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Abstract

Dealers often offer price improvements, relative to posted quotes, to their clients. In this paper, we
propose an explanation to this practice. We also analyze its effects on market liquidity and traders’ welfare.
Enduring relationships allow dealers to avoid informed trades by offering price improvements to clients
who do not trade with the dealer when they are informed. A dealer never observes whether a specific client
is informed or not but he can avoid informed orders by conditioning his offers on past trading profits.
Cream-skimming of uninformed order-flow increases the risk of informed trading for dealers without a
relationship. Thus, authorizing price improvements increases bid-ask spreads and impairs the welfare of
investors without a relationship. It may even decrease the welfare of investors who develop a relationship
as they sometimes need to trade at posted quotes. The model predicts a positive relationship between (a]
the price improvements granted to a specific investor and past trading profits with this investor or (b) the
frequency of price improvements and bid-ask spreads.
© 2005 Elsevier Inc. All rights reserved.
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1. Introduction

Increasingly, securities trade in hybrid market structures where multiple trading venues coexist
for the same asset. In particular, investors can often choose to execute their orders anonymously
at posted quotes or to negotiate one-on-one a price improvement relative to these quotes. The
organization of trading for Nasdaq stocks constitutes a good illustration. For these stocks, institu-
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tional investors can trade anonymously in ECNs such as Inet and Archipelago or they can seek to
obtain a price improvement from a Nasdaq ded@arclay, Hendershott, and McCormick (2003)
note that (pp. 2638—2639):

ECNs compete with market-makers by providing anonymous and immediate executjon [
Market-makers, in contrast, enter into long-term agreements with brokers who preference or
internalize their customers’ orders regardless of the current quotédfarket-makers can
negotiate directly with institutional traders and price discriminate based on their inferences
about traders’ motives and information. Because these negotiations are repeated, market-
makers can quote competitive prices for large orders and impose costs on traders who take
advantage of their private information.

This standard explanation for price improvements has been formaliz&eyyi (1990)xnd
Benveniste, Marcus, and Wilhelm (1992 these papers, investors commit not to trade with their
relationship dealer when they have private informati®agpi, 199D or they agree to truthfully
disclose their trading motivatiorBénveniste et al., 1992In turn, relationship dealers offer
attractive prices to uninformed investors. Enduring relationships are key for the enforcement of
these no-informed trading agreements. Investors are deterred from breaching them by the threat
of penalties orfuture trades when cheating is detected.

Seppi (1990)and Benveniste et al. (1992)rovide very important insights on the role of
relationships and non-anonymity in financial markets. However, they leave some questions open.
First, they assume that violations of no-informed trading agreements can be observed ex-post (i.e.
after a transaction). In reality, trading motivations are never obseriémn, one may wonder
whether no-informed trading agreements can still be sustained when their violation cannot be
observed. Second, the effect of no-informed trading agreements on traders’ welfare has not been
fully analyzed.Benveniste et al. (1992)onsider the case in which liquidity is provided by a
single dealer and in this case, they show that no-informed trading agreements are Pareto improving.
However, in reality, several trading venues for the same security often coexist. It is unclear whether
the conclusions obtained Benveniste et al. (1992)pply in this case as well.

We address these issues. In our model, risk-averse investors have access to two different pools
of liquidity : (i) a relationship dealer and (ii) “once-off dealers” who do not engage in long-term
relationships. In each period, investors trade either to hedge endowment shocks or to exploit private
information on the security’s payoff. An investor implicitly agrees to not contact the relationship
dealer (i.e. she trades only in the once-off dealer market) when she has private information. In turn,
the relationship dealer sometimes (but not always) grants a price improvement to the investor. The
relationship dealer is unable (at any point in time) to observe whether a given customer honors
or not the terms of this no-informed trading agreement. We study whether he can enforce this
agreement by granting price improvements contingent on his past trading profits with the investor.
For simplicity, we focus on one specific profit-based pricing strategy. Namely, the dealer assigns a
reputational index to each customer. This index increases each time the dealer books a loss after a
transaction. The price improvement is offered if the value of the index is smaller than a threshold.

1 Price improvements are a pervasive phenomenon, which have been documented in different markets: NYSE
(Fialkowski & Petersen, 1994Angel, 1997, Nasdaq iuang & Stoll, 1998, London Stock Exchange (e.Reiss &
Werner, 1996Hansch, Naik, & Viswanathan, 1998nd Frankfurt Stock Exchang@&lieissen, 2000

2 seeBenveniste et al. (1992pr examples of sanctions that can be used by the NYSE specialist.

3 Benveniste et al. (1992)ssume that the relationship dealer observes a broker’s true trading motivation with some
probability® > 0. Our point is that in realityp = 0.
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This pricing policy confronts an investor with the following dilemma when she possesses
private information. She can earn a large return by exploiting her information at the dealer’s
expense. Butthe dealerrecords aloss and the investor’s reputation isimpaired (the index increases)
Thus, informed trading increases the likelihood that the investor will be denied price improvements
in the future. This is a concern to the investor because price improvements allow more efficient
hedging when she is hit by liquidity shocks. For this reason, aloss in reputation is costly. For some
values of the parameters, the reputational cost is larger than the immediate gain from informed
trading. In these cases, we show that the implicit contract between the investor and her regular
dealer is self-enforcing, despite the fact that the dealer cannot observe whether the investor abides
to the terms of the contract or not.

As in the extant literatureSeppi, 199®r Benveniste et al., 1992price improvements play a
key role: the investor honors the contract because she does not want to lose price improvements
However, as we explicitly model the mechanism enforcing the no-informed trading agreement,
we obtain new predictions. In particular, a dealer’s decision to grant a price improvement to a
given customer depends on the profitability of his past transactions with this customer. Moreover,
the model predicts a positive relationship between the frequency of price improvements and the
bid-ask spread posted by once-off dealers.

We compare investors’ welfare when the relationship market exists and when it does not.
We distinguish two groups of investors : (a) investors who can establish a relationship and (b)
investors who cannot establish a relationship. We also distinguish two distinct situations : (i) the
case in which the once-off dealer market is viable in absence of the relationship market and (ii)
the case in which it is not (informational asymmetries can prevent the once-off dealer market to
operate). We find that the introduction of the relationship market is a Pareto improvemient
when the once-off dealer markét nor viable. Otherwise, it always harms the welfare of the
investors without a relationship and, more surprisingly, it may even decrease the welfare of the
investors who can establish a relationship.

The intuition for these findings is as follows. The relationship dealer cream-skims uninformed
orders. This effect increases the fraction of informed orders routed to the once-off dealer market
and impairs the liquidity of this market. For this reason, introduction of a relationship market
imposes a welfare loss on investors who cannot forge long-term relationships. Investors with
a relationship benefit from price improvements. However, they are also hurt by the decline in
the liquidity of the once-off dealer markéécause they sometimes need to trade in this market
(when they are informed or when they are denied price improvements). In some cases, this effect
outweighs the welfare benefits associated with price improvements/amyestors (including
those with an access to the relationship market) suffer a welfare loss when the relationship market
is introduced. When the once-off dealer market is not viable, the relationship market facilitates
trades that, otherwise, would not occur. This improves the welfare of the investors who can
establish a relationship and leaves unchanged the welfare of the investors without a relationship.

These results have implications for the design of marketplaces. Market structures (typically
non-anonymous markets) that facilitate the emergence of long-term relationships are usually
viewed as beneficial because they mitigate asymmetric information. Several authors however
have suggested that technologies allowing a group of dealers to cream-skim uninformed orders
mightimpair the liquidity of other trading venues and resultin welfare losse&@sey, Kiefer, &
O’Hara, 1996or instance). Our findings shed light on this question, as we delineate the conditions
under which introduction of a relationship dealer improves or impairs welfare.

Rhodes-Kropf (in presgndBernhardt, Dvoracek, Hughson, and Werner (2Q@%6yide the-
ories of price improvements that do not rely on asymmetric informaRtwdes-Kropf (in press)
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consider a static model in which investors have the possibility to negotiate price improvements.
In his theory, price improvements to a specific customer are determined by the customer’s bar-
gaining power. Past profits earned by the dealer with this customer plays nBeaardt et al.
(2005)consider a repeated settifidhey show that a dealer should optimally grant larger price
concessions to more valued customers. In line with this prediction, they find empirically that price
improvements increase with past volume, a variable which determines the value of a relationship
between a dealer and a broker. They also find that price improvements are positively related to
past trading profits, as predicted by our model.

The paper is organized as follows. In the next section, we describe the model. Sestaiyze
the equilibria of the once-off dealer market, taking as given the proportion of informed orders
submitted to this market. Sectighstudies the conditions under which a no-informed trading
agreement can be sustained. Seclderives the implications of the model. Sect®discusses
robustness issues and Sectibeoncludes. The proofs are collected in fygpendix A

2. The model

We consider the market for a risky security. The model features (i) a risk averse investor, (ii)
one risk neutral dealer (the relationship dealer) with whom some investors can engage in enduring
relationships and (iii) many risk-neutral dealers (“once-off dealers”) who cannot establish endur-
ing relationships. In the rest of this section, we describe the choices faced by these different type
of traders and the organization of the trading process.

2.1. The investor

The investor has trading opportunities atdates 1. ., ¢, . . . oo. A ‘period’ is the time elapsed
between opportunities and lastsinits of times (e.g. 10 days). Thusdetermines the trading
frequency for the representative investor.

The risky security can be thought of as a derivative contract. In the middle of each period, the
security pays wheree = +1 ore = —1 with equal probabilitiesK(¢) = 0). The investor can
also invest in a riskless asset. The (intra period) risk free rate is set to zero, for simplicity.

In each period, there are two types of trading opportunities. With probabilityO< 1, the
investor receives perfect information on the payoff of the security in this period. With probability
(1 — @), she receives a risky endowment and she has no privileged information on the security.
At the end of each period, the risky endowment returas/¢, whereh = +Q orh = —Q with
equal probabilities. Furthermorg,and¢ are independent. % is positive (resp. negative), we
will say that the investor has lang (resp.short) position. When she has a long (resp. short)
position, the investor wants to sell (resp. buy) the security in order to reduce her risk exposure.
She is perfectly hedged if she trad@shares. The investor privately learns the direction of her
hedging needA) at the beginning of each period. After learning the direction of the hedging need
or receiving information, the investor trades (or not) the security.

The investor starts each period with a constant endowiiigim the riskless asset. For tractabil-
ity, we assume that she entirely consumes her wealth at the end of each period (no savings from

4 Aitken, Garvey, and Swan (199als0 explicitly model long-term relationships between a broker-dealer and an investor.
In their model, the broker-dealer trades at a loss with a client when the latter is informed and recoups this loss by charging
large commissions when the client is uninformed.
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one period to the next). Without affecting the results, we normaligéo zero. As inDow (1998)
the investor'ger period utility function is

UW)=yW for W>0, and UW)=W for W <O, (2)

whereW is the investor’s end of period wealth apdE (0, 1). Notice that théower is y, thelarger
is the investor’s risk aversion. Our results require the investor to be risk averse. The piecewise
linear specification for the investor’s per period utility yields simple explicit solutions.

To sum up, the investor can trade either to hedge or to benefit from her private information.
More precisely, in every period, the investor has one of four possible types (trading motives):

(1) The investor needs to hedge a long positioa=(+1).
(2) The investor needs to hedge a short positioa=(—1).
(3) Informed with bad news:(= —1).

(4) Informed with good news(= +1).

