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Abstract

Information Sharing, Liquidity and Transaction Costs in Floor-Based Trading

Systems.

We consider information sharing between traders ( “floor brokers”) who possess different
types of information, namely information on the payoff of a risky security or information on
the volume of liquidity trading in this security. We interpret these traders as dual-capacity
brokers on the floor of an exchange. We identify conditions under which the traders are
better off sharing information. We also show that information sharing improves price
discovery, reduces volatility and lowers expected trading costs. Information sharing can
improve or impair the depth of the market, depending on the values of the parameters.
Overall our analysis suggests that information sharing among floor brokers improves the

performance of floor-based trading systems.

Keywords : Market Microstructure, Floor-Based Trading Systems, Open Outcry, Infor-

mation Sharing, Information Sales.
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1 Introduction

The organization of trading on the NYSE has been remarkably stable since its first con-
stitution in 1817. Trading is conducted through open outcry of bids and offers of brokers
acting on behalf of their clients or for their own account.! This trading mechanism is not
unique to the NYSE. Equity markets like the Frankfurt Stock Exchange and the AMEX
or derivatives markets like the CBOT and the CBOE are floor markets.? However floor-
based trading mechanisms are endangered species as they are progressively replaced by

3. Given this trend toward automation, it is natural to

fully automated trading systems
ask whether floor-based trading systems can provide greater liquidity and lower execu-
tion costs than automated trading systems. This question is of paramount importance for
market organizers and traders. In fact, it has been hotly debated between members of
Exchanges who considered switching from floor to electronic trading?. In order to survive
floor-based trading mechanisms must outperform automated trading systems along some

dimensions.

Automated trading systems dominate floor-based trading systems in many respects.
First floor markets are more expensive to operate (see Domowitz and Steil (1999)). Sec-
ond physical space limits the number of participants in floor markets but not in automated
trading systems. Finally traders without an access to the floor are at an informational dis-
advantage compared with the traders on the floor. This disadvantage is likely to exacerbate

agency problems between investors and their brokers (Sarkar and Wu (1999)).

By design, floor-based markets foster person-to-person contacts. Hence the ability of
market participants to share information is greater in these markets. This feature is often
viewed as being one advantage, if not the unique one, of floor-based trading systems.® For

instance Harris (2000), p.8, points out that
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‘Floor-based trading systems dominate electronic trading systems when brokers

need to exchange information about their clients to arrange their trades.’

Information sharing is a function of the floor which is difficult to replicate in electronic
trading systems. These systems usually restrict the set of messages that can be sent by
users (generally traders can only post prices and quantities). Furthermore trading in these
systems is in most cases anonymous. This feature prevents traders from developing the

reputation of honestly sharing information through enduring relationships.

Information sharing on the floor can take place between two types of participants. First
floor-brokers can exchange information on their trading motivations with market-makers.
Benveniste, Marcus and Whilelm (1992) model this type of information sharing and show
that it mitigates adverse selection. Second floor-brokers can communicate with other floor-

brokers. For instance, Sofianos and Werner (1997), p.6 notice that

‘In addition, by standing in the crowd, floor brokers may learn about additional
broker-represented liquidity that is not reflected in the specialist quotes: floor
brokers will often exchange information on their intentions and capabilities,

especially with competitors with whom they have good working relationships.’

Our purpose in this paper is to analyze this type of information sharing. At first glance,
information sharing among floor brokers is puzzling. In fact standard models with asym-
metric information (e.g. Kyle (1985)) show that informed traders want to hide their infor-
mation rather than disclose it to potential competitors. Furthermore, information sharing
reinforces informational asymetries between those who share information and those who
do not. It is therefore not obvious that it should improve market quality. Hence we ad-
dress two questions. First, is it optimal for floor brokers to share information with their
competitors? Second, what is the effect of information sharing among floor brokers on
the overall performance of the market? In particular we study the impact of inter-floor
brokers communication on standard measures of market quality, namely price volatility,

price discovery, market liquidity and trading costs.

We model floor trading and information sharing using Kyle (1985)’s model as a workhorse.
As in Roéll (1990), we assume that traders (floor brokers) have access to two types of in-
formation: (i) fundamental information which is information on the payoff of the security
and (ii) non-fundamental information which is information on the volume of liquidity (non-

informed) trading. We consider the possibility for two floor brokers endowed with different
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types of information (one has fundamental information and the other has non-fundamental
information) to share information. More specifically we assume that floor brokers have in-
formation sharing agreements (they form a “clique”). An agreement specifies the precision
with which each broker reports his or her information to the other broker. After receiving
fundamental or non-fundamental information, the brokers in a clique pool their information
according to the terms of their agreement just before submitting their orders for execution.

We establish the following results.

=There is a wide range of parameters for which it is optimal for floor brokers to share

their information (i.e. their expected profits are larger with information sharing).

=ZInformation sharing can improve or impair the depth of the market, depending on

the values of the parameters.

=ZInformation sharing always reduces the aggregate trading costs for liquidity traders.
However when information sharing impairs market depth, some liquidity traders are

hurt.

=ZInformation sharing occurs at the expense of the floor brokers who are not part to

the information sharing agreement.

=Information sharing improves price discovery and reduces market volatility.

Intuitively information sharing intensifies competition between floor brokers and in this
way it lowers the total expected profits of all floor brokers (reduces the aggregate trading
costs). Information sharing also changes the allocation of trading profits among floor
brokers. More specifically the floor brokers who share information capture a larger part of
the total expected profits, at the expense of floor brokers who do not share information.
These two effects explain why information sharing can simultaneously benefit liquidity
traders and the floor brokers who share their information. Overall information sharing
between floor brokers is an advantage for floor-based trading systems since it results in (a)
lower trading costs, (b) faster price discovery and (c) lower price volatility. Interestingly,
in line with our result, Venkataraman (2000) finds that trading costs on the NYSE are
lower than on the Paris Bourse (an automated trading system), controlling for differences
in stocks characteristics.®
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Our analysis is related to the literature on information sales (e.g. Admati and Pfleiderer
(1986), (1988) and Fishman and Hagerty (1995)). In contrast with this literature, we
assume that the medium for information exchange is information, not money. Actually
in our model, the trader who receives information rewards the information provider by
disclosing another type of information. Hence we consider floor-based systems as markets
for trading shares and forum to barter information. Another important difference is that we
consider communication of information on the volume of liquidity trading. We show that
it may be optimal to ‘sell’ (barter) such an information and that sales of non-fundamental

information have an impact on market quality.

The model is described in the next section. Section 3 shows that it can be optimal for
floor brokers to share information. Section 4 analyzes the impact of information sharing
on various measures of market performance. Section 5 concludes. The proofs which do not

appear in the text are in the Appendix.

2 The Model

2.1 Information Sharing Agreements

The Trading Crowd.

We consider a model of trading in the market for a risky security which is based on Kyle
(1985). The final value of the security, which is denoted o, is normally distributed with
mean 4 and a variance o2 that we normalize to 1. This final value is publicly revealed at
date 2. Trading in this security takes place at date 1. At this date, investors submit market
orders to buy or to sell shares of the security. The excess demand (supply) is cleared at

the price posted by a competitive and risk-neutral market maker.

