Appendix for Manuscript
Proof of Lemma 1:
Sequential game with “outcome unknown” Case 1:
The two firms’ expected profits can be characterized as follows:
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By taking the first derivative of the follower’s expected profit w.r.t. the follower’s new marginal cost if

his implementation is successful, CLFJ , and solving its first order condition, we get
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the leader’s investment level. Then, we substitute the follower’s response function into the leader’s
expected profit. By taking the first derivative of the leader’s expected profit w.r.t. the leader’s new

t’, and solving its first order condition, we get
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. Then check the second order condition,
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and with the assumption kt >1/6, we can show that 0 éI-E(UZL ) = (0‘ 18t ) <0
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Then we substitute the leader’s new marginal cost in the event of a successful implementation into the
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also check the second order condition, and with the assumption kt>1/6 , we show that
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follower’s response function and get CLFJ =Cq —

We substitute the firms’ new marginal costs in the event of a successful implementation into the
investment function f,” =k(c, —c’)? and get the optimal investment levels of the leader and the
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The two firms’ expected profits are:

a® —a® +54ka’t —36ka’t — 972k *at? + 5832k °t?

E(EE)Z%LJ'J’_ 2a2(a+2a2 —18kt)(9kt—(1—a)a) J



(1-a)’ e’ (1+a)(1+4a)+18k(1-a)’ a®(a(2a —7)(3+ 2a) - 6)t + 324K’ (1- @) * (15— & (¢ (7 + 8ax ) - 31) ) ?

5832k’’’ (—20 + ar(—14 + (24 + ) ) )t° + 314928k *ar® (5+ 2(1— &) ) t* —1889568K°cx (6 + x ) t° + 34012224k °t°
E(ze) =

2(a® - a® - 54ka’t + 36ka't + 972k *at? — 5832k*t°)°

We substitute the new marginal costs in the event of a successful implementation to solve for the

optimal prices, p;, =t+(20fj+cf’i'j)/3, market shares m_, =1/2+(cfi'j—ci‘fj)/(6t) , and consumer
surplus CS/ :J.OX” (U —tx* - pF,j)dx+_|.%_(U —t(1-x)* - p,;)dx given an outcome case ], where

X Me . Then we can get the expected consumer surplus
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The social welfare is the sum of the two firms’ profits and the consumer surplus:
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Q.E.D.

Proof of Lemma 2:
Sequential game with “outcome known” Case 2:

The leader’s expected profit can be characterized as follows:
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And the follower’s expected profit depending on the outcome of the leader’s implementation can be
characterized as follows:
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By taking the first derivative of the follower’s expected profits, E(ﬂfls) and E(ﬂ'flf) w.r.t. the follower’s
new marginal costs if his implementation is successful, C:f(,s and cf,f , and solving its first order conditions,
¢ +3(a—6ck)t and & =c0a+3(a—6cok)t
o —18kt ok o —18kt
Follower conditioning on the leader’s investment level and implementation outcome. We also check the
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second order condition, with assumption kt > 1/6 , we show that (K Fz's) = (K Fz'f) _“ <0.
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, Which is the response function of the

we get ¢f =

Then, we substitute the follower’s response functions into the leader’s expected profit. By taking the
first derivative of the leader’s expected profit w.r.t. the leader’s new marginal cost if his implementation
is successful, cf , and solving its first order condition, we get
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with the assumption kt >1/6, we show that
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substitute the leader’s new marginal cost into the follower’s response functions and get
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After applying the investment function f =k(c, —c’)?, we get the optimal investment levels of the
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The two firms’ expected profits are:
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Then we substitute the firms’ optimal investment levels and get the expected consumer surplus
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Social welfare is:
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“Simultaneous” case:
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Q.E.D.

Proof of Proposition 1:
a) and b) of Proposition 1:

Note, the following proof is valid for Va €[0,1] .
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Since kt >% , the numerator and the denominator of £’ —f° are positive. Thus, £’ —f° >0, and we

show that the leader’s investment is higher in Case 1 than in the simultaneous game.
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Since kt > E' we have ><1. This means that
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the numerator of f’ —f is negative, whereas the denominator is positive. Thus, f’ —f° <0, and the
follower’s investment is lower in Case 1 than in the simultaneous game.

Since the leader and the follower have identical investment levels in the simultaneous game ( f° = f7),
the above result shows that the leader’s investment is higher than the follower’s investment in Case 1,

5

Zast(9kt —(1—0{)0{)2

E(z’)—E(r’)=
© O (18kt—(1-a)a) (o —a® +54ka’t - 36ka't ~972K at’ +5832k°t*)

. It is clear that its

numerator is positive. We can show that if kt >%, then

a’ —a’ +54ka’t —36ka’*t —972k’ at® +5832k°t® >0 . This implies that the denominator is also positive.
Thus, 7/ — 7z, >0, and the leader’s profit is higher in Case 1 than in the simultaneous game.
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is negative. Thus, E(z;)—E(x.) <0, and the follower’s profit is lower in Case 1 than in the simultaneous
game.

Since the leader and the follower have identical profits in the simultaneous move game (E(z) =E(x})),
our results show that the leader’s profit is higher than the follower’s profit in Case 1, E(z) > E(x;).
Note, when a =1, Case 1 and Case 2 become identical. Thus, when a=1, z/ >z’ , f’>f’, and
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c) of Proposition 1:

When neither of the two firms has the opportunity to invest in IT, they split the market in half and their

. u _ U —
profits are the same, 7,/ |, . . =7 |, o, ,=t/2 .
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denominator is positive. Thus, 7[LU [ —ﬂf’ |fl=o,fp=o<0 , and when IT implementation always succeeds, the

: 1 . ,
7l o~ . Since kt > 5 the numerator is negative, whereas the

leader has a lower profit when he invests in IT than when neither of the firms has the opportunity to
invest in IT.
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the denominator is positive. Thus, ﬂf |, —ﬁﬁ’ |ﬁ=0,fF=0<0 , and when implementation always succeeds,

the follower has a lower profit when he invests in IT than when neither of the firms has the opportunity
toinvestin IT.

Q.E.D.

Proof of Proposition 2:

a) part of Proposition 2
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We can check that since kt > E' the numerator and denominator of 5— are positive. Thus, 5 >0,
o a

and the leader’s IT investment always decreases as a decreases.
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We can check when (1+144kt(—2+9kt)(—1+9kt))>O (approximately kt >0.22), the numerator is

U
negative for O<a <1. Moreover, the denominator of M is positive. This implies that when kt is
o
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large, or kt >0.22, S ——Lt-<0.When (1+144kt(—2+9kt)(—1+9kt))<O , or when kt is small, the
o
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numerator of 5— can be positive or negative, depending on kt and «, and we will show it
o
numerically in the following specific case.
SE(m) SE
See Figure 3. %so, when <0.881011, and 5(” )0, when &>0.881011, given that ¢, =1,
o o

k=0.47 and t=0.34. We show that leader’s profit can change non-monotonically: it first decreases
and then increases as @ decreases.

b) part of Proposition 2
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We can check when (1+36kt (18kt —1)(1—18kt(1—3kt))) <O (approximately kt >0.26), the
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numerator of —— 5 is negative for 0<a <1. Moreover, the denominator of —— 5 is positive. This implies
o o
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that when kt is large, or kt >0.26,

<0.When (1+36kt(18kt —1)(1—18kt(1-3kt)))>0, or kt is

)

small, the numerator of can be positive or negative, depending on kt and «, and we will show it

oa
numerically in the following specific case.
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See Figure 4. é;izo,when a<0.78, and <0,when a>0.78, given that ¢, =1, k=0.47 and

o
t=0.34. We show that the follower’s IT investment can change non-monotonically: it first increases and
then decreases as @ decreases.
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We can check that since kt > =, the numerator of ﬁ is negative and the denominator of (7 )
6 oa oa
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is positive. Thus, o <0, and the follower’s profit always increases as a decreases.
o

c) part of Proposition 2 that £’ > £ and E(x)>E(x/) are proved in the proof for a) and b) of
Proposition 1.

Q.E.D.

Proof of Proposition 3:
a) part of Proposition 3:
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We can check that since kt >%, the numerator of f*— f” is positive and the denominator of £ —f"is
positive. Thus, £ —£" >0 and the leader’s IT investment is higher in Case 2 than in Case 1.
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We can check that since kt >%, the numerator and the denominator of E(z)—E(r,’) are positive. Thus,

E(z)—E()>0 and the leader’s profit is higher in Case 2 than in Case 1.

b) part of Proposition 3:
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To find the critical values of & and kt for E(zf)—E(z/)>0, we can reduce the task of finding

E(zf)—E(x’)=0 as to find the critical values of & and kt of the following equality:
4081466885 (13-2a )~ (1- )’ o® (1+ ) -11019960576b° +1259712b°a (3+ ) (33 - 30a + 4a” )
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where b=kt . It is evident that the solution to this equality is mathematically challenging. Thus, we
show that E(z})—E(z;) can be positive or negative with respect to @ and kt in the following two
specific cases.

See Figure 5. E(zX)—E(x/)<0 when @ <0.956, E(zf)—E(z’)>0 whena>0.956, given that c, =1,
k=0.47 and t=0.34.

See Figure 7. E(z})—E(7;)>0 when t<0.3371, E(x})—E(x;)<0 when t >0.3371, given that c, =1,
k=0.47 and ¢=0.95.

As these examples show the follower’s profit can be higher in Case 2 than in Case 1 when the probability
of implementation success is high and the extent of market competition is high.

Q.E.D.

Proof of Proposition 4:

a) part of Proposition 4:



S 108k(1-a) o’ (1+a)t—(1-a) a* (1+a)-324k (1-a)a* (15+a (11+8a))t* ~34012224K°t° +
a’t
Sf° 23328k’ (5+ar-6a’ +a* |t* +314928k'a’ (@ (500 —2) -5)t* +3779136k° (1 + ) (3- 201 )t°

ot (o - a® +54kta’ ~36kta* ~972k't 0+ 5832K°F )
u 5fU
L is negative and the denominator of 5—; is

We can show that since kt >%, the numerator of
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positive. Thus, of,

<0 and the Leader’s investment level always increases as t decreases in Case 1.
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St (o~ o +54kta’ ~36kta* ~972k't o+ 5832K°F° )3
5fLK 5](:}(
t

is negative and the denominator of 5—; is

We can show that since kt >%, the numerator of

5 K
positive. Thus, f

<0 and the Leader’s investment level always increases as t decreases in Case 2.
b) part of Proposition 4:

1-a) a*(1+a)(1+2a)-36k(1-a)a’ (1+a)(2+a)t+
18ka3t(a+2a2—18kt)(18kt—(1—a)a) ( a) y ( a)( a) ( a)a ( a)( a)
SfY 34K’ (6-a —20° )t* ~11664k° (¢ —2) at” +104976k* (1-ar)t*

f -

St (0 ~a® +58kta’ ~36kta’ ~972K't’ar+ 5832K°t° )3

St St
We can show that % | ¢=0.46,0-096 033 = —1-4707 <0 and % | «=0.46,4-06,t-034 = 0-1116 > 0. Thus, the
Follower’s investment level may increase or decrease as t decreases in Case 1.

c) part of Proposition 4:

5f. T2ktat (27kta -162K° ~(1-a)e’ )((1-a) @ -S4kt (1-a)a’ +486K°t* (2—ar)a —5832°F" |

ot (18kt (3-20)a* —(1-a)a’ ~972Kt*cc + 5832Kk°t* )

U
F,s

We can show that since kt > Y the numerator of is positive and its denominator is positive. Thus,

5 K
% >0 and the Follower’s investment level if the Leader’s implementation has succeeded decreases
t

as t decreases in Case 2.

