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On Competition and the Strategic Management of Intellectual Property in Oligopoly Jos Jansen Max Planck Institute for Research on Collective Goods



Supplementary Appendices S1-S2 (not for publication) S1 Basic Properties of Φ First, I present the basic properties of Φc in (A.1). Second, I present the basic properties of Φb in (A.2).



S1.1 Cournot Competition Consider any given set S ⊆ [θ, θ]. First, it is useful to show that Φc (θ; S) in (A.1) is decreasing in E{θI |θI ∈ S}: − β2 ∂Φc (θ; S) = ∂E{θI |θI ∈ S} θ−θ − β2 = θ−θ



· ·



qIc (θ, Nθ; {θ}) + qIc (θ, Nθ; S) +



β βN(θ−E{θI |θI ∈S}) 2



(2+βN)(2−β) c c qI (θ, Nθ; {θ}) + qI (θ, Nθ; {θ}) 2qIc (θ, Nθ; S) 


(B.1)



Diﬀerentiating (B.1) with respect to θ gives: (2−β)+βN− β βN



2 (θ − θ) qIc (θ, Nθ; S) − (2+βN)(2−β) −β ∂ 2 Φc (θ; S) = · ∂E{θI |θI ∈ S}∂θ (θ − θ)2 qIc (θ, Nθ; {θ}) + qIc (θ, Nθ; {θ})







2(2−β)+βN c q (θ, Nθ; S) β (2+βN)(2−β) I − ·£ ¤ θ − θ qIc (θ, Nθ; {θ}) + qIc (θ, Nθ; {θ}) 2



−β qIc (θ, Nθ; S) 


(B.2)



Inequality (B.2) is useful to show that Φc (θ; S) is increasing in θ for any given S. ¢ ¡ β θ − E{θ |θ ∈ S} qIc (θ, Nθ; {θ}) + qIc (θ, Nθ; S) ∂Φc (θ; S) I I = 2 · ∂θ (θ − θ)2 qIc (θ, Nθ; {θ}) + qIc (θ, Nθ; {θ}) µ c ¶ β (θ − E{θI |θI ∈ S}) ∂ qI (θ, Nθ; {θ}) + qIc (θ, Nθ; S) 2 + · (B.3) ∂θ qIc (θ, Nθ; {θ}) + qIc (θ, Nθ; {θ}) θ−θ 1



with ∂ ∂θ



µ



qIc (θ, Nθ; {θ}) + qIc (θ, Nθ; S) qIc (θ, Nθ; {θ}) + qIc (θ, Nθ; {θ})



¶



∂ = ∂θ



µ ¶ qIc (θ, Nθ; S) − qIc (θ, N θ; {θ}) 1+ c qI (θ, Nθ; {θ}) + qIc (θ, Nθ; {θ})



1 ¤ βN(2−β) £ c 2 qI (θ, Nθ; {θ}) + qIc (θ, Nθ; {θ}) − (2+βN)(2−β) = ¤2 £ c qI (θ, Nθ; {θ}) + qIc (θ, Nθ; {θ}) ¤ 2(2−β)+βN £ c c (θ, Nθ; S) − q (θ, Nθ; {θ}) q I I (2+βN )(2−β) + £ c ¤2 qI (θ, Nθ; {θ}) + qIc (θ, Nθ; {θ}) £ ¤ − 12 βN(2 − β) 2(2 − β)(α − θ) + βN(θ − θ) = ¤2 £ (2 + βN)2 (2 − β)2 qIc (θ, Nθ; {θ}) + qIc (θ, Nθ; {θ}) ¤ £ βN[2(2 − β) + βN] θ − θ − β2 (E{θI |θI ∈ S} − θ) + ¤2 £ (2 + βN)2 (2 − β)2 qIc (θ, Nθ; {θ}) + qIc (θ, Nθ; {θ})



Since inequality (B.2) implies ∂Φc (θ; S)/∂θ > ∂Φc (θ; {θ})/∂θ, the following holds: µ ¶ ∂Φc (θ; S) β ∂ qIc (θ, N θ; {θ}) + qIc (θ, Nθ; {θ}) > − · ∂θ 2 ∂θ qIc (θ, N θ; {θ}) + qIc (θ, Nθ; {θ}) − 12 βN(2 − β)2(2 − β)(α − θ) β = − · ¤ >0 £ 2 (2 + βN)2 (2 − β)2 q c (θ, Nθ; {θ}) + q c (θ, Nθ; {θ}) 2 I



