Supplementary material

0.1 The incumbent firm

We now suppose that the incumbent firm is able to produce a unit of product A at no cost but has to

incur the marginal cost ¢+ t to produce a unit of product B. The assumption is related to the cost

advantage of the incumbent firm. Basically, each entrant has to incur the marginal cost ¢. Depending

on its location choice, it has to incur an additional marginal cost in the opposite location, ¢ or 7.

Because of disclosure, the value of 7 becomes smaller than ¢.

Suppose that k entrant firms locate at A and n — (k+1) firms locate at B (k =0,1,2,n—1) (note

that the incumbent has already located at A). The profit of the incumbent firm (denoted as 7;(k, 7)),

the profit of the entrant firm locating at A (denoted as w4 (k, 7)), and the profit of the firm locating

at B (denoted as mg(k, 7)) are:
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We have to distinguish two cases: n is odd; n is even. First, we consider the case in which n is

odd, and then the case in which n is even.

n is odd When n is odd, in any case, the number of firms in each of the markets is different. Given

that k = (n —1)/2 — h entrant firms locate in market A in the nondisclosure case (¢ € [2(h — 1), 2ht),



(h=1,2,3,...)), to induce an entrant firm that would locate in market A in the nondisclosure case

to locate in market B, 7 satisfies the following inequalities:
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Solving the inequality, we have:
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We now consider the case in which the incumbent firm sets the level of 7 at the upper bound:!

—(1=2¢) ++/(1 —2c)2+2(2h — 1)(1 — o)t — (4h2 — 1)t2 A
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To

We can easily show that this is smaller than ¢ if and only if ¢ < 2ht (note that we now consider the

range of ¢, [2(h — 1)t,2ht)). The profit in which the incumbent discloses its knowledge and sets 7,

1 Under the range of 7, setting the following 7, induces the highest profit of the incumbent firm. We can easily show

that \/(1 —2¢)2 +2(2h — 1)(1 — )t — (4h? — 1)t2 in (4) is positive if the quantities supplied by the firms are positive.
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and that in which it does not are:

ﬂ(n;1_(h+1)m) = |(1+2n4+0) /T2 +2Ch - DA -t — (@2 -1 (5)
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If the difference between 7;((n —1)/2 — (h+1),7,) in (5) and 77 ((n — 1)/2 — h,t) in (6) is positive,

know-how disclosure enhances the profit of the incumbent firm. We now define J, (¢, h) as follows:

Jo(t,h) = 71 <”;1_(h+1),%> . <”;1 —h,t).

We now check the following three cases: (i) h =1 (c € (0,2t) or t > ¢/2), (ii) h = 2 (¢ € [2t,4t) or

t € (¢/4,¢/2]), and (iii) h is larger than 2 (¢ € [2(h — 1)t,2ht) or t € (¢/(2h),¢/(2(h — 1))]). First,

we consider the case in which h =1 (¢ € (0,2t) or t > ¢/2). Differentiating J,(¢,1) with respect to
t twice, we have (note that ¢ and ¢ are smaller than 1/2 (a necessary condition that the quantities

supplied by the firms are positive)):

PIo(t1) __(n+3)I((1L=20)° +2(1 = )t = 3)*/2 — (4= 30 + 692 = 526%)] _
o 2(n + 1)((1 — 20)2 + 2(1 — o)t — 3t2)3/2 <0.

Therefore, J,(¢,1) is concave with respect to t. We now substitute ¢ = ¢/2 (the lower bound of t) into

Jo(t,1), then we have:

2
Jo(g,l) - %w.

We find that there exists ¢ such that J,(¢,1) = 0 and that for any ¢ € [¢/2,1), disclosure increases
the profit of the incumbent firm because J,(¢,1) is concave. We can summarize this in the following

proposition.

Proposition 1 Suppose that ¢ € (0,2t) and that n is odd and larger than or equal to 5. There exists

t such that J,(t,1) = 0. For anyt € (c/2,t), the disclosure increases the profit of the incumbent firm.
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Second, we consider the case in which h = 2 (¢ € [2t,4t) or ¢/4 < t < ¢/2). In this case, n is larger

than or equal to 7. Differentiating J,(¢,2) with respect to ¢ three times, we have:

PIp(t,2)  3(n+5)(8 —26c+23¢*)(n —1—4(2n+1)c)(1 — ¢ — 5t)
o 2(n +1)2((1 = 2¢)2 + 3(1 — ¢)t — 15¢2)5/2 '

The sign of & J (t 2) does not depend on the value of ¢ because (1 —c— 5t) is always positive.? For any
t, the sign of 8‘]0"753) is always negative or always positive. Therefore, if (9%.J,(t,2))/(0t?) is negative
when t = ¢/4 and t = ¢/2, the sign of (92J,(t,2))/(0t?) is negative for any t.
(1) t = ¢/4: Substituting t = ¢/4 into (92J,(t,2))/(dt?), we have:
0%J,(t,2)
ot?

_ 4n+5)(2(32 — T2c — 8c? + 81c?) + ¢(160 — 516¢ + 449¢%)n) <0
t=c/4 N (n+1)2(4 — 5¢)3 '

because the coefficient of n and the constant term is positive for any ¢ < 4/9 (when 1 — ¢ — 5t > 0
and t > ¢/4, ¢ < 4/9.).
(2) t = ¢/2: Substituting t = ¢/2 into (02J,(t,2))/(dt?), we have:

82J0(t, 2)
ot?

