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Обелодањивање информација од стране „малих“ трговаца 
Luca Gelsomini * 

Апстракт: У раду приказујемо модел стратешког трговањa инсајдера који тргују неопаженo и теже остварењу 
додатног профита , и предлажемо  свеобухватну теорију тржишне неанонимности. Дошли смо до неколико нових 
резултата. Они зависе од својстава утврђене вредности активе, веровања, интертемпоралних избора и карактеристика 
инвеститора. У условима равнотеже, уколико је на снази пропис којим се захтева обелодањивање информација о 
трговању, те информације могу да изазову промене цена. Уколико до њих дође, шпекулације на бази недовољних 
информација се јављају само у неким случајевима. Конкретно, инсајдери који имају ограничења на држање активе 
зарађују више него што би био случај без таквог правилa о обелодањивању информација. Сходно томе, непотребно 
је прописивати обавезу обелодањивањa информација, будући да ће сва трговања од значаја бити добровољно 
обелодањена. Овај резултат открива претходно неистражену повезаност ове теме  са литературом о 
(непотврђеним/нереализованим) најавама. 

Кључне речи: Обавезно vs. добровољно обелодањивање информација; регулатива у области хартија од вредности; 
инсајдерско трговање; манипулације на тржишту.    
JEL Code: D82; G12 ; G14 ; G38 
 

*IESEG School of Management (LEM CNRS); CRETA, University of Warwick.  

Public Disclosure by ‘Small’ Traders  
Luca Gelsomini *  

Abstract: We model strategic trading by a rent-seeking insider, who exchanges without being spotted, and propose a 
comprehensive theory of market non-anonymity. Several novel results are established. They depend on asset value 
proprieties, beliefs, inter-temporal choices, and investors' characteristics. In equilibrium, under a regulation mandating public 
trade revelation, disclosures may shift prices. If they do, uninformed manipulations arise only in some instances. Specifically, 
insiders constrained on asset holdings earn more than they would without such a disclosure rule. Consequently, mandating 
disclosures is unnecessary, as informative trades will be revealed voluntarily. This result reveals a previously unexplored link 
to the literature on (uncertified/non-factual) announcements. 

Key words: Mandatory vs. voluntary public disclosure; securities regulation; insider trading; market manipulation.  
JEL Code: D82; G12 ; G14 ; G38 
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Non-tehnical Summary 

The present article studies public disclosure of inside statements by ‘small’ investors—that is, investors who exchange 
without being spotted—and develops a comprehensive theory of market non-anonymity that brings several novel results of 
concern to investors and regulators.  

First, we examine the effects of statements that certify the undertaken trade, which the SEC and various European regimes, 
among others, require to be made public soon after the trade has been made. The analysis reduces regulators' concerns about 
this form of disclosure. In fact, only in specific instances will a trader with constrained asset holdings manipulate when 
uninformed. Asset value properties, market beliefs, inter-temporal choices, and investors' characteristics play a role. The 
divergence with which different regulations list the investors and the conditions to report trades confirms how a consensus on 
who best should disclose has not yet been reached. On this front, the solution to the problem of a trader who is in the position 
repeatedly to acquire new inside information indicates that, if prices react to current disclosures, those traders who are less 
likely to be informed (e.g., investors not directly involved in the firm's management) tend to undertake uninformed 
manipulations; conversely, those who are more likely to be informed (e.g., CEOs) tend not to manipulate when unaware 
about elements that will affect the fundamental value. 

The second but most important result of this article is that mandating trade revelation is unnecessary. In fact, under 
mandatory disclosure, our trader turns out to achieve a higher payoff compared to the case of no public disclosure. Therefore, 
by changing the regulation and making trade reporting not compulsory, any time the price is known to react to current 
disclosures, the investor turns out to have all the incentives to trade as before, voluntarily revealing to the public any 
transaction undertaken immediately after having exchanged up to his (privately known) maximum. Not only does this result 
indicate that there is no need to enforce trade reporting with punitive laws or invigilation, nor to study which delay to allow 
in publicizing trades. It also reveals a link to the strain of literature on (uncertified or non-factual) announcements in capital 
markets, upon which we improve by getting over the assumption of a truthful or honest insider. Rather, truthfulness or 
honesty are entirely derived at the equilibrium. As for the revelation of certified trades, we show that informative disclosures 
occur voluntarily, except when the fundamental value is constrained to two possible realizations, in which case meaningful 
voluntary disclosures cannot be modeled. In particular, when the market interprets a non-factual message as 
favorable/unfavorable, even in this case prices react as they do following the disclosure of a certified purchase/sale, namely 
the kind of transaction that the investor actually undertakes in secret before disclosing that non-factual message. Hence, in 
those instances where investors manipulate, requiring them to certify their trades does not prevent the price from moving 
accidentally in the opposite direction with respect to the real asset value. In fact, “actions do not speak louder than words”.  

