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Appendix A
Modeling Notations |

Table A1. Modeling Notations

Notation Definition
te[0,1] Time within the software life cycle [0,1]
q Quality of the old perpetual software product
p New perpetual software quality improvement ratio over the old version
6 The Saas initial quality improvement ratio over the old perpetual software, 1 <8 <p
o Rate of software quality improvement for the SaaS product
Pu One-time upgrade price for existing users to upgrade to the new perpetual software
D, One-time purchase price for new users to buy the new perpetual software
Ds The SaaS price for per unit time use of the software
n, The network size at time ¢, where n, = {1, 2}
Marginal network effect
0 Perpetual software incremental quality improvement ratio over the old version
¢, The SaaS vendor's quality improvement cost per unit time
c OG users’ cost of switching to SaaS
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Appendix B

Elimination of Strategy Pairs in Table 1 I

Given the software quality improvement pq > ¢, the OG consumersarewilling to pay apositive priceto upgrade to the new perpetual software.
Because all software development costs have been sunk, the perpetual software vendor can aways sell to the OG users at a positive price to
earn non-zero profit. Soin equilibrium, any strategy pair that involvesthe OG usersthat continue to use the old version of perpetual software
isdominated by other induced user strategies. We therefore eliminate the first row of strategy pairsin Table 1.

Similarly, (Old + SaaS, SaaS) and (SaaS, SaaS) can be eliminated because the perpetual software vendor earns zero profit. Because the
perpetual software hasthe quality advantage over the SaaS at time 0, the perpetual software vendor, by charging avery small positive upgrade
pricee, is able to induce the OG consumers to upgrade and earn a non-zero profit.

Alsonotethat if the OG users choose SaaS, the NG usersprefer SaaSaswell. Thereason isthat the OG usersare more* sticky” to the perpetual
software than the NG users because of their reserve utility from the old perpetual software. Therefore, neither (SaaS, New) nor (SaaS, New
+ SaaS) can achieve and sustain equilibrium.

Finally, once both OG and NG users adopt the new version perpetual software, they become identical. They should take the same action
afterward—either they both continueto usethe new version or they switch to SaaS at sometime point simultaneously. Thisrulesout (Upgrade,
New + SaaS) and (Upgrade + SaaS, New). Asaresult, only six strategy pairs, SP1 ~ SP6, are possible in equilibrium.

Appendix C
Parameter Configuration for Strategy Pairs SP1 ~ SP6 I

Figure C1 graphically shows how the six possible strategy pairs can be supported by different combinations of the SaaS quality improvement
rate and the SaaS price. The parameter configurations for each strategy pair are presented in Table C1. We observe that the network effect
will affect the appearance of SP2, SP4, and SP5. When the network effect is stronger, users tend to choose the same type of software; that is,
when thedashed linein Figure C1 shiftsup to theleft, the appearance of SP2 becomeslesslikely, whilethat of E4 and E5 becomesmorelikely.
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Figure C1. Possible Outcomes and Feasible Regions
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Table C1. Parameter Configuration for Each Strategy Pair

Strategy Pair Feasible Conditions
SP1 (Upgrade, New) p, > a—(p—0)q
SP2 (Upgrade, SaaS) p2a+k—(p—-0)q
SP3 (Old+SaaS, New) mX[(0—1)q, a +k—(p—6)gl <p,<a+(0-1)q
SP4 (Upgrade+Saa$S, SaaS) po<atk—(p—0)q
SP5 (Old+SaaS, New+SaaS) (0-Dg<p,<a+k—(p—0)q
SP6 (Upgrade+SaaS, New+SaaS) py<a—(p—0)q

SP1: Because both groups adopt the new perpetual software, they areidentical after adoption. In SP1, no groups switch to SaaSover theentire
software life cycle, implying that the SaaS payoff at the end of the software life cycleis no higher than the new perpetual software. Hence,
Og + a+ 2k—p, < pq + 2k, which leadsto p, > a — (p — 0)q.

SP2: To prevent the OG users from switching to SaaS, the SaaS payoff at the end of the software life cycle should not be higher than payoff
from the new perpetual software for OG users. Notethat, without switching, the OG users derive the network utility £; if switching, they can
enjoy the network utility 2k because the NG users have adopted SaaS. Hence, g + a + 2k —p, < pg + k, whichleadstop, > a + k—(p — 6)q.

SP3: For the OG usersto switch but for NG usersnot to switch during the softwarelife cycle, we have three conditions: (1) the OG usersprefer
the old perpetual software rather than SaaS at time O (i.e., g + k— p, < g + k); (2) the OG users prefer SaaS rather than the old perpetual
software at the end of the softwarelifecycle(i.e., g + a + k—p, > g + k); and (3) the NG users prefer the new perpetual software rather than

SaaS at the end of the software lifecycle (i.e., g + o + 2k —p, < pg + k). All together, we have max[(0 —1)q,a + k—(p—O)q] < p, < o +
(CEA

SP4: For switching to occur, OG users derive higher payoff from SaaS than from the new perpetual software at the end of the software life
cycle. Hence, 8g + a + 2k —p, > pg + k, whichleadstop, < a + k— (p — 0)q.

SP5: We have two conditions: (1) the OG users prefer the old perpetual software rather than SaaS at time O (i.e., 8g + k—p, < ¢ + k); and
(2) the NG users derive higher payoff from SaaS than from the new perpetual software at the end of the software lifecycle (i.e., 6g + a + 2k
—p, > pq + k). Therefore, (0—1)g < p, < a +k—(p—6)q.

SP6: Note that both OG and NG users must switch at the same time. They derive higher payoff from SaaS than from the new perpetual
software at the end of the software life cycle. Hence, g + o + 2k —p, > pg + 2k, which leadsto p, < a — (p — 0)q.

Appendix D

Baseline Model Equilibrium Outcomes I

Table D1 presents vendors' optimal prices, profit, consumer surplus, and social welfare under each equilibrium in the baseline model.
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Table D1. Equilibrium Prices, Profits, Consumer Surplus, and Social Welfare: Baseline Model

(a) Equilibrium P

rices: Baseline Model

Equilibrium Py o Ps
Monopoly (M) (p — 1)q +k pq + 2k NA
(El)ntry Deterrence (p - g)q - % +k (/) - g)q - % +k 0
Market Segmen- (p - l)q (p - l)q + 2k (9 - l)q +k+ %
tation (lla)
Market Segmen- (p - l)q 24 ok a+k- (p— 9)6]
tation Ilb) 2
Sequential [a+(p—9)q][4k+a+(p—9)q] [a+(p—9)q][4k+a+(p—9)q] a—(p-6)q
Dominance (ll1a) 8a 8a 2
Sequential de+{ ol p-1)+k(p-6)]g-(p-1)(6-1)q? [a+(p-6)q][4k+ar+(p-6)q] a—(p-6)q
Dominance (llIb) 6 8a 2
(b) Equilibrium Profits: Baseline Model

Equilibrium Tperp Tsaas
Monopoly (M) 2(/) - 1)q + 3k NA
Entry Deterrence 2( p— 9)(] —-a+2k 0
(1)
Market Segmen- (p—1)q (0-Dg+k+ <
tation (lla)
Market Segmen- (p - l)q o+ k- (,0 - 9)(]
tation 1b)
Sequential [or+(p-0)q|[4k+ar+(p-6)q] [a_(p_g)q]z
Dominance (llla) Ao — ou
Sequential 2a+(p-6)q|[ak+a+(p-8)q|-[a—(p+6-2)q] [a~(p-6)a]"
Dominance (llib) Sa 22
(c) Equilibrium Consumer Surplus and Social Welfare: Baseline Model

Equilibrium CSoc CSwe sw
Monopoly (M) qg+k 0 2pq + 4k

o o 2pq+4
(El)ntry Deterrence 6g+k +4 6 +k +4 pq + 4k
_ q

Market Segmen q+k (p + 9)(] +2k + %
tation (lla)
Market Segmen- q+k pq— % (p + 9)(] +2k + %
tation IIb)
Sequential 3ak+| o p+6)—k(p-6)]q 3ak+|a(p+6)-k(p-0)|g  do?+160k+20(p+36)q+3(p—6)" af
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Appendix E

Proofs for Baseline Mode| |

Proof of Proposition 1 (Monopoly Market Equilibrium)

Proof. When no entry threat arises from the SaaS vendor, the perpetual software vendor isthe monopolist. When the vendor releasesthe new
version software at time 0, it charges a purchase price to the NG users so that it extracts all surpluses from them, and so p,f‘/[ = pg + 2k .
Meanwhile, it charges an upgrade price p, as high as possible to induce the OG users to upgrade to the new version (i.e., pg + 2k—p, > g +

k)). Therefore, pr{” = (p_]_)q + k . Thevendor’'s profit is M= ptiw +p,?/[ = (2p—l)q+3k .

Proof of Proposition 2 (Entry Deterrence Equilibrium)

Proof. Thisisthecaseinwhicha < (p — 0)q. Becausethe SaaS quality isaways|ower than the new perpetual software, users do not switch.
The perpetual software vendor can choose either the entry deterrence strategy to serve both user groups and drive the SaaS vendor out of the
market or it can choose the market segmentation strategy and serve OG usersonly. The equilibrium strategy pair corresponding to the former
caseis SP1 (Upgrade, New), while in the latter caseit is SP2 (Upgrade, SaaS).

Consider SP1 (Upgrade, New). Giventhat NG users adopt the new version perpetual software, the OG users have three strategiesto consider.
1

If they keep using the old version, their total utility isq + k; if OG users choose the SaaS at time 0, their total utility is I (9(] + ot + k)dt ;
0

and if OG users choose to upgrade and then keep using the new perpetual software, their total utility ispg + 2k —p,.

To ensure that the OG users prefer upgrading to the new version rather than continuing to use the old version, their total utility must be pg +
2k—p,>q +k,whichisp, < (p —1)q + k (IC1). Meanwhile, the perpetual software vendor needsto make sure that OG users prefer upgrading
rather than adopting SaaS, even if the SaaS price is reduced to zero. That is, the entry deterrence condition is ©9 + 2k = py>

el

(9q+05t+k)dt ,andit gives p, S(p—@)q+k—% (1C2). We can show that (IC1) is not binding.
J0

Similarly, given that OG users choose to upgrade, the NG users’ total utility is pg + 2k — p, if they choose the new perpetual software and
el

(Hq +ot+ k)dt if they opt for SaaS at time O at zero price. To ensure that the NG users prefer the new perpetual software to the SaaS,
0

1
even if the SaaS priceis zero, their total utility must be pg + 2k — p, ZI ((9q+0{t+k)dt ;thatis, p, < (p—H)q+k—% (1C3).
0

Because Py < P, by (1C2) and (IC3) the perpetual software vendor sets the prices at respective upper bounds:

p’fpl = pgpl = (p_ H)q +k— % . Consequently, we obtain the perpetual software vendor’ s profit at 72'1‘55%7 = 2(,0— 6’)(1 +2k—«a,

and the SaaS vendor is out of the market.

Finaly, we need to prove that the perpetual software vendor earns a higher profit under SP1 than SP2, which is true when
a-(p-260+1
> Ky = <200

k> K.

, asshownintheproof of Proposition 3. Hence, the perpetual softwarevendor detersthe SaaSvendor’ sentry when
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Proof of Proposition 3 (Market Segmentation Equilibrium—a Low)

Proof. Consider SP2 (Upgrade, SaaS). Giventhat the NG usersadopt SaaS, if the OG users continue to use the old version perpetual software,

1
their total utility isq + k; if the OG users choose SaaS, the total utility is I (Bq + ot + 2k — p )dt ; and if they choose to upgrade and then
0

continue to use the new perpetual software over the entire software life cycle, the total utility is 24 +k — p,, .

To ensure the OG users prefer to upgrade rather than to continue to use the old version, their total utility must be pg + k — p, 29+ k

and thus p,, < (p—l)q (IC4). Also, to ensure that the OG users prefer to upgrade rather than opt for SaaS, their total utility must be

1
pq+k—pu2I0(9q+at+2k—ps)clt and thus pSZpu—(p—Q)q—k+% (IC5).

Similarly, given that OG users upgrade, the NG users' total utility is 0g + 2k - p, if they choose the new perpetual software and

1
J-0(9q+0{t+k—ps)dt if they opt for SaaS at time 0. To ensure that the NG users prefer SaaS, their total utility must be

1
pq+2k—p,,$j (0q+0!t+k—ps)dt ; that is, pSSpn—(p—é?)q—k+% (1C6).
0

To maximize its profit, the perpetual software vendor sets p,, as high as possible so that the SaaS vendor can also charge a high enough price
P,» Which in turn allows the perpetual software vendor to charge a high upgrade price p,. Asaresult, the perpetual software vendor charges

pfp?_ = (p - 1)q to makethe OG users' IC constraint (1C4) binding. It sets p,fpz = (p - 1)q + 2k sothat the SaaS vendor chargesthe

highest possible pfpz = (9—1)(] +k +% by (IC6) that doesnot violate (IC5). Finally, under thecondition & < (p - 9)q ,wecanverify

that the condition for SP2, Ps > @+ k —(p—6)q  as specified in Table C1, holds.
Finally, we need to show that the perpetual software vendor’s profit under SP2, 7152127 = (,0 - 1)q , is higher than its profit under SP1.

