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1 Proofs of results stated in the Appendix

Proof of Lemma A1l: The result is immediate from the fact that, by definition,

H(a,i1,917p1)_(pl>e a+ir+S(i,0) 1+ 6
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Proof of Lemma A2: Consider the ODE

Oa(i)  V(a(i),i,1) 8 (1)
i eV(a(i),i,1)+(1—e€)i

(O1)
for ¢ € [I*, —I1] with boundary condition
a(I™) = amax- (02)

That € < e implies for any i € [I*,—Iz], € < and hence for any a (i) < amax,

=i
amax“l’S(izl) ’

eV (a(i),i,1) + (1 —€)i < 0 . By Assumption 1(ii), 8%%‘) = 0 for i = I* and a(g(;) < 0 for

i > I*. Hence, (O1) and (O2) determine a unique function a (i) on [I*, ] for some iy € (I*, —1I1],

with ig satisfying either a (i9) = amin or io = —I1. By construction, a (i) is strictly decreasing.

Define ag = a (ig). By the Inverse Function Theorem, the inverse function of a (-), denoted by 7 (-),
is the unique solution to (9), (10) and (24) on [ag, Gmax]. By construction, 7 (ag) = 4o. If ag > amin,

then ¢ (ag) = —Ir. This completes the proof.

Proof of Lemma A3: We define
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7 (a,i,s,a) =1In(a+ s)° (
a+s

=In(@a+s)+(1—€ln(a+i+s)—(1—e)ln(a+i+s),

so that the log payoff of a type-a firm from mimicking type a € A, In1l (a,i(a),6(a), P (i(a),0(a))),



can be expressed by 7 (a,i(a),S (i(a),0(a)),a). Then the partial derivatives of 7 satisfy
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For @ € A except for countable points,

d i o _ . oi(a)  _ dS(i(a),0(a) .
%7‘- (a,i(a),S(i(a),0(a)),a) = 94 + 7 da + Ta,
and by Condition (A6),
(i (@),5 6 @),0@),8)|acs

Note that in (O3), 7; and 74 are strictly decreasing in a, and 75 is invariant to a.

t

Case: Issue game: By (A6), for @ in the interior of A, w < 0. For a with ag(&) <

=7 (a,i(a), 5 (i (a),0(a) )

strictly increases with a. Hence, by (O4), for each a € A, for @ 2 a in A except for countable

points, ]
=7 (a,1(a), 5 (i(a),0(a)),a) S O.

0]

This implies for all a,a € A with a # a,
7 (a,i(a),S(i(a),0(a)),a) <w(a,i(a),S(i(a),0(a)),a).

Hence, firm a € A does not benefit from mimicking any firm a € A.

Case: Repurchase game: Let 6 be the constant value of 6 (a). For a € A with agg) <0,
ds (i(a),0(a)) . di (a)
By (03),
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where C' is independent of a. By Assumption 1, 1+ S; (i (a),0) > 0. Hence,

d_, . ._
=7 (a,i(a), 5 (i (a).0(a) )

(05)



is non-decreasing in a. By (O4), for each a € A, for @ > (<) a in A except for countable points,

This implies for all a,a € A,
7 (a,i(a),S(i(a),0(a)),a) <7 (a,i(a),S(i(a),0(a)),a).

Hence, firm a € A does not benefit from mimicking any firm a € A. This completes the proof.
Proof of Lemma A4: We first establish the “only if” part:

Fix an off-equilibrium choice (g, é) and a type a whose equilibrium choice (i (a),6 (a)) satisfies
(A9). We prove (A10) by showing that any type @ < a cannot be associated with (Z, 9) under D1.

Let p be a price such that
Il (a,i, é,p) > 11" (a).

In equilibrium, type & does not benefit from mimicking type a, implying
I (@) > T1(, (a) 0 (a) , P (i () ,0(a))).
This implies
I (@,i,0,p) > T1(a,i(a),0(a), P(i(a) 0 ().

By (A9) and Lemma A1, type a strictly prefers to deviate to (%, HN) at price p:
I (a,3,0,p) > 11 (a,i(a),0(a), P (i(a),6 () = T" (a).

Hence Dj (g, QN) C D, (E, 5), and so (E, 5) cannot be associated with type a under D1.

The case (A11) is analogous: a parallel argument to the above yields D (i,6) € D, (7, 6) for a > a,
implying (57 é) cannot be associated with @ > a, and hence (A12).