Sfe,  18kta’
ot (a—18kt)

5 K
%<0 and the Follower’s investment level if the Leader’s implementation has failed increases as t
t

decreases in Case 2.

5, and since kt > X the numerator is positive, and the denominator is negative. Thus,



Q.E.D.

Proof of Proposition 5:
The social welfare in the case where firms do not have the opportunity to invest in IT is:

SW no IT investment — U _ CO _ L .

12

The difference between the social welfares in Case 1 and in the case where firms do not have the
opportunity to invest in IT is:
7558272k °t® +162k2t2a3(—44 + a(-54+ a (49 + 24)))
kte?| —11664k*t3a? (-14+5(-2+ o)) —104976k4t4a(17 +6a)
36kt (4+a(9 - a(10+a(7 - 4a)))) - (1-a)’a’(1+a)(l+6a)

E SWU _ SW no IT investment -
W) 2k (5832k*t® — 972k *t’ar — &® + &® +18kta? (3—2a%))?

1 )
We can show that since 0<a <1 and A <kt , the numerator of E(SW")—SW ™M™ is hositive, and

it is easy to see that the denominator of E(SWY)—SW™ T ™M js hositive. Thus,

E(SWY)—Swm™Timesment 0 and social welfare is higher in Case 1 than in the case where firms do not
have the opportunity to invest in IT.

4897760256k ™t" — 324K2t2° (78 + (56 + ar(~133+ 241)))

,| 68024448k°t°a (25 + 6cr) +104976k *t*a®(~190 — 69 + 36a*) —
(1-a)’a’(2+11a) +36kt(1- o)’ (10 + a (25 -16a)) +
83140992k °t°cr® (3+ o) —11664k°*t°a* (—80 + r(~35 + 52c))

4k (18kt — &) (5832k °t® — 972k *t?cr + 18kt (3 - 2a)a® + (-1 + a)®)?

ta

E(SW K ) _ SW no IT investment —

1 _
We can show that since 0<a <1 and A <kt , the numerator of E(SW")—Sw™T™ement js hositive, and

it is easy to see that the denominator of E(SW*)—SW™ Tt s hositive. Thus,

E(SWK)—Sw™mTimestment - g and social welfare is higher in Case 2 than in the case where firms do not
have the opportunity to invest in IT.

Q.E.D.

Proof of Proposition 6:

a) part of Proposition 6:



E(SW*)-E(sw")

—(1-a) o' (1+a)(1+11a)+23328k’a’ (111+ «(266 — (503 + (85— 7 (39 - 8x)))))t* —
324K°(1-a)a’ (111 + (512 — (334 + (401 - 1962))))t + 36k(1— )’ ™ (8 + (61 + (11— 38ax)) )t —
104976k"ar’ (1146 + (1893 — 2(3062 + (769 — 24x(47 — 4ax)))))t* +3779136k°r’

—(1008 + (1199 — (1543 + 8cx(61—39cx))))t° — 34012224k (2478 + (2215 - 2cx(1021+ 72(5— o)) )t° +
7346640384k’ or* (178 + (123 - 70a — 24 0% )t —11019960576k°cr* (1269 + 21(337 — 94ar — 240 ))t® +
793437161472k’ o> (124 + (47 — 4ax))t° —3570467226624k ° or(115+ 24a)t™° +771220920950784k "t

1-a)a’t

4a —18kt) (o’ —a° —54ka’t +36ka’t + 972k’ at’ —5832k°t’) (18k(3 - 2a)a’t —(1-a)a’ — 972k at® +5832k’’)
It is clear that the denominator of E(SW*)—E(SW") is positive. One can show that the numerator of
E(SW*)—E(SW") is also positive since kt >%. Thus, E(SW*)—E(SW")>0 and social welfare is higher in

Case 2 than in the Case 1.

E(SW )—E(SW?)
(1-a)f a®(9-11a)+72k(1-a) o’ (5-2a)(3—4a)t +324k* (1-a)a’ (175 - a(390 — a(221 - 24a)))t* +
a't| 46656k°a’ (36 — (99 — (81-19a)))t* — 314928k ar* (95— (223~ (127 - 12)))t* +
3779136k’ (82— t(173—58a))t> —34012224k°cr* (45— 2cx(53 — 62))t® —9795520512k” or’t” 422039921152kt

Ha —18kt)’ (18kt —(1-a)a)’ (18k(3 —2a)a’t — (1 - )’ - 972K at” +5832k°t’)
It is clear that the denominator of E(SW*)—E(SW?) is positive. One can show that the numerator of

E(SW)—E(SW?) is also positive since kt > % . Thus, E(SW*)—E(SW?®)>0 and social welfare is higher in

Case 2 than in the simultaneous game.

b) part of Proposition 6:
(EC)+E2)) = (E(w) +E(f))

o™ —5816090304k” at” +11019960576k%t® —3ar™ (2 + 15kt) + 324k*°t* (62 + 3699kt +19764k*t*) —
. 8503056k°c’t” (19 + 96kt) + 6p™ (2 + 69kt + 108k*t*) + 314928k o *t* (40 + 513kt + 108k*t*) —

20°(5+ 531kt +5184k*t*)—2916k>a°t> (217 + 6156kt +10044k°t* )+ 68024448k . ’t® (19 + 27kt) +
3a®(1+ 354kt +12528kt* + 34020k’t>) — 9k "t (41 + 5328kt + 74844Kk>t* + 34992k*t?)

a4

(o —18kt)*(a® —a +18kt)* (a* + 54ka’t —972k*at® + 5832kt —or® (1+ 36kt))

It is clear that the denominator of (E(;rf)+E(7rF5))—(E(7rf)+E(7rf)) is positive. One can show that the
numerator of (E(;rf)+E(7r,f))—(E(7rf)+E(7rf)) is also positive since kt > % . Thus,

E(z))+E(m.)>E(x)+E(x) and the industry-wide profit is higher in the simultaneous game than in the
Case 2.



1t — s ke [54a5kt ~23328ak’t* +104976k"t" —972a°k*t (3kt —2)+]
ata —a+

360 kt(9kt —2)+ r®(9kt —1)+ o (1 — 9kt — 648k°t?)
(o> —o +18kt)* (@’ —a® —54a’kt + 360kt +972ak’t” —5832k’t*)

It is clear that the denominator of (E(ﬁf)+E(7r,f))—(E(7zL“)+E(7rf)) is positive. One can show that the

(E(x))+E(x))) - (Bl +E(x))) =

numerator of (E(;zf)+E(7r,f))—(E(7rL”)+E(7rg)) is also positive since kt > % . Thus,

E(z)+E(m)>E(n])+E(x’) and the industry-wide profit is higher in the simultaneous game than in the
Case 1.

Total Investment” = f* +(aff +(1-a)f;;)
okt 1-a +(360¢kt—(1—0{)0{2 —324K°t )2 +40¢(270¢kt—(1—0{)0{2 -162k°t? )2
(o -18kt) (18a7k(3-2at)t —(1-at)o® ~972ak’t’ +5832k°t* )

18a’kt?

Total Investment® = f + f7 = .
(18kt—(1-a)a)

Total Investment" —Total Investment®
| 1 (36akt—(1-a)a’ 324Kt ) +aa(27akt -(1-a)a’ ~16268) ,
(0!—18kt)2 (lgazk(3_2a)t—(1—(l)a3—9720{k2t2+5832k3t3)2 (18kt—(1_a)a)2

We can check that since kt >%,

1-a (360{kt—(1—0{)0{2 —324k%t )Z +40¢(270(kt—(1—0{)052 -162k°t* )2 2
> .
(o —18kt)’ (18a%k(3-2at)t —(1- ) o® ~972ak’t’ +5832Kk°t* ) (18kt—(1-a)a)

Thus, Total Investment® >Total Investment® and the industry-wide investment is higher in Case 2 than
in the simultaneous game.

Total Investment" = £ + f’

90’ kt? ((a+2a2 ~18kt) (18kt—(1-a)ar)’ +(36kt(a—9kt)—(1—a)a2)2)

(® —a® —54a’kt +360 'kt + 972Kt (ot —6kt) )

Total Investment® —Total Investment”

1-a (360{kt—324k2 2 —(1—0()6(2)2 +4a(2705kt—(1—0:)052 —162k’t? )2
+ —
(o —18kt)’ (18k(3-2a) o't —(1- ) a* 9720kt + 5832kt )|
=9%ka’t’ , , ,
(a+20” -18kt) (18kt —(1-a)a) +(36akt —(1-a)a’ —324K’t?)

(o —a® ~5aka’t +36ka't + 972K at’ —58326°F° )2



One can show that since kt >%,

1-a  (36akt-324kC —(1-a)a’) +4a(27akt —(1-a)a’ ~162K°t7)
+

>
(a—18kt)’ (18k(3-20) 0t ~(1-a)a® ~972ak’t” + 58326t )

(o +20* ~18kt) (18kt —(1-a)ax) +(36akt —(1-a)a’ —324K°¢7 )
(o o ~54ka’t +36ka't + 972k at® ~5832K°° )

Thus, Total Investment® >Total Investment” and the industry-wide investment is higher in Case 2 than
in Case 1.

c) part of Proposition 6:

E(cS*)-E(csY)

33059881728k"t*c* (648kt —611) +34992k> > (193 + 1341kt —163188k’t* +237168k’t’) +
20 (720kt +21384kt* —5)—9ar™ (1+100kt) + 2040733440 °k°t (1206kt +12744k*t> —721) +
11337408k°r°t* (658 — 549kt —51624k°t> +31104k’t*) — 396718580736k r’t® (144kt —331) —
629856k"a't* (427 + 696kt —116316k’t* +147744Kk°%) +

(1-a)a’t| o' (206712k’t* — 5576kt +2531088k’t* —69284160k*t*) +899757741109248k 't " +
30*?(1—-852kt —29052k*t* +1146960k’t> +2239488k"t*) - 510576813407232k ot ™ —
324a°k’t? (347 + 6156kt —896184k’t* +338256k’t> +10077696k t*)+7a*® +

360 °kt(31+1287kt —269568k’t* —883548k°t* +20575296k‘t*) -

20" (48114K*t* —7 738kt +443232k*t*) — 7346640384k 0"t (447kt + 648k’ t> —281)

B 4(p—-18kt)’ (o’ —a® —54ka’t +36ka’*t + 972k’ at” —5832k°t)* (" + 54ka’t —972k*at” +5832k*t* — o (1+36kt))*
It is clear that the denominator of E(CS“)—E(CS") is positive. One can show that the numerator of

E(CS*)—E(CSY) is also positive since kt > % . Thus, E(CS*)—E(CS")>0 and consumer surplus is higher in
Case 2 than in Case 1.

E(CS*)-E(CS®)
—7a™* —23264361216ak’t” +66119763456k°t® +18a™ (1+22kt) +340122240°k°t° (107 — 72kt) -
37791360kt (89 —90kt) —12a™° (1 + 114kt +432k°t*) +314928 *k*t* (65 — 24kt —864k*t*) +
116640°k’t*(8748k*t* —73—135kt)+20° (576kt +18954k*t* —1)— 3240 °k’t* (44388k’t* — 73— 540kt ) +
36a’kt(30132k°t* +69984k°t> —11—243kt)—3a®(15876k°t> +159408k>t> —1—72kt)

b —18kt) (o —a +18kt) (o +54a’kt —972ak’t’ +5832k’t* — o’ (1+36kt))
It is clear that the denominator of E£(CS“)—E(CS®) is positive. One can show that the numerator of

a't

E(CS*)—E(CS®) is also positive since kt > % . Thus, E(CS*)—E(CS®)>0, and consumer surplus is higher in

Case 2 than in the simultaneous move game.