__AM-H)(n+5)(8 — 26+ 23¢%)  4n+5)(n+2) _ o
t=c/2 ; 3(n+1)2(4 — 4c — 11¢2)3/2 3(n+1)2 :

because (4 — 4c — 11¢?)3/2 and (8 — 26¢ + 23¢?) are positive for any ¢ < 4/9. Therefore, J,(t,2) is
concave with respect to t. We now substitute ¢ = ¢/4 (the lower bound of ¢) and ¢ = ¢/2 (the upper

bound of ¢) into J,(t,2), then we have:

c 5¢2
J, (172) = sgD O
c  (n+5)(2(n—1) — (T4 17n)c) + (35 + 68n + 5n?)c?
Jo (5’2> B 36(n +1)2
(n+5)(n—1—402n+1)c)V4 —4c — 11c2
- 36(n + 1)2 '

If n and ¢ are in the shaded area in Figure S1, J,(t,2) is positive for any ¢ € [¢/4,¢/2), otherwise
there exists ¢’ such that J,(¢,2) = 0 and that for any ¢ € [¢/4,1"), disclosure increases the profit of the

incumbent firm because J,(t,2) is concave. We can summarize this as follows:

Proposition 2 Suppose that ¢ € (2t,4t) and that n is odd and larger than or equal to 7. If n and ¢

satisfy J,(c/2,2) > 0, for any t € [¢/4,¢/2), the disclosure increases the profit of the incumbent firm,

2 In this case, the quantity supplied by the incumbent firm in market B is (2 — 2c — (n + 2h + 3)t)/(2(n+ 1)). If this

is positive, (1 — ¢ — 5t) is also positive.
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otherwise there exists t' such that J,(t,2) = 0, and for any t € (¢/4,t), the disclosure increases the

profit of the incumbent firm.

Finally, we briefly discuss the case in which A is larger than two. After some calculus, we find that
given that k = (n —1)/2 — h entrant firms locate at A, J,(t, k) is minimized when ¢t = ¢/(2(h — 1)) or
t=rc/(2h).3 J,(c/(2h),h) = c2(1 + 2h)/(2h*(n + 1)) > 0. Therefore, if J,(c/(2(h — 1)), h) is positive
for any ¢, h, and n, in the given range of ¢ ([¢/2h,c/(2(h — 1))]), disclosure enhances the profit of the
incumbent firm. Note that h is related to the value of t. As the value of h increases, the value of ¢
decreases.

We now show two examples of these values. From Figures S2 and S3, we find that as the value of
h increases, the condition that the disclosure enhances the profit of the incumbent firm tends to hold.
As mentioned earlier, as the value of h increases, the value of ¢ decreases. That is, as the value of ¢

becomes smaller, the condition tends to hold.

n is even  Given that k¥ = n/2 — h entrant firms locate in market A in the nondisclosure case
(ce[(2h —3)t,(2h — 1)), (h=1,2,3,...)), to induce an entrant firm that would locate in market A

in the nondisclosure case to locate in market B, 7 must satisfy the following inequalities:

B <E—h—17T)—7TA(g—h,T> >0

2
TR (g—h—Q,T)—ﬂA(g—h—l,T) <0,

that is:

TR (g—h—l,r) — A (g—hn')

(2—4c—(n—2h+2)7)%2  (2—2c+ (n—2h)t)?
4(n+1)2 4(n+1)2

3 We first differentiate J,(t, h) with respect to ¢ three times. The sign of (93J,(t, h))/(0t3) does not depend on ¢

but on the other parameters. This means that the sign (03J,(t, h))/(0t3) is always positive or always negative in the
range of t, [c/(2h),c/(2(h — 1))]. If the signs of (8%J,(t, h))/(Ot?) are negative at t = ¢/(2h) and t = ¢/(2(h — 1)), the
sign of (8%2J,(t, h))/(9t?) is always negative for any t € [c/(2h),c/(2(h — 1))]. That is, Jo(¢, h) is concave with respect
to t. Substituting ¢t = ¢/(2h) and t = ¢/(2(h — 1)) into (8% J,(t, h))/(Ot2), we have the values of (92J,(t, h))/(0t2) at
t = ¢/(2h) and ¢t = ¢/(2(h — 1)). The numerators of the values are quadratic and concave functions with respect to
n. Solving the quadratic equations (82J,(t, h))/(8t2)|t:c/(2h) =0 and (82J,(t, h))/(8t2)|t:c/(2(h_1)) = 0 with respect
to n, we find that under both equations, the solutions are negative. Therefore, the values of (92J,(t,h))/(0t3) at
t =c¢/(2h) and t = ¢/(2(h — 1)) are negative, that is, J,(¢, h) is a concave function with respect to ¢.
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Solving the inequalities, we have:
—(1-2 1—-2¢)24+4h(1 —c— (h+ 1))t
(1-20)+ (1 =2 +4h(1—c—(h+ D)t _
2h
where
1—c—1)t
7(102), ith=1,
— 4C
W= 1-20) + /(I - 202+ 4(h —1)(1 It
—(1-29+ (- 2(011 +1)( ~ D —c—h) , otherwise.
We now consider the case in which the incumbent sets the level of 7 at the upper bound:
(1—c—t)t )
Al fh=1
1—2c ° ith=1,
= 1 2¢) + /(1 — 202 T 4(h — 1)1 — ¢ — ht)t @)
—(1=29) + V( _2(0})1 +1)( ~ D —c—ht) , otherwise.

We can easily show that 7, is smaller than ¢ if and only if ¢ < (2h — 1)¢. The profit at which the
incumbent discloses its knowledge and sets 7. and that at which it does not are:

[(n +2h) /(01— 20)2 + 4(h — )((1 - ht)

—(n—=2h+4—-22+ (2h — )n)c) |2/ 16(h — 1)*(n + 1)?
Tr (g —(h+1),7'e> = (2726 422135};4»1))15) ) (h# 1)v (8)
(21 =2¢)(1 4 (n— 1)) + (n+ 2h)(1 — c — t)t)? _
4(1 —2¢)2(n + 1)2  (h=1),
n (24 2(n—1)c+ (n+2(h—1)t)*  (2—2c— (n+ 2h)t)?
i (5 - h’t) - A(n+1)2 A(n+1)2 ©)

If the difference between mr(n/2 — (h 4+ 1),7.) in (8) and 77(n/2 — h,t) in (9) is positive, know-how

disclosure enhances the profit of the incumbent firm. We now define J. (¢, h) as follows:
Jth)=m (5= (1)) = (5= ht).
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We now check the following cases: (i) h=1(c € (0,t)ort >¢), (i) h=2(c € [t,3t) ort € (¢/3,(]),

(iii) A is larger than 2.

