WORKIN®G PAPERS

IN ECONOMICS

Trading Floors as Separating Devices
by

Gautam Bose

No. 99-02 February1999

DEPARTMENT OF ECONOMICS

The University of Sydney
Australia 2006




Trading Floors as Separating Devices
by

Gautam Bose

No. 99-02 February1999

ABSTRACT

‘Lraders with sperific characleristics operaling in a pairwise exchange market may
prelir to meel other (raders with similar {or complementary) characteristios, while
other categovies of traders may not have such preforences. The existence of the
second Lype imposes o negative externality on the first, Under conditions which ure
not very restrictive, cstablishing a trading floor designated for the former type
induces the two types of tradors fo separate themselves - with one type trading on
the floor and the other tradmg on the #lreet’. Separation may require dssessing a
foe for eniry. The consequences for efficiency are mixed.
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1 Introduction

It is by now well recogrised that the walrasian ronstract of the auc-
tioneer hides a serious omission in the study of the imarket process, thatl of
market-making and intermediation. While market microstructure has been
studiod extensively in the finance lteratuera, its contours and consequences
in markets for goods and services has received telatively less attention until
recently. The only survey of microstructure in nen-financial markets that [
am awiara of dates ws recently as 1996 (Spulber 1996).

-makers

The literature identifies several significant reasons why mark
exist. The most prominent of these is to provide liquidity and immediacyir a
rarkel where potentisl agents may arrive at disparate Lhnes. Intermediaries
also match traders who may be searching for compatible trading partners,
ard may avert markel failura stemming from information problems. One

r

may of course add to these the traditional reasons for the existence of retail

-h as economies of seale arising from nonconvexilies in storage costs,
B E

Slarting with Demsetz (1868), the literature has devoted some atten-
tion Lo ratienals and co.nsequences of the actions of markat-makers within
an exchange, Sigrificantly less interest has been evoked by the fact that
exchanges exist 2t all. One may intuitively dismiss the question as less than
interesting because the exchange itself is so obviously a coardinating device,
oflering a facal paixt in space and time for braders to assemble. If this is
sa, however, then it remaing to be explained why trades are also executed

outside the ambil of the exchange a5 well, le. op the “street”,



in this paper, T consider a market for a homogeneous good, where traders
differ in the sizes of trades they wish to execute. Time is valuabdle, so that
agents who wish to execute large trades would prefer o meet other similar
sized agents and conclude trading swiftly, However, they do not know each
uther’s characlerislics until after they meet. Agents spend thne searching
for each other. Thus if a large trader finds that she has been paired with

a small one, then she has no reason 1o decline a small trade, since this can

enly reduce Lhe remaining time she expects to spend in the market.

The exislence of small traders spead up trade, since it increases the total
mass of agents in the market. Indecd, if the presence of small Lraders hiad
no impact on the arrival rate of large traders, then it would be welcomed
by the large agents. Since there is 2 probabilily that two small traders in
sequence may arrive before the first large trader does, Lo that extent the
presence of small traders would reduce the expected waiting time.

Hawever, the existence of small trulers also imposes & negetive external-

This is because the big agent whe meels a smeall agent

iy on the big agent

first can tiade only part of her endowment, and thus herself becomes 2 small

wts, this reduces the rate at which large

agent. For the remaining big ag
partners arrive, and makes it more likely that they will reed Lo make several
trades. If this negative effoct outweighs the positive gair from speeding up
trade, then the large agents will gain by separaling and trading exclusively
among themselves,

sot heer, muech remarked

This sepacating function of formzi markels i
upon in the literature. In marzets where agonis are Leteragenenus and must
search for pariners, certain types of zgents may prelfer not 1o be matched

carated, An

with certain othes lypes, wherezs this dispreference 15 not

examp.e is a gmnbling resori populated by bath vatalioress wnd professionad

card-sharps. Resorts often sclve this problem hy placing betting limits on ta-
bles. Low Lraits make tables unattraclive to the professional, thus shielding
the vacationers from unanticipated ruin,

Bose and Pingle (1995) show that, in markets populated by weak and
strong bargainers, separation may be effected by a store which trades at
fixed bid and ask prices, profiting from the difference. Weak bargainers
go to the store to aveid meeting strong bargainers one-on-one, while the
latter trade hilaterally withoul going to the store. In Bose (1996), patient
and impatiert traders flow through a matching and bargaining market where
patient agents obtain an advariage if they are matched with bnpatient ones.
A trading floor which charges an entry fee can be constructed such that in
equilibrium all impatient agents trade on the floor (having pald the entry
fee), while all patient agents trade outside.

Market segmentation by size or other characteristics is o fairly widespread
phenamenon. A major example i the separation of whalesale and retail
trade, which occur in simultaneous but esseatially non-overlapping circles.
Price Sclubs” and bulk retailers screen customers by making it known that
they will anly sell in large consignments and often by charging 2 membership
fee. Tinally, the necessity of membership in a stock exchange restricts casual

buyers and sellers, who instead conduct their trades on an over-the-countar

market, or through a dealer.

5 of this separation are significant, and are shared by

Two character]
Lhe model in this paper. First, the market-maker who implements the mech-
anism to separate the types does now have any informalion nol possessed
by the otier agenls, nor does he have a technologioal advantage in execit-
ing trades. Secondly, separation ls o conzequence al 2 specific price being

charged by the market-maker, in particular the types cannot be separated if



the price charged is too low. Thus the profit from this kind of inzermediation

is not subject to campelitive erosion.

