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Abstract

This paper evaluates if having a centralized macketreduce opagueness in an over-the-counter madteow that a
competitive centralized market incentivizes dealershe over-the-counter market to reduce opaquenekereas a
noncompetitive centralized market does not. Thepmiition between the competitive centralized maeked the over-
the-counter market forces dealers in the lattereduce opaqueness. With the noncompetitive cemtdlimarket,
opportunities for collusion incentivize dealersiniorease opaqueness. Specifically, the natural pagonarket maker
arising in the noncompetitive centralized marketrdinates his spread according to dealers’ sprédus.coordination
implies that opaqueness benefits both the deatetst®e monopoly market maker. To demonstrate thegements, |
extend Rust and Hall (2003) by characterizing opagss with Knightian uncertainty. Based on the mddshow that

with the competitive centralized market, opaquendssreases dealers’ profits; whereas with the nuopetitive

centralized market, | find the inverse relation.

! | would like to thank David Easley, Maureen O’Ha@deon Saar, and Joerg Stoye for helpful comméiiitsemaining
errors are my own. Emaikz225@cornell.edu




1. Introduction

Over-the-counter markets (OTC) are often opaquéhasfail to disclose information regarding
the trades publicly. In the 2008-2009 financialsisii opaqueness in OTC derivative markets
complicated the price discovery, thereby deterimggstors from trading. The lack of trading reduced
market liquidity, which further complicated the g®idiscovery and lead to another round of liquidity
deterioration. Having experienced this detrimeitgbact of opaqueness, in the post crisis era policy
makers universally call for reforms to reduce opamss in OTC markefsOne of the ongoing
reformations is to trade standard OTC productseintralized market$This can lead to the coexistence
of centralized and OTC trading. How will this costeince affect market making and trading in OTC
markets? Furthermore, as dealers can benefit fipaueness (see Madhavan (1995) and Yin (2005)),
will having centralized markets incentivize dealeysreduce opaqueness as it is supposed to? These
guestions are important to understand financiadrre@tions that attempt to increase transparency in
OTC markets. To the best of my knowledge, this p&pthe first attempt to address these questions.

In this paper, | develop a model where a centrdliz@rket operates simultaneously with an
opaque OTC market. In the centralized market, gefinumber of market makers compete for order
flows by posting bid-ask spreads. In a competitgetralized market, the winning market maker sets h
spread to deter potential entrance of other mamaters. Whereas in a noncompetitive centralized
market, the entrance threat of other market maiser®t credible. | find that whether the centradize
market is competitive or not generates differenpacts on the OTC market. While a competitive
centralized market causes dealers’ profits to @sereunder greater opaqueness, a noncompetitive
centralized market leads to the opposite. The aditting results are due to the change in theioslat
between the centralized market and the OTC mafatcifically, when the competitive centralized
market becomes noncompetitive, opportunities fapesation arise and replace the competition redatio
between these two markets. Based on these findingsggest that regulators should adopt market
structures that boost competition among market nsaleg., the electronic limit order book, as the

primary industrial organization for the centralizedrket.

2 See G20 Pittsburgh Summit Declaration, Septemb@®,2G20 Toronto Summit Declaration, June 2010, @achmuniqué
of Finance Ministers and Central Bank GovernorghefG20, October 2011.

3 In the United States, the Dodd-Frank act requivdsaie standard swaps in “swap execution faglitiwhere multiple
participants can trade on publicly available pricesle by other participants. And in Europe, thelMiH sets out the
requirement for trading derivatives on organizedues, the “organized trading facilities”.
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The model developed in this paper extends Spulb®9g) and Rust and Hall (2003) by
incorporating opaqueness in the OTC market. Inlddechmark model, | analyze an economy that
consists of the OTC market only. | show that gneafmqueness leads to larger bid-ask spreads in the
OTC market. This result implies that reducing opawgss will decrease trading costs, thereby
increasing market efficiency. However, the welfamalysis indicates that dealers oppose reducing
opaqueness because of smaller profits. The drifmrnge behind these results is that opaqueness makes
traders’ outside options ambiguous, and hence cestilne value of search. Thus traders searchTlbss.
insufficient search leads to increases in tradeesling costs. Since traders’ losses are dealaig'sg
dealers profit from opaqueness.

To explore the impact of centralized trading, |esxt the benchmark model to include an
additional market -- a centralized market. Whendéetralized market is competitive, the bid-asleagr
depends on other market makers’ transaction cast$,hence, is independent of OTC trading. As a
result, the centralized market attracts traders wawot to avoid trading ambiguously in the OTC marke
Under greater opaqueness, dealers lose their cagtdm the centralized market which decreases their
profits.

However, the noncompetitive centralized market twas the above relation between dealers’
profits and opaqueness. The natural monopoly ircémeralized market adjusts its bid-ask spreadgalon
with changes in dealers’ bid-ask spreads. Spetificéhe bid-ask spread in the noncompetitive
centralized market is positively correlated witle thid-ask spreads in the OTC market. This depemdenc
implies that dealers and the monopoly can collunentrease trading costs so as to profit from
opagueness.

In addition, | explore how opaqueness affects thiktyato survive of the centralized market and
the OTC market, respectively. | find that greateagueness increases the centralized market’syatailit
survive regardless of the competitiveness in itwkleer, opaqueness is not the key determinant of the
OTC market's viability. The comparison between $@etion costs in the OTC market and the
centralized market (both competitive and noncontipe)i determines if the OTC market will be
eliminated under the entry of the centralized marke short, when the centralized market has
substantial lower transaction costs than the OT€&ebathe latter cannot survive in the equilibrium.

In this paper, | represent opaqueness in OTC nmrkgt Knightian uncertainty. Knightian
uncertainty describes the situation when the oddsitare states are unknown. Knightian uncertainty

assumes that the decision maker has a set of patiner than a unique prior. Thus, the degree of



Knightian uncertainty can be measured by the sizéhe set of priors. Past studies have shown
Knightian uncertainty could arise if the decisioakar has vague information (Ellsberg (1961)); or if
the decision maker has insufficient knowledge (&asind O’Hara (2009), (2010a), and (2010b)); or if
the decision maker has adopted incorrect modelagétaand Sargent (2001)). Since opagueness means
that some trading information (e.g. quotes, prie@sl order flows) is unavailable or unreliabledés

in OTC markets only have vague information, andckeface Knightian uncertainty.

| adopt the search model to describe trading in @¥aEkets for the following reasofsirstly,
most OTC markets are dealership markets. In démdgersarkets, trades are conducted through bilateral
negotiations with traders on one side of the traded dealers on the other side. As terms of bdate
trades are not public, traders have to search ardeaters for price information. Hence, the search
model in which economic agents seek out the optuheal captures the bilateral trading mechanism.
Secondly, Yin (2005) shows that search costs ameiarin analyzing fragmented markets, which
include OTC markets, even for infinitesimal amouniis is because the friction created by search
significantly changes price behaviors between fraxgied markets and centralized markets.

Dealers in my model adjust their bid-ask spreadsn&ximize their profits under inventory
constraints. Hence, my model falls into the inveyoased market microstructure models (e.g. Amihud
and Mendelson (1980), and Ho and Stoll (1981))ctvlis different from the information-based market
microstructure models (e.g. Milgrom and Glosten8d)9 and Easley and O’Hara (1987)). Traders in my
model are “liquidity traders” rather than “informé&dders”.

In the next section, | review the related literatun Section 3, | set out the benchmark model,
where only an OTC market operates in the economysdction 4, | extend the benchmark model to
include a centralized market. In Section 5, | dsscihe empirical implications of my model and

conclude.

