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Abstrac t

InformationSharing,Liquid ity and Transac tionCostsinFloor-B ased Trad ing
Systems.

We consid er informationsharingb etw eentrad ers(\°oor b rokers") w ho possessd i®erent

typesofinformation,namelyinformationonthe payo® ofa riskysecurityor informationon
the volume ofliquid itytrad inginthissecurity.We interpret these trad ersasd ual-c apac ity
b rokersonthe °oor ofanexchange.We id entify cond itionsund er w hich the trad ersare
b etter o® sharing information. We also show that informationsharing improvespric e

d isc overy, red uc esvolatility and low ersexpec ted trad ingcosts.Informationsharingcan
improve or impair the d epth ofthe market, d epend ingonthe valuesofthe parameters.
O verallour analysissuggeststhat informationsharingamong°oor b rokersimprovesthe
performance of°oor-b ased trad ingsystems.

K eyw ord s: M arket M ic rostruc ture,Floor-B ased T rad ingSystems,O penO utc ry,Infor-
mationSharing,InformationSales.

J E LClassī c ationNumb ers: G 10 ,D82 .



1 Introd uc tion

T he organizationoftrad ingonthe NY SE hasb eenremarkablystable since its¯rst c on-
stitutionin1817.T rad ingiscond uc ted through openoutcry ofb id sand o®ersofb rokers
ac tingonb ehalfoftheir clientsor for their ow nac c ount.1 T histrad ingmechanism isnot
unique to the NY SE .E quitymarketslike the Frankfurt Stock E xchange and the AM E X

or d erivativesmarketslike the CB O T and the CB O E are °oor markets.2 How ever °oor-
b ased trad ingmechanismsare end angered speciesasthey are progressively replac ed by
fully automated trad ingsystems3.G iventhistrend tow ard automation,it isnaturalto
ask w hether °oor-b ased trad ingsystemscanprovid e greater liquid ity and low er execu-

tioncoststhanautomated trad ingsystems.T hisquestionisofparamount importance for
market organizersand trad ers.Infac t, it hasb eenhotly d eb ated b etw eenmemb ersof
E xchangesw ho c onsid ered sw itchingfrom °oor to elec tronic trad ing4.Inord er to survive
°oor-b ased trad ingmechanismsmust outperform automated trad ingsystemsalongsome

d imensions.

Automated trad ingsystemsd ominate °oor-b ased trad ingsystemsinmany respec ts.
First °oor marketsare more expensive to operate (see Domow itz and Steil(1999)).Sec -
ond physic alspac e limitsthenumb er ofpartic ipantsin°oor marketsbut not inautomated

trad ingsystems.Finallytrad ersw ithout anac c essto the °oor are at aninformationald is-
ad vantage c ompared w ith the trad ersonthe °oor.T hisd isad vantage islikelyto exac erb ate
agencyproblemsb etw eeninvestorsand their b rokers(Sarkar and Wu(1999)).

B y d esign,°oor-b ased marketsfoster person-to-personcontac ts.Hence the ab ility of

market participantsto share informationisgreater inthese markets.T hisfeature isoften
view ed asb eingone ad vantage,ifnot the unique one,of°oor-b ased trad ingsystems.5 For
instance Harris(2 0 0 0 ),p.8,pointsout that

1 O fcourse,manytradingruleshavebeenchangedsincethecreationoftheN Y SE.B utithasalways
beena° oormarket.SeeH asbrouck,Sō anosandSosebee(1 993)foradetaileddescriptionofthetrading
rulesontheN Y SE.

2InFrankfurt,the° ooroperatesinparallelwithanelectronictradingsystem.
3T heM arch¶eµaTermeInternationaldeFrance(M A T IF),theTorontoStockExchangeandT heL ondon

InternationalFinancialFuturesandO ptionsExchange(L IFFE)shutdowntheir° oorin 1 997,1 998 and
20 0 0 ,respectively.

4SeetheEconomist(July31 st1 999):\ A homegrownrevolutionary"andtheEconomist(A ugust26th
20 0 0 ):\ O utofthepits".

5Covaland Shumway(1 998)showthatthe levelofnoiseon the ° oorofCB O T 's 30 yearTreasury
Bondfuturesa®ectspricevolatility.T his alsosuggeststhatpersontopersoncontactsonthe° oorhave
animpactonpriceformation.
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F̀ loor-based trad ingsystemsd ominate electronic trad ingsystemswhenbrokers
need to exchange informationabout their clientsto arrange their trad es.'

Informationsharingisa func tionofthe °oor w hich isd i± cult to replic ate inelec tronic
trad ingsystems.T hese systemsusually restric t the set ofmessagesthat c anb e sent by
users(generallytrad ersc anonlypost pric esand quantities).Furthermore trad inginthese
systemsisinmost c asesanonymous.T hisfeature preventstrad ersfrom d evelopingthe

reputationofhonestlysharinginformationthrough end uringrelationships.

Informationsharingonthe °oor cantake plac e b etw eentw o typesofpartic ipants.First
°oor-b rokerscanexchange informationontheir trad ingmotivationsw ith market-makers.
B enveniste,M arcusand W hilelm (199 2 ) mod elthistype ofinformationsharingand show

that it mitigatesad verse selec tion.Second °oor-b rokerscancommunicate w ith other °oor-
b rokers.For instance,So¯anosand Werner (1997),p.6notic e that

Ìnad d ition, bystand inginthe crow d , °oor brokersmaylearnabout ad d itional

broker-represented liquid ity that isnot re°ec ted inthe specialist quotes: °oor
brokerswilloftenexchange informationontheir intentionsand capabilities,
especiallywith competitorswith whom theyhave good workingrelationships.'

O ur purpose inthispaper isto analyze thistype ofinformationsharing.At ¯rst glance,

informationsharingamong°oor b rokersispuzzling.Infac t stand ard mod elsw ith asym-
metric information(e.g.K yle (1985)) show that informed trad ersw ant to hid e their infor-
mationrather thand isclose it to potentialcompetitors.Furthermore,informationsharing
reinforcesinformationalasymetriesb etw eenthose w ho share informationand those w ho

d o not.It istherefore not obviousthat it should improve market quality.Hence w e ad -
d resstw o questions.First,isit optimalfor °oor b rokersto share informationw ith their
c ompetitors? Sec ond , w hat isthe e®ec t ofinformationsharingamong°oor b rokerson
the overallperformance ofthe market? Inparticular w e stud y the impac t ofinter-°oor

b rokerscommunicationonstand ard measuresofmarket quality,namely pric e volatility,
price d isc overy,market liquid ity and trad ingcosts.

Wemod el°oor trad ingand informationsharingusingK yle(1985)'smod elasa w orkhorse.
AsinRoÄell(199 0 ),w e assume that trad ers(°oor b rokers) have ac c essto tw o typesofin-

formation: (i) fund amentalinformationw hich isinformationonthe payo® ofthe security
and (ii)non-fund amentalinformationw hich isinformationonthe volume ofliquid ity(non-
informed ) trad ing.We consid er the possib ilityfor tw o °oor b rokersend ow ed w ith d i®erent
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typesofinformation(one hasfund amentalinformationand the other hasnon-fund amental
information) to share information.M ore spec ī c allyw e assume that °oor b rokershave in-

formationsharingagreements(theyform a \clique").Anagreement spec ī esthe prec ision
w ith w hich each b roker reportshisor her informationto the other b roker.After rec eiving
fund amentalornon-fund amentalinformation,the b rokersina clique pooltheir information
ac c ord ingto the termsoftheir agreement just b efore submittingtheir ord ersfor execution.

We establish the follow ingresults.

²T here isa w id e range ofparametersfor w hich it isoptimalfor °oor b rokersto share
their information(i.e.their expec ted pro¯tsare larger w ith informationsharing).

²Informationsharingcanimprove or impair the d epth ofthe market, d epend ingon
the valuesofthe parameters.

²Informationsharingalw aysred uc esthe aggregate trad ingcostsfor liquid ity trad ers.
How ever w heninformationsharingimpairsmarket d epth,some liquid ity trad ersare
hurt.

²Informationsharingoc cursat the expense ofthe °oor b rokersw ho are not part to
the informationsharingagreement.

²Informationsharingimprovesprice d isc overyand red ucesmarket volatility.

Intuitively informationsharingintensī escompetitionb etw een°oor b rokersand inthis

w ayit low ersthe totalexpec ted pro¯tsofall°oor b rokers(red uc esthe aggregate trad ing
costs). Informationsharing also changesthe alloc ationoftrad ing pro¯tsamong °oor
b rokers.M ore spec ī c allythe °oor b rokersw ho share informationcapture a larger part of
the totalexpec ted pro¯ts,at the expense of°oor b rokersw ho d o not share information.

T hese tw o e®ec tsexplainw hy informationsharing cansimultaneously b ene¯t liquid ity
trad ersand the °oor b rokersw ho share their information. O verallinformationsharing
b etw een°oor b rokersisanad vantage for °oor-b ased trad ingsystemssince it resultsin(a)
low er trad ingcosts,(b ) faster pric e d iscovery and (c ) low er price volatility.Interestingly,

inline w ith our result,Venkataraman(2 0 0 0 ) ¯nd sthat trad ing costsonthe NY SE are
low er thanonthe P arisB ourse (anautomated trad ingsystem),c ontrollingfor d i®erences
instockscharac teristics.6

6T heissen(1 999)comparese®ectivebid-askspreads inanautomatedtradingsystem (X etra)andthe
° ooroftheFrankfurtStockExchangeforstocks thattradeinbothsystems.H e n̄dsthattheaverage
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O ur analysisisrelated to the literature oninformationsales(e.g.Ad matiand P °eid erer
(1986), (1988) and Fishmanand Hagerty (1995)). Incontrast w ith thisliterature, w e

assume that the med ium for informationexchange isinformation,not money.Actually
inour mod el, the trad er w ho receivesinformationrew ard sthe informationprovid er by
d isclosinganother type ofinformation.Hence w e c onsid er °oor-b ased systemsasmarkets
for trad ingsharesand forum to b arter information.Another important d i®erence isthat w e

c onsid er c ommunicationofinformationonthe volume ofliquid ity trad ing.We show that
it mayb e optimalto s̀ell'(b arter) such aninformationand that salesofnon-fund amental
informationhave animpac t onmarket quality.

T he mod elisd esc rib ed inthe next sec tion.Sec tion3show sthat it c anb e optimalfor

°oor b rokersto share information.Sec tion4 analyzesthe impac t ofinformationsharing
onvariousmeasuresofmarket performance.Sec tion5conclud es.T he proofsw hich d o not
appear inthe text are inthe Append ix.

2 T he M od el

2 .1 InformationSharingAgreements

T he Trad ingCrow d .

We consid er a mod eloftrad inginthe market for a riskysecurityw hich isb ased onK yle
(1985).T he ¯nalvalue ofthe security, w hich isd enoted ~v,isnormally d istributed w ith
mean¹ and a variance ¾ 2v that w e normalize to 1.T his¯nalvalue ispublicly revealed at

d ate 2 .Trad inginthissecuritytakesplac e at d ate 1.At thisd ate,investorssubmit market
ord ersto buy or to sellsharesofthe security.T he excessd emand (supply) iscleared at
the price posted by a competitive and risk-neutralmarket maker.