In what follows, we corsider two variations of a simple model inspired
by Diameond (1982). In this paper, we ignore production ang corcentrate on
the exchange aspect of the model. Agents arrive in the market with semne
amount uf a homogeneous good te trade. The need for exchange is driven
by a taboo that an individual agent cannot consume the unit he hos himself
procuced. Withort unnecessary complicating the model, this captures the

v little of one’s

fact that in modern economies one typically consumes ve
own output, and the nead for exchange is paramount.
Some of the entering agents have a large endowment of the gaod (two
units), while otiiers have a small endowment {(one unit}. [ section 2 we
assume Lhat agents arrive continuously 2t some exogercus rate, with the
result that al any given Lime there is a mass of agents in Lhe market searching
for Lrading partners. The rate al which agents meet cach otheris determined

ze of this mwass. For a given agent, the probabilities of meeting large

by thes

or small agents are determinad by the relative frequencies of the two typ
Somae large agents inevitably meet small agents and trade one of their two

et as smal agents, and thus inflate

units. ‘I'hey then remain i the mn

the steady-state proportion of smali agents in the market, If th

1 aparate

d benefit [rom organizl

strong encugh the large ageris wom

o
=3
flaor, which charges a wrize for entry. 7 is showna thas there 13 a rapge

hat large traders will prater wo

fur price {peurded in both directisns] sue

trage on the finor, while small traders will opt to rerain outside.

In section 3 I consider the case where traders arrive one at a time at
some exogencusly given rate. Each arriving trader is eitker large or small
with some given probability. When a trader arrives, there is either another
trader already waiting, in which case they trade, or the markel is empty,
in which case the trader waits for a partaer to arrive. The extent of the
exlernality imposed by small traders Is much stronger in this case.

In what follows, “market” refers 1o the context where both large and
sivall traders trade together, “floor” refers 1o 2 context where only large
traders trade in isolation from small traders, and “street” refers to 2 context

where only small traders trade among themselves.

2 Simultaneous Eniry

Agents {also called ‘tradess’) arrive in the markel at an exogenous raie,
endowed with cither one unit or two units of o homogeneous geod. Depend-
ing on his/her endowment, s/he is designated a “big” or a “small” agent.
An enlering agens is hig with probability =, and small \\-;th probabihity 1—w.

Apart from the good, each agert also has an erdowment of money, whick
may be thought of as a proxy for other commodities. Money payments will
ovcasianally be made to acquire the right Lo trade in a specific environment,
or Lo coax an unwilling partner to conduct 2 trade.

In the marketplace, the trader encounters other agents at 2 rate AL,
determined by the number eof 2gents who aze currently on the market, He
exchanzes his endowmeni against that of others, as described below, and

consumes once lis entire endowment has been exchanged. 10 he consumes z

unils, he gets an instantancous utility of =+ p, where pis any net addition to
Fis money holding that may cocun in course of the trace. Agenis discounts

the Fiiure at aa instantanecus zate r. Since all agenis possess the zame

n



Lomogenecus goad, we assume that the nomiral price in exchanges is unity.
Effecting Lhe cxchange is in itsell costless.

When two agenls of the same endowment lype meet each other, they
ran immediately exchaage thair ertire endowment. Ho.wever, when a large
agent meets a small agent, she can at mast trade one of the two wnits in
her endowment, and must then wait for another trading opportunity. In the
process she is transformed into a small agent. Since waiting is cosily. a large
agent would rather meet another large agent than a small agent. However,
if she does mect 2 small agent, she would uader some vircumstances prefer
to exchange part of her endawment with hitn, for then she is assured of
completing trade the next time she meets arcther agent.

The equilibrium concept used is that of a steady state, in which the
numbers of cach tvpe of agent in the market remains constant. [ first es-
Lalilish the expected utility of each Lype of Lrader entering the steady-state
market. Then 1 presurte that the large and small traders trade separately
{on the ‘floar’ and in the ‘street’. respectiveiy), and find the cxpected utility
of an entering Lrader of each type. Itis found that, under 2 broad range
of parameter vales, the large tradess gain from this separation, while the

simall traders lose.
2.1 ‘The Unseparated Market

L any giver time, thara are a rumber of agents searching for partness in

i
the markel. For rach agent, trading pariners areive accorcing to a Paissor
process with an arrival rate dependent on the marke: population. Tor «
papulation M of agents, we denote Lhis arrival vaze by A (L) must be

bounded above by unity, ancé we assuma that it is woakly increasing and

weakly concave in A

The meeting rate function A{A{) plays an important role in what follows,
so it is useful to point oul the implications of its shape. In general, all
the conclusions of this paper are strengthened if Al) is ‘flatter’, they are
weakened if it increases rapidly with Af. Suppose first that ) is 2 constant
independent of M, Le., the rate at which a given trader meets partners iz
independent of the size of the market. Then the number of traders being
matched at each instant is AM, which is lirearly increasing in the size of the
market. This may be identified with constant returns to scale, with market
size as input and completed trades s output. At the other extreme, suppose
A(.) dtsell 3s linearty Increasing in M, so an individual trader meets partners
at a rale MM, where X is some constant. Here the individual benefits if
the trading community is large. The number of traders being matchad each
instant is then AMZ, which is a case of increasing returns. Clearly this rate
cannot be sustained for all 24, for the number of matched traders must be
bounded above by the sizz of the market. Thes the restrictions placed on
A} are more than reasonabie.