SP2 SP1
Solving Zperp = %perp , wehavek < K, where K, is defined in Proposition 2. Hence, SP2 (Upgrade, SaaS) sustains as an equilibrium user

strategy pair when k < K. Also notethat X, =0whena = (p— 20+ 1)g =a.

Proof of Proposition 4 (Sequential Dominance Equilibrium)
Proof. Consider SP6 (Upgrade+SaaS, New+SaaS). The switching time ¢,; is determined by 6q + atgz + 2k — p, = pg + 2k, so that

I3

N

_ —6
= w . The SaaSvendor’ s profit isexpressed as 2ps(1— %;)qj . Solving this optimization problem yields the optimal

N (- * oa+(p-6
SaaS price Ps = w. We can verify that p; satisfies the SP6 condition in Table 3. Consequently, f,3 = #
’ o

incentive compatibility conditions must be satisfied, as follows.

. Severd

Given that the OG users choose Upgrade+SaaS, the NG users prefer New+SaaS rather than SaaS if (Pq + Zk)fss—Pn +

J.

I3

< [a+(p—6)q][;1k+a+(p—9)q]

(9q+m+2k—p:)dzzI;;3(0q+at+k—p:)dt+ﬁ

ls3

(Hq +at+ 2k — p: )dt .0 p, (IC7).
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Given that the NG users choose New+Saa$, the OG users prefer Upgrade+Saa$ rather than Old+SaaS if (pq + 2k)ti, — py + |, ; (6q +
52

at + 2k —p3)dt = (@ + k)t; + ftt;;lz 0q + at + k —ps)dt + féz (0q + at + 2k — p3)dt. The condition gives Pu =

ka—(p—1)(6-1)q*+[a(p-1)+k(p=6)]q
2a

0q + atg; +k—ps =q + k,sothatty, = w. Substituting p; into the expression of ty, we have t3; =

(IC8). Note that the switching time tg, = t;3. The switching time tq, for Old+SaaS, is determined by
a—(p+6-2)q
2a ’

Ifa < (p+0—2)q,ts <O0,so that OG users prefer SaaS. To ensure the OG users prefer Upgrade+SaaS rather than SaaS, we need (pq +
20)tl —py + [ (g + at + 2k —p)dt > [ (Bq + at + k —p)dt + [, (8q + at + 2k — p?)dt; that is, Pu <
53 53

+(p-0)ql[4k+a+(p—0) +(p—0)q|[4k+a+(p-6)
[t =OraIter e (e=9a1 (1C9). So by (IC7) and (IC9) we have piPe = pjPe = L=ttt (p=0)d

8a
profit is mghg, = LHE=DAtreH(p=0)a)

], and the perpetual software vendor’s

—(p— - 2 - - - -
Ifa> (p +60— Z)C[, t;l > O,by (IC7) and (IC8) we have p5P6 — ka-(p-1)(6-1)q*+[a(p—1)+k(p—0)]q < p‘;Sl'P6 — [a+(p—-0)ql[4k+a+(p 9)‘1]’ and

2a 8a
spe _ 2lat+(p—6)ql[4k+a+(p-6)q]-[a—(p+6-2]>
perp — sa .

. ~(p=9)q)?
, and the Saa$S vendor’s profit is mircs = la=(p=9)al”

Under both cases, the Saa$ price is p5F¢ = —a—(pz—g)q =

Another outcome under the strategy pair SP2 (Upgrade, SaaS) is solved in Proposition 5. Comparing the two vendors’ respective profits
under SP2 and SP6, we show that when the network effect k is stronger than a threshold value K, (details in the proof of Proposition 5), SP6
(Upgrade+SaaS, New+SaaS) emerges as the final equilibrium user strategy.

Proof of Proposition 5 (Market Segmentation Equilibrium—a High)

Proof. Consider SP2 (Upgrade, SaaS). The analysis is similar to the proof for Proposition 3. The only difference is that when a > 2(p — 1)gq,

the constraint p; > a + k — (p — 8)q (refer to Table 3) is binding. Therefore, ps¥? = a + k — (p — 8)q if @ > 2(p — 1)q. Also, we need

to reexamine the IC conditions. (IC5) becomes p,, < % Because (p —1)g < %, the perpetual software vendor charges ps*2 = (p — 1)q so

that (IC4) is binding. By (IC6), we have psF? > % + 2k. As aresult, when a > 2(p — 1)q, the perpetual software vendor's profit is 7,7, =
(p — 1)q, and the Saa$S vendor's profit is Tsr2, = a + k — (p — 6)q.

The optimal prices and profits for & < 2(p — 1)q are the same as in Proposition 3.

Finally, we compare profits of the two vendors under both SP2 (Upgrade, SaaS) and SP6 (Upgrade+SaaS, New+SaaS). The latter is given in
Proposition 4. There are three cases:

Case (1) (p —0)q < a < (p+6 —2)q. For the perpetual software vendor, Tyer, < Tpery if k < a‘i(fp__l(;;lq _ a+(p4‘9)q = k,. At both

boundary values, a = (p—6)qanda = (p+ 0 — 2)q, k, = @, In addition, we can show that there exists @ = [2,/(p — 1)(p — 0) —
(—0]qellp—06)q (p+06—2)q]such that% > 0 fora € [(p — 0)q, @] and% < 0fora € [&, (p + 6 — 2)q]. Hence, the perpetual
software vendor prefers SP2 if k < k. For the Saa$S vendor, m3F8 < msPZ ifk > % —(6—1)q —% =k Ata=(p—0)q,k; =

~(0-1Dq -2 <0,and 22

7 < 0. Therefore, the inequality always holds. The SaaS vendor always prefers SP2.

- - - 2 -
Case (2) (p+ 6 —2)q < a < 2(p — 1)q. For the perpetual software vendor, myos, < Tper, if k < Salp 2[‘;1[&_(5;? 2al” _ a+(i 99 -

k3. Ata=(p+6—2)q,k; = (6—21)q. Solving k3 = 0, we get two roots. One is smaller than the lower bound (p + 6 — 2)q, and the other,

a=[(p+6—-2)+2/(p—1)(p—0)]q, is greater than the upper bound 2(p — 1)q. So k3 > 0 in this range and the perpetual software
vendor prefers SP2 if k < k3. For SaaS, the condition is the same as in Case (1). The SaaS vendor always prefers SP2.

Case (3) @ > 2(p — 1)q. For the perpetual software vendor, Tyer, < pery if k < k3. The analysis is the same as in Case (2). For the Saa$S

vendor, w58 < m3P2. if k > —[a—(p—e);;l[aﬂp—e)q] = k, and k, < 0. So the SaaS vendor always prefers SP2.
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k, ifa<(p+6-2)q

ks ifa>(p+6—2)q and we get the results in Proposition 5.

Overall, define K, = {

Appendix F

Effect of « and k—Comparative Statics and Graphical lllustration E—

In this Appendix, we show how the two key parameters, a and k, affect equilibrium prices, profits, consumer surplus, and social welfare
using comparative statics, and we also provide a graphical illustration.

Table F1. Comparative Statistics w.r.t. o

Equilibrium Pu Pn Ps Therp Tsaas CSo¢ CSye sSw
Monopoly (M) — — N — NA — — —_
Entry Deterrence (I) | ! — ! — 1 1 —
Market Segmentation (lla) — — 1 — 1 — — 1
Market Segmentation (lIb) — — 1 — 1 — 1 1
Sequential Dominance (llla) 1 14 1 T 1 11 1 1
Sequential Dominance (lllb) ! 1 1 1 7 11 1 7
Table F2. Comparative Statistics w.r.t. k

EqUIllbrlum Pu Pn Ps n'perp Tsaas CSOG CSNG sw
Monopoly (M) 1 1 N 1 NA 1 — 1
Entry Deterrence (I) 1 1 0 1 — 1 1 1
Market Segmentation (lla) — 1 1 — 1 1 _ 7
Market Segmentation (lIb) — 1 1 — 1 1 — 1
Sequential Dominance (llla) 1 1 — 1 — 1 1 1
Sequential Dominance (lllb) 1 1 — 1 — 1 1 1

The graphic demonstrations in Figures F1 and F2 take the following parameter values: ¢ = 1, p = 2, 8 = 1.2, and k = 0.02. In addition,
a = 0.64 indicates the equilibrium transition from entry deterrence to market segmentation; @ = 2 indicates the equilibrium transition from
market segmentation II-a to II-b; and @ = 2.25 indicates the equilibrium transition from market segmentation to sequential dominance.
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1.5 15 !
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i ' .
' x
° g % x
. ! ! lll. Sequential ' i eex Xl s
x o . e
1 EEEREEER SRS R RS SN o ° Dominance 1 Taxxxxxxx M A o " lll. Sequential
' 1 ' ° ' N H °
i : : : : ' Dominance
i i i i o i
i ° T i ° i
Plo Il. Market i L i oo Il Market . 3 e
0.5 t Segmentation | deeseeesaitrriraraes 05 1 Segmentation |
I Entry ! Lo I Entry ! P
: : : Deterrende i !
Deterrence II-a b b ; Il-a ! ll-bi b
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Figure F1. Vendors’ Equilibrium Price and Profit Versus SaaS Quality Improvement
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Consumer Social
Surplus Welfare
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Figure F2. Consumer Surplus and Social Welfare Versus SaaS Quality Improvement

As seen in these figures, when the SaaS’s quality improves at a low rate (@ < 0.64 ), the incumbent perpetual software vendor reduces both
upgrade and purchase prices to deter the SaaS vendor’s entry, reducing its own profit and resulting in higher consumer surplus. This suggests
that the threat of entry by a potential competitor benefits customers.

As a further increases, deterring the SaaS vendor’s entry becomes too costly. There is a threshold value (@ = 0.64) beyond which the
perpetual software vendor no longer blocks the SaaS vendor’s entry into the market. In the intermediate range of the SaaS quality
improvement rate (0.64 < a < 2.25), the perpetual software vendor pursues the market segmentation strategy by giving up NG users to the
SaaS vendor and focusing on serving only OG users with a high price. As a result, its price and profit are independent of the SaaS quality.
On the other hand, the SaaS vendor is only interested in exploiting NG users. As the SaaS quality increases at a higher rate, we see that the
SaaS’s price and profit monotonically increase.

Meanwhile, we observe that consumer surplus for both user groups drops significantly when the perpetual software vendor moves from the
entry deterrence to the market segmentation equilibrium after « = 0.64. As a increases from 2 to 2.25, the OG users’ surplus is unaffected,
but surprisingly, the NG users’ surplus decreases. The intuition is that, when the SaaS has a large quality advantage over the perpetual
software in the range, adopting the perpetual software becomes less attractive to NG users. Therefore, the SaaS vendor is able to price
aggressively to extract more consumer surplus from NG users without transferring any benefit to them

Finally, when the SaaS quality improvement rate is high enough (a > 2.25), the SaaS becomes very attractive and the perpetual software
vendor finds it difficult to prevent OG users from switching to SaaS. Instead, it should reduce both upgrade and purchase prices significantly
to compete with the SaaS vendor for both user groups, moving to the sequential dominance strategy. The significant price-reduction pressure
from the perpetual software vendor pushes the SaaS vendor to reduce its price as well, which results in a large drop in the SaaS vendor’s
profit at the transition point (& = 2.25). On the other hand, the competition makes users better off, and the consumer surplus for both user
groups jumps significantly upward.