T he trad ing\c row d "for the security iscomposed ofN + 1 °oor b rokers.7 At time

1, there are tw o typesof°oor b rokers: (i) N fund amentalspeculatorsand (ii) one non
fund amentalspeculator,B.Fund amentalspeculatorshave informationonthe ¯nalvalue
ofthe security.For simplic ity,asinK yle (1985),w e assume that theyperfec tlyobserve this
¯nalvalue,just b efore submittingtheir ord ersat d ate 1.B roker B ,the non-fund amental

quotedspreadsonthe° oorcanbelargerorsmallerthanintheautomatedtradingsystem,dependingon
thestockcharacteristics.O naveragethequotedspreadsareequal.T hisisconsistentwithourresultthat
theimpactofinformationsharingonmarketdepthisambiguous.

7T hemarket-makercanalsobeconsideredasbeinga° oorbrokerwhohasnoinformation.
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speculator, receivesord ersfrom liquid ity trad ers.We d enote ~xB the totalquantity that
b roker B must execute onb ehalfofliquid ity trad ers.Asa w hole,liquid ity trad ershave

a net d emand equalto ~x = ~x0 + ~xB shares. We assume that ~x0 and ~xB are normally
and ind epend ently d istributed w ith means0 and variances¾ 20 and ¾ 2B respec tively.We
normalize the variance ofthe ord er °ow d ue to liquid ity trad ing,¾ 2x,to 1,i.e.:

¾ 2x = ¾ 2B + ¾ 20 = 1:

Inthisw ay,¾ 2B c anb e interpreted asb roker B 'smarket share ofthe totalord er °ow from
liquid itytrad ers.T he remainingpart ofthe ord er °ow c anb e seenasb eingintermed iated

by °oor b rokersw ho d o not trad e for their ow nac count or asb eingrouted elec tronically
to the °oor.8,9

B oth typesofspeculatorsc anengage inproprietary trad ing.Inparticular b roker B
c anac t b oth asanagent (she channelsa frac tionofliquid ity trad ers' ord ers) and as

a principal(she submitsord ersfor her ow nac c ount). T hisprac tic e isknow nas d̀ ual-
trad ing'and isauthorized insecuritiesmarkets(see Chakravarty and Sarkar (2 0 0 0 ) for a
d iscussion).10 M od elsw ith d ual-trad inginclud e R Äoell(1990 ),Sarkar (1995) or Fishmanand
Longsta® (199 2 ).Inthesemod els,asinthe present article,b rokersengaged ind ual-trad ing

exploit their ab ilityto observe ord erssubmitted byuninformed (liquid ity) trad ers.11 None
ofthese mod elshasconsid ered informationsharingoffund amentaland nonfund amental
informationamongb rokers,how ever.O ur purpose isto stud y the e®ec tsofthisac tivity.
Asargued inthe introd uc tion,thistype ofinformationexchange isa d istinc tive feature of

°oor markets.T he speculatorsw ith fund amentalinformationcanb e seenasb rokersw ho
exclusively trad e for their ow nac c ount (like scalpersand loc alsind erivativesmarkets).
T hey could also b e seenasb rokersw ho have no customers'ord ersto execute at d ate 1.

It isreasonable to assume that the ord er °ow from liquid ity trad ersisind epend ent

ac rossb rokers(for instance b rokershave d i®erent clients). Incontrast, signalsonthe
fund amentalvalue ofthe security are c orrelated . For these reasons, w e assumed that
onlyone °oor b roker observesthe non-fund amentalinformation,~xB ,w hereasseveral°oor

8IntheU .S,fulllinebrokeragehouses engageinproprietarytradingactivities.D iscountbrokers do
not,however.

9Forinstance,ontheN Y SE,orderscanreachamarket-makerthrough° oorbrokersorelectronically
throughasystem calledSuperD ot.

1 0 Forinstance,Chakravartyand Sarkar(20 0 0 )observethatin the N Y SE potentialdualtraders are
nationalfulllinebrokeragehousesandtheinvestmentbanks.

1 1 SeealsoM adrigal(1 996).W eborrowthedistinctionbetween f̀undamental'vs. ǹon-fundamental'
speculatorsfromthisauthor.
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b rokersobserve thefund amentalinformation,~v.We have analyzed themod elw henthere is
more thanonenon-fund amentalb roker (w ithind epend ent ord er °ow )and b rokersperfec tly

share information(informationsharingisd esc rib ed b elow ).T he presentationofthe mod el
ismore complexbut the c onclusionsare qualitatively similar to those w e ob taininthe
c ase w ith only one non-fund amentalb roker. O ne reasonfor w hich the mod elismore
c omplexisthat the numb er ofcliques(groupsofpaired b rokersw ith d istinc t information)

isend ogenous.Inequilib rium, thisnumb er c anb e smaller thanthe maximum possible
numb er ofcliques.For instance ifthere isanequalnumb er,N ,offund amentaland non-
fund amentalb rokers, the numb er ofcliquescanb e smaller thanN .Inparticular, w ith
perfec t informationsharing, thisisnecessarily the case w hen¾ 20 = 0. Inthiscase, the

aggregate ord er °ow channeled by the non-fund amentalb rokersw ho are not a± liated to
a clique playsthe role of~x0 inthe present article.

InformationSharing.

We mod elinformationsharingasfollow s.We assume that the nonfund amentalspec -

ulator, B , hasanagreement to share informationw ith one fund amentalspeculator,S.
Acc ord ing to thisagreement, b efore trad ingat d ate 1, the non-fund amentalspeculator
send sa signal

x̂ = ~xB + ~́;

to the fund amentalspeculator.Inexchange,the fund amentalspeculator send sa signal

v̂ = ~v + ~";

to the nonfund amentalspeculator.T he rand om variables~́ and ~" are ind epend entlyand
normallyd istributed w ith meanzero and variances¾ 2´ and ¾ 2",respec tively.We refer to the
inverse of¾ 2´ (resp.¾ 2") asthe prec isionofthe signalsent byb roker B (S).T he larger is¾ 2´
(¾ 2"),the lessprec ise isthe signalsent byspeculator B (speculatorS) and hence the low er

isitsinformative value.T w o polar casesare ofparticular interest.First there isperfect
informationsharingif¾ 2´ = ¾ 2" = 0.Sec ond there isno informationsharingif¾ 2´ = ¾ 2" = 1.
In-b etw eenthese tw o c ases,there isinformationsharingbut it isimperfec t (at least one
speculator d oesnot perfec tly d isclose hisor her information). T he informationsetsof

speculatorsB and Sat d ate 1 are d enoted yB = (~xB ;x̂;v̂) and yS = (~v;x̂;v̂),respec tively.

Inreality °oor b rokersare likely to exchange informationw ith the b rokersw ith w hom
they have end uringrelationships.Inthiscase their d ec isionto share informationw ith a
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givenb roker must b e b ased onthe long-term (average) b ene¯tsofinformationsharing.For
thisreason,w e assume that the speculatorsd ec id e to share informationbycomparingtheir

ex-ante (i.e.prior to rec eivinginformation) expec ted pro¯tsw ith and w ithout information
sharing.We saythat informationsharingispossible ifthere existsa pair (¾ 2´,¾ 2")such that
the expec ted pro¯tsofspeculator S and B are larger w henthere isinformationsharing.
Insec tion3,w e id entifyparameters'valuesfor w hich informationsharingispossible.

R emarks.

It isw orthstressingthat w e focusonthe possib ilityofaninformationsharingagreement
but not onitsimplementation.Inparticular, w e d o not ad d ressenforcement issues.In
that, w e follow the literature oninformationsalesw here the quality ofthe information

w hich issold isassumed to b e contrac tible.12 We also assume that the informationsharing
agreement and itscharac teristics(¾ 2´;¾ 2") are know nby allpartic ipants(includ ing the
market-maker).T hiscommonknow led ge assumptionisalso stand ard inthe literature on
informationsales.

2 .2 T he equilib rium ofthe Floor M arket

Inthissec tion,w e d erive the equilib rium ofthe trad ingstage at d ate 1,giventhe charac -
teristicsofthe informationsharingagreement b etw eenspeculatorsB and S.T hen,inthe
next sec tion,w e analyze w hether or not it isoptimalfor B and Sto exchange information.

We d enote by Q S(yS) and Q B (yB ), the ord erssubmitted by speculatorsS and B , re-

spec tively.Inthe set offund amentalspeculators,w e assignind ex1 to speculator S.An
ord er submitted by the other fund amentalspeculatorsi= 2 ;:::;N isd enoted Q i(~v).T he
totalexcessd emand that must b e cleared by the c ompetitive market maker istherefore

O =
i= NX

i= 2

Q i(~v)+ Q S(yS)+ Q B (yB )+ ~x:

Asthe market maker isassumed to b e c ompetitive,he setsa price p(O ) equalto the asset
1 2SeeA dmati andP ° eiderer(1 986),(1 988).Somepapershaveshownhowincentivescontractscanbe

usedtoinducean informationprovidertotruthfullyrevealthequalityofhis signal(seeA llen(1 990 )or
Bhattacharyaand P ° eiderer(1 985)). R eputation e®ects mayalsohelp tosustain information sharing
agreements(seeB enabouandL aroque(1 992)).

7



expec ted value c ond itionalonthe net ord er °ow ,i.e.

p(O ) = E(~v jO ): (1)

Anequilib rium consistsoftrad ingstrategiesQ S(:),Q B (:),Q i(:);i= 2 ;:::;N and a com-
petitive price func tionp(:)such that (i) each trad er'strad ingstrategyisa b est response to

other trad ers'strategiesand (ii) the d ealer'sb id d ingstrategy isgivenby E quation(1).13

For givencharac teristics,(¾ 2´;¾ 2"),ofaninformationsharingagreement, the next lemma
d esc rib esthe unique linear equilib rium ofthe trad inggame.

Lemma 1 :T he trad ingstage hasa unique linear equilibrium which isgivenby

p(O ) = ¹ + ¸O ; (2 )

Q S(yS) = a1(~v¡¹)+ a2 (̂v¡¹)+ a3x̂; (3)

Q i(~v) = a0(~v¡¹);i= 2 ;:::;N (4 )

Q B (yB ) = b1~xB + b2 x̂ + b3(̂v¡¹), (5)

where coe± c ientsa1;a2 ;a3;a0;b1;b2 ;b3 and ¸ are

a1 =
3(¾ 2v + ¾ 2")

¸ (2 (N + 2 )¾ 2v + 3(N + 1)¾ 2")
;

a2 = ¡ ¾ 2v
¸ (2 (N + 2 )¾ 2v + 3(N + 1)¾ 2")

;

a3 = ¡ ¾ 2B
3
¡
¾ 2B + ¾ 2´

¢;

a0 =
2 ¾ 2v + 3¾ 2"

¸ (2 (N + 2 )¾ 2v + 3(N + 1)¾ 2")
;

b1 = ¡1
2
;

b2 =
¾ 2B

6
¡
¾ 2B + ¾ 2´

¢;

b3 =
2 ¾ 2v

¸ (2 (N + 2 )¾ 2v + 3(N + 1)¾ 2")
;

1 3M oreprecisely,weconsiderthePerfectBayesianEquilibriaofthetradinggame.
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and

¸(¾ 2";¾
2
´) =

6
q
¾ 2v

¡
¾ 2B + ¾ 2´

¢
(4 (N + 1)¾ 4v + (12 N + 5)¾ 2v¾ 2" + 9N ¾ 4")

(2 (N + 2 )¾ 2v + 3(N + 1)¾ 2")
q
¾ 2B

¡
4 ¾ 2B + 9¾ 2´

¢
+ 36¾ 20

¡
¾ 2B + ¾ 2´

¢:

Trad erspurchase (sell) the security w hentheir estimationofthe asset value isab ove

(b elow ) the uncond itionalexpec ted value.Hence,the coe± c ientsa1,a0and b3 are positive.
Nonfund amentalinformationisalso a sourc e ofpro¯t.Intuitivelyliquid itytrad ers'ord ers
c reate temporary pric e pressures. B rokersw ith non-fund amentalinformationare aw are
ofthese price pressures. T hey canpro¯t from thisknow led ge by selling (buying) high

(low ) w henliquid ity trad ersbuy (sell). M ore formally suppose that the fund amental
speculators(but not the market maker) d o not expec t changesinthe security value (i.e.
~v = ¹).Suppose also that B and Sperfec tlyshare informationand that liquid ity trad ers
submit buyord ers.T hese ord erspush the pric e upw ard b ecause the market maker c annot

d istinguishliquid ityord ersfrom informed ord ers.SpeculatorsB and Show ever know that
the correc t value ofthe securityis¹.Inanticipationofthe upw ard pressure onthe clearing
price,theysubmit sellord ers.B ysymmetry,theysubmit buyord ersw henliquid itytrad ers
submit sellord ers.T hisexplainsw hycoe± cientsb1 and a3 are negative.T hismeansthat

°oor b rokersB and Spartly ac c ommod ate liquid ity trad ers'ord ersand red uc e the ord er
°ow imb alance that must b e executed by the market-maker.A similar e®ec t isob tained
inR Äoell(1990 ) and Sarkar (1995).