I



S1.1.1 Number of Firms



e c (θ) in (A.2) can be written Consider any given technology θ < θ < θ. The function Φ as: µ ¶ β (E{θI |θI > θ} − θ) qIc (θ, Nθ; [θ, θ]) − qIc (θ, Nθ; {θ}) c 2 e Φ (θ) = 1 − γ − · 1+ c θ−θ qI (θ, Nθ; {θ}) + qIc (θ, N θ; {θ}) Ã ¤! £ β β β θ − (1 − )θ − E{θ |θ > θ} βN (E{θ |θ > θ} − θ) I I I I 2 2 = 1−γ− 2 · 1+ θ−θ 2(2 − β)(α − θ) + βN(θ − θ) Hence, diﬀerentiating with respect to N gives: Ã ¤! £ e c (θ) βN θ − (1 − β2 )θ − β2 E{θI |θI > θ} − β2 (E{θI |θI > θ} − θ) ∂ ∂Φ = 1+ · ∂N ∂N θ−θ 2(2 − β)(α − θ) + βN(θ − θ) ¤ £ − β2 (E{θI |θI > θ} − θ) 2β(2 − β)(α − θ) θ − (1 − β2 )θ − β2 E{θI |θI > θ} = · ¤2 £ θ−θ 2(2 − β)(α − θ) + βN(θ − θ) < 0. 2



S1.1.2 Degree of Substitutability e c (θ) in (A.2) can be As before, for any given technology θ < θ < θ, the function Φ written as: Ã ¤! £ β β 1 θ − (1 − )θ − E{θ |θ > θ} βN (E{θ |θ > θ} − θ) I I I I 2 2 e c (θ) = 1 − γ − 2 ·β 1+ Φ θ−θ 2(2 − β)(α − θ) + βN(θ − θ) Diﬀerentiating this expression with respect to β gives: Ã ¤ £ e c (θ) βN θ − (1 − β2 )θ − β2 E{θI |θI > θ} − 12 (E{θI |θI > θ} − θ) ∂Φ = 1+ ∂β θ−θ 2(2 − β)(α − θ) + βN(θ − θ)



θ − (1 − β)θ − βE{θI |θI > θ} 2(2 − β)(α − θ) + βN(θ − θ) £ ¤£ ¤! θ − (1 − β2 )θ − β2 E{θI |θI > θ} 2β(α − θ) − βN(θ − θ) +βN ¤2 £ 2(2 − β)(α − θ) + βN(θ − θ) Ã ¤ £ βN θ − (1 − β2 )θ − β2 E{θI |θI > θ} 4(α − θ) − 12 (E{θI |θI > θ} − θ) = 1+ ¤2 £ θ−θ 2(2 − β)(α − θ) + βN(θ − θ) ¶ θ − (1 − β)θ − βE{θI |θI > θ} +βN < 0. 2(2 − β)(α − θ) + βN(θ − θ) +βN



S1.2 Bertrand Competition Consider any given set S ⊆ [θ, θ]. First, it is useful to show that Φb (θ; S) in (A.3) is increasing in E{θI |θI ∈ S}: β ∂Φb (θ; S) mbI (θ, Nθ; {θ}) + mbI (θ, Nθ; S) 2 = · ∂E{θI |θI ∈ S} [1 + (N − 1)β](θ − θ) mbI (θ, Nθ; {θ}) + mbI (θ, Nθ; {θ}) β β · βN (E{θI |θI ∈ S} − θ) 2 · b2 + [1 + (N − 1)β](θ − θ) mI (θ, Nθ; {θ}) + mbI (θ, Nθ; {θ}) β mbI (θ, Nθ; S) = · b >0 [1 + (N − 1)β](θ − θ) mI (θ, Nθ; {θ}) + mbI (θ, Nθ; {θ})



Diﬀerentiating this expression with respect to θ gives:



mbI (θ, Nθ; S) ∂ 2 Φb (θ; S) ¤ £ = β ∂E{θI |θI ∈ S}∂θ [1 + (N − 1)β](θ − θ)2 mbI (θ, Nθ; {θ}) + mbI (θ, Nθ; {θ}) −β +β



(1 − β)[2 + (2N − 1)β] + [1 + (N − 1)β]βN + β2 · βN £ ¤ [1 + (N − 1)β](θ − θ) mbI (θ, Nθ; {θ}) + mbI (θ, Nθ; {θ})



mbI (θ, Nθ; S) (2(1 − β)[2 + (2N − 1)β] + [1 + (N − 1)β]βN) £ ¤2 [1 + (N − 1)β](θ − θ) mbI (θ, Nθ; {θ}) + mbI (θ, Nθ; {θ}) 3



>β



mbI (θ, N θ; S) ¤ >0 £ [1 + (N − 1)β](θ − θ)2 mbI (θ, Nθ; {θ}) + mbI (θ, N θ; {θ})



This inequality implies ∂Φb (θ; S)/∂θ < ∂Φb (θ; {θ})/∂θ, where:



∂Φb (θ; {θ}) β 2 N [2 + (2N − 1)β] −mbI (θ, Nθ; {θ}) = · b 


Hence, Φb (θ; S) is decreasing in θ (i.e., ∂Φb (θ; S)/∂θ < 0). S1.2.1 Number of Firms



e b (θ) in (A.4) can be written Consider any given technology θ < θ < θ. The function Φ as: µ ¶ β b b (θ − E{θ (θ, Nθ; [θ, θ]) − m (θ, Nθ; {θ}) m I |θ I ≤ θ}) I I b 2 e (θ) = 1 − γ − · 1+ b Φ [1 + (N − 1)β](θ − θ) mI (θ, Nθ; {θ}) + mbI (θ, Nθ; {θ}) Ã β (θ − E{θI |θI ≤ θ}) βN(θ − θ) 1 + b = 1−γ− 2 1 + (N − 1)β mI (θ, Nθ; {θ}) + mbI (θ, Nθ; {θ}) θ−θ ! βN β2 (θ − E{θI |θI ≤ θ}) 1 · − 1 + (N − 1)β mbI (θ, Nθ; {θ}) + mbI (θ, Nθ; {θ}) e b (θ) with respect to N gives: Diﬀerentiating Φ " Ã # β β e b (θ) βN (θ − E{θ |θ ≤ θ}) (θ − E{θ |θ ≤ θ}) ∂Φ 1 I I I I 2 1− b = β2 ∂N [1 + (N − 1)β]2 θ−θ mI (θ, Nθ; {θ}) + mbI (θ, N θ; {θ}) #! ¤" £ β 2(1 − β)(2 − β)(α − θ) − (βN)2 (θ − θ) (θ − E{θ |θ ≤ θ}) I I (θ − θ) − 2 − ¤2 £ b b 1 + (N − 1)β mI (θ, Nθ; {θ}) + mI (θ, Nθ; {θ}) Ã β (θ − E{θI |θI ≤ θ}) mbI (θ, Nθ; [θ, θ]) + mbI (θ, Nθ; {θ}) ¤ £ = β2 θ−θ [1 + (N − 1)β]2 mbI (θ, Nθ; {θ}) + mbI (θ, Nθ; {θ}) £ ¤£ ¤! 2(1 − β)(2 − β)(α − θ) − (βN)2 (θ − θ) mbI (θ, Nθ; [θ, θ]) − mbI (θ, Nθ; {θ}) − £ ¤2 [1 + (N − 1)β] mbI (θ, Nθ; {θ}) + mbI (θ, Nθ; {θ}) β 2



with



(θ − E{θI |θI ≤ θ}) b = β¡ ¢ ¤2 φN 2£ b b θ − θ [1 + (N − 1)β] mI (θ, Nθ; {θ}) + mI (θ, Nθ; {θ})



φbN ≡



£ b ¤ £ ¤ mI (θ, Nθ; [θ, θ]) + mbI (θ, Nθ; {θ}) · mbI (θ, Nθ; {θ}) + mbI (θ, Nθ; {θ}) ¤ £ − mbI (θ, Nθ; [θ, θ]) − mbI (θ, Nθ; {θ}) ¤ 1 + (N − 1)β £ ∗ 2(1 − β)(2 − β)(α − θ) − (βN)2 (θ − θ) βN 4



First, it is obvious that: ¯ ¯ mbI (θ, Nθ; [θ, θ]) + mbI (θ, Nθ; {θ}) > ¯mbI (θ, Nθ; [θ, θ]) − mbI (θ, Nθ; {θ})¯ .



(B.4)



Second, for the comparison between the terms mbI (θ, Nθ; {θ}) + mbI (θ, Nθ; {θ}) and ¯ ¯ 1+(N −1)β ¯ 2 ¯, I distinguish the following cases. (θ − θ) 2(1 − β)(2 − β)(α − θ) − (βN ) βN (i) If 2(1 − β)(2 − β)(α − θ) ≤ (βN)2 (θ − θ), then (12) gives: mbI (θ, Nθ; {θ}) + mbI (θ, Nθ; {θ}) > ¯ ¯ ¯ 1 + (N − 1)β ¯¯ 2 ¯ . (B.5) 2(1 − β)(2 − β)(α − θ) − (βN) (θ − θ) ¯ ¯ βN



Inequalities (B.4) and (B.5) imply that φbN > 0. (ii) If mbI (θ, Nθ; [θ, θ]) ≤ mbI (θ, Nθ; {θ}) and 2(1 − β)(2 − β)(α − θ) > (βN)2 (θ − θ), then φbN > 0 holds obviously. (iii) Finally, if mbI (θ, Nθ; [θ, θ]) > mbI (θ, Nθ; {θ}) and 2(1 − β)(2 − β)(α − θ) > (βN)2 (θ − θ)), the following holds: φbN > 4mbI (θ, Nθ; {θ})2 mb (θ, Nθ; [θ, θ]) − mbI (θ, Nθ; {θ}) − I [1 + (N − 1)β] 2(1 − β)(2 − β)(α − θ) βN > 4mbI (θ, Nθ; {θ})2 − 2(1 − β)(2 − β) [1 + (N − 1)β]2 (α − θ)2 ¡ ¢ = 2(1 − β) 2(1 − β)[2 + (2N − 1)β]2 − (2 − β) [1 + (N − 1)β]2 (α − θ)2 > 0



