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A Proofs of the Results for the Main Model

A.1 Proof of Lemma 1

Proof. We distinguish two cases based on the value of q.
(a) 2t < ¢: When q is large, all consumers in Submarkets 13 and 23 purchase. The firms have
incentive to charge a price high enough such that the consumers with the highest misfit cost in

Submarkets 13 and 23 derive zero utility; that is, ¢ — t — p; = 0, leading to pf = ¢ — ¢, df = %, and

= %(q —t). We can verify neither firm has incentive to deviate under 2t < q.
(b) ¢ < 2t: When q is relatively low, such that some consumers in Submarkets 13 and 23 do not

purchase but the marginal consumer in Submarket 12 derives positive utility, the profit functions

for the two firms are

_ 1t=pi+p2 1g—p1
”1—1”1(3 2% T3 t)

(17)
— 1t1=pa+p1 1q=p2
™ =p2 (35 + 352)
2 2 oy . . -
We have 27 = &m0 — _ 1 — (. Therefore, the second-order conditions for optimization are

2 2
Op3 op3 t

satisfied, and the objective functions are well behaved. We drive the first-order conditions as

Omy __ 1t=2p1+po 1g=2p1 __
op1 ~— 3 2t + 3 t =0
Omg _ 1t=2pa+p1 1g—2py __
s — 3 2t T3 1 — 0

Solving this system of equations, we can derive p; = 1(2¢ + t) and df = 1 (2¢ + 1), i € {1,2}.
Substituting p; into Equation (17), we have the equilibrium profits as specified in the lemma.

To ensure that some consumers in Submarkets 13 and 23 do not purchase requires ¢ —t —p} < 0,



or, equivalently, ¢ < 2t. To ensure that the marginal consumer in Submarket 12 derives positive

utility requires q — %t —p; > 0, or, equivalently, ¢ > %t (the assumption imposed in the model). [

A.2 Proof of Lemma 2

Proof. We distinguish four cases based on the value of ¢.

(a) % < q¢: When 0 < mqq,m13, me3 < 1 and the marginal consumers derive positive utilities,

8%m
2
Opy

the demand functions in Equation (9) are well behaved. We can verify that = —% < 0 and

thus the second-order condition for Firm 1 is satisfied. The Hessian matrix for 7y is

921y 9%my _ 2 1
Op3 Op20p3 3t 3t
Hr, (p2,p3) = S ) =
o) 0%ma 1 _2
Op30p2 op3 3t 3t

which is negative definite, satisfying the second-order condition. We derive the first-order conditions

of Equation (10) as

omy _ —Apitpatps+(1-0)a+2t _
op1 — 6t -
—dpo+2ps+(1—0)q+2t
gTTJr; _ b1—4ps P%t (1-0)q =0 (18)
Omy _ p1t+2p2—dps—2(1—0)q+2t _
Oops — 6t -

Solving this system of equations, we can derive p; as specified in the lemma. We can verify that
0 < mq2,m13, ma3 < 1 within this region, which also ensures that the marginal consumers located at

mig, mi3, and mog derive positive utility. We can verify that neither firm has profitable deviation.

(b) 1:% < q < %: In this case, marginal consumer msy3 derives zero utility because ¢ <

%. When Firm 2 prices the products such that marginal consumer mgs derives zero utility,

=P 4 Gq%p?’ =1, or, equivalently, po + p3 = q + 0q — t. Using the Lagrange-multiplier method, we
have L(pa,p3 \) = ma + A(¢ + 6¢ —t — po — p3). By solving the first-order condition of L(p2,p3 A),
we can derive p5 and pj as specified in the lemma, which is independent of p;. By the first-order
condition of m; in Equation (10), we can derive pj as specified in the lemma. The condition 1‘% <q
ensures that marginal consumer my3 derives positive utility. We can verify that marginal consumer
m1o derives positive utility, 0 < mq2, m13, mo3 < 1, and neither firm has incentive to deviate from
(1, P35, P3).

14t 3t . : : ; TP
(c) 7150 < 4 < T4a: In this case, marginal consumers mi3 and mg3z derive zero utility in



equilibrium. Because 7y shares the same optimization problem as in case (b), p5 and pj stay the

same as in case (b). When Firm 1 prices its product such that marginal consumer mi3 derives zero

4r oy Hq%pg =1, or, equivalently, p; + p3 = ¢ + ¢ — t. Therefore, pj = p} in equilibrium.

utility, “=

The condition 714t

7159 < ¢ ensures that Firm 1 has no incentive to increase the price of Product 1

because the marginal loss from a price increase is greater than the marginal benefit. Meanwhile,

Firm 1 has no incentive to decrease the price of Product 1 because the marginal loss of a price

3t

decrease is greater than the marginal benefit under ¢ < 175.

(d) g < %: In this case, the two firms compete in Submarket 12 but not in Submarket 13.
Consequently, as in case (a) in the proof of Lemma 1, pj = pj = %(Qq +t). Firm 2 either charges
Py = £(—6t + 3q + 50¢) to cover all of the residual demands in Submarkets 13 and 23 or charges
a monopoly price p; = 92—‘1 for Product 3, whichever is higher. As a result, dj, d3, and 7] stay the
same as in case (a) of Lemma 1, and 7} consists of the revenue from Product 2 (the same as that
of Product 1) and the revenue from Product 3. We can verify that neither firm has incentive to
deviate.

Substituting p! into Equations (9) and (10), we can derive the equilibrium demands and profits

as specified in the lemma. O

A.3 Proof of Proposition 1

Proof. Based on Lemmas 1 and 2, we compare the equilibrium prices and demands before and after
the introduction of Product 3 for different cases.

The case with g < 2t:

When ¢ < ¢(6), as shown in Lemma 2, the introduction of Product 3 affects neither Product 1’s
or 2’s price or demand. That is, p; = p, and CZ;“ = d}, where ¢ € {1,2}.

When ¢(0) < ¢ < %, we can verify that pf > p! and df <d:.

When % < g, similarly, we can verify that p; > p’ and (ff < d} within the region ¢ < 2t.
The case with ¢ > 2t:

When g < 13—+t9, we can verify that p; > p; and ci;‘ <d;.



When % <qg< %, we can verify that p5 > p5 and afg < dj. Besides, we have

Py —pf =2t +29) — (q—t) =3t —
df_dT:12t(t+ZQ)_’_61_

N

Sler

Therefore, p; > pj if and only if ¢ < %, and cf{ < dj if and only if ¢ < %

When 4f§9 < g, we can verify that p5 > p5 and d; < dj. Besides, we have

ﬁ’{—pi‘Zé(8t+q—9Q)—(q—t)=é(14t—5q—9(J)

df —di = 15 (8t +q—0q) — & = L (q — 0q) —

Therefore, p7 > pj if and only if ¢ < %, and cf’{ <djif and only if ¢ < ;75

Altogether, we conclude Proposition 1(a). We note that threshold curves 3, 24t and 23t

27 5+0° 4+-20
intersect at 6 = § When 6 < % 2 < 51_% < 4£r32t@ and thus p7 > p] if and only if ¢ < 2, when
0> 32, 125 < 425 < % and thus pj > pj if and only if ¢ < 51_;4_2 Therefore, p; > pj if and only

if ¢ < min{% 5 51%} concluding Product 1’s price comparison in Proposition l(b). We note that

threshold curves % , 1%0 and +29 intersect at § = ¢. When 6 < % L@ < F < 4f’§0 and thus
di < dj if and only if ¢ < 3; when 0 > 2, 3L < 5t < L and thus dj < d} if and only if ¢ < 115

Therefore, cz*f < dj if and only if ¢ < max{ Y T 9} concluding Product 1’s demand comparison in

Proposition 1(b). O

A.4 Proof of Proposition 3

Proof. Based on Lemmas 1 and 2, we compare the firms’ equilibrium profits before and after the
introduction of Product 3 for different cases.

The case with g < 2t:

When ¢ < ¢(6), as shown in Lemma 2, the introduction of Product 3 affects neither Product
1’s nor Product 2’s profit. Therefore, 7] = 7}; 75 > 75 because Firm 2 obtains additional revenue
from Product 3.

When ¢(f) < ¢ < we can verify that @7 > 7}, where i € {1,2}.

1+0 )
When % < g, similarly, we can verify that 77 > 7.

The case with ¢ > 2t:



When ¢ < 1:_3:9, we can verify that 7} > 7.

%, we can verify that 77 > 7]. We have

When % <qg<
75— 75 = 4 [—22t2 +2(13 4+ 110)qt — (14100 — 36%)¢%] — $(q — )

_ 1 2 1+119—\/3+420+1159 1+119+v3+429+1159
sz (—1 =100 + 36%) (¢ — 11106307 t)(q — 11106362 t)

Because the term in the first bracket is negative and that in the second bracket is positive, 5 > 73

if and only if

14+116++/3+420411502
q < PSR (0) (19)
When 4%% < q, we have
Fr—7 = 198t +q—09)% — (g —t)
_1

1

19+86+3 (9+200—2602) 19+86—3+/3(9+200—202
= (1= 0)(¢ - — (g - VA

. . A . . 1 —34/3(9+200—262
Because the term in the second bracket is negative, 77 > #] if and only if ¢ < 9486 3(131(:; 007207

5 — 15 = g 4106 — g+ 09)* +27(1 = 0)*¢°] — 5(q — 1)

B A4(37—100)+6+/6(13+1220—8162) 4(37—100)—6/6(13+1220—8162)
= (1= 0)*(¢ — 31(1-0)2 t)(q - 31(1-0)2 t)

Because the term in the second bracket is negative, 75 > 73 if and only if

4(37-100)—64/6(13+1220—8162)
31(1-0)2 Jt= g5"(0) (20)
A~ . . \/ 2
Altogether, we have 77 > 77 if and only if ¢(f) < ¢ < e 3(1 3+200 )¢, For Firm 2,
we note that threshold curves ¢5(6), ¢3*(9), and m intersect at 6 = 231?5’827‘ﬁ, where ¢5(6) and

¢3*(0) are defined in Equations (19) and (20), respectively. When 6 is below the intersecting point,
g3 (0) < ¢5*(0) < 4f2t@ and thus 75 < 73 if and only if ¢ > ¢5(0); when 6 is above the intersecting
point, 4+20 < ¢5*(0) < ¢5(0) and thus 75 < 73 if and only if ¢ > ¢3*(0). Therefore, 75 < 75 if and

only if ¢ > min{g;(0), ¢5*(0)}, concluding the comparison result as in Proposition 3(b). O



A.5 Proof of Proposition 4

Proof. Combining the conditions in Proposition 3 leads to the result in this proposition. Specifi-
cally, by the proof of Proposition 3, ¢5(0) and ¢3*(6) intersect at § = %827\/@, and ¢5(0) < ¢3*(0)
before the intersection, where ¢;(0) and ¢3*(0) are defined in Equations (19) and (20), respec-

19+80-3,/3(9+200-20%) o 311

tively. We can further verify that ¢5*(0) intersects

and ¢5*(0) <

(i— 9)2 635>
19+80—3+/3(9+200—202 . : _ .
* (1_(9; )¢ before the intersection. By noting 2314{05827‘ﬁ < g},}é, we conclude () as in

Proposition 4. Moreover, by Equation (14), ¢() decreases in §. We can verify that g(f) increases

infif g < % but decreases otherwise. O

A.6 Proof of Corollary 1

Proof. By Lemma 2, if ¢(0) < ¢ < we can verify that 77 increases in 6; If 3t9 <q< 4+29, 77

1+97

is independent of 6; If 4f2te < q<q(0), on;/00 = —ﬁq(&f + q — 0q) < 0. We therefore have the

results in Corollary 1. O

A.7 Proof of Proposition 5

Proof. In the absence of Product 3, we have
1 mi2 1 1 2 %
sw = 3 </0 (¢ — xt)dx + / g —(1— x)t]dx) + 3 Z/O (¢ — xt)dz, (21)

mi2 i=1

where my is defined in Equation (2). Substituting the equilibrium prices from Equation (5) into

Equation (21), we have

q— >t if 2t < ¢

5—(1)0 [—291& + 84 (q + %)} otherwise.

Because ¢s* = sw* — 7] — 75, by substituting in the equilibrium profits from Equation (7), we have

Lt if 2t < g

300 { 41t + 36 ( f” otherwise.



Similarly, substituting the equilibrium prices from Equation (11) into Equation (15), we have

—232t%4101¢%(—1+0)?+32qt(19+86) if 13t
864t It20 <9
A % _ 3942 2 —
st = 33t24-4qt(164-1160)4q>(13+6(—26+96)) if 3t <q< 13t
96t +6 120

—6t24+8qt(2+0)+3¢2(—14+6)2 . 3
e if g(6) < q < 2.

By substituting the equilibrium profits from Equation (13) into ¢s* = sw* — 7] — 75, we have

(
—1544¢2+31¢%(—1+6)2+324¢(20+76) TRRE:

864t Tr20 <4
0¥ — ) Aqt+9t2+q% (T+3(—2+60)6) 3t 13t
cs = q g
961 it 175 < a4 < 5399
6t2—2qt(—14+0)+q>(—1+6) . 3t
\ ST if ¢(0) < g <135

We next compare social welfare and consumer surplus within ¢(6) <

The case with g < 2t:

When ¢(0) < g < {2

= 140>

A% % _ —6t2+8qt(2+0)+3¢%(—1+6)> 7>

sw* — sw* = 517 300 —29t + 84(q + %)
L (1-0)? 7 2(58+500—5v/49+940+16962 )¢ 2(58+500+5v/49+940+16962 )¢
= (5 —am)la— 3(31+500—2502) )Na - 3(31+500—2502) )

Because the term in the first bracket is negative and and we can verify that the term in the second

. " . . : 2(58+500+5v/49+940+16962 )¢
bracket is positive, sw* > sw* if and only if ¢ < ( )

J— *
3(31+500—2562) = ()
o w  _ 612=2qt(—=1+6)+q*(—1+6)? 2
és* —cs*t = 51 — 55 | —41t +36(q + L)
L (1-0)? 3 (11+256+15v/49+546—2302 )t (11+250—15v/49+546—2362 )t
= (o —w)la— 4750012502 g — 4750012502 )

Because the term in the first bracket is negative and the term in second bracket is positive, ¢s* > cs*

: : 114250 —15+/49+546—2362
if and only if ¢ < 750012502

When % < q, we can verify that és* < cs*.

R —33t2+4qt(16+110)+q>(13+6(—26+90 2

sw* — sw* = gt(16+ 38;‘1 (13+6(=26+90)) _ o5 | —29t + 84(q+ L)
/132604902 7 (464+5500—51/381+49980+1743762 ) (464+5500+51/381+49980+1743762 )¢
= ( 96t o ﬁ)( o 347+6500—22502 )(g - 347+6500—22502 )



Because the term in the first bracket is negative and the term in the second bracket is positive,

5k x : 4644-5500+5v/381+49980+ 1743762 ; _
sw* > sw* if and only if ¢ < ST 650029567 t=qi(0).

We can verify that both ¢, (0) and ¢ (0) increase in 6, and these two threshold curves intersect

137:9 at 0 = % V322 - Further, ¢**(0) intersects 2t at 6 = 4‘*‘17\5{671. Therefore, within the region

of ¢ < 2t, social welfare increases if ¢ < g%, (0) when 0 < HIEIVI22 ang if ¢ < ¢2% () when

1194-30v322 <0 < 4+1\/861

TI8s , and social welfare always increases when 4+17 V861 < 6.

The case with ¢ > 2t:
When g < 13—+t9, we can verify that ¢s* < ¢s™ and sw* < sw*.

When % <q< %, we can verify that ¢s* < cs*.

- % —33t244qt(16+110)4¢>(13+0(—26+90)) 5

sSwo—swe = 961 — (¢ 13t)
_ (137260+992)( _ 167220+\/16575229+42192t)( _ 16—220—+/165—5220+42162 t)
= 961 q 13—260+962 q 13—260+902

If the term in the first bracket is positive, sw* < sw*. If that term is negative, we can ver-

ify that the term in the second bracket is positive, and thus sw* > sw* if and only if ¢ <

16—220—+/165—5220+42102 ; __ sk
13—260+962 t =g, (0).

When 4f§9 < @, we can verify that ¢s* < cs*.

. % —232t24101¢%(—146)2+32¢t(19+86) 5

sSwo—sw = 8647 — (¢ 13t
_ 101(1—9)2( _ 8(16+3\/€)t)( _ 8(16—3\/5)75)
— T 864t 101(1—0) 101(1—0)

Because the term in the second bracket is negative, sw* > sw* if and only if ¢ < 816-3v0)t

101(1-0) —
Gy (0).

We can verify that both ¢ (0) and ¢%:**(0) increase in 0, and these two threshold curves

intersect % at 0 = 14132%7338‘/6. Further, ¢%*(0) intersects 2t at 0 = %. Therefore, within

the region of ¢ > 2t, social welfare increases if ¢ < ¢¥*(0) when 44VEL g < 14134208v6 o if

sw 18 2693 ?
g < q;5*(0) when M13H208V6 g

Combining the results from both cases of ¢ < 2t and ¢ > 2t, we can draw the following con-

. ook ¥ . 114+250—15v/491540—2302 ; -1 : . . 3t
clusions. (a) ¢s* > ¢s* if and only if ¢ < b6+ 3567 t within region ¢ < min {2t, m}.

114250—15+/49 1 5462362 : 3t o - .
Because 00 3507 t < min {Qt, m}, we conclude Proposition 5(a). (b) sw* < sw* if

and only if ¢ < Ggu(0), where sy, (6) is defined as in Equation (16), concluding Proposition 5(b). O



B Proofs of the Results in Section 6

We first present Lemma 3 with its proof, which shows the equilibrium outcome with Firm 3 intro-
ducing Product 3 into the market. This lemma is similar to Lemma 2 in the base model, and is

used in the proof of Proposition 6.

Lemma 3. If Firm 3 introduces Product 3 into the market, the equilibrium prices of the products

are
(5(5¢ +q — 0q), 5 (5t — 2q + 20q)) if 5itg <4
(v} p5) = { (3(=3t +3q+ 0a), 252 if g8 < q <2
1(2¢+1), max{ (—6t + 3¢ + 50q), 7‘1} ifqﬁ%,
the equilibrium demands of the products are
(155t + q — 0q), & (5t — 2q + 20q)) if Gfie <q
* k) 1 -p 18t 15¢
(d;,d3) = (? (9t — 26q), 9 ) if 5759 < 4 <gra0
%Qq—&—t m1n{5i4t—2q } Z'qu%,
and the equilibrium profits for the firms are
(5L (5t + ¢ — 09)2, =L (5t — 2¢ + 204)?) if 5cds <4
£\ 92 2 .
(nfm5) = q (9t = 200)(=3t + 3¢ + 09), 52 ) if 5185 < 4 <gvig

92 2 .
oy 20+ )%, max { 5k (48 — 2q) (=6 + 3¢ + 509), %} if g < 5155,
where i € {1,2}.

B.1 Proof of Lemma 3

Proof. We distinguish three cases based on the values of ¢ and 6.

(a) 61% < q: When 0 < mj2,m13,me3 < 1 and the marginal consumers all derive positive

utilities, the demand functions in Equation (9) are well behaved. We can verify that f’;p’; = ngﬂz =
1 2
882;;3 = —% < 0. Therefore, the second-order condition for optimization is satisfied. We derive the
3




first-order conditions of the firms’ profit functions, m; = p;d;, where j € {1,2,3}, as

Oy _ —4pitp2tp3+(1-0)g+2t -0
op1 6t

Omg __ p1—4p2+p3+(1—6)q+2t 0
Op2 — 6t -
Oms _ p1+p2—4p3—2(1—0)q+2t 0
Ops 6t -

Solving this system of equations, we can derive p; as specified in the lemma’s first case. We can
verify that 0 < mis, m13, mes < 1, marginal consumers mi3 and mos derive positive utilities under
the condition Gi% < g, and marginal consumer mqs also derives positive utility.

(b) 9f§0 <q< 61+5£9' In this case, marginal consumers mq3 and mog derive zero utility because

qg < 65’10 When Firms 1 and 2 price their products such that marginal consumers mi3 and mos

. el _ Oa— _ Oa— .
derive zero utilities, 452 + =P8 = 1 and 1=P2 + 28 — 1 or, equivalently, p1 +p3 = ¢+ 0q —t
and py + p3 = q + 6q — t. Using the Lagrange-multiplier method, we have Li(p1, \) = 71 + Mi(q +

0qg —t —p1 — p3) and La(pa, A) = ma + Aa(q + 0g — t — p2 — p3). By solving the following system of

equations,
ALy _ —4pi+p2t+p3+(1—0)g+2t A =0
op1 — 6t 1=
0Ly _ p1—4pa+p3+(1-0)g+2t .
Op2 6t A2 =0
Oms _ p1+pa—4p3—2(1—0)g+2t __ 0
dps 6t =

q+0qg—t—p—p3=0

q+0g—t—p2—p3=0
we can derive (p}, p5, p3) as specified in the lemma’s second case. The condition % < q ensures
that neither Firm 1 nor 2 has incentive to increase product prices, and condition ¢ < 6fi€ ensures
that neither Firm 1 nor 2 has incentive to decrease product prices. We can verify that marginal
consumer mjs derives positive utility, 0 < mi9, m13,me3 < 1, and Firm 3 has no incentive to deviate
from p3 under these two conditions.

(c) q < gfge' In this case, Firms 1 and 2 compete with each other but they do not compete
against Firm 3. Consequently, as in case (a) in the proof of Lemma 1, pj = p5 = %(Qq +t). Firm
3 either charges p3 = ( 6t + 3q + 50q) to cover all of the residual demands in Submarkets 13 and

23 or charges a monopoly price pj = % for Product 3, whichever is higher. We can verify that no

firm has incentive to deviate.

10



Substituting p’ into the demand functions and the firms’ profit functions, we can derive the

equilibrium demands and profits as specified in the lemma. O

We next prove Proposition 6. We use regular notations (e.g., pj) for the equilibrium outcome in
the absence of the new product and the notations with hats and primes (e.g., p;*) for the equilibrium

outcome in the presence of the new product.

B.2 Proof of Proposition 6

Proof. Based on Lemmas 1 and 3, we compare the equilibrium profit of Firm 1 before and after the
introduction of Product 3.
(a) The case with ¢ < 2t:

(a.1) When ¢ < ¢'(9) = %, as shown in Lemma 3, the introduction of Product 3 does not

*

affect Product 1’s profit. Therefore, 71* = 7}.

(a.2) When ¢/(0) < q < 5255, we can verify that #{* > 7.

(a.3) When 6%9 <q,

#r—mr =£(t+q—0q)? — =(2q + t)?

4—100—/6(940))t 4—100++/6(940))t
= [ﬁ(l o 9>2 o Q%t] (¢ - ( 2(5+29—(92) ) )(g - ( 2(5+20—(02) ) )

Because the term in the first bracket is negative and we can verify that the term in the second

4—100+v6(9+6) ;

bracket is positive, #1* > 77 if and only if ¢ < 505120 07)

(b) The case with ¢ > 2¢:

A =L (5t q—0g)? - L(g—1)

(55+2oa+5~ /3(27+569—802)>t)( (55+209—5\ /3(27+560—892))t)

= %m(l —0)*(a - 11-0)2 q9— 1(1-0)2

55+20075\/3(27+5697892)t

Because the term in the second bracket is negative, #1* > 7 if and only if ¢ < 1(1-0)

) 55--200—5+/3(271560—862 4—1004+/6(9+6
We can verify that both 4(1_(9)2 )t and 2(5:2—9\[_(9;;)

: P . . —54/ 802
two curves intersect 2t at 0 = % (14 — 5\/6) Before this intersecting point, 2t < 55+200 54(13_(29;j560 86%) <

4—-100+v6(9+6)
2(5+20—62)

t decrease in . Further, these

4—-100+v6(9+6)

t. After the point, 2(5-+26—07)

t is the lowest. Altogether, we have the results as in

Proposition 6. 0

11



B.3 Proof of Proposition 7

Proof. Combining the conditions in Propositions 4 and 6 leads to the results in this proposition. [

12



C Proof of the Results for Benchmark Cases

We first present the equilibrium results for the two benchmarks and then prove Proposition 2.

