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Abstract

We model a two-tiered market structure in which an investor can trade an asset on a trading platform
with a set of dealers who in turn have access to an interdealer market. The investor’s order is informative
about the asset’s payoff and dealers who were contacted by the investor use this information in the
interdealer market. Increasing the number of contacted dealers lowers markups through competition
but increases the dealers’ costs of providing the asset through information leakage. We then compare
a centralized market in which investors can trade among themselves in a central limit order book to
a market in which investors have to use the electronic platform to trade the asset. With imperfect
competition among dealers, investor welfare is higher in the centralized market if private values are

strongly dispersed or if the mass of investors is large.

1 Introduction

Trading in over-the-counter (OTC) markets is traditionally done over the phone, i.e. an investor who wants
to trade an asset has to call a dealer an negotiate the price bilaterally. A recent trend in OTC markets is
the growing electronification. Instead of calling dealer by dealer separately, an investor can use electronic
trading platforms to send a request-for-quote (RFQ) to many dealers at once to obtain quotes at which the
dealers are willing to trade. Some estimates suggest that in 2015, more than 40% of OTC-traded credit

default swaps and more than 60% of OTC-traded interest rate swaps were traded electronically.!
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Electronic trading platforms can potentially increase the connectedness between market participants and
thereby make OTC markets more exchange-like. However, there remains a fundamental difference between
centralized exchanges and electronic trading platforms in OTC markets. Whereas exchanges can be viewed as
all-to-all platforms, electronic trading platforms in OTC markets are one-to-many platforms. On exchanges,
each market participant can trade through a central limit order book with all other market participants. On
electronic trading platforms, the RFQ trading protocol prescribes that only one investor can initiate a trade
at a time and choose one dealer to trade with. Therefore, electronic trading still incorporates many of the
features of traditional bilateral trading in OTC markets.

The contribution of this paper is twofold. First, we model the trading process on trading platforms
via an RFQ protocol. In our model, an investor who has some information about the assets payoff can
choose a quantity to trade on the platform. In equilibrium, this quantity is informative about the asset’s
payoff. Our model therefore provides a theoretical foundation of information leakage on electronic trading
platforms that is examined in empirical studies such as Hendershott and Madhavan (2015) or Hagstromer
and Menkveld (2016). Increasing the number of dealers who are contacted by an RFQ has three competing
effects on trading costs: If an RFQ is sent to more dealers, (i) competition among dealers lowers the expected
markup the investor has to pay, (ii) the investor is more likely to receive a quote in the first place, since each
dealers’ response is uncertain and (iii) information leakage about the asset’s fundamental value increases
the dealers’ cost of providing the asset, which results in worse prices for the investor. If dealers respond
very frequently to each RFQ, the cost of information leakage dominates the benefits of more competition
and contacting only few dealers maximizes the investor’s payoff. Only if the dealers’ RFQ response rate is
sufficiently low, an RFQ has to be sent to a certain minimum number of dealers in order for an equilibrium
to exist in the first place. In an off-equilibrium analysis, we deal with the price impact an investor faces on
the platform. The presence of adverse selection makes the permanent price impact on the trading platform
larger than the permanent price impact in the interdealer market. This result is consistent with the findings
of Collin-Dufresne et al. (2017).

Second, we determine conditions under which investors are better off trading on a centralized exchange
among themselves and when they are better off in the two-tiered market structure with an electronic trading
platform and an interdealer market. In our model, all investors are equally informed about the asset’s
fundamental value and benefits from trade in the centralized market only arise due to private values of
obtaining the asset (e.g. hedging benefits). Since dealers are less informed about the asset’s value, investors

can also benefit from their information about the asset in the OTC market structure. The dealers are willing



to trade with the more informed investor, because they expect to be able to partially offset the trade at a
favorable price in the interdealer market. If private values of obtaining the asset are small, investors are
better off in the OTC market structure where they can benefit from information asymmetries between them
and the dealers. On the other hand, if the total mass of investors is large, information about the asset’s
fundamental value quickly leaks into the interdealer market. In this case, the price investors have to pay on
the platform is approximately the sum of the fundamental value and a markup. Then, investors are better off
in the centralized exchange where they can avoid the dealers’ markups and uncertainty about transactions.
Only if competition among dealers is very high, investors will prefer to trade in the OTC markets. In this
case, markups are very low, a trade is very likely and dealers efficiently intermediate trades between their
customers. Additionally, investors can benefit from their information advantage over dealers in the OTC
market. These results extend previous research on the comparison between OTC markets and exchanges in
terms of investor welfare (Babus and Kondor, 2016; Glode and Opp, 2017). In this strand of literature, our
study is the first one to specifically look at electronic trading platforms.

The paper proceeds as follows. Section 2 relates our paper to previous research. In Section 3, we explain
the basic setup that is studied in Section 4. In Section 5, we slightly modify this setup to accommodate a
continuum of investors and compare the two-tiered market structure to a centralized market. Concluding

remarks are presented in Section 6. All proofs are in Appendix A.

2 Related Literature

Collin-Dufresne et al. (2017) empirically study the two-tiered index CDS market in the US. In the market for
the most liquid index CDSs, the Dodd-Frank Act required trading via swap execution facilities (SEFs). As
a result, investors trade with dealers almost exclusively via RFQs on electronic trading platforms. Dealers,
on the other hand, trade among themselves via a continuous limit order book.? This market structure very
closely corresponds to the setup we assume in our paper. The results of Collin-Dufresne et al. (2017) suggest
that the permanent price impact in the D2C segment, i.e. when the investor trades on the platform, is
higher than the permanent price impact in the interdealer market. These results justify our assumption
that investors have some information about the asset that dealers do not have and are consistent with our
result that there is information leakage from the trading platform to the dealers. Hendershott and Madhavan

(2015) empirically study what kind of bonds are traded over the phone and which bonds are traded on an

?Block trades are exempt from the requirement to be traded on SEFs. However, most trades in the interdealer market are
executed in the continuous limit order book, which also allows for mid-market matching and workup.



electronic trading platform. Controlling for endogenous venue selection, they examine the trading costs on
these two trading venues. Hagstromer and Menkveld (2016) estimate information flows between dealers and
provide further empirical evidence for information leakage on trading platforms in OTC markets. Bjgnnes
et al. (2008) and Bjgnnes et al. (2016) argue that dealers in the foreign exchange market learn from their
clients’ order flow and exploit this information in the interdealer market.

Babus and Parlatore (2017) and Glode and Opp (2017) theoretically study investor welfare in OTC
markets and centralized markets. Our model is different from those studies, since we specifically assume an
RFQ trading protocol in the OTC market. Moreover, the information structure in our model differs from
that in Babus and Parlatore (2017), since we have a common value of the asset for both investors and dealers.
Compared to Glode and Opp (2017) we allow the investor to trade continuous quantities of the asset in the
OTC market. Malamud and Rostek (2014) show that decentralized exchange markets may be more efficient
than centralized ones. Lester et al. (2017) show in a search-theoretic model that competition in fragmented
markets may decrease welfare.

In modeling the information leakage on trading platforms, our paper relates to a large strand of literature
that models how information is shared between economic agents. Notable papers in this strand of literature
include Duffie and Manso (2007), Duffie et al. (2009, 2014), Andrei and Cujean (2017) and Babus and
Kondor (2016). Traditionally, OTC markets are modeled as pure search markets as for instance in Duffie
et al. (2005), Weill (2007), Lagos and Rocheteau (2009), Garleanu (2009), Lagos et al. (2011), Feldhiitter
(2005), Pagnotta and Philippon (2011) or Lester et al. (2015). Zhu (2012) and Duffie et al. (2016) explicitly
model dealer markets. Our paper differs from all of those those papers since we consider an electronic trading
platform.

Our assumption that dealers’ responses on trading platforms are uncertain has been used by Jovanovic
and Menkveld (2015) and Yueshen (2017) to model the behavior of market makers in central limit order
books to derive similar random-pricing strategies.?

We also draw on the techniques of noisy rational-expectations models of Grossman and Stiglitz (1980),
Hellwig (1980) and Diamond and Verrecchia (1981). These models assume that agents behave competitively.
Kyle (1989) showed that those models can be extended to allow for strategic traders that take their price
impact into account. However, few closed-form solutions are available in this case. Since the competitive
case is generally viewed as a reasonable approximation to the strategic case in large markets (Vives, 2010),

we will model a competitive dealer market.

3Random-pricing strategies in turn have their origin in the consumer search literature. See for instance Varian (1980),
Burdett and Judd (1983), Stahl (1989) and Janssen et al. (2005, 2011).



As Pagano and Raell (1996) argue, auction markets are in many ways more transparent than bilateral
dealer markets. Naik et al. (1999) show that increased post-trade transparency has an ambiguous effect on
dealers risk-sharing ability in two-tiered markets. Other papers who study the effects of transparency include
De Frutos and Manzano (2002) and Yin (2005). In this paper, however, we do not consider any specific
disclosure policies that are enforced by regulators. In our model, information is disseminated through the

different trading mechanisms.

3 Model

There are two periods and two types of agents. In the first period, an investor can contact a number of
dealers via an RFQ trading protocol on an electronic trading platform to buy or sell a quantity of an asset.
In the second period, dealers trade with each other in a central limit order book. After period 2, the dividend

is paid. This is illustrated in Figure 1.

Figure 1: Timeline

period 1 period 2

RFQ on platform interdealer market dividend payment

The asset pays an uncertain dividend D = 6 + ¢ after the second period, where # and ¢ are both
independent and normally distributed random variables with zero mean and variances o2 > 0 and o3 > 0,
respectively. The informed investor knows the realization of 8 already in the beginning of period 1. The
investor also receives a private benefit § ~ N(0,0%), with 02 > 0 for holding one unit of the asset. This
private benefit is realized in the beginning of period 1 and is independent from all other random variables.
Only the investor can observe §.

There are N, N 5 N > 2 dealers. On the trading platform, the investor can specify the quantity = of
the asset he wants to trade. The investor also selects M dealers, with N 3 M < N from which he wants to
obtain prices at which they are willing to offer quantity x of the asset. The dealers respond independently
with probability ¢ € (0, 1] to the RFQ. That dealers do not necessarily respond may reflect the cost of paying
attention. We will throughout this paper assume that the number of contacted dealers M is exogenously

given, i.e. the trading protocol specifies that the investor has to contact exactly M dealers. This is a slight



simplification of RFQ protocols in real-world markets where investors can often freely choose a number of
dealers to contact.
The dealers are ex ante identical and hold zero initial inventory in the beginning of period 1. In period
2, the aggregate supply of the asset in the interdealer market is noisy. We denote the aggregate supply of
the asset in the interdealer market by W. This aggregate supply is normally distributed: W ~ N(0, U%/V)
and 0‘2/‘, > 0. A noisy aggregate supply is necessary in order to prevent uninformed dealers from observing
the information of informed dealers. One can interpret noise in the aggregate supply as demand from noise
traders or inventory shocks to dealers’ portfolios, even though there is a slight difference between inventory
shocks and noisy aggregate supply. Both dealers and the investor have mean-variance preferences. There is
no discounting and each agent’s utility is linear in the payments made when trading the asset. Let @y, denote
dealer k’s final inventory in the end of period 2 and let Zj denote the sum of all payments made or received
by dealer k£ from trading the asset. Then dealer £’s utility in the end of period 2 with final inventory wy, is
given by
U@y, Z) = @i - E(D|Ty) — % @2 - V(D\T1,) — Zs, (1)

where 74 > 0 is the dealers’ risk-aversion parameter. The expectation and the variance in equation
(1) are taken with respect to each dealer k’s specific information set Zj, which will be determined later.
Equation (1) says that dealers care linearly about the mean of their expected dividend payment in the end
of period 1 and sum they have to pay in both period 1 and 2. They also have to pay an inventory cost
which is increasing in the expected variance of the dividend payment. This inventory cost depends on the
risk-aversion parameter v4 > 0. It is clear that equation (1) can be derived from a first-order condition of an
exponential utility function. We specifically do not assume exponential utility because an exponential utility
function and the functional form specified in equation (1) have different implications for the equilibrium on
the platform. On the platform, a dealer has to take into account the possibility of being undercut by another
dealer when giving quotes to the investor. The model becomes more tractable, if the dealers’ utility is linear
in the payments made when trading. We will assume that the dealers follow symmetric strategies on the
platform and symmetric and linear strategies in the interdealer market.