We denote each possible trading motivedhyj € {L, SH, B, G}. When she has trading motive
0., the investor has a Long position, etc. Investors are not either always informed or always
hedgers. Accordingly, in our model, the investor’s trading motivalomly changes from one
period to the next. We denote the investor’s trading motive atcate’ .

2.2. Market structure : the relationship market and the once-off dealers market

In reality, investors often have access to multiple trading venues for a given stock. We mentioned
the case of Nasdaq stocks in the introduction. The market structure for FTSE-100 stocks is another
example. These stocks trade in two different systems : (i) an anonymous electronic limit order mar-
ket (SETS) and (ii) a dealership market (d&k & Yadav, 2004. In the dealership market, order
execution is often arranged over the phone and investors have the possibility to negotiate a price im-
provementone-on-one. Thus, we assume thatthere are two trading venues for the risky security : (i)
one market in which traders cannot develop long-term relationships (we calbiidb@ff dealers
market) and (ii) one market in which traders have this possibility. In order to simplify the analysis,
we assume that there is a single dealer acting in the relationship marketgithe: dealer).

In reality, some investors cannot forge long-term relationships because, for instance, they trade
too infrequently. Thus, we assume that the investor has a relationship with probébdif@, 1].

In this case, she has accessio trading venues : (a) her regular dealer or (b) dealers with whom
she has no established relationshipg-é-off dealers). Importantly, in each period, she can opt to
tradeboth with once-off dealerand with the relationship dealer (whether informed or not). With
probability (1— W), the investor has no relationship and she trades only with once-off déalers.

Trading in the once-off dealer market is anonymbttence, when once-off dealers receive an

order, they do not know (a) whether this order is submitted by a trader with a relationship or not

5 Several authors (e.§enveniste et al., 199have pointed out that floor markets foster the development of long-term
relationships. In this case, liquidity providers on the floor (specialists and floor brokers) are arguably able to identify
traders with a relationship and those without a relationship. This corresponds to the case idwhitin our model.

6 This is a natural assumption if one interprets the once-off dealer market as a stylised representation of an ECN.
Alternatively, once-off dealers can simply be seen as dealers with whom the investor has no ongoing relationships. In
this case, the investor can use a broker to preserve anonymity. The working of the interdealer market in the FX market is
a good illustration. In this market, traders seeking immediacy can either negotiate execution prices one-on-one or trade
anonymously through a broker (skegons, 1995. Several papers investigate the role of anonymity in financial markets.
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(except if¥ = 1) and (b) the investor’s trading history. We also assume that the orders routed to
one market by a specific investor are not observed by the dealer(s) operating in the othef market.
Thus, the relationship dealer cannot constrain the investor to trade in only one trading venue (as
in Seppi, 199D More importantly, the regular dealer is unable to observe the investor’s current or
past trading motives, at any point in time and statements regarding this motive cannot be verified.
This precludes pricing policies contingent on the investor’s true trading motive Benwveniste
etal., 1992.

Last, we assume that there is an exogenous probability €1, per unit of time, that the
investor and her relationship dealer ceases their relatiofisHipis, at the end of a period, there
is a probability8(s) = p° that the relationship between the investor and her regular dealer will
still be active at the beginning of the next period. Observegi@tincreases when the investor's
trading frequency gets larget decreases).

2.3. Trading process

In every period, we model the trading process as a two stage game. In the first stage, the investor
observes her type and chooses the size of her trades with (a) her regular dealer and (b) the once-off
dealers. We denote hyf the order routed to the regular dealer andg8ythe order routed to
the once-off dealers mark&tA positive (negative) quantity indicates an order to buy (sell). The
investor’s trading strategy(0, S) = (¢°(8, S), ¢"°(®, S)), depends on her type and a state variable
(S), which is determined by her trading history with the regular dealer (see S&jtion

If the regular dealer is contacted by the investgr#£ 0), he chooses the price at which he
accommodates the investor’s order. We refgrf, S) as the regular dealer’s bidding strategy. It
gives the price offered by the dealer when (a) he receives a request to execute an ordgranfcize
(b) the value of the state variableSisThe dealer’s offer depends on his belief regarding the payoff
of the security. We denote hy°(g, S) the probability distribution of this payoff conditional on
the order size and the state variable. The regular dealer’s expected profit when he siaales
is

7(p%(q. S). 9) = qlp°(q. S) — E¢c(8)]. 2

The trading process with once-off dealers follows the same steps. However, once-off dealers’
bidding strategies areor contingent on the investor’s trading history as they do not observe it.
Their posterior belief conditional on the investor’s trade size is denpt&d"°). The investor's

order for once-off dealers is eventually routed to the dealer who posts the best price. If several
dealers post the best price, one is randomly chosen to execute the order. Under these assumptions,
competition leads once-off dealers to post a price equal to their valuation for the risky security

These includdéForster and George (1992), Theissen (2000), Garfinkel and Nimalendran ,(3d®2)gn, Weaver and
Withcomb (2003)r Foucault, Moinas, and Theissen (2005)

7 This is a reasonable assumption as trade execution reports do not usually reveal the identities of contra-side parties.
For instance, for trades taking place on ECNSs, the ECN is listed as the contra-side party to maintain post-trade anonymity.

8 There are various exogenous events which could lead to a termination of the relationship between the investor and the
regular dealer. Relocation of the trading post for a given stock listed on the NYSE is one example. In an interesting natural
experimentBattalio, Ellul, and Jennings (200Show that this relocation often terminates the relationships between the
relocated specialist and a specific crowd of floor brokers.

9 Superscripts ‘c’ and ‘nc’ stand for ‘cooperative’ and ‘non-cooperative’, respectively, for reasons which will become
clear below.
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Date t

1-Nature chooses 0

2. The investor learns 6

3- The investor chooses her trading strategy
q(6.8)=(q%(6.5).9"(8.5))

q g 4![.‘
4- The regular dealer 4- The once-off dealers offer
offers a price p(q°.S). a price p(q™).

5. Traders' per period payoffs are realized

1-B(S) NB)

The investor exits The Investor proceeds to period t+1.

Fig. 1. Sequence of events.

(as inGlosten and Milgrom, 198for instance), i.e.
P"(q) = Egne(€ | 4™ = q). ®3)

Fig. 1summarizes the sequence of events in each period.
3. Equilibria in the once-off dealers market

In this section, we analyze the equilibria that arise in the once-off dealer market. We denote
by A the probability that an order routed to the once-off dealer market comes from an informed
investor. We show that there are two types of equilibria in the once-off dealer market : (i) either the
once-off dealer market is viable and in this case once-off dealers execute buy (resp. sell) orders
at a markup (resp. discount) equalstts = A or (ii) the once-dealer market is not viable, i.e. no
trading takes place in this market.

In Sectiord. 3, we will derivex endogenously and we will show thatin generat «. However,
for the moment, we take as given and we analyze the Perfect Bayesian Equilibria (PBE) of the
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trading process in the once-off dealer mar¥&A PBE of the once-off dealers’ market is a set
(@"%(), p"°(.), "% (.)) such that

(1) The trading strategy"®(.) maximizes the investor's expected utility given the once-off
dealer’s bidding strategy"(.).

(2) The bidding strategy"®(.) is such thap"*(q) = Egne:(€ | g).

(3) The dealers’ posterior beligf'™(.) is derived from the investor’s trading strategy using Bayes
rule where possible.

In order to derive the results of this section, we assume that the investor trades in only one
market when she needs to hedge. We will show that this is indeed optimal in the next section. Thus,
conditional on trading in the once-off dealer market, the investor’'s hedging demand is identical
whether she has a relationship or not. The next lemma establishes some properties common to all
equilibria.

Lemma 1. All the equilibria in the once-off dealers’ market have the following properties:

o The investor buys the same quantity when she has a short position or when she receives good
news, i.e. ¢"*(fsnH) = ¢"*(6s) > 0.

® The investor sells the same quantity when she has a long position or when she receives bad
news, i.e. ¢"(6.) = ¢"*(0g) < 0.

o In the equilibria for which ¢"*(0sy) > 0, the once-off dealers charge a price equal to
P "*[g"* (OsH)] = s"°(L) when they receive the equilibrium buy order. In the equilibria for

which ¢"*(8.) < O the once-off dealers charge a price equal to p"*[¢g"*(0L)] = —s"°()

when they receive the equilibrium sell order, with an(A)OIZEfA.

The investor sells the security for one of two possible reasons: (i) she needs to hedge a long
position or (ii) she has received bad news. She sells the same quantity in these two cases in
order to avoid detection by the dealers when she is informed. For the same reason, she buys the
same quantity when she has a short position or when she receives good news. In order to break-
even, once-off dealers must price the security at a discount (a markup) relative to the security
unconditional expected value when the investor chooses to sell (buy) the security. This wedge,
s"¢(1), is the bid-ask spread charged by the dealers. Observe that the bid-ask spread is the same
in all equilibria in which there is trading between the investor and the once-off dealers.

Fig. 2 gives the investor’s hedging demand when she needs to hedge a short position as a
function of the spreads{S(1)) charged by the once-off dealérfsNot surprisingly, the hedging
demand decreases with the size of the spread and it becomes nil when the spread is larger than
s(y) = (1 — y)/(1 + y). Suppose for the moment thdf(1) < s(y),i.e.y < (1 —1)/(1+ 1) and
consider the following trade size:

def O

q() = 15 s70)" 4)

10 we consider equilibria in pure strategies only. Moreover we assume that the investor does not trade when she is
indifferent between trading and not trading.

11 The investor’s optimal sell order when she has a long position is identieaima 4in the Appendix A formally

derives the investor’s hedging demand.
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Quantity : A
Q/(1+s) Equilibrium Trade Size

with the regular Dealer

AC/'\

Equilibrium Trade Size
— " \with Once-Off Dealers
lmprovcmcm\

-

Y

z;sk Price Ask Price s(7) Ask
osted by posted by Price
The Once-off (+5)
Regular dealers

Dealer (S"C(Y))

Fig. 2. The investor's hedging demand.

This is the investor's hedging demand when dealers charge a spread edli@l)te< s(y) (see
Fig. 2). The next proposition establishes that there is an equilibrium in which the investor trades
g()) with the once-off dealers if < (1 — 1)/(1+ A).

Proposition 1. When y < (1 — A)/(1 4 1), there is an equilibrium in which the investor’s trade
size is g(1) and once-off dealers’ spread is equal to s"(A). More precisely, in equilibrium

(1) The investor’s trading strategy is (@) q"*(6L) = ¢"*(@B) = —q(1), (b) ¢"*(Osn) =
q"%(6c) = q(n),

(2) and the once-off dealers’ bidding strategy is: (a) p"*(—q) = —s"°(A), (b) p"*(g) = s"°(1),
© P"*(=q) = -1 Vg #q,q>0,and (d) p"*(q) = +1 Vq#gq,q>0r

Order sizes different from(X) can be supported in equilibriufd.The equilibrium described
in Proposition lappears more sensible than other equilibria because it Pareto dominates any
other equilibria. Actually, the investor's ex ante expected utility in this equilibrium is larger
than her ex ante expected utility in any other equilibritfis for the once-off dealers, they are
indifferent between all equilibria as they always obtain zero expected profits. Consequently, when
y < (1—1)/(1+ 1), we focus on this equilibrium of the once-off dealers’ market in the rest of
the paper.