C.1 Equilibrium for Benchmark with Cannibalization Only

Lemma 4. In the benchmark with cannibalization only, the equilibrium prices of the products

(p7, 15, p3) are

(q =t & (Tq — 4t + 20q) , & (3¢ — 6t + 80¢)) s

(
(7a

(26 + Tt + 20q) , 55 (38q — 17t + 126q) , 25 (21q — 42t + 470q))  if max{ Gfgg, o} <q < g%

.3 (10g — 7t), 1 (—3q + 70q)) if ¢ < 570

Pl

the equilibrium demands of the products (di,ds,d3) are

(sb (=3¢ + 36t +26q) , 55 (3q + 4t — 20q) , 55 (—3q + 61 + 26¢)) if 758 < g

(s (26q + Tt +20q) , 5o (30 + 117t — 346q) , 55; (—Tq + 14t + 460q)) if max{52;, %5} < ¢ < 3255,
2¢ 2 _ 2 )

(%,gf—f{,%) if g < o2

and the equilibrium profits for the two firms (7w}, 75) are

(q—1)(—3q+36t+20q) —24t>+4¢*(3—20)%424qt(1+0) if <S6L <
60t ) 120t 3320 <4
(26q+7t+209)%  —5517t242¢2(—14960) (—129+400)+2qt(3732+24610) 12t 49¢ 661
( 6962t g 20886¢ if max{g55, 511290 <4< ;om0
8q2 1274qt—686t2+21¢%(—23+70) .
(Tgw 1029t if 1< 51

Proof. When Product 3 serves only Submarket 23 (but not Submarket 13), because no competition
exists between Products 1 and 3, Firm 2 has incentive to charge high prices for Products 2 and 3 such
that either the marginal consumer mog derives zero utility or Submarket 23 is not fully covered. We
distinguish four cases for the interfirm competition. (We can verify that the second-order conditions

for profit maximization are satisfied.)

(a) 3§5§t29 < q: When ¢ is large, all consumers in Submarket 13 purchase. Firm 1 has incentive
to charge a price high enough such that the consumer with the highest misfit cost in Submarket 13

derive zero utility (i.e., pi = ¢ — t), while Firm 2 chooses the optimal prices for Products 2 and 3

13



to compete against Product 1 and to just fully serve Submarket 23. When 0 < mjs,me3 < 1 and

marginal consumer mqo derives positive utility, the demand functions for the products are

di = %TTL12 + %
dy = 3(1—mi2) + $mas
d3 = %(1 — mgg)

0q—p3

> =1, or, equivalently, ps + p3 =

Because marginal consumer mgs derives zero utility, 2522 +
qg+60q—t. Using the Lagrange-multiplier method, we have La(p2, p3, ) = ma+A(¢+0g—t—p2—ps3)—

in which my = pads + psds—and m = pid;. By the first-order conditions for La(p2, ps, A), we have

OLy _ —4p2+pi+2p3+(1—6)g+2t A=0
Op2 6t =
0Ly _ 2pa—2p3—(1-0)g+t y _

Ops 6t A=0

q+0g—t—p>—p3=0

Solving the above system of equations, we have p3 = %0 (7Tq — 4t + 26q) and p;5 = % (3¢ — 6t + 86q).
We can verify that 0 < mqy9,me3 < 1 within this region, which also ensures that the marginal
consumer located at myo derives positive utility. We can verify that neither firm has profitable

deviation.

(b) max{%, 5447%} <q< 336?29: In this case, because the value of ¢ is not large enough

(i.e, ¢ < 3??%6), Firm 1 has incentive to charge a price higher than ¢ — t to only partially serve

Submarket 13. Therefore, the demand functions for the three products are

di = smyg + 32
d2 = %(1 — mlg) + %mgg (22)
d3 = %(1 — m23)

14



By the first-order conditions for m = p1d; and La(p2, p3, A), we have

Omy _ t—=6p1+p2+2q _ 0

op1 — 6t

0Ly _ —4pa+p1+2p3+(1—-0)g+2t =0
Op2 6t =
0Ly _ 2p2—2p3—(1-0)g+t

Ops 6t A=0

q+0g—t—p2—p3=0

Solving this system of equations, we can derive p] = % (26q + Tt + 26q), p5 = 5—19 (38q — 17t + 126q),
and pj = 5—19 (21q — 42t + 470q). We can verify that 0 < mqg,mo3 < 1 and 0 < @ < 1 within
this region. The condition 544_% < q ensures that the marginal consumer located at mqo derives
positive utility. We can verify that the condition % < q ensures that Firm 2 has no incentive to
increase the price of Product 2 or Product 3 to have Submarket 23 not fully covered.

(c)q < 54 140 Because ¢ < £ 9149, marginal consumer m1a derives zero utility, <P 442 = 1,
or, equivalently, p; +ps = 2¢—t. Using the Lagrange-multiplier method, we have La(p2, p3, A1, A2) =
T2 + A1(2¢ —t — p1 — p2) + A2(q + g — t — p2 — p3) in which w3 = pads + p3ds, and 71 = p1dy, with
dy, dg, and ds specified as in Equation (22). By solving the following first-order conditions for

and L2(p27p37 )‘1’ )‘2)7

Om _ 1=6pi+pa+2q _ 0

op1 6t

oL —4p2+p1+2p3+(1—6)g+2t

8]322: p2+p1 %3;5 (1-0)q A =X =0
0Ly _ 2p2—2p3—(1-0)q+t _

Ops — 6t )\2 =0

q+0qg—t—p2—p3=0

2q—t—p1—p2=0

we can derive p = %q, Py = (10q 7t), and pi = %(—3q+79q). We can verify that 0 <

mig, Moz < 1 and 0 < @ < 1 within this region, and neither firm has profitable deviation.
(d)g < 61+25t9' In this case, Firm 2 charge prices for Product 2 and Product 3 such that Submarket
23 is not fully covered, and thus Submarket 23 is no longer competitive.

Substituting the equilibrium prices into the corresponding demand and profit functions, we can

derive the equilibrium demands and profits as in the lemma. O
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C.2 Equilibrium for Benchmark with Additional Competition Only

Lemma 5. In the benchmark with additional competition only, the equilibrium prices of the products

(p7, 15, p3) are

(2 (3g+3t—0q),q—t,%(—2q+5t+30q)) if 3225 <q
(g5 (5q + 16t — 36q) , 45 (15q + 12t — 6q) , 55 (—15q + 36t + 176q)) if ey < ¢ < 3225
(3 (3¢ — 3t +0q) , & (9¢ + 0q) , 26q) if g8 < q < 208

the equilibrium demands of the products (di,ds,d3) are

(sh (3¢ + 3t — 6q) , 1% (31t — 4q — 0g) , 15 (—2q + 5t + 36¢)) if 335 <4
(567 (5q + 16t — 30q) , 5 (15q + 12t — 0q) , 55 (—15q + 36t + 176q))  if 4;3356 <q< 22
(% (=9q + 72t — 170q) , 36t (9¢ + 0q) , 9t9q) if 9f§9 <q< 451_2%0

and the equilibrium profits for the two firms (7}, 75) are

1 2 —192t24¢%(—34-0) (8+90)+qt(225+370) . 5t
(147t (3¢ + 3t —0q)7, 2041 if 3578 <4
2 432t%24¢%(225+0(—150+736))+288¢t0 . 108t 52t
(1200t (Bg + 16t — 30q)" 24001 o 54200 <9 = 3549
(—3q+3t—0q)(—72t+9q+170q) ¢>(81+180+4962) if 18t 108t
324t ) 648t 9450 < 4 = 154200

Proof. We distinguish four cases for the firms’ competition. (We can verify that the second-order
conditions for profit maximization are satisfied.)

(a) 22%:6 < q: When q is large, all consumers in Submarket 23 purchase. Firm 2 has incentive
to charge a price high enough for Product 2 such that the consumer with the highest misfit cost in
Submarket 23 derives zero utility; that is, p5 = q —t. When 0 < mq2,mi3 < 1 and the marginal

consumers m19 and mi3 derive positive utilities, the demand functions for the three products are

di = $mig + $mag
dy = 2(1—m2) + %
ds = 3(1—my3)

By the first-order conditions for the firms’ profit functions (i.e., w1 = p1d; and my = pady + psds),
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we get

Omy _ —4pitpi4ps+(1-0)g+2t 0
op1 — 6t =
Omy _ p1=2ps—(1-0)gt+t _

Ops 6t =

Solving this system of equations, we can derive pj = % (3¢ + 3t — 6q) and p3 = % (—2q + 5t + 36q).
We can verify that 0 < mqy9,m13 < 1 within this region, which also ensures that the marginal
consumers located at mis and mi3 both derive positive utility. We can verify that neither firm has

profitable deviation.

(b) 4512%9 <qg< %: In this case, the value of ¢ is not large enough, and Firm 2 has incentive
to charge a price higher than ¢ — t for Product 2 to only partially serve Submarket 23. Therefore,

the demand functions for the three products are

di = $mig + $m3
(1 — mlg) + %7‘?—;72 (23)

(1 —may3)

do =

Wl Wl

ds =

By the first-order conditions for the firms’ profit functions, we have

Oy _ —4pitp2tp3+(1-0)g+2t 0
op1 — 6t =
Omy _ t=6patp1t29 _

Opa — 6t =

Omy _ p1=2ps—(1-0)gtt _

dps 6t =

Solving this system of equations, we can derive pj = % (5q + 16t — 36q), p5 = ﬁ (15q + 12t — Oq),

and p§ = & (—15¢ + 36t + 170g). We can verify that 0 < miz,mi3 < 1 and 0 < 922 < 1 within

this region, which also ensures that the marginal consumers located at mio and mi3 both derive

positive utility. We can verify that neither firm has profitable deviation.

18t 108¢ . 108t : . -
(¢) 9155 < ¢ < 5105 Because ¢ < z7o5;, marginal consumer miz derives zero utility,

=4 @ =1, or, equivalently, p1 + p3 = ¢ + 0q — t. Using the Lagrange-multiplier method, we

have Ll(pl, /\) =m —i—/\(q—l—Hq—t—pl —pg) in which m; = p1dy, and my = pads + p3ds, with dy, do,
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and ds specified as in Equation (23). By solving the the first-order conditions for L;(p1, A) and o,

0Ly _ —4p1+pe+ps+(1-0)q+2t =0
op1 6t =
Ome _ 1=6patpi+29 _

Op2 6t =

Omy _ p1=2ps—(1-0)g+t _

Ops — 6t =

q+0qg—t—p—p3=0

we can derive pj = %(Sq —3t+46q), p5 = % (9 + 0q), and p; = %Gq. We can verify that 0 <
mig,mi3 < 1 and 0 < @ < 1 within this region, which also ensures that the marginal consumer
located at mio derives positive utility. We can verify that neither firm has profitable deviation.
(d) g < gfr%: In this case, the two firms compete in Submarket 12, but Submarket 13 is no
longer competitive.
Substituting the equilibrium prices into the corresponding demand and profit functions, we can

derive the equilibrium demands and profits as specified in the lemma. O

C.3 Proof of Proposition 2

Proof. (a) Based on Lemmas 1 and 4, we can verify that both Product 2’s price and Firm 2’s profit

become higher after the introduction of Product 3.

(b) Based on Lemmas 1 and 5, when ¢ < 2¢, after the introduction of Product 3, if 45)1%%9 <

q < %, we can verify that Product 1’s price increases but Firm 1’s profit decreases. If % <

q < 4512%9, we can verify that Product 1’s price increases. The difference between Firm 1’s profits

with and without Product 3’s entry is

(—3q+3t—0q)(—T72t+9q+176q) 1 2 _ [ (=3-6)(9+170) 4 18t 309t
324t — 50 (24 +1)° = 324t - @} (q - 9+59) (q - 147+850)

Because the term in the first bracket is negative and the term in the second bracket is positive,

309t

Firm 1’s profit increases with the entry of Product 3 if and only if ¢ < 177 %55-

When ¢ > 2t, if 4512% <q< %, we can verify that the price of Product 1 increases but Firm
52¢

5519, the difference between the prices of Product 1 with and without

1’s profit decreases. If ¢ >

Product 3 is
1

7(3q+3t—9q)—(q—t)=

(—4q + 10t — 0q) .

| =
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Therefore, the price of Product 1 increases if and only if ¢ < 41%. Moreover, we can verify that

Firm 1’s profit decreases.

Altogether, we have the comparison results as in Proposition 2. O

19



D An Extended Model with a General ¢

In the baseline model, we assume the technology-transfer rate 6 to be % < 6 < 1. We consider
0 < 1 because the new product is produced by the shared technology, and therefore, its valuation
should not exceed that of the existing product produced under the original technology. In practice,
when Firm 2 can combine the shared technology with its existing technology or further innovate
based on the shared technology, it is possible that the new product might be even superior to the
existing product in valuation. As such, we consider a model extension in which 6 might be greater
than 1. With a little abuse of terminology, we continue to call § the technology-transfer rate. In
this case, # measures the ratio of the new product’s valuation to the existing product’s valuation.
For ease of exposition, we consider  to be not too large (e.g., 6 < 2); otherwise, Firm 1 should have
no incentive to share, as we shall illustrate below and also be consistent with our intuition. In this
extension, we also relax the assumption on the lower bound on 6 by considering § > 0. Everything
else remains the same as the baseline model.

Corresponding to Lemma 2 under the baseline model, we first derive the equilibrium prices,

demands, and profits for the firms with the new product. We then illustrate the conditions under

which the new product is introduced in equilibrium.

Lemma 6. Under 0 < 0 <2, if Firm 2 serves the market with both Products 2 and 3, the equilibrium

prices of the products (p},ps,p3) are
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(5(8t+q—0q), (20t + q — 0q), (4t — g+ 0q)) if max{ 45’2’50, 71%} <q < #5 (CaseI)
(L(t+2q), (=2t + 3+ 0q), (=2t + q + 36q)) if max{3L v 3o 75} < ¢ < min{g, 4}52'59} (Case II)
(3(=2t +3q+6q), 1 (=2t + 3¢ + 6q), 1 (=2t + ¢ + 36q)) if 435 < ¢ <min{:35, 25} and 6 <1 (Case III)
(%(t +2q), 1( + 2q), max{L (=6t + 3¢ + 50q), i;}) if g < 4 (Case V)
Mixed-Strategy Equilibrium ifg<qg<+i% (Case V)
(q—t,q—t,0q) ifz—te<q(CaseVI)
(§(8t+q —0q), £ (13t + 2q — 20q), + (7t — 4q + 460q)) if 25 < ¢ (Case VII)
(3(=t+q),3(t+2q), (2t + q + 30q)) if max{ 295%9, 1f§0} <qg< 71?9 (Case VIII)
(1(—2t +5q — 0q), 1 (=2t + 3¢ + 0q), 1 (=2t + ¢ + 36q)) if 17111%9 < ¢ < min{ 1f§9, 75} and 1 < 6 (Case IX)
(£ (2t + 7q — 0q), 25( 29t + 36q + 26q), QL( t+ 9g + 136q)) if % < ¢ <min{;45, 2(355:%0} (Case X)
(2(t+2q), 2(—3t +4q), £ (t — 3¢+ 50)) if max{z2 1o} < g < 22 (Case XI)
(% (17t 4 27q — 50q), — 117 (49t + 51¢q — 0q), %(515 —q+ 39q)) if sfi?étw <q< 12;171'519 (Case XII)
(55(7t +45q — 30q), (=21t + 31q + 90q), g5 (—41t + 21q + 650¢)) if ¢ < min{z" 7, 522245} (Case XIII)
(24)
i which
104¢4-23/30¢ if 309+58v30 _ ¢
§= 44+10/30—280 1813 (25)
(6—110—/—126+856% )t herwi
31001302 otherwise

and the mized-strategy equilibrium involves Firm 1 taking prices pi* and p2* with probabilities o
and 1 — «ay, respectively, and Firm 2 taking the prices (p3*,p3*) and (p3*,p3*) with probabilities

and 1 — aq, respectively, where

(3(t+2q), (2t + 3¢ + 0g), L(~2t + ¢ + 30q)) if g < 3%
(p1*,p3*,p3") =
(3(=6t +5q — 0q), (=2t + 3q +0q), 1 (=2t + ¢+ 30q))  otherwise

15 (—69t + 54q — 80q), 45 (—11t + 26q + 80q), 15 (—29t + 14q + 320q)) if ¢ < 2%,
2% 2% o 2%\ __
(P1 yP2 » P3 )—

(g —1t,q—1t,0q) otherwise

6(9t—4q—20q)* 84t—24q+80q if L <

(79t—34q+809)(29t—149—320q)° _ 5(2q+1) -9 <4

_ 3(2t—q+0q) 24q 29t 7t
(a1, 2) = (W’H 2q+t) if fiogp <a <

3(2t—g+0q) 12t :

( 50 75-0)=6f 1) otherwise

(26)

The equilibrium (expected) demands of the products (dj,d5,d3) are
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(15 (8t + q — 0q), =5 (20t + Tq — 70q), = (20t — 11q + 116q)) Case I
(%Zt(t+2q) %(1 +q — 30q), %(1”—5(]4—39(])) Case 11
(35 (4t + g — 0q), 155 (4t + ¢ — 6q), & (2t — g + 6q)) Case III
707 (20 + 1), 157 (20 + 1), min{ (4t —2q), % 3t }) Case IV
,12qt+12t +q (146)(3+96) 2+ 6(q—t) _ (q72t)2 n ra
4q[—6t+q(5—0)]0 ’ 6t+q(—5+0) 16qt0 16t e TH
if 3-6 < q

[18t+Q(—5+9)][2t+q(—1+9)](Q—2t+q9))
16gt[—6t+q(5—0)]0

(3(q—2t)2—2q(q—7t)0+3q292

1q(2q+t ) .
i it (22 < g < 5T
—(4=20)*(2q+1) +409(¢—1) 10 +4° (24— 23t)92 (2¢=11t)[=2t+q(1-6)](g—2t+q0) Case V
16¢t(2q+1)0 16qt(2q+t)0

(89t+2q(—7+40)) [49t>+2qt (—109+136)+24> (47+6(92+36))]
300¢(2q+1)[—29t+2q(7+160)] )

34391t% —6qt> (56734 72740) +4¢>£[4932+6(4932+16330)]+8¢>[—682+0(—1398+6(601+966))] otherwise
600%(2¢+t)[29t—2q(7+160)] )

8269t> —6qt> (3377+497660)+4q>[3423+26(3699+6316)]+84° [—353420(—471+0(127+426))]
600£(2q+1)[29t—2q(7+160)]

(%7 %70) Case VI
(187 (a8t — a6) , g7 (t — q+09) . 557 (19t — g + bg)) Case VII
(55 (—5q + 32t — 3¢0) , 5= (7q + 2t — 3¢0) , 7 (t + q(—1 + 30))) Case VIII
(5 (1 252) et 200 (12522
(557 (Tq + 2t — q8) , =5 (—8q + 37t — 640) , == (9t + q(—6 + 86))) Case X
(76 (20 +1), & (—2¢+41), 77 (20 +1)) Case XI
(147 (27q + 17t — 5q0) , &; (Bq +t — qb) , gag7 (131t + q(—87 + 1096))) Case XII
(185 (45q + Tt — 3q0) , 527 (14t + q(7 — 66)) , 1057 (213t + q(—101 + 516))) Case XIII
(27)

and the equilibrium (expected) profits for the two firms (77, 75) are
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(7oz (8t + a4 — 09)*, 55 [4(10t — g + 0)* +27(1 - 0)%¢]) Case T
(157 (t +29)2, 75 [—22t2 + 2(13 + 1160)qt — (1 + 106 — 362)q?)) Case II
15¢ (4t + ¢ — 0q) (=2t + 3¢ + 0g), 4&[ 16> +2(9 + 70)qt + (1 — 0)(1 — 50)¢°]) Case III
<ﬁ(2q +1)%, 55 (2 +1)* + max{ &L oL, 5 (4t — 2¢)(—6t + 3q + 59q)}) Case IV
(31—, e tani) ) it 1 < g
(; (a—1). ““(“2qQ&;Z”””“*”) if (20 < g < Y
Case V
( (—89t+14q—849;3(()?915—54q+89q)7 48t(29t_21q(7+169)) [—277t3 + qt2(369 + 5650) T
+¢2t(15 — 0(506 + 2576)) — 2¢°(31 + 0(46 + 6(—79 + 200)))]
(3@=1,3(@—1) Case VI
(1o (g + 8t — q0)?, 157 [73t2 + 47qt(—1 + 0) + ¢*(—1 + 6)?]) Case VII
(55 (g — 1) [32t — q(5 + 30)], 1o7 [48% + 2qt(5 + 36) + ¢* (13 — 66 + 96?)]) Case VIIT
(15 (2t —5g + 0q) (4t — q + 0q), 55; [-16t% + ¢*(=5 + ) (=1 + 0) + 2q¢(7 + 96)] ) Case IX
(535:2(—2t — 7q + 6q)?, 1557 [—1082t? + qt(1651 + 3570) + ¢* (—342 — 2386 + 926%)]) Case X
(565:(2q + )%, =57 [—47% + 2¢2 (=19 4 50) + qt(87 + 50)]) Case XI
(5mosz (17t + 27q — 504)?, =1 [4861¢% + 2t (183 + 23390) + ¢2(3429 — 32460 + 198162)]) Case XII
(135 (Tt + 45q — 309)%, 135 [—15789t% + 46¢t(337 + 3876) + ¢*(3087 — 84466 + 20196%)]) Case XIII
(28)

Proof. We distinguish thirteen cases based on the value of g. For all these cases, we can verify that
the second-order conditions for profit maximization are satisfied.

Case I where max{ 23 20} < ¢ <

1590 740 : This case is the same as Case (a) in the proof of

2t
-1 -

Lemma 2. In this case, Condition % < q ensures that marginal consumer mos derives posi-

tive utility, Condition % < @ ensures that marginal consumer mqo derives positive utility, and

Condition ¢ < % ensures 0 < mos.

13t

1iog - This case is the same as Case (b) in the

Case II where max{3%, Tre 3 £} < ¢ < min{q, ;

13t

599" Condition

proof of Lemma 2, in which marginal consumer ma3 derives zero utility because ¢ <
T +9 < g ensures that marginal consumer m;3 derives positive utility, and Condition 575 < g ensures
that marginal consumer miy derives positive utility. Moreover, Condition ¢ < ¢ ensures Firm 2

has no incentive to deviate from (p},p5,p3) by increasing the price of Product 3 to completely

cede Submarket 13 to Firm 1 while decreasing the price of Product 2 to keep the consumers in its
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exclusive Submarket 23 just fully covered. Given p} = %(t +2q), we can solve the optimal deviation
prices for Firm 2. Specifically, because no demand exists for Product 3 in Submarket 13, the profit

function for Firm 2 changes as follows:

t—p2+p] t—p2+p3t+qg—10 :
:@( P2 P1+ P2 Tp3 T4 q)_i_p;%

B t—pz+p3+q—9q)
3 2t 2t 3

1
( 2t

(29)

2

Because marginal consumer mog derives zero utility, using the Lagrange-multiplier method, we have

L(pa,p3 \) = w2+ Mg + 0g — t — pa — p3). By solving the following system of equations,

oL _
3p2_0
OL _
8173_0

q+0g—t—p2—p3=0

we can derive p3* = %(—Ht + 26g + 86q) and p3* = 4—10(—2915 + 14qg + 3260q) when g < 1428%0. When

142329 < q, the value of %(—2915 + 14g + 326q) is higher than Product 3’s valuation, ¢, and thus we
have p3* = ¢ — t and p3* = fq instead. Substituting p2* and p2* into Equation (29), we can derive
2 3 2 3

Firm 2’s optimal profit from the deviation as

—519t2+4gt(177+1160)+4¢°(9+80(-T+20) 3¢ . 20t
o _ 1920t B4 Ti-gp
2 =

% otherwise

104t+-23+/30¢
44+10v/30—286

< q when ¢ > %. We notice that the threshold curves _104t+23/30¢_

Comparing 75* against 75, we have 73* > 75 if

(6—110—/—120+8562 )t

< q when ¢ < 1422%0, and if

3—100+362 44+410+/30—286°
6—110—v/—126+8562 )t . : V30 . p o
( 31097307 ) , and 1428%9 intersect at 6 = W. Therefore, 73* > w3 if and only if ¢ < gq,

where ¢ is defined in Equation (25). In other words, Condition ¢ < ¢ ensures Firm 2 has no incentive

to deviate from (p, p5, p3).

