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Co-development Ventures: Optimal Time of Entry and Profit-Sharing ˇ c‡ Jakˇsa Cvitani´c ∗, Sonja Radas †and Hrvoje Siki´ March 24, 2011



Abstract We ﬁnd the optimal time for entering a joint venture by two ﬁrms, and the optimal linear contract for sharing the proﬁts. We consider three contract designs, the risk-sharing, the timing-incentive and the asymmetric contract decisions design. An important result we establish is that if the ﬁrms are risk-neutral and if the cash payments are allowed, all three designs are equivalent. However, if at least one of the two ﬁrms is risk averse, the optimal contract parameters may vary signiﬁcantly across the three designs and across varying levels of risk aversion, as illustrated in our numerical exercises. We also analyze a dataset of joint biomedical ventures, that exhibits general agreement with our theoretical predictions. In particular, both royalty percentage payments and cash payments are mostly increasing in the smaller ﬁrms length of experience, and the time of entry happens sooner for more experienced small ﬁrms.
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Introduction



Innovation is a crucial factor for a company’s survival and success, and co-development partnerships are an increasingly utilized way of improving innovation eﬀectiveness. These partnerships are working relationships between two or more partners with the goal of creating and delivering a new product, technology or service (Chesbrough and Schwartz, 2007). While the traditional business model centers on a company which develops a new product in-house (from own R&D) and then produces, markets and sells it using its own internal resources, the new model of open innovation includes co-development partnerships. In this way diﬀerent partners’ resources and capabilities can be optimally combined, thus creating signiﬁcant reductions in R&D expense and time to market. According to Quinn (2000), using codevelopment ”leading companies have lowered innovation costs and risks by 60% to 90%, while similarly decreasing cycle time and leveraging their internal investments by tens to hundreds of times”. In technology based industries incumbent ﬁrms frequently form strategic alliances with smaller ﬁrms and new entrants (Gulati, 1998; Hagedoorn, 1993). In pharmaceutical industry large ﬁrms with hefty R&D budgets and internal R&D capabilities have actively used the ”market for knowhow” through contractual arrangements to acquire access to new technologies. On the other hand, small entrepreneurial ﬁrms seek alliances with large ﬁrms to avail themselves of the resources that are too costly, or too diﬃcult to build internally. In this paper we focus on a co-development alliance between a ﬁrm which is the originator of the project or the new product idea, called ﬁrm S (for ”small”) and a ﬁrm which provides research and other lacking resources necessary for product development, called ﬁrm L (for ”large”). We model the decision to enter co-development using real options theory. In particular, we examine how the project entry time depends on the asymmetry of information and on the relative bargaining power. Our paper relies on real options methodology in modeling interﬁrm alliances. Real options framework recognizes that investment opportunities are options on real assets, and as such is able to provide a way to apply the methods of pricing ﬁnancial options to the problems related to ﬁrms investment decisions. Most of the literature considers the case of a single ﬁrm’s R&D investment decision (Mitchell and Hamilton 1988; McGrath 1997; Folta 1998), as well as the timing of the investment (Dixit and Pindyck 1994; Sarkar 2000; Henderson and Hobson 2002; Lambrecht and Perraudin 2003; Henderson 2007; Miao and Wang 2007), the development of organizational capabilities (Kogut and Kulatilaka 2001), and entry decisions (Miller and Folta 2002). Real options have been used to model ﬁrm alliances such as joint ventures (Kogut 1991; Reuer and Tong 2005), acquisitions (Folta and Miller 2002), and university-ﬁrm contracts for commercializing technology (Ziedonis, 2007). An important paper by Habib and Mella-Barral (2007) studies incentives to form 1



joint ventures by detailed modeling of the beneﬁts of acquiring knowhow. Unlike our paper, they focus on the time of dissolution of the venture rather than the time of entry, and their model is diﬀerent from ours. The option to exit early is also studied in Savva and Scholtes (2007), where it is shown that it improves the eﬃciency of contracts. In these alliances there is often an asymmetry of information which is then dealt with through contractual arrangements. Much of the economic modeling on company relationships is framed within an agency model (e.g. Bolton and Dewatripont 2005; Crama et al. 2007), where asymmetric information and risk aversion are studied as sources of ineﬃciency. Contractual arrangements in such alliances usually involve up-front payments plus royalties that protect prospective licensee from the risk; namely when the licensee estimates the risk to be high they can attempt to shift the balance of payments away from up-front fees toward future royalties on end sales, and thus transfer the project risk toward the licensor. Often milestone payments are used for successfully reaching certain stages in product development. Such milestone and royalty contracts arising from asymmetric information have been studied in the literature, dealing with issues of risk sharing between the two ﬁrms (Amit et al. 1990), as well as adverse selection and moral hazard (Gallini and Wright 1990; Crama et al. 2007).



