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1 Introduction

U ndoubtedly, stock exchangesprovidem any econom icbenē tsby allocating capitalto

thehighestvalueuserandby o®ering am plerisk-sharing opportunities.W hile investors

can raisefundsandshareriskswithoutusing an exchange, stock exchanges, by lowering

thecostoftheseservices, can substantially im proveon thee± ciencyofcapitalallocation

andon investors'ability to sharerisks.

Thebenē tsofstockexchangeshavebeenextensively investigatedandarereasonably

wellunderstood.Yetthe question ofhow m uch thesebenē tsare worth forexchange

participantsandhow much variouspartiesare willing to pay forthe benē tsthey use

isstilllargely open.O n theonehand, exchangeparticipantsmustbewilling to pay as

much asthey gain from theexchange.O n theotherhand, im plem enting a feestructure

forthe exchange issim ilarto the problem ofthe provision ofa public good in which

participantswith con°icting interestsare inclinedto lobby forpricesthatbenē tthem

m ore than the otherparticipants. To avoid the under-provision ofthe public good,

which in oursetting isaccessto the servicesofan exchange, it isnecessary to price

discrim inate.T hatis, exchangeparticipantswith higherm arginalutility willhavetobe

chargedproportionallym orefortheservicestheyuse.B ycharginga separatefeeforeach

service the exchangeprovides, an optim alfee structure that accomplishesthe optim al

levelofpricediscrim ination can be im plem ented.T hedeterm ination ofan optim alfee

structureofan exchange isin m any wayssim ilarto thederivation oftheR am sey prices

in thepublicgoodsprovision problem in socialwelfareanalysis.

To evaluate how m uch theservicesofan exchange are worth forthe exchangepar-

ticipantswe needto assessthe value addedby the exchange relative to a stand-alone

search m arketwhere investorsortheirinterm ediariessettle tradesthrough directbar-

gaining with counterparties.In contrastto thesearch m arketwhereliquidity iscreated
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in responseto an order, thedownstairsm arketofa stock exchangerepresentsa poolof

\standby liquidity" createdby potentialcounterpartieswho are waiting to trade.The

downstairsm arketcan thereforereplacethe\perm anent, predictablecomponent" ofthe

search m arket, but forthe \unpredictable, transitory" com ponent that requiresm ore

than thestandby liquidity theupstairsm arketcan provide a trading venue for.In our

m odelthetwom arketswillnaturallycoexistandthisishow theexchangecreatesvalue.1

W e m odelthe stock exchange asthe infrastructure oftrading characterizedby its

m arket m icrostructure, itsgovernance structure, and itsfee structure. The m arket

m icrostructurerepresentsthesetting in which m arketparticipantstrade, i.e.thetech-

nology, therulesoftrading andorderexecution.O urm odelofm arketm icrostructure

forthedownstairsm arketisbasedon Seppi (1997)andon K eim andM adhavan (1996)

fortheupstairsm arket.

W eview thegovernancestructureofan exchangeasthem echanism forresolvingcol-

lectiveaction problemsandforreconcilingcon°ictsofinterestsbetweendi®erentinterest

groupsoftheexchange.2 Such con°ictsarisebetween interm ediarieson theupstairsand

the downstairsm arket and am ong active tradersandlong-term shareholdersoflisted

com panies.Som eoftheseparticipants, liketheinterm ediariesofthesearch m arkethave

direct representation asexchange m embers, othershave indirect representationslike

shareholdersoflistedcompanieswho arerepresentedby theexchangevia the issuers.

N aturally, thegovernancestructureoftheexchangere°ectshow much theexchange

caresabouteach ofitsparticipantandconsequently, itdeterm inestheobjectivefunction
1B ooth etal, M adhavan etal, M endelsohn etal.show evidencethatthecombination ofan upstairs

anddownstairsm arketrepresentsa Pareto im provem entovera downstairsm arketalone.O urtheory is

consistentwith thisevidencewhileourfocusishow thecombination ofdownstairsandupstairsm arket

addsvaluerelativeto a standalonesearch m arket.
2See B echt, B olton andR oell(2002)fordiscussion ofthisinterpretation.
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fortheexchange.W erepresentthe in°uence ofthe interestgroupsvia a socialwelfare

function which isa weighted average ofthe expected utility that di®erent groupsof

usersderive from the existence ofthe exchange. In thisfunction there are weights

attachedtoeach layerofthenestedgovernanceproblem:thereareweightsrepresenting

the in°uence ofexchange m embersrelative to issuers, and the in°uence ofthe listed

com panies'shareholderswith di®erenttrading needs.The ¯rstweight can be viewed

asa reduced form forthe governance structure ofthe exchange, the second forthe

governancestructureofthe issuers.

Theexchangesetsitsfeestructureby m axim izing itsobjectivefunction, thewelfare

function ofitsparticipantssubjectto itsbudgetconstraint.O urm odelallowsforthe

inclusion ofthe feesthatm ake upform ostofthefeerevenuesin practice:listing fees,

trading fees, andm arketinform ation fees.W ewillderivehow thevariousfeesa®ectthe

welfareofeach m arketparticipantby changing theexplicitandim plicitcostsoftrading

andthe depth ofthe lim itorderbook.W e also show how the volum e oftrade on the

downstairsandtheupstairsm arketdependon thefeestructureofthestock exchange.

T hem odelcharacterizestheoptim alfeestructureoftheexchangeconditionalon the

governance structure. W hen the fee structure issetonly in the interest ofthe listed

com paniesasrepresentativesoftheirshareholders, the trading feesand the m arket

inform ation feesarechosen to equalizeacrossallfeesthetradeo® between them arginal

utility lossim posedon the active tradersandthem arginalrevenue from the fee.This

tradeo® willdependon theweightthatlistedcompaniesattach to the interestsoftheir

stockholderswith frequenttrading needs. H owever, the m ore in°uence upstairs¯rm s

exerton theexchangethehighertherelativem arginalutility lossim posedon theactive

tradersdue to feeson downstairstrading andthesm allertherelative m arginalutility

lossduetofeeson upstairstrading andm arketinform ation fees.D epending on whether
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upstairsfacilitation requireswidedissem ination ofm arketdata, then upstairs¯rm swill

lobby forrelatively lowerorhigherm arketinform ation fees.

O urtheory predictsthat the fee structure ofstock exchange also dependson the

numberofissuersandon the ownership andthe governance structure oflisted ¯rms.

F irst, asthenumberofissuerswillgrow, the feestructureofthe exchange willbeless

dependenton listing feesandm oredependenton trading andm arketinform ation fees.

Second, ourm odelim pliesthatexchangeswheretheownershipstructureoflisted¯rm s

ism oreconcentrated(dispersed)willbem ore(less)dependenton trading feesandless

(m ore)dependenton listing fees.

F inally, ourtheory also highlightsthe relationship between restructuringsofthe

governanceofexchangesandfeestructurereform s.G iven therecentwavesofdem utu-

alizations, thisisa tim ely issue to address.Since dem utualization typically increases

the in°uence ofissuersrelative to exchange m embers, ourm odelpredictsthatdem u-

tualizationsofexchangeswillinduce a fee structure that reliesm ore on trading and

m arketinform ation feesandlesson listing fees.Thisim plication isconsistentwith em -

piricalevidence from T he 2001C ost and R evenue Survey ofthe W orld Federation of

Exchanges. Furtherm ore, ourtheory also predictsthat following demutualization the

feestructuresofstock exchangeswillvary according to theirownershipstructures:ex-

changelistedexchangeswillrely som ewhatlesson trading andm arketinform ation fees

fortheirrevenuesthan jointstock companies.

2 Stylized Facts

In thissection, we willprovide a briefsurvey ofhow exchange feesare set and how

they di®eracrossexchanges. O n the ¯rst point, considerthe following quote from
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N Y SE'sR obertG .B ritz, a m emberoftheSEC 'sFederalA dvisory C om m itteeon M arket

Inform ation:3

\T heN Y SE doesnotsomuch establish pricesasallocatecosts.C onstituent

representativesestablish N Y SE pricesby¯rstdeterm iningtheN Y SE'sfund-

ing needs, andthen allocating the resulting costs[...] between listedcom -

paniesandm emberbroker-dealers[...] by establishing feesdenom inatesas

'listing fees', 'transaction fees'and'm arketdata fees'."

A ccording to thisquote exchange feesare set asthe result ofa tradeo® between the

interestsofa numberofconstituencies, such asthe listedcom paniesandthe exchange

m embers.D ependingon theseconstituencies'interestsandin°uence, a di®erentbalance

willbestruck between using di®erentfeesto raisethe feerevenuerequiredto m eetthe

exchange's¯nancing needs.

There are also som e stylized factsabout reform sofstock exchange fee structures

afterrestructuring ofthegovernanceofstock exchanges.M ostofthesefactsarerelated

to thetrendtowardsdem utualization ofstock exchanges.A san exam ple, considerthe

Toronto stock exchange.In itsnotice to participating organizationsN o.2000-152, the

Toronto Stock Exchange(T SE)states:

TheT SE isnow a shareholder-owned, for-prō tcorporation [...].A spartof

thisreorganization [...] theformula forchargingtradingfeesisbeingchanged

[to] 1/50of1% ofthe value ofthe trade, to a m axim um of$80pertrade;

[...] only the incom ing tradable orderwillbe charged;bookedlim itorders
3T his quote isfrom a lettersent to the Federal A dvisory C om m ittee on M arket Inform ation

by R obert G .B ritz, asa G roup V ice President ofthe N Y SE.T he entire letterisavailable under

www.sec.gov/divisions/m arketreg/m arketinfo/nyse0201com .htm .
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are ¯lledfree ofcharge;[...] crosseswillbe treatedin thesam e m anneras

they arecurrently."

T hisquote illustratesalsosom eofthedetailsofstock exchangefeestructures, i.e.that

trading feesare frequently ad-valorem fees, that exchangesseek to give fee discounts

to liquidity providers, andthat there m ay be separate rulesfortrading feesleviedon

crosses.

W e next considerhow stock exchange fee structuresdi®eracrossexchanges. A c-

cording to a recentsurvey oftheW orldFederation ofExchanges, thereseem tobequite

signi¯cantdi®erencesbetween m ember-ownedanddemutualizedexchanges.W hilem ost

exchangeschargethesam ekindsoffeestocoverm ostoftheircosts, itseem sthatdem u-

tualizedexchangesrelym oreontradingfeesandlessonlistingfeesthan otherexchanges.