T he previousd iscussionshow show speculatorsc anpro¯t b oth from fund amentaland

nonfund amentalinformation. Hence there isa b ene¯t to exchange fund amental(non-
fund amental) informationfor non-fund amental(fund amental) information. Information
sharing iscostly, how ever. Ac tually speculatorsS and B d eprec iate the value oftheir
private informationw henthey share it.Consid er speculator B for instance.Ifshe d oes

not share information(¾ 2´ = + 1 ),she ac c ommod ateshalfofthe ord er °ow she rec eives
(since b1 = ¡1=2 ).Ifshe sharesinformationthenb rokersB and S (instead ofb roker B
alone)provid e liquid ityto the ord erschanneled byb roker B.For instance ifthere isperfec t
informationsharingtheneach b roker ac c ommod atesone third ofthe ord ersrec eived by

b roker B (since b1 + b2 = ¡1=3and a3 = ¡1=3w hen¾ 2´ = 0 ).T hiscompetitionfor the
provisionofliquid ity hastw o e®ec ts.First, b roker B trad essmaller quantities.Second ,
the ord er imb alance that must b e executed by the market-maker issmaller.Hence,for a
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givenpric e sched ule (a ¯xed ¸), pric esreac t lessto the ord er °ow .14 Infact speculator
B red ucesher trad e size w henshe sharesinformation(b2 hasa signopposite the signof

b1) prec isely to mitigate thise®ec t.T hese tw o e®ec ts(smaller trad e size/smaller ab solute
price movements) red uc e speculator'sB pro¯tsonnon-fund amentalinformation.T hisis
the c ost ofsharingnon-fund amentalinformation.

A similar argument hold sfor speculator S.He d eprec iatesthe value offund amental

informationw henhesharesit w ithspeculator B.Inord er to mitigate thise®ec t,he ad justs
histrad ingstrategy to the message he send sto speculator B.T hisexplainsw hy a2 hasa
signopposite a1.

To sum up,informationsharinghasb ene¯tsand c osts.Informationsharingisa sourc e

ofpro¯tssince it allow seach b roker to trad e ona new type ofprivate information.But the
b rokersob tainnew informationonlyifthey d isclose allor part oftheir information.T his
iscostlysince it red ucesthe trad ingpro¯tsthat c anb e mad e onthe informationoriginally
possessed bya b roker.Inthe next sec tionw e show that the b ene¯t ofinformationsharing

canoutw eight itsc ost.

3 IsInformationSharingP ossible?

Inthissec tion,w e id entify casesinw hich speculatorsB and S are b etter o® w henthey
share information. We start by c onsid ering the e®ec t ofthe precisionsw ith w hich the
speculatorsB and Sshare their informationonthe market d epth (measured by¸¡1).15 It
turnsout that thise®ec t isimportant to interpret the results.

Lemma 2 : T he d epth ofthe market (i.e.¸¡1) isa® ec ted by the precisionswith which

the fund amentaland the nonfund amentalspeculatorsshare their information.

1.T he market d epthincreaseswith the prec isionofthe signalsent bybrokerS( @¸@¾ 2"
> 0 ),

2 .T he market d epth d ecreaseswith the precisionofthe signalsent bybroker B ( @¸
@¾ 2´

<
0).

1 4Inordertoconveytheintuitionwetake¸ asgiven.H owevertheslopeofthepricescheduleisa®ected
by information sharing. A s shownbelow(L emma2)sharingnon-fundamentalinformation enlarges ¸.
T hismitigatestheloss inprō tduetotheseconde®ect(smallerpricechanges).

1 5T hemarketdepthistheorder° ownecessarytochangethepriceby1 unit.T helargeristhemarket
depth,thegreateristheliquidityofthemarket.A ctually,when¸ issmall,themarket-makeraccommo-
dateslargeorderimbalanceswithoutsubstantialchanges inprices.
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Notic e that anincrease inthe quality ofthe informationprovid ed by B to S enlarges¸,
that isit d ec reasesthe d epth ofthe market. T he intuitionfor thisresult isasfollow s.

E xchange ofnon-fund amentalinformationincreasesthe role of°oor b rokers(B and S) in
the provisionofliquid ity.To see thispoint,let Q T = Q B + Q S b e the totaltrad e size of
speculatorsB and Sand consid er their expec ted totaltrad e size contingent on~xB = xB.
We ob tain

E(Q T j~xB = xB ) = (b1 + b2 + a3)(xB ) = ¡(
1
2
+

¾ 2B
6(¾ 2B + ¾ 2´)

)(xB ): (6)

T he smaller is¾ 2´,thelarger isthefrac tion(jb1+ b2 + a3j)ofthe ord ersrec eived byb roker B
w hich isac commod ated byspeculatorsSand B.Asa consequence the d ealer partic ipates
lessto liquid itytrad es.Inthissense the exchange ofnon-fund amentalinformatioǹsiphons'
uninformed ord er °ow aw ayfrom the market-maker.T husthissiphone® ec t increaseshis

exposure to informed trad ingand the pric e sched ule b ecomessteeper.16

Interestingly anincrease inthe quality ofthe informationprovid ed by S to B has
exac tly the opposite e®ec t: it improvesthe d epth ofthe market.Inthiscase, the e®ec t
ofinformationsharingisto increase c ompetitionamongfund amentaltrad ers.Hence they

scale b acktheir ord er size (a1 and a
0 d ec rease w hen¾ 2" d ec reases).T hise®ec t red uc esthe

market-maker'sexposure to informed trad ingand thereby makesthe pric e sched ule less
steep.

We d enote speculator j'sex-ante expec ted pro¯t (i.e.b efore observinginformation) by

¦ j(¾ 2´;¾ 2";N ) .U singLemma 1,w e ob tainthe follow ingresult.

Lemma 3 : For givenvaluesof¾ 2" and ¾ 2´, the expec ted trad ingpro¯tsfor speculatorsB

1 6Inequilibrium informedtraders scalebacktheirordersizewhen ¸ increases.B utthis is insu±cient
tocompensatethereductioninuninformedtradingduetothesiphone®ect.
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and Sare

¦ S(¾ 2´;¾
2
²;N ) =

Ã
¾ 2v (¾ 2v + ¾ 2")(4 ¾ 2v + 9¾ 2")

¸ (2 (N + 2 )¾ 2v + 3(N + 1)¾ 2")
2 +

¸¾ 4B
9
¡
¾ 2B + ¾ 2´

¢
!

d ef= ¦ S
f(¾

2
´;¾

2
";N )+ ¦

S
nf(¾

2
´;¾

2
";N );

and ;

¦ B (¾ 2´;¾
2
";N ) =

Ã
4 ¾ 4v (¾ 2v + ¾ 2")

¸ (2 (N + 2 )¾ 2v + 3(N + 1)¾ 2")
2 +

¸¾ 2B
¡
4 ¾ 2B + 9¾ 2´

¢

36
¡
¾ 2B + ¾ 2´

¢
!

d ef= ¦ B
f (¾

2
´;¾

2
";N )+ ¦

B
nf(¾

2
´;¾

2
";N ):

E ach speculator'sexpec ted pro¯tshastw o c omponents: (i) the expec ted pro¯t she or he
ob tainsby trad ingonfund amentalinformation(¦ j

f) and (ii) the expec ted pro¯t she or

he ob tainsby trad ing onnon-fund amentalinformation(¦ j
nf). Aninformationsharing

agreement isviable ifand onlyifb oth speculatorsB and Sare b etter o® w hentheyshare
information.Hence aninformationsharingagreement ispossible ifand onlyifthere exists
a pair (¾ 2´;¾ 2") such that

¡B
¡
¾ 2´;¾

2
";N

¢d ef= ¦ B (¾ 2´;¾
2
";N )¡¦ B (1 ;1 ;N ) > 0 ; (7)

and

¡S
¡
¾ 2´;¾

2
";N

¢d ef= ¦ S(¾ 2´;¾
2
";N )¡¦ S(1 ;1 ;N ) > 0: (8)

T he ¡s'measure the expec ted surplusassoc iated w ith the informationsharingagreement

for speculatorsB and S.

P roposition1 :T he set ofparametersfor which speculatorsB and Sshare information
isnon-empty.

We establish the result by provid ing 3 numeric alexamples. For each example, w e
report inTables1, 2 and 3 b elow the b reak-d ow nofthe trad ingpro¯tsfor the d i®erent
partic ipantsw ith and w ithout informationsharing.We also compare the market d epth

w ith and w ithout informationsharing. T he exampleshave b eenchosenb ec ause they
illustrate d i®erent phenomena that w e w illd iscussinthe rest ofthe paper.T he trad ing
pro¯tsare scaled by ¾ 2v and ¾ 2x that w e normalize to 1 throughout the paper.
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P roof:

E xample 1:¾ 20 = 0 ,¾ 2" = 0 ,¾ 2´ = 2 =3,N = 2 .

P ro¯tsand d epth InformationSharing No InformationSharing

(N ¡1)£¦ i
f i6= S;B 0:0589 0:1178

¦ S
f 0:0589 0:1178

¦ S
nf 0:0707 0

¦ B
f 0.0589 0

¦ B
nf 0:1767 0:2 357

TotalE xpec ted P ro¯ts 0:4 2 4 2 0:4 714

M arket Depth (̧ ) 1:0607 0:94 2 8

Table 1

Inthiscase w e ob tainthat

¡S = ¦ S
f + ¦

S
nf¡¦ S(1 ;1 ) = 0:0589 + 0:0707¡0:1178 = 0:0 118;

and
¡B = ¦ B

f + ¦
B
nf¡¦ B (1 ;1 ) = 0:0589 + 0:1767¡0:2 357= 0:

O bserve that the totalsurplusfor speculatorsB and Sispositive and equalto

¡S+ ¡B = 0:0 118;

but that the totalsurplusfor allspeculatorsisnegative and equalto

(N ¡1)¡i+ ¡S+ ¡B = (0:0589 ¡0:1178)+ 0:0 118 = ¡0:0 4 71:

(¡i d enotesthe d i®erence inthe expec ted pro¯t w ith and w ithout informationfor a spec -
ulator d i®erent from Sor B .)