The spreads"©(1), increases with once-off dealers’ belief regarding the risk of trading with an
informed investord. Whena is so large that"(1) > s(y),i.e.y > (1 — 1)/(1 + 1), the once-off
dealers market breaks down. Actually, once-off dealers must charge a bid-ask spread at least equa
to s"%(A) in order to break-even. But for this spread, the investor's hedging demand is zero (see
Fig. 2). Hence, trades can occur only when the investor is informed, which leads to a no-trade
outcome. The corresponding equilibrium is described in the next proposition.

12 parts (c) and (d) specify the spread charged by the dealers for trade sizes which are not chosen in equilibrium, that is
which are out-of-the equilibrium path. This is necessary for a complete description of the equilibrium.

13 As usual in signalling games, the multiplicity of equilibria reflects the absence of restrictions imposed by the PBE
concept on dealers’ beliep"™, for trade sizes out-of-the equilibrium path.

14 This claim is an immediate consequencé efmma 4in Appendix A We skip its proof for brevity. It is available upon
request.
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Proposition 2. When y > (1 — 1)/(1 + A), the once-off dealer market is shut down: The unique
equilibrium is such that (i) the once-off dealers sell (buy) at price p"* = 1(—1) and (ii) the
investor never trades, i.e. ¢"%(9) = 0, V0.

TogetherPropositions 1 and inply that the conditiory < (1 — 1)/(1+ A) is necessary and
sufficient for the viability of the once-off dealer market. Observe that the once-off dealer market
is not viable when (i) the probability of informed trading) (s large or (ii) the investor’s hedging
need is weak because she is not very risk averdar@e). The collapse of the once-off dealer
market in these cases is not surprising given the adverse selection problem faced by the dealers.
Other authors (e.gslosten, 198Phave developed models where market breakdowns occur under
similar conditions.

Remark. Observe that once-off dealers’ equilibrium prices are entirely determined by parameter
A. They do not directly depend ob. We will show in Sectiort.3that once-off dealers’ quotes
indirectly depend onl because. is in part determined byv. It is also worth stressing that the
results obtained in this section also apply when no investor has a relationship &). Of
course, in this case, = «.

4. Enforcing a no informed trading agreement

Now, we focus on the relationship between the investor and her regular dealer (i.e. we consider
the behavior of an investarith a relationship). Our purpose is to analyze the conditions un-
der which the following implicit contract (theo-informed trading agreement) is self-enforcing
: (a) the investor contacts her regular dealely when she needs to hedge and (b) in return,
the regular dealer offers a price improvement to the invéstwve proceed as follows. First,
in Section4.1, we describe one specific pricing policy {ie scoring policy” ) for the rela-
tionship dealer. This policy makes violations of the no-informed trading agreement costly for
the investor. Then, in Sectioh2, we derive a simple condition ffie no-informed trading con-
dition”) that a scoring policy must satisfy to discipline the investor. Finally (Seclic@), we
close the model by deriving the equilibrium value Joffor given characteristics of the no-
informed trading agreement between the investor and the regular dealer. We then show that
there is a non-empty set of parameters for which the no-informed trading agreement is self-
enforcing.

It is worth stressing that, throughout, our analysis encompasses both (i) the case in which the
once-off dealer market is viabler < (1 — 1)/(1+ 1)) and (ii) the case in which the once-off
dealer market is not viable/(> (1 — 1)/(1 + 1)).

4.1. No-informed trading agreements : a formal definition

In this section, we define formally the strategies followed by the regular dealer and the investor
over the course of their relationship when they are bound by a no-informed trading agreement.

The relationship dealer. First, consider the pricing policy followed by the regular dealer.
This policy is such that the relationship between the dealer and the investor alternates between
cooperative phases and non-cooperative phases.

15 It is worth stressing that we do not analyze the observation phase during which the investor and the regular dealer
build up their relationship. Rather, we study the nature of this relationship in “cruise speed”.
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(1) In cooperative phases, the dealer charges a spregd< Min{s"%(1), s} for a trade of size

qC(sC)(jéfQ/(1+s°). This is the investor’s optimal order when she is uninformed and the

dealer’s spread is® (Fig. 2). For other trade sizes, the dealer charges a prieelofor buy
orders and-1 for sell orders.

(2) Aftereachencounter, the dealer assigns a ‘sc8re’0, to the investor. This score depends on
the profitability of his trades with the investor. When the dealer loses money, he increases the
score by one unit. As® < 1, this happens when the investor sells the asset and subsequently
the asset price decreases or when the investor buys the asset and subsequently the asset pri
increases. For all the other trades, the dealer earns his posted spread (if the asset payoffis zero
or even more. For these profitable trades or when there is no trade, the score is unchanged.

(3) When the score reaches the threshsifg.a non-cooperative phase begins.

(4) In non-cooperative phases, the regular dealer charges a price of +1 for buy orders-ahd
for sell orders. This is as if he refused to trade with the investor since the investor never finds
optimal to trade at these prices. In each period, he increases the score by 1 unit in order to
keep track of the time elapsed since the beginning of the non-cooperative phase. When the
score is equal t8* 4+ T, a new cooperative phase begins and the score is reset at zero. Thus,
a non-cooperative phase lagts> 1 periods.

We refer to this pricing policy ag scoring policy and we denote ip''(7; $*, s) (superscript
‘It’ stands for ‘long-term’). A scoring policy is characterized by three parameters: (iythgér
value' of the score §*), (i) the length of the non cooperative phase (T) and (iii) thesize of the
spread during cooperative phases (s©). In every period, the dealer’s pricing strategy is completely
determined by the investor’s score, i.e. the score serves as a state viriabhing cooperative
phases, the relationship dealer offeysice improvement relative to the price posted by once-off
dealers ass(°(1) — s©) > 0 (if the once-off dealer market is active). The relationship dealer's
policy is such that he will not trade during non-cooperative phases. This is not crucial but this
simplifies the presentation of the model. The important point is that the investor has no access to
price improvements during these phases.

The scoring policy can be viewed as incentive scheme. In order to see this point, observe
that the investor can behave in two different waysoperatively’ (she contacts her regular dealer
only when she is uninformed) ondn-cooperatively’ (she trades with the regular dealer also
when she is informed). Cooperative behavior is optimal for the investor only if she is penalized
for behaving non-cooperatively. However, the dealer never observes the investor’s true trading
motivation. Thus, penalties must be based on variables correlated with the investor’s unobserved
trading motivation. This is the case for trading profits. To see this point, observe that the probability
of a trading loss for the dealer, conditional on a trade taking place, is

1
Prolf(Loss)= >

if the investor behaves cooperatively. If the investor behaves non-cooperatively, this probability
is

1-a (1+oa)
=0

Prod'(Loss)= « +

16 This is the reason why we assume that the score keeps increasing during non-cooperative phases. In this way, we car
express the regular dealer’s bidding strategy as a function of the score only (we do not have to label the bidding strategy
differently during cooperative and non-cooperative phases).
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Hence, the distribution of trading losses for the regular dealer depends on the investor’'s be-
havior. The likelihood of a trading loss is larger when she exploits her private information at
the dealer's expense. The dealer must therefore penalize the investor when he books a loss.
This is exactly what is achieved by a scoring policy. Actually, if the dealer bears a loss,
he increases the investor's score and this shortens the expected duration of the cooperative
phase as this phase stops when the score hits the threshofd shown in the next section,

this is costly for the investor because hedging is more efficient when she receives price/size
improvements.

We interpret the score asrgputational index.” The investor’s reputation deteriorates as the
score increases. The scoring policy is designed in such away that the investor loses her reputational
capital when she exploits her information at the expense of her regular dealer.

The investor. Now, we describe formally the investor's behavior when she adheres to the no-
informed agreement. We define@operative trading policy, denoted;'(7, $*, s°), as follows:

(1) During cooperative phases, the investor behaves cooperatively. That is, she contacts the
relationship dealer when she is uninformed and she trades with the once-off dealers when she
is informed. More formally, when her score§s< S*, the investor’s trading strategy is:

def 0
*6L, Y= — 0
q* (6L, S) <1+SC,>

¢ (Osh, S)"éf( 0 o) (5)

14 ¢’

7*(6, L0, 4" () for 6 € {08, G}

whereg"®(.) is defined as in Sectia® The first (resp. second) entry (., .) describes the
order sent to the regular dealer (resp. once-off dealers).

(2) During non-cooperative phases, the investor only trades with once-off dealers. Her trading
strategy is therefore :

70, %0, 4" () Vo and S> S*. (6)

Recall that ify > (1 — A)/(1 + 1) then the once-off dealers’ market is shut down. In this case
¢"* = 0 and the investor does not trade during non-cooperative phases.

4.2. Cooperative trading

In this section, we derive a simple conditidAr¢position 3 under which the investor does
not violate the no-informed trading agreement when the relationship dealer uses a scoring policy.
This condition guarantees that the investor is bettenoffabusing her reputation at any stage
of the relationship. We also derive the conditions under which the relationship dealer has not
incentive to renege on the terms of the scoring polfesoposition 4 when the investor follows
the cooperative trading policy.

17 This interpretation is valid for cooperative phases only. During non-cooperative phases, the score is just a measure of
the time elapsed since the beginning of the phase.
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When the investor follows the poligf(7; $*, s¢), her long-rurexpected payoff at dater when

her score iss writes :
+00 o
V(eT, S) = E[U(g"(07, N + Y B TE[U(G* @, 5))ISc = S]. (7)
t=1+1

Let V(in, S) be the investor's expected payoff conditional on the investor being informed and
V(he, S) be the investor's expected payoff when she has a hedging need, conditional on the score
being equal tas.’® The investor's ex ante expected payoff when she follows the cooperative
trading policy is

V(S) = aV(in, S) + (1 — a)V(he, S). (8)

The next lemma shows that the value of the relationship for the investoV (i)¢ decreases with

her scoreluring the cooperative phase. This result formalizes the idea that a loss in reputation is

costly for the investor. Lea V(S)dzer(S) — V(S + 1) be the change in the value of the relationship

when the score increases by one unit. We refer to this variable agpilrerional cost.

Lemma 2. (A loss in reputation is costly) The value of the relationship, V(.), decreases with S
for S < 8*,i.e. AV(S) > 0. Furthermore, the reputational cost increases with S. Thus, AV(S) >
AV(Q)forl < S < §*—1.

The first part of the lemma is quite intuitive. The larger is the score, the shorter is the expected
length of the cooperative phase. This effect reduces the value of her relationship for the investor
as hedging is less efficient during non cooperative phases. The second part of the lemma indicates
that a loss in reputation is the least costly when the investor’s reputational capital is maximal (the
score is equal to zero).

We can now analyze the conditions under which the investor is better off not abusing the
regular dealeat any stage of the relationship. To this end, consider the case in which the investor
is informed and her relationship with the dealer is in a cooperative pl§ases(). Independently
of her behavior in the relationship market, the investor can trade in the once-off dealer market (ifthe
once-off dealer market is open). LEfC be the investor’s corresponding expected utfityf, in

addition, she contacts the relationship dealer and masquerades as being uninformed, she can obtai

an additional expected utility equal ﬁ;(sc)dzef(y(l —s90)/(1 + s°) (as the regular dealer’s

spread is® for a trade size equal t0 /(1 + s€) shares). However, following this transaction her
reputation deteriorates (her score is increased by one unit) and the continuation value for the
relationship become8V (S + 1). Overall, the investor’s total expected payoff if she violates the
no-informed trading agreement is

y(1-590
1+ s
Ifthe investor abstains from contacting the relationship dealer, shetbeagportunity cost of not

exploiting her information against the relationship dealer but she does not impair her reputation.
In this case, she obtains an expected payoff equal to

Ul + BV(S).

m

+ UM+ BV(S +1).

