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a b s t r a c t 

This paper deals with R&D investment and technology licensing in a supply chain formed of an origi- 

nal equipment manufacturer (OEM) and a contract manufacturer (CM). The R&D is conducted by the CM

and the OEM agrees to pay a share of the cost. At the R&D stage, we assume that there are some un- 

certainties both in terms of performance of the developed technology and market uncertainties. These

uncertainties are resolved in the sales stage, as technology matures and information about consumers’

preferences become available. Further, the OEM can license the technology to a third party and share

the revenues with the CM. We characterize equilibrium pricing and licensing strategies in two scenarios,

namely, the licensing decision is made before or after the uncertainties are resolved. A comparison of the

two equilibria indicates that the OEM is indifferent between making the licensing decision in the first or

the second stage in most cases. But when the market potential, competition intensity, royalty rate and

revenue sharing rate are moderate, there exists a small region in the parameter space where the OEM

prefers to make the licensing decision in Stage 2. Interestingly, we obtain that for a large region of the

parameter space, the two partners have the same preferences in terms of licensing. It is also found that

different probability distribution of stochastic technology efficiency results in different licensing strate- 

gies.

© 2017 Elsevier B.V. All rights reserved.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

r  

p  

c  

s  

n  

e  

T  

i  

t  

p  

a  

v  

U  

a

 

u  

b  
1. Introduction

Cooperation in research and development (R&D) is popu-

lar among technology-intensive firms pursuing time and cost

reduction, better product design, and higher quality objectives

( Albino, Carbonara, & Giannoccaro, 2007 ). Coordinated investment

in R&D is often preferred to competitive investment because: (i)

it achieves higher economics of scale and scope; (ii) it reduces

risk and wasteful duplication of R&D effort s; and (iii) it leads

to higher total investments, and therefore higher knowledge, as

appropriability and free riding are no more an issue ( Ge & Hu,

2008; Harabi, 2002 ). 

Cooperation in R&D between firms can be horizontal or vertical.

In the former, companies competing in the same product market

coordinate their R&D efforts by, e.g., jointly investing in a research

laboratory; see the seminal papers by d’Aspremont and Jacquemin

(1988) and Kamien, Muller, and Zang (1992) . Vertical cooperation
� We would like to thank the Editor and the three Reviewers for their very helpful
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efers to firms belonging to a supply chain, e.g., an upstream com-

any and a downstream firm that collaborate in R&D to realize a

ollectively better outcome. For instance, Dell helped in 2002 its

upplier Lexmark to enhance its printer technology with an in-

ovative Dell-developed cartridge replenishment software, which

ventually benefited both firms ( Bhaskaran & Krishnan, 2009 ).

oyota Motor Co. Ltd has been cooperating with its suppliers to

mprove product performance since 1970. 1 Kisiel (2007) mentions

hat auto manufacturers have also involved suppliers during the

roduction process, which allowed early detection of problems

nd the use of better components. Vonortas (1997) found that

ertical cooperation dominated other types of cooperation in the

S during the period 1985–1995, a result also obtained by Arranz

nd de Arroyabe (2008) . 

In this paper, a downstream firm (an original equipment man-

facturer, OEM) pays part of the R&D investment cost incurred

y an upstream firm (a contract manufacturer, CM) to develop a

ew technology or a new product. This cost-sharing mechanism

s in line with what has been observed empirically. For instance,
1 Toyota, 2012. New initiatives for quality improvement. http://www.toyota-global.

comcompany/history- of- toyota/75years/text/entering- the- automotive- business/

chapter2/section1/item3.html .
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eneral Motors Corporation provides an annual budget of 20 0–40 0

illion dollars for its Six Sigma Program, with a significant por-

ion of which being dedicated to improve its suppliers’ component

uality ( Snee & Hoerl, 2003 ). 

Additionally to R&D cooperation, we assume that the OEM can

icense the new technology and share the revenues with the CM.

echnology licensing means that an organization sells the rights to

se its technology in the form of patents, processes and technical

now-how to another firm for payment of royalties and/or other

ompensation ( McDonald & Leahey, 1985 ). Technology licensing

as for long been viewed by most high-tech enterprises as a quick

nd effective means for improving technology and innovation de-

elopment ( Benassi & Di Minin, 20 09; Fosfuri, 20 06; Lichtenthaler,

011; Zhao, Chen, & Hong, 2014 ). Arora, Fosfuri, and Gambardella

2004) reports that over 15,0 0 0 licensing transactions in technol-

gy occurred worldwide already in the period 1985–1997 with a

otal value of over $320 billion. Technology licensing yields con-

iderable additional revenues to firms, see, e.g., Arora, Fosfuri, and

ø nde (2013) ; Kim and Vonortas (2006) ; Lichtenthaler (2011) ;

hao et al. (2014) . For instance, IBM, Texas Instruments and Dow

hemical are known to collect hundreds of millions of dollars

n annual licensing revenues ( Arora et al., 2013; Lichtenthaler,

011 ). It also yields non-monetary benefits such as enabling the

icensor to establish industry standards or enter new markets

 Gambardella, Giuri, & Luzzi, 2007; Lichtenthaler, 2011 ). However,

here may be a negative side to licensing as licensees can develop

roducts that end up competing with the licensor’s products

 Avagyan, Esteban-Bravo, & Vidal-Sanz, 2014; Bagchi & Mukher-

ee, 2014; Erkal & Minehart, 2014; Fosfuri, 20 06; Kim, 20 09 ). To

llustrate, the company RCA that once licensed its color TV tech-

ology to a number of Japanese companies for originally exclusive

xploitation in Japan ended up facing competition in the U.S.

arket from these firms that quickly assimilated RCA’s technology

 Hill, Hwang, & Kim, 1990 ). Consequently, the decision of licensing

nvolves a trade-off between the revenues from licensing fees

nd the potential losses in sales revenues due to the competition

rom the licensee. Moreover, there is a dense literature that dealt

ith the design of licensing contracts, that is, the determination of

xed fees, royalties, and also about the coexistence of royalties and

xed fees; see, e.g., Bagchi and Mukherjee (2014) ; Rostoker (1984) ;

avva and Taneri (2014) ; Zhao et al. (2014) . This work investigates

he OEM’s licensing strategy based on the royalty contract. 

Rewards from technology investment are far from being fully

redictable ( Bhaskaran & Krishnan, 2009; Ma, Grubler, & Nakamori,

009 ). In the R&D stage, the firm cannot be sure to fully succeed

n effectively designing and efficiently manufacturing new prod-

cts. On the top of this technology (or performance) uncertainty,

he firm faces market uncertainty as, at least initially, it does

ot have reliable data about consumer’s preference and demand

 Bacon, Beckman, & Mowery, 1994; Bhattacharya, Krishnan, & Ma-

ajan, 1998 ). These uncertainties, called as technology efficiency

ncertainty for short, are resolved in the sales stage as the firm

as access to more accurate information and the technology and

arket mature in this stage. This two-stage structure has also been

dopted in, e.g., Xiao and Xu (2012) and Ge, Hu, and Xia (2014) ,

owever assuming away the above mentioned uncertainties and

etaining different licensing and pricing contracts. 

Overall, as for the high-tech industries, technology licensing

rings about additional licensing revenue on one hand, but it

lso aggravates competition from the licensees. Thus, technology

icensing is a strategic decision for the firm. In conjunction with

he fact that technology and market uncertainties exist in the

nitial stage but are resolved in the second stage, the timing of

he licensing decision-making is another issue worth studying.

he timing of R&D collaboration decision has been of interest

o practitioners and scholars, but most contributions, apart from
llain, Henry, and Kyle (2015) , are concerned by investment timing

 Harrison & Sunar, 2015; Perdikaki, Kostamis, & Swaminathan,

016 ) and licensing timing ( Crama, De Reyck, & Taneri, 2016 ). We

nlarge the focus of this literature by attempting to respond to the

ollowing research questions: 

1. What is the optimal timing for the OEM to make the licensing

decision, and what is the optimal licensing strategy? 

2. How does technology efficiency uncertainty impact the licens-

ing strategy as well as investment and pricing decisions? 

3. Under what conditions, licensing is a win-win situation for both

channel members? 

To address these questions, we consider a two-echelon supply

hain playing a two-stage game, where an OEM and a CM jointly

onduct technology investment to expand their market. The OEM

akes the licensing decision and controls the share it pays of the

M’s investment cost in R&D and its margin. The CM decides the

nvestment level in R&D and its wholesale margin. Two scenarios

re considered. In the first scenario, the licensing decision is

ade in the R&D stage, and therefore we must account for both

echnology and market uncertainties. In the second scenario, we

uppose that the OEM can delay its licensing decision to the sales

tage when the uncertainties are already resolved. 

By determining and contrasting the strategies and outcomes

n the two scenarios, we obtain the following insights: (1) In

ost cases, the OEM is indifferent between making the licensing

ecision in the first or the second stage. But when the market po-

ential, competition intensity, royalty rate and revenue sharing rate

re moderate, there exists a small region in the parameter space

here the OEM prefers to make the licensing decision in Stage

. Further, there also exist some parameter regions where making

he licensing decision in Stage 1 is preferred. (2) If the uncertainty,

r the technology competition intensity, or market potential is

igh, then the OEM does not license the technology. However,

t does if its share in the licensing revenues, or royalty rate is

igh. (3) Technology efficiency uncertainty improves technology

nvestment, expected retail margin and profits for both players,

ut has a non-monotonic impact in terms of investment sharing

ate. (4) If the licensing option is made in the second stage, then

o licensing will occur if the technology efficiency is high, and the

everse if it is low. (5) Different probability distributions of the

tochastic technology efficiency may lead to different technology

icensing strategies. Finally, we obtain that in a large region in the

arameter space, the optimal licensing strategy is profit improving

or both players. 

The contribution of this paper is twofold. First, we propose a

odel to deal with licensing issues, including licensing strategy

nd timing of decision-making in the presence of uncertainties,

hich have been ignored in the licensing literature. We believe

hat our approach fills a gap in the research on technology li-

ensing. Second, the theoretical results provide guidance for firms

o make licensing decision, and the sensitivity analysis gives

hem hints on how to adjust their strategies in different market

nvironments. 

The rest of the paper is organized as follows. Section 2 de-

cribes the model. In Section 3 , we derive the equilibria in the

wo scenarios and we compare them in Section 4 . This work is

xtended in Section 5 and concluded in Section 6 . 

. Model 

Consider a two-stage game in a supply chain formed of an

riginal equipment manufacturer and a contract manufacturer. In

he first stage, the two players jointly invest in R&D to improve

he OEM’s product quality, which is sold in the market in the
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Table 1 

Notations. 