First, we consider the case in which h =1 (c € (0,t) or t > ¢). Je(t,1) is:

tJ
4(1 = 2¢)2(n 4 1)%’

Je(tv 1) =

where J = 4c(1—2¢)((1—c)(2+3n)+n2c)+(n+2)(4—2(n+8)c+ (5n+18)c?)t? — (2(1—c) —t) (n+2)2t%.
If J is positive, then J.(t, 1) is also positive. Differentiating J with respect to t twice, we have:*

92 ,
J is a concave function with respect to t. We now substitute ¢ = ¢ (the lower bound of t) and

t =2(1—c¢)/(n+6) (anecessary condition that the quantities supplied by the firms are positive) into

J, then we have:

Ji—e = 16¢(1 —=2¢)*(n+1) >0,
- 8(n +2)(5n + 26) — 4(n* + 19n 4+ 107n? + 168n — 84)c
Ji=201-0)/(nt6) = nt1)?
2(—2n° — 250 + 94002 + 2928n + 384)c?
- (n+1)3
2(4n° + 65n* 4 292n — 60n? — 2112n — 512)¢°
B (n+1)3 '

After some calculus, we can show that for any ¢ < 1/2 (this is a necessary condition that the quantities

supplied by the firms are positive) and n, jtzg(l,c)/(n%) is positive.®

Proposition 3 Suppose that ¢ € (0,t) and that n is even and larger than or equal to 4. The disclosure

increases the profit of the incumbent firm.

4 In this case, the quantity supplied by the incumbent firm in market B is (2 — 2c — (n + 2h)t)/(2(n + 1)). If this is
positive, (2 — 2¢ — 3t) is also positive.

5 First, we differentiate jtzg(l,c)/(nﬂa) with respect to ¢. This is a quadratic function with respect to ¢. Solving the
quadratic equation (ajtzg(l,c)/(n%))/(ac) = 0 with respect to ¢, we find that one solution (which we now denote as
¢p) is positive and the other is negative. When ¢ =0, (Bjt:2<1,c)/<n+6>)/(ac) is positive. Therefore, when ¢ € [0, ¢p),
jt:2(1,c>/(n+6) is increasing with respect to ¢, and when ¢ € [cp, 1/2], jt:2(17C>/(n+6) is decreasing with respect to c.
If jt:2(176>/(n+6) is positive when ¢ = 0 and ¢ = 1/2, then jt:2(176>/(n+6) is positive for any ¢ < 1/2. When ¢ = 0,
Jimo(1—c)/(n+6) is 8(n+2)(5n+26)/(n+6)3. When ¢ =1/2, J_o(1_c)/(n+6) is (n+2)%(n+4)2/4(n+6)3. Therefore,

Ji=2(1—c)/(n+6) 1s positive.
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Second, we consider the case in which h =2 (¢ € [t,3t) or ¢/3 <t < ¢). n is larger than or equal

to 6. Differentiating J.(t,2) with respect to ¢ three times, we have:

33J.(t,2) 3(n+4)(8 —10c+9¢®)(n —2(3n + 2)c)(1 — ¢ — 4t)

o (n+1)2((1 — 2¢)2 +4(1 — ¢)t — 8t2)5/2

The sign of % does not depend on the value of ¢ because (1 —c—4t) is always positive. For any
t, the sign of % is always negative or always positive. Therefore, if (9%.J.(t,2))/(0¢?) is negative
when ¢ = ¢/3 and t = ¢, the sign of (§%J.(¢,2))/(0t?) is negative for any t.
(1) t = ¢/3: Substituting t = ¢/3 into (92J,(t,2))/(9t?), we have:
9% Je(t,2)
ot?

(n +4)(4(27 — 27c — 126¢? 4+ 179¢%) + 3c(144 — 477c + 422¢%)n)
== 2 3 <0,
t=c/3 2(n+1)%(3 — 4¢)

because (27 — 27c — 126¢? + 179¢3) and (144 — 477c + 422¢?) are positive for any ¢ < 1/2.

(2) t = ¢: Substituting t = ¢ into (9%J.(¢,2))/(0t?), we have:

0%J.(t,2)
ot?

_ (n+4)(Bn+4)(1 —8c*)*% + (—H,)(3 — 10c + 9¢?) —0
N 2(n + 1)2(1 — 8¢2)3/2 '

t=c
Therefore, J.(t,2) is concave with respect to t. We now substitute ¢t = ¢/3 (the lower bound of ¢) and

t = ¢ (the upper bound of t) into J.(t,2), then we have:

c 8c?
(52 = sman >
T.(c,2) = (n+4)(n — 22 +3n))(1 — VT —8c?) — dn’c>

8(n + 1)2
If n and ¢ are in the shaded area of Figure S4, J.(t,2) is positive for any t € [¢/3, ¢), otherwise there
exists '/ such that J.(¢,2) = 0 and that for any ¢ € [¢/3,%"), disclosure increases the profit of the

incumbent firm because J,(¢,2) is concave. We can summarize this as the following proposition.

Proposition 4 Suppose that c € (t,3t) and that n is even and larger than or equal to 6. If J.(c,2) > 0,
for any t € [¢/3,¢), the disclosure increases the profit of the incumbent firm. Otherwise, there exists

t" such that J.(t,2) = 0, and for any t € (c¢/3,1"), the disclosure increases the profit of the incumbent
firm.

6 In this case, the quantity supplied by the incumbent firm in market B is (2 — 2c — (n + 2h)t)/(2(n + 1)). If this is

positive, (1 — ¢ — 4t) is also positive.
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Finally, we briefly discuss the case in which h is larger than two. After some calculus, we find
that given k& = n/2 — h entrant firms locate at A, J.(t,h) is minimized when t = ¢/(2h — 1) or
t =c/(2h —3)." J.(c/(2h — 1),h) = 4c®h/((2h — 1)%(n + 1)) > 0. Therefore, if J.(c/(2h — 3), h) is
positive for any ¢, h, and n, in the given range of ¢ ([¢/(2h — 1), ¢/(2h — 3)]), disclosure enhances the
profit of the incumbent firm. Note that A is related to the value of . As the value of h increases, the
value of ¢ decreases.

We now show two examples of these values. From Figures S5 and S6, we find that as the value
of h increases, the condition that disclosure enhances the profit of the incumbent firm tends to hold.
As mentioned earlier, as the value of h increases, the value of ¢ decreases. That is, as the value of ¢

becomes smaller, the condition tends to hold.