Next, we establish the “if” part:

Consider an equilibrium in which the conditions stated in the Lemma hold. Let (Z, é) be an

off-equilibrium action. We show that the price P (5, 5) satisfies D1. Define a by
P(%,é) :a+5(i,9). (06)

It suffices to show that D, (f, 5) C Dg (g, QN) for all a # @, which is equivalent to showing that for
any a # & and any p,

11 (a,7,0,p) > 11* (a) (07)



implies

1 (a,i,0,p) > 11" (a). (08)
Case: (O7) holds for some a < @ and p

Suppose to the contrary that (O8) is violated, i.e., IT* (a) > II (d,%, 0, p). By the equilibrium

condition and continuity, there is @ € [a, a) such that
I (@) > I (a,i (@), 0 (@), P (i (@), 0(a))) > 11 (4,3,0,p) . (09)
(O7) and the equilibrium condition together imply
1 (a,7,0,p) > 11 (a,i(a),0(a), P (i (@),0(a))- (010)

Observe that
i+8(5,0) <i(a)+S(ia),0(a); (O11)

this follows because (O6) implies P (2, 5) >a+S5 (E, 5), and by the Lemma’s conditions, not (A12)
implies not (A11). Applying Lemma A1, inequalities (O10) and (O11) imply that

I (@,i,0,p) > T0(a,i (@), 0/(a), P (i (a).6 (@) = TI" (@),
yielding a contradiction with inequality (O9). This establishes (O8).

Case: (O7) holds for some a > a and p

Suppose to the contrary that (O8) is violated, i.e., IT* (a) > II (&,5, é,p). By the equilibrium

condition and continuity, there is @ € (@, a] such that
I (@) > 11 (4,7 (@), 0(a), P (i (@), 0 (@) > 1 (a,,0,p). (012)
(O7) and the equilibrium condition together imply
1 (a,i,0,p) > 11 (a,i(a),0(a), P (i (a),0(a)). (013)

Observe that
i4+8(5,0) > i(a)+ 5 (i(a),0(a); (014)

this follows because by (06), P (5, é) <a+ S (%, 5), and by the Lemma’s conditions, not (A10)
implies not (A9). Applying Lemma A1, inequalities (O13) and (O14) imply that

1 (a,7,0,p) > T (a,i(a),0(a), P (i (@),0 (@) =" (@),

yielding a contradiction with inequality (O12). This establishes (O8) and completes the proof.



Proof of Lemma A5: Suppose on an interval of firm types A, i (a) and 6 (a) are continuous, and

prices are fully revealing. Then for a € A,
II* (a) = P (i(a),0(a)) = a+ S(i(a),0(a)).

Consider two firm types a1, as € A with as > a1. Let their equilibrium choices be denoted by (i1, 61)
and (ig,02). For k = 1,2, let py, denote P (iy,0)), sk denote S (ig,0), and vy denote V (ag, i, O ).

Equilibrium choices imply

I (a1,ig,02,p2) < II" (a1) (015)
Il (az,i1,61,p1) < II*(a2). (016)

With (3) and (22), condition (O15) can be written as

1—e
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< py“(va—az+ar) <p ‘v,

1 1 1
= (pgl“ —pf‘e) vy < py (az — a1),

1 1 1

pl*é 7p17€ pﬁ
<— 2 a2_a1 < 22 .
Similarly, condition (O16) yields
1 1 1
Py =Pt P
as — ay -0 ’
and hence
1 1 ) 1 . 1
(a1 + S (i1,601)) T < (ag + S (i2,02)) =< — (a1 + S (i1,61)) T < (az + S (i2,02)) T
V(ai,i1,01)  — as — ap = V(ag,iz,02)

Since i (a) and 6 (a) are continuous on A, V (a,i(a),0 (a)) and a + S (i (a),0 (a)) are continuous

on A. The squeeze theorem implies

1 1

dla+5(i(a),0(a)]" [a+S(i(a),0(a))]"
da V(a,i(a),0(a))

which then implies (A5), completing the proof.

Proof of Lemma A6: That

Ol (a,1,6,p) II ,
= — (ep +1
op p(p+1)(p )

has the same sign as ep + ¢ implies (A19). In the issue game, that %;e,m > 0 for 7 > 0 follows
ep+ 1 > 0. In the repurchase game, if € < ¢, then € < m for any i. For p < amax + 5 (4,6),



O11(a,i,8,p)
Op

ep+ 1 < 0, and hence < 0, completing the proof.

Proof of Lemma AT7: Consider ODE (O1) for ¢ € [I1, I*] with boundary condition
a(I") = amin- (017)

By Assumption 1(ii), 6%—?) = 0 for ¢ = I* and a%gi) < 0 for i < I*. Hence, (O1) and (O17)

determine a unique function a (i) on [ig, [*] for some iy € [I1, I*), with ig satisfying either iy > I,

and a (i9) = amax, or i9 = I1,. By construction, a (7) is strictly decreasing.

