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WEB APPENDIX

In this Web Appendix, we provide complementary analyses to the paper titled “Inter-Competitor
Licensing and Product Innovation”. In particular, in Part A, we derive the parameter conditions
for the main model such that both firms have non-negative profit in the market. In Part B, we
analyze the model when assuming that one of the entrant’s quality choices is higher and the other is
lower than the incumbent’s quality. In Part C, we analyze the model with a different game sequence
where the incumbent decides the royalty licensing fee after the entrant’s decides its quality. In Part
D, we analyze the model when the incumbent endogenously decides its quality with the anticipation

of its competitor’s entry.

A. DERIVATIONS FOR SUFFICIENT PARAMETER CONDITION SUCH THAT BOTH

FIRMS COEXIST IN THE MARKET FOR THE MAIN MODEL

According to the proof of Proposition 1, under no licensing contract, the incumbent’s and the
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profit for the entrant is guaranteed by 7. The condition of 7 dominates r < 2
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K2 1

T

— — : = er er er —{qi)qi— 2 er —qi)Cq
0<r<T;or 7‘12’;2‘?’" > and 0 <r < min{7, % [(cer+a e qjgv)qﬁ Ger 4 )c]}.

Therefore, combining with the condition in the no licensing case, one set of sufficient parameter
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Next, we show that with this set of sufficient parameter conditions, no firm will deviate from

the equilibrium characterized in the paper.

First, we show that (per, Pir) = (Pem,o0) (i.e., the incumbent sets its price very high, let the

entrant be the monopoly in the market and the incumbent’s profit only comes from the licensing



fee) cannot be an equilibrium, where p.,,, = argmaz,,,, (Pem — Cem — 1) (1 — 222) = W. When
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either the entrant or the incumbent is better off with deviating from (pen,o0), then it is not an
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then ey, + Com — 202@ > Qem — Cem, Which means when the licensing fee is higher than ¢.,, — ce, the

incumbent will be indifferent. Hence, 7, (pem, Ply) > Tir(Pem, 00). SO (Per, Pir) = (Pem, 00) cannot be
an equilibrium. Therefore, the incumbent setting its price extremely high and letting the entrant

be the monopoly cannot be an equilibrium.

Second, we show that given p?, the entrant will not be better off with deviating to price-out the

incumbent. If the entrant sets its price p, = pj%, then the entrant can price out the incumbent
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Note that 7, = 7} if ¢; = % and 7, < 7} otherwise. Hence, for given pf, the entrant will

not be better off with deviating to price-out the incumbent.
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Note that m; = 7} if ¢; = ¢:(2 — &) — (2¢e — 2¢.) and 7} < 7} otherwise. Hence, for given pZ, the

incumbent will not be better off with deviating to price-out the entrant.

Therefore, the set of parameter conditions
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B. ANALYSIS FOR THE MODEL WITH ¢7 > ¢; > ¢/ AND T > ¢; > ¢

In this part of the Web Appendix, we allow the entrant’s quality choices and associated costs are
such that ¢ > ¢; > ¢& and ¢! > ¢; > cL. In the following, we first analyze the case when the
entrant develops the non-core technology on its own, i.e., without a licensing contract; then we
analyze the case when there is a licensing contract between the two competitors; last, we compare
the entrant’s optimal quality in the two cases to examine the effect of licensing on the entrant’s

product innovation.
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dell dnl Hx _ qF(2¢F —2¢;+2cH +c;) Hx _ qi(gF—qitc)+2¢¢;
conditions T = 0 and de = 0 gives: p.'* = ToF —a, and p;'* = 779 . Two
firms’ profits are: i = [ac" (2q¢7 —2qi+c)— (20" —a)el 19 phs = 4 £ [ai(ge —qite)— (22 —qi)e]®
T e (g —q:) (49T —q;)? qi (g —q:) (49T —q;)?