Let m ba she number of traders entering the market 2t each instant. OF
these mm are lacge and (I — % )m are small. Let My be the number of agenis

ate, with fractions 8

who ate in Lhe market al any given time in stead:

and 1 — @ being large and small, respectively. For notational convenience we

shall wrize Ay for A{M).

Ou arriving al the matketplzce, then, the small agent’s expected utility

n

g
”

ne 2lapsed aler his arrival, and dpe™ ™ s the density function

where {1z the

for the arrival time of the first trading partaec.



For the large trader, the expected payoft depends on whether the first
trader she meets is iarge or small. The former case has probability 8 and
trade is concluded with the arrival of the first trader. The latter case
has probability 1 — #, and trade is concluded with arrival of the second
trader. Noting that the density function for the tme of the sccond arrival
is Aglie”! and that a large agent gets two units of consumption upon

completing trade, we get the cxpected payofl Wi where:

el =0
Wi = Q[E‘fo NeeTMe T dE 4 (149)[0 AE,tc"”‘c"”di]
Ao AZ
= 2{.—4 et 2
").[)-E— r ® (Ao + r)2( ) (2

0% the 0o lurge agents who are on the floor, a fraction e trade at each
instant and thus cease to te large. Simultaneously, =m large agents enler

the market. Since this is a steady stzle, we have
gy = 7 3

OF the sgents urdertaking trade, a fraction (1= 9] become small agents

and remain in the market. In additior, (1 - 7)m new small ageris enter the
market. At the same time, of the (1 #)4dp extans small agents, a fraction
Ag conclude trade and exit the market. Again invoking the steady-state we

have

(1= 8)0Maks + (1 — mim = (1 — B)MuAy (1)

From the two above cguation, we eilminate MyA, to gel

. (5)

S S TE ]

which ia greater than @ for < 3. In other words,

Observation 1 : In steady-siate, if cll matched pairs of traders conduct
trades, then the fractien of large traders in the market 15 smnaller than the

Jraction of large traders among the enlering agenls.

At each time, somc of the large agents trade with small agents anrd
hacome small. Se the number of smalt agents that appear in the market at
cach point of time is larger than the number that enter, whereas the only new
Jarge agents are the entering ones. This raises the proportion of small agents
zbove the entering proportion. Thus the exdstence of small traders imposes
a negative externality on the large traders, by reducing the probability that
any given meeting will end in a completed trade. We will next show that,
for some values of m, there is an equilibrivm where large traders refuse to
trade with their small counterparts and thus avoid this externality (section
4.9), while for other values of 7 this exlernality is strong enough to make it

worthwhile for the large traders to trade on a separate floor (section 2.3).

2.2 Voluntary Separation

In the preceding section we assumned that a farge trader will trade with a
smal, pattner, because this increases the probability that she will complete
trading on the next encounter. Suppose, howewver, that in goneral large
traders refuse to trade with small parlners. Car a deviant large trader
nevertheless gain by such trading, or is there an equilibrivin in which large
traders may voluntarily restrict themselves to tradiag only with other large
traders?

Cunsider a large trader with two urits of the good who has just met a
small trader. Suppose she expects that other large traders whom she might
meet in the future will only trade with larze partrers. If she conducts trade

with the smal trader, then she will become small, else she will remnain large.



In the former case, she will complete trade only by meeting another gmall
partner, In case she declines the present trade, she will complete Lrade when
she meets the next large partner.'

We can therefors treat the opportunity for a large trader to make a small
trade as a choice between remaining a large trader and converting to a small
vrader. Clearly, the choice which the agent wili make hinges or the expected
delay in meeting a partrer of one or the other type. If large traders arrive
more frequently, then it is more profitable to remain large, and rot trade
with a small partner, whereas 1f sizall traders arrive more frequenily then
it is better to conduct the trade and become small. [f there is ro trading
hetween Lypes, then the frequency of arrival of a given type of tracer is
monotonic in the rale a2 which traders of that type arrive in the market. In
particular if & > % then large traders are more nurnerous, and large partners
will therefore on average artive [aster than emall partners.

Therclore if 7 2 § the following strategy profile ig & candidate for equi
Thriom: a small vrader trades with any matched partrer wha is willing to
trade, and a large trader Lrades enly if matched with a large partner. The
lazge trader declines to trade with s small partner because she would remain
in the market with cne urnit of the good, and if she thereafter meets & large
pertnar the latter will refuse to trade with her. Since large partners airive
inore frequently, it is optimal to declae the small trade and remain in tie
marker with twa units of the good rather than one.

This equilibrium, however, is not abways robust if. we allow the swall
Lraders to ofer additional incentives to induce large agents to Lrade with

hern. Consider a amall trader who has just met & large trader. [ he can

kere: if she daes not find it prel
. profitable

Ui%e are impheitly using the sinple deviation properey
itable te conduct trade with the current small pastner, then she will mot fina
o trade with the next smali partner she mests. This is suficiently obvicuas nob 1o require

& formal presf,

induce the latter o trade, then he leaves the markst immediately, and gete
unit utility from consumption. Otherwise, he stays in the market vatil the
next small agent arrives. The large partrer will stay in the market whether
she trades ar not, the difference on her part being that between wailing for
a small as opposed to a large partper. If this difference is not too large,
then the small Lrader will be able to compensate her for the expected loss in
utifity and still retain a benefit. As 2 consequence, the value of 7 [or which
such voluntary separation is an equilibrium is significantly in excess of %

To see this, suppese that the strategy profile deseribed above is indeed
an equilibriem. Lot the steady-state population of the large traders in this
equilibrium ke M, and that of the small traders be .."l'ir_g‘ Let the corre-
sponding arrival rates be Ap and Ag respactively. it is casy to verify that
since 7 > &, My, > Ms and Ay 2 As.