The trading “crowd” for the security is composed of N + 1 floor brokers.” At time
1, there are two types of floor brokers: (i) N fundamental speculators and (ii) one non
fundamental speculator, B. Fundamental speculators have information on the final value
of the security. For simplicity, as in Kyle (1985), we assume that they perfectly observe this

final value, just before submitting their orders at date 1. Broker B, the non-fundamental

quoted soreack an the ° aarcan be Erger arsmalkerthan in the automated trading system, dgpendingan
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speculator, receives orders from liquidity traders. We denote T the total quantity that
broker B must execute on behalf of liquidity traders. As a whole, liquidity traders have
a net demand equal to © = xg + Tp shares. We assume that 7y and Zp are normally
and independently distributed with means 0 and variances o2 and o% respectively. We

normalize the variance of the order flow due to liquidity trading, o2, to 1, i.e.:

In this way, 0% can be interpreted as broker B’s market share of the total order flow from
liquidity traders. The remaining part of the order flow can be seen as being intermediated
by floor brokers who do not trade for their own account or as being routed electronically

to the floor.8,°

Both types of speculators can engage in proprietary trading. In particular broker B
can act both as an agent (she channels a fraction of liquidity traders’ orders) and as
a principal (she submits orders for her own account). This practice is known as ‘dual-
trading’ and is authorized in securities markets (see Chakravarty and Sarkar (2000) for a
discussion).'®Models with dual-trading include Roell (1990), Sarkar (1995) or Fishman and
Longstaff (1992). In these models, as in the present article, brokers engaged in dual-trading
exploit their ability to observe orders submitted by uninformed (liquidity) traders.!' None
of these models has considered information sharing of fundamental and non fundamental
information among brokers, however. Our purpose is to study the effects of this activity.
As argued in the introduction, this type of information exchange is a distinctive feature of
floor markets. The speculators with fundamental information can be seen as brokers who
exclusively trade for their own account (like scalpers and locals in derivatives markets).

They could also be seen as brokers who have no customers’ orders to execute at date 1.

It is reasonable to assume that the order flow from liquidity traders is independent
across brokers (for instance brokers have different clients). In contrast, signals on the
fundamental value of the security are correlated. For these reasons, we assumed that

only one floor broker observes the non-fundamental information, 5, whereas several floor
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brokers observe the fundamental information, v. We have analyzed the model when there is
more than one non-fundamental broker (with independent order flow) and brokers perfectly
share information (information sharing is described below). The presentation of the model
is more complex but the conclusions are qualitatively similar to those we obtain in the
case with only one non-fundamental broker. One reason for which the model is more
complex is that the number of cliques (groups of paired brokers with distinct information)
is endogenous. In equilibrium, this number can be smaller than the maximum possible
number of cliques. For instance if there is an equal number, N, of fundamental and non-
fundamental brokers, the number of cliques can be smaller than N. In particular, with
perfect information sharing, this is necessarily the case when o2 = 0. In this case, the
aggregate order flow channeled by the non-fundamental brokers who are not affiliated to

a clique plays the role of Zy in the present article.
Information Sharing.

We model information sharing as follows. We assume that the non fundamental spec-
ulator, B, has an agreement to share information with one fundamental speculator, S.
According to this agreement, before trading at date 1, the non-fundamental speculator
sends a signal

.%:.%B—i-ﬁ,

to the fundamental speculator. In exchange, the fundamental speculator sends a signal
U =10+4E,

to the non fundamental speculator. The random variables 1 and € are independently and
normally distributed with mean zero and variances 0,2] and o2, respectively. We refer to the
inverse of o (resp. 02) as the precision of the signal sent by broker B (S). The larger is o}
(02), the less precise is the signal sent by speculator B (speculator S) and hence the lower
is its informative value. Two polar cases are of particular interest. First there is perfect
information sharing if o7 = 02 = 0. Second there is no information sharingif o} = 02 = 1 .
In-between these two cases, there is information sharing but it is imperfect (at least one
speculator does not perfectly disclose his or her information). The information sets of

speculators B and S at date 1 are denoted yp = (Z5,%,0) and ys = (0, &, 0), respectively.

In reality floor brokers are likely to exchange information with the brokers with whom

they have enduring relationships. In this case their decision to share information with a



given broker must be based on the long-term (average) benefits of information sharing. For
this reason, we assume that the speculators decide to share information by comparing their
ex-ante (i.e. prior to receiving information) expected profits with and without information
sharing. We say that information sharing is possible if there exists a pair (03,,03) such that
the expected profits of speculator S and B are larger when there is information sharing.

In section 3, we identify parameters’ values for which information sharing is possible.
Remarks.

It is worth stressing that we focus on the possibility of an information sharing agreement
but not on its implementation. In particular, we do not address enforcement issues. In
that, we follow the literature on information sales where the quality of the information
which is sold is assumed to be contractible.'? We also assume that the information sharing
agreement and its characteristics (072],0?) are known by all participants (including the
market-maker). This common knowledge assumption is also standard in the literature on

information sales.

2.2 The equilibrium of the Floor Market

In this section, we derive the equilibrium of the trading stage at date 1, given the charac-
teristics of the information sharing agreement between speculators B and S. Then, in the

next section, we analyze whether or not it is optimal for B and S to exchange information.

We denote by Q°(ys) and QP(yp), the orders submitted by speculators S and B, re-
spectively. In the set of fundamental speculators, we assign index 1 to speculator S. An
order submitted by the other fundamental speculators i = 2, ..., N is denoted Q*(¢). The
total excess demand that must be cleared by the competitive market maker is therefore

N
0= Q)+Q%ys) +Q"(ys) + 7.

=2

As the market maker is assumed to be competitive, he sets a price p(O) equal to the asset

12See ) dmati and P ° eiderer (986, 988). Same papers have shoan howvincartives aattracts aan be
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expected value conditional on the net order flow, i.e.
p(0) = E(v JO). (1)

An equilibrium consists of trading strategies Q%(.), Q?(.), Q(.),i = 2,..., N and a com-

petitive price function p(.) such that (i) each trader’s trading strategy is a best response to

other traders’ strategies and (ii) the dealer’s bidding strategy is given by Equation (1).'®
For given characteristics, (0'72],0'52), of an information sharing agreement, the next lemma

describes the unique linear equilibrium of the trading game.