0.2 Entrant firms

We now consider the changes in the profits of the entrant firms. There are two types of entrants:
those who locate in market A and those who locate in market B.

Suppose that k entrant firms locate at A and n — (k+1) firms locate at B (k =0,1,2,n—1) (note
that the incumbent has already located at A). The profit of the incumbent firm (denoted as 77 (k, 7)),
the profit of the entrant firm locating at A (denoted as w4 (k, 7)), and the profit of the firm locating

at B (denoted as wg(k, 7)) are:

(1-2c+(n—k-17r)2 (1—c—(n—k))?

malkT) = (n+1)2 + (n+1)2 ’
(hr) = (1-2c—(k+2)1)? (1—c+(k+1)t)?
BT = (n+1)? (n+1)?

We have to distinguish two cases: n is odd; n is even. First, we consider the case in which n is

odd, and then that in which n is even.

7 We first differentiate Je(t, h) with respect to ¢ three times. The sign of (93 Je (¢, h))/(9t3) does not depend on t but
on the other parameters. This means that the sign (93Je(t, h))/(0t3) is always positive or always negative on the range
of t [¢/(2h — 1),¢/(2h — 3)]. If the signs of (8%2Jc(t, h))/(0t?) are negative at t = c/(2h — 1) and t = c¢/(2h — 3), the
sign of (82Je(t, h))/(0t?) is always negative for any t € [¢/(2h — 1),¢/(2h — 3)]. That is, Je(t, h) is concave with respect
to t. Substituting t = ¢/(2h — 1) and t = ¢/(2h — 3) into (82 Jc(t,h))/(0t2), we have the values of (0%Jc(t,h))/(0t?)
at t = c¢/(2h — 1) and t = ¢/(2h — 3). The numerators of the values are quadratic and concave functions with respect
to n. Solving the quadratic equations (82Je(t, h))/(8t2)|tzc/(2h,1) = 0 and (92Jc(t, h))/(@tQ)\t:C/(gh,g,) = 0 with
respect to n, we find that for both equations the solutions are negative. Therefore, the values of (92Jc(t,h))/(9t2) at
t =c/(2h — 1) and t = ¢/(2h — 3) are negative, that is, Je(t, h) is a concave function with respect to ¢.
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0.2.1 Entrant firms locating in market A

We now discuss the profits of the firms locating in market A.

n is odd When n is odd, in any case, the number of firms in each market is different. Given
that kK = (n —1)/2 —h (h = 1,2,3,...) entrant firms locate in market A in the nondisclosure case
(c € [2(h — 1),2ht)), to induce an entrant firm that would locate in market A in the nondisclosure

case to locate in market B, the incumbent sets 7 at 7, (which is defined in (4)):

 —(1=20)+ /(1 —20)2 +2(2h — 1)(1 — ¢)t — (4h% — 1)t2
o= oh — 1 ‘

The profit in the cases when the incumbent discloses its knowledge and sets 7, and when it does not

is:

wA(n_l—(h+1)7To> = |+ 20+ /T —207 +2Ch - ) -t — (@2 — )P (10)

—(n—2h+3)(1 —2¢)]?/4(2h — 1)*(n + 1)?
(2—2c— (n+2h+3)t)?

in+ 1) !
n—1  (2—de+ (n+2h—1)t)2  (2—2c— (n+2h+ 1)t)?
TA ( — h, t) = An 1 1) + in 1 1) . (11)

If the difference between m4((n—1)/2— (h+1),7,) in (10) and ma((n—1)/2 —h,t) in (11) is positive,
the know-how disclosure enhances the profits of entrant firms who locate in market A. We now define

JA(t, h) as follows:

JA(t,h) =ma <”;1(h+1),70> — A (”;1 h,t).

We now check the three cases: (i) h = 1 (¢ € (0,2t) or t > ¢/2), (ii) h = 2 (¢ € [2t,4¢) or
t € (¢/4,¢/2]), and (iii) h is larger than 2 (¢ € [2(h — 1)t,2ht) or t € (¢/(2h),c/(2(h — 1))]).

First, we consider the case in which h = 1 (¢ € (0,2t) or t > ¢/2). Differentiating J2(¢,1) with

respect to t twice, we have (note that ¢ and ¢ are smaller than 1/2):

I L) (n+3)(((1—20)? +2(1 — o)t — 3t2)3/2 — (1 — 2¢)(4 — 14c + 13¢?)) 0
o 2(n+ 1)((1— 207 + 2(1 — o)t — 32)°72 <0.




Therefore, J2(¢,1) is concave with respect to t. We now substitute t = ¢/2 (the lower bound of t)

into J2(¢,1), then we have:

2
c c
(E) = 2% o
°\2 2(n+1) ”
We find that there exists ¢ such that J2(¢,1) = 0 and that for any ¢ € [¢/2,%), disclosure increases

the profit of the incumbent firm because JZ (¢, 1) is concave. We can summarize this as the following

proposition.

Proposition 5 Suppose that ¢ € (0,2t). There exists t such that JA(t,1) = 0. For any t € (c¢/2,),

the disclosure increases the profit of the incumbent firm.

Second, we consider the case in which h = 2 (¢ € [2t,4t) or ¢/4 < t < ¢/2). Differentiating J(t,2)

with respect to ¢ three times, we have:

PJME,2) 3(1L—2¢)(n+5)(8 = 26c+23¢*)(n — 1)(1 — ¢ - 5t) “0
ot? 2(n+1)2((1 — 2¢)% + 3(1 — )t — 15t2)5/2 ’

PIrt2) (n+5)[(1—20)(8=26c+23c*)(n—-1)]  8(n+5)(n+2)
ot2 — 6(n+1)2((1 —2¢)2 +3(1 — o)t — 15¢2)3/2 6(n +1)2

We now show that the sign of (92JA(t,2))/(0t?) is negative in all cases. Substituting ¢t = c/4 (the
lower bound of t) into (92JA(t,2))/(0t?), we have:

02JA(t,2) _A(n+5)(2(32 ~ 136c + 200c* — 103¢) + (32 — 100c 4 81c?)n) _
o |y (n+ 1)2(4 — 5¢)3 ’

for any ¢ < 1/2.