A m ong theexchangesresponding to the2001C ost&R evenueSurvey ofthe W orldFed-

eration ofExchanges, the m ember-ownedexchangesraised22.3% oftheirfee revenue

through listing feeswhile such feesaccounted foronly about10% ofthe fee revenue

ofdemutualizedexchanges.Trading feesseem edto contributeslightly m ore to the fee

revenueofdemutualizedexchangesthan to thatofm ember-ownedones, accounting for

about40% and35% offeerevenue, respectively.4

4O fcourse, thesedi®erencescan also bedueto di®erencesacrosstheexchangesin thelevelofIPO

activity, tradingvolum e, etc.M oreover, onecannotidentifytowhich extentthesedi®erencesaredriven

by speci¯coutliers.
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3 TheStock Exchange

3.1 A n O verview

W e m odelthe stock exchange asthe infrastructure fortrading in stocks. O urdē ni-

tion ofa stock exchange asinfrastructure capitalstem sfrom G ram lich (1994)wherein

infrastructurecapitalisdescribedas\capitalintensive naturalm onopolies[...] such as

com munication system s." In contextofa stock exchange the infrastructure capitalis

theclearing- andsettlem entsystem oftheexchange.

A stock exchangeischaracterizedby itsm arketm icrostructure, itsgovernancestruc-

ture, and itsfeestructure.T he m arketm icrostructure representsthesetting in which

m arketparticipantstrade, i.e.thetechnology, therulesoftrading andorderexecution.

O urm odelofm arketm icrostructureforthedownstairsm arketisbasedon Seppi (1997)

andon K eim andM adhavan (1996)fortheupstairsm arket.In orderto notoverwhelm

thereaderwith allthedetailsofthem odelatonce, wewilldevelopthem odelgradually

by adding m orestructureastheanalysisdem andsit.

T hesecondelem entofa stockexchangeisitsgovernancestructure.Following B echt,

B olton andR oell(2002)wedē nethegovernancestructureofan exchangeasthem echa-

nism forresolvingcollectiveactionproblems.N aturally,thegovernancestructurere°ects

how m uch the exchange caresabouteach ofitsparticipantandconsequently, itdeter-

m inestheobjectivefunction fortheexchange.W ewillrepresentthereducedform m odel

ofthegovernancestructureoftheexchangeby theexchange'sobjectivefunction.L ike

a socialwelfare function, thisfunction representsa weighted average ofthe expected

utility thatdi®erentgroupsofusersderivefrom theexistenceoftheexchange.

F inally, thesetoffeesthatthe exchange chargesforitsserviceswillconstitute the

fee structure ofthe exchange. O urm odelwillallow forthe inclusion ofthe feesthat
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m ake upform ostofthe fee revenuesin practice, (i)listing fees, (ii)trading fees, and

(iii)m arketinform ation fees.Thesefeeswillbedē nedbelow.

In thenextsectionswewillform alizethebasicsofthem arketm icrostructureandthe

benē tsthattheexchangeprovidesforitsusers.Then wewilldescribethegovernance

structureoftheexchangeandintroducethefeestructure.

3.2 The B asicsofthe M arketM icrostructure

T here aren stockslistedon theexchangeduring a given tim e period£.Thesestocks

can be traded in two trading venues, the downstairsand the upstairsm arket. The

downstairsm arkethostsliquidity providerswho standready to tradebefore ordersget

postedto thism arket. O n the upstairsm arket, there isno such \standby liquidity".

Instead, thism arketrelieson ¯nancialinterm ediariesto search forcounterpartiesafter

the ordersarrive.W ereferto thissearch as\upstairsfacilitation" andto the¯nancial

interm ediariesas\upstairs¯rm s".

W e assum e that tradersincura ¯xed cost when they post ordersto the upstairs

m arket.T hiscostcan beinterpretedin variousways, such as(1)thecostofdelay in the

execution ofordersduetodi± cultiesin ¯ndingcounterparties, or(2)thecostofa signal

sentby the upstairstradersto m ake credible thattheirtrading isnot inform ationally

m otivated.5 A sa consequence ofthis¯xedcostthe upstairsm arketwillonly attract

ordersabovea criticalsize.

W e denote by Y d (Y u)the average volum e ofdownstairs(upstairs)trading in one

stock.Furtherm ore, wedenoteby Y u! d the increase in theaggregatevolum eofdown-

stairstrading ifthe upstairsm arketwereclosed.N otice thatY u! d can bestrictly less
5K eim andM adhavan (1996)¯ndevidencethatupstairsfacilitation m ay takeaslong asfourweeks

ofsearching forcounterparties.
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than Y u iftheprice im pactofa tradeon theupstairsm arket issm allerthan theprice

im pactofa tradeon thedownstairsm arket(See Fong, M adhavan andSwan (2003)for

empiricalevidence).

3.3 TheExchangeParticipants

T here are three groupsofusersofthe exchange who m ay supply ordem andliquidity

by trading in each ofthe n listedstocks. These are the active traders, the exchange

m embers, andthevaluetraders.\A ctivetraders" dem andliquidity bysendingordersto

eitherthedownstairsortheupstairsm arket.L iquidity issuppliedbyexchangem embers

who standready to trade on the downstairsm arket andby \value traders" who post

lim itorders.T hegroupofexchange m embersincludethe upstairs¯rm sthatfacilitate

theexecution ofactivetraders'orderson theupstairsm arket.

N extwespecify how di®erentgroupsofusersbenē tfrom the existence ofthe ex-

change.W epresenta form alm odelin A ppendixA toderivethisspeci¯cation from ¯rst

principles.

The m ost im portant benē t that upstairs¯rm sderive from the exchange isthe

com m ission they charge fortheirservices.W e m odelthiscom m ission asa fraction Á

oftheexpectedutility gain realizedby activetraderswho dem andupstairsfacilitation.

T heparam eterÁ can beviewedasa m easureforthem arket- andbargaining powerof

the upstairs¯rm s, with 0· Á · 1. W e denote by ¹ the aggregate expected utility

gain thatactivetradersderivefrom being abletotradeupstairsratherthan downstairs,

norm alizedby the numberoflistedstocks, n.U sing thisnotation, upstairs¯rmsearn

an expectedpayo® ofV = Á¹perlisting.

T herisk-averseactivetraderswhodem andliquidity, andtherisk-aversevaluetraders
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whosupply liquidity byposting lim itorderstothedownstairsm arkettradefrom o® the

exchange.To postordersto thedownstairsm arket, these tradersrely on brokerswho

o®ertheirservicesin a perfectly com petitive m arketforbrokerage.6 W e assum e that

therearesu± ciently m any valuetradersthatthecom petition between them elim inates

any opportunitiesto gain strictly from posting lim itorders.H ence, thesetradersderive

zeroexpectedutility from theexistenceoftheexchange.B y contrast, theactivetraders

gain strictly from theexistenceoftheexchangesinceweassum ethattheexchangeo®ers

them risk-sharingopportunities.D uringperiod£ , each oftheactivetradersm ayreceive

random endowm entsin oneorm oreofthestockslistedon theexchange.Tosharerisk,

partorallofthese endowm entscan besoldby posting ordersto eitherthedownstairs

m arketortheupstairsm arket, asm odelledin A ppendixA .Such risk sharing generates

expectedutility gainsofa m agnitudethatvariesacrosstheactivetraderscorresponding

to thesizeandnatureoftheirstock endowm entsandtheresulting exposuretodividend

incom e risk.W e denote by U the aggregate expectedutility gainsthat active traders

derivefrom being abletotradeeitherdownstairsorupstairs, norm alizedby thenumber

oflistedstocks, n:

U = º+ (1¡ Á)¹; (1)

where º and (1¡ Á)¹denote the aggregate utility gainsperlistedstock that active

tradersderivefrom being abletotradedownstairsandupstairs, respectively, netofany

explicittrading costssuch astrading feesandcom m issions.

In A ppendixA , wederiveexpressionsforU andV in a m arketm icrostructurem odel

thatisbasedon them odelsbySeppi (1997)andon K eim andM adhavan (1996).7 W hile

weabstain from presenting thefullm odelin thebody ofthepaper, itisconsistentwith
6In a laterversion ofthe paperwe extend the m odelso that the downstairsbrokerscan earn

com m ission fortheirservices.
7Seeresult(50)in Section A .3.
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alloftheaboveandwillrepeatedly bereferredto below.

3.4 TheG overnanceStructureoftheStock Exchange

In analogy to B echt, B olton andR oell(2002), wedē ne the governancestructureofa

stockexchangeastheinstitutionalfram eworkfor(1)resolvingcollectiveactionproblem s

am ongdispersedusersoftheexchangeand(2)reconciling con°ictsofinterestsbetween

di®erent groupsofusers. The ¯rst task arise since the stock exchange servesa large

numberofdi®erent usersincluding m any sm allinvestorswho hold ortrade in stocks

listedon theexchange.In contrasttotheexchangem embers, thesestockholdersarenot

directly involvedin exchange governancebutthey arerepresentedby them anagem ent

oflistedcom panies.

Theproblem ofreconciling con°ictsofinterestsbetween di®erentgroupsofusersis

the secondtask ofexchange governance.In ourm odel, we willfocuson two typesof

con°ictsofinterests, (i)thosebetween usersofthedownstairsandtheupstairsm arket

and(ii)thosebetween stockholderswith di®erenttrading needs.To analysethelatter

we assum e that the stockholdersfallinto two groups:active traders(dē ned above)

andlong-term (non-trading)stockholders.W hilethestock exchangebenē ttheform er

m orethan thelatter, allofthestockholdersshareequally in thecost, K ofm aintaining

thelisting on theexchange.T hiscostincludeslisting feesaswellascostsofcom plying

with disclosurerequirem ents, etc.

T hegovernancestructureofthestock exchangedeterm ineswhich objectivefunction

isbeing m axim izedin solvingpolicy problem s, such asthedeterm ination ofoptim althe

feestructure.W ewillrepresentthereducedform m odelofthegovernancestructureby

theobjectivefunction ofthe exchange.T hisfunction captureshow much theexchange

caresabout(i)the interestsofusersoftheupstairsandthedownstairsm arket, and(ii)
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the interestsofstockholderswith andwithouttrading needs.Form ally,

­ = nW ;forW = (1¡ !)(¿U + (1¡ ¿)(¡K ))+ !V;and!;¿2(0;1): (2)

W ereferto thefunction W asthe\socialwelfarefunction" ofthestock exchange.L ike

a B ergson-Sam uelson socialwelfare function, W representsa weighted average ofthe

utility thatdi®erentgroupsofusersderive from the existence ofthe exchange in each

listedstock.The weight! m easurestherelative in°uence ofthe upstairs¯rm sam ong

theexchangem embersandthelistedcompanies(asrepresentativesoftheirstockholders)

in theresolution ofcon°ictsofinterestsbetween them .H ence, thisweightisattachedto

theexpectedprō toftheupstairs̄ rm s, V .Theweight¿re°ectstherelativeim portance

oftheactiveandthenontradingshareholdersin thelistedcom panies.Thesm aller¿, the

lessthecom paniescareabouttheirstockholders'trading needsandthem oreconcerned

they are aboutthe costofm aintaining theirlistings.A sa utility lossincurredby the

stockholders, thiscostentersthesocialwelfarefunction with a negativesign.