Lemma 1 : The trading stage has a unique linear equilibrium which is given by

p(0) = p+A0, (2)
Q%(ys) = a1V ip)+ax(d i p)+ ast, (3)
QD) = d@ip),i=2,..,.N (4)
Q%(ys) = biZip+ byd +b3(d i p), (5)

where coefficients ay, as,as,a’, by, by, by and \ are

3(0} 4 02)

T Ne(N+2 02 +3(N+1)02)
o
Ay = i )
A2(N+2)024+3(N+1)02)
as = i
513 0% +o02
, 202 + 307
a ==
AN2(N+2)o2+3(N+1)02)
1
bl = i§7
2
by = —i 8
6 of+ 02
92 2
bg - %

A2(N+2)o24+3(N+1)02)

13l are predsely, we aosiderthe P erfect B ayesian Equi ibria of the trading game.



and
qd—; ¢
6 02 op+02 (4(N+1)op+ (12N +5) 0202 +9No?)
(2(N+2)o2+3(N+1)02) o} 4oy +902 + 3605 op + 02

Traders purchase (sell) the security when their estimation of the asset value is above
(below) the unconditional expected value. Hence, the coefficients a;, a’ and b3 are positive.
Non fundamental information is also a source of profit. Intuitively liquidity traders’ orders
create temporary price pressures. Brokers with non-fundamental information are aware
of these price pressures. They can profit from this knowledge by selling (buying) high
(low) when liquidity traders buy (sell). More formally suppose that the fundamental
speculators (but not the market maker) do not expect changes in the security value (i.e.
© = p). Suppose also that B and S perfectly share information and that liquidity traders
submit buy orders. These orders push the price upward because the market maker can not
distinguish liquidity orders from informed orders. Speculators B and S however know that
the correct value of the security is p. In anticipation of the upward pressure on the clearing
price, they submit sell orders. By symmetry, they submit buy orders when liquidity traders
submit sell orders. This explains why coefficients b; and a3 are negative. This means that
floor brokers B and S partly accommodate liquidity traders’ orders and reduce the order
flow imbalance that must be executed by the market-maker. A similar effect is obtained
in Réell (1990) and Sarkar (1995).

The previous discussion shows how speculators can profit both from fundamental and
non fundamental information. Hence there is a benefit to exchange fundamental (non-
fundamental) information for non-fundamental (fundamental) information. Information
sharing is costly, however. Actually speculators S and B depreciate the value of their
private information when they share it. Consider speculator B for instance. If she does
not share information (62 = +1 ), she accommodates half of the order flow she receives
(since by = §1/2). If she shares information then brokers B and S (instead of broker B
alone) provide liquidity to the orders channeled by broker B. For instance if there is perfect
information sharing then each broker accommodates one third of the orders received by
broker B (since by + by = §1/3 and a3 = §1/3 when 0,2, = 0). This competition for the
provision of liquidity has two effects. First, broker B trades smaller quantities. Second,

the order imbalance that must be executed by the market-maker is smaller. Hence, for a



given price schedule (a fixed \), prices react less to the order flow.!* In fact speculator
B reduces her trade size when she shares information (b, has a sign opposite the sign of
b1) precisely to mitigate this effect. These two effects (smaller trade size/smaller absolute
price movements) reduce speculator’s B profits on non-fundamental information. This is

the cost of sharing non-fundamental information.

A similar argument holds for speculator S. He depreciates the value of fundamental
information when he shares it with speculator B. In order to mitigate this effect, he adjusts
his trading strategy to the message he sends to speculator B. This explains why as has a

sign opposite a;.

To sum up, information sharing has benefits and costs. Information sharing is a source
of profits since it allows each broker to trade on a new type of private information. But the
brokers obtain new information only if they disclose all or part of their information. This
is costly since it reduces the trading profits that can be made on the information originally
possessed by a broker. In the next section we show that the benefit of information sharing

can outweight its cost.

3 Is Information Sharing Possible?

In this section, we identify cases in which speculators B and S are better off when they
share information. We start by considering the effect of the precisions with which the
speculators B and S share their information on the market depth (measured by A71).15 Tt

turns out that this effect is important to interpret the results.

Lemma 2 : The depth of the market (i.e. \7') is affected by the precisions with which

the fundamental and the non fundamental speculators share their information.

1. The market depth increases with the precision of the signal sent by broker S (% >0),

2. The market depth decreases with the precision of the signal sent by broker B (% <
n
0).
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Notice that an increase in the quality of the information provided by B to S enlarges A,
that is it decreases the depth of the market. The intuition for this result is as follows.
Exchange of non-fundamental information increases the role of floor brokers (B and S) in
the provision of liquidity. To see this point, let Q7 = QF + Q° be the total trade size of
speculators B and S and consider their expected total trade size contingent on g = zp.
We obtain

1 o

EQT jip = = (by + by +a3)(zp) = i(= + —L2—)(z5). 6
(Q" 375 =) = (b1 + ba + a3)(zp) l(2+6(0123+02))( B) (6)
The smaller is 072], the larger is the fraction (Jb;+be+as J of the orders received by broker B
which is accommodated by speculators S and B. As a consequence the dealer participates
less to liquidity trades. In this sense the exchange of non-fundamental information ‘siphons’
uninformed order flow away from the market-maker. Thus this siphon effect increases his

exposure to informed trading and the price schedule becomes steeper.'6

Interestingly an increase in the quality of the information provided by S to B has
exactly the opposite effect: it improves the depth of the market. In this case, the effect
of information sharing is to increase competition among fundamental traders. Hence they
scale back their order size (a; and a” decrease when ¢ decreases). This effect reduces the
market-maker’s exposure to informed trading and thereby makes the price schedule less

steep.

We denote speculator j’s ex-ante expected profit (i.e. before observing information) by

II7(02,02, N) . Using Lemma 1, we obtain the following result.
n &€

Lemma 3 : For given values of o2 and 072], the expected trading profits for speculators B

161N equiibrium infamed traders scake badk theirader size when | inareeses. B ut this is insLe=dent
10 ampensate the reduction in uninfammed trading due 1o the Siphan eRact.
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and S are

A !
02 (02 + 02) (402 + 902) Moy

MN2(N+2)02+3(N+1)02)° 9 0} +o2

HS(O'EI,O'?,N) =

o 5(02,02,N) +1I; (02,02, N),

7]’ 0., n Ocs
and, ~
A 4.2 2 o b 5 2(]:!
M%(02, 02, N) = 4oy, (07 + 02) N o2, 5403_4_9%?
n A2(N +2)02+3(N +1)02)° 36 op + o2
o HB( Ty 5>N)+H (Jn>Ue>N)

Each speculator’s expected profits has two components: (i) the expected profit she or he
obtains by trading on fundamental information (H?) and (ii) the expected profit she or
he obtains by trading on non-fundamental information (II};). An information sharing
agreement is viable if and only if both speculators B and S are better off when they share

information. Hence an information sharing agreement is possible if and only if there exists

a pair (07, 02) such that
- ¢ .
Ty 02,02 N Y 18(62,62 N) §T1°(1,1,N) >0, (7)
and
- ¢ .
Ts ‘02,02, N 211502, 62 N) §11(1,1,N) > 0. (8)

The I's’ measure the expected surplus associated with the information sharing agreement

for speculators B and S.

Proposition 1 : The set of parameters for which speculators B and S share information

18 non-empty.

We establish the result by providing 3 numerical examples. For each example, we
report in Tables 1, 2 and 3 below the break-down of the trading profits for the different
participants with and without information sharing. We also compare the market depth
with and without information sharing. The examples have been chosen because they
illustrate different phenomena that we will discuss in the rest of the paper. The trading

profits are scaled by 2 and o2 that we normalize to 1 throughout the paper.
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Proof:

Example 1: 62 =0, 0?2

=0,02=2/3,N=2.