As for social welfare, we also observe discrete upward and downward jumps at @ = 0.64 and 2.25, respectively, when the perpetual software
vendor switches its competitive strategy. It is socially inefficient to allow the SaaS vendor to enter the market in the range 0.64 < a < 2;
and after the SaaS vendor enters the market, the resulting social welfare is even lower than the monopoly benchmark. There are two reasons.
First, the SaaS software has a low quality in this range. The NG users who adopt the SaaS therefore derive a lower average utility than in the
monopoly benchmark, leading to a decrease in social welfare. Second, the SaaS vendor’s entry results in a segmented market. Users are not
able to enjoy the highest possible network value (2k) as they do in the benchmark case. Again, this reduces social welfare.
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Appendix G

Perpetual Software Vendor's Incremental Quality Improvement

S1 (64, ts1): Patching before the SaaS Exceeds the Perpetual Software Quality

First, consider SP1 (Upgrade, New). Under SP1, the SaaS vendor is out of the market, even if it prices at 0. To ensure that the OG users
prefer Upgrade rather than Old, we need pq + 6;q(1 — ts1) + 2k — py, = q + k; thatis,p, < (p — 1)q + §;q(1 — ts1) + k (G1). To ensure

that the OG users prefer Upgrade rather than SaaS, even if SaaS is priced at 0, we need pq + 8,q(1 — ts1) + 2k —p, = f01 0g + at +
k)dt; thatis,p, < (p —60)q +6,q(1 —ts) + k — % (G2). To ensure that the NG users prefer New rather than SaaS, even if SaaS is priced
at 0, we must have pq + §:q(1 — ts1) + 2k —p, = f01 (6q + at + k)dt; thatis, p, < (p — 0)q + 6,q(1 —tg;) + k== 5 (G3). Therefore,
the optimal price is p5ft = p3fl = (p — 0)q + 6:9(1 —ts1) + k — g The optimal profit is Ty, = 2(p — 0)q + 261q(1 —tsy) + 2k —
a.

Next, consider SP2 (Upgrade, SaaS). To ensure that the OG users prefer Upgrade rather than Old, we need pq + 8,q(1 — t51) + k —p, =
q + k; that is, p, < (p — 1)q + 619(1 — ts1) (G4). To ensure that the OG users prefer Upgrade rather than SaaS, we need pq + 6;q(1 —

ts1) +k—py = fol (6q + at + 2k — pg)dt; thatis, p, < ps+ (p —0)q + 6,q(1 —ts1) —k—= (GS) To ensure that the NG users prefer

SaaS rather than New, we must have fol (6q + at + k —ps)dt = pq + 6,q(1 — ts1) + 2k — py,; that is, p, = ps + (p — 0)q + 6:q(1 —
ts1) +k— % (G6). To ensure that OG users prefers Upgrade rather than SaaS, we need to make sure that at t = 1 the net benefit of switching
to SaaS cannot exceed that of Upgrade: 6q + a + 2k —ps < (p + 6,)q + k; that is, ps = a + k — (p + 6, — 0)q (G7). Therefore, the
optimal price is p3"% = (p — 1)q + 8,q(1 — t5;), and the optimal profit is mpe7, = (p — 1)q + 8;q(1 — ts;). The Saa$ price is p5¥? =

0—1q—6,9(1—ts) +k+ % ifa < 2(p — 1)q — 8§,qtsy; otherwise, pSF2 = a + k — (p + 8; — 0)q.

a—-(p-260+1)q _
2
< K;. Consequently, the lower bound value ¢’ = (p — 26 + 1)q + §,;q(1 — t51) > a. Both K; and «a are critical values in the

Comparing the perpetual software vendor’s profits under SP1 and SP2, we see that mpht, > w2, if k > K{, where K{ =

81q(1—ts1)
2

baseline model when the perpetual software vendor does not provide a quality jump. Hence, the K; line shifts downward and the lower bound
a' shifts towards right.

Finally, consider SP6 (Upgrade+SaaS, New+SaaS). The switching time is determined by 8q + at;o + 2k — ps = (p + 61)q + 2k; that is,

_ ps+(p+6:-6)q _ Pst(p+8.-6)q
tio = 1
1Q a a

> t,3. The SaaS vendor’s profit is expressed as 2pg . Under the condition @ = (p + §; — 6)q, solving

spe _ a—(p+8:-6)q

this optimization problem yields the optimal SaaS price p; , which is lower than the optimal SaaS price under the baseline

case.

To ensure that NG users prefer New-+SaaS rather than SaaS, we need (pq + 2k)tsy + 619 (tsq — ts1) — Pn + ft14 (6q + at + 2k — py)dt =
[a+(p+6:—- 9)Q][4k+a+(P+51 0)al _

ft” (6q + ats + k — py)dt +f (69 + at + 2k — pg)dt. Simplifying this inequality we have p, <

61qts1 (G8). Furthermore, we need to ensure that OG users prefer Upgrade+SaaS rather than Old+SaaS. The switching tlme for Old+SaaS
5"6—(9 Dq _ a=(p+8:+6-2)q
2a

ts1) — Pu +f (69 + at + 2k — pg)dt = (q + k)tg; + f *(0q + at + k — py)dt + f (6q + at + 2k — pg)dt.  Simplifying  this
ka—(p+68:-1)(6-1)q* +[a(p+61—1)+k(p+81 0)la

is tgq Ifa > (p+ 6; + 0 — 2)q, then the incentive compatibility condition is (pq + 2k)tgs + 819 (tss —

inequality, we have. Py < oa —01qts1 (G9). If a < (p + 6, + 0 — 2)q, we need to ensure that OG
users prefer Upgrade+SaaS rather than SaaS. Hence, (pq + 2k)tgy + 61q(tss — ts1) — Pu + ftl (6q + at + 2k — pg)dt = ft“ (6q +

lat(p+8:- ")q”‘”‘*“(’”‘” 94l _ 5 qts, (G10). Therefore, pSFé =

at + k — pg)dt +f (6q + at + 2k — py)dt, which leads to p, <

ka—(p+8,-1)(6-1)q? +[a(p+51-1)+k(p+51 la spe _ [at(p+d,— G)Q][4k+a+(p+51 9)al
8a

—6i1qts1ifa < (p+6,+60 —2)q.

— 0;qtsy and p;, —61qtsy if a > (p+ 61+ 6 —2)g; and

SP6 _ ., SP6 _ [a+(ﬂ+51 0)q][4k+a+(p+6:—6)q]
bu = Pa oa

Next, we compare the perpetual software vendor’s profits under SP2 and SP6. We find that, compared to the K, curve in the baseline model,

a(p'-1q a+(p -6)q
(01 + 81qtsy ifa < (p' +

the new K curve shifts downward. Specifically, if we redefine p’ = p + §;, we can write K, =
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8a(p'~1)q+[a—(p'+6-2)q]> _ a+(p'~6)q
,8[a+(p’—0)q] 4
right. The upper bound @g, is given by K; = 0.

0 —2)gand K, = + 81qts, ifa > (p' + 6 — 2)q. Compared with K, the K curve shifts towards the

S2 (6,,t5,): Patching After the SaaS Exceeds the Perpetual Software Quality

First, consider SP1 (Upgrade, New). The analysis is the same as above. We obtain the same three conditions (G1), (G2), and (G3). So, the
solution is also the same: the optimal price is p5'* = p5Pt = (p — 0)q + 5,q(1 — ts,) + k — %’ and the optimal profit is 7,55, = 2(p —

0)q +26,q(1 — tsy) + 2k — a.

Next, consider SP2 (Upgrade, SaaS). Following the same analysis, we get the same conditions (G4), (G5), and (G6). In addition, we need to
ensure that OG users prefer Upgrade rather than Upgrade+SaaS. If OG users chooses to switch from the upgraded perpetual software to SaaS,

it must be at t* = LZDUPK Nt that at t*, the perpetual vendor has not patched its product yet. To ensure that OG users stay with the
perpetual software, their expected value from not switching, after considering the future quality improvement §,q at tg, should be higher

than the expected value from switching to SaaS: f:f” (6q + at + 2k —pg)dt — (pq + k) (tsz —t*) < (pq + 8,9 + k)(1 — tsy) —
j; (6q + at + 2k — py)dt. Simplifying and solving this inequality yields ps = a + k — (p — 8)q — /2a8,q(1 — t5;) (G11). Using (G4),
we get the optimal upgrade price p3F? = (p — 1)q + 8,q(1 — ts,). Substituting pSF? into (G5), we get ps = (0 — 1)q + k + % Now we
compare this lower bound of pg with the condition (G11): Define 4 = (8 — 1)q + k + g - {a +k—(p—0)q— \/M}. When

a < 26,q(1 —ts3), 4> 0. When a = 26,q(1 — t52), Aa=25,q(1-t5,) > 0 andg—i < 0. So if a exceeds a certain threshold value, 4 < 0. At

the largest possible value of apay = (p + 6, — 0)q, we find that Aq-(p45,-6)q > 0. Therefore, we always have 4 > 0. Consequently, the

optimal Saa$ price is psf2 = (0 — g + k + %’ at which the non-switching condition (G11) is always satisfied. The perpetual software

prices are py 2 = pat 2 = (p — 1)q + 8,q(1 — tsz), and the profitis 57, = (p — 1)q + 8,q(1 — tsy).

a—(p—20+1)q

SP1 > 7.".SPZ >

Next, we compare the perpetual software vendor’s profits under SP1 and SP2: myem, verp if k> Kj, where K; =

w. Note that both the K7 line and lower bound value &' are as same as in the above Patching Strategy S1.

Finally, consider SP6 (Upgrade+SaaS, New+SaaS). The switching time is determined by 0q + at* + 2k — p; = pq + 2k; that is, t* =

_ ps+(p—0)q) a—(p-06)q
a 2

as the optimal SaaS price in the baseline model. For SP6 to be an equilibrium, we need to ensure switching does happen. That is, at t*, it

must be f:fz (6q + at —pg)dt — pq(ts; —t*) = (pq + 6,9)(1 — tsy) — ft; (6q + at — ps)dt. Simplifying and solving this inequality

yields ps < a — (p — 0)q — /2a6,q(1 — ts3) (G12). Now we check whether the SaaS price p; = a_(pzﬂ from the above optimization

—(p— 2 —(p— -
problem satisfies (G12). We can show that if §,q(1 —ts,) < %, SP6 = z (pz g)q, tr = a+(ga9)q;

otherwise, p: does not satisfy (G12), and so pSFé = a — (p — 8)q — /2a8,q(1 — tgp), t* = TV=T20"702) VZaé‘iq(l—t(;z)'

w. The SaaS vendor’s profit is expressed as 2p; (1 . It yields the optimal SaaS price p; = , which is the same

ps satisfies (G12) and so p

We need to ensure that NG users prefer New+SaaS rather than SaaS. That is, (pq + 2k)t™ — p, + ftl (6q + at + 2k — py)dt > fot (6q +

—(p— 2 — —
at + k —pg)dt + fl (6q + ats + 2k — p;)dt. When 6,q(1 — ts,) < %, the condition leads to p, < la+(p=O)q)lticrat(p=0)a]

8a
[a—y2a8,q(1-ts)[2k+a—/2a8,q(1—ts,)] (G14)
2a !

(G13); otherwise, p, <

SP6 _rg_
We also need to ensure that OG users prefer Upgrade+SaaS rather than Old+SaaS. The switching time in Old+SaaS is tg; = W.

According to different values of §,q(1 — ts,), we analyze the following two cases.

—(p—8)q]? —(p+0—
2= (p-9)al == (p;‘f 24 1f g > (p+ 8 —2)q, t;; > 0, and the incentive compatibility condition is

Case (a) When 6,q(1 — t5) < 201 ¢

(pq +20)t" —py + [ (6 + at + 2k — py)dt > (q + )ty + f:*l (6 + at + k —py)dt + [ (8q + at + 2k — py)dt. Simplifying it

ka—(p-1)(6-1)q*+[a(p-D+k(p-6)lq
2a

(p+ 6 —2)q, tg; <0, so the incentive compatibility condition is to ensure that OG users prefer Upgrade+SaaS rather than SaaS: (pq +

we have p, < (G15). Hence, the optimal perpetual software prices are given by (G13) and (G15). If a <
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26)t" —py + [ (0g + at + 2k — p)dt = [1 (0q +at +k —p)dt + [- (0q +at +2k —p)dt,  which leads to  p, <
[a+(p—6)q][4k+a+(p—6)q]
8a

(G16). Hence, the optimal perpetual software prices are given by (G13) and (G16).

— — _ 2
Case (b) When 8,q(1 — ts;) >% f,, = 2=le=Da \/Za_(szq(l 2 1 §,q(1 - ts,) <%,
compatibility condition is to ensure that OG users prefer Upgrade+SaaS other than Old+SaaS. Then we have p, < [(p —1)q +
k] a—28,q(1-tsz) _ (p=1)%q*
a 2a
[a-(p-1)q]?
2a

get pu =

1 >0, and the incentive

(G17). Hence, the optimal perpetual software prices are given by (G14) and (G17). If 6,q(1 —ts;) >

, ts1 < 0, so the incentive compatibility condition is to ensure that OG users prefer Upgrade+SaaS rather than SaaS. Similarly, we

a—/2a6,q(1-tsy)][2k+a—/2ad,q(1-ts3)]

2a

(G18). Hence, the optimal perpetual software prices are given by (G14) and (G18).