E xample 2 :¾ 20 = 0:6,¾ 2" = 0 ,¾ 2´ = 0 ,N = 10.
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P ro¯tsand Depth InformationSharing No InformationSharing

(N ¡1)£¦ i
f i6= S;B 0:1815 0:2 165

¦ S
f 0:0 2 0 2 0:0 2 4 1

¦ S
nf 0:0 153 0

¦ B
f 0.0 2 0 2 0

¦ B
nf 0:0 153 0:034 4

TotalE xpec ted P ro¯ts 0:2 52 5 0.2 74 9

M arket Depth (̧ ) 0.34 4 3 0.34 36

Table 2

Inthiscase w e ob tainthat

¡S = ¦ S
f + ¦

S
nf¡¦ S(1 ;1 ) = 0:0 114 ;

and
¡B = ¦ B

f + ¦
B
nf¡¦ B (1 ;1 ) = 0:0 0 11

O bserve that the totalsurplusfor speculatorsB and S ispositive (0:0 12 5) but that the
totalsurplusfor allspeculatorsisnegative (¡0:0 2 2 4 :)

E xample 3:¾ 20 = 0:6,¾ 2" = 0 ,¾ 2´ = 1:3,N = 10.

P ro¯tsand Depth InformationSharing No InformationSharing

(N ¡1)£¦ i
f i6= s;B 0:1874 0:2 165

¦ S
f 0:0 2 0 8 0:0 2 4 1

¦ S
nf 0:0 035 0

¦ B
f 0.0 2 98 0

¦ B
nf 0:0 2 9 0 0:034 4

TotalE xpec ted P ro¯ts 0:2 615 0:2 74 9

M arket Depth (̧ ) 0.033 0.034

Table 3

Inthiscase w e ob tainthat

¡S = ¦ S
f + ¦

S
nf¡¦ S(1 ;1 ) = 0:0 0 03;
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and
¡B = ¦ B

f + ¦
B
nf¡¦ B (1 ;1 ) = 0:0 155

O bserve that the totalsurplusfor speculatorsB and Sispositive and equalto ¡S+ ¡B =
0:0 158.T he totalsurplusfor allspeculatorsisnegative and equalto ¡0:0 134:

Inallthe examples, the joint expec ted pro¯tsofspeculatorsB and S increase w hen
theyshare information.Notic e that thisisa necessary cond itionfor informationsharing.

Actually E quations(7) and (8) imply that

¦ B (¾ 2´;¾
2
";N )+ ¦

S(¾ 2´;¾
2
";N ) > ¦ S(1 ;1 ;N )+ ¦ B (1 ;1 ;N ):

At the same time, there isa d ecline inthe joint expec ted pro¯tsofthe speculatorsw ho
d o not share information.E ventually the totalexpec ted pro¯tsfor allthe speculatorsare
low er inallthe examples(thisisalw aysthe case;see P roposition5inSec tion4 ).Insum
informationsharingisa w ayfor speculatorsB and S to secure a larger part ofa smaller

c̀ake'.T he fallintotalpro¯tsisnot surprising:informationsharingincreasescompetition
b etw een°oor b rokers.T he surprisingpart isthat the joint expec ted pro¯tsofspeculators
B and S c anincrease d espite the d ecline inthe totaltrad ingpro¯tsfor the speculators.
T hisiskeysince thisisa necessary cond itionfor informationsharing.We now provid e an

explanationfor thisobservation.T he explanationisquite c omplexb ecause severale®ec ts
interplay.

Consid er the follow ingratio

r1(¾ 2";¾
2
´)

d ef=
E(Q T j~v = v)

E(Q T j~v = v;¾ 2" = 1 ;¾ 2´ = 1 )
:

T hisratio c omparesthe expec ted totaltrad e size (Q T) ofthe clique formed byspeculators
B and Sc ond itionalonfund amentalinformationw ith and w ithout aninformationsharing
agreement.U singLemma 1,w e canw rite thisratio as

r1(¾ 2";¾
2
´) =

a1(¾ 2";¾ 2´)+ a2 (¾ 2";¾ 2´)+ b3(¾ 2";¾ 2´)
a1(1 ;1 ) :

Hence r1 > 1 meansthat the clique formed by B and S trad esmore aggressively on
fund amentalinformationw henthere isinformationsharingthanw henthere isnot.U sing
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the expressionsfor a1,a2 and b3 giveninLemma 1,w e eventuallyob tain

r1(¾ 2";¾
2
´) = (

¸(1 ;1 )
¸(¾ 2²;¾ 2´)

)(
(4 ¾ 2v + 3¾ 2²)(N + 1)

2 (N + 2 )¾ 2v + 3(N + 1)¾ 2²
):

As¸(1 ;1 ) > ¸(0 ;1 ) (Lemma 2 ),it isimmed iate that r1(0 ;1 ) > 1.B y continuity,this
inequality also hold strue for other valuesof¾ 2² and ¾ 2´. Hence there exist information

sharingagreementsw hich ind uce the clique formed byB and Sto trad e more aggressively.
Inturnthisforcesspeculatorsw ho are not part ofthe clique to shad e their totaltrad e
size.T o see thispoint c onsid er the follow ingratio

r2 (¾ 2²;¾
2
´)

d ef=
E((N ¡1)Q ij~v = v)

E((N ¡1)Q ij~v = v;¾ 2" = 1 ;¾ 2´ = 1 )
= (

¸(1 ;1 )
¸(¾ 2²;¾ 2´)

)(
(2 ¾ 2v + 3¾ 2²)(N + 1)

2 (N + 2 )¾ 2v + 3(N + 1)¾ 2²
);

w here (N ¡1)Q iisthe totaltrad e size ofspeculatorsd i®erent from B and S.U singLemma
2 ,w e d ed uc e that r2 increasesw ith ¾ 2´.T hisimpliesthat

r2 (¾ 2²;¾
2
´)·r2 (¾ 2²;1 ):

U singthe expressionsfor ¸(1 ;1 )and ¸(¾ 2²;1 )giveninthe proofofLemma 2 ,w e ob tain17

r2 (¾ 2²;1 ) < 1 8¾ 2² < 1 :

We conclud e that r2 (¾ 2²;¾ 2´) < 1.T hismeansthat informationsharingagreementsforce the

speculatorsw ho are not part ofthe clique to trad e lessaggressivelyontheir information.
Hence the speculatorsw ho share informationappropriate a larger share ofthe totalpro¯ts
w hich d erive from trad ing onfund amentalinformation.18 For thisreason, information
sharingenlargestheir joint expec ted pro¯t onfund amentalinformation.T hisisthe case

for instance inE xamples2 and 3.

Now c onsid er the e®ec t ofinformationsharingonthe pro¯tsw hich d erive from non-
fund amentalinformation.O nthe one hand ,there are more speculatorsw ho ac c ommod ate
the ord er °ow b rokered by B.T hise®ec t d ec reasesthe levelofexpec ted pro¯t onnon-

fund amentalinformation.O nthe other hand the exchange ofnonfund amentalinformation
1 7T heproofrequiresstraightforwardmanipulationsandisavailableuponrequest.
1 8 N oticethatspeculatorsinourmodelarelikeCournotcompetitors.InCournotcompetition,each r̄m

wouldliketocommittotradealargersizethan itdoes inequilibrium.T his commitmentwouldforce
other r̄mstotradeinsmallersizes.Inthiswaythecommitted r̄mcancapturealargershareofthetotal
prō ts.Intuitivelysharingfundamentalinformation is awaytomakethis commitmentcredible.T his
e®ecthasbeenpointedoutbyFishmanandH agerty(1 995)inamodelofinformationsale.
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d ec reasesthe market d epth and thise®ec t increasespro¯tsfrom non-fund amentalspec -
ulationascanb e seenfrom Lemma 3. It turnsout that there are c ases(for instance

E xample 1) inw hich the sec ond e®ec t d ominatesand the joint expec ted trad ingpro¯tsof
speculatorsSand B onnon-fund amentalinformationare larger w henthere isinformation
sharingor

¦ B
nf(¾

2
´;¾

2
";N )+ ¦

S
nf(¾

2
´;¾

2
";N )¡¦ B

nf(1 ;1 ;N )¸0 ; for ¾ 2´ < 1 and ¾ 2" < 1

O bserve that thiscanoc cur onlyw heninformationsharingimpairsmarket d epth (increases
¸).InE xample 3,informationsharingimprovesmarket d epth and the joint expec ted pro¯t

onnon-fund amentalinformationd ec reases.

To sum up, there are tw o reasonsw hy informationsharingcanincrease the joint ex-
pec ted pro¯tsofspeculatorsB and S:

²Sharingfund amentalinformationallow sthe coalitionformed byb rokersSand B to
trad e more aggressivelyonfund amentalinformationand to c apture therebya larger

share ofthe totalpro¯tsfrom speculationonfund amentalinformation.

²Sharingnon-fund amentalinformationcanred uc e themarket d epth.T hisimpliesthat
pricesreac t more to ord er imb alances.Larger totalexpec ted pro¯tsfrom speculation
onnon-fund amentalinformationfollow s.

T he prec isionsw ith w hich the speculatorsshare their informationd etermine how the
surplus(¡S + ¡B ) c reated by informationsharing issplit b etw eenb rokersB and S.
For instance, c onsid er E xamples2 and 3. T he value of¾ 2´ islarger inE xample 3, but

otherw ise the valuesofthe parametersare id entic alinthe tw o examples.T he surplusfor
speculator B (S) islarger (low er) inE xample 3thaninE xample 2 .Inline w ith intuition,
for a ¯xed value of¾ 2",speculator B (S) prefersto provid e (receive) aninformationoflow
(high) quality. Hence speculatorsB and S have c on°ic ting view sover the information

sharingagreementsw hich should b e chosen.It isalso w orth stressingthat the size ofthe
surpluscreated byinformationsharingd epend sonthe precisionsw ith w hich trad ersshare
information.For instance the joint surplusissmaller inE xample 2 thaninE xample 3.
Inthispaper,w e d o not stud y how trad ersselec t the charac teristicsoftheir information

sharingagreement (¾ 2² and ¾ 2´).T hisisnot necessary b ecause our statementsregard ing
market performance (next sec tion) only d epend sonthe existence ofinformationsharing
agreements,not onthe spec ī c valueschosenfor ¾ 2" and ¾ 2´.
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Wenow c onsid er inmore d etailsinformationsharingagreementsinw hichspeculatorsB
and Sperfec tlyshare information(¾ 2" = ¾ 2´ = 0 ).P erfec t informationsharingisofinterest

b ec ause it isrelativelyeasyto implement.Actually,ifthere isperfec t informationsharing,
B know sw hich quantity S should trad e and vice versa (inour mod elthey optimally
trad e the same quantity).Consequently,one speculator c and etec t cheatingby the other
speculator by observinghisor her trad e size.

P roposition2 : For N ¸ 2 , there exist tw o cut-o® values(i) ¾ 20 (N ) and (ii) ¾¤20 (N )

such that perfect informationsharingispossible ifand onlyif¾ 20 2 [¾ 20 (N );¾¤20 (N )].Fur-
thermore the cuto® valuesincrease w ith N and are such that 0 < ¾ 20 (N ) < ¾¤20 (N ) < 1.

