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In theearly 1970s,thefirm [ CantorFitzgerald] vaulted to nealy monopaistic pre-eminence
in the bond market by doing somethig no one elsehad dore before: Cantor began posing
governmentbond prices on compute screens for clients, mainly Wall Streetbond deders,
bringing trangparengy to a market whete opacity and rumor had beenthe normt

Whywould| wantto postmy pricesontheweb?If | did that, my competiors could seewhat
| amcharging and would undecut my pricesby a few penrnes,and | would lose mostof my
business?

1 Intr oduction

We obseve significant differences in the microdructure of tradein various commoditesand ass¢s. A
significant shareof tradein commodites suchaswheatand pork belliesandin financid asset suchas
commonstocks and Treasurysealritiesis intermediatedby market malers (alsoknown asspecialists), at
publicly poded bid andaskprices. Market makerstypically eitherown or are membersof an exchange
suchasthe New York Stock Excharge or the ChicagoBoardof Trade. However for other commodties
suchas sted, virtually all tradeis conducted by middlemen(also known as dederbrdkersin financid
marlkets or “sted senice centes” in the steelmarket), atindividually negotiatedprices. In the sted market
there are no market malkers or exchargeswherevalid currert bid and ask prices are publicly posteal.
Instead, transation pricesare private informaion, forcing tradersin the steelmarket to engagdn seard
andbagainingto find agoad price.

It is commony believed that market makers and exchangesare appropriate for tradng highly stan
dardzedcommodtiesandasses for whichthevolumeis sufiiciently large to produce“thick” and“active”
markets. However, mosttypesof steelcoil andplate areat leastasstandirdized aswheator pork bellies,
andthevolumeof tradein these particularsteé productsis atleag aslarge. A numberof potential market
malkerssuchasMetalSite,e-STEEL andEnronhave recenly attemptel to ente the sted market, but so
farwithout suaess.Enronwentbankuptin Decembe2001, MetalSite’s websitewasclosedin Jure 2001
(althoughit wasreopenedin November2001), ande-STEELchangdits nameto NewView Technol@ies
in November2001, reflectirg a new focus away from steel Thus, at presem no market makers hande
a significant shae of tradein sted. Sothefirst puze is to explain why market makers suchas Cantor

Fitzgelald have beensuccesfulin enterng andtransforming thetradein bonds, but notin steel.

1Zuckerman, Gregory, Ann Davis, and SuzanneMcGee,“Before and After: Why CantorFitzgeraldCan Never Re-Create
Whatlt OnceWas’ Wall StreetJournal, October26,2001,pageAl.
2A privatecommunicatiorto the authorsby a middlemanin the steelservicecenterindustry



The secand quofation above suggetsthat even thoudh new informationtechnologes suchasthe In-
terng male it nealy costlessto postandupdatebid andaskpricespublicly, it might still be unprditable
for potential market makersto enter marketssuchassted. If buyersof ste¢ areaccistomedto searting,
then middlemencan easily respand to the entry of a market maker by slightly undercuting the market
maker’s prices,stealng mostof his busiress.Sothe secom puzzk is to explain how a market maker such
as CantorFitzgeiald cansuccesfully entera market such asthe bond marlket if the existing middlemen
canrespad by undecutting the market maker's publicly postel bid andaskprices

As a steptoward ansvering thes puzlesand undeastandng the differencesin the microstucture of
tradethat we obsene acros various markets we presat a simple modelin which the shae of trade
intermediatedby middlemenand market makersis endogenotsly detemined. Our modelalso provides
insights into the likely effects of the hugeredudion in searchand transactions cods resuting from the
information revolution and the adwert of the World Wide Weh Thesetecmologes have facilitatedthe
rapid emegenceof market makersopeating web-bagd “B2B excharges”that intermediatebusinessto-
businesstrade threatenirg the existerce of traditional middlemenin thesemarkets’

Ourmodelis anextenson of a modelof intermediaton andsear® dueto Spulber(1996a). Spulbers
model hasthreetypes of agents: buyers (consumers),sellers (producer9, and price-seting middlemen.
Sincemiddlemenare often called deakrs, we refer to Spulbe’s modelasan analysis of the dealer mar-
ket. Our mainextensionis to consder the effect of introducing a fourth type of agen, market malers. In
Spulbe’s model middlemenareassunedto betheexclusive avenueof exchange: every producerwishing
to sellacommodty (or as®t) andevery consumerwishingto purchaseit is requiredto transactvia mid-
dlemenratherthantrade diredly with eachother Transa&tionsin the dealermarket occu over arange of
individually negotiatedprices — the outcomeof a costly sequatial seard process.

We study the effect of introducing a mongolist market maker on the seart equiibrium in the deale
market Themarket maker canbe conceptializedasoperding anexcharge on which publicly observable
bid andaskprices arepoged. Produces andconsunersnow have the option of tradng on the exchange
at the publidy postedbid andaskprices, or seaching for a betterprice in the deale market. Sincethe

prices quoted by middlemenarenot publicly postel, prodiwcersandconsimersmustobtain themby dired

3Therateof growth of B2B marletsis nothingshortof pheromenal:ForresterResearchpredictsthatsalesvia comptterized
market makerswill expandfivefold in the next two yearsandwill account for atleast25 percet of all salesin 2002,anda total
volume of $1.4trillion in transactiondy 2004. Theseestimatesnay be conseretive: alternatve forecastsquotedin a recent
symposiumon B2B e-commerceublishedin the Journal of EconomicLiterature are substantiallyhigher See,for example,
Lucking-Reiley andSpulber(2001) andBakos (2001) for even moreoptimistic forecastof rapidgrowth in retail e-commerce.



confact(e.g.,ateleghonecall), andthe delays ass@iated with searding consttute animplicit seach cost.

Entry by amonopdist market maker is profitable evenif the market maker hashigher perunit transac-
tions costthanmostmiddlemen providedthatit is lower thanthatof theleastefficient middlemanoperat
ing in thedeale market beforetheentryof themarket maler. If so,theentry of themarket makerdrivesthe
leastefficient middle menout of businessandsegmens the market: the highest-valuatio consumersand
the lowestcostprodwers(i.e., thosewith the largestimplicit searchcostg trade with the market maler,
andtheresidual setof intermediatevaluaion conrsumersandintermediatecostproducersseart for bette
prices in the deale market All of the suniving middlemenundecut the bid-ask spreal chagedby the
monomlist market maker. Thusthe entry of the monopdist market maker creaesaddtional compettion
thatresulsin significantredwctionsin thebid-askspreasin thedeale market, uniformly higher consumer
andproducersurpusesandhighe trading volumes.

Middlemen and market makers representcompetiry institutions for the intermediaton of trade. A
market maker offers a supefor excharge techrology for the highest-valuation buyers andthe lowest-cost
sellgs, andits ently raises welfareandreduesbid-askspreals comparé with the free-entry seart equi
librium when all intermediatian is done by middlemen. On the othe hand free entry of middlemen
providesa “compeitive fringe” thatlimits the market power of a monoplist market maker. Without the
compettivethrea of middlemen,amonopdist market maker would quate awider bid-ask spreal, andcon
sumerand producer surdus would be sigrificantly lower. However in somesitudions the market maker
canenterthe market, drive all middlemenout of business,and setuncorstraired monoply bid andask
prices in the pog-entry equlibrium. Eventhis monopdy outcaneresuts in a strict Paretoimprovemert
relaiveto the free-entry equilibriumthatexisted in thedeale market befare theentry of the market maler.

Therelative shareof tradeintermedatedby middlemen ratherthan the market maker dependson three
parameers: the intertemporaldiscountrate d andthe per unit transactiors costsof the market maler g,
andmostefficient middleman k. For a broad rangeof paranetervalues, the market maker coexists with
the deale market. However if the market maker’s per unit transactiors costk, exceed that of the leas
efficient middleman k operaing in the dealermarket before the entry of a market maker, then entry by
the market maker is not profitable and only middlemenwill exist in equiibrium. Corversely if the per
unit transactians costof the mostefficient middlemank is sufficiently high relative to the transactions cost
of the market maker ky, thenthe entry of the market maker drivesall middlemenout of business. The
deale market cansurvive the entry of a market maker evenif thetransactions costk of the mostefficient

middlemanexceed the transations costk,, of the market maker — providedit is nottoo muchgreate.



Our analysisis similar in somerespets to those of Gehrig (1993) and Neemanand Vulkan (2001),
although our conclsiors are quite different* Gehrigstudiesa modelin which producersandconsimers
of a commodityhave the option of trading at publicly pogedbid andaskprices on anexchargerunby a
market malker (which Gehrigcallsan“intermediay”), or entaing a“search market” in which consumers
and producersare rancomly matchedand engag@ in bamgaining in an attemptto negotiate a mutually
accepable price. Gehrig's modeldiffers from oursprimarily in the formulation of the seach market, he
modelsthe baigaining processin the searchmarket asa static (one-sho) random matchirg gamein which
consumersand producersnegotiate direcly with eachothe ratherthantransactirg through middlemen.
In Gehrigs modelthe market maker always coexists with the seartt market andchargeghe samebid-ask
sprea andtrades the samevolume regardiessof the level of searchcoss in the searchmarket Neeman
andVulkan (2007) obtain avery differentresut, namely thatthe market maker cannever coexist with the
seard marketin equiibrium. In their modelageris have a choice betweentradng at postel priceswith a
market makerin acentalized market andengagngin dired negotiationswith arandomly chosnproducer
or consunerin the seach market. They prove aresut similar to ours,namely thatthe highest-valuation
consaimersandlowest-ost producersprefe to tradewith the market maker rathe than engagein direa
negotiation. However, in their modelthe entry of a market maker caugsa completeunraveling of direc
negotiations, andin equiibrium all tradeis conducted in the centalizedmarket by the market malker.

In secton 2 we review a dynamic equlibrium model, introducedby Spulbe (199%a), of trade with
searth amongcompeing middlemen. In section 3 we constder whether the deale market equilibrium
charaterizedin sedion 2 canbe upsetby the entry of amonoplist market maker who runsa centalized
exchangewith pubicly postel prices. In sectbn 4 we considerthe casewherethereis freeentty of market
malers resuling in Bertrandstyle competiton thatforcesthebid-ask spreaddown to thetransations cost
of the mostefficient market maker. Although our interestin altemative intermediaton techrologies arose
from our obsevations of the microstuctureof trade in the steelmarket, we believe our theory provides
insights into the microdructure of tradein a wide rangeof markets In secton 5 we disaussthree other
marlets beside steel: the market for goods in Radfod’s (1945) P.O.W. camp,the U.S. equity market,
andthe U.S. Treasurymarlet. In sectian 6 we offer someconduding remarksandsuggestiansfor further

reseach.

“We discussrelatedpapersby Baye and Morgan (2001), Caillaud and Jullien (2001), Pirrong (2000, and Hendersbtt and
Zhang(2001)laterin the paper A numberof otherstudieson the role of intermediarieglesere mentionalthoughwe do not
explicitly discussthem. An incompletelist includesGarman(1976), Rubinsteinand Wolinsky (1987), Yanelle(1989, Yavas
(1992),andO’Hara (1995).



2 Search Equilib rium with Middlemen but No Mark et Maker

Our point of depature is a simple excharge ecoromy in which the only intermedaries are middlemen.
We preset a modifiedversian of Spulbets (199%a) equiibrium seach modelwith three typesof agents:
producers,cornsumersandmiddlemen In this modelproducersandconsimerscanrot tradedirectly with
eachother. Insteadall trade mustbeintermediatel by middleman. To keep our presatation self-contaned,
wereview Spulbersmodelin this secton before preseting our extensionof hismodelin whichwe andyze
the effect of introducing afourth type of agennt — amarket maker. Sincemiddlemenof thetype studiedin
this sectbn arecalleddealesin avariety of financial andcommaodty markets, we referto Spulbe’s work
asananalysisof acompditive dealermarket.

The deakr market congsts of a coninuum of hetepgen®us prodwcers,consumers,and middlemen.
A producer of type v can produce at mostone unit of the good at a costof v. A consimer of type v
canconsumeat mostoneunit of the goodandis willing to pay at mostv to consumeit. Produces and
consimersremainin themarket for arandom (geametricaly distributed length of time befare permanatly
exiting. Let A € (0,1) be the probability of a produceror a consumer exiting the market in periodt. A
consimeror prodwer may randanly exit beforehaving a chanceto consumeor sell a unit of the goad,
respetively. However, if they succedin trading prior to exiti ng, the unitary supply-demandassumgon
impliesthat theseindividuals will not malke ary subgquer transactiors aftertheir initial trade.