Similar to the dealers, the investor has mean-variance preferences. The investor, however, also receives
the private benefit § per unit of the asset held. If the investor buys a quantity z; € R on the platform at

price p1, the investor’s utility is given by



Ul(xhpl)=$1'(9+5)—%'$%'03—P1$1, (2)

where 77 > 0 is the investor’s risk-aversion parameter. Comparing (1) and (2), note that the investor’s
expectation of the dividend payment and its variance is given by 6 and o, respectively. On the other hand,
dealers potentially learn about the dividend from the other agents and thus have a less trivial information
set Zj, for each dealer k. Also, dealers trade with each other, which results in a more complex final inventory
Wy, and more complex total payments Zj for each dealer k.

When dealing with the case of one investor in Section 4, we need to make a technical assumption in order
to keep the model tractable. In Section 4, we will assume the presence of an “outside agent”. If the investor
contacts M < N, M > 0 dealers on the platform, these M dealers will learn from the investors about the
the realization of 6. Thus, there will be informed and uninformed dealers in the interdealer market. In
the interdealer market, the uninformed dealers may then make inferences about the dividend level from the
observed market price. It will turn out that this price is affected by both the dealers’ inventories and the
informed dealers’ expectation of the dividend payment. In order to keep this inference problem tractable,
we make the dealers’ inventory independent of the expected dividend level. To this end, we assume that
a dealer who traded on the platform with the investor offsets this trade with the outside agent, who does
not participate in the interdealer market. The outside agent does not behave strategically. The price at
which the dealer offsets his trade with the investor is such that the dealer is indifferent between trading with
the outside agent and going directly to the interdealer market. This way, we keep the dealers’ inventories
independent of the dividend level and still keep the key economic trade-offs that the dealers and the investor
face in our model. This setup is summarized in Figure 2. After the trader has offset his trade with the outside
agent, all dealers start to trade in the interdealer market. A version of our model without the outside agent

will be studied in Section 5.

Figure 2: The outside agent
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4 Equilibrium with one investor

The equilibrium is determined by backward induction. The first step is to establish the equilibrium in
the interdealer market. We will assume and later verify that the investor reveals a noisy signal about
the dividend level 8 to the dealers he contacts. After an equilibrium in the interdealer market has been
established, dealers on the platform can anticipate their expected final payoff conditional on the quantity
they trade on the platform. This payoff will ultimately be a key determinant of the expected price for the
asset on the platform which is derived by standard auction-theoretic arguments. Using the derived quoting
strategies of the dealers and assuming that the quantity the investor wants to trade is linear in 6 + 4, an

equilibrium on the trading platform can be constructed.

4.1 The equilibrium in the interdealer market

The equilibrium in the interdealer market considered in this paper is a rational expectations equilibrium
in linear demand schedules as first studied by Grossman and Stiglitz (1980). This means that dealers
behave competitively. Even though not completely realistic, this assumption can be viewed as a rather good
approximation in the case of large interdealer markets.

Let xx denote the quantity of the asset that dealer k buys in the interdealer market. Since we assume
that a dealer who trades on the platform offsets his trade with a outside agent, the final inventory @y of
dealer k is equal to the traded quantity in the interdealer market: @y = g for all k € {1, ..., N}.

Since M < N dealers have been contacted on the platform, there will be M informed dealers, who observe
0 + ¢ from the investor’s demand. The other N — M dealers are uninformed and will use the market price to
make inferences about the dividend level. In the following, we will represent all dealers by the set {1, ..., N}
and say that dealer k is informed if k£ < M. Conversely, we say that dealer k is uninformed if k£ > M.

Let pa denote the price for the asset in the interdealer market. Differentiating the dealer’s utility (1)

with respect to ¢x and using %—i’: = po gives the first-order condition

E(D|Ik) — ’ydka(D|I]€) —p2 =0. (3)

Since Wy, = g, the second order condition is —vy4V(D|Z;) < 0. The second order condition always holds,
since 74 > 0 and V(D|Z;,) > o2. If dealer k receives the signal s; := 6 + &, one obtains by standard Bayesian

updating that
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where we defined 7¢ and og as the precision and the variance of the dividend payment based on the
informed dealers’ information that includes the signal sg.
The first order condition (3) now implies the following demand schedule:

qk:M for k < M. (6)

Vd

If dealer k is uninformed, his demand is assumed to be of the form

_ E(D‘Zb) — P2

= for k > M. 7
%=~ V(Dlp) ™)

Equation (7) takes into account that uninformed dealers can only learn about the conditional distribution
of D by observing the market price ps. We will use the standard approach to conjecture a price that is linear

in £ and the aggregate supply of the asset W:

p2 = a€ + bW, (8)

with a,b € R. Then, uninformed dealers can use the normal projection theorem to calculate E(D|ps) and
V(D|pz).

In equilibrium, also the market clearing condition

N
dg=W (9)
k=1

has to be satisfied. Using (6) and (7) in (9) determines the market clearing price. Matching of coefficients
in the obtained expression for the market clearing price with the coefficients in the conjectured expression
(8) then gives the rational expectations equilibrium price function. This price function in turn determines
the uninformed dealers’ equilibrium demand schedules.

The following Proposition confirms the existence of an equilibrium in the interdealer market and states

the corresponding expressions for equilibrium price.



Proposition 1. There is always a rational expectations equilibrium such that the market clearing price is

given by (8). Define

Then a and b are given by

and

One has a >0 if M > 0. One also has a < 1 with strict inequality if M < N.

. 9%
p' - Ug—i—a?s,

. 1 1
"7 Var(Dlpa) ~ o} + 02— bpoy’
Y= = CL22p032 2 = ngz

a?pog + b0y, o+ A}ngv:;g

o Mte 4+ (N — M)y,
M1+ (N - M)7,

Yd

b= —
]\47’5017

(14)

The fact that a < 1 for M < N means tha the price in the interdealer market is inefficient in the sense

that the price does not fully reflect the informed dealers’ information. In the absence of private benefits

for the investor (0§ = 0), dealers are only willing to trade with the investor because of this informational

inefficiency in the interdealer market.

4.2 The equilibrium on the trading platform

The equilibrium on the trading platform is derived as follows. We will assume that dealers who are contacted

by the investor can observe s; = 8+ ¢ and therefore form a conditional expectation of 8 given by £ as defined

in (4). We will then use Proposition 1 and the optimal demand schedules (6) to determine the lowest price

at which a dealer is willing to sell (or the highest price at which he is willing to buy) a given quantity of

the asset. The dealers then infer from the investor’s utility function the maximum markup they can charge.

In equilibrium, dealers will charge a random markup on the platform. The expectation of this price can be

used to determine the investor’s equilibrium strategy that reveals sg.

Assume an investor submitted an RFQ to M dealers on the platform to buy x units of the asset (if x < 0,

10



the investor wants to sell). If a dealer is contacted on the platform, but does not trade the asset, he will
observe sg and will therefore be informed in the interdealer market, expecting a dividend level of £. Let
Va1 : R? — R denote the function that maps the expectation ¢ and dealer k’s traded quantity to dealer
k’s expected utility that he will get after period 2. The dealer will anticipate that the price po is a linear
function of £ and W as stated in Proposition 1. Now, the optimal demand schedule (6) and the dealers

utility function (1) imply the following payoff from not trading (i.e. from trading quantity 0):

Yd 2 2 (1 —a)® + Vojy
Vien(0,0) :=E D —py) — 22 = .
,1(6,0) b |ak(D = p2) = 5 0¢d; 2002

We now consider the case in which dealer k sells quantity x to the investor? and goes directly to the
interdealer market, while other dealers think that dealer k already offset his trade with the outside agent.
Now, dealer k has the initial inventory —z in the beginning of period 2. However, only dealer k£ knows that.

The following result states the expected price in the interdealer market for dealer k and dealer k’s optimal

demand.

Lemma 1. Assume dealer k traded quantity x # 0 with the investor on the platform and directly goes to
the interdealer market. Let the other dealers believe, dealer k offset his trade before going to the interdealer

market. Then, according to dealer k’s information, the price in the interdealer market is given by

p2 = al — bx + bW

and his optimal demand schedule is given by

where a and b are defined as in Proposition 1.

Using Lemma 1, one can calculate dealer k’s expected utility if he goes directly to the interdealer market

holding a quantity —z # 0 and having expectation about the dividend payment &.

£€2(1 —a)? 4+ 2(1 — a)béx + b%03, + b2
g —op| - SISO EET (g,
3

Yd
2

Vii(§,x) :=Ey | D(qx — x) — p2qi —

4If x < 0 the dealer is buying from the investor.
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Comparing Vi, 1(€, ) and Vi 1(€, 0) one can observe that the dealer expects a different return from holding
a final inventory due to a different expected price. The second term in Vj 1(&, ) represents the additional

payment a dealer has to make to offset his inventory z in the interdealer market. We define

_ Vi,1(€,0) — Vi1 (€, )
x

pe(w) : k<M (15)

as the break-even price for any contacted dealer k. A dealer who charges p.(z) per quantity of the asset
and sells x units to the investor, does not change his final utility. The payment from the investor exactly
matches the difference in utility due to different inventory holdings. Analogously, we define
=045 — I oe? — £(0j +03) e

— X0

- (16)
27 ¢ op 27 ¢

pu()

as the price at which the investor is indifferent between trading and not trading the asset. As one can
immediately verify, equation (2) implies Us(x, p,(x)) = 0. One can interpret p.(x) as the cost for each
contacted dealer of supplying = units of the asset. Analogously, p,(x) is the investor’s value of acquiring
x units of the asset. The investor can only trade a certain quantity = > 0 with a dealer if p,(x) > p.(z).
Analogously, it has to hold that p.(z) > p,(z) if x < 0.

