ONLINE APPENDIX

Al. Proof of Lemma 4

Lemma 4. Define v*(¢p6) = Max{qb&(n,é M) +w+X(2, n)) —w, —1}. Then, there exists a symmetric
equilibrium in the early market where the bidding strategy of a buyer with idiosyncratic valuation v is
given by:

i) Bid its true valuation (w + v) if v > v* (¢ 6);

ii) Do not bid if v < v* (¢ 6).

Proof: In the construction of the equilibrium, we assume that buyers with a valuation v = R(¢8) follow a

symmetric bidding strategy b(v) where % > 0. Also, assume for now that ¢6 (ng ) +w+

X(2, n)) —w = —1. A buyer of type v*(¢6) bids b(g*(d)@)) and wins only if all other buyers have
valuations below v*(¢8). Hence, whenever a buyer of type v*(¢8) wins, it pays the reservation price
R(¢0). For a buyer of type v*(¢8) the alternative to bidding b(y*(cpe)) is not bidding. If all other
bidders have valuations below v*(¢8), the expected profit from not bidding is ¢p8m5 (n), which is the

expected profit of the buyer when the startup is sold in the late market. In equilibrium, the marginal type
v*(¢0) has to be indifferent between bidding and not bidding:

F(v'(#6),m—1) (1" (#8) + w-R($0)) = F(v'($6),m — 1)p0mh ()=
v (§0) = pOmh(n) + R($0) —w = ¢6 (rh(n) + w + X(2,n)) - w.

Consider now types v > v*(¢#). Two situations can occur: there are either competing buyers or not. If
there are competing buyers, it is optimal to bid the true valuation. The startup is sold in the early market
because there is at least one other buyer that bids above R(¢8), and it follows from standard second-price
auction logic that bidding the true valuation is optimal. In the other case, without competing buyers, it is
also optimal to bid the true valuation. The startup is then bought at the price R(¢8) which (i) results in
higher profits than buying in the late market since v > v*(¢8), and (ii) R(¢8) is the lowest price at

which the startup can be acquired.

If 6 (né(n) +w+X(2, n)) —w < —1, asimilar argument establishes that v*(¢0) = —1 and it is

optimal for a buyer to bid its valuation for all v. o



A2. Proofs of Lemma 5 and Proposition 1

We first characterize the profit from pursuing flexibility and compare it to the alternatives for ¢ = 0, that
is ¢ = 1. The results for this case are developed in Lemmata A2.2-A2.4. Afterwards, we prove the results
in the main text where investing in seeking early offers and in developing the invention simultaneously
come atacost, 0 < ¢ < R, thatis ¢ < 1. We start by proving a condition (A2.1) that will be helpful in

subsequent steps of the proofs.

Lemma A2.1. Consider the uniform distribution and the following inequality:
G (9m) L g (n)
oo = OB (™) (1+-22 (Z’n)) (A2.1)

w-1

Suppose first that n is finite. Then, there exists some 6, € (m

1) such that (A2.1) holds if and

only if 8 > 6,. If instead n — oo, inequality (A2.1) holds for all values of 6.

Proof: For the uniform distribution, it holds that (i) G(_l'm)/g(_l m) = 0, and that (ii)

G, m)/g(v m) is increasing and strictly convex in v. Consider first n finite for which 5 (n) > 0. For

G(-1,m)
g(_ 1,m)

6 < (W—_l) we have that v*(6) = —1. As

w+X(2,n)+7rI,§ (n)

= 0 and the right hand side of inequality

w—1
w+X(2,n)+7rI,§ (n)

(A2.1) is strictly positive, it follows that (A2.1) does not hold for 6 < ( ) Consider now

6 = 1. The right hand side of inequality (A2.1) is decreasing in w. Furthermore, calculations show that
inequality (A2.1) holds forw =1 and & = 1 for all permissible values of n. Since w > 1 by assumption,
we have that inequality (A2.1) holds for @ = 1. Since the left hand side of inequality (A2.1) is increasing

and strictly convex in 8, whereas the right hand side of (A2.1) is increasing and linear in 6, these results

w—1

imply together with continuity that there exists some 8, € (m

1) such that (A2.1) holds if

and only if for 8 > 8,. Finally, for n — oo, w5 (n) — 0 and inequality (A2.1) holds for all values of 8. o

A2.1. Thecaseofc=0

Lemma A2.2. Suppose that the startup invests both in seeking early offers and in developing the
invention into an innovation. For ¢ = 0, the startup’s profit from flexibility is continuous in 6, and the

profit function consists of two parts:



. w—-1 y - T .
Q) For 6 < ST the startup’s profit from flexibility is independent of &and is equal

to I1F = w + X(2,m).

(i) For 6 > W;lL the startup’s profit from flexibility first declines and then increases
w+X(2,n)+mg(n)

with @for n finite. The startup’s profit from flexibility increases with 6 for n — o.

w-1
W+X(2,n)+r[’g,(n)'

Proof: We have that v*(8) = —1 for < Hence, the startup is always sold in the early

market, and the startup’s expected profit is w + X(2,m). This proves part (i) of Lemma A2.2. Consider
w-1

i i F
TCyn o, where the startup may continue to the late market. Notice that [T1" — w + X(2,m)

now 6 >

w-1
w+X(2,n)+ng(n)

w-1
w+X(2,n)+ng(n)

for 6?—>( ) since v*(d) - —1 for 6?—>( ) . Therefore, I1F is continuous,
+ +
w—1

S TCY Yoy Differentiating IT" with respect to 8and simplifying yields:

including at 8 =

HHF/ae =G(v"(0),m)(w+X(2,n)—0g(v (6, m)nkn) (W +X(2,n) + né(n)).