Now suppose 2 small trader meets a large trader. In the given equilibrium
they will not trade, so the small trader will wait for the rext small partner.
Discounted to the present instant, this has expected utility A—’\'}—, However,
if lie were able to induce the large partner lo trade, he would gel unit
instartaneous utility. Thus he ia willing to pay a premium of up to 1— T:Li_—

The large lrader, en the other hand, would wait for the naxt large part-
ner, whick has expected wiility f—‘;—r [f he wore to trade with the small
partner, he would then Lave to wait for the next zmall arrival, and get
expected utility \—ﬂ;‘; "Phus his loss from trading with the current smelil
partuer is ?{\—jl'—, -~ -;—_;—_]

It follows that the small trader would be able to successfully bribe the
farge pactner into (rading il
N 3 A

P

s 25T !



which reduces to

BV W (7

Thus lar velurtary separation to be an equilibrium, we need Ay, » 23, 7.
Clearly this requires AMp > M, le w > % Let 7 be the value of & such
that (7] holds with equality.

Proposition 2.1 If w > &, then there is an cquilibriven in which the large
agents trade only with other large agents, end refuse to trode unth the small
freders.

Numerical ezample: Suppese that A is linear in M, Le. A(MY = AM fur
saine pasitive constant A Then & % 0.8, If A() is concave, the proportion

of large agents entering the floor must be even larger to satisfy (7).
2.3 A Trading Flour

Now suppose that & floor wers established where o‘nly large agents are
mvited Lo trade. Small agents continue to trade on the strest, which is the
remnant of the undistinguished market we have aiready considered.

We huve not assummed that the endowment Lype of an agenl s publicly
observable before he is matched with a trading partner, s0 entry into the
floor can be neibher enforced nor resiricted. We are interested in finding out
whether there are condilions under which agerts will volyutarity separate
themselves in this way. For the moment stppose that they do se. We want
to find the steady-state in each sub-market, and tae payoff to each type of
ageri.

First consider the oo, Let My be the staady-state nopulation of agents,
and correspondingly let Ap = A{M;) be the vate at which an agent meets

a irading partrer. Since ail agents are large, each meeiing results in both

&)

agents leaving the flour. Thus the rate at which arents leave the floor is

M)y, Large agents enter af the rate 7m. Hence
Mphy=mm (8)

Fram (3) and (8) abuve, it follows that

M b (9)
EMy  Ap

which is greater than unity if the meeting rate is strictly iprreasing in the

steady-state population. [n other words,

Observation 2 Jn steady-stale, the population (of large agents} on the floor

1s larger then the population of large agents 1n the combined merkel,

This is of course a cirect consequence of the externality referred to in the

earlier abservation 1.

The expected payofl of the large zgent on the foor is

‘ b
P = @t 10
2 /)\I+T ( }

derived in the same way as in {1}.
For the large traders to prefer io trade on the floor rather then in the
rombined market deseribed in Lhe eariier section, we need thatl this payoff

must exceed their expected payoft i the market, ie.,
aby= wh - wi >u {11}

Using (2} and (10] this reduces ta the requirament thet

i Ag -irﬂr (12)

r“.
2 : s
Ao T (2 8idp L
Far é «< } the zight-hand-side ol Lthe above expression is necessarily lass than

unity. Intuitively, the LHS is closer to unity when the function A(L) is more

12



concave, L&, when an increase in the dersity of agents on the market car-
tributes less Lo an increase in the meeting-rate. This would be the silualion
in which the large agents would prefer to trade separately—since the exis-
tence of smal! agents on the street does not appreciably speed up trade, and

instead impose the negative externality referred to carlies.

For a numerical iliustration, suppose that Ay = 4r. (This yields an ex-
pected payoff of 0.8 for the small trader entering the market. [f the expected
time of waiting s one “periad”, then it corresponds to a discount factor of
0.8). Then {12) would be satisfied for a value of § smaller than one-third,
which carresponds to a value for = of less than 3/7. Thus the prospect ol a
separate floor would he attractive to large traders even whan they constitute
a minority in the market,

Nex* corsider the small traders that have been excluded from the floor,
and hence trade on the street. Lot Mp be the st2ady-state population on

the streat. Repeating the argumente that precede (8), we obtain
f»'f}{z\){ ‘- (_I —W)m {13]

The axpected payoff of the small trader on the streel is

: A
WA = oo (14)

AR=T
Under what conditions is this separation of tracers—by size between
fluor and strest  an equifibrinm? It will turn out that, dependirg on the
matching techoology and the relative sizes of the two groups, such separa-
lion may orcec voluntarily, In cases where the traders do net veluntarily
separate, w2 can Fnd a price (or subsidy) scheme which will incuce them
to separate. As intuition would suggest, the separation s not vizbic when

sutticiantly

the proportion of ‘arge agents in Lhe tutal eatering popuiation

small.