18 Formally V(in, S) = 3V(fs. S) + 3 V(0c. S) andV (he, S) = 3V(6L. S) + 3V(Osh. S).
19 Itis straightforward that/® = (y(1 — s"%) Q)/(1 + s"°) if the once-off dealer market is active. Otherwise, the investor
does not trade in the once-off dealer market and obvioli§fy= 0.
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We deduce that the investor optimally chooges to contact the regular dealer when she is
informediff:

UPS+ BV(S) = US, () + UpS + BV(S+1) VS <" —1
That is,
B(AV(S)) = US(s°) VS < §* —1. ©)

The L.H.S. of this inequality is the reputational cost borne by the investor if she trades with her
relationship dealer when she is informed. The R.H.S. is the utility gain that she obtains in this
case. In line with intuition, the investor does not exploit her information against her regular dealer
if the reputational cost is larger than the immediate utility gain. Notice that Condfjonust be
satisfied for all values of the score, that is even when the investor’s reputational capital is maximal
(S =0).

The last part of.emma 2implies that Conditior{9) is equivalent to :

B(AV(0)) > US,(s°). (10)

Clearly, this condition cannot be satisfied wheeis too small. Recall tha increases with trading
frequency g = p°). Thus, traders who do not trade frequently enough cannot be disciplined.
They will always be denied price improvements and will only trade in the once-off dealer market.
Interestingly, this might encourage an investor to trade more in order to get a reputation or to
delegate her trading to agents (portfolio managers, brokers) who trade very frequently.

From now on, in order to reduce the number of parameters, we focus on the limit case in which
the investor'sg goes to 1. This is the case when (i) the likelihopyidf an exogenous termination
of the relationship between the regular dealer and the investor is very small or (ii) the investor's
trading frequency is large (zery small). In this case, solving for the value functig(), we can
rewrite the previous condition in terms of the parameters of the scoring policy and the exogenous
parameters) « andQ). This yields the following result.

Proposition 3. When the dealer follows the scoring policy p't(T, S*, s©), the cooperative trading
policy ¢"(T, $*, s°) is optimal if and only if

ég% > (Prob@AS = +1) + A), (11)
with ProbAS = +1)d=ef(1 —a)/2, AdzefS*/T, Uﬁl(sc)dzef(y(]_ —590/(L + %) and
) —_SC)(l -a)0 . . 1-1
AU, 3) &0 X+ s+ 5 1+ 2 )
(") =51 -)0 . 1-2
(L+ TG+ 59 STy

We refer to Condition(11) as the “no informed trading condition” . Actually, it is optimal
for the investor to follow the cooperative trading policy, that is to honor the no informed trading
agreementf this condition is satisfied. VariableU (s, 1) is theper period welfare gain brought
about by cooperation for the investor (i.e. the difference between her per-period expected utility
during cooperative phases and her per-period expected utility during non-cooperative phases).
Thus, the no-informed trading condition states that the investor adopts a cooperative behavior iff
the ratio of the per-period welfare gain brought up by cooperation to the per period gain from
breaching the no-informed trading agreeméf}, (s©)) is large enough.
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We now consider the conditions under which the regular dealer is better off using the scor-
ing policy p"'(7; 5*, s°) when the investor follows the cooperative trading poliy7, S*, s°).
The orders routed to the regular dealer by the investor are “captive” as there are not exposed
to multiple dealers competing for the execution of this order. The dealer might be tempted
to exploit this feature by charging a larger spread than the promised spfeddhe investor
has some leverage, however: she can threaten to terminate her relationship with the dealer if
he reneges on their implicit agreement. This threat limits the market power of the relationship
dealer, as pointed out bBernhardt et al. (2005)n order to formalize this idea, we add the
following provision to the implicit contract between the investor and the regular dealer. The
dealer and the investor cooperate (he uses a scoring policy and she uses the associated cooy
erative policy) as long as the dealer follows the promised scoring policy. Otherwise, the in-
vestor stops contacting the regular dealer forever and the regular dealer charges a price equa
to +1 (—1) for a buy (sell) order if he is contacted by the investor. This course of actions
following a breach of the implicit contract by the dealer forms an equilibrium. In particular
the specification of the dealer’s quotes implies that implementing her threat is optimal for the
investor??

The regular dealer’s long-run expected profit at datghen he and the investor follow the
cooperative policiep' (7, $*, s°) andq''(T, 5*, s°) is

+00
M(S;) = E[n(p™ (e, So). G)I1S1 + Y B E[x(p™ (@G 5. )1 Se]. (13)
t=1+1

wherep®™ (., .) is the regular dealer's bidding strategy in each period. The investor’s threat obliges
the dealer to balance the one-shot profit from charging a supra-normal spread against the value of
his future profits with the investor. Consider the dealer in a cooperative phase when the investor’s
score isS. If he charges a spread equaktohis total expected profit is

Q

1+C+ﬁ[ (s +1)+ = H(S)] for §<S§*—1

If instead the dealer deviates and charges a spread eqifabta®, he obtains a total expected
profit equal tas?(Q/(1 + s©)) since from the next period onward, the investor will abstain from
trading with the dealer. Hence, the dealer is better off charging the promised spread iff

d 0 c 0

Ky <
147 145C

+ B { S+ 1)+ - H(S)} (14)

Other things equal, the value of the future profits earned with the investor (the term inside the
brackets) grows withB. When g goes to 1, this value become infiniges® > 0 and7 < c0.?!
Sinces? is bounded (otherwise the investor would simply refuse to trade), the condition for no
opportunistic behavior on the dealer’s side is satisfieggftarge enough. Thus, fg# close to 1,

we obtain the following result.

20 Given the investor’s strategy, the dealer does not expect to receive an order if he breaches the implicit contract. Thus,
after a breach of the implicit contract, the dealer’s beliefs (and therefore his pricing strategy) conditional on receiving an
order can be chosen arbitrarily.

21 whens® = 0, the dealer’s total expected profit is obviously equal to zero for e&€fus, it is optimal for the dealer
to renege on the promised spread. Wiies oo, a non-cooperative phase lasts forever. This impliest{&t) = 0 and
for this reasor1(S* — 1) is finite for everyp.
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Proposition 4. When the investor uses the cooperative trading policy ¢"(T, S*, s°), the scoring
policy p"(T, $*, s°) is the optimal pricing policy for the relationship dealer if and only if (a)s® > 0
and (b) T < oo.

To sum up, in this section, we have shown that, for a given valug tife scoring strategy
PU(T, $*, s°) and the cooperative trading poligy(7; $*, s°) are self-enforcing iff (a) the no-
informed trading condition is satisfied, () > 0 and (c)T < cc.

Remarks.

(1) Observe that the cooperative trading policy is such that the investor never trades in both
markets when she has a hedging need, as conjectured in S&cimestablish that this is
indeed optimal in the proof d?Proposition 3

(2) Itis worth emphasizing that the no-informed trading condition imposes a cap on the investor’s
reputational capital. This cap guarantees that the investor’s reputational capital is never so
large that she can afford milking part of it. To see this point, observe that the no-informed
trading condition cannot be satisfied when the maximal value of the sgare too large
(because the L.H.S. of this condition is bounded). Intuitively, an increasé& defers the
penalty associated with a breach of the no-informed trading agreement. For this reason, the
cost of breaching the no-informed trading agreement at the very early stage of the cooperative
phase becomes smaller and smalle§’asmcreases. For a sufficiently large valueSst the
investor is better off violating the no-informed trading agreement.

(3) One may wonder why the investor does not purposely trade at a loss against her regular
dealer when she is informed in order to avoid non-cooperative phases. Observe that the
regular dealer does not decrease the investor's score when he makes a profit. This implies
that the continuation value of the relationship with the dealer is identical when the investor
refrains from trading with the regular dealer (“strategy 1”) or when she purposely trades at a
loss with the regular dealer (“strategy 2"). Thus, strategy 1 always dominates strategy 2. To
sum up, by design, the scoring strategy considered in this paper is “manipulation-free”.

4.3. Cooperative equilibria

Observe thatother things equal, the no-informed trading condition is more easily satisfied
when the risk of informed trading in the once-off dealer markgibecomes greater (the L.H.S. of
the no-informed trading condition increases widh Actually, once-off dealers’ spread increases
with this risk. Thus, the investor’s “outside option” deteriorates whamncreases. Accordingly,
her incentive to honor the no-informed trading agreement is greater. The set of feasible no-
informed trading agreements (i.e. the valued,df*, s° sustaining an agreement) is therefore in
part determined by. In turn, the probability of informed trading in the once-off dealer market
is endogenous and is in part determined by the fraction of investors in position to get a price
improvement. In order to formalize this point, let denotedfythe probability that the investor is
in a cooperative phase and b, »*) the resulting value fok. We obtain the following result.

Corollary 1. Fora given no-informed trading agreement in the relationship market, the likelihood
that an order received by once-off dealers comes from an informed trader is:

o

M) = T e

(15)
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where w* is the probability that an investor with a relationship is in a cooperative phase. This
probability is given by:

ot = < A > <1, (16)

A + ProbAS = +1)
where AdzefS*/T.

When no investor has a relationship, the probability of receiving an informed order for once-off
dealersis.(0, 0) = «. This probability is larger when the relationship market is oper{@#sw*) >
awhenw™ > 0 and¥ > 0. Actually, the no-informed trading agreement allows the relationship
dealer to divert uninformed orders from the once-off dealer market. This diversion increases the
proportion of informed orders in the order flow routed to the once-off dealer market. This form
of cream-skimming is common in financial markets (&essley et al., 1998Bessembinder &
Kaufman, 199@r Barclay et al., 2003or empirical findings). For instance, for Nasdaq stocks,
Barclay et al. (2003pbtain several findings consistent with a scenario in which informed traders
predominantly route their orders to ECNs whereas Nasdaq dealers retain the less informed orders.
In particular, they find that realized spreads on Nasdagq are much larger than orf£CNSs.

The risk of informed trading in the once-off dealer market depends on the characteristics of the
no-informed trading agreement in the relationship marketiasreases withv* = $*/7. On the
other hand, we already pointed out that the set of feasible agreements in the relationship market
depends on the risk of informed trading in the once-off dealer market. Hence, the equilibrium
of the relationship market and the once-off dealer markejaingly determined. Acooperative
equilibrium is a situation in which the course of actions prescribed by a scoring policy and the
associated cooperative trading policy are self-enforcing\fer A* (¥, »*). This last condition
guarantees that the equilibria in the once-off dealer market and in the relationship market are
mutually consistent.

We immediately deduce from the analysis of the previous section (Rmpositions 3 and
4) that the scoring policy'(7, $*, s°) and the cooperative trading poligy!(7, $*, s€) form
a cooperative equilibrium if and only if (a) the no-informed trading condition is satisfied for
A= A*(P, ©*) (b) s° > 0 and (c)T < oco. For given values of the exogenous parameteisnd
y, the relationship market igable if and only if there existar least one cooperative equilibrium.

The next result delineates the set of parameters for which the relationship market is viable.

Proposition 5. For given values of a and y, the relationship market is viable (i.e. at least one
cooperative equilibrium exists) if and only if y < Min {0.5, 20/(1 4 «)}.

