isreadily seenthat s’ (r) can be written as
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<
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D> 0. Therefore, thesgn of s'(r) isthe same asthe sign of the numerator in Eq. (A.2), which

is
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For r sufficiently close to zero, the vaue of the numerator, (A.3), can be gpproximated by
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' - + g— ), which is podtive snce the expresson in the bracket is negative by the
“qﬁﬁé qu) posi pi egetive by

second order condition.
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