L

L_ L
Alternatively, if the entrant chooses (¢e,cc) = (g7, cz), then Dy = Z—¢ — % and D} =

pi—pe , : , : L L_ I\pL L
1 —=—%. The entrant’s and the incumbent’s profit functions are 7.’ = (p2 —c2)D. — F and 7, =

qi—dq¢

L

(pl — ¢;) DE, respectively. Since w% is a concave function of p~ and 7l is a concave function of pf,



: 2
simultaneously solving the first order conditions 2% = 0 gives: pt* = % £ (gi=ac +ei) +2gie
dpe € 4q;,— e ’
qi(2qi—2qL +2ci+cl) T ) . Lx _ qilat(gi—ql+ci)—(2qi—ql)cl]? Lx __
= . Two firms’ profits are: 7" = e < soe — F and 7" =
P 4q;,—qt b e at (¢i—ak)(4ai—ak)? i

[9:(2¢i—2qL +cl)—(2gci—ql)ci]?
(qi—q%)(4gi—qk)?

Hence, in the case of no licensing contract, the entrant’s optimal quality decision is ¢* = ¢/ if
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In the case of a licensing contract with royalty fee r > 0, if the entrant chooses (ge, Cer) =
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Hence, given a licensing contract with royalty fee » > 0, the entrant’s optimal quality decision

is ¢f, = ¢ if 7H*(r) > 7l (r), that is, ¢ < ¢, = cp + QTR(nggg),:(;f*qi); and ¢*, = qL otherwise.

Therefore, if R(q;—q")— (¢7 —¢;) > 0, then ¢, > cp and licensing can increase the entrant’s optimal

quality. If R(q; —q%) — (¢ — ¢;) < 0, then ¢, < cp and licensing can decrease the entrant’s optimal



quality. Next, we show the parameter conditions under which licensing can increase or decrease the
entrant’s optimal quality.

Let a = qq; and (3 = ‘f]—eL_ where @ > 1 > 8 > 0. Then R(¢; — ¢~) — (¢7 — ¢;) > 0 is equivalent
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¢, < cp holds) and licensing can decrease the entrant’s optimal quality.

Given the entrant’s optimal response of its quality decision, the incumbent optimally decides its
royalty fee by maximizing its resulting profit function subject to the constraint that the contract is
mutually acceptable. We follow the same procedure of the derivation of 7 in the proof of Proposition
2 to derive the upper bound of royalty fee such that the entrant is (weakly) better off with accepting
the licensing contract than developing its own non-core technology. Specifically, when ¢, > cp, 7 is

given by solving the following problem:
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Hence, the entrant will accept the royalty licensing contract if r < 7, where
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When ¢, < cp, 7 is given by solving the following problem:
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Hence, the entrant will accept the royalty licensing contract if » < 7, where
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Following the same procedure as in the proof of Proposition 5, we next derive the incumbent’s

optimal royalty fee r*.

Anticipating the entrant’s best response on quality decision, the incumbent’s resulting profit

function is
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where both 7 (r) and 7% (r) are concave in 7.



When ¢, > cp, then the incumbent maximizes its profit in (W5) subject to the constraint

0 < r <7, where 7 is defined in (W2), and obtains its optimal royalty fee r*:
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where r, = (2q(3%};;‘)1f$§é;i)q 2 is the alternative form of writing ¢ = ¢,, and ¢, is the ¢ such that

¢, = 1L Note that, if ¢, < ¥ < cp & wh(rfl*) > 7l (rHH*) the incumbent’s optimal royalty
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fee is r#5* and ¢, = ¢& < ¢ = q¢’.



C. ANALYSIS FOR THE MODEL WITH A DIFFERENT GAME SEQUENCE

In this part of the Web Appendix, the game sequence is defined as follows: first, the entrant decides
its product quality; second, the incumbent sets its royalty licensing fee; third, the entrant decides
to accept or not accept the contract; last, two firms set prices. Except this game sequence, the
other aspects of model setup are the same as in the main model. In particular, ¢ > ¢& > ¢,
cH > c& > ¢;, and the entrant incurs a fixed cost F' when developing the non-core technology on its
own. In the following, we first solve the game where the entrant develops the non-core technology
on its own, i.e., without a licensing contract; then we solve the game where there is a licensing
contract between the two competitors; last, we compare the entrant’s optimal quality in the two
cases to examine the effect of licensing on the entrant’s product innovation. The game solving is

based on backward induction.