e b (θ)/∂N > 0, i.e., Φ e b (θ) is increasing in N. Hence, φbN > 0 in any case, which gives ∂ Φ S1.2.2 Degree of Substitutability



e b (θ) in (A.4) can be written as: For any given technology θ < θ < θ, the function Φ µ ¶ θ − E{θI |θI ≤ θ} mbI (θ, Nθ; [θ, θ]) − mbI (θ, Nθ; {θ}) β b e ¡ ¢ 1+ b Φ (θ) = 1−γ− · 1 + (N − 1)β 2 θ−θ mI (θ, Nθ; {θ}) + mbI (θ, Nθ; {θ})



e b (θ) with respect to β gives: Diﬀerentiating Φ µ ∙ ¶ eb ∂Φ mbI (θ, Nθ; [θ, θ]) − mbI (θ, Nθ; {θ}) θ − E{θI |θI ≤ θ} 1 ¡ ¢ 1+ b = − · ∂β 2 θ−θ mI (θ, Nθ; {θ}) + mbI (θ, Nθ; {θ}) [1 + (N − 1)β]2 µ b ¶¸ ∂ mI (θ, Nθ; [θ, θ]) − mbI (θ, Nθ; {θ}) β · + 1 + (N − 1)β ∂β mbI (θ, Nθ; {θ}) + mbI (θ, Nθ; {θ}) It is straightforward to show that taking the limit for β → 0 gives: eb θ − E{θI |θI ≤ θ} ∂Φ ¡ ¢ =− 


I



I



β→0



5



I



I



S2 Extensions Here I analyze the following model extensions. First, I consider a divisible innovation. Second, I reverse the timing. Finally, I analyze a model with two innovative firms.



S2.1 Divisible Innovation Consider a similar setting as in Anton and Yao (2003). That is, the innovative firm with innovation θI chooses to apply for a patent of technology tI with tI ≥ θI . As in Anton and Yao (2003), I focus on an equilibrium in which firm I patents its innovation, and the firm’s patenting strategy is fully revealing. In other words, I suppose that firm I patents according to the monotonic strategy ϕ(θI ), such that ϕ(θI ) ≥ θI and ϕ(θ) = θ. Hence, the non-innovative firms infer from observing patented technology tI that firm I has technology ϕ−1 (tI ). Whereas Anton and Yao (2003) analyze the incentives to patent a drastic innovation, I analyze a model with a non-drastic innovation here. S2.1.1 Equilibrium outputs Given equilibrium inferences, a non-innovative firm with technology θn ∈ {tI , θ} sets the output qnc (θn , ϕ−1 (tI ) + (N − 1)θn ; {θn }) in equilibrium, where qnc is defined in (3.2) for n = 1, .., N. Firm I plays a best response against these output levels, i.e., qI∗ (θI , θn ; tI ) = rIc (qcn (•); θI ) µ ¶ 1 c −1 = α − θI − βNqn (θn , ϕ (tI ) + (N − 1)θn ; {θn }) 2 µ ¶ ¤ 1 βN β2N £ −1 = α − θI + (θn − θI ) + θn − ϕ (tI ) (C.1) 2 + Nβ 2 2(2 − β)



In equilibrium, firm I’s product market profit equals: π∗I (θI , θn ; tI ) = qI∗ (θI , θn ; tI )2 . S2.1.2 Equilibrium patenting



The expected profit of firm I with technology θI from patenting tI , given beliefs consistent with strategy ϕ, is: ΠI (θI , tI ) ≡ γπ ∗I (θI , θ; tI ) + (1 − γ)π ∗I (θI , tI ; tI ) Hence, the optimal patenting strategy satisfies ∂ΠI (θI , tI )/∂tI = 0, which is equivalent to: ∂q ∗ (θI , θ; tI ) ∂q∗ (θI , tI ; tI ) γqI∗ (θI , θ; tI ) I + (1 − γ)qI∗ (θI , tI ; tI ) I =0 (C.2) ∂tI ∂tI 6



where



and



∂qI∗ (θI , θ; tI ) −βN dϕ−1 (tI ) = ·β ∂tI 2(2 − β)(2 + Nβ) dtI



¶ µ ∂qI∗ (θI , tI ; tI ) dϕ−1 (tI ) βN 2−β = ∂tI 2(2 − β)(2 + Nβ) dtI



Substituting these expressions in the first order condition (C.2) gives:



or



£ ∗ ¤ dϕ−1 (tI ) γqI (θI , θ; tI ) + (1 − γ)qI∗ (θI , tI ; tI ) β = 2(1 − γ)qI∗ (θI , tI ; tI ) dtI dϕ−1 (tI ) 2(1 − γ)qI∗ (θI , tI ; tI ) £ ¤ = dtI β γqI∗ (θI , θ; tI ) + (1 − γ)qI∗ (θI , tI ; tI )



