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A1l Introduction

In this Online Appendix we provide some additional results. The numbers for equations,
lemmas and propositions correspond to those in the main paper, unless they are specific
to the Online Appendix, in which case the numbers are prefixed by an “A”.

A2 Equilibrium

Here we restate Lemma 3.3 and provide a proof.

Lemma 3.3 Suppose one of the following conditions is satisfied: (i) NI > 2; (i) NI > 1
and R > 0; or (iii) p;; = p for all i # j. Then R nr/nf Rnr < 1/2.

Proof We have
R?m . RiTnI (A1)
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We will invoke our standing assumptions that L; > 2, and Rij > 0 for all 3.
Condition (i): The sufficiency of this condition is immediate from (Al).

Condition (ii): If N} > 2, condition (i) applies. If N/ = 1, and all correlations are
nonnegative, we have
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Condition (iii): If all pairwise correlations are equal to p, we have
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If N/ > 2, condition (i) applies. If N/ is equal to 0 or 1, we have
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This completes the proof. U

A3 Convergence to Competitive Equilibrium

The following result is used in the proof of Proposition 5.2:
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Lemma A3.1 In the economy parametrized by (Anr, \ny), A > 1, we have
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where 7 is defined by (27).
Proof From (55), we have
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Dividing both sides of this equation by h;(¢!; \), and noting that X /h;(¢%; \) = ¢! /g:(d'; \),
we obtain
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In the proof of Proposition 5.2, we established that ¢! — oo as A — oco. From (A3),
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Since b;(¢!; \) /¢! — —k, we see that g;(¢'; \) /¢! — 1, so that hy(¢!; \) =\ — R nr/n] Rnr
from (A4). Now the result follows from (A2). O

The proof of Proposition 5.3 is analogous to that of Proposition 5.2. Here we restate
Proposition 5.3 and provide a full proof.

Proposition 5.3 (Convergence II) We have the following convergence results:

A

i limy o0 E(AN, Nu) = lmy oo E(AN,mu). Price informativeness does not depend on
A, and ¢! and ¢V are strictly increasing in \.

A~

it. Suppose Ry > 0. Then, limy1_,o E(nr,mu) = limyr_, E(nr, nu).
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Proof Proof of (i): The depth parameter ¢! satisfies the following equation:

kol 42 ANT gi(oh \) kol 42
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which is the same as (55), except that A does not multiply NY. The proof that ¢! — oo,
#Y — oo, ol — al, and g;(¢'; \)/¢! — 1, is identical to that in Proposition 5.2. Using
the last of these results, it follows from (A5) that k¢! /XA — NZ. Therefore, from (58) and
(59),
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From (27), for the competitive economy parametrized by (Anr, ny),
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so that v/X\ — NT. Using (26) and (30), we conclude that limy ., o = limy_., & and
lim)y o0 p = limy_,o0 P.

We establish the monotonicity properties in the same way as in the proof of Proposi-
tion 5.2. Here we have
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implying that ¢! is strictly increasing in \. Also,
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from which we can conclude that ¢V is strictly increasing in A. The result that price
informativeness does not depend on A follows from (22).

Proof of (ii): We can write

R n; — PiNE + 220 Pis N} (A6)
nf Bnr - NY[N{ + D it PéjNﬂ + 22 N/ 03N + Dot pim V]
Hence, if N} — oo,
R’
), (A7)
nr Rnr

By exactly the same arguments as in the proof of part (i), we can show that ¢! — oo,
#Y — oo for all i € Ly, of — &!, and

kot

N — 1. (A8)
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Using (A6) and (AB),

RI'n; rol — N{[piuN[ + 3752 pisNJ] (k¢1)
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which converges to p;,. From (15) and (A7), we conclude that oY — k=(1 — p;) which,
from (30), is equal to llmNI_>oo . Finally, from (16) and (AS),

2\ ! N/
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which converges to 6, as A\ — oco. From (26) and (27), p converges to 0, as well. O

A4 Market Size and Price Informativeness

In the paper we show that market size has no impact on price informativeness (Proposition
5.2), where we increase market size by scaling up (N7, NY);cr. The purpose of this section
is to investigate the effect of market size on price informativeness when informed agents
in any given group have diverse information about their value for the asset. This allows
us to place the price informativeness result in our paper, and those in Vives (2011) and
Rostek and Weretka (2012, 2015), in a more general context.

We consider a generalization of the Rostek and Weretka (2012, 2015) model to allow
for multiple agents who have the same value for the asset. We call this the “differential
information model”. There are L groups, with the set of agents who belong to group ¢
denoted by N;. We assume that #N; = N for all : € L. Agent n € N; observes a private
signal s;, = 0; + €;,,. There are no uninformed traders. All random variables are joint
normally distributed with zero mean. The values (6;);c;, have a common variance o3, and
a correlation matrix R satisfying the“equicommonality” assumption, which means that
the average correlation of §; with {6;};x; is the same for all 4, i.e. (L —1)"' 3" pij = p,
for all . The random variables (€;,)iernen, are mutually independent, independent of
(0;)icr, and have a common variance o2.

If we set N = 1 in the differential information model, we obtain the Rostek and
Weretka (2012, 2015) model. If, in addition, p;; = p for all i # j, we get the Vives (2011)
model. Taking the limit as o2 goes to zero in the differential information model yields a
special case of the model in our paper, with N/ = N and NV =0 for all i € L.

Rostek and Weretka (2012, 2015) postulate a function p(L), which describes how
the “commonality” parameter p varies with L. The shape of this commonality function
depends on how heterogeneity in values arises (e.g. through differences in geographical
location or from group affiliations). In our discussion here we will focus on the baseline
case in which p does not depend on L, which is also the case that corresponds to the
assumption of an unvarying correlation parameter in Vives (2011).

In our model, market size is measured by N, and price informativeness does not
depend on it. In Vives (2011) and Rostek and Weretka (2012, 2015) market size is
measured by L, and price informativeness is increasing in it (given that p is constant).
With this in mind, we ask what happens to price informativeness in the differential
information model when N or L goes up. An increase in N means that there are more
agents in each group, each armed with their own signal about their own value. An increase
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in L, on the other hand, means that there are more groups, with their own values for the
asset, and signals about these values. We show that regardless of the notion of market
size, N or L, price informativeness can go up or down with market size. The reason is
that while there are more signals in a larger economy, from the perspective of any agent
in the economy, some of these signals contribute to price discovery, while other signals
add to the “noise” in prices. In this sense, the intuition is the same as in our main model,
where an increase in the number of informed agents in group ¢, which by itself increases
price informativeness for group 7, is completely offset by the increase in the number of
informed agents in other groups, which adds noise to the price from the perspective of
group 7. In the differential information model, these opposing effects are not exactly
offsetting in general, so price informativeness can increase or decrease.