Decision variables 

φ: cost sharing rate x : technology investment 

m : retail margin w : wholesale price 

Probability distribution parameter 

�: random technology efficiency θ1 , θ2 : realizations of �

α: P{ � = θ2 } μ, σ 2 : mean and variance of �, respectively 

Demand parameters 

M : market potential δ: competition intensity 

Licensing parameters 

τ : revenue sharing rate π : royalty rate 

Nomenclature 

L: licensing NL: no licensing 

Z: depending on realizations 
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second stage. From now on, we shall use indifferently Stage 1 or

R&D stage and Stage 2 or sales stage. 

The outcome of R&D investment is uncertain both in terms

of resulting technical performance and market acceptance (see,

e.g., Bhattacharya et al. (1998) ; Oosterhuis, Van Der Vaart, and

Molleman (2011) , Perdikaki et al. (2016) ; Wang and Nguyen

(2017) ). As mentioned before, we assume that technology and

market uncertainties are resolved in the sales stage, as the

product’s performance can be accurately tested by experts and

consumers’ defense groups, and the firm disposes of much

better information about demand. Let the random variable �,

following a two-point distribution, characterize technology and

market uncertainties, with P { � = θ2 } = α, P { � = θ1 } = 1 − α and

0 ≤ θ1 < θ2 ≤ 1, 0 ≤α ≤ 1. Hereafter, we call it as random technol-

ogy efficiency for short. The corresponding mean and variance are

μ = αθ2 + (1 − α) θ1 and σ 2 = α(1 − α)(θ2 − θ1 ) 
2 , respectively. 

Denote by x the R&D activities and suppose that the cost is

convex increasing and well approximated by the following simple

quadratic function: 

(x ) = x 2 , 

which is commonly used in the literature to characterize diminish-

ing returns from investment (e.g., Caulkins, Feichtinger, and Grass

(2017) ; d’Aspremont and Jacquemin (1988) ). We assume that this

total cost is shared by the two partners, with the OEM picking up

a share φ and the CM the remaining 1 − φ. 

Denote by m the OEM’s margin and by w the CM’s wholesale

margin. The retail price to consumer is then given by p = m + w .

We suppose that the demand is decreasing in the retail price

p , and increasing in the technology quality, 2 which is measured

by �x . If the OEM licenses the technology to another supplier

operating in the same market, then it gets some revenues from

the licensee, and loses some demand to it. Let � be the indicator

function characterizing the technology licensing decision, that is, 

� = 

{
1 , licensing , 
0 , no licensing . 

(1)

The supply chain’s revenue from licensing is royalty based and

given by π��x , where π is the royalty rate. 3 The total licensing

revenue is shared between the supply chain’s members, with the

OEM getting the exogenously given percentage τ and the CM the

rest, i.e., 1 − τ . This revenue sharing mechanism is widely used in

supply chains, see, e.g., Cachon and Lariviere (2005) ; Cai, Hu, and

Tadikamalla (2017) , and in particular in the Dell-Lexmark example

mentioned in the introduction. 

On the negative side of licensing, some consumers will buy

from the licensee instead of purchasing the product from the

OEM. To measure this loss, denote by M the market potential in

the absence of any technology investment. By conducting R&D,

the supply chain expects to increase this market potential by ϑ�x ,

where ϑ is a nonnegative scaling parameter. Denote by δ the com-

petition intensity or supplier substitution rate (0 < δ < 1) such that

the licensee’s sales could be measured by δϑ��x . Consequently,

the market size is given by M + ϑ�x − δϑ��x . To keep the model

parsimonious, we normalize from now on ϑ to one ( Shum, Tong, &

Xiao, 2016 ). We assume the demand function to be linear, which

is common in the economics and management science literature

and given by 

D = M + �x ( 1 − δ�) − (m + w ) . (2)
2 We use indifferently the terms technology quality, product performance and 

(simply) product’s quality. 
3 Rostoker (1984) reports that 39% of licensing cases are based on royalty contract 

alone, 13% are fixed-fee alone, and 46% combines royalty and fixed-fee together. 

 

 

 

ote that in the above equation, the marginal impact of retail

rice on demand has been normalized to one. Also, it is well

nown that technology investment improves the product quality

nd thus increases consumers’ willingness to pay for the product

 Wang & Shin, 2015 ). One example is Caroma dual-flush with

ts half-flush and full-flush technology that reduces water usage

y up to 67 percent compared to traditional toilets. It appeals

o consumers because they will actually save money on energy

nd water bills over the long term, and this increases demand

 Yenipazarli, 2017 ). Further, without loss of generality, we normal-

ze the unit production cost to zero. All the notations are listed in

able 1 . 

Assuming profit maximization behavior, the objective functions

f the OEM and CM are then given by 

�o = mD + τπ��x − φx 2 , (3)

�c = wD + (1 − τ ) π��x − (1 − φ) x 2 . (4)

We formulate the problem as a two-stage game, with each

tage being played à la Stackelberg with the OEM acting as leader

nd the CM as follower. 

emark 1. In the supply chain and marketing channels literature,

he typical assumption is that the manufacturer determines first

ts wholesale price and next the retailer announces its retail price

see, e.g., the survey in Ingene, Taboubi, & Zaccour (2012) ). Still,

he sequence can be reversed for some reasons, e.g., a power-

ul retailer. Here, we have in mind the example of cooperation

etween Apple (the OEM) and Foxconn (the CM). Apple acts as

eader and decides the quality and retail price of products, and

oxconn, as follower, is responsible of assembling mobile phones

ccording to Apple’s request, and charges the wholesale price of

omponent. 

A formal description of the two scenarios follows. 

Licensing decision in stage 1: In this scenario, the optimization

roblems in the two stages are defined as follows: 

Stage 1: The OEM announces licensing decision ( �) and in-

vestment cost sharing rate φ. The CM then deter-

mines technology investment x . Each player maxi-

mizes its individual expected profits, that is, 

max 
�,φ

E[�o ] = E[ mD + τπ��x − φx 2 ] , 

max 
x 

E[�c ] = E[ wD + (1 − τ ) π��x − (1 − φ) x 2 ] . 

(5)

Stage 2: The technology efficiency realizes as θ2 with proba-

bility α and θ with probability 1 − α. Knowing this,
1 
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Table 2 

Sensitivity analysis in scenario 1 for � = 1 . 

φ x m w E [ �o ] E [ �c ] 

M ? + + + + + 

δ ? – – – – –

π ? + + + + + 

τ + + + + + –

μ ? + + + + + 

σ 2 ? + + + + + 
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the OEM determines first its retail margin m , and

next the CM sets its wholesale price w . The optimiza-

tion problems are given by 

max 
m 

�o = md + τπ�θx − φx 2 , 

max 
w 

�c = wd + (1 − τ ) π�θx − (1 − φ) x 2 , (6) 

where θ and d denote the realizations of the ran-

dom technology efficiency and the random demand,

respectively. 

Licensing decision in stage 2: In this scenario, the optimization

roblems in the two stages are defined as follows: 

Stage 1: The OEM decides the cost sharing rate φ, and the CM

sets the technology investment x afterwards. The op-

timization problems are 

max 
φ

E[�o ] = E[ mD + τπ��x − φx 2 ] , 

max 
x 

E[�c ] = E[ wD + (1 − τ ) π��x − (1 − φ) x 2 ] . 

(7) 

Stage 2: The technology efficiency realizes as θ2 with proba-

bility α and θ1 with probability 1 − α. Then, the OEM

decides whether or not to license the technology, i.e.,

chooses �, and the retail margin m . Next, the CM

determines the wholesale price w . The optimization

problems are given by 

max 
�,m 

�o = md + τπ�θx − φx 2 , 

max 
w 

�c = wd + (1 − τ ) π�θx − (1 − φ) x 2 . (8) 

To save on notation, we introduce the auxiliary variable 

:= μ2 + σ 2 = αθ2 
2 + (1 − α) θ2 

1 . 

ote that under our assumption 0 ≤ θ1 < θ2 ≤ 1, we clearly have

≤ 1. 

. Equilibria 

In this section, we characterize the equilibria in both scenarios.

or each of them, we verify under what conditions licensing is

ptimal to the OEM and eventually if this suits the CM. 

.1. Licensing decision in stage 1 

The following proposition characterizes the subgame-perfect

quilibrium strategies and outcomes for a given �: 

roposition 1. Assuming an interior solution and if the technology
icensing option is made in Stage 1, then the equilibrium strategies for
 given � are given by 

= 

8�π(ξ (5 − 7 τ )(1 − δ�) 2 − 16(1 − 3 τ )) + M(1 − δ�)(ξ (1 − δ�) 2 + 48) 

16(5 M(1 − δ�) + 8�π(1 + τ )) 
, 

(9) 

 = 

μ(5 M(1 − δ�) + 8�π(1 + τ )) 

2(16 − 3 ξ (1 − δ�) 2 ) 
, (10) 

 = 

8�μθπ(1 + τ )(1 − δ�) + M(5 μθ − 6 ξ )(1 − δ�) 2 + 32 M 

8(16 − 3 ξ (1 − δ�) 2 ) 
, (11) 

 = 2 w, (12) 

nd the expected profits by 

[�o ] 

 

16�πμ2 (1 + τ )(5 M(1 − δ�) + 4�π(1 + τ )) + M 

2 (25 μ2 − 24 ξ )(1 − δ�) 2 + 128 M 

2 

64(16 − 3 ξ (1 − δ�) 2 ) 
, 

(13) 
p

[�c ] 

 

16�πμ2 (M(3 − 2 τ )(1 − δ�) + 4�π(1 − τ 2 )) + M 

2 (5 μ2 − 6 ξ )(1 − δ�) 2 + 32 M 

2 

32(16 − 3 ξ (1 − δ�) 2 ) 
. 