Profits and depth Information Sharing | No Information Sharing
(N §1) EH} 16 S5, B 0.0589 0.1178

H? 0.0589 0.1178

Hgf 0.0707 0

H? 0.0589 0

Hff 0.1767 0.2357

Total Expected Profits | 0.4242 0.4714

Market Depth ()\) 1.0607 0.9428

Table 1

In this case we obtain that
Ig=1I7+1II;, §II°(1,1) = 0.0589 4 0.0707 j 0.1178 = 0.0118,

and
I'p=M7 +1I7, §117(1,1) =0.0589 + 0.1767 j 0.2357 = 0.

Observe that the total surplus for speculators B and S is positive and equal to
I's +T'p =0.0118,
but that the total surplus for all speculators is negative and equal to
(N i)l +Ts+T'p =(0.0589 §0.1178) + 0.0118 = §0.0471.

(I'; denotes the difference in the expected profit with and without information for a spec-

ulator different from S or B.)

Example 2: 0§ = 0.6, 0? =0, 07 =0, N = 10.

13



Profits and Depth Information Sharing | No Information Sharing
(N §l) El_[jc 16 S, B 0.1815 0.2165

H? 0.0202 0.0241

Hgf 0.0153 0

H? 0.0202 0

Hff 0.0153 0.0344

Total Expected Profits | 0.2525 0.2749

Market Depth () 0.3443 0.3436

Table 2

In this case we obtain that
Ig =17 +1II;, §11°(1,1) = 0.0114,
and
Ip=M7 +1I7, §117(1,1)=0.0011

Observe that the total surplus for speculators B and S is positive (0.0125) but that the

total surplus for all speculators is negative ( §0.0224.)

Example 3: of = 0.6, 0? =0, 07 = 1.3, N = 10.

Profits and Depth Information Sharing | No Information Sharing
(N §1) El_[jc 16 s,B 0.1874 0.2165
113 0.0208 0.0241
H;S;f 0.0035 0
H? 0.0298 0
Hff 0.0290 0.0344
Total Expected Profits | 0.2615 0.2749
Market Depth () 0.033 0.034
Table 3

In this case we obtain that

Ig =17+, §1I°(1,1) = 0.0003,

14



and
I'g = H? —|—Hff i HB(l ,1)=0.0155

Observe that the total surplus for speculators B and S is positive and equal to I's +1'g =
0.0158. The total surplus for all speculators is negative and equal to 10.0134.4

In all the examples, the joint expected profits of speculators B and S increase when
they share information. Notice that this is a necessary condition for information sharing.
Actually Equations (7) and (8) imply that

%(02,02,N) + 1I°(02,02,N) > 11°(1,1,N) + I1%(1,1, N).
At the same time, there is a decline in the joint expected profits of the speculators who
do not share information. Eventually the total expected profits for all the speculators are
lower in all the examples (this is always the case; see Proposition 5 in Section 4). In sum
information sharing is a way for speculators B and S to secure a larger part of a smaller
‘cake’. The fall in total profits is not surprising: information sharing increases competition
between floor brokers. The surprising part is that the joint expected profits of speculators
B and S can increase despite the decline in the total trading profits for the speculators.
This is key since this is a necessary condition for information sharing. We now provide an
explanation for this observation. The explanation is quite complex because several effects

interplay.

Consider the following ratio

9 oy def E(Q" Ji = v)
7"1(0'5,0' ) - ==
" E@QTJo=v,02=1,02=1)

This ratio compares the expected total trade size (QT) of the clique formed by speculators
B and S conditional on fundamental information with and without an information sharing
agreement. Using Lemma 1, we can write this ratio as

s o 1(02,02) + ax(02,02) + bs(02, 02)

ri(oZ,07) = ~ S S

£ al(l,l)

Hence r; > 1 means that the clique formed by B and S trades more aggressively on

fundamental information when there is information sharing than when there is not. Using
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the expressions for a;, a; and b3 given in Lemma 1, we eventually obtain

)\(1,1))( (402 4+ 30%)(N + 1) )
Ao2,02) " 2(N + 2)o2 + 3(N + 1)o2”

€ervn

7’1(02 02) = (

As A(1,1) > A\(0,1) (Lemma 2), it is immediate that r1(0,1 ) > 1. By continuity, this

2

inequality also holds true for other values of o

and o2. Hence there exist information
sharing agreements which induce the clique formed by B and S to trade more aggressively.
In turn this forces speculators who are not part of the clique to shade their total trade

size. To see this point consider the following ratio

ra(0?,0%) E((N i1)Q' §o =) _2@.1)y Qo +30)(N+1)
2T T B(N i)Q jo=v,02=21,02=1) Ao202) 2(N +2)02+3(N +1)02”

where (N §1)Q' is the total trade size of speculators different from B and S. Using Lemma

2, we deduce that ry increases with 072]. This implies that
7“2(052,0,27) - ro(0?,1).
Using the expressions for A(1, 1 ) and A(0?, 1) given in the proof of Lemma 2, we obtain'”
r(0?,1) <1 &2< 1.

We conclude that ry(02, 072]) < 1. This means that information sharing agreements force the
speculators who are not part of the clique to trade less aggressively on their information.
Hence the speculators who share information appropriate a larger share of the total profits
which derive from trading on fundamental information.'® For this reason, information
sharing enlarges their joint expected profit on fundamental information. This is the case

for instance in Examples 2 and 3.

Now consider the effect of information sharing on the profits which derive from non-
fundamental information. On the one hand, there are more speculators who accommodate
the order flow brokered by B. This effect decreases the level of expected profit on non-

fundamental information. On the other hand the exchange of non fundamental information

LT he proof renuires straiditiormard manipulatias and is avel Bbe upan reguest.

18\ otice thatspeculators in aurmackl are ke Caumotaompetitars . In Caumotaompetitian, eedh™ im
waul ke to ammit o trace a l|ger size then it doss in equilibrium - T his aanmitment would face
othar Mmsttakinsnallersizes. Inthisvway the aammitied I Gan gpture a bkxgarshare oftre tolal
pro . Inutively sharing fundamental infomatian is a vway 1 make this caammitmatt aedibke- T his
eRecthes been parted aut by Fishman and H agerty (995) in amadel ofinfomatian sake.
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decreases the market depth and this effect increases profits from non-fundamental spec-
ulation as can be seen from Lemma 3. It turns out that there are cases (for instance
Example 1) in which the second effect dominates and the joint expected trading profits of
speculators S and B on non-fundamental information are larger when there is information

sharing or
07 (02, 02, N) + 10 (02,02, N) § I5,(1,1,N) _0, for o<1 and o?<1

Observe that this can occur only when information sharing impairs market depth (increases
A). In Example 3, information sharing improves market depth and the joint expected profit

on non-fundamental information decreases.

To sum up, there are two reasons why information sharing can increase the joint ex-

pected profits of speculators B and S:

=Sharing fundamental information allows the coalition formed by brokers S and B to
trade more aggressively on fundamental information and to capture thereby a larger

share of the total profits from speculation on fundamental information.