Case III where % <q< min{%, 2} and @ < 1: This case is the same as Case (c) in

the proof of Lemma 2, in which marginal consumers mi3 and mas derive zero utility in equilibrium

Moreover, Condition % < ¢ ensures that Firm 1 (Firm 2) has no incentive to

3t

because ¢ < 175.

increase the price of Product 1 (Product 2) because the marginal loss from a price increase is greater

than the marginal benefit. Condition g < 12%0 ensures that mi3 < 1 and meg < 1, and Condition
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f <1 ensures that marginal consumer mjs derives positive utility.

Case IV where ¢ < %: This case is the same as Case (d) in the proof of Lemma 2, in which
the two firms compete in Submarket 12 but not in Submarket 13. Consequently, as in case (a) in
the proof of Lemma 1, pj = p = %(2q+t). Firm 2 either charges p3 = %(—6t+3q+59q) to cover all
of the residual demands in Submarkets 13 and 23 or charges a monopoly price p} = %q for Product
3, whichever is higher.

In Cases I, 11, III, and IV, substituting p} from Equation (24) into Equations (9) and (10), we
can derive the equilibrium demands and profits as specified in the lemma.

Case V where ¢ < ¢ < %: Because ¢ < ¢, Firm 2 can profitably deviate from the price setting
py = 1(—2t + 3¢ + 0q) and pi* = 1(—2t + ¢ + 30q) in Case I, via pulling product 3 out of the
inter-product competition. Three different scenarios might arise:

(V.1) g < 1422';9: In this case, Firm 2 would like to increase the price of Product 3 to completely

cede Submarket 13 to Firm 1 while decreasing the price of Product 2 to keep the consumers in
Submarket 23 just fully covered by Products 2 and 3. As show in Case II, the prices p3* =
4%(—11t +26q + 80q) and p3* = %(—QQt + 14q + 320q) are the optimal deviation prices for Firm 2,
given pi* = %(t +2q). In response, Firm 1 increases the price of Product 1, from pl* = i(t + 2q)
to p3* = %(—6% + 54q — 86q), to make the submarket 13 just covered by its product, by solving
q— p%* —t=106qg— p%*. However, observing the increased price of Product 1, Firm 2 would like to
switch back to the competitive pricing strategy for Submarket 13, followed by the decrease in the
price of Product 1 as well. Therefore, neither (p}*, pi*, pi*) nor (p*, p3*, p3*) can be sustained as a

pure-strategy equilibrium, and the two firms compete under a mixed strategy in equilibrium.

(V.2) 1423t89 <q< 37%9: When 1423%9 < q, the value of ﬁ(—QQt + 14q + 326q) is greater than 6q.
Therefore, in the deviation from (pi*, pd*, pi*), Firm 2 would set the price of Product 3 as p3* = g
such that no consumer in Submarket 13 purchases Product 3, and, accordingly, p3* = ¢ —t to make
Submarket 23 just fully covered. In response, Firm 1 would increase the price of Product 1 from
pi* to p¥* = q — t. Nonetheless, observing the increased price of Product 1, Firm 2 would like to
switch back to the competitive pricing strategy for Submarket 13, followed by the change in the
price of Product 1 as well. Therefore, neither (pi*, pl*, pi*) nor (p?*, p3*, p3*) can be sustained as a
pure-strategy equilibrium, and the two firms compete under a mixed strategy in equilibrium.

(V.3) 37%9 < q: When % < g, we have pl* = ¢ —t — (0 — pi*) = %(—675 + 5q — 6q), instead of
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o %(t + 2q), because Product 3 has significant valuation disadvantage such that Product 1 has

already covered the entire Submarket 13 before the deviation by Firm 2. In other words, Firms 1

and 2 would mix between (pi* = %(—615 +5q — 0q), pi* = i(—2t +3q+0q),pi* = %(—2t +q+30q))
and (pi* = q —t,p3* = q —t,p3" = 0q).

Supposing that Firm 1 takes pi* with probability a; and p}* with probability 1 —a; and Firm 2
takes (p3*, pi*) with probability s and (p3*, p3*) with probability 1—as, we have the constant-profit

conditions as follows:

pl* (t—pi;:rpé* 4 t—pi*+z;%*+q—0q> as + p* (t—pgtﬂ?g* n 1) (1— as)
= pf (P + SO ) oy e (PR 1) (1 a)
[p%* (tfzé;tﬂﬁ* + qffé*) +pl* (tfpé*er;JrJrquq i Oqué*)} o
n [p%* (t—pé;‘tﬂ)f* i q—f%*) 4 pbe (t—pé*-s-z;?t*-&-q—aq i Oq—tpé*)} (1-ay)
_ [p%* (t—pﬁ;jpi* n qffi*) 42 (%)} ay + [p%* (tfpi;fpf* T qffi*) +p2e (%)} (1—a1)
(30)

Substituting the values of the prices (pi*, ps*, pi*) and (p?*,p3*, p3*) into Equation (30) for (V.1),
(V.2), and (V.3), respectively, we can solve the equation system and derive o; and g in Equation
(26). We can verify that neither firm has incentive to deviate from the obtained mixed-strategy
equilibrium.

Substituting (pi*, ps*, p3*), (p?*,p3*,p3*), and oy and s from Equation (26) into the demand

and profit functions,

% B 1 t—pl*-I—pl* t_p1*+pl*+q_0q t_p1*+p2*
i = galxK St ay+ (g +1) (1 —a)
1 tfp2*+p1* tfp2*+p1*+q79q t*p2*+p2*
0 (e ) o () 1
« _ 1 [(t=py+pl* | a3 t—py*+p}* | q—pd*
1 r t_p2*+p1* q_p2* t_p2*+p2* q_p2*
+§ (1—(12) _( 22t 1 + t2 a1+ 22t ! + t2 (1—0[1)
o= 1 [ (t—pi*+pi*++g—0q i 6q—pl* i t—pi*+p?*+q—0q + fq—p3* (1—a1)
3 = 302 2 T a1 2t T a1
1 [ ( 0a—p3* 0g9—p3*
+1(1—ay) ( v )a1+ (% (1—a1)
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and

1 _mlx 1% )
[p % (t pi +p 4 top —H;;z +q q) ) —i—p%* (t pi +p2 i 1) (1- ag)]
_plx 1% —0 Og— 1%
[ (t p3 +p1 L= pg )+p (t P} +p§t++q g, qtpg )] oy

_ 2% 1x 2% _ .
_% {p%* (t p22t+p1 L= p2 ) +pl* (f P Jrz;S +a=0q , %4 tpg )} 1-a1)

)
=

I
Wl

3
[\V)

Il
W

we can derive the equilibrium expected demands and profits as specified in the lemma.
Case VI where 12%.9 < q¢: When 12%9 < g, the prices pi* and p?* in Scenario (V.3) satisfies
p%* > p%*, and hence Firm 1 has no incentive to deviate from pl* to p1 , given p2 = ¢ —t and
* = fq. As such, the two firms compete with p?* = ¢ —t, p3* = ¢ —t, and p%* = fq in equilibrium
(a pure-strategy equilibrium).
Case VII where % < q¢: When % < q, mo3s = 0. When Firm 2 prices the products such that
marginal consumer meog is indifferent between Products 2 and 3, g — ps —t = ¢ — p2. Using the

Lagrange-multiplier method, we have L(pa,p3, A) = m2 + AN(0q — p3 — t — q + p2). By solving the

first-order condition of (p2,ps, A) and by the first-order condition of m in Equation (10),

OL _
3172_0
OL _
3?3_0

q+0g—t—p2—p3=0

om _
3171_0

we can derive (p],p3,p3) as specified in the lemma. We can verify that neither firm has incentive

to deviate from (p3, p5, p%).

Case VIIT where max{ 295%9, %} <q< 71?9 When g < 71%, Firm 1 strategically prices its

product such that marginal consumer miy derives zero utility, leading to ¢ +q¢ —t — p1 — p2 = 0.

Using the Lagrange-multiplier method, we have L(p1,\) = m + X(¢+ g —t — p1 — p2). By solving
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the first-order condition of L(p;, A) and by the first-order condition of w2 in Equation (10),

oL _
3101_0

g+q—t—p1—p2=0

Omy _
apz_o
Omy _
31?3_0

we can derive (p}, p3,p3) as specified in the lemma. We can verify that neither firm has incentive to

deviate from (p}, p3, p3). Condition % < g ensures that marginal consumer mag derives positive

25’%9 < ¢ ensures that Firm 1 has no incentive to deviate from (p7, p3, p5) by

utility, and Condition

increasing its product price.

Case IX where 17%%9 <q< min{%, 33%9} and 1 < #: When ¢ < 33%9, marginal consumer mq2

10t

derives zero utility, and when ¢ < 1753,

marginal consumer mo3 derives zero utility as well. When
Firm 1 prices its product such that marginal consumer m;s derives zero utility, g+q¢—t—p; —p2 = 0.
When Firm 2 prices the products such that marginal consumer meos derives zero utility, ¢ +6q —t —

p2 —p3 = 0. Using the Lagrange-multiplier method, we have Li(p1, A1) = 11+ M (¢+q—t—p1 —p2)

and La(p2,p3, \) = ma + Aa(q + 0q — t — pa — p3). By solving the following system of equations,

O0L1 __
op1 0
OLy __
Op2 0
OLs
Ops 0

q+q—t—p1—p2=0

q+0qg—t—p2—p3=0

we can derive (pj,p5,ps) as specified in the lemma. Condition 1711“59 < q ensures that Firm 1 has

no incentive to deviate from (p},p3,p3) by increasing its product price. Condition 1 < 6 ensures
that mqs derives positive utility.
In Cases VI, VII, VIII, and IX, substituting p; from Equation (24) into Equations (9) and (10),

we can derive the equilibrium demands and profits as specified in the lemma.
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197t : t 56t .
Case X where 1231110 < q S mln{m, m} When q S

56t
29+30°

Firm 1 would like to increase
its product price as if it competes with only Product 3 but not with Product 2, and Firm 2 chooses
to use Product 2 to just serve the residual demand from Product 1 in Submarket 12 while Product
3 competes against Product 1 in Submarket 13. While Firm 2’s profit function stays the same as

that in Equation (10), Firm 1’s demand and profit functions change into

b= (152 ) a

T =p1 X d;

When Firm 2 prices its product such that marginal consumer m;s derives zero utility, ¢+q—t—p1 —
p2 = 0. Using the Lagrange-multiplier method, we have L(p2,p3,\) = m2 + XN(g +q —t — p1 — p2).

By solving the first-order conditions of m; (in Equation (31)) and L(p2,p3, A),

om _
31?1_0

oL _
3172_0

OL _
8103_0

g+q—t—p1—p2=0

we can derive (p},p3,p3) as specified in the lemma. Condition % < ¢ ensures that Firm 2 has
no incentive to deviate from (p¥, p5, p3) by increasing Product 2’ price. Condition ¢ < ﬁ ensures

that mos derives positive utility.

Case XI where max{%, ﬁ} <qg< 1711%9: When ¢ < 1711“50, Firm 1 would like to increase
its product price as if it competes with only Product 3 but not with Product 2, and Firm 2 chooses
to use Product 2 to just serve the residual demand from Product 1 in Submarket 12 while Product 3
competes against Product 1 in Submarket 13. As in Case X, Firm 1’s demand and profit functions
are as in Equation (31). When Firm 2 prices its product such that marginal consumer m;2 derives
zero utility, ¢ + ¢ —t — p1 — po = 0. Moreover, because 4_t—29 < q, mag derives zero utility, and
hence ¢ + 0q —t — p2 — p3 = 0. Using the Lagrange-multiplier method, we have L(p2, p3, A1, A2) =

mo+M(g+q—t—p1 —p2) + A2(q+0q —t — p2 — p3). By solving the first-order condition of 7 (in
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Equation (31)) and L(p2, p3, A1, \2),

om _
8p1_0
oL __
31’2_0
oL __
6103_0

g+q—t—p1—p2=0

q+0q—1t—p>—p3

we can derive (p7, p3, p5) as specified in the lemma. Condition 594_% < g ensures that Firm 2 has
no incentive to deviate from (pj, p5, p3) by increasing Product 2’s price.

In Cases X and XI, substituting p} from Equation (24) into Equation (31), we can derive
the equilibrium demand and profit for Firm 1 as specified in the lemma. Substituting p; from
Equation (24) into Firm 2’s demand and profit functions in Equations (9) and (10), we can derive
the equilibrium demand and profit for Firm 2 as specified in the lemma.

Case XII where 812_?%'19 <q< % When ¢ < 123+119, Firml and Firm 2 do not compete in

Submarket 12 but in Submarket 13. Therefore, the two firms’ demand and profit functions become

/

b= (152 )

Wl

X (@ + m23) (32)

QU
no
|
Wl

U
w
|
Wl

X(l—mlg—l-l—mgg)

and

T =p1 X d; (33)

Ty = pa X do + p3 X d3

By solving the first-order conditions of m; and 72 in Equation (33), we can derive (p}, p3,p5) as

specified in the lemma. Condition 812_3?19 < q ensures that marginal consumer mos derives positive

utility.

Case XIII where ¢ < min{ 5948f59, Sfi?étw} When ¢ < 59 1567 Firm1 and Firm 2 do not compete

in Submarket 12 but in Submarket 13. Therefore, the two firms’ demand and profit functions
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Figure 9: Equilibrium Outcome after the Introduction of Product 3 by Firm 2 (t = 1)

change to those in Equations (32) and (33) as well. Moreover, because q < 812%'519, marginal

consumer ma3 derives zero utility. Using the Lagrange-multiplier method, we have L(pa, ps, A) =
mo+ Aq+0q—1t—p2—p3). By solving the first-order condition of 7r; and L(p2, p3, A), we can derive
(p1,p3.p3) as specified in the lemma.

In Cases XII and XIII, substituting p} from Equation (24) into Equations (32) and (33), we can

derive the equilibrium demands and profits for the two firms as specified in the lemma. O

Figure 9 illustrates the equilibrium outcome, with the region between the two dashed lines
representing the results for the baseline model (i.e., with % < 60 < 1). Regions I, II, III, and IV
in Figure 9 correspond to Cases I, II, III, and IV in Equation (24), respectively, which represent
the four pricing patterns discussed in Section 4.2. Specifically, in Region I, both ¢ and 8 are high
such that the existing products offer high value and the new product offers comparable value to
consumers. Consequently, Firms 1 and 2 compete aggressively with each other in Submarkets 12
and 13, which shapes the equilibrium prices. In Region II, in which either q or  is not high, Firm 2
optimally sets prices for its two product to just cover all the consumers in its exclusive Submarket
23 and extracts all the marginal consumer’s surplus. Firm 1 reacts by optimally choosing its price

for Product 1 to compete against both Products 2 and 3. In Region III; due to the reduction in
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the product valuation, Firm 1 finds it is optimal to set the highest price to serve the entire residual
demand from Product 3 in Submarket 13 such that Submarket 13 just fully covered. In Region
IV, the value of the existing products is low and the new product’s value is even lower. Therefore,
Products 1 and 2 compete directly as in the absence of Product 3. Firm 2 uses Product 3 to serve

the residual demands in Submarkets 13 and 23.

43

150 < 0 < 1to 0 <6< 2results in the new equilibrium Regions

Extending the range of 6 from
V~XIII. In the following, for brevity, we emphasize only on the change in equilibrium when moving
from one region to another, with Region II or Region I as the origin.

Moving northwest from Region II, in Region V (corresponding to Case V in Equation (24)), ¢ is
high but 0 is low. Due to the relatively low valuation of the new product compared to existing prod-
ucts, Firm 2 may consider deviating its prices in this region by withdrawing the new product from
inter-firm competition. Specifically, Firm 2 can increase the price of Product 3 to cede Submarket
13 to Firm 1, while simultaneously decreasing the price of Product 2 to fully serve consumers in
Submarket 23. In response, Firm 1 may increase the price of Product 1 to cover Submarket 13 as
well. However, if the price of Product 1 increases, Firm 2 would decrease the price of Product 3 and
increase the price of Product 2 back to optimally compete against Firm 1, similar to its strategy in
Region II. Such a reaction would induce Firm 1 to decrease the price of Product 1, further leading
to a re-deviation by Firm 2. Consequently, Firms 1 and 2 enter a loop of changing their prices, re-
sulting in only a mixed-strategy equilibrium in this case. The changes in their prices subtly depend
on the values of ¢ and 60, as summarized in Equation (26).

On the other hand, when the value of 6 becomes lower and (g, #) ranges in Region VI (corre-
sponding to Case VI in Equation (24)), Firm 2 chooses to compete against Firm 1 with only Product
2, whose valuation is significantly higher than that of Product 3. In particular, it optimally sets the
price of Product 3 exactly equal to its valuation. Thus, no consumers gain positive utility, nor are
they willing to purchase Product 3 in Region VI. As a result, the prices of Products 1 and 2 are set
to just fully serve 13 and 23, respectively, as in the absence of Product 3.

In contrast to Regions V and VI, moving northeast from Region I, in Region VII (corresponding
to Case VII in Equation (24)), the existing products’ valuation is high but the new product’s
valuation is even much higher. In this case, Firm 2 chooses to cover its exclusive Submarket 23

by only the new product, and Firm 1 reacts to its rival’s prices by optimally choosing its price for
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Product 1 to compete against both Products 2 and 3.

Moving south from Region I to Region VIII (corresponding to Case VIII in Equation (24)),
or moving southeast from Region IT to Region IX (corresponding to Case IX in Equation (24)),
due to the reduction in the value of the existing products, Firm 1 chooses to price Product 1 such
that it just serves the residual demand from Product 2 in Submarket 12 while it competes against
Product 3 in Submarket 13. On the other hand, moving south further from Region VIII to Region
X (corresponding to Case X in Equation (24)), or moving southeast further from Region IX to
Region XI (corresponding to Case XI in Equation (24)), due to the further reduction in the value
of the existing products, Firm 1 chooses to price Product 1 as if it competes with only Product 3
but not with Product 2; in reverse, Firm 2 optimally chooses to use Product 2 to just serve the
residual demand from Product 1 in Submarket 12 while Product 3 competes against Product 1 in
Submarket 13.

Finally, moving further south from Region X to Region XII (corresponding to Case XII in
Equation (24)), or moving southeast further from Region XTI to Region XIII (corresponding to Case
XIII in Equation (24)), the valuation of the existing products is too low, preventing Submarket 12
from being fully covered. This contrasts with the situation in the absence of the new product, where
Submarket 12 is fully covered under the two-firm competition. In the presence of the new product,
due to cannibalization concerns, Firm 2 raises the price of Product 2 compared to the case in the
absence of the new product. Consequently, some consumers in Submarket 12 with high degrees of
misfit do not purchase the low-valuation products.

By comparing the equilibrium profits with and without the introduction of Product 3, we can

derive the conditions under which the new product would be voluntarily introduced in equilibrium.

Proposition 8. In equilibrium, the new product would be introduced to the market if and only if
q(0) < q < q(0), where

Mt ifg <

otherwise,
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and

2t : 1
= ifo<3
1+110++/3+426411502 e 1 231+521/33
1+100—3062 t if 5 <0< =557
4(37—100)—64/6(13+1220—8162) ¢ 2314521/33 311
: t if <f<
_ 31(1—0)2 1087 = 635
a0) = 19486 —34/3(9+200—262) i (34)
- - e 311 1
(170)2 t lf 635 < 0 S 5 (10 — 3\/6)
15v/6(15+6)+4(23—500) el 1
TorrEte st if 1(10—3v6) <6 < -1 (8253 — 2880v/6)
871+750+15v/783—5040+2502 :
2(‘{7%759) t otherwise,

Proof. Based on Lemmas 1 and 6, we compare the firms’ equilibrium profits before and after the
introduction of Product 3 for different cases.

The case with ¢ < 2¢:

Case I of Lemma 6: When max{%, %} <q< 92%1, we have

#r -7 = g (8t +q—0g)* — = (2q + t)?

. l((1*9)2 _ A)( _ 4(723+500)+15\/6(15+0)t)( _ 4(*23%09)715‘/6(15%%)
54t 251 —101—500+ 2502 q —101—500+2502

2

Because the term in the first bracket is negative and that in the second bracket is positive, 77 > 77

15v/6(15+6)+4(23—500)
191+500—2502

if and only if ¢ < t. We can verify that 73 > 7J.

Case IT of Lemma 6: When max{%, 2L} < g < min{q, %}, we can verify that 77 > 7] and

5 > 5.
Case III of Lemma 6: When % <qg< min{%, %} and 0 < 1, we can verify that 7] > 77

ok *
and 75 > 3.

Case 1V of Lemma 6: When ¢ < %, as shown in Lemma 6, the introduction of Product 3
affects neither Product 1’s nor Product 2’s profit. Therefore, 77 = 7}; 75 > w5 because Firm 2
obtains additional revenue from Product 3.

Case VIII of Lemma 6: When max{%, %} <q< %, we have

#r -7 = 5(q— 1) [32t — q(5 + 30)] — =5 (29 + t)?

_ _1((0460) | 4y _ 8TLT50-+15y/783 504013567 1y, _ 871-1—750—15\/783—5046—{-2502t)
= 72\an 25t )\ 2(179+750) q 2(179+750)

Because we can verify that the term in the third bracket is positive, 77 > 7] if and only if ¢ <

£/ _ 2 . ~
871+759+21(?797_§§’565)049+259 t. We can verify that 75 > 73.
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Case IX of Lemma 6: When L, < ¢ < min{ 1183597 75} and 1 < 0, we can verify that #} > 7}

ok *
and 75 > 5.

) 197t . ¢ 56t . ok %
Case X of Lemma 6: When 537575 < ¢ < min{ 755, 29+39}, we can verify that 7] < 7] and

a3 *
7T2 > 772.

Case XI of Lemma 6: When max{%, ﬁ} <q< 17{“59, we can verify that 7] < n] and
Ty > 5.

Case XII of Lemma 6: When % <qg< %, we can verify that 77 <« and 75 > 75.

Case XIII of Lemma 6: When ¢ < min{z52r, Sfiztw}, we can verify that 77 < 7] and 715 > 73.

The case with g > 2t:

Case I of Lemma 6: When max{%, %} < q < 42, we have

-t = s Bt +q—09)* — 5(g—1t)
19+4-86+3 (9+200—2602) 19+86—34/3(9+200—262
= (1= 0)%(q — e (g - )

1081 (1-6)2

. . . A . . —3 K - 2
Because the term in the second bracket is negative, 77 > 7] if and only if ¢ < 19486 3(V1i(5)t209 2 )t.