We now proceed with the analysis of the differential information model. Due to the
symmetry assumptions of this model, including the equicommonality assumption, all
agents face the same depth parameter ¢, and have the same strategies, given by

E(9i|5m7p) —D
k+ ¢t

for some coefficients 1 and . Using the market-clearing condition, > ,.; > cn. Gin = 0,
we can solve for the equilibrium price:

p:AZZsm:A N29i+ZZem :

1€L neEN; 1€L 1€L neN;

Qin(Sin, D) = = [USin — QP

where A = p1/(aNL). Price informativeness is defined as follows:
bt = Var(0;]sin) — Val"(ei\smyp).
Var(6;|sin)

This is the same definition and notation as in Rostek and Weretka (2012), and we also
follow their notation in defining o2 := ¢2 /03, which measures how noisy signals are. Due
to symmetry, )+ does not depend on 7 or n. For the limiting case of completely uninfor-
mative signals (62 — 00), ™ is the same as V;, the measure of price informativeness in
our paper (see (21)).

We first consider the same measure of market size as in the main paper, here applied
to the differential information model.

(A9)

Proposition A4.1 (Price informativeness and N) Price informativeness ™ may be
increasing or decreasing in N. We have

i. OYT/ON >0 if p>0.
. OYTJON < 0 if p < 0 and sufficiently close to —(L —1)~1.
Proof Using the normal projection theorem, we have

Val"(ei ISm, P)

2 [.2 .
=0, — [0f Cov(b;,p)] Cov(sim,p)  Var(p) Cov(6;,p)

g2 1 52 Cov(d Var(p) —Cov(Sin,p) o2
% Var(s;,)Var(p) — [Cov(sin, p)]? 7 Cov(ti,p)] [—Cov(sm,p) Var(s;y,) } [Cov(zi,p)]
_ 2 oyVar(p) — 202Cov(sin, p)Cov(6;, p) + Var(sm)[Cov(Qi,p)]Q.

o Var(s;,)Var(p) — [Cov(sin, p)]?

Var(si) COV(Simp):|_1|: o }
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Let C :=1+ (L —1)p, and let 1 denote the L-vector each element of which is 1. Since
Var(170) = angRl = 03L[1 + (L — 1)p] > 0, we must have C' > 0 or equivalently,
p>—(L—1)"'. We have

Cov(b;,p) = 0 ANC,
Cov(8in, p) = 0 A(NC + 0?),
Var(p) = 0; A2NL(NC + ¢?).

Note that L — C = (1 — p)(L — 1). Therefore, we have

NL(NC +6%) —2N(NC + 0*)C + (1 + 0*)N?C?
1+ 0)NL(NC + 02) — (NC 1 02)?

L, LN(L—-CO)NC+0%) +0®NCO(NC — 1)

~ T INC+ ) [N(L - C) + 02(NL — 1)]

., NAL-C)C+o*NL-1)

~ Y (NC+ o) [N(L=C) +02(NL — 1)]
., (1—p)N’(L—1)C+o*(NL—1)
“(NC+02)[(1=p)N(L—1)+0*(NL—-1)]’

Var(0;|sin, p) = 03 — 03

Also,
4 2
o o
Var(0;|s;,) = 02 — o — < .
(0ifsin) 0 ag—l-ag 1402

Hence, using the definition (A9), we have

(1-p)N*>(L —1)C +c*(NL —1)
(NC+02)[(1—p)N(L —1) +02(NL—1)]

YT =1—(1+0? (A10)

Differentiating (A10), we obtain

O o ~(NC+ )1~ AN(L 1)+ 0*(VL ~ 1)] [201 - AIN(E - 1) + 0%L]

+ (1= PNAL = 1)C + o*(NL - 1)
: [(Nc+a )[( P~ )+J2L] +C[(1 = pN(L = 1)+ *(NL — 1)]]
— (NC +0?)(1 - [ N*(L - 1)C — o*N(NL — 2)0—0—2}
+(1 —ﬁ)NZ( - 1)02[( —p)N ( ~1)+0*(NL—-1)]
+0%(1 = p)N(NL —1)(L —1)C + c*(NL — 1)*C
=’ (1= p)N(L = )C[(NC = 1)+ (NL — 1) = (1 = p)N(L — 1)]
+o'[(1- )(L 1)(NC —1)— (1= p)N(NL —1)(L —1)C + (NL — 1)*C]
=0’(1—=p)N(L—1)C[(NC —1)+ (N —=1) + pN(L — 1)]
+o'[(1- )(L 1)(NC = 1)+ pN(NL —1)(L — 1)C + (N — 1)(NL — 1)C].
Suppose p > 0. Then NC —1 > (N —1)C + (C — 1) > 0, and hence 9¢*/ON > 0.

On the other hand, limeo(9¢"/ON) < 0. Therefore, 9y /ON < 0 when p is sufficiently
close to its infimum, —(L — 1)~ O
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The proposition says that price informativeness is increasing in market size, as measured
by N, when the correlation parameter p is nonnegative. But when p is sufficiently neg-
ative, a higher N adds more to the “noise” than to the “signal” in the price from the
perspective of any agent. This is because price is an ambiguous signal of value when
p < 0. For an agent in group i, a higher price may be due to a higher 6; (which is good
news) but may also be due to higher values of 6;, j # ¢ (which is bad news since p < 0).
Negative correlations can arise due to hedging motives (see Rahi and Zigrand (2018) for
an example).

Next, we look at the case where market size is measured by the number of groups, L.

