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We analyze how the anonymous trading of uninformed agents affects the char- 
acterization of security market equilibrium. We show that the degree of anonym- 
ity provided by a market alters the distribution of wealth across agents, the depth 
of the market, and the incentive agents have to acquire private information about 
a security’s fundamental value. Moreover. the nature of these effects depends on 
the type of information about uninformed trading that is revealed to market partic- 
ipants. Our results have implications for sunshine trading, dual trading, brokerage 
relationships, automation and decentralization of markets, and firms’ security 
listing choices. Journal of Economic Literature Classification Numbers: D82, 
GIO, LIO. 0 1992 Academic Pre\\. Inc 

1. INTRODUCTION 

In most of the literature relating to information and the structure of 
securities markets, a subset of the agents in the market is privately in- 
formed about the fundamental value of the traded security while the rest 
are uninformed. Informed agents’ optimal trading choices depend on their 
beliefs concerning the net orders to be executed by uninformed agents 
who trade for an exogenous liquidity need [see, for example, Glosten and 
Milgrom (1985), Kyle (1985), Easley and O’Hara (1987), Admati and 
Pffeiderer (1988, 1991), Glosten (1989), Foster and Viswanathan (1990, 
1991), Lindsey (1990), Madhavan (1990), Pichler (1990), Roe11 (1990), 
Fishman and Hagerty (1991), Kumar and Seppi (1991), and Subrah- 
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manyam (1991); for a survey see Black (1992)]. In this paper, we study 
how the characterization of security market equilibrium is affected when 
market participants learn something in advance about the nature of the 
uninformed trades to be executed. If something about the nature of these 
trades is revealed prior to order submission, then trading must not be fully 
anonymous. We consider how anonymity about uninformed trades influ- 
ences the distribution of wealth across agents, market liquidity, the in- 
formativeness of prices, and the endogenous acquisition of private infor- 
mation about the fundamental value of a traded security. 

We highlight the need to analyze the effect of anonymity on securities 
market equilibrium by noting that several institutional arrangements exist 
whereby market participants learn something in advance about the nature 
of agents’ orders. Sunshine trading, for example, involves direct disclo- 
sure by an agent of information regarding his future trades. These disclo- 
sures can change market participants’ beliefs regarding the information 
content of order flow. In centralized markets, agents can observe the 
other agents present on the trading floor. If identities confer information 
about motivations for trade, then a centralized market allows agents to 
have advance knowledge of the nature of orders to be executed. Broker- 
age relationships enable brokers to learn their customers’ motivations for 
trading. Brokers can use this information themselves by dual trading or 
pass this information on to other customers prior to order submission as 
happens, for example, by “shopping” block trades. A further example is 
provided by access to the book of public limit orders. The contents of the 
book convey information about the orders that are to be executed at 
various prices. Whether this information is public or closely held affects 
the extent to which market participants have advance knowledge of the 
nature of trades to be executed. In addition, our results are relevant for 
market designers attempting to attract trading volume and firms’ securi- 
ties listings, because the anonymity feature of a market’s design affects 
the distribution of wealth across agents, market depth, and the incentives 
for acquiring private information about a security’s fundamental value. 

Since agents who have private information about the security’s funda- 
mental value have the greatest incentive to conceal their identities, we 
focus on the anonymous execution of liquidity-motivated trades. Anony- 
mous order execution implies that neither the direction nor the magnitude 
of liquidity trades is known prior to trading. We analyze the effects of 
revealing the direction and magnitude separately. This enables us to spe- 
cifically address what information would be revealed by a sunshine trader 
or used by a dual trader and what information should be disclosed by an 
automated trading system or be publicly revealed from the book of limit 
orders. Moreover, the structure of the economy is held fixed across our 
comparisons in order to isolate the effects due only to changing the alloca- 
tion of information about liquidity trading. 
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It is reasonable to expect that anonymity is a matter of degree and that 
knowledge of traders’ motivations need not be widely disbursed. To ac- 
count for this as completely as possible, we consider cases in which 
knowledge of liquidity trade is revealed: (i) to all market participants, (ii) 
only to those making the market, (iii) only to those who are trading for 
profit, and (iv) the fully anonymous case in which the nature of liquidity 
trading is revealed to no one. The first and last cases enable us to make 
statements about market designs in which anonymity is entirely absent or 
fully present; the intermediate cases enable us to recognize that certain 
features of a market’s design can give some agents informational advan- 
tages because of their position in the market or because of their relation- 
ships with customers whose trades they execute. Across these four cases, 
we compare several ex-ante attributes of equilibrium: the distribution of 
expected wealth across agents, the sensitivity of prices to order flow, 
price informativeness, and the incentives provided for the acquisition of 
private information about the security’s fundamental value. 

We show that revealing the direction of liquidity trade (i.e., net buy or 
net sale) in advance of trading: (i) can decrease the expected transactions 
costs borne by liquidity-motivated traders: (ii) does not affect the average 
sensitivity of prices to order flow or price informativeness; and (iii) re- 
duces the incentive for private information acquisition, provided that 
there is at least one privately informed agent. These results suggest, for 
example, that revealing net order imbalances to all market participants 
prior to trading, as happens in trading halts, can decrease the cost of 
transacting for liquidity traders. In addition, the practice of dual trading 
has a negative impact on agents’ incentives to acquire private information 
about a security’s fundamental value. 

We show that revealing the absolute magnitude of liquidity trade in 
advance of trading: (i) decreases the transaction costs borne by liquidity 
traders if, and only if, there is sufficient competition among agents who 
are privately informed; (ii) increases the average sensitivity of prices to 
order flow; (iii) does not affect average price informativeness; and (iv) 
increases the incentive for acquiring costly private information that is 
possessed by few traders and discourages the acquisition of inexpensive 
information that is widely possessed. These findings suggest, for example, 
that an open limit order book which allows all traders to estimate the 
volume of trading at different prices, encourages the production of new 
information. 

Although related, our analysis differs from models that study the be- 
havior of discretionary liquidity traders [for example, Admati and 
Pfleiderer (1988, 1989) and Foster and Viswanathan (199O)l. These analy- 
ses focus on comparing periods of concentrated trading to periods without 
concentrated trading. In equilibrium, trading concentrates in certain time 
periods because the timing of agents’ orders is common knowledge. By 
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contrast, we examine how equilibria in which the nature of agents’ orders 
is commonly known differ from equilibria in which the nature of these 
orders is not known. Our comparisons enable us to analyze the implica- 
tions of a policy, or feature of market design, that reveals information 
about liquidity trade. 

Admati and Pfleiderer (1991) and Roe11 (1990) present models in which a 
subset of the agents observe a noisy signal of the liquidity trade compo- 
nent of order flow. Although these papers differ in their assumptions 
concerning risk aversion and the competitiveness of traders, both con- 
clude that transmission of such a signal enhances the welfare of the liquid- 
ity traders. This is because a noisy signal decreases the posterior variance 
of agents’ beliefs about liquidity trades. In both models, this increases the 
sensitivity of prices to order flow by enough to cause a wealth transfer 
from informed agents to the uninformed agents. While this is an important 
class of information revelations, restricting attention to it limits our ability 
to examine disclosures that cause agents to revise upward their beliefs 
concerning the variance of liquidity trade (as might happen, for example, 
if participants in a centralized market observe that an abnormally large 
number of traders are present on the trading floor). To account for this in 
a simple way, we model liquidity trade as a mixture of distributions. This 
makes it possible for agents to revise upward their beliefs concerning the 
variance of liquidity trade. If information is revealed about liquidity order 
flow prior to trading, the revelation tells market participants from which 
distribution liquidity trade will be drawn. 

Madhavan (1990) compares the equilibria of two specific trading mecha- 
nisms that differ in the extent of anonymity they provide. In the first, 
agents’ order placement strategies are common knowledge; in the second, 
agents’ orders are common knowledge. Differences in the characteriza- 
tion of equilibrium across markets arise because the market structures 
differ in the extent to which agents can estimate the private information of 
other agents. Our analysis holds knowledge of informed agents’ orders 
fixed across markets and focuses instead on differences associated with 
changing the allocation of information concerning only liquidity trades. 

Fishman and Hagerty (1991) and Kumar and Seppi (1991) present multi- 
period models that can be interpreted as analyses of the anonymity issue 
in their respective contexts. In a futures market with cash settlement, 
Kumar and Seppi show that if informed trade varies across periods in a 
commonly known way, then uninformed agents can manipulate prices to 
make profits. Fishman and Hagerty show that if the reporting of insiders’ 
trades is mandatory then in periods when insiders are less informed than 
expected, their disclosures can be used to manipulate prices. Unlike our 
model, their models relax anonymity regarding trades made by informed 
or potentially informed agents and examine the possibility for manipula- 
tion implied by the intertemporal structure of the market. 
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The plan of the paper is as follows. Section 2 describes the market 
environment and the way we model anonymity. Section 3 examines equi- 
libria where anonymity concerns the direction of liquidity trade, and Sec- 
tion 4 examines equilibria where anonymity concerns the magnitude of 
liquidity trade. Section 5 concludes. Proofs of all propositions and explicit 
expressions for parameter values are in the Appendix. 