2. Related Literature

Since OTC markets are typical examples of fragnientarkets, my paper adds on the market

fragmentation and transparency literature. Unlilestof the past studies treating fragmented madeets

* Spulber (1996) and Rust and Hall (2003) use theeseamework to describe trading in dealership ko which OTC
markets are special examples. Duffie et al. (20@®)07), and Lagos and Rocheteau (2009) adopfexetift search
framework to model OTC trading. | will discuss tfiéferences in Section 2.
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completely opaque (e.g., Biais (1993), Madhavar®%)9Pagano and Roell (1996), de Frutos and
Manzano (2002), and Yin (2005)), | allow for diféert degrees of opaqueness in fragmented markets. In
addition, while those past studies only comparelibgum outcomes between fragmented markets and
centralized markets, | study the relation betwdasé two markets when both operate in the economy.
With these two distinct features, my model genarai@vel results that show the impact of opaqueness
on equilibrium depends on whether there existsrakréd markets, and whether those centralized
markets are competitive. Though Gehrig (1993), Rnst Hall (2003) also study the equilibrium when
fragmented markets operate simultaneously withrabnéd markets, they do not consider varying
degrees of opaqueness in fragmented markets. ihnfigcmodel generalizes the work by Rust and Hall
(2003).

My paper also belongs to the growing literatureaorbiguity or Knightian uncertainty in market
microstructure research. In a series of paperdefasnd O’'Hara (2009), Easley and O’Hara (2010a),
and Easley and O’Hara (2010b) show how Knightianewainty can affect market trading, and how
certain designs of the market microstructure casde Knightian uncertainty, and hence, increases
market participation and liquidity. My study on Khitian uncertainty in OTC markets complements
theirs. While they focus on the exchange tradirgg tmly takes place in centralized markets, | exami
the OTC trading that takes place in fragmented gtarkChen and Zhong (2011) also study Knightian
uncertainty in OTC markets. However, they do nailyre the establishment of centralized markets in
the economy, which distinguishes my model fromrhei

My work also adds to search models that charaet®@irC markets. Both the search formulation
and the price determination in my model are diffiefeom Duffie, Garleanu, and Pedersen (2005), and
Duffie, Garleanu, and Pedersen (2007). In theirepgpboth traders and dealers search, whereas in my
paper, only traders search, and they search thronghown price distributions. In their papers, psic
are set through negotiations, whereas in my papeslers decide the price. The differences in price
determinations imply that their prices are tradeq®, whereas mine are quotes. My study is inwiitle
Zhu (2011) who studies quotes in opague OTC maitietsxamining dealers quoting strategies under
contact-order uncertainty, but with a different rabdviore importantly, while Zhu (2011) focuses only
on OTC markets, | focus on the interaction betw®& & markets and the centralized market.

My search model generalizes the work by Spulbe®g§l9and Rust and Hall (2003) with

Knightian uncertainty in search processes. Sincerporating Knightian uncertainty implicitly adds



another search cost in their models, my model ocgege to theirs, when there is no Knightian

uncertainty.

3. The Search Equilibrium in an OTC Market

In this section, | extend the search model in Sguli996) to use as the benchmatk. the
benchmark model, only the OTC market operates. 8demomy consists of a continuum of buying
traders (buyers) and a continuum of selling tradselers). Traders’ types depend on their valunstiof
the asset. | denoté€ as the buyer’s valuation amd as the seller’s valuation, and | assume béthnd
vS follow the uniform distribution ovef0, 1]. This assumption summarizes the heterogeneityhef t
traders. | do not intend to explore this heteroggnsince the paper focuses on the trading stradtu
not the asset valuation. The economy also consisascontinuum of dealers. Dealers connect the buys
and sells in the OTC market, and they are hetemmenin their transaction costs. Denotings the
dealer’s transaction cost, | assulllows the uniform distribution ovdk, 1], wherek denotes the
transaction cost for the most efficient dealer. He¢erogeneity among transaction costs reflects tha
dealers adopt different technologies or use diffepgicing models.

Traders engage in the sequential search procesgodérmagmentation in the OTC market.
Furthermore, they search with Knightian uncertaidiye to opaqueness in the OTC market. That is,
traders’ prior knowledge is a set of distributiamger dealers’ quotes. This set of priors available
traders is am-contaminationof historical distributions over bid and ask psfén particular, for any
givene, buyers have the following set of priors,

PPe)={(1-e)P teu:peM}, 1)
whereP, is the historical distribution of ask prices alds the set of all probability measures on the

Borel set of real numbers. Sellers have the follmuset of priors,

P3(e) ={(1 - e)P, +ep: u € M}, 2)
whereP,, is the historical distribution of bid prices. lither PE(€) or P5(e), whene is zero, the set

implodes to a unique prior, which indicates no Kiign uncertainty, and a&sgrows, the degree of

® Chen and Zhong (2011) uses the same model totigasthe pre-trade transparency in OTC markets.
® Thee-contaminatiorrefers to the procedure of introducing a set afrprby contaminating a single hypothetical prigthw

ane probability ball around it. To be more specifitetset of prior®(¢) is
Ple)={(1—€)Py+eu:pueMj}
whereP, is the hypothetical prior andis any probability distribution in the relevantsg.
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Knightian uncertainty increases. As Knightian uteiety represents opaqueness in the OTC market,
becomes the measure of opaqueness in the OTC méakkegfere indicates greater opaqueness. In
addition, the cores a@f-contaminationsets imply that traders construct their priorsaloging noises to
the distributions of historical prices. Thus, howigy traders’ priors are depends on how opaque the
OTC market is.

Admittedly, I am making an implicit assumption éguate the-contaminationto Knightian
uncertainty, since the former is a special castheflatter. However, | believe implications obtane

with thee-contaminationwvould still hold under a more general specificatod Knightian uncertainty.
3.1.Traders' Decisions

For any giverg, a buyer maximizes his minimal expected futureofiay

min { f I(a)dP:P € PB(E)}, (3)
wherel(a) is the discounted future payoff. More specificallfn) = p¢(v® — a) if he trades at time,
or zero otherwise. That is,

I(a) = {ﬁt(vB — a), if he trades at time t; (4)
0 , otherwise.
In the abovep is the discount factor.

By Schmeidler (1989), the buyer’s objective fuastequals the Choquet integral of discounted

future payoffl (a) with respect to a convex probability capadty which means

min Ul(a)dP:P € PB(E)} = fl(a)d@a. ()
8, is, for any given measurable gkt
(1 —=e)P,(E),IfE + 0; (6)
6a(E) _{1 JfE = 0.

And Q represents all asks.
As shown in Nishimura and Ozaki (2004), the Belimejuation associated with the above

problem is,
B By — B B(a 4,B (7)
V¥(a,v®) = max3j0,v® —a,B | V®(a,v®)do,;.
In eq. (7),VE(a) is the value function for the buyer who has an @fér a at hand. Andi is his next

randomly received ask if he continues to searéfa) reflects the choices that the buyer has: (i) do

nothing; (ii) accept the dealer's ask; (iii) rejélee ask price and continue to search. Obvious§lihe
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buyer has’® < a (a is the lower bound of the ask prices offered bgleis), he will never trade or
search. Whenv? > q, the optimal search strategy for the buyer isdcept any ask greater than his

reservation buying price. The reservation buyirigga?® (v?) is the solution of the following equation,

vB =rB(WB) + —f B(VB) a < dlda. ®)
1-p -
According to Nishimura and Ozaki (2004), eq. 8Bgqual to the following equation,
pa—e (77 9)

vB =rB(WB) + P,[a < alda.

1-8 J,

Applying the Implicit Function Theorem, | can shdhatr?(vE) is a strictly increasing function of
vPon the interva(v?,1]. The lower bound of the intervaf denotes to the valuation of the marginal
buyer, whose gain from trading is zero, ié.,.= a = r&(v?).

Similarly, | derive the seller’s reservation prieehich is the solution of the following equation

B(1—¢) (P (10)

v =rS(v%) — P,[b = b]ab.

1=F Jrsws)
And S (v5) strictly increases on the inter aI,VS .7 denotes to the valuation of the marginal seller,
y g

whose gain from trading is zero, i.8,= b = rS(¥°).