Suppae that wheneer a producer or a conaimer exits the market, he or sheis replaed by a new
produceror consumerwho is randanly dravn from U [0, 1], the uniform distribution onthe [0, 1] interval.
Suppos thatattime t = O theinitial distribution of typesv of producersandconsumerss U[0,1]. Then
in all sutsequet periadst = 1,2,3... the distribution of types will alsobeU[0,1]. ThusU][0,1] is the
unique, invariantdistribution of this entry andexit processandin eachsubgquen periodt =1,2.3,... a
fraction A of the popuation of producersand consimersexits the market andis replacedby aninflow of
anequalfraction of new producersandconsimers.

In a deale market there is no cental excharge or marketpace wherethe commodty is traded In
particular, thereis no adwertising or certral, publicly accesiblesitewheremiddlemencanpostbid andask
prices. Instead, the only way for producersandconsumersto obtan price quotesis by diredly contacting
individual middlemen. Middle men are infinitely lived and seta pair of stationary bid and ask prices
to maximize their expeded discownted profits. Thereare a coninuum of middlemenindexed by k, the

maiginal costsof execuing eachtrade betweena producer and a consimer Transactbns coss k are



distributed uniformly over the interval [k,1]. The lower bound k is the mamginal transctions costof the
mostefficientmiddleman.lt maynotbepossiblefor all potential middlemento ente thedeakr marketand
make a profit. We will let k derote the transa&tions costof the leastefficient middlemanwho participates
in the deder market in equilibrium. Thusprdfits earnedoy this magina middlemank arezerq although
the more efficient, inframaiginal middlemenwith k € [k,k) can earnpostive profitsin equiibrium. A
middlemanof typek € [k, k] choosesa pair of statonarybid andaskprices(b(k),a(k)) thatmaximizeshis
expeded discouned profits,wherea(k) denoesthe askprice at which the middlemanis willin g to sell to
consimers,andb(k) dendesthe bid price at which the middlemanis willing to purchasefrom producers.

Produ@rsandconsunersenga@ in sequatial searti. Eachperiod a searter obtairs a singe price
quote from one middleman, dravn rancomly from U [k, K]. Although there is no explicit costto obtdn a
pricequote thereis animplicit “delay cost' involvedin searting for prices.All produwcersandconsimers
discaunt the future using the factor p(1— A). Thefirst termin this composie discaunt facta, p € (0, 1),
reflectsthe rate of time prefelence,andthe secand, (1— A), is the “survival probability” thataccaintsfor
the possbility of randam exit from the market prior to trading (in which casethe exiting agent fails to
receiwe ary gainsfrom trade)® The statianarity of the bid andaskpriceschaged by middlementogether
with theheteogereity in theirtransationscossimpliesthatthesequaceof realizedprice quatesobtaned
by consimersandproducersareindependertly andidertically distributed (i.i.d.) drawvs from thestaionary
distributionsof bid andaskprices chaged by middlemen Let i (a) derpte the distribution of askprices
facing consimersandF(b) derotethe distribution of bid pricesfacingprodicers.

Let V;(a,Vv) derote the preentdiscowntedvalue of an optimal seart stratey for a consumer of type
v who hasreceveda quated askprice of a from arandmly chos& middleman. The consuner hasthree
choices: a) do nothing (i.e., do not buy at the askprice a and do not seach), b) accept the middleman’s
askprice of a, or ) rejed the middlemans askprice of a andcortinue searclng for abetter price. These

threeoptionsarereflectedin the following Bellmanequationfor the consumer’s problem:
a
Ve(a,v) = max[o,v— a,p(l—)\)/ Vc(a',v)Fq(da’)] , (1)
a

where[a,d] is the suppat of the distribution of ask prices chaged by middlemen The value of 0O in

the Bellman equation correspors to the option of not searding, not trading, and not consuming. All

51t is possibleto extendthe modelby including explicit per periodsearchcostsy. However, it is not difficult to shov thata
stationaryequilibriumin thedealemarketcannd existif y> 0. Thereforewerestricty = 0 in theanalysighatfollows,accouring
only for theimplicit searchcostsresultingfrom exiting the market beforehaving an opporturity to executea transaction(the A
parameter)andthediscountingof delayedgainsfrom trade(the p parameter).



conuumerswith sufiiciently low valuationswill choo® this option. Clearly, any consumerwith valuaion
v < awill never searchor tradein the deale market.

Now corsidertheremairing high-valuaion consumers.As is well known, the optimal seach strategyy
for a consumerof type v takesthe form of a reservdion pricerule: accep arny askprice lessthanthe

resewation price r¢(v), wherer¢(v) is thefunction implicitly definedby the unique solution to

v=rc(V)+ El_) /a o Fa(a)da, 2)

where
1

o) 3)

is the compodte exit-adjusted perpeiiod discountrate. It is not difficult to seefrom equdion (2) thatg(v)

5=3(p,\) =

is a strictly increasirg function of v on theinterval (%, 1), wherey, is the maginal consunerfor whom
the gainfrom enteing the dealermarket is zero.We have v, = re(v,) =r. = a.

LetVp(b,v) denot the preset discounted value of anoptimal seach strategy of a prodwcer of type v

facing abid price of b. The Bellmanequadion for the prodwceris givenby
b
Vo(b,v) =max| 0,6~ v,p(1~ ) [ V(b WFg(ab) |, (4)
b

where b, b] is the sugport of the distribution of bid pricesoffered by middlemen. The optimd strateyy
for aprodwcer of type v alsotakes the form of a resewation price stratey, but in this caseit is optimalto
accep ary bid price b thatexceedsthereservatiorpricery(v), givenby the unique solution to

1 rb

v=rp¥) =5 | L= Fe(D)db (5)

In the producercaserp(v) is monotanically increasingover theinterval (0,%) wherevp =rp(Vp) =T, =b
is the maginal producerfor whomthe expectedgainfrom searclng is zero.

Figure 1 graghs the resevation price functions r;(v) andrp(v) for an example whered = .2 with a
spedfic (equilibrium) pair of bid andaskdistributions i, andFg thatwill be derved shatly. Valuations
for buyersare plotted from high to low, whereasselless’ cost are plotted from low to high, resuting in
notional “supply” and“demand curves. However, actual transa&tionsin this market are detemined by
producers’ and consimers’ optimal seart behavior Consumerspurchasethe good from middlemenat
pricesin theinterval [a,a] = [.61,.71], andproducerssell the goodto middlemenat pricesin the interval

[b,b] =[.28,.39). Note thatthe reservatiorprice function for prodicers,,(v), lies uniformly above the

8



selles’ supgy curve, provided thatthe prodwcer participatesin the deakr marlet. It is easyto seefrom
equdion (5) that whenthe seller’s costv exceedsthe upper bound b of the distribution fg of bid prices
offered by middlemen thereis no point in seartiing. Thusall producerswith coss v > b = =.39
remainout of the market Symmetrically the resevation price function for buyers lies uniformly below
their valuaions,intersectng it atthe lower sugport point a =\, = .61 of the distribution of askpricesF,.

Therefae the setof active consumersarethosefor whomv € (v, 1] = (a,1] = (.61, 1].

Equilibrium, No Market Maker, 6=0.20
Discounted Surplus=0.1471
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Figure 1: Resewation Pricesfor Buyers (Consumers)and Sellers (Producers)
Along the abscissabuyers’valuatiors areplottedfrom high to low, whereassellers’valuations(costs)areplottedfrom low
to high.

Thedifferencebetweera consimers valuationv andhis or herresevationvalueg(v) is thenetvalue
of seart, i.e. the expecteddiscounted surdus or “gains from trade” For reference we plot a horizontd
dasledline of heiglt equalto .5 in figure 1. Theareain the triangular regionsbetwea the 45-degreeline
andthis horizontalline (andto theleft of theintersectian of the“supply” and“demand” curves)represens
thesurdusthatconsumersandproducerswould achieve in africtionless Walrasanequilibri um, wherethe
equiibrium price for thegoodequds p* = .5. In thatcasethe surdus for a consumer with valuationv is
givenby max0,v — .5], andthe surdus for a prodwerwith cod v is givenby max0,.5 — v]. Theareaof
the triangular regions, i.e. the surplws achieed by prodwersandconsimersin Walrasian equilibrium, is
1/8 and1/8, respetively, resuting in atotal surdus of 1/4. Theareabetwee the horizontd dashel line
andtheresewation price curvesrepresentgheinefficiency of the seart equlibriu m outcame,i.e. thelost
gainsfrom tradeto prodwersandconsumers.

Intermediaries maximizeexpeded discounted profits subject to the congraint thatsupdy anddemarn



for the commodityareequal in every periad. This constaintis necessitaed by the assunption that mid-
dlemendo not carty inverntoriesacrasssucceasve periods. Suppasea middlemansetsan askprice of a.
Let Dj(a) dende the massof consumerswho wereamongtheiniti al popuation att = 0 who purchasethe
goodin period i

1-v, /aFC(l_)\)i[l_Fq(r)]ih(r)dr, ©)

where N is the number(totd mass)of middlemen,T. = rc(1) is the resewation price of the highest-

Di(a) =

valuaion buyer, andh(r) is the (conditional) distribution of resevation pricesamongthe fraction 1 — y
of theinitial popuation of consimerswho chose to paricipate in the dealermarket. Thus,h(r)[1—y]/N

is the perfirm densty of consimers.SoD;(a) equalstheintegra of the product of the probability (1—A)

of not exiting the market in periadst = 0,1,...,i — 1 timesthe probability [1— K (r)])' of not trading in
periadsO,...,i — 1, timesthe perfirm densiy of consimersh(r)[1—\.]/N, integratedover the region of
resewation values [a,T¢| correspondng to buyerswho arewilling to purchaseat pricea. By a change of
varialles, the dersity h(r) canbe derived from the distribution r.(v) andthe fact that the valudions of

those consumerswho patticipate in the deakr market areuniformly distributedon [y, 1]:

[ Jfdre, g0\t 14Fa(r)/3 )/
0= | [Gereton| =D @
Let D; betheshake of theinitial popuation thatpurchasesdrom any middlemanattimei:
a 1 . .
Di:/ Di(a)Fq(da):/ (1= A)[1= Fa (V)] IFa(v)dv. ®)
a Ve

It is not hardto verify that, whenA > 0, the shareof consumerswho ultimatdy purchasethegoad is less

thanthe shae of consimerswho chocseto searchor it in the deale market:

%D. /1 i A 1 TR ©)

This occus since someof the conaimerswho attempéed to searchfor the good endel up exiting the

deale market beforethey wereableto find a sufiiciently attradive price. Thisis partof the deadveight
lossinvolved in the operdion of the dealermarket Anothe compamentof the deadveight loss dueto
seqtential searchandthe implied delay in trading and consuming is the discownting of the gainsfrom
tradefor those transactiors thatareultimatdy realized.

Total expeded discaunteddeman is the expectal discownted value of the strean of demandsn all
future periadsby theinitial popuation attimet = 0 aswell asthestreamof demanlsfrom eachsuceedirgy

geneationof new produces andconsumersenterngthedeakrmarket. Thesubseguententrantsaredravn
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from the sameU [0, 1] distribution of typesasthe initial popuation of producersandconsunersatt = 0,
but their massis scakd by the facta A, the fraction of the popuation entaging andexiting eachperiod.