W hile! alsodependson thelegalform andtheownershipstructureoftheexchange,

¿in contrastdependson theownershipstructuresofthelistedcom panies.Forexm aple,

¿shouldbesm allifthesecom paniesareownedby largeblockholderswho abstain from

trading in orderto retain controloverthecompanies.

3.5 The FeeStructureoftheStock Exchange

O urm odelincorporatesthefeesthatm ake upform ostofthefeerevenuesin practice,

(i)listing fees, (ii)trading fees, and(iii)m arket inform ation fees.W e assum e thatfor

each listedstock, the exchange can charge a listing fee ofL form aintaining the listing

during period£.Thislisting fee entersthesocialwelfarefunction in (2)aspartofthe

costK .
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T herevenueraisedthrough trading feesdependsalsoon theaveragetrading volum e

perlisting.W e allow forthedownstairsandtheupstairsm arketto di®erin theextent

towhich trading feesareleviedon transactionssinceupstairstrading m ay partlybeo®-

exchangetrading.8 H encewewillusetandftodenotethetradingfeeon thedownstairs

andupstairsm arket, respectively.9 B y allowing forthesetwo feesto besetseparately,

wecan capturee®ectsofrulesthatgovern o®-exchangetrading oflistedstocks, such as

theN Y SE'srule390.

F inally, we m odelthe m arket inform ation fee to be proportionalto the numberof

listedstocks:sincetrading in each stock generatessom em arketdata, thedissem ination

ofsuch data yieldsa feerevenueofI perlisting.

Form ally, thefeerevenue isgiven by,

R = nZ;forZ = tY d+ fY u+ I + L ; (3)

T hefunction Z isreferredto asthe\feerevenuefunction";thisfunction determ inesthe

expectedfeerevenueperlisting.

4 The O ptim alStock Exchange FeeStructure

W e dē ne the optim alfeestructure asthe one thatm axim izesthe welfare function of

theexchangesubjecttoraisingsu± cientrevenuetocoveritscost.Form ally, an optim al
8See H asbrouck, Sō anosandSosebee(1993), Section 7.
9W e introduce two separate trading feesforanalyticalconvenience.Itwouldbe equivalentto use

only onetrading feetwhile introducing a variableforthatfraction t=f oftransactionson theupstairs

m arketthatm ay beexecutedo® theexchange.
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feestructure isa vector(t;f;I;L )T thatsolvestheproblem:

t¤;f¤;I¤;L ¤2 argm ax W

s.t.Z ¸ R =n:
(4)

A ttheoptim um ,onecannotraisesocialwelfarewithoutreducingrevenue.Therefore,the

feestructure isoptim alifno welfare im proving reform ofthefeestructure is\feasible":

any such reform mustresult in a decrease in revenue since the gradientsofthe social

welfarefunction W andthefeerevenuefunctionZ pointinoppositedirections.Form ally,

thefollowing condition m ustbesatis̄ edatany optim um ,

rW = ¡¸rZ; (5)

where¸ isa constant.

Tocharacterizetheoptim alfeestructure, weneedtospecify thestructureofthegra-

dientsrZ andrW .W estartwith thegradientrZ, given byrZ = (Zt Zf ZI ZL )T ,

wherethesubscriptsdenotepartialderivatives,Zt= @ Z=@ t, etc.10 T hesepartialderiva-

tivesm easuredirecte®ectsofin¯nitesim alchangesin the feestructure, aswellasany

indirecte®ectsinducedby changesin the volum e oftrading in thedownstairsandthe

upstairsm arket. U nlike the listing fee L which issunk cost from the perspective of

the exchange users, the trading feestandf a®ectthe volum e ofboth downstairsand

upstairstradingsincethelatterfeesin°uencethetraderschoiceofm arkets.Them arket

inform ation fee I a®ectsthe liquidity ofboth trading venuessince thisfeedeterm ines

thescale ofdissem ination ofm arketdata.T he higherthe m arket inform ation fee, the

lessliquid the downstairsm arketbecom es.The upstairsm arket issim ilarly a®ected:

thesm allerthescaleofdata dissem ination, theharderitisfortheupstairs¯rmsto¯nd

investorswith accessto su± cient inform ation to be willing to act ascounterpartiesto
10T hroughoutthepaper, subscriptsrefertoderivatives.
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transactionsin the upstairsm arket.A sa consequence, the costofupstairsfacilitation

increasesandupstairstrading volum edeclines.

D i®erentiating thefeerevenuefunction in (3)yieldsthefollowing expressions:

Zt = Y d+ tY d
t + fY u

t;

Zf = Y u+ tY d
f + fY u

f;

ZI = 1 + tY d
I + fY u

I ;

ZL = 1;

(6)

where Y d
t = @ Y d=@ t, Y u

t = @ Y u=@ t, etc.

T hee®ectsofchangesin thefeestructureon thesocialwelfarefunction arecaptured

by thegradientrW = (W t W f W I W L )T , wherethesubscriptsagain denotepartial

derivatives, W t = @ W =@ t, etc. D i®erentiating the welfare function in (2)yieldsthe

following results:

W t = (1¡ !)¿U t+ !Vt;

W f = (1¡ !)¿U f+ !Vf;

W I = (1¡ !)¿U I + !VI;

W L = ¡(1¡ !)(1¡ ¿);

(7)

where U t;U f;U I andVt;Vf;V I denotepartialderivativesofthefunctionsU andV with

respectto t, fandI, respectively.

Proposition 1:Theoptim alfeestructure

T he optim alfeestructure isdeterm inedby the following system ofequations:

1
¸W t = ¿

1¡¿U t+ !
1¡!

1
1¡¿Vt = ¡(Y d+ tY d

t + fY u
t ) = ¡Zt;

1
¸W f = ¿

1¡¿U f+ !
1¡!

1
1¡¿Vf = ¡(Y u+ tY d

f + fY u
f) = ¡Zf;

1
¸W I = ¿

1¡¿U I + !
1¡!

1
1¡¿V I = ¡(1 + tY d

I + fY u
I ) = ¡ZI;

1
¸W L = U L = ¡1 = ¡ZL :

(8)

16



Proof:in A ppendix B .

In orderto furtheranalyzethe optim alfeestructureofthestock exchange weneed

to specify the partialderivativesofthe functionsU and V with respect to the fees

and derive the explicit and im plicit costsoftrading. T hisisthe subject ofthe next

subsection.

4.1 Stock Exchange Feesand Trading C osts

T he feestructure a®ectsthe usersofthestock exchangeboth via the explicitcostsof

trading, andvia im plicittrading costs, dē ned asthe price im pact oftrading.In the

rem ainderofthissection, wewillanalyzewhich feestructureisoptim alwhensuche®ects

aretaken intoaccount.A ppendixA containsa m odelthatprovidesa \m icrofoundation"

forthisanalysis.Thism odelcharacterizesa speci¯cm arketm icrostructureforwhich the

utility functionsU andV dependon thetradingfeestandf andthem arketinform ation

fee I asdescribedbelow.

Explicitcostsoftrading:W estartwith theexplicittrading costsand, m orespecif-

ically, with the trading feestandf fordownstairs- andupstairstrading, respectively.

W ewillshow in A ppendixA andtheproofofL em m a 1(statedbelow)thatthesetrading

feesa®ecttheactivetraders'aggregateexpectedutility U in proportion tothevolum eof

downstairstrading, Y d, andthatofupstairstrading, Y u.D ueto im perfectcompetition

in them arketforupstairsfacilitation, thesedirecte®ectsarepartially o®setby indirect

e®ectsby virtueofchangesin thecom m issionschargedby theexchangem emberswhich

o®erupstairsfacilitation.Toseethis, recallthattheupstairs¯rm sextracta fraction Á

of¹, theaggregateexpectedutility gain perlisting thatactivetradersrealizesincethey

can tradeupstairsratherthandownstairs.W eshow in A ppendixA thatthisutility gain
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changesin tandf according to thefollowing totalderivative,

d¹= (Y u! ddt¡ Y udf): (9)

To interpretthistotalderivative,recallthatY udenotestheaggregatevolum eofupstairs

trading perlistedstock, whileY u! d isthedownstairstrading volum ethatwouldresult

from routing downstairsallofthe ordersthat are executed upstairs. A ssuch, Y u! d

representsthe \outside option" of active tradersin the upstairsm arket, that isthe

option to tradedownstairsratherthan upstairs.T hehigherthedownstairstrading fee

t, the lessvaluable thisoutside option, and hence the higherthe aggregate expected

utility gain perlisting¹thatactivetradersobtain from being ableto avoiddownstairs

trading.B y contrast,¹ isthesm aller, thehigherthetrading feef chargedforupstairs

trading.Since¹determ inesthecom m issionsthatupstairs̄ rm schargetoactivetraders,

thisim pliesthatany changesin tandf have two e®ectson the explicittrading costs:

besidesthedirecte®ects(describedabove),thereareindirecte®ectssincethecom m ission

paym entschange in valueby Ád¹.

L em m a 1:Explicittrading costs

T hetradingfeestandf a®ecttheaggregateutility gain perlisting, U andV , thatactive

tradersandupstairs¯rmsderive from theexistenceoftheexchange, respectively.T hese

e®ectsare given by thetotalderivativesdeU anddeV , respectively:

deU = dº+ (1¡ Á)d¹= ¡(Y d+ Y u! d)dt+ (1¡ Á) (Y u! ddt¡ Y udf);

deV = Ád¹= Á (Y u! ddt¡ Y udf);
(10)

Proof:See A ppendixA .

Sum m ing updeU anddeV showstheoveralle®ectsofchangesin the explicitcosts

oftrading on the usersofthe exchange. T he direct e®ectsofchangesin the trading

feestandf areproportionalto thevolum eofdownstairstrading andupstairstrading,

respectively.W hilethetrading feesa®ectalso thecom m issionschargedby theupstairs
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¯rm s, thesee®ectscancelsincethecom m issionsarepaidfrom onegroupofusersofthe

exchangeto another:

deU + deV = ¡Y ddt¡ Y udf: (11)

Im plicitcostsoftrading:T hetradingfeesandthem arketinform ation feealsoa®ect

thedepth ofthelim itorderbook andtherebytheliquidity ofthedownstairsm arket.W e

m odelthisrelationshipexplicitly in ourm arketm icrostructure m odelin A ppendix A .