2. THE MODEL 

We model the market for a single risky security whose random terminal 
payoff is denoted 0. To isolate the direct effects of anonymity, we assume 
that all agents are risk neutral. A subset A of these agents includes those 
who are privately informed about the security’s payoff because they ob- 
serve the realization of information about the security’s value, jj = i, + 6. 
A distinct subset B consists of agents who have no private information 
about the security’s value. There is also a group of agents who have an 
exogenous liquidity need that motivates them to trade a net amount of x 
units of the security. Except for these liquidity-motivated agents, all other 
agents’ motivation for trade is to maximize expected profits conditional 
on their private information about the security’s value and whatever 
knowledge they might have about liquidity trading. We refer to these 
agents, the union of sets A and B, as profit maximizing agents. For con- 
creteness, let there be M profit maximizing agents, and let N(< M) of 
them be privately informed about the value of the security. For tractabil- 
ity, we assume that the random variables 6 and E are mutually indepen- 
dent and normally distributed, with unconditional means of zero and un- 
conditional variances of (T, and oE. 

While potentially interesting, modeling the specific trading mechanisms 
that reveal the direction or the magnitude of liquidity trade is beyond the 
scope of our investigation. Our goal is to analyze the effects of such 
revelations on the characterization of equilibrium. Therefore, we simply 
assume that the trading mechanism is able to transmit a signal to market 
participants regarding either the direction or magnitude of the net amount 
of liquidity trade. This signal need not impart perfect information. All that 
is needed is that it causes a revision in agents’ beliefs regarding the direc- 
tion or magnitude of liquidity trade to more closely reflect the true state of 
liquidity trade. In a fully anonymous market, no such revision in beliefs 
occurs. 

We model revelation of the direction, E[Y], of liquidity trade by assum- 
ing that the unconditional distribution of the net liquidity order, X, is a 
mixture of normal distributions 

N(FH, CJ- + #&I) with probability i 
x - 

N(PL, (T + i-d, with probability f. 
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In a market that is less-than-fully anonymous regarding the direction of 
liquidity trade, the value of p, E {pi, pL} is revealed to a subset of agents 
before trading. We assume that pH = -pL. This is not without loss of 
generality, but it allows us to focus on revealing the direction of liquidity 
trade while holding its magnitude fixed. This is because FH = -pL implies 
that the conditional variance of 2 does not depend on the realized value 
of/-b. 

We model revelation of the magnitude, E[S], of liquidity trade by 
assuming that the unconditional distribution of the net liquidity order is a 
mixture of normal distributions 

i 

N(O, CH) with probability t 
I - 

MO, (TL) with probability 4, 

where oH > uL > 0. In a market that is less-than-fully anonymous regard- 
ing the magnitude of liquidity trade, the value of u., E {crL, (TH} is re- 
vealed to a subset of agents before trading. To isolate the effect of a 
revelation of magnitude, we assume that the conditional expectation of I 
is invariant to the realization of err (i.e., it equals zero for either realiza- 
tion). The parameter Cr denotes the unconditional variance, 0 = &oH + 
laL. The benefit obtained by using mixtures of normal distributions is that 
we are able to analyze direction and magnitude separately, and the results 
differ. 

We assume that the random variables w, and c.r are independent of 6 
and E and that conditional on pX or (T?, X is independent of i, and E. For 
revelations of either direction or magnitude, we define 4 to be the proba- 
bility that the M profit-maximizing agents’ beliefs are revised to the condi- 
tional mean or conditional variance of liquidity trade. In solving for equi- 
librium, q is left unrestricted, but our comparisons across markets focus 
on the cases where q = 0 or q = 1. We let ‘yI be the generic notation for the 
parameter of the distribution of 2 about which market participants might 
have advance knowledge; thus, y., E {P,~, cr,}. 

2a. Market Equilibrium 

Conditional on private information about security value and knowledge 
of liquidity trade, trading of the risky security is modeled similar to Kyle 
(1985). Each profit-maximizing agent, i, chooses an order, +i = q;(@,; P), 
as a function of his information regarding security value and liquidity 
trade, a;, and as a function of the pricing rule employed by the marketma- 
ker, P. The marketmaker observes order flow o = c;“l, $; + x and sets a 
price p = P(w; q, @,,) that is based on his expected value of the security 
conditional on order flow, the trading rules employed by the agents, v’ = 
WI,. . . , qM}, and the marketmakers’ knowledge of liquidity trade, Q,, . 
An equilibrium in the securities market is defined as follows. 
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DEFINITION 1. A securities market equilibrium is a vector (I/J,, . . . , 
I/JM, p) such that agents’ orders maximize expected profits 

E[ri($i)l@i; NY 41 2 E[ni($i) I ai; N, Sl forall&,i= 1,. . . , N, 

where vi(*) denotes agent i’s profit. If yX is revealed to the marketmaker, 
the price is set equal to the expected value of 6 conditional on order flow; 
if 3/x is not revealed to the marketmaker the price is set equal to the 
average of these conditional expectations 

1 

E[+J; v’, rxl if yx E a’, 
P= m+J; v’, YHI + hm(w; T, YLI if 75 cir a’,, . 

If yX is revealed to the marketmaker, our definition of equilibrium is 
identical to that of Kyle (1985). Otherwise, we adopt a different definition 
of the equilibrium price. To maintain tractability, we assume that the 
marketmaker does not update his beliefs concerning yX from order flow- 
i.e., he retains his prior beliefs concerning my>- in setting the price. This 
assumption yields a linear pricing rule and preserves the feature of behav- 
ior that is essential to this case-when 3/x is not revealed to the market- 
maker, the price he sets reflects less than perfect information about y-r.1 
Our most interesting results assume that ‘yI is revealed to the market- 
maker and are therefore unaffected by this assumption. The main reason 
for including cases where -yX is not revealed to the marketmaker is to 
enable us to discuss dual trading for which the marketmaker is at an 
informational disadvantage relative to agents concerning the state of li- 
quidity trade. Our assumption has the effect of making this informational 
disadvantage severe by not allowing the marketmaker to update his be- 
liefs about liquidity trade based on his observation of order flow. 

2b. Measures of Market Quality 

Throughout the paper, we restrict our attention to pricing strategies 
that are linear functions of order flow and trading strategies that are linear 
functions of traders’ private information. * Within this class of equilibria 
there is a unique equilibrium for each market we analyze, and this equilib- 
rium is symmetric-qi(*) = ?I!/(.) for all i and j in set A, and T\u,(*) = *II(.) 

I Pichler (1990) also makes this assumption. In a different context, Hughson (1988) 
presents numerical results that indicate that nonlinearities in pricing functions created by 
setting the price equal to the marketmaker’s conditional expected value may not be signiti- 
cant. We are grateful to the referee for pointing this out. 

*Definition I makes this possible even when the marketmaker does not observe the 
direction or magnitude of liquidity trade. However, this restriction rules out nonlinear 
(option-like) trading strategies. 
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for all k and I in set B. Consequently, the pricing rule of the marketmaker 
and the trading strategies of agents take the form 

where the subscripts refer to the realized value of yr; a subscript of zero 
denotes a parameter value obtained when y., is not observed by the agent 
to whom that parameter relates. The A parameter measures the sensitivity 
of the equilibrium price to additional units of order flow. Therefore, it can 
be used as an inverse measure of market depth or liquidity [see, for 
example, Kyle (1983, Admati and Pfleiderer (1988), Foster and Viswana- 
than (1990), and Subrahmanyam (1991)]. Part of our analysis will examine 
the impact that the anonymity feature of a market’s design has on this 
parameter. 

Our model also enables us to address the extent to which anonymity 
affects the distribution of profits across market participants. For this pur- 
pose, we compare the expected profits of privately informed and unin- 
formed liquidity traders across equilibria. Since uninformed traders are 
necessary for a deep or liquid market, the effect that anonymity has on the 
allocation of wealth is important to policymakers. 

Another issue we analyze is the extent to which the equilibrium secu- 
rity price reflects the security’s fundamental value. This is important 
because it indicates the quality of a market as a price discovery mecha- 
nism. Since we compare markets that differ in the anonymity they pro- 
vide, this statistic enables us to assess the impact of anonymity on price 
discovery. To measure this, we define price informativeness as follows. 

DEFINITION 2. For a given q, price informativeness is the extent to 
which an observation of the equilibrium price decreases an uninformed 
agent’s uncertainty about the security’s payoff, 0: 

A(q) = Var[iil - Var[dj P; y]. 