Region A inFig. 3is the set of values for parametarsand y for which the relationship
market is viable. In Region B, the relationship market is not viable : it is impossible to find a
scoring policy that enforces a no-informed trading agreement. The intuition for this finding is as
follows. As the investor’s trading motivation cannot be observed, the relationship dealer bases his
decision to grant a price improvement on his past trading profits with the investor. Past trading
profits constitute an imperfect indicator of the investor’s true behavior as the dealer can make a
trading loss whether the investor behaves or not. For this reason, the score assigned to an investo
can increaseven though the investor honors the no informed trading agreement. This occurs

22 This result fits well with our model where the realized spread in the relationship mas&et i§ while the realized
spread in the once-off dealer market is zero.
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Fig. 3. Regions of existence for cooperative equilibria. For values,af)(in Region A (Al, A2, A3), a cooperative
equilibrium exists. In Region A3, the once-off dealer market is not viable, even when the relationship market is not open.
In Region Al, lethal cooperative equilibria exist. That is, there exists a cooperative equilibrium for which the once-off
dealer market is crowded out. For values)oi) in Region B, itis impossible to enforce a no-informed trading agreement.

with probability Prob(AS = +1) = (1 — «)/2 > 0. This possibility of ‘mistakenly’ punishing
the investor and the fact that must be finite (see Remark 1 at the end of Secti@imply that
cooperative phases cannot last forevet & 1). This effect bounds the value of establishing a
relationship with the regular dealer and thereby the possibility of enforcing a no-informed trading
agreement.

Observe that for a given value af the relationship market is not viable when the investor’'s
risk aversion is too smally > Min {0.5, 2«/(1 + «)}). Actually, risk sharing gains are smaller
for traders with a small level of risk aversion. For this reason, these investors obtain a small per
period utility gain from the no-informed trading agreement. Accordingly, these investors are not
too much affected by a loss in their reputational capital and cannot be disciplined.

Example 1. We consider a numerical example to illustrate the results of this section. Suppose
thate = 0.5,y = 0.1, 0 = 1 andW¥ = 0.7. These parameter values are in Region Aig. 3.

Thus, there exists a scoring policy sustaining a cooperative equilibRuopésition $. Consider

the following scoring policy §* = T = 100 (so that\ = $*/T = 1) ands® = 0.45. In this case,

the probability of observing a price improvement for an investor with a relationship4s 0.8. It
follows that the fraction of informed orders in the order flow routed to the once-off dealer market
is A(0.7,0.8) = 0.69. For this specification, the L.H.S. of the no informed trading condition

is (AU(0.1,0.69))/(Uy,(0.1)) = 1.31 and the R.H.S. is equal ta2b. Thus, the no-informed
trading condition is satisfied. Moreovef,> 0 andT is finite. We deduce that the scoring policy
p"t(100, 100, 0.45) sustains a cooperative equilibrium. In this case, the bid-ask spread posted in
the once-off dealer market i8°(A (¥, v*)) = 0.69.

5. Implications
5.1. The role of price improvements and other order routing inducements
The no informed trading condition imposag/(s¢, A(¥, »*)) > 0 (see Eq(11)). This requires

s¢ < Min{s"°, s}. Thus, the regular dealefust grant a price improvement to the investor during
cooperative phases. Otherwise, there is no gain to being cooperative for the investor and the no
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informed trading condition cannot hold. The size of the price improvement has an ambiguous
effect on incentives. On the one hand, a large price improvement (a small valt)eesults in

more efficient hedging for the investor. This effect increases the per period welfare gain in coop-
erative phasesU(s®, A(¥, »*))) and contributes to discipline the investor. On the other hand,

a large price improvement makes informed trading with the relationship dealer more profitable

(U7, (s°) decreases witkf). This effect reduces the investor’s incentive to behave. The first effect
always dominates the second effectin our model (formally, the rati&(¢c, (¥, »*)))/(Uy, (s%))
decreases witkf). This implies that the larger the price improvement, the greater is the incentive

to cooperate for the investor, as stated by the next proposition.

Corollary 2. For the investor to cooperate with the relationship dealer, she must receive a price
improvement during cooperative phases. Furthermore, larger price improvements stiffens the
investor’s incentive to cooperate, i.e. f the no informed trading condition holds for a given price
improvement (say s = so) then it holds true for larger price improvements (s¢ < so), other things
equal.

Consequently, for given exogenous parameters, there exist multiple cooperative equilibria. For
instance, we deduce from the previous corollary that, for the parameter values divemiple 1
all the scoring strategies such thg#t= T = 100 and O< s < 0.45 form an equilibrium. The
price improvement ultimately offered by the relationship dealer should depend on his relative
bargaining power. We do not analyze further the determination of the price improvement as our
results in this paper are independent of its exact size.

Interestingly, scoring strategies are such that a price improvement is always offered simul-
taneously witha size improvement asq®(s®) > ¢"°(1) (recall thatg®(s®) is the trade size in the
relationship market). Interestingly, dealers often offer both price and size improveBeaiddre,
Battalio, & Jennings, 2008ocument this phenomenon for NYSE). Al8grnhardt et al. (2005)
find a positive correlation between the size of price improvements and trade size for a sample of
FTSE-100 stocks (see their Table 1). In our model, this positive correlation arises naturally : the
investor’s hedging demand increases when the relationship dealer’s bid-ask spread decreases (i.€
when the price improvement increases).

It is worth noting that price improvements are not the only form of monetary inducements
that can enforce a no-informed trading agreement. Consider the following trading arrangement.
During cooperatives phases, the relationship dealer offers to execute all ordgtsskares at
the quotes posted in the once-off dealer market with a “side” payment to the investor equal to
P = ¢° % (s"¢ — s°). The two arrangements generate the same payoffs for the relationship dealer
and the investor. Thus, direct monetary inducements could be used in lieu of price improvements
to enforce no-informed trading agreements. Some market-makers do in fact offer side payments
to brokerage firms in exchange for brokers routing investors’ orders to them. This practice, known
aspayment for order flow, can be viewed as a substitute for price improvements.

5.2. Market design and welfare

In our model, the investor has access to two possible trading venues for the same security : (i)
a market in which she can trade anonymously (the once-off dealer market) and (ii) a market in
which she has an ongoing relationship with a specific dealer (the relationship market). Although
this situation is frequently encountered in reality, it is unclear whether it is desirable or not.
One problem, arising in our model, is that coexistence of multiple trading venues may lead
to a situation in which informed orders are systematically routed to one trading venue, at the
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expense of its liquidity. This concern was voiced for instandedsley et al. (19963° They write
pp. 831-832:

Using a sample of stocks typically employed in purchased order flow, we have demonstrated
that the information content of orders differs across trading localesThefragmentation

of orders by type can thus impose costs on existing markets well in excess of the effects
arising purely from trade volume [.] It is not straightforward to determine the welfare
effects of competition through order diversian.[] This issue requires further study and
empirical testing.

Our model gives the possibility to make progress on this issue by comparing investors’ welfare
when the once-off dealer market operates aldne-(0) and when it coexists with the relationship
market (which required > 0). Throughout this section, we measure investors’ welfare by their
per-period expected utility. We focus on investors’ welfare as once-off dealers get a zero expected
profit anyway and the relationship dealer is obviously better off when the relationship market is
open.

Investors whacannot establish a relationship trade only in the once-off dealer market. They
obtain a per-period expected utility equatto

s( 1- MY, o*
g (2 1o AeT)
1+ s(y) 1+ A(Y, o*)

_ _ Jhc * nc *

EUnC()»(\I’, w*)) d=ef o ]/(1 § ()”(\IJ’ w )))Q . (1 . Ol) s ()‘(\Ds w ))Q
1+ s"(A (P, w*)) 1+ s"C(A (Y, w*))
1— MY, o)

< ————.
Y=1 + AP, w*)
The firstline in the previous equation gives the investor’s expected utility when the once-off dealer
market is not viable (which happens when> (1 — A(¥, 0*))/(1 + A(¥, 0*)); see SectiorB).
The second line gives the the investor’s expected utility when the once-off dealer market is viable.

Now consider an investor who can establish a relationship. Her avesageriod payoff is given
by (1 — B8)V(0).2°> Computations yiel¢f:

/ljiml(l — B)V(0) = EUM(\(Y, 0*)) + 0* AU(sS, M(¥, 0*)), (17)

if

where the expression faeU(s¢, A(¥, »*)) is given inProposition 3Thus, the per period expected
utility of an investomwith a relationship is equal to (i) the per-period expected utility of an investor
without a relationship plus (ii) the per period welfare gain brought up by cooperation times the
probability that the investor and the regular dealer are in a cooperative phase. The next result is
central for our findings in this section.

Corollary 3. Consider a cooperative equilibrium in which the once-off dealer market and
the relationship market coexist. The risk of informed trading (A(V, w*)) and the bid-ask spread

23 See als@essembinder and Kaufman (1997)

24 This is also the per-period expected utility of an investor with a relationship during non-cooperative phases. This
per-period expected utility is derived in the prooflefmma 2(Step 1).

25 This is the total value of the relationship at the beginning of a cooperative pVié&¢ divided by the expected number

of periods until termination of the relationship/(1 — B)).

26 See the proof oProposition Jor a formal derivation.
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charged by once-off dealers (s"°(L(W, w*))) are larger than when the relationship market does
not exist.

The intuition for this result is straightforward. The relationship dealer diverts non-informed
orders from the once-off dealer market. Accordingly, the fraction of informed orders in the order
flow received by once-off dealers is larger when the relationship dealer is active than when it
is not. This implies that the bid-ask spread in the once-off dealer market is wider when the
relationship market is active. The diversion of uninformed trades by the relationship dealer results
in a reduction of the liquidity of the once-off dealer market. In some cases, this reduction is so
large that itcauses a collapse of the once-off dealer market when it would otherwise be viable if
the relationship market was closed. When this happens, we say that the cooperative equilibrium
is “lethal’. The condition under which lethal cooperative equilibria occur is given in the next

corollary. Letw* (1 — @) — y(1 + @))/((1 — 2))(1 — @)).

Corollary 4. Suppose that the once-off dealer market is viable when it does not coexist with the
relationship market (i.e. y < (1 — @)/(1 + «)). There always exists at least one lethal cooperative
equilibrium if ¢ > 1/3 and ¥ > W*,

The region of values fon/ «) for which the relationship market endangers the existence of the
once-off dealer market is depictedhig. 3 (Region Al). The reason for the existence of lethal
equilibria is simple. Introduction of the relationship dealer triggers an increase in the bid-ask
spread charged by the once-off dealers. If the proportion of investors with a relationship is large
enough ¢ > W*), the increase in this bid-ask spread is so large that investors are better off not
trading in the once-off dealers market, which then collapses.

Example 2. The exogenous parameters (B)tare chosen as iBxample {« = 0.5, y = 0.1and

QO = 1). First, consider the case in which the once-off dealer market operateswdlend). In this
case(0, 0) = 0.5. The once-off dealer market is viablejas: (1 — A(0, 0))/(1 + (0, 0)) (see
Proposition ). The bid-ask spread charged in this cas#§6.(0.8, 0)) = 0.5. Now suppose that

the relationship market is open and that the proportion of investors with a relationghip i8.9.
Moreover, suppose that the regular dealer uses a scoring policy suéh ta&t80, 7 = 100, and

s¢ = 0.1. For this scoring policyp* = 0.88. It is easily checked that the scoring policy sustains

a lethal cooperative equilibrium as ¢)> (1 — A(0.9, 0.88))/(1 + A(0.9, 0.88)) (which implies

that the once-off dealer market is not viable given the scoring policy used by the relationship
dealer) and (ii) the no-informed trading condition is satisfied (computations show that the L.H.S.
of this condition is equal to.2 whereas the R.H.S. is equal t®3).