In the following, we assume that dealers follow symmetric strategies when giving a quote to the investor.
This approach is standard, since dealers are ex-ante identical. In the appendix we show that standard
search-theoretic arguments imply that the price a dealer quotes on the platform for a certain quantity x has
to be a continuous random variable if p,(z) # p.(z). Let F, : R — [0, 1] denote the distribution of the price
a dealer quotes on the platform conditional on the quantity = that the investor wants to trade. If x > 0 and
pu(x) > pe(z), then p,(z) will turn out to be the supremum of the support of F,. That quoting a higher
price than p,(z) cannot be optimal follows from U;(z,p) < 0 for p > p,(x) and = > 0. The investor would
not be willing to buy the asset at such a price since doing so would make him worse off. Analogously, p,(z)
is the infimum of the support of the distribution of quoted prices if < 0. The investor would not be willing
to sell the asset at a lower price.

Dealers are only willing to quote random prices if the expected profit they make is the same for any price
in the support of F,. If p,(z) is in the support of F,, this indifference condition means that

M—-1

2o~ pelw)) Y (M ; 1)(1 C QM= ) = (1 M pule) - pele))e (A7)

Jj=0

12



has to hold for all p € supp(F;). The left-hand side of equation (17) describes the expected profit a dealer
makes by quoting any p € supp(F,). The payment z(p — p.(x)) in excess of the indifference level zp.(z) is
weighted by the probability that the dealer has the best quote among all dealers that respond to the RFQ.
Since the response of a dealer is uncertain and occurs with probability ¢ < 1, one has to consider the cases in
which j =0,..., M — 1 other dealers respond. The right hand side describes the expected profit for a dealer
that quotes p,(z). Since F, is continuous, this dealer will only sell the asset if no other dealer responds
to the RFQ. This happens with probability (1 — q)»~!. In this case, the dealer’s utility will increase by
2(po(@) — pel®)) > 0.

The following result gives the closed-form expression for the distribution function F, that solves (17) for
any x with z(p,(z) — p.(x)) > 0. The last inequality is a necessary condition for the existence of strictly
positive benefits of trade between dealers on the platform and the investor. In the statement of Lemma 2,
we will leave implicit that p. and p, depend on x. In Section 5, we will study a version of the model in
which the dealers’ cost p. does not depend on z. Since Lemma 2 holds irrespective of what variables p, and

Py depend on, we will state it without reference to any of those variables.

Lemma 2. Let p. be the dealers’ cost of providing a certain quantity x € R\ {0} of the asset and let p,
denote the investor’s value of acquiring x units of the asset. Let the investor submit an RFQ to M > 2
dealers on the platform to trade quantity x with x(p, — p.) > 0. Let ¢ < 1. Assume that dealers who get
contacted know 6.

If a dealer responds to an RFQ, he will charge a random price that is distributed according to the distri-

bution function F,. This function is defined by

1/(M—1)
1 1-g¢q pv—pc)
szzz—( . 18
) q q P — Pe (18)

If £ > 0, the support of F, is given by [P, pv], where D, is determined by F,(p,) = 0 and satisfies p, > pe.

If x <0, the support of F, is given by [py,D,), where B, is again determined by F,(D,) = 0 and satisfies
Pz < Pe-

In this case, the expected price the investor has to pay for the asset conditional on at least one response

to the RFQ is given by

P(x) :=E(p1 | «, at least one response) = / pdG.(p) = pe + £(py — Do), (19)
supp(Fy)
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where the distribution G : R — [0,1] is defined by

1—(1-g¥M
and
\M-1
= qu_(l(l _q)q)M <1el0,1) (20)

If ¢ = 1, Bertrand competition implies that dealers have to set a price that equal to their cost p.. Thus, the

above expression for P(x) holds for all q € (0,1].

Equation (19) states that the expected price the investor receives on the platform is equal to the dealers
cost p. plus a fraction of the total gains from trade p, — p.. The fraction of this surplus that the investor has
to pay is equal to k, defined as in (20). Thus, k can be viewed as the endogenously determined bargaining
power of the dealers. By taking derivatives, it can be shown that k is decreasing in M and ¢, which is
consistent with economic intuition. As M becomes larger, competition among the dealers for the business
of the investor increases. This competition is also higher, if the presence of other dealers on the platform
becomes more likely.

Note that the results in Lemma 2 required the assumptions that xz(p, — p.) > 0 and that contacted
dealers observe 6 + §. In the remaining part of this section we will derive an optimal strategy of the investor
that allows both assumptions to hold in equilibrium. We will restrict the possible strategies of the investor
to strategies that are linear in the sum 6 4 §. This means that the quantity the investor wants to trade is
a (positive) multiple of 6 4 §. It is obvious that dealers then can infer § + § from the quantity the investor
wants to trade. However, it is a nontrivial result that the investor finds it indeed optimal to reveal 8 4 ¢ and
the associated information about 8 through his choice of the quantity x. The reason why such an equilibrium
is possible, even as the private value § becomes negligible, lies in the fact that the parameter a as defined in
1 is generally less than one. If the investor reveals a given value of 6 4+ J to the dealers, the dealers expect
a dividend payment equal to ¢ as defined in (4). The price for the asset in the interdealer market will be
£a < £ in expectation. This price in the interdealer market determines the cost for dealers of providing the
asset, which according to Lemma 2 determines the expected price the investor receives on the platform. If
a < 1, the quotes the investor gets on the platform are less sensitive to 6 than the investor’s utility. This
makes an equilibrium possible in which the investor partially reveals his information 6 to the dealers.

We now conjecture that the investor’s demand for the asset on the platform is given by
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z=a(f+9), (21)

for some a € R. In the appendix we show that the expected price P(z) from Proposition 2 is linear in z

and &:

P(z) = p1& + Por, (22)

with 81, B2 € R. From the investor’s conjectured strategy (21), the contacted dealers infer § + 6 = £. Using

e

(2), (22) and (4), the investor’s problem therefore becomes
max (0+5)x—x2202—x Ié] if—!—ﬂ x (23)
ceR 2 ¢ ! os+o%a 2 ’

Note that (23) considers the investor’s expected payoff conditional on at least one response to the RFQ.
Since the probability of this event is exogenous and always gives a zero payoff, it can be neglected. The

first-order condition for (23) implies the investor’s optimal demand schedule

a(of +03)
204ﬂ2(0§ + 0?) + oz*y;a?(crg + og) + 2[3103'

z=(0+0) (24)

Therefore, the investor’s optimal demand is indeed linear in § + §. Matching the coefficient in (24) with

the conjectured strategy (21) gives

ag + o'g — 2,8103
(282 +7102) (05 + 03)

o=

(25)

The following proposition summarizes these results and states formal conditions under which the equi-

librium exists.

Proposition 2. The ezpected price on the platform P(z) from Lemma 2 is linear in & and x, as stated in

(22). Let M > 2. If

1
— 2
/<c<2, (6)

with k as in (20), there is a threshold @ > 0, such that the equilibrium on the platform described below exists
if and only if a < @. The last condition holds as N — oo and o, — 00 or as o5 — 0o. The inequality in
(26) will always hold for all M > 2,0%,02 > 0 if ¢ — 1. If (26) does not hold, the equilibrium does not exist.

The equilibrium is characterized as follows. The investor submits a demand x as determined in equations
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(21) and (25). The dealers quote independently with probability q according to the distribution function F,
in (18).

2 2
10p+05
b} 2
2 o

One furthermore has 0 < p1 <

, Bo > —77103 and o > 0 in each such equilibrium.

With the RFQ trading protocol, an equilibrium with linear strategies described in Proposition 2 is
possible even though a linear equilibrium in double auctions and two strategic traders would not exist due
to correlated values as Du and Zhu (2017) show. With the RFQ trading protocol, only the investor has the
option to avoid price impact by reducing his demand. The dealers have to take the traded quantity as given
and can merely charge a markup in addition to their cost of providing the asset.

We will illustrate the results derived so far with an example.

4.3 A brief example

For illustrative purposes we fix the exogenous parameters as follows: N = 100, M = 10, 0. =1, o = N,
op =1, v =1,y =1, ¢ = 0.3. To illustrate the economic mechanism of our model, we first consider
the case in which 8 + § = 1, which corresponds to a realization one standard deviation above the mean.
Afterwards we consider the case when 6 + § = —1. It is sufficient to only consider the sum of the common
value and the investor’s private, since both the investor’s demand and the dealars’ inferences depend only
on this sum.

In Figure 3, 6 + ¢ has the high realization. In Panel (a) we plot the price p,(z) that the investor is
willing to pay for = units of the asset. If the absolute value of = is small, this price is approximately equal
to 6 + 4, since the cost of bearing risk is small. The price p,(x) is linearly decreasing in x because of the
quadratic cost of bearing risk. We also plot the dealer’s cost p.(z) of providing x units of the asset, if they
believe the dividend payment is normally distributed with mean & and precision af, as defined in (4) and
(5). One can see that this cost is slightly increasing in x, which represents the difficulty of offsetting the
trade in the interdealer market or with the outside agent, respectively. The average price the investor can
expect conditional on at least one response to the RFQ, P(x), is between the other two curves.

In Panel (b) of Figure 3 we keep the investor’s reservation price p,(z), but now look at the average price
dealers quote when they the expected dividend level £ from the investors demand x one can see that this
price increases faster in = than the cost p.(z) in Panel (a). We also plot the profit the investor investor gets
for demanding a certain quantity z. This profit is the solution to problem (23) weighted by the probability
of at least one response to the RFQ. We see that the optimum is approximately at x = 0.69. This also turns

out to be the value of a. Thus, Panel (b) illustrates, that the investor has indeed no incentive to deviate
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from the equilibrium strategy determined in the last section.

Figure 3: High realization of 6 + §
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(a) Expected prices and reservation prices if £ is held
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(b) Dealers infer £ from the investor’s demand.

In Figure 4, we consider the low realization of § + §. Comparing panel (a) to Panel (a) in Figure 3, we
observe that all curves have been shifted downwards by a constant. The curve of p,(x) has been shifted
downwards more than the curve of p.(x). This has two reasons. First, the dealers expectation ¢ is a weighted
average between 6 + ¢ and zero, as (4) shows. Second, the dealers do not find it as costly to hold a bad
asset as the investor does. The dealers expect to be able to resell the asset again at a favourable price, since
there are many uninformed dealers in the interdealer market. Panel (b) of Figure 4 shows a similar picture
as Panel (b) of Figure 3. In Figure 4, however, the investor sells the asset at a negative expected price. The
investor finds it profitable to do so, since p,(z) indicates that he would be willing to sell the asset at an even
lower price due to the negative expected dividend. The equilibrium strategies have not changed in Figure 3
and Figure 4. Therefore, the optimal demand in Figure 4 is the negative of the optimal demand in Figure
3, since the respective realizations of # + § have the same absolute value in both cases.

Figure 4: Low realization of 6 + §
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4.4 Competition vs. information leakage

In this section we take a closer look at the equilibrium described in Proposition 2. Specifically, we take a
look how the investor’s profits from trading on the platform are affected by varying the number of dealers
who are contacted on the trading platform.

We define 7y as the investor’s ex-ante expected payoff in the equilibrium described in Proposition 2. By

the investor’s utility function (2), his equilibrium strategy (25) and (22), one has

1 =E (1—(1—q)M)(9+5)2%04 : (27)

Equation (27) takes into account that the investor does not receive any quote with probability (1 — q)™
and that dealers infer £ from the investor’s demand.