Of particular importance in this paper is the complementary nature of 
information about liquidity trade and information about the fundamental 
value of the security. Therefore, we analyze the incentive provided by 
revealing the direction or magnitude of liquidity trade for the acquisition 
of private information regarding security value. If the cost of becoming 
informed is c 2 0, we define an equilibrium in information acquisition as 
follows. 

DEFINITION 3. For a given 4, an equilibrium in private information 
acquisition is a nonnegative integer N*(q; c) such that if N*(q; c) agents 
acquire information about security value, each uninformed agent prefers 
to remain uninformed: 
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N*(q; c) = 

i 

N E N : E[T@~)/@?; N, q] - c’ 2 E[d~~)I@‘B; N - I, q] 

and 4~($“)(@? ; N + 1, 41 - L’ < E[rr(~/$)j@; N, 41 ’ 

The next two sections analyze the effects of anonymity on the character- 
ization of equilibrium. 

3. ANONYMITY REGARDING THE DIRECTION OF 
LIQUIDITY TRADE 

In this section, we model less than full anonymity by providing market 
participants with some knowledge of the direction of liquidity trade; we 
assume that their expectation of net liquidity trade is revised from zero to 
pu, E {puH, puL}. The assumption that ,-&H and pL are equally likely implies 
that agents’ beliefs about the magnitude of liquidity trade remain un- 
changed. First we analyze the case in which the marketmaker’s expecta- 
tion is revised to CL, and then the case in which it is not. In both cases, the 
expectations of the M profit-maximizing agents are revised with probabil- 
ity q. Our analysis of anonymity compares behavior in the equilibria in 
which q takes the values of zero and one for each case-i.e., in equilibria 
where there is no uncertainty about whether agents’ beliefs are revised. 
This is followed by a comparison of the two cases relating to whether or 
not the direction is revealed to the marketmaker. There we discuss the 
informational aspects of these equilibria. 

3.1. Marketmaker Observes p, 

We assume that whether p., takes the value FH or (uL is revealed to the 
marketmaker. There are N agents who observe y and (M - N) agents 
who do not observe y. All M profit-maximizing agents observe ,u., with 
probability 4. In this context, there exists an equilibrium with linear trad- 
ing strategies and a linear pricing rule.4 

PROPOSITION 3.1. There exists an equilibrium in which 

3 Madhavan and Smidt (1992) present empirical evidence indicating that NYSE specialists 
have advance knowledge of future order imbalances and that this affects their pricing behav- 
ior. 

4 All security market equilibria we analyze are unique in the class of linear equilibria. 
Verifying uniqueness in some cases involves tedious calculations that have not been in- 
cluded in the Appendix, but are available from the authors. 
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Agents’ optimal expected projits are 

where I, = (+J(crU + uE) and h = A,, = A,,.. 

In order for the profit-maximizing agents to benefit from knowing the 
direction of liquidity trade, the marketmaker would have to confuse this 
liquidity trade for an order imbalance caused by informed trading. How- 
ever, since the value of pu, is revealed to the marketmaker, he adjusts the 
price to fully reflect this by setting 6,, = -hp,. Consequently, even if 
liquidity trade is revealed to the profit-maximizing agents, they cannot 
profit by trading on their information about liquidity trade at these prices. 
As a result, the (M - N) agents who are not privately informed about the 
security’s fundamental value submit zero orders and earn zero expected 
profits in equilibrium, and the N privately informed agents’ orders are 
based entirely on their private information (& = p,, = 0). In addition, 
these orders are the same whether or not liquidity trade is revealed to the 
privately informed. This is because agents’ beliefs about the magnitude of 
liquidity trade do not depend on its direction (by construction). Likewise, 
the profit derived from trading on private information about the security’s 
fundamental value is the same regardless of whether the direction of 
liquidity trade is revealed to the privately informed agents. 

3.2. Marketmaker Does Not Observe pu, 

We now assume that the marketmaker does not know whether p, takes 
the value PH or pL. The N agents who observe y and the (M - N) agents 
who do not observe y, observe p, with probability 9. In this context, 
there exists an equilibrium with linear trading strategies and a linear pric- 
ing rule. 

PROPOSITION 3.2. There exists an equilibrium in which 

Agents’ optimal expected profits are 

E[rdJ,f)I@? ; N, 41 = Eln,($B)I@?; N, 41 + I”@” 
h,(N + 1)2 
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where Z, = CFJ(CT~ + a,). 

Provided that there is an agent who has superior information about 
security value (i.e., N 2 I), the marketmaker will confuse liquidity trade 
for an order imbalance caused by informed trading. If agents know more 
about the direction of liquidity trade than the marketmaker (q = l), they 
can profit from the temporary price movement arising from the marketma- 
ker’s confusion. This is possible regardless of whether the agent has 
private information about the value of the security (& = &). 

Since the direction of liquidity trade is not revealed to the marketma- 
ker, the sensitivity of prices to order flow in equilibrium cannot depend on 
this direction. This sensitivity determines the profitability of trading on 
information about fundamentals. Therefore, the component of informed 
agents’ orders relating to their private information is unaffected by 
whether the direction of liquidity trade is revealed to them (q = 1) or not 
(q = O).5 This, in turn, implies that equilibrium expected profits of pri- 
vately informed agents have two components. The first derives from 
knowledge of liquidity trade and is equal to the equilibrium expected 
profits of the (M - N) agents who are not privately informed. The second 
derives from having private information about the security’s fundamental 
value and is independent of whether liquidity trade is revealed or not. 

3.3. Informational Aspects of Equilibrium 

In this subsection we compare the two cases presented above. Differ- 
ences between these cases highlight the relevance of the anonymity fea- 
ture of a market’s design. A two-part observation follows immediately 
from the expressions for agents’ equilibrium expected profits. First, the 
private information component of equilibrium expected profits is identical 
for the two cases presented above regardless of whether q = 0 or q = 1. 
This means that the profitability of private information about fundamen- 
tals is unaffected by differences in anonymity provided by markets con- 

5 The price set by the marketmaker does not depend on pL, since he does not observe it. 
However, prices do depend on q, for q E (0, l), through the parameter A. This is because 
when q @ {0, l}, the marketmaker is uncertain about whether agents’ beliefs about the 
direction of liquidity trade have changed to px or remained at zero. If q E {0, I}, no such 
uncertainty exists and the expression for A is simplified. The cases q E (0, 1} correspond to 
full and less-than-full anonymity. While it may be interesting to consider market designs that 
randomly provide different levels of anonymity, we focus here on q E {0, I}. 
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cerning the direction of liquidity trade. Second, if the direction of liquidity 
trade is not revealed to the marketmaker but is revealed to profit-maxi- 
mizing agents, the expected profits of these agents contain a component 
that relates to their knowledge of the direction of liquidity trade. In addi- 
tion, this component of expected profits is independent of whether the 
agent has private information about the security’s fundamental value. 
This implies that anonymity concerning the direction of liquidity trade can 
affect the distribution of wealth across agents. Proposition 3.1 and 3.2 
indicate that if the direction of liquidity trade is not revealed to the 
marketmaker then profit maximizing agents’ expected profits are greater 
when liquidity trade is revealed to them (4 = 1) than when it is not (q = 0). 

The expected losses of the liquidity-motivated agents equal the ex- 
pected profits of the profit-maximizing agents and the marketmaker. 
These losses are greatest when neither profit-maximizing agents nor the 
marketmaker observe pL,, less when profit-maximizing agents observe p, 
but the marketmaker does not, and smallest when the marketmaker ob- 
serves p,. ’ This implies that, if given the choice, liquidity-motivated 
agents prefer to trade in an environment that reveals the direction of their 
orders to all market participants. If the direction of their orders is not 
revealed to the marketmaker, liquidity agents lose because the price does 
not reflect the direction of their trades. By revealing the direction of 
liquidity trades to the marketmaker or to other agents, the price at which 
liquidity-motivated orders are executed is more favorable given the direc- 
tion of their net trade. This implies, for example, that disclosing the sign 
of the order imbalance at different prices contained in the limit order book 
can decrease the transaction costs faced by the liquidity-motivated 
agents. 

Evaluating the expressions for the A parameters in Propositions 3.1 and 
3.2 at q = 0 and q = 1 indicates that these parameters are independent of 
the revelation of liquidity trade (i.e., A, = A,,, = A,,. for q = 0 or q = 1). 
The A parameter determines the sensitivity of prices to a unit of order flow 
in equilibrium, and this sensitivity is an inverse measure of market depth. 
Therefore, these results imply that the anonymity provided by a market 
for the direction of liquidity trade does not affect the depth of the market. 

6 When pL, is not revealed to the marketmaker he is assumed not to update his beliefs 
concerning the distribution of liquidity trade based on his observation of order flow (Defini- 
tion 1). Since the marketmaker does not know from which distribution liquidity trade is 
drawn, the price he sets is biased against liquidity traders. This leads liquidity traders to 
either “sell low” or “buy high,” which yields positive unconditional expected profits for the 
marketmaker. A tedious calculation shows that A,[1 - q(M/(M + I))]’ & is the marketma- 
ker’s unconditional expected profit for q E {0, 1). Later we discuss the implications of this 
for our results. 