Corollaries 3 and 4mply that the relationship market is harmful for the investers
cannot establish a relationship when, in absence of a relationship market, the once-off dealer
market is viable. More surprisingly, even investorgo can establish a relationship may be
worse off when the relationship market is open. The intuition is as follows. The creation of
the relationship market has two opposite effects on the welfare of these investors. On the
one hand, it allows investors to better hedge their risky endowment as they receive price im-
provements during cooperative phases. On the other hand, during non-cooperative phases, the
trade at prices worse than those obtained when the relationship market does not exist. In some
cases (lethal equilibria), the investors do not even trade during non-cooperative phases, whereas
they could if the relationship market did not exist. This worsening of trading conditions dur-
ing non-cooperative phases has a negative impaai/bimvestors’ welfare, including those
with a relationship. The net impact of these two effects on these investors’ welfare cannot be
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signed generally as it depends on parameter values. We illustrate this claim with the following
example.

Example 3. Consider agairExample 1 If the relationship market does not exist, the once-

off dealer market is viable when it operates alone and the bid-ask spread charged in this case
is s"°(A(0, 0)) = A(0, 0) = 0.5 (seeExample 2. The per period expected utility of an investor

is then EU"(0.5) = —0.15. When the relationship market is open, there is a cooperative equi-
librium in which the regular dealer uses the scoring poli¢y100, 100, 0.1). In this equilib-

rium, the once-off dealer market is viable and the bid-ask spread charged in this market is
s"S(A(¥, w*)) = 0.69. The per period expected utility of the investors without a relationship de-
creases and is equal E1/"°(0.69) = —0.195. The per period expected utility for investors with a
relationship is:

/Ijiml(l — B)V(0) = EU"(0.69)+ * x AU(0.1,0.69)

= —0.1954 0.8 x 0.159= —0.067.

In this case, investors who can establish a relationship benefit from the creation of the relationship
market. Now, consider the cooperative equilibrium in whith= 7T = 100 ands® = 0.45. In
this case, the average ex ante per period expected utility for investors with a relationship is:

;iml(l — B)V(0) = EU"(0.69) + * x AU(0.45, 0.69)

= —0.195+ 0.8 x 0.04 = —0.156.

This is smaller than investors’ expected utility when the relationship market does not exist as
EU"(0.5) = —0.15. This shows that even investors who can forge long-term relationships can
be hurt by the creation of the relationship market.

Thus, when the once-off dealer market is viableibsence of the relationship market (i.e.
wheny < (1 — «)/(1+ «)), the creation of the relationship market harms investors without a
relationship and has an ambiguous effect on the remaining invéétaraen the once-off dealer
market is not viablenyway (i.e. wheny > (1 — «)/(1 + @)), the conclusion is different. In this
case, investors who cannot establish a relationship are not affected by the creation of a relationship
market, as they do not trade whether the relationship market exists or not. In contrast, investors
who can establish a relationship are clearly better off when the relationship market is open as they
can, at least partially, hedge their risky endowment.

The next corollary summarizes the welfare effects associated with the creation of the relation-
ship market when the latter is viable.

Corollary 5. Consider the cases in which the relationship market is viable. When y > (1 —
@)/ (1 + «), the creation of a relationship market improves the welfare of the investors who can
establish a relationship and leaves other investors’ welfare unchanged. When y < (1 — a)/(1 +

27 When all investors are hurt by the creation of the relationship market, why don’t they commit not to use this market?
The problem is that, individually, no investor has an incentive to honor this commitment. Suppose that all investors enter
into such a commitment and are believed by the once-off dealers. In this case, the trading conditions in the once-off dealer
market do not deteriorate as once-off dealers behave as if the relationship market was not active. Thus, the mechanism
by which investors with a relationship can be hurt by the relationship market does not operate. But then, it becomes
optimal for each investor to violate the commitment of not using the relationship market. Thus this commitment is not
self-enforcing and cannot last.
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«), the creation of the relationship market diminishes the welfare of the investors who cannot
establish a relationship and has an ambiguous impact on the welfare of the investors who can
establish a relationship.

The creation of a relationship market constitutes a Pareto improvemignthen the once-off
dealer markets not viable (Region A3 inFig. 3). In this case, the relationship market facilitates
trades that otherwise would not occur because the amount of adverse selection is too large.
Otherwise (i.e. for values of the parameters in Regions Al and A2gn3), the creation of the
relationship market always impairs the welfare of the investors without a relationship.

To sum up, the creation of the relationship market is a Pareto improvement when this is the only
way to facilitate transactions (because the anonymous market structure is not viable). Otherwise,
the creation of the relationship market harms at least one group of investors (those who cannot
develop relationships) and in some cag#snvestors (even those who trade in the relationship
market). These findings vindicate the concerns that have been raised about practices that allow
dealers (or markets) to cream-skim uninformed orders. Of course, these practices may have othel
benefits not considered in this paper (such as speed of execution or increased competitive pressure
on the primary market).

5.3. Empirical implications

The main and novel prediction of our model is that the decision to grant a price improvement
by a dealer depends on the profitability of his past transactions with the client requesting the
improvement. This hypothesis can be tested with data tracking trades of a particular dealer with
each of his clients. Using data for a sample of 25 FTSE-100 st&kshardt et al. (2005)nd
a positive relationship between the dealer’s profits with a specific brokerage firm and the price
improvements granted to this firm, especially for small and large orders (se€itnesy.?

Bernhardt et al. (2008)Iso find a positive relationship between the trading volume of a specific
broker and the price improvements received by this broker and propose a theoretical explanation
for this relationship. The discounted stream of profits generated by a specific customer increases
with her trading frequency. Thus, dealers are more willing to offer large price improvements to
more frequent customers. Our model suggests a complementary explanation. Only investors who
have frequent trading needs can be disciplined by the threat of losing price improvements (see
the discussion following Eq10)in Sectiord.2). This also creates a positive correlation between
measures of trading volume and price improvements.

In each period, there is a probabiliyynpd:ef(l — a)¥w™* of observing a price improvement.
For a giveny, this probability increases witly andw*. Observe also that(W, »*) increases in
o* andW. Thus,« being fixed, the model predicts a positive relationship between the frequency
at which price improvements take place and the likelihood of informed trading in the once-off
dealer market.

Corollary 6. Fixing the value of «, there is a positive correlation between the likelihood of
informed trading in the once-off dealer market and the frequency with which price improvements
occur in the relationship market. There is also a positive correlation between the size of the bid-

28 Battalio, Jennings, and Selway (20@t)dy the order flow routed to a major Nasdaq dealer. They find that the dealer’s
gross trading revenues and prices vary across routing brokers, after controlling for trade size. Our model suggests to
explain these variations by dealer’s profits with each brokerage firm.
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ask spread in the once-off dealer market and the frequency with which price improvement occur
in the relationship market.

Atest of this prediction is not easy becaudghe unconditional likelihood of informed trading)
cannot be directly observed. However, this variable could be estimated using techniques developed
in Easley et al. (19960pr instance. Also, notice that our model emphasizes the factthand
the bid-ask spread in the once-off dealer market are jointly determined (see SEJiorhis
implies that the frequency of price improvements and the bid-ask spread in the once-off dealer
market are jointly determined. This endogeneity should also be taken into account in designing a
test of the previous corollary.

6. Robustness

We have established three main results:

(1) A relationship dealer can enforce a no-informed trading agreement by granting price im-
provements contingent on his past trading profits.

(2) Hence, the relationship dealer can “cream-skim” uninformed trades. Cream-skimming exac-
erbates the adverse selection problem faced by once-off dealers and thereby result in large
posted spreads in the once-off dealers market.

(3) Forthisreason, the creation of arelationship market is not Pareto improving when the once-off
dealer market is viable.

Other reputation-based pricing policies. These results have been established by considering
one specific type of pricing policy for the regular dealer (the scoring policy). This pricing policy
is such that the investor has a fixed quota of losses that she can inflict to the regular dealer. If she
exhausts this quota then the dealer stops granting price improvements for a while. Of course there
are many other ways in which the prices offered by a dealer could depend on his trading profits
with the investor. In fact there exist equilibria with more complex strategies for the dealer and the
investor. A robust feature of these equilibria, however is that the regular dealer enforces the no-
informed trading agreement by granting price improvements contingent on his past trading profits.
The two other results follow from the possibility of enforcing a no-informed trading agreement
but do not rely on the specific mechanism used to sustain this agreement.

Recall that for some parameter values (e:g- 0.5), it is not possible to enforce the no-
informed trading agreement with the type of pricing policies considered in this paper. In these
cases, we cannot discard the possibility that there may exist other profit-based pricing policies
that sustain cooperation. We suspect however that there will always be some parameter values
for which cooperation cannot be enforced when the investor’s trading motivation is not observed.
For instance we have analyzed the case in which the dealer reinstates the investor’s score at zero
each time he books a profit with the investor. In this case, the set of parameters under which a
cooperative equilibrium does exist is exactly as describéraposition 5

Multiple relationship dealers. We have shown that even investors with a relationship may be
harmed by the introduction of a relationship market. One may wonder whether this is still the
case with multiple relationship dealers. Observe that our result relies on the fact that, during
non-cooperative phases or when she is informed, an investor with a relationship trades at once-off
dealers’ quotes. Hence, this investor is hurt by the decrease in the liquidity of this market. With
multiple relationship dealers, an investor could try to avoid being denied price improvements by
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switching dealers at the end of non-cooperative phases. But a situation in which investors imme-
diately receive price improvements from a new relationship dealer cannot sustain a cooperative
equilibrium as investors bear no cost if they misbehave. Thus, in cooperative equilibria involving
multiple relationship dealers, an investor must go throughvaseivation phase” before receiv-

ing price improvements. Moreover, for relationships to be stable, the duration of this “observation
phase” should be such that no investor has an incentive to switch to a new relationshigtlealer.
This implies that, even with multiple relationship dealers, the investor would experience periods
in which she is denied price improvements. Therefore, she would still be hurt by a widening of
the bid-ask spread charged by once-off dealers. A full analysis of this case is left for future work.

7. Conclusions

The ability of some dealers to price discriminate between informed and uninformed orders is
often used as an explanation for price improvements (see for instance the quotati@afaay
et al. (2003)n the introduction of this papergeppi (1990andBenveniste et al. (199)rovide
theoretical foundations for this explanation. They argue that repeated relationships allow dealers
to avoid informed orders by threatening informed traders of future sanctions. Their argument,
however, relies on the possibility for dealers to detect a cheating trader with a strictly positive
probability.

We complement this approach by considering the realistic case in which investors’ trading
motivations are unobservable. We show that a dealer can still avoid informed orders, even though
he is unable to tell apart informed and uninformed orders. To this end, the dealer must make his
decision to grant price improvements to a specific client contingent on the profitability of his past
transactions with this client. Intuitively, this profitability is indicative of the client’s past trading
motivations because trading losses are more likely if the client sometimes routes informed orders
to the dealer. Hence, the dealer can discipline an investor by penalizing her when he incurs a
trading loss. In our model, this penalty takes the form of a decrease in the investor’s reputational
capital. This decrease shortens the number of trades for which the investor is eligible for a price
improvement. This is costly for the investor as price improvements allow the investor to better
hedge.

We also analyze the welfare effects associated with the introduction of a “relationship market”
(i.e. a trading mechanism that allows traders to forge long-term relationships). Enduring rela-
tionships are Pareto improving only when informational asymmetries preclude trading otherwise.
Else, they worsen the liquidity of alternative trading venues. Through this channel, the welfare
of investors who do not receive price improvements is impaired. Moreover, in some cases, even
those who get price improvements suffer a loss in welfare.