Finally, the imposition of two alternative rules is modeled. The US short-swing rule ensures that any otherwise appealing 
deceptive aim is not pursued. However, its unconditional adoption has drawbacks. Public pre-trade non-anonymity keeps 
insiders away from the market, yet this measure implies the lowest price efficiency level. 

The smallness assumption in terms of price impact makes our model fairly tractable, and allows to generalize the analysis in 
different dimensions (e.g., that of the fundamental value distribution), with predictions that are robust in many respects. In 
particular, the results pertaining to the revelation of certified transactions hold for several combinations of provision for order 
direction and order size disclosure. By questioning which combination of factors drives each of our results, this article also 
helps us to understand better the determinants for a number of important predictions in literature, from which ours differ. 
Because of its simplicity, the present analytical framework represents an ideal benchmark to which future research can refer 
to measure and refine our knowledge or challenge the policy implications derived herein. 
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Public Disclosure by "Small" Traders Luca Gelsomini

1 Introduction

Publicdisclosure ofinsidestatements alwaysreceives greatattention incapitalmarkets.Para-

doxically, following the seminal work of Beabou and Laroque (1992), hereafter BL, on mar-

ketmanipulation andcredibility,whereinsiders mayproduce falseannouncements andtrade

onthemispricing, therehavebeen fewattempts todevelop conceptualmodels thatstudy these

strategic disclosures. Nowadays, the extent to which an inside statement conveys informa-

tion is,more thanever, theobjectof aconsiderabledebate.This isalso true for statements that

certify theundertaken trade,which theSECandvariousEuropeanregimes,amongothers, re-

quire to be made public soon after the trade has been made. On this latter issue, three influen-

tial studies by Fishman and Hagerty (1995), John and Narayanan (1997), and Huddart et al.

(2001), hereafter FH, JN, and HHL respectively, advance our understanding by focusing on

big traders;but small-sized investors must also disclose tradespublicly.1

Thispaper considers small traders—i.e., traders whose transactions cannot be spotted—

who are subject to a so called capital constraint or risk limit,2 and proposes a comprehen-

sive theory of market non-anonymity. We examine public disclosure to interpret the effects

of mandatory and voluntary reports about undertaken trades, and establish several novel re-

sults, including: (1)Disclosures donotalways affectprices; (2)when theydo,only inspecific

instances the investor, when uninformed, manipulates the market; and (3) for disclosure to

be forthcoming, it does not have to be mandatory, as the investor will disclose informative

trades voluntarily. The first two results depend on the asset value properties; on alternative

(but correct)marketbeliefs associatedwithdisclosure;on theweight assigned topresent and

future profits (that is, on the inter-temporal discount factor); and on the trader’s characteris-

tics, which translate into how likely he is to know about the real asset value today and to have

1E.g., the Market Abuse Directive (EU Directive 2003/6/EC) lists traditionally small investors, such as

managers, members of the supervisory board, employees/members of staff that could have private information,

and their spouses,partners,andrelatives.The(US)SecuritiesExchangeAct refers tobig traders—the‘principal

stockholders’—but also to most firms’ officers and directors on one side (SEC(2004), Section 16), and to rela-

tively big traders on the other (SEC(2004), Section 13), the latter disclosing if the change in ownership amounts

to at least 1% of the firm’s stock. The Securities and Exchange Board of India Act refers to all the investors listed

above, mandating those owning less than the 5% of the firm’s stock to disclose when the change exceeds a very

small quantity (e.g., Rs. 5 lakh in value), while setting a high threshold for bigger stockholders.
2This constraint makes the maximum number of shares that they may exchange today dependent on previ-

ous changes in their asset holdings. Consider an investor who currently holds no asset, and may trade up to a cap

on total exposure equal to, say, 100 shares. If this trader starts by buying 30 units of the security, in another mo-

ment he may be buying again, up to a further 70 units, or sell, up to 130 units. This sort of position limit differs

from that of an investor with unlimited trading capacity, assumed in HHL, or from that of a trader that can buy

or sell up to an identical, finite quantity per trading-date, considered in FH and JN; it enriches, in a simple way,

the strategy space by adding an inter-temporal dimension to how much the trader may exchange.