Assumingthat all middlemendiscaunt future flows using the discaunt fador p, we have
D@ = SpDi@+AY ey p'Di(a)
2, 202

T [iipi(l—h)i[l— Fa(r)] +A ,ipj iip‘(l_x)i[l_ Fa(r)]i] h(r)dr
1 [  14pA/(1-p) O(p,A) + Fu(r)

N/a _1—p(1—)\)[1—Fu(r)]H 3(p,A) ]dr

1 [ 14+pA/(1-p) 1-p(1—A)+p(1—=A)Fa(r)

N, I Jo

Tc—

[1-p(1=A)+p(1—A)Fu(r) 1-p(1-7)

_ afl+pAr/(1-p)

= N | 1mpaon | (10)
By similar reasming the middleman’s expectal discauntedsupply function is

_b—rp[1+pA/(1-p)
- [ ) D

wherer, = ro(0) is the reservatiorvalue of the lowestcostprodwer. Given the discauntedsugply and

demandunctions,the middleman’s presen discauntedvalueof future tradng prdfits is givenby

M(a,b,k) = aD(a) — (b+k)S(b) = [T_pg{il_ _)\;J)] [a(rc —a)- (,E’IJF iG] B
The middlemans problamis to:
maxM(ab,k) sufiectto: D(@) < (). (13)
The optimal bid andaskpricesare
ak) = (3retr, k)4
bK) = (Fet3rp—K)/4 (14)

Thesebid andaskprices alsoequatesupply anddemandn every period: D(a(k)) = S(b(k)),i=0,1,2...
The linearity of a(k) andb(k) in k implies that the distributions of the bid and ask prices ki andFg

areuniform. To find the suppat of thes distributions, we needto comput k, the transactiors costof the

mamginal middleman enteaing the dealermarket in equiibrium. Plugging the soluions in equaion (14)

backinto the profit function (12), we obtain

_ Te—r,—k)?
I‘I(a(k),b(k),k):[lf_pg(/il_)\;))] [(r éﬁl )]. (15)

11



Solvingfor M(a(k), b(k), k) = 0, we seethatthemaigina middlemanhasatransactimscostofk =T.—r,
andthe numberof middlenenoperaing in equilibriumisN=k— k=T, — I, — k. Lettingk equal k and
k, we obtain sugportsof the equiibrium distributionsof bid andaskprices The upper andlower sugport
points of thedistribution of bid andaskpricesarefunctions of the highestandlowestresevation values of
buyersandselles. This charaterizaion will play akey rolein section 3 whenwe analyze how the deale
marlket is affectad by the potential entry of a market maler.

Lemmal: If k < 1, thereis a unique stationary equlibri umin thedeale market. Bid pricesare uniformly

distributed on theinterval [b, b], and askprices are uniformly distributedon theinterval [a;a], whee

|

=Tc, a=r.=.25,+K)+.75¢

QZLpa b

To completethe charaterizaion of the dealermarket equilibriu m, we needto derive expressionsfor
the resevation values of the highest-valuatia consumert; andthe lowest-ostselle 1, in termsof the
undelying prefeenceandtecology parametes (p, A, k). Substtuting the uniformdistribution i of ask
prices andthe expressionfor its lower support point a into equaion (2) for the conrsumerwith the highest
resewationvalueT; = rc(1), we obtan

1 [T
0 /a
(1+83)rc—r,—k
8% ’

17)

Similarly, substtuting Fz and the formula for its uppersuppat point b into the resevation price equa

tion (5) for the producerwith thelowestresevationvaluer, = rp(0), we obtain

b
0 = 15 [ [1-Fulb]b

(1+8d)rp,—Tc+k

= ; 1
85 (18)
Solvingtheseequdionsfor ¢ andr,, we obtan 1 =T¢+r,, whichimpliesthat
- 1+k+8 1k
rc_m, an [p_m. (19)
Thefraction of consimersandprodwcerswho participatein the deale marlketis givenby
. _ 1-Kk)(1+25
q :1—_C:rpzu. (20)

2+8d
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Thedistribution of askpricesF, is uniform ontheinterval

1+60+k(1+25) 1+k+8d 21)
2+ 80 © 2+8d
Thedistribution of bid pricesFg is uniform ontheinterval
1-Kk (1-K)(1+25)
[2+86’ 2+8% ) (22)

We canseefrom thes equaionsthatasd | 0 andk | 0, thedistributions of bid andaskpricescorvergeto
adegeneratedistribution with all massonthesingde price p = .5, the Walrasianequilibrium value We can
alsoseefrom equation (20) thatthe equilibrium quantty traded alsocorvemgesto g = .5, the Walrasian
equiibrium quantity. Thusthe dealermarket equilibriu m contans the Walrasian equilibrium asalimiting
specal caseasseart andtransa&tions coststendto zero.

Themassof middlemenwho areactive in equilibriumis givenby

- 45(1-K
N=k—k= ﬁ (23)
Notethatthe dealermarket collapsesto a notradeequilibriumask — 1. We alsohave N | 0 in the limit
asd | 0. In this casethe deakr marketis not collapsing but rathercorverging to a degeneratedistribution
wherethe mostefficient middlemanhandesall trade,setting anaskprice of a=a= (1+k)/2 anda bid
price of b=Db = (1—Kk)/2. Thisis a zeroprofit equilibrium, sincethe bid-ask spreal of k just offsets
the transactiors costof the mostefficient middleman. As k | 0, the compditive positive trans&tions cost
equiibrium corvergesto thefrictionles Walrasianequilibrium outcane.

We condude by providing formulas for profits and surdus in this ecoromy. Theseformulas will be
important in the next sectia, sincethey enalte usto deteminetherelaive efficiency of the deakr market
equiibrium compaed with an equilibrium with possble entry by a market maker. Total consimerand

producersurplus,dendedby § andS; resgectively, aregivenby

1 1

S=[1+2p/(L-p)) [ v-relde S=[14+rp/@-p) [ o) —viw (@)

wherewe setr(v) = v for theconsimerswho do nottradeandr,(v) = v for produwerswhodo nottrade so
theseindividualsdo not contributeto total surplwus. Thefacta [1+Ap/(1 — p)] adjuds for the discounted
surdus of all currentandfuture consumersandproducerswho enter the market.

Thetotd discowntedprofits of all middlemenparicipating in the deale marketis givenby

(1+8)N?
ol

ndz/kkn(a(k),b(k),k)dkz[1+ PA H (25)

(1-p)
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We seefrom this formula that total profits of middlementendto 0 asd | O (dueto corvergerce to a
zeroprofit compditive equilibrium) or ask 1 1 (dueto corvergerceto a no-tradeequlibrium).
Thetotd gainfrom tradefrom the operation of the deder market, W, is the sumof prodiwcersurpls,

consumersurgdus, andthetotal discounted profits of middlemen
WY =S + Sy + M. (26)

In the limiti ng Walrasan equlibrium, we have § = §, = .125andly = 0, sothe total surdus equaé
W4 = .25, the areaunder the notional supply anddemanl curvesto the left of the intersection atq = .5.
Whend =.2,A =0, andk = 0, we compue § = S, = .0489 and [y = .04%, sothatthe tota surdus
equas WY = .1471, which is only 59 percen of the maximum possible surplus of .25 that would be

achiewedin africtionlessWalrasan equilibri um.

3 Search Equilib rium with a Monopoly Mark et Maker

In this sectbn we extend Spulbets (1996a) modelof searchequlibrium with prodwers,consimers,and
middlemenby introducing afourth type of agent amonoplist market maker. Initially we assunethereis
at mostone potential entrantwho could assumehe role of a monopdist market maker, quoting publicly
obsevablebid andaskprices (an, by). If this market maker enters,producersandconsimerscanchoo®
betweentrading with the market maler at the publicly postel bid andaskprices(a,,bm), andsearcling
for abette bid or askpricein the dealemmarket.

We beggin our andysis by charaterizing how the preseiwge of a market maker affects the solution to
consumers’ and producers’ optimal seach problems. We then derive condtions unde which entry by
a market maler is profitade and compue the market maker's optimal pricing straegy. In doing so, we
compuethedeakr’s equilibrium respnseto the market maker s entry andpricing rules Wethen compae
equiibrium outcomesfor ecoromieswith andwith outamarket maler. Finally we summarzethelimiting

propertiesthe model.

3.1 The consumers’and producers’ decisionrules

Consicer a consumerwho hasnot yet chose to searti. The consimerhasthreeoptions: a) do nothing,
b) purchasea unit of thecommodiy in theexchangeat price ay, or ¢) seart for abetterpricein thedeale

market. The consumer’s value function is given by

a
Ve(m, V) = x| 0,v— a, p(L=A) [ Ve(el o, V)i (0) | . @n
a

14



whereVc(a,am,Vv) derpotesthe value function for a consimerwho haschosento seart andhasreceved
anaskprice of a from amiddle man,modekdasarandan draw from K. Oncethe consumerhasanoffer
in hand he hasthe fourth optionsof acceping the offer from the middleman The Bellmanequation for
Vc(a,am, V) is givenby

a

Ve(a,am, V) = max O,v—a,v—am,p(l—)\)/ Ve(@d, am, V)Fy (dd) | - (28)
a

Theorem 1: Supmsean equlibriu m exists whele the market maler coexistswith middlemenin the deale
market. Leta bethelowed askprice in thedealer marlket aftertheentryof themarket maler. Lety(a, am)
bethevalue of themarginal consumer(with resevationvalue a,), whois indifferentbetweertrading with

the market maler andtrading in the dealermarket:
1 rém
V(@ am) = an+ 5 [ Fa(a)da. (29)
a

If ve(a,am) < 1, thenthere are three different optimal seacch-purchase strategies dependirg on the con
sumers type If v € [0,a), thenit is not optimd for the consimerto trade with the market maler or to
seach for a middlemanin the deale marlet. If v € [a,%(a,am)), thenit is optimd for the consumerto
tradein the deder marlet. If v e (&(a,am), 1], thenit is optimal for the consimerto bypassthe deale
market andto immediatédy purchasethe goodfromthe market maler at the askprice &.

We alsohave asymmetrc resultfor producers namely

Theorem 2: Supmsean equliibriu m exists where the market maler coexists with middlemenin thedeale

market. Letvp(bm,b) bethevalue of the maminal producer (with reservaion valueby), whois indifferert

betweertrading with the market maler andtradingin the deale market:

b
Vo (b, B) = b — % /b (1 Fa(b)]db (30)

If vp(bm,b) > 0, then there are threedifferent optimal search-sell strategies dependirg on the producer’s
type If v € (b, 1], thenit is not optimal for the producer to tradewith the market maler or to seach for

amiddleman in the deder market. If v € (vy(bm,b),b], then it is optimal for the producer to tradein the
deakr marlket. If v € [0,vp(bm,b)], thenit is optimal for the producer to bypassthe deale market and to
immediatéy sellthegoodto the market maler at the bid price by,.

Figure2illustratesTheoremsl and2 for the casewhered = 0.2. Thecurvedline in theleft parelis the
netvalue of seach for consumersy —r;(v), andin theright panelit is the value of seart for prodwcers,

rp(v) —v. The straght lines plotted in eachpané of figure 2 are net valuesof trading with the market
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maler at the publicy posed bid andaskprices (an, by); thatis, they aregraghs of the functionshy, — v

andv — an. In this example, by — v > rp(v) — v for v € [0, vp(bm, b)], wherevp(bm, b) = .25. It follows that
all producersin theinterval [0,.25] preferto trade with the market malker ratherthanseard for a better
pricein the deale market. However, for prodicersin theinterval (.25,b], we seethat (V) — v > by — V.

Thustheseproducerschoo® to seach for a betterprice in the deale market rathe thantradewith the
market malker at price by, Theremaining producerswith production coss v € (b, 1] would not gain from
trading with the market maker or with ary middlemanin the dealermarket, andsotheseprodwersdo not

participateandearna netsurplus of zera Symmetricakesuts hold for consumers.

Value of Search for Producers Value of Search for Consumers
~ ~
O’ T T T T T T O T T T T T T
t 1Dom’t search and Don’t search and t 1
| 1don't trade with don't trade with | I
t ;morket maker market maker t ;
‘> o i | = m i |
2.oof | | < o | |
> l | L l |
= | | | | |
= 1 | > 1 |
- i | i |
=
S | | 3 1 |
2
5 I Search! s o ISearch!
$ © L | o o L |
v i | w i |
I I I I
S ! | S | |
| i
4 i | o i |
= —L i | = —L i |
S ° 5
L o l | = O l |
Trade ! ! ! I Trade
with . | . | with
market | | | market
maker ! ! o ! ""'maker
Il Il Il Il [N Il Il L g L L L L/ Il Il Il Il

I I I I
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Valuation v Valuation v

Figure 2: Decision Rulesfor Producersand Consumers

3.2 Theintermediaries’ entry and pricing decisions

In the previous sulsectian, conaimersand prodicerstook pricesasgiven. In this subgctionwe andyze
themarket maker’s entryandpricing dedsion. We thenderive theresppnseof themiddlemento the market
maler's entry In paricular, therearethreepossble regimesin equlibri um: an uncastraned monomly
regime, a limit-pricing regime,anda compivitive regime. In first two regimes,the market maler drives
all themiddlemenout of business.In the compettive regime, a setof middlemencoexistswith the market
maker. In the limit-pri cing andcompettive regimes,the existerce or potertial entry of middlemenin the
market limits the market power of the market maker.