The analysis generates some new predictions. Mostimportant, it predicts a positive relationship
between price improvements granted to a specific client by a dealer and the profitability of trades
conducted with this client. Moreover, it predicts that stocks featuring a larger frequency of price
improvements should have larger spreads. Last, it implies that only investors with a sufficiently
large trading frequency will receive price improvements. This effect may encourage investors to
trade more in order to secure price improvements or to use intermediaries (such as brokers).

29 Thus, the duration of observation phases must exceed the duration of non-cooperative phases. Notice that it is in
the common interest of the relationship dealers to wait before offering price improvements to new customers. Doing
otherwise would undermine the possibility of enforcing no-informed trading agreements which are the source of profits
for relationship dealers.
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There are several possible extensions that could be considered in future work. In our model, the
purpose of the implicit contract between the relationship dealer and the investor is to eliminate the
risk ofinformed trading. The relationship dealer can also seek to acquire the investor’s information.
The form of the implicit contract that enforce truthful revelation of the investor’s information in
this case is an interesting issue, which we leave for future research.
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Appendix A

Proof of Lemma 1.
The proof of this lemma relies on two results giverLemma 3 and delow.

Lemma 3. The dealers accommodate equilibrium sell orders (resp. buy orders) at a discount
(resp. at a markup) relative to the security’s expected value. Formally, on the equilibrium path,
p"%(q) € [0, 1] for every q¢ > 0 and p"*(q) € [—1, O] for every q¢ < O.

Proof. We prove the lemma for a buy order only. For a sell order, the argument is similar. The
price posted by once-off dealers is equal to the expected value of the asset (&3¢ Bgnce, it
belongs to {1, +1]. Thus an investor with bad news (resp. good news) never submits a buy (sell)
order. It follows that a buy order signals that the investor’s type is differentfgor@onsequently,

if ¢ > 0, we havep"®(q) = Egnc(elg) > O (where this expectation is well defined sincis on

the equilibrium path). O

The nextlemma shows that the investor’s optimal order size when she is uninformed is as given
in Fig. 2 Buy orders execute at a premiusnz 0 and sell orders execute a discouns, < 0.

Recall thati(y) = (1 - »)/(L+ ). s(n) =1 -y)/2-(1-y)) < L.

Lemma 4.

(1) At price 0 < s < 1, the investor’s optimal buy order when she has type sy is: (@) Q/(1 + s)
if s < s(y); (b) zero if s > 5(y); () any quantity in [0, Q/(1 + s)] if s = 5(y).

(2) At price —1 < —s < 0, the investor strictly prefers to not trade rather than to submit a sell
order when she has type Osn.

(3) Atprice —1 < —s < 0,the investor’s optimal sell order when she has type 6| is: (2)—Q /(1 +

5) if s < 5(y); (b) zero if s > 5(y); (C) any quantity in [—Q/(1+ ), 0] if s =.
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(4) Atprice 0 < s < 1,the investor strictly prefers to not trade rather than to submit a buy order
when she has type 0.

Proof. The final wealth of an investor with tygy when she tradeg shares at pricg(q) is

We(q) = — Qe + q(e — p(q)). (18)

Suppose first that > 0 andp(g) = +s. In this case (iW_1(¢) < Oifand onlyifg > Q/(1+ s)
and (i) W41(¢) < 0ifand only ifg < Q/(1 — s). The investor’s expected utilitys (U(W.(q))),
is

1 .
IWoal)+ 5 Waale) i 0=qs 2
1 1 .
BUMV@) = 3W-a@)+5 Wi Tt o <q= 12 (19
1 .
W+ iwa) i gz 12

It is immediate thatz(U(W(g))) is continuous and piecewise linear. Wheg & < Q/(1+ s),
the slope ofE(U(W(q))) is positive if s < s(y), zero if s = s(y), negative ifs > s(y); When
q > Q/(1+ s), the slope ofE(U(Wc(g))) is negative. Thus, fog > 0, E(U(W(g))) reaches its
maximum forg = Q/(1+ ) if s < s(y) and forg = 0 if s > s(y). Fors = s(y), any quantity in
[0, Q/1+ s)] maximizesE(U(Wc(q))). This proves the first part of the lemma.

Now suppose that < 0. Thenp(q) = —s. Itimmediately follows that (iW_1(g) > 0 and (ii)
Wii1(g) < 0. Thus

UV = LW 1() + 3 Wia(a) (20
After some computations, we obtain
e e G I @)

Using this expression and E@.9) written forg = 0, it is easily shown that
E(U(We(q))) < E(U(W(0))).Yq < 0. (22)

This proves the second part of the lemma. The third and the fourth parts of the lemma are proved
using identical arguments.(]

Armed with the two previous results we can now prasamma 1 Lemma 3 and 4mply
(i) g"*(bsh) = 0, (i) g"*(6L) < 0, (iii) g"*(0c) > 0 and (iv)g"*(#g) < 0. Observe that either
q"%(66) # 4" (0sn) or ¢"*(0c) = ¢"*(OsH). Suppose;"*(6c) > 0 andq"™ (6c) # ¢"* (Os)
(to be contradicted). In this case, a buy order of g%&(dg) reveals that the investor's type is
8. Hence p"*[¢"*(6g)] = E(€|60 = 6c) = +1. Thus, the investor obtains a zero expected profit
when she has typ#s. In this case she is indifferent between trading and not trading and we have
assumed that she does not trade in such a situation. We conclug@tit) > 0 andg"™ (6g) #
q"*(fsp) is impossible in equilibrium. Now assume thgt™(6g) = 0 andg"*(Asn) > O (to
be contradicted). In equilibriuny"®[¢"*(0snH)] = E(€]0 = Osh) = 0. But theng"*(6g) = 0
cannot be optimal as the investor can make a strictly positive expected profit by submitting an
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order forg"®*(6sn) > 0 shares when she has tyfie We conclude thag"®*(6g) = ¢"*(0sn) in
equilibrium. The same argument proves &t (8. ) = ¢"*(8g) in equilibrium.
If g"%*(0sn) > 0, we deduce (using Bayes rule) that

P [q"* (6sH)] = E(€10 = {0sh, 6G)) = s"(1).
In the same way, i§"*(6.) < 0, we obtain

PP (L)) = EE | 6 € {61, 68)) = —s" ().
Proof of Proposition 1.

Step 1. Strategies ¢"%(.) and p"%*(.) form an equilibrium.

Once-off dealers’ prices for trade sizes on the equilibrium path follow fremma 1 For trade
sizes out-of-the equilibrium path, dealers’ beligf$ (and then dealers’ pricing behavior) can be
chosen arbitrarily. Here dealers’ beliefs are chosen in such a way that they assign a probability 1
to the evente = 1} (resp.{e = —1}) when they receive a buy (resp. sell) order.

Consider now the problem faced by the investor. We know ftamma 4(see the proof of
Lemma) that submitting a buy (resp. sell) order of sjge) = 1/(1 + s"°())) is a best response
when the investor is has typen (resp.6.). It is also immediate that submitting a buy (resp. sell)
order of sizeg(A) = 1/(1 + s"¢(1)) is a best response for the investor when she hasyfeesp.
6L). Actually any other order result in either negative or zero profits for an informed investor given
the pricing strategy followed by once-off dealers. Hence we have proved that the strategies given
in Proposition Iform an equilibrium wher"¢(1) < s(y). O

Proof of Proposition 2.

We first establish that the strategies given in the proposition form an equilibrium (step 1).
Then we show that the equilibrium described in the proposition is the unique equilibrium when
s"C(0) > s(y) (step 2).

Step 1.

UsingLemma 4 we deduce that the investor’s best response to the once-off dealers’ strategy
is to not trade when she is uninformed. When she is informed, the investor is indifferent between
trading or not given once-off dealers’ pricing strategy. Hence, not trading is optimal for the investor
in all possible states. Given the investor’s trading strategy, there is a zero probability that once-off
dealers receive an order. Thus, conditional on such an event, we can choose dealersp'tyeliefs
(and then dealers’ pricing behavior) arbitrarily. Here dealers’ beliefs are chosen in such a way that
they assign a probability equal to one to the event 1} (resp.{e = —1}) when they receive a
buy (resp. sell) order.

Step 2.

Suppose (to be contradicted) that there is another equilibrium in which the investor trades,
i.e. ¢"%*(6L) # 0 orlandg"*(0s) # 0. In this casel.emma limplies thatg"*(6.) < 0 or/and
q"*(0s) > 0. Furthermore, the lemma states that, in equilibrium, these orders are executed at
prices"¢(1) (buy order) or—s"¢(1) (sell order). But, when"(1) > s(y) , the uninformed investor
is better off not trading (seeemma 4. This implies that;"*(4.) < 0 or ¢"*(0sy) > 0 cannot
be a best response wheli(1) > s(y). A contradiction. We deduce that in this case there cannot
exist an equilibrium in which trades take place in the once-off dealers markefl
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Proof of Lemma 2.
Recall that we consider an investor with a relationship.

Step 1. Let El7_°(k, s%) be the investor'ger period expected utility during a cooperative phase.
Similarly let EU™()) be the investor’s per period expected utility during a non-cooperative phase.
By definition :

EUS(, 59 B0 — a)US, (0, 5% + «U™(, 5°), (23)

whereUy, (1, s°) denotes the investor’s expected utility when she needs to hedge during a coop-
erative phase antl)°(1, s°) denotes the investor’s expected utility when she is informed during

a cooperative phase. When she needs to hedge §&per 6, ), the investor tradeg /(1 + s°)
shares with her relationship dealer. As the latter charges a bid-ask spread s€juatgputations

show that she obtains an expected utility equal to:

0(1-5° —0s°
1+ s )Zl—i—sc' (24)

— 1
U]’(l:e()‘" SC) = é (—Q +

When the investor is informed, she trades with once-off dealers when she follows the cooperative
trading policy. Thus :

y(1—s"(A)0 . 1—-A
_ e L e
EUDY (A, s°) = L (25)
—x
0 if > —
"Y1

We deduce that:

s€0 ) 1-x
_ _(1_“)(1+s0) UREEFL
EUS(p, s%) = (26)
a<y(1—S”°(k))Q> _(1_a)< s°0 ) o, o 1A
1+ snc(n) 145 V=14

During non-cooperative phases, the investor trades only with once-off dealers. When the investor
needs to hedge, she obtains an expected utility equal to

3 s"°(W) 0 it < 1-2
_ 1+ s"¢()) 1+ A
Upe) = _ (27)
s()Q . 1—2
— - if y > —
1+ s(y) 1+ A

When she is informed, the investor obtains an expected utility given bg25.Thus,

s(y)0 . 1-2
o aea(78g) e
EU"()\) = (28)

(HLOY oy (S0, 1ok
1+ s() 1+ 500 V=14
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Let AU(sS, 1) = EU®(A, s€) — EU™().). We obtain :

(W-9-ae . 1-k
1+ s(y)(@ + s°) V—1+/\’
AU, 2) = (29)
(s"°(x) = sAQA - )0 i - 1-2
(11 ")) (1L + ) YE1oa

As s¢ < Min{s", 5}, it is straightforward thatU(sS, 1) > 0, i.e. EU%(, s€) > EU™(1).