3.2.Dealers' Decisions

Sincev?® is uniformly distributed ofv?, 1] andr?(vE) is monotone on the intervfd?, 1], by

change of variables, the density of the reservdiionng prices is

BBy — 1=B+Fa(r®)(1-€)B (11)
e ==
Analogously, the density of the reservation seljpiges is
1-B+(1-F,(rS))(1- e)ﬁ (12)
fS(TS) — ( . bﬁ)_s)

A dealer posts stationary bid and ask to maximigeekpected discounted profits. Meantime, the

dealer has to maintain his inventory position, whiceans that his expected demand shall equal to his

" For technical reasons, | assume that when a tiadedifferent between trading in the market ot,riee chooses not to
trade. That is, when a buyer has valuati8rn= a he quits, and when a seller has valuatid= b he quitsb is the upper
bound of bids offered by dealers.



expected suppl¥.

_,B
As N is the total mass of dealers operating in the Ht&thﬁfB(rB) represents the density of

buyers for every dealer. The number of buyers, te reservation pria€®, visiting the dealer is as
follows: 1 at date-OP,[a > r®] at date-1P?[a > r®] at date-2, ..Pf[a > rP] at datet. If the dealer

sets the ask to, then the market demand at times

—yB (T (13)
D(@) =~ | Pila= oo )dr®
1 fﬁ (- RO A-B+REHA-B)
N, 1-p8 ’
wherea is the upper bound of asks in the OTC market.
By an analogous derivation, the datedpply associated with the bid prieés,
1 (PFESH(1-B+(1 - F,G5))(1 - 14
5.(b) =_f s -B+( »(19))( dﬁ)drs, (14)
NJ, 1-8
whereb is the lower bound of bids in OTC markets.
Given demand,(a) and supplyS;(b), the dealer's objective is
- (15)
max »" p(aDy(@) - (b + k)5, ()),
" t=0
subjects to
D¢(a) = S¢(b). (16)

3.3.The Stationary Search Equilibrium

Proposition 1 describes the stationary search equilibrium in@T& market, in which traders

maximizing their minimum expected payoffs, and deamaximizing their expected profits.

Proposition 1 [The Benchmark Equilibrium]

For any givere, there exists a continuously differentiable symimetuilibrium pricing policy,
a(k),b(k), witha(k) increasing and (k) decreasing irk for allk < k < k*, wherek™ denotes the

marginal dealer whose profit margin and tradingwuole are zeros. The pricing policy functions satisfy

8 Spulber (1996), Rust and Hall (2003), Duffie et @005) and (2007), and Lagos and Rocheteau (2068)the same
assumption in their search models.
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* * k* * 17
a(k) = e~ Y@z <u + [ (-1 1 Y(z)> el Y(u)d“dz>, )
k

2 4 2
b(k) =1 —a(k), (18)
k* =a(k*) — b(k"), (19)
where
20
B 1 1—¢€ (20)
Y(Z)zz(k*_k) ﬁ(k*—z)_ Z—k )
— 1—W 1—ﬁ+m(1—6)ﬁ

andk™ is the solution of the following equation

Ck+1 pA-e) (kT +1 1 (¥ (21)
1= > + 1—,6’< > _k*—@La(k)dk'

In the stationary equilibrium, the historical dilstitions of prices coincide with the equilibrium
distributions of prices. The equilibrium obtaindmbge is similar to the rational expectations eguilim
conceptually as the equilibrium prices confirm &esd set of priors. But in terms of the equilibrium
outcomes, my equilibrium is different from the oatal expectations equilibrium. In my equilibrium,
traders’ predictions on prices systematically devieom the equilibrium prices, whereas in thearadil
expectations equilibrium, traders’ predictions oicgs are self-fulfilling. These systematic dewas in
my equilibrium depend on opaqueness in the OTC aetakkkhen the OTC market is fully transparent,

the equilibrium becomes the rational expectatianslidrium obtained in Spulber (1996).
3.4.Comparative Statics

Obviously, the price system Proposition 1is non-linear. Therefore, the analytical solution
the price system does not exist, in general. Dubddack of analytical solution, | show the congibwe
statics numerically. Setting = 0.9 andk = 0.005, | solve the equilibrium witle ranges fron® to 0.5.°
[Insert Figure 1 Here]
Figure 1shows that the average bid-ask spread in the OTiRemimcreases asincreases. As
represents the degree of opaqueness in the OTCetHrk increasing indicates greater opaqueness in
the OTC market. Thus, Figure 1 shows that wherQm€ market gets more opaque, the average bid-

ask spread increases.

° | obtain similar results with other assigned pastenvalues.
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[Insert Figure 2 Here]

Figure 2 illustrates how changesecimlter the demography in the economy. The left pahe
Figure 2 shows that the total mass of dealersenQfi'C market increases amcreases, whereas the
right panel of Figure 2 shows the total mass aldra in the OTC market decreaser @&screases. This
means that the impact of opaqueness on the OTCemdiks two folds. On one hand, greater
opaqueness encourages the participation of deaerthe other hand, greater opagueness discourages
the participation of traders.

[Insert Figure 3 Here]

To decompose comparative results in Figure 1 agdr€i2, | compare the ask prices when the
OTC market is transparent (that is, wieer 0) with the ask prices when the OTC market is opaque
(that is, where > 0). Figure 3 shows the results from this comparigorthe right panel of Figure 3, |
find that the cumulative density function of askfts toward the right whea > 0. The shift means that
buyers are more likely to receive higher asks famalers when the OTC market is opaque, 4.&,0.
Since in the equilibriumh(k) = 1 — a(k), the dealer who increases his ask also decreasdsich
Hence, when the OTC market is opaque, all operatieglers' bid-ask spreads become larger.
Consequently, the increasing bid-ask spreads diageutraders to trade, since their trading costs
increase.

[Insert Figure 4 Here]

The force driving results in Figure 3 is the desec@af the search value in the opaque OTC
market. In Figure 4, | compare traders’ reservatialues between different opaqueness regimes in the
OTC market. | show that buyers' reservation buyinges are higher, and sellers' reservation selling
prices are lower, when > 0. That is, buyers are willing to buy at higher paand sellers are willing to
sell at lower prices, when the OTC market is opadiese results imply that the search value is towe
in the opaque OTC market. The OTC market opaqueimessases traders’ uncertainty on outside
options'® As traders become uncertain about their outside®mg they are willing to accept worse

offers. As a result of that, bid-ask spreads inseeaith the degree of opaqueness.

3.5. The Welfare Analysis

| define the gains from trade as the sum of traderplus

19 Uncertainty here refers to Knightian uncertainty.
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1 v (22)
f (B —rB(vB)dvE + f FSWwS) —vSdvs.
vB 0

[Insert Figure 5 Here]

Figure 5 shows how changeseithange traders’ total surplus and dealers’ tatafigs. The left
panel of Figure 5 shows that ascreases, traders' surplus decreases. This ntleanthe gains from
trade decrease under greater opaqueness. Whikrdradffer from opaqueness, dealers benefit from
opaqueness. In the right panel of Figure 5, | sHealers' total profits increase esicreases. The result
that dealers are better off in the opague OTC ntaskeonsistent with Madhavan (1995) and Yin
(2005).

The welfare analysis indicates that though redp@paqueness decreases trading costs and
increases market efficiency, it harms the dealethe OTC market. As a result, dealers who aré wita
connecting buys and sells in the OTC market, oppgoseeduce opaqueness. Can we align dealers’

interests with traders to reduce opaqueness?