Consider first n finite. It follows from Lemma A2.1 that anF/ae > 0 ifand only if 8 = 6,. Finally, for n

w-1

T onr _wr
— oo, Lemma A2.1 implies that 11" /55 > 0 for 6 > S TRG T

Together, these two arguments prove

part (ii) of Lemma A2.2. o

Lemma A2.3. For ¢ = 0, the following holds:

w-1

———————where IT¥is not differentiable.
w+X(2,n)+mg(n)

(i) anp/ag < aHL/ag for all 8, except for =
(i) nf > mn*forall g,

w-1

Proof: Consider first 0 < —————.
w+X(2,n)+mg(n)

In this range of g, the startup’s expected profit is w + X (2, m),

w-1
W+X(2,n)+r[’g,(n)

and al]F/ag = 0. Consider now 6> where the startup may continue to the late market.

Differentiating I1¥ with respect to 8 and simplifying the expression yields:
F
o1 /89 =G(v*(0),m)(w+ X(2,n)) — 0g(v* (0, m)rnh(n) (W +X(2,n) + né(n)). (A2.2)

w-—1
w+X(2,n)+7rI,§ (n)

I1F is continuous, but not differentiable at @ = where OHF/ae =0forfd—-

( w-1 ) and GHF/ae is given by equation (A2.2) for 6 — (W—_l)+ Since aHL/ae =

w+X(2,n)+7rI,§ (n) w+X(2,n)+ng(n)

w + X(2,n), part (i) of Lemma A2.3 follows immediately from comparing anF/ae and al]L/ag. For



0= 1, ¥ — I* simplifies to fvl*m (x — X(2,n))g(x,m)dx > 0. Since I1¥ > M* for 6 = 1 and

aHF/ag < al]L/a‘9 everywhere except at 6= —

. - L
WX R part (ii) follows from continuity of IT* and

Inf. o

w-1

- o N F E :
W+X(2’n)+ng(n).9) such that IT" > I1* if and only

Lemma A2.4. For ¢ = 0, there exists a value 6 € (
if 0 > Opg.

Proof: We assume that there is an infinitesimal opportunity cost of time (left out of the equations for
simplicity) such that the startup invests in seeking early offers and developing the invention if and only if

I¥ is strictly greater than I1Z. Using part (i) of Lemma A2.2, this implies immediately that the startup
w-1
w+X(2,n)+7T’g,(n)'

w-1

W+X(2,n)+r[’g,(n)' Forn

commits to entering the early market for 6 < Consider now 8 >

finite, it follows from Lemma A2.2 part (ii) that IT¥ first decreases in 8 for 8 < 6,,, and afterward
increases in @ for 8 > 6,. For 6 = 8,, it follows immediately that [1¥ < I1€. For 8 = 1, on the other
hand, it follows from Lemma A2.2 and equation (3) in the paper that I1¥ > I* > T£. Since M is strictly

increasing in @ for 8 € (8,, 1], there exists a unique threshold of 8 denoted 6 such that I1¥ > T% if and

only if 8> 6. Furthermore, it follows from GHF/GO < ar[L/a‘9 and ITF > M- for 6 =1 that O < 6.

For n — o, Lemma A2.1 implies that the startup’s profit from flexibility is strictly greater than w +

w-1

Ty e = O Where again 6z < 6. Taken together, these results

X(2,m) ifand only if 6 >
prove Lemma A2.4. o

The results for the case of ¢ = 0 are illustrated in Figure Al.



Figure Al: Profit from pursuing the three strategies as function of #for ¢ = 0.
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A2.2. Thecaseof 0 <c <R

Lemma 5. Let ¢ be small enough and n finite. Suppose that the startup allocates resources to both trying

. . . . . . . w-1
the early market and developing the invention into an innovation. Then, if 6 < Py TCys oy the

startup’s profit from flexibility is independent of and is equal to I1¥ = w + X(2,m). If 0>
w—-1
¢>[W+X(2,n)+ng(n)]’

the startup’s profit from flexibility first declines and then increases with 6.

Proof: In the general case, 117 is a function of ¢ @ rather than €. Then, it follows immediately from
w-1
w+X(2,n)+7T§(n)'

Lemma A2.2 that ITF = w + X(2,m) if pO < which proves the first part of the lemma.

w-1

Consider now ¢ 0 > WX (@n)+15(n)’

From the proof of Lemma A2.4 it follows that /T first decreases and
then increases in @if and only if ¢ > 6,. If this condition holds, ¢6 > 6, for 6 sufficiently close to 1,
which ensures that IT¥ is increasing in 6 for 6 > %. Denote the unique value of ¢ for which ¢ = 6, by ¢,.

Then, the proposition holds for ¢ < ¢,. O



Proposition 1. There exist c and ¢, 0 < ¢ < ¢ < R, such that the startup’s exit strategies are as follows:

Q) If ¢ < ¢, the startup always tries the early market. There exists a threshold 8, € (0, 9) such
that it also invests in developing the invention, thereby choosing flexibility, if and only if
0>06,.