Q.E.D.

Note, in all the proofs in Extension 2, we replace aF with o and a" with a, .

Proof of Lemma E2.1:

Firm i’s decision problem in the Outcome Unknown can be formulated as:

max E(r)= mUaX(aia T +a (1—057i)7zilfsf + (1—05i)057i7ri9fs +(1-a)- aﬁi)ﬂilvjff )

—i“%i,ss i

st.,c” €[0,¢,],
where IZ'iL'J ; denotes firm i’s payoff given implementation outcome j in this “outcome unknown” Case 1,
ie{L,F},and j=ss,sf,fs, ff .

The two firms’ expected profits can be characterized as follows:

9t* +(c — ¢, )(c —6t—Co ), +(c —Co ) (Cf +6t—2¢7 ar +¢, (—1+2ax, )

E(zY) =
(7)) .

—k(co —c)’

ot +(c — ¢, )(cl +6t—Co )y +(Cf —Co e (CF —6t—2¢ et +¢, (-1+ 22, )
18t

B(re) = —k(co 2’

By taking the first derivative of the follower’s expected profit w.r.t. the follower’s new marginal cost if

his implementation is successful, CL,i , and solving its first order condition, we get

o (Co = CoCl + e, ) +3(—6Cok + e )t
o —18kt

conditioning on the leader’s investment level. Then, we substitute the follower’s response function into
the leader’s expected profit. By taking the first derivative of the leader’s expected profit w.r.t. the

cl(c)= , which is the response function of the follower

leader’s new marginal cost if his implementation is successful, CLLJ , and solving its first order condition,
we get the leader's new marginal cost if his implementation is  successful

3t(—324K°t” + o (36kt + (—1+ e ) ) ),

¢’ =c,+ . > - ~. Then check the second order
18Kkt (18Kt + ez )" —(—18kt + o )" ¢+ (—36kt + g ) ox!
condition, and with the assumption kt>1/6 one can show that
’a,?(a. —36kt
o, —18kt - % o (= ~S6K)
S?E(x)) (aF —18kt)
o = <0.
oc; ot

Then we substitute the leader’s new marginal cost into the follower’s response function and get the

follower’s new marginal cost if his implementation is successful
3ta, (—324k2t2 + ot (36Kt + (—1+ap )are ))af

18kt (—18kt +ap )* —(~18Kt + @ ) o+ (—36kt + . ) o

= . We also
—18kt + o

—18ktc, +3tor. +Coorp +

Cr



check the second order condition, and with the assumption kt>1/6 , one can show that
S’E(rp) o —18kt -

0.
scy? ot

We substitute the firms’ new marginal costs in the event of a successful implementation into the
investment functions and get the optimal investment levels of the leader and the follower:

Okt? (324K — 36kta, +a.” —at°) @’

fLU =k(co _ClLJ )2 =

’

(18kt(—18kt +a, )2 — (18Kt + o )2 a, +af (-36kt+ap )al )2

0 U Okt’a,’ (—Z(aFaL)Z +ap (-18kt + o, + %) +18kt(18kt —cr, (L+ ¢, )))2
fe =k(c,—cp) = .

(18kt(—18kt +ap ) —(-18kt + ;. ) +af (-36kt + . ) o )2

Q.E.D.

Proof of Lemma E2.2:

In the Outcome Known case, the leader’s expected profit can be characterized as follows:

K
F,ss

—cf +3t) +a,(1-a)(c, —cf +3t) +(1-¢, )aF(c:fs —-C, +3t) +(1—0{L)(1—05F)(3t)2
18t

a,a,(c
L —k(c,—c)

E(m,)=

And the follower’s expected profits depending on the outcome of the leader’s implementation can be
characterized as follows:

K K 2 K 2
a(c, —c  +3t) +(1—e)(c, —c,+3t
E(zf )= (6 G +31) 1(8 e =6 +31) —k(c, —cr ) if the leader’s implementation is
: " ,
K 2 2
o (Co—Cp , +3t) +(1—c, )3t
successful; E(zf )= (G ey 18) d-a)at) —k(c, —c; ) if the leader’s implementation is
, " :

unsuccessful.

By taking the first derivative of the follower’s expected profits, E(ﬂ,’f’s) and E(ﬁf,f) w.r.t. the follower’s

new marginal costs if his implementation is successful, cf . and cﬁ, , and solving its first order conditions,

¢ G +3(a —6ck)t ¢ Cottp +3(a, —6c,k)t
P g, —18kt B o, —18kt

the follower conditioning on the leader’s investment level and implementation outcome. We also check
the second order condition, with assumption kt > 1/6, one can show that

SE(nf) O°E(xf,) 2a. —36kt
(K Fz’s) = (K Fz’f) =—"f <0.Then, we substitute the follower’s response functions into the
oc OCe ¢ 18t

F,s

, Which are the response functions of

we get ¢

leader’s expected profit. By taking the first derivative of the leader’s expected profit w.r.t., the leader’s
new marginal cost if his implementation is successful, cf , and solving its first order condition, we get



3t(-324k°t + oz (36Kt +(—1+ ¢ )t ) et
18Kt (—18kt + ar, ) +(-324K*t* — (36kt — ar, ) (-1 + et )t ),

3t(ar —6key )+ ar [Co -+

¢ = . Then
—18kt + o
check the second order condition, and with the assumption kt > 1/6 , one can show that
3 2
2

a1+ Y 5= %
5%E(7¥) (aF _18/<t) o, —18kt ' ‘
—— L= Jk+ <0.Then we substitute the leader’s new marginal cost

scl? ot
if his implementation is successful into the follower’s response functions and get the follower’s new
marginal costs if his implementation is successful

3t(-324k°t + g (36Kt + (—1+ o ) e ) ),
+
18Kt (—18Kt +az,. )* +(-324k*t” — (36kt — ar, ) (-1+ & ) e ),

3t
18kt —arp

K K
Ces =Co and c¢ ; =C,

We substitute the firms’ new marginal costs in the event of a successful implementation into the
investment functions and get the optimal investment levels of the leader and the follower:
ke, *t*((—1+ap )y’ +36ka t — 324k °t%)?
(1+ ) ’o, +18Ka, (o + 20, — 20 )t — 324K (2a, + a )t +5832k°t°)°
36kar t* ((—1+ o Yop o, +9K(ap + 20 )t —162k *t?)?

’

f<=k(c, —¢ )’ =

f =k(c,-¢cl,)’ = 5 2 2 332 /
’ ’ (-1+ap)a“a, +18ka. (ar + 20, — 20 )t —324K° (2a + o )t° +5832K°1°)
242
fFKf =k(c, _ClFJ f)2 :gka—th-
’ ' (ap —18kt)

Q.E.D.

Proof of Proposition E2.1:

1) With the following set of parameters, K =0.48,c, =1t =0.35,, =0.7, the first derivative of the
U

df
leader’s investment level with respect to a, in Case 1 5 L =0 at o, =0.0991. We further check that
aA

fY |y ~000=0.0523, fY |, ~0,=0.0526, and £V, ,=0.0521. Thus, f” can increase first and then

decrease as «a, increases.

With the following set of parameters, k =0.48,c, =1t =0.35,¢, =0.5, the first derivative of the
K

leader’s investment level with respect to @, in Case 2 —-— =0 at a, =0.2489 . We further check

da,

that f" |, -0=0.0218, i | ~025=0.0223, and f |, 05=0.0208. Thus, f can increase first and

then decrease as «, increases.

The first derivative of expected profit of leader with respectto «, isin Case 1:



2a, +a )t a (a, +a ) (~1+a (-1+2a, + 22, ) +18(a, +a, (2+a, )kt —324k*t?)
(o (a, +a ) (-3+a, +2a,0, +2a,°)-18a, +a )(3(-4+a ), +8a’ +a,(-3+8a )kt -
dE(z) 3249ax, + (13- 4ar, o, )Kt? +23328K°t°)
da, (2o’ (a,+a, ) +72(a, +a, )(a, —18kt)kt —648(c, —18kt)k’t* —2(ax, +a, )*(cr, —18kt +36¢, °kt))?
dE(z)
aV

1
We can prove that since O0< e, <1, 0<ea, +a <1 and 5 <kt , the numerator of is negative,

dE (7 dE (7
ﬂ is positive. Thus, ﬂ is negative and the

ay ay

and it is easy to see that the denominator of

leader’s expected profit in Case 1 decreases as «, increases.
The first derivative of the leaders’ expected profit with respect to «, in Case 2 is:

(—18kt + @, +a, )(324kt?(18kt — cr, ) + 36kt (~18kt + a, )(er, + ) — (~18kt + (1+36kt)x ), + @, )’ +a, (o, +,)?)
(—18kt +a, +ar, )(324kt* (18Kt — v, ) + 36kt (~18kt + o, )(er, +x,) — (~18kt + (L +36kt)ex, ), +,)” + o, (a, +,)?)
216kt (9Kt (~2 + 63kt) — ar, (—1+ 9kt + (L+9kt)ar, )) (o, + ez, ) + 4(L8(L—144kt)kt + ar, (~1+ 72kt(L+18Kkt) + (L+ 72kt)ex, ))
(o, +@,)* =10(=27kt + oz, (1+ 72kt + ¢ ))(ex, +x,)* +6c, (3+a Yo +@,)°) -
(—18kt + o, +a, )(36kt(—18kt +cr, ) — 2(—18kt + (1+36kt)er, )(er, + ) + 3, (a, +,)?)
(104976kt* (18kt + (-1+ a, )y, ) — 23328kt (18kt + (—1+ e ) )z, + ) —1944kt* (18Kt (~1+6kt) + o, — o) (e, +a, ) +
72kt (9Kt (=2 +63kt) — ar, (=1+ 9Kkt + (L+9kt)er, )) (e, +at,)® + (18(L—144kt)kt + or, (—1+ 72kt(1+18Kkt) + (L + 72kt)ex, ))
(o, +a,)* = 2(=27kt + o, (1+ 72kt + @ )) e, + ) +a, B3+ ) e, +a,)’) -
2(324kt” (18kt — ar, ) +36kt(—18kt + o, )(ex, +x,) — (—18kt + (L+36kt)er ), + )+, (o, +,)°)
(104976kt* (18kt + (~1+a, )y, ) — 23328kt (18kt + (—1+ & ), ), + @, ) —1944kt* (18Kt (~1+6kt) +ar, — '), +ax, ) +
72kt (9kt(~2 +63kt) — ar, (~1+9kt + (L+9kt)er, )) (e, +ax,)® + (18(L—144kt)kt + or (—1+ 72kt(1+18kt) + (L + 72kt)ex, ))
dE(7f) (o +a,)' —2(=27kt + o (1+ 72kt + ) +@,)’ + o B+ ) +a,)°)

day, 2(-18kt +a, +a,)*(324kt? (18Kt — oz, ) +36kt(-18kt + )(er, +a,) — (~18kt + (1+36kt)ex, )(, + @)’ +, (o, +@,)*)?

dE(z¥ 1
It is easy to see that the denominator of % is negative since 5 <kt . Then we can take the third
Qy
. dE(z) o
derivative of the numerator of d—' and we can show it is positive since 6 <kt . Then we evaluate
aV
o dE (7)) 1 N
the second derivative of the numerator of d— at kt = E' and we can show it is positive. Thus, the
aV
dE(7)

1
second derivative of the numerator of is positive for 5 <kt since its third derivative is positive.

aV
—dE(”r ) at kt
da,
dE(7)
aV

1
Then we evaluate the first derivative of the numerator of = E , and we can show it is

1
positive. Thus, the first derivative of the numerator of is positive for E <kt since its second is



dE(zf
ﬂ at kt = 1 , and we can show it is positive. Thus,
de,

E(xF E(z"
m is positive. Therefore, M
da, a,

positive. Then we evaluate the numerator of

the numerator of < 0 and the leader’s expected profit in Case

2 decreases as a, increases.