4. Stationary Search Equilibria with a Centralized Market

In this section, | show that having a competitientcalized market to compete with the OTC
market will provide incentives for dealers to redumpaqueness of the latter. The model extends the
work by Rust and Hall (2003)

The centralized market is a trading venue. On #weue, there arm dealers with transaction
costsKy, K, ..., Ky,. To differentiate them from dealers in the OTC keéir | denote dealers in the
centralized market as “market makers.” Market makeost publicly available asks and bids. In

addition, |1 assume all market makers adopt invgntonstraints, that is, demand shall equal to suppl
4.1. Traders' Decisions under the Existence of the Cerditized Market
Traders have an additional option that is to tiadée centralized market. This additional option
changes traders’ trading decisions. Specificalljpuger who has not yet chosen to search has three

options: (i) do nothing; (ii) buy a unit of assetthe centralized market at priag, (iii) search for a

better price in the OTC market. Hence, the buyaisge function before he searches is
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W5 (a.,v?) = max {0, vB —a.,p f VE(a, ac,vB)dHa}, (23)

whereV?(a, a.,v®) denotes the value function for the buyer whendaches in the OTC market afd
is the next random ask received. Once the buyeisdta search in the OTC market, he has the fourth
option of accepting the current ask,The buyer’s value function when he searches is

VE(a,a,,v?) = max {0, vB —a,vB —a,p f VEB(a, ac,vB)dHa}. (24)

Similarly, seller’s value function before he seazls

WS (b,,vS) = max {O, b.—v5,pB f vS(b, b, vs)de}, (25)

whereV (b, b, v®) denotes the value function for the seller if heides to search in the OTC market

andb is the next random bid received. And the sellealsie function when he searches is

VS(b, b, vS) = max{o, b—vS b, —vS, B f vS(b, bc,vS)de,,}, (26)

whereb is the current bid.

From buyers and sellers’ value functions when thegrch (eq. (24) and eq. (26)), if all dealers'
asks are lower than the centralized market's ast,ifaall bids are higher than the centralized netisk
bid, then in the equilibrium no trader will tradethe centralized market. On the other side, itlealer
can offer ask lower than the centralized markegls and if no dealer can bid higher than the cénée
market’s bid, then in the equilibrium all traderdlvirade in the centralized market. The interméelia
stage is when some but not all dealers are abbéfeo lower asks and higher bids than the centdliz
market, then some traders will trade in the ceizgdl market and some will trade in the OTC market i
the equilibrium. | start the analysis from the mtediate stage equilibrium, since the other two are

extreme cases of the intermediate stage equilibrium
4.2.The Equilibrium in which OTC Markets Coexist with t he Centralized Market
Traders’ Decisions

As discussed in the above, no dealer can surviyeobting an ask higher than the ask from the
centralized market.. Thus,a,. is the upper bound of asks in the OTC market.alle¢ the lower bound

of asks in the OTC market. Buyer’s value functionew he searches (eq. (24)) implies that any buyer
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with v8 < a will never trade. Hence, determines the marginal buyer. Thatdss v wherev? is the
marginal buyer's valuation of the asset.

For the buyer whose reservation value equals. tohen he searches, it be his valuation of

the assetProposition 2describes buyers' optimal strategies in choosinglwmarket to trade in.

Proposition 2
A buyer's optimal strategy depending on his typés as follows:

« ifvB e [v%,1], then it is optimal for the buyer to bypass theGOmiarket and purchase
the asset immediately from the centralized mark#éteaask pricex,;

. ifv® € (vB,7°), then it is optimal for the buyer to trade in t@TC market;

. ifvBe [O, ZB], then it is not optimal for the buyer to tradetire centralized market nor
in the OTC market.

Whenv? € (gB,VB ) the buyer's optimal search strategy is a reservairice policy with the

reservation price implicitly defined as

1— rB(vB) (27)
VB =rB(vB)+uf P,[a < a]da.
1-8 ),
By Implicit Function Theorem, | can show thdt(v?) is monotone or@B,VB). Thus, eq. (27) implies
1- Ge 28
v a4 2179 dj P,la < alda. (29)
1-5 J,

Likewise, | haveProposition 3 describe sellers’ optimal strategies in choosimgctv market to

trade in. InProposition 3, vS denotes the seller with reservation value equelké centralized market's

bid, b, andv’ is the marginal seller whose gain from tradingaso.

Proposition 3
A seller's optimal strategy depending on his typés as follows:

. ifvSe [VS, 1], then it is not optimal for the seller to tradetime centralized market nor
in the OTC market;

. ifvS € (v5,7°), then itis optimal for the seller to trade in tH@TC market;
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« ifvS €[0,v%], then it is optimal for the seller to bypass th€@market and sell the

asset immediately in the centralized market atidepriceb,.

From the above, wher® € (KS,VS), the seller's optimal search strategy is a resiervgrice
policy, and the reservation price is implicitly ohefd as the follows,

1—¢) (P o (29)
v =rS(v%) — u P,[b = b]ab.
1=8 Jrs(s)
Similarly, | can show that$(vS) is a strictly increasing function of on the intervalvs,v°) by

Implicit Function Theorem. Thus? is defined as

pa-9 0

vS = b, - Py[b = b]ab.
b¢

Dealers' Decisions

With an analogous derivation in Section 3, | hdheedemand and supply for a dealer at time

ac(1 _ B\ (1 _ B _ (31)
DP(a) = % (1-RE%)( 1zj ;Fa& A=\

bFErH(1-B+(1-F,(%))) (1 — (32)
StD(b)zN_lD L) (1-p (1_ﬁb(r ) ( B

b

in which N? is the total mass of the surviving dealers.
With the constraint of keeping demand equal to Buypp dealer is trying to maximize his

expected discount profits. That is,

= 33
rg%xz Bt(aDP (@) — (b + K)SP (b)), %)
=

subjects to
DP(a) = SP(b). (34)

Market Makers’ Decisions and the Competitiveness ahe Centralized Market

All market makers post their asks and bids in thet@lized market. And all asks and bids are

public. This means that any market maker can obsernces set by others. Since market makers

14



compete for order flows from traders, the mostcedfit market maker (who has the least transaction
cost) will charge a bid-ask spread that is lesequal to the next most efficient market maker’s

transaction cost to become the monopoly in therakred market. Thus, denotiig,, as the second

order statistic ofK,,K,, ..., K,,,}, the bid-ask spread in the centralized markesfasi the following

condition,
a. — bC < K(Z) (35)
FromProposition 2, market demand for the centralized market is,

1— e 36
D(a.) =1-"v%(ga.) = 1—ac—uf P,la < alda. (36)

And from Proposition 3, market supply for the centralized market is,
_ 1—¢) (P S (37)

S¢(be) = v¥(b.,b) = be — ﬁ(l—;) P,[b > b]db.
— b,

The monopoly market maker choosesandb,. to maximize his expected discounted profits.
That is,

max a.D¢(a.) — (b, + K1))S€(b,), (38)

subjects to
D(ac) = S¢(b), (39)
a. — b. < Kz, (40)

whereK(,y , the monopoly market maker’s transaction coshésfirst order statistic di;, K5, ..., K}

Two sets of solutions can arise when | solve tieva maximization problem. The first set is the
corner solution, which is when the inequality (40)ds. This indicates that the centralized market i
competitive. The monopoly market maker has to pdsit-ask spread equalingXg,, to deter the entry
of other market makers. The second set is theiamnteolution, which is when the inequality (40)
unbinds. This indicates that the centralized maikeiot competitive. The most efficient market nrake
becomes the natural monopoly whose action doedep#nd on other market makers. Unlike the corner
solution where the bid-ask spread equalk(tg, the bid-ask spread in this case dependkgn Hence,
givenk, €, andf, whether monopoly market maker’'s profit maximiaatis the corner solution or the

interior solution depends dty;) and K.

Stationary Search Equilibria
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Given that two sets of solutions can emerge imtbaopoly market maker’s profit maximization
problem, two equilibria emerge correspondingly
Proposition 4 characterizes the equilibrium when the monopoly kaearmaker's profit

maximization generates the corner solution.

Proposition 4 [The Corner Equilibrium]

For any givere, there exists a continuously differentiable symimetuilibrium pricing policy,
a(k) andb(k), witha(k) increasing and (k) decreasing irk for all k < k < K(»). The pricing policy
functions satisfy,

a(k) _ e_f:(Z) Y(2)dz <K(2) +1 (41)
2

K, ,
+.[ ()(_Z (1+Z) Y( )) efzK()Y(u)dudZ>,
k

d

b(k) =1 — a(k), (42)

where
(43)
B 1 1—¢€

2(Koy—k)| , BKpy—2) _ z=k o af
2 k K(zj— 1 'B+K(2)_E(1 e)p

The centralized market’s prices are

Y(2) =

a.=———,
2
b, =1-a,. (45)

Proposition 5 characterizes the equilibrium where the monopgbytdit maximization generates

the interior solution.