A5 -5 = 43% [4(10t — g+ 09)* +27(1 — 0)%¢*] — 3(q — 1)

B 4(37-100)+6+/6(13+1220—8162) 4(37—100)—61/6(13+1220—8162)
= 432t(1 —0)*(q - 31(1-0)2 t)(q — 31(1-0)2 t)

_ _ — 2
Because the term in the second bracket is negative, 75 > 73 if and only if ¢ < 4(37-100) 21(16993;1229 810 )t.

Case II of Lemma 6: When max{%, Tr) 3 9} < ¢ < min{g, 4+26} we can verify that 77 > 77.
We have

75— = & [—22t2 4+ 2(13 + 1160)qt — (1 4+ 100 — 36%)¢%] — (¢ — 1)
2 1+1160—+/3 420+1159 1+119+\/3+429+1156
= — (1 +100 — 36%)(q — 06308 t)(q - 17106362 t)

Because the terms in the first and second brackets are positive, 753 > w3 if and only if ¢ <

14116+ 3+429+1159
1+1060—362

Case IIT of Lemma 6: When 73:1;9 < ¢ < min{ L THe) T 2} and 0 < 1, we can verify that 77 > m}

ok *
and 5 > 7.

Case V of Lemma 6: When ¢ < ¢ < %, we can verify that 77 > 7] and 75 < 73.
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Figure 10: Conditions for New-Product Introduction (¢ = 1)

Case VI of Lemma 6: When % <q, 7 =) and 75 = 75.

Case VII of Lemma, 6: When —33—0 < q , we can verify that 77 < 7] and 715 > 73.

Combining the results from both cases with ¢ < 2¢ and with ¢ > 2¢, we obtain the comparison

results as stated in Proposition 8. O

Figure 10 illustrates the equilibrium results. The area between the dashed lines represents the
results for the baseline model (i.e., with % < 0 < 1). Evidently, the results we derive under
the baseline model continue to hold under this extended model. Furthermore, even if the new
product offers a higher valuation, Firm 1 might continue to have an incentive to share its technology.
Thus, the new product would be introduced to the market as long as 6 is not too large. More
importantly, the insights from our baseline model remain consistent—the focal firm would like to
share its technology if the entry of the new product changes the two firms’ competition landscape.
In particular, the focal firm has an incentive to share its technology when the new product causes a
cannibalization consideration in the rival’s multiproduct pricing, imposing a positive externality on

the focal firm, and meanwhile, the new product does not create too much additional competition

pressure on the focal firm.
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E The Case with Endogenous Valuation of the New Product

In the main model, we assume the valuation of the new product is exogenous. In this appendix, we
examine the case in which the valuation of the new product is endogenously determined. Note that,
on one hand, the valuation of the new product can be influenced by how much of the technology
the focal firm can share to a rival. On the other hand, the valuation of the new product can also
be influenced by how well the rival can use the technology, which depends on the rival’s existing
technology, facilities, or even disposable capital. In this appendix, we consider Firm 1 chooses the
optimal 6 (how much to share) in the first place. Then, under Firm 1’s optimal sharing (i.e., %),
we examine whether Firm 2 makes full use of the shared technology; that is, Firm 2 can choose to
use 0* or any 6 below, without or with consideration of associated development cost for the new

product. We allow 6 to range from 0 to 2 (i.e., 0 < 6 < 2).

E.1 Optimal § Chosen by Firm 1

We first examine Firm 1’s optimal sharing level. Proposition 9 summarizes the result.

Proposition 9. The optimal technology sharing rate that Firm 1 chooses is as follows:

31¢%2—40qt+6v/6+/31¢3t—81¢2t2 (185—4+/33)
if et <
5¢%2—11qt++/28¢*—116¢3t+115¢2t2 ., 5 185—4+/33
x \/3q2 1f§t<QS%t
0" = (35)
3t—q e 3 5
1 otherwise

Proof. We derive the optimal 6 for Firm 1 by examining the first-order derivative of 7] presented in
Lemma 6, within the region where Firm 1 has an incentive to share and Firm 2 has an incentive to
adopt (i.e., ¢(8) < q < q(0), as prescribed in Proposition 8). According to the proof of Proposition
8, this region only involves five cases of Lemma 6: Cases I, IT, 111, VIII, and IX.

Case I: When max{ 4f’2t€, 71_?9} < q < 72, we have

ory _ 8t+q—0q 8t—0q
0 = s 1< sz 4<0

Case IT: When max{-3%, Tre) 3o 9} < ¢ < min{g, 4+29} we have %9{ =0.
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Case III: When % < ¢ < min{3% Trr T 2} and 6 < 1, we have

3t
because ¢ < 795.

Case VITI: When max{ 520t 191 < ¢ < 166 we have % = =gty <.

20+36° 1+30 T+
. 14 - p 1ot
Case IX: When =5 < ¢ < min{{755, 5= £} and 1 < 6, we have
ony _  —3q+3t+6q
0 =~ o 4<0

because ¢ < 33%9.

Therefore, Firm 1’s profit increases in 6 only in Case 11l and (weakly) decreases in € in all other
cases. Consequently, the upper bound of 8 in Case III must be Firm 1’s optimal choice whenever
possible, and the lower bound of 6, defined by () in Equation (34), must be Firm 1’s optimal
choice when ¢ is above the maximum ¢ in Case III. The upper bound of 6 in Case 11l is defined by

q= m and 6 = 1: When ¢ < %, the upper bound is #* = 1; When ¢ > %, the upper bound is

x _ 3t—q
o = q

When ¢ is above the maximum ¢ in Case I1I (which is ¢ = %, determined by the boundary curves

of Case III, ¢ = % and ¢ = 12%9), 0* takes the value of the lower bound of g(#). Based on q =

4(37-100)—6 6(13+1229*816’2)t and ¢ = 14+110++/3+420+11502

t (the third and second cases in Equation

31(1—0)2 1+1060—362
34)), we can derive #* as in Equation (35). These two curves intersect at ¢ = Mt The
) q q
. 185—4 185—4
former equation occurs when ¢ > ( \ﬁ)t and the latter occurs When t<q< ( 62\ﬁ) t. O

Figure 11 illustrates the optimal technology sharing rate for Firm 1. We find that 6* first
decreases and then increases in ¢q. The intuition is largely consistent and implied by our discussion
in the main model. As discussed in the main model, the focal firm would prefer to share its
technology if and only if the entry of the new product induces a cannibalization consideration in the
rival’s multiproduct pricing, thereby imposing a positive externality on the focal firm. At the same
time, the new product must not create excessive additional competition pressure on the focal firm.
The optimal 6 is largely determined by this tradeoff. When ¢ is low (i.e., when ¢ < %t), the focal

firm optimally choose a large 6 (i.e., 8* = 1), primarily enjoying the benefit of positive externality
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Figure 11: Optimal Technology Sharing Rate by Firm 1 (¢ = 1)

because, in this case, additional competition is not a big concern. When ¢ increases, the focal firm’s
product serves more consumers in Submarket 13 in the absence of the new product, making the
additional competition a concern. The focal firm then balances the benefit of positive externality
and the negative effect of additional competition. The optimal 6 is shaped by this tradeoff, and it
decreases in ¢ as the negative effect of additional competition becomes more pronounced when ¢
increases.

When ¢ is high (i.e., when ¢ > %t), although Firm 1 has a similar tradeoff between the pos-
itive externality and the negative effect of additional competition, it cannot choose a very low 6.
Otherwise, Firm 2 has no incentive to adopt the technology. As a result, the optimal 6 takes the
threshold value under which Firm 2 just has an incentive to adopt the technology. That explains

the kink at ¢ = %t and the opposite trends before and after the kink.

E.2 Optimal § Chosen by Firm 2 under Firm 1’s Optimal Sharing

Next, given Firm 1’s optimal sharing (i.e., 6*), we examine Firm 2’s choice of the valuation of
the new product. Specifically, we explore whether Firm 2 would like to make full use of the shared
technology; in other words, Firm 2 can choose to use 6* or any 6 below, or equivalently, the valuation

of the new product (fq) subject to the constraint fq < 6*q. We first consider the scenario where
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choosing the valuation is cost-free to examine the strategic implications of the technology-transfer
rate for Firm 2. Subsequently, we investigate the case in which a higher valuation incurs a higher
development cost to examine the effects of the cost.

The Case with Cost-Free Choice

When there is no cost involved in Firm 2’s choice, we find that Firm 2 will always make full
use of the shared technology; in other words, Firm 2 will always set its new product’s valuation
at the highest possible level. Intuitively, this is because a higher valuation for the new product
results in a greater competitive advantage. Technically, wheng > %t, Firm 2 will make full use of
the shared technology because 6* is chosen in a way that gives Firm 2 just enough incentive to
adopt the technology. Any lower value of 6 could make Firm 2 worse off and provide Firm 2 with
a disincentive to adopt the technology.

When ¢ < %t, we can verify that Firm 2’s profit increases in 0 for all § < 6*, provided that Firm
1 has an incentive to share. In particular, in this case, by the analysis in Online Appendix D, we
have

m:§£ﬂ—wﬁ+2@+7QW+(L‘@“_5®f]

We can derive its first-order derivative as

omy 9
When ¢ < 2t,
87‘1’27 q q ,7q
50 24t(7t 3q + 50q) > 24t<2 3q +50q) >0

When 2t < ¢, the thresholds for Firm 1’s incentive to share is 6 > q%%, and thus

q—2t q
Tt — 1 ) =-2(2¢g-3t)>0
(Tt —3q+5 ; q) 24t(q 3t) >

oms  q
50 = @(H 3q + 50q) >

1
24t
Therefore, Firm 2’s profit monotonically increases in . Consequently, Firm 2 always makes full use
of the shared technology with Firm 1’s optimally chosen level and develops the new product with
the valuation of 6*q.

The Case with Convex Cost
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We assume that the cost for Firm 2 to develop Product 3 is ¢(fq)?, a convex function of the new
product’s valuation, where ¢ measures the cost efficiency. As such, the optimal choice of 6 should
depend on the value of ¢. We consider ¢ is not too low (e.g., ¢ > 4i8t) so that the profit function of
Firm 2, 7 — ¢(fq)?, is well-behaved and concave in 6. Then, we can derive the optimal choice of @
for Firm 2, which might take any value up to Firm 1’s optimal sharing, 6*, where 6* is defined in
Equation (35).

In particular, in this case, we have Firm 2’s profit function as follows:

m2(0) — c(0q)* = %&[—161‘52 +2(9+ 70)qt + (1 — 0)(1 — 50)¢*] — c(6q)*

By the first-order condition (without considering the constraints), we have

0 —3q+ Tt
foe ™ (=5 + 48ct)
Notice the thresholds for Firm 1’s incentive to share are 6 > q_TQt when 2t < ¢, and 6 > 7(257“7;'1)
when ¢ < 2t. Because of the concavity of Firm 2’s profit function, Firm 2’s optimal choice of
should be either 9} oes the lower bound of Firm 1’s sharing incentive, or the upper bound of Firm 1’s
optimal sharing (i.e., %), depending on the relative value of 6% .. When 0%oc 18 between the lower
and upper bounds, 6%,. is optimal (as the interior solution). When 6%, is below (above) the lower
(upper) bound, the lower (upper) bound is optimal (as the corner solution). Therefore, if Firm 2

introduces the new product, the optimal choice of 8 is

¥ = max {q%%,min {0*,0*06}} when 2t < ¢
(36)

0%, = max{7(2§;q),min {9*, G;OC}} when ¢ < 2t

Furthermore, we have to check whether Firm 2 is better off introducing a new product with the
optimally chosen valuation. Firm 2 would introduce the new product if and only if the new product

can bring in a higher profit. Specifically, when 2t < g, if

* * 1
7r2(961) - C(QCIQ)2 > i(q - t)a
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Firm 2 introduces the new product and the optimal 6 is 6} = 07;, where %(q —t) is Firm 2’s profit

without introducing the new product (by Lemma 1 in the manuscript). When ¢ < 2¢, if

* * 1
71—2(@:2) - C(HCZq)Q > @(2q + t)27

Firm 2 introduces the new product and the optimal 8 is 8} = 07,, where ﬁ@q +t)? is Firm 2’s
profit without introducing the new product (by Lemma 1 in the manuscript).

Altogether, we have the following result regarding Firm 2’s optimal choice of 6.

Proposition 10. Given the new-product development cost being c(0q)?, Firm 2’s optimal choice of

the new product’s valuation is 0%q, where!

s if (2 — c(09)?) lo=z,> 3(qg— 1) ‘
if 2t < q
0 otherwise
07 =
Yy if (ma — c(0q)? lo=02,> = (2q + t)?
c ( ) 2 50t if q S 9t
0 otherwise

and 6%, and 0%, are defined in Equation (36).

Figures 12(a) and 12(b) illustrate the optimal choice of § by Firm 2 with ¢ = 0.15 and ¢ = 0.12,
respectively. Intuitively, a lower cost leads to a higher value of 8. While a higher 6} might bring in
some competitive advantage in the new product, it also leads to a higher development cost. Firm 2
must balance the gain from the competition and the development cost of the new product to make
its choice. As long as the cost efficiency ¢ is not too high, the new product can still benefit Firm 2
and Firm 1 via cannibalization and the cannibalization externality, respectively. In this case, Firm
1 has an incentive to share its technology, and our result that cannibalization externality promotes

technology sharing under the main model continues to hold.

"When 6} = 0, it means Firm 2 has no incentive to adopt the technology.
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Figure 12: Optimal Choice of 6 by Firm 2 (¢t = 1)

In summary, the analysis of the case with endogenous valuation for the new product demonstrates
the robustness of our main findings. Specifically, the cannibalization consideration in the rival’s
multiproduct pricing imposes an externality on the focal firm, thereby giving rise to the focal firm’s

incentive to share technology.
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F The Case with Endogenous Location of the New Product

In the main model, we use the spokes model as the framework to examine the competition among
the products. Based on the standard three-spoke model, we assume that each product is located
at the origin of a spoke, and consumers in Submarket ij (i, = 1,2,3;i # j) consider Products i or
7 as their possible product choices. This standard three-spoke model is equivalent to the triangle
model illustrated in Figure 13. Each submarket (e.g., Submarket 12) is represented as a Hotelling
line in this figure, functioning similarly to the Hotelling model. In this appendix, we consider that
the location of the new product is endogenous. Specifically, Firm 2 can position the new product
at any position on the left side or the bottom side of the triangle. For tractability, we assume

g1 = q2 = q3 = q. Everything else remains the same as in the main model.

Product 1

Submarket 13 Submarket 12

Product 3 Submarket 23 Product 2

Figure 13: Equivalence between a Three-Spoke Model and a Triangle Model

We consider a revised game as follows: In Stage 1, Firm 1 decides whether to share its technology
with Firm 2. If shared, Firm 2 decides whether to adopt the technology to introduce the new product
into the market and, if adopted, determines the location of the new product. In Stage 2, the two
firms engage in price competition by simultaneously setting their respective product prices. In Stage
3, consumers make their purchase decisions.

We consider that if Product 3 is to be introduced, it is located with a distance of x away from
Product 1 along the left side of the triangle. Accordingly, Product 3 is 2 — z away from Product 2,
as shown in Figure 14. As a result, Products 1 and 3 compete exclusively in a Submarket 13 with

the mass of consumers equal to %x, while Products 2 and 3 compete exclusively in a Submarket
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Submarket 13 L
Submarket 12

Product 3

Submarket 23 Product 2

Figure 14: The Model with Endogenous Location for Product 3 (¢1 = g2 = ¢3 = q)

23 with the mass of consumers equal to % (2 —x). For ease of exposition, we present cases with

<z <

N

N[

Following the same approach of backward induction as in the main model, we solve this game.
In the absence of the new product, the subgame remains the same as in the main model, and the
equilibrium outcome is summarized in Lemma 1. When the new product is introduced, given its
location z, we can derive the subgame equilibrium in Stage 2.

As in the main model, if Submarket ij is fully covered, we have the marginal consumer m;; who

is indifferent to purchasing Products i and j. By letting u; = u;, we can derive

,

t—pit

My = p21t P2

myg = LEbLEPs : (37)
_ (2—x)t—pa+ps3

ma3 = ( )Qt

Each product’s demand, which is the sum of demands from the two submarkets, can be derived as

di = %min{q_tpl,mlg}—|—%min{q_tp1,m13}

dy = 3min {921 — mya} + 3 min {2 ma3} (38)

d3 = $min {92,z — my3} + s min {582, 2 — x — my3 }
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We use the function min because we allow possibilities of both complete and incomplete market
coverage in Submarket ij. If ¢ — p; — m;;t > 0, Submarket ¢j is fully covered, and consumers
located between Product ¢ and m;; purchase Product i, and those located between m;; and Product
j purchase Product j. Otherwise, the market is not fully covered, and consumers buy Product ¢ (or
Product j) only when u; > 0 (or u; > 0), leading to the demand 452 (or ©-"2) instead. The two

firms’ profits can be formulated as
m = p1dy and 7y = pads + p3ds. (39)

Each firm chooses its price(s) to maximize its profit. Similar to Lemma 2 of the manuscript, Lemma

7 summarizes the equilibrium results.

Lemma 7. If Firm 2 serves the market with both Products 2 and 3, given the location (x) of the
new product, the equilibrium prices of the three products (pi,ps,ps) are

(2(7t+tx), 5 (23t — 3tx), 5 (21t — ta)) if =SLHTE < g < 2442558

(3(2¢ +t(—1+22)),q + t5t(—11+52),q + t(—13 + 7x)) if =Mt <y < min{ 8432t Oetl6 —6q 41Tty
(a— 5t +52),q+ 5t(—11+53),9+ %t(fl?) + 7)) if max{ 842 =30LETTY o 4 <

(% (4q + 7t + m:), a5 (48 + 20t + Ttw), 135 (48q + Tt + 29tx))  if @ < min{ 1929203t —14qk25ly

(2010g - 76), %, (249 - 7t + 7tw)) if 1924208t o —36g477t

(% L4(7 4 52), 15 (12q + t(17 — 112)), 1 (6q + t(7 — 4:(:))) if max{ 12LHOTL 24q-85ty 4 < 96q 119t
(& (12q + 7t — Btw), = (22q + 17t — 18tx), = (38¢ — Tt — 22tw))  if max{ 2L 19t 20468y ) o 134g_126t
(& (22¢ + 21t — 4tx), 5 (6q + 23t — 8tx), 115 (50 + 84t — 35tx))  if max{ —T1EEIATL —1A24 14500 134412611 5
(13 (18q — 21t + 4tzx), 2 1529 +2t - tx), o 56 (29 + 2t — tx)) if max{%7 %ﬁ:gm} <z< %
(3.20—t— 4.} (50— ta) if Bt <o < SR

(q+ 5t(13 —19z),q + Lt(—11 + 52),q + 5 t(—13 + 7)) if max{%E1% 1} < 3 < min{30LETTL —12¢H0TL)
(3(2q — t +2tx), 1 (29 — 11t + 12tx), L (8q + t — Ttx)) if 36{11'21” <z< m1n{2(q+6t)7 22%‘;?9’5, qul'zt

(g5 (42 — t + 8tx), o= (86q — 89t + 48tx), = (80q — 77t + 35tx))  if M <z< mm{%7 %}

(£ (14q+1t —8tx), S (2q — 2t + tx), (2 — 2t + tx)) if max{zq%é'ﬁ, 3BIETLY © ¢ < min{ B2 —22448203
3 . 13g+2 2q+6

(3% -tg+t-1+2) if max{ Lt 1802ty o < 2046t

(3(2q+1t —2tx), 3(2q — 3t + 2tx), (2q — t)) if ST < o < min{ Lt 24H130Y

(40)
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the equilibrium demands of the three products (d7,d5,d3) are

%7_7( 5+1,) 19+1) Zf —6q+17t <z < 24(113t35t
(f (-1 3 r2e) o (- % -an) gy (12- % —0))  of S <o <min( S, S0, S0y
(& (=5 +172), (11 — 5z), = (19 — Tx)) if max{ 842t ZS0HTTLY o g < g
(4q+76t(1+cc)7 4sq+22694t;u7m7 48q+276t£29t:v> if & < min{ 192%303t7 714g;¢25t}
(-3 + 0T+ 72), 3.3 + H-1+40) if 205200 g < gt
(ﬁ <77 24q + 191) e (10+ 6q 79@) % (11 + 12q —535)) if max{712q7t67t’ 24q 35t} <z< 96q49119t
(ﬁ <21 + 2 4x) 7 W’ L (2 +20 x)) if max{ 7743;147157 71433;:40%7 134?7;t126t} <
(72(5q+t(379?1+4z))7 6(q+5tz);3tz7 L (2 420 _ x)) if max{ —232:-4275’ —224q1-st-82t} <z< —7435214%
(%’ :% (30 10q - 71) 7 (—5q+tz)(—2(q+t)+tz)> if 2q;;6t <z< 723gt+42t
(& (=19 + 31z), &(29 — 17z), 18(13 — 7z)) if max{SLE0t 1} < g < min{B0LETTL —12¢£07¢)
(% (71 +2y 2:1:) s (37 + 8a 34:1:) 7%&‘7”)) if BBLETTE < o < in{ 20000 220489t 6qiTt
(4 q16tﬁﬁ128tz , 50— ngg;rIBGtz7 2(3q+72t(91tl 596))) Zf 22%§3Qt <z S min{%, %}
(2<q+t&;t1+8z>> - 2<q+81(5;2+z))7 2<q77z<5;2+z))> if max{ 24+15t7 385(;%} < z < min{ 13q+2t7 %}
(& 3- & i22e) if max{ 4Gt SEE} <o < 2EE
(3(—1+22),1- 22 1) if ST < 3 < min{Ltt, 24E130
(41)
and the equilibrium profits for the two firms (7}, 75) are
(1h5t(7 +%)2, 125t(487 + x(—94 + 7x))) if ZOLHTE < g < 244551
(% o ( 249 _ 369(—5 + @) + £(—155 + (100 — llx)x))) if HLEBt 5 < min [Gﬁft, 6qt-16t ‘6%;1”]
(=425 (=5 + 172)(—12q + t + 5tx), 137 (q(164 — 68z) + t(~163 + (148 — 33z)x)))  if max{SH2t =304TTEY o p < g
((4q+7t(1+z>)2 230442 +1728qt(1+§’)7::2t4t(44o+z(406+445:E))) if < min{ 1921gt203t’ —14qj25t}
( (10g— 7t)(72q6 7t(17+71))7% n ﬁq(fl+m)+ %t(—lJr:r)?) if 1921;303t <z< 7363q51:77t
14442
((12q H(r450)) (T 4190)-240) ( *"(372’228“”9):2“247”(97””*308))) if mas{ 12LKOTE g8ty _ o < 960110
((12q+1t2(30t3:c))2 _1464q2+2qt(2321+6%17xs)0-:t2(81—w(3073+254x))) if max{ 96q— 119t7 2(q+6f)} <z< 134q1t126t
((22q+251291& 42))2 2164q2+4qt(2102—8411)22329(212024+x(—8804+1641m))) if max{ 7743;14%7 71453;;450157 134q7;§126t} <z
( 2(5q+t(— 21+4z))(718q+t< 21+4z)) 163(— 24(61;2;)“@ ) if max{ —2352‘-42z7 —224q1-lt—82t} <z< —74q;—tl47t
(%’ —20q%+4qt(30— 7z)+t2( 60+z(12+z))) if w <z< _2332-4%
(135 (12 + (13 — 192))(—19 + 31z), 137 (4¢(55 — 31z) + £(—219 + (232 — 61z)z)))  if max{®LE 1} < o < min{30LETTL 1244070y
((72q<2t0;2tw)27 —84q +12qt(—3+26w)1-5+éj(—411+874:c—604x2) if 36;;;;% <z< mm{2(q+6t)1 22%?;1),9157 quztn}
(( 42;;;&78?1)2’ ,3340(12+4qt(145457621914);;@(;54777+4(1260472857z)z)) if 22%;5% < 2 < min{ —1z1fg;-t45()t7 %}
(2(14q+t 8tz)(q+t( 1+8:c)) 2(2q+t(72+z)6)7(gt+113t(72+z)) if max{%7 38;1;-&%} < 2 < min{ 13q+2t, —224q1-:82t}
(j,%(q———2t(2+(—2+a¢)x)>) if max{ 4t LAY < 5 < 2040
(L(=1+22)(2q +t — 2tx), 3 (=2¢(=2 + z) + (=5 — 2(=3 + x)z))) if ST < ¢ < min{4Ht, 22E130Y
(42)
Proof. We distinguish sixteen cases based on the value of x, as illustrated in Figure 15. (We can
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Figure 15: Equilibrium Outcome Given the Location of Product 3 (¢t = 1)

verify that the second-order conditions for profit maximization are satisfied.)
(T) w <z < 24‘11755’515: When 0 < mqg,my3,mog < 1 and the marginal consumers derive

positive utilities, the demand functions in Equation (38) become

1 1
di = 3mi2 + 3ma3

do = (1 — mlz) + %m23 (43)

Wl

dy = 3 (x —mi3) + 5 (2 — = — ma3)

SN

We can derive the first-order conditions of the firms’ profit functions as

Om _ —Apitpatpst(i4a)t _

Op1 6t =

Omy _ p1—4p2+2p3+(3-z)t _

ap> 6t =0 (44)

Omy _ pit2pa—4ps+2t _
Ops3 6t =
Solving this system of equations, we can derive (p},p5,p3) as specified in the lemma. Condition

—6q+17t

r < 29235 engures marginal consumer m;3 derives positive utility, and Condition —~—— < x

13t

ensures marginal consumer mos derives positive utility. We can verify that neither firm has profitable

deviation.
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(11) —14q+25t <z< mln{6q+2t 6q+16t —6q+17t

115 —9Er }: In this case, marginal consumer mog derives

zero utility because x < w. When Firm 2 prices its products such that marginal consumer
mas derives zero utility, 2¢ — (2 — z)t — p2 — p3 = 0. Using the Lagrange-multiplier method, we
have L(pa,p3, A) = m2 + A[2¢ — (2 — x) t — p2 — p3]. By solving the first-order condition of m and

L(anpi’n)\)a

Om _ —4pitpatpst+(lta)t 0
op1 6t

88752 _ p1—4p2+26];3+(3—x)t —A=0
ng; — p1+2p26*t4p3+2t ~A=0
2q—2—2)t—p2—p3=0

6q+16t
25¢

we can derive (p7, p3, p3) as specified in the lemma. Condition x < ensures marginal consumer

6q+2t
1t

ma13 derives positive utility. Condition z < ensures marginal consumer mjy derives positive
—14¢+25t

7 < x ensures Firm 2 has no incentive to increase its product prices such

utility. Condition

that its exclusive Submarket 23 is not fully covered.