(ii) If ¢ < ¢ <€, there exists a threshold 6, € (8, 1) such that a startup with ¢ > 6,; commits to
the late market. A startup with 8 < 8y always tries the early market; it does also invest in
developing the invention if 8, > 6> 6,, thereby choosing flexibility.

(iii) If ¢ > ¢, astartup with low @ (8 < @) tries the early market, but does not invest in
developing the invention, thereby committing to the early market. A startup with high & (6 >

&) commits to the late market.
Proof: It follows from the proof of Lemma A2.4 that I1F > 1€ for 6 > GfTE = 6,. Furthermore, it can be

shown as in the proof of Lemma A2.3 that E)HF/ae < aHL/ag. Hence, the flexible strategy is chosen for

some interval of @ greater than g, if and only if 1¥ > 1% for 0= 6, & w + X(2,m) >

w+X(2n) _
w+X(2,m) -

HFE/¢ w+X(2,n) e ¢> 0 HFE/é. Denote the unique value of ¢ for which ¢ =

Orz / 5 by c. If ¢ > ¢, the startup never chooses flexibility, and the optimal choice of strategy detailed in

part (iii) of the proposition follows from the analysis in the main text. Consider now ¢ < c. Here,
commitment to early exit is optimal for 8 < 6;, and flexibility is optimal for some range of 6 greater than
6. Define ¢ implicitly by IT¥ = I1* for = 1. Notice that [T* = [1* for =6 and ¢ = (R — ) as
well as for 6=1and ¢ = ¢(R - g). Since 0 < a”F/ag < aHL/ag in the relevant range of 6, this
implies that (R —¢) < ¢(R —¢) & ¢ < ¢. Then, if ¢ < ¢ < ¢, we have that [IF > [1* for 9= ¢, and
nt > ¥ for 6= 1. It follows from continuity of the profit functions and from 0 < a”F/ag < aHL/ag

that there exists some 8 € (6,,1) such that 1¥ = L. Flexibility and commitment to late exit are profit
maximizing for 6, < 6 < 8y and for 6, < 6 < 1, respectively. Taken together, these results prove part

11) of the proposition. Finally, part (1) follows from the observation that I1* > I1~ for & > orc<c.o
ii) of the proposition. Finally, part (i) follows from the observation that IT¥ > IT* for 0> 6, f c



A3. Proof of Proposition 2

Proposition 2 (comparative statics). Let ¢ < ¢ < ¢ and m < n. Then, the following holds:

. a6,
i) > 0.

N ae 26

ii) —L — < 0and : < 0.

26, 26y

iii) P 0 for n — o, and F > 0.
: a6, a0y

iv) = 0 and 2 < 0.

Proof: Let AFL = ¥ — I and AFE = TTF — ME. Let y be any exogenous parameter of the model. Then,

aAFE 6AFL

sign {%} = sign {%} and 51gn{ Gy } = mgn{ —FT } It follows from the proof of Lemma 5

a0 a0

Proposition 1 that— > 0 and that— < 0 forany 6 > p > where 8,0y € (‘:’ , 1). Thus,

. a0 . AAFE . a0 . AAFL
sign {a_yL} = —51gn{ 5 } and sign {a—;’} = sign {W} (A3.1)
FE

Consider the comparative statics with respect to w. Some simple calculations show that ‘aaA—W =(1-
$0)[p0g(v*(¢8), m)nh(n) — G(v*($6), m)]. Using inequality (A2.1) of Lemma A2.1 and the fact that

6o - QAFE . . . . AAFE
0> s it follows thatw < 0 in the range of & considered. In turn, using (A3.1), the sign ofW
. 26y,
implies thatm > 0.

2*(61’9)/6 _
n

Consider instead the comparative statics with respect to n. Notice,

2 (¢9 (x@n) + (n))) /
9

n > 0. Hence,

dA

27— —porbmg(v @0, m) L PO+ pe6(w 90,m) K@/ S0

oo m)/g(v *(¢6),m)

omg(n)
> ¢pOnk(n)( 1+ o /3X(2,n) .
on



6113 (n) 0x (2 n)

Since —2—<0<

FL
, it follows from Lemma A2.1 and 6 > = 90 that— > 0. Slmllarly, =

-0 (¢>g(v (9O, m)nk(n) + (1 - $G(v*(90), )) 0x(2, ")) < 0. Inturn, using (A3.1), the signs of

FE
ag and 22— |mply that% <0and =% 69” <0.

Consider instead the comparative statics with respect to m and assume first that » — oo. It follows from
w-—1

Lemma A2.2 that A" > 0 for 6 > —
dp(w+1)

¢( Hence using the notation of Proposition 1, 8, =

which is independent of m. Turning to AFL, consider any n > m. We have:

aaA—:lL = 21,,(9) (W +x— 9(W +X(2,n)))ag(x’m)/amdx

Notice thatw + x — 8(w + X(2,n)) > 0 for x > v*(6). Furthermore, v*(6) = X(2,m) forall 6 > 0,
which can be shown to imply that 99(x, m)/ >0forx e [g*(@), 1]. Using (A3.1) and Proposition 1

showing that 8, € (8, 1), it follows that —+ 69” > 0.