Proposition 5 [The I nterior Equilibrium]

For any givere, there exists a continuously differentiable symimetuilibrium pricing policy,
a(k) andb(k), witha(k) increasing and (k) decreasing irk for all k < k < k™, wherek™ denotes

the marginal dealer whose profit and trading voluane zeros. The pricing policy functions satisfy,
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a(k) = e_fzf**Y(Z)dz <k**2+ 1 (46)
N jk** 1 (1 + Z) Y( ) Zk* Y(u)dudz>’
kg 4
b(k) =1- a(k), 47)
k™ = a(k™) — b(k*™™), (48)
where
(49)
V() = B 1 1—¢€
zZ) = .
2(k — k (" —z)
The centralized market’s prices are
a. = a(k™), (50)
b, =1-a,. (51)
k** is defined as follows
k™ (k—Kp)| 1 k1 9
T Wik W 2
pl—e) (k+1 1 ﬁ
— — = k)dk | |,
1-8 \ 2 k-l a(k)

in whichk represents the monopoly market maker’s bid-askagpr

[Insert Figure 6 Here]

To determine which equilibrium will show up, | firsolve the interior equilibrium but with out
the competitive constraint, i.ei, — b, < K(,). Letk;" denote to the solution. k" = K,), then the
corner equilibrium will show up, as other marketkeys can undercut the monopoly market maker’'s
unconstraint spread;”. If k3" < K(,), then the interior equilibrium will show up.

Givenk, e, andp fixed, k;;* depends only oi(;y. Thus, the pair oK,y andK,) determines
which equilibrium to emerge. With= 0.5,k = 0.005, andf = 0.9, Figure 6 shows for what pairs of
K1y andK(, that the corner equilibrium will emerge, and fdrat pairs of(;y andK ;) that the interior

equilibrium will emerge.

Comparative Statics in the Corner Equilibrium
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Setting = 0.9,k = 0.005, K(;y = 0.29, andK(,) = 0.3, | solve the equilibrium witls ranges

from O to 0.5
[Insert Figure 7 Here]

Figure 7 shows that the average bid-ask spredtei®©TC market decreasescascreases. This
means that the average spread shrinks, when then@rket becomes more opaque. This result differs
from the finding in Section 3, where | show greaipaqueness enlarges the average spread (see Figure
1).

[Insert Figure 8 Here]

In Figure 8, | show that how dealers and tradespaed to changes m The left panel of Figure
8 shows that the total mass of dealers is indepgrafechanges ia, while the right panel of Figure 8
shows that the total mass of traders increasesraseases. The increase in the total mass ofrsade
with largere implies that more traders participate in tradingew the OTC market gets more opaque.
These results again differ from the finding in $®&tt3, where greater opaqueness discourages traders
participate.

[Insert Figure 9 Here]

To understand different results obtained here,mhmate the distribution of traders between the
OTC market and the centralized market under diffiedegree of opaquenes9.(From the left panel in
Figure 9, trades in the OTC market decreaseiasreases, whereas the right panel in Figure vsho
that trades in the centralized market increase iasreases. This implies that traders migrate ® th
centralized market, when the OTC market gets mpagjoe,

[Insert Figure 10 Here]
[Insert Figure 11 Here]

The migration of traders highlights how the existenof the centralized market affects
equilibrium outcomes. Analogous to the benchmarldehon Section 3, when the OTC market gets
more opaque, the value of search decreases whads & changes in traders’ reservation values (as
shown in Figure 10). However, in contrast to thedbenark model, traders here have an additional
option — trading in the centralized market. Thudjew the search value decreases, rather than
negotiating with dealers under ambiguous outsid@éong, traders choose to trade in the centralized
market. Furthermore, Figure 10 shows that highatadan buyers and low valuation sellers suffer the

™ Numerical results are robust to parameter choices.
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most from greater opaqueness. Hence, most migaetshigh valuation buyers and low valuation
sellers. The remaining buyers in the OTC marketvatie low valuations, and the remaining sellers are
with high valuations. This forces dealers to lowezir asks and increase their bids to accustorhéo t
remaining traders. In addition, dealers also wanattract more trading with smaller bid-ask spreads
Figure 11 verifies these changes in dealers’ as@dals.
[Insert Figure 12 Here]
Defining the gains from trade as the sum of trddenplus

1 vS 53
fB(vB —a.)dv® +f (b, —vS)av’ 3)
v 0

Gains from Trading in the Centralized Market

S

+ jv (vB —rB(vE))dvP + fv TrSwS) —vSdvs,

Gains from Trading in the OTC Market
I show the welfare changes of traders, dealerstt@dionopoly market maker in Figure 12.

The left panel of Figure 12 shows that the gaimsnfitrade decrease asncreases. This is
because opaqueness makes it more costly to trémemiddle panel of Figure 12 shows that dealers’
total profits decrease asincreases. This is because dealers have less gofumd smaller bid-ask
spreads. The right panel of Figure 12 shows the opoly market maker's profits increase as
increases. This is because more traders migrateetaentralized market due to greater opaqueness in
the OTC market. These results indicate that whemeths a competitive centralized market in the
equilibrium, greater opaqueness incur losses nigttortrades, but also to dealers. Hence, intrauyie
competitive centralized market to the economy igfective approach to incentivize dealers to reduc

opaqueness in the OTC market.

Comparative Statics for the Interior Equilibrium

Setting = 0.9,k = 0.005, K1) = 0.009, andK,) = 0.3, | solve the equilibrium witle ranges
from 0 to 0.5%2
[Insert Figure 13 Here]
Figure 13 shows that how the average bid-ask spgredite OTC market and the spread in the

centralized market change with differentUnlike in the corner equilibrium, the OTC marlsetiverage

12 Numerical results are robust to parameter choices.
19



spread in the interior equilibrium increases ungierater opaqueness. In addition, greater opaqueness
also increases the spread in the centralized market
[Insert Figure 14 Here]

In Figure 14, | show how dealers and traders regporchanges ia. Again, unlike findings in
the corner equilibrium, in the interior equilibriyrgreater opaqueness leads to less participaton fr
traders, but more participation from dealers.

The different results obtained from the corner Bopiim and the interior equilibrium are due to
the impact of opaqueness on the monopoly marketemak the interior equilibrium, the monopoly
market maker does not fear the entry of other markakers, which enables him to charge the
unconstrained ask and bid with the spread equat§ torhis spread depends on spreads in the OTC
market, and hence, opaqueness in the OTC markist.dependency implicitly offers opportunities for
the monopoly to collude with dealers in the OTC kear Under greater opaqueness, conjecturing
dealers in the OTC market would enlarge their lskl-spreads, the monopoly market maker enlarges his
bid-ask spread correspondingly. Increasing spreatioth the OTC market and the centralized market
discourage traders to participate. Whereas, inctiraer equilibrium, the monopoly market maker’s
spread is independent of dealers’. This makeseh&alized market as a safe haven for tradersdaav
opaqueness in the OTC market. As a result, undeaitgyr opaqueness, the OTC market loses their
market shares to the centralized market. The demdamarket is indeed competing with the OTC
market.

[Insert Figure 15 Here]

Figure 15 shows the changes in the welfare of tradkealers, and the monopoly market maker.
Similar to the corner equilibrium, traders’ totalrglus decreases asncreases (see the left panel of
Figure 15). This is because the impact of opaqueoedraders is the same as before. The middld pane
of Figure 15 shows that dealers’ total profits @ase as increases. And the right panel of Figure 15
shows the monopoly market maker’s profits incresseincreases. These results indicate that when the
centralized market is not competitive, the exisgeatit in the equilibrium cannot incentivize daaléo
reduce opaqueness in the OTC market.