All corsumersknow they have the option of purdhasirg the commodty from the market maler at

price a;,,, andall prodwersknow they cansell the commodty to the market maler at price y,. Clearly,
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no middlemanin the deakr market would be ableto sell at an askprice a highe thang,. Similarly, no
middlemanwould be ableto purchasethe commadiy for lessthanthe bid price chaged by the market
malker. Thuswe have:

Theorem 3: by, is thelowestresenation price of producers participating in thedealg marketanda lower
bourd on the support of the distribution of bid prices offered by middlemen.a, is the highestresewation
price of consumess participating in thedealer market andan upperboundonthesupport of thedistribution

of askpriceschargedby middlemerin the deale market:
b=ry=bm, a=Tc=am (31)

Applyingtheresuts from secton 2, it is not difficult to shaw thatin the presece of amarket maker i
andFg will still beuniformdistributions,but with supprtsgivenby [a,a] = [.75a,+ .25(bm + k), am] and
[b,b] = [br, .75bm + .25(am — k)]. Thusmiddlemenin the deder market uniformly undecut the poste
bid-ask sprea setby the market maker. Eventhough it is commonknowledge that a randamly drawn
bid from the deakr market will be lessthanh, with probability 1, this bid will only materidize after a
oneperioddelay The highest-valuaton buyersandlowestcostproducerspreferto tradeimmediatly at
the lessfavorable pricesoffered by the market maker rathe thanincur the seach/dday costsinvolvedin
trying to find a betterprice in the deakr market.

If themonoplist market maker setsanaskpriceof a,, andoffersabid price b, Theoreml impliesthat

the quartity of the commoditythatwill be demamedby the highest-\aluation consumersin the interval

(ve(a,am)), 1] is

d 1 f@m
Qn(am,bm) =1—an— 5 Fa(a)da. (32)
a
Similarly, the quartity suppled by thelowest-@stproducersin theinterval [0, \(bm, b)) is
1 rb
Q?n(ama bm) = bm— 3 . [1- FB(b)]db- (33)

Theorem 4: Q2\(am, bm) = Q%,(@m, bm) ¥8 > 0if andonly if by, = 1 — am.

Proof: If ay = 1— by, thencorrespondng symmety relations hold in the deakr market: a=1—b and

Fa(v) = 1—-Fg(v). Itis eay to seefrom formulas(32) and(33) thatthis impliesthat@ = QS Conversely,

if Q4 = Q3 for all 3> 0, thenit mustalsohold in thelimit asd — . Butin thelimit ¢, = 1 — a,, and

Q3 = bm. A
Clearlythenumberof intermediariesthatcanbesupprtedin equiibrium dependsonhow aggessvely

themarket maker prices. Thefoll owing resut shavs thatthenumbe of middlemenopeatingin the deale
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marketis determired by the monopdist market maker’s bid-ak spreal.
Corollary: If an > max.5(1+ kn),.5(1 + k)], then the massof middlenenwho are activein the deale
marketis givenby

N = max0,an — bm—k) =2am—1—k. (34)

If k=0, thenaslong asthebid-ask spreal chargedby the mongolist market malker is positive, the deale
market will never be driven out of existence by the entry of the market maker. This will betrue evenif
am = a, whichis thelowestaskprice chaged by the mostefficient middleman(with costk =k = 0) in the
seart equilibrium withouta market maker. Theleastefficientintermediaries aredrivenout of the market,
andtheremairing, moreefficientintermediaries areforced to redwetheir bid-ask spreasbelowtheir pre-
entryvaluesin orderto avoid takingaloss. Therebreboththe upperandlower suppats of thedistribution
of askpricesin thedealemarketfall asaresut of theentry of themarket maker. Symmetricaly, theentry
of the market malker increasedhe lower and upper support points of the distribution of bid pricesin the
deale market. This suggetsthat the entry of the market maker shoul resut in a strict incressein the
expeded gainsfrom tradefor all producersand consimerswho paricipate in the market — regardless of
whethe they chooseto tradewith the market maker or seach for amiddlemanin the deakr market
Ononehard, thefactthatmiddlemeruniformly undercutthemarket maker's pogedbid andaskprices
could make it unprofitablefor the market maker to enter. Ontheothe hard, if themarket maker's perunit
transactiors costky, is sufficiently lower thank, the transactiors cost of the most efficient middleman,
the entry of the market maker might suceedin driving the entire deale market out of existence. To
detemine whatwill actually hapen, we needto derive the market malker's prafit function and optimal
pricing strateggy. By Theorem4 we know that by, = 1 — a,, implies Qﬁq = Qp,, andso we canwrite the

market maker's problem asfollows:
max(1+Ap/ (1~ p)][am — bm — kn] Qx(bm,am), (35)

subgctto

1+knp 1+485-+k
bnhn=1— — < < — =
m 8m  T5 T S8nS oes

Substititing the constaint b, = 1 — a,,, themarket maker's problemreduce to maximizing thefollowing

(36)

guadatic objective function with respectto the single control variable g:

~ max0,2am—1-K

85 (37)

Min(am) = [1+pA/(1-p)](28m—1—kn) |1 —am
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Themarket maker's objective is conavein a,, andthushasa uniqueoptimal soluion providedthe market
malker’s choice of ay, doesnot violate the searchequiibrium conditions in theintermediarymarket The
solution to themarket maker’s prodem andtheresuling configurationof thedeakr market is givenbelow
Theorem5: It is profitablefor a market maler to enterthedeale marketif andonly if the market maler’'s
transaction costky, satidiesky, < km, whee

o k+4d
M7 1445

If kyy is below the threstold for profitable entry ky,, there are three possible corfigurations for the post

(38)

entry equilibrium depemling on the modelparametes (k, kn, 8(p,A)). Ther exist threstolds0 < kK < ki,

sud thatif k € [0,k ) the market maler coexists with the mostefficient middlemenbut the leastefficient
middlemerare drivenout of business.If k € [k,k,), themarket maler's enty drives all middlemerout of
businessandthe market maler sets“limit prices” that deterthe mostefiicient middlemanfromentering.
If k € [k, 1] themarket maler setsunconstrainedmonopdy bid andaskprices.

The fundamentalcondtion for the viability of entry by a mongolist market malker given in equa
tion (38) of Theorem5 hasa very simpleinterpretdion. The expressionon the right-handside of equa
tion (38) equals the efficiency level k of the mamginal middlemanin the equilibrium without a market
maker. Thusthe monomlist market maker’s per unit transa&tions costmustbe lower thanthe maginal
costof the mamginal middlemanin the pre-entry deder market equilibriumif entryis to befeasble. How-
ever the market maker neal not have lower transactiors cods thanall middlemenin order for entry to be
feasble. Evenif the market maler’s transactins costis uniformly lower thanthe transations cods of all
middlemen,the deder market will not necesarily be drivenout of existence.

Corollary 5.0: Thethresholdsk andk,, for thelimit-pricing and uncastrainedmonoply regimessatisfy
0 < k <k, andare given by

~ (L1+kn)(40+1) -1

= 85+ 1
1+kn

Kk —

We now complet our charaderizaion of the postentry equilibrium by summariing the quantities

(39)

traded by the market maler, his bid-askspreals, the numbe of middlemen, andthe total quantty traded
in thedeakr market
Corollary 5.1: In theuncastrainedmonopdy regime the market maler setsbid and askpricesgivenby

3+ km

an = 2
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bm = —— (40)

The market maler trades the monopoy volume G,(am,bm) = by. The deaker market is driven out of
existence

Corollary 5.2: In thelimit-pricing regimethe market maler setsbid andaskprices givenby

14k
an =
1-k

Themarket maler tradesthe volumeQ;,(am, bm) = bm. Thededer market is driven out of existence
Corollary 5.3: In the compeittive regimethe market maler coexists with the dealer market. The market

maler’s bid and askprices are given by

Btkn k-1
4 T160+4
1-kn 1—k

bn = =% T4 (42)

Thequartity tradedby the market maler is givenby

1—ky, 1-k 1 [1+ky k-1
4 Tim14 85| 2 Tssrz K

Q(am, 1 — am) = Q5\(am, 1 — am) = (43)

Corollary 5.4: In the compditive regimethe postentry equiibrium massof middlemeroperating in the

deakr marketis givenby

T ~ 1+4+km, k-1
N=k—k=(2an—1—k) = 5 ta512 k. (44)
Corollary 5.5: In the compditive regimethe equilibriu m distribution of askpricesquoted by middlemen

in thededer market is uniformly distributedon theinterval [a,a], where

3tk (88+D)+k@B5+3) _ 3tkn k-1

&= 3%+8 4 18+ 4 (49)
Theequiibriu m distribution of bid pricesis uniformly distributed on theinterval [b, b] wheie
_ 1—knm 1-k = 5—knm (80+1)+k(85+3)
b= tae+a " 8 3%+8 (46)

Corollary 5.6: In the compgitive regime the equilibrium massof produceis and consumes who patrtici-

patein thedealermarketis given by:

(47)
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Figure 3: Mark et Maker’'s Optimal Trade Volume and Ask Price asa function of k

Figure3 illustratesthe market maker’s pricing andquantty decisbnsin thethreeregimesin the case
whereky, =0, p =.95,andA = .12. Thesevalues imply a discaunt rateof &(p,A) = .2. In this casethe
cutdf betweenthe compeitive and limit-pricing regimesis k = .31, andthe cutoff betweenthe limit-
pricing andmonaoly regimesis k, = .5. Notethatthe market maker’s askprice andquartity traded are
increasingfunctionsof k in the competitve regime. As Kk increasesthe dealermarket getsincreasingly
inefficient relaive to transactingwith the market maker, andthe market maker exploits this by raising the
askprice (andbid-ask spread). Thevolumeof trade in thedeakr market decresesmonotaically in k until
atk = .31 thedealermarket vanistes. For k € [.31,.50) the market maker adogs a limit-pricing strateyy,
choasing the largestpossble ask price that will not induce entry by middlemen. As Kk increasesn this
region, the market maler is ableto raiseprices leading to a redwction in quantity traded. Whenk > .5,
themostefficient middlemanis soinefficient relative to the market maker thatthe market maker no longer
fearsthe possiblity of entryandis ableto setthebid-ask spreal equal to theunconstranedmonopdy level
of .75andtradethemonomly quantty of .25. Thusthe market maker’s profitsincreasemonobnicdly for

k € [0, (1+ k) /2] but areconsantin the uncorstraired mongooly regimewhenk > (1+ k) /2.