—_ - 2
Note that [&==94l  le= (’;al)q whena < (p + 0 — 2)q, and < Loz (’;al)q

prices and vendor profits in SP6 can be summarized in the following, depending on both 6,q(1 —ts;) and a. Define v =

— 2
= (;;ae)q] when a > (p + 6 — 2)q. As aresult, the optimal

— — 2 — — 2 — — 2 — — 2
min {[a (p=6)q] ,[a (p—1)al }and§=max{[a (p=6)q] ,[a (p—1)a] } We have three cases:
8a 2a 8a 2a
. . a—(p-6) 6 _ [a+(p—0) ][4k+ +(p—0)q] [e—(p—6)q]*
(i) 8,q(1 — tsp) <w: if @ < (p +6 = 2)q, m:#,p =pit = e Moaas =5~ and mlt, =
—(p— - 2 -
[a+(p— 9)a][4k+a+(p 0)a], Jifa > (p+ 6 - 2)q, p _a- (pz 9)q7p£p6 _ [a+(p- 9)a][zz+a+(p 9)‘1]’ng6 _ ka-(p-1)(6-1)q ;-UEa(p D+k(p-6)]q :
SP6  _ [a-(p-B)Q] nd P8 = 2[a+(p-0)qll4k+a+(p—0)ql-[a—(p+6-2)q]*
MSaas =~ 5, @ Tperp = Py .
a—(p-6)q 6 _ [a+(p=6)q][4k+a+(p—6)q] [e—(p-6)q]*

(i) v <8q(1 —tsy) <viifa < (p+6—2)q, pi* =—"—,pi"* =p" = ”  Mihas = 5 Tperp =
[a+(p— 9)‘1][:’;"'““'(9 6)q] cifa>(p+0—2)q pSP=a— (p—0)q — J2a8,q(1 — tgy), pSFE = [a—\/2a52c1(1—tsz)][§Z+a—\/2a6261(1—t52)],
a—/28,q(1-tsz) _ ( 1)2 2 2/2a8,q(1—tgsr)[a—(p—0)q—/2a8,q(1—-ts,)]?
pi"® = [(p = g + k] == = 25 Maas = = el Therp =

[a-2a8,q(1=ts)] +2[(p—1D)q+2k](a—2a8,q(1= tsz) [(p-1)q]?

2a

(i) 8,q(1—ts) >T: i = pire = (a0 DICkraBeSa0ton)] - 526 = o — (p — G)q — \[2ad,q(L — L5).  W3es =
2,/2a8,q(1-tsy)[a—(p=6)q—2a8,q(1-ts,)]* and SP6 = [a—v2a5ZCI(1 ts2) ][2k+a—v2a52q(1 ts2) ]
a

perp —

Finally, we compare the perpetual software vendor’s profits under SP2 and SP6. The comparison should be done in each region of §,q(1 —
ts2). In (i), when 6,q(1 — ts;,) is small, the perpetual vendor's profit in SP6, ngg’fp, is the same as in the baseline model. Hence, the K, =

K, + a+(:——0)q 6,q(1 — ts,) curve that divides the market segmentation equilibrium (SP2) and the sequential dominance equilibrium (SP6)

shifts upward and toward the right, compared to the K, curve in the baseline model. Similarly, in (ii), we have K; =

oc[(p—l)q+62q(1—taz)l_i_[(p—l)q]z—[a—\/Zocézq(l—tzsz)]2 (p- 1)q
—2a8,q(1—-ts3)] 4[“ V2a6,q(1-ts,)]

alp-1q _ at(p=6)q
at(p=6)q 4

+

6,q(1 —tsy) ifa<(p+6—2)gand K; =
al(p—1)q+6,q(1-ts,)] [a—\/2a52q(1 taz

.
(iii), we have K, = 2la—y205,40 =53]

solving K; = 0. Furthermore, a.’szaii) > aSZ(ii) > 0552(1'), and @ 0-’52(1‘) >a.

- = > -
a+(p o ifa=(p+6—2)q. In

. Under the three cases, the upper bound @, aSZ(L), asz(”) and @, asz(m) are given by

To conclude, in each case, there are no qualitative changes in the competition outcomes, except that the equilibrium regions are shifted.

Proof of Proposition 6 (Optimal Patching Strategy and Time)

We show the proof based on a special case k = 0. The reasoning for the general case is similar. We omit the proof because the mathematical
expressions are quite lengthy.

Define a; = @g; and a, = 5;2(,-) where @g; and E;Z(i) are the upper bound in S1 and S2, respectively. When a < a4, the equilibrium under
S1 and S2 is the same (either entry deterrence or market segmentation). The perpetual software vendor’s profit functions are also the same.
Since its profit is linearly increasing in the patching value, the optimal patching time is determined by solving the largest patching value:

= Argmax{8q(1 — ts)}. It can be either before or after t*.
vise(0,1)
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When a, < a < a,, for any patching value, the equilibrium under S1 is sequential dominance and under S2 is market segmentation. Next
- _ la=(p+8,-0)ql* | (p+8:-Dla=(0-1]q?
we compare the two equilibrium profits for the perpetual software vendor. Define v, = v + Y —(p—1)q—
28,qtsy. If Vs, > vy, S2 offers a higher profit than S1. The vendor’s profit nglgzp under S2 is linearly increasing in its patching value. The
optimal patching time is given by t3, = Argmax{dq(1 — ts)}. So the optimal patching time should be later than t*. If Vs, < vy, S1 offers
VEsE(t"1)
a higher profit than S2, and the optimal patching time should be earlier than t*. The optimal patching time is determined by solving the profit
SP6 . [a+(p+8ts=0)ql® | (p+Sts—Dqla—(0-Dq] _
perp: tsl\g(gf*){ 8a + 2a 26qt5}’

maximization problem under

When a > «a,, the equilibrium under S1 is sequential dominance. Consider two possibilities. (1) If Vs, < v, the equilibrium under S2 is
sequential dominance as in the aforementioned case (i). The perpetual software vendor’s profit ng’e’fp under S2 is the same as in the baseline
model. It does not depend on the patching value Vs, at all. So it is always smaller than the profit nggﬁp under S1. The vendor therefore should

la+(p+8ts—6)al* +

prefer S1, and its optimal patching time should be earlier than t* and it maximizes nggfp under S1: Max {
8a

t5€(0,t")
(p+5t5_1)§(£a_(9_1)q] - 26qt5}. (2) If Vg > v, under S2, we are in cases (ii) and (iii). However, @iy > Tsa) > (p + 6, — 0)q. The
resulting equilibrium is market segmentation. Hence, we compare nggﬁp under S1 and nggrzp under S2. The analysis and results are the same

asthose in a; < a < a,: If Vs, < vy, the optimal patching time should be before t*; otherwise, the optimal patching time should be after t*

Define v, = max(v,, v). By combining the above analyses in all regions of a and Vs,, we complete the proof of Proposition 6.

Appendix H

Perpetual Software Vendor's Major Quality Improvement (Two-Period Model) mmmm

When a < (p — 6)q, the SaaS quality improvement rate is small such that the perpetual software always has the quality advantage in both
periods. In this case, the perpetual software vendor can deter SaaS entry. The corresponding equilibrium strategy pair is SP1'[(Upgradel,
Upgrade2), (Newl, Upgrade2)].

When a > (p — 0)q, the SaaS entry cannot be deterred. There are two cases. If (p —08)q < a < (p — 1)q, the single-period quality
improvement of SaaS is smaller than that of the perpetual software. Because the SaaS has relative quality advantage in the first period but
not in the second period, the possible equilibrium strategies are either SP3’[(Upgradel+SaaS, Upgrade2+SaaS), (Newl+SaaS,
Upgrade2+SaaS)] or SP3"'[(Upgradel+SaaS, Upgrade2), (New1+SaaS, Upgrade2)].

If(p—1)g < a < (2p — 8 — 1)q), the single-period quality improvement of SaaS is larger than that of the perpetual software. Because the
SaaS has relative quality advantage in the second period but not in the first period, the possible strategies are either SP3'[(Upgradel+SaaS,
Upgrade2+SaaS), (New1+SaaS, Upgrade2+SaaS)] or SP3'"'[(Upgradel, Upgrade2+SaaS), (New1, Upgrade2+SaaS)].

Furthermore, because the perpetual software has quality advantage at the beginning of each period, and it has OG users as the established
customer base, the perpetual software vendor might consider the market segmentation strategy to give up the NG users in both periods or
only in one period. The possible equilibrium strategies are SP2'[(Upgradel, Upgrade2), (SaaS, SaaS)] for all a, SP2"'[(Upgradel, Upgrade2),
(SaaS, New2)] if (p — 0)q < a < (p — 1)g. Note that if (p — 1)g < a < (2p — 6 — 1)q), SP2""[(Upgradel, Upgrade2), (New1, SaaS)]
cannot emerge as equilibrium because after OG users upgrade and NG users adopt the new perpetual software, their actions should be the
same.

Entry Deterrence Strategy

Consider SP1'[(Upgradel, Upgrade2), (New1, Upgrade2)]. Because the SaaS vendor can reduce price to zero, to prevent users from switching
to SaaS at anytime between [0,2], we need 8q + a < pgq; thatis, a < (p — 0)q.

Given that the NG users adopt the perpetual software in both periods, to ensure that the OG users prefer upgrading in both periods rather than
just in the first period, we have pq + 2k + (2p — 1)q + 2k — 2p,, = pq + 2k + pq + k — p,; that is, p, < (p — 1)q + k (H1). Similarly,
given that the OG users choose to upgrade in both periods, to ensure that the NG users prefer to buy new perpetual software and upgrade in
period 2 rather than not upgrading, their total utility must be pq + 2k + (2p — 1)q + 2k — p,, — py, = pq + 2k + pq + k — p,,, which is the
same as (H1).
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To ensure that OG users prefer upgrading in both periods rather than adopting SaaS in any period, even if the SaaS price is reduced to zero,
the entry deterrence condition is (pq + 2k) + (2p — 1)q + 2k — 2p, > max[[; (8q + at + k)dt, [, (6 + at + k)dt + (2p — D)q +
2k —p,, ff (6q + at + k)dt + pq + 2k — p,]. In addition, to ensure that the NG users prefer (New1, Upgrade2) to the SaaS in any period,
even if the SaaS price is zero, their total utility must be pg + 2k + (2p — 1)q + 2k —p, — py, = max[fo2 (6q + at + k)dt, f01 6g + at +
kydt + (2p —1)q + 2k — py, flz (6q + at + k)dt + pq + 2k — p,]. Solving these inequalities, we have p, < (p — 0)q + k — % (H2) and
Pn+D0u < (Bp—20—1)q + 2k — 2a (H3).

Comparing (H1) and (H2) we see (H1) is not binding. So by (H2) the perpetual software vendor sets the upgrade price at the upper bound

Pu=p@E—-0)g+k— %, and by (H3) p, = 2p—-6—-1)q+k — 3?“ We can verify that p, < p,. Consequently, the perpetual software

vendor' s profit is 7,5, = 3py, + pn = (5p — 40 — 1)q + 4k — 3a, and the Saa$S vendor is out of the market.

Market Segmentation Strategy

Case (1) Consider SP2'[(Upgradel, Upgrade2), (SaaS, SaaS)]. To prevent the OG users from switching to SaaS, the SaaS payoff at the end
of each period should not be higher than payoff from the new perpetual software for OG users. Thus, we have 68q + a + 2k — ps < pq + k,
and 0q + 2a+ 2k —p; < 2p—1)g+k . Hence, ifa<(p—1)q,ps=2a+k—(p—0)q (H4); and ifa > (p—1)q, ps = 2a+ k —
(2p — 6 — 1)q (H5).

Given that the NG users adopt SaaS in both periods, to ensure that the OG users prefer to upgrade in both periods rather than opt for SaaS,

their total utility must be pq + k + (2p — 1)q + k — 2p, 2 [ (6q + at + 2k — py)dt and thus p,, < p + ELZ=0— e — ¢ (H6). To
ensure the OG users to upgrade in both periods rather than just in one period, we must have pq + k + (2p — 1)q + k — 2p,, = max[2(pq +

k) —pwq+k+(2p—1q+k—p,l;thatis, p, < (p— g (H7).

Similarly, given that the OG users upgrade in both periods, to ensure that the NG users prefer (SaaS, SaaS) rather than (SaaS, New2), we
must have [ (6q + at +k —po)dt = [} (0q + at + k — py)dt + (2p — 1)q + 2k — p,; which is p, = ps + (2p — 6 — g+ k =2

(HB). To ensure that the NG users prefer (SaaS, SaaS) rather than (New1, Upgrade2), we must have foz (0q + at + k —pg)dt = pq + 2k +
(2p —1)q + 2k — p,, — py; thatis, p, + py = 2ps + (3p — 260 — 1)q + 2k — 2 (HY).