When the entrant develops the non-core technology on its own, the entrant’s optimal product
quality, two firms’ optimal prices and their corresponding profits are the same as in the benchmark

case in the main model. That is, ¢¢ = ¢7 with the incumbent’s and entrant’s optimal profits 77

L
e

*

and 7/ if ¢# < cp and ¢* = ¢* with the incumbent’s and entrant’s optimal profits 77* and 71~

otherwise.

When the entrant anticipates an acceptable licensing contract from the incumbent, there are
two sub-games based on the entrant’s possible quality decision: ¢, = ¢ or q., = ¢~.
Sub-game 1: g, = ¢

Given p p q.. = ¢, ¢, and r¥, the incumbent’s and the entrant’s profit functions are

= (plf — ci)(ﬁg%pf - %?) +rf(1 - %) and 78 = (pfL — cf — rH)(1 — %), respectively.

H
Solving the first order conditions Z;Z = 0 and ‘ZZ;—@Z" = 0 simultaneously gives the optimal prices:

r
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Next, we solve for the incumbent’s optimal licensing fee in this sub-game, which we denote as r
(rf1) > wH*. Constraint 72 (r#) > r!

Wy g, gl (pH) > glx gl
= A and 7H(rf) > 7H* is re-

Specifically, r#* = argmaz,nm
(¢ —qi)m ¥~

(2qF —2qi+ci)—cB (2¢7 —q:)—(4¢7 —q1)
2¢5 —2¢;
e — min{FHH @ +8aF (¢ —cf) —ciq; }
! 2(8¢+q:) :

H
is reduced to rH < %
duced to r > 0. Therefore, given q.. = ¢, the optimal licensing fee is r

And the entrant’s corresponding profit is

aHx — 0 (20 =2qitci) —cll (2q: —qi)—r!T* (2q.T 24:)]?
er (af —q:) (49T —q:)? )

Sub-game 2: g, = ¢
Given pl. pk, qor = ¢F, ¢;, and r%, the incumbent’s and the entrant’s profit functions are
L—rby(1 — M) respectivel
gf—q; /2 TSP N

L L
— B p“«) and 7reLT’ = (pgr —C —

L L L
L __ L Per—P; p; L
T = (pir — ¢i)( a—a ﬁ) +ro(1 pT—
. .. drl dnL . . . .
Solving the first order conditions d;f = 0 and d;r;j = 0 simultaneously gives the optimal prices:
ir er
L L L L L
a2 [2(g2 —git+ci+rt)teil+ar : o L. LY _
E— . The corresponding profits are: ;. (r") =
2L —2gi+ci)—ck (2¢L —qi)—r
(aF—q:) (492 —q:)?

Lx _ qi(qf—qi+cl+3rL) L _

P = e and por =

aFqi (¢ —qi+cl)—ci(2qF —ai)>+ai (aF —ai) [a?+84F (¢ —cb) —ciqi)r™ —(8aE +4:) (¢F —ai) qi (rT)? LDy _ [d&(
and 7. (r”) =

qi(at —ai) (4t —q:)?
Lx

Lirty st. ol (rl) > nl* 7k

ir

Next, we solve for the incumbent’s optimal licensing fee in this sub-game, which we denote as r
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And the entrant’s corresponding profit is 7

Last, we solve for the entrant’s optimal quality decision by comparing the entrant’s profit
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2(8‘1 +4q;) 2(8qeL+q1)

Hx

where r* = min{r }. Hence, under a

if 7* > zl* that is, if ¢ <

e er ?

licensing contract, the entrant’s optimal quality decision is: ¢*. = ¢

ac! (2z' =2qi+ei) = Rlae (297 —2qitei) —cg (20 —qi)] | R(qr—2q)r™"—(2q¢' —2¢)r™*  _ = R(2qz=2q)r" —(2q;' ~2q;)r"
2q—q; 2qT—q; F 2¢1—q;

and ¢, = ¢~ otherwise. Next, we show that with this different game sequence, the quality-increasing

effect and quality-decreasing effect of licensing can still occur under certain conditions by considering

HH 8¢ (¢F —cl)—ciqi
2(8¢2+q:)

2 H/ H H
<48 —c.')—ciq; .. —
HH _ 4184 (gc" —c2) zqz7 (if) at cf =cp, T

. (3 H _ P
two cases: (i) at ¢’ =cp, T 8aT Tq)