Our first goal is to study the role of M, the number of recipients of each RFQ. Increasing M has three
major effects that determine the investor’s profit:
)M

e As is evident from (27) a higher M increases the probability of a trade 1 — (1 — ¢)™, whenever ¢ < 1.

Holding everything else equal, this increases expected profits.

e A higher M increases the fraction of informed dealers in the interdealer market. One can verify that a
as defined in (13) is strictly increasing in M for M < N. This makes prices in the interdealer market
more informative and it therefore becomes more difficult to offset any inventory that was acquired on

the platform.

e A higher M decreases x, as mentioned in the discussion after Lemma 2. Therefore, the bargaining

power of the investor increases, which has a positive effect on his profit.

Considering these three bullet points, the investor’s profit should be maximal for M = 2, if ¢ = 1. If
g=1,one hask =0and 1 — (1 — q)M = 1, i.e. the investor’s bargaining power is maximal and a trade
happens with probability 1. Then the first and third bullet point above become irrelevant and increasing M
is only associated with the cost of information leakage, discussed in the second bullet point. The following
proposition formally confirms that the conclusion of the above heuristic reasoning is indeed true. Since we
focus on the cost of information leakage we assume for better algebraic tractability that there are no private

benefits, i.e. o5 = 0.

Proposition 3. Let 2 < M and g =1 and o5 = 0. The equilibrium described in Proposition 2 exists if and

only if a is below a certain threshold @, with a < % In this equilibrium, one has (31, B2, a > 0.
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Furthermore, the equilibrium exists for any other choice of the number M’ of dealers to contact with
2< M < M. If M = 2, the payoff for the investor is higher than in any other possible equilibrium with
M > 2.

When ¢ < 1, the investor has incentive to contact more dealers, i.e. M > 2. Because when g # 1, the first
and third effects turn out to be relevant: increasing M will improve the probability of trading , as well as
the bargaining power of the investor. But at the same time, the cost of information leakage is also increased
(second bullet point).

The following proposition states that M sometimes has to be larger than a certain threshold in order for
an equilibrium to exist in the first place. If g is relatively small, the bargaining power x of dealers may be so
high that investors do not want to incur any price impact they have on the trading platform. Increasing M
lowers this bargaining power. Under the condition that prices in the interdealer market remain sufficiently
uninformative, an equilibrium exists for a sufficiently large M. On the other hand, there is a clear upper
bound on the possible number of dealers that are contacted on the platform for which an equilibrium exists.
In particular, if more than half of the dealers are contacted and there is strong asymmetric information
about the asset’s payoff (o5 = 0), an equilibrium cannot exist, because information leakage on the platform

is too strong.

Proposition 4. Let O'g =0. If M > %N, there is no equilibrium on the trading platform as described in

Proposition 2.
1+ 2(a(2)2-5a(2)+2)

If ¢ < - “(22)275‘1(2”4 , there is no such equilibrium with M = 2. If furthermore a < a, for an

a € (0, %), then there is such an equilibrium with M > 3.

4.5 Price impact

In this section we want to relate our theoretical results to the empirical findings of Collin-Dufresne et al.
(2017). In particular, we want to study the price impact that an investor faces on the trading platfrom and
the price impact that dealers face in the interdealer market. The total price impact a trader faces can be

decomposed as

price impact = permanent impact + transitory impact.

Collin-Dufresne et al. (2017) find that price impact in the D2C segment is higher than in the D2D

segment. This difference is largely due to a differene in the permanent price impact.
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We now want to derive the price impact and find analogues in our model that correspond to a permanent
component and a transitory component. As commonly argued in theoretical studies (?Kyle et al., 2017), the
study of price impact is an off-equilibrium analysis. We will therefore assume an equilibrium as described in
Proposition 2 and examine how the price a trader faces changes if the demanded quantity changes.

Equation (19) in Lemma 2 directly provides an expression of the expected price an investor receives on
the platform. If the investor changes his demanded quantity z, then p, and p. in (19) and consequently the
expected price for this quantity will change. Since the model presented in this paper is static, we have to
find a decomposition of this price impact that would correspond to a decomposition into a permanent and
a transitory component in a dynamic model. In empirical studies in Market Microstructure, it is generally
assumed that the transitory component reflects a markup of the dealers, whereas the permanent component
reflects the cost of the dealers of providing the asset due to future price changes. In our following analysis,
we adopt this interpretation. We say that the price impact is permanent, if it was caused by a change in the
dealers’ cost of providing the asset.® Therefore, we define

0

PI = %pc(df) (28)

as the permanent price impact of the investor, because (28) reflects the change in the price that is due
to an increase in the dealers’ cost of trading the asset.

In the following, we will consider p. as defined in (15). Due to adverse selection, we also need to take into
account that the dealers form their expectation £ about the dividend payment based on (4) and (21). The
following proposition contains some statements about the price impact on the platform and in the interdealer

market.

Proposition 5. The (permanent) price impact an informed dealer faces in the interdealer market is given
by —b, where b is defined as in Proposition 1. Without adverse selection (dealers do not update their belief
&), one has

PI < —b,

i.e. the permanent impact on the trading platform is smaller then the permanent impact the dealers face in

5This assumes that changes in the dealers’ cost have no transitory component. Transitory changes in the dealers’ cost may
arise due to inventory holding costs or order processing costs. In our model, dealers can immediately offset their inventory and
the interdealer market is competitive. Order processing is costless. Therefore, such transitory components of dealers’ costs are
not present in our model.
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2
)

> > 1/4, one has

the interdealer market. In the presence of adverse selection and p = =
6 5

PI > —b.

The dealers’ permanent price impact —b derived in Proposition 5 is due to a change in the uninformed
dealers’ belief about the dividend payment and a permanent change in the aggregate inventory held by other
dealers in the interdealer market. Proposition 5 shows that the permanent price impact on the trading
platform higher than the permanent impact in the interdealer market if and only if investors know more
about the asset than dealers do. If there is no adverse selection and dealers do not update their belief
about the asset’s payoff, the dealers’ cost of providing the asset changes by a lower rate than the price in
the interdealer market would when trading the same quantity. This result is due to the dealers’ optimal
portfolio choice in period 2. A dealer could always offset the investor’s demand in the interdealer market
with price impact —b. If the investor however changed his demanded quantity, the dealer would, due to risk
sharing considerations, in general not offset the total amount of this quantity in the interdealer market. Due
to optimality of the dealer’s portfolio choice, the dealer must be able to provide the quantity at a lower price
than the one he would pay for this quantity in the interdealer market.

In the presence of adverse selection, however, the permanent price impact on the trading platform is
higher than the permanent price impact the dealers face in the interdealer market. This makes our model
(which assumes information asymmetries) consistent with the findings of Collin-Dufresne et al. (2017) that

the permanent price impact is higher on the trading platform than in the interdealer market.

5 Centralized trading vs. electronic trading via RFQs

This section develops the market-design implications of our model. Our final goal is to characterize situations
in which investors are better off trading in a centralized market and when an OTC market can improve their
utility. In order to do this, we extend our previous model from to the case in which there is a is a continuum
of investors of measure u® who all know the realization of @ in the beginning of period 1. The investors’
utility function is still give by (2). The risk-aversion parameter ; is the same for all investors. The investors
receive a private benefit d;, where as before d; ~ N(0,02). The private benefits for different investors are

essentially pairwise independent for different investors. This assumptions lets us apply the exact law of large

6Formally, let (2, F) denote the measurable space of investors. Then there is a bijective measurable map ® :  — [0, u] and
the measure of any set of investors F' € F is equal to the Lebesgue measure of the set ®(F).
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numbers of Sun (2006). The model assumptions about the dealers are as in Section 3, except that we do
not assume the presence of an outside agent in this section. Before we establish an equilibrium in the OTC

market, we quickly describe how the investors would trade in a centralized market.

5.1 The centralized-market benchmark

Investors trade through double auctions in the centralized market. In these double auctions, each investor
specifies a demand schedule, i.e. conditional on each price p € R the investor specifies a quantity he wants to
trade. The equilibrium price in the centralized market will be the market-clearing price. The market clearing
price will be the unique price for which the investors’ aggregate demand is equal to the aggregate supply
of the asset (zero). The specification of the investor’s utility function (2) gives the following maximization
problem for each investor for each p € R:

_ %

€T

7 ’

(04 6; —
max | 2i(0+0: —p) — =

where z; denotes the quantity the investor demands given the price p on the exchange.

The sufficient first-order condition for the above optimization problem gives

0+06;—p

Tr; =
Y102

To determine the market-clearing price, we substitute each investor’s demand schedule z; into the market
clearing condition, [ z;di = 0.” We get

0

2
V10¢

0=p—s5-—n sp=9,

V102
where we have used the fact that [ §;di = 0 almost surely by the exact law of large numbers.

Using each investor’s optimal demand schedule, the utility function (2) and the fact that the market
clearing price is given by 0, we can define each investor’s ex-ante payoff:

7¢ =E <1(9+51—M2> _1.43 (29)

2 Y102 2702

Equation (29) states that the centralized market realizes all the gains from trade that arise due to

dispersed private values. When all investors have the same valuation of the asset (0‘? = 0), no trade happens

"The notation di means that we integrate with respect to the measure on set of investors defined in Footnote 6.
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and the investor’s profits become zero. Each investor’s profit decreases if the cost of bearing risk increases.

5.2 Electronic trading with a continuum of investors

The model with a continuum of investors is very similar to the model with one investor. It will turn out
that a continuum of investors allows us to derive an equilibrium without the assumption of an outside agent.
We will let the mass of investors have a measure p € (0,00). In period 1, all investors submit RFQs to M
dealers. Afterwards, dealers trade in the interdealer market. All investors contact the same M dealers at
the same time. The dealers then independently respond with a probability ¢ to each RFQ. As before, we
will determine the equilibrium in this model by backward induction.

Since there is no outside agent anymore in this section, uninformed dealers in the interdealer market
take into account that the aggregate supply of the asset is correlated with the investors’ information about
the dividend level §. We will conjecture that each investor demands a quantity x; on the trading platform,

where

Tr; = a19+a25i, (30)

for some a1,as € R. As in Section 4, it will turn out that an investor always trades the asset if he
receives a quote on the trading platform. Since each dealer responds independently with probability ¢ to
each RFQ, the an investor is able to trade the asset with probability P(trade) = 1 — (1 — q)™. By the exact

law of large numbers and (30), the investors’ aggregate demand traded on the platform given by

X499 := /]P’(trade)(alﬁ + agdi)di = (1 — (1 — ¢)™) /(a19 + agd;)di = (1 — (1 — @) ey 6, (31)

where the last equality holds almost surely. By symmetry, each dealer gets an equal fraction of this

aggregate demand. We define X := — X;gg as the inventory of each dealer k¥ < M who gets contacted on

the trading platform. From the dealers’ utility function (1), one obtains the optimal demand schedule g for

each dealer k < M:

0 — p2
%103

qr = + Xk. (32)

Notice that X is a multiple of 6, this will simplify the inference problem that the uninformed dealers
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face in the interdealer market. Analogously to Section 4, we conjecture that the market-clearing price in the

interdealer market is given by

ps = af + bW, (33)

where W is the noise in the aggregate supply of the asset. The uninformed dealers use the normal
projection theorem obtain the distribution of the dividend payment conditional on the market-clearing price

p2. The dealers’ utility function (1) now gives the optimal demand

_ E(Dlp2) — p2

"= " (Dlp i

for the uniformed dealers who do not get contacted on the trading platform. Analogously to Proposition

1, we now state the equilibrium in the interdealer market, conditional on the investors’ trading strategy (30).