By using ϕ(θI ) = tI , this equality is equivalent to: µ ¶ dϕ(θI ) β γ qI∗ (θI , θ; ϕ(θI )) = · 1+ ⇔ dθI 2 1 − γ qI∗ (θI , ϕ(θI ); ϕ(θI )) µ ∙ ¸¶ γ qI∗ (θI , θ; ϕ(θI )) − qI∗ (θI , ϕ(θI ); ϕ(θI )) dϕ(θI ) β 1+ 1+ = dθI 2 1−γ qI∗ (θI , ϕ(θI ); ϕ(θI )) Using (C.1), this can be written as: Ã ! ¤ £ βN θ − ϕ(θI ) dϕ(θI ) 1 γ β + · = dθI 2 1 − γ 1 − γ (2 − β) (α − θI ) + βN [ϕ(θI ) − θI ]



(C.3)



A solution to diﬀerential equation (C.3), which satisfies ϕ(θI ) ≥ θI and ϕ(θ) = θ, is an equilibrium patenting strategy. I denote the equilibrium strategy by ϕ b. First, in the absence of protection (i.e., γ = 0) the diﬀerential equation (C.3) reduces to: ϕ0 (θI ) = β2 . By using the condition ϕ(θ) = θ, this gives the equilibrium strategy ϕ b (θI ) = β2 θI + (1 − β2 )θ, which is similar to (14) in Anton and Yao (2003). In equilibrium, the innovative firm patents technologies of relatively low eﬃciency (i.e., θI ≥ β2 θ + (1 − β2 )θ), while it does not patent technologies that are more eﬃcient. Second, if protection is strong, it is possible to obtain an explicit solution too. Clearly, it follows from applying the constraints ϕ(θI ) ≥ θI and ϕ(θI ) ≤ θ to equation 1 (C.3), that ϕ0 (θI ) ≥ β2 · 1−γ for any θI . If γ ≥ 1 − β2 , then the inequality becomes ϕ0 (θI ) ≥ 1 for any θI , which implies that the constraint ϕ(θI ) ≥ θI becomes binding. Therefore, the equilibrium strategy gives full patenting (i.e., ϕ b (θI ) = θI for any θI ) β if γ ≥ 1 − 2 . For suﬃciently strong protection, the signaling eﬀect dominates, which gives firm I an incentive to patent its innovation completely. 7



Finally, for intermediate values of the protection parameter (i.e., 0 < γ < 1 − β2 ), diﬀerential equation (C.3) is diﬃcult to solve analytically. For a numerical example (i.e., α = 4, β = 1, N = 1, θ = 0, and θ = 1), I approximated some solutions of (C.3) numerically for diﬀerent intermediate values of γ.1 Figure 5 sketches these solutions. ϕ b



6



ϕ(θI ) = θI



¡ 1 © © ¡ © ©©¡¡ © © ¡ γ =© 0 ©© ¡ © ¡ ©© © ¡ I @ © ©© I@@¡¡ @ © © I @ @γ = 0.1 @@¡ 1 © 2 @@@γ = 0.2 I¡ @ ¡@@ I @γ = 0.3 @ ¡@ I @@ ¡@ @ @@γ = 0.4 ¡ @ @γ = 0.45 ¡ @ ¡ @γ ≥ 0.5 ¡ ¡ ¡ - θI



0



1



1 2



Figure 5: Equilibrium patenting (divisible innovation) The figure suggests that for suﬃciently weak protection parameters (e.g., γ ≤ 0.45), the innovative firm keeps its most eﬃcient technologies secret, and signals by patenting only lesser eﬃcient technologies (i.e., ϕ b (θI ) > θI ). Moreover, the numerical examples suggest that the equilibrium strategies are concave in θI . Also this means that firm I tends to skew its patenting strategy in the direction of ineﬃcient technologies. For protection parameter values close to 12 (e.g., γ = 0.475), concavity of the equilibrium strategy gives full patenting of eﬃcient technologies, and partial patenting for less eﬃcient technologies (i.e., ϕ b (θI ) = θI if θI ≤ b θ, and ϕ b (θI ) > θI if b θ < θI < θ, for b b some θ with θ < θ < θ). Finally, Figure 5 suggests that stronger patent protection gives the innovative firm an incentive to patent a greater part of its innovation (i.e., ∂b ϕ(θI )/∂γ < 0 for any θI ). This is consistent with Proposition 3. If protection is weak, the description of the equilibrium strategy ϕ b suggests that it is an increasing, concave transformation of θI , i.e., ϕ b : [θ, θ] → [δθ + (1 − δ)θ, θ] for some 0 < δ < 1, where ϕ b (θ) = δθ + (1 − δ)θ and ϕ b (θ) = θ. The properties of the 1



I used Wolfram Mathematica 6 to solve the diﬀerential equation numerically.