’ This is easily verified using the previous footnote and the expressions for agents’ profits 
given in Propositions 3.1 and 3.2. 



180 FORSTERANDGEORGE 

Price informativeness reflects the precision with which the security 
payoff, 8, can be inferred from the security price. Equality of A parame- 
ters and equality of the private-information components of agents’ orders 
across cases imply our next result. 

PROPOSITION 3.3. Price informativeness is independent of whether, 
and to whom, the direction of liquidity trade is revealed. 

Our analysis so far has been based on the assumption that the number 
of privately informed agents is exogenous. However, revealing the direc- 
tion of liquidity trade affects agents’ incentives to acquire information 
about fundamental value. If the direction of liquidity trade is not revealed 
to the marketmaker, agents can earn profits from knowing this direction. 
This knowledge enables them to forecast the temporary component in 
prices that exists because the marketmaker cannot distinguish between 
informed and liquidity trade when he observes net order flow. The num- 
ber of agents who are privately informed about fundamentals is itself a 
determinant of the size, and hence profitability, of this temporary compo- 
nent in prices. 

In a fully anonymous market, profit-maximizing agents do not observe 
the direction of liquidity trade and make their information acquisition 
decision based only upon the profitability of trading on information about 
fundamentals. Alternatively, if the direction of liquidity trade is revealed 
to them, these agents make their information acquisition decision based 
on the profitability of trading on information about fundamentals and the 
effect that such trading has on the profitability of their knowledge of the 
direction of liquidity trade. 

PROPOSITION 3.4. (a) Suppose the direction of liquidity trade is re- 
vealed to the marketmaker, then the equilibrium in information acquisi- 
tion is independent of whether q = 0 or q = 1, i.e., N*( 1; c) = N*(O; c). 

(b) Suppose the direction of liquidity trade is not revealed to the 
marketmaker and the equilibrium in information acquisition is unique. 

(i) Zf&,(N*(l; c)) 2 hJN*(l; c) - 1) then N*(O; c) 5 N*(l; c), 
alternatively 

(ii) ifh,(N*(l; c)) 2 h,(N*(l; c) + 1) then N*(O; c) 2 N*(l; c), 
(iii) otherwise N*(O; c) = N*(l; c). 

To interpret part (a), note that when the direction of liquidity trade is 
revealed to the marketmaker, whether agents know this direction or not 
has no effect on their equilibrium expected profits. Consequently, it does 
not affect their incentive to acquire private information. The interpreta- 
tion of part (b) is that if A, is increasing in N, then revealing the direction 
of liquidity trade tends to increase the number of agents who are privately 
informed in equilibrium (relative to the number that would be informed in 
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a fully anonymous market). This is because if A, is increasing in N, the 
temporary component in prices is larger the more privately informed 
agents there are. Alternatively, if A, is decreasing in N, the temporary 
component in prices is smaller the more privately informed agents there 
are, and less agents become privately informed when the direction of 
liquidity trades is revealed. This is because, at the margin, becoming 
informed decreases total profits. It is possible to identify which alterna- 
tive prevails. Provided there is some informational asymmetry concerning 
the security’s fundamental value, A,, is decreasing in N [see Lemma 3.5 in 
the Appendix]. Therefore, revealing the direction of liquidity trade tends 
to decrease agents’ incentives to acquire private information about secu- 
rity value. 

Taken together, these results imply that revealing the direction of li- 
quidity trade, but not its magnitude, has a limited effect on the informa- 
tional aspects of equilibrium when N is fixed. Revealing this direction 
does not affect the depth of the market or the informativeness of equilib- 
rium security prices. However, if N is endogenous and the marketmaker 
is not aware of the direction of liquidity trade, revealing this direction to 
agents decreases their incentive to acquire private information about the 
security’s fundamental value. This is because agents recognize that be- 
coming informed reduces the profitability of their information about li- 
quidity trade. 

Our results imply that a sunshine trader’s revelation to the entire mar- 
ket of the direction of the impending trade decreases his cost of transact- 
ing. This revelation eliminates losses because the marketmaker sets a 
price that reflects the direction of the impending trade. Consequently, 
these trades are not executed at prices that are biased estimates of value 
conditional on the direction of liquidity trade.8 

Further implications of these results concern the practice of dual trad- 
ing-brokers trading for their own account on the basis of information 
inferred from customers’ orders. A broker can trade based on information 
inferred from the trades of his privately informed customers, compete 
with those customers, and profit at their expense. Our analysis indicates 
that a broker can also trade based on knowledge of the trades of his 
liquidity-motivated customers and earn positive profits. Such trading, 
however, benefits the liquidity traders because competition among dual 

8 The intuition behind our results differs from Roell (1990) and Admati and Pfleiderer 
(1991) because our comparison has held the variance of liquidity trade fixed. In their models, 
revelations concerning liquidity trade decrease the expected profits agents earn on private 
information concerning the security’s fundamental value. This is because the dual trader’s 
orders or sunshine trader’s announcement decreases the marketmaker’s beliefs about the 
variance of liquidity trade, which decreases the rents the informed earn on their private 
information about fundamentals. Consequently, the expected losses borne by liquidity trad- 
ers decrease. 
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traders reduces the aggregate expected profits earned at the expense of 
liquidity traders9 If the marketmaker were to update his beliefs about 
liquidity trade from order flow, the benefits associated with dual trading to 
liquidity traders would be less than implied by our model. This is because 
(by Definition 1) when the marketmaker does not observe pX, the price he 
sets does not reflect the extent to which the net order flow he observes is 
related to liquidity trade. Dual trading decreases net order flow because 
dual traders submit orders that offset liquidity trades. This leads to more 
favorable prices for the execution of liquidity orders. Instead, if the 
marketmaker were to update his beliefs about liquidity trade based on his 
observation of order flow, dual trading would lead to a smaller reduction 
in order imbalances and would have a smaller impact on reducing liquid- 
ity-motivated agents’ expected losses. In addition to expected profits, our 
results suggest that dual trading decreases agents’ incentives to acquire 
private information about security fundamentals because such informa- 
tion degrades the profitability of trading on knowledge of liquidity trade. 

In a related paper, Pichler (1990) examines a market in which a monop- 
olist specialist precommits to a single price (as opposed to bid and ask 
prices) at which he satisfies all orders arriving from potentially informed 
risk-averse agents. Pichler shows that if the specialist knows the direction 
of liquidity trade in advance, he will adjust the price he quotes to profit 
from this knowledge. This feature of pricing in her model is similar to our 
Proposition 3.2, except that her specialist quotes the same price for all 
levels of net order flow. She also shows that since the specialist quotes a 
single price regardless of the sign of order flow, the specialist’s profit- 
maximizing price is closer to his expected value of the security the greater 
is adverse selction (i.e., the informational advantage that agents have 
over the specialist). The remainder of Pichler’s analysis focuses on how 
prices and traders’ expected utility change as the direction of liquidity 
trade or the degree of adverse selection changes. She does not compare 
differences across equilibria associated with different allocations of infor- 
mation about liquidity trade across agents. This contrasts with our ap- 
proach; the stochastic structure governing liquidity trade and private in- 
formation is held fixed across the cases we compare, and the only 
difference across economies is the allocation of information about liquid- 
ity trade. 

9 Our result is different from the one obtained by Fishman and Longstaff (1992) who also 
find that dual trading is desirable to exogenous liquidity traders. In their model, the dual 
trader/broker trades to maximize profits, but then charges (competitive) commissions that 
return those profits to their clients. Since dual trading imposes disproportional costs on the 
informed and the smaller commissions are spread equally across clients, the uninformed 
benefit at the expense of the informed. In the absence of dual trading, no such transfer from 
the informed to the uninformed occurs in their model. 
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4. ANONYMITY REGARDING THE MAGNITUDE OF 
LIQUIDITY TRADE 

In this section, we model less than full anonymity by providing market 
participants with some knowledge of the magnitude of liquidity trade (but 
not its direction); we assume that expectations of the square of liquidity 
trade are revised to (T, E {oH, uTL}. First, we analyze the case where the 
marketmaker’s beliefs are revised and then the case where no revision 
occurs. In both cases, the M profit-maximizing agents’ expectations of J!* 
are revised with probability q. We then compare behavior in the equilibria 
in which q takes the values of zero and one for each case. This is followed 
by a comparison of the two cases relating to whether or not the magnitude 
is revealed to the marketmaker. There we discuss the informational as- 
pects of the equilibria. 

4.1. Marketmaker Does Not Observe (T, 

We assume that the marketmaker does not know whether uX takes the 
value mH or uL. The N agents who observe y, and (M - N) agents who do 
not observe y, observe or with probability q. In this context, there exists 
an equilibrium with linear trading strategies and a linear pricing rule. 