4.3.The Equilibrium in which the Centralized Market Fails to Survive
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As mentioned previously, the equilibrium in whi¢ttetOTC market coexists with the centralized
market is the intermediate stage equilibrium. Ipassible that the centralized market loses adlesao
the OTC market, and hence, fails to survive. I #xtreme equilibrium, establishing the centralized
market is futile to incentivize dealers in the Oarket to reduce opaqueness, since the centralized
market will not survive in the equilibrium.

The condition for the extreme equilibrium, in whitie centralized market fails to survive, is

illustrated byProposition 6.

Proposition 6
A centralized market fails to survive in the edwilim if and only itk > k*, wherek” is

defined inProposition 1. The equilibrium is the same asRnoposition 1.

Figure 1 shows that* increases . As k* represents the upper bound for the centralized
market to survive, Figure 1 implies that greateagqueeness in the OTC market makes it easier for the
centralized market to survive in the equilibriumond specifically, when the OTC market has high
opaqueness, the centralized market can surviveitusarket makers in it have high transaction costs

Proposition 6 suggests that stricter regulations, which caner#tiansaction costs, would not
destruct the centralized market’s viability, if t8dC market is with great opaqueness. This shetis li
on the tussle between regulators over the stristoésules on SEFS.Some policy makers are afraid
that stricter rules will impair the viability of $I5 as stricter rules raise transaction costs. Altegrto
Proposition 6, if OTC markets on swaps are of great opaquerSEs with stricter rules will still
survive in the equilibrium.

Admittedly, the ultimate goal for SEFs is to re@d@TC markets on standardized swaps, which
is out of the scope of the above analysis. To wstded how the centralized market, e.g., a SEF, can
replace an OTC market, | analyze the other extremélibrium, in which the OTC market fails to

survive, in the following section.

4.4. The Equilibrium in which the OTC Market Fails to Survive

13 SEFs are under the regulation of both the CFTCthadSEC. The two agencies have disagreed on rukssSEFs. In
short, the industry deems the CFTC'’s proposed tadse stricter than the SEC’s. For example, th@ Clkequests swap
traders to obtain at least five quotes before thae, whereas the SEC requests traders to olitiast one quote.
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In this section, | show the condition for the calited market to replace the OTC market in the
equilibrium. The key determinant is the comparisgnthe transaction cost between the centralized
market and the OTC market. However, in one spaxaak, opaqueness of the OTC market also has

influence on the takeover.
The OTC Market Fails to Survive in the Corner Equilibrium

As shown in Section 4.2, when the centralized ntaikecompetitive, the monopoly market
maker’'s optimal choice is to post his bid-ask sgred the next most efficient market maker’'s
transaction cost, i.eK,y. The equilibrium is the corner equilibrium. Thendition that the centralized

market replaces the OTC market in the corner dayuilin is described as follows.

Proposition 7
In the corner equilibrium, the OTC markets fail sorvive if and only ifk > K. The

equilibrium prices are

Ko +1 (54)

a.=1—-b, = 5

Proposition 7 implies that for a competitive centralized markesuccessfully replace the OTC
market, market makers’ transaction costs must Wwerldghan dealers’ transaction costs. More precjsely
the next most efficient market maker’s transactost, which is the spread in the centralized market
shall be lower than the most efficient dealer'sigiaction cost.

The above paragrapuggests that to replace the OTC swap market WwahSEF, which is a
competitive market, market makers in the SEF shalle lower transaction costs than dealers in the
OTC swap market. From this perspective, strictegsron the SEF are not in favor of the takeoveenev
though they do not impair the SEF'’s viability.

As the OTC market fails to survive in the equilibn, and the monopoly market maker in the
centralized market charges a fixed spread to deteentrance of other market makers, opaqueness in
the OTC market does not exert any influence orethelibrium outcomes. However, opaqueness in the
OTC market impacts the condition for the OTC martetsurvive, when the entrance threat from

another market maker is not credible, i.e., théreéimed market is not competitive.
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The OTC Market Fails to Survive in the Interior Equilibrium

When the centralized market is noncompetitive, rtteopoly market maker faces no entrance
threat from other market makers. The monopoly ntamk&ker posts bid-ask spread that is his interior
solution of the profit maximization. The equilibniuobtained is the interior equilibrium. The conafiti
for the centralized market to replace the OTC ntankehe interior equilibrium is more complex. As
shown in Rust and Hall (2003), when the OTC maf&#$ to survive in the interior equilibrium, two
pricing strategies can happen for the monopoly etamkaker in the centralized market. The first ane i
that the monopoly market maker charges “limiteaeii which equals to the lower bound of dealers’
transaction costs to deter the entrance of dedléss.second one is that the monopoly market maker
charges unlimited monopoly prices, since the threftdealers’ entrances is not credible. The
equilibrium selection depends on the lower boundealers’ transaction costs.

Proposition 8 [Limited Prices by the Market Maker]
In the interior equilibrium, the OTC market faits survive if and only if

(K —Ku))(l K 2+ 1§ (11__;) : a(k)dk) (55)
< (k= Kay)(1 - E)’
wherek™ is defined irProposition 5. The equilibrilzjm prices are
ac=1—bc=w. (°6)

2

Proposition 9 [Unlimited Prices by the Market Maker]

The OTC market fails to survive in the equilibriifrand only if % < min{k, Ky }. The

equilibrium prices are

a.=1—-b, = 2

[InsertFigure 16 Here]
The upper panel diigure 16 shows the region of the lower bound of dealeemdaction costg,

for the OTC market to survive in the interior eduium. In addition, the upper panel Bigure 16 also
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illustrates the equilibrium selection when the Om@&rket fails to survive. The lower panelRigure 16
shows how changes iaffects the viability of the OTC market. Specifigathe OTC market can
survive with higher transaction costs wheeis large. When the OTC market has great opaqugetiess
noncompetitive centralized market is less likelyréplace it, since the noncompetitive centralized
market prefers to keep the OTC market in order nafitppfrom opaqueness in it. However, when
transaction costs in the OTC market are substanialger than transaction costs in the centralized
market, the centralized market will find it is mgueofitable to replace the OTC market (see the uppe
panel ofFigure 16).

The analysis on the viability of the OTC market enthe noncompetitive centralized market sheds
lights on the OTC corporate bond market. In the Gb€porate bond market, banks are major dealers,
who provide intermediary services. The “Volker Rulehich limits the proprietary trading from banks,
increases banks transaction costs. As a resuisacéion costs in the OTC corporate bond market wil
be lifted once the “Volker Rule” is enforced. Frane upper panel diigure 16, the lift in transaction
costs in the OTC corporate bond market will inceeise chance that a noncompetitive centralized
market replaces the OTC market on the corporaté.bonfact, the BlackRock has recently planned to
launch its “Aladdin” matching platform on tradingorporate bonds, which is likely to be a

noncompetitive centralized market, to compete WithOTC corporate bond markét.

5. Concluding Remarks

My paper suggests that setting up a centralizekeharan be an efficient way to incentivize
dealers to choose for less opaque OTC markets. i$Higecause the migration of order flows to the
centralized market under greater opaqueness leadsnaller profits for dealers in OTC markets.
However, the centralized market has to be competito generate competition pressure on OTC
markets. Results obtained in my paper support teedormations in OTC derivative markets aiming to
reduce opaqueness in those markets.

My model provides some empirical implications. #yrswhen an OTC market is the only
intermediary in the economy, greater opaquenesheanOTC market increases the average bid-ask
spread. Secondly, when a centralized market ar@Tah market coexist in the economy, the correlation

14 BlackRock Inc. is planning to launch a trading falan this year that would let the world's largesimay manager and its
peers bypass Wall Street and trade bonds diredttyome another.
- Wall Street Journal, Apr 22012.
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between degrees of opaqueness and prices can teausest if the centralized market compete or
collude with the OTC market. Specifically, the gahzed market, which competes with the OTC
market, predicts that greater opaqueness will dser¢he average bid-ask spread in the OTC market,
but will not change the bid-ask spread in the @ized market. Whereas, the centralized marketchvhi
colludes with the OTC market, predicts that greafaqueness increases both the OTC market and the
centralized market's bid-ask spreads.