Let & = a (ig). By the Inverse Function Theorem, the inverse function of a (-), denoted by i (-), is
the unique solution to (15), (16), and (24) on [amin,@]. By construction, 7 (&) = 4g. If & < amax,
then 7 (a) = Ir.

If I = 0, (24) is zero for i (a) = I, = 0, and hence the ODE never reaches Ir. In this case,

%(a) > I, for all a, and & = amax.

By the above, if @ < amax, then I, > 0, and (26) is strictly negative. Hence, (18) and (26)

determines a unique function 0 (a) for a > a.

Finally, we establish that there is enough space on 6 € (0, 1] for these firms to separate. To do so,
suppose to the contrary that there is a firm ag > @ such that é(ao) = 0. By Assumption (1) in
Footnote 7, firm apayx strictly prefers issuing (I, 1) at price amin + S (I, 1) to doing nothing and
being priced apmax:

II (amaxa IL7 17 Qmin + S (ILa 1)) > Qmax-

By Lemma Al, type ap has the same preference:

IT (ag, I, 1, amin + S (I, 1)) > aSacag € > ao.

max

By Lemma A3, type ag weakly prefers issuing I; with efficiency é(ao) = 0 at price ag + S (I, 0)
to issuing I7, with efficiency 0 (a) = 1 at price a + S (I1,1):

ao+S (Ir,0) = (ao, I1,,0,a0 + S (I1,0)) > U (a0, I, 1,a + S (Ir,1)) > (a0, Ir, 1, amin + S (I1, 1)),

where the final inequality follows from firms preferring to issue at higher prices (Lemma A6). The
above pair of inequalities implies ag+ S (I1,0) > ag, contradicting Assumption 1(i) and completing

the proof.

Proof of Lemma A8: By Proposition 6(i), all repurchasing firms adopt efficiency § = 1. Hence
i(a)+ S(i(a),1) is weakly decreasing in a by Corollary 1. From Assumption 1(iii) it follows that
i (a) is weakly decreasing in a. Hence there exists @ € [amin, Gmax] such that firms a < @ repurchase

—1Ir, and firms a > @ repurchase i (a) < —I, with i (a) weakly decreasing.

Claim 1: i(a) is strictly decreasing for a > a.



Proof of Claim 1: Suppose to the contrary, a non-degenerate interval of firm types A pool on action
(4,1) with ¢ < —I. Then

inf A+ S(i,1) < P(i,1) <sup A+ S (i,1). (018)

Case: €P (i,1) +i < 0. Then by Lemma A6, II, (a,7,1,p) < 0 for p < P (i,1). So for any a € A,
from (O18),

I* (a) = I (a,4,1, P (i,1)) < (a,4,1,inf A+ S (i,1)). (019)

Since € (inf A+ S (i,1)) +i < 0, by continuity of S, there is i > i such that for i/ € (i,g>,
e(inf A+ S(i/,1)) + ¢ <0, and hence

I, (a,i',1,p) <0 for p<infA+S (/1) (020)
by Lemma A6. By Assumption 1(iii), i’ + S (¢/,1) > i+ S (¢,1), implying
P(i',1) <inf A+ S (I,1) (021)

by Lemma A4 if (i’,1) is off-equilibrium and by Corollary 1 if (#/,1) is on-path. Inequalities (020)
and (O21) together imply

I (a,i',1,P (i',1)) > I (a,i,1,inf A+ S (i',1)) .

For a € A, since the RHS of the above inequality is continuous in ', from (O19), there exists
i’ € (i,%) such that II* (a) < I (a,4,1, P (i',1)), contradicting the equilibrium condition.

Case: €P (i,1) +4 > 0. Then by Lemma A6, II, (a,?,1,p) > 0 for p > P (i,1). So for any a € A,
from (O18),

" (a) =1 (a,i,1, P (i,1)) < (a,i,1,sup A+ S (i,1)). (022)
Since € (sup A + S (i,1)) +i > 0, by continuity of S, there is i < i such that for i’ € (f, z’),
e(supA+ S (i',1)) +i' >0, (023)

and hence
I, (a,i’,1,p) >0 for p>supA+S(i,1) (024)

by Lemma A6. Moreover, (023) implies there exists @ € A such that V (a,4',1) > 0 so (i/,1) is a
feasible action for firm a. By Assumption 1(iii), i + S (¢/,1) <+ S (i,1), implying

P(i',1) >supA+ S (I,1) (025)



by Lemma A4 if (¢/,1) is off-equilibrium and by Corollary 1 if (i’,1) is on-path. Inequalities (024)
and (025) together imply

I (a,¢,1,P(i',1)) > (a,i,1,supA+ S (i,1)).