. _ 248 Ciq; _ . _ .. .
(1) If at Cf = Cf, THH < 4 e (qe Ce ) qu, then ?"H* = THH for Cgl S Cp S1nce T’HH 1S Increasing

2(8q +a;)
in cfl and %¥8% W —ee) = i¢ qocreasing in cH. Note that then r#*| u_. = rHH| u
2(8¢H +qi) 8 cil=cp — cH=cp
_ Rlgk(2qt —2qi+ci)—ck (2qE —qi)]— (498 —qi)/ (gl —qi)wl* _ Rlgk(2qF —2qi+ci)—ck (2qF —qi)—(4qE —qi)\/ (¢ —qi)m L]
20e' =24 2q8 —2q;

= M. That is, [R(¢F — ¢;)7t — (¢ — qi)rH*]\cgch = 0. By definition, r** < 7% hence,

de” —9qi

[R(qr — q)rt* — (¢ — qi)rH*Hcgch < [R(qF — q;)7E — (¢ — %)TH*Hch:CF = 0. Let ¢, be the value

R(2 L72'L L*72 H727l HH
of ¢ such that ¢ = ¢p + B2 q)gqg_(qzle %" Then ¢, < cp; qF, = ¢ when ¢ < ¢,, and

*

¢, = q when ¢, < ¢! < cp. Hence, when ¢/ < ¢,, licensing does not change the entrant’s optimal
quality; when ¢, < ¢ff < cp, licensing decreases the entrant’s optimal quality. One numerical
example for the quality-decreasing effect of licensing is: ¢; = 1,¢; = 0.7,¢% = 1.1,¢L = 0.78, ¢ =

1.5,c = 1.18, F = 0.0025. In this example, ¢, = ¢- < ¢¢ = ¢ and r* = 0.1589.

. _ .. . . 218 _CH —Cigs
Since 77 is increasing in ¢/ and %% (gf; i )) % is decreasing in ¢, there exists a unique
e 1
2 H/ H H
“+8 —c)—ciq; .
value of ce , which we denote as ¢;, such that 777 = % qg(g;eHJrq‘f)) 9 at ¢y. Since cf = cp,
e i
2 H/ H H
_ <+8 —c')—ciq; . .
FHH 4 qg(gf;qﬂ?)) ‘% then ¢; > cp. Hence, when c¢p < ¢ < ¢, ¢*. = ¢~ and licensing does
e k2

?+8¢8 (¢f —cB)—ciai _Hx

H —
(8q +(I1) » T -

not change the entrant’s optimal quality. When c; H

>

> ¢y, then 77

a;+8af (a —cf)—ciqi Hee (pHr) — [gf —cH —(qi—c)]* (247 +4:)?

, which i reasing in c¢2'. Hence, for an
2(8¢l +4q:) er (af —q:) (8¢ +4:)? ch is decreasing C cree, for any

cH > ey, el (rf* ol > o)) < 7ll*(rf* B = ¢)) = gl (FHH cH = ¢)) = nH*(cH = ¢)) < wl* < mlx.

€ € € € — er

Hence, when ¢ > ¢, ¢*, = ¢* and licensing does not affect the entrant’s optimal quality decision.
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FHH 2 +8¢ (¢F —cl)—ciqi

To summarize, we analytically proved that if at ¢! = cp, 7 ICTE , then licensing

leads to the entrant’s same or lower optimal quality.

2 H( H H 2 H (., H H
= H _ “HH - 9184 (¢’ —cc’)—ciqi Hx _ 9;+8q¢:" (a2’ —cg)—ciqi H > :
(ii) If at ¢ = cp, 7HH > 8T , then r'* = 8T Ta] for ¢’ > cp since
2 H(, H H
_ [ . . <48 —c.')—ciq; - . .
rH s increasing in ¢/ and % qg(g} +qi_)) 9 is decreasing in ¢, At ¢ = cp, 7|, =

a2 +8q¢5 (g —cp)—ciqi
2(8¢F +qi)

We first show that under certain conditions, the quality-increasing effect and

the quality-decreasing effect of licensing can occur, then we discuss the effect of licensing under