T he propositionshow sthat perfec t informationsharing ispossible ifb roker B d oes

not channela too large or a too smallfrac tionofthe ord er °ow from liquid ity trad ers.
O bserve that pro¯tsmad e onnon-fund amentalinformation(¦ j

nf) are proportionalto the
amount ofliquid itytrad ingb rokered byB (¾ 2B = 1¡¾ 20 ).Hence ¾ 20 d eterminesthe value of
non-fund amentalinformation.P erfec t informationsharingcantake place w henthisvalue

isneither too large,nor too small.Ifthe value ofnon-fund amentalinformationislarge
(¾ 20 < ¾ 20 (N )),the c ost ofd isclosingher informationperfec tlyfor B (smaller pro¯tsonnon-
fund amentalinformation) islarge c ompared to the b ene¯t (the possib ility to pro¯t from
fund amentalinformation).Inord er to attenuate thiscost,B must therefore send a noisy

signalto S.W henthe value ofnon-fund amentalinformationissmall(¾ 20 > ¾¤20 (N )),the
b ene¯t ofperfec t informationsharingissmallfor the fund amentalspeculator.T herefore
he refusesto perfec tly d isclose hisinformation.

T he larger isthe numb er offund amentalspeculators,the smaller must b e the frac tion

ofliquid ity trad ers' ord er °ow b rokered by B to sustaina perfec t informationsharing
agreement (¾ 20 (N ) increasesw ith N ).Actually the pro¯tsfrom fund amentalinformation
d ecrease w ith the numb er offund amentalspeculators.T he value offund amentalinforma-
tionistherefore smallw henN islarge.Hence b roker B ac c eptsto perfec tly d isclose her

informationonlyifthe value ofnon-fund amentalinformationisitselfsmall.T he last part
ofthe propositionimpliesthat for allvaluesofN ,there exist valuesof¾ 20 < 1 such that a
perfec t informationsharingagreement c anb e sustained .Figure 1 plots¾ 20(N ) and ¾¤20 (N )
for d i®erent valuesofN ¸2 and show sw henperfec t informationsharingispossible.19

1 9T hecuto®values¾20 (N )and¾¤20 (N )areimplicitlydē nedintheproofofProposition2.
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R emark.Inthe mod elw e assume that b rokers'rolesare ¯xed : one hasfund amental
informationand the other hasnon-fund amentalinformation.Another possib ility isthat

the rolesare rand omlyallocated b efore trad ingand unkwnow nat the time b rokersd ecid e
to share information.For simplic ity,assume that each b roker inthe clique hasanequal
prob ab ility to b e the b roker end ow ed w ith non-fund amentalinformation. Inthiscase,
b rokersagree to share informationi®

¦ B (¾ 2´;¾
2
";N )+ ¦

S(¾ 2´;¾
2
";N ) > ¦ S(1 ;1 ;N )+ ¦ B (1 ;1 ;N ):

T hiscond itionisalw ayssatis̄ ed w hen(¾ 2";¾ 2´) are such that Cond itions(7) and (8) are
satis̄ ed .Hence ifaninformationsharingagreement ispossible w henb rokers' rolesare

¯xed ,it isstillpossible w henb rokers'role are rand omly chosen.

4 InformationSharingand M arket P erformance

Inthissec tion, w e analyze the e®ec tsofinformationsharingontrad itionalmeasuresof

market quality: (1) the informationale± c iency ofpric es(measured by V ar(~v jp)), (2 )
price volatility (measured by V ar(~v¡p)),(3) market d epth (measured by ¸) and (4 ) the
expec ted trad ingcostsb orne byliquid ity trad ers(i.e.their expec ted losses,E(~x(p¡~v))).
T hese aspec tsofmarket performance play a prominent role inthe d eb atesregard ingthe

d esignoftrad ingsystemsand have attrac ted consid erable attentioninthe literature (see
M ad havan(1996) or Vives(1995) for instance).

P roposition3 : P rices are more informative (V ar(~v j p) smaller) and less volatile
(V ar(~v¡p) smaller) whenthere isinformationsharing.

T he intuitionb ehind thisresult issimple.W henspeculatorsSand B share information,

the numb er ofspeculatorstrad ingonfund amentalinformationincreases.It follow sthat
the aggregate ord er °ow ismore informative. For thisreason,pric esare more ac curate
pred ic torsofthe ¯nalvalue ofthe security and price d isc overyisimproved .

We now examine the impac t ofinformationsharingonthe d epth ofthe market.As

show nby Lemma 2 , anincrease inthe prec isionw ith w hich speculator S transmitshis
informationimprovesmarket d epth. How ever, anincrease inthe precisionw ith w hich
speculatorB transmitsher informationimpairsmarket d epth (b ecause ofthesiphone®ec t).
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Hence the impac t ofinformationsharing onmarket d epth c anb e positive or negative.
O fcourse,for the parameterssuch that informationsharingoc curs, one e®ec t c ould b e

d ominant.How ever E xamples2 and 3inthe previoussec tionshow that thisisnot the
c ase.Inthese examples,¾ 2² and ¾ 2´ are such that (i) informationsharingisoptimaland
(b ) informationsharing impairsmarket d epth (E xample 2 ) or improvesmarket d epth
(E xample 3).T he next propositionconsid ersthe e®ec t ofperfec t informationsharingon

market d epth.T o thisend ,w e d e¯ne

¹¾ 20 (N ) =
1¡h 2 (N )
8h 2 (N )¡3 < 1;

w here h(N ) = 2 (N + 2 )
p
N

3(N + 1)
p
N + 1) < 1:

P roposition4 : P erfec t informationsharingimprovesmarket d epth ifand onlyif¾ 20 ¸
¹¾ 20 (N ).

Hence perfec t informationsharingimprovesmarket d epth w henb roker B receivesa suf-
¯c iently smallfrac tionofthe totalord er °ow (¾ 0 ¸ ¹¾ 2 (N )).R ec allthat w henthere is

perfec t informationsharing,¾ 20 must b e larger thana threshold (¾ 20(N )).Figure 2 d epic ts
¹¾ 2 (N ) (d otted line) w henN increases.Asit c anb e seen, there are valuesof¾ 20 and N
such that perfec t informationsharingoc cursand impairsmarket liquid ity (allthe values
b elow the d otted line and ab ove the plainline).2 0

Notice that the market d epth isrelated to the b id -askspread .Actuallya buy ord er of
size q pushesthe pric e upw ard by¸q w hereasa sellord er ofthe same size pushesthe pric e
d ow nw ard by ¸q.Hence

s(q) = p(q)¡p(¡q) = 2 ¸q;

c anb e interpreted asthe b id -askspread for anord er ofsize q inour mod el(see M ad havan
(1996)). T he spread increasesw ith ¸. Acc ord ingly the impac t ofinformationsharing
onbid -askspread sisamb iguous.Interestingly empiricalstud iesw hich compare b id -ask
spread sin°oor-b ased trad ingsystemsand automated trad ingsystemshave not found

that spread sw ere systematic allylow er inone trad ingvenue.For instance,severalstud ies
(K ofmanand M oser (1997), P irrong (1996) and Shyy and Lee (1995)) have compared
the b id -ask spread sonLIFFE (w henit w asa °oor market) and DT B (anautomated

20 ForlargevaluesofN ,thedi®erence(¹¾20 (N )¡¾¤20 (N ))becomessmallerandsmallerbutisneverzero.
T hatis evenforN large,therearevalues for¾20 suchthatperfectinformation sharingtakes placeand
impairsmarketdepth.
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trad ingsystem)for thesamesecurity(namelythe G ermanB und futurescontrac t).K ofman
and M oser (1997) ¯nd that spread sare equalinthe tw o markets; P irrong(1996) reports

narrow er spread sonDT B w hereasShyy and Lee (1995) ¯nd smaller spread sonLIFFE .
InApril1997, the Toronto Stock E xchange closed itstrad ing °oor and introd uced an
elec tronic trad ingsystem.G ri± thset al.(1998) c ompare b id -askspread sfor stockslisted
onthe Toronto Stock E xchange b efore and after the sw itch to the automated trad ing

system.T hey d o not ¯nd signī cant changesinquoted spread s.

Finallyw e c onsid er the e®ec tsofinformationsharingonthe aggregate expec ted trad ing
costsfor the liquid ity trad ers.T hese expec ted trad ingcostsare

E(TC ) = E(~x(p¡~v)) = E(~xB (p¡~v))| {z }
O rd ers ch annele d by B

+ E(~x0 (p¡~v))| {z }
O rd ers notch anneled by B

:

Inthe last expression,w e d istinguish b etw eenthe expec ted trad ingcostsfor the liquid ity
trad ersw ho send their ord ersto b roker B and the expec ted trad ingcostsfor those w ho
d o not.U singLemma 1,w e ob tainthat

E(~xB (p¡~v)) = E(~xBE(p¡~v j~xB = xB )) = ¸E(~x2B (1+ b1+ b2 + a3)) = ¸

Ã
2 ¾ 2B + 3¾ 2´
6
¡
¾ 2B + ¾ 2´

¢
!
¾ 2B ;

and
E(~x0(p¡~v)) = ¸¾ 20:

Hence w e rew rite the expec ted trad ingcostsas

E(TC ) = ¸g(¾ 2´)¾
2
B| {z }

O rd ers channele d by B

+ ¸¾ 20 ;

w ith g(¾ 2´) =
µ

2 ¾ 2B + 3¾
2
´

6(¾ 2B + ¾ 2´)

¶
.T he ratio g(¾ 2´) increasesw ith ¾ 2´.Hence w heninformation

sharingimprovesmarket d epth,it also d ec reasesthe expec ted trad ingcostsfor allliquid ity
trad ers:(1) the liquid itytrad ersw hose ord ersare channeled through b roker B and (2 ) the
other liquid ity trad ers.For instance, w ith perfec t informationsharing thisoc cursw hen

¾ 20 2 [¹¾ 20 (N );¾¤20 (N )].

W heninformationsharing impairsmarket d epth (increases¸), the expec ted trad ing
costsofthe liquid ity trad ersw ho d o not send their ord er to b roker B increase.How ever
the expec ted trad ingcostsfor the liquid ity trad ersw ho use B 'sservic esd ecline d espite
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the d ec rease inmarket d epth.Ac tually informationsharingincreasescompetitionamong
trad ersprovid ingcounter-partiesto B 'sclients.T herefore a smaller frac tionofthe ord ers

submitted by B 'sclientsmust b e executed against the market-maker w henspeculators
S and B share nonfund amentalinformation(see E quation(6)). T he next proposition
show sthat the red uc tioninthe expec ted trad ingcostsfor B 'sclientsalw aysd ominates
the increase inexpec ted trad ingcostsfor the other liquid ity trad ers.

P roposition5 : T he expected trad ingcosts borne by the liquid ity trad ers are always
smaller whenthere isinformationsharing.

T he trad inggame isa zero-sum game inthismod el.T hisimpliesthat the expec ted trad ing
costsb orne by liquid ity trad ersare equalto the speculatorsaggregate expec ted pro¯ts.