PROPOSITION 4.1. There exists an equilibrium in which 

Agents’ optimal expected projits are given by 

E[n;(lCIf)I@:; N, ql = 0, 

where Z, = (T,/(cJ~ + uE). 

When the marketmaker is unaware of the magnitude of liquidity trade, 
prices do not depend on it. In particular, the sensitivity of prices to order 
flow is independent of this magnitude. This and risk neutrality imply that 
agents’ behavior and equilibrium expected profits do not depend on 
whether the magnitude of liquidity trade is revealed (&, = PO = &,r = 6, = 
O).‘O Since the direction of liquidity trade is held fixed, the marketmaker’s 
unconditional expected profits are zero (as would be true if the marketma- 
ker were to update his beliefs about uX based on order flow). This is 

lo The restriction to linear strategies is important here. Nonlinear strategies could allow 
agents to profit from observing the magnitude when the marketmaker does not observe it. 
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because the marketmaker’s ignorance of the intensity of liquidity trade 
does not cause him to set prices that are biased, on average, against the 
liquidity traders. 

4.2. Marketmaker Observes uX 

We now assume that the marketmaker knows whether o1 takes the 
value crH or oL. The N agents who observe y, and (M - N) agents who do 
not observe y, observe ox with probability 4. In this context, there exists 
an equilibrium with linear trading strategies and a linear pricing rule. 

PROPOSITION 4.2. There exists an equilibrium in which 

Agents’ optimal expected profits are given by 

where I, = crJ(o-, + crF) and h = &A,,, + 4h,, , 

Risk neutrality implies that agents’ objective functions do not depend 
directly on the magnitude of liquidity trade. Consequently, trades based 
only upon knowledge of this magnitude are not profitable (6,Y = &, = 0). 
However, since the magnitude of liquidity trade is revealed to the market- 
maker, he uses it to better estimate the value of the security given the 
order flow he observes. Therefore, if revealing this magnitude to agents 
affects their behavior, it must occur indirectly through the dependence of 
the marketmaker’s pricing rule on the magnitude of liquidity trade. 

In the event that liquidity trade is anonymous to agents, they have no 
way of knowing which pricing rule (oH or (TV) is being employed, so they 
base their behavior on the expected pricing rule. Alternatively, if the 
magnitude of liquidity trade is revealed to agents, they can use it to 
forecast the price of which their orders will clear. This is beneficial to 
agents with private information about security fundamentals because they 
can refine their trading strategies to better profit from their information. 
For this reason, the component of agents’ orders that depends on private 
information changes according to whether the magnitude of liquidity trade 
is revealed and whether the level revealed is UH or mL ((u, f CX,,, f (Y,,). 
Likewise, the equilibrium expected profits agents earn on their private 
information depends on whether the magnitude of liquidity trade is re- 
vealed. For the (M - N) agents without private information, equilibrium 
expected profits are zero. 
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4.3. Informational Aspects of Equilibrium 

We now compare the two cases presented above. The trading strategies 
and equilibrium expected profits in Propositions 4.1 and 4.2 indicate that 
agents neither trade nor earn profits based upon knowledge of the magni- 
tude of liquidity trade alone. The only impact of such knowledge on 
agents’ behavior and profits occurs indirectly through the manner in 
which they trade on private information about the security’s fundamental 
value. This suggests that the anonymity feature of a market’s design has 
important implications for the value of private information and the man- 
ner in which private information affects trading. This is only important if 
the magnitude of liquidity trade affects prices, however. If this magnitude 
is not revealed to the marketmaker, then agents’ trading strategies and 
equilibrium expected profits are independent of whether liquidity trade is 
revealed to them. 

Since prices depend on the magnitude of liquidity trade when it is 
revealed to the marketmaker, each agent who also knows this magnitude 
is better able to forecast prices and to profit from his information about 
the security’s value. The marketmaker responds by increasing the sensi- 
tivity of prices to order flow to maintain expected profits of zero. 

PROPOSITION 4.3 Zf the magnitude oj’liquidity trade is not revealed to 
the marketmaker (CT, $2 @J andlor to agents (q = 0), then prices are 
equally sensitive to order flow in equilibrium. However, if the magnitude 
of liquidity trade is revealed to the marketmaker (u, E Q,,) and to agents 
(q = l), then equilibrium prices are more sensitive to orderjow on aver- 
age. That is, 

where Mql-1 = Lly and I(qI*) = hh,,(ql.) + +h,,(ql*). 

The collective ability of agents to forecast prices and refine their trading 
strategies when the magnitude of liquidity trade is revealed intensifies 
competition for the profits associated with private information. This com- 
petition effect is absent when private information is held monopolisti- 
tally, but dominates when the number of privately informed agents is 
large. Consequently, revealing the magnitude of liquidity trade is associ- 
ated with small (large) expected profits for privately informed agents 
when N is large (small). This also means that revealing the magnitude of 
liquidity trade yields small (large) expected losses for liquidity-motivated 
agent when N is large (small). 

To characterize the effect of this tradeoff on equilibrium expected 
profits, we note that profits are inversely related to the sensitivity of the 
security price to order flow in equilibrium-the A parameter. When agents 
observe uX , their expected profits depend on the average of the inverses 
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(of As) relating to the environments in which they trade (i.e., (T, = uH and 
ux = a~). When they do not observe crX, however, agents’ expected 
profits depend on the inverse of the average A relating to the environments 
in which they trade [see the expressions for expected profits in Proposi- 
tion 4.21. Our next result says that the relevant inverse is less when agents 
observe (T, then when they do not, provided that N is beyond a certain 
bound; the converse is also true. 

LEMMA 4.4. Suppose the magnitude of liquidity trade is revealed to 
the marketmaker (i.e., CT, E a,,). There exists a finite N > 2 such that 

1 1 1 ___ ~ 
%,(l) + 2L,~(l) -=I E;(o) 

if and only ifN z Iv, where h(0) = &A,,,(O) + &A,,(O). 

Using this Lemma and Proposition 4.2, it is an easy exercise to prove 
what we claimed about expected profits. This result augments our earlier 
discussion comparing expected profits across equilibria. 

PROPOSITION 4.5. Suppose the magnitude of liquidity trade is re- 
vealed to the marketmaker. If N > N, then informed agents’ expected 
profits (and liquidity-motivated agents’ expected losses) in equilibrium 
are less when CT~ is revealed to informed agents than when it is not. 
However, if N < Iv, then informed agents’ expectedprofits (and liquidity- 
motivated agents’ expected losses) in equilibrium are greater when u, is 
revealed to informed agents than when it is not. 

This result has several implications for institutional arrangements in 
financial markets. Our earlier results suggest that liquidity-motivated 
agents can benefit from sunshine trading by disclosing the direction of the 
trade they plan to make. In markets where competition among informed 
agents is intense, a further benefit can be derived from disclosing the size 
of the trade. Alternatively, if competition is weak, disclosing the size of 
the trade increases the expected cost of executing liquidity trades. A 
similar comparison is relevant to determining the desirability of an open 
limit order book. If competition among informed traders is intense, the 
expected cost of executing liquidity trades would be less if profit-maxi- 
mizing agents were to observe the sizes of order imbalances at various 
prices in the limit order book. However, if competition is weak, this 
practice would increase transaction costs for liquidity traders. Assuming 
that low-cost execution of liquidity-motivated orders is a desirable ele- 
ment of a market’s design, this result suggests that whether the limit order 
book should be open or closed depends on the composition of the trading 
crowd. During time periods (or for specific securities) in which monopo- 
listic possession of private information is present, a closed limit order 
book provides lower-cost execution of liquidity-motivated orders. 
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Changes in the variance of liquidity trade in Kyle (1985) models are 
offset by a change in the intensity of trading by informed agents in a 
manner that keeps price informativeness unchanged. Therefore, in the 
market where the magnitude of liquidity trade is revealed to the market- 
maker and to the agents, price informativeness does not depend on the 
value taken by o,. In our model, prices are no less informative when 
agents do not observe the value taken by (T,. This is because agents base 
their trading decisions on the expected sensitivity of prices to order flow. 
Informed agents who do not observe the magnitude of liquidity trade 
submit orders that are either too aggressive or too passive, relative to the 
order they would submit if they knew the realized value of crX. When they 
trade too aggressively (when ox = rL), prices are more informative than 
they would be if agents knew that ox = (TV; when they trade too passively 
(when ox = oH), prices are less informative than they would be if agents 
knew that v,~ = (+U. On average, these offset each other. 

PROPOSITION 4.6. Price informativeness is independent of whether, 
and to whom, the magnitude of liquidity trade is revealed. 

The results above apply to the situation where the number of privately 
informed agents is exogenous. When the magnitude of liquidity trade is 
observed by the marketmaker, profit-maximizing agents’ profits depend 
on whether they observe it as well. Consequently, their incentive to ac- 
quire private information is affected by whether the magnitude of liquidity 
trade is revealed. Our final result addresses this issue. 