W eshow therehow thedepth ofthelim itorderbook,Bdeterm inesthepriceim pactof

ordersroutedto thedownstairsm arket, andhencethe im plicitcostsoftrading.T hese

e®ectsarem easuredby theproductofthederivative U B = @ U =@Bandthederivatives

ofthedepth ofthelim itorderbook,Bt= @B=@ t,Bf = @B=@ f, andBI = @B=@ I.

Thepricesatwhich ordersgetexecutedin theupstairsm arketm ay alsobea®ected

by the m arket inform ation fee I.A sit hasbeen discussed above, thisfee determ ines

thescaleofdissem ination ofm arketdata, andalso thecostofupstairsfacilitation asa

search forcounterpartiesto transactionsin theupstairsm arket.11 T hehigherthiscost,

the fewercounterpartiesarefound, andhencetheworsethepricesatwhich ordersget

executed.L etdpu = p0(I)dI denotetheaveragepricechangebyvirtueofan in¯nitesim al

change in the m arket inform ation fee I, where the average istaken acrossthe orders

routedupstairs.T hisprice im pacta®ectstheaggregateexpectedutility gain perlisting

thatactive tradersrealizeby trading upstairsratherthan downstairs, ¹.Thise®ectis

proportionalto the typicalsize ofupstairs(block)transactions, ¹bu, m easuredin term s
11In A ppendix A , we m odelthe upstairsm arket in reducedform , inspiredby K eim and M adhavan

(1996). T hese authorsinterpret the search costsas\inversely related to the probability oflocating
willing counterparties." B y analogy to M erton (1987), the scale ofdissem ination ofm arketdata can
a®ectthisprobability ifm arketparticipantsare only willing to actascounterpartiesfortransactions
in securitiesthey know.
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oftheaveragenumberofsharesperblock traded:

d¹= ¡¹bup0(I)dI: (12)

Partofthise®ect isborne by the exchange m embers, in the form ofa change in the

valueofthecom m issionsthey can chargeforproviding upstairsfacilitation.

L em m a 2:Im plicittrading costs

B ychangingtheim plicitcostsoftrading, thetradingfeest, f andthem arketinform ation

feeI a®ecttheaggregateutilitygain perlisting, U andV , thatactivetradersandupstairs

¯rmsderive from the existence ofthe exchange, respectively.T hese e®ectsare given by

the totalderivativesdiU anddiV , respectively:

diU = dº+ (1¡ Á)d¹= U B(Btdt+Bfdf+BIdI) ¡(1¡ Á) ¹bup0(I)dI;

diV = Ád¹= ¡Á ¹bup0(I)dI:
(13)

Proof:See A ppendixA .

W e can now sum m arize.Proposition 2statesthe overalle®ectofchangesin stock

exchangefeeson theusersofthestock exchange.

Proposition 2:Thee®ectofthefeestructure

T hestockexchange feesa®ecttheaggregateutility gain perlisting, U andV , thatactive

tradersandupstairs¯rmsderive from the existence ofthe exchange, respectively. A

reform ofthefeestructure, (dt;df;dI;dL )T , hastwo e®ectson U andV ,

dU = deU + diU ;

dV = deV + diV;
(14)

where deU anddeV capture e®ectsofchangesin the explicitcostsoftrading, given by

expression (10), whilediU anddiV capturechangesin the im plicitcostsoftrading, given

by expression (13).

Proof:T heseresultsfollow from those in L em m a 1andL em m a 2.
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4.2 The O ptim alStock Exchange FeeStructure

W e willnextcharacterize how the optim alfee structure isset. L ike in m any sim ilar

analysesin thearea ofpubliceconom ics, wecannotderiveclosed-form solutionsforthe

variousfees.Instead, wewillanalyzewhatm arginalexpectedutility lossisim posedon

the active tradersundertheoptim alfeestructure.To solveforthism arginalexpected

utilityloss,wesubstituteforthepartialderivativesofthefunction V , Vt= dV =dtjdf=dI=0,

Vf = dV =dfjdt=dI=0, etc.U ponrearranging, thisyieldsthefollowingsystem ofequations:

¿
1¡¿U t = ¡Zt ¡Á !

1¡!
1
1¡¿Y

u! d;

¿
1¡¿U f = ¡Zf +Á !

1¡!
1
1¡¿Y

u;

¿
1¡¿U I = ¡ZI +Á !

1¡!
1
1¡¿
¹bup0(I);

U L = ¡ZL :

(15)

T he left-hand side ofeach equation is(a m ultiple of) the m arginalexpected utility

lossim posedon the active traders.O n theright-handside ofeach equation, there are

two term s.T he ¯rstterm isthe m arginalfee revenue raisedthrough one ofthe fees.

Thesecondterm captureshow theoptim alfeestructuredependson theupstairs¯rms'

interestsandin°uence.To seethis, consider¯rstthecase in which the feestructure is

setonly in the interestsofthelistedcompaniesasrepresentativesoftheirstockholders,

w = 0.In thiscase, each ofthe¯rstthreeequationscan bewritten in theform ,

U x

Zx

¯̄
¯̄
w=0

= ¡1¡ ¿
¿

;forx2ft;f;Ig: (16)

H ence, thetrading feesandthem arketinform ation feearesettoequalizeacrossallfees

the trade-o® between the m arginalutility lossim posed on the active tradersandthe

m arginalrevenue from the fee.Thistrade-o® dependson the weight¿thatthe listed

com paniesgive to the interestsofstockholderswith trading needs(active traders), in

representing these stockholdersto the exchange.T he higher¿, the closerto zero the
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term on theright-handsideoftheaboveequation, andthehigherm ustbethem arginal

revenuethrough each ofthefeest, f, andI, forthelistedcom paniesto tolerate thata

certain m arginalexpectedutility lossisim posedon theactivetraders.

N ow, considerthecase in which theupstairs¯rm sexertin°uenceasexchangem em -

bers, w > 0.B y inspection ofthe¯rstthreeequationsofsystem (15), theupstairs¯rm s

lobby fortreatingdi®erentlythethreefeest, f, andI.W hilealloftheseequationscan

bewritten in theform ,

U x

Zx
=

U x

Zx

¯̄
¯̄
w=0

µ
1+ Á

!
1¡ !

¿
(1¡ ¿)2

¹x

Zx

¶
; (17)

theterm in bracketsdeviatesfrom onein a way thatdependson thesign of¹x= @ ¹=@ x,

andhenceonthee®ectofa feeontheaggregateexpectedutilitythatactivetradersderive

from being ableto tradeupstairsratherthan downstairs:

¹x =

8
>>>><
>>>>:

Y u! d forx= t,

¡Y u forx= f,

¡¹bup0(I) forx= I.

N otethat¹x > 0forx= tand¹x < 0forx= f orI.Ifupstairs¯rm sexertin°uence

asexchange m embers, di®erentfeesare therefore setwith di®erentlevelsoftolerance

towardsim posing an expected utility losson the active traders. W hile there ism ore

tolerance towardssuch a utility lossforthetrading feet, there islesstolerance forthe

feesf andI.

Ux
Zx

< Ux
Zx

¯̄
w̄=0

forx= t;

Ux
Zx

> Ux
Zx

¯̄
w̄=0

forx= f orI.
(18)

To see why thishappens, recallthatthe upstairsm arketallowsupstairs¯rmsto earn

com m issionswith a valueofÁ¹.A sa m easurefortheattractivenessofupstairstrading,

¹increasesin (i)theextenttowhich such tradingallowstoavoidtradingfees, and(ii)in
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theextentofpriceim provem entrelativetothedownstairsm arket.O urm odelallowsfor

both oftheseadvantagesofupstairstrading to dependon thefeestructure.R egarding

the ¯rstpoint, m ore trading feescan be avoided, the highertissetrelative to f.A s

exchangem embers, upstairs¯rmsa®ectthatthefeestructureissetwith m oretolerance

towardsa reduction in activetraders'expectedutilityduetotthan duetof.R egarding

the secondpoint, the extentofprice im provem ent in the upstairsm arketdependson

theeasewith which counterpartiescan befound.Ifthisrequireswidedissem ination of

m arketdata, upstairs¯rm sare wary ofany increase in the m arket inform ation fee I.

H ence, thisfee issetsuch thatonly a sm allerexpectedutility lossisim posedon the

activetradersthan itwouldbethecase iftheupstairs¯rmshadno in°uence.

Proposition 3:C haracterization oftheoptim alfeestructure

U ndertheoptim alfeestructure, feest;f andI aresetto im pose a relativem arginalex-

pectedutility lossofU x=Zx on theactivetraders, whereZxdenotesthem arginalrevenue

from each feex2ft;f;Ig, andU x=Zx isgiven by equation (18).

2.1 Suppose thatexchange m embersexertno in°uence in the setting ofthe feestruc-

ture, andhence receive zero weightin thesocialwelfare function (2), w = 0.T he

higherthe weight¿ given to the active tradersam ong the stockholdersoflisted

companies, the sm allerthe relative m arginalexpectedutility lossU x=Zx im posed

on them dueto feesx2ft;f;Ig.

2.2 Supposethatthe upstairs¯rmsexertin°uence asexchange m embers, m easuredby

theweightw thatthey receive in thesocialwelfarefunction (2).T he higherw, (i)

thehighertherelativem arginalutility lossU t=Zt im posedon theactivetradersdue

to feeson downstairstrading, and(ii)thesm allertherelativem arginalutility loss

U x=Zx due to feeson upstairstrading andm arketinform ation fees, x2ff;Ig.
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Proof:T heresultsin claim s2.1.and2.2.follow from di®erentiating equation (18).

5 Fee R eform s

W ewillnow analyzehow thefeestructureshouldbereform edin responsetochangesin

thegovernancestructureoftheexchange.Sincethegovernancestructureisrepresented

by the weightsofthe socialwelfare function (2), these weightschange by virtue of

restructuring ofexchangegovernance:wedenotethenew weightsby ¿0and!0.