Let ¦ a(¾ 2´;¾ 2";N ) b e speculators'aggregate expec ted pro¯ts.We have

E(TC ) = ¦ a(¾ 2´;¾
2
";N )

d ef= ¦ S+ ¦ B + (N ¡1)¦ i;

w here ¦ i(¾ 2´;¾ 2";N )isthe expec ted pro¯t ofa speculator w ho isnot part to the information
sharing agreement. R ec allthat a necessary cond itionfor informationsharingisthat it
increasesthe joint expec ted pro¯tsofspeculatorsB and S,i.e.¦ S+ ¦ B.Since information
sharingd ec reasesthe aggregate expec ted pro¯tsofallspeculators,it follow sthat the joint

expec ted pro¯t ofspeculatorsi2f2 ;:::;N g d ec reases.T herefore,the concomitant d ec rease
intrad ingcostsfor liquid ity trad ersand increase intotalexpec ted pro¯tsfor speculators
Sand B oc cur at the expense ofthe speculatorsw ho d o not share information.O bserve
that thiscannot happenw henthere isa single fund amentalspeculator (N = 1).Infac t

inthiscase,it ispossible to show that there are no valuesfor the parametersfor w hich
informationsharingisoptimalfor B and S.

O verallthe resultsofthissec tionshow how informationsharingonthe °oor canimprove
the quality of°oor-b ased marketsalongseverald imensions.Informationsharingmakes

price more informative,lessvolatile and fostersc ompetitionb etw een°oor b rokers,so that
ultimately the aggregate trad ingcostsb orne by the trad ersw ithout anac c essto the °oor
are low er.
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5 Conclusion

Inthispaper w e have analyzed pre-trad e informationsharing b etw eentw o tw o trad ers
end ow ed w ith d i®erent typesofinformation, namely fund amentalor non-fund amental
information.We ¯nd that there are c asesinw hich the tw o trad ersare b etter o® sharing
their information.Informationsharingimprovesprice d isc overy and d ecreasesvolatility.

We also show that informationsharing d ec reasesthe aggregate expec ted trad ing costs
b orne byliquid ity trad ers.Finally the e®ec t ofinformationsharingonmarket d epth and
b id -askspread sisamb iguous.

Floor-b ased trad ing systemsare d esigned insuch a w ay that they greatly facilitate

informationsharingamong°oor b rokers.O verallour resultsshow how thisfeature c an
improve their performance.Aninterestingquestionisw hether the b ene¯tsb rought up by
informationsharingare outw eighted byinherent d isad vantagesof°oor-b ased systems(such
aslackoftransparencyor larger operatingcosts).T hisissue isleft for future research.

2 3



R eferences

[1] Ad matiA.,and P °eid erer P.(1986),\A M onopolistic M arket for Information",J our-

nalofE conomic T heory,39,4 0 0 {4 38.

[2 ] Ad matiA.,and P °eid erer P.(1988),\Sellingand Trad ingonInformationinFinancial

M arkets",AmericanE conomic Review ,78(2 ),96{103.

[3] AllenF.(1990 ),\T he M arket for Informationand the O riginofFinancialIntermed i-

ation",J ournalofFinancialIntermed iation,1,3{30.

[4 ] B enab ou,R.and Laroque, M .(1992 ), \U singprivileged informationto manipulate

markets:insid ers,gurusand c red ib ility",QuarterlyJ ournalofE conomics,92 1{958.

[5] B enveniste L.M .,M arcusA.J .,and W ilhelm W .J .(1992 ),\W hat'sspecialab out the

specialist ?",J ournalofFinancialE conomics,32 ,61{86.

[6] B hattacharya and P °eid erer (1985), \Delegated portfolio management", J ournalof

E conomic T heory,36,1{2 5.

[7] Chakravarty,S.and Sarkar,A.(2 0 0 0 ),\A M od elofB roker'strad ingw ithApplic ations

To O rd er Flow Internalization",forthc ominginReview ofF inancialE conomics.

[8] Coval,J .and Shumw ay,T .(1998),\Issound just noise",Workingpaper,U niversity

ofM ichigan.

[9] Domow itz, Iand Steil, B .(1999), \Automation, trad ing costsand the struc ture of

the SecuritiesTrad ingInd ustry",B rookings-W hartonP apersonFinancialServices,
2 ,33-9 2 .

[10 ] FishmanM .and Hagerty K .(1995), \T he Incentive to SellFinancialM arket Infor-
mation",J ournalofFinancialIntermed iation,4 ,95{115.

[11] Fishman,M .and F.Longsta® (1992 ),\DualTrad inginFuturesmarkets",J ournalof
Finance,4 7,64 3{669.

[12 ] G ri± ths,M .,Smith,B .,Turnbull,A.and R.W hite (1998),\InformationFlow sand
O penO utcry: E vid ence ofImitationT rad ing", J ournalofInternationalFinnacial
M arkets, Institutionsand M oney,8,10 1{116.

2 4



[13] Harris(2 0 0 0 ),L.,\Floor versusautomated trad ingsystems: a survey ofthe issues",
LHarris.U SC.ed u/Acrob at/°oor.

[14 ] Hasb rouck, J ., So¯anos, G .and Soseb ee, D.(1993), \NY SE Systemsand Trad ing
P roc ed ures",NY SE W orkingP aper,93-0 1.

[15] K ofman,P.and M oser,J .(1997),\Spread s,information°ow sand transparencyac ross
trad ingsystems",Applied FinancialE conomics,7,2 81{2 94 .

[16] K yle A.S.(1985), \ContinuousAuc tionsand Insid er T rad ing", E conometrica, 6,
1315{1335.

[17] M ad havan,A.(1996),\Security pric esand market transparency",J ournalofFinan-
cialIntermed iation,5,2 55{2 83.

[18] M ad rigalV.(1996),\Non-Fund amentalSpeculation",J ournalofFinance,51(2 ),553{
576.

[19] P irrong,C.(1996), \M arket liquid ity and d epth oncomputerized and openoutc ry
trad ingsystems: a comparisonofDT B and LIFF E B und c ontrac ts", J ournalofFu-

turesM arkets,16,519{54 3.

[2 0 ] R ÄoellA.(1990 ),\Dual-Capac ity Trad ingand the Qualityofthe M arket",J ournalof

FinancialIntermed iation,1,105{12 4 .

[2 1] Sarkar, A.(1995) \Dualtrad ing: w inners, losersand market impac t", J ournalof

FinancialIntermed iation,4 ,77-93.

[2 2 ] Sarkar,A.and Wu,L.(1999) \Con°ic t ofinterestsand executionquality offutures

°oor trad ers",WorkingP aper,New -Y orkF E D.

[2 3] Shyy, G .and Lee, J .H., (1995) \P rice transmissionand informationasymmetry in

B und futuresmarkets:LIFF E vs.DT B ",J ournalofFuturesM arkets,15,87-99.

[2 4 ] So¯anosG ., and Werner I.(1997), \T he trad esofNY SE Floor B rokers", NY SE

WorkingP aper 97-0 4 .

[2 5] T heissen,E .(1999),\Floor versusSc reenTrad ing: E vid ence from the G ermanStock

M arket",WorkingP aper CR 690 ,G roupe HE C.

2 5



[2 6] VivesX.(1995),\T he Speed ofInformationR evelationina FinancialM arket M echa-
nism",J ournalofE conomic T heory,67,178{2 0 4 .

[2 7] Venkataraman,K .(2 0 0 0 )\Automated versusFloor Trad ing:AnAnalysisofexecution
Costsonthe P arisand New -Y ork E xchanges,"WorkingP aper,SouthernM ethod ist

U niversity.

2 6



6 Append ix

P roofofLemma 1
Step1: T he optimaltrad ingstrategy for speculator S.Let yS = (~v;v̂;x̂) b e the
informationset ofspeculatorS.T he latter chooseshismarket ord er,Q S,so asto maximize
hisexpec ted pro¯t

¼S(yS) = E(Q S(~v¡p(~O ))jyS):

T he ¯rst ord er c ond itionyield s

Q S(yS) =
(~v¡¹)¡¸£E

h
Q B (yB )+

P j= N
j= 2 Q

i(~v)+ ~x0 + ~xB jyS
i

2 ¸
: (9)

Notic e that
E

¡
Q i(~v)jyS

¢
= a0(~v¡¹);

and
E

¡
Q B (yB )jyS

¢
= b1E(~xB jx̂)+ b2 x̂ + b3(v̂¡¹);

and
E(~xB jx̂) =

¾ 2B x̂
¾ 2B + ¾ 2´

:

Substitutingthese expressionsinE quation(9) yield s

Q S(yS) =
(~v¡¹)
2 ¸

¡1
2
£

·
(N ¡1)a0(~v¡¹)+ b3(v̂¡¹)+ (b1 + 1)

¾ 2B
¾ 2B + ¾ 2´

x̂ + b2 x̂
¸

=
µ
1
2 ¸
¡(N ¡1)a0

2

¶
(~v¡¹)¡b3

2
(v̂¡¹)¡1

2

µ
(b1 + 1)

¾ 2B
¾ 2B + ¾ 2´

+ b2
¶
x̂:

Hence,

a1 =
µ
1
2 ¸
¡(N ¡1)a0

2

¶

a2 = ¡b3
2

a3 = ¡1
2

µ
(b1 + 1)

¾ 2B
¾ 2B + ¾ 2´

+ b2
¶

Step 2 : T he optimaltrad ingstrategyfor speculator i,i6= S.
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Speculator ichooseshismarket ord er,Q i,so asto maximize hisexpec ted pro¯t

¼i(v) = E(Q i(~v¡p(~O ))j~v = v):

T he ¯rst ord er c ond itionyield s

Q i(~v) =
(~v¡¹)¡¸£E

h
Q S(yS)+

P j= N
j= 2 Q

j(~v)+ Q B (yB )+ ~x j~v = v
i

¸
(10 )

We focusonsymmetric trad ingstrategiesfor allthe speculatorsi6= S. T hisimposes
Q j(~v) = Q i(~v); 8j6= i.SubstitutingQ jby Q iinE quation(10 ) yield s

Q i(~v) =
(~v¡¹)
N ¸

¡ 1
N
£

¡
E

£
Q S(yS)j~v

¤
+ E

£
Q B (yB )j~v = v

¤¢
: (11)

Furthermore
E

¡
Q S(yS)j~v = v

¢
= (a1 + a2 )(~v¡¹);

and

E
¡
Q B (yB )j~v = v

¢
= b3(~v¡¹):

Consequently

Q i(~v) =
µ
1
N ¸

¡(a1 + a2 + b3)
N

¶
(~v¡¹): (12 )

We d ed uc e that

a0=
1
N ¸

¡(a1 + a2 + b3)
N

: (13)

Step 3:T he optimaltrad ingstrategyfor speculator B.We d enote yB = (~xB ;v̂;x̂),
the informationset ofspeculator B.She choosesher market ord er,Q B ,so asto maximize

¼B (yB ) = E(Q B (~v¡p(~O ))jyB ):
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T he ¯rst ord er c ond itionyield s

Q B (yB ) =
E(~v jv̂)¡¹ ¡¸ £E

·
Q S(yS)+

NP
i= 2
Q i(~v)+

P
xijyB

¸

2 ¸

=
E(~v jv̂)¡¹ ¡¸ £E

£
Q S(yS)+ (N ¡1)Q i(~v)+ ~x jyB

¤

2 ¸
:

We notic e that

E
¡
Q S(yS)jyB

¢
= a1E(~v¡¹ jv̂)+ a2 (̂v¡¹)+ a3x̂;

and
E

¡
Q i(~v)jyB

¢
= a0E(~v¡¹ jv̂);

and that

E(~v¡¹ jv̂) = ¾ 2v
¾ 2v + ¾ 2"

(v̂¡¹):

Substitutingthese expressionsinthe ¯rst ord er cond itionfor Speculator B yield s(after
some algeb ra)

Q B (yB ) = ¡
~xB
2
¡a3
2
x̂ +

1
2 ¸

µ
¾ 2v

¾ 2v + ¾ 2"
¡¸a2 ¡¸ (a1 + (N ¡1)a0) ¾ 2v

¾ 2v + ¾ 2"

¶
(v̂¡¹):

(14 )

Hence,

b1 = ¡1
2
;

b2 = ¡a3
2
;

b3 =
1
2 ¸

µ
¾ 2v

¾ 2v + ¾ 2"
¡¸a2 ¡¸ (a1 + (N ¡1)a0) ¾ 2v

¾ 2v + ¾ 2"

¶
:

Steps1 to 3give us9 equationsw ith 9 unknow ns(a1, a2 etc...).Solvingthissystem of
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equationsyield

a1 =
3(¾ 2v + ¾ 2")

¸ (2 (N + 2 )¾ 2v + 3(N + 1)¾ 2")
;

a2 = ¡ ¾ 2v
¸ (2 (N + 2 )¾ 2v + 3(N + 1)¾ 2")

a3 = ¡ ¾ 2B
3
¡
¾ 2B + ¾ 2´

¢;

a0 =
2 ¾ 2v + 3¾ 2"

¸ (2 (N + 2 )¾ 2v + 3(N + 1)¾ 2")
;

b1 = ¡1
2
;

b2 =
¾ 2B

6
¡
¾ 2B + ¾ 2´

¢;

b3 =
2 ¾ 2v

¸ (2 (N + 2 )¾ 2v + 3(N + 1)¾ 2")
;

Step 4 .Computationof̧ .R ecallthat

p(O ) = E(~v j~O = O ):

G ivenspeculators'trad ingrules,

O = Q S(yS)+ (N ¡1)Q i(~v)+ Q B (yB )+ ~x

= (a1 + (N ¡1)a0)(~v¡¹)+ (a2 + b3)(v̂¡¹)+ (a3+ b2 )x̂ + (b1 + 1)~xB + ~x0:

Hence ~O isnormally d istributed ,w ith meanzero.Consequently

p(O ) = ¹ + ¸O ;

w ith

¸ =
C ov(~v; ~O )
V ar(~O )

: (15)

Now

cov
³
~v; ~O

´
= (a1 + (N ¡1)a0+ a2 + b3)¾ 2v =

(2 ¾ 2v (N + 1)+ 3N ¾ 2")¾ 2v
¸ (2 (N + 2 )¾ 2v + 3(N + 1)¾ 2")

; (16)
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and

V ar (O ) = (a1 + (N ¡1)a0)2 ¾ 2v + (a2 + b3)
2 ¡¾ 2v + ¾ 2"

¢
+ 2 (a1 + (N ¡1)a0)(a2 + b3)¾ 2v

+ (a3+ b2 )2
¡
¾ 2B + ¾ 2´

¢
+ (b1 + 1)2 ¾ 2B + 2 (a3+ b2 )(b1 + 1)¾ 2B + ¾ 20

= (a1 + (N ¡1)a0+ a2 + b3)
2 ¾ 2v +

µ
b3
2

¶2
¾ 2" +

µ
a3
2
+
1
2

¶2
¾ 2B +

³a3
2

2́
¾ 2´ + ¾ 20

= ¾ 2v
(2 ¾ 2v (N + 1)+ 3N ¾ 2")

2 + ¾ 2v¾ 2"
(̧ (2 (N + 2 )¾ 2v + 3(N + 1)¾ 2"))

2 ¡
5¾ 4B

36
¡
¾ 2B + ¾ 2´

¢+ ¾ 2B
4
+ ¾ 20 :

We d ed uc e that

¸ =
6
q
¾ 2v

¡
¾ 2B + ¾ 2´

¢
(4 (N + 1)¾ 4v + (12 N + 5)¾ 2v¾ 2" + 9N ¾ 4")

(2 (N + 2 )¾ 2v + 3(N + 1)¾ 2")
q¡

¾ 2B
¡
4 ¾ 2B + 9¾ 2´

¢
+ 36¾ 20

¡
¾ 2B + ¾ 2´

¢¢: (17)

P roofofLemma 2
We w rite the equilib rium value of̧ inthe follow ingw ay:

¸
¡
¾ 2";¾

2
´

¢
= 6

p
¾ 2v (4 (N + 1)¾ 4v + (12 N + 5)¾ 2v¾ 2" + 9N ¾ 4")

(2 (N + 2 )¾ 2v + 3(N + 1)¾ 2")
£

q
¾ 2B + ¾ 2´q

¾ 2B
¡
4 ¾ 2B + 9¾ 2´

¢
+ 36¾ 20

¡
¾ 2B + ¾ 2´

= 6£¸1
¡
¾ 2"

¢
£¸ 2

¡
¾ 2´

¢
:

It follow sthat

@¸
¡
¾ 2";¾ 2´

¢

@¾ 2´
= 6£¸1

¡
¾ 2"

¢
£@¸ 2

¡
¾ 2´

¢

@¾ 2´

= ¡ 15£¸1 (¾ 2")£(¾ 2B )
2

q
¾ 2B + ¾ 2´

¡
¾ 2B

¡
4 ¾ 2B + 9¾ 2´

¢
+ 36¾ 20

¡
¾ 2B + ¾ 2´

¢¢3
2
< 0 ;

@¸
¡
¾ 2";¾ 2´

¢

@¾ 2"
= 6£¸ 2

¡
¾ 2´

¢
£@¸1 (¾ 2")

@¾ 2"

=
6£¸ 2

¡
¾ 2´

¢
£¾ 4v (3(7N ¡5)¾ 2" + 2 (5N ¡2 )¾ 2v)

2 (2 (N + 2 )¾ 2v + 3(N + 1)¾ 2")
2 p¾ 2v (4 (N + 1)¾ 4v + (12 N + 5)¾ 2v¾ 2" + 9N ¾ 4")

> 0:
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We also observe that

lim
¾ 2"!1

¸
¡
¾ 2";¾

2
´

¢
= 6£¸ 2

¡
¾ 2´

¢
£

p
N ¾ 2v

(N + 1)
;

lim
¾ 2´!1

¸
¡
¾ 2";¾

2
´

¢
= 2 £¸1

¡
¾ 2"

¢
£ 1p

¾ 2B + 4 ¾ 20
:

Consequently,

¸(1 ;1 ) = lim
¾ 2´!1
¾ 2"!1

¸
¡
¾ 2";¾

2
´

¢
= 6£ 1p

9¾ 2B + 36¾ 20
£ lim

¾ 2"!1
¸1

¡
¾ 2"

¢
=

2
p
N ¾ 2v

(N + 1)
p
¾ 2B + 4 ¾ 20

:

(18)

P roofofLemma 3
We d enote by ¼j(yj),speculator j'sexpec ted pro¯t givenhisinformationset yj prior to

trad ingat d ate 1 and by¦ j(¾ 2´;¾ 2";N ),hisex-ante expec ted pro¯t,that isb efore observing
information.Notice that

¼j(yj) = Q j£E(~v¡¹ ¡¸ ~x¡¸Q ¡j¡¸Q jjyj): (19)

T he ¯rst ord er c ond itionfor speculator jimposes(see the proofofLemma 1) that

2 ¸Q j= E(~v¡¹ ¡¸~x¡¸Q ¡jjyj): (2 0 )

Hence,w e d ed uc e from E quations(19) and (2 0 ) that ¼j(yi) = ¸(Q j)2.It follow sthat

¦ j= E(¼j(yj)) = ¸ £V ar(Q j):

T hisimpliesthat

¦ S(¾ 2´;¾
2
";N ) = ¸

¡
a21V ar~v + a23V arx̂1 + a22 V arv̂ + 2 a1a2cov (~v;v̂)

¢
;

w hich yield (usingthe expressionsfor a1,a2 and a3)

¦ S(¾ 2´;¾
2
";N ) =

Ã
¾ 2v (¾ 2v + ¾ 2")(4 ¾ 2v + 9¾ 2")

¸ (2 (N + 2 )¾ 2v + 3(N + 1)¾ 2")
2 +

¸¾ 4B
9
¡
¾ 2B + ¾ 2´

¢
!
:
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We d e¯ne
¦ S
nf

d ef=
¸¾ 4B

9
¡
¾ 2B + ¾ 2´

¢;

and
¦ S
f
d ef=

µ
¾ 2v (¾ 2v + ¾ 2")(4 ¾ 2v + 9¾ 2")

¸ (2 (N + 2 )¾ 2v + 3(N + 1)¾ 2")
2

¶
:

We proceed exac tlyinthe same w ayfor speculator B .

P roofofP roposition2

T he follow inglemma isusefulfor the proof.

Lemma 4 : Inabsence ofinformationsharing, speculator S hasa larger expected pro¯t
thanspeculator B (¦ B (1 ;1 ;N )·¦ S(1 ;1 ;N )) i®

¾ 20 ¸
(N ¡1)

4 + (N ¡1):

P roof:We have

¦ B (1 ;1 ;N ) =
¸(1 ;1 )¾ 2B

4
; (2 1)

and

¦ S(1 ;1 ;N ) =
1

¸(1 ;1 )(N + 1)2
: (2 2 )

U singE quation(18) (proofofLemma 2 ) w e ob tainthat ¦ B (1 ;1 ;N )·¦ S(1 ;1 ;N ) i®

¾ 20 >
(N ¡1)¾ 2B

4
:

T henthe result follow sfrom the fac t that ¾ 2B = 1¡¾ 20.

W henthere isperfec t informationsharing,speculatorsB and Shave the same expec ted
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pro¯tsgivenby

¦ S(0 ;0 ;N ) = ¦ B (0 ;0 ;N ) =
1

¸(0 ;0 )(N + 2 )2
+
¸(0 ;0 )¾ 2B

9
: (2 3)

It follow sthat perfec t informationsharingispossible i®

1
¸(0 ;0 )(N + 2 )2

+
¸(0 ;0 )¾ 2B

9
¸M axf¦ B (1 ;1 ;N );¦ S(1 ;1 ;N )g: (2 4 )

Case 1.¾ 20 ¸ (N ¡1)
4 + (N ¡1):Inthiscase,usingLemma 4 ,w e canrew rite Cond ition(2 4 ) as

1
¸(0 ;0 )(N + 2 )2

+
¸(0 ;0 )¾ 2B

9
¸¦ S(1 ;1 ;N );

w hich yield s(usingE quation(2 2 )),

1
¸(0 ;0 )(N + 2 )2

+
¸(0 ;0 )¾ 2B

9
¸ 1
¸(1 ;1 )(N + 1)2

(2 5)

It follow sfrom the expressionof̧ (inthe proofofLemma 2 ) that

¸(0 ;0 ) =
3
p
N + 1

(N + 2 )
p
¾ 2B + 9¾ 20

;

and ¸(1 ;1 ) isgivenby equation(18).U singthese expressionsand the fac t that ¾ 2B =
1¡¾ 20 ,w e rew rite (after some algeb ra) E quation(2 5) as

µ
(N + 1)
(N + 2 )

¶
G (N ;¾ 20 )¸0 ;

w ith

G (N ;¾ 20 ) =

"
N + 1
N + 2

+
(N + 1)2 (1¡¾ 20 )
(N + 2 )(1 + 8¾ 20 )

¡3
p
(N + 1)(1 + 3¾ 20 )
2
p
N (1 + 8¾ 20 )

#
:

Notic e that G (N ;:) d ec reasesw ith ¾ 20.Furthermore G isstric tlypositive for ¾ 20 =
(N ¡1)
4 + (N ¡1)

and negative for ¾ 20 = 1.We conclud e that there existsa cuto® ¾¤20 (N )2 ( (N ¡1)
4 + (N ¡1);1) such

that Cond ition(2 5) issatis̄ ed i® ¾ 20 · ¾¤20 (N ).T hiscuto® isimplic itly d e¯ned asthe

solutionof

G (N ;¾ 20 ) = 0: (2 6)
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AsG (:;:) increasesw ith N and d ec reasesw ith ¾ 20 ,w e d ed uce that ¾ 2¤0 (N ) increasesw ith
N .