There are some limitations in my model. Tradersnyx model are liquidity traders rather than
informed traders. This limits my model to analypéormation asymmetry in OTC trading. There are
continuum traders and dealers in my model. Buteadity, most OTC trades occurred among finitely
many large institutions. While traders in my modah choose which markets to participate (an OTC
market or a centralized market), dealers canncalibg with these limitations requires a more comple
model which is beyond the scope of this paperliebe extending the model to resolve these issaas ¢
provide more implications on OTC trading.
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Appendices

Proof of Proposition 1
Proof:
Y. BtD.(a) andS(b) = X, BtS.(b). Given thatD,(a) is continuous and

Let's denotéd(a) =
decreasing function o, a], it is easy to see thaét(a) is continuous and decreasing[ana]. We note

that, from the value function of the buyers
(A1)

VB(a) = max {O,VB —-a,pf f 742 (c’i)d@a},
a =v? anda =rB(1). Similarly, we haves(b) continuous and increasing ¢b,b], in whichb =
r$(0) andb = V. As D.(a) = S;(b), we haveD(a) = S(b). Then, we define the inverse functions
A(q) andB(q) mapping fromg to prices.

From the inverse function theorem, we have
- (A2)
A1) = <6D> B 1-B+F(@A-¢ep
0a N =) (1-p(1 - F(@)))
N (1-B+(1-FM»)A-ep) (A3)
B(a) = <6b) B ( N1 - p)(1 - BF, (D)) )
As a(k) increases ik andb(k) decreases ik, we have
F,(a) = PJa < a] Pk[k < k] k k (A4)
- (A5)

kK —k

1—F,(b) = Py[b < b] =Pk <k] =

wherek™ is the marginal dealer whose profit margin anditrg volume are zeros. Thus, the total mass

of dealerN equals tdc* — k.
PluggingF, (a) andF,(b) into A'(q) andB'(q) respectively, we obtain
i (A6)

k—k

A(@ =-B'(q9 =| -
For the dealer with transaction céasthe chooseg to maximize the expected profd(q) —

(A7)

B(q) — k)q. The optimality condition implies
A(@) —B(@) —k=(B'(q) - A'(®)q.
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Thus, we obtain

A(q() = B(q(k)) — k = — .
1_ﬁ+k* k(l_e)ﬁ
Substitutingg (k) = D(a(k)) into equation (A8), we get
a(k) — b(k) — (A9)

2(1- ﬁgck——kk)> W1 g+ EEE)(1 - o
: J

) 1—ﬁ+ﬁ(1—e)ﬁ aty 1= B1-F(D)

Since, for anyk, D(a(k)) = S(b(k)), it implies that‘;—i = Z—i. And sinced'(q) = —B'(q), we have

da dab
a = —a. ThUS,

a(k) + b(k) =C, (A10)
in which C represents a constant.

From the buyer’s reservation value, we have

_ rB(1) All
£ gl_ ;) P.la < alda (AL1)

B(1)+'8(1_6)f k*_ a' (k) dk,

1=r8(1)+

where the second equality is obtained by performaichange of varlables.

Likewise, we have

B —e€) (A12)

5
=5 LS(O)Pb[b > b|db

= r5(0) +ﬁ(1_€)f k*_ b (k)dk.

0=1r500) —

From the above, it is obvious thhat= r2(1) + r5(0). Slncea(k )=a=1rB(1) andb(k*) =
b =15(0), we havea(k*) + b(k*) = 1. This impliesC = 1, and hence,
b(k) =1 —a(k). (A13)
Plugging the equation (A13) into the optimality ddion (equation (A8)) and differentiating
with respect tde, we arrive at the following differential equation

k) — a(k)px(k) _ 1 (1+k)BX (k) (A14)
¢ 2(k*—k) 4 4k -k

where
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1 1—¢ (A15)

—k) k—k '
1—% 1—ﬁ+ﬁ(1—€)ﬁ

The solution for the above differential equation is

X(k) =

* * k* i}
a(k) = eI ¥z (" = <_1 L Zy@) o y(u)dudZ) (A16)
2 X 4 2
where
v = PX@D (AL7)
2(k* — k)

Thus, equation (A16) determines the equilibriumsagind the equilibrium bids equal 10— a.
To determine the equilibriurk®, we applyk™ = a(k*) — b(k*) to the buyer’s reservation value
rB(1) and get

k'+1 -6 (k" +1) 1 (K (A18)
=S 1_ﬁ< a —k*_kf& a(k)dk).

Q.E.D
Proof of Proposition 2
Proof:
The buyer follows a reservation pricing strategyhiew he searches in the OTC market. This
means that

vB—rB(WB) =p f vV (a,a.vP)de,. (A19)

Plugging eq. (A19) into the buyer’s value functlzefore he starts to search, eq.(27), | have

WE(a.,v®) = max{0,v® — a,,v® —rB(vB)}. (A20)
Sincer? (v®) increases im?, and since, = (¥"), | have for any? > 7",

rB(v8) > qa, (A21)

which implies that
vB —a, =vB —rB(vE). (A22)

Whereas, for any® < v°,

rB(vB) < a, (A23)

which implies that
vB —a. <vB —rB(vE). (A24)

Thus, for any buyer with? > v>, he is better off to buy the asset in the certealimarket. Whereas,
for any buyer with/® < ¥”, he is better off to buy the asset in the OTC mark
Moreover, if the buyer hag® < v® = g, then
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vP —a <0,va € [qgal (A25)
Sincea = a, eq. (A25) implies that the buyer loses if he tea@géher in the OTC market or in the

centralized market.
Thus, for any buyer with? < v, he is better off not to trade in any market.
Q.E.D
Proof of Proposition 3
Proof:
This is similar to the proof d?roposition 2, since sellers and buyers are symmetric.
Q.E.D
Proof of Proposition 4
Proof:
The derivation of the price system in the OTC meaik the same as in the proofRrbposition
1 except for the marginal dealer. Specifically, thenopoly market maker charges the bid-ask spread
equals to the next most efficient market makeesagaction cost(). Since all surviving dealers have to
undercut the bid-ask spread posted by the monamalket makerk,) defines the marginal dealer’s

transaction cost. That is,

k™ = K(Z)' (A26)
The inventory constraint applied to the monopobrket maker implies that
1-— ac A27
1—ac—u P,[a < dlda = D(a,) = S€(b,) (A27)
1-p8 J,
B(1—¢€) (P -
be == my bcpb[b > b|db
From eq. (A4) and eq. (A5), | have
- - —k
Pla<a]l =Py[b>b] =Pk <k]= pEr— (A28)
Therefore, -
Koy +1
a. = 1- bc = —(2)2 . (A29)
Q.E.D

Proof of Proposition 5
Proof:
Similar to the proof oProposition 4, the derivation of the price system in the OTC kets is
the same as in the proof Bfoposition 1 except for the marginal dealer. Since the monopadyket
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maker does not fear the entrance of the next nfbsteat market maker, he posts the bid-ask spread
maximizes his expected profits. Consequently, thegmal dealer is no longer the one with transactio
cost equals t&,), but the one with transaction cost equals to theapoly market maker’s profit
maximizing spread.

Since the monopoly market maker’s inventory caistimplies thatr, = 1 — b,. Definingk as
the monopoly market maker's bid-ask spread, | canrite the monopoly market maker’'s profit
maximization as follows,

. k+1 p-e(k+1 1 [k
max(k — Kp) [ 1 - —31_;< - —E_E.La(k)dk>.

(A30)

If k > K(2), then the next most efficient market maker wilteznand undercut the monopoly market
maker's bid-ask spread. ¥ < k, then no dealers will survive in the equilibriubence, the interior
equilibrium would happen, & € (k, K2)).