In ordertoanalyzehow a restructuringofexchangegovernancea®ectstheoptim alfee

structure, wewillassum ethatthefeestructurehasbeen optim allysetgiven theoriginal

weights! and¿.Starting from thisform erly optim alfeestructure, wewillanalyzethe

direction ofthe m arginalreform d½= (dt;df;dI;dL )thatm axim izessocialwelfare for

the new weights!0and¿0. The setoffeasible reform sdependson the m inim um fee

revenuethatm ustberaisedperlistedstock.Sincethereform ofthefeestructurem ay

aim atraising a di®erentfeerevenuethan before, wedenoteby dzthechange in what

feerevenue mustberaisedperlistedstock:dz m ay be negative due to an increase in

thenumberoflistedstocks, n, orpositiveduetode-listingsandan increase in thetotal

revenueR thatm ustberaised.12

12B y theconstraintofproblem (4), dz= R 0=n0¡ R =n, where R 0¡ R andn0¡ n captureany change
in therequiredtotalfeerevenue andin thenumberoflistedstocks, respectively, between the tim e of
thereform andthetim eatwhich thefeestructurewassetoriginally.
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T heoptim alfeereform isdē nedasfollows:13

d½¤2argm ax d½T rW 0;s.t.

d½T rZ ¸ dz;

d½T d½= ";

(19)

whererW 0denotesthe gradientofthesocialwelfare function W with the weights!0

and¿0insteadof! and¿, respectively.Ifthefeestructurewassetoptim ally beforethe

reform , then rW 0isgiven by,14

rW 0=

0
BBBBBBB@

W 0
t

W 0
f

W 0
I

W 0
L

1
CCCCCCCA
=

0
BBBBBBB@

¡(1¡ !0)¿01¡¿¿ Zt +Á¿!0(1¡!)¡¿0!(1¡!0)
¿(1¡!) Y u! d

¡(1¡ !0)¿01¡¿¿ Zf ¡Á¿!0(1¡!)¡¿0!(1¡!0)
¿(1¡!) Y u

¡(1¡ !0)¿01¡¿¿ ZI ¡Á¿!0(1¡!)¡¿0!(1¡!0)
¿(1¡!)

¹bup0(I)

¡(1¡ !0)(1¡ ¿0)

1
CCCCCCCA

: (20)

Forthe case in which ! = !0and¿= ¿0, the above-statedgradientequals¡¸rZ, as

requiredby condition (5), for¸ = (1¡ !)(1¡ ¿).

W ithin thesetoffeasiblereform s, theoptim alreform willbea vectorpointing in one

oftwopossibledirections, depending on whetherornottherevenueconstraintrestricts

the reform .Ifso, then the optim alreform willpoint in a direction orthogonalto the

gradientrZ such thattherevenueconstraintcontinuestobindafterthereform.Ifnot,

then theoptim alreform willpointin thedirection ofthegradientrW 0.

Proposition 4:Feestructurereform s

T he optim alreform ofthe feestructure isgiven by:

d½¤=
1
2·
(rW 0+ ¤rZ);for¤ = m in

·
0;dz¡ (rW 0)T rZ

(rZ)T rZ

¸
; (21)

13In public econom ics, such a problem isreferred to asthe problem of\policy reform ":forthe
purposeofform alanalysis, reformsarealwaysinterpretedasdi®erentialchangesin a vectorofpolicy
instrum ents;thus, thesecondconstraint.Seeforexam ple, chapter6 ofM yles(1995).
14Foreach ofthe feesx2 ft;f;Ig, the expression forW 0

x followsfrom solving system (15)forU x
andsubstituting theresultsaswellasthederivativesVx = dV=dx(dē nedin subsection 3.1)into the
gradient(7), whilereplacing theweights! and¿by w0and¿0.
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where · satis̄ esthe equation (d½¤)T d½¤ = ".

Proof:T heL agrangeanforproblem (19)isL = (d½¤)T rW 0+¤(d½¤)T rZ¡2·(d½¤)T d½¤.D if-

ferentiatingyieldsthe¯rstorderconditionrW 0+¤rZ¡2·d½¤= 0, aswellastheconstraints

ofproblem (19).Solving thissystem ofequationsyieldstheresultstatedabove.

In therem ainderofthissection, wewillfocuson thecasein which theoptim alreform

ofthefeestructuredependson thesocialwelfareweights!0and¿0thatcharacterizethe

governancestructureoftheexchangeafterrestructuring.B y inspection oftheexpression

for¤ statedabove, thishappensifdz issu± ciently sm all;in theothercase, thereform

ofthefeestructure ism erely determ inedby therevenueconstraint.

N extwe willuse comparative staticsto analyze how the optim alreform ofthe fee

structuredependson the weights!0and¿0.To obtain theseresults, we norm alize the

reform ofthe trading feest, f andthe m arket inform ation fee I by the change in the

listing fee L . Forany fee x 2 ft;f;Ig, the ratio dx=dL showsthe optim altrade-o®

between the interestsofexchange usersandthoseofnon-trading stockholdersoflisted

com panies:thelattercan benē tfrom a reform ofthefeestructureonly by virtueofa

decrease in thelisting fee,dL < 0, whilethey rem ain una®ectedby any otherchange in

thefeestructure.

The resultsarestatedasProposition 4.Thisproposition hastwo parts, to bedis-

cussedbelow.F irst, weconsiderthee®ectsofincreasingtheweight!0thatm easuresthe

in°uence thatupstairs¯rm scan exertasexchange m embersaftertherestructuring of

exchangegovernance.T hehigher!0, thelessthereform reducestheattractivenessofup-

stairstradingasm easuredby¹, theaggregateexpectedutility thatactivetradersderive

from being ableto tradeupstairsratherthan downstairs.H ence, thefeeon downstairs

trading isreducedthe lessrelative to any decrease in the listing fee, while thereform

aim sthe m ore atreducing feesim posedon upstairstrading andthe dissem ination of
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m arketdata.

W e next analyze the e®ectsofthe weight ¿0that isgiven to the active traders'

interestsafterexchangegovernancehasbeenrestructured.L iketheupstairs¯rms, these

traderscan benē tfrom a reform ofthe feestructure that isaim edatraising m ore of

the fee revenue through the listing fee, andlessthrough feeswhich a®ect the volum e

oftrading.H owever, activetradersarealso a®ectedby a reform ofthefeestructure in

anotherway, i.e.via the com m issionschargedby theupstairs¯rms.To separatethese

e®ects, we ¯rstconsiderthecase in which no such com m issionsarecharged:Á = 0.In

thiscase, the higher¿0, the higherthe optim alreduction ofthe trading feest, f and

the m arket inform ation fee I, relative to that in the listing fee, L .Theseresultscarry

overalso to the case in which Á > 0, butonly ifcertain su± cientconditionsare m et.

Theconditionscapturee®ectsofcon°ictsofintereststhataredueto thee®ectsofthe

fee structure on the attractivenessoftrading upstairsratherthan downstairs.To see

this, considerforexam plethefeeon downstairstrading, t.IfÁ = 0, we can show that

thisfee isoptim ally reducedthem ore, the higher¿0.IfÁ > 0, upstairs¯rmsusetheir

in°uenceasexchangem emberstolobbyagainstsuch a feereduction:asdiscussedabove,

twillthen bereducedthe less, the higherthe weight!0thatm easuresupstairs¯rms'

in°uence.T heoverallchange in tthusdependson therelation oftheweights¿0and!0.

Proposition 5:C om parativestaticsoffeereform s

Relative to any reduction in the listing fee L , the fee tlevied on downstairstrading

decreasesthe less, the higherthe weight!0that m easuresthe in°uence that upstairs

¯rmscan exertasexchange m embersafterthe restructuring ofexchange governance;

theopposite istrueforthefeesf andI leviedon upstairstradingandthedissem ination

ofm arketdata, respectively:

@
@ !0

dt
dL

< 0;
@
@!0

df
dL

> 0;
@
@ !0

dI
dL

> 0: (22)
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Ifno com m issionsarepaidforupstairsfacilitation, Á= 0, the feest, f, andI decrease

the more relative to any reduction in the listing fee L , the higherthe weight¿0given to

active tradersafterrestructuring ofexchange governance.Fortheseresultsto holdalso

ifcom m issionsarepaidforupstairsfacilitation, Á = 0, the followingconditionsmustbe

satis̄ ed:

@
@¿0

dx
dL > 0 , Zx

¹x
> ¡Á!(1¡!0)¡¿!0(1¡!)

(1¡!)(1¡!0)(1¡¿) ( !
!0> ¿1¡!1¡!0;forx= t,

@
@¿0

dx
dL > 0 , Zx

¹x
< ¡Á!(1¡!0)¡¿!0(1¡!)

(1¡!)(1¡!0)(1¡¿) ( !
!0< ¿1¡!1¡!0;forx2ff;Ig.

(23)

Proof:in A ppendix B .

6 C onclusion

To beadded.

R eferences

To beadded.
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A A ppendixA :A M arketM icrostructure M odel

In thisappendix, wepresenta m icrofoundation forouranalysis.W e¯rstpresenta m ar-

ketm icrostructurem odelbasedon them odelsbySeppi (1997)andK eim andM adhavan

(1996).Thism odelwillspecify how activetraderscanreducetheirexposuretodividend

incom eriskbytradingwith exchangem embersandvaluetraders.Forsim plicity, wewill

assum ethatthere isonly onelistedstock, n = 1, andonly oneactivetrader.G iven the

players'optim alstrategies, we willderive theirexpectedutility gainsfrom being able

to trade with each other.Then, we willanalyze how theseutility gainsdependon the

trading feestandf, andthem arketinform ation fee I.

A .1 The D ownstairsM arket

T hebasicfram ework forthisanalysisisthem icrostructurem odelofliquidity provision

by Seppi (1997), i.e. a specialist/lim it orderm arket like the N Y SE.W e extend this

m odelto thecaseofelasticdem andforliquidity.

A .1.1 The M odel

Playersandendowm ents:T herearefourtypesofplayers, m ostofwhich havebeen

introduced in Section 3.3.F irst, there isan \active trader" Awho receivesa random

stock endowm ent~e, distributedaccording to F [e]with support[0;¹e].Extending Seppi's

m odel, we allow thisactive traderto dem and liquidity elastically by selling som e of

the stock endowm ent. L iquidity issuppliedfrom o® the exchange by \value traders"

who can post lim it orders, and on the exchange by exchange m embers, i.e. a single

\specialist" S , aswellasa \trading crowd" consisting ofm otherexchangem embers.
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TheStock:T hestockwhichthesetraderscantradein ischaracterizedbyanuncertain

dividendpershare ~v, a random variablewith m ean ¹andvariance¾2.

Preferencesand trading needs:T he playersdi®erin theircapacity to bearrisk.