Proposition 6. For any given oy, there is a rational expectations equilibrium such that the market clearing

price is given by (33). Define

p: = 1-(1-9")p, (35)
1 1
o= = 36
Tu Var(D|p2) o3+ 02 —1os’ (36)
VS R T e Vo
oy + (MTE-F’MWM) Ow

Then a and b are given by

_ MTe + Yaoup + (N_ M)wTu
- M7e+ (N — M)7,

and

Yd
b=———% 4, 39
Mn+w<pa1a (39)

One has a > 0. One also has a < 1 with a strict inequality if M < N.

Lemma 2 gives the dealers optimal quoting strategy for any aggregate quantity X, that dealer k trades

with the investors and any demand x; they face from an individual investor i. There is only a slight difference
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between the case in Section 4 and the setup considered here. Whereas the aggregate demand a dealer faced
was equal to the demand by the single investor in Section 4, the quantities x; and X} are different here.
Using Lemma 2 and taking account of this difference gives the expected price P(x;), investor ¢ gets for his

demand z; conditional on at least one response to the RFQ:

Mq(1— g1

T (40)

P(xi) = pe(Xy) + (po(i) = pe(Xi)

We already determined in (30) which form each investor’s demand x; takes. We also know the quantity
X}, given these individual demand schedules. We now determine the values of p,(z;) and p.(X}%), so that we
can use (40) to determine the expected price that each investor faces for his demand.

We define this dealer’s value function that maps his inventory after period 1 Xj to expected utility as

Yd o

Vie1(0, Xi) == Ey | D(qr — X&) — poqi — 5 ¢ (qr — Xx)*|, (41)

where we used the dealer’s utility function (1).
Having obtained the dealer’s utility Vi 1(6, Xi) when holding X}, units of the asset, we define the dealer’s
break even price p.(X) such the payment compensates for the marginal cost of holding an additional marginal

unit of the asset. The resulting expression is stated in the following Lemma.

Lemma 3. Conditional on the equilibrium inventory of dealer k < M, the dealer’s equilibrium break-even

price for for the asset is given by

0

_9 (1-a)f
DX5

Pe(Xi) = — =0 Vir (6.X) = ab — b ) (12)

where a, b, p are defined as in Proposition 6.

Given that a dealer inferred the realization of # from the investors’ demand, a dealer can infer the private
value ¢; of investor ¢ from this investor’s individual demand and (30). Given the investor’s demand for x;
units of the asset, a dealer can infer the maximum price the investor is willing to pay for these x; units by
using (2):

VI 2

po(x;) =0+ 6; — Exoe. (43)

Using (31), (42) and (42), one can rewrite (40) as
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P((Ez) = 619 + ﬂgxi, (44)

for some (1, B2 € R stated in the appendix. We now determine the optimal amount x; that an investor
wants to demand given that the expected price he faces on the platform is given by (44). The maximization

problem of investor ¢ is given by

max 0+ d;)x; — xz%ag —x; (810 + Baxy)| - (45)

The expression in (45) considers the investor’s expected payoff conditional on at least one response to
the RFQ, since the investor’s payoff is maximized when his payoff conditional on at least one response is
maximized. The first-order condition to the problem in (45) gives the investor’s optimal demand schedule

1—p5 1

=0 +6 . 46
v 2B + yro? 209 + yro2 (46)

One can immediately determine oy and ay from (30) by looking at (46):

1-5
=8 a7
“ 202 + 102 47)
1
g = ————., 48
? 2B + vyro? (48)

We are now ready to establish the existence of an equilibrium.

Proposition 7. The expected price on the platform P(x;) that an investor gets on the platform for his
demand x; is given by (44) for some B1,82 € R. Let M > 2. There is an equilibrium on the platform
described below if and only if M < N and

_ Mg(1—g)™t 1
Cl-(1-gM "2

The equilibrium is characterized as follows. The investor submits a demand x; as determined in equations
(30) with aq, a0 € R, with 0 < a1 < 1 and a1 < ag. The dealers quote independently with probability q

according to the distribution function F in (18) with p.(Xy) and p,(x;) given by (42) and (43).
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5.3 Market design

In this section we will use the results derived in Section 5.1 and Section 5.2 and study when investors
prefer the centralized market and when they prefer the OTC market with an electronic trading platform.

Proposition 7 states that there cannot be an equilibrium on the electronic trading platform if x > 5 or

1
2
N = M. In this case, there is only an equilibrium in the centralized market. Therefore, we restrict our
further discussion to the case in which k < 3 and M < N. The following claim follows from (29) and

Proposition 7.

Proposition 8. Let 0 < k < % and 2 < M < N. As 0} — 0, investors prefer to trade in on the trading

platform in the OTC market. As a(? — 00, tnvestors prefer to trade in the centralized market.

If 02 — 0, equation (29) implies that investors’ gains from trading in the centralized market go to zero.
However, due to information asymmetries between dealers and investors, investors can still benefit from
trading in the OTC market.

Suppose on the other hand, that o2 > 0 and the mass of investors u becomes very large. Then holding
everything else constant, the investors’ demand will be very sensitive to variations in 6. In this case, an
equilibrium is only possible if «;, the coefficient in the investors’ demand on 6 is very small and investors
will mainly trade based on their private value of holding the asset. If markups in the interdealer market are
positive, investors will therefore prefer to trade in the centralized market instead. The following proposition

proofs this statement formally.

1

Proposition 9. Let 0 < x < 5,2 < M < N and 02 > 0. As p — oo, investors prefer to trade in the

centralized market.

The proof of Proposition 9 shows that a; — 0 as u — 0. According to (47), this is equivalent to 81 — 1,
holding everything else equal and noting that by (75), S is unaffected by u. Thus, (44) implies that the
expected price an investor receives on the platform when y — oo is approximately the sum of the common
value 0 of the dividend payment and a markup. In this case, the investors’ gains from trade are derived
mostly from their private values.

So far, we assumed that x > 0, which lead to positive expected markups for the dealers when quoting
on the trading platform. In the following we consider the case in which ¢ — 1, which leads to x — 0. If
Kk — 0, these markups become negligible and dealers efficiently intermediate trades between their customers
as if these customers were trading in a centralized market. Furthermore, the probability of not receiving a

quote goes to zero as ¢ — 1. Thus, all the gains from trade that could be realized in the centralized market
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would also be realized in the OTC market. However, investors can still benefit from information asymmetries
between them and the dealers in the OTC market. As ¢ — 1 investors therefore prefer to trade in the OTC

market. This claim is formally proved in the next proposition.

Proposition 10. Let 2 < M < N. As g — 1, investors prefer to trade on the trading platform.

6 Discussion and concluding remarks

Electronic trading platforms play a central role in today’s OTC markets. The implications of our model are
consistent with recent empirical research that studies OTC markets with electronic trading platforms. One
important feature of our model is information leakage which is studied in Hendershott and Madhavan (2015)
and Hagstromer and Menkveld (2016). We also showed that information asymmetries between dealers and
investors are a sufficient and necessary condition to generate the price impact patterns observed in Collin-
Dufresne et al. (2017). Therefore, the first part of this paper can be viewed as a theoretical foundation of
several empirical findings in recent research. The model can also be used to evaluate the impact of recent
financial regulation on investors’ trading profits. The Dodd-Frank Act mandates that the most liquid index
CDS in the US are trades on electronic platforms. An RFQ furthermore should be sent to at least three
dealers.® We show that increasing the number of contacted dealers may decrease investor’s profits if the cost
of information-leakage is high. On the other hand, the number of contacted dealers has to be sufficiently
high in order for an equilibrium to exist, if competition among dealers on the platform (in terms of response
rates) is low.

In the second part of the paper, we considered a hypothetical scenario in which there is either a centralized
exchange or an OTC market and studied the respective implications on investor welfare. Some of our results
are consistent with the recent theoretical literature in the area of market design. That investor welfare is
generally higher on exchanges if the investors associate strong private values with holding the asset, can be
viewed as an analogue to the result of Babus and Parlatore (2017) that there is only a centralized-market
equilibrium if the investors’ values of holding the asset are sufficiently independent. We also emphasize
the role of information asymmetries that becomes important in OTC markets. In this respect our paper
is related to Glode and Opp (2017). However, the specific trading protocol on electronic trading platforms
features some aspects that are not present in other models of OTC markets. As the RFQ response rate ¢ of

dealers becomes high, our model shows that electronic trading platforms indeed become similar to exchanges,

8See Collin-Dufresne et al. (2017) for an overview of the regulatory changes in the US CDS market.
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in the sense that dealers efficiently intermediate the demand from their customers. This result justifies the
common opinion that electronic trading platforms represent a natural compromise between exchanges and
OTC markets.”

To conclude, we want to make some general remarks on our model assumptions. As every theoretical
model, also the one presented in this paper is build on some simplifying assumptions trading-off analytical
tractability against appropriate representation of the real world. The fact that all investors are equally
informed about the asset’s payoff is certainly not completely realistic, but should capture the general infor-
mation asymmetry between investors and dealers that in many markets seem to exist. To justify the way
we model trading in the interdealer market, we want to refer to the event that made both the academic
world and international regulatory authorities focus so much on OTC markets in the first place: the recent
financial crisis. Arguably, demand for certain credit derivatives originated from informed hedge funds who
wanted to bet against a credit bubble in the US credit market. Some investment banks may have learned
about the value of certain securities from this informed demand and may have tried to use this knowledge
against other less informed investment banks or other clients (which may be represented by noise traders in
our model).

This example also suggests to interpret the welfare results derived from our model with a slight grain
of salt. In this paper, we exclusively focused on investor welfare. While this approach may be viewed
as standard in market design, it does not take into account financial stability considerations that may be
important when determining the optimal level of transparency in the market. If losses to dealers or noise
traders are large, the financial system may very well be affected in ways that cannot be captured in the
model presented here. While the trade-off between the efficient allocation of assets and financial stability
is a common theme in banking, examining the trade-off between investor welfare and financial stability in

OTC markets may be a theme for future research.
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Appendix A

This appendix contains all proofs.