(I11) max{%, %} < x < 1: Because 6‘11+2t < x, both marginal consumers mqs and ma3
derive zero utility. When Firm 1 prices it product such that marginal consumer ms derives zero
utility, 2¢ —t — p1 — p2 = 0. When Firm 2 prices its products such that marginal consumer mos
derives zero utility, 2¢ — (2 — )t — pa2 — p3 = 0. Using the Lagrange-multiplier method, we have
Li(p1,M1) = m + Ai1(2¢ — t — p1 — p2) and La(p2,p3, A2) = m2 + A2 [2¢ — (2 — )t — p2 —p3]. By

solving the first-order condition of Lj(pi, A1) and La(pe, p3, A2), i.e., solving the following system of

equations
gTLnl _ 74p1+p24gf3+(1+1’)t M\ =0
%TL; _ p1—4p2+2£3+(3—$)t — X =0
% - % — X =0

2q—t—p1—p2=0

2q—2—2)t—p2—p3s=0

we can derive (p},p3,p;) as specified in the lemma. Condition < 1 ensures marginal consumer

—36q+77t

357 < x ensures Firm 2 has no incentive to increase its

ma13 derives positive utility. Condition
product prices such that its exclusive Submarket 23 is not fully covered.

(IV) z < min{ 192193()&, _14q+25t} Because = < %, Firm 2 increase its product prices
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such that its exclusive Submarket 23 is not fully covered. While Product 1’s demand function stays

as in Equation (43), Products 2’s and 3’s demands become

dy = § (1 —mqg) + 32

Wl

(45)

d3 = % (x — m13) + %q_tm

Substituting dy and d3 in Equation (45) into w9 = pada + p3ds, and solving the first-order conditions

of m and o,

omy _ —4pit+pat+p3+(14x)t 0
o 6t =
Oma __ p1—6pa+2g+t __ 0
Op2 6t -
Omy _ p1=0ps+2qtiz _
ops 6t =
. E % * . . e 192q—203t M
we can derive (p},p5,p3) as specified in the lemma. Condition z < =57 ensures marginal

consumer myo derives positive utility.

(V) 192¢—203t <x< —36g+77t .

197 35— In this case, Product 1’s demand function stays as in Equation

(43), and Products 2’s and 3’s demands are as in Equation (45). Because z < %, Firm 2

prices its product prices such that its exclusive Submarket 23 is not fully covered. Moreover, because

192¢—203t

197 < x, marginal consumer miy derives zero utility. Thus, 2¢ —t — p; — p2 = 0. Using the

Lagrange-multiplier method, we have L(p1,\) = w1 + A(2¢ — t — p1 — p2). By solving the first-order

condition of L(p1, A) and 7o,

OL _ —4pitpatps+(1+x)t A=0
opr 6t =
Omg __ p1—6pa+2g+t __ 0

Op2 — 6l =

Omy __ p1—6ps+2q+tix __ 0
Oops — 6t -

2¢g—t—p1—p2=0

we can derive (p}, p5,p5) as specified in the lemma. We can verify that neither firm has incentive

to deviate.

(VI) max{ _123‘1;6”, 24(1155’&} <z < W: In this case, the product demands stay as in

24q—35t
13t

Equation (43). Because < x, marginal consumer my3 derives zero utility. Thus, 2¢ — tx —

p1 — ps = 0. Using the Lagrange-multiplier method, we have L(pi, A\) = m1 + A(2¢ — tz — p1 — p3).
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By solving the first-order condition of L(pi, A) and o,

OL _ —Apitpatpst(I+a)t
opr 6t =
Omy __ p1—4p2+2p3+(3—x)t __ 0

Op2 6t -

Ome __ pi+2p2—4p3+2t _ 0

ops 6t -
2q—tr—p1—p3=0

—12¢+67¢

37 < x ensures marginal

we can derive (p},ph,p%) as specified in the lemma. Condition
96¢—119¢

o ensures Firm 1 has no incentive to

consunier mes derives positive utility. Condition z <
deviate from (p}, p3, p3) by increasing its product price.

- 2(g+6t - _ . :
(VII) max{96q49119t, (‘gf)} <z < %: Because 96q479119t < z, Firm 1 would like to

increase its product price as if it competes with only Product 2 but not with Product 3, and Firm
2 chooses to use Product 3 to just serve the residual demand from Product 1 in Submarket 13
while Product 2 competes against Product 1 in Submarket 12. Firm 2’s demand function is as in

Equation (43), and Firm 1’s demand function becomes

1 lg—p1 (46)

When Firm 2 chooses to use Product 3 to just serve the residual demand from Product 1 in Sub-
market 13, 2¢ — tx — p; — p3 = 0. Using the Lagrange-multiplier method, we have L(pa,ps3, \) =
w9+ A(2q — tx —p1 — p3). Substituting dyin Equation (46) into m = p1d, and solving the first-order

condition of m and L(pa, p3, A),

Im1 . —6p14p2+2q+t 0

oL — 6t =

dma _ p1—4pa+2p3+(3—xz)t _ 0
Ops — ot =

Omg __ p1+2pa—4p3+2t  y _
Oops 6t A=0

2q—tr—p1—p3=20

. . : . 2(q+6t -
we can derive (p}, p5, p3) as specified in the lemma. Condition (({gf ) < x ensures marginal consumer
. ... - ... 134q—126t . . . .
meg derives positive utility. Condition z < === ensures Firm 2 has no incentive to deviate

from (p},p5,p3) by increasing Product 3’s price.
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(VIII) max{ _74(21;;14”, _1433%45%, 134(]7;512&} < x: Because % < x, Firm 1 and Firm 2 do

not compete in Submarket 13 but in Submarket 12. Product 1’s demand function is as in Equation

(46), Product 2’s demand function is as in Equation (43), and Product 3’s demand function becomes

1qg—ps3 1
dz = — +-2—x—m 4
3= 373 3( T — moa3) (47)

Substituting d; in Equation (46) into w1 = p1d;, substituting ds in Equation (43) and d3 in Equation

(47) into w9 = pads + p3ds, and solving the following system of equations

Om _ —6p1+pe+2q+t 0
op1 6t -
Oma __ p1—4p2+2p3+(3—x)t 0
opy 6t =
Omy __ 2p2—6p3+2¢+(2—x)t 0
ops 6t -
iy % % . . .. —T4q+14Tt .
we can derive (p},ph,p5) as specified in the lemma. Condition ——og; — < T ensures marginal
. ... o .. —142¢+450t .
consumer myz derives positive utility. Condition —g=—— < z ensures marginal consumer ma3

derives positive utility.

(IX) max{ _23gj42t, _224qu82t} <x < %: In this case, the firms’ profit functions are

the same as in (VIII). Because z < W, marginal consumers mys derive zero utility. Thus,

2q—t—p1—p2 = 0. Using the Lagrange-multiplier method, we have L(p1, ) = m1+A(2¢—t—p1—p2).

By solving the first-order conditions of L(pi, A) and g,

OL _ =Opi+pa+2q+t _ y _
op1 — 6t A=0
Omy _ prdp2+2p3+(3-a)t _
Op2 6t =
Omy _ 2p2=bps+2q+(2—a)t _
ops — 6t =
2q—t—p1—p2=0

we can derive (pf, p5,p3) as specified in the lemma. Condition #f‘m < x ensures Firm 1 has

no incentive to deviate from (p},p3,p3) by increasing its product price. Condition %}“8% <z

ensures marginal consumer mos derives positive utility.

(X) Zq;;& <z < %ﬁut: Because x < %, Firm 1 would like to increase its product price

as if it does not compete with Firm 2, either in Submarket 12 or in Submarket 13, while Firm 2
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chooses to use Product 2 to just serve the residual demand from Product 1 in Submarket 12. As a

result, while Firm 2’s product demand functions are as in (IX), Firm 1’s product demand becomes

_lg=—p1 lg-—m
3t 3 0t

dy (48)

When Firm 2 chooses to use Product 2 to just serve the residual demand from Product 1 in Sub-
market 12, 2¢ —t — p; — po = 0. Using the Lagrange-multiplier method, we have L(p2,p3,\) =
mo + A(2q¢ —t — p1 — p2). Substituting d; in Equation (48) into 1 = p1dy, and solving the first-order

conditions of m; and L(p2, ps, ),

Om _ 24=2p1 _ )

opr 3t

AL _ p1—4p2+2p3+(B—x)t
Ops — 6t A=0
AL __ 2p2—6p3+2¢+(2—x)t 0

ops 6t -
2q—t—p1—p2=0

2q+6t

we can derive (p7, p3,p3) as specified in the lemma. Condition ==

< x ensures marginal consumer
mas derives positive utility.

(XI) max{ 6(1;516'5, 1} < z < min{ 3611;?)1”, _123617?6”}: In this case, the firms’ demand and profit

6¢+16t
25¢

functions are as in (I). Because < z, marginal consumer m,3 derives zero utility, and because

z < %, marginal consumer ma3 derives zero utility. When Firm 1 prices its product such
that marginal consumer mg3 derives zero utility, 2¢ — tx — p1 — p3 = 0. Using the Lagrange-
multiplier method, we have Li(p1,A) = m1 + A1(2¢ — tx — p1 — p3). When Firm 2 prices its products
such that marginal consumer mog derives zero utility, 2¢ — (2 —z)t — po — p3 = 0. Using the

Lagrange-multiplier method, we have Lo(p2,p3, A\) = m2 + A2 [2¢ — (2 — x) t — pa — p3]. By solving

the first-order condition of Li(p1, A) and La(p2,ps3, A),

OL1 _ —4pitpetps+(4z)t .
dpr 6t A1 =0
0Ly _ p1—4p2+2p3+(3—x)t .
Op2 6t A2 =0

0Ly __ p1+2p2—4p3+2t _
ops 6t AQ =0

2¢—tr—p1—p3=0

2q—(2—x)t—pa—p3=0
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we can derive (p},p3,p3) as specified in the lemma. Condition 1 < z ensures marginal consumer

36q+7Tt

1o~ ensures Firm 1 has no incentive to deviate from

ma1g derives positive utility. Condition z <

(pi,p3, ) by increasing its product price.

36q+7Tt . (2(q+6t) 22¢+39t 6q+Tt
(XII) Sfgr < @ < min{ =5, =6 “x

36q-+7Tt
119¢

}: Because < z, Firm 1 would like to
increase its product price as if it competes with only Product 2 but not with Product 3, and Firm 2
chooses to use Product 3 to just serve the residual demand from Product 1 in Submarket 13 while

Product 2 competes against Product 1 in Submarket 12. Firm 2’s demand function is as in Equation

2(g+6t)
13t

(43), and Firm 1’s demand function is as in Equation (46). Moreover, because z < , marginal
consumer mya3 derives zero utility. When Firm 2 chooses to use Product 3 to just serve the residual
demand from Product 1 in Submarket 13, 2¢—tx —p; —p3 = 0. When Firm 2 prices its products such
that marginal consumer mog derives zero utility, 2¢ — (2 — ) t — po — p3 = 0. Using the Lagrange-

multiplier method, we have L(p2, p3, A1, A\2) = ma+A1(2¢g—tx—p1—p3)+A2 [2¢ — (2 — x) t — p2 — p3].

Solving the first-order condition of 7y and L(pa, p3, A1, A2),

Om _ —6pi1+pa+2q+t 0

op1 — 6t -

ALy _ p1—4pa+2p3+(3—xz)t _
Op2 6t AQ =0
OLa __ p1+2p2—4p3+2t o _
F T U a— AM—X=0

2q—tx —p1 —p3 =0

2q—(2—x)t—pa—p3=0

6q+7t
14t

we can derive (p7, p3, p5) as specified in the lemma. Condition x < ensures marginal consumer
22¢+39¢

Ga, ensures Firm 2 has no incentive to deviate from

m1g derives positive utility. Condition xz <
(P}, p5,p5) by increasing Product 3’s price.

(XTII) 22%2;3975 <z < min{_M%g#Mt, 38;’&”}: Because z < QQ%Jgfgt, Firm 1 and Firm 2 do not

compete in Submarket 13 but in Submarket 12. Product 1’s demand function is as in Equation

(46), Product 2’s demand function isas in Equation (43), and Product 3’s demand function is as

—142¢+450¢

To7 > marginal consumer mgg derives zero utility.

Equation (47). Moreover, because z <
Substituting ds in Equation (43) and ds in Equation (47) into my = pads + psds, and using the

Lagrange-multiplier method, we have L(pa,ps,\) = m2 + A[2¢ — (2 — x) t — po — p3]. Substituting
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dy in Equation (46) into m; = p1d;, and solving the following system of equations

Om1 _ —6pi+pa+2q+t 0

opr 6t =

OL __ p1—4p2+2p3+(3—x)t A=0
Ops — 6t -
OL __ 2p2—6p3+2¢+(2—x)t =0
ops 61 =
2¢—(2—z)t—p2—p3=0

we can derive (p7, p§, p5) as specified in the lemma. Condition x < 385"&” ensures marginal consumer

myo derives positive utility.
(XIV) max{%, %} <z < min{w’fjﬁ, %}: In this case, Firm 1 and Firm 2 do not

compete in Submarket 13, and the firms’ demand function are as in (XIII). Because 385;” <z,

marginal consumer miy derives zero utility. When Firm 1 prices its product such that marginal
consumer mio derives zero utility, 2¢ —t — p1 — p2 = 0. Using the Lagrange-multiplier method, we
have Li(p1,A) = m1 + A\1(2¢ — t — p1 — p2). Moreover, because x < %, marginal consumer

mo3 derives zero utility. Using the Lagrange-multiplier method, we have La(po,ps, \) = w2 +

X2 [2g — (2 — x)t — pa — p3]. Solving the first-order condition of Li(p1,A) and La(p2, p3, A),

OLy _ —6pitpe+2q+t

op1 6t A =0

0Ly _ p1—4pa+2p3+(B—2)t  y __
dp2 — 6t Ay =0
OLy _ 2p2—6ps+2q+(2—a)t  y _
s 6t Ay =0

2¢g—t—p1—p2=0

2q—(2—x)t—pa—p3=0

we can derive (p],p3, p3) as specified in the lemma. Condition quzzgt < z ensures Firm 1 and Firm

2 do not compete in Submarket 13. Condition z < 13%:% ensures Firm 1 has no incentive to deviate

from (p},p5,p3) by increasing its product price.

(XV) max{%t,l?’figtzt} <z < w: Because 13{17&;% < z, Firm 1 would like to increase its
product price as if it does not compete with Firm 2, either in Submarket 12 or in Submarket 13,
while Firm 2 chooses to use Product 2 to just serve the residual demand from Product 1 in Submarket

12. As aresult, Firm 2’s product demand functions are as in (XIV), and Firm 1’s product demand is

as in Equation (48). When Firm 2 chooses to use Product 2 to just serve the residual demand from
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Product 1 in Submarket 12, 2g —t — p; — p2 = 0. Moreover, because x < 2‘1;;&, marginal consumer

ma3 derives zero utility, and thus 2¢ — (2 —z)t — po — p3 = 0. Using the Lagrange-multiplier
method, we have L(pa, p3, A1, A2) = ma+ A1(2¢ —t —p1 —p2) + A2 [2¢ — (2 — z) t — p2 — p3]. Solving

the first-order conditions of m and L(pg, p3, A1, A2),

Om _ 29=2p1 _

o 3t

AL _ p1—4p2+2p3+(@B—x)t
% — 6t )\1 )\2 — O
AL __ 2p2—6p342¢+(2—x)t _

ops 1 A2 =0

2q—t—p1—p2=0

2q—(2—2)t—p2—p3=0
q+t

we can derive (p7, p3,p3) as specified in the lemma. Condition 4 < z ensures Firm 1 and Firm 2

do not compete in Submarket 13.

(XVI) 9T < g < min{ %t 2041303 Tn this case, the firms’ demand and profit functions are as
in (I). We have marginal consumers my2, mi3, and mg3 all derives zero utility. Therefore, solving

the following system of equations

2q—t—p1—p2=0
2q—tr—p1—p3=0

2q—(2—x)t—pa—p3=0

we can derive (p}, p5,p3) as specified in the lemma. We can verify that neither firm has incentive
to deviate.
Substituting p; into Equations (38) and (39), we can derive the equilibrium demands and profits

as specified in the lemma. O

Because of the asymmetry in the product locations, the equilibrium result in this case is much
more complicated than that in the main model, even though we assume that ¢1 = ¢2 = ¢3 = ¢.
Fortunately, we are able to derive the closed-form result for this subgame, which enables us to
analyze the optimal location choice. By examining the optimal location choice in each region and
considering the optimal choice across different regions, we can derive Firm 2’s optimal choice for

the location of Product 3. Proposition 11 summarizes the result.
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Proposition 11. Given Firm 1 shares its technology with Firm 2, if Firm 2 adopts the technology

and introduces the new product, Firm 2’s optimal choice of location for the new product (x*) is

—18¢+50t :p 13
11t if Ft < q

—6q+17t 361 13
4t if 73t <q < 't
6q-+16t ¢ 3 361
if 5t < qg< 22t
251 2 174
xt = (49)

6q-+2t 17 3
D if mt<qg<st

—34q+T4t 41 17
SR A< g < 1Tt

1 if g < 4t

Proof. We first distinguish sixteen cases and examine the optimal location choice for each case in
Lemma 7. We then consider the optimal choice across different cases and conclude. (We can verify
that the second-order conditions for the profit maximization are satisfied.)

(I) M <z < M We have %ﬂ = 5t (=474 7z) < 0, and thus the optimal location is

at 76({47?” within this case.
(II) M <z < min{ Gqﬁft, Gq;;t&, _6q+17t} By the first-order condition,
ome _ 1 _
we have the first-order solution at . = %. We note that Curve % crosses Curve
—6q+17t 13 —6q+17t 6q+16t - 361 6q+16¢ 6q+2t 3
L at ¢t from the above, L and ~Lo= intersect at $73t, and 55— and at 5t.

Because of the concavity of the objective function, the optimal location is as follows:

—18¢+50t ¢ 13
5 if et <4q

—6q+17t if 361t <q < %t

I 174 =
xt = (50)
6q+16t 0 3 361
L5t if 51 <q < 355t
6g+2t 259 3
qllt if 555t <q< 5t

where 25975 is the lowest possible ¢ within this region.

(TTT) max{ %2 %} < x < 1: By the first-order condition,

g2 = L [-34g + (74— 332) 1] = 0
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we have the first-order solution at z fo. = %. We note that Curve xs,. = % crosses 1 at

6q+2t at 17t
11¢

4” from the above, and intersects . Because of the concavity of the objective function,

w1th this region, the optimal location is at follows:

6’1141;2"’ if 1715 <q< %t
ot = Sty o g < 1Ty (51)
1 if g < 33t

where %t is the highest possible ¢ within this region.

(IV) z < min{ 192q 203t, _14q+25t} We have 6—7;2 = o755 [864¢ + (203 + 4452) ¢] > 0, and thus

the optimal location is at min{

192¢—203t —14g+25t }
9t 0 8t

(V) 19211;1520315 <z < 363q5-it-77t We have

Oma _ 2q —1+oc 7 1+ 56 -7
T2 =5+ t > 57 X gt + —gg2t = gort + sgpt > 0

—36q+77t

Therefore, the optimal location is at ==&

(VI) max{ 130T 220350 < 904219, \We have 972 = L. [—114q + ¢ (—154 + 972)] < 0.
—12¢4-67¢ 24q—35t}

Therefore, the optimal location is at max{—35"~, =I5

2 t)
(VII) maX{96q49119t, (qlgtﬁ }< T < 134?71t126t We have

Omg

Omy = L [1382¢ — ¢ (3073 + 508z)]

< g (1382 x 2t — (3073 + 508 x 3)] = g5y [12%F — 12] <0

Therefore, the optimal location is at max{w, 2((11—:&3-:5 t)}

(VIII) maX{ 774%3;1477&’ 714?3%45(%7 134(’]711612615} < xT: We haVe

92 = Jomas [—1682q + (—4402 + 1641z)] < 0

Therefore, the optimal location is at max{——gt147t —142¢+450¢ "134¢ 12611

280 0 197t 0 70t
23q+42t —22¢+82¢ —T4q+147¢ . omy _ 163
(IX) Inax{ s a1t } < T S —ogr - We have 37;2 = 3098 [—2q+t(—2+1‘)] < 0.
Therefore, the optimal location is at max{ 23q+42t, 7224‘11?8%}

(X) 2‘1;;& <z < % We have 37;2 = 2= [~14¢ +t (6 + )] < 0. Therefore, the optimal
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location is at 2q+6t

(XI) max{ Gq;géﬁt, 1} < z < min{ 36{’;51”, _123‘1;;6”}: Because 1 < z, we have

gr = L[-62¢+ (116 — 61z)]
1
7

< 5[-62¢ 4 t(116 — 61)] = 5 (—62¢ + 55t) < 0

Therefore, the optimal location is at max{%&=1% 1},

25t
(X1II) 36?;;% < z < min{ 2((11'§ft), 22%'3':?%, 6(111;715}: By the first-order condition,
Omo

9m — L [156q + t (437 — 604z)] = 0

we have the first-order solution at .. = %ﬁéf‘m. Because of the concavity of the objective

function, the optimal location is at min{max{ 156&;2%3%, 363;:;”} 6(112”}

(XTII) 22%;:5’9'5 <z < min{ _14%3;;450t, 385‘18;”}: Because 1 < z in this case, we have

Oma

9 = oo [6219¢ + 2t (—6302 + 28577)]
< 52 [6219¢ + 2t (—6302 + 2857)] = 55:2- [6219¢ — 6890¢]
< o [6219 x Tt — 6890t] = 552- x 2t <0

Therefore, the optimal location is at 229139t

63t
(XIV) max{ qutf’t, 385?5;7'5} < x < min{ 13%;%, %}: Because 1 < z in this case, we have
O = G2[227q+ 226t (—2+ )]

< G2 (227¢ + 226t (-2 + 1)] = 52 [227¢ — 2261] < 0

Therefore, the optimal location is at max{ 2‘1&13"/, Sggg;?t}

(XV) max{Z, 13%:%} <z < 2‘7;;&: Because 1 < z in this case, % = —4t(-1+z) < 0.