1.1



Contributions



Our contributions consist of the following: - (i) We add to the real options literature by modeling two companies deciding on entry time, instead of only one company (the existing real options literature mostly deals with the latter case). We consider three diﬀerent contract designs. We ﬁrst study the case of risk-sharing between the two ﬁrms, and we ﬁnd the Pareto optimal contract, that is we maximize a linear combination of the two ﬁrms’ objectives. This can be interpreted in two ways, as maximizing the joint welfare, but it is also the commonly accepted mechanism in contract theory for proﬁt sharing between two economic agents with symmetric information. For a ﬁxed value of a parameter representing the relative bargaining power, in addition to the optimal entry time, this procedure determines the optimal parameters of the linear contract, the slope and the intercept. Thus, the actual level of sharing depends on the bargaining power. This Pareto optimal contract design is not necessarily realistic, but it is the ”ﬁrst-best” benchmark case to which we compare the other two designs. Next, we examine the contract design in which timing is incentive, i.e., the case in which the contract is constructed so that both ﬁrms would ﬁnd the same entry time to be optimal. This case is used in a related paper Lambrecht (2004), as a reasonably realistic design for modeling friendly mergers between ﬁrms. Finally, we consider the case with asymmetric contract decisions, in which one ﬁrm 2



decides on the initiation time, while the other ﬁrm decides on how to share the proﬁts, while satisfying the participation constraint of the ﬁrst ﬁrm. This design might be realistic for modeling hostile mergers, and joint ventures between asymmetric ﬁrms, the case we study in our dataset. We ﬁnd that the slope and the intercept of the optimal linear contract are much more sensitive to the model speciﬁcations than the optimal time of entry. We also ﬁnd that the utility loss relative to the Pareto optimal case in the second and third design is not very large for most values of the bargaining power. In other words, as a practical matter it is of lesser importance which contract design is used (as long as it is feasible) than which contract parameter values are used. - (ii) We model the risk attitudes in more general terms than is typical. That is, we assume that the ﬁrms are potentially risk averse. This is in contrast to Lambrecht (2004), who considers optimal timing of mergers between two risk-neutral ﬁrms. Unlike that paper, we allow for risk-aversion of the ﬁrms and for non-zero cash payments, and we also consider the eﬀects of bargaining power. Allowing cash payments makes our results fundamentally diﬀerent from Lambrecht (2004). In particular, one of our main theoretical results says that, with cash payments allowed, there is no diﬀerence between the three contract designs if the ﬁrms are risk-neutral. However, if there is risk aversion, the three designs are no longer equivalent, and the optimal contract parameters depend very much on what design is used. They also may change signiﬁcantly with the level of risk aversion. - (iii) Following the real options approach in modeling the decision to form a co-development alliance, methodologically, we use the theory of the optimal stopping of diﬀusion processes. Classical references of its applications in economics include McDonald and Siegel (1986) and the book Dixit and Pindyck (1994), where this theory was shown to be extremely useful for problems involving real options, and in particular for the option of entering and/or exiting a project. However, the standard results of the theory are not strong enough to enable us to incorporate all the cases we study. Among the approaches oﬀered in the literature we found the recent very general mathematical treatment of Johnson and Zervos (2010) as the most useful for our purpose. However, their assumptions are not quite satisﬁed for all the models we consider. We extend some of the results of Johnson and Zervos (2010) in the main methodological theorem given in Appendix. In Section 2 we set up the model, in Section 3 we solve for the optimal linear contract between the two ﬁrms, for the three diﬀerent contract designs. We discuss comparative statics in Section 4, and in Section 5 we examine the agreement of those theoretical predictions with empirical facts implied from a dataset of real world alliances. Section 6 concludes. Appendix describes the underlying model in more mathematical detail and provides the methodological theorems.
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2



The Model



There are two ﬁrms, S (for “small”) and L (for “large”). We think of ﬁrm S as the project originator, while ﬁrm L is the ﬁrm with complementary resources that enters into a codevelopment agreement with ﬁrm S. One example would be a biotech company (ﬁrm S) entering into a joint venture with a pharmaceutical company (ﬁrm L). After entering the co-development project at time τ , they share the future proﬁt/loss up to time τ + T . Here, T is the time horizon, and all the results hold for T = ∞, too.1 The proﬁt/loss rate process Pt is the Brownian motion with the drift, i.e., it follows the Stochastic Diﬀerential Equation (SDE) dPt = bdt + σdWt where b, σ are constants and W is a standard Brownian motion process. The interpretation of process Pt is that it represents the future proﬁt/loss rate, in the sense that the utility the ﬁrms get from it is accumulated over the time interval [τ, τ + T ] of pursuing the joint venture. The proﬁt/loss is shared according to a (adapted) contract process Ct . More precisely, the expected utility of ﬁrm L is given by [ ] ∫ τ +T −rt VL := E 1{τ 0. Parameters ki and li serve to normalize the value of the overall expected utility and to model ﬁxed costs or beneﬁts from participating in the venture. In particular, if there is a ﬁxed cost fi , we can set li = e−γi fi to be the utility of the loss −fi due to the cost.3 Note, however, that with risk-neutral, linear utility, this can be incorporated into the parameter ki . 4 As we will argue below, with exponential utility functions the contract Ct which optimizes the weighted joint welfare VL + λVS is linear, and we denote it as Ct = aPt + c .