3 1A
Because 8‘1807#(:’2) is negative, (92JA(t,2))/(0t?) is negative, that is, J2(¢,2) is concave with respect

to t. We now substitute ¢ = ¢/4 (the lower bound of ) and ¢t = ¢/2 (the upper bound of ¢) into

JA(t,2), then we have:

2

J(;A (1,2) = m > O,
c _ (n+5)(2—-5¢)(n+5) — (31 + 4n + n?)c?
T (5’2> - 36(n + 1)2
(n+5)(n—1)(1 —2¢)v4 — 4c — 11c? 0
- 36(n + 1)2 <

There exists # such that JZ(¢,2) = 0 and that for any t € [c/4,1'), disclosure increases the profit of

the incumbent firm because J2(¢,2) is concave. We can summarize this as the following proposition.
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Proposition 6 Suppose that c € (2t,4t). There exists t' such that JA(t,2) = 0. For anyt € (c/4,1),

the disclosure increases the profit of the incumbent firm.

Finally, we briefly discuss the case in which h is larger than two. After some calculus, we find that,
given that k = (n — 1)/2 — h entrant firms locate at A, J,(t, h) is minimized when ¢t = ¢/(2(h — 1)).%
JA(c/(2h),h) = c?/(2h%*(n + 1)) > 0. Therefore, we have the following result: Suppose that ¢ €
(2(h — 1)t,2ht) and n is odd. There exists t, such that JA(t,h) = 0. For anyt € (¢/(2h), 1)), the

disclosure increases the profit of the incumbent firm.

n is even  Given that k = n/2 — h entrant firms locate in market A in the nondisclosure case
(c € [(2h = 3)t,(2h — 1)t)) (when h = 1, the range is (0,t)), to induce an entrant firm who would
locate in market A in the nondisclosure case to locate in market B, 7 satisfies the following inequalities,
the incumbent sets 7 at 7.:

(I—c—1t)t
1—-2c
—(1=2¢) ++/(1 =22 +4(h —1)(1 —c— ht)t
2(h — 1) ’

ifh=1,

Te =

otherwise.

The profit when the incumbent discloses its knowledge and sets 7. and that when it does not do so is:

“n+mn¢u_2@2+qh_n«1—@—hﬂt
—(n—=2h+4)(1—2c)]?/16(h — 1)*(n+1)*
7u(§*uH4mn) = +Q_20;$i?$+lnﬂ,(h¢l) (12)

(2 —6¢+5c2 —2(1 — )t + t2)(4(1 — 2¢)% + (n + 2)%t?)

4(1 =202 (n +1)2 » (h=1),
n (2—4c+ (n+2(h—1)t)*  (2—2c— (n+2h)t)?
7m(§—m0 - 4(n+1)2 * A(n+1)2 : (13)

8 We first differentiate J/ (¢, h) with respect to ¢ three times. The sign of (83J2 (¢, h))/(8t3) does not depend on t
but on the other parameters. This means that the sign (83J2 (¢, h))/(8t3) is always positive or always negative on the
range of t [¢/(2h),c/(2(h — 1))]. If the signs of (82JZ (t, h))/(dt?) are negative at t = ¢/(2h) and t = ¢/(2(h — 1)), the
sign of (82J2(t, h))/(0t?) is always negative for any t € [c/(2h), c¢/(2(h — 1))]. That is, JZ(t, h) is concave with respect
to t. Substituting ¢t = ¢/(2h) and t = ¢/(2(h — 1)) into (82J2(t, h))/(dt?), we have the values of (82J2 (¢, h))/(dt2) at
t =c¢/(2h) and t = ¢/(2(h — 1)). The numerators of the values are quadratic and concave functions with respect to n.
Solving the quadratic equations (BQJ(;“(t,h))/(8t2)\t:6/(2h) =0 and (82JA(t, h))/(6t2)|t:c/(2(h_1)) = 0 with respect
to n, we find that under the both equations the solutions are negative. Therefore, the values of (82J2(t, h))/(dt?) at
t =c¢/(2h) and t = ¢/(2(h — 1)) are negative, that is, J2 (¢, h) is concave function with respect to ¢.
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If the difference between 7y(n/2 — (h+1),7.) in (12) and 7;(n/2 — h,t) in (13) is positive, know-how
disclosure enhances the profit of entrant firms locating in market A. We now define J2(¢, h) as follows:

n

Jf(t,h) =74 (2

(h+ 1),76) —Ta (g - h,t) .
We now check the three cases: (i) h =1 (c € (0,t) or t > ¢), (ii) h=2 (c € [¢,3t) or t € (¢/3,(]),
and (iii) h is larger than 2 (¢ € [(2h — 3)t, (2h — 1)t) or t € (¢/(2h — 1),¢/(2h — 3))).

First, we consider the case in which h =1 (c € (0,t) or t > ¢). JA(¢,1) is:

tJ

T 1) = A(1-20)2(n+1)2’

where J = 4¢(1—2¢)?n+ (n+2)(4+2(n—6)c— (3n — 10)c)t — (2(1 — ¢) — t)(n+2)t2. If .J is positive,
then JA(t,1) is also positive. Differentiating J with respect to ¢ twice, we have:

9% )
J is a concave function with respect to t. We now substitute ¢ = ¢ (the lower bound of t) and

t =2(1—-c¢)/(n+6) (anecessary condition that the quantities supplied by the firms are positive) into

J, then we have:

J—e = 8c(1—2¢)*(n+1)>0,
~ 16(1 — ¢)(13 — 44c + 40c?) + 48(3 — 2¢ — 22¢% + 30¢%)n
Ji—a(1—c)/(n+6) = (n+6)°
+4(5 + 55¢ — 241¢? + 235¢3)n? + 12¢(5 — 17¢ + 15¢2)n?
(n+6)3

c(4 —13¢c+ 11c*)n?
(n+6)3

After some calculus (we can show that the coefficients of n’s are positive), we find that for any
¢ < 1/2 (this is a necessary condition that the quantities supplied by the firms are positive) and n,

jtzg(l_c)/(n+6) is positive.