Proposition A4.2 (Price informativeness and L) Price informativeness ™ may be
increasing or decreasing in L. We have the following results:

i. Suppose N = 1. Then Oy /0L > 0. If, in addition, p # 0, then Ov™ /0L > 0.
ii. Suppose N > 2. Then O™ /OL >0 if p > 1/2 and o*p > N — 1.
iii. Suppose N > 2. Then Oyt /OL <0 if p=0.
. Suppose N > 3. Then O+ /OL < 0if p> —[2(L—1)]7, and o* < (1 —p)(N —2).
Proof Differentiating (A10) with respect to L, we have
o+
;’—L x —(NC + 0?) [(1 — P)N(L —1) + ¢*(NL — 1)} [(1 —N2C + (L —1)p] + JQN}
+ [(1 —PNYL —1)C + 0% (NL — 1)}
- [(NC +0%)(1 = p+ 02N + pN[(1 = p)N(L — 1) + 0*(NL — 1)}}
—(1 - p)(NC + ?) [p(1 — D)NX(L —1)? + o*(N — 1)(NC — 1) + 0*pN(L — 1)(NL — 1)]
+ —[(1 —p)*N* (L —1)*C +0*(1 — p)N(L —1)(NL —1)(NC + 1) + o*(NL — 1)2}
o< p(1 = p)N(L = 1)(NL = 1) = (1 = p)N(N = )(NC' = 1)C = p(1 = p)*N*(L — 1)*
+ 0% (NL = 1) = 031 = p)(N = 1)(NC — 1) — 6*3(1 — p)N(L — 1)(NL — 1)
1 NN 1~ 2901 — NN L — 1) - 1 NN — 20— 17
+0%[(2p — 1)(N — 1)+ p°N*(L — 1)* + 2p°N(N — 1)(L — 1)]
=(N=1?[0*(2p = 1) = (1 = p)N] + 2pN(N = 1)(L = 1) [0°p — (1 = p)(N — 1)]
£ PENAL — 10" — (1 - p)(N = 2)].
We denote the last expression by H. We establish that H has the desired sign for each
result in the proposition.
Proof of (i): If N = 1, it is immediate that H > 0, where the inequality is strict if and
only if p # 0.
Proof of (i): Suppose N > 2. Using the conditions p > 1/2 and o?p > N — 1, we have
pH > (N —1)*[(N = 1)(2p — 1) — p(1 — p)N]
+2p°N(N = 1)(L—1)[(N—=1) = (1 = p)(N = 1)]
+p*NY(L —=1)*[(N = 1) = p(1 = p)(N —2)]
> —p(1 = p)N(N =12 +25°N(N —1)*
> 0,
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and hence H > 0, as desired.
Proof of (iii): If N > 2 and p = 0, it is immediate that H < 0.

Proof of (iv): Suppose N > 3, and 0 < (1 — p)(N — 2). If p > 0, then it is immediate
that H < 0 (note that 250 — 1 < 1). If —[2(L — 1)]7! < p < 0, a different argument is
needed. First, observe that

H < Hy(p) = (N~ 12[0*(2p—1)— (1= ))N] +2pN (N — 1) (L— 1) [0~ (1- p) (N —1)].
It is straightforward to check that Hy(p) > 0. Furthermore, H;(0) < 0, and

202+ N

o2+ N -1
2(L—1)

Hi(=[2(L = 1)) o< =(N = 1) [0® + N + 2(L—1)

1+N{N—1+
x —0*[2(N — 1)L — N|

< 0.

Invoking the convexity of Hi(p), we conclude that H,(p) < 0 if —[2(L —1)]7' < p < 0,
and hence H < 0 for p in this interval. This completes the proof. O

The proposition describes how price informativeness is impacted by market size, as mea-
sured by L. If N = 1, price informativeness goes up with market size. This is the price
informativeness result of Rostek and Weretka (2012, 2015) for the case of a constant
commonality function p(L). However, when there are multiple informed agents in each
group, price informativeness is decreasing in market size if p = 0. In this case, adding
another group adds noise to the price for the existing groups, while not adding any useful
information. In fact, for relatively precise signals, price informativeness falls with market
size for any nonnegative p (and also for a range of negative values of p). In order to
recover the Rostek and Weretka (2012, 2015) result for N > 2, we need correlations that
are relatively high and signals that are relatively noisy.

Why does the relationship of price informativeness to market size change so dramat-
ically when we go from N =1 to N > 27 Consider the inference problem of an agent in
group ¢. This agent seeks to learn ; from the equilibrium price, which is proportional
to the sum of all signals in the economy. The part of the price that is potentially most
informative about 6; is the sum of the signals of other agents in group 7 (and there are
some such agents only when N > 2). The signals of agents in groups j # i cloud this
information. Increasing the number of groups clouds it even further.

It seems counter-intuitive at first glance that an increase in market size lowers price
informativeness when signals are relatively precise. This is because the accuracy of signals
applies not only to the new signals that are added when the market grows in size, but
also to the existing signals. If the existing signals already convey a lot of information,
the scope of price discovery from the additional signals is lower.

A5 Welfare

The following result appears in Proposition 7.2:

Lemma A5.1 Consider an Fi-economy parametrized by A\n;, X > 1. Suppose Ni > 4.
Then UL (\nr) —UY (Mny) is strictly increasing in X, for all i € Ly N Ly.
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Proof Let AU; :=U! —UY. Note that V; and G; do not depend on A, 9¢ /OX > 0, ¢V
depends on A only through ¢! (see (78) and (79)), and F'(x) = 2(kz + 1)73, from (32).
Hence, from (33), (34), (43), (79), (80) and (81), we have

(AU, , N
(8)\ ) o GiF'(¢") — [Gi —(1- Vz)}F (@U)%;[
> G F/(¢I) F/(¢U)8¢U
- 1 a(b[
o U
x (O - P 5
B 2 2 (ki + 1)a¢1
T (kT 1P (ke +1)3 2kgU +b;
. 2 2 0P
Z o 417 (ho! + 1P (2kal + bi) 007
o (2kol +b;) — (ko' + 1)52
0P\
o (2kg; +b;)? — (ko' +1)? (8751)
- kel 2 Ly
= k0 T = o0 (14 ()

kol +2\° RTm>2
— 4 T k I + )
(i) (o
RTT]] Iké[ _|_ 2 I
— 2 2—k — | & 1
Rle< O R 1 ol
_ (R;UI)Q B 2R¢T771 (2 _ k¢]k¢l+2) .
Rim Rim kol +1
By the definition of an Fi-economy, R/ n; > 0 for all j € L;. Hence, d(Al;) /0N > 0 if

kot +2
>
k¢1+1_2 (A11)

1 2
kol + 1

ko'

Using (36),

ni Rnr _ 0 Ry I
kol +2 =\ > > NI
i Rinr = Rinr !