@2 +8qH (¢ —cF)—ciqs

a (2¢F —2qi+ci)—cr (242 —qi) >
2(8¢2+q:)

2¢H —2q;

o . 7HH .
other conditions. Note that 77| n_, > cH—cp TEQUITES

2 H(  H
@} +8a" (¢! —cp)—cigi ol (248 —2gi+ci)—cl (242 —a:)]? >
2(8¢8 +ai) and (¢t —qi)(4qt —q:)? > F > max{0, F } where

i(gi—ci)+8¢/ (aff —c ¢ —ai)ai(ai—c:i)+8qf (¢ —c
F, = qz((g;é_”r);)é%&qéq_qi);){QQE(ZQE — 2 + ¢) — QCF(ZQE — ) — (2 —a)lq (qsqujq?q (a F)]}‘ We

- " " : ) SLL o G842 (¢k—c)—cigi
denote this condition as condition (a). We next consider two cases: (1) 7" < swlte) 0 (2)
e T
@ +8q¢ (g¢ —c¢ ) —cis
2(8q%+a:)

Ll >

b (2af —2qi+ei) —ck (2af —ai) 9484 (92 —ce)=cidi .
2qL—2q; —= 2(8¢L +q;) ’

(1) If #LL < @2 +8qL (qf —ck)—ciqi

SIS holds, then it requires

qF (2L —2q;4c;)—cL (2¢F —q;) > 8¢k (gl —cl)—ciqs

n
2qL—2¢; 2(8¢L+4:) and

or

(gi-e)+8L b~k F ol (as—ci) +8qk (gl ~ck
F<F,= q’%g;g+315§2q5(tz_qi)z ){QQEL<2q€L —2¢ +Ci> o 205(2q6L - Qz’) — bl (ngeL_z_ij t : } We de-

note this condition as condition (b). Note that only if both conditions (a) and (b) hold, this case of at

2 H/ H H
H _ Hx _ 2;18¢ (¢ —c')—cigi L+ __ =LL L L+ H Hx _
Co = Cp, T = SR s and r** = 7" occurs. Then [R(q; —q:)r™* —(q. —qi)r"™"*]|cti=c,, =
2 H (. H 2 H (. H

L ~LL H q;+8q." (¢2" —cr)—ciqi L ~LL H q;+8q." (¢ —cr)—ciqi
Rlae =)™ = (0" =)™ gy - We denote Rlg: —g)r™" — (@ — 1) gy — > 0
L o \nL%_ (o H o 318 (ae’ —cp)—cia;

R(2qz —2g;)r (2¢2" —2¢;) 2l 7a5)

as condition (c). Let ¢, be the value of ¢/ such that c? = cp+ 57
Then when condition (c) holds, ¢, > cp; ¢, = ¢ when cp < ¢ < ¢,, and ¢, = ¢~ when ¢ > ¢,.
Hence, when the parameters are such that conditions (a), (b) and (c) hold and cr < ¢ < ¢,, then
licensing increases the entrant’s optimal quality. One numerical example for this quality-increasing

effect of licensing is: ¢; = 1,¢; = 0.3,¢% = 1.5,¢L = 0.8,¢7 = 3,cH = 2.2721, F = 0.00978. In this

example, ¢, = ¢ > ¢¢ = ¢F and r* = 0.363392. When the parameters are such that conditions

12



(a), (b) and (c) hold and c# > c,, licensing does not change the entrant’s optimal quality. When
the parameters are such that conditions (a), (b) and (c) hold and ¢ < cp, licensing leads to the
entrant’s same or lower optimal quality. When the parameters are such that conditions (a) and (b)
hold but condition (c¢) does not hold, then licensing may decrease but cannot increase the entrant’s
optimal quality.