1
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inside information in the future. The third result not only tells us that regulators do not need

to make laws against missed trade reporting and invigilate for it—rather, they need to iden-

tify who best should be allowed to report trades of a specific stock—it also represents the in-

termediate step to extend our study to the voluntary disclosure of (uncertified/non-factual)

announcements, which can be spread, for example, through the media in concert with jour-

nalists (e.g., see Sobel (2000), p. 248) or by starting rumors, with predictions in line with the

first two points above. These predictions do not rely on the assumption of a trader that (with

positive probability) reports information ‘honestly,’ conversely imposed in previous models

of insideannouncements.

In order, let’s first consider mandatory trade disclosure, with each trade compulsorily

revealed after it is executed, and before the next order can be placed. A small trader could

use publicdisclosure asa lever tomove theassetprice andenhanceprofits. Intuitively, while

his orders do not affect prices, their disclosure could. However, if he is constrained on asset

holdings, for any properties of the asset value, even public disclosure has no price impact—

in other words, it is (correctly) believed to be uninformative. To see what would happen oth-

erwise, we consider a standard two-round trading model, and show that, if prices reacted

somehow to disclosure (or its absence), when informed the trader would in probability de-

ceive other market participants completely. As a consequence, the market anticipates this

behavior, ignoring disclosures, which makes our investor earn as much as under anonymity,

wherenosignal isdisclosed.

Indeed,only in some instances is a trader understood to possess private information just

once, for contingent reasons. In general, because of his specific characteristics, he typically

tends to be thought of as being in the position to acquire new private information again, at

some(unknown,unless he is systematically informed with certainty)point in the future.To

model this latter form of informational asymmetry,as inBL,we employ an infinite-horizon

repeated framework.3 Focusing on a two-round repeated structure, suppose for instance

that, at any point in time, current disclosures are believed to be informative—specifically,

the disclosure of a purchase is known to push the price just as far up as a sale disclosure

pushes it down—unless (recent)past disclosures moved prices away from the real value.

As long as disclosures are known to affect current prices, at that repetition a trader that

turns out to be informed may pick (or alternate between) one of the following two strategies.

3We make no reference to finite repetitions, as trivial. If our trader acquired private information repeatedly,

with positive probability, only up to a certain moment in time—in other words, if he imagined that, at some

future date, he was certainly not going to be informed any more—starting from the last repetition and solving

backwards, the equilibrium in each repetition would coincide with that derived when no repetition occurs.

2
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Hemay trade up tohismaximum to lead theprice toward the rightdirection, earning asmuch

as under anonymity, and subsequently profiting once again by reversing his position com-

pletely, in the same repetition, if the disclosure causes the price to overshoot the real value.

Otherwise, he may mislead the market, trading in the opposite direction and reversing his po-

sitionafterwards.Thelatterstrategy—whichinJNmaybeofequilibriumwhentheassetvalue

distributiondisplays unequalmassbelowandaboveitsmean—allowsour trader toearn more

than from leading in the current repetition, but only as much as under anonymity in the (next)

future, when disclosures start to be ignored. Indeed, as in Allen and Gale’s (1992) study, the

market cannot determine if our investor is actually trading on information. Thus, when unin-

formed,hemaymanipulate,pretendingtobeinformed—injargon,bluffing (Harris (2002))—

that is, randomly disclosing that he has bought or sold, which moves the price up or down re-

spectively, then reversing his initial position. This strategy—first examined in FH, where the

trader manipulates whenever uninformed—in expectation allows the investor to earn more

thanfrom not trading in thecurrent repetition;but, ifpricesarepushedbychance in thewrong

direction, future profits will be reduced. Hence, our trader may prefer to alternate between

bluffingandnot trading, or choose the latter.