Proposition 7 Suppose that ¢ € (0,t) and that n is even. The disclosure increases the profits of the

entrant firms locating in A.
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Second, we consider the case in which h = 2 (c € [t,3t) or ¢/3 < t < ¢). Differentiating J2(t,2)

with respect to ¢ three times, we have:

OPJA(t,2)  3(1—2¢)(3—10c+ 9c*)n(n +4)(1 — c — 4t) 0
95 (nt D2((1-202 + 4(1 — o)t —82pZ

We now show that the sign of (92J2(t,2))/(0t?) is negative for any t. Substituting ¢t = ¢/3 into
(02JA(t,2))/(0t?), and then for any ¢ < 1/2 we have:

02 JA(t,2)
ot?

_ (n+4)(4(3 — 4¢)® + 3¢(36 — 117c + 98¢*)n) <0
t=e/3 2(n +1)2(3 — 4c)3 '

Therefore, J2(t,2) is concave with respect to t. We now substitute t = ¢/3 (the lower bound of t)

and t = ¢ (the upper bound of t) into J.(¢,2), then we have:

c 2c?
g (572) = o
JA(c,2) = n(n—+4)(1—2¢) — 4(n + 2)2¢® — n(n + 4)(1 — 2c)y/1 — 82 .

8(n+1)2
There exists ¢t/ such that J2(¢,2) = 0 and that for any ¢t € [c/3,#"), the disclosure increases the
profit of the incumbent firm because J(¢,2) is concave. We can summarize this as the following

proposition.

Proposition 8 Suppose that ¢ € (t,3t) and that n is even. There exists t’ such that JA(t,2) = 0.

For any t € (c¢/3,t"), the disclosure increases the profit of the incumbent firm.

Finally, we briefly discuss the case in which h is larger than two. After some calculus, we find
that given k = n/2 — h entrant firms locate at A, J.(t,h) is minimized when t = ¢/(2(h — 1)).°
JA(e/(2h — 1),h) = 2¢2/((2h — 1)%(n + 1)) > 0. Therefore, we have the following result: Suppose
that ¢ € ((2h — 3)t,(2h — 1)t) and n is even. There exists ) such that JA(t,h) = 0. For any

te(c/(2h — 1),fg), the disclosure increases the profit of the incumbent firm.
0.2.2 Entrant firms locating in market B

We now discuss the profits of the firms locating in market B.

9 The procedure to prove it is similar to that in the odd case.
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n is odd When n is odd, in any case, the number of firms in each market is different. Given
that kK = (n —1)/2 —h (h = 1,2,3,...) entrant firms locate in market A in the nondisclosure case
(c € [2(h — 1),2ht)), to induce an entrant firm who would locate in market A in the nondisclosure

case to locate in market B, the incumbent sets 7 at 7,:

(1—2¢) ++/(1—2c)2+2(2h — 1)(1 — o)t — (4h2 — 1)¢2
2h — 1 '

To =

We can easily show that this is smaller than ¢ if and only if ¢ < 2ht. The profit in which the incumbent

discloses its knowledge and sets 7, and that in which it does not are:

B (n;—(hﬂ)ﬁo) = [(1—2h+n)\/(1—2c)2+2(2h—1)(1_C)t_(4h2_1)t2 (14)

—(n+2h—1)(1—2¢)]?/4(2h — 1)*(n + 1)
(2 —2c+ (n—2h — 1)t)?

Hn+1)? !
n—1  (2—4c—(n—2h—=3)t)>  (2—2c+ (n—2h+ 1)t)?
5 ( - h’t> = CESIE EESIE (15)

If the difference between mp((n—1)/2—(h+1),7,) in (14) and 7p((n —1)/2—h,t) in (15) is negative,
know-how disclosure diminishes the profits of the entrant firms who locate in market B. We now

define JB(t, h) as follows:

JB(t,h) = 7p (";1—(h+1))—wB ("gl—h)

We now check the cases (i) h =1 (c € (0,2t) or t > ¢/2), (ii) h =2 (c € [2t,4t) or t € (c¢/4,¢/2]),
and (iil) h is larger than 2 (c € [2(h — 1)t,2ht) or t € (¢/(2h),¢/(2(h — 1))]).

First, we consider the case in which h = 1 (¢ € (0,2t) or t > ¢/2). Differentiating JZ(¢,1) with
respect to t twice, we have (note that ¢ and ¢ is smaller than 1/2 and t > ¢/2):

02JB(t,1) (n—1)(4((1 — 2¢)? + 2(1 — )t — 3t2)3/2 — (1 — 2¢)(4 — 14c + 13¢?))

=- < 0.
ot? 2(n+1)((1 —2¢)2 4+ 2(1 — e)t — 3t2)3/2
We now substitute ¢ = ¢/2 (the lower bound of ) into JZ(¢) and ajgt(t), then we have:

0JB(t,1) _ 4+ (n—=T)) <0

ot 2z 22-3¢)(n+1)
2
¢ c

E(Er) = % <o
°\2 2(n+1)

Because 02JB /ot? < 0, 0JB /0t is negative and then JZ(t,1) is negative for any t(> ¢/2).
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Proposition 9 Suppose that ¢ € (0,2t) and that n is odd. The disclosure decreases the profit of the

entrant firms locating at B.

Second, we consider the case in which h = 2 (¢ € [2t,4t) or ¢/4 < t < ¢/2). We now relabel JZ(t,2)
as JP(c,2). That is, we now treat JZ as a function with respect to c. Differentiating JZ(c,2) with

respect to ¢ three times, we have:

23JB(c,2) 3(n? —9)(3 — 2¢ — 10t)(4 — 23t)t?
oc3 T T2+ D)2((1— 202 + 3(1 — o)t — 152)5/2 <0
0*JB(c,2) —(n% —9)(8 4 72t — 1172 — 180¢3)
dc? o 18(n+1)2((1 —2¢)2 + 3(1 — ¢)t — 15¢2)3/2
(n? —9)[6(8 + 36t — 51t%)c — 48(2 + 3t)c? + 64c®]  4(n? —9)
18(n+12((1—2¢)24+3(1—c)t — 15¢2)3/2  9(n+ 1)

We now show that the sign of (92J2(c,2))/(0c?) is positive for any c. Substituting ¢ = 4t (the upper
bound of ¢) into (9%2J2(c,2))/(0c?), we have:

02JB(c,2) 9(n? — 9)t2(5 — 28t)
— 2T = 800 1 )21 = 50)° > 0, for any t < 2/(9 + n).

c=4t
Note that ¢ < 2/(9 + n) is a necessary condition that the quantity supplied by the firms are positive.
(02JB(c,2))/(0c?) is positive, that is, JZ(c,2) is convex with respect to c. We now substitute ¢ = 4t
(the upper bound of ¢) and ¢ = 2t (the lower bound of ¢) into JZ(c,2), then we have:

2t2
B4t,2) = —
J7 (41,2) <0,
(n? —9)(1 —5t) — 2(n? + 27)t2 — (n? — 9)(1 — 4t)V/1 — 2t — 112 -0
18(n +1)2

TP (2t2) =

For any t € [¢/4, ¢/2), disclosure decreases the profit of the entrant firms.