Therefore, the optimal location is at max{qz—tt, 13%;%}

(XVT) Gth?t <z < min{qQ—tt, %}: Because 1 < x in this case, we have

G = —jlatt(-3+20)

< —2[g+t(-3+2)]=-2(q—1) <0
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Figure 16: Firm 1’s Incentive for Sharing with Endogenous Location of Product 3 (¢t = 1)

Therefore, the optimal location is at 6‘111:75.

Next, we compare the optimal location across different regions. First, we note that w9 is mono-
tonic in z in all regions except in Regions II, III, and XII. Due to the monotonicity within each
region and continuity across regions (as illustrated in the Figure 15), the optimal location must be
located in Regions II; III, and XII. Second, we can verify that mo under the optimal location in
Region XII is not as good as the optimal choice in Regions III or Region II. Therefore, the optimal

location choice must from z* derived in Equations (50) and (51). Note that Equations (50) and (51)

overlap over the region g%gt <qg< % By the concavity of 79 in Region 111, the location in Equation
(51) is optimal. Combining Equations (50) and (51) then leads to z* in Equation (49). O

Figure 16 illustrates the optimal location. As shown in Figure 16, when Firm 2 can strategically
choose the location of Product 3, to a large extent, the firm chooses its location around the bottom-
left angle of the triangle (i.e., z* is close to 1). Similar to the traditional Hotelling model, on one
hand, Firm 2 has an incentive to choose the location of Product 3 close to Product 1, which increases
its demand in Submarket 23. On the other hand, staying close to Product 1 could intensify the
competition, providing the firm with an incentive to stay away from Product 1. The former is called

the “demand effect,” and the latter is called the “strategic effect.” The optimal location is dictated
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by the balance between these two effects.

The tradeoff between these two effects also determines the nuance in the change in the optimal
location—the optimal location x* first decreases, then increases, and finally decreases in q. For
example, when ¢ is low, the competition against Firm 1 is soft. As ¢ increases, Firm 2 tends to
increase its product prices and earn higher profits from its exclusive submarket, while not signif-
icantly sacrificing the profit to competition. Therefore, in this case, as ¢ increases, Firm 2 would
like to position the new product to be closer to Product 1.

Anticipating Firm 2’s optimal location choice, Firm 1 decides whether to share its technology.

Proposition 12 summarizes the equilibrium outcome regarding Firm 1’s sharing incentive.

Proposition 12. When Firm 2 can strategically choose the location of Product 3, Firm 1 has an

incentive to share its technology if and only if ¢ < (Zggg%gé + 4935729@%%13) t or (22% + 1%)2‘1/6) t <

q<(%—% 74) t.

Proof. Based on the results in Proposition 11, we compare Firm 1’s equilibrium profits before and
after the introduction of Product 3.

When %t < q,

. N (—2q+t—2¢=184+50ty2

T = T *%(Q*t)
= s [0~ (%557 — 5V7T4) 1] [a— (5557 + 5 vVT4) 1]

Because the term in the second bracket is negative, 77 > 7] if and only if ¢ < (% — % 74) t.
When 250t < ¢ < 3¢, 77 — 77 = (_2Q+t_i;%)2 — 1 (g —1t). We can verify that 7] > 7}.
When 3t < ¢ < 3844 if 2t < q, 77 — 7} = (_2q+t_428§%)2 — 3 (g —t), and otherwisef} — mf =

FZqH;Zt:QEGt)Q — =-(2¢ +t)%. We can verify that # > 7} in both scenarios.

When %t <qg< %t,

6q+2t
" " (—2q+t—2t2952)2

T = 43¢ - ﬁ@q + t)2
_ 4321 5879 | 13206 5879  1320/6
- 363001;[ B (@ + 1321 )tH - (m T 4321 )t]

Because the term in the second bracket is positive, 77 > 7] if and only if g > (% + 1:123%‘1/6) t.
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When 3t < ¢ < 12t

Ak ok _ 1 ¢ —34q+74t\, —34q+74t\ 1 2
Tl —7m] = 432( 5+ 17—k )(—12qg +t + 5t en ) 50t(2q—i—t)
2279899 _ (BosTior 495v/240913 \ 4 (5087101 _ 495+/240913 ¢
- 2940300t q 4559798 2279899 q 4559798 2279899

. . PN . . 5087101 | 495./240913
Because the term in the second bracket is positive, 77 > 7] if and only if ¢ < (4559798 + —5579399 ) t.

When ¢ < 3it, 7% — @7 = —5(—5 + 17)(—12¢ + t + 5t) — =-(2¢ + t)%. We can verify that
w7 > 7.

All together, we have the results as in Proposition 12. O

Two observations are worth highlighting about the equilibrium outcome. First, as shown in
Figure 16, we can see that Firm 1 continues to have an incentive to share its technology even when
Firm 2 optimally chooses the location of Product 3. Therefore, our main conclusion that the can-
nibalization externality promotes technology sharing continues to hold in this case, demonstrating
the robustness of our main insights. Second, as shown in Figure 16, when Firm 1 has an incentive
to share its technology, the optimal location of the new product turns out to be close to x = 1,
which is exactly the exogenous location of the new product in our main model. We observe that z*
is a little distant from 1 when ¢ is large. However, in the presence of a large ¢, the focal firm has
no incentive to share its technology anyway, even when the location of Product 3 is exogenous.

Of course, quantitatively, this variant has some minor differences. We observe that the range
in which the focal firm is willing to share its technology becomes smaller than in the main model.
Such a quantitative difference is well expected because, in this case, we generally give Firm 2 an
additional layer of strategy (optimization, in technical terms) in using the new product to compete
with the focal firm. This will negatively affect the focal firm’s profit under technology sharing, and
consequently, the focal firm has less incentive to share than before.

In particular, we find that Firm 1’s sharing incentive becomes lower with the endogenous lo-
cations when the existing products’ valuation is low. This is because, in this case, Firm 2 has an
incentive to position the new product closer to Product 1. Such a position leads to lower differenti-
ation from Firm 1’s product and imposes high competition pressure on Firm 1, discouraging Firm 1
from sharing. The only exception is with a rather low valuation in the existing products (as shown

by q approaching %t in Figure 16). This is because, when ¢ is rather low, the introduction of the new
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product changes Product 1’s demand elasticity, which also accounts for Firm 1’s incentive to share
its technology. This demand-elasticity-decreasing effect works independently of the cannibalization
externality, as also explained in the manuscript.

In summary, the main results in the main model are robust even when we endogenize the location

of Product 3.
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G The Model Variant with ¢; = ¢3 # ¢

In the main model, we consider a technology-transfer rate (#) and assume ¢; = g2 = ¢ and g3 = 0q,
where § < 1. Because the new product (Product 3) and the focal firm’s product (Product 1) are
produced under the same technology, one might argue that these two should have a comparable
valuation. As such, in this appendix, we consider a model variant in which ¢ = g¢3. We do not
impose restrictions on gz, which can be smaller or greater than ¢;. For instance, when q; = q3 > g2,
the shared technology gives Firm 2 the opportunity to launch a new product with a valuation higher
than its existing product, increasing the firm’s competitive advantage. Everything else remains the
same as in the main model.

Similar to the main model, we first derive the equilibrium without new-product entry. As in
the main model, in Submarket 12, by letting u; = us in Equation (1), we can obtain the marginal
consumer who is indifferent to purchasing Products 1 and 2 located at mqo, the distance from

Product 1:

t—p1+p2+q—q
2t '

(52)

mi2 =

Consumers located between Product 1 and mio purchase Product 1, and those located between mq2
and Product 2 purchase Product 2. In Submarket i3 (i = 1,2), consumers buy Product i when

u; > 0. Accordingly, we can formulate Product 1’s and 2’s demands as

di = %mlg + %min {L;pl , 1} (53)

dy = 5(1 —ma) + § min {2522 1}

Their profit functions take the same form as in Equation (4).
Each firm chooses its price to maximize profit. By solving the first-order conditions of the profit
functions in Equation (4), we can derive each firm’s best response to its rival. Based on these best

responses, we can derive the equilibrium outcome as summarized in Lemma, 8.
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Lemma 8. In the case without new-product entry, the equilibrium prices of Products 1 and 2 are

(@1 —t,q2 — 1) if 2t < ¢ and 2t < ¢
—t,1 if 14t — 6g1 < qo < 2t
wrap—{ @ h) ne (54
(501,42 — 1) if 14t — 6g2 < q1 < 2t
(35 (Tt +17q1 — 3q2) , 35 (7t — 3q1 + 17q2))  if max{qy + 6q2,q2 + 6¢1} < 14¢
the equilibrium demands of Products 1 and 2 are
(3.3) if 2t < q; and 2t < g0
2_ 2 ¢ if 14t — 6q; < g2 < 2t
@iy = { G nene (55)
(&,2 -4 if 14t — 6g2 < q1 < 2t
(707 (Tt +17q1 — 3¢2) . 77 (Tt = 3q1 + 17q2))  if max{q: + 6q2, g2 + 61} < 14¢
and the equilibrium profits for the two firms are
Gla—1),3(@-1) if 2t < g1 and 2t < go
. . (ﬁ 8t —q2) (1 — 1), éq%) if 14t — 6g1 < g2 < 2t
(miymg) =4 | (56)
(gad, 1757 (8t — q1) (g2 — 1)) if 14t — 6g2 < g1 < 2t
(gi (Tt +17q1 — 3¢2)” , 507 (Tt — 31 + 17¢2))  if max{qs + 6qo,q2 + 61} < 14¢

Proof. We distinguish four cases based on the value of q. (We can verify that the second-order
conditions for profit maximization are satisfied.)

(a) 2t < q; and 2t < g2: When ¢ is large, all consumers in Submarkets 13 and 23 purchase. The
firms have incentive to charge a price high enough such that the consumers with the highest misfit
cost in Submarkets 13 and 23 derive zero utility; that is, ¢; — p; —t = 0. We can verify neither firm
has incentive to deviate under 2t < ¢; and 2t < gs.

(b) 14t — 6q1 < g2 < 2t: Because 14t — 6¢1 < 2t, 2t < ¢;. Firm 1 has incentive to charge a
price high enough such that the consumer with the highest misfit cost in Submarkets 13 derive zero
utility; that is, ¢ — p1 —t = 0, leading to p] = ¢1 —t. On the other hand, When g2 < 2t such that

some consumers in Submarket 23 do not purchase, the profit function for Firm 2 is

oo (L2t PIt R0 la2—po (57)
2= P23 2t 3t
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Substituting pj into Equation (57), by the first-order condition for my, we have p5 = %QQ. We can
verify neither firm has incentive to deviate.

(c) 14t — 6g2 < q1 < 2t: This case is symmetric to Case (b), so is the equilibrium outcome.

(d) max{q + 6q2,q2 + 6¢q1} < 14¢: In this case, some consumers in Submarkets 13 and 23 do
not purchase. The profit function for Firm 2 is in Equation (57). Similarly, the profit function for

Firm 1 is

lt—pr+p+qa—q  lg-—pm
_ (1 1 58
m p1<3 21 T3 (58)

Solving the first-order conditions for the two firms simultaneously,

Omy _ 1t=2pi+pa+qi—q2 1qa—2p1 _
t + 3 t - 0

op1 ~— 3 2
Omy __ 1t=2po+pit+qe—q1 + 1q2—2py __ 0
Op2 ~ 3 2t 3 t -

we can derive p] = 3—15 (Tt 4+ 17q1 — 3¢2) and p3 = % (7t — 3q1 + 17q2).
Substituting p! into Equations (53) and (4), respectively, we have the equilibrium demands and

profits as specified in the lemma. O

In general, Firm 1 and Firm 2 consider both the competitive segment and their respective
monopoly segment to determine their product prices, and the optimal prices reflect their trade-offs
in both segments (as in the fourth case in Equation (54)). However, when one of the products’ value
is sufficiently high (as in the second or third case in Equation (54)), the firm with the high product
valuation prices its product as if it focuses only on its monopoly segment because its profit in the
monopoly segment dominates that in the competitive segment. Meanwhile, in reaction, the firm
with a relatively low product value still considers both the competitive segment and its monopoly
segment to optimally choose its price. When both Product 1’s and Product 2’s values are sufficiently
high, both firms price their products as if they consider only their respective monopoly segment (as
in the first case in Equation (54)).

Similarly, we can derive the equilibrium with Firm 2 introducing the new product. As in the
main model, if Firm 2 serves the market with both Products 2 and 3, all consumers’ two preferred
products are both available in the market. Similar to Submarket 12, if Submarket i3, i € {1,2}, is

fully covered, we have the marginal consumer m;3 who is indifferent to purchasing Products ¢ and
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3. Similarly to m2 in Equation (52), by letting u; = us, we can derive

t_ . PR

Each product’s demand, which is the sum of demands from the two submarkets, can be derived as

1 = i {52 o) + §min {252, 1}

dy = S min {5522, 1 iz} + 3 min {522, o)} (00

ds = %min{iq";pf’,l —mig} + %min{L;m, 1 —ma3}

We use the function min because we allow possibilities of both complete and incomplete market
coverage in Submarket ij. When ¢; — p; — m;;t > 0, Submarket ij is fully covered; Consumers
located between Product ¢ and m;; purchase Product 4, and those located between m;; and Product
j purchase Product j. When Submarket ij is not fully covered, consumers buy Product i (Product

j) only when u; > 0 (u; > 0), which leads to the demand %=2¢ (2=P1) instead. The two firms’

T
profits take the same form as in Equation (10). Following the same approach as in the main model,
we can derive the equilibrium outcome as summarized in Lemma 9.

Lemma 9. If Firm 2 serves the market with both Products 2 and 3, the equilibrium prices of the
three products (p7,ps,p5) are

(s Bt+q —q2), 5 (4t —q1 +q2), 15 (20t + g1 — q2)) if max{16t— 7q1, 22511} < go

(3 (=t+aq), s (2+q +3q),:{t+2q)) if 1rnax{10tT7q1 M} < qo <16t —Tq1

(2 (2t+ 701 — q2), 5= (=t +9q1 + 13q2) , 5= (=29t + 36¢1 + 2¢2)) if max{=in 1971291} o g, < 02901

(&= (17t +27q1 — 5g2) , 15 (5t — 1 + 3q2) , 715 (49t + 51q1 — g2)) if 298810 < gy < 19782239,

(i t+2q1) ,4( 2t+q1—|—3q2),4( 2t+3q1+q2)) if3t—q1 < q Smin{—3t+3q1,W}

(i —2t + 5q1 — ) L2t +q +3¢q2), 3 7 (=2t +3q + qz)) if max{q1,—3t+3qn} <q < mim{%7 MT*‘“]»
(5 (t+2a1), 5 (¢t = 301 + 5g2) , 5 (=6t + 8q1)) if T < gy < min{ 8000 —thAn )

(g5 (Tt +45q1 — 3q2) , o5 (—41t + 211 + 65q2) , o (—21¢ + 31qy + 9g2))  if =2ELED9 « ¢y < 25381y

(5 (=2t4+3q1 +q2), 5 (=2t +q1 +3¢2), § (-2t + 3q1 + 2)) if g2 <min{q1,3t — a1}

(61)
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the equilibrium demands of the three products (d7,d5,d3) are

(15 Bt + @1 — q2) , =57 (20t — 11q1 + 11q2) , =5; (20t + Tq1 — 7q2)) if max{16t —7q1, 225} < go

(56: (32t =51 — 3q2) , 157 (t — @1 + 3q2) , 567 (2t + Tqu — 3q2)) if max {00 BEEZUY < gy < 16— T

(55 (2t +7q1 — q2) , 557 (9t — 6q1 + 8q2) , =57 (37t — 8q1 — 6¢2)) if max{=ttin L7129 o g, < 262291

(157 (17t +27q1 — 5q2) , o (131 — 87q1 4+ 109¢2) , 137 (t +3q1 — q2))  if 2280 gy < 1972801

(3 (t+2q1), o5 (11t — 51 + 3q2) , 557 (11t + q1 — 3¢2)) if 3t — q1 < g2 < min{—3t + 3¢q1, 2520}

(2 =0+ @) i (4= @1+ @) 5 (284 41— 2) if max{g1, =3t +3q1} < g2 < min{ T H0zay
(107 (¢ +2a1) , 157 (¢ +2a1) , 55 (4 — 2q1)) if —HHT < gp < min{ 18500 —thday

(1a7 (Tt +45q1 — 3q2) , 1057 (213t — 1011 + 51q2) , 5% (14t + Tqu — 6ga))  if —2LE90 ¢, < 203811

(15 (A4 g1 — @), g7 (2t —q1 + @2) , 757 (4L + 1 — o)) if g2 < min{q1,3t — @1}

and the equilibrium profits for the two firms, (7], 75), are

— 2 — p— p— . —
((8t+{158tq2) , [400t—(q1 q2)4(§§f 31¢1+31g2)] if maX{16t —Tq1, %} < g2

(—t4q1)(32t—5q1 —3q2) |42 +10tq1+13¢5+6(t—q1)a2+943]
271 , 108t

if max {120 0290y gy <16t — T

(264+7q1—q2)? | —1082t7+1651tq) —342qF +119(3t—2q1)q2+9243]

. —tidqy 197t—123¢; 56t—29q;
if max{ =54, =g < gp <

625t ) 1250t
(17t4+27q1 — 5q2)2 [4861t +3429¢% +6q7 (61t — 541q2)+4678tq2+198142] 1f 253t—81q; < < 197t—123q;
6498t 25992t 61 q2 11

if 3t — @1 < g2 < min{—3t + 3¢y, 2541}

(t+2q1)2 |22t —q}+22tq2+3q3 —q1 (—26t+10q2)]
48t ? 48t

if max{q1,—3t+3q} <q < min{w, WT_‘“}

(—2t4+5q1 —q2)(4t—q1+qo) |—16t2+a1 (14t+5q1)—6(—3t+q1)q2+43]
48t ) 48t

2 P 2
(t42q1)> [—47t +87tq1—5841+5(t+2q1)q2] o —14t+17q; s f —48t459q; —t+4qy
506 50t of 5 < g2 < min{ 15 =g}

(Tt4+45q1 —3q2)?  [—15789t%+308747 +2q1 (7751t —4223q2)+3q2 (59341+673q2)] f SABLENI0 g, o 253t=81g,
13778¢ ) 11334¢ £ a2 61

if g2 < min{q1,3t — q1 }

(—2¢43q1+42) (4t+q1 —q2) [—16t2+qf+6q1(3t—qz)+14tqz+5q§])
48t ) 48t

(63)

Proof. We distinguish night cases based on the value of g2. (We can verify that the second-order
conditions for profit maximization are satisfied.)
(I) max{16t — 7q1, %} < q2: When 0 < mig,mi3,me3 < 1 and the marginal consumers

derive positive utilities, the demand functions in Equation (60) are as follows:

di = gmiz + $mas
dy = 5 (1 —ma2) + 3mo3 (64)

ds =

(1 — m13) + % (1 — m23)

Ll
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We can derive the first-order conditions of the firms’ profit functions as

Om _ —4pitpatpstai—ga+2t _

dp1 6t

Omy __ p1—4p2+2p3—2q1+2qg2+2t __

Op2 6t =0 (65)

Omy _ p1+2p2—4p3+q1—qa+2¢ _ 0
Ops 6t

Solving this system of equations, we can derive (p},p5,p3) as specified in the lemma. Condition
16t — 7q1 < qo ensures marginal consumer mis derives positive utility, and Condition % < @2
ensures marginal consumer mog derives positive utility. We can verify that neither firm has profitable
deviation.
10t—q1 56t—29¢1 . . . .

(IT) max{——5%, 5=} < go < 16t — 7q1: In this case, marginal consumer m;3 derives zero
utility because ¢o < 16t — 7q;. When Firm 1 prices its product such that marginal consumer
m13 derives zero utility, 2q1 —t — p1 — p3s = 0. Using the Lagrange-multiplier method, we have

L(p1,A) = m1 + A(2q1 — t — p1 — p3). By solving the first-order conditions of L(pi, A) and s,

OL _ —Apitpetpstai—gat+2t
op1 6t

Omy __ p1—4p2+2p3—2q1+2g2+2t __ 0
Opa — 6t -

Ome __ p1+2p2—4p3+q1—ga+2t _ 0
Ops 6t

21 —t—p1 —p3 =0

. . . cLe 10t—q .

we can derive (pf, p3, p3) as specified in the lemma. Condition =5 < ¢ ensures marginal consumer
mas derives positive utility, and Condition % < @9 ensures Firm 1 has no incentive to deviate
from (p7j,p3,p3) by increasing its product price.

(III) max{ _%46“, 19”;1123‘11} < q2 < M: Because ¢a < 56;329‘11, Firm 1 would like to

increase its product price as if it competes with only Product 2 but not with Product 3, and Firm 2
chooses to use Product 3 to just serve the residual demand from Product 1 in Submarket 13 while
Product 2 competes against Product 1 in Submarket 12. While Firm 2’s demand function remains

the same as in Equation (64), Firm 1’s demand function function becomes

1 —
dy = g X <q1 ; P1 + m12> (66)
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When Firm 2 chooses to use Product 3 to just serve the residual demand from Product 1 in Sub-
market 13, 2q; —t — p1 — p3 = 0. Using the Lagrange-multiplier method, we have L(pa,ps, \) =
T2+ A(2¢q1 —t —p1 —p3). Substituting d; in Equation (66) into m1 = p1d;, and solving the first-order

conditions of 71 and L(pa, ps, A),

om _ 1 (th—t?pl + t—2p1+p2+q1—qz) -0

Op1 3 2t

OL _ p1—4p2+2p3—2q1+2¢2 42t _
Op2 6t -

OL _ pi42p2—Apst+q1—g242t _ \ _
Ops 6t =

2q1 —t—p1—p3 =0

we can derive (p],p3,p3) as specified in the lemma. Condition

—t+4q; .
—5+ < @2 ensures marginal

consumer mog derives positive utility, and Condition %

< @2 ensures Firm 2 has no incentive
to deviate from (p}, p3, p3) by increasing Product 3’ price.

(IV) 253%—# < qo < %: Because g2 < %, Firm 1 and Firm 2 do not compete
in Submarket 13 but in Submarket 12. Similar to Product 1’s demand function in Equation (66),

Product 3’s demand function becomes

1 —
dy = 5 x <Q1tp3+1—m23> (67)

Substituting ds in Equation (67) into mo = pads + psds, and solving the first-order conditions of

and 7o,
% — % % (q1—t2p1 + t_zplﬂéiﬂl_”) -0
% — % % (1 _ t*leFQgiJr(h*(IQ + t*2p2+gi+Q2*tI1> =0
g% =1x (111%2103 41— t—p2+2g;z+q2—q1) -0

253t—81q1

we can derive (p7,ps,p5) as specified in the lemma. Condition =

< @9 ensures marginal
consumer meog derives positive utility.