Thesolution to thisproblem brings to the identification of three regions corresponding to

different equilibria, in two of which disclosures are (at least partially) informative—the con-

sequences being price shifts—and one where disclosures are not at all informative. Prices

never shift when the weight granted to future profits is small, as if they did, the trader would

systematicallymisleadthemarket. Conversely, providedheweighs futureprofitssufficiently,

when (or as soon as) disclosures are believed to be informative, he prefers to lead the mar-

ket whenever informed. Consequently prices react to disclosures. Specifically, the smaller

the probability of acquiring information, the more he needs to weight future profits to opt

for a non-manipulative strategy when uninformed; otherwise prices react only partially—

in proportion to how often he is informed—rather than fully, as he manipulates whenever

uninformed.4 Put differently, there exists an equilibrium threshold in the likelihood that this

trader is informed, which progressively increases as the weight given to future profits shifts

from high to medium.5 For each discount factor associated with this band of inter-temporal

preferences, as the probability that he acquires information increases, uninformed manipu-

lations occur lessoften, upto this threshold, abovewhich heswitchesbehavior, never trading

whenuninformed. Thus, a traderwhois less likely tobe informed (e.g., investors notdirectly

4The underlying structure is that of a new, important class of supergame—more precisely, of infinitely re-

peated games with discounting—whose result can be applied in areas of research other than public disclosure.
5This band of inter-temporal preferences is the most relevant: Discount factors spanning from high to

medium translate in interest rates ranging from nearly zero to values well above those in most world economies.

3
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involved in the firm’s management) will manipulate, while one that is more likely to be in-

formed (e.g.,CEOs) will not.

Ever since Kyle (1985), an important strain of literature has focused on an insider that

with positive probability leads prices towards the real value, undertaking reversals in case

his strategic signal (e.g., the order flow, trade disclosure) causes the price to overshoot the

privately known quotation. To model price overshooting, in principle every class of asset

valueproperties isappropriate,other thanthat ofarandomvariable withtwo possiblerealiza-

tions assumedinBL,FH,andJN,as these twopriors would otherwise systematicallybracket

equilibrium prices. For tractability, however, this literature, which includes HHL, generally

assumes normality. Instead, our predictions hold, whether or not the asset value distribution

is continuous or (up to a certain degree) asymmetric, or its support unbounded. While over-

shooting is not due to the imprecision of the signal, the way the market interprets this signal

plays a role. In fact, identical dynamics can be identified, whether the trader has to disclose

trade direction or size, because a market response is to interpret any trade of the same direc-

tion identically.It followsthat,whendisclosures arebelieved tobeinformative, if theinvestor

trades, he only exchanges up to his (un)observable maximum, which justifies the market re-

action inquestion.

When (or as soon as) prices react to trade revelation, the investor expects to earn as much

ormorethan hewouldwithout suchadisclosurerule.Consequently,mandatingdisclosures is

unnecessary, as informative trades will be advertised voluntarily. In detail, the trader decides

todisclose notonlywhenheknowsthat theresultingprice willovershoot theprivatelyknown

assetvalue,but alsowhen itwillundershoot thisvalue (and thus noprofitable reversal ispos-

sible).Bydoingso,hehides this information atnocost, sothat thepricefollowingadisclosure

turnsout to shift themost (that is, asmuchas undermandatorydisclosure),whichensures the

highestoccurrence ofpriceovershooting,andthemostprofitableassociatedreversal.Clearly,

an asset value distribution not preventing price overshooting is required to model voluntary

disclosure of informative signals;otherwise,when informed,nosmall trader hasan incentive

todisclose.

Even when this investor cannot disclose certified trades, in principle he may still publicly

produce uncertified announcements of any sort, provided he does not lie about relevant facts,

whichisforbiddenundermostregulations(e.g.,SEC(2004),Section10(b)).Inthiscase,when

(orassoonas)announcementsarebelievedtobefavorable/unfavorable, theequilibriumprice

following their disclosure shifts as it does when a certified purchase/sale turns out to be infor-

mative. This is why an investor that acquires new information repeatedly—whose equilib-

rium transactions coincide with those undertaken under the voluntary disclosure of certified

4
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trades—has all the incentives to produce these announcements after the initial purchase/sale.

Specifically,his incentive to lead themarketwheninformed,aswellashis incentivenot toma-

nipulatewhenuninformed, turnout tobeunaffectedwithrespect to thecaseofacertifiedtrade

disclosure. Thus, three analogous regions of equilibria exist, in one of which manipulations

arise. Indeed, a question exists in literature, whether requiring investors to publicly certify

their trades prevents them from producing manipulative announcements (BL, p. 947). Our

work suggests that, when mispricings are possible, this resolution makes traders indifferent

aboutmakingannouncements, butdoesnotprevent equivalent trade-basedmanipulations.