=Sharing non-fundamental information can reduce the market depth. This implies that
prices react more to order imbalances. Larger total expected profits from speculation

on non-fundamental information follows.

The precisions with which the speculators share their information determine how the
surplus (I's + I'g) created by information sharing is split between brokers B and S.
For instance, consider Examples 2 and 3. The value of 0,2] is larger in Example 3, but
otherwise the values of the parameters are identical in the two examples. The surplus for
speculator B(S) is larger (lower) in Example 3 than in Example 2. In line with intuition,
for a fixed value of o2, speculator B(S) prefers to provide (receive) an information of low
(high) quality. Hence speculators B and S have conflicting views over the information
sharing agreements which should be chosen. It is also worth stressing that the size of the
surplus created by information sharing depends on the precisions with which traders share
information. For instance the joint surplus is smaller in Example 2 than in Example 3.

In this paper, we do not study how traders select the characteristics of their information

2

sharing agreement (o

and 072,). This is not necessary because our statements regarding
market performance (next section) only depends on the existence of information sharing

agreements, not on the specific values chosen for ¢ and 072].
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We now consider in more details information sharing agreements in which speculators B

and S perfectly share information (62 = o7 = 0). Perfect information sharing is of interest
because it is relatively easy to implement. Actually, if there is perfect information sharing,
B knows which quantity S should trade and vice versa (in our model they optimally
trade the same quantity). Consequently, one speculator can detect cheating by the other

speculator by observing his or her trade size.

Proposition 2 : For N _ 2, there exist two cut-off values (i) o3(N) and (ii) o3*(N)
such that perfect information sharing is possible if and only if 02 2 [c2(N),03?(N)]. Fur-
thermore the cutoff values increase with N and are such that 0 < g3(N) < o3*(N) < 1.

The proposition shows that perfect information sharing is possible if broker B does
not channel a too large or a too small fraction of the order flow from liquidity traders.
Observe that profits made on non-fundamental information (I ;) are proportional to the
amount of liquidity trading brokered by B (0% = 1 jo2). Hence o2 determines the value of
non-fundamental information. Perfect information sharing can take place when this value
is neither too large, nor too small. If the value of non-fundamental information is large
(02 < g2(N)), the cost of disclosing her information perfectly for B (smaller profits on non-
fundamental information) is large compared to the benefit (the possibility to profit from
fundamental information). In order to attenuate this cost, B must therefore send a noisy
signal to S. When the value of non-fundamental information is small (02 > 03%(N)), the
benefit of perfect information sharing is small for the fundamental speculator. Therefore

he refuses to perfectly disclose his information.

The larger is the number of fundamental speculators, the smaller must be the fraction
of liquidity traders’ order flow brokered by B to sustain a perfect information sharing
agreement (o2(N) increases with N). Actually the profits from fundamental information
decrease with the number of fundamental speculators. The value of fundamental informa-
tion is therefore small when NN is large. Hence broker B accepts to perfectly disclose her
information only if the value of non-fundamental information is itself small. The last part
of the proposition implies that for all values of N, there exist values of o2 < 1 such that a
perfect information sharing agreement can be sustained. Figure 1 plots g2(N) and o3%(N)

for different values of N _ 2 and shows when perfect information sharing is possible.’

197 he auto®vales %2 @ dad %2 @ D are implidtly de ned in the proofof P ripasitian 2 -
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Remark. In the model we assume that brokers’ roles are fixed: one has fundamental
information and the other has non-fundamental information. Another possibility is that
the roles are randomly allocated before trading and unkwnown at the time brokers decide
to share information. For simplicity, assume that each broker in the clique has an equal
probability to be the broker endowed with non-fundamental information. In this case,

brokers agree to share information iff

%(02,02,N) + 1I°(02,02,N) > 11°(1,1,N) + I1%(1,1, N).

nrYe>

This condition is always satisfied when (02, 07) are such that Conditions (7) and (8) are
satisfied. Hence if an information sharing agreement is possible when brokers’ roles are

fixed, it is still possible when brokers’ role are randomly chosen.

4 Information Sharing and Market Performance

In this section, we analyze the effects of information sharing on traditional measures of
market quality: (1) the informational efficiency of prices (measured by Var(o Jp)), (2)
price volatility (measured by Var(? i p)), (3) market depth (measured by A) and (4) the
expected trading costs borne by liquidity traders (i.e. their expected losses, E(Z(p i 0))).
These aspects of market performance play a prominent role in the debates regarding the
design of trading systems and have attracted considerable attention in the literature (see
Madhavan (1996) or Vives (1995) for instance).

Proposition 3 : Prices are more informative (Var(v Jp) smaller) and less volatile

(Var(v §p) smaller) when there is information sharing.

The intuition behind this result is simple. When speculators S and B share information,
the number of speculators trading on fundamental information increases. It follows that
the aggregate order flow is more informative. For this reason, prices are more accurate

predictors of the final value of the security and price discovery is improved.

We now examine the impact of information sharing on the depth of the market. As
shown by Lemma 2, an increase in the precision with which speculator S transmits his
information improves market depth. However, an increase in the precision with which

speculator B transmits her information impairs market depth (because of the siphon effect).
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Hence the impact of information sharing on market depth can be positive or negative.
Of course, for the parameters such that information sharing occurs, one effect could be
dominant. However Examples 2 and 3 in the previous section show that this is not the

2 and o2

case. In these examples, o b

are such that (i) information sharing is optimal and
(b) information sharing impairs market depth (Example 2) or improves market depth
(Example 3). The next proposition considers the effect of perfect information sharing on
market depth. To this end, we define

1 j h3(N)

0 e

Y

_ _2(N+2VN
where h(N) = m < 1.

Proposition 4 : Perfect information sharing improves market depth if and only if o3 _
g2(N).

Hence perfect information sharing improves market depth when broker B receives a suf-
ficiently small fraction of the total order flow (oo _ d2(N)). Recall that when there is
perfect information sharing, o2 must be larger than a threshold (¢(N)). Figure 2 depicts
52(N) (dotted line) when N increases. As it can be seen, there are values of o and N
such that perfect information sharing occurs and impairs market liquidity (all the values

below the dotted line and above the plain line).?"

Notice that the market depth is related to the bid-ask spread. Actually a buy order of
size q pushes the price upward by Aq whereas a sell order of the same size pushes the price

downward by Ag. Hence
s(q) = p(a) ip(iq) =2Aqg,

can be interpreted as the bid-ask spread for an order of size ¢ in our model (see Madhavan
(1996)). The spread increases with A. Accordingly the impact of information sharing
on bid-ask spreads is ambiguous. Interestingly empirical studies which compare bid-ask
spreads in floor-based trading systems and automated trading systems have not found
that spreads were systematically lower in one trading venue. For instance, several studies
(Kofman and Moser (1997), Pirrong (1996) and Shyy and Lee (1995)) have compared
the bid-ask spreads on LIFFE (when it was a floor market) and DTB (an automated

2 For e \ales of\ |, the di®rence @ @ ) i %2 @ ) becaomes smallerand smalkerbutis neverzero.
ThatiseenforN lge, there are valles Toréd such that perct information sharing tekes plbce ad
impairs market dpth.
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trading system) for the same security (namely the German Bund futures contract). Kofman
and Moser (1997) find that spreads are equal in the two markets; Pirrong (1996) reports
narrower spreads on DTB whereas Shyy and Lee (1995) find smaller spreads on LIFFE.
In April 1997, the Toronto Stock Exchange closed its trading floor and introduced an
electronic trading system. Griffiths et al. (1998) compare bid-ask spreads for stocks listed
on the Toronto Stock Exchange before and after the switch to the automated trading

system. They do not find significant changes in quoted spreads.