Finally, consider the comparative statics with respect to c. First, we derive the comparative statics with

AFE  gaFL anF
respect to ¢p. We have that FrEmir e =0 360) > 0 as 6, and 8, are greater than =2, Finally, because

¢'(c) < 0, the comparative statics with respect to ¢ follow immediately. o

A4. Buyers’ valuations are constant over time

In this appendix, we consider a variant of the model where buyers’ valuations are the same in the early
and late market. We consider the case of flexibility as this assumption only affects results if the startup
can collect offers in both the early and the late market. It is also assumed that c = 0 & ¢ = 1, but the
analysis can be extended to ¢ > 0 in the same way as it is done in Section 4 of the main text. For
simplicity, we model the early and the late market as an ascending auction. In the model considered in the
main text, this type of auction is equivalent to a closed-bid second-price auction. We choose an ascending
auction because the seller does not learn the exact value of the highest valuation in the early market and
cannot make the decision on whether to continue or not to the late market contingent on this piece of

information.! This simplifies the Bayesian updating and makes the model easier to solve.

! Alternatively, we could assume that there is an auctioneer who reveals the outcome of the auction in the early
market but not the individual bids.



Buyers in the early market only bid for valuations greater than or equal to some v*(8). For most parts of
the proofs, we leave out the dependence on 6 in order to make the notation and the expressions more
compact. The first part of the analysis consists of (i) characterizing the threshold v* for which an early
buyer is exactly indifferent between bidding the true valuation in the early market and not bidding and
waiting for the late market, and (ii) showing that the startup in the early market accepts offers greater than
or equal to v*. Having characterized the equilibrium outcome of the early market, we derive the threshold
D(60) below which it is efficient to wait for the late market. Again, we leave out from the notation the
dependence on 8 when convenient. In the last part of the proof, we show that v* < ¥ (with strict

inequality for some values of 0), implying that the startup tends to be sold too early.

A4.1. Equilibrium in the early market

A buyer of type v* has to be indifferent between bidding or not. Bidding in the early market yields an

expected profit of H(g*)m_l(w +v* — R) where R is the reserve price. That is, a buyer of type v* earns

profit of w + v* — R if and only if all other buyers in the early market have valuations below v* If the

buyer does not bid, there is a probability H(y*)m_1 that all other buyers have valuations below v* and
that the startup is sold in the late market. If the startup continues to the late market, the focal buyer of type
v* is faced with two sets of competing buyers: n — m buyers that participate only in the late market (“late
buyers”) and m - 1 buyers that have participated in the early market already (“early buyers”). The
valuation of a late buyer is distributed on [w - 1, w + 1] according to H(.). Conditional on no sale in the
early market, the updated belief of the focal buyer is that the valuation of an early buyer is distributed on
[w—1,w + v*)according to H(.)/H(v*). The cumulative distribution function of the highest valuation

among the other buyers in the late market is thus:

H) YH@)™ ™ forx<p*

Fg(x (m =10 (n —m)) = { H(x)" ™ forv: <x<1

The corresponding continuous density function is:

(n— Dh@HE™2/H(v)" " forx <v*

L _ — =
fo(x (m=1)0 (n —m) { (n—mREHE™™ 1 fory' <x<1

All buyers bid their true valuations in the late market. Therefore, the expected profit of the buyer from not
bidding is:

oH(v")"" f fk G, m = 1) 0 (n = m)) (¥" — x)dx.

Simplifying expressions, a buyer of type v* is indifferent between bidding and not bidding if and only if:



wHv —R=0[%fk(x (m—1)n(n-m)(v' —x)dx. (A4.1)
Following the analysis in the main text, we impose that the reserve price has to be credible. In particular,
if there is only one bidder, the startup’s profit from accepting the reserve price has to be equal to the
expected profit from not selling in the early market and hoping for better offers in the late market.
Suppose that there is only one bidder that starts bidding at R. In this case, the startup knows that (i) there
is one early buyer with a valuation greater than or equal to v*, and that (ii) there are (m — 1) early buyers
with valuations below v*. Since valuations are constant across time, the startup uses this information to
update its belief about the expected profit from selling in the late market. In particular, the updated belief

is that (i) there is one early buyer in the late market with a valuation distributed on [w + vi,w+ 1]
according to the cumulative distribution function (H(.) - H(g*)) / (1 - H(g*)), and that (ii) there are

(m - 1) early buyers with valuations distributed on [w — 1,w + v*) according to the cumulative
distribution function H (. )/H(y*). Since the valuation of each of the n — m late buyers is distributed on

[w —1,w + 1] according to H(.), the cumulative distribution function of the highest valuation among the

bidders in the late market is:

0 forx <v”
) E TS

The cumulative distribution function of the second-highest valuation among all bidders in the late market
is:

Gik(x, mn(n—m)) =

H n—-1 N
H((;))m_l forx<v
HEM M H()) | omHEM A HE)(HE @) | HEMTMHE®) g g
1-H(v") 1-H(v") 1-H(v") -

This can be simplified to:

H(x)" ! f ¥
= orx<v
H(p)" " -

H()™ ™ + (n —m)(1 — H(x)H ()" (

Gi(x,mn (n—m)) = Hx)-H(v")

) forv'<x<1
1-H(v") -

The reserve price is credible if it is equal to the expected profit in the late market:
R=0 (w + f_ll gk(x,mn(n-— m))xdx). (A4.2)
Plugging R into (A4.1) and simplifying, we obtain:

1
wH+v*=0w+v*HY)" ™+ fgé(x,mn(n—m))xdx .

p*



Integrating by parts, this simplifies to:
w+vr=0 (w +1- fvl* GE(x,mn (n— m))dx). (A4.3)

Lemma A4.1. There exists some value 6 € (0,1) suchthat v*(8) = —1forf < 6, and v*(0)is

increasing in @ for 6 € (8, 1] with v*(1) = 1.