Suppose that all large agenis are vrading on the floor, and all small
agents were trading on the street. i a lasge trader were Lo deviate and
trade on the street, she would oaly meet small traders, and hence woeld

need Lo make twu trades to complete exchanging her endowment. Letting

sq be the arrival rate of agents oo the strect, her expected payofl is thea

I (13}
Thus her gain from trading on the floor as opposed te trading on the street
s H"}' — H"}%‘ which reduces ta

3 FA}[AR + F') -+ T‘)\R(/\\j e /\R)

b = B 16
Bjr =2 (Ap+r)An+r)? -

This is posicive if the numerator is positive. One way to write this condition

15

red s (Ag—2rg {17)
The LHS is positive, so the condition will certainiy be satisfed if the RLS
i less than or equal Lo zera, ie., il 245 2 ha. Tosee what this implies for
tha relative sizes of the large and small populatices, take Lle extreme case
}is linear in trading population, ie. A(M) = AM. Then using (8}

where A{.

and (13} we gei

a9 =

P = ny

3R T
which is > 1if & 2 5. WA[) is strictly concave ‘as in natura: te assumel],

smallee values of © will do. Thus large traders would prefer to trade on the

Jaor rather than defecting to Lhe street as long as large traders constifuele

1t least a hith of the population, and perhaps less.

Define 7 to be the value ol = sudh that _\JL,” > 5 and anly il -
It is ezsy tn show ihat, given a strictly increasing funciion A and the ais-

counl rata r, A}n is completely determines by =, and that the monotoricity

2a



properties required Dy the above definition do obtain. We also know that
{or concave A, 7° < ;

Turning Lo the possibility of deviation on the part of the small traders, we
note that these agents will want to deviate naly if the steady-state population
of traders on the floer (and hence Lhe meeting rate) is greater than that on
the street. This js becavse each small agent needs only one meeting Lo
exchange his endowment—the size of the trading partner does not matter.
Since the steady-state population is increasing in the arrival-rate of traders,
the small trader will want to deviate only il = > %

If he does deviate, his pavoff on the floor is

g A
W= = (18)
and his gain from the deviztion is
Ao ¥
T R (9)

(A7 + 1) (n+ 1)
Caomparing Lo this with the gain of the large trader, we find

B A e rarlAy 7.};.1)4,-1"/\_,-[,\5- -LI)__# r‘,z\,rg(,\j-}-r]
—Aills e (A4 AR+ 1)

which is definitely positive :f Ay > g Brt from {19), this latier concition
i fulfilled whenever the small traders gain by cntering the floor In other
words, if the siall traders can gain by trading on the floor, then the large
traders always have even more Lo galn by deing so. Thiz is inluilively
ohviaus, since small traders benclit only from a higher meeting-rale, while
large tzaders also beaefil bucauze they aveld the need for multiple meetings.

It follows from {20) that il the small traders have incentive to deviate,
then wa can find a price for entry iato the fioor which will discocrage the

small traders but not the lacge wradars. The conclig'ons of this section are

soflacted in the following propesitions.

2B

Propasition 2.2 I condilion (12} is Julfilled, then large traders will prefer

to trade om o separatle fleor, rather than in the combined markel,

FProposition 2.3 [« > a* {es defined following eguation (17)} then sepo-
ration of the large and small traders between the floor and (fie slrezf is viable
in the following sense:

fa} ifm & [r7, L] lhen neither type of trader kas an fncentive to devicte from
his assigned trading ploce.

(b ifm > %, then we can sel ¢ price p € :qu,ﬂ.frn] for entry into the floor,
such that the lerge traders will prefer to pay this cniry price and trade and
the fioor, while small traders will prefer to not poy the price and wiil irode

an the streel.

The last part iz evident, sinee A% 4 is the relative gair of a type-i trader
trom trading on the fioor rather than or the street. By [20), the interval in

propositicn 2.3 (b) is nop-cmnpty.
2.4 Duoes the floor enhance efficiency?

Under appropriate condilions, then, the creation of the floor Increases
the utility of the large traders, but at the cost of the well-being of the small
traders. Thus a Parcto comparizon between the two alternalive structures is
nol directly possible. Some other, less direct criterion must be called wpon
as a basis for cificiency calculations. *

The souree of inefliciercy lies in the fact that individuals have Lo walt to

conduct exchargzs, Thus some measure of Lhe aggregate waiting tiine would

*The mest salisfactary basis for comparison would be one using a Rawlsian “veil of

ignorance” . Suppese that, prior toocntry, =ach agen: czly knows that he will get a large
sncowinent with probability =, and a smail endowinent with peehability 1 — =, For sach
iy, as calcel
cred wiility 15 the o

market structws, the agent can ther determine his expected ntil
las cndowment is krown. The structure that yiclds
efficiznt one. Urfartunately, the alpetia associatsd with s caleelation twms cas te be

intractabis



constitute a proxy for ineficiency. However, the question is complicated by
the existence of the two types of traders. A large trader who wails for a
given time suifers a greater loss than does a small tracer who waits the same
length of time.

Recall that a large trader does rol consume while she is waiting, even
though she may have succeeded in exchanging one of her units. Thus the
number of unconsumed units that zre extant on the market at any given time
is precisely a weighted sum of the number of traders that are waiting, with
weights corresponding to the endowment sizes of the traders. In the steady-
state, this number will be larger if each trader, on average, waits a longer
time. Thus the outstanding number of unconsumed units in the steady-state
provides 2 measure of inefficiency that is generated by the market structure.”