Since k¢! (k¢! + 2)/ (k¢! + 1) is strictly increasing in ¢f,
kol + 2 NI
2 v
kT + 1 NI 1
The right hand side of this inequality is increasing in N{. Therefore, if N{ >4, (A11) is
satisfied. This completes the proof. O

kol

A6 CARA Utility

In this section we consider an economy in which agents have constant absolute risk aver-
sion, with a common risk aversion coefficient r, instead of linear utility with a quadratic
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holding cost as in the main model. In order to ensure that the conditional variance of
the asset payoff is positive for all agents, we assume that the value of the asset for group
i is v; := 0; + (;, where the random variables {(;}icy are i.i.d. normal, with variance 02,
and independent of all other random variables. The wealth of an agent in group ¢, given
an asset position ¢;, is W; = (v; — p)g;. Informed agents in group i privately observe 6;.
Let T
k' = rol, kY =k 4 rol [1 — (RTZ—nI)} _

n; B
We show that, with the exception of Proposition 6.2, all the results in the main model
continue to hold with minor modifications. Essentially, the only difference is that the
parameter k is replaced by k' for an informed agent and by kY for an uninformed agent
in group 1.

We have the following analog of Proposition 3.1:

Proposition A6.1 (Demands and prices for given depths) The depth parameters

for informed agents are the same for all groups: ¢! = ¢! for all i € L;. Given ¢! and
{0V Viery, agents’ demand functions are

g = o' (0; — p), i€ L,
U _ 9 Ig(ip) —p] = —a¥ €L
i —m[ (6:lp) — p] = =o', L€ Ly,
where
I
I:q)_ I: ¢
of =@ gV
— Qﬁ] 1_0-6'1-;)
koY +1 012)
Csz R?m 1,1
= WU T _mTRm(k ¢ +2)|. (A12)

The price function is given by

p=(k'¢' +2)"'n; 0,
and market depth is
(Ko +2

® =o'

(A13)

Proof Consider an agent in group ¢. His information at the time of trade is Z;, where
Z; := (0;,p) if he is informed, and Z; := p if he is uninformed. The depth parameter that
he faces is ¢;, which is equal to ¢! if he is informed and ¢ if he is uninformed. Also
associated with this agent is the parameter k; := rVar(v;|Z;). He chooses ¢; to maximize
the mean-variance criterion U; given by

Uy = E(WilZ) — 5Var(WilZ,)
T
= [E(6:|T:) — plg; — §Var(vi]1i)qi2

= [E(6:|T) — plai — —d}- (A14)



The first-order condition is
E(0:|Z:) —p — ¢; '@ — kigi = O, (A15)

which yields the optimal portfolio
_E@Z)-p &

i = = E(6;|Z;) — p|. Al6
For an informed agent (i € L), we have
and
ki = rVar(0; + (|0;) = rof = k', (A18)
and hence
o
4; = m( i — D).

Noting that the analysis in Section 3 of the paper that precedes the definition of equi-
librium still applies, we can use the same reasoning as in the proof of Proposition 3.1 to
show that ¢! = ¢! for all i € L;. Thus we have the desired expressions for ¢/ and o!.

The formulas for p and ® follow from the same arguments as in the proof of Proposition
3.1. For an uninformed agent (i € Ly),

T0;p R;rnl I,1
E(6;]p) = - Kol +2)p, A19
(6:[p) 2 P= T Ry F O 2P (A19)
and
% (Rnr)?

ki = rVar(0; + Glp) =7 |02 + o) — Gip}:kl—l—rJQ[l— i 1 ]:kly, A20
O+ Gl = o2+t = 2 - (A20)

and hence ¢V = —aVp, where o¥ is given by (A12). O

As in the main model, an equilibrium can be described in reduced form as depth
parameters (¢7, oY, ..., ¢5U) € REJJFH that solve the following equations (which are anal-
ogous to (19) and (20)):

Kol +2 P!
U I Ul _ I 1
>N {qﬁ—kld)lﬂ—@]——WH[M +2) - N'], (A21)
i€Ly
T
(kT 42 U 1= nl%Rnnlz (k9" +2) ; A
¢m_¢z o0 +1 + 1], 1 € Ly. (A22)

Thus the price function and the equations for the depth parameters take the same form as
in the main model, with the parameter & being replaced by k! for informed agents, and by
kY for uninformed agents in group i. Moreover, these parameters are exogenous, so our
existence result, Proposition 3.2, still applies. Proposition 4.1 on price informativeness
also holds. Using (22), we have

kY =k +rog(1—-V)). (A23)

The results on depths and slopes need to be modified.
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Proposition A6.2 (Depths) The depth parameters ¢' and {#Y }icr,, satisfy the follow-
mg properties:

i. ¢V > ¢! for alli e Ly.

i. ¢f = oY if Vi =V;. Furthermore, if of > agn; Rn; /8, then ¢ = ¢¥ if and only if
Vi =YV, and ¢7 > gbgj if and only of Vi > V;.

iii. If NU =0, then k'¢! +2 = NT. If NV > 1, then k¢! +2 < NI + NV.
Proof From (A22),

¢U
EVoY +1°

Usz@U"‘Q_
CEUGY 41

(Kol +2 . Rln;

— k[ I 2
kol +1 mTRm( ¢+

¢

Note that the left-hand side is nonnegative, and z(kx 4 2)/(kx + 1) is strictly increasing
in z and strictly decreasing in k. Since k¥ > k!, we can conclude that ¢} > ¢! for all
i € Ly. The result in part (i) follows.

From the above equation,

Kot +2  Rlng
kKol +1  n/ Ry

k¢ +2— [k +(8)7]¢ (K'¢" +2).

Since k' = k' +roj(1 —V;), it follows that ¢ = ¢ if V; = V;. In order to establish the
result that depths are ranked by price informativeness, we fix an equilibrium of a given
economy (in particular, we fix ¢!, 02 and 1] Rn;), and consider different hypothetical

P
values of R] 77, and hence of 3;, defined by

0-91']7 Rz—rnl I I
= — i pTl 4 9. A24

A higher value of f3; is associated with a higher value of V;. From (A13) and (A22), ¢V
solves

kY (67)? + gl — @ =0, (A25)
where
bi=2— B — k[ ®, (A26)
and
-
U _ I 2 o My Bnr
ki —k "‘7"0'9 1—ﬁzm
=kl +r(o} - 3012,).
Differentiating (A25) with respect to f3;, we get
9V okY oY ob;
2%V gV L Uy2 L 4 U_ =0

A13



so that

oof _ o7 [ w0k, O
op; 2kY @Y + b; 0B; 0B
¢y oy OkY
LT [” (@ =9) 55
= —d)ZU [1 — 2ra-UB-a2]
2kY oY + b; T
¢U

2 (1 - @-)@-ag]

" 2TV + by KoV +1

From (A25), KV @Y +b; > 0. Also, oY /(kVoY +1) < 1/kY < 1/kT, (1 — 3;)B; < 1/4, and
o2 = ogn; Rnr(k'¢" +2)72 < ojn/ Ryr/4. Therefore,

p
997 2r¢} (1 = Bi)Bioy

]_ _
08, koY +1
> 1 - TU%”IRTII
kI
2, T
o ogn; By
O-C - T.