8



equilibrium strategy give the following inequality: ϕ b (θI ) ≥ δθI + (1 − δ)θ ≥ θ for any θI ∈ [θ, θ]. Then, for any y ∈ [δθ + (1 − δ)θ, θ], the distribution of ϕ b (θ) relates as follows to the distribution of θ: Fϕe(θ) (y) = Pr[b ϕ(θ) ≤ y] = Pr[θ ≤ ϕ b −1 (y)] = Fθ (b ϕ−1 (y)).



Clearly, if y ∈ [θ, δθ + (1 − δ)θ], then Fϕe (θ) (y) = 0. The distribution of patented technologies ϕ b (θ) is therefore: ½ 0, if θ ≤ y < δθ + (1 − δ)θ, Fϕe(θ) (y) = −1 ϕ (y)), if δθ + (1 − δ)θ ≤ y ≤ θ. Fθ (b



Clearly, if θ ≤ y < δθ+(1−δ)θ, then Fϕe(θ) (y) = 0 ≤ Fθ (y). The inverse transformation ϕ b −1 : [δθ + (1 − δ)θ, θ] → [θ, θ] is an increasing, convex function, which satisfies the ¢ ¡ inequality ϕ b −1 (y) ≤ θ − 1δ θ − y ≤ y for any y ∈ [δθ + (1 − δ)θ, θ]. Hence, if δθ + (1 − δ)θ ≤ y ≤ θ, then Fϕe(θ) (y) = Fθ (b ϕ−1 (y)) ≤ Fθ (y). In short, Fϕe (θ) (y) ≤ Fθ (y) for any y ∈ [θ, θ], i.e., the distribution of ϕ b (θI ) first-order stochastically dominates the distribution of θI . The equilibrium strategy ϕ b skews the technology distribution towards ineﬃcient technologies. Similarly, if the protection parameter is close to 1 − β2 , then the numerical analysis suggests that there exists a threshold level b θ, with θ < b θ < θ, such that the equilibrium strategy is: ( θ, θ, if θ ≤ θ < b ϕ b (θ) = b g(θ), if θ ≤ θ ≤ θ, θ, θ] is an increasing, concave function with g(b θ) = b θ and g(θ) = θ. where g : [b θ, θ] → [b Using similar arguments as before, the distribution of ϕ b becomes: ( if θ ≤ y < b θ, Fθ (y), Fϕe(θ) (y) = −1 b Fθ (g (y)), if θ ≤ y ≤ θ.



Convexity of g−1 in combination with g−1 (b θ) = b θ and g−1 (θ) = θ yields: g −1 (y) ≤ y for any b θ ≤ y ≤ θ. This implies that Fϕe(θ) (y) ≤ Fθ (y) for any y ∈ [θ, θ]. In summary, the equilibrium patenting strategy appears to be such that the distribution of the patented technologies first-order stochastically dominates the distribution of technologies. In both cases, the equilibrium patenting strategy skews the technology distribution towards ineﬃcient technologies. That is, when the innovation is divisible, then an innovative firm tends to patent small innovations to a greater extent than big innovations. By contrast, Proposition 1 shows that the firm has an incentive to do the opposite (i.e., patent big innovations to a greater extent than small innovations), when its innovation is non-divisible. 9



S2.2 Timing Consider the model where the patent validity is determined after the firms set their product market variables. In the subgame that starts after firm I patents its technology, a non-innovative firm chooses its product market variable that maximizes its expected profit π n (•; γθ + (1 − γ)θI ) for n ∈ {1, .., N}, and firm I expects to earn the profit π rI (θI , N[γθ + (1 − γ)θI ]; {θI }) in equilibrium for r ∈ {c, b}. S2.2.1 Cournot competition For any given S ⊆ [θ, θ] and θI ∈ [θ, θ], firm I prefers secrecy if π cI (θI , Nθ; S) ≥ π cI (θI , N[γθ + (1 − γ)θI ]; {θI }), which is equivalent to T c (θI ; S) ≥ 0, where: T c (θ; S) ≡ 1 − γ −



β E{θI |θI ∈ S} − θ · . 2 θ−θ



I }−θ Clearly, T c (θ; S) is increasing in θ, and T c (θ; [θ, θ]) ≥ 0 ⇔ γ ≤ 1 − β2 · E{θθ−θ , while T c (θ; {θ}) ≤ 0 ⇔ γ ≥ 1 − β2 . Further, for the continuous function Tec (θ) ≡ T c (θ; [θ, θ]) and for 1 − β · E{θI }−θ < γ < 1 − β , it is easily verified that Tec (θ) < 0 < lim T c (θ).



2



θ↑θ



4



θ−θ



These basic properties are similar to those in the proof of Proposition 1.