Since the RHS of the above inequality is continuous in i’, from (022), there exists i’ € (E, z) such
that IT* (a) < I (a,i,1, P (i,1)), contradicting the equilibrium condition and establishing Claim
1.

Claim 2. For a > a, i(a) is continuous.

The proof of Claim 2 is identical to the proof of Subclaim 2.2 in the proof of Proposition 3. This

completes the proof of this Lemma.
Proof of Lemma A9:

Claim 1: There is a1 > amin such that (24), (A32) and (A33) determine a unique strategy i (a) for
each type a € [amin, a1] and (A34) and (A35) are satisfied on this range. iy =1 (a1) < I*.

Proof of Claim 1: Consider ODE

oi  Vi(a(i),i,1)+(1—e€)i (026)
for ¢ < I* with boundary condition
a(I*) = amin- (027)

That € > € implies €V (amin, [*,1) + (1 —€) I* > 0. By continuity, there is 49 > 0 such that for
(a,i) in the closed 2dp-neighbourhood of (ayin, I*),

eV (a,i,1)+ (1 —€)i >0,
and hence —% is continuous and hence Lipschiz continuous in (a,) in this neighbour-
hood. By the Picard-Lindelijoef theorem, there is 41 € (0, dp) such that (026) and (O27) determine
a unique a () € [amin, Gmin + 00 for i € [I* — 61, I*]. Let iy = I* — 6, and a1 = a (I* — §;). For
i€ [in, I7), a?)—(ii) < 0 for the following reasons: S; (i,1) > 0 by Assumption 1(ii), and since (i, a (7))
is in the 2dp-neighbourhood of (amin, I*),

eV (a(i),i,1)+(1—€)i>0

and hence V' (a (i) ,4,1) > 0. Hence a () is strictly decreasing on [i1, [*] and has an inverse function,
which is the unique solution 7 (-) to (24), (A32), and (A33) for a € [amin, a1] by the Inverse Function
Theorem. For a € [amin, 1], since (a, i (a)) is in the 2dp-neighbourhood of (amin, I*), we have (A34),
which together with (24) implies (A35). This completes the proof of Claim 1.



Claim 2: (24) and the boundary condition i(ay) = i1 determine a unique i (a) for each type a €
[a1, Gmax], and (A34) and (A35) are satisfied on this range.

Proof of Claim 2: Consider
A={(a,i):V(a,i,1) >0},

and for (a,i) € A define function

_eVi(a,,1)+ (1 —€)i

flayi) = V(a,i, 1) S (i, 1)

Consider the initial value problem

i (a)
da

f(ai(@), i(a)=i. (028)

Since f is locally Lipschitz continuous on A, by the Continuation Theorem for ODEs, (028) has a
unique solution on [ai, Gmax]-

Suppose to the contrary of (A35) that B = {a € a1, max] : 82(;) > O} is not empty. By Subclaim

1.1, 63‘9(5) < 0 for @ = a1, and hence inf B > a1, and % = 0 for a = inf B by continuity. This

then implies

9% (a) € i (a)
. = — — - . +C x —=| .
Oa2 |a—1nfB Vv (a, ; (CL) : 1) Sz (Z (a) 7 1) |a—1nfB Oa ‘a—lnfB

=0

with C' < oo, and hence 82(3 ) <. Continuity implies agi(g ) < 0forallaina neighbourhood of

inf B, and hence % > 82(5) la:inf p = 0forall @ < inf B in this neighbourhood by the Mean Value
Theorem. But this contradicts with the definition of B and establishes (A35) for a € [a1, dmax]-
(A35) and (24) then imply (A34). This completes the proof of Claim 2 and hence the proof of the

Lemma.

2 Option of doing nothing

We establish in the Lemma below that it is without loss of generality to ignore firms’ option of
doing nothing (i = 0) for the issue game with € € [0, 1) and for the repurchase game with € € [0, ).
(It is also without loss of generality for the repurchase game with € € (€ 1) since the proof of

Proposition 6(iii) remains identical if firms can choose i from (—o0,0].)

Lemma O1. With the firm’s objective function (22), under the assumptions in Footnote 26 (which
reduce to the assumptions in Footnote 7 in the case e =0), if I, > 0, then all firms strictly prefer
issuing (Ir,1) under any price to doing nothing in the issue game with € € [0,1), and all firms

strictly prefer repurchasing (—Ir, 1) under any price to doing nothing in the repurchase game with



e€[0,¢).