(14) 

roof. See Appendix A . �

The results in the above proposition call for the following

omments. First, the proposition is stated under the assumption

f an interior solution, that is, 0 < φ < 1, and x, m, w > 0 . It is

traightforward to verify that x , m and w are strictly positive. For

= 0 , we have 

| �=0 = 

ξ + 48 

80 

, 

hich clearly shows that 0 < φ| �=0 < 1 . For � = 1 , we verify that

< 1 for all parameter values, and obtain the following corollary. 

orollary 1. If τ > τ̄ , the OEM supports CM’s technology investment,

.e., φ > 0 ; otherwise, it is willing to participate in the investment

nly if π < π , where τ̄ = 

16 −5 ξ (1 −δ) 2 

48 −7 ξ (1 −δ) 2 
, π = − M 

8 A 
(1 − δ)(ξ (1 − δ) 2 +

8) and A = ξ (5 − 7 τ )(1 − δ) 2 − 16(1 − 3 τ ) . 

roof. φ| �=1 can be rewritten as φ| �=1 = 

8 πA + M(1 −δ)(ξ (1 −δ) 2 +48) 
16(5 M(1 −δ)+8 π(1+ τ )) 

.

learly, φ| �=1 > 0 if A > 0. Further, A is increasing in τ , i.e.,
∂A 
∂τ

> 0 , and A | τ=0 = 5 ξ (1 − δ) 2 − 16 , A | τ=1 = 2(16 − ξ (1 − δ) 2 ) >

 . If A | τ=0 > 0 , A > 0 for τ ∈ (0, 1), then φ > 0. If A | τ=0 < 0 , there

xists a threshold τ̄ , below which A < 0, then φ > 0 only if π < π ,

bove which, A > 0, then φ > 0. �

It can be inferred that τ̄ < 1 / 3 . This means that when τ > 1/3,

he OEM is willing to conduct R&D investment with the CM. How-

ver, when τ < 1/3, the OEM may support CM’s investment only

f π is not too large, i.e., π < π ; otherwise, it may not cooperate

ith the CM. It is natural that the OEM is actively engaged in

nvestment cooperation if the revenue sharing rate is attractive

nough, i.e., τ > 1/3. This result coincides with the findings of

ørgensen, Taboubi, and Zaccour (2003) and Buratto, Grosset, and

iscolani (2007) who states that the leader will participate in a

ooperative marketing program only if its revenue sharing rate

s larger than 1/3. Further, to stimulate cooperator’s innovation,

ome firms share a larger portion (50–70%) of the total revenue

o their partners ( Bhaskaran & Krishnan, 2009 ). But when the

evenue sharing is relatively low, i.e., τ < 1/3, and the royalty rate

s relatively large, the CM obtains more licensing revenue and

ecomes interested in increasing its investment, which in turn

nevitably incurs high investment cost for the OEM. Thus, the OEM

ill not participate in the R&D cooperation when facing a low

evenue sharing and a large royalty rate. 

Second, we observe that the leader’s margin is twice the

ollower’s margin, that is, m = 2 w . This result is classical in the

arketing channels literature, see, e.g., Ingene et al. (2012) ;

artín-Herrán and Taboubi (2015) . Finally, a sensitivity analysis of

trategies and expected payoffs for � = 1 leads to the results in

able 2 . The computational details are in the Appendix A . 

In Table 2 , “+” and “–” stand for the parameter exerting a

ositive and negative impact on equilibria, respectively, and “?”
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means that the impact is non-monotonic, that is, the parameter

may have positive or negative impact on the equilibria depending

on different values. As it can be seen from Table 2 , all equilibrium

strategies, except the cost-sharing rate φ, increase with M , π , τ , μ

and σ 2 , but decrease with δ. Specifically, φ is increasing in τ , but

its variations are non-monotonic with respect to M , δ, π , μ and σ 2 .

Intuitively, large market potential M attracts high investment, en-

abling the channel members to charge a high margin, which leads

to high profits. In the face of a high competition intensity δ, the

CM has to decrease investment to reduce demand loss, resulting in

low margins and eventually less profits. The larger the royalty π
or the share of licensing revenues τ that the OEM keeps, the larger

the incentive to invest in R&D as high licensing revenue, τπθx , are

generated and such high profit can offset the increased investment

cost. A high value of μ means that the demand is greatly boosted

by the investment, which induces more investment and enables

the channel members to set a high retail margin and wholesale

price. One interesting result is that high variance σ 2 also triggers

high investment, retail margin and wholesale price, which eventu-

ally creates high payoffs for the channel members. Large variance

means that the chances of either a large or small technology

efficiency are higher. Note that the channel members are always

able to use investment and pricing as levers to retain high profit

margin and demand in the case of a lower technology efficiency.

Thus, the equilibrium investment, retail margin, wholesale price

and expected profits are enhanced by a high variance. This is

similar to the results of Shum et al. (2016) who also finds that

high uncertainty in cost reduction always benefits the firm when

studying the impact of uncertain cost reduction and strategic

customer behavior on a firm’s pricing strategy and profit. 

We next turn to the impacts of M , δ, π , μ, σ 2 on φ. The impact

of M and π on the equilibrium cost sharing rate is described in

the following corollary. 

Corollary 2. If τ > 2/3, the OEM will provide more investment sup-

port to the CM when facing a low market potential or a high royalty

rate. Otherwise, it will reduce investment cost sharing. 

From Table 2 , we see that the relationship between M and π on

the contribution of the OEM to the investment cost φ is ambigu-

ous. The above corollary is clarifying this relationship by introduc-

ing in the picture the share of the OEM in the revenues, which we

know that it has a positive impact on the investment (see Table 2 ).

When this share is large, i.e., τ > 2/3, the OEM can afford to boost

its contribution to the R&D cost. However, if its share in the rev-

enue is not large enough, i.e., τ < 2/3, the OEM is willing to incur

more investment cost to stimulate the CM’s investment if the mar-

ket potential is high so that the revenues from licensing are still

attractive. Similarly, when τ is large enough ( τ > 2/3), a high royalty

rate is an incentive for the OEM to boost CM’s investment effort

because it leads to a larger market and more revenues from licens-

ing. The reverse is taking place when τ is not sufficiently large. 

The derivative of φ with respect to δ (see Appendix A.2 )

indicates that φ is decreasing with δ if τ < 2/3. The reason behind

this is that with a relatively low revenue sharing rate, i.e., τ < 2/3,

when δ increases, the equilibrium values of x, m, w decrease. This

leads to a low demand and profit, along with a low licensing

fee sharing. Therefore, it is intuitive that the OEM offers a low

cost support. However, if τ > 2/3, φ is increasing in δ when π
is relatively large. In this situation, although low investment and

margins are generated by a high δ, the OEM would be still willing

to provide a high cost sharing to stimulate the CM’s investment

such that it can benefit from the high licensing fee sharing in the

presence of a high royalty rate and revenue sharing rate. 

Additionally, as seen from the derivatives of φ with respect to μ

and σ 2 (see Appendix A.2 ) that if τ < 5/7, φ increases with μ and

σ 2 ; otherwise, φ may decrease with μ and σ 2 if π is relatively
arge. Facing a relatively low revenue sharing rate ( τ < 5/7), when

ean and variance increase, the OEM still prefers to share more

ost to boost CM’s investment because it will generate more

emand and eventually profit for the OEM. On the contrary, with

 high enough revenue rate ( τ > 5/7) and a high royalty rate, φ
s greatly lifted by τ (see Table 2 ). High investment is generated

y high mean and variance, leading to a fast increase in the

orresponding cost, which pushes the OEM to reduce the cost

haring rate to avoid this high cost. On the other hand, a high

oyalty rate helps the OEM maintaining a high licensing revenue. 

Table 2 also shows that the expected profit of OEM is positively

mpacted by π , τ , μ and σ 2 , while CM’s expected profit experi-

nces a positive effect of π , μ and σ 2 and a negative one from

. Both channel members benefit from a high royalty, and it is

atural that the OEM is better off with a high revenue sharing, but

he CM is worse off. Mean and variance lift up the profits of OEM

nd CM, indicating that large uncertainty in technology efficiency

enefits both channel members. 

Comparing the expected profits with and without technology

icensing yields the OEM’s technology licensing strategy. 

roposition 2. When made in the first stage, the equilibrium tech-

ology licensing strategy is defined by 

= 

{
1 , π ≥ π̄o , 

0 , π < π̄o , 
(15)

here 

¯ o = 

5 M( 
√ 

9 ξ 2 (1 − δ) 2 − 48 ξ (δ2 − 2 δ + 2) + 256 − (16 − 3 ξ )(1 − δ)) 

8(16 − 3 ξ )(1 + τ ) 
. (16)

roof. Use (13) to compute 

 [�o ] | �=1 − E [�o ] | �=0 

 

16 πμ2 (1 + τ )(5 M(1 − δ) + 4 π(1 + τ )) + M 

2 (25 μ2 − 24 ξ )(1 − δ) 2 + 128 M 

2 

64(16 − 3 ξ (1 − δ) 2 ) 

− M 

2 (25 μ2 − 24 ξ ) + 128 M 

2 

64(16 − 3 ξ ) 
. 

It is straightforward to verify that 

 [�o ] | �=1 − E [�o ] | �=0 ≥ 0 ⇔ π ≥ π̄o . 

�

The above proposition shows, not unexpectedly, that the de-

ision of licensing depends on all parameter values. In short, the

ain message is that licensing requires a sufficiently high value

f π to offset the profit losses from the decreased demand for the

EM when it opts for licensing. Further, the threshold π̄o increases

n mean μ, variance σ 2 , competition intensity δ, and market

otential M , but decreases in revenue sharing rate τ . The increase

n μ and σ 2 means that higher technology efficiency and volatility

re deterrent for licensing. One interpretation is that high mean

nd variance greatly pull up investment, and then demand, but it

ay lead to a large demand loss if the OEM licenses the technol-

gy. The corresponding profit is lower than that without licensing

ecause in the latter case a higher profit is created by a high

nvestment. Thus, the OEM prefers to give up technology licensing

n this situation. The comparative static analysis of π̄o with respect

o τ , δ and M shows that the licensing region enlarges with τ and

hrinks with δ and M . Clearly, high external revenue drives the

EM to choose licensing, and extensive technology competition

educes this incentive. As for the case without licensing, the OEM

an reap considerable profits from the increased investment when

he market potential is large. This is more attractive relative to

he revenue obtained from technology licensing. Thus, the OEM

refers no licensing. 