For the proofs of Propositions 3-6 related to Cournot competition, it is suﬃcient to verify that Tec (θ) is decreasing in γ, decreasing in E{θI |θI > θ}, non-increasing in N, and decreasing in β. S2.2.2 Bertrand competition



For any given S ⊆ [θ, θ] and θI ∈ [θ, θ], firm I prefers secrecy if π bI (θI , Nθ; S) ≥ π bI (θI , N[γθ + (1 − γ)θI ]; {θI }), which is equivalent to T b (θI ; S) ≥ 0, where: T b (θ; S) ≡ 1 − γ −



β (θ 2



− E{θI |θI ∈ S})



[1 + (N − 1)β](θ − θ)



.



Clearly, T c (θ; S) is decreasing in θ. Further, for the continuous function Tec (θ) ≡ T c (θ; [θ, θ]) it is easily verified that Tec (θ) > 0 > T c (θ). These basic properties are similar to those in the proof of Proposition 2. For the proofs of Propositions 3-6 related to Bertrand competition, it is suﬃcient to verify that Teb (θ) is decreasing in γ, increasing in E{θI |θI ≤ θ}, increasing in N, and decreasing in β. 10



S2.3 Two-Sided Asymmetric Information Consider the model where there are two innovative firms, I1 and I2 , and no noninnovative firms (N = 0). At the beginning of the game each firm receives a draw from the interval [θ, θ]. Firm ’s technology θ has the distribution F : [θ, θ] → [0, 1] with ∈ {I1 , I2 }. The draws θI1 and θI2 are independent. Subsequently, the firms choose simultaneously whether to patent the innovation or keep it secret. To simplify the analysis, I assume that patents are invalid, i.e., γ = 0, and firms choose accommodating pricing strategies. First, I present the equilibrium pricing strategies. Second, I characterize the patenting strategies. S2.3.1 Pricing strategies Take any subset Sk ⊆ [θ, θ] and Pk ≡ [θ, θ]\Sk , and assume that firm has beliefs consistent with the adoption of the following generic patenting strategy by firm k (for , k ∈ {I1 , I2 } and 6= k): ½ ∅, if θk ∈ Sk sbk (θk ) = (C.4) θk , if θk ∈ Pk That is, the expected cost of firm k after adoption of secrecy is E{θk |θk ∈ Sk }. If both firms share their technologies, then they set equilibrium prices which yield the following price-cost margins (for , k ∈ {I1 , I2 } and 6= k): µ ¶ 1−β PP PP α − min{θ , θk } . (C.5) m (θ ; θ , θk ) ≡ p (θ ; θ , θk ) − min{θ , θk } = 2−β



If both firms keep their technologies secret, firm chooses the following price-cost margin in equilibrium (for , k ∈ {I1 , I2 } and 6= k): ¶ µ 1−β SS SS m (θ ; S , Sk ) = p (θ ; S , Sk ) − θ = (C.6) α−θ 2−β µ ¶ β β E{θk |θk ∈ Sk } − θ + [E{θ |θ ∈ S } − θ ] . + 2 4 − β2 If firm shares technology θ and firm k conceals, the firms’ first-order conditions are as follows (for , k ∈ {I1 , I2 } and = 6 k): Z fk (θ|θk ∈ Sk )pk (θ, θ )dθ 2p (θ ) = (1 − β)α + θ + β θ∈Sk



and 2pk (θk , θ ) = (1 − β)α + min{θ , θk } + βp (θ ). 11



In this case (firm shares, firm k conceals) firm sets the following equilibrium margin: (C.7) mP S (θ ; θ , Sk ) = pP S (θ ; θ , Sk ) − θ ¶ µ ¶ µ 1−β β = E (min{θ , θk }|θk ∈ Sk ) − θ , α−θ + 2−β 4 − β2 with E (min{θ , θk }|θk ∈ Sk ) = Fk (θk |θk ∈ Sk )E{θk |θk ≤ θ , θk ∈ Sk }+[1 − Fk (θk |θk ∈ Sk )] θ . Similarly, if firm hides θ and firm k shares, firm sets the following price-cost margin in equilibrium (for , k ∈ {I1 , I2 } and 6= k): (C.8) mSP (θ ; S , θk ) = pSP (θ ; S , θk ) − min{θ , θk } µ µ ¶ 1−β β θk − min{θ , θk } = α − min{θ , θk } + 2−β 4 − β2 ¶ β + [E (min{θ , θk }|θ ∈ S ) − min{θ , θk }] . 2 Firm ’s expected equilibrium product market profit is (for any t and tk ): πt tk (θ ; •) =



1 mt tk (θ ; •)2 1 − β2



(C.9)