2) With the following set of parameters, k =0.48,¢, =1,t =0.35, ¢, =0.91, the first derivative of the
U

follower’s investment level with respect to @, in the Case 1 r =0 at ar, =0.07. We further check
o

A

that fo |, -0=0.0227, fe |oyy=007=0.0237, and fe la—000=0.0236 . Thus, f¢’ can increase first and

then decrease as «, increases.
The first derivative of expected profit of follower with respect to «, isin Case 1:

(324kt* (18Kt — cr, ) +36Kt(~18Kt + o, )(ex, + ) — (~18kt + e, +36ktar)(a, + )’ +al (e +@,)°)

(~23328Kt* (324kt? — 36ktcr, + (L—36kt)ar? +31) +

3888Kt? (324Kt? (L+ 3Kt) — 36KE(L+ 3Kkt)a, + (1— 33Kt —324kt?)ar? + 3(L-+ 6kt)ar® +15Kktar’)(ar, +x,) -

108Kt(324Kt% (2 + 27kt) — 36Kt (2 + 27kt)ar, + (2 — 45kt — 2916Kt%)ar? + B(L-+ 30kt)a® +117kter) (@, +,)* +
(324Kt (1+ 54kt) — 36Kt (L+ 54kt)cr, -+ (1+ 18Kt —5832kt? — 23328Kt%)ar? + 3(L-+ 132Kt + 432Kt%) e + 18Kt (L1 + 144kt) ')
(e +t, )’ — 5(324Kt? — 36ktcr, + (L—108Kt — 2592Kt)ar? +8(L+18Kkt)ar’ +3(L+ 96kt)ar’)(a, +az,)" +

6a (-72kt +5a, +(7+72kt)a) (e, +@,)° —28a; (a, +,)°) -

2(36Kt(—18kt +cz, ) — 2(~18kt +cr, +36kte) (o, + ) + 3’ (a, +a,)?)

(L04976Kt* (324Kt? — 36Ktar, + (1—36kt)r? + 3cr%) — 23328kt (324Kt —36Kkter, +(1—36kt)ar? +3a°)(cr, +a,) +
1044Kt? (324Kt% (L+ 3kt) — 36Kt (L+ 3kt)er, + (133Kt — 324kt2)ar? +3(L+ Bkt)er® +15Kter')(er, +a,)? —

36kE(324Kt2(2 + 27Kt) — 36KE(2 + 27kt)ar, +(2— 45Kt — 2916Kkt2)ar? + B(L+ 30Kt)er? +117kter')(er, +a,)* +

(324Kt% (L+ 54kt) — 36kt(L+ 54kt)ar, + (L+18Kt —5832Kt% — 23328Kt%)cr? + 3(L+ 132Kt + 432Kkt2)c +18Kkt(1 1+ 14dkt)ar)
(e +ct,)" — (324Kt? — 36Ktcr, + (L—108Kt — 2592Kkt2)cr? +8(L-+18kt)er? + 3(L+ 96kt)r) (@, +,)° +

dE(7Y) \af(-72kt+5a +(7+72kt)arl ), +a,)’ —darl (e +a,)")

da, 2(324kt* (18Kt — v, ) +36kt(~18kt +cx, )(er, + ) — (—18kt + @ +36kta’)(a, +a,)* +al (o, +a,)’)’

With the following set of parameters, k =0.48,c, =1,t =0.35, ¢, =0.86, the first derivative of the
dE(7Y)
de,

check that E (77 |, -0) =0.08647, E(x? | <00s) = 0.08665, and E(r? |, -013) = 0.08603. Thus,

U . . .
E(7g ) canincrease first and then decrease as @, increases.

follower’s investment level with respect to @, in the Case 1 =0 at , =0.0518 . We further

In Case 2, the first derivative of the follower’s expected profit if leader’s implementation failed with
respectto «, is:




K
dE(zr,) _ (o +a)36kt-a, ~a) since 1 <kt, —dE(ﬁF’f) >0
day, 2(18kt —ax, —r)? 6 da

Y

In Case 2, the first derivative of follower’s IT investment level if leader’s implementation failed with
respectto a, is:

df *
df s, _ 324, + Kt since 1 <kt,—1 >0,
da, (18kt-a, —a)® 6 de,

With the following set of parameters, k =0.48,c, =1t =0.35,a, =0.86, the first derivative of the

follower’s investment level with respect to ¢, when leader’s implementation succeeded in the Case 2,
df
; P2 =0 at ar, =0.1058. We further check that f" |,,,-o=0.02012, £ |, ,=0.02219, and
o, ’ ’ '
f K

K . . .
Fs laj-013=0.02203. Thus, f:; can increase first and then decrease as a, increases.

With the following set of parameters, k =0.48,c, =1,t =0.35,a, =0.77, the first derivative of the

follower’s investment level with respect to ¢, when leader’s implementation succeeded in the Case 2,

dE(zf —
—d( r.s) =0 at a, =0.1053. We further check that E(zy . |, _,)=0.0812,E(xf .|, _,,)=0.0817,
( \Y% Y ' | |

and E(”;s | =02) = 0.0809. Thus, E(ﬂﬁys) can increase first and then decrease as «, increases.

3) With the following set of parameters, k =0.48,c, =1,t =0.35,¢, =0.7,
E(7r;J | =0.73) =0.13475, E(/Zf | =0.73) =0.14233, E(ﬁg |- =0.75) =0.13631,
E(x, | @ =0.75) = 0.13813. Thus, when o, =0.73 and o =0.75, E(z) > E(7}).

With the same set of parameters, E(7{ |, =0.73) =0.13186, E(z |a, =0.73) =0.1444,

E(zy |ap =0.75) =0.13311, E(x | & =0.75) = 0.14036. Thus, when o =0.73 and ¢ =0.75,
E(z)>E(x).

Q.E.D.

Proof of Proposition E2.2:

a) We first substitute &, = a and a = o+, . Then we get the first derivative of leader’s new

marginal cost in the event of a successful implementation in Case 1 with respect to « is:



3t(a(36kt +2(-1+a, +a)(a, +a)+(a, +a)2)

(5832k3'[3 ~320Kt* (20, +3a) +a(a, +a) (-1+a(a, +a)) +18ki (o, +a)(a,+3a-20"(a, +a)))+
(~324°C° +36Kt (0, + 1) + (L4, +a) (@, + )

(5832K°t° ~324K°t" (20, +3a) + (0, +a)'(-1+ (@, + @) +18K (, + @) (2, +30-20* (¢, +a)) |-

[ -324K°° 4361, + @)+ (Lt 0, +a) (@, + )] ) (972K + 20, 0 + 108kt -3 -

de” | L44Kta’ +5a’ +4a, (18Kt +a)(-1+ 3" )+ d* (~1+9a(-Bkt +)))

2

dot (5832k3t3 304Kt (20, +30) +a(a, + )’ (-1+a(a, +a))+18kt(a, +05)(0¢A +30 =20 (a, -l-a)))

U
L

It is easy to see the denominator of is positive. Further, we can prove that since kt >1/6, the

a
CU dCU U
numerator of —= is negative. Thus, —= < 0, and it follows that —— > 0.
a da da
. . dE(7))
With the following set of parameters, k =0.48,c, =1,t =0.34,¢¢, =0.1, da =0 at
o

a =0.8510. We further check that E(z)|,_,,=0.1220, E(7})|,_og=0.1116 and

E(7)],_0o=0.1150. This means E(7z) can first decrease and then increase as & decreases.

U
b) With the following set of parameters, k =0.48,c, =1t =0.34,, =0.1, (31& =0 at @ =0.7545.
a

We further check that ¢ |,_,;=0.7306, C7 |,_,s=0.7014 and ¢ |,_,,=0.7062. Thus, c{ can

. . U . .
increase or decrease when & decreases. Thus, the follower’s investment fF can first increase and

then decrease when o decreases.

dE(Y)
" de
We further check that E(77)|,_o0s=0.1711, E(77)|,_01,=0.1713 and E(7})|,_,,=0.1709. Thus,

With the following set of parameters, k =0.48,c, =1,t =0.34,¢, =0.1 =0 at «=0.1135.

the follower’s expected profit E(7ztJ ) can first increase and then decrease when & increases.

Q.E.D.

Proof of Proposition E2.3:

a) The leader’s new marginal cost in the event of a successful implementation in simultaneous
investment game is



S

3aLt(aF +a.’ —18kt)
¢’ =c,+

—a e * +ap (o, —18kt)+18kt (- +18kt) -

18kt — o (1+ ;)
—324Kk*t? +18kt (o + )+ ara (-l+ apar)
N 324k°t* - 36kta, +af —af
5832k°t° —324k’t? (2a; +a )+ aia, (—1+apa ) +18kta, (aF +2a, — ZaFaf)

+

¢’ —¢ =3ta,

We can prove that since kt >1/6, ¢’ —c >0, which implies that f" > f°.
The leader’s expected profit in the simultaneous investment game is

o (972K*t* —108ktar, +3ar; +ar; ) — 36kt (324K*t” —36kter, +(1+18kt) o — ! )+
t| (—1+36kt) o (~324K*t* +36kter, —(1+18Kt)af +arf )+

324K°t” (324Kk°t” - 36ktey, +(1+18kt) e — ) - afarf (-54kt+3e +arf )

E(z)= ;
2(atal +18kt(-18kt +a )~ (—18Kt +a )

(Ztaéaf (—162k2t2 +aga, (-1+ aFaL)+9kt(2aF +a, —af ))2)

E(7)-E(x))= ;
(—324k2'[2 +18kt (ar +a )+ (14 o, ))

(5832k3t3 —324K°t* (20 + o )+ ala, (-1+aa ) +18kta, (aF +2a, - 2aFaf))

We can prove that since kt >1/6, the numerator of E(7z.)—E(z') is negative while the
denominator of E(z0)—E (7)) is positive. Thus, E(70) < E(z)).

The follower’s new marginal cost in the event of a successful implementation in the simultaneous
investment game is

S

3ta, (—18kt +a + af)
c =c,+ — ,
18kt (18kt — ¢, ) —arpar; +ap (—18kt+ )

6tala (—aéaf +ap (—18kt +a, )+ 9kt (18kt +(~1+ e, )er, ))
(-324K*t* +18kt (o + 1 )+, (-1+2pa,)

C.—Cp =
(5832k°° ~324K°t° (20 + @, )+ afer, (-1+ ey ) +18Ktere (et + 201, — 20l ))

We can prove that since kt >1/6, the numerator of Cﬁ - CLFJ is positive while the denominator of

c2 —c is negative. Thus, ¢f —c2 <0, and it follows Y < f2.