The optimal technology licensing strategy and the corre-

ponding equilibria are obtained by combining the results in

ropositions 1 and 2 . 
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.2. Licensing decision in stage 2 

As in the previous scenario, we start by solving the second-

tage problem in (8) . Recall that in this scenario, the technology

fficiency is θ2 with probability α and θ1 with probability 1 − α.

ext, the OEM decides whether to license the technology, i.e.,

hooses �, and the retail margin m . After that the CM determines

he wholesale price w . The following lemma characterizes the

econd-stage equilibrium. 

emma 1. If the technology licensing decision is made in Stage 2,

hen the equilibrium strategies are as follows: 

�∗ = 

{
1 , x < x̄ , 

0 , x ≥ x̄ , 
(17) 

m 

∗(θ ) = 

{
1 
2 ( θx (1 − δ) + M ) , x < x̄ , 
1 
2 ( θx + M ) , x ≥ x̄ , 

(18) 

w 

∗(θ ) = 

{
1 
4 ( θx (1 − δ) + M ) , x < x̄ , 
1 
4 ( θx + M ) , x ≥ x̄ , 

(19) 

here 

¯
 = 

2(4 τπ − Mδ) 

δθ (2 − δ) 
. 

roof. See Appendix A . �

Lemma 1 shows that the technology licensing option is con-

ingent to the investment decision x made in the first stage. The

emma shows that if x is larger than a threshold x̄ , which we

ssume to be positive, i.e., 4 τπ > M δ, then the OEM would not

icense the technology. If 4 τπ < M δ, scenario 2 coincides with

cenario 1 without licensing. One way of summarizing the result

egarding the licensing decision is by stating that the OEM will

icense a technology that does not require a high investment.

his result can be explained as follows: although high technol-

gy investment will bring high licensing revenue, it inevitably

auses a high demand loss and a high investment cost. Since the

atter dominates the former, the OEM is better-off not licensing.

owever, if the investment is low, technology licensing creates

dditional revenue on one hand, and induces low demand loss and

ow investment cost on the other hand, which can be offset by the

ncreased licensing revenue. As such, the OEM prefers technology

icensing when the CM’s investment is low. Note that the thresh-

ld is increasing in the revenue sharing rate τ and in the marginal

icensing revenue π , but is decreasing in the competition intensity

and in the stochastic technology efficiency. Additionally, the

icensing region when � = θ2 is smaller than when � = θ1 , that

s, the higher the technology efficiency, the smaller is the licensing

egion. This is because the market demand is greatly expanded by

 high technology efficiency. Technology licensing in this situation

ill lead to a large demand loss, which prevents the OEM from

icensing the technology. Further, as in the previous scenario, the

quilibrium retail margin is twice the wholesale price. However,

s expected, these strategies depend here on the realization of the

tochastic technology efficiency and not on its statistics. 

The first stage is played sequentially, with the OEM (the leader)

nnouncing first the investment sharing rate φ and next the CM

the follower) decides on the investment x . As usual, we start by

rst determining the follower’s reaction function. Given the OEM’s

nvestment sharing rate φ, and taking the second-stage responses

nto account, the CM’s problem is to determine the technology

nvestment x to maximize its expected profit, that is, 

ax 
x 

E[�c 1 ] = E[ w 

∗(�) D + (1 − τ ) π�∗�x − (1 − φ) x 2 ] . (20) 

ccounting for the results in the second stage, the above expected
ayoff can then be rewritten as follows: 
[�c 1 
] 

 

⎧ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎨ 

⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎩ 

1 
16 ξx 2 (1 − δ) 2 + 

M 
8 μx (1 − δ) 

+ πμx (1 − τ ) − (1 − φ) x 2 + 

M 2 

16 , x < x̄ | θ= θ2 
, 

α
16 ( M + θ2 x ) 

2 − (1 − φ) x 2 

+ (1 − α) 
(

1 
16 ( M + θ1 x (1 − δ) ) 

2 + πθ1 x (1 − τ ) 
)
, x̄ | θ= θ2 

≤ x ≤ x̄ | θ= θ1 
, 

1 
16 ξx 2 + 

M 
8 μx − (1 − φ) x 2 + 

M 2 

16 , x > x̄ | θ= θ1 
. 

(21) 

The CM’s first-stage investment response is given below by

olving the optimization problem (20) . 

emma 2. The CM’s first-stage best investment response is 

 

∗ = 

⎧ ⎪ ⎨ 

⎪ ⎩ 

μ(8 π(1 −τ ) + M(1 −δ)) 
16(1 −φ) −ξ (1 −δ) 2 

, 0 < φ < φ1 , 

Mθ1 (1 −α)(1 −δ) + 8 πθ1 (1 −τ )(1 −α) + Mαθ2 

16(1 −φ) −θ2 
1 
(1 −α)(1 −δ) 2 −αθ2 

2 

, φ1 ≤ φ ≤ φ2 , 

Mμ
16(1 −φ) −ξ

, φ2 < φ < 1 , 

(22) 

here 

1 = 1 − μδ(2 − δ)(8 π(1 − τ ) + M(1 − δ)) 

32(4 τπ − δ) 
− ξ (1 − δ) 2 

16 

, 

2 = 1 − Mδμθ1 (2 − δ) + 2 ξ (4 τπ − Mδ) 

32(4 τπ − Mδ) 
. (23) 

roof. See Appendix A . �

Lemma 2 shows that the investment in R&D has three different

alues depending on cost sharing rate φ. Moreover, if there is a

ow or high cost-sharing rate, i.e., 0 < φ < φ1 or φ2 < φ < 1, the

ptimal investment depends on the mean and variance. Specifi-

ally, it increases with μ and σ 2 . When the cost-sharing rate is

oderate, that is, φ1 ≤φ ≤φ2 , then the investment depends on

he realizations θ1 , θ2 , and is increasing in both of them. 

Incorporating the CM’s best responses given in Lemma 2 in

he OEM’s objective function, we then need to solve the following

ptimization problem: 

ax 
φ

E[�o 1 ] = E[ m 

∗(�) D + τπ�∗�x ∗ − φx ∗2 ] , (24) 

here 

[�o 1 ] 

 

⎧ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎨ 

⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎩ 

μ2 (8 π(1 −τ ) + M(1 −δ)) 
8(16(1 −φ) −ξ (1 −δ) 2 ) 2 

(8 πξ (1 − δ) 2 (1 − 2 τ ) 

+ M(1 − δ)(8(4 − 5 φ) − ξ (1 − δ) 2 ) 

−64 π(φ(1 + τ ) − 2 τ )) + 

M 

2 

8 
, 0 < φ < φ1 , 

1 
8(16(1 −φ) −(1 −α)(1 −δ) 2 θ2 

1 
−αθ2 

2 
) 2 

×((1 − δ) 2 (1 − α) 2 θ4 
1 (8 π(1 − α)(8 π(1 − 2 τ )(1 − τ ) 

−Mτ (1 − δ)) + M 

2 α(1 − δ) 2 ) 

−2 αMθ2 (1 − δ) 2 (1 − α) 2 (4 πτ + M(1 − δ)) θ3 
1 

+(1 − α)(M 

2 (1 − δ) 2 (αθ2 
2 + 8 φ(5 α − 1) − 32 α) 

−8 Mπ(1 − α)(1 − δ)(ατθ2 
2 + 16 φ(3 − 2 τ ) 

−16(2 − τ )) − 64 π2 (1 − τ )(1 − α)(αθ2 
2 (2 τ − 1) 

+8 φ(1 + τ ) − 16 τ )) 
θ2 

1 + 2 αMθ1 θ2 (1 − α)(64 π(2 − φ(3 − 2 τ )) 

−αθ2 
2 (4 πτ + M(1 − δ)) 

−8 M(5 φ − 4)(1 − δ)) 

−M 

2 (32(1 − φ)(αθ2 
2 − 8(1 − φ)) 

−α2 θ2 
2 (θ

2 
2 (1 − α) 

+8(4 − 5 φ)))) φ1 ≤ φ ≤ φ2 , 

M 

2 (32(1 −φ)(8(1 −φ) −ξ ) + μ2 (8(4 −5 φ) −ξ ) + ξ 2 ) 
8(16(1 −φ) −ξ ) 2 

, φ2 < φ < 1 , 

(25) 

Solving the OEM’s optimization problem in (24) yields the

ollowing first-stage optimal solution. 
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Proposition 3. The OEM’s first-stage optimal investment cost sharing
rate is given by 

φ∗

= 

⎧ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎨ 

⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎩ 

ξ + 48 
80 

π < π2 , 
1 

16 θ1 (1 −α)(5 M(1 −δ) + 8 π(1 + τ ))+5 αθ2 M 

((1 − δ) 2 (1 − α) 2 (8 π(5 − 7 τ ) + M(1 − δ)) θ3 
1 

+ αθ2 M(1 − δ) 2 (1 − α) θ2 
1 

+(1 − α)(8 απθ2 
2 (5 − 7 τ ) 

+128 π(3 τ − 1) + M(1 − δ)(αθ2 
2 + 48)) θ1 π2 ≤ π ≤ π1 , 

+(αθ2 
2 + 48) αθ2 M) , 

8 π(ξ (5 −7 τ )(1 −δ) 2 −16(1 −3 τ ))+(1 −δ) M(ξ (1 −δ) 2 +48) 
16(5 M(1 −δ)+8 π(1+ τ )) 

, π1 < π. 

(26)

where 

π1 = 

Mδ(5 μθ2 (1 − δ)(2 − δ) − 12 ξ (1 − δ) 2 + 64) 

8(32 τ − 6 ξτ (1 − δ) 2 − μθ2 δ(2 − δ)(1 + τ )) 
, (27)

π2 = 

Mδ(5 μθ1 (2 − δ) + 64 − 12 ξ ) 

16 τ (16 − 3 ξ ) 
. (28)

Proof. See Appendix A . �

Proposition 3 shows that if the royalty rate from licensing is

sufficiently low, i.e., π < π2 , then the equilibrium cost-sharing rate

is the same as the one obtained in Scenario 1 without licensing,

and it is always strictly larger than 0.6. If π is high enough, that

is, π > π1 , then the equilibrium cost-sharing rate corresponds to

the one in Scenario 1 with licensing. When the external margin is

moderate, that is, π2 ≤π ≤π1 , then the equilibrium cost-sharing

rate depends on the realizations θ1 and θ2 . The equilibrium

strategies are obtained by combining the results in Lemmas 1,

2 and Proposition 3 , and the corresponding equilibrium payoffs

are denoted as E [�∗
o ] , E [�

∗
c ] for OEM an CM, respectively. 

4. Comparison of the two scenarios 

In this section, we compare the equilibrium payoffs obtained

in the two scenarios. Since the decision of licensing is taken by

the OEM and it is the leader of the game, we first check when

licensing is profitable to the OEM. Second, we see if this decision

suits the CM or not, keeping in mind that, as a follower, it cannot

change it. As one could easily expect, the results depend on the

parameter values and could be presented in different ways. How-

ever, we believe that the most comprehensive approach is to focus

on the royalty parameter π . We have already defined three thresh-

old values, namely, π̄o , π1 , π2 in (16) , (27) and (28) , respectively.