If @ < (p — 1)q, to maximize its profit, the perpetual software vendor charges p,, = (o — 1)q and sets p,, high enough such that the SaaS
— (29—;27—1)q +
k + a. We can verify that (H4) is satisfied. By (H8) and (H9), p,, = max[@ + 2k — 3?0‘, 2(p — 1)q + 4k]. The perpetual software

vendor’s profit is ez, = 2(p — 1)q, and the Saa$S vendor’s profit is m5zzs = (26 — p — 1)q + 2k + 2a.

vendor can charge a high enough price pg, so that the OG users would not opt for SaaS. By binding constraint (H6), we have pg

If(p—1g<a< @, (HS5) can be satisfied and the same solution as above holds.

Ifa> @, then we obtain the boundary solution p; = 2a + k — (2p — 68 — 1)q. Now, (H8) becomes p,, = 2k + %’ and (H9) becomes
Pn + Dy =4k +2a — (p — 1)q. So p, = (p — 1)q and p,, = 4k + 2a — 2(p — 1)q. The perpetual software vendor’s profit is mpb2, =
2(p — 1)q, and the SaaS vendor’s profit is 75521 = 4a + 2k — 2(2p — 6 — 1)q.

. . . 3a-(3p—40+1 .
Comparing 57, with m,¢7 we see that if k > w = Kj, then 3L}y > mpEZ), the entry deterrence strategy dominates the market

segmentation strategy. Solving K{ = 0 we get a’.

Case 2) If (p — 0)q < a < (p — 1)q, consider SP2"'[(Upgradel, Upgrade2), (SaaS, New2)]. Given that the NG users adopt (SaaS, New?2),
OG users prefer (Upgradel, Upgrade2) rather than (SaaS, Upgrade2) if pq + k — p, = f01 (6q + at + 2k — pg)dt; that is p, < ps + (p —
0)q—k— g (H10). Given that OG users upgrade in both periods, to ensure NG users prefer (SaaS, New2) rather than (New1, Upgrade2),
weneedfo1 0g +at+k—ps)dt+ (2p —1)q + 2k —p, = pq + 2k —p, + 2p — 1)q + 2k — p,; thatis,p, =2 p; + (p —0)g + k —g
(H11). Because (H10) and (H11) contradict with each other, this user strategy does not support an equilibrium.
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Sequential Dominance Strategy

When a = (p — 0)q, the two competing firms' periodical quality improvement is competitive against each other. There are three possible
strategies:

(1) SP3'[(Upgradel+SaaS, Upgrade2+SaaS), (New1+SaaS, Upgrade2+SaaS)]. This symmetric strategy can occur in both @ < (p — 1)q and
a > (p — 1)q ranges.

(2) SP3"[(Upgrade1+SaaS, Upgrade2), (New1+SaaS, Upgrade2)]. This asymmetric strategy can only occur when @ < (p — 1)g; that is, the
perpetual software vendor has higher single-period quality improvement than the SaaS vendor.

(3) SP3"'[(Upgradel, Upgrade2+SaaS), (New1, Upgrade2+SaaS)]. This asymmetric strategy can only occur when & > (p — 1)q; that is, the
Saa$ has higher single-period quality improvement than the perpetual software.

Case (1) Consider SP3’. The sequential dominance strategy involves user switching. If users switch from the new/updated perpetual software

M If users switch

to SaaS in the first period, the switching time is determined by 0q + at,q + 2k — ps = pq + 2k; that is, t;q =
from the updated perpetual software to SaaS in the second period, the switching time is determined by 8q + at,, + 2k —p; = (2p — 1)q +
2k; thatis, t;, = PstZP=0-1)4 1 ygers switch from the old version software to Saa8, the switching time is determined by 8q + at 3 + k —

ps = q + k,sothatt;3 = w.

If the SaaS vendor would like to serve in both periods, we need 0 < t,;; <1and 1 <t,;, < 2. Thatis,ifa<(p—1)q,a—(2p—0 —
DNg<ps<2a—2p—0—-1)g H12);ifa>(p—1)q, a—(2p—60 —1)q <ps < a— (p—0)q (H13). The SaaS vendor’s profit is

2ps(1 — tg1) + 2ps(2 — t43). Solving this optimization problem we have interior solution pg = w. Checking (H12) and (H13)

we can verify that this interior solution holds if m <a<((5p—-20-3)q.

At this interior solution, given that the OG users choose (Upgradel+SaaS, Upgrade2+SaaS), in order for NG users to prefer (New1+SaaS,
Upgrade2+SaaS) rather than (SaaS, New2+SaaS), we need (pq + 2k)ts1 —py = fot‘” (6q + at + k —ps)dt, which is p, <

[ps+(p=8)q+2k][ps+(p=8)q] (H14). In order for NG users to prefer (New1+SaaS, Upgrade2+SaaS) rather than (SaaS, SaaS), we have (pq +

2a
2)ty1 — P+ [(2p = DG + 2k](to = 1) —py = [, (6 + at + k —pdt + [ (8q + at + k —p)dt;  that is, pp +py <
[ps+(p=6)a+2klps+(p- G)Q]+[p5+(2p 9~ Va-ar2klps+(2p-6-1)q-a] (HlS) Given the NG users choose (New1+SaaS, Upgrade2+SaaS), in order
for the OG users to prefer (Upgradel+SaaS Upgrade2+SaaS) rather than (Old+SaaS, Upgrade2+SaaS), we need (pq + 2k)t;y —py, = (@ +
tys + ft:; (6q + at + k — ps)dt. Solving this inequality we have p,, < 20p-Vatklps+2k(p=6)a+(p-1)(p=26+1)q" (H16).

2a

(3p+26 5)q

Ifa< ty3 < 0. In order for the OG users to prefer (Upgradel+SaaS, Upgrade2+SaaS) rather than (SaaS, Upgrade2+SaaS), we

need (pq + Zk)tzn —Pu fot‘” (6q + at + k — py)dt, which is the same as (H14). If o > $2¥2975)

(H16) we can verify that (H16) binds. Therefore, for the SP3’ interior solution, we have the following:

, tg3 = 0. Comparing (H14) and

[(p—26+1)q+3a+8k][(p—260+1)q+3«a]
32a

[(Sp 20-3)q—-a+8k][(5p—20-3)q— a]
32a

If w <a<(p—1)q, (H14) binds. So p, = and p,

Furthermore, p,, < py,.
(3p+29 5)q 5a?+8ak+(24kp—16k0—2ap—4af+6a—8k)q+(13p%2—12p0+40%—14p+40+5)q?
32a :

If(p—1)g<a<

, (H14) binds. So we have p,, = p, =

If Go+2875)d o < (2p—-6-1)q, (H16) imposes an upper bound for Du- If k>k =

21p%q%+4p0q?+40%q*—26apq—4a0q—46pq*—120q*+5a%+30aq+29q*

6la—(p—Dal , we still have Py =Dn =
Sa’+8ak+(24kp—16k6—2ap—4af+6a—8k 13p%-12p0+46%-14p+46+5)q> . .. . .
o +Sak+(24kp apAaby a32a Ja+(3p”—12p0+ PHA9+9)9 We can verify that the condition k > k; always holds in this a range.

Now consider the boundary solution. If (p — 0)q < a < , then the SaaS vendor prices at boundary solution p; = 2a — (2p — 0 —

(5p=26-3)q
5
1)q. Correspondingly, t;, = 2. SP3’ degenerates to equilibrium SP3"'[(Upgrade1+SaaS, Upgrade2), (New1+SaaS, Upgrade2)]. Substituting

= Zaz(p-ta2kliza—(p=1)a] . By (H15) we have p,, = k +2
u 2'

2a

ps into (H14) we have p,, =
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If @ > (5p — 20 — 3)q, then the SaaS vendor prices at boundary price p; = @ — (p — 6)q. Correspondingly, t;; = 1. SP3’ degenerates to
equilibrium SP3""'[(Upgradel, Upgrade2+SaaS), (New1, Upgrade2+SaaS)]. However, note that (5p — 26 — 3)q > (2p — 6 — 1)q. So the
degenerated SP3""’ does not occur in the a range we consider.

Case (2) Consider SP3". Knowing it only serves in one period, the SaaS vendor’s optimization problem becomes 2pg(1 — t4;). The optimal
interior solution is pg = @. The conditions for 0 < t;; < 1and t,, =2 are 2a — (2p — 6 — 1)q < ps < a — (p — 0)q. Checking
this condition we see the interior solution holds if @ < M <(p—1)q.

Given that OG users choose (Upgradel+SaaS, Upgrade2), in order for NG users to prefer (New1+SaaS, Upgrade?2) rather than (SaaS, New2),
we need (pq + 2k)ty,qy — py = fot”l (6q + at + k — pg)dt, which is the same condition as (H14). In order for NG users to prefer
(New1+SaaS, Upgrade2) rather than (SaaS, SaaS), we need (pq + 2k)to.1 P+ 2p—1Dqg+2k—-p, = ft‘“ 0g + at + k — ps)dt +
f (6q + at + k — ps)dt; thatis, p, +p, < (2p— 60 —1)q + k + ps — + [pe+(p— g)qu][wr(p 8)al (H17). Given that NG users choose
(New1+SaaS, Upgrade2), in order for the OG users to prefer (Upgrade1+SaaS Upgrade?2) rather than (Old+SaaS, Upgrade2), we need (pq +
2k)ts1 —py = (@ + k)tgs + f:"; (6q + at + k — ps)dt, which is the same condition as (H16).

When a < m < (p — 1)q, (H14) binds and we have p,, = [e=Oarattk]ip-O)aral g Pn = GP=072)4 _ o 4 . Furthermore, p,, <

8a 2
Pn-

Now consider the boundary solution. If w

[2a—(p-1)q+2K][2a(p-1)q] _ L .a
,and by (H17), p, = k + >

2a

< a < (p —1)q, substituting p; = 2a — (2p — 6 — 1)q into (H14) we have p, =

Case (3) Consider SP3""’. Knowing it only serves in one period, the SaaS vendor’s optimization problem becomes 2pg(2 — t,,). The optimal

interior solution is pg = w. The conditions for t;q = 1land 1 <t,, <2area — (p —0)q < ps < 2a — (2p — 0 — 1)q (HIB).
Checking this condition we can verify that the interior solution does not hold. So the SaaS vendor prices at boundary price p; = a — (p —
8)q. Substituting p; into (H14) we have p,, = [2a—(p-1)q+2k][2e—(p-1)q] By (H15) we have p, = k + %

2a

We see that in the range (p — 0)q < a < (2p — 0 — 1)q, there are two equilibrium strategies: one symmetric (SP3’) and one asymmetric
(SP3"" or SP3'""). It is worth noting that if an equilibrium pricing strategy consists of boundary price, then the equilibrium is unstable because
the vendor can easily deviate from the boundary pricing strategy by lowering its price a little bit, and then end up with entering the feasible
pricing region of the other equilibrium. If an equilibrium pricing strategy consists of interior solution, it emerges as the final stable equilibrium
at which both vendors have no incentive to deviate given the other vendor's strategy. Comparing the equilibrium profits under the different
regions, we can establish the equilibrium outcome in the two-period model. We summarize and present the results in Proposition 7, where
K and K} are determined by solving ngé’ﬁp = ﬂgé’rzp and ngé’ﬁp = ﬂgé’rzp in their respective segments. We omit their lengthy mathematical

expressions here. In summary, we obtain the following equilibrium outcome.
Proposition 7 (Equilibrium Outcome in the Two-Period Model)

(a) (Entry Deterrence Equilibrium) If @ < (p — 0)q and k > K/, the perpetual software vendor deters the SaaS vendor’s entry in both
periods. The equilibrium user strategy is [(Upgradel, Upgrade2), (Newl, Upgrade2)]. The perpetual sofiware vendor’s equilibrium prices

arepy = (p—0)q +k—Sandp, = (2p— 60— 1)q +k — =

(b) (Market Segmentation Equilibrium) If i)a < (p —0)q and k < K, orii) (p —0)g < a < w and k < K, or iii) m <
a < (2p — 0 —1)q, and k < K3, the perpetual sofiware vendor and the SaaS vendor segment the market. The equilibrium user strategy is
[(Upgradel, Upgrade2), (SaaS, SaaS)], and the equilibrium prices are as follows:

Ifa S@, thenp;, = (p — 1q, py, = max[3(p 1)q+2k—— 2(p — 1)q + 4k], and ps = M+k+a
Ifa>@, thenp), = (p—1)q, pp =4k + 2a —2(p — 1)q, and p; = 2a+ k — (2p — 6 — 1)q.
(c) (Sequential Dominance Equilibrium) i) If (p — 0)q < a < W and k > K;, the perpetual software vendor and the SaaS vendor

sequentially serve the market. The equilibrium user strategy is [(Upgradel+SaaS, Upgrade2), (Newl+SaaS, Upgrade2)]. The equilibrium

[(p—G)tJ+a+:Z][(p—9)q+a]’ pi = (3p—;)—2)q —a+k andp: = a—(pz—ﬂ)q.

prices are: p;, =
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i) If m <a< (2p—0—1)q and k > K3, the perpetual software vendor and the SaaS vendor sequentially serve the market. The
equilibrium user strategy is [(Upgradel +SaaS, Upgrade2+SaasS), (Newl+SaaS, Upgrade2+SaaS)]. The equilibrium prices are as follows:

« [(p—20+1)q+3a+8k][(p—20+1)q+3a] . [(5p—20-3)q—a+8k][(5p—20-3)q—a] « 3a—-(3p—26-1)q
Ifa < (p—1)q, thenp, = oy , P = oy s and ps = ————————.

s _ s _ Sa’+8ak+(24kp-16k0—2ap—4af+6a—8k)q+(13p*-12p0+46%—-14p+46+5)q> « _ 3a—(3p—26-1)q
Ifa>(p—1)q, thenpy = py = 7a s and pg = ——————.