C onsider¯rstthe exchange m embers, i.e.the specialistandthe trading crowd.A sin

Seppi'sm odel, alloftheseplayersarerisk-neutrallegalentitiesandthespecialististhe

only one ofthem who can trade without incurring opportunity costs.Forthe trading

crowd, theopportunity costequals°, thevalueofbusinesslostiftrading capacity (per-

sonnelorcapital)issetaside forown-accounttrading.W e assum ethateach exchange

m ember'strading capacity islargeenough to absorbtheentiresell-sideorder°ow.W e

also allow the trading crowd to respond to prō table trading opportunitieson short

notice. Ifthey do so, they willincuran opportunity cost of¡ > ° fortem porarily

reassigning trading capacity.

N ext, considertheactivetraderAandthevaluetraders.Each ofthesetradersseeks

to m axim izethem ean-varianceutility function,

E [U i]= E [~wi]¡ r
2
V ar[~wi]; (24)

where ~widenotestheterm inalwealth oftraderi.Thisterm inalwealth isthesum ofi's

initialwealth, denotedby wi, any payo® from trading, and any dividend incom e.W e

follow Seppi (1997)by assum ing that allofthe value tradersincuropportunity costs

ofo ifthey post lim it orders. The term inalwealth oftraderi in (24) isnet ofthis

opportunity cost.W eassum ethattheopportunity costo issm allenough thatthelim it

orderbook isnotem pty.Fornotationalsim plicity, we abstractfrom any opportunity

costfortheactivetraderA.

W edenotebybtheblock ofsharessoldby theactivetraderthrough a m arketorder.

Bdenotesthedepth ofthelim itorderbook, dē nedasthetotalnumberofsharesthat
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valuetraderswanttobuy through lim itordersatvariousprices.

T im e line ofthe trading gam e:F irst, each m emberofthe trading crowddecides

whetherto set aside capacity forown-account trading.T hisdecision isunobservable.

Second, thevaluetradersm aysubm itpublicly observablelim itorders.T hird, theactive

trader'sendowm ent isrealizedandthistraderdecideswhetherto postan orderto sell

sharesand, ifso, how m any shares.Fourth, thespecialist'sresponse to any sale order

by theactivetraderisto announcea pricep¤.F ifth, each m emberofthetrading crowd

decideswhethertoposta m arketordertobuysharesatp¤.F inally, thespecialistclears

them arketsubjectto priority rulesdiscussedbelow.

Priority rules: In ourm odellikeon theN Y SE, thespecialistS followsthreepriority

rules.F irst, theruleof\pricepriority" stipulatesthatS can only buy from the active

traderoncealllim itordersatpricesp> p¤ are¯lledin full.Second, even atthepricep¤,

theruleof\publicpriority" m eansthatS can only tradeupon ¯lling allexecutablebuy

ordersfrom eithervaluetradersorthetrading crowd.Third, ifthesebuy ordersexceed

the available sell-signedvolum e atthisprice, then therule of\tim e priority" dictates

execution in theorderofarrival.

Price form ation: L etP denote theprice grid, i.e.thesetofpricesfrom which the

specialistcan choosethem arketclearing pricep¤.N extwe introducetwo criticalprices

in P , ¹pandp.T he¯rst¹p2P dē nesthesetofpricesfp2Pjp¸ ¹pgatwhich thevalue

traderscannotpostprō tablelim itbuy orders.T hesecondcriticalpricep2P dē nes

thesetofpricesfp2Pjp¸ pgatwhich the trading crowdneverbuysshareson short

notice.A tthesepricesthetrading crowdcannotrecoverthecost¡ offreeing uptheir

trading capacity.To sim plify the analysis, withoutlossofgenerality, we assum e that
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thepricegridP issu± ciently coarsethatthere isnopricebetween ¹pandp.

Stock exchange fees:W e assum e thatm arketordersaresubjectto the trading fee

t.Thisfee isan ad-valorem fee.H enceany such sellerwillreceive a per-sharepayo® of

p(1¡ t)andany buyerwillpay p(1+ t)persharewherepisthem arketclearing price.

W e assum e that there are no trading feesleviedon lim it orders.Thisisin line with

com m on practiceatm any exchange, such asforexampletheTorontoStock Exchange.15

Trading isalso a®ectedby the m arket inform ation fee I.Since thisfeedeterm ines

how costly it isto obtain data requiredfortrading, we allow forthisfee to a®ectthe

valuetraders'opportunity costsofo.W ethuswritethesecostsasan increasingfunction

ofI, o[I], foro0[I] > 0.

A .1.2 TheA nalysis

W e analyze the gam e recursively starting with the laststage. W e willfocuson each

trader'sdecision in turn.

The trading crowd'sdecision to trade:T he trading crowdconsistsofexchange

m emberswith and without trading capacity set aside forown-account trading. T he

form ercan postm arketordersatzero cost.Thisisso because atthe tim e ofplacing

these orders, the cost ofsetting aside trading capacity isalready sunk. Thus, these

exchangem embersbuy any numberofsharesatany pricep¤sm allerthan theexpected

dividend¹.Therem aining trading crowdbuyssharesonly ifthespecialistsetsa price

p¤ < p.

15T he Toronto Stock Exchange chargesno feeson booked lim it orders(\to reward providersof

liquidity")but chargesan ad-valorem fee of55bp forincom ing tradable orders(m ax. C A D 80per

trade).(Seethenoticesto participating organizationsN o.2000-152andN o.2000-235.)
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Thespecialist'schoiceofa m arketclearingprice:SupposethatthespecialistS

receivesa m arketordertosella block ofbsharesandthatBsharesarepostedaslim it

buy ordersatpricep.Supposefurtherm orethatwith probability ¼ each m emberofthe

trading crowdhassetasidecapacity in orderto tradeaheadofS.

In choosing a m arketclearing price thespecialistS seeksto m axim ize hisprō tas

a liquidity provider.N ote thatsom epriceswillneverbe chosen by S.F irstS hasno

reason to announce any pricep< psince the entire trading crowdwouldtrade ahead

ofhim .IfS chosesuch a price, he wouldfailto buy any sharesdueto public priority.

Second, there isno reason to announceany pricep> ¹p, since S couldoutbidthevalue

traderseven at ¹p.H ence, we can restrictouranalysisto thespecialistchoosing prices

between pand¹p.

Twocasesneedtobeconsiderednext:(i)¹p> pand(ii)¹p· p.B oth casescan occur

because ¹pandpdependon the opportunity costoftrading fortwo di®erentgroupsof

traders, i.e. the value tradersand the trading crowd, respectively. W e have not yet

speci¯edtherelation between these opportunity costs.Forthe lim itorderbook to be

non-empty, itm ustbethecasethat¹p> p.O therwise, S wouldalwaysannouncea price

ofatleast¹pto avoidthatthetrading crowdtradesaheadofhim .16 A ttheseprices, the

specialistwouldalwaysoutbidthe lim itorderbook andsince the value traderswould

rationally anticipatethis, they wouldnotplace any lim itorders.C onsequently, we can

ignorethecasewhen ¹p· p.Thus, forrem ainderofthepaperwewillassum ethat¹p> p

holds.

W e now derive the specialist'schoice ofthe m arket clearing price. Suppose ¯rst

thatS setsthem arketclearing price atp¤ = ¹p.A tthispricethespecialistwillreceive

sharesunlessthe trading crowd tradesahead ofhim , i.e. the specialist willtrade if
16For¹p· p, thespecialistwouldsettheprice ¹pif¹p= pandpif¹p< p.
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no trading capacity hasbeen set aside by any ofthe m exchange m embers.Thiswill

happen with probability (1¡ ¼)m.Thus, theexpectedprō tofS atp¤ = ¹pwillbeequal

to (1¡ ¼)m b(¹¡ ¹p).

N ow suppose thatS setsthe m arketclearing price atp¤ = p.In thiscasepriority

rulesrequirethespecialistto ¯llalleligiblelim itordersbeforehecan buy shares.This

im pliesthatthespecialistwillreceiveb¡ Bshareswhenevertheblock bexhauststhe

lim itorderbook andno sharesotherwise.Thus, theexpectedprō tofS atp¤= pwill

beequalto (1¡ ¼)m m ax[0;b¡B](¹¡ p).

To seewhich price ischosen by thespecialistS , wecom paretheexpectedprō tsat

¹pandp;(1¡ ¼)m b(¹¡ ¹p)and(1¡ ¼)m m ax[0;b¡B](¹¡p), respectively.T heoutcom e

willdependon b.Ifbistoosm allfortheblock saleto exhaustthelim itorderbook, i.e.

b· B, then S willearn zero prō tatp¤ = p.In thiscase, the m arketwillclearat ¹p.

Iftheblock islargeenough to exhaustthelim itorderbook so thatb> B, then S will

clearthe m arketeitheratporat ¹pdepending on thesize oftheblock, b.Pricepwill

bechosen ifandonly if

(1¡ ¼)m (b¡B)(¹¡ p)> (1¡ ¼)m b(¹¡ ¹p), b> b[B]= »B; (25)

where » = ¹¡p
¹p¡p.O therwise, ¹pwillbechosen.

N ow weturn ourattention to theactivetrader'sdecision.

The active trader'sm arketorder:From the analysisabove, we know that ifthe

block sizebexceedsa criticalvalue, then the m arketclearing pricedropsfrom ¹pto p.

Thus, theactivetrader'sblocksalecan havea priceim pact:A m arginalchangeinbcan

triggera pricedrop.W e ¯rstanalyze the case in which there isno such price im pact.
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In thiscasetheactivetraderfacesthefollowing m axim ization problem

m ax
b

bp¤(1¡ t)+ (e¡ b)¹¡ r
2
(e¡ b)2¾2 (26)

wheretdenotesthetrading fee.Solving the¯rstordercondition yields

b[e;p¤;t]= e¡ ¹¡ p¤(1¡ t)
r¾2

: (27)

Equation (27)im pliesthatAsellssharesonly ifherendowm entexceedse,

e=
¹¡ ¹p(1¡ t)

r¾2
: (28)

O therwise,Aabstainsfrom trading.T hus, no tradewilloccurwith probability F [e].

N extwe considerthe case in which A'sorderhasa price im pact.Ifthe block size

bexceedsthe criticalvalue b[B], then the m arket clearing price dropsfrom ¹p to p.

A nticipating this, Awillsom etim esselllessthan b[e;p;t]. F igure A showshow this

e®ectworks.17 Itplotsthesize oftheblock soldbyAasa function ofherendowm ent.

Forinterm ediatevaluesoftheendowm ent, es[B]· e< eh[B], itisoptim alforAto sell

b[B]< b[e;p;t]sharesin orderto avoida dropin them arketclearing price.