Further, we introduce the following thresholds for the OEM 

˜ πo : value such that E [�o ] | �=1 = E [�∗
o ] , ̂ πo : value such that E [�o ] | �=0 = E [�∗
o ] , 

and the following values for the CM: 

π̄c = 

M 

8(16 − 3 ξ )(1 − τ 2 ) 
((16 − 3 ξ )(1 − δ)(2 τ − 3) 

+ 

√ 

A 1 + A 2 − A 3 ) , ˜ πc : value such that E [�c ] | �=1 = E [�∗
c ] , ̂ πc : value such that E [�c ] | �=0 = E [�∗
c ] , 

where 

A 1 = 3(1 − δ) 2 (3 ξ 2 (2 τ − 3) 2 + 128 τ (3 ξ − 8)) , 

A 2 = 16 δ(2 − δ)(3 τ 2 (13 ξ − 48) + 39 ξ − 64) , 

A 3 = 32(3 ξ − 8)(9 + 4 τ 2 ) . 

The following proposition characterizes the conditions under

which the OEM licenses or not the technology and the decision

stage. 
roposition 4. The optimal technology licensing strategy depends on

xternal royalty rate as follows: 

R1 : If π̄o < π < π2 , or π > max { π1 , π̄o } , then the OEM licenses

its technology, and there is no difference if this decision is made

in Stage 1 or 2. 

R2 : If π < min { π2 , π̄o } , or π1 < π < π̄o , then the OEM does not

license its technology, and there is no difference if this decision

is made in Stage 1 or 2. 

R3 : If max { π2 , ̃  πo } < π < π1 , then the OEM licenses its technol-

ogy in Stage 1. 

R4 : If max { π2 , ̂  πo } < π < min { π1 , ̃  πo } , then the licensing deci-

sion is made in Stage 2, and it is licensing if � = θ1 , and no

licensing if � = θ2 . 

R5 : If π2 < π < min { π1 , ̂  πo } , then the OEM does not license its

technology and makes this decision in Stage 1. 

roof. Straightforward and based on comparing profit values. �

The above proposition is based on comparing the expected

rofits of the OEM. We see that we have five different regions

n the parameter space. In the first two regions (R1 and R2),

he timing of the licensing decision does not matter. Regions

3 and R5 characterize the cases where the decision is made

n Stage 1. Finally, R4 gives the values of π where the licensing

ecision is made in Stage 2. Here, a low-realization of technology

fficiency ( θ1 ) leads the OEM to license the technology, whereas

igh-realization value ( θ2 ) is a disincentive for licensing. The

eason is that with a high technology efficiency θ2 , the market

s greatly expanded, and the OEM prefers no licensing to avoid

he large demand loss from technology licensing. When facing the

ow-realization θ1 , the OEM prefers to license the technology to

ain more external revenue. 

As the ordering of the different values showing up in the

roposition depends on the other parameter values, it is hard to

learly interpret the results. In the numerical subsection, we will

rovide a figure that will allow to visualize at a glance the result. 

The next proposition characterizes the preferences of the two

hannel members in terms of licensing decision (licensing or

ot) and its timing (Stage 1 or Stage 2). This proposition, which

s based on straightforward payoffs comparisons, is stated for

ompleteness. The results are by no way easy to interpret, and

 visual representation is provided below. Still, one notes that in

ases 1 to 5 both players’ interests are fully aligned, whereas in

he remaining six cases, the preferences differ. 

roposition 5. The channel members’ preference on licensing strat-

gy depends on external royalty rate as follows: 

Case 1. If max { π2 , ̃  πo } < π < π1 , then both players prefer licensing

in Stage 1. 

Case 2. If max { π2 , ̂  πo , ̂  πc } < π < min { π1 , ̃  πc } , then both players

prefer licensing decision to be taken in Stage 2; licensing if

� = θ1 , and no licensing if � = θ2 . 

Case 3. If π2 < π < min { π1 , ̂  πo , ̂  πc } , then both players prefer a no

licensing decision in Stage 1. 

Case 4. If π̄o < π < π2 , or π > max { π1 , π̄o , π̄c } , then both players

prefer licensing, and there is no difference if this decision is

made in Stage 1 or 2. 

Case 5. If π < min { π2 , π̄c } , or π1 < π < min { ̄πo , π̄c } , then both

players prefer no licensing, and there is no difference if this

decision is made in Stage 1 or 2. 

Case 6. If max { π2 , ̂  πo , ̃  πc } < π < min { π1 , ̃  πo } , then the OEM makes

the licensing decision in Stage 2, and chooses licensing if

� = θ1 , and no licensing if � = θ2 , while the CM prefers

licensing in Stage 1. 

Case 7. If ̂ πo < π < min { π1 , ̂  πc } , then the OEM makes the licensing

decision in Stage 2, and it is licensing if � = θ , and no li-
1 
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Fig. 1. Licensing decision when mean μ varies. 
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Fig. 2. Licensing decision when variance σ 2 varies. 
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censing if � = θ2 , while the CM prefers no licensing in Stage

1. 

Case 8. If max { π2 , ̃  πc } < π < ̂

 πo , then the OEM prefers no licensing

in Stage 1, while the CM prefers licensing in Stage 1. 

Case 9. If max { π2 , ̂  πc } < π < min { π1 , ̂  πo , ̃  πc } , then the OEM li-

censes the technology in Stage 1, while the CM prefers li-

censing decision in Stage 2, with licensing if � = θ1 , and no

licensing if � = θ2 . 

ase 10. If max { π1 , π̄o } < π < π̄c , then the OEM prefers licensing,

and there is no difference if this decision is made in Stage

1 or 2, while the CM prefers no licensing, and there is no

difference if this decision is made in Stage 1 or 2. 

ase 11. If max { π1 , π̄c } < π < π̄o or π̄c < π < min { π2 , π̄o } , then

the OEM prefers no licensing, and there is no difference if

this decision is made in Stage 1 or 2, while the CM prefers

licensing, and there is no difference if this decision is made

in Stage 1 or 2. 

.1. Numerical illustrations 

Although all our results are analytical, we wish to provide

n this section few numerical examples to give a visual illus-

ration of (i) how some parameter values affect the licensing

ecision; and (ii) the shape of the different regions identified in

ropositions 4 and 5 . We retain the following constellation of

arameter values as a benchmark: 

1 = 0 . 5 , θ2 = 1 , M = 1 , δ = 0 . 5 , τ = 0 . 4 , α = 0 . 6 , 

π = 0 . 3 , μ = 0 . 8 , σ 2 = 0 . 06 . 

Fig. 1 shows the impact of varying δ and τ on licensing option

or different values for μ. (Note that varying μ while keeping

nchanged the value of σ 2 = 0 . 06 , requires that we adjust con-

equently the values of θ1 and θ2 .) In Fig. 1 , the plane is divided

y a solid curve into two regions, above which no licensing is

he optimal choice and below which licensing is the best option.

his reflects that it is beneficial to choose licensing when τ is

igh and δ is low. These results are intuitive as high revenue rate

otivates the OEM to license the technology, while higher tech-

ology competition deters the OEM from doing so. In particular,

he licensing region shrinks, and no-licensing region expands with

he increase of mean μ. High mean value of technology efficiency

oosts the demand and increases profit, which dominates the

xternal revenue from licensing. 
Fig. 2 exhibits the impact of varying δ and τ on licensing

ecision for different values of variance σ 2 . Again, we need to

djust θ1 and θ2 when varying σ 2 while keeping μ = 0 . 8 . We

ee that a larger variance σ 2 expands the no-licensing region and

hrinks the licensing region, meaning that larger volatility reduces

he OEM’s motivation to license the technology. 

To further verify the theoretical results obtained in Section 3 ,

e look at the impact of varying M , δ, π and τ on the equilibria

n Table 3 , while keeping the Table 4 same parameter values in

he benchmark except for π = 0 . 2 and τ = 0 . 69 . 

As seen from Table 3 , the OEM prefers to make the licensing

ecision in the second stage. The corresponding equilibrium x , m

re larger, but φ is lower, as compared with those of scenario 1

ith licensing. But relative to scenario 1 without licensing, x , m

f scenario 2 are lower, and φ is larger. Although the equilibrium

trategies of scenario 2 are moderate, the OEM’s payoff is the

argest. The interpretation is that, as for scenario 2, high demand

s generated by the high investment, along with the high margin

nd low cost sharing, jointly contributing to a high payoff for the

EM, in comparison to scenario 1 with licensing. Even though

he cost sharing rate is relatively large with respect to scenario

 without licensing, the investment is relatively low, thus, the

nvestment cost is not too high. Besides, additional licensing fees

re reaped, eventually benefiting the OEM. 

Table 3 shows that only when the parameters M , δ, π and τ
re moderate, it is better to make the licensing decision in Stage 2,

nd the equilibrium licensing strategy depends on the realizations

f the stochastic technology efficiency. Otherwise, in most of the

arameter space, there is no difference when the licensing decision

s made in Stage 1 or 2. In fact, there exists a small region (R4)

here making licensing decision in the second stage is preferred.

articularly, when M , δ increase, the OEM tends to choose no

icensing. However, when π and τ raise, the OEM tends to license

he technology. As seen from Table 3 , when the market potential

 increases, as compared with the case under licensing, the cost

haring rate φ under no licensing is always lower, the retail mar-

in m is larger, and the investment x increases faster. This leads

o high demand and low investment cost, eventually profiting the

EM. It is easy to follow that facing a high competition intensity

, the OEM is unwilling to license the technology to avoid the high

emand loss. A related work conducted by Allain et al. (2015) in-

icates that competition in pharmaceutical industry has significant

mpact on the timing of licensing, but this effect differs by the type

f competitor. Specifically, the technology licensing delays with an
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Table 3 

Sensitive analysis on expected equilibria of two scenarios. 