(V) 3t—q1 < g2 < min{—3t+3q1, 13'5;24(“}: In this case, the demand functions are as in Equation

(64). Because ¢3 < 13t;4q1 , marginal consumer meos derives zero utility. Thus, g1 +q2—t—p2—p3 = 0.

Using the Lagrange-multiplier method, we have L(pa,p3,A\) = m2 + AM(q1 + g2 —t — p2 — p3). By
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solving the first-order condition of 71 and L(p2, ps, A),

Om _ —Apitpetpstai—qe+2t _

op1 — 6t =

OL _ pr—4pe+2p3—2q1+2¢242t _ \ _
Op2 6t =
OL _ pi42p2—dpst+q1—qg242t _ \ _
Ops 6t =

@ +q—t—p2—p3=0

we can derive (pj,p3,p3) as specified in the lemma. Condition g2 < —3t + 3¢ ensures marginal
consumer mq3 derives positive utility. Condition 3t—¢q; < ¢o ensures marginal consumer mjs derives

positive utility. We can verify that neither firm has incentive to deviate.

(VI) max{qi, =3t + 31} < ¢2 < min{— 14t+17q1 10?“ }: Because —3t + 3¢1 < g2, marginal
consumer mq3 derives zero utility. Thus, 2q; —t — p1 — p3 = 0. Using the Lagrange-multiplier
method, we have Lq(p1, A1) = m1 + A\1(2¢1 —t — p1 — p3). Because ga < m%, marginal consumer
mag derives zero utility. Thus, g1 + g2 —t — pa — p3 = 0. Using the Lagrange-multiplier method, we
have La(p2,p3, A\2) = w2+ A2(q1 + g2 —t — pa — p3). By solving the first-order condition of Lq(p1, A1)

and L2(p27p37 )\2)7

OL1 _ —4p1+p2+p3+qi—q2+2t _
op1 6t >\1 - O
0Ly _ p1—4p2+2p3—2q1+2qo+2t _
Op2 6t )\2 - 0

0Ly __ p1+2p2—4p3+qi1—qo+2t _
ops 6t AQ =0

21 —t—p1 —p3=0

gi+qg—t—p2—p3=0

—14t4+17q,

5 ensures Firm 1 has

we can derive (p}, p5,p5) as specified in the lemma. Condition gp <
no incentive to deviate from (pj, p3,p3) by increasing its product price. Condition ¢; < g2 ensures

marginal consumer myo derives positive utility.

(VII) % < g2 < min{ 48”59(11, 7t+24m}: Because % < @9, Firm 1 would like
to increase its product price as if it competes with only Product 2 but not with Product 3, and
Firm 2 chooses to use Product 3 to just serve the residual demand from Product 1 in Submarket
13 while Product 2 competes against Product 1 in Submarket 12. In this case, Firm 2’s demand

function is as in Equation (64), and Firm 1’s demand function is as in Equation (66). When Firm

2 chooses to use Product 3 to just serve the residual demand from Product 1 in Submarket 13,
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2q1 —t — p1 — p3 = 0. Moreover, because g < _t%lql, marginal consumer meos derives zero utility.
Thus, ¢1 + g2 —t — p2 — p3 = 0. Using the Lagrange-multiplier method, we have L(p2, p3, A1, \2) =
T2+ A1(2q1 —t —p1 —p3) + A2(q1 + g2 — t — pa — p3). Substituting d; in Equation (66) into 7 = p1dy,

and solving the first-order conditions of m and L(pg, p3, A1, A2),

om 1 (fh*ﬁpl + t*2p1+p2+q1*qz) =0

op1 3 2t

OL _ p1=4pa+2p3—2q1+2qa+2t _ y _

Op2 — 6t Ay =0
OL _ pit2pe—apst+qi—qa+2t _ y
ops 6f A —A2=0

2q1 —t—p1—p3 =0

Gqtag—t—p—p3=0

#@59‘“ ensures Firm 2 has

we can derive (p}, p3,p3) as specified in the lemma. Condition gp <

no incentive to deviate from (pj, p5, p3) by increasing Product 3’ price.

(VII) #JEE’% < q2 < 25&67#: Because 74&17259(“ < @2, Firm 1 and Firm 2 do not compete

in Submarket 13 but in Submarket 12. Product 1’s demand function is as in Equation (66), and

Product 3’s demand function is as in Equation (67). Moreover, because g < %, marginal
consumer myg derives zero utility. Thus, ¢1+q2—t—p2—p3 = 0. Substituting ds into w9 = pada+psds,
and using the Lagrange-multiplier method, we have L(p2,p3,A) = m2 + A(q1 + g2 — t — p2 — p3).

Substituting dy in Equation (66) into 73 = p1d;, and solving the first-order conditions of 7 and

L(p27p37 A)a

% — % % <Q1—t?p1 + t—2p1+g§+q1—Q2) -0

% _ % > (1 _ t*P1+2};i+(I1*Q2 + t*2p2+12)i+th*ql> —A=0
= L (152 11 Emtigiema) y o
G+q@—t—p—p3=0

\

we can derive (p}, p5,p3) as specified in the lemma. We can verify that neither firm has incentive

to deviate.

(IX) g2 < min{q1, 3t —q1 }: In this case, the demand functions are as in Equation (64). Moreover,
because ¢go < 3t — ¢, both marginal consumers mq2 and meg derive zero utility. Thus, ¢ + g2 —
t—pr—p2=0and ¢ + g2 —t — p2 — p3 = 0. Using the Lagrange-multiplier method, we have

Li(pi,\1) =m + Ai(q1 + g2 —t —p1 — p2) and La(p2,p3, A2) = m2 + Aa(q1 + g2 — t — p2 — p3). By
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Figure 17: Equilibrium Outcome with Introduction of Product 3 by Firm 2 (¢1 = g3 # ¢2,t = 1)

solving the first-order conditions of L;(p1, A1) and La(p2, p3, A2),

0Ly __ —4pi+patps+q1—qa+2t _
op1 — 6t )\1 =0
0Ly _ p1—4p2+2p3—2q1+2qo+2t _
Op2 6t A2 =0
OLs __ p1+2p2—4p3+qi—ga+2¢ _
Ops — 6t A2 =0

g1tg—t—p—p2=0

qgi+qg—t—ps—p3=0

we can derive (p}, p5,p3) as specified in the lemma. We can verify that neither firm has incentive
to deviate. The condition g2 < giensures marginal consumer m;3 derives positive utility.
Substituting p; into Equations (60) and (10), we can derive the equilibrium demands and profits

as specified in the lemma. O

The equilibrium outcome is illustrated in Figure 17. In Region I in Figure 17, both ¢; and g2
are high so that the three products offer comparable values to consumers. Thus, firms 1 and 2
compete aggressively with each other in both Submarkets 12 and 13, which shapes the equilibrium

prices. Moving west from Region I, due to the reduction in the value of Product 1 and Product 3,
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in equilibrium, the two firms find it is optimal to set the highest prices for Product 1 and Product
3 so that Submarket 13 is just fully covered. In other words, all the marginal consumer’s surplus is
extracted in Submarket 13. Specifically, in Region II, corresponding to the second case in Equation
(61), Firm 1 set the highest price for Product 1 so that it just covers the residual demand from
Product 3 in Submarket 13, albeit it still competes aggressively with Product 2 in submarket 12.
In reverse, moving west further from Region II to Region III, corresponding to the third case in
Equation (61), Firm 2 sets the highest price for Product 3 so that Product 3 just fully covers the
residual demand from Product 1 in the Submarket 13, albeit Product 2 still competes aggressively
with Product 1 in Submarket 12. Moving west further from Region III to Region IV, corresponding
to the fourth case in Equation (61), due to the too low valuation in Product 1 and in Product 3,
Submarket 13 cannot be fully covered in equilibrium.

Moving south from Region I to Region V| corresponding to the fifth case in Equation (61), in
which the value of g2 is low, Firm 2 chooses the optimal prices for its two products to just cover
all the consumers in its exclusive Submarket 23 and extracts all the marginal consumer’s surplus.
Firm 1 reacts to its rival’s prices by optimally choosing its price for Product 1 to compete against
both Products 2 and 3. Moving west from Region V, due to the reduction in the value of Product 1
and Product 3, in equilibrium, the two firms find it is optimal to set the highest prices for Product
1 and Product 3 such that submarket 13 is just fully covered as well. Specifically, in Region VI,
corresponding to the sixth case in Equation (61), Firm 1 set the highest price for Product 1 such
that it just covers the residual demand from Product 3 in Submarket 13, albeit it still competes
aggressively with Product 2 in Submarket 12. In reverse, moving west further from Region VI to
Region VII, corresponding to the seventh case in Equation (61), Firm 2 sets the highest price for
Product 3 such that Product 3 just fully covers the residual demand from Product 1 in Submarket
13, albeit Product 2 still competes aggressively with Product 1 in Submarket 12. Moving west
further from Region VII to Region VIII, corresponding to the eighth case in Equation (61), due
to the too low value in Product 1 and in Product 3, the submarket 13 cannot be fully covered in
equilibrium.

Note that the difference in equilibrium between Regions I and V, between Regions II and VI,
between Regions 1T and VII, and between Regions IV and VIII all lies in the fact that Product 2

and Product 3 competes in Submarket 23 so that the marginal consumer’s surplus is positive in the
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former regions but is zero in the latter due to the reduction in the value of Product 2. When both
the values of g2 and ¢; become lower, as shown in Region IX, corresponding to the ninth case in
Equation (61), the two firms set prices to extract all the surplus of marginal consumer in Submarket
12, in addition to that of marginal consumer in Submarket 23.

By comparing the equilibrium profits with and without the introduction of Product 3, we can
derive the conditions under which the focal firm would prefer to share its technology in equilibrium.
Under this model variant, because Product 3 offers value comparable to Product 1, we can show
that Firm 2 always has incentive to adopt the technology if shared. Therefore, the conditions for the
focal firm to share its technology are the same as the conditions for the new-product introduction

in equilibrium. We summarize the conditions in the following proposition.

Proposition 13. In equilibrium, the new product would be introduced to the market if and only if

¢ < g <", where

Q1 if 1 < 3t
PR ERT if 31 <y < (35 + 25V6) 1
- L (7t 4 17qy) - BVERIOHG Gy sy 81 6)t<q1§(%+§ g)t
733t2;3§3€111+4q% otherwise
and
16 (34t — 3q1) if ¢ < 5t
L (8t +3q1) if 3t <q <3t
= e if 3t < g < (133 + 5 V0) ¢
8t+q1—3\/§q1 if (2% + 2LV6)t<q <2t
8t + q1 — 3vV6/—t2 + tqr if 2t < ¢ < (21 — 3v/39) ¢
1(25t — Tq1) — 3/9t2 — 14tq; +5¢7 otherwise

Proof. Because the conditions for the focal firm to share its technology are the same as the conditions
for new-product introduction in equilibrium, we compare Firm 1’s equilibrium profits before and
after the introduction of Product 3 for different cases, based on Lemmas 8 and 9.

The case with max{q; + 6¢2, g2 + 6¢q1} < 14¢: This case occurs in the region with both low ¢;
and low g2 of Lemma 8, which overlaps with Regions V, VI, VII, VIII, and IX of Lemma 9.
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Region V: When 3t — ¢1 < g2 < min{—3t¢ + 3¢, Bt;;l‘“}, we have

R t+2¢1)? 2
Ap—mp o= W20 Lo (7t 4 17¢; — 3¢0)

354/t2+4tq1+4q3 35+/t24+4tq1 +4¢2
= ~ 355w [QQ - <§, (7t +17q)) — = ql)} {qz - (; (Tt + 17qr) + =Yt ql)]

Because the term in the second bracket is negative, 77 > 7 if and only if ¢go > %(775 +17q1) —

354/ t2+4tq1+4q?
66 )

Region VI: When max{q1, —3t+3¢1} < g2 < min{

—14t;17q1 : 10t3—‘11 }, we can verify that 77 > 77,

Region VII: When % < g2 < min{ _48t1‘g59q1, _tJ;A‘ql }, we can verify that 77 > 7.

Region VIII: When =999 < g, < 29308101 e can verify that 77 > 7.

Region IX: When ¢ < min{q, 3t — q1}, we can verify that 7] < 7J.

The case with 14t — 6¢g2 < ¢1 < 2t: This case occurs in the region with low ¢; and high ¢ of
Lemma 8, which overlaps with Regions I, II, III, IV, V, VI, VII, and VIII of Lemma 9.

Case I: When max{16t — 7q;, Btgﬁ} < @2, we have

Ak x _ (8ttqi—g2)® 1 2
™ om = 1087 stdi

= % [qQ — <8t +q - 3\@6]1” [CI2 - (8t+ @ +3\/§Q1)}

Because the term in the second bracket is negative, 77 > 7] if and only if ¢o < 8t 4+ ¢1 — 3\/§q1.

Case IT: When max{m%, %} < qo < 16t — 7q1, we have

Ak _x _ (Ct+q)(32t—5q1—3q2) 1 2

mom = 270 stdi
_ _q—t 25612 —296tq1+67¢7
= TTor |®2 24t —24q;

25612 —296tq1 +67q3
24t—24q1

Therefore, 77 > 7] if and only if ga <

Case TIT: When max{ 7“;4‘11, 19”;1123“} <q < %, we have

~ % * (2t+7q17q2)2 1 92
ar -y = Etea) Ll

625t
= ot (a2 — 1 (8t +3q1)] [a2 — 7 (8t + 53q1)]

Because the term in the second bracket is negative, 77 > 7] if and only if ¢o < % (8t 4+ 3q1).
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Case IV: When 25‘%6_# <@g < %, we have
fxo o _ (ITH2Tqi—5g2)® 1 2
mom = 6498t std1

= goom |92 — 15 (34t — 3q1)] [q2 — 15 (34t + 111q1))]

Because the term in the second bracket is negative, 77 > 7] if and only if go < %0 (34t — 3q1).

Case V: When 3t — ¢1 < ¢2 < min{—3t + 3qi, %}, we can verify that 7] > #7.

Case VI: When max{q1, -3t +3q1} < g2 < min{_Mt;lml, 10t3—q1 }, we can verify that 71 > 7.

Case VII: When % < q2 < min{ 748’5;;59(“, 7“54“ }, we can verify that 7] > 77.

Case VIII: When #”;5% < g < 253%#, we can verify that @7 > n7.

The case with 14t — 6¢q; < g2 < 2t: This case occurs in the region with high ¢; and low ¢ of
Lemma 8, which overlaps with Regions I and V of Lemma 9.

Case I: When max{16t — 7q;, %} < @2, we have

*

X 8t+q1—42)*
Ap—mp = BHace) L8t o) (g1 —t)

= 1 |a2 — (5 (25t = Tar) — 30 — 1atqy + 567 | [a2 — (5 (25t — Tan) + §/907 — Ttqy + 57 ) |

Because the term in the second bracket is negative, #7 > 7} if and only if ¢» < £ (25t — 7q1) —

3/9t2 — 14tqy + 543
Case V: When 3t — q1 < g2 < min{—3t + 3¢, Lf‘“}, we have

~ % * (t+21n)2 1

T = e 1 (8t —q2) (1 — t)
_ gt _ 33t2—28tq1+4q7
= 2t |92 Ii—dq,

. . - . 33t2—28tqq +4q?
Therefore, 77 > 7] if and only if g2 > ——p— —+

The case with 2t < ¢; and 2t < go: This case occurs in the region with high ¢; and high g9
of Lemma 8, which overlaps with Regions I and V of Lemma 9.

Case I: When max{16t — 7qi, %} < q2, we have

o « _ Btta—g)® 1
™ — T = "0 2 (1 —1)

= 1o [ — (8t +- 0 = 3V6v/ =P 101) ] [0 = (8t + 01+ 3VBV/~P < 101 )
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Figure 18: Conditions for Firm 1 to Share Technology (q1 = g3 # q2;t = 1)

Because the term in the second bracket is negative, 77 > =] if and only if ¢ < 8 4 q1 —
3v6+/—t2 + tq.
Case V: When 3t — 1 < g2 < min{—3t + 3¢, Lf‘“}, we can verify that 7] > 77.

Altogether, we have the comparison results as in Proposition 13. 0l

The conditions are illustrated in Figure 18. In this case, because Product 3 offers value com-
parable to Product 1, if Firm 2 offers both the new product and the existing product, the entry of
the new product can impact the two firms’ competition and exert a cannibalization externality on
the focal firm. As in the main model, the focal firm would prefer to share its technology only when
¢1 (g3) is not too high and ¢ is neither high nor low (i.e., ¢” < g2 < ") such that the new product
impose limited additional competition pressure on the focal firm.

It is worth noting that when Product 3’s valuation is higher than Product 2’s, Firm 2 might drop
Product 2 when it introduces Product 3. We examine this possibility and find that it can happen
but only under very specific and strict conditions. These conditions are illustrated by Figure 19—
Firm 2 drops Product 2 only in the small region at the bottom right. Specifically, this occurs only
when the valuation of Products 1 and 3 are high but the valuation of Product 2 is very low, similar

to the scenario with high ¢ and low # in the main model. In fact, whether Firm 2 has incentive

to drop Product 2 under this model variant is similar to, or is a mirror problem of, whether Firm
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Figure 19: Conditions for Firm 2 to Provide both Product 2 and Product 3 (¢1 = q3 # ¢q2;t = 1)

2 has incentive to adopt the shared technology and introduce a new product in the main model
because both involve Firm 2 having a product with valuation comparable to Firm 1’s product and
both concern Firm 2’s incentive to make the other product available to the market. This explains
why Figure 19 is inherently the same as Figure 4(b) in the paper; that is, they are identical after
some rotation and relabeling the axes.

Nonetheless, in this model variant, the region in which Firm 2 prefers to drop Product 2 has
no overlap with the region in which Firm 1 has incentive to share its technology. That is, when
Firm 2 prefers to drop Product 2 if the new technology is shared, Firm 1 has no incentive to share
its technology in the first place. As a result, the conditions under which Product 3 is introduced,
together with its existing product, are the same as the conditions under which Firm 1 has an
incentive to share its technology. Altogether, when the valuation of the focal firm’s product is
comparable to the competitor’s one product (either existing or new), the focal firm has an incentive
to share its technology if and only if the valuation of the competitor’s other product is neither too

low nor too high. This insight holds consistently for both the main model and this model variant.
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H The Model Variant with t;3 <t and ¢; = ¢ = ¢3

In the main model, we assume that Products 1, 2, and 3 are equally horizontally differentiated (i.e.,
t12 = t13 = tog = t). However, because the new product (Product 3) and the focal firm’s product
(Product 1) are produced using the same technology, one could argue that these two should compete
more intensely. In other words, the substitutability between Products 1 and 3 is higher than that
between Products 1 and 2, as well as between Products 2 and 3.

In this appendix, we explore this possibility with a model variant in which t13 < t12 = to3 = ¢.
Because t13 < t, the shared technology enables Firm 2 to introduce a new product (i.e., Product
3) that serves as a closer substitute to Firm 1’s product (i.e., Product 1), thereby intensifying
competition between the firms. This raises an interesting question: would Firm 1 still be willing to
share its technology with Firm 27

To focus on the effects of the asymmetry in differentiation across different submarkets, we assume
q1 = q2 = q3 = q. Everything else remains the same as in the main model. To avoid trivial cases,
we further assume that ¢13 is not too small (i.e., %t < t13 < t); otherwise, the little differentiation
and strong competition would discourage Firm 1 from sharing.

Similar to the main model, we first derive the equilibrium without new-product entry. Similar

to Equation (3) in the main model, we can formulate Product 1’s and 2’s demands as

dy = %mlg + %min{%,l}

d2 = %(1 — mlz) + %min{L;m,l}

Their profit functions take the same form as in Equation (4).
Each firm chooses its price to maximize profit. By solving the first-order conditions of the profit
functions in Equation (4), we can derive each firm’s best response to its rival. Based on these best

responses, we can derive the equilibrium outcome as summarized in Lemma 10.

Lemma 10. In the case without new-product entry, the equilibrium prices of Products 1 and 2

(p,p5) are

(¢ —ti3,q —t) if 588 < g
., 31 +11¢2. e
(q—ti3, 5 (3qg+t —t13)) zfi;ltiigtl;“<q§”% (69)

otherwise,

12qt+2qti13+7tt13  10qt+4t>+4qti3+3tt1s
24t+11t3 ) 24t+11%3
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the equilibrium demands of the two products (di,d5) are

(5 (+) & (4= ) s < g
—3q+19t+5 3g+t— .y 31tt13+11¢2 Tt
( ¢1+36§er75137 q+1t2tt13) f 121tj—gt1313 <q< t 31513 (7(])

((2t+t13)[12qt+(2q+7t)t13] 10gt+4t2+4qt13+3tt15

Gtt1s(24t+1113) ) 4812 22tt 13 ) otherwise,

and the equilibrium profits for the two firms (7w}, 75) are

((11—7513%(t2t+t13)7 (q—t)(gtt—ilz)> if 7t73t13 <gq
(¢ — t13) (=3q + 19t + 5t13) (3¢ +t — t13)° ¢ 3tatittdy o Ting (71)
361 ) ot Y 1219015 4= —3
(2t4t13)[12qt+(2q+Tt)t13]>  [2t(5q+2t)+(4q+3t)t13]2 .
( 61t113(24t+11t13)2 e, 2t(24t+11t13)2 = ) otherwise.

Proof. We distinguish three cases based on the value of q. (We can verify that the second-order
conditions for profit maximization are satisfied.)

(a) ™512 < g When g is large, all consumers in Submarkets 13 and 23 purchase. The firms
have incentive to charge a price high enough such that the consumers with the highest misfit cost
in Submarkets 13 and 23 derive zero utility; that is, ¢ — p; — t;3 = 0, leading to p} = ¢ — t;3 and
p5 = q —t. We can verify neither firm has incentive to deviate under —3q + 7t < ¢;3.

3ltt13+113

13 < g, Firm 1 still has incentive to charge a

(b) 31tt13+11t2
12t49t13

o <4< n*%: Because
price high enough such that the consumer with the highest misfit cost in Submarkets 13 derive zero
utility; that is, ¢ — p1 — t13 = 0, leading to p] = ¢ — t13. On the other hand, when ¢ < % such

that some consumers in Submarket 23 do not purchase, the profit function for Firm 2 is

lt—po+p1  1lqg—po
_ (1 1 P
T = P2 <3 o7 +3 " ) (72)

Substituting p} into Equation (72), by the first-order condition for m2, we have p = % (3q +t — t13).

We can verify neither firm has incentive to deviate.

31tt13+11¢2 . ) _ _
(c) g < %Ef: In this case, some consumers in Submarkets 13 and 23 do not purchase.

The profit function for Firm 2 is in Equation (72). Similarly, the profit function for Firm 1 is

lt—pi+p2  lg—p
_. (1 1 73
e (3 2% 3 i (73)
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Solving the first-order conditions for the two firms simultaneously,

Om __ 1t=2pitp2 1qa—2p1 _
op1 ~ 3 2t + 3 ti3 =0

Omg __ 11=2pa+tp1 1g2—2py __
Ops — 3~ 2t +355— =0

12qt+2qt13+Ttt13
24t+11t13

10qt+4t2+4qt13+3tt13

GYTEN T We can verify neither firm has

we can derive p] = and p5 =
incentive to deviate.
Substituting p! into Equations (68) and (4), respectively, we have the equilibrium demands and

profits as specified in the lemma. O

As in the main model, Firm 1 and Firm 2 consider both the competitive segment and their
respective monopoly segments to determine their product prices, and the optimal prices reflect their
trade-offs in both segments (as in the third case in Equation (69)). However, when the products’
value becomes high, the two firms would like to price their products as if they focus only on the
monopoly segment, in which the consumers with the highest misfit cost in the monopoly segment
derive zero utility. Because t13 < t, the consumers with the highest misfit cost in Submarket 13
have lower misfit cost than those in Submarket 23, and there exists case in which Firm 1 focuses
only on the monopoly segment to price Product 1 while Firm 2 still considers both the competitive
segment and its monopoly segment to optimally choose its price (as in the second case in Equation
(69)). When the products’ value is sufficiently higher, both firms price their products as if they
consider only their respective monopoly segments (as in the first case in Equation (69)).