The follower’s expected profit in the simultaneous investment game is

324Kt (324K°t” - 36ktar, +(1-36kt) e +3ar} ) - 36kta, (324K’t” —36ktar, +(1-36kt) e +3ar )
—a} (324K’t* —36ktar, +(1-36kt)a; +3at, )—af (-1+a, )i +
ol (324th2 (1+18Kt) 36Kt (1+18Kkt) o, +(1-18kt 648k’ ) rf +3a; +54ktaf)

E(r) = , and
F 2
2(afar} +18Kt(~18Kt + o ) - ar, (~18Kt + e, ))

2tar? (18Kt + . )l (~162K°t° + aper, (~1+ apar, )+ 9kt (2t + e — )
(1889568K°t° +104976k 't ((-3+a; )y —3a, ) +(-2+ o ool (-1+apa, )
~162k*t%a, (12af +af (-2+5a] ) -apa, (-18+a, +11af )+ af (2- T, (1+ 2aL)))+
Oktafey (~1+aear )(~120 +atg (~6+4ar +ay (3+ 7))~

2916k°%° (4a® —18a.a, —4a’ + a2 (-6+a, (3+8,))))
E(r2) - E(aY) = ek er —dal v [Sra (0+t))

(—324k2’[2 +18kt (o +a )+ aray (-1+ara, ))2

2

(5832k°t° - 324Kk°t% (20, + 1, ) + Py, (-1+ cper, ) +18Kte (e + 20, — 2000 )
We can prove that since kt >1/6, the numerator and the denominator of E(7:)—E(x}) are
positive. Thus, E(z:)—E(z7)>0.

b) The difference between the leader’s new marginal cost if implementation is successful in Case 1 and
Case 2:

3tarf (36Kt — . )(~324K°t” +36ktar, +(-1+a; )af )(-1+ )
(5832K°t° +(~1+ o ) ot ey, —324Kt* (2ar, +a, ) +18Kter, (at, + 22 — 221, )

¢ —¢ =
5832k ~324k*t* (201, + ) + aer, (~1+ ey, ) +18Ktere (@t +201, —20pcr? )

We can prove that since kt >1/6, the numerator and the denominator of ClLJ —Cf are positive. Thus,
¢ —c >0,anditfollows f* > f".

The difference between the leader’s expected profits in Case 1 and Case 2:

tor? (36kt — . )(=324K%t? +36ktar. +(-1+a. Vo2 ) (~1+a )&
E(?TLLJ)—E(ﬂ'LK): aF( aF)( O ( aF)aF)( aL)aL

2(-18kt + o )2 (5832k3t3 +(-1+ap ) afa, —324K** (2a, +a, ) +18kta, (ar +2a, — 200, ))
(5832k3t3 -324k°t* (2a; +a ) +ara, (-1+ o ) +18kta; (aF +2a, —2aFaf))

We can prove that since kt >1/6, the numerator of E(7;)—E () is negative while the

denominator of E(,)—E(x) is positive. Thus, E(z"”) < E(z).



c) With the following set of parameter values: k =0.48,c, =1t =0.34, we compare the followers’

expected profits in Case 1 and Case 2 when the follower

E(zf |, =0.9, ¢ =0.9)=0.052 and E(7{ |, =0.91, ¢ =0.9) =0.047 . Thus, the follower’s
profit in Case 1 can be higher than that in Case 2.

E(z¢ |a, =0.985,a, =0.975)=0.0031 and E(zf |, =0.985,a, =0.975) =0.0039. Thus, the
follower’s profit in Case 2 can be higher than that in Case 1.

Q.E.D.

Extension 5

One can show that when n is large enough, or n >

, the market is not fully covered without IT
investment.
LEMMA E5.1:

Firm i’s decision problem in the Outcome Unknown case can be formulated as:

max E(z’)= max(a 7 +a(l- o)y + (- @)an’ + (1-a) 7y )

st.,.c” €[0,c.],
where 7zilvJ ; denotes firm i’s payoff given implementation outcome j in this “outcome unknown” Case 1,
ie{l,F},and j=ss,sf,fs, ff .
The two firms’ expected profits can be characterized as follows:
of" + 0% — 6 ar + ¢ (1+2w)’ o +128w° (U° + ¢’ — 2¢/ Ut ) +
2w(3t(7t+6U)+9¢’a - 2¢] (17t +3U o) +
64w’ (2U (t+2U)+5c % —c} (2t+9U )ar ) +
8w’ (4t” +32tU +21U° +36¢.°cr - 4c’ (9t +14U ) ) +
4w’ (16t° +42tU +9U° + 28¢*cr - 2¢ (28t +17U ) ) + 2(1+ 2w) (-1 + )
(2w(3+ 4w)’ (t+20w) + ¢ (1+2w)(1+8w(1+w))a e, -

2(1+2w)(~1+ ) 207 (3+ 4w)’ + (1+2) (1+8w(L+ w)) x| +

(]

26 (1+2w)” ar((3+4w)(t + 20w) — ¢ (1+8w(1+w))a +(1+8w(1+w))(-1+a)c, )

2(1+4w)" (3+4w)" (t+2ntw)

—k(eo —¢)*



9t” + 24t*w+ 36tUw + 16t°w” + 96tUw’ + 36U “w” + 64tUw’ +12¢ Uwar +
96U “W* + 64U *w* + ¢! 2ar + 6 tar + 4 *war + 20¢; twar + 4¢) *Woar +
160 twa + 40cPUnPar +32cPUnPar + 22 (148w +8W7 ) a +

2(-1+ a)(2w(3+ dw)’ (t+20w) + ¢! (1+10W+ 24w’ +16\/\/3)a)c0 -

2

2(—2W2 (3+4w)’ +(—1—1OW— 6w’ +32w° + 32W4)a +(1+1OW+ 24w +16W3)0t2)C0 -

2c7 (1+8w-+ 8 ) r((3+ 4w) (t+ 2Uw) + ¢/ (o + 2w ) - (1+ 2w) (-1 + )y )

—k(c, -¢2)
2(L+4w)’ (3+4w)’ (t+2ntw) (o -ce)

E(ry)=(1+2w)

By taking the first derivative of the follower’s expected profit w.r.t. the follower’s new marginal cost in

the event of a successful implementation, CLFJ , and solving its first order condition, we get

—(1+2w)(1+8w(1+w))ar ((3+4w)(t + 2vw) + ¢ (o + 2wer) ) +
(2Kt (1+ 4w)" (3+4w)" (L+20w) + (1+ 2w’ (1+ 8w(L+ w))(~1+ @)t |,

cl(c)= , which is the

2kt (L+4w)° (3+4w)° (L+2nw) — (L+ 2w)(L+ 8w(L+w)) «
response function of the follower conditioning on the leader’s investment level. Then, we substitute the
follower’s response function into the leader’s expected profit. By taking the first derivative of the
leader’s expected profit w.r.t. the leader’s new marginal cost if his implementation is successful, CLLJ ,
and solving its first order condition, we get the leader’s new marginal cost if his implementation is
successful



(1+2w)(3+4w)(t + 2Uw)(1+8w(1+wW))cr

(4Kt (1+ 4w)* (3+4w)* (1+ 2nw)° — 4kt (L+ 2w)(L+ 4w)” (3+4w)* (L+2nw) (L+8w(L+w)) o +
(1— 4ktw(1+ 4W)2 (3+ 4W)3 (1+2nw)+32w(1+w)(1+ 2W)2 (1+ Bw(1+w)(1+ 2w)2 ))(a + 2Wa)2 +
(L+8W(L+w))( -1+ 2w(L+ 2w(13+ 4w(7 + 4w)) ) (o + 2w )) +

(-8K% (1+4w)° (3+4w)° (L+2nw)” +4kt? (1+2w)(1+4w)" (3+4w)" (L+ 2nw)” (1+8w(1+ w))
(3+2w(9+8w))a — 2kt (1+2w)°* (1+4w)’ (3+4w)’ (1+2nw)(L+8w(L+w)) (3+4w(3+2w))a? +
(1+8w(L1+W))(L+2wW(A7 +4w(60 + kt (1+4w)* (3+ 4w)’ (1+2nw) + 8w

(57-+2w(127 + 2w(171+ 8w(5+ 2w) 7+ 2w(2+ ) ) ) (@ + 2war )" +

2(3+4w)(1+8w(1+ W))2 (W+ 2kt(1+ 4w)2 (3+4w)(1+2nw) - 2w? (l+ 2w(13+4w(7 + 4W))))

(a+2wer)’' —(1+8w(L+w))" (1+ 4w(L+w)(7+32w(1+w))) (e + 2wer)°)c,

- C

(—2kt(1+4w)2(3+4w) (1+2nw) + (1+ 2w)(1+8w(1 ) )2
)

(
(

(1+2w) (1+8w(l+w)) &°

(2Kt (1+4w)” (3+4w)” (1+ 2nw) + (1+ 2w)(1+8w(1 ) a+

(-2 (1 4wy’ (3+ 4w’ (1+-20w) + (14 2w)(1+8w(1+w)

2(1+8w(L+w))’ (a +2wa)’ )
2kt (1+4w)” (3+4w)" (1+2nw) +(1+ 2w)(1+8w(1+ W))2 o . Then

check the second order condition, and with the assumption kt>1/6 , one can show that

2kt (L+4w)’ (3+4w)’ (L+2nw) + (1+2w) (1+8w(1+w)) a+
(1+2w) (L+8w(l+w)) @

(—2kt (1+4w)* (3+4w)” (1+2nw) +(1+ 2w)(1+8w(1+ W))2 a)z )
2(1+8w(1+ W))2 (o +2wear)’
SE(zY) —2kt(1+ 4w)2 (3+ 4W)2 (1+2nw)+(1+ 2W)(1+ 8w(1+ W))2 a
el (L+4w)’ (3+4w)’ (t+ 2ntw)

substitute the leader’s new marginal cost into the follower’s response function and get the follower’s
new marginal cost if his implementation is successful

<0 . Then we




((2kt (1+ 2nw)(3 +16wW+16wW )2 —(1+2w)’ (1+8W+ 8w )a + (1+ 8w + 8w )(a +2war )’ )co -
(1+10w+ 24w* +16wW° )
((3+4w)(t +2Uw) + (o + 2war ) (1+2w) (3+ 4w) (t + 2Uw)(1+ 8w (1+ W) ) ar(4k°t? (1+ 4w)’
(3+4w)" (1+2nw)’ — 4kt (1+2w) (1+4w)” (3+4w)’ (1+ 2nw) (1+8w(L+ W))2 o+
(1— Aktw(1+4w)’ (3+4w)’ (1+2nw) + 32w (1+w)(1+2w)’ (1+ 8w(L+w)(1+ 2w)2))
(a+2wa) +(1+8w(1+ w))(—1+ 2w(1+2w(13+4w(7+ 4W))))(a +2wa )’) +
(-8K3% (1+4w)" (3+4w)’ (1+2nw)’ + 4k (1+2w)(1+ 4w)" (3+4w)’
(1+2nw)” (1+8w(1+w))(3+2w(9+8w))ar — 2kt (1+2w)’
(1+4w)° (3+4w)° (1+2nw) (L+8w(L1+w)) (3+4w(3+2w))a” +
(1+8w(L+w)) L+ 2W(L7 + 4w(60 + kt (1+ 4w)’ (3+4w)" (1+ 2nw) + 8w(57 +
2w(127 -+ 2w(171+8W(5 + 2w) (7 + 2w(2+ W))) ) (o + 2wer)’ +2(3+ 4w)
(1+8w(1+ W))2 (W+ 2kt (1+ 4w)° (3+4w)(1+ 2nw) — 2w? (1+ 2w(13+4w(7 + 4W))))
(a+2wa)' —(1+8w(1+ W))Z (1+ Aw(1+w)(7+32w(1+ W)))(a +2wa)’)e,)) /
(2Kt (1 4wy (3+ 4w)’ (1+ 20w) + (1+ 2w) 1+ Bw(L+ w)) @)
(~2Kt(L+4w)* (3+4w)” (L+ 2nw) + (1+2w) (1+ 8w(L+w)) o +
(1+2w)" (1+8w(1+ W))2 a®