This Lemma then implies including doing nothing (i = 0) in firms’ action space doesn’t change the
set of equilibria: in any equilibrium all firms must transact |i| > Iy, and conversely, given firms’
strategy, a firm doesn’t benefit from deviating to doing nothing (i = 0) as long as it doesn’t benefit

from deviating to (I, 1) (the issue game) or (—Ip,1) (the repurchase game).
Proof of Lemma O1:

In the issue game, by Lemma A6, II (a, Iy, 1,p) is strictly increasing in p. By issuing I, with the
efficient method 6 = 1, firm amax has payoff not lower than II (amax, I, 1, Gmin +5 (I1,1)). By
doing nothing, type amax has payoff not higher than

II (amaxa 07 17 amax) = OGmax-
Then by Assumption (1), type amax strictly prefers (I, 1) to doing nothing. By Assumption 1(iii),
In+S(Ip,1)>5(0,1).

By Lemma Al, all types strictly prefer (I1,1) to doing nothing.

In the repurchase game with € € [0,¢), by Lemma A6, II(a,—I1,1,p) is strictly decreasing in
p. By repurchasing —I; with the efficient method # = 1, firm a;, has payoff not lower than
IT (@min, — 11, 1, amax + S (=11, 1)). By doing nothing, type ami, has payoff not higher than I (amin, 0, 1, Gmax)-
Then by Assumption (25), type amin strictly prefers (—I7,1) to doing nothing. By Assumption
1(iii),
I+ S(~I1,1) < S(0,1).

By Lemma A1, all types strictly prefer (—Iy,1) to doing nothing, completing the proof.

3 Option of partial completion

We analyze the perturbed game in which firms have the option to partially complete their announced

transaction size as specified in Footnote 14.

Proposition O1. In the perturbed repurchase (issue) game with the option of partial completion,
there is a PBE in which firms play the strategy of Proposition 2 (Proposition /).

Proof. In the perturbed game, the firm chooses i, 6, i* with ’z’A’ < |i] to maximize I1 (a, i4,0, P (i, 0))
Step 1. Consider the repurchase game.

For an off-equilibrium announcement (i, 6), let the belief on firm type follow that specified in the

proof of Proposition 2, and the belief on the actual transaction size be loaded on arg max;c; _r,] S (', 0).

10



That is, the off-equilibrium price is

P (i,0) = a” (i,0) + max S (i',0) (029)
i'€li,—Ir]

where a¥ (i,0) = a if i + S (i,6) =7 (a) + S (%(a),l) for some a > a; a® (i,0) = a if i + S (i,0) >
supaza%(a) +S (5 (a), 1); a¥ (i,0) = amax if i + S(3,0) < infy>si(a) + S (% (a), 1). Note that
a® (i,0) is weakly decreasing in 1.
Since maxy¢f; —y,15 (¢',6) > S (i,0), the price for each off-equilibrium announcement (4,) is not
lower than the off-equilibrium price for (i, 6) in the proof of Proposition 2. Since firms prefer lower
prices in the repurchase game, it then follows the proof of Proposition 2 that no firm benefits from
deviating to announcing any (4, f) and actually repurchasing i* = i. It remains to show that no firm
benefits from deviating to announcing any (i, #) and completing the repurchase partially (‘z’A‘ < i,

that is, i4 > 7). This immediately follows the next Claim:
Claim 1: For i* > i, P (i4,0) < P (i,0).

Since firms prefer lower prices in the repurchase game, for i4 > i, by Claim 1,
Il (a, z’A,G,P(i,G)) <TI (a,iA,é’,P (iA,H)) .

Since we have established above that firms do not benefit from deviating to announcing any (iA, «9)
and actually repurchasing i, they do not benefit from deviating to announcing any (i,6) with

i < i and actually repurchasing i* either.
Proof of Claim 1: Consider the following cases:

Case: both (i,60) and (iA, 9) are on-path. Then 4 > i > I* and § = 1, and hence S (iA, 0) < S(i,0)
by Assumption 1(ii). Since firms’ strategy i (a) is weakly decreasing, E {a\iA, 9} < FEali,0]. This
implies P (iA,9> < P (i,0).

Case: both (i,0) and (z’A,G) are off-path. Since i (a) + S (i (a),1) strictly decreases on [d, dmax],
a? (iA,H) < a¥ (i,0). Since max;epa _p,) S (,0) < maxye _g,) S (i',0), we have P (iA,O) <
P (i,0) by (029).