Proof: The derivative of the LHS of (A4.3) with respect to v* is equal to 1. The derivative of the RHS of
(A4.3) with respect to v* is equal to:

( Lv'mn(n—m)) - flwd)

6G§‘(x,mn(n—m))
ov*

the RHS of (A4.3) with respect to v*is equal to:

Since < 0, the RHS of (A4.3) is weakly increasing in v* The second-order derivative of

6G§“(g*,mn(n—m)) Iy 3GE(x,mn(n-m))

_ 1 82GE(x;mn(n-m))
ov* ov* * 0 fv dx,

* 6*2

xX=v

2
19%65xmn(m=m)) ;. ~alculations show:

which simplifies to — Bf e

02GE(x,m r:z(n -m)) _ - m)(1 — HEY HEorm-1 h(v*) (1 —~ H(z*)) 43. 2h(v*) |
ov (1-H@))
Using the fact that h(v) = 1/2 for all v, this simplifies to:
0%2GE(x,mn (n —m)) . (n- m)(1 - H(x))ZH(x)"_m_1
e )

We conclude that the RHS of (A4.3) is convex in v*. Finally, the derivative of the RHS of (A4.3) with

<0.

respect to v* is equal to 6 for v* = 1. Hence, using the fact that the RHS of (A4.3) is convex in v*, it
follows that the derivative of the RHS of (A4.3) with respect to v* is positive and no greater than 6 for all

€ [—1,1]. Taken together, these arguments imply that the LHS of (A4.3) is increasing in v* at higher
rate than the RHS of (A4.3). Consider first & < 1 where the LHS of (A4.3) > RHS of (A4.3) forv* = 1.
There is a unique v* € (0,1) that solves (A4.3) if and only if the following condition holds: LHS of
(A4.3) < RHS of (A4.3) for v* = —1. Simplifying expressions, we have that LHS of (A4.3) = RHS of
(A4.3) for v* = —1 if and only if the following condition holds:

w—-1
1
(w+1—f_1 Gfggfr(x,mn(n—m))dv)

= 0. (A4.4)

Integrating by parts, this can be rewritten as:



w-1

(A4.5)

(w7, xgkGema(n-mnav)
Since the LHS of (A4.5) is strictly between 0 and 1, there exists some 6 € (0,1) that solves (A4.5). For
6 > 6, LHS of (A4.3) < RHS of (A4.3) for v* = —1, and there exists some v* € (0,1) that solves (A4.3).
For 6 < 6, this is not the case, and v* = —1. Notice also that for = 1 the solution to equation (A4.3) is
v* = 1. Finally, total differentiating equation (A4.3) and using the fact that the RHS increases in v*at a
lower rate than the LHS of equation (A4.3), it follows immediately that v* is strictly increasing in & for
0> 0.0
Lemma A4.1 implies that a startup that does not face execution risk always sells late. The intuition is that
the early offers remain, and there are additional and potentially better offers to be had from waiting for
the late market.
So far, we have analyzed the case in which there is only one active buyer in the early market (i.e. only one
buyer with valuation greater than or equal to v*) and thus the startup always accepts the reserve price. For

the above to constitute an equilibrium, we also need to ensure that the startup accepts the highest offer

when there is more than one active buyer in the early market and the highest offer is above R.
Lemma A4.2. The startup accepts the best offer above v*in the early market.

Proof: The reserve price derived in the proof of Lemma ALl.1 ensures that the startup accepts the offer
when there is only one bidder in the early market. Consider now situations where there are two or more
bidders. Suppose that the second highest valuation in the early market x(2,m) =k, k = v*. The startup
observes x(2,m) = k and updates its belief about the expected profit in the late market. The startup’s belief
is that the valuation of the buyer with the highest valuation in the early market is distributed on (k, 1]
according to (H(.) — H(k))/(1 — H(k)), and the valuations of the late buyers are distributed on [-1, 1]
according to H(.). The distribution of the second highest bid is thus:

Gi(x,mn (n—m)|x(2,m) = k)=

0 for x € ]0,k]

_ n-m-1(4_ _
H(x)n-m 4 SomHG) IE;(:)(x))(H(x) HO) fork<x<1’

Using this, we can write down the equation ensuring that the startup prefers to trade in the early market:

w+k=>0 (W +1- fkl GE(x,mn (n—m)|x(2,m) = k) dx). (A4.6)



Notice that G£ (x,m N (n — m)|x(2,m) = k) = G£(x,m n (n —m)) for k = v*. Therefore, since v*
solves equation (A4.3), equation (A4.6) holds with equality for k = v*. Furthermore, it follows directly

from the proof of Lemma A4.1 that equation (A4.6) holds with strict inequality for k > v*. o

A4.2. Efficiency

Trade takes place in the early market if the highest valuation is greater than or equal to v*. Let us derive
the threshold ¥ for which trade should take place early from the point of view of efficiency. The value

created in the early market is equal to the value created in the late market if and only if:
1
w+bv=20 W+F(f,n—m)ﬁ+ff(x,n—m)xdx .
v

Integrating by parts, this simplifies to:
w+b= 9(W+ 1 —fﬁlF(x,n—m)dx). (A4.7)

Lemma A4.3. When trying the early market is costless, the startup is more likely to be sold early

compared to the efficient timing.