The result in part (ii) follows. The proof of part (iii) is analogous to that of Proposition
42 (). O

Proposition A6.3 (Slopes) The slope parameters o' and {a¥ }icr,, satisfy the follow-
g properties:

i. ol >0.
i. oY <ol foralli€ Ly.

i, al = a if Vi =V;. Furthermore, if JC > o02n] Rnr/8, then oY = a if and only if
V, = Vj, and of <a if and only if V; > V;.

The slope parameters also satisfy properties (iv)—(vii) in Proposition /.3.

Proposition A6.3 follows from Proposition A6.2 and from the arguments in Proposition
4.3. There are two differences in the results on depths and slopes compared to those in
the main model. First, in order to rank depths and slopes by price informativeness we
need a lower bound on o7 (this ensures that k{ is not too large relative to k’). This way
of ranking depths and slopes is useful for interpretation, but is not needed for any other
results. Second, the inequalities in Proposition A6.2 (i) and (iii) and Proposition A6.3
(ii) are strict because kY > k! for all i € Ly;. This second difference also accounts for the
following modification of Lemma 4.4:

Lemma A6.4 (Naive economy) If all uninformed agents cmz naz’ve they have the
same depth and slope parameters: ¢¥ = ¢V > ¢!, and oV = oV < of, for all i € Ly.

The analog of Proposition 5.1 is as follows:
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Proposition A6.5 (Competitive equilibrium) In a competitive economy with the mass
of agents given by { NI, N"}.cp, the price function is

p=7"'n0,

where ,
I Uk
N + ZZELU NZ W

v i= i, (A27)
kI Ri n
L+ 2iery NiUWmTR;z
and the slope parameters are
Al (kl)fl
WU — (pU)-1 | Zoip
A =0 -7
Rinr
:kU*P d } i€ Ly.
( % ) T];—R’I']]Fy U
The slope parameters satisfy all the properties in Proposition A6.35.
We need the following analog of Lemma A3.1:
Lemma A6.6 In the economy parametrized by (Anr, \ny), A > 1, we have
1T
lim —k o) =7,
A—00
where 7 is defined by (A27).
Proof From (A22), ¢V solves
]{I¢I +92
EVU(OUN2 b (- Nl — pf 2~ = —
z(¢z)+l(¢7 )gbz ¢k1¢1+1 07
where BT ol 12
i 10 U T +
bi(ph\) =2 — —~—(k 2)— k¢ ——7F.
The solution is given by
RV ERV A CUPYR s
&V = gi(¢h5\) = V > SCESS (A28)
2k;
From (A21),
ko' 42 N' gi(¢";N) ko' +2
= - A NV |25 A A29
ol +1 Kol + 1 +,€ZL: Z [ o k1¢1+1] (A29)
€Ly
I
_Hete2 NS, N S o[BI Kol K]
- kLol + 1 kLol +1 = ¢ ol klpl +1 kiU(kI¢I+1)
teLly
k]
Kol v2 N4 D, Nigr
= - ) NP H(¢"; A A30
k[¢[+1 k1¢1+1 +§ (2 (¢7 )7 ( )
€Ly
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where

Kol +2 K
kol + AT kY (KTl + 1)A’
(T M)A bi(¢"; M)A bi(¢'; M)A kol +2
hi(¢"; A) = EER_ Hd +\/{ <2k£f¢f) } +k$f¢f<k:f¢’+1)v'

Hi(¢"; ) = hi(¢"5 \)

! - 2KV !

Note that h;(¢!; \) is strictly positive and satisfies

e @SN Ho'+2

i gt 2A BIm (K 2\ Hee2 ] mgar

= hz(¢ a/\) _hz((b a)‘)+ sz(bI - n}arI <W kf]¢l) - k,[¢[+1 :| - kff¢1(k1¢l+1)
(A31)

i T Flm (KL 2\ Wl R IN

=t [ 22 (i + )+ e+ ~ o 10

Dividing both sides of this equation by h;(¢?; \), and noting that \/h;(¢'; X) = ¢ /gi(¢T; N),

we obtain
Rin (K 2 Kol 2 !
Hi I,)\ = : 77 —1] A
@5 = T (kff +k§f¢1) TR (kT 1 1) (gmﬂ;» >

Using the arguments in Proposition 5.2, we can show that ¢/ — oo as A — co. From
(A28),

gi(¢hN) bl N bi(¢'; )] kgl +2
T S T I e
Since b;(¢%; \) /¢! — —kY, we see that g;(¢'; \)/¢! — 1. Moreover \/¢! is bounded (we
T
prove this below). Therefore, H;(¢!; \) — l];_én}ii;v;f Now the result follows from (A30).
[ I
It remains to show that A\/¢’ is bounded. From (A31),

Rlnr [k 2 2\ A Elpl + 2
0= hi(¢T; M) |hi(dT; ) = N — = - _ _
(@ )[ A = A (kﬁk%f)*k%f kf<z>f+1] (o + 1)
RTm k! 2 kL — U
= h; oA h; Ty — )\ — =2 — ¢ A
@’ﬂ(“) 7WW<W+MW)+WWW+D}
kot +2

T RIS+ 1)

)\2

[Ri(9"; N) = A] .

Dividing both sides of this equation by h;(¢!; \), and noting that A /h;(¢%; \) = ¢! /g:(d'; N),
we obtain

K ! + 2 o VTR (K 2\ K&
) ky

Ioyy ) — rMo_c
hi(@'5A) — A = [1 + KOO (KoL + 1) gi(oF; A ni Rnr \kY  kV¢! (kfo" +1)

From (A29),
ko' +2 N+ NY
kot +1 kol +1

A+ ) N [hi(g" 0 — A = 0.

i€Ly

A16



From the above two equations, we can show by contradiction that \/¢! is bounded. This
completes the proof. 0J

Using Lemma A6.6, we can show that Proposition 5.2 holds. Propositions 5.3 and 5.4
also hold. The proofs are along the same lines as those in the paper.