T heboundary valueses[B] andeh[B] arederivedin L em m a A .1below.Theform er

isthehighestvalueofA'sendowm entwhich inducesa blocksaleofsizeb[e;¹p;t]with no

price im pact.T he latteristhe endowm entforwhich A'sexpectedutility from selling

b[B]sharesatprice ¹pequalsherexpectedutility from sellingb[e;p;t]sharesatpricep.

L em m a A .1sum m arizesthisresult.

L em m a A .1:Fores[B] · e < eh[B], the active traderAsellsb[B] sharesofstock,
17F igure 2includesalso upstairstrading, basedon resultsthatwillbe derived in section.W e will

again referto F igure2asa sum m ary ofthetrading gam e.
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where es[B] andeh[B] are im plicitly dē nedby

b[B]= b[es;¹p;t]; and (29)

(¹p¡ p)(1¡ t)b[B]=
r
2
¾2(b[eh;p;t]¡ b[B])2: (30)

Proof:Equation (29) form alizesthat es[B] isthe highest value ofA'sendowm ent

which inducesa block sale ofsize b[e;¹p;t] with no price im pact. Equation (30) fol-

lowsfrom the fact that selling b[B] sharesat price ¹praisesA'sexpected utility by

r¾2b[B]b[e;¹p;t]¡ r¾2(b[B])2=2whileselling b[e;p]sharesatpricepraisesA'sexpected

utility by r¾2(b[e;p;t])2=2.Thedi®erencemustequalzero fore= eh, i.e.

0 = r¾2b[B]b[eh;¹p;t]¡ r
2¾
2(b[B])2¡ r

2¾
2(b[eh;p;t])2

= r¾2(b[eh;¹p;t]¡ b[eh;p;t])b[B]¡ r
2¾
2(b[eh;p;t]¡ b[B])2

= (¹p¡ p)(1¡ t)b[B]¡ r
2¾
2(b[eh;p;t]¡ b[B])2:

(31)

Equation (30)revealsthebasictrade-o® facing theactivetraderA.Theterm on the

left-handsidecapturesthereduction inA'spayo®duetothepriceim pact(¹p¡p)ofselling

m ore than b[B] shares.To avoidthisprice im pact, Am ustselllessby b[e;p;t]¡ b[B]

shares.R etaining these sharesincreasesA'sexposure to dividendrisk.T he term on

theright-handsideofequation (30)isthereduction in A'sexpectedutility dueto the

additionalexposure.T heboundaryvalueeh[B]istheendowm entatwhich thelossfrom

the price im pactofselling a largerblock equalsthe utility lossresulting from bearing

additionalrisk.

Thevaluetraders'lim itorders:N extwestudy thedecision ofeach valuetraderi

whetherornotto posta lim itorderto buy lisharesatpricep.Sinceposting a lim it

orderiscostly,thisdecision dependson theprobabilityofexecution,¯[B]= 1¡F [eh[B]].

L em m a A .2below showsthatalllim itorderswillbeexecutedifS setsthem arketclearing

price atp.
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L em m a A .2:T he sm allestblock soldatpricep, b[eh[B];p;t], exhauststhe lim itorder

book forany value ofB,

b[eh[B];p;t]¸ B: (32)

Proof:B y the dē nition ofeh[B], b[eh[B];p;t] > b[B] since the m arketclearing price

equalsponly ifAsellsm orethan b[B]shares.Thisim pliesthatb[eh[B];p;t]¸ Bsince

b[B]= »Bfor» > 1.

N extwewillcom putethesizeofthe lim itorderofvalue traderi.A nticipating the

depth oftheorderbook,B, traderiwillposta lim itbuy orderofl¤[B] thatm axim izes

hisexpectedutility.Form ally,

m ax
l

¯[B](¹¡ p)l¡ r
2
(̄ [B]E [((~v¡ p)l)2]¡ (̄ [B])2((¹¡ p)l)2): (33)

T hevaluetrader'sexpectedutilityisthedi®erencebetweenherexpectedpayo®,¯[B](¹¡

p)l, and the risk-prem ium due to dividend risk and execution risk. The ¯rst order

condition yields

l¤[B]=
¹¡ p

r(¾2+ (1¡ ¯[B])(¹¡ p)2)
: (34)

Evaluatingtheobjectivefunction atthem axim um showsthattraderi'sexpectedutility,

netoftheopportunity cost, o[I], is

E [U i]¡ o[I]= wi¡ o[I]+ ¯[B](¹¡ p)
l¤[B]
2

: (35)

W e can now analyze the value trader'sdecision whetherto posta lim itbuy order.

Substituting forl¤[B] in (35)showsthatsuch an orderisprō table fortraderiifthe

following condition holds

0· ¡o[I]+ ¯[B]
(¹¡ p)2

2r(¾2+ (1¡ ¯[B])(¹¡ p)2)
: (36)
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In equilibrium thiscondition m ustholdasan equality.O therwise, value traderscould

m akestrictlypositiveexpectedprō tbyposting a lim itorder.Thisequation willdē ne

im plicitly thedepth ofthelim itorderbook,B¤ in equilibrium:forB= B¤, lim itorders

areexecutedwith probability ¯¤= ¯[B¤],

¯¤ =
2o[I]r

1+ 2o[I]r

µ
1+

¾2

(¹¡ p)2

¶
: (37)

Substituting for¯[B] in expression (34)yieldsthe equilibrium size ofvalue traderi's

order.

The trading crowd'sdecision to setaside trading capacity:W ith trading ca-

pacity setaside, a m emberofthe trading crowdcan absorbany sell-signedorder°ow.

W e denote by ~sthe unclearedportion ofthe active trader'ssellorderafterexecution

ofalleligible lim itbuy orders.B y absorbing thisorder°ow an exchange m emberwill

realizetheexpectedprō t

¦ = (1¡ ¯¤)(¹¡ ¹p)E [~sjp¤ = ¹p]+ ¯¤(¹¡ p)(E [~sjp¤= p]: (38)

Suppose that each m emberofthe trading crowd setsaside capacity forown-account

trading with probability ¼.Ifm orethan one m emberdoesthat, then the order°ow ~s

issplitequally am ong them .L et&[¼;m ]~sdenote the expectednumberofsharesthat

each buys.Then theirexpectedprō tequals&[¼;m ]¦.H ence, the exchange m embers

can break even on theopportunity costofsetting asidetrading capacity ifeach ofthem

doesthatwith probability ¼¤, given by thecondition

&[¼¤;m ]¦ = °: (39)

Ifthe numberofexchange m embersm ishigh, the law oflarge numbersim pliesthat

Á[¼;m ]¼ 1=(¼m ).Then, ¼¤ ¼ ¦=(°m )such thatthe order°ow ~sis(alm ostalways)

splitbetween ¼¤m = ¦=° > 1exchangem embers.
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Proposition A .1sum m arizesallresultsofthissection.

Proposition A .1:Trading on thedownstairsm arket

(i) E xchange m emberssetaside capacity forown-account trading with probability ¼¤,

given by condition (39).

(ii)V alue traderssubm itlim itordersatpricepforl¤[B¤]shares, where

l¤[B¤]=
¹¡ p

r(¾2+ (1¡ ¯¤)(¹¡ p)2)
: (40)

for¯¤ given by expression (37).

(iii)T he active traderAsellsb¤[e]sharesofstock

b¤[e]=

8
>>>>>>><
>>>>>>>:

0 ife< e,

b[e;¹p;t] ife· e< es[B¤],

b[B¤] ifes[B¤]· e< eh[B¤],

b[e;p;t] ifeh[B¤]· e< ¹e.

(41)

(iv)T hespecialistS setsa m arketclearing pricep¤ given by,

p¤ =

8
><
>:
¹p ifb¤[e]· b[B¤],

p ifb¤[e] > b[B¤].
(42)

A .2 The U pstairsM arket

W enextextendthem odelwith theupstairsm arket.O n thism arkettheupstairs¯rm s

am ong the exchangem emberso®erto search forrisk-aversecounterpartiesto facilitate

the active trader'sblock sale.O urreducedform m odelofthiscostly search isinspired

by K eim andM adhavan (1996).W eassum ethatsellingshareswith upstairsfacilitation
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yieldsa per-sharepayo® ofpu,18

pu = ¹¡ ±[I]
p
r¾2; (43)

where ±[I] denotesthe m arginalcostofsearching forcounterparties.Sincesuch coun-

terpartiesm ay require accessto data in orderto be willing to enterinto transactions,

we allow forthissearch costto dependon them arketinform ation fee I.

W e allow forim perfect competition between the upstairs¯rm s, enabling them to

chargecom m issionsthatm ay exceedthecostofsearching forcounterpartiesby a m ark-

upcom m ensurateto theactivetrader'sutility gain from upstairsfacilitation.A sithas

been discussed in Section 3.3, thism ark-up am ountsto a constant fraction Á ofthis

utility gain. H ence, im perfect competition hasno e®ecton eitherthe active trader's

dem and forupstairsfacilitation orthe size ofherblock sale. Instead, the fraction Á

determ inesm erely theexchangem embers'ability to extractrents.

Theactivetrader'sdem andforupstairsfacilitation dependson thesizeofherdesired

block sale. W ith upstairsfacilitation, the active tradercan avoidthe price im pact of

selling a largeblock in thedownstairsm arket.Forthetwo m arketsto coexist, itm ust

bethecasethatpu > p.

A sithasbeen discussed in Section 3.1, we assum e thatthe active traderincursa

¯xedcostofC in sellingshareswith upstairsfacilitation.W eassum ethatthis̄ xedcost

ishigh enough so thatthe upstairsm arketdoesnotcrowdoutthelim itorderbook as

a source ofliquidity.In thepresenceofthis¯xedcostthe active tradersellsshareson

the upstairsm arketonly ifhisendowm entexceedsthe value ofeu, derivedbelow, for

eu > eh[B¤].
18T hispayo® doesnotdependon the block sizebsince the numberofcounterpartiesincreasesin

b.In the notation ofK eim andM adhavan (1996), thisisequivalentto assum ing a constantm arginal

search cost±.W eallow thissearch costto dependon them arketinform ation feeI.
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Supposethatitisoptim alfortheactivetradertosellshareson theupstairsm arket.

In thiscasetheactivetraderfacesthefollowing m axim ization problem

m ax
b

bpu(1¡ f)+ (e¡ b)¹¡ r
2
(e¡ b)2¾2; (44)

where wehave taken into accountthatan ad-valorem trading fee off isleviedon the

active trader'stransaction.19 T he optim alsolution can beobtainedby rearranging the

¯rstordercondition

b[e;pu;f]= e¡ ¹¡ pu(1¡ f)
r¾2

: (45)

In L em m a A .3 we derive when the active traderdem andsupstairsfacilitation forher

block sale.