[ntuitively, the comparative efficiency of the separated market relative
to the combined market depends on two factors. The combired market
slows down the large traders because it reduces the mass of large traders
outstanding, and thus the likelihood of trades being completed in one shot
On the other hand, it increases the mass of traders with which a given agent
can trade feven though large traders will naed wwo of these trades beloze
they can get out of the market). If the second fartor cutweighs the first,
Lhen the combined markes will be more eficient. In turn, this requires that,
in the cambined market, the speed az which ar individual trader completes
trades snust be appropriately higher. [ other werds, the functior AlMY
must increase salficiently steeply in A, i.e., the matching technology must

exhibit icreasing relurns.

wlapping generalions models of zacial security, f a certam

*This has a flaver of
socm cousoming thiz

¢ is carried over unconsumed duovgh time, then the utility
s dulayed infinitely. I the ecznomy could switek 13 a regime in whick a smaller
s carried over, then agents could crsume the difference and therefore gain a nut-
ese o welfare. Other things heing equa, tie switch to the smalley sta

iire incre
pareto improveniert.

To see this, Suppose that the technology merely exhibits constant re-
turns. Then Lhe rate at which matches are made, MA(M), is linear in A4,
i.e. A{)is a constant independent of A7, Thus each agent’s likeiihood of
meeting partners does not depend on the number of agents in the market;
the total number of matches increages with inarkst size merely because there
are more agenls to be matched. But then the payoff of the small agents is
insensitive to the structure of the market. The large agents also meet part
ners at the same rate irrespective of whether they trade on the combined
or the separated market. However, in the latter they do not run the risk of
delay caused by meetings with small agents. Thus targe agents are better
off in Lhe separated market, which is conseguently more cilicient.

If A(M) is increasing in M, on the other hand, then there is loss in
matching efficiency when the market is separated, and this must be bal-
anced against the delay which large agents face in ihe combined market.
Rouglly speaking, this loss iz greater when the p:r_:pnftion of large agents
is greater. Hence which structure is more eficieat wili depend upon the
relationship between the function Al) and tie proportion x of large agenls.
The calcclations which follaw use 8 instead of 7 [or ease of algedra. The
~alation between the twais given by ecaation (3.

We first calculate the sulstanding aumber of unconsamed units fn steady-
state in Lhe combined market. Recall that large agenls do rot consume

. The unmiber of unconsumed uniis is

anything until they complete tradin
therefare equal tc the number of small traders plus twice the number of large
traders that are looking to trade at ary given time. Of the My ageris that
ate on the market, a fraction & are large, and (1. &) are cmall. But some of
Uhe lattar entesed the markel as large agents, and must Se counted as such

for the prosens purpose. 1t is easily shown that these constitute a fraction



# of the currently small agents.® Thus the total number of ageats who are
waiting with two unils of the good is (8 + 8{1 — #1)Afy, while {1 — )7 Ay
are walling with one unit. Hence the tetal nnmber of snconsumed uniis is

[28(2 — 6} + (1 — 6)?] M. Using (3) this can be writlen as;

11:’29—92171
1—8+8% X

Xog = {(21]

For the separated market, we use equations (3), (8), (4} and (13} ta
obtain the outstanding number of urits as:

2¢ m (1=-87 m

X, = — Pl 27
Wi = T ws; U T8 r ks =5

The separated market is mere efficient [ and only if X > X ryp), which

reduces to the condition:

P i (23}

As discussed above, if the imatcking technology dees no better than con-

stant returns te scale, then this condition is alwayvs fulfilled. This can e
seer. by putting Ag — Ay — A, in which case [23) is strictly satisfied for all
6 €]0. 1{. In general, for any value of § within that renge, the condition will
be pegated if Ay bs sufficiently larger than A, and Ag, which is ancther way
of saying that the ma‘ching technology displays strong epough incressing

resurns to scale.

A numerical example

. 1 e g -
Suppese that A[M) = AM7 for some constant A, Then In a pepulation

e ; i 5 : ;
of A7 traders thare will be A M7 traders meeting pariners each instant, 2,

Lot o be the fraction of the small agenis who were originally large The flow (ato this
set cousists of the farge apents who trade wi 1 apents, i AAM; timez 1 -6 The
e out of the proup consists of all £hose agents who copelede a trade, i e Aol €)A0
In steady-state the inflow st cqual the oulflew.

20

there is increasing returns to the size of the market. Using this logeiher
with (3), (5) and (21) we get:

B ge e G

Yo = I v

Similarly, using (8), (3), {13), {4}, (5) and (22), we get:

m Tl gl
Kipgr) = [m‘“ﬁ]’[m’ +(i-87)

So the condition that the separated market is more efficient reduces to
1428 -6 208 —(1—@)3 > 0.

Machine computation shows that this reguives a value for # in excess of
0.313253, which implies that & must be greater than 0309115 Thus witk
this particular increasing resurns watching lechnotogy, the separated market
becomes wore efficient (in Lhe sense specified) than the combined market
once the proportion of large agents rises to about 40%. It is interesting to

highlight the follewing conclusion.

Observation & : There ore non-empty ranges of peramcter values for which

wenr though 2t 1 less effi-

the separeicd market is an equilibrivm oulcome,

cient than the combined markel,

3 Sequential Entry

We next Lurn to a market where traders arrive secuentially zccording Lo

a Poisson process with arrival rate A Each arsiving tradesis large with prob-

abllity 7 and small with probability 1 — . This is equivaleat to considering
two indeperdent Poisson processes with rates Ax and A(l — 7] respectively.
As in the previous section, we first consider the case where bota typos of

agents trade on the same market.