Next, we turn to welfare analysis. It is convenient to use the following monotonic
transformation of ex ante expected utility for an agent in group :

= %([E(exp(—rﬂ@)]z - 1), (A32)
where W; = (v; — p)g;. We define
Fk,z) = % (A33)

which is the same as the definition of the function F' in the paper (see (32)), except
that here we allow F' to depend on k in addition to x. Gains from trade for group ¢ are
G = 0j _,/0; as in the main model.

Lemma A6.7 (Utilities) Ex ante utilities are given by

2
U = %F(kl7¢I)Gz‘a €Ly,
2
uv = %F(k?, o) [Gi—(1-V)], i€ Ly (A34)

Proof For an agent in group ¢,

E[—exp(—rW;)] = —E[E(exp(—rW;)|Z;)]
=_E [exp(—rUi)},

where Uj; is the mean-variance criterion given by (A14). Using (A14)—(A16) and (A33),
we have

1

T 26,
= & (ki 0) [E(6IT) ~ 9]

Ui (ki + 2)%'2

Now we invoke the fact that if X ~ N(0,02), then E(e~2%") = (1 + ¢2)~2. We have

E[— exp(—rV})] = — {eXp (—%rF(ki, o) [E(6:|T,) — pfﬂ

= — [L+ rF(k;, 6.)E[E(6:|T;) — p)?] %,

[NIES

and therefore (from (A32)):

U; = %F(k o) E[E(6,|T) — p]”.
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Using (A17)-(A20), we obtain:

7

1
! = LF( 6 E(, — p)”.
1 (oF’] 2
U _ v U i 2
U _§F(kz &5 ) [1_0_217] Op-

p

The desired expression for U/ is immediate. For U the argument is the same as in the
proof of Lemma 6.1. O

Thus equilibrium utilities are the same as in the main model (up to a monotonic trans-
formation) except that the parameter k is replaced by k' for the informed, and by kY
for the uninformed in group i. We do not have a result that is analogous to Proposi-
tion 6.2. However, Example 6.1 is still valid (k¥ converges to k! as 02 — 0, so that
limgz_,0 F(KY,¢Y) = limg2_,0 F(k!, ¢Y) > limg2_,0 F(k!,¢')). Lemma 7.1 holds with &k
replaced by k’; thus ¢! solves

By = @(/@W +2)=1. (A35)

It is straightforward to check that Propositions 7.2 and 7.3, and Lemma 7.4 also hold.
Next, we verify that Proposition 7.5 holds (we restate this result for convenience):

Proposition A6.8 (Welfare) Consider an Fi-economy with two groups. Suppose p <
1/2 and N{ < N]/3. Then UY = 0 for all N, and the utility of all other agents is
strictly decreasing in N

Proof We will show that oUY /ON{ < 0. The other welfare effects follow from the
arguments in the proof of Proposition 7.5. From this proof, we recall that 0V,/dN{ < 0,
and 0G4 /ONT < 0. From (A23), we have 9kY /ONT o —0V,/ONI > 0, and from (A33),
OF (z,k)/0k < 0, and OF(z,k)/Ox > 0. Hence, using the utility expression given by
(A34), it suffices to show that d¢Y /ON] < 0.

From (A24), (A25), (A26) and (A35), ¢Y solves

kS (¢)? + oo — @ =0, (A36)
where AT
by =2 — 2 _ UG
2 RITH 2

Implicitly differentiating (A36) with respect to N{, we obtain:

oY 1 [ 00 8kU Ok v "
ONI — 2kY oY + by | ON{ NI 2 aNf 2
[ R2 N1

_ 1 00 akUqa v O OK 0%
2kY ¢Y + by | ONI NIT2 o ONI  oN] 2 ON!

63

[ Ry
L | i) 22 gy o

Sl b a7t any (@)% gy
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From (A36), 2kY¢Y + by > kYol + by = ®/¢Y > 0. From (86), ®/ON{ < 0, and
T
from (87), 6R2TZ§/6N{ < 0. From (A12), (A24) and (A35), and the assumption that

R
NI < Ni/3,

RTn
¢—¢3m1—Ra;aRLn—R&nzu—wxMﬁww><0
1

As noted earlier, 9kY /ON{ > 0. Using all these facts, we conclude that 9¢Y /ON{ < 0.
U

Finally, it is easy to check that Propositions 8.1 and 8.2 hold.

A7 An Extended Model

In this section we extend the model in the paper to allow for agents who are either well-
informed or poorly informed. To simplify our calculations we suppose that there are only
two groups, 1 and 2, with independent values, and all agents in group 2 are well-informed.
In particular, for each group i, i = 1,2, there are N/ well-informed traders who observe
a signal s/ = 0; + €!. In addition, there are NY poorly informed traders in group 1 who
observe a signal sV = sl + ¥ = 60; + el + €V, We assume that (i) N{ > 1, N/ > 1 and
NY > 1; (ii) 0y, 0o, ¢!, € and €V are mutually independent joint normal random variables
with zero mean; and (iii) Var(6;) = o7, and Var(e]) = o2, for i = 1,2. We denote the
variance of €V by o2 .

Let ¢! be the depth parameter for well-informed agents in group i, and ¢V the depth
parameter for poorly informed agents in group 1. Let

1.2
Nlan

(NT)?02, + (N3)*(0f + 02, + 02,)

U

Q=

The following proposition characterizes the linear equilibrium for given depths.