Proof of Proposition 1. By the conjecture (8), the market clearing price py is jointly normally distributed

with 0. By the definition of £ in (4), one has

2
Cov(D,ps) = Cov (0 +e,a 200 5 (0 + 5)) = apop. (49)
o5+ 0j
Furthermore, one has
o2
VE) =V [ ——L—(0+6) | = pos.
€3] (0'3 n Ug( + )) POy (50)

Now (49), (50) and the normal projection theorem give

2
apo; P
E(D|ps) = 5——F5—5—5DP2= — bW 51
( ‘pQ) apo'g + bQU%sz a(a§+ )a ( )
1 a2pot
VIDlp) = 20 = 05 02— g, = 00t 0 — Ve (52
u 0 w

Plugging (51) and (52) into (7), using the result with (6) in the market-clearing condition (9):

Mre(€ = ps) | (N = M) + LW — po)

=W
Yd Yd

solving for py and matching coefficients with (8) yields

Mte+ (N —-M)yr, = [Mre+ (N—-M)r,)a (53)

b

(N =2~y = M+ (N = Mymb (54

Substituting ¢ = (ﬁpgz% into equations (53) and (54) and solve for a and b gives the expressions in (13)
6 w

and (14).
It is immediately clear from (13) that a > 0 if M > 0, since both numerator and denominator are always

positive in this case. Since ¢ > 0 it follows also that a < 1, with an equality only if N = M. O

Proof of Lemma 1. The dealer’s optimal demand schedule follows directly from the first-order condition (3)

by substituting wy = gx — . The demand schedules of other informed dealers do not change, since they do
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not make inferences from the price in the interdealer market. The dealers who have not been contacted by
the investor perform inferences as described in Proposition 1. One can now conjecture ps = aé + b(W — z).
Thus using dealer k’s demand schedule and demand schedules (6) and (7) for the other dealers in the market
clearing condition and following the exact procedure described in the proof of Proposition 1 determines a
and b as in 1.

O

Proof of Lemma 2. Let F, denote the dealers’ optimal quoting strategy. This means dealers quote a price
po that is a random variable with the distribution function Fi..

Let x > 0. Then x(p, — p.) > 0 implies p, > p.. If the dealers’ optimal strategy were such that there is
a p* € (py,pe) such that dealers quote a price p < p* with a probability of 1, then a dealer could profitably
deviate from this strategy by quoting p,. This would contradict optimality. On the other hand, quoting a
prices greater than p, with any positive probability cannot be optimal, since the investor would not buy the
asset at that price. Thus, one obtains sup supp(F,) = py.

Now we show that F, must be continuous, i.e. there cannot be any atoms in the distribution of pg.
Clearly, quoting a price less than or equal to p. with any positive probability cannot be optimal, since a
dealer would not make any positive profit by doing so, whereas he would make a positive expected profit by
quoting p,. Now, suppose there is a price p’ with p, > p’ > p. that is quoted with probability p > 0 by all
dealers.

Then a single dealer could again profitably deviate from this strategy which contradicts optimality. The
profitable deviation is constructed as follows. Since the number of prices charged with positive probability
must be countable, one can find for each § > 0 an €4, such that 6 > 5 > 0 and the price p’ — €5 is charged
with probability zero by all dealers. The deviating dealer can now charge price p’ — s with probability p and
charge price p’ with probability zero. Using the fact that lims_,o F(p' — &5) = F(p') — p, one can express
the difference A in profits between the original strategy and the proposed deviation as follows. A dealer
quoting p’ only makes a positive profit if no other dealer on the platform quotes a lower price. If no other
dealer quotes a lower price, there might be 7 = 0,1,..., M — 1 dealers who quote p’ as well. In the latter
case, each of the j 4+ 1 is equally likely to be chosen by the investor for trading the asset. The calculation

below considers the cases in which j dealers quote price p on the platform separately.
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A = (1—qF, (' —c5)—ap)" (' — 5 — pe)w
—(1—qF ()M (p— o)z

M-—1
+ Z (Mj_ 1) (1= qFe(p' —e5) —ap)™ " (ap)’ (P — €5 — pe)

j+1

) 12_1 (MJ'_ 1) (1= aFa ()M 1 (qp) (0 — pe) —

The first two lines in the above expression compare expected profits from quoting p’ — 5 and expected
profits from quoting p’ in the event that all other dealers quote a price above p’. Since lims_,q F(p' — &5) =
F.(p") — p, the difference in these two lines goes to zero as § goes to zero. The last two lines compare the
respective profits in the cases in which j > 0 other dealers quote p’. Since M > 2, the deviating dealer can
get a jump in expected trading volume in this case, since he can avoid ties with other dealers. Therefore one

obtains

N v - jx .
Aoy ( j )(p’ —pc)m(l —aF ()M (gp)! >0 as§—0.
j=1

Thus, the proposed deviation is profitable for a small §. In equilibrium, F, cannot have any atoms.

If < 0, one verifies analogously to the case of z > 0, that inf supp(F,) = p, must hold for any optimal
strategy. That the distribution cannot have any atoms follows analogously as well.

The dealers are only willing to randomize over prices if they earn the same profit in expectation with
each price in the support of F,. This profit must be equal to the profit in which the dealer quotes p,(z).
This gives the indifference condition expressed in (17).

Using the binomial formula (z 4+ y)" = >p_, (})2" *y*, (17) simplifies to

(p _pc)x(l - sz(p))M_l = (1 - Q)M_l(pv(x) - pc)xv

which can be solved for F,. The solution is given by (18).

Using (18) and solving F,(p,) = 0 for p, gives

De =De+ (o —pe)(1 — ).
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Since z(p, — pe) > 0, one obtains p,, > p. for z > 0 and p, < p. for < 0.
The event that at least one dealer is on the platform happens with probability 1 — (1 — ¢)™, since all
dealers respond independently with probability gq. The unconditional probability that no dealer quotes above

p € supp(F,) can be expressed by (1 — ¢Fs(p))™. Therefore, the conditional distribution G, has to satisfy

M—1

Gip)(1—(1—)M)=1—(1—qF,(p))™. Performing a change of variables p = p. + (17((1pj(_11fq))(,%4_)8(MA)/M ,

one can calculate

)Mfl )Mfl

(pv 7pc)(1 —q
1-(1—g)™

(pv 7pc)(1 —(q
A= (1 (L - )=

e + du = p. + Magq.

1
/ pdGo(p) = /
supp(Fy) 0

The claim that 0 < k < 1, can be shown as follows. That 0 < k is immediately clear from the definition

(20). The other inequality can be seen as follows.

e k as a function of ¢ is strictly decreasing in ¢ for all ¢ € (0, 1], since

ok —MQ1—gM2[(1— g™+ Mq—1]

9~ 1 (1_gM) <0

for g € (0,1].
e By L’Hospital’s rule, one has

lim k = limg o (M(1 — QM= — M(M —1)q(1 — ¢)M~2)
q—0 limg_,o M(1 —q)M

=37

The last two bullet points imply x < 1 for all ¢ € (0, 1].

This proves all statements in the lemma.

O
Proof of Proposition 2. Claim 1: The expected price on the platform is linear in £ and x. Define
Mq(1 —g)M—1 1—a)b Mq(l —g)M—1 2
g o= |1 q( q)M g c;) n q( q)M 1+% (55)
1-(1-gq) Ya0¢ 1-(1-q) o5
and
Ma(l — M-1 b2 Ma(l — M-1 2
52 — 71— Q( Q) - b . + Q( Q) = _’Y[O'e ) (56)
1-(1-gq) 27403 1-(1-gq) 2
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Using the definitions of p.(z) and p,(z), it follows by direct computation that P(x) as defined in Lemma
2 is given by (22).

Claim 2: Let % < % An equilibrium exists if and only if a < @ for some @ € R.

To verify the existence of the described equilibrium, there are several things to check. The strategy (25)
is well-defined if

262 + 102 # 0. (57)

Furthermore, the investor’s second-order condition from the maximization problem (23) requires

—7m§—<2 % /%+2@><0. (58)

2 2
09+05 «

In order to apply Lemma 2 we also need to verify that

z(py(x) — pe(x)) >0 (59)

for holds for any x # 0 demanded by the investor in the proposed equilibrium.

If (57), (58) and (59) hold, one can use Lemma 2 to see that there exist optimal strategies for the dealers
that yield P(z) as the expected price on the platform conditional on at least one response. As demonstrated
in the text, the stated strategy for the investor (25) indeed solves the first order condition (24), given
that dealers rationally infer 8 4+ ¢ from the investor’s demand. Thus, both dealers and the investor behave
optimally given the strategies of the others and an equilibrium is established.

The strategy of the proof of this claim is as follows. We will assume that the average price is given by
the expression in Lemma 2. We then show that the investor’s strategy is well-defined so that the first-order
and second-order conditions of the maximization problem (23) are satisfied. We that verify that in this case

In order to prove our claim, we first note that (59) is satisfied in this case, so that dealers indeed find it
optimal to quote as described in Lemma 2.

For the following proof, it is worth noting that Lemma 2 states that

0<r<l1 (60)

for all ¢ € (0,1] and M > 2.

»,=": Proof that equilibrium exists under the stated conditions.
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Let now Kk < %

2
We rewrite (55) and (56) as using b = —7‘;\;5 a

fr=(1-r) (aJr(l_a)a>JngJFUg

M

2 2 2 2 2

YdOg a™7d0¢ YI0¢ YI0:
—(1— _ _ — 62
B = K)<Ma 2M2> H<2>> 2’ ()

where the inequalities follow from (60) and 1 < a > 0.

Define

2 21 _
0g + 05 3 K

V= >0

2
o 11—k

and define @ as the smaller solution to the quadratic equation

(I1-a)a
A7 A,
a+ Vi ,

if there is a real solution to the equation. Set @ = 1 otherwise. Then it follows from (61) that

103—1—0?
2 Y
2 op

B <

ifa <a.

Thus, all that remains to show is that there is an equilibrium if the last inequality involving £; holds.
As described above it is sufficient to check that (57), (58) and (59) hold. It is immediatly clear from (62)
that (57) always holds for any set of parameters.

Regarding (58), note that using (25), (62) and the assumption on (; imply « > 0. Using (61), one

therefore obtains

2 2
—y10? — (2 200 2ﬂ1+262> <2 200 *2&+252<0-

op+ 05 a op+05
2 2
Thus, the investor’s second-order condition holds if 8; < %ge;a‘s
o

Lastly, we check that (59) holds which justifies the use of Lemma 2 for determining the expected price
on the platform. Note that by optimality of the investor’s choice of z and « > 0, it follows that the investor

makes a positive profit if x # 0 This can be seen, since the investor could always make a zero profit by not
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trading, but instead chooses a different z. By the convexity of the maximization problem (23), the optimal

quantity is uniquely determined and therefore must give a positive profit. This implies

2(po(x) = pe(2)) 2 2(po(z) = pe(2))(1 = £) = z(py(2) — P(z)) > 0.

Therefore (59) indeed holds and Lemma 2 can be used to determine the dealer’s quoting strategies on
the platform.

Since (57), (58) and (59) indeed hold, the equilibrium exists.

,,<="1 Proof that equilibrium does not exist if a > a.

The definition of @ and £, imply that 3, > %‘73%5‘7? if @ > @. If the last inequality is an equlity, it follows
that & = 0. This means, the investor does not trade and the quoting strategies of the dealers are not defined.
Let the inequality be strict. Note that by (61), « € [0,1] and a € [0, 1], one has $; < a+ (1 —a) = 1. This

in turn implies

1

- > 1
99
1—-2p P

One now obtains

2
—wi—<2 % 51+252>

2 2
oy +o5

2085 + 7103 og
251

2
S 28y — 2
’YIO'E+ /82 1—2,81 0'3"‘0'5

—102 + 2839 + 2(2B2 + v102)

V

o

b .p
"2, 2Pl
09+05

—102 4+ 2835 + (282 4 y102) = 0.