Finally we consider the effects of information sharing on the aggregate expected trading

costs for the liquidity traders. These expected trading costs are

BE(TC)=E@p i0) = RisEgithh + Rlgidy -
Orders channeled by B Orders not channeled by B
In the last expression, we distinguish between the expected trading costs for the liquidity

traders who send their orders to broker B and the expected trading costs for those who

do not. Using Lemma 1, we obtain that

~

A !
~ ~ R o ~2 20% + 30,2] 5
E(Zp(p iv)) = E(ZpE(p iv §ip = v5)) = AE(Z5(1+b1+ba+a3)) = A 6—m¢ o,
B n
and
E(io(p 1)) = Aop.
Hence we rewrite the expected trading costs as
E(TC) = )ig_(az !0123:} +\og,
Orders channeled by B
2 2 ﬂ
with g(o7) = 62{’34132’3 . The ratio g(o}) increases with . Hence when information
optoy

sharing improves market depth, it also decreases the expected trading costs for all liquidity
traders : (1) the liquidity traders whose orders are channeled through broker B and (2) the
other liquidity traders. For instance, with perfect information sharing this occurs when
o5 2[05(N), 05*(N)].

When information sharing impairs market depth (increases A), the expected trading
costs of the liquidity traders who do not send their order to broker B increase. However

the expected trading costs for the liquidity traders who use B’s services decline despite
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the decrease in market depth. Actually information sharing increases competition among
traders providing counter-parties to B’s clients. Therefore a smaller fraction of the orders
submitted by B’s clients must be executed against the market-maker when speculators
S and B share non fundamental information (see Equation (6)). The next proposition
shows that the reduction in the expected trading costs for B’s clients always dominates

the increase in expected trading costs for the other liquidity traders.

Proposition 5 : The expected trading costs borne by the liquidity traders are always

smaller when there is information sharing.

The trading game is a zero-sum game in this model. This implies that the expected trading
costs borne by liquidity traders are equal to the speculators aggregate expected profits.

Let Ha(af], o2, N) be speculators’ aggregate expected profits. We have

E(TC) =11%02,0%, N) & 115 + 1P + (N § DIT,
where Hi(af,, o2, N) is the expected profit of a speculator who is not part to the information
sharing agreement. Recall that a necessary condition for information sharing is that it
increases the joint expected profits of speculators B and S, i.e. II® +1IIZ. Since information
sharing decreases the aggregate expected profits of all speculators, it follows that the joint
expected profit of speculators ¢ 2 R, ..., Ngdecreases. Therefore, the concomitant decrease
in trading costs for liquidity traders and increase in total expected profits for speculators
S and B occur at the expense of the speculators who do not share information. Observe
that this cannot happen when there is a single fundamental speculator (N = 1). In fact
in this case, it is possible to show that there are no values for the parameters for which

information sharing is optimal for B and S.

Overall the results of this section show how information sharing on the floor can improve
the quality of floor-based markets along several dimensions. Information sharing makes
price more informative, less volatile and fosters competition between floor brokers, so that
ultimately the aggregate trading costs borne by the traders without an access to the floor

are lower.
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5 Conclusion

In this paper we have analyzed pre-trade information sharing between two two traders
endowed with different types of information, namely fundamental or non-fundamental
information. We find that there are cases in which the two traders are better off sharing
their information. Information sharing improves price discovery and decreases volatility.
We also show that information sharing decreases the aggregate expected trading costs
borne by liquidity traders. Finally the effect of information sharing on market depth and

bid-ask spreads is ambiguous.

Floor-based trading systems are designed in such a way that they greatly facilitate
information sharing among floor brokers. Overall our results show how this feature can
improve their performance. An interesting question is whether the benefits brought up by
information sharing are outweighted by inherent disadvantages of floor-based systems (such

as lack of transparency or larger operating costs). This issue is left for future research.
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6 Appendix

Proof of Lemma 1
Stepl: The optimal trading strategy for speculator S. Let ys = (0,0,2) be the
information set of speculator S. The latter chooses his market order, Q°, so as to maximize

his expected profit
©(ys) = E(Q°(0 ip(0)) jys).

The first order condition yields
h P i
@ ip) iINEE Q%(ys) + 5 Q'(0) +To+ Tp Bys

Q% (ys) = N - (9)

Notice that

and ) ¢
i _ U . .
E Q"(yp) Jys =bE (Zp 3&) + by + bs(0 i p),
and o o2
Bl 1) =0
B n

Substituting these expressions in Equation (9) yields

S _(6i:u)_1 - I (~ = A 0-% ~ Ab
Q7 (ys) = izE NVid@ ap) +03(0 gp)+ (b +1) 57—+ b
2\ 2 q op +o; q
l'll_(Nil)a’ - by, _1"l o2 R
= ﬁlﬁ (U IM)IE(U I,U)|§ (bl+1)m+bg x.
B n
Hence,
M e
N
a b
2 = i3
21 , T
- i (b +1) 5 B— +b
as l2 1 J%+J% 2

Step 2: The optimal trading strategy for speculator i, i 6 S.
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Speculator i chooses his market order, Q?, so as to maximize his expected profit
©'(v) = E(Q'(¥ i p(0)) §o = v).

The first order condition yields
h Py i
o @aiw IAEE Q¥ys)+ 5 @(0)+Q%(ys) +T IV =v
Q'(3) = - (10)

We focus on symmetric trading strategies for all the speculators ¢ 6 S. This imposes
Q7(v) = Q'(v), 8j 6. Substituting Q; by Q; in Equation (10) yields

‘ 0 i i £ £ of
o) =" 5 L e 0 o B QP =0 . ()
Furthermore
i i} ¢
E Q%(ys) J0=0v = (a1 +az) (0 ip),
and
i ) ¢
E QP(yp) Jo =v =b3(0 ip)
Consequently
v
R AT (12

We deduce that

o1 _(atatby)

=y 1 I : (13)

a

Step 3: The optimal trading strategy for speculator B. We denote yg = (Zp, 0, %),

the information set of speculator B. She chooses her market order, Q% so as to maximize

WB(QB) = E(QB@ ip(é))ij).
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The first order condition yields

Py PP _ -
E@Wgo) ip i EE Q%(ys)+ Q0)+ z; Jys
=2

B o _
Q" (yp) = N .