Proposition A7.1 (Equilibrium for given depths) The depth parameters for well-
informed agents are the same for both groups: ¢1 = ¢ = ¢'. Given ¢! and ¢V, agents’
demand functions are

gl = p'sl —a'p,  i=1,2,

g = ps" —ap,

where
I
I ¢
-7 A
ul = o3 ¢
a§+0621k¢1+1’
U
U ¢ I
=—|1-Q(k 2 A3
o (1 9k +2)], (A38)
. (N2

[(NT)202, + (N{)?(0} + 02, 4+ 02))| [k + (V)] + N{NVo2 [k+ (¢)~']
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The price function is
p =" [ (N{s] + Nysy) + NVu"s"] (A39)

where ® is market depth, given by

kol + 2
P = ¢ : A40
¢ kol +1 (A40)
Proof We look for an equilibrium in linear strategies of the form
¢ (si,p) = wisi — o, (Ad1)
qi (s”,p) = n”s” —a’p. (A42)
The market-clearing condition is
N{pist + Nypysy + N7p"s” —@p =0,
where
®:= Nlaf + Njad + NYaV. (A43)
The group-specific depth parameters are related to ® as in the main model:
¢ =P—af, ¢'=0-a". (Ad4)
Agents’ optimal strategies are given by
E(¢i]si,p) —p
I I (2 )
. 8.7 = 5 A45
il (sln) = =S (A15)
E(61]s”.p) —p
v/ U 1 5
= A46
ql (S 7p) k’ i (gbU)_l ( )
We have
E(61sL.p) = B(O)s!) = D! (A7
irP oj + 02
Therefore, from (A41), (A45) and (A47),
CTEE @D kel L
ul = %
(2 0_3 + 0_621 1
Moreover,
! kol + 2
b—ol 1o =2 1_ ko

which is increasing in ¢!. Tt follows that ¢! is the same for both groups, and hence so
are o and p!. Henceforth, we drop the i subscripts on these variables. Also,

E(61|s”,p) = E[61]s”, @ (Nip'si + Nyp'sy + N7pu"s")]
= E(01|SU7 81)7 (A48)
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where
st = (u')Hep — N7p"sY] (A49)
= sl + Nt
We have
E(0,]sY,s") = bYsY +b's’, (A50)
where

Cov(0y, sY)Var(s') — Cov(6y, s")Cov(sY, s')

b =
Var(sV)Var(s!) — [Cov(sY, sT)]?
) (N3
(NT)?02, + (N3)?(0f + 02, + 02,)’
b — Cov(6y, s")Var(s¥) — Cov(y, sV)Cov(sY, s)
Var(sV)Var(s!) — [Cov(sY, sT)]?

1.2 2
NIUOUGU

[(N])202, + (N3)*(0f + 02 + 02)] [0f + 02]

Therefore, from (A42), (A46), (A48), (A49) and (A50),

1— I—lI(I)
ol — (n')"'b

k+(o¥)!
o 103 + 062 T
= 1-bv———L(k 2
kol + 1 o7 (h9"+2)
U NI 2
= 4 1—- T I1 e (k(bl +2)|,
kU +1 (Ni)?02, + (N)*(0F + 02, + 02,)
and
MU _ bU _ (IUI)—lbINUluU
k+(o¥)!
bU
Iy (V)T + (ul) " BINU
_ (N3)?03
[(N])202, + (N§)* (07 + 02, + 02 )] [k + (6V) 1] + N{NVo?2 [k + (¢))71]
This completes the proof. O

Note that the coefﬁcients (ol u!, oV, uY) converge to the corresponding expressions in
Proposition 3.1 when a =0 and a — 0.

Proposition A7.1 glves us prices and demand functions in terms of the depth param-
eters ¢! and ¢U. Using (A40), (A43) and (A44), we obtain

U Ik¢l+2 Ul _ ¢I I I
s = ] = o e+ 2) - ), (As1)
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where N7 := NI + NI. From (A38), (A40) and (A44), we have

U
= mf — [1- a0’ +2)). (A52)

kol + 2
kol +1

¢I

An equilibrium can then be described in reduced form as depths (¢, ¢¥) € R2 that
solve (A51) and (A52). These equations are the same as the equilibrium equations (19)
and (20), for the case of L; = L = {1,2} and Ly = {1}, except that R/ n;/n] Rn; is
replaced by 2.

Proposition A7.2 (Equilibrium characterization) There is a unique equilibrium.
It has the following properties:

i ¢U > ¢I}.
ii. of > 0;
ii. oV <ol
. oV >0 if NI < NI.
Proof The arguments below are identical to the corresponding arguments in the main
paper, with R]n;/n] Rn; replaced by €.
Proof of existence: The existence proof is the same as for Proposition 3.2. In the final
step of the proof we need to establish that f/(0) < 0. Noting that
NI NI

Q< <
(N{)2+(N3)2 — (Nf)2+1

< (A53)

1
57
we see that

f1(0) = =(N"=2) + NV [(1 - Q)7 — 2]

-y

< —(NT—=2)+ NV

Uniqueness of equilibrium follows from the specification of the trading game, as in Propo-
sition 3.2.

Proof of (i)-(iv): To show that ¢V > @', we use the same argument as in the proof of
Proposition 4.2 (i), noting that € > 0. The inequality a¥ < of is then immediate from
(A44). From (A37), we have o’ > 0. Finally, analogous to the proof of Proposition 4.2
(vi), we see that af > 0 if and only if N'Q < 1. Under the assumption that N{ < NI,
we have

M <1

NIQ < NT
(N{)2 4+ (Ng)2 —

This completes the proof. O

The following result is the analog of Proposition 5.1. As in the main paper, we
distinguish the parameters of a competitive economy with a “hat”.
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Proposition A7.3 (Competitive equilibrium) In a competitive economy with the mass
of agents given by (N{, NI, NY), the slope parameters are

~1 _ k,—l’
~T — k_l > 0_3 ’
oy + 02,
L al- N
1+ NUQ’
[LU _ k_l (NZI)ZUg

(N{)202 + (N3)2(05 + 02 4+ 0% )+ N{NVo2 -

The slope parameters satisfy all the properties in Proposition A7.2.

Proof The market-clearing condition is
N{ st + Ny figsy + NYja%s" — &p = 0,
where )
®:= N/a&j + Njas + NVav.
Agents’ portfolio choices are given by (A45) and (A46), but with zero price impact. The

conditional expectations are the same as in the imperfectly competitive case. Hence, we
obtain:

OAéU — 1.—1 [1 - (,&I)flblq/\)}

= k(1 — QkD),
and
,&U — k'_l [bU - (ﬂ[)—lbINUﬂU]
bU
~ kit ()"WINU
e (N8)?o? |
(N{)202, + (N§)2(03 + 02, + 02)) + N{NVUo?,
Therefore, A )
® = k'[N + NY(1 - Qkd)],
so that NN
o=
1+ NVQ
It follows that
&U:kfl _(NI+NU)Q
1+ NVQ
1= NTQ
1+ NUQ
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It is easy to check that the slope parameters satisfy properties (ii)—(iv) in Proposition

AT.2. U

Next, we provide convergence and limit results analogous to those in Propositions 5.2,
5.3 and 5.4.