Case: one of (i,0) and (iA,H) is on-path and the other is off-equilibrium. We relabel them as
(ion,0) and (iof, 0) accordingly. Then io, > I* and 6 = 1, and S (ion, ) = maxycp, 1) S (i, 0)

by Assumption 1, so P (ion, ) can be expressed as

P (ion, 6) = Blali, 0]+ max 8 (i',0). (030)
Since i4 > i,
max S (i',0) < max S(i,6).

i'efifd,—I1)] i €li,—1Ir)]
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Moreover, given the definition of a¥, if (iA, 9) is on-path and (¢,0) is off-path, then F [a|i‘4, 9] <
a? (i,0); if (iA,H) is off-path and (i,#) is on-path, a” (iA,0> < FElali, 0]. In both cases, we have
P (iA, 0) < P (i,6) by (029) and (0O30). This completes the proof of Claim 1 and hence step 1.

Step 2. Consider the issue game.

For an off-equilibrium announcement (i,0), let the belief on firm type follow that specified in the
proof of Proposition 4, and the belief on the actual transaction size be loaded on arg miny (7, 5 S (i',0).

That is, the off-equilibrium price is

P (i,0) = a® (i,0) + min S (7',0) (031)

i/E[IL7i]

where af (i,0) = a if i + S (i,0) =i (a) + S (i (a), 0 (a)) for some a; a¥ (i,0) = apin if i + S (i,0) >
sup, i (a) + S (i(a),0(a)); a¥ (i,0) = amax if i + S (5,0) < infyi(a) + S (i (a),0(a)). Note that

a® (i,0) is weakly decreasing in 1.

Since ming ¢y, 4.5 (i',0) < S(i,6), the price for each off-equilibrium announcement (4,) is not
higher than the off-equilibrium price for (i,6) in the proof of Proposition 4. Since firms prefer

higher prices in the issue game, the next Claim follows the proof of Proposition 4:
Claim 2: No firm benefits from deviating to announcing any (i,0) and actually issuing i* = i.

It remains to show that no firm benefits from deviating to announcing any (i,6) and completing

the issuance partially (i4 < 7). Consider such a deviation and the following cases.

Case 1: Both (i,6) and (iA,G) are off-path. Then that 4 < i implies a” (i,0) < of (iA,9> and
ming(r, 4 S (i,0) < minyeqr, ;.S (i4,0), and hence P (i,0) < P (i4,0) by (031). Hence

| (a, iA,Q,P(i,Q)) <TI (a,z’A,H,P (z‘A,O)) . (032)

Since firms do not benefit from deviating to announcing (iA, 9) and actually issuing i4 by Claim

2, they do not benefit from deviating to announcing (i,) and actually issuing i either.

Case 2: Both (i,6) and (iA, 0) are on-path. Since firms’ equilibrium strategy entails full separation

and full completion, the price of the choice of firm a follows
P(i(a),0(a)) =a+S(i(a),0(a)).

Since the equilibrium strategy of firms a < a satisfies § = 1 and condition (12) and the strategy of

firms a > a satisfies ¢ = I, and condition (19), and both i (a) and 6 (a) are continuous at @,

9 (a4 S (i(a),0(a)) = 2 1E(0),6(0))

da = Viwi(a),0@@) = (033)
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Since i (a) is weakly decreasing, P (i,6) is weakly decreasing in ¢ for on-path (4,6). This implies
PG,0) <P (iA, 9) and hence (032). That firms don’t deviate to announcing (i, 6) and actually
issuing i follows Claim 2.

Case 3: (i,0) is off-path and (iA, 0) is on-path. Then either § = 1 or i* = I1. In both cases, that
i > i4 implies o (i,0) < E {a\iA,Q} and miny¢(r, 35 (i,0) < S(z’A,G), so P (i,0) < P(iA,9>.
Hence (032) holds and that firms don’t deviate to announcing (i,#) and actually issuing i follows

Claim 2.

Case 4: (i,0) is on-path and (iA, 9) is off-path. This implies = 1 and i4 < 7 (amax). Let @ denote
the firm type with 7 (@) = 4, then

P(i,0) =a+S(i,1) < amex + 5 (7 (amax) 1),

where the inequality follows (O33). This gives an upper bound to firm a,ax’s payoff from announc-

ing (4,0) and actually issuing i4:
1 (@mas 1, P (3,0)) < T (amas i, 1, o + 5 (7 (amax) 1 1) ) - (034)

Since

1+ (#4,1) 1

0 : -
—— th (amax, ZA7 17 Amax + S (z (amaX) ’ 1)) - V (amaxa Z'Aa 1) B Amax + iA + S (g (amax) ) 1)

i

is strictly positive for i4 < f(amax) because S; (iA, 1) > 0and S (iA, 1) <S8 (5 (@max) 1), we know