£ |
E(@§0) in i NEE Q(ys) + (N §1) Q'(0) + 7 Jys
2) ‘

We notice that

and i

Q) dys =B 1130,
and that 2

E(v ipJo)= m(@ i)

Substituting these expressions in the first order condition for Speculator B yields (after

some algebra)

5 Tp  as 1"l o? o? U
= - Eol v - - - !/ v A -
Q%(yp) = i5 i5 o+ 5y pp i Aay §iA(a+ (N |1)a)03+03 (0 7 p)
(14)
Hence,
1
by = i§>
a
S
b= T i iAo (N D a) % !
T 2N 2402 ! 92 1Ah 1 e 02 + o?

Steps 1 to 3 give us 9 equations with 9 unknowns (a;, as etc...). Solving this system of
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equations yield

3(0} 4 02)

T N Ne(N+2 02 +3(N+1)02)
_ o
“2 = 2N +2)02+3(N+1)02)
as = i 0123
L 0%+ 02"
J 202 + 30?2
A2 (N+2)02+3(N+1)02)’
1
by = i§>
2
by = —i B
6 of+ 02
2 2
bg — O-v

A2(N+2)o2+3(N+1)02)’

Step 4. Computation of . Recall that

Given speculators’ trading rules,
0=0Q%(ys)+ (N i) Q') + Q" (yp) + 7

=(@+ (N il)ad) (@ ip) +(a+bs) (0 i)+ (a3+b) i+ (b1 +1)Tp + Zo.

Hence O is normally distributed, with mean zero. Consequently

p(0) = p+ A0,
with
A= Gov®.0) (15)
Var(O)
Now
= 7 (202 (N + 1) + 3No?) o2
cov 5,0 = (a1 + (N il)d +ay+b3)o’ = E Y (16)

A2(N+2)024+3(N+1)02)
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and

o - N2 2 2i2 2¢ - / 2
Var (O) = (a1 + (N il)a’) o, +(ag +b3)" o, +0 +2(a+ (N il)d)(az+b3)o,
i

+(az +b)? of +02 + (b +1)2 0% +2(az +ba) (b + 1) 0% + 0f

Sl il 3
_ / 2 9 3 2 2 as 1 2 2 as 2 o 2
= (a1 + (N §l)a' +ax+b3) o) + 5 ot Sty ot o o+
2 2\2 2 2 4 2
— 0_2 (20-11 (N+1)+3N0-5) +0—'u0-6 - :50-3 ¢+O-_B+ g

"ON2(N+2 02 +3(N+1)02)? " 36 0% +02 4

We deduce that

q - P
6 o2 IJ% + J%w(él (N +1)os+ (12N +5) 0202 + 9No?)
)\ - q 1 (] ¢ [ | {Tﬁ’. (17)
(2(N+2)02+3(N+1)02) o} 4og+ 902 + 3605 of + 02

Proof of Lemma 2
We write the equilibrium value of A in the following way:

. ¢ P—; 1 22 1 q02 + o2
)\103702 _ O (4(N+1)ot+ (12N +5) 0202 + 9No2) £q BT %

" 2(N+2)02+3(N +1)02) 0 402 + 902 + 3602 0% + 0
¢

- ¢ -
= 6£)\1 I0'62 £)\2 IO'Z .

It follows that

i ¢ i. ¢
o\ IO'EQ,O'Q i 2¢ OM\a I02
R SV St

80,] 80,2]

15 £ (02) £(03)°

- i 7 ¢ i oty <0,
) ¢ J%—l—afl o2 40123—1-90,2, + 3603 0%—1—0% 2
i

O\ a2,0} i ., 0\ (0?)

T — 6 EN 2 g ve)
Oo? 2 n do?

6 £); 02 £l (3(TN §5) 02 +2(5N j2)0?) .
= > U.
2(2(N+2)02+3(N+1)02)?" 02(4(N +1)0* + (12N + 5) 0202 + 9N o?)
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We also observe that

P
: i, ,¢ _ i,¢ No?
aélinoo)\ 0.,0, = 6EXN o, £(N 1y
i ¢ i ¢ 1
lim A Iag,ag = 2£)\ IJEQ Ep—.
02—00 0'% -+ 40'3
Consequently,
[®)
i ¢ 1 i ¢ 2" No?
AM1,1)= lim X 02,07 =6 EP——o £ lim \, 0 — =
o5 —00 902 + 3602  o2—oo (N+1) 0% +402

2
oZ—00

Proof of Lemma 3
We denote by 77 (y;), speculator j’s expected profit given his information set y; prior to

trading at date 1 and by I (02, 02, N), his ex-ante expected profit, that is before observing

nrYe>

information. Notice that
my) =Q E£EG ip 1A 12Q7 1A Jy)). (19)
The first order condition for speculator j imposes (see the proof of Lemma 1) that
2AQ =E[@ ip i\ 1AQ7 Jy)). (20)
Hence, we deduce from Equations (19) and (20) that 7/(y;) = M(@Q7)2. Tt follows that
IV = E(n’(y;)) = A EVar(Q”).

This implies that

S(.2 2 i, ~ 2 A 2 . ¢
I1°(0,,02, N) = X ayVart + a3Vard, + a3Vard + 2ayazcov (0,0)
which yield (using the expressions for a;, as and a3)
A !
2,2 4 2 2 2 4
s o; (07 4+ 02) (4o + 902) _A\op
1°(c2,02,N) = £ £ : ¢

A2(N+2)02+3(N+1)02)? 9 0% +02
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We define

s, ef . Ao}
nf 9 2 9 )
op + oy

and
sar” o2(0240) (021902 T

1_[f 2
A2(N+2)c2+3(N+1)02)

We proceed exactly in the same way for speculator B.g

Proof of Proposition 2

The following lemma is useful for the proof.

Lemma 4 : In absence of information sharing, speculator S has a larger expected profit
than speculator B (11%(1 ,1,N) - II°(1,1,N)) iff

2 (Nil)
-4 (Nil)

Proof: We have

1,1)07
HB(]_?]_’N)_W’ (21)
and
S 1
m%(1,1,N) = (22)

AML,1)(N+1)%

Using Equation (18) (proof of Lemma 2) we obtain that II(1,1,N) - IIS(1,1,N) iff

Then the result follows from the fact that o3 =1 joj.g

When there is perfect information sharing, speculators B and S have the same expected
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profits given by

1 A(0,0)0%
11°(0,0,N) = I1%(0,0, N) = B 23
It follows that perfect information sharing is possible iff
1 )‘(07 0)0% B S
- Maz®fiI1?(1,1,N),1I°(1,1,N)g. (24)

NO,O)(N+22 T 9

(N-1)

Case 1. 02 _ . In this case, using Lemma 4, we can rewrite Condition (24) as

TH(N-1)
2
L 2009 psa gy,
A(0,0)(N +2)2 9
which yields (using Equation (22)),
1 A(0,0)0%, 1

NOON+2? T 9 AL, )N+ 1) (25)

It follows from the expression of A (in the proof of Lemma 2) that

3pN—|—1
=t

A(0,0) = S
(0.0 (N+2) 0%+ 902

and A\(1,1) is given by equation (18). Using these expressions and the fact that o% =

1 j o2, we rewrite (after some algebra) Equation (25) as

Moyt

(N +2)

with " P #
) N+1 (N+1)>2%1 jo2) _3 (N+1)(1+303)
N+2 (N +2)(1+805) 2 N(1+802)

(N-1)
I+(N-1)

and negative for o2 = 1. We conclude that there exists a cutoff o32(N) 2 ( 452;91), 1) such

that Condition (25) is satisfied iff 02 - ¢3?(N). This cutoff is implicitly defined as the

solution of

Notice that G(N,.) decreases with o2. Furthermore G is strictly positive for 02 =

G(N,02) = 0. (26)
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As G(.,.) increases with N and decreases with o2, we deduce that o2*(N) increases with
N.