PROPOSITION 4.7. Assume that the magnitude of liquidity trade is 
revealed to the marketmaker. Zf c is large then N*( 1; c) > N*(O; c); if c is 
small then N*(l ; c) s N*(O; c). Alternatively, if the magnitude of liquidity 
trade is not revealed to the marketmaker, the equilibrium in private infor- 
mation acquisition is independent of whether q = 0 or q = 1. 

This result contrasts sharply with the uniformly negative incentive effect 
on private information acquisition associated with revealing the direction 
of liquidity trade. When private information is very costly, it is held 
monopolistically. In this case, the provision of less anonymity regarding 
the magnitude of liquidity trades is useful in stimulating the acquisition of 
private information about security value. This is because revealing the 
magnitude does not sufficiently intensify competition among those who 
are privately informed. Conversely, if private information is inexpensive, 
many agents acquire it. In this case, less anonymity about liquidity trades 
discourage additional agents from acquiring private information that is 
already widely held.” Consequently, revealing information about the vol- 

‘I If private information about security value had been modeled as signals with idiosyn- - 
cratic noise, a larger value of N would be required to induce the same amount of competition 
among informed traders that is characterized in Proposition 4.4. In this setting, the range of 
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ume of trade at different prices implied by the limit order book might be an 
effective way to encourage the production of new information. 

Our analysis focuses on comparing markets that have identical stochas- 
tic structures, but differ according to the allocation across traders of 
knowledge of the magnitude of liquidity trade. In a related paper, Lindsey 
(1990) compares markets that differ according to the probability distribu- 
tion from which liquidity trade is drawn. Specifically, he compares a 
market (like ours) in which liquidity trade is drawn from a mixture of 
normal distributions that have variances of vH and oL to a market (unlike 
ours) in which liquidity trade is drawn from a normal distribution that has 
variance (T = 2~~ + $oL. In the former case, the marketmaker is assumed 
to know whether liquidity trade is drawn from the (TV or uL distribution, 
but other agents do not know. In the latter case, liquidity trade is drawn 
from the (T distribution for sure, so liquidity trade is not drawn from a 
mixture of normal distributions. Consequently, while Lindsey’s markets 
do have different allocations of information about the variance of liquidity 
trade, they also have different assumptions about the stochastic structure 
of liquidity trade. 

This aspect of modeling strategy has important implications for the 
results. Since N = 1 is assumed throughout Lindsey’s (1990) model, the 
main difference between his and our results can be illustrated by compar- 
ing the inequality in Proposition 4.3 with a result reported by Lindsey 
(1990). He finds that h(Olo, E a(,) is greater than the value of h(Z) that 
prevails in an economy where i - N(0, (T) and suggests the interpretation 
that prices are less sensitive when the volatility of liquidity trade is com- 
mon knowledge. The former statistic, h(Olo, E a,,), is an average com- 
putedfrom two possible prices, whereas the latter statistic, h(Z), is not an 
average, but relates to a single price set by a marketmaker when the 
variance of liquidity trade takes an average value. Lindsey’s result arises 
from Jensen’s inequality and the fact that h’s are inversely related to CT,- 
i.e., the average inverse crX is greater than the inverse of the average (-TV. 
By contrast, our result, which holds the stochastic structure of liquidity 
trade fixed, indicates that prices are more sensitive to order flow when the 
volatility of liquidity trade is common knowledge. 

5. CONCLUSION 

In this paper, we model risk-neutral securities markets that differ with 
regard to whether liquidity trades can be anonymously executed. Infor- 
mation about liquidity trade is modeled as a revelation that leads to a 

values of c for which revealing the magnitude of liquidity trade discourages the acquisition of 
private information would be smaller. 
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change in the marketmaker’s and/or agents’ beliefs regarding liquidity 
trade. We show that the degree of anonymity provided by a market is 
important to market participants’ expected profits and several aspects of 
market quality. Therefore, our results are relevant to policymakers who 
are concerned with agents’ expected profits and market quality. In addi- 
tion, our analysis has implications for several issues of market design 
including the automation of trading and the decentralization of markets. 

The extent to which a market provides anonymous execution of liquid- 
ity-motivated orders affects the costs of order execution, the depth of the 
market, and the production of private information about a security’s fun- 
damental value. Our results suggest that different configurations of the 
anonymity feature of a market’s design can be used to achieve different 
policy objectives. For example, revealing the magnitude of liquidity trade 
to all market participants encourages agents to acquire costly private 
information and discourages the acquisition of inexpensive information 
that is already widely distributed among market participants. Alterna- 
tively, maintaining anonymity with respect to the direction of liquidity 
trade increases agents’ incentives to acquire private information, regard- 
less of cost. 

Our results have implications for the institutional arrangements of sun- 
shine trading and dual trading. Order execution costs for liquidity traders 
is lower if they disclose the direction of their trades in advance. However, 
a disclosure of the size of their trade only decrease transactions costs if 
there is sufficient competition among agents with private information 
about the security’s fundamental value. We also show that the practice of 
dual trading can decrease order execution costs faced by liquidity-moti- 
vated agents, but that dual trading decreases agents’ incentives to acquire 
private information about fundamentals. 

Automation of trading systems and decentralization of markets are 
among the most discussed current developments in domestic and interna- 
tional finance. Automated trading systems can simply improve the execu- 
tion of orders in existing organized exchanges or abolish floor trading 
entirely in favor of screen-driven computerized trading systems. Specify- 
ing the information to be revealed on screen is crucial to the design of an 
automated system [see Domowitz (1990) for an analysis of three auto- 
mated systems]. A potentially important part of that information is the 
identity of the agents participating in the market and the resulting order 
flow. The same issue is important in deciding whether trading of a security 
should be done on centralized or decentralized markets. Our results pro- 
vide some clarification of these issues. 

If by knowing who is present on the trading floor (or actively monitor- 
ing a computer screen) agents are better able to infer something about the 
magnitude of liquidity trades, then centralization (or disclosing the iden- 
tity of current participants in an automated system) can provide lower 
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execution costs for liquidity-motivated orders than a decentralized mar- 
ket, when competition among informed agents is intense. Conversely, in 
markets where private information is held monopolistically, a decentral- 
ized market structure that discloses little or nothing about agents’ willing- 
ness and motivation to trade achieves lower costs of executing liquidity- 
motivated orders. If a firm’s management chooses where to list its 
securities based on minimizing the cost of executing liquidity trades, then 
securities of firms where large numbers of investors are informed would 
be listed on centralized markets (like the NYSE/AMEX). Alternatively, 
securities of firms where few investors are informed would be listed on 
decentralized markets (like the OTC market). A similar trade-off is rele- 
vant for choosing among automated trading systems. Firms would choose 
to list their stocks on automated trading systems with differing degrees of 
disclosure according to whether private information is widely distributed 
among traders or monopolistically held. 

APPENDIX 

Proof of Proposition 3.1. If agent i E A observes ZL, then his optimal 
order, $4, solves 

where Z, = a,/(~, + a,). The first-order condition implies 

where Ami is the subset of A consisting of all elements except element i. 
The only solution to this system of equations (one for each agent i) is 
symmetric-i.e., (Yi,pr = (Y+.~, pi,p,, = plLI for all i-implying that 

a fix = (N :Ul)A,7 
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and 

(3.1.1) 

Similar reasoning implies that when p, is observed, the order of agent 
i E B is given by 

The only solution to this system is symmetric-i.e., 8+, = 6,? for all i- 
implying that 

q,+ = - ( (3.1.2) 

Combining (3.1.1) and (3.1.2) yields 

This completes the analysis of agents’ behavior when pX is observed. 
If agent i E A does not observe p, then his order, rj~b, solves 

where h = IA,, + dh,, , and 3 = BOPH + lb,, . The first-order condition 
implies 

The only solution is symmetric--ai,Fr = (yPY and pi,,, = pP, for all i-so 

1” 
@-O = (N + 1)h 

and 
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(3.1.3) 

Similar reasoning implies that when pu, is not observed, the order of 
agent i E B is given by 

where B-i is the subset of B consisting of all elements except element i. 
The only solution is symmetric-& = 6, for all i-so 

(3.1.4) 

Combining (3.1.3) and (3.1.4) yields 

p<, = 6, = - -!-- (“i. AI+1 c 

Since p’s and 6’s are always equal, we henceforth use only fi’s. 
Conditional on the value of pu,, the marketmaker’s inference problem 

involves normal variates {ii, (3): 

where, conditional on pu,, (s is given by 

- %t = M& + NarFry + X with probability 4 
(;,= 

with probability 1 - 4. 