(~2Kt 2+ 4w)’ (3+ 4w)” (L+ 20w) + L+ 2w) (1+ Bw(L+ w)) a)z

2(1+8w(L+w)) (a +2wa)’ .
2kt (1+4w)* (3+4w)" (L+ 2nw) + (1+ 2w) (1+8w(L+ w))

c

V)
j o (1+2w)(1+8w+80? ) — 2kt (L+ 2nw)(3+16w-+16w? )’

We also check the second order condition, and with the assumption kt >1/6, one can show that

SET) (1+2w)(L+8w(l+w)) @

ocp? (1+ 4W)2(3+4W)2 (t+2ntw)

LEMMA ES.2:

In the Outcome Known case, the leader’s expected profit can be characterized as follows:



(1+2w)(cf, +2¢8 w+(3+4w) (£ +20w) —cf (1+ 8w (1+w)))

F,ss F,ss

a . . +
2(1+4w) (3+4w) (t+2ntw)

(1+2w)((3+4w)(t+2Uw)—cf(1+8w(1+w))+(1+2W)Co)2 N

all-a) 5 5
E(r")= 2(1+4w)" (3+4w) (t+2ntw) P
(1+2w)(cK +2Cf’fsW+(3+4W)(t+2UW)—(1+8W(1+W))CO)2

F.,fs

(1-a)a "

2(1+4w)’ (3+4w)’ (t+2ntw)
, (1+2w)(t +2uw —2wc, )’

(1-a) 5
2(1+4w) (t+2ntw)

And the follower’s expected profit depending on the outcome of the leader’s implementation can be
characterized as follows:

(1+2w)(cf +2cfw+ (3+4w)(t +20w) !, (148w (1+w)))
(2 +
2(1+4w) (3+4w)’ (t+2ntw)

E(zf,)= , | —klco—cr )" if the
" )(1+2w)(cf +2cfw+(3+4w)(t +20w) —(1+8w (1+w))c, )
-

2(1+4w)’ (3+4w)’ (t+2ntw)
leader’s implementation is successful;

a(1+2W)((3+4w)(t+2UW)—CFK,fSI(1+8W(1+W))+(1+2W)co)2 .

—k(c, —cf ) if the

F.fs

Ert )= 2(1+4w)" (3+4w) (t+2ntw)

(1+2w)(t+2uw—2wc, )’

(1-a) >
2(1+4w) (t+2ntw)

leader’s implementation is unsuccessful.

By taking the first derivative of the follower’s expected profits, E(ﬂ:s) and E(ﬁ:f) w.r.t. the follower’s

K

new marginal costs in the event of a successful implementation, ¢; , and ¢; .,

[cf(1+2W)2(1+8w(1+w))a+(3+4w) J

(~(1+2w)(t+2uw)(1+8w (1 +w))er + 2kt (L+4w)’ (3+4w)(1+2nw)c, |

and solving its first order

conditions, we get ¢; = - - -
2kt(1+4w)’ (3+4w)’ (1+2nw)—(1+2w)(1+8w(1+w))

((1+2w)(3+4w)(t+2UW)(1+8W(1+W))a— }

2kt (1+4w)’ (3+4w)’ (1+2nw)c, +(1+2w)’ (1+8w(1+w))ac,

and ¢, = , which are the response

F.f—

(1+2w)(1+8w(1+w)) @ —2kt(1+4w) (3+4w)’ (1+2nw)

functions of the follower conditioning on the leader’s investment level and implementation outcome.
We also check the second order condition, with assumption kt > 1/6 , one can show that



2 2
SE(t,) SE(t,) —akt(1+2nw)(3+16w+16w’) +2(1+2w)(-1-8w-8w’) « <0 . Then, we

el ey 2(t+2ntw)(3+16w+16w’)

substitute the follower’s response functions into the leader’s expected profit. By taking the first
derivative of the leader’s expected profit w.r.t. the leader’s new marginal cost if his implementation is

successful, cf , and solving its first order condition, we get
(1+2w)(t+ 2UW)(1+ 8W+8W2)0{ (1+2w)(t+ 2UW)(1+8W+8W2 )a2
t(1+4w)’ (3+4w)(1+2nw) t(1+4w)’ (3+4w)(1+2nw)

2(L+2w)(t+ 20w) (L+8w-+8w* )oKt (1+ 2nw) (3 +16w-+16w” ) - 2w(L+ 3w+ 2w’ )

t(1+4w)(1+ 2nw)(2kt (L+2nw)(3+16w+16w?) — (L+2w)(1+8w+8w?)’ a)

(1+ 2W)(1+8W+8W2)aco 2w(1+ 2W)(1+8W+8W2)aco
+
(t+2ntw)(3+16w +16wW’ )2 (t+2ntw)(3+16w+16w’ )2

2k(-1+a)’ ¢, —2kac, +

(1+2w)(-1-8w—8w’ ) a’c, . 2w(1+2w)(-1-8w—8w* )a’c,

2k (-1+a)ac, + > 5
(t+2ntw)(3+16w+16w’)"  (t+2ntw)(3+16w+16w")

(2(2+2w)(1+ 8w+ 8w ) o (Kt (1+ 2nw) (3+16w+16W* ) - 2w (L+ 3w+ 2w ) |

((t + 20W) (1+10W+ 24w +16W° ) — 2Kt (1+ 4w)” (3+ 4w) (1+ 2nw)c, ))/
[t (1+4w)(1+ 2nw)(—2kt(1+ 2nw)(3+16w +16w? )+ (1+2w)(L+ 8w +8w? )’ a)zj -

(Aw(1+2w)(1+8w + 8w’ ) o (kt(1+ 2nw)(3+16W+16w” ) — 2w (1+ 3w+ 2w’ )a)

((t + 2UW)(1+1OW + 24w’ +16w3)a — 2kt (1+4w)” (3+4w)(1+2nw)c, )) /

[t (1+4w)(1+ 2nw)(—2kt (1+2nw)(3+16w +16W* )2 +(1+ 2w)(1+ 8w+ 8w’ )2 a)zj

X

1+2W)(l+8W+8W2)2a (14 a) (1+2W)(1+8W+8W2)20!2
+2k(-1+a)a -

(t+2ntw)(3+16w-+16w? ) (t+2ntw)(3+16w-+16w? )

~2k(-1+a)’ —2ka +

)
2(1+2w)(1+8w+ 87 ) o (Kt (1+ 2nw) (3+16w-+ 16w ) - 2w(1+ 3w+ 2w )
t(1+2nw)(3+16w+16w’ )(2kt(1+ 2nw)(3+16w +16w?) (1 + 2W)(1+8W+8W2)2a)

+

2(1+8w+8W )" (e + 2w )" (Kt (L+2nw) (3+ 16w+ 16w )~ 2w(1+ 3w + 2w ) )
) @

2
t(1+ 2nw)(3+16w+16w2)(—2kt (1 20w)(3+ 6w+ 16w*)* + (1+ 2) L+ 8w+ 8w

4W(1+8W+8w2 )2 (a+ 2Wa)3 (kt(1+ 2nw)(3+16w+16w2 ) - 2W(1+ 3w+ 2w )a)

2
t(1+ 2nw)(3+16w+16w2)(—2kt (1+20w)(3+ 16w+ 16w*)* + (1+ 2w) 1+ 8w+ 8w )

Then check the second order condition, and with the assumption kt > 1/6 , one can show that



~ak(t+2ntw)(3+ 16w +16w" | ~2(1+2w)(1+8w+8w ) (~1+a)+2(1+2w)a
(1+2w)’ (1+8w(1+w))a

2kt (1+4w)’ (3+4w) (1+2nw)—(1+2w)(1+8w(1+w)) a '

al (1+8w+8w’ +

2w(1+2w)’ (1+8w(1+w))a
2kt (1+4w)’ (3+4w)’ (1+2nw)—(1+2w)(1+8w(1+w)) &

2

S°E(r)

<0
oc)’

=2k(-1+a)+ .
2(t+2ntw)(3+16w +16w’ )

. Then we substitute the leader’s new marginal cost into the follower’s response functions and get the
follower’s new marginal costs if his implementation is successful.



(3+4w)(—(1+ 2w)(t+20w)(L+8w(1+w))or + 2kt (L+ 4w)” (3+4w)(1+ 2nw)c0)—

((1+2w)" (1+8w(L+w))ar(

(1+2w)(t+ 2UW)(1+8W+8W2)a (1+2w)(t+ 2UW)(1+8W+8W2)0!2

t(1+ 4w)2 (3+4w)(1+2nw) t(1+ 4W)2 (3+4w)(1+2nw)
2(1+2w)(t+ 2UW)(1+ 8W+8W2)a2 (kt(1+ 2nw)(3+16w+16w2 ) - 2w(l+ 3w+ 2W2)a)

t(1+ 4w)(1+ 2nw)(2kt(1+ 2nw)(3+16w +16w° ) —(1+2w)(L+8w +8w? ) a)

(1+2w)(1+8w+8w )ac,  2w(1+2w)(1+8w+8wW )ac
+

2k(~1+a)’ ¢y — 2kac, + ; ;
(t+ 2ntw)(3 +16w+16w2) (t+ 2ntw)(3+16w +16W2)

(1+2w)(-1-8w—8w Ja’c,  2w(1+2w)(-1-8w—8w’ )a’c,
(t+2ntw)(3+16w+16w2)2 i (t+2ntw)(3+16w+16w2)2 )

2k(-1+a)ac, +
(2(1+2w)(L+ 8w+ 8w’ ) o (kt (L+ 2nw) (3+ 16w+ 16w ) - 2w(L+ 3w+ 2w° ) )
((t+ 20w)(L+-20w-+ 24w" +16W° ) - 2kt (L+ 4w)” 3+ 4w) 1+ 20w), )/

2
[t(1+ 4w)(1+ 2nw)(—2kt (1+ 2nw)(3+16w-+ 16w’ )2 + (1+2w)(L1+8w -+ 8w’ )2 a) j—

(4w(1+ 2W)(1+ 8W+8W2)a2 (kt(1+ 2nw)(3+16w+16w2 ) - 2W(1+ 3w+ 2W2)a)

(£ 20w)(L+-20w+ 24w" +16W° )~ 2kt (L+ 4w)” (3+ 4w) 1+ 20w), J)
[t(1+ 4w)(1+ 2nw)(—2kt (1+2nw)(3+16w -+ 16w’ )2 + (1+2w)(L1+8w -+ 8w’ )2 a)zj)) /

(1+2w)(1+8w+8w2)2a (1+ 2W)(l+8W+8WZ)2 o’

(-2k(-1+a) —2ka + +2k(-1+a)a -

2(1+2w)(L+ 8w+ 8w ) (K (L+ 20w)(3+ 16w+ 16w? ) - 2w(L+ 3w+ 2w )t

t(1+ 2nw)(3+16w+16w2)(2kt(1+ 2rw)(3+16w-+16w°)" - (L+ 2w)(L+ 8w+ 8w )

2(1+8W+8w2 )2 (a+ 2Wa)3(kt(1+ 2nW)(3+16W+16W2)—2W(1+3W+ 2W2)a)
+
) a

2
t(1+ 2nw)(3+16w+16w2)(—2kt(1+ 2nw) (3 +16w+16w ) +(1+2w)(L+8w+8w? )’ )

4W(1+8W+8WZ)2(a+2Wa)3(k'[(l+2nw (3+16W+16WZ) 2w(1+3w+2w) )
+(

t(1+ 2nw)(3+16w+16w2)(—2kt(1+ 2nw) (3 +16w+16W7 ) +(1+2w)(L+ 8w+ 87 )’ a)z

(t+2ntw)(3+16w+16w7 ) (t+2ntw)(3+16w+16w7)°

ra = 2kt(1+4w)2(3+4w) (1+2nw) - (1+2w) (1+8W )
o (1+2w)’ (1+8w(1+w))c, — 2kt (1+4w)* (3+4w)” (1+2nw)c, +
. a(l+ 2W)(3+4W)(t+2Uw)(1+ sw(l+ W))
Crt =

or(L+2w)(L+ 8w(L+w))” — 2kt (L+4w)’ (3+4w)’ (1+2nw)

and



Proof of PROPOSITION E5.1:

With the parameter sets, k =0.48,c, =1t =0.4,U =1.35,w=0.5,n=1.5, firms’ profit without IT

(1+2w)(t+2(U —¢, )w)’
2(1+4w)” (t +2ntw)

=0.0625 ; the leader’s profit is E(7 |a =0.6) =0.0677

investment is

and the follower’s profitis E(zy | & =0.6) =0.0675 in the outcome unknown case; the leader’s profit
is E(7 | =0.6) =0.0678 and the follower’s profitis E(zf | =0.6) = 0.0675 in the outcome

known case. Thus, the firms’ profits can be higher than when they do not invest in IT.