3.3 Equilibria with and without a monopolistmarket maker

In this subsetion, we comparethe equiibrium with a monopdist market maker descibe in the previous
sub®ctionto deale-market equiibrium descrbedin sectbn 3. Figure4 compares the equilibria with and

without a monoplist market maker in the casewherek, = k = 0, andd = .2. The market malker trades
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atotal quartity of Q" = .25, andthe deakr maler tradesa total quartity of F = .19= .44— .25, which
is lessthan half the total amounttraded in the dealermarket prior to the ently of the market maker. The
market maker chagesa bid-askspread of g, — by, = .22 = .61— .39, which equak the bid-ask spreal of
the mostefficient middlemanin the equilibrium without a market maker. The average bid-ask spreadin
thedeale market nealy halves,from .1666t0 .085, foll owing the entry of the market maler. In this case,
the market maker’s bid andask prices b, and a,,, equal the highest bid price by andthe lowestaskprice
a4, respetively, in the pre-entry deale market equilibrium. The following corollary charaterizes how

the market maker's prices relate to the bid-askprices prevailing in the pre-entry equilibrium in the deale

market
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Figure 4. Comparison of Search Equilibria with and Without a Mark et Maker

Corollary 5.7: Assumehat k < k,, sothat middlenencoexist with the market maler in the pog-entry
equiibrium. Let (by, by) and (a4,3q) bethe supports of the pre-enty equilibri umdistributions of bid and

askprices, respeately. Thenwehave

am<ag, bm>Dby. (48)

am and by, can be smalle or larger than g, and by, respetively, dependirg on the values of (ky,k, ).
However if ky, = k=0, then

dm = 4y, bm = byg. (49)

Proof: Usingtheformulafor a;, in equaion (42) andthe formulafor g in formula (21), it is not hardto

shaw thatan, < ag if andonly if ky, < km, Wherek, is the threshold for which entry by the market maker
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is profitade givenin equdion (38). If k, = 0 =k, thenit is easyto seefrom equations(42) and(21) that
am = 84. Symmetricargumentsestalish theresuts for the caseof bids. A
Corollary 5.8: Assuméhat middlemercoexist with the market maler in the postentry equilibrium. Let
a., and by, derote the lowestaskprice and highestbid price setby middlemerin the deder marketin the

postentry equlibri um,respetively. Then

an<ay, bm> by (50)

If the entry by the market maler eliminatesthe dealermarket in the postentry equlibri um,thenwe have

am<aq, bm>Dbg. (51)

Proof: Usingthe factthata, = 1— by, andag = 1— by andthe factthata,, = .75am + .25(by, + k) and
a4 = .7534+.25(by + k), we seethatan, < 3y impliesthata,, < a4. Now consterthecasewheretheentry
of the market maker drives the deakr market out of existence. Consicer first the limit- pricing regime.
Doing somealgebra,we find thatay, < a4 if andonly if k < 1. Now considerthe unconstraned monogly
regime. The condtion k > (1+ kyn)/2 charaterizng the uncorstraired mongoly regime implies that
am < 84. Asin Corollary 5.7,a symmetrc argumentestalishes theresuls for bids. A

Corollaries5.7 and5.8 formalize the notion thatentry of the market maker lowersbid-askspreads.In
the compettive regime the market maker’s bid-ak spreadis strictly smalle thantheworstbid-asksprea
chaged by the highest-cog middlemanin the pre-entry equiibrium. Sincethe market maker’s bid-ask
spreal is necesarily the worst bid-ask spreal in the pog-entry equlibrium, it follows that the market
malker’s entry hassuccededin redudng both the average and the worst bid-ask spread in the deale
marlet. Indee, the entry of the market maker not only narrowsbid-ask spreals, but alsoshifts the entire
distribution of askpricesdownward. Thatis, if welet g anda denoe thesupport of thedistribution of ask
prices in the pre-entry deder market equilibrium (i = d) andpost-entry equilibrium (i = m), respetively,
thenassuning that the market maker andmiddlemencoexist in the post-entry equiibrium, we have
Corollary 5.9: If k < k andky < km, then

<3y, m< 3,

Sincethe distributions of bid and ask priceshave strictly improved in the pog-entry equlibrium, it

follows that all consumersand producerswho participatein the post-entry equiibrium are strictly bette
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off asaresut of the ently of the market maker. Corollary 5.8 showsthat even whenthe market maker
drivesthedeale market out of existence themarket maker’s askprice a, is strictly lessthanthevaluaion
a4 of the maginal consumerin the pre-entry equilibrium. Sincethe resevation price function for buyers
in thepre-ertry equilibrium is strictly increasingin v with aminimumvalueof &, it follows thatall buyers
whosevaludionssatidy v > a,, arestrictly beter off in the post-entry equilibrium (whereg,, is the lowest
askpricein thedealermarket in the postentry equlibriu m). We formalize the foregoingdisaussian as
Theorem6: Let (rd, p) derotethereservaion price functonsfor consimess andproducers in thedeale
market equilibrium before the entry of a market maler. Assumehat k,, < kn, Sothat entry by a market
maler is profitable Let(rg",r') derotethereservaion price fundionsfor consumes andproducersin the

postentryequilibri um. Thenwe have
(V) >rf'(v) and ry(v) <rg(v), (53)

with strict inequality for producer valuationsin theinterval v € [0, k,) andfor consimervaludionsin the
interval v € (ay, 1].

Proof: If theenty of the market maker drivesthe deale market out of existerce,we have £'(v) = a, for
V€ [am,1]. It is easyto seefrom the definition of rd in equaion (2) thatit is astrictly increasing function
of vontheinterval (a4, 1) with slope

d
*V=13 Fi( /s~ 4)
whereF{ is the distribution of askpricesin the pre-entry dealermarket equilibrium. By Corollary 5.8 we
have a, < a4, sothat

rd(v) > aq > an=r"(v), ve (am1]. (55)

Now conster the casewherethe deakr market coexistswith the market maler. In this casef!” will be
strictly increasingontheinterval(g,,, am) andequal to a, for v € [am, 1], sincethesdatter consunerstrade
with the market maker by Theorem5. By Corollary 5.8 we have g,, < a4, sothatit is sufiicient to show
thatthe slope of " is strictly lessthanthe slopeof rd on theinterval (ay, 1) sincer™(v) = rd(v) = v for
v e [0,a,]. Forve (am,1) theslopeof r{" is zero,whereadrom formula (54) we canseethatthe slope
of rd is strictly postive for v € (ay,1). Sowe have 0 = dr/dv < drd/dv for v € (maxay,am),1). For

€ (an,a4) We have drd/dv = 1, wherea dr"/dv = 1/(1+ F"(v)/8) < 1, whereF" is the pog-entry
distribution of ask prices If g; > a,, we aredone If a; < an,, we completethe agumentby shaving

that dr"/dv < drd/dv on the remairing interval v € (g, am). If kn = k = 0, Corollary 5.7 implies that
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am = a4, andwe aredone.Corollaty 5.9impliesthatFd strictly stochastially dominaesF" ontheinterval
(an,dq); thatis,
Fa(v) <F(Y), VE (am3a). (56)

Sincerd(v) andr™(v) areboth strictly increasingfunctions on the interval (a;,am) (whereay > a,, by
Corollary 5.8),andsincethe slope of " is given by formula (54) but with F" sustituted in placeof FZ,
it foll ows thatthe strict stochasticdominancecondtion impliesdi®/dv < drd /dv for v € (a,,3q). But by
Corollaries 5.7 and 5.8 we have a,, < a4 andan < aq4, andso the slopeof rf'(v) is strictly lessthanthe
slope of rd(v) in the remainirg interval (ay,am). Thusthe slopeof rT is strictly lessthanthe slope of rd
over theentire interval (&, 1], whichimplies thatr™(v) < rd(v) for v € (ay, 1] asclaimed. A
Figure5 illustratesthe welfare gainsresuting from the enty of a market maker. In this examplewe
coninueto setd = 0.2, kyn = 0, andk = 0. Any consumerin the interval (a,,, 1] is madestrictly bette
off from the entry of the market maler, wherea,, = .56 is the lower sugport point of the distribution of
askpricesin the deder marlketin the pog-entry equlibrium. Thelow-valuation consumerslocatedin the
interval [0, a,,,] do nottrade, andtheir welfare is not affected by the entty of the market maker. Clearly, the
entry of the market maker causeghe lower suppat of the distribution of askpricesto fall. Thusthereis
a larger setof active consumersin the equilibrium with a market maker, andthe conaimerswho switch

from non-participation to seart becomestrictly beter off. Symmetricresuls applyto prodicers.
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The entry of the market maker halvesthe volumeof trade in the deakr market (from .3889 to .1944)
andthe discauntedprofits of middlemen,andcutsprofitsto onefourth of the pre-entrylevel (from .049%4
to .0123. However the market maker's volume of .25 and profits of .0556 more than make up for the
losses incurredin the deale market, sothatoveral quanity traded andoveral discauntedprofitsincrease
following the entry of the market maker. Total discounted surdus of consumergand prodwcers)is .0782
in thepostentry equilibrium (i.e., with amarket maker) compare with .0489 in the pre-entry equilibrium
(i.e.,withoutamarketmalker). Totaldiscauntedsurdus(i.e.,including thediscounedprofitsof middlemen
andthe market maker) increasesfrom .1471in the equilibrium without a market maker to .2242 in the
equiibrium after theentry of the market maker. Comparingthesetotal gainsfrom tradewith the .25 gains
from tradethat would be reaized in a frictionlessWalrasian equilibrium, we seethat the entry of the
market maker hasincreasedveral market efficiency from 58.8 percent to 89.7 pereent.

Therisein tota surdusis duelargely to thereducton in the deadweightlossof the transations coss
of the lessefficient middle menwho were forced out of businessby the more efficient market maker
(whosemarginal transactias costis zero). However, anoter souce of thereductionin deadweght loss
is the redudion in seach costsdueto the entry of the market maker: in the postentry equilibrium over
half of all tradesoccu atthe bid andask pricessetby the market maker, sothata muchsmallerfraction
of trading is subject to searchcoss in the postenty equilibrium. We obtainthese favorabk resuts even
though the market maker is a monopdist: ordinarily monomly power creates deadweght losses rathe
thanreduwesthem. Provided thatthe market maker’s transations costsarenot too high, publicly poging
bid andaskprices repregntsa supeior institution for conductingtradevia a seart marlket.

Thefollowing theoemshowsthatentry of themarket maker does notalways increaseotal discounted
profits: total discounted profitsincreasein the post-entry equiibrium only whenlg, is nottoo high.
Theorem 7: Let My(km,k) denote the total discountal profits of the market maler, and I'@(I_() and
M7'(km, k) denoe total discaunted profits of all middlemenoperating in the dealker market in the pre-

andpostentryequilibri a, respeately. Letk,, begivenby

3602 + 16kd2 + 29%kd+ 4k
Kn = 5252 4+ 29+ 4 : (57)

Thenk < kn whee k, is the thresholdfor profitable entry by a market maler, given in equaion (38). If
km € [0,k,), the entry of the market maler increasegotal discownted profits from intermediation, and if
km € (K, km), theentryof themarket maler deceasestotal discauntedprofits fromintermediaton (relative

to the pre-entry equilibriumvalue).
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Proof: k,, is the (smalles) solution to the equdion
Min(km, k) + M (ken, K) = MG (). (58)

Ignoring the commonfactas (14 Ap/(1— p)), which are commonto Iy, N, and MY, subdituting the

formulafor N in the pre-entryequlibrium in equaion (23) into the formulafor I'g in (25)yields

asicl

(59)

Similarly, subdituting theformulafor N in the pog-entry equilibrium from Corollary 5.4, we obtan

143 [1+kn k(83+1)+1]?
m_ j—
“d_[245H 2 8542 ' (60)
Corollary 5.3impliesthatin the compditive regime
[l—knm k—17[1-kn 1-k 1+kn k(85+1)+1
nm_[ 7 +8&5+2H 4 1014 160 ' 85(85+2) (61)

Substititing thes expresions we seethat equaton (58) is quadatic in kg, andthushastwo roots One
root is km, sincelMm(km, k) = 0 andMY\(km, k) = MY(k) by Theorems. It is not hardto showthatthe other
root satifies0 < k., < km. Furtherusing the formulas above, we canshaw My(km, K) + Ng'(km, k) is a
strictly convex function of ky on theinterval (0,kq). It follows thatentry of the market maker increases
total discounted profitsif ky € [0,k,,), anddeaeasesotd profitsif ky € (Ky, Km)- A
Figureé6 illustratesTheoran 7 by plotting the profit functions M, N7, and ng asfunctions of ky, for
k= 0andk = .6. Profitsof the market maker declinemonotaically in k, whereaghe profits in thedeale
market increasemonobnicaly in ky, until ky, > ky = .44. Above this point, entry by the market maker is
no longe profitalde so MM (km, k) = MY (Km,K) for kn > km. Whenk = 0 we have k, = .12, soentryof the
market maker increasedotd discauntedprdfits for k;, in theinterval [0,.12) anddeaeasegotd profitsfor
km in theinterval (.12,.44). Theright-handpanelof figure 6 plots the profit functionsin the casewhere
k=.6. In this casethelarger valueof k hasincreasedthe lowerthrestold k, to .65 andtheupper threstold
km to .77. Thusthe rangeof k;, for which entry by the market malker increasegota discaunted profits
from intermedation is amonobnicaly deceasirg function of k, asis evidert in theformula for k, given

in equation (57).
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Figure 6: The effect of entry on total discountedpr ofits for variousk, whenk=0andk=.6

Corollary 7.1: If k <k, i.e., if theentry of themarket maler drivesthedeale market out of existencethe
market maler’s total discauntedprofits exceedthe total discauntedprofits of middlemenin the pre-entry
deaker market equilibriu m.