(2.2)



The interpretation of c and a is that they represent the future cash payments and the future royalty payments.5 We will consider only linear contracts in this paper, even when we are not maximizing the joint welfare.6 As we show in Appendix, and as is well known from the theory of optimal stopping and real options, the optimal time of entry is the ﬁrst time process Pt reaches over a certain threshold x: τ = τx = min{t : Pt ≥ x} . 2



The benchmark process used in the real options theory is the geometric Brownian motion, and it is usually interpreted as the ﬁrm’s stock price, or the ﬁrm’s value. We model here the proﬁt/loss process, and not the stock/ﬁrm value, and, moreover, the joint venture may have negative present value. In such a framework it is customary to use the arithmetic Brownian motion for the state variable. However, it should be pointed out that, mathematically, using the arithmetic Brownian motion and exponential utility functions is equivalent to using the geometric Brownian motion and power utility functions. 3 Less obviously, there may be cases that require setting lS higher. For example, Nicholson et al (2005) ﬁnd that inexperienced biotech companies tend to sign the ﬁrst deals with large pharma companies on terms that are less than optimal for them, but the deal itself acts as a signal to potential investors and the rest of the community about the quality of the project and the company. The discount in the deal can be considered as a payment to the pharma company for the evaluation that it performs. 4 In the benchmark numerical case we will set li = 1, corresponding to zero ﬁxed costs. We will set the value of ki so as to make equal to zero the utility of zero proﬁt. In particular, in the case in which the proﬁt/loss process is always equal to zero (Pt = 0, for all t), the overall expected utility would be zero – the same as the value of never entering the venture. 5 Here, the interpretation of a is that of a royalty percentage of proﬁts, but only when the proﬁt/loss rate process P is positive. When it is negative, that is, when the loss is being experienced, the payments reverse the direction, i.e., ﬁrm S pays a percentage of losses back to ﬁrm L during such periods. 6 This is for tractability reasons – except for the joint welfare case, we do not know how to solve for the optimal contracts if we allow contracts outside the linear class.
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Thus, we call a contract a triple (a, c, x), where we require 0 ≤ a ≤ 1. Denote the corresponding expected utility values by Vi (a, c, x). We now compute these values for a ﬁxed contract (a, c, x). Denote β := 1 + 2b/σ 2 , n := 1/2 − β/2 +



√



(β/2 − 1/2)2 + 2r/σ 2 , θ(γi ) = r − γi2 σ 2 /2 − γi b .



We assume throughout the paper that r > b − σ 2 /2 . This condition implies n > 1, and guarantees that the problem of optimizing over τ does not explode when T = ∞. In case T = ∞ we also need the condition θ(γi ) > 0, i = L, S in order to guarantee that the utility of owning the whole project is not negative inﬁnity. Next, denote 1 − e−xT ki (x) = ki x 1 − e−xT li (x) := li x gS (a, c, x) = kS (r) − lS (θ(aγS ))eγS c eaγS x gL (a, c, x) = kL (r) − lL (θ([1 − a]γL ))e−γL c e[1−a]γL x The ﬁrst two functions are simply the integrals of the constants ki , li discounted over time at rate x. As shown in Appendix, functions gs , gL correspond to the integrals, multiplied by erτ , in the expected utilities Vs , VL evaluated in the case the entry time is such that Pτ = x and the contract is of the form aP + c. Then, we have Proposition 2.1 For contract (a, c, x) with P0 ≤ x, the expected utilities of firms S and L are given by VS (a, c, x) = gS (a, c, x)e−n(x−P0 ) VL (a, c, x) := gL (a, c, x)e−n(x−P0 ) . Proof: From the standard results on Brownian hitting times, we get, for P0 ≤ x, [ ] E 1{τ 0, the proﬁt-sharing, or the risk-sharing problem is to maximize, over entry time τ and payment rate Ct from ﬁrm L to ﬁrm S, the value [ ∫ V := VL + λVS = E 1{τ x∗ . - (v) Ex [1{τ 0. - (vi) limT →∞ Ex [e−rT |g(XT )|] = 0. Deﬁne A :=