V

Therefore, the second-order condition for the investor’s maximization problem (23) is not satisfied. Thus,
the investor’s strategy is clearly not optimal and the described equilibrium does not exist.

Claim 3: The equilibrium does not exist if kK > %

2 2
In this case, @ > 0 and (61) imply 51 > %% The prove that the equilibrium doe not exist is identical
6
to the proof in Claim 2.

Claim 4: a — 0 as N — oo and oy — oo.
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By equation (13), one can see that

MTe

. . . . ~—ar + YTy
lim lim a = lim lim e
ow —00 N—0o ow —00 N—00 JJFT
N—M u
= lim
oW —» 00
= 0.

Claim 5: An equilibrium exist if x < % and o5 — 00. As g5 — 00, one has ¥ — oo. This means a +

% < U for all @ € R and in particular for all a € (0,1] As shown in the proof of Claim 2, this implies

2 2
b1 < %% and the equilibrium exists. O

Proof of Proposition 3. We divided this proof into several steps. The first step is an auxiliary result that
will be used later in the proof.
Step 1: 22 > La(1—a).

Since g5 = 0, we get ¢ = 0. and p = 03. We now rewrite a as defined in (13) as

violop (N — M)

— 63
M?No3 +~v3Mo2os0%, + yaNolod, (63)

a=1

Using the expression in (63), one obtains by direct calculation and simplifying terms that

o0 1 . ViMatod, (1io2al, (o2 + oF) + N2a})
o~ =

(M2No3 +3Mo2o30%, +43Notod,)’
> 0.

This proves the first step

Step 2: The equilibrium exists if and only if a is below a certain threshold.

This result follows directly from Proposition 2 by noting that x as defined (60) is equal to zero if ¢ = 1.
Furthermore, since ¢ = 1, one has ¥ = %, where ¥ is defined in the proof of Proposition 1. Defining @ as in
the proof of Proposition 1, one gets that @ is the smaller real solution to

(1-a)a 1

a+—= -,
+ M 2
which is always greater than zero and less than %

Step 3: There is an equilibrium for all M’ < M.
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In the proof of Proposition 2 it was established that the described equilibrium exists if and only if

2 2
b1 < %09:205 . If an equilibrium exists when M dealers get contacted, it consequently must be the case that
0

b1 < % If furthermore, 8, < % for all M’ < M, the result follows. The last claim will be shown next. If

q = 1, one has

9B (1-2a)2%  9a (1-a)a

oM M oM M2

M+4+1-2a da (1—a)a
M oM M?

> M+j\14—2a%a(1_a)_(1]\—4g)a
> (3(1—a)+a2)(1]\_47g)a

> 0.

The third line follows from Step 1. Therefore, one has 0 < 81 < %ag%g for all M’ < M. Note that event
though M represents an integer in the model, 3; can be interpreted as a function in C*(R).

Step 4: The investor’s payoff is highest if M' = 2 compared to all other M" < M.

Since we know that a nonzero-trade equilibrium exists for all M’ < M, we can calculate the investor’s
equilibrium payoff as defined by (27).

Using the expressions for 51 and (s stated in Step 2 and using the definition of « from (25), one gets

oz M (2a* — 2a(M + 1) + M)
202 (2a7aM + 1 M? — a®ya) |

T =

In equilibrium, one has 7; > 0. Since a < @, the numerator in the above expression for 7y is positive.
Therefore, the denominator must be positive as well. Interpreting 7; as a function in C'(R), one can show
that 77 is strictly decreasing in M by showing that In(7y) is strictly decreasing in M. It then follows that

the lowest possible M’, i.e. M’ = 2 is profit maximizing among all possible values less than M.

M (40 —2(M +1) 5 —2a+1) + (202 = 2(M + Da+ M)
—1In =
om M (202 = 2(M + 1)a + M)
B 2’ydM59—A‘2 — Q'yda% + 2vq4a + 2y M
2vgMa — yqa® + vy M?
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Collecting terms gives

1 1 2a
M T N T o+ at M 202 —2(M + Dat M
2y M 2v4a
C 2vaMa — yga? + v M2 2vgMa — vqa® + M2 +
da 2(M +1)
* 22 —2(M +1)a+M 242 —2(M +1)a+ M
2vqa 2vg M da

2vaMa — yqa® + v M2 2ygMa — vqa? + v M? ) oM

Since a < @ one has a® —a(M + 1)+ M /2 > 0. One can now see that the term in front of g—]\‘z is negative.

Therefore, one can obtain an upper bound for the % In7; by plugging in the result from Step 1 for g—&.

Simplifying gives

0 _ —2a(=2a%(ya = yiM) + Ma(ya = vi(M +2)) + yaa® + 71 M?)
OM = (2a% = 2(M + 1)a + M) (2yaMa — vqa® + 71 M?)

The denominator is positive due to a < @. Simplifying the numerator gives

—2va (2Ma2 — (M +2)Ma + M2) — 2v4a (a3 242 + Ma) <0.

Therefore one has aiM In7; < 0 and the claim follows.

Step 5: M = 2 is profit-mazximizing among all possible values.

Assume there would be an M’ > 2 such that M = M’ gives a higher profit than M = 2 in equilibrium. By
Step 3, it must be the case that a < @ for M = M’. Now it follows by Step 3 that having M = 2 gives a higher
profit for the investor than having M = M’. Thus, contacting only 2 dealers is indeed profit-maximizing.

O

Proof of Proposition 4. It is shown in proposition 3 that equilibrium exists when a < a < % We now replace

M2NJ§+730?0§0‘2,V]M+73030‘2,V]\/1
M2NoZ4+~2020202, M+~20%03, N

a as defined in equation (13): < % Equivalently,

1 M?Noj +~jolojoyy M +joloy, N 1

M < < =N.

[\]

2  MNo} +13c2030%, +~30tod,

Therefore, if M > %N , one has a > @, which implies that the equilibrium does not exist from proposition 3.
In the following, we show that the equilibrium existence condition a < @ is equivalent to M € (M, M;),

where M; and My are roots to the equation a(M) = a(M).
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First, a(M) is an increasing function of M and A}imNa(M) = 1. In terms of a(M, q), one can calculate
—

the two derivatives
5(1_’€)+ Mak

oa M+~
OM — \JAMZ +1+4M(1—20)
where 2 = g i—l—M} <0.s0 2% >0
oM M T I-(1—g)™ » SO B :
And
— M 9k
da _ =) g
dq 2
A2 14 M [ - )
0
where %Z - M(l_Q)1241:2((11:q])vﬁ)_2»(1_Q)M) <0, so %‘Z > 0. Thus, @ is an increasing function of both M and g.

Moreover, comparing the the value of a(M) and a(M, q) at the limits, one gets

. 1 L
lim a(M)=1 > §>N}1§1Na(M,q),

MSN

Ay M) <, e0h e,
li M li a(M,q).
Ml§2a( )>0 > ]\/IHIQI,T}]%OGI( )

— a

0.8} a(q=0.9)

06| —  a(g=0.5)

0al” — a@-02)

02

0.0 2 20 60 40 50 60"
(a) a(M) and a(M,q =1) (b) a(M) and a(M,q = 0.9,0.5,0.2)

Figure 5: a(M) and a(M, q)

So there are maximum two roots to the equation a(M) = a(M, q) for M € [2,N]. As has been shown

and demonstrated by figure (5) that there exists at least one root when ¢ = 1, since a(M, ¢) decreases when

_ N2 —
q decreases, the larger root M5 also decreases. Note that %ﬁ’q) < 0, implies that the concavity of a(M, q)

becomes larger , so the smaller root M, increases when ¢ decreases. More specifically,
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(1) When g =1, M; < 0 and M > 2.

2(a(2)2-5a(2)+2)
Iy /1= a(2)2—5a(2)+4

(2) When ¢ € ( - ,1], My < 2 and My > 2.
2(a(2)2-5a(2)+2)
e amer v
(3) When ¢ = — , My =2 and My > 2.
1+ 1_2(@(2)22—5a(2}+2) - - -
(4) When q € (q, 20 S ), My > 2 and My > My > 2.

(5) When ¢ = g, M, = N, where q is the solution to the equation % = %

(6) When ¢ € [0, ¢), there is no solution to a(M) = a(M) and a(M) > a(M).

The existence of equilibrium is summarized in figure (6).

No equilibrium 2 < M; < M < M; 2< M < My

L
L] L)
0 q 1122 —5a()+2)
+ T T a(2)2—5a(2)+4

2

—
N4

Figure 6: The existence of equilibrium

1+ /1_2(a(2)275a(2)+2)
a 2_ a o1 . . \ v
@720+ the equilibrium exists when M; < M < M.

The above results show that when ¢ < 5

But M; > 2, so there is no equilibrium when M = 2. Moreover, the minimum value of M such that

a(2)2—-5a
1+ \/ 1= 2((1((22))27511((22)):42) .
, there exists an

the equilibrium exist is 3. Overall, we can conclude that when ¢ < 5

equilibrium with M > 3.
O

Proof of Proposition 5. Using the optimal demand schedule (6) for M — 1 informed dealers and demand
schedule (7) for the uninformed dealers, where the the conditional beliefs of uninformed dealers are formed

as described in the proof of Proposition 1, the market clearing condition

N
qr + Z q + Z =W

1<M, Ik IMA41
can be rearranged as
p2=b<W—(M_21)§—Qk>-
VdO¢
therefore, one has %pg = —b, whenever dealer k is informed.

If dealers do not update their belief about £ when the investor changes his demanded quantity x, taking

the derivative of (15) w.r.t. a gives the following permanent price impact
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0 b?

—Pe=———b< —b.
ozt 27(103

Using (15) and taking into account that the dealers form their expectation £ about the dividend payment

based on (4) and (21), one obtains

0 _ w_, 2(1 —a)bL +v?
%pc n E Z’yddg
= PPy + Bo
e
Z pl? +B27
a

where a, 31 and Bg denote the value of o, 81 and 2 when g = 1, respectively. The inequality holds since

~ K 1

a=a— s Replacing & by (25), one has
2+vy107?

8 pBl Py 2 P
a.Pc Z —(2 + O +
2 1—2p51(62 Yrog) + B2
.051 5 5
> ———=202+ B2
1—2pf1
B
1—2pp
b2
_ —b— 27@02
N . (1—a)b
1-2p {a ~ao? ]
—b (1 — 5%)
1—2pa (1 -7
> —b.