Q.E.D.

Proof of PROPOSITION E5.2:
a) With the following set of parameters, k =0.48,c, =1t =0.4,U =1.35,w=0.001,n=1.5, the

U
M = O at
da
a=0.9291. We further check that E(z,)|,_,s=0.184805, E(7)|,_,5=0.16524,

E(7))|,_055=0-15997 and E(r))|,_ye=0.161761. Thus, E(x,) can decrease first and then

increase as @ decreases.

leader’s profit’s first derivative with respect to probability of success in the Case 1

b) With the following set of parameters, k =0.48,c, =1t =0.4,U =1.35,w=0.001,n =1.5, the first

derivative of the follower’s marginal cost in the event of a successful implementation with respect to
U

dc
probability of success in the Case 1 —= =0 at a =0.8495. We further check that C; |,_,s=0.81416,
a

CP |,-0,=0.7507, ¢} |,_oes=0.72836 and C{ |,_,,=0.73268. Thus, fS’ can increase first and then

decrease as & decreases.

Q.E.D.

Proof of PROPOSITION E5.3:
a)

The difference between the expected profit of the leader and that of the follower in Case 1 is:



A(L+2w)° (t+2(~C, +U )W) (L+8w(L+w))a*

(Kt (1+ 4w)(3+ 4w)? (1+ 2nw) + (1+ W) (L+ 2w) (L +8w(L+ W)) (-1 + @) )
(4(1+4w)* (3+4w)" (Kt + 2ktnw)* —kt(1+ 2w) (1+4w)° 3+ 4w)*(1+ 2nw)
(1+8wW(L+W))er(4 +32W(L+ W) + 3 + 6war) + (1+8w(L+ w))(a + 2wex)?
((L+8wW(L+w))® + (1+ 2w) (L + 6W(L+ W) (L +16W(l+w))ar))

(t +20tw)(8(L+ 4w)" (3+ 4w)° (kt + 2Kktnw)®

—12kt? (1+ 2w) (L + 4w)* (3+ 4w) " (1+ 2nw)* (1+ 8w(L+ W) > —

(L+8W(L+W))® (a + 2wex)* + (1+8w(L+ W))* (1 + 4w(L+ W)(7 + 32w(L+ W)))(a + 2wex)® + 2kt
(1+2w)% (L+ 4w)* (3+ 4w)* (L+ 2nw) (L +8W(L+W))* or* (3(L+8wW(L+ W))* — 2(r + 2Wex)?))?

Since kt >1/6, and by assumption, the market is sufficiently large so that it is not fully covered without

IT investment (or n > ), one can show that the numerator and the denominator of

E(z])—E(xy) are positive. Thus, E(z) — E(z7) > 0and the leader’s expected profit is higher than
the follower’s expected profit in Case 1.

b)
With the parameter sets, k =0.48,c, =1t =0.34,U =1.35,w=0.001,n =1.6, the follower’s profit

E(zf |a=0.9)=0.0571 and E(7y | =0.975) = 0.0067 in the outcome unknown case; and the
follower’s profit E(zf | =0.9) =0.0519 and E (7, |« =0.975) = 0.0071 in the outcome known

case. Thus, the follower’s profit can be higher in Case 1 than in Case 2, or it can be higher in Case 2 than
in Case 1.

Q.E.D.

LEMMA E1.1:

Firm i’s decision problem in the Outcome Unknown Case 1 can be formulated as:

U az (e”il,Js,tl + (1_ e)ﬂiL,Jss,tz) + a(l_ a)(e”iL,Js,tl + (l_ e)”iL,Jsf ,tz)
max E(z; ) = max

o +(1- a)a(e”iL,Jf,tl +(1- e)”il,st,tz) +(1- a)z(e”il{f at (a- e)”il{ﬁ ,t2) - k(co - Ci)2
st.,c” €[0,c,].

where ﬂﬁk’tl denotes firm i’s payoff given leader’s implementation outcome k after the leader’s
implementation completes but before the follower’s implementation completes, and 7[;1 i1 denotes firm

i’s payoff given both firms’ implementation outcome | after the follower’s implementation completes,
ie{l,F}, k=s,f,and j=ss,sf,fs, ff .



The two firms’ expected profits can be characterized as follows:

ot* —6(c’ +c (-1+ e))toz+oz(cf2 —cf (-1+e)(ct - ZCEa))—

Zoc(cLJ +c —cﬁe—3et+(cfl| +c )(—1+ e)a)co +a(2-e+2(-1+e)a)ch

()= - k(e )
ot* +6(c +cy (—1+ e))ta+a(ct’2 —cf (-1+e)(cy —ZC‘L’a))—
2ce(cd +c” —cle+3et+(c? +¢” )(-1+e)a|c, +a(2—e+2(-1+e)ax)C?
SPGBV

18t

By taking the first derivative of the follower’s expected profit w.r.t. the follower’s new marginal cost in

the event of a successful implementation, Cl,i , and solving its first order condition, we get

(-1+e)a(cla+3t)+co((-1+e)a —(-1+e)a” +18kt)
(-1+e)o +18kt

follower conditioning on the leader’s investment level. Then, we substitute the follower’s response
function into the leader’s expected profit. By taking the first derivative of the leader’s expected profit

cl(c)= , which is the response function of the

w.r.t. the leader’s new marginal cost if his implementation is successful, CE , and solving its first order

condition, we get the leader’'s new marginal cost if his implementation is successful
3t (36(1-e)kter +(1-e)” o ((1—e)r ~1) ~324K°t"

5832k’ +324(3— 2e)K’Ca+ (—1+e) o (1+(~1+e)a’ ) +18(~L+e)kia’ (3-e+2(-1+e)a’ )

_CO

C

Then check the second order condition, and with the assumption kt >1/6, one can show that

2(-1+ e)2 o' (a—ea) . 4(-1+ e)2 at

2c — 36kt + > ( 1 ) 18kt
S2E(x" -1+e)a+18kt —l+€)a+
(UIZL ) = (( ) ) <0. Then we substitute the leader’s
oc, 18t
new marginal cost into the follower’s response function and get the follower’s new marginal cost if his
implementation is successful

3(1-e)ta(18kta(2-e+a)—(1-e)a’ (1+a—2(1-e)a’ |- 324k’ )

5 . We also
-5832Kk°t° +324(3-2e)k’t’a +(1-e) o* (1-(1-e)a’ ) -18(1-e)kta* (3—e—2(1-e) o’

Cr =Co—

check the second order condition, and with the assumption kt>1/6 , one can show that
52E(7rg)_a—ea—18kt<

0.
scy? ot

LEMMA E1.2:

In the Outcome Known case, the leader’s expected profit can be characterized as follows:

(-1+a)t((-1+e) @ (~1+3(-1+e)a)+36(-1+e)kar(-1+(-1+e)a)t~324K°¢"

—k(c, —c*)?
18t (=)

E(z)=




And the follower’s expected profits depending on the outcome of leader’s implementation can be
characterized as follows:

(l—e)(—ca2 (-1+a)+c Ja+2c,(—1+ a)(cf + 3t)+ (CLK + 3t)(cll/ —2cf o+ 3t))
18t

E(ﬂ'l_(’s)= —k(CO—CK )2

F,ss

if the leader’s implementation is successful;
2
(1—e)((cflfs —co) a+6(—cf'fs +co)at+9t2)
18t

E(z; )= —k(c, —c; ) if the leader’s implementation is
unsuccessful.

By taking the first derivative of the follower’s expected profits, E(ﬂ'fls) and E(;rf,f) w.r.t. the follower’s

new marginal costs if his implementation is successful, cfys and cflf , and solving its first order conditions,
18c kt +(-1+e)a(c +3t 3(1—elta
we get ¢ . = okt +( ) ( . ) and c’F(f =c, —é, which are the response
’ (-1+e)a+18kt ’ 18kt —(1—e)a

functions of the follower conditioning on the leader’s investment level and implementation outcome.
We also check the second order condition, with assumption kt > 1/6 , one can show that
SE(x*,) SE(x’,) (-1+e)a , , o
—— = —— =—2k—-—————<0. Then, we substitute the follower’s response functions into
oc OCe ¢ ot

the leader’s expected profit. By taking the first derivative of the leader’s expected profit w.r.t. the

leader’s new marginal cost if his implementation is successful, Cf , and solving its first order condition,

18ktc, — (1—e)ar(3t + (Bt (324k*t? —36(1—e)ktar + (1—e)’ a* (- (1—e)ax))) /
« \(-5832k%° +324(3-2e)k P + (1-e)*a®(1- (1-e)ar) —18(1—e)kta* (3—e —2(1—€)x)) + C,)
weget ¢ = .
18kt —(1-e)x

Then we check the second order condition, and with the assumption kt > 1/6, one can show that

SE() a((-1+e) @ (1+(-1+e)a)+36(-1+e)ka(1+(-1+e)a)t+324Kt" )
56“‘ =—2k+ >
! 9t((-1+e)a +18kt)

substitute the leader’s new marginal cost if his implementation is successful into the follower’s response
functions and get the follower’s new marginal costs if his implementation is successful

‘ 3tar(324k %2 —36(1—e)kter + (1—e)*a’ (1 (1—€)a))

<0.Then we

Ces =Co — 3:3 2.2 2 3 2 and
5832k°t° +324(2e — Ak’ t2a— (1— )2’ (1— (1—e)) +18(L—e)kta* (3—e — 2(1—€e)a)

K e 3(1-e)ta

P10 18kt—(1-e)a

Proof of PROPOSITION E1.1:

Note, when e =0, we have the baseline setup where the two firms” implementations complete at the
same time.

We take the first order derivative of the Leader’s profit in Case 1 with respectto e.



(1—e)a’(-324Kk°t* +18kta2—e+a)+(—1+e)a’ (1+a +2(-1+e)a?))
(—23328k°t> —324k’t’a(~13+9e + 4a) +18(-1+e)kta’ (—3(—4 + €) —3a + 8(-1+e)a’)
SE(7) +-1+e)a’B+a(-1+2(-1+e)a)))
de  2(-5832k°t> +324(3-2e)k’t’a+(-1+e) a’(1+(-1+e)a’) +18(—1+e)kta’(3—e+2(-1+e)a’))

SE(r]
It is easy to see that the denominator of % is positive, and since kt >1/6, 0<a <1 and 0<e<1,
e
SE(x/] SE(x,
the numerator of % also is positive. Thus, ;ﬂL ) >0 and the leader’s profit in Case 1 in this
e e

extension (€ >0) is higher than in the baseline setup (e =0).