Proof: Suppose first that &< 1. Then, we have that the LHS of (A4.7) > RHS of (A4.7) for ¥ = 1 and that
the RHS increases in ¥ at a lower rate than the LHS of equation (A4.7). Arguing as in the proof of Lemma
A4.1, we find that there is a unique ¥ that solves (A4.7) if and only if LHS of (A4.7) < RHS of (A4.7) for
¥ = —1. This condition simplifies to:

g>—21 (A4.8)

w+X(1n-m)’

Otherwise, for 8 < —2—

—————— we have that ¥ = —1. Suppose instead that 8= 1. Then, it follows from
w+X(1,n-m) -

equation (A4.7) that ¥ = 1; that is, all startups that face no execution risk should sell late from the point
of view of efficiency. Finally, arguing as in the proof of Lemma A4.1, it can be shown that ¥ is increasing

in 9for > — 21

————— This characterizes ¥ as a function of 6. As the next step, we compare the
w+X(1,n—-m) -

equilibrium level of activity in the early market to the efficient one. Here, in order to make the

dependence on @explicit, we use the notation in main text, ¥(0) and v*(6). We have fvl Gi(x,mn (n-—

m))dx > fvl F(x,n —m)dx for 1 > v. Using equations (A4.3) and (A4.7), this implies that 9(6) >



v*(6). Furthermore, if 1 > #(8) > —1, then v*(6) < D(#). Using equation (A4.8), we have that ©(8) >

v*(6) forall 6 € (#‘;_m) 1). Therefore, it follows:
Iy (1= F(28),m))do < [} (1 - F(v’(6),m))do (A4.9)

where the LHS of inequality (A4.9) is the value maximizing number of the early deals and the RHS of

inequality (A4.9) is the equilibrium number of early deals. Proof follows. o

The intuition behind Lemma A4.3 is very similar to the one detailed in main text: the decision of the
highest valuation buyer and the startup to trade in the early market does not take into account the expected
profit of other buyers, resulting in too many early deals in equilibrium. Notice, unlike the model with
uncorrelated valuations, there is no externality on the other early buyers with lower valuations: these
buyers would not acquire the startup in the late market in any case. Still, the externality on the buyers that

are active only in the late market remains.

A5. Equilibrium model with m endogenous

We analyze here the case in which buyers must invest in absorptive capacity to make deals in the early
market. Assume that buyers need to pay a fixed amount, T to accumulate absorptive capacity, which is
thus their entry cost in the early market. Buyers make this decision before the startup decides its exit
timing. Buyers enter the early market as long as their expected profits cover T. Thus, a free entry
condition determines the endogenous number of early buyers, m”. Notice that, because we have assumed
unlimited acquisition capacity, all buyers are active in the late market. We consider the two polar cases
considered in the main text, commitment (c = R) and flexibility (c = 0). Without loss of insight, we focus

on b = 0 in the formal proofs in order to reduce the number of case distinctions.
A5.1. Commitment Case

We first show the conditions for the existence of a stable early market equilibrium with a positive number
of buyers n > m* > 2 investing in absorptive capacity. Then, we analyze the efficiency properties of

such an equilibrium.

The incentive to invest in absorptive capacity will depend on the probability of a startup to participate in
the early market, Q(E?). Ignoring integer constraints, the number of incumbents m investing in absorptive

capacity and participating in the early market is given by:

QO)rE(m) =T. (A5.1)



Assuming @is uniformly distributed on [b, 1], we can rewrite equation (3) from the main text and

equation (A5.1) as follows:

~ w
Oserrer(m) = W+m;1, (A5.2)

~ 1 8(6-b
Mpuyer(0) = 5( /1 + ﬁ - 1). (A5.3)

In order to plot the functions, it is useful to invert (A5.3), which yields:
Opuyer(m) = b+ (1 —b)Tm(1 +m). (A5.4)

The functional forms in equations (A5.2) and (A5.4) immediately imply that éBuyer (m) is increasing and
convex in m and that s, (m) is increasing and concave in m. An equilibrium is characterized by
m*such that Oseyer (™) = Bpyyer(m*) = 0. For the early and the late markets to be both active, the
condition n > m* > 2 has to hold. Indeed, no startup type enters the early market if there is no
competition (m* < 2), and all startup types enter the early market to avoid execution risk if all buyers are
present there (m* = n). Finally, stability requires that the éBuyer (m)-curve is steeper than the

o110 (M)-curve at the intersection. Figure A5.1 provides a graphical representation of the equilibrium in

6 and m.



Figure A5.1. lllustration of the candidate equilibria (n = 10, w = 3/2, T = 1/22)
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The following proposition identifies the conditions (i.e. acceptable values of our exogenous parameters)

for the existence of a stable early market equilibrium.