Scenario 1 ( � = 1 ) Scenario 1 ( � = 0 ) Scenario 2 Decision Licensing 

φ x m E [ �o ] E [ �c ] φ x m E [ �o ] E [ �c ] φ x m E [ �o ] E [ �c ] stage decision 

M 0.8 0.6206 0.1216 0.4243 0.0943 0.0454 0.6088 0.1151 0.4460 0.0915 0.0446 0.6206 0.1216 0.4243 0.0943 0.0454 1/2 L 

0.9 0.6197 0.1281 0.4756 0.1171 0.0567 0.6088 0.1295 0.5018 0.1158 0.0565 0.6197 0.1281 0.4756 0.1171 0.0567 1/2 L 

1.0 0.6188 0.1345 0.5269 0.1425 0.0692 0.6088 0.1439 0.5576 0.1430 0.0697 0.6117 0.1430 0.5501 0.1431 0.0696 2 Z 

1.1 0.6181 0.1410 0.5782 0.1705 0.0830 0.6088 0.1583 0.6132 0.1730 0.0843 0.6088 0.1583 0.6133 0.1730 0.0843 1/2 NL 

δ 0.40 0.6181 0.1497 0.5359 0.1463 0.0707 0.6088 0.1439 0.5576 0.1430 0.0697 0.6181 0.1497 0.5359 0.1463 0.0707 1/2 L 

0.45 0.6184 0.1420 0.5312 0.14 4 4 0.0699 0.6088 0.1439 0.5576 0.1430 0.0697 0.6184 0.1420 0.5312 0.14 4 4 0.0699 1/2 L 

0.50 0.6188 0.1345 0.5269 0.1425 0.0692 0.6088 0.1439 0.5576 0.1430 0.0697 0.6117 0.1430 0.5501 0.1431 0.0696 2 Z 

0.55 0.6194 0.1272 0.5229 0.1408 0.0685 0.6088 0.1439 0.5576 0.1430 0.0697 0.6088 0.1439 0.5576 0.1430 0.0697 1/2 NL 

π 0.19 0.6184 0.1310 0.5262 0.1416 0.0689 0.6088 0.1439 0.5576 0.1430 0.0697 0.6088 0.1439 0.5576 0.1430 0.0697 1/2 NL 

0.20 0.6188 0.1345 0.5269 0.1425 0.0692 0.6088 0.1439 0.5576 0.1430 0.0697 0.6117 0.1430 0.5501 0.1431 0.0696 2 Z 

0.21 0.6192 0.1380 0.5276 0.1434 0.0695 0.6088 0.1439 0.5576 0.1430 0.0697 0.6192 0.1380 0.5276 0.1434 0.0695 1/2 L 

0.22 0.6196 0.1415 0.5283 0.14 4 4 0.0699 0.6088 0.1439 0.5576 0.1430 0.0697 0.6196 0.1415 0.5283 0.14 4 4 0.0699 1/2 L 

τ 0.65 0.5901 0.1326 0.5266 0.1421 0.0695 0.6088 0.1439 0.5576 0.1430 0.0697 0.6088 0.1439 0.5576 0.1430 0.0697 1/2 NL 

0.69 0.6188 0.1345 0.5269 0.1425 0.0692 0.6088 0.1439 0.5576 0.1430 0.0697 0.6117 0.1430 0.5501 0.1431 0.0696 2 Z 

0.73 0.6468 0.1362 0.5273 0.1429 0.0688 0.6088 0.1439 0.5576 0.1430 0.0697 0.6468 0.1362 0.5273 0.1429 0.0688 1/2 L 

0.77 0.6742 0.1378 0.5276 0.1434 0.0685 0.6088 0.1439 0.5576 0.1430 0.0697 0.6742 0.1378 0.5276 0.1434 0.0685 1/2 L 

Table 4 

Impact of probability distribution on licensing strategy. 

τ π θ1 θ2 α μ σ 2 Decision 

stage 

Licensing 

decision 

Example 1 

0.62 0.216 0.5 1 0.6 0.8 0.06 2 Z 

0.31 0.92 0.8 0.8 0.06 1 L 

Example 2 

0.67 0.198 0.5 1 0.6 0.8 0.06 1 NL 

0.31 0.92 0.8 0.8 0.06 2 Z 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Different regions characterized in Proposition 4 . 
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increase in the number of entrants or a decrease in the number of

incumbents in the market. Different from their work, our results

indicate that when the competition intensity is at a moderate level,

the OEM will make the licensing decision in the second stage,

and the licensing strategy depends on realizations of technology

efficiency. Otherwise, the OEM is indifferent between making the

licensing decision in the first or the second stage. In particular, the

OEM prefers licensing with a relatively low competition intensity,

whereas prefers no licensing when facing a relatively high com-

petition intensity. The reason for the difference with the results

in Allain et al. (2015) is that they concern the impacts of market

structure (incumbent or entrant) on the timing of technology

licensing, but ours focus on the competition on the timing of

licensing decision-making. In addition, it is also intuitive that the

OEM is willing to license the technology when the royalty rate

and revenue sharing rate are relatively high. This well supports

the prevalent application of technology licensing in several sectors

such as transportation, information technology and equipment

where royalty rates are relatively high Sen and Stamatopoulos

(2016) . The sensitivity analysis not only provides some managerial

insights, but also offers significant guidances to firms on how to

adjust decisions when facing different market environment. 

Finally, it should be mentioned that, in most cases, the CM also

benefits from the OEM’s licensing strategy. 

Apart from the above four parameters, there are three probabil-

ity distribution parameters of the stochastic technology efficiency,

i.e., θ1 , θ2 and α. Although they only affect the equilibrium

solution in Scenario 1 in terms of mean and variance, they have a

significant influence on the results in Scenario 2, and in particular

on the licensing decision. To give an intuition about the effects of

probability distribution parameters on optimal licensing strategy,

we report two examples in Table 2 where in both cases the

distribution’s mean μ and variance σ 2 are kept at 0.8 and 0.06,

respectively. 
Examples 1 and 2 show that when we modify the probability

istribution, keeping all other parameters at their benchmark

alues, the timing of licensing decision changes. In Example 1,

he shift is from Stage 2 to Stage 1 and is the other way around

n Example 2. Further, in Example 1 the decision changes from

epending on realization to licensing, whereas in Example 2, the

hange is from no licensing to depending on the realization of the

tochastic technology efficiency. In a nutshell, the clear-cut con-

lusion is that the probability distribution of stochastic technology

fficiency significantly affects, not only quantitatively but also,

ualitatively the OEM’s licensing strategy. 

Based on the benchmark’s parameter values, Figs. 3 and 4

llustrate Propositions 4 and 5 , respectively. 

Recall that Proposition 4 states that the OEM’s licensing strat-

gy depends on the relationship between π and π1 , π2 , π̄o , ̃  πo , ˆ πo ,

nd depicts five regions according to their relationships. As seen

rom Fig. 3 , there exist two thresholds for π , namely, πh = 0 . 22

nd πl = 0 . 195 , and two thresholds for τ , i.e., τh = 0 . 705 and

l = 0 . 598 . The main takeaways from this figure are: (i) Loosely

peaking, if π ≤ π̄o , then the optimal decision is no licensing and

his seems to be fairly intuitive. Indeed, if the royalty is too low,

hen there is no point for the OEM to license its technology and

xpose itself by the same token to competition. (ii) If π ≥ π̄o ,
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Fig. 4. Different regions characterized in Proposition 5 . 
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hen we have the mirror case where licensing is profitable. (iii)

here is an in-between region (R4) where the decision depends

n the realization of the stochastic technology efficiency. As we

an see, this region is relatively small. In other words, the OEM

hould not make licensing decision in the second stage in most

arameter space. (iv) The value of π̄o depends on the royalty π
nd the revenue sharing parameter τ . The higher the value of the

oyalty, the less share of revenue it takes to the OEM to license

he technology. Finally, (v) we note that in most of the space, it

oes not matter if the licensing decision is made in Stage 1 or in

tage 2. Overall, according to the results in (iii) and (iv), it is a

ood choice to make licensing decision in the first stage. 

Fig. 4 illustrates the results stated in Proposition 5 , with Case i

eferred to by Ci. Recall that in Cases 1–5, the two partners in the

upply chain have their objectives aligned in terms of licensing

ecision. We see that these cases occupy a large part of the space,

hich is good news in terms of avoiding any possible conflicts.

his is also supported by the numerical results in Table 3 where

he CM benefits from the OEM’s licensing strategy in most param-

ter space. Note that for this parameter constellation, Case 8 does

ot materialize. 

. Extensions 

In this section, we relax some of the assumptions we made

nd assess the robustness of our results. 

.1. A general distribution function 

We first assume that the random variable � lies in the interval

0, 2 μ], with f ( �) being the probability density function and F ( �)

he cumulative density function. 

The equilibria of scenario 1 only depend on the statistics of

he random variable, i.e., the mean μ and variance σ 2 . As such,

 general distribution does not affect the equilibria of scenario 1.

he corresponding equilibria under a general distribution are the

ame with those under a two-point distribution. 

We next turn to the equilibria of scenario 2. We first solve the

econd-stage problem in (8) and obtain 

�∗ = 

{
1 , θ < θ̄ , 

0 , θ ≥ θ̄ , 
(29) 

m 

∗(θ ) = 

{
1 
2 ( θx (1 − δ) + M ) , θ < θ̄ , 

1 
2 ( θx + M ) , θ ≥ θ̄ , 

(30) 
w 

∗(θ ) = 

{
1 
4 ( θx (1 − δ) + M ) , θ < θ̄ , 

1 
4 ( θx + M ) , θ ≥ θ̄ , 

(31) 

here 

¯ = 

2(4 τπ − Mδ) 

δx (2 − δ) 
. 

hese equilibria are the same as in Lemma 1 . Specifically, when

he technology efficiency is relatively large, i.e., θ > θ̄ , technology

icensing is preferred; otherwise, no licensing is better, which is

n line with the results obtained with a two-point distribution.

imilarly, if 4 πτ > M δ, the equilibria of scenario 2 are the same as

hose of scenario 1 without licensing. 

Next, we deal with the first-stage problem, and start by deter-

ining the follower’s (CM’s) reaction function. For mathematical

ractability, we take the example of a uniform distribution. The

ean and variance are 

[�] = μ, V ar[�] = σ 2 = 

μ2 

3 

. 

ith maximizing the expected profit, the CM is searching for the

est technology investment x , i.e., 

ax 
x 

E[�c 1 ] = E[ w 

∗(�) D + (1 − τ ) π�∗�x − (1 − φ) x 2 ] , (32) 

here E[�c 1 ] can be rewritten as 

[�c 1 ] = 

⎧ ⎪ ⎪ ⎨ 

⎪ ⎪ ⎩ 

x 2 

12 
(μ2 − 12(1 − φ)) + 

Mμ
8 

x + 

M 

2 

16 
x ≥ 4 πτ−Mδ

μδ(2 −δ) 
, 

− (Mδ+8 π(4 τ−3))(4 πτ−Mδ) 2 

24 μδ2 (2 −δ) 2 x 
, 

( μ
2 

12 
(1 − δ) 2 − (1 − φ)) x 2 x < 

4 πτ−Mδ
μδ(2 −δ) 

. 

+( M 

8 
(1 − δ) + π(1 − τ )) μx + 

M 

2 

16 
, 

Solving the optimization problem (32) yields the following

M’s first-stage investment strategy: 

 

∗(φ) = 

{
x ∗1 (φ) , x ∗1 (φ) ≥ 4 πτ−Mδ

μδ(2 −δ) 
, 

μ(8 π(1 −τ )+ M(1 −δ)) 
16(1 −φ) −ξ (1 −δ) 2 

, otherwise , 
(33) 

here x ∗
1 
(φ) satisfies that 

x ∗1 (φ) 

6 

(μ2 − 12(1 − φ)) + 

Mμ

8 

+ 

(Mδ + 8 π(4 τ − 3))(4 πτ − Mδ) 2 

24 μδ2 (2 − δ) 2 x ∗2 
1 

(φ) 
= 0 . 