Sincethe enty of the market maler strictly increasesboth consimerand producer surgdus, but can
decreasetotal discounted profitsfrom intermediaton whenk, > k,,, theeffectof entry on total discounted
gainsfrom trade (i.e., the sum of discouned surdus and discounted profits) is undear. Figure 7 plots
a decanpositian of totd sumplusin the two casek = 0 andk = .6. In eachcas, total gainsfrom trade
increasefoll owing theentryof themarket maker. However, we alsoseethattotal surdusis amonotmically
declining function of ky, until ky, > ki, atwhich point entry by the market makeris no longer profitable. In
figure 7 we indicatethe various equilibrium regimesby the symbds R (for the uncanstraned monogly
regime), R, (for thelimit pricing regime), R; (for thecompeittive regimewherethe middle mananddeale
market coexist), andRy (for the casewhereky, > ky, soentry by the market maler is not profitabke). Note
thatsurplusis cornstantasa function of ky in region R, since, in this regime, the market maker's bid and

askprices arefunctionsof k, not ky,.
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m

Thetwo pands of figure 7 illustrate how the compeition betwea middlemenandthe market maker
affects the division of the gains from trade betweenproducers consumersandintermedaries Conside
thecasewherethe market maker hastransactiors costk, = 0. Whenthemostefficient middlemaralsohas
transactiors costk = 0, thedeale market andthe market maker coexist andgeneatetotal gainsfrom trade
of .2242, or nearly90 percent of the Walrasian surplusof .25. Produ@rsandconsimersrealze asurgdus of
.1564, or nealy 70 percentof thetotal discounted gainsfrom trade. However whenk = .6, producersand
consumersrealize a surplus of only .0625 which is only one+third of the totd gainsfrom tradeof .1875.
The market maker obtans the lion’s shareof the surdus, earnng the uncorstraired monoply profit of
.125. Thusthe market maker is madebeter off, andproduwcersandconsumersare madecorrespomlingly
worseoff, by any measue thatlimits entry or increaseshetransations costsof middlemen

Similarly, middlemencan increasetheir profits at the expense of consumersand prodwersby pro-
mulgatirg measursthatartificially limit entry or increasethe transations cod of the market maler. For
example the left-hand panelof figure 7 indicatesthat if middlemenwere sucessfulin passng a law
preverting the entry of market malkers totd discounted surplus of produwersand consumerswould fall
significantly. For examplein the preseite of a market maker with k, = 0, tota producerandconsuner
surdusis .1564 whereadf entry of a market maker is prohbited, total producerand consimersurgus
would fall by 38 pereentto .0977.

Althoughall of ournumeical resuts indicate thattotd gainsfrom tradeareamonobnicdly decreasirg

function of ky, for ky < ky (Which implies thatthe entry of a market maker always increasestotal gains
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from tradefor any ky < k), we have notyetbeen ableto prove this analytically. Below we simply stake our
conjecturethatenty by the market maler is alwayswelfare-improving.
Conjecture 8: LetW¢ denoe total market surplus in the pre-eriry deale market equilibrium, given in

formula(26). LetW™ dende total market surpus in the post-entry equiibrium, givenby
W™= S+ S5+ Mg + M, (62)

where " and Sg‘ are total discauntedconsimerand producer surplus in the postentry equilibrium, re-
spedively. ThenW™ is a strictly monotorcally decreasingfuncion of ky, for ky, < ky. In particular, for
anykm < km wehave

wm > we, (63)

Theorem 9: If ky € [0,km), then the massof middlemeropemting in the pre-entry deder market equiib-
rium is greate than the massof middlemenoperating in the postentry deale market equiibrium. When
k = 0, the numberof middlemenin the postentry equilibrium is never lessthan half of the numberof
middlemerthat would be operating in an equlibri umwhete entry by a market maler is prohibited

Proof: Let N9 bethe massof middlemen in the pre-entry deale market equilibrium, andN™ be the mass
of middle menin the pog-entry dealermarket equilibrium. We have

C14kn k-1

N 45(1—k)
2 '85+2

m
N 45+1

—k< =N¢. (64)

A
Theorem 10: If ky € [0,kn), thetotal massof producess and consimes who participate in the market is
strictly larger in the pog-entry equilibrium thanin the pre-entry equilibrium.
Proof: Themassof consimerswho partidpatein the dealermarket prior to the market maker’s entry is

- (1-K(@a+2)
Qg =bg= T—I—Z (65)

By Theorem5, whenk > k,, the market maker drivesthe deakr market out of existence,sothat (' = 0.
Thusthe total massof consumerswho participate are thosewho tradewith the market maler, Q,. By
Corollary 5.1 we have Qn = (1 —kmy)/4 in the unconstraned monopdy regime. It is easyto seethat
Qm > Q4 for k € [k,,1]. In thelimit-pricing regime we still have Q' = 0, but the monopdy quartity is
given by Qm = (1 —K)/2. SinceQm > QY atk = k,, it sufficesto shov thatthe slopeof Qn is steepe
thanthe slopeof Qg for k € (ki,k,). Theslope of Qny, with respectto k is —1/2 which s less(i.e., steger)
than the slope of Qf with resgectto k, —(1+28)/(2+ 83). For the final case k € [0,k) we proceed
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similarly. We needto shav thatthe slope of Qn+ Q' is steeperthaan in k. Theslopeof the formeris
—(80+ 3)/(3206+ 8) andit canbereadly verifiedthatthisis less(i.e., steepe) than—(2+ 25)/(2+ 8d),
the slopeof Q4. A

3.4 Limiting properties

Finally, we summarizehelimitin g propertiesof the post-atry equiibriumasd | 0, k, | 0, andk | 0.
Theorem 11: In thelimit, asd ] 0, k| 0 andky, | 0 the equiibrium prices quantities, and producerand
consumersurplusestend to the Walrasianequiibriu m values In thelimit the market maler handleshalf
of thetransactionsin the market, and the mostefficientmiddleman(with k = k = 0) handestherest.Both
charge a limiting bid-askspreadof zeio at thecommorWalrasian equiibrium price of § = 1/2.

This resut impliesthatthe coexisten@ of middlemenandmarket makersshoud befairly robust in a
world of stealily declining seart andtransations costsdueto techrological improvementsin information
andcommuncatiors tecmologes. However, the conceptua distinctions betwea middlemenand market
makers startto blur in the limit, sincethe prices chargedby all survving middlemenare virtually the
sameasthe bid andaskpriceschargedby the market maker. We view Theoreml1 asa chaacteization
of “efficient markets”: whenseard andtransactiors costsare small, bid-ak spread arevery narrow so
thatthereis not muchdifferencebetweentradng with a market maker andtrading in the deale marlet.
For this rea®n thereis appoximatdy a 50-50 split in trade betweenthesetwo compeing institutions.
However in the limit it does not matterwhetherthe microgructure of tradeinvolvesonly middlemenor
a combimtion of middlemen and a market maker. As we sav in sectbn 2, we have corvergenceto a
Walrasian equiibrium evenin the absaceof entryby a market maker providedthatd | 0 andk | O.

The entry of a market maker is muchmoreimportart whenk or d is large. Corversely, if a market
maleris ableto obtan uncanstranedmonopdy power by creatngartificial barrie'sto entryby middiemen
or othe, compding market makers, thenlarge efficiency andwelfare gainscanbe achieed by breakng
down thesebarrigs and subjecting the market maler to compditive pressire to redue bid-ask spread.
In the next secton we will constder the casein which the market maker facescompdition from other

potential market makersaswell asfrom middlemen.

4 Search Equilib rium with Competitive Mark et Making

Now suppaethereis free entry into market making If thereareno fixed entry coss and entry occuis

simultaneousy, Bertrard-style price compeition will ensie amongcompding market makers Sinceall
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producersandconsimerscancostesslyobsewe the bid andaskpricesquoted by alternative market mak-
ers,all trade will occurwith themarket makerthatoffersthebestbid andaskprices Bertrand price cutting
will resultin two possilie outcanes,dependirg onthehetepgendty in transactiors cods. If thereis more
thanone market maker who hasthe smallestper unit transations cost, price compeition will resut in a
zeroprofit equlibriu m wherethe bid-askspreadequalsthe perunit transactians costof the mostefficient
market maker. The division of trade amongthe compeing mostefficient market makersis indeterminéae.
If themostefficient market maker hasa strictly lower perunit transactionscostthan the next mostefficient
market maker, the mostefficient market maker canearnpostive profits by charginga bid-ak sprea equa
to the perunit transactians costof the next mostefficient market maker.

However we think a modelof sequentid entry into market makingprovidesa beter appro<imation of
reality, aswe will seein theexampleswe discussin thenext sectia. In addition, thefixed costsasseiated
with entry into market makingarelikely to be subdantid. Thesefixed coss include ad\ertising coststo
malke everyore awareof the market maker’s identity andwherehis prices arepoded.

In this case the outcomeof a sequentid entry proces depandson the orderin which potential market
malkersarrive andenterthe marlet. If thefirst potential entrantcanente profitaldy, hewill dosoaccordng
to amodifiedversian of theorypresetedin the previous secton. Thefirst market maker will ente if his
expeded profitsfrom market makingexceedthefixed cost of entry. However his expeded profitswill be
lower thanthe values compuedin the previoussectbn sincehe will anticipate that potertial challenges
will eventally arrive andforce him to limit price, i.e. to redue his bid-ask spreal to the point where
the mostefficient challengerwill not expect to make a profit afterthe chalenge’s fixed cods of enty are
taken into accaint. Indeed, a sufficiently efficient chalengercould evendispacethe existing incumbent.
In eithercasethe entry decsionof thefirst potertial entrant dependson his beliefsabouthow long he will
be ableto earnmonopdy rentsfrom market makingbefore theserentsare partidly or fully disspatedby
the arrival of moreefficient challengersfor the postion of market maker. A full andysis of this dynamic
“entry game”is beyond the scopeof this pape. We simply notethatthe combindion of fixed entry cost
and postentry compdition for the postion of market malker will narrow the range of paramegr values
for which entry by a market maker is profitade. The precise paraneterconfigumationsfor which entryis
profitade will depend on a specification of the fixed costsof entry, andthefirst potential entrant’s beliefs
abou thearrival of chdlengers for the posiion of market making

It shodd be clearfrom the analyss in the previous sectian that ary addtional compdition betwee

potential market makers in addition to the compeition thatalrealy exists betweemmiddlemenandmarket
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malkers will resut in further narrowingof bid-ak spread and addtional welfare gainsfor prodwcers
and cornsumers. Total prdfits earnel by middlemenand market makerswill geneally fall asa resut of
addtional compettion from new potential market makers but this fall in profitswill be morethanoffset
by theincreasan expectedsurplusaccuing to consumersandproaducers.

The stationaryequlibrium modelusedin this pape is not a fully satigactory framework in whichto
study theissie of compeition betweemmarket makers. A modelwith stodhastt arrivals of potertial chat
lengersmight be oneway to incorporatethesedynamics,however theredifficult issues to considerwhen
thereare multiple market makers and consimersare not all instantareousy informed of their existence
andbid and askprices. If producersand consumersneel to seard in orderto discover the bid and ask
prices chargedoy compeing market makers thenthereis the possibility of “market fragmentation.” In
this case compding market makers may not be very differentfrom compeing middlemen producersand
consuumerswill not know which market maler is offering the bestbid-as spreal without undetaking a
seqentialsearchprocessto obtan the bestprice quotes,andmostof the benefitof having asinde market
placewherecredble bid andaskpricesarequated coud belost.

In addition, if there are elemerts of increasing retums to scaleand network externdities asseiated
with having larger populations of trades (which enéale a market maker to have a “thicker” and more
“continuous” market), there may be “natural monomly” elemens to market making. In suchanenviron-
mentthe equilibrium outcome may be indeterminate or there may be multiple equiibria. Caillaud and
Jullien (2001) analzedthe “chickenandegg” probdemsarising from the network exterralities involved
in compdition betwea market makers (or “matchmalers”) in a different framework. Theseisswesare
worthy of further exploration, but they require amorecomplicatedmodelthanwe have employedhere A
morerealigic modelwill have to accaint for various typesof non-staticnaritiesandnetwork exterralities
in orde to yield amoresatisfactay dynamic analysis of compeition in market making in which issuesof

market fragmentation andnatural monoply canbeaddiessed

5 Applications

Thetheay in this pape is applicableto a wide rangeof ass¢ andcommodiy markets In this section we
look atfour markets the market for commodtiesin a World War Il RO.W. camp,the U.S.equty market,
theU.S. Treasurymarket, andthe U.S. steelmarlet. In thefirst threemarketswe obsenre the co-existene

of bothmiddlemenandmarket malkers. In the fourth we obseve only middlemendespte recentattemps
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by Enronandtwo potential web-ba&edmarket makers e-STEELand MetalSite,to ente the market. In
light of the quatation at the beginning of the article, we discusswhy the brokeragefirm Canta Fitzgerald
wasableto becaneamarket malkerin theU.S. Treasuy bondmarket whereaghetwo steé dot-comshave
notbecanemarket makers.