Therefore, the marginal dealet* is defined by thé that maximizes eq. (A30) and is in the
interval of (k, K() ).

Q.E.D
Proof of Proposition 6
Proof:

When all bid-ask spreads in the OTC markePmoposition 1 are smaller than the transaction
cost of the most efficient market maker, the esghbient of the centralized market is futile. Akhdes
go to the OTC market.

Therefore, the condition for the centralized matkesurvive isK(;) < k*.

Q.E.D
Proof of Proposition 7
Proof:

In the corner equilibrium, the bid-ask spreadhia tentralized market equalskg,. If no dealer
is able to undercut this spread, Kg;) < k, then the OTC market fails to survive in the etuilim.

Q.E.D
Proof of Proposition 8

Proof:
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In the interior equilibrium, if no dealer is alif® undercut the monopoly market maker’s profit
maximizing spread. The monopoly market maker carspeead equal th to become the only trading
intermediary in the economy as longkag K(;y. When the monopoly market maker becomes the only
trading intermediaryProposition 2 andProposition 3 show that the demand in the centralized market
is 1—a,, and the supply in the centralized marketbis The monopoly market maker's profit
maximization becomes

max(2a, — 1 — K())(1 — a,). (A31)
Ac
. . . . K(1)+3 K1)+1
The unconstraint optimal choice @f is — and the spread +é2—

If kK < % then the monopoly market maker cannot set his ple at the unconstraint
optimal choiceK“i—H. In this case, the quadratic objection function (&$1)) implies that the optimal
ask price isk;r—l, which generates a spread equals.to

When the monopoly charges limited prices, hisipisw. Hence, the monopoly will
charge limited prices to kill dealers in the OTCrkes if and only if

. e
(k™ - Kay) <1 K 2+ 1 £ (11 ;) a(k)dk) (A32)
—B
(k- Kw)(1 - E).
= 2
QED

Proof of Proposition 9
Proof:

From the proof oProposition 8§, if k > % then the monopoly market maker sets his ask

. . . .. . .. K+3
price to the unconstraint profit maximization chgice,a, = —2—.

Q.E.D
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The Mean of the Spreads
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Figure 1. Comparative statics of the average bidspsead in the search equilibriumPRroposition 1 with respect t&. The
parameters arg = 0.9, andk = 0.005.
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Dealers in the OTC Market Traders in the OTC Market
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Figure 2: Comparative statics of the total masde#lers and traders in the equilibriumRybposition 1 with respect te.
The parameters are the same as in Figure 1. Thede€l plots the total mass of dealers in thelibguim, and the right
panel plots the total mass of traders in the dojuilim.
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The Equilibrium Asks The Empirical CDF of Asks
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Figure 3: Comparing the equilibrium asks betweendpaque OTC market & 0.5) and the transparent OTC market<
0). Solid lines illustrate the asks when the OTCkatis opaque, while dashed lines show the askswWeOTC market is
transparent. The left panel shows the equilibrigiksaand the right panel shows the empirical cutivelaensity functions
of the asks.
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Reservation Buying Prices

Reservation Selling Prices
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Figure 4: Comparing traders’ reservation valuesvbeh the opaque OTC market=£ 0.5) and the transparent OTC market
(e = 0). Solid lines show the reservation values when@i&C market is opaque, and dashed lines show tervation
values when the OTC market is transparent. Thepkafiel illustrates buyers’ reservation buying mjcand the right panel
illustrates sellers’ reservation selling prices.
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Traders Surplus Dealers Total Profits
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Figure 5: Comparative statics of the welfare ine¢heilibrium ofProposition 1with respect te. Parameters are the same as
in Figure 1. The left panel plots traders’ surplusd the right panel plots dealers’ total profits.
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Equilibrium Selection { £ = 0.5)
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Figure 6: The equilibrium selection when both th&Cmarket and the centralized market operate in abenomy.
Parameters are= 0.5, = 0.9.
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The Mean of the Spreads
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Figure 7: Comparative statics of the average bidsgsead in the equilibrium dProposition 4 with respect t@. The
parameters ag@ = 0.9,k = 0.005, K;y = 0.29, andK,y = 0.3.
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Dealers in the OTC Market Traders in the OTC Market
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Figure 8: Comparative statics of the demographiahé equilibrium ofroposition 4 with respect t@. The parameters are
the same as in Figure 7. The left panel plots ¢ mass of dealers in the equilibrium, and tlghtrpanel plots the total
mass of traders in the equilibrium.
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Traders in the OTC Market Traders in the Centralized Market
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Figure 9: Comparative statics of traders’ distribatbetween the OTC market and the centralized etarkthe equilibrium
of Proposition 4 with respect t@. The parameters are the same as in Figure 7.efheanel plots the total mass of traders in
the OTC market, and the right panel plots the totass of traders in the centralized market.

40



Reservation Buying Prices Reservation Selling Prices
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Figure 10: The comparison of traders’ reservatialues between the opaque OTC market (0.5) and the transparent OTC
market € = 0) in the equilibrium ofProposition 4. Solid lines show the reservation values wherQR€ market is opaque,
and dashed lines show the reservation values wiee®TC market is transparent. The left panel gbotgers’ reservation

buying prices, and the right panel plots sellegservation selling prices.
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The Equilibrium Asks The Empirical CDF of Asks

0.66 1
when g = 0:500
064 . 08+
- o
o 0621 < L 06
I 1)
0
= 06+ : s 04r
< 5
058+ : O o2
. . L 0 7 . . .
0 0.1 0.2 0.3 0.4 0.58 0.6 062 064 066
Transaction costs k g Ask prices a,
The Equilibrium Bids The Empirical CDF of Bids
0.46 : : : 1 : .
when = = 0.500 when & 50.500
0.44 . ogl - i
- 042 I
o L 06f 1
g W
o 04y 1 ®
= @
o « 04} .
T [o]
g/ 038 . m
0.36 | ; © oz 1
0.34 ' ' ‘ 0 '
0 0.1 0.2 03 0.4 0.35 04 0.45
Transaction costs k g Bid prices b q

Figure 11: The comparison of the asks and bids dmtvwhe opaque OTC market=£ 0.5) and the transparent OTC market
(e = 0) in the equilibrium ofProposition 4. Solid lines are the asks and bids under the ap@jiC market, and dashed lines
are the asks and bids under the transparent OTKemdhe left part are the asks (the upper plod) lzids (the bottom part),
and the right part are empirical cumulative denfityctions of the asks (the upper plot) and bite tiottom part).
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Traders Surplus Dealers Total Profits The Mgrgpdly Market Maker Profits
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Figure 12: Comparative statics of the welfare ia ¢lguilibrium ofProposition 4 with respect t@. Parameters are the same
as in Figure 7. The left panel plots traders’ susphnd the right panel plots dealers’ total psofit
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The Mean Spreads in the OTC Market The Spread in the Centralized Market
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Figure 13: Comparative statics of the average bldspread in the equilibrium dfroposition 5 with respect t@. The
parameters ag = 0.9,k = 0.005, K(;y = 0.009, andK(;y = 0.3.
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Dealers in the Economy Traders in the Economy
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Figure 14: Comparative statics of the demographitse equilibrium ofProposition 5with respect t&. The parameters are
the same as in Figure 13. The left panel plotsdted mass of dealers in the equilibrium, and ibatrpanel plots the total
mass of traders in the equilibrium.
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Figure 15: Comparative statics of the welfare i ¢guilibrium ofProposition 5 with respect t&. Parameters are the same
as in Figure 13. The left panel plots traders’ kigpand the right panel plots dealers’ total pgofi
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Profits for the monopoly market maker
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Figure 16: The upper panel shows the equilibriutacsion when the OTC market survives or fails to/aee in the economy
(e = 0.5). The lower panel shows the comparative staticheflower bound of dealers transaction costs, witich the
OTC market can survive. L&k, = 1 to focus on the interior equilibriunk;y = 0.009 and g = 0.9.
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