Proposition A7.4 (Convergence) We have the following convergence results:
i. Timyoo EON, ANY) = E(nr, NY), and ¢' and ¢V are strictly increasing in \;

i limy oo EANr, NY) = limy o0 (‘:’()\771, NU)Z and ¢' and ¢V are strictly increasing in
A. Also, limN[zHOOE(m,NU) = limNg_)OOE(m,NU);

iti. There exist strictly positive scalars & and & such that {¢', ¢V} C [s,R] for all
NY > 1, and ' (NY)—¢! (NY) oc oV (¢! (NV)), for all NV > NV > 1. Furthermore,
limyv_ @V =0 and limyv_,.. NVaV < oo.

Proof These results follow from the same arguments as in the proofs of Propositions
5.2, 5.3 and 5.4, with R/ n;/n] Rn; replaced by Q. In the proof of Proposition 5.4, the
assumption that N > 2 is needed to establish that limyr o g;(¢7)/¢" < 2 (see (62)).
Here we can use (A53):

-1
q}}mo%f)l) —(1-Q) < {1 - 1} = 2.

Thus we do not need to assume that N{ > 2. O

Finally, we turn to price informativeness.

Proposition A7.5 (Price informativenesss) Price informativeness for group 1 is higher
(and that for group 2 is lower) in the imperfectly competitive economy compared to the
corresponding perfectly competitive economy.

Proof Using (21) and (A39), we can calculate price informativeness in the imperfectly
competitive economy:

(NT + Np)*of

M NI T N + (V)R] (0 + 08) + (NV a2,
- (D)3 |
[(N{ + NUu)2 4 (N§)?) (03 + 02) + (NVp)202,
where
o (D03 + 0,
BT T (VDPe, (N + o2, + 02| R NN G2

For the corresponding competitive economy, the price informativeness measures Y, and
V), are given by the same expressions as for V; and V, above, but with p replaced by i,
where P )
i (N1)2(05 + 02)
T T NIP2, + (NIP(0R + 07, + 0, ) + NINU?,
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Clearly, 0V,/0u < 0. Furthermore,

)%
O o (V]of + %) - NINVe?,

k+(¢”)"
oc [(N])?0e, + (N)*(05 + 02, + 02,)] 7 e
> 0.
Since ¢V > ¢!, we have p > ji, and hence V; > Yy and Vs, < V. O

For a discussion of the results in this section, see Section 9 of the paper.

A8 Numerical Computations

In this section we provide an algorithm for calculating the depth parameter ¢!, which
determines all other equilibrium variables. We also do some simulations on the correlation
matrix R to demonstrate the flexibility of our model.

The equation for ¢! is f(¢!) = 0, where the function f is defined by (44). In the proof
of Proposition 3.2 we show that f(0) =0, f'(0) < 0 and limgr_,., f(¢') = co. We define
the iteration sequences {x;:}5°, and {y:};2, as follows.

First, we choose a sufficiently large value of ¢} such that f(¢}) > 0, and set xy =
Yo = . Next, if f(x/2) < 0, we set y; = x0/2, and if f(z0/2) > 0, we set x; = x/2. If
f(z1/2) > 0, we set x5 = x1/2, and continue in this manner until the first ¢; such that
f(xzo/2") < 0, whereupon we set y; = x4, = x9/2".

If f((2, +24,-1)/2) > 0, we set yo = (@4, +24,-1)/2, and if f((@y, +24,-1)/2) <0, we
set Ty 41 = (mtl + xt1—1)/2' If f((xtﬁ-l + xt1—1)/2) <0, we set x4, 49 = (mtl‘i‘l + xtl_l)/27
and continue in this manner until the first ¢o > ¢; such that f((zy,-1 + z¢,-1)/2) > 0,
whereupon we set yo = x4, = (T4,—1 + T4, -1)/2.

Similarly, we can find {y:}:>3 such that f(y3) <0, f(ya) >0, f(y5) < O0,.... Clearly
y* = limy_, o y; exists, and f(y*) = 0. Thus y* is the desired value of ¢'.

In the paper we assume that the correlation matrix R is positive definite, and that
R!n; > 0 for all i. We do not impose the equicommonality assumption of Rostek and
Weretka (2012, 2015) (see Section A4). We now numerically investigate how price infor-
mativeness and depth are affected when equicommonality is imposed on R.

Since R is positive definite, it can be written as R = CCT, where C is a lower-
triangular matrix with positive diagonal elements (Cholesky decomposition). Moreover,
the diagonal elements of R are equal to one, implying that each row of C' has unit length.
In order to ensure that RiT nr > 0 for all ¢ we assume in addition that each element of C
below the diagonal is positive.

For simplicity, we consider the case of L = 3. Then the Cholesky factor C' takes the

form
1 0 O

C=lca ca2 O )
C31 C32 (33

where all the entries on or below the diagonal are positive, c3;+c2, = 1, and 3, +c2y+c35 =
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1. This gives us

1 Ca1 C31
.
R=CC'=|cn 1 €21C31 + C22C32
€31 C21C31 + C22C32 1

We randomly sample the matrix R by independently choosing ¢y from the interval (0,0.1)
with a uniform distribution, and each of ¢z, ¢32 and cg3 from the interval (0,1) with
a uniform distribution, subject to the constraint ¢3; + 3, + ¢33 = 1. The scalar ¢y is
determined by the relation ¢3, +c3, = 1. For any given matrix R, we have a corresponding
matrix R which has the same form as R, with the same value of ¢51, but which additionally
satisfies the equicommonality condition: ca; = €31 = €21¢31 + €22C39.

For each R and R, we calculate price informativeness and depth (for informed agents)
for the following parameter values: k = 1, n; = (2,4,6), and ny = (50, 30,10). Depth
depends on both n; and 7y, while price informativeness depends only on 7n;. The figures
below plot expected price informativeness and the expected value of the depth parameter
¢! for both R and R based on 100,000 realizations of R and R. Recall that ¢! pins down
all other depth parameters, including market depth ® which is monotonically increasing in
¢'. The plots show that, in the economy under consideration, imposing equicommonality
reduces price informativeness for all groups and increases market liquidity.

Figure Al: Expected price informativeness V; for group i = 1,2,3
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Figure A2: Expected ¢! for the economy parametrized by (An;, Agy), A > 1
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