Case 2 .¾ 20 <
(N ¡1)
4 + (N ¡1):Inthiscase,usingLemma 4 ,w e canrew rite Cond ition(2 4 ) as

1
¸(0 ;0 )(N + 2 )2

+
¸(0 ;0 )¾ 2B

9
¸¦ B (1 ;1 ;N );

w hich yield s(usingE quation(2 1)),

1
¸(0 ;0 )(N + 2 )2

+
¸(0 ;0 )¾ 2B

9
¸¸(1 ;1 )¾ 2B

4
(2 7)

U singthe expressionsfor ¸(0 ;0 ) and ¸(1 ;1 ),after some manipulations,w e rew rite the
previouscond itionas

F(N ;¾ 20 )
d ef=

Ã
3(N + 2 )

p
N (1 + 8¾ 20 )

2
p
(N + 1)(1 + 3¾ 20 )

¡(N + 1)

!
(1¡¾ 20 )
1 + 8¾ 20

¡1·0:

We observe that F(N ;:) d ec reasesw ith ¾ 20.Furthermore F > 0 for ¾ 20 = 0 and F < 0
for ¾ 20 =

(N ¡1)
4 + (N ¡1).It follow sthat there existsa cuto® ¾ 20 (N ) 2 (0 ; (N ¡1)

4 + (N ¡1)) such that for

¾ 20 ¸¾ 20 (N ),Cond ition(2 4 ) issatis̄ ed .T hiscuto® isimplic itly d e¯ned asthe solutionof

F(N ;¾ 20 ) = 0:

AsF(:;:) increasesw ith N and d ec reasesw ith ¾ 20 ,w e d ed uc e that ¾ 20 (N ) increasesw ith
N .Furthermore w e have

0 < ¾ 20 (N ) <
(N ¡1)

4 + (N ¡1) < ¾ 2¤0 (N ) < 1:

P roofofP roposition3
Step 1: P ric esare more informative w henthere isinformationsharing.R ec all
that ~v and ~p are normally d istributed and that ~p(O ) = ¹ + ¸O .T herefore

V ar(~v j~p(O ) = p) = ¾ 2v ¡
C ov2 (~v; ~O )
V ar(~O )

:

U singE quations(15) and (16) w hich appear inthe proofofLemma 1,w e ob tainthat
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V ar(~v j~p(O ) = p) = ¾ 2v ¡¸C ov(~v; ~O ) = ¾ 2v ¡
(2 ¾ 2v (N + 1)+ 3N ¾ 2")¾ 2v

(2 (N + 2 )¾ 2v + 3(N + 1)¾ 2")
:

It isimmed iate that V ar(~v j~p(O ) = p) increasesw ith ¾ 2" and d oesnot d epend on¾ 2´.T his
meansthat informationsharing(a d ecrease in¾ 2" and ¾ 2´) makesequilib rium pricesmore

informative.
Step 2 : P ricesare lessvolatile w henthere isinformationsharing.

O bserve that
V ar(~v¡p) = E(E((~v¡p)2 j~p = p)):

As~p = E(~v j~p),the previousequalityimpliesthat

V ar(~v¡p) = E(V ar(~v j~p = p)):

Finallysince ~v and ~p are normally d istributed ,V ar(~v j~p = p) isconstant so that

V ar(~v¡p) = V ar(~v j~p = p):

Hence pricesare lessvolatile w henthere isinformationsharingsince pric esare more in-
formative inthiscase.

P roofofP roposition4

Consid er the follow ingratio

H (N ;¾ 20 ) =
¸(0 ;0 )
¸(1 ;1 ):

P erfec t informationsharingimprovesmarket liquid ity ifand onlyif

H (N ;¾ 20 ) < 1:

U singthe expressionfor ¸ giveninthe proofofLemma 2 ,w e ob tain

H (N ;¾ 20 ) =
3(N + 1)

p
(N + 1)(1 + 3¾ 20 )

2 (N + 2 )
p
N (1 + 8¾ 20 )

:
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It isimmed iate that H (N ;:) d ec reasesw ith ¾ 20.Furthermore H (N ;1) < 1 and H (N ;0 ) > 1.
T herefore there existsa threshold ¹¾ 20 (N ) such that H < 1 i® ¾ 20 > ¹¾ 20 (N ).T histhreshold

solves
H (N ;¾ 20 ) = 1:

Solvingthisequation,w e d ed uce that

¹¾ 20 (N ) =
1¡h 2 (N )
8h 2 (N )¡3;

w here h(N ) = 2 (N + 2 )
p
N

3(N + 1)
p
N + 1) < 1.Ash(N )¸2 =3,w e have ¹¾ 20 < 1.

P roofofP roposition5
T he expec ted trad ingcostsfor the liquid ity trad ersw henthere isinformationsharingare

E(C T e) = ¸

Ã
6¾ 20

¡
¾ 2B + ¾ 2´

¢
+

¡
2 ¾ 2B + 3¾ 2´

¢
¾ 2B

6
¡
¾ 2B + ¾ 2´

¢
!
:

U singthe expressionfor ¸,w e rew rite thisequationas

E(C T e) =

p
¾ 2v (4 (N + 1)¾ 4v + (12 N + 5)¾ 2v¾ 2" + 9N ¾ 4")

¡
6¾ 20

¡
¾ 2B + ¾ 2´

¢
+

¡
2 ¾ 2B + 3¾ 2´

¢
¾ 2B

¢

(2 (N + 2 )¾ 2v + 3(N + 1)¾ 2")
q¡

¾ 2B + ¾ 2´
¢£
¾ 2B

¡
4 ¾ 2B + 9¾ 2´

¢
+ 36¾ 20

¡
¾ 2B + ¾ 2´

¢¤ :

W henthe b rokersd o not share their information,then

E(C Tne) = E [(P(O )¡~v)£~x]= ¸ne
µ
¾ 20 +

1
2
¾ 2B

¶

=
p
¾ 2vN

(N + 1)
£ (2 ¾ 20 + ¾ 2B )p

¾ 2B + 4 ¾ 20
:

We d enote © the d i®erence b etw eenthe expec ted trad ingcostsw henthere isinformation
sharingand w henthere isno informationsharing.Hence

©
¡
N ;¾ 2";¾

2
´

¢
= E(C T e)¡E(C Tne)
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Straightforw ard manipulationsshow that

p
¾ 2v (4 (N + 1)¾ 4v + (12 N + 5)¾ 2v¾ 2" + 9N ¾ 4")

(2 (N + 2 )¾ 2v + 3(N + 1)¾ 2")
<

p
¾ 2vN

(N + 1)
(2 8)

Now c onsid er the follow ingfunction

Ã
¡
¾ 2´

¢
=

¡
6¾ 20

¡
¾ 2B + ¾ 2´

¢
+

¡
2 ¾ 2B + 3¾ 2´

¢
¾ 2B

¢2
¡
¾ 2B + ¾ 2´

¢£
¾ 2B

¡
4 ¾ 2B + 9¾ 2´

¢
+ 36¾ 20

¡
¾ 2B + ¾ 2´

¢¤¡(2 ¾ 20 + ¾ 2B )
2

¾ 2B + 4 ¾ 20
:

As¾ 20 = 1¡¾ 2B ,w e rew rite the previousequationas

Ã
¡
¾ 2´

¢
=

¡
6
¡
¾ 2B + ¾ 2´

¢
¡¾ 2B

¡
4 ¾ 2B + 3¾ 2´

¢¢2
¡
¾ 2B + ¾ 2´

¢£
36

¡
¾ 2B + ¾ 2´

¢
¡¾ 2B

¡
32 ¾ 2B + 2 7¾ 2´

¢¤¡(2 ¡¾ 2B )
2

4 ¡3¾ 2B
:

O bserve that

Ã (0 ) =
¾ 2B (¡7+ 11¾ 2B ¡4 ¾ 4B )
(9 ¡8¾ 2B )(4 ¡3¾ 2B )

< 0 ,since ¾ 2B 2 [0 ;1]

and

lim
¾ 2´!1

Ã
¡
¾ 2´

¢
= 0:

and

Ã 0
¡
¾ 2´

¢
=
¾ 4B

¡
176¾ 8B + 14 4 ¾6B

¡
2 ¾ 2´¡3

¢
¡72 ¾ 2B ¾ 2´

¡
5¾ 2´¡7

¢
+ 9¾ 4B

¡
13¾ 4´ ¡88¾ 2´ + 2 8

¢
+ 2 52 ¾ 4´

¢
¡
¾ 2B + ¾ 2´

¢2 £36
¡
¾ 2B + ¾ 2´

¢
¡¾ 2B

¡
32 ¾ 2B + 2 7¾ 2´

¢¤2

(2 9)

Now w e remark that if¾ 2B 2
£
0 ; 2 12 2

¤
, thenÃ 0

¡
¾ 2´

¢
> 0 and therefore Ã

¡
¾ 2´

¢
< 0 . If

¾ 2B 2
£2 1
2 2 ;1

¤
,thenthere isa unique value of¾ 2´ such that Ã 0= 0.T hisvalue is

¹¾ 2´ =
2 ¾ 2B (2 2 ¾ 2B ¡2 1)
3(14 ¡13¾ 2B )

:

Hence Ã hasonlyone extremum and thisextremum isa minimum since
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Ã 00
¡
¹¾ 2´

¢
=
2 7(14 ¡13¾ 2B )

4

62 5¾ 8B (2 ¾ 2B ¡1)
> 0 ;

We d ed uc e that 8¾ 2´ and 8¾ 2B ,Ã
¡
¾ 2´

¢
< 0 .We conclud e that

¡
6¾ 20

¡
¾ 2B + ¾ 2´

¢
+

¡
2 ¾ 2B + 3¾ 2´

¢
¾ 2B

¢
q¡

¾ 2B + ¾ 2´
¢£
¾ 2B

¡
4 ¾ 2B + 9¾ 2´

¢
+ 36¾ 20

¡
¾ 2B + ¾ 2´

¢¤<
(2 ¾ 20 + ¾ 2B )p
¾ 2B + 4 ¾ 20

: (30 )

U singInequality(2 8)and Inequality(30 ),w e d ed uc e that ©
¡
N ;¾ 2";¾ 2´

¢
< 0 w hichmeans

that the expec ted trad ingcostsare alw ayslow er w henthere isinformationsharing.
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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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