g(x∗ ) (x∗ )n



and the function w by w(x) = Axn , x < x∗ w(x) = g(x) , x ≥ x∗ . It is easily veriﬁed that w ∈ C 1 ((0, ∞)) ∩ C 2 ((0, ∞) \ {x∗ }). Theorem 7.3 Under Assumption (7.1), we have w(x) = V (x) and the optimal stopping time is τˆ = inf{t ≥ 0 | Xt ≥ x∗ } . Proof: Note that Lw(x) ≤ 0 , x > 0 . We also want to show that w(x) ≥ g(x) , x < x∗ . By deﬁnition of w and A this is equivalent to g(x∗ ) g(x) ≥ , x ≤ x∗ . ∗ n n (x ) (x) We have



d dx



(



g(x) (x)n



) =−



(7.19)



q(x) . (x)2n



However, since x∗ is the unique solution of q(x) = 0 and q(0) < 0, we see that the above derivative is positive for x < x∗ , which proves (7.19). 23



Next, deﬁne τk = inf{t ≥ 0 | Xt ≤ 1/k} . Fix T > 0. By Ito’s rule, e



−r(τ ∧τk ∧T )



∫



τ ∧τk ∧T



w(Xτ ∧τk ∧T ) = w(x) +



e−rs Lw(Xs )ds + Mτk,T



(7.20)



0



where



∫ Mtk,T



t∧τk ∧T



=



e−rs σXs w′ (Xs )dWs .



0



We have [∫ T ] −rs ′ 2 E [e σXs w (Xs )] 1{s≤τk } ds ≤ 0



≤



′



[∫ 2



sup [σxw (x)] T + E x∈[1/k,x∗ ]



′



0



∫



T



) E[Xtj ]dt



2



sup [σxw (x)] T + C T + x∈[1/k,x∗ ]



2



[σXs w (Xs )] 1{Xs >x∗ } ds (



′



]



T



0



< ∞ . This means that M k,T is a martingale, and that E[Mτk,T ] = 0. This implies, taking expectations in (7.20), using Lw ≤ 0, w ≥ g, that [ ] [ ] [ ] E e−rτ g(Xτ )1{τ ≤τk ∧T } ≤ w(x) − w(1/k)E e−rτk 1{τk ≤T ≤τ } − E e−rT w(XT )1{T 0 we also assume that all γi are of the same sign, that we have γi c0 < 0, and that 0 < θ(γi ) := r − γi2 σ 2 /2 − γi b. Obviously, g ′ > 0, g ′′ < 0. We can compute q ′ = (ng − xg ′ )′ = (n − 1)g ′ − xg ′′ > 0 . Also, we have q(0) < 0, q(∞) > 0. Thus, there exists a unique x∗ such that q(x∗ ) = 0. From this, and from ∑ q(x) = nc0 + ci xγi (n/γi − 1) i



we can compute nc0 = −



∑



ci (x∗ )γi (n/γi − 1) .



i



We also have L(x) := Lg(x) = −



∑



ci xγi θ(γi )/γi − rc0 .



i



Note that L′ (x) = −



∑



ci xγi −1 θ(γi ) < 0 .



i



So, in order to prove L(x) ≤ 0 for x ≥ x∗ , it is suﬃcient to show L(x∗ ) ≤ 0. From the above expressions for c0 and L(x) we get



L(x∗ ) =



∑



ci (x∗ )γi [r(



1 1 − ) − θ(γi )/γi ] γi n



ci (x∗ )γi [−



r 1 + (γi − 1)σ 2 + ˜b] . n 2



i



=



∑ i



Using the notation β = 2˜b/σ 2 and that γi < 1, it is then suﬃcient to show nβ − 2r/σ 2 ≤ 0 . Denote βr = 2r/σ 2 . Then, the above is equivalent to β



√



(β/2 − 1/2)2 + βr < βr + β 2 /2 − β/2



or, after squaring β 2 (β 2 /4 − β/2 + 1/4 + βr ) < βr2 + β 4 /4 + β 2 /4 + β 2 βr − ββr − β 3 /2 .
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After cancelations, this boils down to 0 < βr2 − βr β = βr (βr − β) which is true, and we are done with proving (iii). Assumption (iv) is straightforward. Next, we can easily see that ˜



e−rt Xtγ = Ce−(r−b)t Mt where Mt = exp{σ 2 t/2 + σWt } is a positive martingale with expectation equal to one. Then, (vi) follows immediately since r > ˜b. Similarly, using Fatou’s lemma and looking at a sequence τ ∧ N and letting N → ∞, we also get (v).



7.3



Optimal entry time in the special case



We now turn to the particular case of the entry problem that interests us in this paper, that is, the problem of maximizing over stopping times τ the expression [ ] ∫ τ +T −rt Ex 1{τ 0.



0



We showed in Lemma 7.1 that the problem of maximizing (7.22) is equivalent to the maximization problem [ ] w(x) := sup Ex 1{τ 
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