An arriving agent may find ke marketplace empty, in which case s/he
must wait for the next arrival. Otherwise s/he will find ar agent already
waiting, in which case the two will trade. I[ the two agents have simiiar
endowmenlts, then both will leave, and the market will be empty until the
rext arrival. If they have uncgual endowments (large/small), then the large
ager’t will be reduced to a small oae, and will wait for the next arrival.
Iinder no circumstances will there be more than one agent waiting to trade.

AL any given time, the markat is thus in one of three states — it is either
empry, or ¥ kas a small agent walting to trade, or it has a large agent
waiting to trade. Refer to these as states sq, 5, and s, respectively (by
the number of units available for trade}. Thac expected payoff of a given
agent who arrives an the markel wiil depend upon the probabilities of each
of these stares prevailing, as well as on A and =, Asin 'Lhe last section, our
propositions will hinge on a comparison of these expected payofls with those

that could be obitaired on a separated market,

[enote the probabilities of the three states py, p1, p2 which sum to
unity. There is a change of statc cach time a new agent arrives on the
market. Now consider the state sp. I'his may have occurred in two ways:
vither the previous state was 5, [probability p;) and the last arrival was a
amall trader {probability 1 — =], or the previous state was s (probability

7o) and the last ardval was o large trader {probabllity 7). Thus we have:
po={l=7Tp -7, (24)

Similarly, state s; can occur in three ways: state 5y followed by the
arrival of = small trader, stale 5 followed by the arrival of a large trader,
ar state §o [odowed by the arrivel of a smail trader. Pinally, state sp can

accur only if the previous state was sy and the st arsivel was a large weader.

2]
=]

Tlese vield two furtlier conditions:
poo =)+ ap 4 (1 -7l {2%)
=g (26)

Ounly two of the tkree above equations are independent, but since the

three states are exhauative we can solve for the probabilities, which Lurn

out to he:
. & r -
Po—2(1+r]a Pl—z‘ pzi?(l-l-n) 27)

[t is interesting to note that the probability of state s,—that a small
trader will be in the market~ is independent of the dersity of small traders
in the population. "Lhe ialuiticn for this is as follows. Suppose that at some
given time, the state of the market is not 5;, and a small trader arrives.
Then the state must change o 5;. Now if a large trader arrives ke will find
a small trader to trade with, and hence will remain on the market with ere
unit of the good to exchange, Le., the state will remain 5, A charge aut of
this stale requires thal enother small trader must arrive on the macket.

Thus each time a small trader arrives on the market, the state switrhes
botween s; ard rot-sp and stays so undil the next arrival. Hence on average
the state must be & balf the time, rogardiess of the relative density of small
traders {as long 28 this density is positive).

If the arrival rate of lazge traders is sufficlently high, then once again
there is an equililrium in which large traders only trade with other .arge
traders. The analysis of section 2.2 carries over vnaltered, and propesition
2.1 applies 1o tha present case. The only difference is that the arrival rates
of large and ercall traders, Ay ard A, are now given by Arx and Al — w7}
respectively, so condition (7] recuces to:

ArZ Al—x) i r (23}



So the voluntary separation equilibrium becomes viable for smaller values

of x, though 7 is still greater Lhan 1.
3.1  Separation

Consider a large trader arciving in the market. With probadility
he finds another large trader wailing in the market, :ar;d concludes trade
instantaneously. With probability p, he finds a small trader and trades half
his endowment, then wails for the next arrival to conclude trade. With
probabiiity po, the mackst is empty. If the next trader to arrive is large
{probability =) te concludes trade, il 1he pext arrival iz small, he has to
wait until the second trader arrives to conclude. Using {27) and calculations

familiar from the previous section, we obtain the large Lraders expected

payall as:
o 1 i A 1= A
< e et
v [2(1 o) J“(zJr2(14-:)‘(z\+«-’"r2(1+r]‘f\+rJ I

Once again we want to show that, under suitable conditions, it would
be in the interest of the large traders to establish a floor exclusively for
their own transactions. Suppose there were such a fioor and zll the jarge
traders Lraded on the flonr, while 2ll small traders traded oa the street. The
rate of arrival of traders on the flogr is Am, and each trader necds only one
encapnter 2o conclude trade. A newiy arrived trader either finds a partne:
already waiting, ar waits for the pext arsival—earh contirgeeey occoring

with wpual probability. Thus the expectad payol of the large trader is:

30)

P'he large Leader’s gain from establishing a floor is Vi - V. It tures

ous that:
Arrob Ar 4 r?

Az »1-3x (31)

vE-wtzo
Since the LHS is sirictly positive, the condition musl he satisfied for all
values of » larger than some # < % Thus once again the large traders
would prefer to be seggregated on a floor cven when they arein a minority.’

Il the large traders are indead in & minority, then the small traders wil.
be conient to trade on the street, since the arrival rate there is thicker,
and this is all that matters for them. Howewver, if 7 > %, then we must
ensure that a price can be found which deters the small traders but not the
large ores. Sa we must once again caleulate the gain that a small trader
maxes by trading on the floor rather than or the street, and compare it with
the corresponding gain for the large trader. If the latter is lurger than the
former, then a price situated between the two would deter the small traders
from entering the floor, but would not discourage thz large traders,

On ecither the floar or in the street, an arriving traders finds a ready
partner with probability helf, and has to wail for the next asrival with
probability half. For a small vrader, a single encounter concludes trade on
wiiher farum. For & large trades a single encouncer is sufliviens oa the floor,
hut two encounters are necessary on Lhe sireeb since all tradears on the street

aresmall. Together with the different arrival rates, this yields the differential

gains for the two types (we use [ correspanciag to the A of the last section):




Prom the two equations above we got

" ] A[l—?\'} T A /\(177{) .
B s R = Sl s - e
pi- L ff\(l—rr]-i'rj Ml =7+ (5%)

The term in braces on the RHS iz always positive, so a sufficient condition
for the whele expression on the RHS to be positive is that the term in square
brackets he non-negative, which is true if & > 1 — 7. In other words, if the
density of large traders is at least as great as that of small traders, then
a price can be found which separates the twa types. But this is the only
case where the small traders would want to infiltrate the floor anyway. Thuas
separation can be sustained whanever il is in the interest of the large traders

ta do so.