Appendix |

SaaS Vendor's Quality Improvement C o i ———

Proposition 8 (Entry Deterrence Equilibrium with c,) The perpetual sofiware vendor deters the SaaS vendor’s entry when the network effect
is strong enough or when the SaaS quality improvement cost is high enough. The equilibrium user strategy is SP1 (Upgrade, New), where
the OG users upgrade and the NG users adopt the new perpetual software. The equilibrium prices are as follows:

a—(p—20+1)q—2c4

@Ifcag <3+ (O -1)qandk = K{ = . , then S = p = (p — 0)q + k — 2+ .

(b)[fca>%+(9—1)q, thenpi“=(p—l)q+kandpf;’=(p—9)q+k—%+ca.

Proof. Consider SP1 (Upgrade, New). Similar to the Proof of Proposition 2, we must ensure that the OG users prefer upgrading to the new
version rather than continuing to use the old version, which requires pq + 2k — p, = q + k; that is, p,, < (p — 1)q + k (I1). Meanwhile,
the perpetual software vendor needs to make sure that OG users prefer upgrading rather than adopting SaaS, even if the SaaS price is reduced

to the lowest level pg = c,. That is, the entry deterrence condition is pq + 2k — p,, = fol (0q + at + k — c,)dt, so that p, < (p — 0)q +
k — % + ¢, (12). Similarly, to ensure that NG users prefer the new perpetual software to the SaaS at ps = c,, the condition is pq + 2k —

Dn = f01 (6q + at + k — cg)dt; thatis, p, < (p — 0)q + k — % + cq (13).

Ifc, < % + (6 — 1)q, (12) is binding. Because p,, < p,,, by (I12) and (I3) the perpetual software vendor sets the prices at respective upper
bounds: p3Fl = psPl = (p—0)q + k — % + ¢4. Consequently, we get the perpetual software vendor’s profit w35, = 2(p — 6)q + 2k —
a+ 2cq.

Ifc, > % + (8 — 1)q, (I1) is binding. By (I12) and (I3) we have p5f = (p — 1)qg + kand p3F' = (p — 0)q + k — % + ¢,. Consequently, we
sp1

get the perpetual software vendor’s profit ,er, = (20 — 0 — 1)q + 2k — % + cq.
Consider SP2 (Upgrade, SaaS). Similar to the Proof of Proposition 3, we have p, < (p — 1)q (I4); p, <ps+ (p —0)q — k — % (I5); and

Pn 2 s+ (p = 6)q + k = (16).

To maximize its profit, the perpetual software vendor sets p,, as high as possible so that the SaaS vendor can also charge a high enough price

ps, which in turn allows the perpetual software vendor to charge a high upgrade price p,,. As a result, the perpetual software vendor charges
pu = (p — 1)q to make the OG users’ IC constraint (I4) binding. If @ < 2(p — 1)gq, the SaaS vendor charges as much as psF% = (0 — 1)q +
k+ % by (I5), and by (16) p5Ff2 = (p — 1)q + 2k. If @ > 2(p — 1)q, then the boundary solution psF? = a + k — (p — 0)q as specified in

Table C1 holds. By (I4) and (I5) p3F% = (p — 1)q and by (16) psF? = % + k. Sompbt, = (p— 1gq.

Finally, we compare the perpetual software vendor’s profits under SP1 and SP2. We can show that, if ¢, < % + (6 — 1)q, then nggﬁp >

p2 - a-(p—20+1)q—2c, a P1 P2
Tperp if k > ——— = 1Ifcg >+ (6 — 1)q, then Tperp > Tporp-
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Appendix J
OG User's Switching Cost N

Proposition 9 (Equilibria with OG User Switching Cost) Both the SaaS quality improvement rate a and users’ switching cost ¢ affect the
equilibrium outcome as follows:

(a) (Entry Deterrence Equilibrium) If a < A4, the perpetual sofiware vendor deters the SaaS vendor’s entry. The equilibrium user strategy
is SP1 (Upgrade, New). The perpetual software vendor’s equilibrium prices are p;, = py, = (p — 0)q — %.

(b) (Market Segmentation Equilibrium) The perpetual software vendor and the SaaS vendor segment the market. The equilibrium user
strategy is SP2 (Upgrade, SaasS).

Ifi) A < a < Ay, orii) a > A, and C, < ¢ < Cy, then equilibrium prices are py, = pyp = (p — 1)q and ps = (6 — 1)q + %‘
If a < Az and ¢ < C,, then equilibrium prices are py, = (p — 1)q, pp, = % —V2ac, andp; = a— (p — 0)q —V2ac.

(¢) (Competitive Lock-in Equilibrium) If « > A, and ¢ > Cy, the perpetual software vendor serves the OG users over the whole time interval

[0, W]. The SaaS vendor serves the NG users in the time interval [W, 1]. The equilibrium

[a+(p—6)q]? « _ a=(p=6)q
e and p; = —

[0,1] and NG users in the time interval

user strategy is SP7 (Upgrade, New+SaasS). The equilibrium prices are p;, = py, =

(d) (Sequential Dominance Equilibrium) If a > Az and ¢ < C,, the perpetual sofiware vendor serves both OG and NG users in the time
[0, W], and the SaaS vendor serves both OG and NG users in the time interval [%’ 1). The equilibrium user strategy is

- —(6—- Z0yq1? —(p—
SP6 (Upgrade+SaaS, New+SaaS). The equilibrium prices are p,, = W, n = M, nd p: = 2=2=94

interval

2a n 8a

S 2

Our proof involves several steps. First, given user strategies, we analyze four sub-game perfect equilibria and the corresponding vendor prices
and profits. Then we derive the final equilibrium outcome under different market conditions.

Entry Deterrence Strategy

Note that SP1 (Upgrade, New) can only occur when a < (p — 6)q. That is, the quality of SaaS does not exceed the quality of the new
perpetual software at the end of the product life cycle.

Given that NG users purchase the new perpetual software, OG users prefer to upgrade rather than continue to use the old version. So we have
pu < (p — Dg (J1). Also, OG users prefer to upgrade rather than opt for SaaS. Note that moving to SaaS incurs additional switching costs

c.Sowegetp, < (p—6)q— % +c (J2).
Given that OG users upgrade, NG users prefer to buy the new perpetual software rather than SaaS. This situation gives us p, < (p — 6)q — %
(J3). In addition, we have the constraint p,, = p,,.

Putting all these constraints together, we get the perpetual software vendir’s prices p5/t = p3Ft = (p — 6)q — % and profit Ty, = 2(p —

0)q —a.

Market Segmentation Strategy

Consider SP2 (Upgrade, SaaS), where the perpetual software vendor allows the SaaS vendor to enter the market. It can happen under both
a<(p—6)ganda > (p —0)q.

Case (1) @ < (p — 6)q. Given that NG users choose SaaS, we need to ensure that, for OG users, upgrading is better than using the old version
and also better than SaaS. Thus, (J1) and ps = p, — (p — 6)q + % — ¢ (J4) must hold. Similarly, NG users prefer SaaS to the new perpetual
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software, and so ps < py, — (p — 0)q + = > (15). In addition Pn = Dy So we get pst? = psf2 = (p—1)q, ps7? = (6 — 1)q + % Vendor

profits are 5%, = (p — 1)q and m5has = (6 — 1)q + =

Case (2) @ > (p — 8)q. When a is large, the SaaS becomes competitive, and switching becomes possible. We first derive the non-switching
(NS) condition for OG users. Conditional on the fact that OG users switch, the switching time is when the net payoff from SaaS exceeds the

the net payoff from the new version of perpetual software. Similar to the baseline case, ty; = W. Taking into account the switching
cost, the condition for switching is | tl (6q + at — pg)dt — pq(1 — tg1) = c. Substituting into ts, and solving this inequality, we get pg =
51
a—(p—0)qg—v2ac (NS).
la—2(p-1)q]?

We can verify that the SaaS price derived in Case (1) satisfies this (NS) condition when v2ac > % —(p—1)q; thatis, c > e -

C,. Therefore the same optimal solutions apply.

When ¢ < C,, however, the (NS) condition is binding, sops = a — (p — 6)q — V2ac. Reexamining the incentive compatibility conditions
(A1), (J4), and (J5), we get p;P? = (p — 1)q, pa"* = = —V2ac by (J3), and p;;"? < p;P?. The vendor’s profits are m,er, = (p — 1)q and

TSaas = @ = (p — 0)q —V2ac.

Competitive Lock-In Strategy

Consider a new strategy pair (Upgrade, New+SaaS). We denote it as SP7. It occurs under the condition @ > (p — 8)q, where the SaaS quality
outperforms the perpetual software quality at some time t € [0,1]. To ensure that OG users do not switch, the (NS) condition must hold. And
to ensure that NG users switch, the net payoff from SaaS must be higher than the net payoff from the new perpetual software by time t = 1;

that is, g + @ — ps = pq. So p; < a — (p — 6)q (J6). In addition, NG users switch at tgz = (p_eaﬂ. The SaaS vendor’s profit thus is

expressed as p;(1 — tg3), and the optimal SaaS price is p; = @. Accordingly, the optimal switching time is t3; = %;B)q. There are
two cases:

Case (1) When ¢ >

conditions for both groups of users. Given that OG users upgrade, NG users prefer New+SaaS over SaaS if pqt;; —p, +

_ 2
ftl* (6q + at —pg)dt = fol(Gq + at — p2)dt (J7). Substituting into p5F7 and ti; and simplifying the condition, we get p,, < latp=0)al” .
51

8a

the interior solution pS¥7 =

% satisfies both (NS) and (J6). We now check the incentive compatibility

a—(p—6)q
2

p;. Similarly, given that NG users choose New+SaaS, OG users prefer Upgrade over Old+SaaS if pqg — p,, = qti; + . ! (0g + at — pg)dt

¢ (J8), where t;; is the switching time if OG users switch from the old version of perpetual software to SaaS, and t;; is given by 8q + atg; —
—_ —_ — 2
p: = q. Using pSF7, we have t}; = %jz)q. If a < (p+6—2)q, (J8) is satisfied. So p, = p, = W. Ifa=(p+6-2)q,

- 2 —(p— 2
t;; > 0. Substituting t3; into (J8) we get p, < (p—1) — W +c¢=p,. When c = W, p2 < p1. Because p, linearly

—0)q1%+ —0)a1?
_ lat+(p—6)a] 8[:+(D+9 2)q)? — (p — 1)q such that, for L2=(p=9)4l

increases in c, there is a threshold value c* < c <c", p; > py; thus,

paf7 = 7[“(’;;9)(”2 and pif” = (p — 1)q — 7[“(9;?1—2)‘”2 + ¢; and for ¢ = ¢*, p; < py; thus, pst7 = psF7 = 7[“(’;;0)‘”2.

Case (2) When ¢ < M , we have a boundary solution p5¥7 = a — (p — 6)q — V2ac; accordingly, the switching time becomes t}; =
= ’ incentive compatibility conditions. Condition (J7) becomes p,, < = — v2ac + ¢ = p;. For condition (J8), ts1 =

ps_(z Da _ a-(p- 137 V2 qp g < (p—1gq,orifa>(p—1)q and c > % (J8) is satlsﬁed In these cases, pat’ = p3t7 = 5=

V2ac+c. Ifa = (p—1)qandc < W ts1 > 0, substituting tg; into (J8), we getp, < (p — 1) — % + ¢ = p,. Wecan

verify that p; > p,. Hence, pif7 == —\2ac+c,p3" = (p—1) — —[(p_l)‘;;‘/m]z +c,and p3F7 > psP7.