A

H <amaX7 Z.Aa 17 amax + S (/Z\ (amax) I 1)) < H (amaXa ? (amax) I 17 amax + S (E (amax) I 1)) .
This together with (O34) implies firm apax prefers its equilibrium action (announcing (% (@max) 1)
and completing the full amount of issuance) to announcing (i, f) and actually issuing i. Hence all
firms prefer firm amay’s equilibrium action to announcing (i, ) and actually issuing 4 by Lemma
Al. Since we have established no firm benefits from mimicking another firm, it follows that no firm

benefits from deviating to announcing (7, 0) and actually issuing i4. This completes the proof. [

4 Details for Section 6.2

Proposition O2. With firm’s objective function (4), the issue game with 6 restricted to 1 has a
unique D1 equilibrium. There is a firm type & < a (with a defined as in Section 3.3) such that firms
with a < & issue 1 (a) determined by (12), (15) and (16), and firms with a > & issue i = I1. & < @
if and only if 4 < amax. The payoffs of firms a € (a,a) are strictly higher than in the issue game

where firms can choose 6 from [0, 1].
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Proof. If G = amax, then all firms use 8 = 1 in the unique D1 equilibrium of the issue game where
firms can choose 6 from [0, 1] by Proposition 5. It is apparent that restricting 6 to 1 does not

change the result. In the rest of this proof, we consider the case & < amax. For a < a, define
9(a) =T0(aI,1,Efala > a + S (I,1) - [a+ 5 (i(a) ,1)] .
Claim 1: g(a) > 0, and there is a unique G € [amin, @) that satisfies
g(a) >0 forac(a,a), g(a)<O0 fora€ (amin,a)-.

Proof of Claim 1: Since & < amax, ¢ (a) = I1, by definition of a. Since firms prefer higher price in
the issue game,
(a1, 1, Elala > &) + S (I, 1)) > I (a, I, 1,a+ S (I1,1))
=a-+S (IL, 1) ,

implying g (@) > 0. Hence it suffices to show that
g(a1) <0 implies g(ag) <0 for ay < aj. (035)

Suppose g (a1) < 0, implying firm a; weakly prefers (E (a1), 1) at price a; + .5 (5 (a1), 1) to (I, 1)
at price E[ala > a1] + S (I1,1). By Assumption 1,

i(a1) + 5 (i(ar),1) > I + S (I1,1).

Then firm as < a; also weakly prefers (5 (a1), 1) at price a; + S (5 (a1), 1) to (Ir,1) at price
Elala > ai]+ S (I1,1) by Lemma Al. Since E [ala > a1] > E[ala > ag], this further implies firm
ay strictly prefers (i (a1), 1) at price a1 + S (5 (a1), 1) to (Ir,1) at price E[ala > ag] + S (IL,1).
By Lemma A3, firm ay weakly prefers (E (a2), 1) at price ag + S (5 (a2), 1) to (5 (a1), 1) at price
ap + S (2 (a1), 1). Hence firm ay strictly prefers (E (a2), 1) at price ag + S (E (a2), 1) to (Ir,1) at
price E [ala < ag] + S (I1,1), and hence g (a2) < 0. This establishes Claim 1.

Step 1. We show the existence of the D1 equilibrium with & determined as in Claim 1 and with the
following off-equilibrium belief: for an off-equilibrium i, if i > I*, the belief loads on type amin; if
i <1(d), the belief loads on type .

Under this belief, the price for an off-equilibrium 7 is
P(i,l):{ m . (036)

The price satisfies D1 by Lemma A4.
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Substep 1.1. We argue firms don’t mimic each other.

That types a < & do not mimic each other follows Lemma A3. It suffices to argue that in the case
d > Amin, types a > a and a < & do not mimic each other. In this case, g (@) = 0 by definition of
a, implying firm ¢ is indifferent between I7, and f(d). Hence firm ¢ prefers I;, to mimicking any
type a < @ by Lemma A3. Firms a > & have the same preference by Lemma A1, and hence do not

benefit from mimicking firms a < a.

On the other hand, that type @ is indifferent between I, and ¢ (@) implies firms a < & prefer 2 (@) to
I;, by Lemma Al. This then implies firms a < & prefer their equilibrium choice %(a) to deviating

to I, (mimicking types a > @) by Lemma A3. This completes Substep 1.1.
Substep 1.2. We argue firms do not deviate to any off-equilibrium i« > I*.

It suffices to show that firm ani, does not deviate to any off-equilibrium ¢ > I'*, because it will then
follow this claim and Lemma A1l that all firms prefer mimicking firm ap, to deviating to ¢ > I*,
and since we have established that firms do not benefit from mimicking type amin in Substep 1.1,

it follows that they do not benefit from deviating to i > I*.