Propasition 3.1 [f condition (31} is fulfilled, then large traders will prefer

io trade on a separcte floor, rether than i the combined marke!.

Propositian 3.2 I/ = > # fos defined following eguation (3i)) then sepe
retion of the large and small traders betirzen the fluor and the sirect is viable
in the following sense:

(e} If 7 € {x, %] then neither type of ireder has an incentive to deviale from
fizs assignied trading place.

{b) Ifw > L, then we con set a price p € [C5s F‘}R_ Jor entry into the floor,

r

such that the large traders will prefer to vay this eniry price and irede and

n

the fivor, while smell traders will prefer to not pey the price and will frad
on the strect.
4.2  Efficiency

[ keepteg with the approach used in the carlier section, Lhe appropriate

efficiency comparison involves comparing the expected or average number of

et at 2 time. This number is

waconsamed units that mie carrled in the mas

determined easily for the separated market. Whether on the floer or on the
ssreet, the market is empty hall the time, and has one outstanding agent
the other half of the the time. Thus on average the number of units carried
on the strest is %‘1 -+ é.O = 21 and on the floor this qumber is 1. Thus Tor

Lhe separated markel we have the average number of units carried as:

- .
FrR T 3 (33

In the combired market, the number of units carried at any given time
is clearly 2 when the state is 52, and 0 if the state is sp. When the state
is 51, the number depends on the original endowment of the agent who is
in the market. This can be deterimined by considering the preceding state
and the endowment of the tast arriving agent. Specifically, the aunber of
uncensurmed units is 11l Lhe previous state was sg and the last agent to arrive
was srnall, which has the probability pa{l — ). For any other sequence of
events leading to state 5). the ageat on the market was ariginally large, and

Two unils are unconsumed.

Using the information aboeve, we get the probability that two upcon-

sumed unlts are being carried to be the probability that ong unit

Tmz

a1

is Leing carried to ba 5 and that of an empty market as 2“{_—,_). This

5

vields the expected number of uncoasumed vnits to ba

(35)

Comparing the two expressions above, it follows that Yegr > ¥; for all
values of @ < 1. Thus the combized market 15 always more eflident than
the separated market, ever theugh the latter is an equilibrium for a wide

range of parameler vafues,



Propusition 3.3 Jf agenis errive sequentially, and the propertion of smal
agenls is strictly postiive, then the separeled market is strictly less cfficient

than the combined markel,

4 Conclusion

When markets caomprise heterogenecus types of agents, aperts of some
types may face costs resulting from chance meetings with ‘unwelcome’ part-
nats. In the example considered here, the type of an agent is determined
by the history of Lransactions she has previously rugaged in, and the mix-
ing of Lheterogeneous Lypes results in a negative externality for large agents.
While Lhe present example is cast in terms of the sizes of endewments, 1t
seams fikely that similar externalities may be generated by other bases for
Leterogeneity, such as degrees of patience (e.g. Bose 1996) and levels of
information. A pussible response to this situation is that traders of the of-
fanded tvpe seggrepate themselves in a rotional trading establishment, and
keep the unwelcome types out by making it vostly to enter.® Snch muiti-

s widely

plicity of trading environments fo: essentially the same commeod
chserved in real lifo

This paper atiempts to mzke this poiot in the simplest posyible manner,
and the madel used s less than suitable to investigate extensions which

in

immediately suggest themselves. In the rorzext of the present example
particular, there are two obvious questions which may bz of interest. The

we number of endowiment types is

first relates to Lhe realistic case where ©
larges than two. Would we still expeer the marzet 1o separate into only
swo segmerts, o mere? One conjecture is that. with discrete endowment

types and a suitable distribution of agents between those types. we shoald

“This is a concept far - from the eronomic theory of sedizl situatiens such as clubs,

Veblenesque class, and o

-boy netweorss.
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observe as many segments as there are types. The heuristics are as follows.
Suppose there were three Lypes, with endowments of one, two and three
units respectively. Suppose thal the three unil traders did separale intc
o #Hoor of their own, Then the remainder of the population parallels the
case examined zbove, and should separate into two trading envirenments.
But then Lhe choice {or the three-unit traders is to remain separated or to
join one of the cther types. But again by arguments similar to those used
here, they would not want to join any one other type. lience under suitadle
conditions three-way separation should be an equilibrium. However, the
argurent does pot carry over to a case with a continuum cf types.

The second question is mare immediately interesting: is there scope for
arise, who trade an the floor or behalf of a number

brokers or middlemen to

of small traders at a time? 1t is cectainly true that such intermediation

is ubiquitous in financial markets, and perhaps in other merkets as well,

However, this kind of contracting is not bast analysed within the preseat

nedel, for it raizes a wider and perhaps a different set ol issues.

ol
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