6c (20 —2qi+ei)—cg (242 —ai) @ +8q¢L (gt —ck)—ciai
2qL —2q; 2(8¢L+q:)

2 L L__LY_ . ..
(2) If fLL > q; +8qe (qe Ce) Ciq;

IS holds, then it requires

. 2. 8o H (gH —cHY— i
and F' > max{0, F,}. This means that the case at ¢, rf* = 4F qg(g&,{éﬁ)) % and ri* =

2 +8q% (¢k—cb)—ciqi
2(8¢L+q:)

a2 48¢ (gl —cr)—cigi gL (2¢F —2qi+ci)—ck(24F —q;)
2(8¢% +4;) ’ 2q%—2q;

2¢H —2¢;+¢;)—cr(2¢2 —q;)
2qH —2q;

. H
occurs only if % ( > >

a2 +8qL (gt —ck)—ciq
2(8¢L+4:)

and 14 (Qqé(q‘fﬁi;;giq‘;{;?gé“ =) S max{0, F1, F5} hold. We denote this condi-

tion as condition (d). Note that [R(qX — ;)™ — (¢ — qi)r™*]| ez e, = R(qE — qi)q%gq;iéﬁlf))*ciqi -

2, g H( H 2, g L (gL _ L 2, g H( H
H_ 3 1+8a. (g2’ —cr)—cigi L \4G+8ac (s —cg)—ciqi  ( H \4;+8¢: (92" —cr)—cigi

(0" = 0) ™ 5grgy - We denote R(q; = 6:) ™ 5errys (9" = 0) ™ 5grg, > Uas

qz-2+8qc (¢ —cp)—c;q;

L_ 9, \pL¥__ H_o,.
R(2q¢'—2qi)r™" —(2q¢" —24;) 20l Ta;)

condition (e). Let ¢, be the value of ¢/ such that ¢ff = cp +

2q —q;

Then when condition (e) holds, ¢, > cp; ¢*. = ¢ when cp < 2 < c,, and ¢, = ¢* when ¢ > c,.
Hence, when the parameters are such that conditions (d) and (e) both hold, and cr < ¢ < ¢,, then
licensing increases the entrant’s optimal quality. One numerical example for this quality-increasing
effect of licensing is: ¢; = 1,¢; = 0.31,¢L = 1.5, ¢l = 0.8, ¢ = 3, ¢ = 2.2649, F = 0.01064. In this
example, ¢, = ¢ > ¢ = ¢¥ and r* = 0.366648. When the parameters are such that conditions
(d) and (e) both hold, and c# > ¢,, licensing does not change the entrant’s optimal quality. When
the parameters are such that conditions (d) and (e) both hold, and ¢ < cp, licensing leads to the
entrant’s same or lower optimal quality. When the parameters are such that condition (d) holds, but
condition (e) does not hold, then licensing may decrease but cannot increase the entrant’s optimal
quality.

@} 8¢ (qF —ct)—ciqi
2(8¢ +q;)

To summarize, we showed that if at ¢ = cp, FH7 > , then licensing leads to
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the entrant’s same, higher, or lower optimal quality.

D. ANALYSIS FOR THE MODEL WITH THE INCUMBENT’S ENDOGENOUS QUALITY

In this part of the Web Appendix, the incumbent endogenously decides its product quality in
anticipation of its competitor’s entry in the market. Let the incumbent’s and the entrant’s marginal
cost be k;q? (or k;q?. in the case of licensing), and k.q? (or k.q>. in the case of licensing), respectively.
Because of tractability issues, next, we introduce two numerical examples to demonstrate the effect
of licensing on the entrant’s optimal quality when the incumbent endogenously decides its product

quality.

Example 1: When the entrant’s production of its core technology has significant improvement
over the incumbent’s, let k; = 1, k., = 0.5, and F' = 0.01. In the case of no licensing, for given

G, Ge, pi and p., the incumbent’s and the entrant’s demand functions are: D; = % — % and

D,=1- %, respectively, if g > ¢; and p. > p;; D; = 1 — % and D, = % — z—e if ¢ < ¢; and

Pe < Pi; Dizl—%andDezoifqe<qiandpe>pi;andDizoandDezl—z—:ifqe>ql-and
pe < pi- Their profit functions are m; = (p; — ¢?)D; and 7. = (p. — 0.5¢?)D. — F. One can easily
show that in this example, the entrant will optimally respond with ¢. > ¢; and the incumbent will
optimally set ¢; < ¢. in anticipation of a more efficient competitor’s entry. In the licensing case,

we will only list the demand function where both firms compete in the market. We solve the game

based on backward induction. First, since ; is a concave function of p; and 7, is a concave function

dmy _

of p., simultaneously solving the first order conditions .