We take the first order derivative of the Leader’s profit in Case 2 with respect to e.

oe
~44079842304k°t® —612220032(-33+25e)k’t o —(-1+e)°a® 3+ a)(1 + (-1 +e)a)’
~18(-1+e)’kta’ 3+ a)(1+(~1+e)a)(9—2e+7(~1+e)a)—5832(-1+e)’ kK’t* (219 + e(~158 +21e)
—202a +2(159 - 55e)ec +2(—1+€)(—10+19e)a’) -
324(-1+e)*k’t’a®(103+3(-16 +e)e —124a + 6(30 - 7e)ea + 2(~1+€)(-8 + 21e)a’ + 8(-1+e)’ a’) -
104976(-1+e)*k“t*a* (3(95+ (59 + 2a2)) — 4e(70+ a(-75+ 4a)) + 2€* (29 + (67 + 5))) +
34012224kt°a’* (-117 + 140 +e(176 — 260 + e(-63 +16a))) +
1889568(—1+e)k’t’cr* (233 + 79« +2e(145—71a +e(-41+38a)))
2((~1+e)a+18kt)’((-1+e)’ a* —18(-3+e)(~1+e)a’kt +324(3 - 2e)akt’ —5832kt> +(~1+e)’ o’ (1+36kt))’

=(-1+e)a’t

SOE(xf
It is easy to see that the denominator of %L) is positive, and since kt >1/6, O0<a <1 and 0<e<1,
e
SOE(rf OE(xf
the numerator of ﬂ is also positive. Thus, %>0 and the leader’s profit in Case 2 in this
e

extension (€ >0) is higher than in the baseline setup (€ =0).

We take the first order derivative of the Leader’s IT investment in Case 2 with respect to e.
t324(-1+e)kt’c®(324(1+ 3e)kt’ + 72(—1+e)ekta —(—1+e)*a’ (-1 +2a))

Stf

B (324kt*> +36(—1+e)kta +(—1+e)’a’(1+(-1+e)x))
Se  (5832kt® +324(-3+2e)kt’a —(-1+e) a*(1+(~1+e)a) —18(-1+e)kta’(3—e+2(-1+e)a))’

Sff
e
in Case 2 in this extension (€ >0) is lower than in the baseline setup (e =0).

One can show that the since kt >1/6, O<a <1 and O<e<1, < 0. Thus, the Leader’s investment



With the parameter sets, k =0.48,¢c, =1,t =0.34,e = 0.2, the leader’s profit without investing in IT is
t/2=0.17 . We can check that the leader’s profit E(7z; | & =0.8) =0.17123 in the outcome

unknown, and E(7 |a =0.8) =0.17354 in the outcome known case. Thus, the leader’s profits can

be higher in Case 1 and Case 2 than in the case where firms do not invest in IT.

Q.E.D.

Proof of PROPOSITION E1.2:
a) The first derivative of the leader’s investment level with respect to the probability of success is
18kt205(324k2t2 +36(—1+e)kta +(-1+ e)2 a’ (1+ (-1+ e)a))
(1889568K°t" + 419904 (—1+¢) k't +

11664(-1+e) k*t’a? (3+a(-2+2e+3a))+

18(~1+e) ki’ (1+2c(-3+e +4a))+324(-1+e) k’t’a’

df v (4+3a(-3+2e+4a))+(-1+e) o’ (-1+a(2+(-1+e)a)))

do(5832Ct" +324(~3+ 2¢)ktar— (~1+€) & (1+(-1+€)a?) - |
18(~1+e)kta’ (3—e+2(-1+e)a’)
U

One can prove that the numerator and the denominator of q L are positive since kt >1/6. Thus,
a

df Y
da

>0.

With the parameter sets, kK =0.48,c, =1,t =0.34,e = 0.01, in the outcome unknown case the first
dE(7/)
do

Further, we can check that E(z)’ | @ = 0.7) =0.1449, E(7 |« =0.85) = 0.1393, and
E(z) | @ =0.9) =0.1416 in the outcome unknown case. Thus, the leader’s profit can first decrease

and then increase when probability of implementation success decreases.

=0 at ¢ =0.846.

derivative of the leader’s profit with respect to probability of success

b) The first derivative of the follower’s profit with respect to the probability of success is



tar(-22039921152(—1+(-2+e)e)k’t* +

612220032kt (~3(6-+e(5+¢(-11+3¢))) +8(-1+e) )+

34012224k "t°ar* (68 ~17e —123¢? + 91e° ~16e* + 2(~1+e)’ (~31+24e ) +
6(-1+e) (1+2(-2+e)e)a?) +1889568(~1+e)k’t’a’
(142-¢(39+e(175+2¢(-52+ 7e))) - 210 + 6e (87 + 2¢(~35+9¢) ) +
(-1+e)(-49+e(163+2e(-87+25¢)))a” ~16(~1+e) a*) +

104976 (~1+e)" k‘t'ar* (180-3e(15+2e(25+(-11+e)e))+
4(-1+¢)(98+29(~4+e)e)a+(-1+e)(-141+e(357 +e(-323+75e))) o’ -
12(-1+e)’ (-9+8e)a’ —4(-1+e) (11+6(-2+e)e)a’) +

5832(-1+e) k’t°a°(142 -¢(25+¢(78+(-22+e)e)) - 428a +
4e(202+5e(—22+3e))a +3(-1+e)(-69+(-4+e)e(-35+16e))a’ -
2(-1+e)"(-115+82e) e’ —2(-1+e)’ (73-88e+38¢* ) a*) +

(-1+ e)6 a®(2+e+12(-1+e)a+12(-1+ e)2 a’ +12(-1+ e)2 a’+
3(-1+e)’(-6+5e)a’ +4(-1+e) @) +

324(-1+e)" kt*a® (68— 3e — 23e” +3¢° +6(~1+e)(45+e(-27 +2¢))a +
(-1+e)(-169+e(279+e(-137+11e)))ar” ~108(-2+¢)(-1+e) o’ -
3(-1+e)’ (61+24(-3+e)e)a’ +16(-1+ e) a®+16(-1+e)' a°)+
18(-1+e) ktar (-3(-3+€)(2+e)—2(~1+e)(-45+14e)a -
(-1+€)(72+5e(-19+5€))a® —6(~1+e)" (-15+4e) o’ —

dE(7Y) |2(-1+e)’ (5L+e(-53+10e))a +12(-1+e) o’ +24(-1+e) a®))

da , 5832k +324(3-2e) k'’ +(-1+e) & (1+(-1+e)a” ) + 3
18(~1+e)kta’ (3—e+2(-1+e)a’)

dE(rY)

da

First we can show the denominator of

1
is negative since E <kt . Then we can take the fourth

dE(7Y)
da

1
derivative of the numerator of , and we can show it is positive since E <kt . Then we evaluate

dE(ry)

the third derivative, the second derivative, and the first derivative of the numerator of q
o




(V]
M at kt =£, and
da
U U
M is positive. Therefore, M
a da

1
kt = Y and we can show they are positive. Then we evaluate the numerator of

we can show it is positive. Thus, the numerator of <0 and the

follower’s expected profit increases as & decreases.

With the parameter sets, k =0.48,c, =1t =0.34,e = 0.01, in the outcome unknown case the first

U

derivative of the follower’s investment level with respect to probability of success g F. =0 at
a

a =0.777 . Further, we can check that ' | _,,=0.0228, f | _,,,=0.0301,and f | _,,=0.0210

in the outcome unknown case. Thus, the follower’s investment level can first increase and then decrease
when probability of implementation success decreases.

Q.E.D.

Proof of PROPOSITION E1.3:
a) The difference between the leader’s investment level and the follower’s investment level in Case 1 is:

Okt?ar® ((324k°t* +36(-1+e)ktar + (-1+€)’a’(L+ (-1+€)a))? -
U g (-1+6)%(-324k’t* +18kta(2—e+a) + (-1+e)a’*(l+ a + 2(-1+€)a’))?)

F o (-5832k°t* +324(3- 2e)k*t’ar + (-1+e)*a’ (1+ (-1+ &) a?) +18(-1+e)kta* (3—e + 2(-1+ ) a?))?

It is easy to see that the dominator of f” — fY is positive. Since kt >1/6, the numerator of f" — f”

is also positive. Thus, f” > f2 and the leader’s investment level is higher than the follower’s

investment level in Case 1.
The difference between the leader’s expected profit and the follower’s expected profit in Case 1 is:

E(7,)~E(r,)
a’(~2834352(-2 + e)ekt’ —104976e(15+ e(~18 + 5e))kt ‘o — 2016(~1+ e)kt* (e(58 + e(-53+11e)) — 36(-1+ e)kt)or” — 324(-1+€)°kt ((27 + e(-17 + 2¢))
+18(6-5e)kt)er’ +36(~1+ &) kt(2(~-3+e)(-1+e)e + 9(~1+e)(-13+ Te)kt + 81(5+12(-2 + e)e)kt")ar* + 2(-1+ )’ (—(-1+e)e
+27(<4+€)(=1+ e)kt +486(3+ 2e(-5+ 2e))kt" ) or” + (~1+€)* (4 + 99¢°Kkt + 36(5 - 18kt )kt — 2e(2 + 207kt))r’ — 2(~1+€)° (~2+ 3e + 72kt)e’
—4(-1+e)° (1+27kt)a’ - 4(-1+¢) o)
) (5832Kt" +324(-3+ 2e)kt’cr - (-1+€)°a’ (1+ (-1 + &)a’) +18ktar” (3 de + & - 2(-1+¢)’a’))’

It is easy to see that the dominator of E(7;)— E(xz}) is positive. Since kt >1/6, the numerator of
E(z)—E(x}) is also positive. Thus, E(z) > E(z}) and the leader’s expected profit is higher than

the follower’s expected profit in Case 1.



b)

The difference between the leader’s investment levels in the outcome known case and in the outcome
unknown case is
2

Okt’a” (324K°t" +36(~1+ e)kta +(-1+e)’ o (1+(-1+e)a))

~5832k°t° +324(3-2e)k’t’a +(-1+e) a* (1+(-1+e)a )+ 2
18(-1+e)kta® (3—e+2(-1+e)a)

f<—f'= 2

Okt2c? (324k%t% +36(—1+e)kta + (—1+e) a2 (1+(-1+¢e)a
( (-1+e)kta +(-1+e) (-1+e)

—5832k°° +324(3-2)k’t’a +(-1+e) o’ (1+(-1+e)a” ) + 2
18(-1+e)kta’ (3—e+2(-1+e)a’)

We can prove that since kt >1/6, f*—-f" >0.

The difference between the leader’s expected profits in the outcome known case and in the outcome
unknown case is

(1-e)’t(1-a)a®(36kt+(-1+e)a)

(324K°” +36(—1+ ) ktar + (~1+€)" & (L+ -1+ e)a))2
E(z)-E(n) =

2(18kt +(~L+e)ar) (5832k°° +324(~3+2e)k’tar -
(-1+e)’ a® (1+(-1+e)a)-18(~1+e)kia? (3—e+2(-1+€)a))
(5832k°° +324(-3+2)K’t’a +(-1+e)’ &’ (-1-(-1+e)a’ ) +

18ktar? (3— de+e” —2(-1+ e)2 a? ))

We can prove that the numerator and the denominator of E(z)—E(z) are positive since kt >1/6.

Thus, E(z)-E(z) >0.

c) With the parameter sets, k =0.48,c, =1,t =0.34,e = 0.01, the follower’s profit
E(zf | =0.9) =0.0576 and E(z; |a =0.975) = 0.00781 in the outcome unknown case; and the
follower’s profit E(zf | =0.9) =0.0527 and E(z{ | & =0.975) =0.00788 in the outcome known

case. Thus, the follower’s profit can be higher in Case 1 than in Case 2, or it can be higher in Case 2 than
in Case 1.

Q.E.D.