From this we compute the following moments: 
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Substituting and rearranging yields 

A/& = Nu”al(q(M&~ + pJ2 + (1 - q)(MP, + 11.X)2 + N2a2(o, + o,) 

+ CJ- - [qM& + (1 - qmfpo + p,12) 

for /.L, E {CL”, pL}, having used the fact that (Ye,, = aILL = CY, = (Y. We also 
have 8,; = -A,$,,, where & = ~k&l = qE[+Jpxl -t (1 - q)E[&lpJ 
for CL, E {pH, pL}; substitution and rearrangement yields 

A N 
‘PH = PfJ - N + 1 (IbH - d,,,) - N(1 - qL [h/&L" - e^,,> 

2(N + 1)h 

+ A,,(PL - f&,)1 
1 N n 
‘PL = PL - N + 1 q&L - e,,) - 2(N + *)A N(1 - ‘) [A PH (j..~u - t$,,) 

+ A,,(PL - &Jl. 

Direct solution of this linear system yields the unique solution: {dLLH = pH, 
6@, = ,uL}. Therefore, upon substituting this into the equations for CY, the 
p’s, and the A’s, we have 

1” 
ff PH =a jL(. = cfo = A(N + 1) 

Finally, substituting the optimal &‘s into the expected profit equations 
and taking expectations yield 

Proofoff’roposition 3.2. The solution for agents’ behavior is identical 
to the argument made in the Proof of Proposition 3.1 except that in the 
present case, A and 8 are not hcL,-contingent. This yields the relations that 
hold in equilibrium, 
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where Z, = u,I(o, + o,). Since p’s and 6’s are always equal, we hence- 
forth use only ~3’s. 

Conditional on the value of Z..L,, the marketmaker’s inference problem 
involves normal variates {B, (3). Using Definition 1, 

where, conditional on p,, 6 is given by 

- % 2 M& + Na,j + 2 with probability 9 
(3= 

Go = M& + Ncq,y + .f with probability 1 - 4, 

and 

Thus, 

Computing these moments yields expressions identical to those computed 
in the Proof of Proposition 3.1. Using these expressions, we have A, = 1 1 
iA,, + fhpL, where 

i,r = N~dMM& + 1.4~ + (1 - q)(MP, + /-d2 + N2a2b-, + a,) 
+ u - k-@-f&~ + (1 - q)MPo + pJ2> 

having used the fact that ayH = aILL = (Y~ = CL Substituting for (Y’S and p’s, 
and simplifying considerably, one has 
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Recall that 8, = &,,E[GJ~~] + 3A,,E[61kL]. Substituting for the condi- 
tional expectations yields 

8, = -&J/AH + M(q&, + (1 - mJ1 - 4&&L. + wd4L, 
+ (1 - cr)Po)l. 

Substituting for the p’s and rearranging yields 

Substituting the optimal &‘s into the expected profit equations and 
taking expectations yields 

E[‘TTi(ICIB)I@‘B; N, 41 = 

+(l -q)F . 
0 

ProofofProposition 3.3. Forjointly normal variates, the reduction in 
posterior variance of i, due to observing P is 

written as a function of q, the realization of pX, and the marketmaker’s 
knowledge @, . 

If the marketmaker knows CL, (i.e., pL, E @J, then from Proposition 3.1 
we have 

where A = A,, = A,, and 
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for both q = 0 and q = 1, and (Y = (Y, = c+,, = (Yap. Computing moments 
yields 

coV[p:, fib-h~l = co@, ijlpL] = ANaa, 
VarVhA = Var[PJpd = h2[Wd+~, + q,) + fl] 

for both q = 0 and q = 1. Therefore, 

If the marketmaker does not know pL, (i.e., p, $5 a,,), then from Propo- 
sition 3.2 we have 

where 

NCY~ + R ifq = 0 
&j= 

N& + Naj + .i ifq = 1, 

and a = (Y, = (Ye,, = (Yap. The A and Q parameters of Proposition 3.2 are 
equal to those of Proposition 3.1. If q = 0, computing the moments yields 

coV[~, +H] = cov[P, ii(pL] = ANacr, 
var[fhl = Var[P;I~L] = h2[N%G(o, + o,) + ol. 

If q = 1, computing the moments yields identical expressions. Thus, 

Equations (3.3.1) and (3.3.2) imply that 

where x(q)*) = tA,,(q(*) + fA,,(q/.). 

Proof of Proposition 3.4. Define A(N) = hoIN,+ = AolN,g=i and, for 
simplicity, N, = N*(O, c) and Ni = N*(l, c). We prove the second part of 
the proposition first. From Proposition 3.2, we have the following expres- 
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sions for optimal expected profits when the direction of liquidity trade is 
not revealed to the marketmaker: 

oh; N, 11 = CC 1/2hd + (1 /W&W) 
(M + 1)2 

E[r;(t/$); N, 01 = 0. 

Using these expressions, define the expected surplus to becoming in- 
formed 

n(Nv 4) = E[ri($b); N, 41 - c - E[ni($B); N - 1, 91. 

By the definition of N, and Nr as unique equilibria in information acquisi- 
tion, we have 

I”(+U 
n(N~t ’ ‘) = (N, + ])2h(N,) - ’ g ’ 

I”U” 
n(N~j + ” ‘1 = (N, + 2)2x(N, + 1) - ’ < ’ 

I”U” 

n(N1’ I) = (N, + l)2A(N,) + 

- h(N, - l)] - c>o 

I”U” 

n(N’ + ” *) = (N, + 2)2h(N, + 1) + 
W)Pif + wvP.2 [h(N 

(M + l)2 I 
+ *) 

- h(N,)] - c -=c 0. 

First, suppose that h(Nr + 1) - h(NJ 5 0; then WN, + 1, 0) < 0 
implies that 

II(N, + 1, 1) < 0 (3.4.1) 

and either 

rI(N0, 1) 2 0 (3.4.2a) 
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or 

II(N,, 1) < 0. (3.4.2b) 

If (3.4.2a), then (3.4.2a) and (3.4.1) imply that N,) = N, . Alternatively, if 
(3.4.2b), then the fact that 

rI(N, ) 1) 2 0 and rI(N, + 1, 1) < 0 

and uniqueness of Ni imply that N,, > N, . 
Now suppose that h(Ni) - h(N, - 1) 2 0; then II(N,, 0) L 0 implies 

that 

and either 

or 

rI(N, + 1, 1) < 0 (3.4.4a) 

rI(N, + 1, 1) 2 0. (3.4.4b) 

If (3.4.4a), then (3.4.3) and (3.4.4a) imply that N, = N, . Alternatively, if 
(3.4.4b), then the fact that 

rI(N,, 1) L 0 and rI(N, + 1, 1) < 0, 

and uniqueness of Ni , implies that N, + 1 < Ni + 1 or N, < N1 . 
The remaining logical possibility is that h(NJ < h(N, + 1) and A(NJ < 

A(Ni - 1). Under this hypothesis, we have 

NN, , 0) > WVI, 1) 2 0, (3.4.5) 

where the first inequality follows from the fact that A(Nr) < A(N, - 1) and 
the second follows from the definition of N, . We also have 

II(N1 + 1, 0) < II(N, + 1, 1) < 0, (3.4.6) 

where the first inequality follows from the fact that A(N1 + 1) > A(N1) and 
the second follows from the definition of N, . Equations (3.4.5) and (3.4.6) 
together imply that N, satisfies the requirements for an equilibrium in 
information acquisition when 4 = 0; therefore N, = N, . 
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To prove the first part of the proposition, simply note that the expected 
surplus expressions are identical for 4 = 0 and 9 = 1 in the case where the 
marketmaker knows the direction of liquidity trade. Further, this expres- 
sion is the same as the expression for the surplus above (marketmaker 
does not know pL,) when 4 = 0. 

LEMMA 3.5. h:(N) I 0 for all N Z- 1, with equality ifand only ifN = 1; 
and h,(l) > h,(O) = 0. 

Proof of Lemma 3.5. From Proposition 3.2, for q = 0 and q = 1 
equilibrium A, satisfies 

2o:A; + 2Z,o,U, 
N3 

A, - 2(Z,o,)2 (N + l)zj = 0. 

Implicitly differentiating with respect to N and simplifying yields the con- 
dition 

A:,(N) < 0 N2(3 - N) 
(N + 1)*(3N - 1) < ” 

This condition is clearly satisfied for N 2 3. Direct substitution of N = 1 
and N = 2 establishes that the condition is satisfied for N = 2 and holds 
with equality for N = 1. 

Proof of Proposition 4.1. The solution for agents’ behavior is identical 
to the argument made in the proof of Proposition 3.1 except that in the 
present case, vX = 0, A,, and 8, are not pX-contingent, and (T, replaces W. 
This yields the relations that hold in equilibrium, 

1” 
CY UH =a =a! OL ” = (N + l)A,, 

where Z, = a,/(~, + oE). Since /3’s and 6’s are always equal, we hence- 
forth use only ~3’s. 