4(n-2)

——— - Then, there exists a stable
9(n—-3+w(n+1))

Proposition A5.1. Define T, = ﬁ and Tpqy = %‘

equilibriumwheren > m* > 2 ifand only if T, < T < Thnax-

Sketch of the proof: We start by determining the lower bound on T, Ty,;,,. This is the value of T for which
m* = n, and all startup types commit to the early market. This threshold is defined by the following
equation:

2

éSeller("l =n)= éBuyer(rn =n)=1Typp = m

Figure A5.1 illustrates how Osej1er (M = 1) = Bpyyer(m =n) = 1for T = Tyyp. If T < Ty, m* =mn
and the late market does not exist. We now turn to the upper bound on T, Ty,,. This is given by the
unique value of T for which Gsejjer (m = 2) = Ggyyer(m = 2). FOr Tyin < T < Tyqy, We have that
~919uyer (2) < Oserrer(2) and ~919uyer (n) > Gseper(n). Since g’Buyer (m) and By, (m) are increasing and

convex and increasing and concave in m, respectively, there exists a unique value m * for which

Opuyer(M*) = Oseyer (m*). Furthermore, aeB”yer(m)/am > 06’5ezzer(m)/am for m = m", which implies

that the equilibrium is stable. Finally, it can be verified that the stability condition also holds for T =

Tyax @ndm=2.0



The interpretation of the condition T > Ty,;,, in Proposition A5.1 is that T should be sufficiently large to
avoid that all buyers (and afterwards all startup types) enter into the early market. On the other hand, if

T > Tuyax, €Ntry barriers into the early market are prohibitively high, and the early market collapses. In
addition to the stable equilibrium analyzed above, it should be noted that an equilibrium with no early
market always exists due to the possibility of coordination failure among buyers. Indeed, if a buyer
expects other buyers not to invest in absorptive capacity, it has no incentive to invest itself because two or

more competing buyers are needed for the startup to invest in seeking early offers.

Assuming that buyers coordinate on the stable equilibrium whenever it exists, we study now whether too
few or too many incumbents invest in absorptive capacity. We have shown in the main text that for a
given number of early buyers, a startup has too high a probability of choosing the late market from the
point of view of efficiency. That is, § > 6. Foreseeing this outcome, we show next that too few buyers

enter the early market.

Proposition A5.2. The equilibrium number of early buyers maximizes value creation conditional on the
probability of the startup entering the early market. Since the probability of early market entry is too low
from the point of view of efficiency, the number of buyers that invest in absorptive capacity is also lower
than the number that maximizes value creation.

Proof: A buyer’s profit from entry into the early market is:

1 v
Q(6) f ( f flx,m—1)(v— x)dx> h(v)dv —T.
-1\

The additional value created by an additional buyer is:

1 v
Q(0) f(ff(x,m—l)(v—x)dx) h(v)dv —T.
S1 N\

Hence, if Q(8) = Q(8), the equilibrium number of buyers in the early market maximizes value creation.

This proves part (i) of the proposition. Since Q(8) < Q(8), there are too few early buyers from the point

of view of value creation. o

Define the efficiency gap as the ratio between 8 and 8, that is:

w+X(1,m)

— w+X(1,n) ) (A55)

w+X(2,m)
w+X(2,n)

| @)

Efficiency gap =




Lemma Ab5.1. The efficiency gap declines with m.

(]
0X(1,m)x 9X(2,m)5
a :) o T ax(zm) _ 0X(1,m)
om = > g

Proof: We have that (9 —-om < 0 because 8 > 6 and
(@) aom om

Proposition A5.3. The efficiency gap increases with b for m* < n.

Proof: Total differentiating the equilibrium condition bBuyer(m*) = Ogoy1er(M*), We obtain:

0 pBuyer (m) /
ab|
_ m=m

db B apBuyer (m)/ _ abSeller (m)/
adm d

m=m*

dm

m
m=m
. . 06 ~
Using equation (A5.4), we have that eB”y"(m)/ab‘ =1- %Tm*(l +m)=1-6>0forb=
m=m*

0 and m* < n. Stability implies that aeB”yer(m)/am

- 06’5ezzer(m)/am| > 0. Hence, = <

%
m=m* m=m

0. As an increase in b decreases entry into the early market, it follows from Lemma A5.1 that the

efficiency gap increases. o

A5.2. Flexibility Case

In the flexibility case, computing the equilibrium number of buyers is logically similar, but
mathematically more complex. However, the analysis is simplified by the fact that all startup types seek
early offers as long as there are two or more buyers, and that there is a positive probability that the startup
continues to the late market even if m = n. Hence, there exist active early and late markets if T is

sufficiently low to ensure that entry into the early market is profitable for two or more buyers.

A buyer’s expected profit from its participation in the early market when bidding for a start-up of type 6

is denoted AcE (6,m) and is given by:

AmE(6m) =

le*(g) | F(v*(6),m—1) (W +v—R*(0) — &Té(n)) + f;,,(g)f(x,m -~ 1w —x)dx |h(v)dv. (A5.6)

The highest valuation among the The highest valuation among the
competing buyers is less than or equal to v*(6) competing buyers is above v*(6)




A buyer acquires the startup and earns a strictly positive profit from its participation in the early market if

(i) it has the highest valuation among the early buyers, and (ii) its valuation exceeds v*(#).? Integrating

by parts, ArE (6, m) can be written as:

ATEOm) = ). ) (17 ) FO6,m = 1) dx) h(v)dv. (A5.7)

It follows immediately that Am& (6, m) is decreasing in m as F (x, m — 1) is decreasing in m. Integrating

over startup types, an equilibrium with an active early market exists if and only if:
[, AnE(6,2) q(Hd6—T > 0. (A5.8)

If condition (A5.9) holds, the equilibrium number of buyers in the early market m* is given either by the

zero profit condition
1, F .
J, Amg(6m*) q(0)do—T =0, (A5.9)

orby m* = nif fol AmE(6,n) q(9)dO—T = 0. Notice, since A (6,m) is decreasing in m, if there exists
a solution to (A5.9), this solution is unique. We will in the following assume that T takes on a value such
that (A5.9) holds for some m* € [2,n].