Note that firm amin receives its fair price if it issues ¢« > I* by (036). Since S (I*,1) > S (3,1),
firm ap, strictly prefers I* to ¢ > I*. Hence it suffices to prove firm an, weakly prefers its
equilibrium choice to I*. If firm ayy’s equilibrium choice is I*, there is nothing to prove. If firm
amin’s equilibrium choice is not I*, then it’s I, and @ = apin. In this case, g (amin) > 0 by the
definition of @, implying firm ani, weakly prefers its equilibrium choice Iy, to I*. This completes
Substep 1.2.

Substep 1.3. We argue firms do not deviate to any off-equilibrium i € {IL, 7 (d)}.

Consider an off-equilibrium ¢ € [I I,1 (d)}. Firm @ is fairly priced both when issuing 7 (@) and when
issuing 4 by (036), and since i (@) induces higher surplus, firm & weakly prefers i (d) to i. Firms
a < a have the same preference by Lemma A1, and since they don’t benefit from deviating to %(d)

by Lemma A3, they don’t benefit from deviating to i.

By Claim 1, and by continuity of g, we know ¢ (&) > 0, implying firm & weakly prefers I, to 7 (&).
By transitivity, firm G weakly prefers Iy, to i. Firms a > @ have the same preference by Lemma A1,

and hence do not benefit from deviating to i.

By the above, regardless of whether firm &’s equilibrium choice is 7 (&) or I, it doesn’t benefit from

deviating to i, completing Substep 1.3.
Step 2. We show the uniqueness of the D1 equilibrium.

By Corollary 1, i (a) is weakly decreasing, and hence there is type @ such that firms a > a choose I,
and a < @ choose higher sizes. Similar to the proof of Proposition 5, one can show that types a < @
fully separate and their choices are continuous. If type amin chooses some i > Iy, with ¢ £ I*) it

receives amin+ 5 (7, 1) in equilibrium, and hence benefits from deviating to I*, which leads to weakly
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better market belief and strictly higher surplus. This implies i (amin) = I* as long as @ > apin. By
Lemma A5, the choices of firms a < a satisfy ODE (12). By Lemma A4, off-equilibrium prices are
uniquely determined by (036).

Step 3. We show the payoffs of firms a € (a,a) are strictly higher than in the issue game where

firms can choose 6 from [0, 1].

Let TT17 (a) denote the equilibrium payoff of firm a in the issue game where @ is restricted to 1
and IIY (a) the equilibrium payoff of firm a in the issue game where @ € [0, 1] are available. Since
% (a) = 1Y (&), to prove I1¥ (a) > 1Y (a) for a € (d, ), it suffices to prove

d

d
el R et U ~ A
% InIT* (a) > o InIl* (a) for ae€(a,a). (037)

<
<3S
SN—

For a € (

’ d d
%mHR (a) = -~ InTl(a, I1,, 1, P (I1, 1))
d
= %an(a,IL,l)
B 1
- Via, I, 1)’

and since IV (a) = a + S (2 (a), 1), and by (12)

d 1
—In0Y (a) = ————.
da Vv (a, i(a), 1)
Since V (a, i(a), 1) >V (a,Ir,1) by Assumption 1(iii), O37 follows, completing the proof. O

5 More details for the repurchase microfoundation

We verify that the firm value function under the repurchase microfoundation in Section 4 given by
(A42) in Appendix B satisfies Assumption 1. To show Sy > 0, it suffices to show that a?i j < 0.

Differentiating (A43),

Ak

Since v > 1, it suffices to show that

. N
1\7-1 (4 + k5 (4)) prepa] | — eor

|’L'|—|—’y/£ () M’Y_ T T
1—ePu 1—ePu

(1) s )
n

1—6_’6% ’
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i.e.,
To—B%
>7B"e n

1
1—6_5%’

i.e.,
T
fr > 14 8=,
n
which holds because 3 % > 0.

It is immediate that V is decreasing and concave in [i|, and hence increasing and concave in i.

Concavity of V in ¢ implies S is single-peaked in 4.

To show I < 0, it suffices to show S (0,1) > 0, where S);) denotes the partial derivative of S with

1 1\7 1—e AT
G g (L (1 )
li (n+w€ (n) |1 "

1 1—e AT
S,0,1)=1— — - ———.
|z|(7) N 1—6_’8%

respect to |i|. Note

and hence

It suffices to show )
o BE < (18T
1—e PN > N (1 e )

This holds with equality for % = 0,1. The LHS is strictly concave in %, and the RHS is linear in
%. Hence, the inequality holds given % € (0,1).
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