S2.3.2 Patenting strategies Proposition 7 If γ = 0, then in any equilibrium, and for any i ∈ {I1 , I2 }, firm i chooses the patenting rule sbi in (C.4) with Si = [θ, θbi ] for some θ < θbi < θ. Proof. Suppose that firm k chooses the technology sharing rule sbk in (C.4). Further, suppose that firm k has beliefs consistent with (C.4), with k = , for some subsets S ⊆ [θ, θ] and P = [θ, θ]\S . Given these assumptions, the diﬀerence of the expected profit from technology sharing and secrecy for firm is: Z ¤ £ PP Ψ(θ ; S , Sk ) ≡ π (θ ; θ , θk ) − π SP (θ ; S , θk ) fk (θk )dθk θk ∈Pk Z ¤ £ PS + π (θ ; θ , Sk ) − π SS (θ ; S , Sk ) fk (θk )dθk θk ∈Sk



where π



PP



(θ ; θ , θk ) − π



SP



µ ¶ 1 PP 2 SP 2 m (θ ; θ , θk ) − m (θ ; S , θk ) (θ ; S , θk ) = 1 − β2 1 = [mP P (θ ; θ , θk ) − mSP (θ ; S , θk )] 1 − β2 ·[mP P (θ ; θ , θk ) + mSP (θ ; S , θk )] 12



and a similar expression for π P S (θ ; θ , Sk ) − π SS (θ ; S , Sk ). The evaluation of Ψ at extreme values of θ gives the following: Ψ(θ; S , Sk ) < 0 ≤ Ψ(θ; S , Sk ) for any S and Sk . The second derivative of Ψ equals: µ ¶ Z ∂ 2 Ψ(θ ; S , Sk ) ∂mP P (θ ; θ , θk ) ∂mSP (θ ; S , θk ) 1 = − ∂θ ∂θ ∂θ2 1 − β 2 θk ∈Pk ¶ µ PP SP ∂m (θ ; θ , θk ) ∂m (θ ; S , θk ) fk (θk )dθk · + ∂θ ∂θ ¶ ∙µ 1 ∂mP S (θ ; θ , Sk ) ∂mSS (θ ; S , Sk ) + Pr[θk ∈ Sk ] − ∂θ ∂θ 1 − β2 ¶ µ ∂mP S (θ ; θ , Sk ) ∂mSS (θ ; S , Sk ) + · ∂θ ∂θ ¸ 2 PS ∂ m (θ ; θ , Sk ) PS + 2m (θ ; θ , Sk ) ∂θ2



since for any θ ∈ [θ, θ] ∂ 2 mP P (θ ; θ , θk ) ∂ 2 mSP (θ ; S , θk ) ∂ 2 mSS (θ ; S , Sk ) = = =0 ∂θ2 ∂θ2 ∂θ2 First, using (C.5) and (C.8), it is immediate that and



∂mP P (θ



;θ ,θk )



∂θ



+



∂mSP (θ ∂θ



;S ,θk )



−



∂mSP (θ ;S ,θk ) ∂θ



≥ 0



≤ 0 for any θ and θk , since ∂ min{θ , θk }/∂θ ≥ 0.



Second, using (C.6) and (C.7), gives ∂mSS (θ ;S ,Sk ) ∂θ



∂mP P (θ ;θ ,θk ) ∂θ



∂mP S (θ ;θ ,Sk ) ∂mSS (θ ;S ,Sk ) − ∂θ ∂θ



> 0 and



∂mP S (θ ;θ ,Sk ) + ∂θ



< 0, since ∂E (min{θ , θk }|θk ∈ Sk ) /∂θ = Pr[θk ∈ Sk ∩ [θ , θ]]/ Pr[θk ∈ Sk ] ∈ [0, 1]. Finally, ∂ 2 mP S (θ ; θ , Sk ) β ∂ 2 E (min{θ , θk }|θk ∈ Sk ) = · ≤ 0. ∂θ2 4 − β2 ∂θ2 Hence, ∂ 2 Ψ(θ ; S , Sk )/∂θ2 ≤ 0, i.e., Ψ(θ ; S , Sk ) is (weakly) concave in θ . This fact, in combination with Ψ(θ; •) < 0 ≤ Ψ(θ; •), implies that firm ’s equilibrium patenting strategy is (C.4) for k = , with S = [θ, θb ] for some θ ≤ θb ≤ θ. The evaluation of Ψ(θ; [θ, θ], Sk ) for extreme values of θ gives: Ψ(θ; [θ, θ], Sk ) < 0 < Ψ(θ; [θ, θ], Sk ) for any Sk ⊆ [θ, θ], Hence, the intermediate value theorem implies that (for any Sk ⊆ [θ, θ]) there exists a θb , with θ < θb < θ, such that Ψ(θb ; [θ, θb ], Sk ) = 0. 13



Reference Anton, J.J. and D.A. Yao, 2003, “Patents, Invalidity, and the Strategic Transmission of Enabling Information,” Journal of Economics & Management Strategy, 12, 151-78
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