Sequential Dominance Strategy

This strategy pair is SP6 (Upgrade+SaaS, New-+SaaS). It occurs under the condition @ > (p — 8)q. To ensure that OG users switch to SaaS,
the switching condition is py < @ — (p — 8)q — V2ac (J9), and note that when this condition holds, NG users also switch. Similar to the
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baseline model, the switching time is tg3 = (/’9)7‘”1’5 The SaaS vendor’s profit thus is expressed as 2ps(1 — t,3), and the optimal SaaS price

isps = 2-(p-6)q Accordingly, the optimal sw1tch1ng time is tj5 = 2+(=6)d e get three cases:

2 2a
Case (1) When ¢ < w the internal optimal solution psF¢ = %_g)q satisfies (J9). The solution is the same as the baseline model,
as in Proposition 4.
—(p— 2 —(p—
Case (2) When la (p G)q] <c<le (p S)al* , we derive the boundary solution ps¥® = a — (p — 8)q — V2ac; accordingly, the switching
a—/2ac

time becomes t;; = . We reexamine the incentive compatibility conditions. Given that OG users choose Upgrade+SaaS, NG users

[a\/_]

prefer New-+SaaS over SaaS if pqts; — p,, + ft* (6q + at —p5)dt = fo (6q + at — ps)dt. So we get p, < = p,. Given that NG
53

users choose New+SaaS, OG users prefer Upgrade+SaaS over Old+SaaS if pqts, —py + ftl 0q + at —py)dt —c = qt;; +
psPe-(6-1)q _ a-(p-1)q—2ac
a

a

f; (6q + at — p;)dt — ¢ (J10), where tg; = . Wenote that t;; < Owhena < (p+60 —2)q,ora>(p+6 —
51

—(p— 2 —(p— 2 — 2 —(n— 2
2)q and 2L < ¢ (2020 54 (310) is satisfied and p§P® = piPe = E22L When o 2 (p + 6 — 2)q and D < ¢ <
— — 2 _ — _ 2 — — — 2
% t% > 0. Substituting t;; into (J10), we get p, < e Dq(a 2e0) _ L Zi)q] = p,. Because p; — p, = % V2acl < 0, we
spe _ la—V2ac]® spg _ (p—Da(a—v2ac) _ [(p-1)q]? SP6 SP6_
have p;, Py = " P ,and py ° > p;

Case (3) When ¢ > w, the condition (J9) does not hold. Thus, SP6 does not appear.

Profit Comparison in All Parameter Regions

To see which strategy pair is the equilibrium, we need to compare the vendor’s profits. When @ < (p — 0)q, both SP1 and SP2 are possible;
when a > (p — 6)q, SP2, SP6, and SP7 are possible. Using Table 3, we have in total 10 parameter regions to study. In the following, we
examine one region to show how we obtain the equilibrium; for all the rest of the comparisons, the analysis is similar.

[a=(p-1)q]* [a—(p—6)q]*
2a ! 8a

[a=(p-0)q]*

. In this region, SP2, SP6, and SP7 are all
[a—V2ac]* _spe _ 2[a—(p—B8)q—V2aclv2ac

Consider the parameter region a > (p — 6)q, max{ } <c<

feasible strategies. Vendor profits are mib2, = (p — 1)q, w3tz = (8 — 1)q + in SP2, mybe =

perp perp — a > *SaaS — a
- 2 —(p— 2
in SP6, and n3E7, = Lt@=9)al ospr _ [22(=0)dl 3 op7 respectively.
perp 4a Saas 4a
We first compare SP6 and SP7. Because Aﬂgé’lg 6 = Batlp-O)a-2vzac]l—at(p-blatavaac) 0, the perpetual software vendor prefers SP7 to
SP6. For the Saa$S vendor, we find that d4n§E756/ dc W >0.If(p—0)g<a<(p+6—2)q,c= % and T =
% Ifa=(p+60—2)qc —% nd ¢ = W We can show that Am§F7s® < 0 at ¢ and AmsP7-¢ >0 atT. So a
value C; must exist in this parameter region such that AwSE7=6 = 0 at C;. Solving the equation, we get C; = W%. Forc < Cy,
AnEP7-6 < 0, meaning that the SaaS vendor prefers SP6 to SP7 and so reduces its price to deviate to SP6. Meanwhile, for ¢ > C;, AnsF756 >

0 meaning that the SaaS vendor prefers SP7 to SP6.

We next compare SP2 with SP6 when ¢ < C;, and we compare SP2 with SP7 when ¢ > C;.

Case (1) ¢ < C;. For the Saa$S vendor, 4552/ dc = W < 0;and AmgPes? < Oatc = % Because in this region

[a—(p-6)q]* SP6-2

allc = , we conclude that Amg, /= < 0 in the whole region. Thus, the SaaS vendor always prefers SP2. For the perpetual software

—./ 2 [(n— 2
vendor, Amphi, 2 = a + 2¢ — 2v2ac — (p — 1)q. We solve Ampbfy? = 0 and get two solutions: ¢; = Wa-yG-nal* (p al andc, = Wary(p-Dal®

perp 2
[a=(p=1)q)*
2

We can further prove that ¢; < and ¢, > Cy, and so both roots are outside this region. Hence, An'perp 2 < 0, meaning that the

a
perpetual software vendor prefers SP2. We conclude that when ¢ < Cj, the final equilibrium is SP2.

—_ 2 —0)22
Case (2) ¢ > C;. For the SaaS vendor, dAn3f75%/ da = %

a = (p — 8)q, we conclude that AmsF7s? < 0 in the whole region. Thus, the SaaS vendor always prefers SP2. For the perpetual software

< 0;and AmsP75? < 0 at @ = (p — 6)q. Because in this region all
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vendor, Anggzp'z = W — (p — 1)q. We can show that Anggzp'z =(1-6)q <0ata=(p—0)q, which is the smallest « in this
region, and that aAngg’Zz;Z/ Ja = 4[a+(p_ei?‘£f—(p_9)q]
2/(p—1)(6 —1)gand A, = (p+ 0 — 2)q + 2,/(p — 1)(0 — 1)q. Note that A; < (p — 0)q, so it falls outside of the region, and (p + 6 —

2)q < A, < 2(p — 1)q, so it falls within the region. Therefore, when a < 4,, An'ggzp' 2 < 0, meaning that the perpetual software vendor
prefers SP2 and that, in this sub-region, SP2 is the equilibrium outcome. When a > A4,, Angf,’zg 2 > 0, meaning that the perpetual software
vendor prefers SP7. The perpetual software vendor thus reduces prices to deviate from SP2 to SP7. We conclude that in this sub-region, SP7

is the equilibrium outcome.

> 0. Solving Anrggzp'z =0 for a, we get two solutions: 4; = (p + 6 — 2)q —

Finally, after combining all the conditions and equilibrium results, we obtain the four equilibria shown in Proposition 9 and Table J1.

dDIC Para eLe O Ul O < d U O e o O 0de
(a) Parameter Conditions with Switching Costs
Strategy
Pairs Regions Parameter Conditions
SP1 1 a<(p—06)q
SP2 2 DHa<(p-0)q;
—2(p-1)q]?
@)= (p-0)q,c > ¢, = 2D
P |az(-0q.c<c =l
(P — 2
SP6 Yl e-0asa<(pt-ng.c<=ERE
5 az(p+0—2)q,c<w
6 M p-0)g=a<(p+6-24q; .
Q) a=(p+6-2)q, [UC—(I;;B)Q] <c< [a—(f;;e)cﬂ
7 _ [a—(p—-6)q]? [a—(p-D)q]?
a>((p+6-2)q, . <c< — 2
S e -0gsa<p+o-2)g ez =R
Qaz=zp+0—-2)qc=c"
9 a>(p+0-— z)q’[a—(;;;e)q]z <c<c = [a+(p—6>q12+8[z+(p+9—2)q]2 —(p-1)q
10 (D (p=-0)g=a<(p-1g; . i
@) (p-0)g < a<(p+6-2)q EP < c <[EDE
- - 2
W -Dasa<@+o-2q.c< =R
@ a = (p+0-2)q,c< =L
(b) Optimal Prices with Switching Costs
Strategy Pu Pn Ps
Pairs Regions
SP1 1 (p—0)q -~ (p=0)q -7 —
Sp2 2 - - @
(p—1)q (p =1 ©-Dq+5
3 (p—1)q %— 2ac a—(p—0)qg—2ac
SP6 4 [a+(p-6)q]? [a+(p—6)q]? a=(p=6)q
8a 8a 2
5 (p=Dqla-(6-1)q] [a+(p—6)ql* a=(p=06)q
2a 8a 2
6 [a—v2ac)? [a—/2ac]? a—(p—0)q— 2ac
2a 2a
7 (p—Da(a—2ac) _ [(p-Dal [a—v2ac]? a—(p—6)qg—V2ac
a 2a 2a
SP7 8 lat(p=6)al* lat(p=6)al® a=(p=0)q
8a > 8a > (2 )
+(p+0-2 +(p—0 a=(p=-6)q
9 (p—l)q—[a (psa )4ql +c [ (/;a )al >
10 g—\/2ac+c %—VZQC-I—C a—(p—8)q—V2ac
11 (p—l)q—%+c %—\/Zac+c a—(p—8)q—2ac
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(c) Optimal Profits with Switching Costs

Strategy
Pairs Regions Tperp Tsaas
SP1 1 20—0)q—«a —
SP2 2 (p—1q (6 -Dq+7
3 (p—Dq a—(p—60)q—2ac
SP6 4 [a+(p-6)q]? [a—(p-6)q]?
4a 2
5 [a+(p-6)q)*+4(p-1)q[a—(8-1)q] [a—(p—6)q]*
8a 2a
6 la—v2ac)? 2[a — (p — 8)q — V2ac]V2ac
a
a
7 [(@=V2ac)+2(p—1)q](a—v2ac)-[(p—1)q]* 2[a — (p — 8)q — V2ac]V2ac
2a
a
SP7 8 [a+(p-6)q]? [a—(p-6)q]?
4a 5 4a >
9 _ a+(p+6-2)q le—(p—6)a]”
(p—Dg+c+ v v
10 a —2v2ac + 2¢ [a = (p — 0)g — V2ac]V2ac
a
11 (9_1)q+a_w_m+c [a = (p — 0)g — V2ac]V2ac
oA

Appendix K

Continuous NG User Arrival Mod o/ mmmmmm—

We extend our model to account for NG users’ continuous arrival time. We still focus on the vendors' price competition on the planning
horizon [0,1]. The model setup is the same as the baseline model, except that we assume the NG users with mass 1 uniformly and continuously
enter the market on the time interval [0,1]. Upon arrival, each NG user makes the software adoption decision for a limited use period, which
is normalized to 1. Thus, users who arrive at t < 1 make a decision based on their expected utility from the software use in the period [t, 1 +
t]. We use this model setup for several reasons. First, a decision period of the same length provides a fair comparison among all users.
Second, the rapid technological obsolescence makes the software value in the far distant future negligible. To cope with the late arrival users’
decision making in the extended time period beyond t = 1, we assume that the SaaS software quality continues to increase at rate a after
time 1. And at t = 1, the perpetual software vendor releases another “newer” software version with a higher quality. We assume the quality
improvement between two major software releases remains the same (i.e., (p — 1)q). Therefore, the “newer” perpetual software’s quality

can be calculated as pq + (p — 1)q = (2p — 1)q. The continuous user arrival model is depicted in Figure K1.
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Consumers continuously arrive in [0,1]
and the firm’s planning horizon is [0,1]

Figure K1. Software Quality Improvement Over Time

In such a dynamic market environment, the installed user base for a software product continues to change. Users who arrive at different times
face different expected network values based on both the current number of users and the anticipated future number of users. Even if the
current network size is observable, forming the expectation of future network growth is cognitively challenging because it depends on future
users’ adoption decisions. We therefore omit the network effect in this continuous arrival model (i.e., k = 0).

All OG users’ strategies are the same as in the baseline model in the “User Utility Definition and Strategy Analysis” section of the paper. For
each NG user with arrival time t < 1, we note five possible strategies.

New: The user purchases the new perpetual software at price p,, at time t and uses it over the entire period [t, 1 + t]. The utility is pqg — py,.

New+Newer: The user purchases the new perpetual software at price p,, at time t, uses it in [t, 1], and then pays an upgrade price p,, to get
the newer version at time 1 and uses it for the remaining period [1,1 + t]. The utility is pq(1 — t) — p, + (2p — 1)qt — py,.

New + SaaS: The user purchases the new perpetual software at price p,, at time t and uses it in [t, ts3]. It switches to SaaS in the period

[ts3, 1 + t]. The utility is pq(ts3 —t) — pp + f::t(eq + at — p,)dt.

Saa$S: The user uses the Saa$ software over the entire period [t, 1 + t]. The utility is |, ;H(Hq + at — ps)dt.