The last inequality holds since 1 — 55 > 1 — 2pa (1 — 1_7“), that is equivalent toa >0>1— M + 4—1p. O

Proof of Proposition 6. By the conjecture (33), the market clearing price ps is jointly normally distributed
with 6. One has

Cov(D, py) = Cov (0 + ¢,a0) = aos. (64)

Now (64), (37) and the normal projection theorem give
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il Y0 + ), (65)

]E(D|p2) = m?z = w

2 4
V(D|p2) = i=a§+02—%=a2+02—w02. (66)
Tu ¢ a?oi 4 b2y, o7 e 0

Plugging (65) and (66) into (34), using the result with (32) in the market-clearing condition (9):

M. (0 — N — M7, (0 + Lw —
@-p2) | MR+ R )
Yd Yd
solving for py and matching coefficients with (33) yields
Mt + (N — M)Yr, +vapar = [M7e+ (N — M)1,]a (67)
b
(N — M)Tu% — Y4 = [Mre+ (N —M)7,]b. (68)

Solving for a and b gives the expressions in (38) and (39).
It is immediately clear from (38) that a > 0, both numerator and denominator are always positive. Since

1 > 0 it follows also that a < 1 with a strict inequality only if N = M. O

Proof of Lemma 3. To show the second equality in (42), we note that the equilibrium price in the interdealer

market depends on the aggregate inventory by market clearing. If market clearing holds, then

M N
at+ Y atw
=1

k=M+1
where the demand schedules are defined as in (32) and (34). Using these definitions, the normal projection

theorem to determine the conditional expectations gives and solving the previous equation for ps gives

M oM
_ W= Xi— Yao2
P2 = aoy (N—M) N—M
a0} 2254

- - P
2.2,12,2 2 2 0 2, .2 Ydo
Ya(a?of+b UW)(_ aZoZ+b203, +UE+09> Td (_ a202+0203, +UE+JG> :

Using the definition of a and b in Proposition 6, some algebra yields that the denominator on the right-

hand side of the previous equation is equal to %. Therefore, it follows that

< P2 = —b. (69)
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Using E(p2) = af, one can now calculate

0 Yd o 2
—Ei [D(qp — Xi) — - — - X
X, k (qx k) — P2qk B) Oc (qx k)
1—a)d
A Gkl “2) +bX).
Ydog
Since in equilibrium, one has X3 = 3516, the result follows. O

Proof of Proposition 7. Step 1: expressions of 1 and Bs

Substituting equation p.(z;) and p,(z) into the price P(x) formula gives

b(1 — b
p = ”(1Z;)+(1/€) [aJr (’Ydaga) Szﬂ\;l (70)
2
By = K(ol—%r;e). (1)

Step 2: Solving a1, ag, B1 and By
Combing the equations (47), (48), (70) and (71) and solving a1, ag, 81 and Sy leads to the following:

I el ke S (72)
L - Bakshe O wwe?
1-2
Qg = m’ (73)
5 a+ b%;g) - % (1—1;)2;03 7 (74)

1— by 1-2k
M (1—k)yro?

p2 = ﬁwaf- (75)

Note that when k < %, one gets as > 0 and B2 > 0.

Step 3: Show the existence of aq € (0, aa] and a € (0,1]

We first show that « is a decreasing function of a. Secondly, show that a is an increasing function of aj,
then prove that the two curves insect at {a; x a : (0, 2] x (0,1]}. Replacing b by equation (39) into formula

(72) and derive the expression of oy as a function of a:

1
1 =
LT 2949

a a a
—MT, — yapan (M +a— 1) + \/[MTE + Yapao <M +a— 1)]2 + dygpaaMT(1 — a) (M + 1)

(76)
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Once a < 1, one could derive that a; > 0 and further «; is monotonically decreasing on a. Since

P (37 +1) [MTe +yapoz(5p +a—1) - \/[MTe +yapaz (37 +a— 1) + dyapasMre(1 - a) (57 + 1)

Oar _
da \/[MTE—I—’ydgoozg (%+a—1)]2+47dapa2MTe(1—a) (ﬁ—i—l)
N agMTe(fTZIa—Fﬁ—l)
\/[MTE +yapas (5 +a—1)]12 + dygpaaMr(l —a) (45 + 1)
< 0.

Moreover, one has

1
lima; = [—MTE + Yapaz + /(M7 — yapaz)? + 4vapas M| = as,
a—0 2’)’(190
1
limo; = [—MTE — Yo + /(M7 + vdsoaz)ﬂ =0.
a—1 2’)’(190

Since oy is monotonically decreasing on a, one gets oy € [0, ag).
In terms of a, one can rewrite a as a function of a; by substituting ¢ and 7, by equations (37) and (36),

and rearranging:

(M7 4 vapar)* (N7 + yapan) + vaow (1 + 7o) (MTe + yapar)
(MTe 4+ vapo )2N1e + Y308, 7o (M1 + N19)

Next, one can compute the derivatives of a in terms of a; as

Oa (MTe 4+ vapa1 ) INTe + 2792025 7e(MTe + vapan )2 (M1 + N1g) + yaowTe(to + 7)) (M7 + N19)
dany [(MTE +Yapa1)2N71e + 303, 7e(MTe + NT@)]Q
Vaoty (N — M)T2(M7e + yapon ) (M7e + 2N 79 — yapon)

+

(MTe + yapar)2N1e + y30d, Te(MTe + NTg)]2
> 0.

Moreover, the values at the two bounds:

M2N73 + Mvia%/vn(m +7e)

lim a = <1,
a1—0 M2N73 + 208, 7.(M1e + NT9)
lim a = +o0o,
a1 —+o0

where the inequality above inequality follows from M < N. So, one gets that a is a monotonically increasing

MZNT§+M"/§0"2}VT€(TQ+T€)
M2N73+~72%20%,7e(M7c+N7g)’

function of a; and a € ( +00)
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Since «1(a) is monotonically decreasing on a and ay € [0, az2), a(@1) is monotonically increasing on oy and

MQNT?—&-M'yZa%VTE(Tg—i-TG)

a€ (M2NT§+7305VT€(MT€+NT9) ,+00), by the fixed point theorem, there exists one unique solution (af,a*) to

the problem
alar) =a

a1(a) = aq

as demonstrated in figure(7).

[of]
a

Figure 7: The curves of ay(a) and a(aq)

Step 4: prove that 0 < o] < az and 0 < a* <1
First, it’s obvious that af > 0, we only need to prove that aj < as. Suppose that af > g, then

a(ay) > a(az), since a is an increasing function of ay. Note that when oy = g, we have 81 = 1 by

b(l—a)
Yao?

equation(47), which implies that a + = 1. Further, we get that either a = 1, or @ # 1 and b = 402,
But neither of the solution is consistent with the properties of a; and a function. On one hand, if a = 1,
then a(a}) > a(az) = 1, which is contrary to a* < 1. On the other hand, if b = y402, then a < 0 by the
equation (39), which is also contrary to a > 0. So af < as.

Next, we prove that a* < 1. Assuming a* > 1, then we should have a;(a*) < «a1(1) = 0, which is

contrary to aj > 0. So a* < 1. As in the equilibrium, 0 < a3 < a3, one could get that 0 < 1 < 1 since

a1 = (1 — ,61)042.
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Last, we verify that the second order condition of the maximization problem (45) is satisfied when k < %:

11—k
Y102 +71062> =- Y102 <0

K
—(2 2y — _
(282 + 7100 (1—% 1- 2k

The fact that Lemma 2 is applicable in order to derive the dealers’ quoting strategies is proved as in the
proof of Proposition 2.

Step 5: Show the equilibrium does not exist when k > %

First, when x = %, one has a1 =0, as = 0 and B3 = 00 from equation (72), (73) and (71). That is, the
investor does not trade, and the price is not defined since P(z;) = co. Thus, the equilibrium does not exist.

Second, when x > %, one has B2 < 0, and the second order condition of the optimization problem (45):

11—k 9
0.
1_2x 1%~

K
— (282 +102) = — (1%7103 +VIU?) =-

This means that the investor’s maximization problem does not have a solution and the equilibrium does not

exist. O

Proof of Proposition 8. Claim 1: investors prefer to trade on the platform as o3 — 0.
Equation (29) implies that each investor’s ex-ante profits go to zero in the centralized market if o5 — 0.

Proposition 7 states that an equilibrium exists if k < % All that is left to show is that expected profits

for each investor remain strictly positive as 02 — 0. This can be seen as follows. From the definition of

the investors’ utility (2), the dealers expected quotes conditional on a response on the platform (44) and
the investors’ equilibrium strategy (30) one obtains the following expression for the expected profit 7; of an

investor trying to trade on the platform:

2
mi=(1—1-"E (10 + asd;) | 0+ — 10 — (@10 + a20;) (71206 Jrﬂz) . (77)

As 02 — 0, one obtains from (77) that
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2
o= (=1 -gMaie? [(1-51) - ””s+m>

2
— (==} (1= 51) e
]

- (- gMmad |1 B

where the second line follows from the expressions for §; and as in (72) and (75). The third line follows
from the expressions for ay, as in (47) and (48). The inequality follows from «; > 0 and (74), which implies
B1 < 1, since b < 0 and a < 1 by the proof of Proposition 7. This proves the first claim.

Claim 2: investors prefer to trade in the centralized market as 03 — .

Computing the expectation in (77) gives

2 2
m=01-1-9)arof [(1-P51)— <%206+52> + 03 |1 — o <%205+52> (78)

A B
In the(78), A is not affected by 2. Using the expressions for 31 and ay in (72) and (75), one gets
_1-2k O'g _1-2k

B = = s 79
1 — K 2y02 1—r 0 (79)

where 7§ is the expected profit of the investor in the centralized market as defined in (29). It trivially follows

that 7¢ — oo as 07 — oo. Therefore, it follows that

A A+ L=2n7c 1-2

7 K
lim — = lim (1-(1—-gM)—1" L —(1-(1-gM <1,
g o= b (1-(1-9") : (1-(-a)")

because of our assumption x > 0. Therefore, investors will have a higher expected payoff in the centralized
market as 02 — oc.

O

Proof of Proposition 9. We will show that the term denoted by A in (78) goes to zero as u — oo. Then it

follows from (79) and & > 0 that m; < 7f as u — oo, with m; < ¥ defined as in (77) and (29).
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In order to show A — 0 as mu — o0, it is sufficient to show that oy — 0 as mu — oo, since B2 is by (75)
unaffected by p and 3, is by (74) between zero and one.

We show In order to show A — 0 as mu — oo as follows. Define the function a(-) as in the proof of
Proposition 7. It has been shown in the proof of Proposition 7 that a; > 0 for any g > 0 must hold in
equilibrium. For any fixed oy > 0, one has a(o;) — oo for g — oo. The equilibrium condition a(a;) =a < 1
can only hold if oy — 0 for g — oo (since a(+) is monotone increasing with lim aya(ay) € (0,1)). This proves

the claim.

Proof of Proposition 10. Using (78), (79) and (29), one gets

lim (m; — 7f) = lim A,
q—1 q—1

where A is defined as in (78). We proceed as in the proof of Proposition 8:

. . 2 ’Yio-g
IimA = limajoy [(1-51)— + B2
q—1 q—1 2

= lim o0} —(1 —fB) — 041L
qg—1 L 2&2
. [ 1—p

_ 2 _ _

= gﬂalg" _(1 B1) 5 }

> 0,

where the second line follows from the expressions for §; and as in (72) and (75). The third line follows
from the expressions for ay, o in (47) and (48). The inequality follows from «; > 0 and (74), which implies

B1<1lasq—1,since b <0 and a < 1 by the proof of Proposition 7.
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