Proposition 9’ Suppose that ¢ € (2t,4t) and that n is odd. The disclosure decreases the profit of

the entrant firms locating at B.

Finally, we briefly discuss the case in which A is larger than two. After some calculus, we find that

given k = (n — 1)/2 — h entrant firms locate at A, JZ(c, h) is a convex function with respect to c.1°

JB(2(h — 1)t,h) and JB(2ht, h) are negative. Therefore, we have the following proposition.

10 We first differentiate J2(c, h) with respect to ¢ three times. The sign of (93JE (c, h))/(dc?) depends not on ¢ but on

the other parameters. This means that the sign (93 JB(c, h))/(0¢?) is always positive or always negative in the range of ¢
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Proposition 9”  Suppose that ¢ € (2(h — 1)t,2ht) and n is odd. The disclosure decreases the profits

of entrant firms locating in market B.

n is even  Given that k = n/2 — h entrant firms locate in market A in the nondisclosure case
(c € [(2h—3)t, (2h—1)t)), to induce an entrant firm that would locate in market A in the nondisclosure
case to locate in market B, the incumbent sets 7 at 7.:
(1—c—t)t
1-2¢c

—(1=2¢)++/(1=2¢)2 +4(h —1)(1 — c — ht)t
2(h — 1) ’

ith=1,

Te =

otherwise.

We can easily show that this is smaller than ¢ if and only if ¢ < (2h — 1)t. The profit when the
incumbent discloses its knowledge and sets 7 at the above-mentioned level and that when it does not

is:

[m—2h+m¢u_2@r+qh_U«1—@—hﬂt
—(n+2h—2)(1—2¢c)]%/16(h —21)2(71 +1)2
(i) - B a
(2(1—2¢)2 = (1 —c)nt+nt?)?2  (2(1—c)+ (n—2)t)? (h=1)
4(1 —2¢)2(n + 1)2 4(n+1)2 AP
n L (2—de—(n—2(h—2)t)2  (2—2c+ (n—2h+ 2)t)?
ms (5 —h) = A+ 1)? + K+ 1)? ' (17)

If the difference between mg(n/2 — (h + 1),7.) in (16) and 7wp(n/2 — h,t) in (17) is negative, the
know-how disclosure decreases the profit of the entrant firms locating at B. We now define JZ(t, h)

as follows:

n

J:‘(t,h)Eﬂ'B(2 (h+1),Te)—7TB (g—h,t).

We now check the cases (i) h =1 (c € (0,¢) or t > ¢), (ii) h =2 (c € [t,3t) or t € (¢/3,¢]), and
(iii) h is larger than 2 (c € [(2h — 3)t, (2h — 1)t) or ¢ € (¢/(2h — 1), ¢/(2h — 3)]).

[2(h—1)t,2ht]. If the signs of (82J B (c, h))/(dc?) are positive at ¢ = 2(h— 1)t and t = 2ht, the sign of (82JB (¢, h))/(8c?)
is always positive for any ¢ € [2(h — 1)t, 2ht]. That is, JZ(c, h) is convex with respect to c. Substituting ¢ = 2(h — 1)t
and ¢ = 2ht into (8%2J5(c, h))/(0c?), we have the values of (82J5(c,h))/(8c?) at ¢ = 2(h — 1)t and ¢ = 2ht. The
numerators of the values contain the following quadratic form B(t, h,c)(n — 2h 4+ 2)(n + 2h — 2) > 0 (B(t, h,c) is a
function of ¢ and h and the value of B depends on c). Therefore, the values of (82J2(c, h))/(9c?) at ¢ = 2(h — 1)t and

c = 2ht are positive, that is, Jf (t, h) is a convex function with respect to c.
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First, we consider the case in which h =1 (¢ € (0,t) or t > ¢). JB(¢,1) is:

tJ
4(1 = 2¢)2(n+1)%’

JE(t,1) =

where J = —4¢(1—2¢)2(n+2) —n(4—2(n+8)c+ (3n+ 16)c2)t — 2(1 — ¢)n2t2 +nt3. If J is negative,
then JB(¢,1) is also negative. Differentiating J with respect to t twice, we have:

5 = —2n?(2 — 2¢ — 3t) < 0. (18)

J is a concave function with respect to t. We now substitute ¢ = ¢ (the lower bound of ¢) into .J and

d.J /t, then we have:

A 2¢2
Jime = — 0,
= 1+n <
dJ
— = —2(1-2c)n(2 —4c+cn)<0.
Ot t=c

aJ /0t is negative for any ¢ and then J is negative.

Proposition 10 Suppose that ¢ € (0,t) and that n is even. The disclosure decreases the profits of

the entrant firms locating in B.

Second, we consider the case in which h = 2 (c € [t,3t) or ¢/3 <t < ¢). We now relabel JZ(¢,2)

as JZ(c,2). Differentiating JZ(c,2) with respect to ¢ three times, we have:

PJB(c,2) 3(n? —4)(3 — 2¢ — 8t)(2 — 9t)t2 0
o3 (n+1)2((1—2¢)2 + 4(1 — )t — 8t2)5/2 -0

We now show that the sign of (02J5(c,2))/(dc?) is positive in any case. Substituting ¢ = ¢ into
(02JB(c,2))/(dc?), and then for any t < 1/5 we have:

PIB(e,2)|  _ (n® —4)(=2+ 29" - 34t° 4 2(1 — 81%)%/?) =0
Oc? n 2(n + 1)2(1 — 8t2)3/2 :

c=t
Therefore, JB(c,2) is convex with respect to c. We now substitute ¢ = ¢ (the lower bound of ¢) and

c = 3t (the upper bound of ¢) into JZ(c,2), then we have:

I8 (1,2) = (n —4)(1—2t§§i;\1/)12—W)—4nt <0,

2t2
JB(3t,2) = —n+1<0.
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Proposition 10’ Suppose that ¢ € [t,3t) and that n is even. The disclosure decreases the profits of

entrant firms locating at B.