L em m a A .3:Fore¸ eu, the active tradersellsb[e;pu;f]sharesofstock with upstairs

facilitation, where eu isim plicitly dē nedby

r
2
¾2(b[eU ;pU ;f])2¡ C =

r
2
¾2(b[eu;p;t])2¡ C : (46)

Proof:Selling b[e;pu;f] shareswith upstairsfacilitation raisesA'sexpectedutility by

(b[e;pu;f])2¾2r=2¡ C .Sellingb[e;p;t]sharesatpricepin thedownstairsm arketraises

A'sexpectedutility by (b[e;p;t])2¾2r=s.H ence, upstairsfacilitation increasesA'sex-

pected utility by (1¡ ±)((b[e;pu;f])2¾2r=2¡ C ¡ (b[e;p;t])2¾2r=s). Thisutility gain

equalszero foran endowm ent ofeu, dē ned by condition (46). U nderthe assum p-

tion thatpu > p, the term on the left-handside ofthiscondition exceedsthaton the

right-handsidefore¸ eu.

To derive the equilibrium forthe upstairsand the downstairsm arket we need to

redē ne som e ofourearliernotation to incorporate the possibility oftrading on the
19A sdiscussedin Section 3.5,fm aybeequaltottim esthatfraction oftheactivetrader'stransaction

thatcannotbeexecutedo® theexchange.
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upstairsm arket.Two piecesofnotation are a®ected:~sand¯[B].Earlier, wedē ned

~sastheunclearedportion oftheactive trader'ssellorderafterexecution ofalleligible

lim itbuyorders.From now on, ~swillrepresentonlytheunclearedportion ofa sellorder

routedto thedownstairsm arket.Sim ilarly, ¯[B] wasdē nedearlierastheprobability

ofexecution oflim it orders, ¯[B] = 1¡ F [eh[B]]. From now on, ¯[B] willstand for

the probability ofexecution oflim itorderson the downstairsm arketwhen the active

tradercan also sellsharesupstairs.Forthisreason, ¯[B] willberedē nedas¯[B] =

F [eu]¡ F [eh[B]].

Proposition A .2sum m arizestheresultsfrom above.

Proposition A .2:Trading downstairsand upstairs

(i) E xchange m emberssetaside capacity forown-account trading with probability ¼¤,

given by condition (39).

(ii)V alue traderssubm itlim itordersatpforl¤[B¤]sharesdē nedin expression (40).

(iii) T he active traderAsellsbd[e] sharesofstock in the downstairsm arketandbu[e]

shareswith upstairsfacilitation,

bd[e]=

8
>>>>>>>>>>><
>>>>>>>>>>>:

0 ife< e,

b[e;¹p;t] ife· e< es[B¤],

b[B¤] ifes[B¤]· e< eh[B¤],

b[e;p;t] ifeh[B¤]· e< eu,

0 ifeu · e,

(47)

bu[e]=

8
><
>:
0 ife< eu,

b[e;pu;f] ifeu · e· ¹e.
(48)

(iv)T hespecialistS setsa m arketclearing pricep¤ according to expression (42).
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A .3 ThePlayers'Expected U tility

W e can now derive the expressionsforthe players'expected utility gainsfrom being

ableto trade.W e consider¯rstthe active trader.Selling sharesincreasesthistrader's

expectedutility by,

U = º+ (1¡ Á)¹; (49)

for

º = (F [eh[B¤]]¡ F [e])r¾2
2 E [(b[e;¹p;t])2je· e< eh[B¤]]

¡ (F [eh[B¤]]¡ F [es[B¤]])r¾2
2 E [(b[e;¹p;t]¡ b[B¤])2jes[B¤]· e< eh[B¤]]

+ (1¡ F [eh[B¤]])r¾2
2 E [(b[e;p;t])2jeh[B¤]· e· ¹e];

¹ = (1¡ F [eu])(r¾22 E [(b[e;pu;f])2¡ (b[e;p;t])2jeu · e· ¹e]¡ C ):

(50)

In the expression forº, the secondline capturesthe utility lossfrom unrealizedrisk-

sharing opportunitiesifArestrictsthesizeofherblock saletob[B¤]sharesin orderto

avoidtheprice im pactofselling m ore.

W e next considerthe value traders. C om petition between these tradersim plies

thatthey justbreak even on the opportunity costofposting lim itorders.N etofthis

opportunity cost, the expected utility ofa value traderi, dē ned in expression (35),

equalszero in equilibrium sincecondition (36)holdsasequation.

F inally, weconsidertheexchangem embers.

Theupstairs¯rm sam ong theexchangem emberscan prō tfrom upstairsfacilitation

oftheactivetrader'sblock sale.A sdiscussedabove, weallow forim perfectcompetition

between theupstairs¯rms, enabling them to extracta fraction Á oftheactive trader's

utility gain ¹ from being able to sellsharesupstairsratherthan downstairs. This

am ountsto a prō tof

V = Á¹; (51)
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formu given by theexpression statedabove.

N ow considerexchangem embers'own-accounttrading in thedownstairsm arket.W e

startwith thetrading crowd.B y condition (39), alloftheseexchangem embersearn an

expectedprō tequalto theopportunity cost°.Thus, thedownstairsm arketo®ersno

strictly prō table trading opportunitiesforthem .In approxim ation, the sam e istrue

forthe specialist. W ith a high numberofotherexchange m embersm , the specialist

can alm ostnevertradeon own account:Priority rulesallow otherexchangem embersto

respondto any trading opportunitiesbeforethespecialist.

B A ppendixB :Proofs

ProofofL em m a 1:

To derive e®ectsofthe feeson players'expectedutility via explicit trading costs, we

holdconstantthepricesatwhich tradesgetexecuteddownstairsandupstairs.Forthe

downstairsm arket, thism eansthatwe needto holdconstantthedepth oflim itorder

book, B¤, that determ ineseh[B¤], the criticalvalue ofthe active trader'sendowm ent

thatdeterm ineswhetherthistrader'sordershavea price im pact.

H olding constantB¤, di®erentiating expressions(49)and(51)yieldsthe following
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results:

U tjB¤=const.= ¡(F [es[B¤]]¡ F [e])E [¹pb[e;¹p;t]je· e< es[B¤]]

¡(F [eh[B¤]]¡ F [es[B¤]])¹pb[B¤]

¡(1¡ F [eh[B¤]])E [pb[e;p;t]jeh[B¤]· e· ¹e]

+(1¡ Á)(1¡ F [eu])E [pb[e;p;t]jeu · e· ¹e]

= ¡(Y d+ ÁY u! d);

U fjB¤=const.= ¡(1¡ Á)(1¡ F [eu])E [pub[e;pu;f]jeu · e· ¹e]

= ¡(1¡ Á)Y u;

VtjB¤=const.= Á(1¡ F [eu])E [pb[e;p;t]jeu · e· ¹e]

= ÁY u! d;

VfjB¤=const.= ¡Á(1¡ F [eu])E [pub[e;pu;f]jeu · e· ¹e]

= ¡ÁY u;

(52)

for

Y d = (F [es[B¤]]¡ F [e])E [¹pb[e;¹p;t]je· e< es[B¤]]

+(F [eh[B¤]]¡ F [es[B¤]])¹pb[B¤]

+(F [eu]¡ F [eh[B¤]])E [pb[e;p;t]jeh[B¤]· e< eu];

Y u! d = (1¡ F [eu])E [pb[e;p;t]jeu · e· ¹e];

Y u = (1¡ F [eu])E [pub[e;pu;f]jeu · e· ¹e]:

(53)

T heresultsin (10)follow for

deU = dtU tjB¤ =const.+ dfU fjB¤=const.;and

deV = dtVtjB¤ =const.+ dfVfjB¤ =const.:

¤

ProofofL em m a 2:

To derive e®ectsofthe feeson players'expectedutility via explicit trading costs, we

consideronly e®ectson thedepth ofthelim itorderbookB¤ andthepricepu.C onsider
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the expression fordiU stated in L em m a 2. The ¯rst term ofthisexpression isthe

productofthe derivative ofexpression (49)with respecttoB¤, denotedby U B, tim es

thefollowing totalderivative:

dB¤ = Btdt+Bfdf+BIdI: (54)

Thesecondterm isobtainedby di®erentiating expression (49)with respecttopu,

@ U
@ pu

= (1¡ Á)¹bu(1¡ f);for¹bu = (1¡ F [eu])E [b[e;pu;f]jeu · e· ¹e]; (55)

and m ultiplying thisexpression by the derivative ofpu with respect to I, @ pu=@ I =

¡±0[I]
p
r¾2, in orderto obtain theresult:

@ U
@ pu

@ pu

@ I
= ¡(1¡ Á)¹bup0[I]; (56)

forp0[I]= (1¡ f)±0[I]
p
r¾2.

The expression fordiV followsby di®erentiating expression (51)with respectto pu

andmultiplying theresultwith theabove-statedderivativeofpu with respectto I. ¤

ProofofProposition 5:

Expressionsfordt=dL , df=dL anddI=dL follow from theexpression forrW 0stated

aboveProposition 4:dt=dL = W 0
t=W 0

L , df=dL = W 0
f=W 0

L anddI=dL = W 0
I=W 0

L ..D i®er-

entiating theseexpressionsyieldsthefollowing results:

@
@!0

dt
dL = ¡ ÁY u! d

(1¡¿0)(1¡!0)2 < 0;

@
@!0

df
dL = ÁY u

(1¡¿0)(1¡!0)2 > 0;

@
@!0

dI
dL = Á¹bup0[I]

(1¡¿0)(1¡!0)2 > 0;

@
@ ¿0

dt
dL = Zt(1¡¿)(1¡!)(1¡!0)+Y u! dÁ(!(1¡!0)¡¿!0(1¡!)

¿(1¡¿0)2(1¡!)(1¡!0) ;

@
@ ¿0

df
dL = Zf(1¡¿)(1¡!)(1¡!0)¡Y uÁ(!(1¡!0)¡¿!0(1¡!)

¿(1¡¿0)2(1¡!)(1¡!0) ;

@
@ ¿0

dI
dL = ZI(1¡¿)(1¡!)(1¡!0)¡¹bup0[I]Á(!(1¡!0)¡¿!0(1¡!)

¿(1¡¿0)2(1¡!)(1¡!0) :

(57)

Substituting forY u! d = ¹t, Y u = ¡¹f and¹bup0[I] = ¡¹I andrearranging yieldsthe

conditionsstatedin Proposition 5for@ =@ ¿0dx=dL > 0. ¤
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