Incorporating the CM’s best response x ∗( φ) into the OEM’s

bjective function, we solve the following optimization problem: 

ax 
φ

E[�o 1 ] = E[ m 

∗(�) D + τπ�∗�x ∗(φ) − φx ∗2 (φ)] , (34) 

here 

[�o 1 ] = 

⎧ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎨ 

⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎩ 

1 

6 

(μ2 − 6 φ) x ∗2 (φ) + 

1 

4 

Mμx ∗(φ) 

+ 

M 

2 

8 

+ 

(4 πτ − Mδ) 3 

12 μδ2 (2 − δ) 2 x ∗(φ) 
, x ∗1 (φ) ≥ 4 πτ − Mδ

μδ(2 − δ) 
, 

μ2 (8 π(1 − τ ) + M(1 − δ)) 

8(16(1 − φ) − ξ (1 − δ) 2 ) 2 

(8 πξ (1 − δ) 2 (1 − 2 τ ) 

+ M(1 − δ)(8(4 − 5 φ) 

−ξ (1 − δ) 2 ) 

−64 π(φ(1 + τ ) − 2 τ )) + 

M 

2 

8 

, otherwise . 

The optimal first-stage cost sharing rate can be obtained by
olving the OEM’s optimization problem in (34) , i.e., 

∗= 

{
φ∗

1 x ∗1 (φ
∗
1 ) ≥ 4 πτ−Mδ

μδ(2 −δ) 
, 

8 π(ξ (5 −7 τ )(1 −δ) 2 −16(1 −3 τ ))+(1 −δ) M(ξ (1 −δ) 2 +48) 
16(5 M(1 −δ)+8 π(1+ τ )) 

, otherwise , 
(35) 
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Table 5

Sensitive analysis on expected equilibria of two scenarios.

Scenario 1 ( � = 1 ) Scenario 1 ( � = 0 ) Scenario 2 Decision stage Licensing decision

E [ �o ] E [ �c ] E [ �o ] E [ �c ] E [ �o ] E [ �c ]

M 0.9 0.1172 0.0567 0.1163 0.0566 0.1172 0.0567 1/2 L

1.0 0.1426 0.0692 0.1436 0.0699 0.1439 0.0696 2 Z

1.1 0.1706 0.0831 0.1737 0.0846 0.1738 0.0847 2 Z

1.2 0.2012 0.0981 0.2068 0.1007 0.2068 0.1007 1/2 NL

δ 0.46 0.1441 0.0698 0.1436 0.0699 0.1441 0.0698 1/2 L

0.50 0.1426 0.0692 0.1436 0.0699 0.1439 0.0696 2 Z

0.54 0.1412 0.0687 0.1436 0.0699 0.1437 0.0698 2 Z

0.58 0.1389 0.0682 0.1436 0.0699 0.1436 0.0699 1/2 NL

π 0.18 0.1408 0.0686 0.1436 0.0699 0.1436 0.0699 1/2 NL

0.20 0.1426 0.0692 0.1436 0.0699 0.1439 0.0696 2 Z

0.22 0.1445 0.0700 0.1436 0.0699 0.1445 0.0700 1/2 L

0.24 0.1465 0.0707 0.1436 0.0699 0.1465 0.0707 1/2 L

τ 0.62 0.1419 0.0698 0.1436 0.0699 0.1436 0.0699 1/2 NL

0.69 0.1426 0.0692 0.1436 0.0699 0.1439 0.0696 2 Z

0.76 0.1434 0.0686 0.1436 0.0699 0.1434 0.0686 1 NL

0.83 0.1442 0.0680 0.1436 0.0699 0.1442 0.0680 1/2 L

μ 0.6 0.1347 0.0662 0.1346 0.0664 0.1347 0.0662 1/2 L

0.7 0.1384 0.0676 0.1386 0.0680 0.1390 0.0675 2 Z

0.8 0.1426 0.0692 0.1436 0.0699 0.1439 0.0696 2 Z

0.9 0.1476 0.0711 0.1498 0.0724 0.1500 0.0722 2 Z

Table 6

One numerical example for a generalized cost function.

φ x E [ m ] E[ w ] E [ �o ] E [ �c ] Decision stage Licensing decision

Scenario 1 ( � = 1 ) 0.6300 0.1404 0.5211 0.2746 0.1362 0.0660

Scenario 1 ( � = 0 ) 0.6228 0.1614 0.5565 0.2944 0.1369 0.0665 2 Z

Scenario 2 0.6259 0.1601 0.5480 0.2780 0.1370 0.0664
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4 The results are available from the authors upon request.
where φ∗
1 

satisfies that (
1 

3 

(μ2 − 6 φ) x ∗1 (φ
∗
1 ) + 

1

4 

Mμ
(4 πτ − Mδ) 3 

12 μδ2 (2 − δ) 2 x ∗2 
1 

(φ∗
1 
) 

)
∂x ∗1 (φ) 

∂φ
| φ= φ∗

1

= 0 . 

Substituting φ∗ into (33) , the equilibrium investment x ∗ is

obtained, and �∗, m 

∗, w 

∗ as well as the equilibrium payoffs

E [�∗
c ] , E [�

∗
o ] are calculated. Indeed, although it is hard to give the

analytical expressions for x ∗( φ), φ∗, we can resort to numerical

simulations to solve them. 

One numerical example is conducted based on the following

parameters: 

M = 1 , δ = 0 . 5 , τ = 0 . 69 , π = 0 . 2 , μ = 0 . 8 . 

The sensitivity analysis with respect to M , δ, π , τ and μ is carried

out in Table 5 . 

Similar to the results in Table 3 , we can conclude from

Table 5 that only when the parameters M , δ, π and τ are mod-

erate, the OEM prefers to make the licensing decision in Stage 2,

and the equilibrium licensing strategy depends on the realizations

of the random technology efficiency. In most parameter space, it

does not matter if the licensing decision is made in Stage 1 or 2.

Specifically, the OEM prefers no licensing when facing a large M

or δ, but prefers licensing in the presence of a large π or τ . It also

means that there exists a small parameter region where making

the licensing decision in the second stage is better. Additionally,

when mean μ increases, the OEM tends to make the decision in

the second stage. Note that � follows a uniform distribution in

[0, 2 μ ], thus a high mean μ means a high variance σ 2 . Since this

high uncertainty is resolved in the second stage, it is in the best

interest of the OEM to make the licensing decision in Stage 2, and

consequently get higher profit. 
To sum up, this extension indicates that the uniform distribu-

ion does not qualitatively alter the theoretical results obtained

ith a two-point distribution. 

.2. A more general cost function 

In this subsection, we adopt a more general investment cost

unction, that is, 

(x ) = ax + bx 2 , 

ith a , b > 0 being cost coefficients. This function has an additional

inear term with respect to the one we had before, which means

hat the marginal cost at zero is not zero anymore but a positive

uantity given by a. Keeping everything else as in Section 2 , we

ollow the same procedure to determine the corresponding equi-

ibria, which we do not present for space saving, 4 but look at the

mplications of having this more general cost functions on them. A

umerical example in Table 6 where the parameters are given by 

 = 1 , θ1 = 0 . 5 , θ2 = 1 , α = 0 . 6 , 

= 0 . 5 , π = 0 . 2 , τ = 0 . 69 , c 0 = 0 . 1 , a = 0 . 1 , b = 0 . 5 . 

Table 6 shows that for this parameter constellation, the OEM

refers to make the licensing decision in the second stage, and

he equilibrium licensing strategy depends on the realizations of

he random technology efficiency. Varying the parameters, we also

nd that in most parameter space, the OEM is indifferent between

aking the licensing decision in Stage 1 or 2. One fact should be

ointed out is that when the parameters, such as M , δ, π , τ , c 0 , a

nd b , are moderate, there exists a small parameter region where

he OEM prefers to make the licensing decision in Stage 2. This is

n line with the results under a specified quadratic cost function. 
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Furthermore, taking both of the generalized distribution and

ost functions into account, we also find our theoretical results are

obust. 

. Conclusion

In this paper, we considered a simple model of R&D cooperation

n a supply chain. We characterized pricing, investment and cost-

haring equilibrium strategies in two scenarios, namely, a scenario

here licensing decision can be taken before R&D and market

ncertainties are resolved, and a scenario where this decision can

e postponed to the sales stage where these uncertainties are re-

olved. Our focus is on the strategic licensing decision of the OEM.

he main results can be summarized as follows: (1) When the

arket potential, competition intensity, royalty rate and revenue

haring rate are moderate, there exists a small parameter region

here making the licensing decision in Stage 2 is preferred. But

or most parameter space, it does not matter if the licensing deci-

ion is made in Stage 1 or 2. Besides, there also exist some cases

here the OEM prefers to make the licensing decision in Stage 1.

2) Large revenue sharing rate or royalty rate spurs the OEM to

icense the technology, but a large uncertainty, or competition, or

arket potential prevent it from doing it. (3) Technology efficiency

ncertainty promotes technology investment, expected retail mar-

in and profits for CM and OEM, but exerts a non-monotonic effect

n investment sharing rate. (4) If the licensing option is made in

he second stage, the OEM chooses no licensing if the technology

fficiency is high, otherwise, it chooses licensing. (5) Different

robability distribution of stochastic technology efficiency may re-

ult in different licensing strategies. (6) In most cases, the channel

embers have the same preferences in terms of licensing strategy.

In this work, the CM cooperates with the OEM based on the

evenue sharing and cost sharing contracts. The OEM is able to

exibly adjust the cost sharing rate according to the CM’s revenue

haring schedule. However, in some cases, the follower prefers a

etained revenue rather than a cost sharing mechanism. How to

esign an optimal retained revenue such that the CM is willing to

e involved in this cooperation is worth considering for the OEM.

n particular, the revenue sharing mechanism is modeled here as a

arameter, and considering it as a strategic variable could provide

ome interesting insights. Finally, giving a strategic role to the

icensee instead of modeling its presence only through an impact

n OEM’s demand is clearly of interest. 

ppendix 

.1. Proof of Proposition 1 

By backward induction, we first solve the CM’s second-stage

roblem: 

ax 
w

�c = w (M − (m + w ) + θx 

−δ�θx ) + (1 − τ ) π�θx − (1 − φ) x 2 . (36) 

sing the first-order condition, we get 

 (θ ) = 

1 

2 

θx (1 − δ�) + 

1 

2 

(M − m ) . (37) 

aking it into account, we then solve the OEM’s second-stage

roblem: 

ax 
m

�o = m (M − (m + w ) + θx − δ�θx ) + τπ�θx − φx 2 . (38) 

imilarly, the optimal retailer margin m is calculated as 

 (θ ) = 

1 

θx (1 − δ) + 

M
. (39) 
2 2 
ith the second-stage response functions (37) and (39) , the CM’s

rst-stage problem is 

ax 
x

E[�c ] = E[ w (�)(M − (m (�) + w (�)) + �x − δ��x ) 

+(1 − τ ) π��x − (1 − φ) x 2 ] . (40) 

he corresponding solution is easily obtained as 

 = 

μ(8 π�(1 − τ ) + M(1 − δ�))

16(1 − φ) − ξ (1 − δ�) 2 
. (41) 

ext, with the consideration of (37) , (39) and (41) , and given �,

olving the following OEM’s first-stage problem: 

ax 
φ

E[�o ] = E[ m (�) D + τπ��x − φx 2 ] , (42) 

ields 

= 

8�π(ξ (5 − 7 τ )(1 − δ�) 2 − 16(1 − 3 τ )) + M(1 − δ�)(ξ (1 − δ�) 2 + 48)

16(5 M(1 − δ�) + 8�π(1 + τ )) 
.