0 and % = 0 leads to the optimal

[0.125¢2+q¢(0.25+0.5g;)—0.25¢;]q;
qe—0.25¢;

. .25¢2+(0.25¢; —0.5)q;
and pi = 6¢[0-59e+0-256: +(0.25¢:=05)6i]  Thep the two firms’

. .
prices p; = qe—0.25¢;

0.015625¢¢4;[92 —ge (49i—2) —qi (2—24;)]” _0.0625¢2[q2—qe(240.5¢;) —qi(q:—2)]?
profits are: 7i(ge, ¢;) = q(((lle[ng')%q£f0.2521¢)q2( “ and me(Ge, ¢i) = . ([Zefgi)((q—:fo.%gqi;g(q L
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Next, we maximize the entrant’s profit m.(q., ;) over g. to obtain its optimal quality ¢}(g;) for given

¢ Let ¢3(q;) = argmazxy m(qe, ¢:) (i-e., ¢ (g;) is the solution to the first order condition %;"qi) =

e

0 that maximizes the entrant’s profit). Last, we maximize the incumbent’s profit m;(¢*(¢;), ¢;)
over ¢; to obtain its optimal product quality ¢ in anticipation of ¢¥(¢;), pf and pi. Let ¢f =

argmazg,m;(qi(¢;), ¢;). Our numerical analysis procedure is: among the seven solutions to the first

dme(qe,qi)

d = 0, we can analytically rule out three solutions that give 7.(g., ¢;) = 0 and

order condition
there are four solutions left. We denote these four solutions as ¢}, (¢;), ¢}5(4:), ¢}5(q:), and ¢%,(¢;). For
each of these four solutions, we numerically maximize the incumbent’s profit ﬂi(q;fj (gi), q;) where
J = 1,2,3,4 to compare the maximum of each m;(¢};(¢i),¢:;) and obtain the optimal ¢; and the

corresponding ¢*(qF) as follows: ¢ ~ 0.20559, ¢*(¢) ~ 0.71007, 7F ~ 0.01071, and 7 ~ 0.04535.

In the case of a licensing contract with royalty fee r, for given g, qer, pir and pe,, the incum-

bent’s and the entrant’s demand functions are D;, = % — Zl% and D, = 1— %, respectively.
er r r er r

Their profit functions are m;, = (pir — ¢2.)Dir + 1 X Dep and me, = (per — 0.5¢%. — r)D,,.. First,

simultaneously solving the first order conditions 4%z = 0 and %= = () leads to the optimal prices

dpir dper

_ [0.125¢2,+qer (0.2540.5¢;,.) —0.25¢;,+0.757] g;r

* ger[0.5ger+0.25¢2,4(0.25¢;,-—0.5)qi+0.57]40.257g; Let
pz’/‘ Ger—0.25q;- :

er—0.25¢;,

and p;, =
Tir(Qer, @ir,s ) and Ter(qer, Gir, ) be the incumbent and the entrant’s corresponding profit. Next,
we maximize the entrant’s profit 7. (qer, Gir,7) OVer g, to obtain its optimal quality ¢*.(qi, 7).

Let ¢} .(qir,7) = argmazy, mer(Ger, Gir,7) (i.e., one of the solutions to the first order condition

drer(qer,qir,T)

da = 0 that maximizes the entrant’s profit). Last, we numerically maximize the incum-

bent’s profit 7. (¢%.(¢ir, ), Gir, ) jointly over ¢;, and r to obtain its optimal product quality ¢}, and
its optimal royally fee r* subject to the constraint that neither firm is worse off with the licensing
contract, that is, m;-(¢%.(¢ir, 7), @ir,7) > 7F and 7, (5. (¢ir, ), Gir, 7) > 7. Following this procedure,

wf. is achieved at (g}, r*) = (0.10349,0.06914). So, ¢’.(¢i.,7*) ~ 0.73907 > ¢. Therefore, with

r
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consideration of the incumbent’s response in quality decision, licensing leads to the entrant’s higher

optimal quality.