Finally, we briefly discuss the case in which h is larger than two. After some calculus, we find
that given k = n/2 — h entrant firms locate at A, JZ(c, h) is a convex function with respect to c.!!

JB((2h — 3)t,h) and JB((2h — 1)t, h) are negative. Therefore, we have the following proposition.

Proposition 10”  Suppose that ¢ € [(2h —3)t, (2h—1)t) and n is even. The disclosure decreases the

profits of entrant firms locating in market B.

0.3 Interdependent demand

In this subsection, we calculate a case in which the products in markets A and B are interdependent.

To consider this case, we set the inverse demand functions in the markets as follows:
pa=1-Qa—71QB, p=1-Qp—1Qa,

where Q; (i = A, B) is the total quantity supplied by the firms in market ¢ (i = A, B), and  is the
degree of product differentiation between the products. In the basic setting, we have assumed that
v = 0, that is, the products are independent.

We now suppose that there exist an incumbent firm and four entrant firms, that is, 5 firms exist.
In this case, the incumbent firm and one entrant firm locate in market A, and the rest of the entrant
firms are located in market B.

Before the incumbent firm discloses its know-how, one entrant firm locates in A and three entrant
firms locate in B. We can easily show that the location pattern appears as an equilibrium outcome if
¢ < 2t. The profit of the incumbent firm (denoted as m7(1,t)), the profit of the entrant firm locating

at A (denoted as m4(1,t)), and the profit of the firm locating at B (denoted as wp(1,t)) are:

(14+4c+3t)(1+4c+ 3t — (1 —c—4t)y)

71'](1,15) =

36(1 —~2)
(I—c—4t)(1 —c—4t — (1+4c+ 3t)y)
* 36(1 —~?) ’
(=243t (1 —2c+3t — (1 —c— 4t)y)
71'A(Lt) = 36(1 _ 72)

11 The procedure to prove this is similar to that in the odd case.
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+(1—c—4t)(1—c—4t—(1—20+3t)’y)

36(1 —72) ’
(1 =2c—3t)(1 —2c—3t — (1 —c+2t)y)
7"'B(lvt) - 36(1 _ 72)
(I—c+2t)(1 —c+2t—(1—2c—3t)y)
* 36(1—2) '

We now suppose that the entrant firm locating in A moves to market B because of the disclosure. In
this case, the incumbent firm locates in market A, and all the entrant firms locate in market B. The

profit of the incumbent firm and the profit of the entrant firms are:

(I14+4c+47)(1 +4c+47— (1 —c—5t)y)

m(0,7) =

36(1—~?)
(I—c—5t)(1—c—5t—(1+4c+47)y)
! 3601 — ) |
(1-2c=21)(1—-2c—=21—(1—c+1t)y)
mp(0,7) = 360 = 12)
I—c+t)(I1—c+t—(1—2c—27)y)
" 36(1—2) |

We now show the condition that the entrant firm locating in market A under the nondisclosure

case moves to market B following the disclosure. The condition is:

m8(0,7) —ma(1,t) >0 & 7<J,— (1 —2c— (1 —c—2t)y),

where J, = /(1 —2c — (1 — ¢ — 2t)7)2 + (2 — 2¢ — 3t — 2(1 — 2¢)).
We now define the upper bound of 7 as 7:
w=Jy,—(1—-2c—(1—c—2t)y).

The difference between 7;(0,7,) and 77(1,1) is:

4(1—2¢)(1 —4c) — (4 — 9c)t + 8t% — (8(1 — ¢)(1 — 3¢) — (8 — 29¢)t + 4t%)y

6(1=12)
41—c—t)(1—c—2t)v* —2(1 —de— (1 —c—t)y)J,
i 6(1-19?) '

We now consider the relation between the degree of product differentiation and the profitability of

know-how disclosure. Differentiating 7., with respect to v, we have:

oty (1—c—2t)J, —{(1—2c)(1 —c—t) — (1 —c—2t)%y}

0y Jy
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After some calculus, we find that this is negative.!> As the degree of differentiation decreases, the

incumbent firm sets the level of T lower.

12 Because ¢ < 2t and ¢ is smaller than 1/4 (the former condition is that one of the entrant firms locates in market A
under the nondisclosure case, and the latter condition is a necessary condition that the quantities supplied by the firms
are positive), (1 — 2¢)(1 — ¢ —t) — (1 — ¢ — 2t)2 is positive for any v € (—1,1). Because {(1 —2c)(1—c—1t) — (1 —c—
26)29}2 — (1 — ¢ — 20).1,)% = (2t — ¢)t(2 — 3¢ — 2t)(2 — 2c — 3t) > 0, 5 is negative.
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Figure S1: Know-how disclosure is profitable for the incumbent firm (n is odd)

(Horizontal: 100¢, Vertical: n, the shaded area: the profitable area for the incumbent)
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Figure S2: Know-how disclosure is profitable for the incumbent firm (n is odd, ¢ =0.1)

(Horizontal: n, Vertical: h, the shaded area: the profitable area for the incumbent)
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Figure S3: Know-how disclosure is profitable for the incumbent firm (n is odd, ¢ = 0.05)

(Horizontal: n, Vertical: h, the shaded area: the profitable area for the incumbent)
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Figure S4: Know-how disclosure is profitable for the incumbent firm (n is even)

(Horizontal: 100¢, Vertical: n, the shaded area: the profitable area for the incumbent)
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Figure S5: Know-how disclosure is profitable for the incumbent firm (n is even, ¢ =0.1)

(Horizontal: n, Vertical: h, the shaded area: the profitable area for the incumbent)
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Figure S6: Know-how disclosure is profitable for the incumbent firm (n is even,
¢ =0.05)

(Horizontal: n, Vertical: h, the shaded area: the profitable area for the incumbent)
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