Case 2. 02 < 4527];?1). In this case, using Lemma 4, we can rewrite Condition (24) as
1 A(0,0)0% B
nm=a,1,N
oo raE g =L
which yields (using Equation (21)),
1 A0,0)0%  A(1,1)0%

NO.ON+2r T 9 = 1 27)

Using the expressions for A(0,0) and A(1,1 ), after some manipulations, we rewrite the

previous condition as

A P ~ ! .,
+2) N(1+803) SN+ 1) (1 §07)

(N + 1)(1 + 302) 14803

def 3N
Fovo e 2

il -0

We observe that F(N,.) decreases with o32. Furthermore F > 0 for 07 = 0 and F < 0

for 02 = ALJ(FJZ]T_PU‘ It follows that there exists a cutoff o2(N) 2 (0, LLJ(FJZ]T_PD) such that for

o2 _ 02(N), Condition (24) is satisfied. This cutoff is implicitly defined as the solution of
F(N,o2) = 0.

As F(.,.) increases with N and decreases with o2, we deduce that g3(N) increases with

N. Furthermore we have

0 < ai(N) <

Proof of Proposition 3
Step 1: Prices are more informative when there is information sharing. Recall

that ¥ and p are normally distributed and that p(O) = u + AO. Therefore
n Cov?(9,0)

Var(® jp(O) =p) =02 § ———=—.

(1 30(0) =) =% § T

Using Equations (15) and (16) which appear in the proof of Lemma 1, we obtain that
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(202 (N 4+ 1) +3No?)o?
(2(N+2)o2+3(N+1)02)

Var(v §p(0) = p) = 02 § A\Cov(?,0) = 02 j

It is immediate that Var(0 §p(O) = p) increases with 02 and does not depend on ¢7. This

2

means that information sharing (a decrease in o’

and 072]) makes equilibrium prices more
informative.

Step 2: Prices are less volatile when there is information sharing.

Observe that
Var(o ip) = E(E((© ip)* 35 =1p)).

As p = E(v Jp), the previous equality implies that

Var(® ip) = E(Var(o jp

p))-

Finally since ¢ and p are normally distributed, Var(o jp = p) is constant so that
Var(t ip) =Var( jp =p).

Hence prices are less volatile when there is information sharing since prices are more in-

formative in this case.g

Proof of Proposition 4

Consider the following ratio
H(N,o3) =
Perfect information sharing improves market liquidity if and only if
H(N,o}) < 1.

Using the expression for A given in the proof of Lemma 2, we obtain

H(N, 02) — 3(N + 1)p(ﬁ+ 1)(14 302)
O (N +2)" N(1+802)
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It is immediate that H(N,.) decreases with o2. Furthermore H(N,1) < 1 and H(N,0) > 1.
Therefore there exists a threshold 62(N) such that H < 1 iff 2 > 62(N). This threshold

solves
H(N,op) = 1.

Solving this equation, we deduce that

2 _Lik(N)
N

JN _
where h(N) = % < 1. As h(N) _ 2/3, we have 55 < 1.

Proof of Proposition 5

The expected trading costs for the liquidity traders when there is information sharing are

A o 1y 2¢ i, 27 2"
E(CT%) = A 60y op+o0, + 20p+30, 0

i ¢
2 2
6 op+ o,

Using the expression for A\, we rewrite this equation as

o) ¢

i i i ¢ ¢
s (4(N+1)oy+ (12N +5) gj02 + 9Na?) 6oj of +0, + 203+ 30, 0%

v

E(CT) =

o
A 2> (] N3 | ©3
(2(N+2)02+3(N+1)02) o +02 of 40p+902 +360; o+ 02

When the brokers do not share their information, then

M 1 il
E(CT™) = E[(P(0) id) £1] =\ ag+§a§

o N
oiN £Qag + 0%)
BT

We denote @ the difference between the expected trading costs when there is information

sharing and when there is no information sharing. Hence

i ¢
® N,o?,02 =FE(CT®) i E(CT™)

»YerYn
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Straightforward manipulations show that

P

02(4(N +1)ot+ (12N +5) 0202 + 9No?) _ pagN
(2(N+2)o2+3(N +1)02) (N +1)

(28)

Now consider the following function

i ¢ j ¢
i ¢ 6oy @5 o, + 20%+ 30, o (202 4 0%)?
: : & .

i (i S ¢ i Ua]
o2 2 2 2 2 2 12 2 2 2
g to, op dop+ 90, + 3605 op+o, op + 40}

As 02 =1 j 0%, we rewrite the previous equation as

i i ¢ i o
i ¢ 6 0% +o02 §o0%x 405+ 302 2 jo3)’
o BT R e O
og+o, 36 op+o; §op 320+ 270; 4 §303

Observe that

0% (§7+ 110% j4o})

0) = <0, si 2 2[0,1
¢() (9i80%)(4i30%) , SINCE Op [7 ]
and
¢
hm w a = 0.
O'Y]—>OO
and
- 2 ¢ 5 o b o ¢ g ¢ ¢
L1 L,¢ o 176JB+144JB 20 '3¢ i72030n 50# i7 +90p 1302 m§80 + 28 +2520
Yoo, = xS ¢ i s

i p 5
op +02 " 36 of +o2 ioj 3203+270

(29)

| £ @ ¢ i
Now we remark that if 0% 2 0,21 , then ¢/ o ,2, > 0 and therefore ¢ o7 < 0. If

0% 2 22, then there is a unique value of O'n such that ¢’ = 0. This value is

52 20% (220% i2l)
"7 T3(14 § 1302)

Hence v has only one extremum and this extremum is a minimum since

38



4

)
1)

i . ¢ 27(14 § 1302
i,®_ 27(14 Uﬁg > 0,
1

" R=2
V% = 52508 (207,
i.¢C
We deduce that 87 and 8%, 1 Iaf] < 0. We conclude that

i i ¢ j ¢ ¢
603 of +o; + 205+ 30, of o (205 + o3) (30)
HJ% + 403.

fan |

€5 ; o ; '
2 27 9 2 2 2 1 o 2
op+o; 0p 4o + 907) + 3605 op + o2

i ¢
Using Inequality (28) and Inequality (30), we deduce that ® 'N ,02,07 < 0 which means

that the expected trading costs are always lower when there is information sharing.g
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FIGURE 1: Is Perfect Information Sharing Possible?
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FIGURE 2: Does Perfect Information Sharing Improve Liquidity?
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