Conditional on the value of cX, the marketmaker’s inference problem 
involves normal variates (0, O}. Using Definition 1, 

P(w) = 8 + Aw = fE[iilw, (T,,] + ;E[ti(o, (~~1, 

where 

E[r+J, CT,] = 
Cov[O, ala,] 

Vat-[+,] (w - E[wla,]) = i&d - E[olu,]) 
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and where, conditional on ox, cj is given by 

- 
(g= %I = Mb,; + NcY,,~ + i with probability q 

0, = M/3, + Na, j’ + i with probability 1 - q. 

Given this, we have 

A, = ii,, + &i,, 
8, = -&,E[+rHI - fi,,E[+TL]. 

Computing these moments yields expressions identical to those computed 
in the Proof of Proposition 3.1, with pu, = 0, except that the conditioning 
set (and subscripts) are u, instead of Z.L,. Using these expressions, we 
have A, = ii,, + ii,,, where, upon substituting, we find 

0, = 0 and * NIUuv 
*,I = (N + l)h,[o, + N2(Z,u,l(N + 1)2A:)1 ’ 

Substituting the optimal choice into the expected profit equation yields 
optimal expected profits 

E[ri($B)I@f; N, q] = 0. 

ProofofProposition 4.2. The solution for agents’ behavior is identical 
to the argument made in the proof of Proposition 3.1 with Z..L, = 0 except 
that in the present case, the conditioning set (and subscripts) are u.~ in- 
stead of Z.L,, A is u,-contingent instead of pu,-contingent, and u.~ replaces 
u. This yields the relations that hold in equilibrium, 

1” 
%Y = (N + l)hVr 

1” 
ffo = 

(N + 1)h 

& = ‘6 = - M 

where e = A&, + J&, and h = ;A,,, + $hg,. . Since p’s and 6’s are always 
equal, we henceforth use only p’s. 
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Conditional on the value of ox, the marketmaker’s inference problem 
involves normal variates {ii, W}: 

where, conditional on (TV, W is given by 

= Mpg7 + NcY,~~ + f with probability 4 
(;,= 

s M/3, + Na,, ji + i with probability 1 - 4. 

Computing these moments yields expressions identical to those computed 
in the Proof of Proposition 3.1, with p, = 0. Using these expressions, we 
have 13,~ = 8,, = 0. Solving for Am8 yields 

A2 = NLdiqh + (1 - q)W + I&J 
VI N21,a,(l - q) + cr,(N + l)2k ’ 

Substituting the optimal choice into the expected profit equation yields 
optimal expected profits 

ProofofProposition 4.3. If gX 4 @(), then from Proposition 4.1, it is 
clear that h, is independent of q. Assume, instead, that gX E Q’, . Since h’s 
are positive, h(0) < i(l) if and only if h(O)2 < h(l)2. Upon substituting for 
these, where a = iuH + 2~~) we have the equivalent expressions 

& {[Z2(N - 1)2 + ~Q(+LN]“~ - c(N - 1)) 

2 
(~HflN2 1 

or 

[3(N - 1)2 + 4NaHaL] < ; (a$2 + ~2”)’ + 3N - 1) 1 

2 

or 
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1 
4Nu~c+L < - (uH 

4 
“2 + (T;‘2)4 + (u* “2 + (+;‘2)2iF(N - 1) 

and Since uL = KU~ for some K E (0, l), 

16N~ < (1 + K”2)4 + 2(N - l)( 1 + K”2)2(1 + K) 

or, after rearranging, 

~N{-K~ - 2K3’2 + 6K - 2K Ii2 - l} < -(l + K”2)2(1 - K”2)2. (4.3.1) 

Note, however, that (1 - K”~)~ > 0 holds for all K E (0, 1). Squaring and 
multiplying by 2~“~ yields 

2K”2 + 2K3’2 - 4K > 0, 

therefore, 

(1 - K)2 + 2K “2 + 2K3’2 - 4K > (1 - K)2 

or, equivalently, 

{ -K~ - 2K312 + 6~ - 2K “2 - 1) < -(l + K”2)2(1 - K”2)2, (4.3.2) 

which holds for all K E (0, 1). Since the value in {*} is negative by (4.3.2), 
(4.3.2) implies that (4.3.1) holds for all N 2 1. 

Proof of Lemma 4.4. Suppose ox E @(, ; then from Proposition 4.2, for 
CJ = 0, the marketmaker’s choice is 

LJQ) = 
N(N + l)Z,c&O) 

N2Z,cr, + u,(N + 1)2jY(0)2’ 

where i(O) = &h,,(O) + 2&(O). Rearranging and taking expectations 
yields the quadratic equation 

aHaL(N + 1)4i(O)4 + N(N + 1)2(N - 1)Z,a,C~(0)2 - N31;oZ, = 0, 

where (T = $cTH + 4aL. The unique positive solution to this is 

QO)2 = NIP, 

2a~a~(N + 1)2 {[(NJ2if2 + ~NcTH(TL]“~ - (N - l)CF}. 
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We also have 

NZ,u, 
‘dl)* = (N + 1)2aH and NLu, 

‘dl)* = (N + 1)2cL’ 

The following expressions are equivalent: 

1 1 1 ~ ___ 
2&,(l) + %,U) -=I h(O) 

(4.4.1) 

squaring 

~KV*[hJ~)* + 2A,,U)&,U) + &,(l)l < 4A,,(l)*A,,,(l)* 

substituting for the A’s 

; {[(N - l)*F* + ~NuHcQ]“* - (N - l,F} ,,(N&$2 1)4 

L+L+ 2 1 4(NLu,)* 
CH UL (UfPLP2 < (N + 1)4u~u~ 

or 

[(N - l)*i?* + 4uHuL1”* - (N - 1)c < 8 uH + 2(;;7),i2 + uL] 
i 

squaring and rearranging 

N(u;* + u;‘2)4 < 16uHuL + 4(N - 1)t?(0-;~ + cd’*)* 

considerable rearrangement yields 

N > _ 16uHuL - 4+r;* - d’)” 
(42 + u~/2)2(ul/ - u3’ 

and since uL = KU~ for some K E (0, l), 

N > _ 16K - 2( 1 + K)(l + K”*)2 - 

(1 - K)* 
= N(K). 

The right-hand side of this inequality can be shown to vary between the 
values of 2 and 3 as K varies between 0 and 1. Since (4.4.1) is true if and 
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only if this inequality is satisfied, we conclude that there is a N = N(K) > 2 
such that (4.4.1) is true if and only if N 2 n. 

ProofofProposition 4.6. Define the equilibrium price of Proposition 
4.2 as 

where the equilibrium order flow is 

From Proposition 4.2 we can compute the parameter values 

%c(l) = I” I” 
(N + l)A,U)’ %p) = 

(N + 1)&O)’ 

NIP, 
hd1)2 = (N + l)tux) 

where i;<O) = &JO) + $X,,(O) computed from the expressions for Aflr(0) 
in Proposition 4.2. After simplification, one obtains 

-  

A(o)2 = 2o,a,(N + 1)2 
Nluuu z 

’ where 

2 = {[(N - 1)2Z2 + ~NcT~cT~]“~ - (N - l)(T), (4.6.1) 

where Cr = iaH + fvr. For jointly normal variates, the reduction in 
posterior variance of ii due to observing Pmr(q) is 

Using this definition and the equilibrium parameter values above, and 
simplifying, yields 
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From this it is clear that h(0) = A(1) if and only if 

(4.6.2) 

Considerable rearrangement yields the equivalent expression 

N 
uHuL - (N + 1)2’ 

Substituting for i(O)’ from (4.6.1) and rearranging yields the equivalent 
expression 

2(1 - N)ZX = C2 - 4No~a~ 

implying that (4.6.2), and hence A(0) = A(l), are equivalent to 

li2 = 4NcrHuL - 2(N - 1)Z. (4.6.3) 

To verify that (4.6.3) holds, use the definition of C to compute C2, which 
yields 

X2 = {2(N - I)C((N - I)G - [(N - 1)2G2 + 4Nu~uJ”~) + 4Nu/,u~} 

= 4NuHuL - 2(N - I)i%, 

verifying (4.6.3) as desired. 

ProofofProposition 4.7. Assume that the magnitude of liquidity trade 
is revealed to the marketmaker. It is clear that for any q, N*(q; c) is 
decreasing in c. Therefore, we k_now that we can choose a cl s$iciently 
large to ensure that N*(O; ci) 5 N. However, since N*(O; ci) I N, we can 
show using Lemma 4.4. that 

E[~@f)l@f; N*(O; c,), I] > E[~;($~)]@“; N*(O; c,), 01. 

Since E[n(*l*; N, q)] is decreasing in N for each q, we conclude that N*(l; 
c,) > N*(O; cJ. Using a similar argument, we can choose a c2 sufficiently 
small to ensure that N*(l; c2) > N, which in turn implies that N*(O; c2) > 
N*(l; c2). 
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If the magnitude of liquidity trade is not revealed to the marketmaker, 
the private information component of expected profits is the same when 
q = 0 as it is when q = 1. Therefore, NC is the same for these two cases. 
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