SaaS+Newer: The user uses the SaaS software in the period [¢, 1], buys the newer version perpetual software at price p,, at time 1, and uses
this software for the remaining period [1,1 + t]. The utility is ftl(Hq + at — py)dt + (2p — gt — p,,.

Following a similar notion as in the baseline model, we solve this continuous user arrival model for equilibrium outcomes. The complete
result derivation and proof is attached at the end of this appendix. We summarize our findings as follows.

Proposition 10 (Equilibria with NG User Continuous Arrival) If NG users continuously arrive in the market, the SaaS quality improvement
rate a affects the equilibrium outcome as follows.

(a) (Entry Deterrence Equilibrium) If a < (p — 20 + 1)q, the perpetual software vendor deters the SaaS vendor’s entry into the market:
The equilibrium user strategy is SP1 (Upgrade, New), where the OG users upgrade and all NG users adopt the new perpetual software. The

perpetual software vendor’s equilibrium prices are py, = pp = (p — 0)q — %.

(b) (Market Segmentation Equilibrium) If (p — 26 + 1)q < a < max[(2 +V2)(p — 0)q, &), the perpetual software vendor and the SaaS
vendor segment the market: The equilibrium user strategy is SP2 (Upgrade, SaaS), where the OG users upgrade to the new perpetual software
and all NG users adopt SaaS. The equilibrium prices are:
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If(p—20+1)g<a<2(p—1)q thenp; = (p—1)q, p = (p — Dqandp; = (6 = 1)g +7;
If2(p — 1)q < a < max[(2 +V2)(p — 0)q, &), then p;, = (p — 1)q, pj, = %andp;‘ =a—(p—0)q.

(c) (Sequential Dominance Equilibrium) If & > max[(2 +2)(p — 0)q, &], the two vendors serve the market sequentially as follows:
During [0, tsp), the perpetual software vendor serves all OG users and NG users who arrive during this interval. At tgp, these users switch
to the SaaS, and in addition, NG users who enter the market in the interval [tgp, 1] all choose SaaS during this period. The equilibrium prices
are:

" — — — \/ﬁ . — — \/ﬁ 2
pl = (p—1)q[-4a+(7p—1060+3)q+2/[a+(p—6)q]*+12a ], Pl = [-2a+5(p—0)q+/[a+(p—6)q]?+12a?] and

u 6a 18a

—2[a=(p=6)q]+y/[a+(p—0)q]*+12a?

ps = 3
Overall, we find that all major insights under the discrete model still hold. When SaaS quality improvement is relatively small, the entry
deterrence equilibrium emerges; when the SaaS quality improvement is high enough, the sequential dominance equilibrium emerges; and
when the SaaS quality improvement is in the intermediate range, the market segmentation equilibrium emerges.

Moreover, we see that both vendors’ optimal prices are the same as in the baseline model under the entry deterrence and market segmentation
equilibria. The user groups they serve are also the same. However, the sequential dominance equilibrium is different. In the baseline model,
the perpetual software vendor might charge an upgrade price that is the same as the new price, while in the continuous arrival setting, it
always gives a price discount to OG users to induce them to upgrade. In addition, we also find that the perpetual vendor’s new price is higher,
the SaaS vendor’s price is lower, and the switching time is later than the prices and switching time in the baseline model. As a result, the
SaaS vendor earns a lower profit.

In summary, when the SaaS quality improvement rate is relatively high, so that sequential dominance equilibrium emerges, the perpetual
software vendor is better off under the continuous arrival model. This outcome occurs mainly because NG users arrive to the market
sequentially. The late arrivals are aware of the perpetual software vendor’s ability to release a newer version software in the future, so they
tend to choose the perpetual software upon arrival to enjoy the lower upgrade price for the future newer version.

Proofs for the Continuous User Arrival Model
Case (1) Entry Deterrence Strategy

Consider the strategy that the perpetual software vendor offers a low enough price to attract all OG users to upgrade to the new software, that
NG users who arrive in the market early prefer New, and that NG users who arrive in the market late also prefer New and then upgrade to
Newer at t = 1. Under this strategy, the SaaS vendor is out of the market, even if it offers py = 0.

First, to ensure that the OG users prefer Upgrade rather than Old, we need pq — p,, = q; that is, p,, < (p — 1)g (K1). To ensure that the OG
users prefer Upgrade rather than SaaS even if the SaaS price is 0, we need pq — p,, = f01 (6q + at)dt; that is, p, < (p — 6)q — % (K2). To

ensure that NG users who arrive at t = 0 prefer New rather than SaaS, we need pq — p, = fol (6q + at)dt; that is, p, < (p — 0)q —%
(K3). In addition, we also need NG users who arrive at t = 1 to prefer Newer rather than SaaS, so (2p — 1)q — p, = 0q + %a; that is, p,, <
2p—060—-1)q - 370[ (K4). We can verify that both (K2) and (K3) are binding.

For NG users who arrive at t > 0, they might prefer New+Newer rather than New. The indifference user’s entry time is determined by pq —

Pn=pq(l —t.) —pn+ (2p—1)qt, — py; thatis, t, = (pf’i)q. The perpetual software vendor's profit over [0,1] is p,, + p5,. The first term

is the profit from OG users, and the second term is the profit from NG users. Note that the perpetual software vendor generates the Upgrade
profit from New+Newer users at t = 1. This profit is not counted toward the profit calculation in this software life cycle. Because the profit

—0)g-%
function increases in p,,, and note that (p — 1)qg > (p — 0)q — %, we have p;, =p, = (p —0)q — %, t; = %, and 5o, = 2(p —
6)q — a. Note that the condition for entry deterrence equilibrium is @ < 2(p — 8)q.

Case (2) Market Segmentation Strategy

Consider the strategy in which the perpetual software vendor allows an SaaS vendor to enter into the market. Because OG users are more
sticky than NG users, the perpetual software vendor, in giving up the NG users, charges p,, = (p — 1)q to fully extract the surplus from OG
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users. So the perpetual software vendor serves the OG users on the interval [0,1], and the SaaS vendor serves all NG users on the interval
[0,1]. Comparing this strategy with the entry deterrence strategy, the SaaS vendor charges a positive p;.

To ensure that the OG users choose Upgrade rather than SaaS, we need pq — p,, = f01 (0g +at —ps)dt.Sops =p, —(p—60)q + % (K9).
Substituting pMS into (K5), we have pi > (6 — 1)q + % To prevent the OG users from switching to SaaS during their lifetime use, we need
0q + at — ps < pq; thatis, p; = a — (p — 6)q (K6). To ensure that the NG users who arrive at t = 0 prefer SaaS rather than New, we need
fol (6q + at — pg)dt = pq — py; that is, p, = (p — 0)q + ps —% (K7). The perpetual software vendor can price the new software at a

relatively high price, such that the SaaS vendor attracts the NG users starting from time 0. Because the SaaS vendor's profit is pg fol tdt,
which linearly increases in p;, we know that (K7) is binding.

To determine p,, we need SaaS+Newer to be preferred to SaaS; that is, f (6q + at —pg)dt + (2p — 1)qt — pnf (6q + at — py)dt.
So pp, <[2p—1-0)g —a+ps]t — 3 Zt2. Since (K7) is binding, substituting into p; and solving for t we have t.=

[(p=1)a-5+pn1- [[(o=1)a—S+pa]*~2Pn
a

we have two cases: Ifa > 2(p — 1)q, thenp; = a — (p — 0)q and p;, = Z The Saa$S vendor’s profit is T ¢ = p: f01 tdt = (B—an + %. If

a<2(p—1)q,thenp; = (6 —1)q +3 2 and pn = (p — 1)q. The SaaS Vendor s profit is M5 ¢ = p: f tdt = @. Under both cases,
=(p—-Dgandmys, = (p — 1)q.

. The perpetual software vendor earns profit on the interval [t., 1]. It charges p,, as low as possible. So

Case (3) Sequential Dominance Strategy

We focus on the two firms’ competitive equilibrium. Assume that OG users choose Upgrade+SaaS and NG users choose New+SaaS. Again,
the switching time is determined by 8q + atsz — ps = pq; that is, ts3 = @. At t = 0, the OG users prefer Upgrade+SaaS rather than

Upgrade if pqtsz — p, + ft13 (0q + at — ps)dt = pq — p,, which holds when p; < a — (p — 6)q. Similarly, any NG user who arrives at
time t < tg3 prefers New+SaaS rather than New if pq(tgz —t) — p, + f;:t (6q + at — ps)dt = pq — py; at t = 0, this condition gives
ps <a—(p—06)q.

The SaaS vendor’s profit is expressed as ps(1 — ts3) + Psts3(1 — ts3) + s f:s (1-t)dt= w. Note that the computation of

profit is different for the two groups of users. The first term is the profit from OG users who switch to SaaS at ts3; the second term is the
profit from the early arrival NG users (i.e., arrivals before t;3) who switch to SaaS at tg3; the third term is the integral of all NG users who
—2[a—(p=60)q]+/[a+(p—-0)q]*+12a?
that p? is an interior solution if & > (2 +v2)(p — 6)q. Substituting p; into the expression of t3, we get the switching time in the sequential

- \/7
2045(p=6)a+y[a+(p-O)al* +12a7 < 1. We can verify that tg, > 0 under the condition a > (p — 6)q. At the
boundary solution ps = a@ — (p — 0)q, t5p = 1 so (Upgrade+SaaS, New+SaaS) does not sustain as an equilibrium SP.

arrive after t43 so they choose SaaS directly. Solving this optimization problem we have p; = . We can verify

dominance equilibrium tg, =

To ensure that OG users prefer Upgrade+Saa$ rather than Old+SaaS, we need pqts; — py + [ :2 (6q + at — ps)dt = qtsq + ftll (6gq +

at — p e, where b= b and ¢, =200

i 1)q[2p5;0§p 20+1)q] (K8). Because the OG users are more sticky than the NG users, if the OG users prefer Upgrade+SaaS, then the NG

users who arrive at t = 0 also prefer New+SaaS. Any NG user arriving before t3 prefers New+SaaS rather than SaaS if pq(ts3 — t) — p, +
f1+t (6q + at — py)dt > f (6q + at — pg)dt. Simplifying the conditions, we have p,, < W (K9). When t > tg3, NG users’

two strategies, SaaS+Newer and SaaS, are equivalent in the analysis because in the current planning period [0,1], the perpetual software
vendor’s profit for the newer version is not counted and the SaaS vendor's profit is the same.

is the switching time for OG users when they choose Old+SaaS; that is, p, <

- —9)q+/[at (p-0)q P+ 12a2)? —1)q— _ Ja*(p-0)qP+12aZ
[-2a+5(p—0)q+ 1[:;—(p 0)ql*+12a B (KS) p (p 1)q[—4a+(7p 109+36);1+2 [a+(p—6)q)*+12a ].Note
that the perpetual software vendor prices satisfy p;, < p,,. The perpetual software vendor's profit is ngf,’rp = p,, + pntsp, and the SaaS

] . sp  _ Ps(1-tsp)(3+tsp)
vendor's profit is 75,5 = meen T

Substituting p; into (K9) we have p;, =

In summary, the three equilibria occur in different ranges defined by a. Comparing the vendors’ equilibrium profits under different a regions,
we can derive the final equilibrium outcome presented in Table K1. For example, in the most complicated case, when a > (2 +v2)(p —
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6)q, both market segmentation and sequential dominance are possible equilibria. Note that nggw increases in a, but n,’,”’ffrp is independent of
a. A threshold @ must exist such that w35, > mhts
final market equilibrium outcome.

perp

perp-

Therefore, if & > max[(2 + V2)(p — 8)q, &, sequential dominance emerges as the

(a) Equilibrium Prices with User Continuous Arrival
Region P Pn ps
! (p—0)q—7 (p—0)q—7 0
i (- 1q (p—1q (6 —-1q+7
iii (p—1q o a—(p—0)q
iv (p—1)q[-4a+(7p-100+3)q+2/[a+(p—-0)q]2+12a?] | [-2a+5(p—-0)q+/[a+(p—6)q]?>+12a?]? —2[0( — (,D — g)q] + \/[Cl + (p — g)q]z + 12a2
6a 18a
3
(b) Equilibrium Prices with User Continuous Arrival Model
Region Condition Equilibrium Therp TSaas
i a<(p—20+1)q Entry Deterrence 2(p—0)q—«a 0
il (p—20+1)g<a<s2(p-1)q Market Segmentation (p—1gq (0-Da , @
2 4
iii 2(p—1)q < a < max[(2 + Market Segmentation [a+2(p—9)Q]Z[52a+4(p—9)q] 2[a — (p — 0)q]*[4a — (p — 0)q]
V2)(p — 6)q.4] S 27a2
iv a > max[(2 +V2)(p — 8)q, &] Sequential pu + Prtsp pi(=t5p) B=tsp)
Dominance z
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