Step 2. In cooperative phases, when the investor receives good or bad news, she only trades with
once-off dealers. Thus

V(in, S) = U+ BV(S) for S=<S"—1, (30)

1243

When she needs to hedge, she trades with her relationship dealer and obtains a per period expected
utility equal toUy,. Following this transaction, the investor’s score deteriorates if the relation-
ship dealer loses money. The probability of this event is 1/2. Otherwise her score is unchanged.
Therefore,

V(he, S) = US, + B (;V(S +1)+ ;V(S)) for S<8§*—1 (31)

Substituting Eq(8) in the expressions oV (in, S) and V(ke, S) given by Egs.(30) and (31)
respectively and rearranging, we obtain
2EU°C
VI§+1)=kV(S)— ——— for S<S8" -1, 32
(S+D=kV(S) ~ g7~ (32)
with k2 (1 + (2(1 - £))/(8(1 — @))). Now, we deduce from Eq32) that
VIS+1)—-V(S)=k(V(S)—V(S—-1)) for 1<S<S" -1 (33)

Furthermore, Eq32) for § = 0 implies

V(1) — V(0) = (k — 1) (V(O) - fi]ﬂ> . (34)

Recall thatV(0) is the (discounted at raj# sum of the investor’s per period payoff , which is
eitherEUC® or EU™C, As EU® > EU"° (see step 1), we obtain that

X -, EU°
V(O)fgﬂEU =15 (35)
Thus, Eq(34) implies then that/(1) — V(0) < 0. In turn, this yields (iterating Eq33)):
V(S+1)—-V(S)<0 for 1<S<S§" -1 (36)

Hence,V(.) decreases witli. Furthermore, sincé > 1 andV(0) — V(1) > 0, Eq.(33) implies
thatAV(S) = (V(S — 1) — V(S)) increases for k § < §*. O

Proof of Proposition 3.
This proposition is a direct implication dfemma 5 and ®elow.
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Lemma 5. The cooperative trading policy ¢"(T, S*, s) is optimal when the dealer follows the
scoring policy p"(T, $*, s°) if and only if

B(AV(0)) = UE,(s°). (37)

Proof. According to the Optimality Principle of Dynamic Programming, the investor has no
incentive to deviate from the cooperative trading stratgggand only if there is no circumstance

in which a one shot deviation is profitabti®Hence, we just need to show that the condition given

in Lemma Ais necessary and sufficient to deter a one shot deviation from the trading siategy

It derives immediately from the analysis of Section 3 {i4t(.) gives the investor’s optimal order

with once-off dealers. It follows that no one shot deviation is profitable during non-cooperative
phases. During cooperative phases, it is straightforwardgthat 0 /(1 + s€) is the investor’s
optimal order size when she trades with her relationship dealer. The one shot deviations that
remain to analyze are:

(1) Theinvestor is informed with good (bad) news. She sends a buy (sell) order to her relationship
dealer (instead of contacting only the once-off dealers).

(2) The investor is uninformed. She trades with the relationship deatethe once-off dealer
(instead of trading only with the relationship dealer).

(3) The investor is uninformed and she trades only with the once-off dealer (instead of trading
with the relationship dealer).

We consider each of these actions in turn.

Deviation 1. We have already explained in the text that the first deviation is not optimal if and
only if Condition(37) holds true.

Deviation 2. When the investor is uninformed, the quantity traded with the regular dealer is the
investor’s optimal trade size given the price charged by this dealek ésema 4. This means that
trading alarger size atthe regular dealer’s spr&daqsuboptimal. This in turnimplies that routing
another order to the once-off dealer market, is suboptimal. Hence, deviation 2 is suboptimal.

Deviation 3. When the investor is uninformed and she has sSoteS* — 1, she is better off
trading with her relationship dealer if and only if

URS+ BV(S) < V(he, S), (38)
(6;?5 is given in Eq.(27)). Using Eq.(31), we rewrite Conditior(38) as

0 < U5, + Svis + - vs)), (39

(Uge is given in Eq.(24)). Using Eq.(32), after straightforward manipulations, we can rewrite
Eq.(39)as

EUHC
V(S), 40
1 5= (S) (40)
(EU™ is given in Eq.(28)). Notice thatV(S) is the discounted sum of the investor’s per period
payoff (which is eithetEU® or EU™). As EU® > EU"™ (see Step 1 in the proof dfemma 3,

30 As the relationship dealer’s strategy is Markovian (the state varigifidlows a Markov chain, see the second part
of the proof of this proposition), the investor’s equilibrium strategy is Markovian and contingehtaswell.
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we deduce that
Eﬁnc
1-p

which means that Eq40) holds true. Hence, deviation 3 is suboptimalll

+00
V()= BEU™= (41)
=0

Lemma 6. When B goes to 1, the condition B(AV(0))> Uﬁl(sc) can be written
(AU(sS, M)/ (U (5%) = (1 — @) /2 + $*/2T).

Proof. Denote byEU, and bys; the investor's expected utility and score in perioghen she
follows the cooperative trading polic.U; depends on whether the relationship is in a cooperative
or a non-cooperative phase.df € [0, $* — 1] thenEU; = EUS. If S; € [$*, §* + T — 1] then
EU; = EU" (EU® and EU™ are given in Eqs(26) and (28). Notice thats; is a Markov chain
with state spacf), 1, ..., S* + T — 1}. Denote by Pgg the transition probability from stateto
stateS’. We have (i) forS < §* — 1, Prgs41) = 0.5(1 — @) and Pgs = 1 — 0.5(1 — «); (ii) for

§* < 8§ < 8§*+T—1 Prgiss1) =1 and Pys«7—1)0 = 1; (iii) the other transition probabilities
are zero. Leb(S) be the long-run frequency of state By definition, the probabilities(s) form

the invariant measure of the Markov chain, namely the solution of the linear system:

§=5"+T-1
VS, o(S) = :
o(s)= > Pro(s) (42)
5=0
Given that most of the R are zero, solving foo(S) is easy. In particular, we obtain

o(S) VS e [0, $* — 1].

TS LT —a))2’
We deduce that the probability;*, of a cooperative phase is

S=8*—1

x def _ S*/T
“ T Sz:;, o) = (S*/T)+ (1 —-a)/2 (43)

Observe that* and 1— »* give the long-run frequencies @U°® and EU respectively. An
ergodic theorem for Markov chains (Theorem 1.15.Zimung, 196Yimplies that
= £, _ _
t= % C % nc : A
A ST — w*EU* + (1 - o®)EU™ with probability 1 (44)
Denoted byEl7, the expected value gEf], conditional on the score being equal to zero at
a given dateg < r (sayr = 0), i.e. EU; = E[EU;|So = 0]. Fort > 0 andg € [0, 1], define

FBE (XIZLFET,) / (XI5 BY). Notice that

Joo(B) = (1= B)V(0). (45)
Every f; is a continuous function g8. Furthermore, when tends to+oc, we have pointwise

convergence of;(B) to foo(;s)“:ef(z;z? ﬁ’EUt)/(Zjigo B"). Dini's Theorem implies then that

convergence of; to f is uniform on the compact set,[Q]. Hence,f is continuous a = 1.
Using this remark, Eqg44) and (45)we conclude that:

/Liml(l — BV() = foo(l) = 0w*EU® + (1 — 0*)EU". (46)
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Now recall thatA V(0) is given by Eq(34). Substituting & V(0)) by its expression i(AV(0)) >
U%, (s°) gives

=g (EUS~@=pV(O) = U5 (). )

Substituting (1— B)V(0) by its expression given in E¢A6) (recall that we consider the limit case
in which g goes to 1), we rewrite the previous equation as
Ql-w) S*

> tor)

EU® — EU™ > US (s°) ( (48)
The L.H.S of this inequality is, by definitiomyU(s®, 1) (the expression for this expected utility
differential has been derived ibemma 2 Step 1). We deduce that the no-informed trading
condition is equivalent to:

AUGS Y ((L—a) S
UE (59 Z( +)'

2 2T

Proof of Proposition 4.

The investor’s trading policy is Markovian (it is determined Bythat follows a Markov
chain). Consequently, the dealer’s equilibrium strategy is Markovian and determingdalsy
well. Therefore, according to the Optimality Principle of Dynamic Programming, it is sufficient
to check that, for each value of the score, no one-shot deviation is profitablge <6, we have
shown in the text that the dealer should not charge a spread different¥wh®en she receives an
order of size;°. For trade sizes out-of-the equilibrium path, the regular dealers’ belfefan be
chosen arbitrarily. Here the beliefs are specified in such a way that the dealer assigns a probability 1
tothe evente = 1} (resp.{e = —1}) when he receives a buy (resp. sell) order. The same reasoning
yields the dealer’s pricing strategy wh&re S* (in this case any order is out-of-the equilibrium
path as the investor does not contact the dealer during non-cooperative phases).

Proof of Corollary 1.
Recall that, (¥, »*) is the probability that an order received by once-off dealers is informed.
Thus, by definition:

MW, »*) = Probp € {6, b, On}1q(®, 5) = (0, ¢"*(9))]

The investor chooses to trade with the relationship dealer if (1) she has a relationship, (2) she is
in a cooperative phase and (3) she is uninformed. This event occurs with probé&hifify — «).

Hence, the investor routes her order to the once-off dealer’'s market with probab#ity¢1* (1 —

«)). We deduce that:

Probp e {0, 6, Ov}1g(0. S) = (0, "> ()]
_ Probp e {6s. 6. O} N q(@, S) = (0, ¢"*@)] o
B Probl(6, S) = (0, ¢"*(6))] T (1-Yer(l-a)

The expression fob™* has been derived in the proof bémma gsee proof oProposition 3Eq.
(43). O

Proof of Proposition 5.
The proof of this result is tedious. We omit it for brevity. It is available upon request.
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Proof of Corollary 2.
The first claim follows from the discussion that precedes the proposition. In order to prove the
second claim, we define

(1—-sv0
14 s©

The no-informed trading condition (Conditigthl)) is equivalent toG(s¢) > 0. Using Eq.(12)
for AU(sC, A(¥, 0*)), we obtain thatG(s®) decreases with®. Thus,other things equal, if the
no-informed trading condition is satisfied fgff = sg then it is also satisfied far® < sg. This
establishes the proposition]

C) d=ef

G(s9) L AUGE, MW, 0*)) — (Prob(AS = +1) + A). (49)

Proof of Corollary 3.
Observe that increases with and w*. This impliesA (¥, »*) > A(0, 0). Consequently,
s, 0*)) > s"6(0(0,0)). O

Proof of Corollary 4.
The once-off dealer market breaks-down if:
1— (¥, 0*)
>~ 7 7 50
Y Z I W0 (50)
In this case the no-informed trading condition imposes:
s(y) —s91A - 1-—sC 1-
(1) - =00 ya-0 (G-a) o o 1)
(1+s()A + 5 1+4s¢ 2

Consider the following scoring strategyf:>~ 0, A = ((1 — 2y)/y)((1 — «)/2). Itis easily shown
that Conditiong(50) and (51)are satisfied for this parameterization of the scoring strategy if
U* < ¥ < 1. Moreover, this interval is non-empty (i.e* < 1) if « > 1/3. Thus, the scoring
strategys® ~ 0, A = ((1 — 2y)/y)((1 — @)/2) sustains a cooperative equilibrium in which the
once-off dealers market is inactive. Note that it (1 — «)/(1 + «) then¥* > 0, which means
that in absence of the relationship market, the once-off dealer market would be viable.

Proof of Corollary 5.

The corollary derives from the argument in the tekkample 3shows that the creation
of the relationship market has an ambiguous impact on the welfare of the investors with a
relationship. O
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