(43) 

Substituting (43) into (37) , (39) and (41) yields the equilibrium

olutions as given in (9) –(11) . 

.2. Details of derivatives in Table 2 

The derivatives of equilibrium strategies and payoffs given in
able 2 are as follows: 

∂φ

∂M
= 2 π(1 − δ)(16 − 3 ξ (1 − δ) 2 )(2 − 3 τ ) 

(8 π(1 + τ ) + 5 M(1 − δ)) 2
,

∂φ

∂δ

 

− 5 M 

2 ξ (1 − δ) 3 + 16 πM((8 τ − 7) ξ (1 − δ) 2 + 16(3 τ − 2)) + 64 ξπ2 (1 + τ )(7 τ − 5)(1 − δ)

8(8 π(1 + τ ) + 5 M(1 − δ)) 2
,

∂φ

∂π
= 2 M(1 − δ)(3 τ − 2)(16 − 3 ξ (1 − δ) 2 ) 

(8 π(1 + τ ) + 5 M(1 − δ)) 2
,

∂φ

∂τ
= 2 π(8 π + 3 M(1 − δ))(16 − 3 ξ (1 − δ) 2 ) 

(5 M(1 − δ) + 8 π(1 + τ )) 2
> 0 ,

∂φ

∂μ
= μ(1 − δ) 2 (8 π(5 − 7 τ ) + M(1 − δ)) 

8(5 M(1 − δ) + 8 π(1 + τ ))
,

∂φ

∂σ 2
= (1 − δ) 2 (8 π(5 − 7 τ ) + M(1 − δ)) 

16(5 M(1 − δ) + 8 π(1 + τ ))
,

∂x

∂M
= 5 μ(1 − δ)

2(16 − 3 ξ (1 − δ) 2 )
> 0 ,

∂x 

∂δ
= − μ(15 Mξ (1 − δ) 2 + 48 πξ (1 + τ )(1 − δ) + 80 M) 

2(16 − 3 ξ (1 − δ) 2 ) 2
< 0 ,

∂x

∂π
= 4 μ(1 + τ )

16 − 3 ξ (1 − δ) 2
> 0 ,

∂x

∂τ
= 4 μπ

16 − 3 ξ (1 − δ) 2
> 0 ,

∂x 

∂μ
= (8 π(1 + τ ) + 5 M(1 − δ))(16 + 3(μ2 −σ 2 )(1 − δ) 2 ) 

2(16 − 3 ξ (1 − δ) 2 ) 2
> 0 ,

∂x

∂σ 2
= 3 μ(1 − δ) 2 (8 π(1 + τ ) + 5 M(1 − δ)) 

2(16 − 3 ξ (1 − δ) 2 ) 2
> 0 ,

∂m 

∂M
= (5 μθ − 6 ξ )(1 − δ) 2 + 32 

4(16 − 3 ξ (1 − δ) 2 )
> 0 ,

∂m 

∂δ
= − 2 μθ(3 πξ (1 + τ )(1 − δ) 2 + 20 M(1 − δ) + 16 π(1 + τ )) 

(16 − 3 ξ (1 − δ) 2 ) 2
< 0 ,

∂m 

∂π
= 2 μθ(1 + τ )(1 − δ) 

16 − 3 ξ (1 − δ) 2
> 0 ,

∂m 

∂τ
= 2 μθπ(1 − δ) 

16 − 3 ξ (1 − δ) 2
> 0 ,

∂m 

∂μ
= θ (1 − δ)(5 M(1 − δ) + 8 π(1 + τ ))(16 + 3(μ2 −σ 2 )(1 − δ) 2 ) 

4(16 − 3 ξ (1 − δ) 2 ) 2
> 0 ,

∂m 

∂σ 2
= 3 μθ(1 − δ) 3 (5 M(1 − δ) + 8 π(1 + τ )) 

4(16 − 3 ξ (1 − δ) 2 ) 2
> 0 ,

∂E[�o ] 

∂M
= ((25 μ2 − 24 ξ )(1 − δ) 2 + 128) M + 40(1 − δ) πμ2 (1 + τ ) 

32(16 − 3 ξ (1 − δ) 2 )
> 0 ,

∂E[�o ]

∂δ
= − μ2 (8 π(1 + τ ) + 5 M(1 − δ))(10 M + 3 πξ (1 + τ )(1 − δ))

4(16 − 3 ξ (1 − δ) 2 ) 2
< 0 ,



174 Q. Zhang et al. / European Journal of Operational Research 267 (2018) 162–175

 

 

 

 

 

 

 

 

R

A  

A  

A  

A

 

 

 

B

C

C  

C  

 

d

E  

F

G  

G  

G

H

H

 

J

K

 

K  

L  

M  

M  
∂E[�o ]

∂π
= μ

2 (1 + τ )(5 M(1 − δ) + 8 π(1 + τ ))

4(16 − 3 ξ (1 − δ) 2 )
> 0 ,

∂E[�o ]

∂τ
= μ

2 π(5 M(1 − δ) + 8 π(1 + τ ))

4(16 − 3 ξ (1 − δ) 2 )
> 0 ,

∂E[�o ] 

∂μ
= μ(5 M(1 − δ) + 8 π(1 + τ )) 2 (16 − 3 σ 2 (1 − δ) 2 ) 

32(16 − 3 ξ (1 − δ) 2 ) 2
> 0 ,

∂E[�o ] 

∂σ 2
= 3 μ2 (1 − δ) 2 (5 M(1 − δ) + 8 π(1 + τ )) 2 

64(16 − 3 ξ (1 − δ) 2 ) 2
> 0 ,

∂E[�c ] 

∂M
= M((5 μ2 − 6 ξ )(1 − δ) 2 + 32) + 8 πμ2 (1 − δ)(3 − 2 τ ) 

16(16 − 3(1 − δ) 2 )
> 0 ,

∂E[�c ]

∂δ

= − μ2 (Mπ(16 + 3 ξ (1 − δ) 2 )(3 − 2 τ ) + 2(1 − δ)(12 ξπ2 (1 − τ2 ) + 5 M 

2 ))

2(16 − 3(1 − δ) 2 ) 2
< 0 ,

∂E[�c ]

∂π
= μ

2 (8 π(1 − τ2 ) + M(3 − 2 τ )(1 − δ))

2(16 − 3(1 − δ) 2 )
> 0 ,

∂E[�c ]

∂τ
= − μ2 π(4 πτ + M(1 − δ))

16 − 3(1 − δ) 2
< 0 ,

∂E[�c ]

∂μ

= μ(5 M(1 − δ) + 8 π(1 + τ ))(8 π(1 − τ ) + M(1 − δ))(16 − 3 σ 2 (1 − δ) 2 ) 

16(16 − 3 ξ (1 − δ) 2 ) 2
> 0 ,

∂E[�c ] 

∂σ 2
= 3 μ2 (1 − δ) 2 (5 M(1 − δ) + 8 π(1 + τ ))(8 π(1 − τ ) + M(1 − δ)) 

32(16 − 3 ξ (1 − δ) 2 ) 2
> 0 .

A.3. Proof of Proposition 2 

The derivatives of π̄o with regard to μ, σ 2 , δ, τ are 

∂ ̄πo 

∂μ
= 

30 Mδμ(2 − δ) √ 

(16 − 3 ξ ) 3 (1 + τ ) 2 (16 − 3 ξ (1 − δ) 2 ) 
> 0 ,

∂ ̄πo 

∂σ 2 
= 

15 Mδ(2 − δ) √ 

(16 − 3 ξ ) 3 (1 + τ ) 2 (16 − 3 ξ (1 − δ) 2 ) 
> 0 ,

∂ ̄πo 

∂δ
= 5 M(3 ξ (1 − δ) + 

√ 

(16 − 3 ξ )(16 − 3 ξ (1 − δ) 2 ) ) 

8(1 + τ ) 
√ 

(16 − 3 ξ )(16 − 3 ξ (1 − δ) 2 ) 
> 0 ,

∂ ̄πo 

∂τ

= − 5 M
√ 

9 ξ 2 (1 − δ) 2 − 48 ξ (δ2 − 2 δ + 2) + 256 − (16 − 3 ξ )(1 − δ) 

8(16 − 3 ξ )(1 + τ ) 2 

< 0 .

A.4. Proof of Lemma 1 

Given x and φ, the second-stage responses with and without

technology licensing in stage 2 are 

m = 

{
1 
2 
θx (1 − δ) + 

M 

2 
, � = 1 , 

1 
2 
θx + 

M 

2 
, � = 0 , 

(44)

w = 

{
1 
4 
θx (1 − δ) + 

M 

4 
, � = 1 , 

1 
4 
θx + 

M 

4 
, � = 0 . 

(45)

Substituting (44) and (45) into the OEM’s profit yields 

�o 2 

= 

{
( 1 

8 
θ2 (1 − δ) 2 − φ) x 2 + ( M 

4 
θ (1 − δ) + τπθ ) x + 

M 

2 

8 
, � = 1 , 

( 1 
8 
θ2 − φ) x 2 + 

M 

4 
θx + 

M 

2 

8 
, � = 0 . 

Comparing the profits with and without licensing, the OEM

prefers to license the technology ( �∗ = 1 ) when x < x̄ , other-

wise, no licensing ( �∗ = 0 ) is a better option for the OEM. The

corresponding retail margin and wholesale price are obtained in

(30) and (31) . 

A.5. Proofs of Lemma 2 and Proposition 3 

It is easy to obtain the corresponding result using first-order

conditions. It is omitted here for space saving. 
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