Perha one of the best-lnown examples (at leastamongeconanists) of the co-existen@ of middle
menand market makers is the World War Il PO.W. campdescrbed by Radfad (1945. In this camp,
prisonerstraded a variely of commodties amongthemseVes: cannel milk, jam, biscuts, andchomlate.
In the abseice of fiat money, cigardtesbecamea form of currency. Tradewasfacilitatedby “Exchange
and Mart notice boards” on which bid andaskpricesfor differentgoods wereposed. Whena dealwas
consimmated the posting was crossel out. Radfordnotes, “The public and semi-pemanentrecord of
transctiors led to cigarete prices being well knownandthus tendng to equality throudhoutthecamp’ In
addtion to the ExchangeandMart, middlemenwereactve in the camp,althoughthey wereviewed with
disdain:

Despit thefactthat his very existencewasproof to the cortrary, the middleman washeldto
be redundantin view of the existenceof the Shopandthe ExchangeandMart. ... And mid-
dlemenasa group wereblamedfor reducng prices. Opinion not withstarding, mostpele
deat with amiddlemanwhethercongioudy or uncansciausly, atsometime or anaher. (Rad-
ford, 1945, p. 199

In this campthe Exchang and Mart sened the role asa market maker. Both current and historical bid
andaskpriceswerepublicly andcogdlesslyobsevable. As our modelpredids, these middlemendid help
redweaskprices. Radforddoesnot mentionwhethermmiddlemenhadary effect on bid prices.

In the contamporarymarket for U.S. equties thereis subgantid interestin the quesion of whethe
entryof middlemencanreducethebid-ask spreadf market makers such astheNew York StockExchan@
(NYSE). The NYSE is a collectionof market makers knownasspedgalists. Eachspeagalist is respamsible
for creatngamarket in oneor moreindividualsecuities. Eachholdsinventories poss publicly observable
bid andaskprices andrepats a history of pasttransation price€ However thereis alsoan active setof
middlemencommonlyreferedto asthe “over the counter” market (OTC). Pirrong (2000) estimate that
the OTC market accaintsfor only 8 perceant of the volumeand 10 percent of the transa&tionsin NYSE-

listed secuities. Despitethis small market shae, the OTC market doesappea to play the role of the

6Typically a specialiston the NYSE postspricesfor only relatively small transactions.Almost all large transactionsare
negotiated‘upstairs”via middlemen only afterthe dealis consummegedis the transactiorprice publicly posted.
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compeittive fringe asin our model Although the evidence is mixed, several empirical studies, suchas
Battalio (1997), doaumentthat the quated bid-askspread for NY SE-listedsecurtiestightenswhen“thir d
marlet’ dealefbrokersenterandcompee againsthe NYSEto executetrades.

The NYSE alsofaces increasingcompeition from other potential market makers such asR. Steven
Wunsch’s compuerized Arizona StockExcharge (ww. azx. com) andthe Cincinnati StockExcharge. In
recen years the advent of “electronic communi@tion networks” (ECNs), compeition from compuer-
ized foreign exchanges anda chang to a more pro-competitive regulaiory regime at the Securties and
Excahrge Commissim (SEC) have suljectedthe NYSE to much more compettive presurethanit has
expeliencedin the past’ This hasforced the NYSE to make chargesit had previously resistedsuchas
repeding “Rule 390°, moving toward 24-hour tradng, andallowing pricesto bequaedin dedmalsrathe
thanin 1/8 increments® Battalio, Greene andJennigs (1997) studed the effect of a setof rule charges
in the early 1990s that madeit easierto trade NY SE-listedsecurties on regional excharges. They found
that,aftertherule charges,bid-askspread deceasedor abaut two-thirds of the secuitiesin their sample.

Although the narraving of bid-ask spreals that Battalio (1997) and Battalio, Greene and Jennings
(1997) find in respnseto incressedcompdition is consstentwith our model, it runs couner to thein-
tuition of a setof modelsin the financid intermedation literature See,for example,Easle, Kiefer, and
O’Hara (1996) and Fong, Madhawan, and Swan (1999. Thesepapes emphaize the potertial adwerse
selection probdem asseiatedwith compettion betweenintermediaries. Thesemodelsgenearlly consder
two typesof trades: informedanduninformed If themiddlemerareableto seledively tradewith only the
uniformedtraders(e.g. by only acceting smallorderg, thenthemarket maker is left trading with only the
informedtrades. This “creamskimming” by the middlemenleavesthe market maker at aninformationd
disadrantaye againstthe informedtrades. In resporse,the market maker mustwiden his bid-ask spreal
in order notto sydematicdly losemoney.

Within this adwerseselecton literature, Pirrong’s (2000) modelis perhaps the closestto ours. He
consderstheeffect of compdition betweeramonolist market maker anda“third market” congsting of
middlemen. He focuseson the effectsof entry by middlemenon aninitial equiibrium with a monopdist
marketmaler, whereawe focusontheeffectof theentry of amonopdist market makeronaninitial seard
equiibrium wherethereis free entry and exit of middlemen. Pirrong’s model hasdifferently informed

trades, and studes whetherthe creaton of a third marlket resuts in free riding on the price discovery

“Seewmw. i sl and. comfor anexampleof an ECN with postediransactabl@ricesandcompletelyopenorderbooks.
8NYSE Rule390,which preventedmembeifirms from tradingwith middlein the OTC market, wasrepealedbn May 5, 2000.
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providedby a monopdist market maker. The NYSE hasadwanced this latter agument to the SECasits
rationalefor the nead to limit the formation of third markets andcompeting exchanges However, Pirrong
condudesthat “although free entty to the exchange would maximizewelfare, encairagemat of a free
entrythird market may be a secand-best respnseto exchangemarket power” (p. 2).

Our modelis silent on this adwerse seled¢ion prodem, and,asnotedabove, doesnot add-esspotertial
network externalities assotatedwith market making In our model, free entry by middlemenprovidesa
significant compeitive threat to a monomlist market maker, forcing it to subgantidly redwce its bid-ask
spreals. Thisresulsin asignificantwelfare gainto bothbuyers andsellers. Sincemiddlemerundercutthe
market maker’s quoted prices, their entryincreasegrice dispesioncompaedwith theinitial equiibrium.
From the monomlist market maker’s point of view, this addtional price dispersia is unnecessay and
evidence that the middlemenare free riding on its price discovery; however, from the point of view of
producersand consumers,ary addtional cods assotatedwith the extra price dispersionare outweighed
by the berefits of thereductionin the market maker’s bid-as spreals.

Thirty years ago the secomlary market for U.S. Treasuryseairities was dominged by middlemen.
Tradesbetweendeakrsweremadethroudh a small setof inter-deale brokeragefirms. Tradeswerecon
ductedover thetelepltone,anddeales did not know the pricesother deales received,nor werecugomers
(e.g.,penson funds) shavn the prices deakrsfaced. However, in 1972 CantorFitzgerdd, a brokerage
firm, beganallowing deakrsto seetransatablebid and ask prices on compuer screens. Dealerscould
now seethepricesotherdealesreceved. As thequotdion atthe beginning of the article statesby making
its pricestransparet, Canta Fitzgerat “vaulted to nearly monopdistic pre-eminencein the bond mar
ket” In 199Q in respaseto calls from the SECand custanersfor greate market trangpareng, severd
of themajorbrokers in theinter-deaér market formeda joint ventue, GovPX, to consdidate inter-deale
data. Onceconsdidated, thesedataare transmittedin real time to custanersthrough vendors suchas
Bloomberg.In our view the Treasurymarket hasbeentransbrmedfrom primaiily a deale marketlike the
onedescibedin secton 2 to amarket with competitve market makinglik e the onedescibedin sectio 4.

Todaytrades in the inter-deale market are madethrough brokerseither by teleptoneor over anelec
tronic transaction system(ETS). Like the market maker in our model, ETSsallow deales to posttrans
actable prices and quantities and execue trades eledronically. The Bond Market Assodation (2001) re-
portsthere arecurrently 33 ETSsactive in theU.S. Treasuy market, but thetwo largest ETSs,eSpeedinc.
andBrokerTec Global, LLC, dominatethe market? The Bond Market Associdion repats thatalthough

9CantorFitzgeraldowns 55 percentof eSpeedBrokerTecis run andownedby a consortiumof large Wall Streeffirms.
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the ETSsare capuring a large shareof tradesin the mostliquid isswes, trades in lessliquid issues still
take placeprimarily over the teleghone. We aretold by Treasuy market partidpantsthat the teleptone
marlket is helpful in geting informationabou the deph of the market thatis not always available on an
ETS. Although our modeldoes not explicitly accouwnt for liquidity, one canstreth the model’s intuition
by intempreting a deaeasen liquidity asanincreasein the costof carrying out a transactian. This would
suggestthatliquid secuities areas®ciated with low ky,'s relative to k wherea the reverseholds true for
lessliquid secuities.

Although precise dataon the fraction of inter-deakr tradesexecued electionicdly are unavilabe,
one(albeit noisy) way to measurghe movementaway from telephonetrading andtoward ETSs is to view
the fraction of tota inter-deale tradesnot captued by GovPX. NeithereSpeedor BrokerTecrepats its
trades to GovPX; therefore the trades recorded by GovPX are dominged by the teleplone brokers. All
inter-deaérbrokertradesincludingthose madethroughthe ET Ssarerepatedto the FederaResere Bank
of New York. Fleming(2001) repats that GovPX's coverage of the total market hasfallen in recent yeais
from 65 percen in 1997to 57 percentin 1998and52 percertin 1999 Although certanly not condusive,
this evidencesuggeststhat the ETSs’market shareis increasing.

Although our model predcts that the rise in electonic trading shoud leadto a decreaein bid-ask
sprealsin the inter-deale market, bid-askspreadsaregeneally highertodaythanthey werein 1997. In
particular bid-askspreadswidenedsubsantialy in 1998 during the Russiarcrisis andthe nearcollapseof
Long Term Capitd Managenentandhave not returnedto pre-cisis levels. We do not have accessto the
high-quality transactions daia necesaryto teaseout the effect of the ETSson bid-ask spreads,taking into
accaunt otherbroad market events(e.g.,theredudion in U.S. Treasuy debtduring the secoml half of the
Clinton administation andthe Treasuy’s buy-back program).

JustasETSs have trandormedthe U.S. Treasurymarket securtiesfrom onedominaed by middlemen
to one domimated by market malers, it is not hard to imagine similar corversiors happeing in other
marlets. In particular, we believe the U.S. steelmarket is a likely canddate for sucha trangormation.
Spulbe’s (1996) model of a deale market provides a rea®nalle caricatureof the current stateof the
U.S.steelmarket. It is a highly compettive and uncorcentiatedmarket whereover 5,000“steel servie
centas” (SSCs)play the role of middlemean betwee buyersandsellersof steelproducts. In 1998 three
potential market makers — Enron, e-STEEL and MetalSite — enterel the market. None hasyet been

sucessfulin garneing a significant shae of transactiors’® From November2000 to December2001,

1%Enrondeclaredbankrupicy in December2001. Although bothe-STEE. and MetalSitearestill in businessneitherfirm is
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Enronattanptedto becomea market maler in steel it pogedbid andaskprices on thewebfor coil steé
andheld inventory in Chicag to ensue market liquidity. However, aswe arewriting this pape (in the
Winter of 202), it is our undestandng from discussimswith executivesin the steelindustry (but outside
of Enron)thatthe pricescurrently postal onthewebfor Enronsteelareseveral monthsout of dateandthat
Enronis exiting the stee industry. As far aswe know, Enronwentout of businessfor reasms unreltedto
its maker makingpostion in steé.