Example 2: When the entrant’s production of its core technology has incremental improvement
over the incumbent’s, let k; = 1, k. = 0.98, and F' = 0.001. One can easily show that in this
example, the entrant will optimally respond with ¢. > ¢; and the incumbent will optimally set
¢; < ¢. in anticipation of a more efficient competitor’s entry. Hence, in the case of no licensing, for
given ¢;, ¢e, p; and p., the incumbent’s and the entrant’s demand functions are D; = ]ﬁ — % and

D, = 1—2=L respectively. Their profit functions are 7; = (p; —q¢?)D; and 7w, = (p.—0.98¢2)D.—F.

Ge

We solve the game based on backward induction. First, simultaneously solving the first order

‘s ; . : 0.245¢2 0.2540.5¢;)—0.25¢;]g;
conditions 4% = 0 and %%= = 0 leads to the optimal prices p; = [0-2459: 14 (0-25:40-50i) ~0.254ilai 5y
pi dpe ¢ qe—0.25¢;

* = 2:[0.50:40490;+(0250,205)ai] Ty the two firms’ profits are:
Pe 7c—0.25¢; : p -
. N\ _ 0.060025qcg; [g2—ge (2.04082¢; —1.02041) —g; (1.02041—1.02041¢; )]
mi(ge, 4i) = (ge—4:)(ge—0.25¢;)? and
0.2401¢2[g2 — e (1.0204140.5¢;) —¢; (0.510204¢; —1.02041)]? s
To(Ge, @) = 0cld: =4 (qe_;) (qu_)o.g%(qm 2 J° Next, we maximize the entrant’s profit over

¢e to obtain its optimal quality ¢*(¢;). Let ¢}(q;) = argmaz,, me(ge, ¢;) (i-e., ¢¢(g:) is the solution to

the first order condition Teldest:)

= 0 that maximizes the entrant’s profit). Last, we maximize the
incumbent’s profit m;(¢’(¢:), gi) over ¢; to obtain its optimal product quality ¢ in anticipation of
¢:(q:), pf and p:. Then ¢ = argmaz,m (¢ (q:),¢). Following the same procedure as in Example
1, we numerically obtain the optimal solutions: ¢f ~ 0.26711, ¢}(¢;) ~ 0.45162, 77 ~ 0.01269, and

T & 0.01076.

In the case of a licensing contract with royalty fee r, for given q;., ger, pir and pe,, the incum-
bent’s and the entrant’s demand functions are D;, = Bee=Pir — Pir and D, = 1 — Bee=Pir ' regpectively.

Ger —Qir Qir der —Qir

Their profit functions are m;, = (pi — ¢2.)Dir + 17 X Dep and me, = (per — 0.5¢%. — 1) De,.. First,
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dmir __

simultaneously solving the first order conditions .

0 and % = 0 leads to the optimal prices

pE o= [0.245¢2, 4 ger (0.25+0.5¢;r) —0.25¢i»+0.757] gir
w QET_O-25qiT

er[0.5Ger+0.49¢2,.+(0.25¢;,- —0.5) ;- +0.57]+0.257q; Lot

* —
and per o qer_0~25qi'r

Tir(Qer, @ir, ) and Ter(qer, Gir, ) be the incumbent and the entrant’s corresponding profit. Next,
we maximize the entrant’s profit over ¢, to obtain its optimal quality ¢’,.(qgir, 7). Let ¢&.(qir,7) =
argmazy,, Ter(Qer, Gir, ) (i-e., one of the solutions to the first order condition W = 0 that
maximizes the entrant’s profit). Last, we numerically maximize the incumbent’s profit m;.(¢%.(gir, ), Gir, 7)
jointly over g;, and r to obtain its optimal product quality ¢;. and its optimal royally fee r* subject to
the constraint that neither firm is worse off with the licensing contract, that is, 7. (¢%.(¢ir, 7), Gir, 7) >
7 and 7, (¢%.(¢ir, ), Gir, ) > 7. Following this procedure, 7}, is achieved at (¢, 7*) = (0.14223,0.06688).

So, q5.(q5., ") = 0.41282 < ¢}. Therefore, with consideration of the incumbent’s response in quality

decision, licensing leads to the entrant’s lower optimal quality.
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