Similarly, we can derive the equilibrium with Firm 2 introducing the new product. As in the
main model, if Firm 2 serves the market with both Products 2 and 3, all consumers’ two preferred
products are both available in the market. In Submarket ij, the consumer at a distance of z; from
the preferred Product ¢ derives a utility of u; from buying product ¢ and u; from buying the other
preferred product j, and

Up = q; — Titij — P (74)
uj = qj — (1 —zi)tij — pj.

By letting u; = u; in Equation (74), we can obtain the marginal consumer who is indifferent to

purchasing Products ¢ and j located at my;;, the distance from Product i. Specifically, substituting
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t12 = teg =t and g1 = ¢2 = ¢3 = ¢ into Equation (74), we have

_ t=p1tp2
mi2 = pgt L
_ tiz—pi1+p3 75
mi3 = 213 ( )
_ l=p2+p3
ma3 = o

\

The products’ demands and the two firms’ profits take the same form as in Equation (9) and (10).
Following the same approach as in the main model, we can derive the equilibrium outcome as

summarized in Lemma 11.

Lemma 11. In the case with new-product entry, the equilibrium prices of the three products (p}, p5,p3)
are

8tt13  t(3t2+1Ttt13+10t53)  ti15(17¢+13t13) f9t3+43t2t13+26ttf3<
3(t+t13)’  3(t+t13)(2t+t13) * 3(t+t13)(2t+t13) 1212 +18tt13+6t3,

4t13[(4g—t)t+2(q+2t)t13] 3(2q—t)t%+(26g—15¢)tt134+2(8g—3t)t3, t13[(26q711t)t+(22q713t)t13]) f7r +20tt13 95 +43t%t15 426134

3t2426tt13+19t3, 3t24+26tt13+19t7, ’ 3t2426tt13+19t7, 10t+14t13 = 12t2418tt13+6t7,
6(2q—t)t13 (2¢—t)(t+5t13) 6(2¢—t)t13 ;
( t111t13 ° t+llt1z  ° i+ilt1s ) otherwise,
(76)
the equilibrium demands of the three products (df,ds,d3) are
4 7 _ 2t 1y 2t if 9t34+43t2 413 +26t2, <
9718  9(t+t13)’ 6 ' 9(t+t13) 12t2+18tt13+6t7,
(2(t+t13)((4q*t)t+2(q+2t)t13) .
3t(3t2426tt13+19t2,) ’ if 7t2429tt15 < 9t34+43t2¢15+26tt3,
12t2(—q+t)+t(—10q+67t)t13+(—2q+53t)t13 2t2(—2¢+5¢)+7¢(—2q+11t)t13+(—6q+45t)t2 4 3) 10t+14t13 as 12t2+18tt13+6t2,
6t(3t2+26tt13+19t75) 6t(3t2426t¢13+19t75)
2qt+t2 —2qt13+23tt13 2(t(—q+t)+(q+5t)t13) 2qt+t2—2gt13+23ttq3 :
( 612 1+66tt13 ' 3t(t+11t13) ' 6t2166tt13 ) otherwise,
(77)
and the equilibrium profits for the two firms (7}, 73) are
32tt13 1 64t _ 81t o 9t3 4431213426112,
(27(t+t13)’ 54t(109 t+t13 2t+t13)) if 12t2+18tt13+6t2, <4q
(Stls(t+t15)((4q t)t+2(lI+2t)t1s)2
36(3t2+26tt13+19t2,)°
1 _agid(_ _
6t(3t2+26tt13+19t§3)2 [ 36t*(—2q +t)(—q+t) if Tt2 429t 3 <q< 9t +43t%¢13+26tt2,
10t+14t13 - 12t’~’+18tt13+6tm
+13 (47642 + 1228qt — 491¢2) t13 + 2 (—916¢> + 4908qt — 2213t?) t3,
+t (—67642 + 5652qt — 2693t2) t35 + (—164¢> + 1928qt — 903t?) t1,])
(2g—t)t13(t(2g+1)+(— 2q+23t)tu) (2g—t)[—2(q—t)t® — (29— 23t)tt13+(4g+119t)t3 5] )
( t(t+11t13)? 3t(t+11¢13)2 otherwise.
(78)

Proof. We distinguish three cases based on the value of q. (We can verify that the second-order

conditions for profit maximization are satisfied.)

(I) 9t3+43t%t13426Lt2
12t2+18tt13+6t7,

13 < ¢q: When all the marginal consumers derive positive utilities, the profit
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functions are well behaved. We can derive the first-order conditions of the firms’ profit functions as

omy _ tp3+(2t+p2)tis—2p1(t+tiz) _ 0

op1 6tt13

Omy __ p1—4p2+2p3+2t __

O )
Imy __ tp1+2(t4p2)tiz—2p3(t+tiz) 0

Ops 6tt13 -

Solving this system of equations, we can derive (p},p5,p3) as specified in the lemma. Condition

9t3+43t%41 342612,

1207+ 181131 602, < ¢ ensures marginal consumer mas derives positive utility. We can verify that

neither firm has profitable deviation.

Tt2420tt 5 9t3+43t%413+26112, | . . . .
(IT) Torrtine <q < T2 180131662, In this case, marginal consumer mo3 derives zero utility
9t3+43t% 413426113

because ¢ < When Firm 2 prices its products such that marginal consumer

1262 +18tt13+6t75

mas derives zero utility, 2¢ —t — p2 — p3 = 0. Using the Lagrange-multiplier method, we have

L(p2,p3,\) = m2 + A(2¢ — t — p2 — p3). By solving the first-order conditions of 71 and L(p2, ps, A),

omy _ tp3+(2t4p2)tiz—2p1 (t+t13) 0

op1 — 6tt13 -

OL __ p1—4p2+2p3+2t  y __

Op2 6t A=0

AL __ tp1+2(t+p2)t13—2p3(t+ti1z) A=0
Ops 6tt13 -
2q—t—p2—p3=0

we can derive (p},p3,p3) as specified in the lemma. Condition % < ¢ ensures marginal

consumer mqo derives positive utility. We can verify that neither firm has profitable deviation.

Tt2429tt13 . : : : -1
(ITI) ¢ < ng’. In this case, both marginal consumers ms3 and mqs derive zero utility

Tt2429¢t13

0014 - When Firm 1 prices its product such that marginal consumer mio derives

because ¢ <
zero utility, 2¢ — t — p1 — p2 = 0. Using the Lagrange-multiplier method, we have Li(p1, A1) =
T+ A1(2¢ —t —p1 —p2). When Firm 2 prices its products such that marginal consumer mog derives

zero utility, 2¢ — t — po — p3 = 0. Using the Lagrange-multiplier method, we have La(pe, p3, A2) =
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Ty + A2(2g — t — p2 — p3). By solving the first-order conditions of L1 (p1, A1) and La(p2, p3, A2),

0Ly _ tps+(2t+p2)t13—2p1(t+t13) A\ =0
op1 6tt13 L=
0Ly __ p1—4p2+2p3+2t _

Op2 6t AQ =0

OLy __ tp1+2(t4p2)t13—2p3(t+t13) o =0
ops 6tt13 2=

2q—t—p1—p2=0

2¢g—t—p2—p3=0

we can derive (p}, p3,p3) as specified in the lemma. We can verify that neither firm has incentive
to deviate.
Substituting p} into Equations (9) and (10), we can derive the equilibrium demands and profits

as specified in the lemma. O

In the first case in Equation (76), the valuation of the three products is high such that Firms
1 and 2 compete aggressively with each other in both Submarkets 12 and 13, which shapes the
equilibrium prices. In the second case, due to the reduction in the product valuation, in equilibrium,
Firm 2 chooses the optimal prices for its two products to just cover all the consumers in its exclusive
Submarket 23 and extracts all the marginal consumer’s surplus. Firm 1 reacts to its rival’s prices
by optimally choosing its price for Product 1 to compete against both Products 2 and 3. In the
third case, due to the low product valuation, Firm 1 finds it optimal to set the highest price to serve
the entire residual demand in Submarket 12 such that Submarket 12 is just fully covered, albeit it
still competes aggressively with Product 3 in submarket 13.

By comparing the equilibrium profits with and without the introduction of Product 3, we can
derive the conditions under which the focal firm would prefer to share its technology in equilibrium.
Under this model variant, because Product 3 offers value comparable to Product 1, we can show
that Firm 2 always has incentive to adopt the technology if shared. Therefore, the conditions for the
focal firm to share its technology are the same as the conditions for the new-product introduction

in equilibrium. We summarize the conditions in the following proposition.

Proposition 14. In equilibrium, the new product would be introduced to the market if and only if

85



q(0) < q < q(0), where

82t%t13+27tt3,+9t5,
18t2427tt13+9t35

1 32t 1881t
128 [21 13 +361t13 + t (_702 ~ s T 2t+t13>] -

, (32 +26tt13+19t§3)\/(t—tlg)(9t3 +293t2t13+187tt2, —105t3,)
128 t13(t+t13)(2t+t13)

if {13 < t13

if t13 < t13 < 13

1 _ 709 _ 82t 1881t )] _
128 [Qtl +361t13 + t( 02— 755t 2t+t13)] i£4<q
7(0) = (3t2+26tt13+19t34 \/(z t13)(9t34293t2¢13+187¢t7, —105t3,)
9= 128 t13(t+t13)(2t+t13) if t13 < t13 < t13
171¢%4+3804¢%¢13+14338t3¢2, 42086812554 13227¢t1,42888t54 -
6(9t14+668t3t13+1814t22,4+1628tt5,+489t1,) otherwise
(3t2+26tt13+19t'j’3)\/(3249t6+85032t5t13+127738t4t2 —47308t3¢3,, —143175¢2 ¢}, —60772tt3, —6236t¢ ;) ’
- 2 3
(9t4+668t3t13+1814t2t13+1628tt13+489t13)
1[92 1, (_ 32t 1881t _
128 [ 30l + t< 02 tttis + 2t+t13>] otherwise
1 (3t2+26tt13+19t 3)\/(t—t13)(9t3+293t2t15-+187¢3,—105¢7, ) ’
128 t13(t+t13)(2t+113)
and
1
2(72t5+113(1644t24113(6590t3 +t13(7857t2+77t13(54t+11t13)))))
[tt1s (—84t* — 1904t3t13 + 30069t2t2, + 31086tt3, + 7865t7;) — if t13 <t13
Gttrs (¢ + 1lt1g) (248 + 11t15) /—1204 — 28613115 + 241263 + 242063, + 81t
_6 t(t—t13)t13(—2t+t13)(24t+11t13)(3t%+26tt15+19t35) T+is
324t64572415t13+11889t417,+660t3t3, —12790t2t 1, —8936tt7,—1575t55 \ 2t+t13 if 5 < t1s < £15
" tt13(—378t° —15831t% 15— 15072t3t35+13246t% ¢35 +17522tt154+5217t35) -
2(324t6+5724z5z13+11889t4t§3+660t3z§3—12790t2t‘{3—8936tt§3—1575t§3)
5 4 3,2 4 5
q(0) = 1715438044 ¢13+14338t% 35420868215, +13227¢1] 5 +2888t74
S 6(9t14668t3t13+1814¢2¢2,4+1628tt5,+489t1,) if<
(3t2+26tt13+19t13)\/(3249t6+85032t°t13+127738t4t2 —47308t3t3, —143175t211, —60772tt3, —6236t%,) =14
(9t4+668tdt13+1814t2t§3+1628tt§3+489t13) i tg <ty < tis
_6 t(t—t13)t13(— 2t+t13)(24t+11t13)(3t2+26tt13+19t§3) T+tia
4 3 244 5 6 -
324t0+5724t5t13+11889t4t 3+660t3t13—12790t t1,—8936tt5, —1575t5, \ 2t+t13 otherwise,
tt13(—378t° — 158311415 —15072¢517 5 +13246t% ¢35 +17522t 15 +5217t35)
2(324t0+5724t5¢13+11889t4t2,+660t3t3, —12790t2t1, —8936tt3, — 15755, )
171¢°+3804¢% 13 +14338t3 43, 4208681215, 41322711, +2888t7 4
(9t4+668t3t13+1814t2t13+1628tt13+489t13) otherwise.
(32 +26tt13+19tf3)\/(3249t5+85032t5t13+127738t4t2 —47308t3t3, — 14317521, —60772tt7, —6236%,)
(9t4+668t3t13+1814t2t§3+1628zt{'3+489t13)

171¢5+3804¢ 413414338341 324+20868t2¢1 3% +13227¢¢1344-2888¢1 35 fhy = 8+(2366+541/2987)1/3 — (—2366+541/2987)1/3 "
6(9t* +66831 13+ 1814121132+ 162814135 +489¢ 137 ) 13 18 ’

t13 is the highest oot of

where ¢ =

—98t% — 1057tz — 1156t32% + 1066223 + 1322tz* + 3152° =0

t13 is the highest root of

—3249¢5 — 85032t°x — 127738122 + 47308323 + 14317522 + 60772t2° + 62362° = 0
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and t13 is the fifth highest root of
—4194t" — 17753757 — 343180t° 2% — 28946t 2> + 33513032 + 265999t%2° + 73436t25 + 630027 = 0.

Proof. Because the conditions for the focal firm to share its technology are the same as the conditions
for new-product introduction in equilibrium, we compare Firm 1’s equilibrium profits before and
after the introduction of Product 3 for different cases, based on Lemmas 10 and 11.

The case with 7'5_3& < q: The first case of Lemma 10 overlaps with the first and the second

cases of Lemma 11.

O3 -+43t%413+26t2,
(I) When S st 6, < 4 W have
A% _ogpx 32ty (9-t1s)(2t+ti3)
1 1 7 27(t+t13) 6t
_ _ (2t+tis) [ 82Pt13+2THtT5 49t
6t 18t2427tt13+9t%,

2 2 3 —
Therefore, 77 > 77 if and only if ¢ < B2t t 2Tl 190 Ga(0).

18t2+27tt13+9t7,
7t24-29tt15 < 93 4+43t2 415+ 261],
(II) When {57772 < q < 1207+ 180013162, 7 W€ have
Ao = 8t13(t+t13) ((4g—8)t4+2(g+2t)t13)> _ (g—t13)(2t+t13)
. 3t(3t2+26tt15+19t2,)° 6t
_ 32t13(t+t13) (2t+t13)°
3t(3¢2+26tt13+19t2,)”
1L (02 g6y (3t2+26tt13+19tf3)\/(t7t13)(9t3+293t2t13+187tt§37105t§3) 1y (702 4 32t 1881¢
X9~ 138 | 205 T 13~ t13(t+t13) (2t+t13) T2 T Trs 2ttt
2 3t% +26tt134+19t2 (t—t13)(9t3+293t2¢15+187tt3,—105¢5.
X |qg— == L+361t13+( 13)\/ ( 13 i) — Ly (709 4 32t _ 18811
128 2t13 t13(t+t13)(2t+t13> 2 t+ti13 2t+t13

We can verify that the term in the second bracket is negative. Therefore, 77 > #7 if and only if

1 [ o2 (3% + 26tt13 + 19t2,) \/(t —t13) (9t3 + 293t2t13 + 187tt2, — 105¢3,)
q< = | =— +361t13 —
128 | 2t13 13 t13 (t + t13) (2t + t13)

32t 1881t
t+tiz 2t +ti3

- %t <7oz+ ) — G (0).

31tt13+11t3,

o <4< n?,)ﬂ: The second case of Lemma 10 overlaps with the first,

The case with

second, and the third cases of Lemma 11.

9t3++43t%t13+261t3; . .
2 13 < ¢, we can verify that 7] < 7j.

(I) When 12621 18t 131612,

87



2 ) 9t34+43t2t13+26tt2.
(IT) When TA29s il

10t+14t13 S T2 18tt15 1602, we have
R - 8t13(t+t13) (4g—t)t+2(q+2t)t13)>  (q—t13)(—3q+19t+5t13)
! ! 3t(3t2+261t15+19t3; )" 361

_ 9t +668t%t13+1814¢%t2,+1628tt5,+489t 1,
12¢(3t24261t15+19¢2;)

oo 17185 + 3804t%t13 + 14338312, + 20868123, + 13227tt1, + 2888t3,
1 6 (917 + 66813115 + 18141213, + 1628113, + 489t%,)

— (3t + 26tt13 + 19t35) X

6 (94 + 6683113 + 18141212, + 1628tt3, + 489t%,)
y 17185 + 3804t 13 + 1433832, + 20868t%t3, + 13227tt], + 2888t7,
1 6 (914 + 66St3t15 + 18146212, + 1628tt3, + 480t

+ (3t + 26tt13 + 19t73) x

V/(3249¢6 + 85032t5t 13 + 127738t4t3, — 47308t3t5, — 14317521, — 60772tt5, — 623616?3))1

/(324916 + 85032t5t15 + 127738t43, — 473081313, — 1431752t — 6077217, — 623615;)
6 (9t + 668t3t15 + 1814122, + 16283, + 489t1,)

We can verify that 77 > 7} if and only if

< 1715438041134+ 14338312, +20868t%t5,+13227111, 4288815,
q 6(9t1+668t3t13+1814t2t7,+16281t7,+489t1,)

(3t2426tt13+19t3,) \/ (3249t64-85032t5t13+127738t 413, — 47308313, — 143175¢21, —60772t15,—6236155)  _

= q.(0
6(9t4-+668t3113+1814t23,+1628tt3,+489t1,) (0)

or

> 1715 +3804¢4¢13+14338t342,+20868t %3, + 13227t 4, +2888¢7 4
6(9t1-+668t3113+1814123,+1628115,+489t1,)

+(3t2+26tt13+19t§3)\/(3249t6+85032t5t13+127738t4t§3—47308t3t§3—143175t2t‘113—60772tt§3—6236t§53) — 4a(0)
6(9t1-+668t313+181412t3,+1628tt5,+489t1 ) e

2 . ~
(III) When ¢ < %m‘, we can verify that 7] < 7j.

2
The case with ¢ < %: The third case of Lemma 10 overlaps with the second and the

third cases of Lemma 11.
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, we have

Tt2429tt3 9t3+43t2t13+26tt2,
() When {55575 < 4 < Topisito,

8t1s(t+t13) (4g—t)t+2(q+2t)t13)* _ (2t-+t13)[12qt+(2q+T7t)t13]°
3t(3t2426tt15+19t2,)” 6tt13(24t+11t13)°
_ 2(2t4t13) (3248945724 1154+ 11880t 1754660 17, — 12790 ¢]; 8936417, — 1575173
3ttys(24t+11t13)2 (312 4+26tt15+19¢3;)
[ ( ttis (—378t5 — 15831415 — 150726313, + 13246213, + 17522414, + 521713,
x |q—
2

(32416 + 5724t5¢15 + 11889t4t3, + 660t3t3, — 12790t2t1; — 8936tt35 — 1575t95)

iy t(t — t1g) tis (=2t + t13) (24t + 11t13) (3t* 4 26tt13 + 19t3;) [t+t13
3245 + 5724t5t15 + 11889t4t3, + 660t3t3, — 127902t — 8936¢t35 — 1575t$5 \ 2t + t13

y ttys (—378t5 — 15831t1t15 — 15072335 + 13246t2t3, + 17522t 14 4+ 5217t3,)
17\ 2(32416 + 572465115 + 11889t4¢2, + 660t3t3, — 12790t%t1, — 8936tt5, — 1575t0,)

6 t(t — t13) t1s (—2¢ + t13) (24t + 11¢13) (3t* 4 26tt13 + 19t35) [t+t3
32410 + 572415t 13 + 11889t4t3, + 660t3t3, — 1279062t} — 8936tt7, — 1575¢8, | 2t + t13

Because —2t+t13 < 0, and we can verify that 324¢% +5724t5¢;3 4+ 11889t1t3; +660t3t3,; — 12790t%t ], —

Ak * _
T - T =

8936tt3; — 1575t < 0 and the term in the second square bracket is positive, 77 > 77 if and only if

,_ths (—378t> — 15831t*t 13 — 150723135 + 13246735 + 17522tt15 + 5217t]5)
17 9 (32416 + 572465115 + 11889t4¢2, + 660t3t3, — 12790t2t1, — 8936tt5, — 1575¢05)

t(t — t13) t1s (=2t + t13) (24¢ + 11¢13) (3% + 26tt13 + 19t35) [t+ts )
32416 + 572415t 3 + 11889t412, + 6601313, — 12790t2t1, — 893615, — 1575t5, \ 2t +t13 U

Tt2429tt13
(II) When ¢ < {57757, we have

(2g—1)t13(¢(2g+8)+(—2q+230)t13) _ (2t4t13)[12qt+(29+Tt)t13]
t(t+11t13)2 6tt13(24t+11t13)2
2(72t° +113 (1644t +113(6590t% +113 (7857t +7Tt13(54t+11%13) ) ) ) )
o 3ttyg(t+11t13)2(24t+11t13)>
ttys (—84t* — 1904315 + 30069t2t35 + 31086tt55 + 7865¢15)

X —
¢ (2 (725 4 t13 (1644t* + t13 (65903 + t13 (785712 + TTt13 (54t + 11t13)))))
Bttys (t+ 11t13) (24¢ + 11t13) /— 1265 — 28613113 + 241242, + 242483, + 81t‘113>1

o=

7215 + t13 (164414 + t13 (65903 + t13 (T85TL2 + TTt13 (54t + 11t13))))
[ ttys (—84t* — 1904313 + 30069tt25 + 31086tt4 + T865t14)
T\ 2(7265 + t13 (164485 + t15 (659063 + 15 (T85TE2 + TTtys (54 + 11t13)))))

3ttiz (t+ 11t13) (24t + 11t13) /—12t* — 286t3t13 + 241247, + 24215, + 81t],
T2t5 + 113 (1644t + t13 (659083 + t13 (785Tt2 + T7t13 (54t + 11t13))))

We can verify that the term in the second square bracket is negative. Therefore, 77 > «} if and
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only if

ttys (—84t* — 1904t3t15 + 30069t2t35 + 310861tT; + 7865¢15)
7215 4 t13 (164414 + t13 (65903 + t13 (785712 + TTty3 (54t + 11t13)))))
3tz (t + 11t13) (24t + 11t13) /—12t4 — 28683113 + 241213, + 242tt3, + 81t],
C 725 4ty (164481 + 113 (65903 + ty3 (T85TE2 + TTty3 (54t + 11t13))))

>
q 2(

= 4:(0)

We can verify that ¢,(0) and ¢,(6) intersect at 13, go(60) and g.(0) intersect at 13, ¢o(0) and .(0)
intersect at (tﬁ;,qN), and g,(0) and g.(f) intersect at t13, with f13 > ti3 > t13 > t13. Altogether, we

have the results as in Proposition 14. O

Evidently, Proposition 14 reveals the same insights as those delivered by our baseline model—
the new product can be introduced in equilibrium only when ¢ is neither too high nor too low (i.e.,
2(0) < ¢ < q(0) in this case). This ensures that the entry of the new product exerts cannibalization
externality on the focal firm without imposing excessive competition pressure on it.

In summary, even if the differentiation between Products 1 and 3 is lower than that between

Products 1 and 2 or Products 2 and 3, our main insights remain unchanged.
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