In contrastto Enron, neither e-STEEL nor MetalSite claims to be an explicit market maker. nei-
ther holdsits own inventories and neither pods its own bid andask prices Instead,these sitesoperate
like the Exchang and Mart in the POW. campdiscussedaborve or like the “information gateleepers
studed by Baye and Morgan (2001). Informaion gateleepes are web sites, suchas Shopper. comor
Mor t gage- quot es. com that centmlize dispersedprice informationandredwce seach cods by allowing
buyersandsellersto postbid andaskprices ontheweh

We canreinterpre the market maker in our modelasaninformaion gateleepe thatchargessommis-
sions to buyers andselles rather thanbuying andselling on its own accaint andchaging its own bid-ask
spredls. Supposehegateleeperchagesaperunit commissia or transactionfeet to buyers andsellesto
postpricesonthesite. Thusif abuyerpossabid of b andsuceedsn transactirg, thetotd perunit costhe
actudly payswould beb+ 1. Similarly, if a sellerpostsanaskprice of a andtransacts,the seller’s actud
perunit proceedsarea— 1. With a continuumof buyersandselle's, the only Nashequiibrium outcomeis
for all buyersto pos acommonbid priceb andall sellessto postacommonaskpricea. For ary givenvalue
of 1, supgy anddemanl for units adwertisedby the gateleeperwill be equdedif andonly if a=1—b.
Consiceranequiibriumwherea= b= 1/2 andthegateleepetscommissonis onehalf thebid-askspreal
chagedby a monopdist market maker, namely 2t = (am — bm) = (14 km)/2+ (k— 1) /(85 + 2), where
kmn is thegateleepers maginal cod pertransation (i.e.,the maginal cog of poging a bid-ask pair onthe
gateleeperswebsie). In this equiibrium aseller pogs anaskprice of 1/2 but netof the commissia, re-
ceivesaperunit salesprice equal to 1/2 — t = by, whichis the samepricethe selle would have obtaned
from amonoplist market maker. Symmetricaremarksapplyto buyers. It is immaterid whethe amarket
hasa monopdist market maker or a monopdist gateleeper: both leadto exacly the sameequilibrium

outcome!! Therecanbe no dispasionin the bid andaskprices postal on the gatelegoer’s websit, but

capturinga significantshareof transactionsMetalSiteshutdown its websiteandall tradingin June2001, but relaunchedt in
late November2001 e-STEHR. is now NewView andhasswitchedits focusto licensinginter-enterprisesoftware.

11IThe gateleerer canusea variety of differentcommissiorstructurego implementthe sameoutcomeasa monolist market
maler. For example, the gateleepe might chage nothing to buyerswho post bids on the site, but a commissionequalto
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therewill bepricedispasionin thededer market dueto the searchfrictions.

The crudal differencebetweenthe two ste¢ dot-comsandthe ETSsin the U.S. Treasurymarket is
pricetrans@reng. In the Treasuy market deales mustposttransactalbe, “take it or leave it” prices. The
ETSsin theinter-deaér Treasurymarket are desgnedso that no negatiation over price occuss (although
negotiation over quantity may still occur). Postedpricesare available to all subscibers andthe history
of pasttransctionsis madepublic. In contrast,e-STEELand MetalSiteare designed as“computerized
chatrooms” where private transactins are negotiated. Both websies allow buyers and sellersto pog
prices, but next to ead posed price is a “negotiate” or “counteroffer” button. From our discussiors
with steelmiddlemen,we learnal that these poged priceswere muchlike the list price for a new car;
they representfirst offers, not take-t-or-leave-t prices. Negotiaion is expeced. Consegently these
two websites are more akin to a computeized extenson of the existing deale or telephonemarket for
stee| but whereindividual deak are negotiated by typing messagginto a compuer termind rather than
conductedover the teleghone To the extent that mostproducersand corsumersin the steelmarket find
it easie to negotiate verhally by teleghonethanby typing messgesover a compute terminal, e-STER
and MetalSite not only fail to perform the role of market maker, but may indeed corstitute an inferior
techrology for intermediaton in the deale market comparel with the pre-existing telephonetechrology.

Furthemore, neither e-STEHE. nor MetalSiteposs histoiical transaction data,andboth allow buyers
andselless to limit who canview their own postirgs. Thereis a question on the “frequently aslked ques
tions’ pageof the e-STER. web site: “Does e-STEELcreat pricing transpareng?” The postel answer
is “Since e-STEELIs not anaudion, your pricing remainsprivate. e-STEELpresrvesyour currentway
of doing busnesssince online negotiationsand transactions betwee you and your tradng parnersare
keptprivate andsecue’” Thisemphaison privacy madeit difficult to learnabou the currert market price
of steelfrom visiting e-STEEL We condude that thesetwo web sites are simply offering an alterrative
communi@tionchamelto thetelephoneto enable buyersandsellersto negotiateprivately. Neither fulfills
therole of a market maker or an information gateleepe that postspublicly obsnable andtransactabe
bid andaskprices This may be partof the rea®n thatthesefirms have not beensucessfulin gaining a

significant shareof transa&tionsin steel

T* = (am— bm) to sellers.In this casethe equilibrium outcomewould be for all buyersto placebids equalto an andall sellers
would placeasksequalto ayn. The price receved by sellersnet of commissionis then the sameas the bid price by, thata
monoplist market maker would choose.
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6 Conclusions

This pape hasdeveloped a theay of compditive exchangein which the microgructure of exchangeis
deteminedendognousy. We have dore this by introducing a fourth type of agent, market malers, into
the equiibrium seach modelwith compeitive middlemenintroducel by Spulbe (1996). Middlemen
andmarket makers repregnt complemerary and compeiti ve exchangeinstitutions: market makerspos
publicly obsevablebid andaskprices whereagrices quoted by middlemenin the deale market consti
tute private informationthat canonly be obtaired through a costly seach process. We have focused on
the effect of entry by a monopdist market maker on an initial equiibrium wherethereis free entry by
compeitive middlemen.
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Figure8 summarize the rangeof equilibrium outcanespredcted by the model. The type of equiib-
rium outcanedependson threekey paramegrs:the seard cod paraneterd, the perunit transactions cost
of themarket maler ky,, andthe perunit transactiors costof the mostefficient middlemank. Theleft-hand
pane displaysthe four possble equilibrium regimesthatoccu for variouscombinaions of the (I, k) pa-
rametes whenthe seard costis fixedat d = .2. Themodelpredcts that no market maker will be present
if km is sufficiently high relative to k (region 1), andthatno middlemenwill exist if k is sufiiciently large
relaive to ky, (regions3 and4). Region 2 repreentstheintermaliateslice of (ky, k) values thatpermitthe
coexistenceof middlemenandmarket makers The right-handparel shavs the shae of tradehardled by

the market malker. In region 2 this shae increasedineaily in k for ary fixed lg, or, corversely decines
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linearly in ky, in for ary fixed k. We canconceptialize the steelindustry as correspomling to valuesof
(km,K) in region 1 whereentryby amarketmaleris currently unprofitable In thesecuitiesindudry, entry
barriersto middlemenandothermarket makers creded by the NY SE correspom to values of (k,, k) that
arecloseto region 3 wherethe market maker engags in limit pricing; thatis, it chocsesthe largestposst
ble bid-asksprea subgctto the constaintthatthis spreal is not sufficiently high to encouagesignificant
entry of deale/brokersinto the OTC marlket.

We recoqrize thatthereareseverallimitationsto our analysisthatqudify thetypes of condusionswe
candraw from it. First, asnotedin sectbns4 and5, our modeldoes not account for informationasym-
metriesor network exterralities, which could affect our condusions abou whetherentry by middlemen
or competng market makersalways bendits buyers andsellersin the market. A richer analysiswould be
requred to detemine whethe someintermediaies might free ride on the price discovery provided by a
market maker, sothatmarket fragmentation could occu andraisetraders’ seard costsandreducewelfare.
If therearenetwork externdities in addtion to the informationproblems,theremay be condtions unde
which market makinghaselementsf natual monoply.

A seond limitation is that we assumedhat all exchange mustbe intermediatd by eithera middle-
manor a market maker. As we notedin the introduction, only half of the volumeof trade in steeloccuss
through middlemen; the restdoesnot occur through market makers but through direct transactians be-
tweenproducersand consuners. HendeshottandZhang(2001) studyan extersion of Spulbers (199%a)
modelin whichamonomlist producercansell diredly to consumersor throughamiddleman.Directsales
involve lower seach codsthanintermedatedsales. In equiibrium, the market segmerts. In aresut anat
0goLs to ours, high-valuaion consunerspurchasedirealy from the prodwcer, andintermediatevaludion
consaimerschoo® to seachfor bette pricesin the dealermarket.

A third limitation of our analysisis thatwe constainedsupply anddemandor the commodityfor both
market makers and middlemento be equalin every period. As aresut, thes agentshave no invertory
holdingsin our model. An important function of intermediaries is to hold invertory to provide a buffer
stockthatofferstheir custanersliquidity attimeswhenthereis animbalarce betwea supgdy anddemarl
(seeSpulker, 199%b). In the secuities business,liquidity meansbeing ableto buy or sell a rea®nabk
quartity of share on shortnotice. In the sted market, liquidity is also assocatedwith a demanl for
“immediacy” sothat acugomercanbe guaranteedof recaving shipmentof anorderwithin afew daysof
placanent. Lacking inventories andstockouts this modelcanrot be usedto analyze theimportart role of

intermediariesin providing liquidity.
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Although our modelis highly simplified and stylized, it providesinsights into the organizaton of a
variety of differentassetandcommodites markets. Consicer the two puzzlesraisel in the introduction.
Onepuzzle wasto explain how entry could be profitalde evenif middlemenuniformly undercutthe market
maker’s publicly postdbid andaskprices. Our explanation is thateventhoughit is commonknowledge
thatmiddlemenoffer beter prices the highest-\aluation buyersandlowest-cat selles still find it optimal
to tradeimmediatdy at these prices rather thanincur the seach costsinvolved in trying to find a bette
pricein thedeale marlet.

Theothe puzlewasto explain why market makersintermediateasignificant shareof tradein financid
asset suchas bonds and stods, but virtually nore of the trade in steel. Our model suggeststhat an
explanationfor this puzzk is thattransations cods for market making are high for commodites suchas
steelbut low for finandal asse$ suchasbonds. However this explanation may seemtautdogicd. Why
would transactians cost asso@tedwith market makingbe so high for commodties suchassteelandso
low for financialassés suchasbonds?

Recallthatky, canbethought of asincludinga“rebate” to buyersandsellersto offset any transations
costsinvolved in transacting with the market maker. In financid assetsud asbonds and agriaultura
commodites sudh aswheatand pork bellies, buyers and selle's (or producersand consumers)may be
relaively soplisticated and may be usedto conducting transactions through a market maker at a centra
exchange. Thus, their “hasde” or transa&tions coss may be fairly low, resuting in a low value of I,
relaive to k. However, in the steelmarlet, tradershave littl e expeliencein condicting transations over
anexchange.They mayperceive relatively high transactiors coststo doing busnesswith a market maker
compaed with theirlocd SSC.Thusa new entrant to the steelmarket may facea different culture than
did the initial entrants to the bond or wheatmarkets, andthis differencein culture could translateinto a
higher effective transactiors costk, asexplainedin the beginning of secton 3.

However, the increasing peneration of compuers and the World Wide Web seens to be gradally
charging the culture in the steelmarket, lowering k, andcreatng the possibility for profitade entry As
we noted, there haverecerly beenseveral unauccesful attemps atentry by potertial market makers. This
may indicate that techndogy and asso@ted cultural chargesare redudng k, relative to k, moving the
market towardthe boundarybetveenregion 1 (whereentry by a market maker is unprditable) andregion
2 (whereentty is profitable). From our own observation of the steelmarket, we think it is only a matter
of time beforesuccesful entry does occut Also, someof the probdlemsexperiencedby the first wave of

entrants into the steelmarket may have beendueto the geneal effectsof the dot.can cras of 2001-02,
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andsomeof thes entrants(sud asEnron) might have succesedin enteing the ste¢ market hadit not
beenfor prodemsin their other lines of business

More geneally, our model provides new insights into how the information revolution could affect
the microgructure of a variety of different markets. We exped that improvementsin computng and
communi@tions tecmologes will tendto drive all three parametersd, k, and k, toward zero. In this
casewe expect that most markets will ultimatdy be in a configuation nea the origin in region 2 of
figure8. Ourtheordical resuts predct thatmiddlemenandmarket makerswill coexist,with eachhanding

appioximatel half of thetotd volumeof trade.
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