Proposition A5.4. In the flexible case, startups tend to sell inefficiently early, and the number of buyers

that invest in absorptive capacity is greater than the number that maximizes efficiency.

Proof. For simplicity, we divide the proof in two claims. We show first that buyers over-invest in
absorptive capacity. We then show that this behavior results in too many early deals from the point of

view of value creation.
Claim 1: Buyers overinvest in absorptive capacity.

Suppose that a startup of type @is sold in the early market for some x(1,m) > ©(6) = —1. Thereisa
reserve price R(@) in the auction representing the expected value creation in the late market. Then,

applying the same steps as in the derivation of A% (6, m), the contribution of the marginal early buyer to

value creation can be written as:

AVE(6,m) = f;(e) (F(Q(H),m ~1) (w +9(0) — 1?(9)) + Jygy Fem = 1) dx) h(v)dv, (A5.10)

2 1f there is only one early buyer with a valuation above v*(6), its profit from participation in the early market is the
profit earned in the early market, w + v — R*(8), minus the expected profit that it would have earned had it not been
in the early market, 05 (n).



where ©(0) is the threshold value that maximizes value creation. The value created is maximized for
aAVE(G'm)/aﬁ(Q) =0 o 9(0) = R(6) —w if —1 < R(8) — w. Otherwise, 7(6) = —1. As argued in
the main text, the expected value creation in the late market is R(0) = H(W + X(1,n)). Hence,

v(8) = Max{e(w +X(1, n)) - w, —1}.
Plugging () into AVE (8, m), we obtain:

AVE@D,m) = ;5 (Jog FCom = 1) dx) h(v) dv. (A5.11)

Finally, arguing as above, we can show that AVE (6, m) is decreasing in m. Hence, the value maximizing

number of early buyers is determined by the following equation:
f, AVE(8,m) q(6)d6 — T = 0. (A5.12)
Comparing equations (A5.11) and (A5.8), and using v*(0) < ©(8), we obtain AVE (8, m) < Ark (6, m).

w—1
w+X(1,n)

Furthermore, AVE (8, m) < Ark (6, m) for 6 > as v*(6) < 9(6). Using equations (A5.12) and
(Ab5.9), this implies that m* > 7.

Claim 2: Too many early deals.

The expected number of deals in the early market is given by fol (1 - F(g*(@),m*)) q(8)dO which is

greater than the number of the value maximizing number of deals fol (1 — F(g(e),m)) q(8)do since

v*(0) < 9(B)and m* > m. o



A6. Change of timing

In order to understand what happens if decisions about the allocation of resources between trying the
early market and developing the invention are made before the type 0 is drawn, it is useful to make

pairwise comparisons of the three exit strategies.

a. Commitment to an early vs. a late exit

Nkt = onk(n)

¥ = g (m)

v
D

If the startup chooses to commit to an early exit, it earns higher (lower) profits when the realized 0 is low
(high) compared to commitment to a late exit. The profit gain (loss) when 0 is low (high) is represented
by the dotted red (dashed blue) triangle. In this case, it is easy to compare the two exit strategies
explicitly. Indeed, commitment to an early exit is preferred to commitment to a late exit if and only if

& (m) > E(8)mk(n) where E(6) is the expected value of 6.



b. Commitment to an early exit vs. flexibility

¥ = g (m)

v
)

As noted in the manuscript, flexibility results in lower profits than commitment to an early exit for a
range of 6, because early buyers prefer not to bid and wait for the late market for some values of v.
Indeed, the dotted red area represents the additional profit that commitment to an early exit results in for
these values of 6 compared to flexibility. For high values of 0 flexibility is more profitable, and the
additional profit compared to commitment to an early exit is represented by the dashed blue area. For the
uniform distribution of 0, flexibility dominates commitment to an early exit if the blue area is greater than
the red area. In the above illustration, it is obvious that flexibility is preferred to commitment to an early
exit, and this is an intuitive finding: Flexibility gives the startup the possibility to adjust the exit strategy
to the realized value of 8. However, due to the functional form of the profit function in the case of
flexibility, it is not possible to derive closed-form expressions for the red and the blue areas, not even for
the uniform distribution. Numerical simulations for chosen parameter values support the logic described
above.



c. Commitment to a late exit vs. flexibility

- NE = 0nkn)
HF

v
D

For low values of 0 flexibility is more profitable than commitment to a late exit, and the additional profit
is represented by the dotted red area. For high values of 6 commitment to a late exit is more profitable,
and the additional profit is represented by the dashed blue area. For the uniform distribution of 6,
flexibility dominates commitment to an early exit if the red area is greater than the blue area. In the above
illustration, flexibility is preferred to commitment to a late exit. It is not possible to compare the two exit

strategies analytically, although one can provide a numerical simulation under different parameter values.

d. Summary of the three pairwise comparisons

If the startup chooses the allocation of resources between trying the early market and developing the
invention before knowing its execution capability, flexibility has the advantage that the startup is better
able to adjust its actions to the realized execution capability. While this is intuitive, it is not possible to
show this result analytically as it involves integrating over the highly non-linear profit function in the case

of flexibility.
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