There are at least three ways to justify why the transactions of our insider cannot be spot-

ted: First, with a large market compared to the position he can undertake—in other words,

his maximum trading capacity is quantitatively negligible; second, with a market/trader of

any size, and an indistinguishably large or low demand—indeed, in complex environments

agents not processing all information turn to heuristic rules of thumb and weigh more salient

information (Tversky and Kahneman (1974)); third, even a negligible trading pressure by a

big insider canbejustified,asBLdo.Theyinvoketheresults inKyle(1985,1989)andLaffont

andMaskin(1990),whoshowthat in imperfectlycompetitivemarkets the tradercanlimit the

leakage of information into prices. In this latter case, our predictions hold when the time be-

tween thefirstofaseriesofpurchases/salesand itspublicdisclosure is sufficient for the trader

to buy/sell up to the cap on total exposure, splitting up the order into several smaller chunks.

For large caps, this is possible only under those regulations that allow for a sufficient delay in

reporting trades.6 Conversely, this isalways apossibility incase certified tradescannotbeno-

tified,whenever the insiderproducesannouncements, the timingofwhosedisclosure is at the

sender’sdiscretion.

Whenabiginvestor,whoissystematically informed(byassumption),has todiscloseeach

trade before placing a new order, he reduces the dissemination of information dissimulating,

that isaddinga randomcomponent tohis trades.Thishappens inHHL,wherean investorwith

unlimited holdings earns substantially less compared to the case of no public disclosure, but

one can conjecture that insiders with very large but finite total exposure caps dissimulate too.

If so, our study suggests that, when disclosure is mandatory, it is the imposition of a very tight

deadlinetoreport tradesthatcausesdissimulations.Ceterisparibus,whenthis trader—aswell

as one with a total exposure cap of any size—has enough time to place small orders, up to his

maximum capacity, before reporting their execution, he opts for the latter alternative, which

6Rather than the US one, which in 2002 drastically reduced the possible delay, from one that depended on

the trading-date—with insiders required to report within 10 days after the close of the calendar month during

which the trade occurred—to a constant (but relative tight) one of 2 days, we are referring for example to Italy,

Belgium, and France, with median delays of 5, 7, and 14 days respectively (Fidrmuc et al. (2011)).

5



Public Disclosure by "Small" Traders Luca Gelsomini

makes big traders earn more than with (now unnecessary) dissimulations, and allows for the

possibility of a profitable reversal in case the price following these simultaneous disclosures

overshoots therealvalue.Thedisappearanceof thisdeceptivepracticeprovidesarationalefor

allowing for longdelays in reporting trades,orbetter, formakingdisclosuresvoluntary.

A regulatory concern relates to the tension between two elements implied by public dis-

closure.Advocates argue that higher transparency can increase price efficiency;opponents,

that it will increase the set of manipulative behaviors. While mere speculations enable ear-

lier information releases (Hart, 1977; Leland, 1992), the distortive effect of manipulations

on prices is clearly undesirable. Though forbidden (e.g., see SEC, 2004, Section 9a2)), ma-

nipulations are hard to prosecute,whichiswhy anunderstanding ofwhenandhow toprevent

them is imperative. This paper shows that disclosure by small traders cannot reduce price

efficiency,only boost it or leave it unaffected.However,when manipulations arise,a regula-

tor that aims to prevent them should refine market rules. In this case, our model tells us that

such illegal conduct cannot be eliminated by suppressing the trade disclosure rule, unless

the investor is also forbidden to produce announcements.On this front, this work examines

whether two simple resolutions, the short-swing rule and public pre-trade non-anonymity,

prevent manipulations without reducing price efficiency.Both resolutions have an indepen-

dent interest; to the best of our knowledge,we are the first to model these issues.

Theshort-swingrule—whichiscontained inSection16(b)of theSECSecurityExchange

Act, but not prescribed in any EU Directive—constrains a class of investors already obliged

todisclose their trades,namely, thefirm’sofficers anddirectors,because it forces them togive

up profits fromreversals ifundertakenwithin6months fromthefirst trade.Foranyproperties

of the asset value, this rule implies fully informative disclosures: On the one hand, differently

from thecase ofan identical,finitequantityexchangeable per trading-date, it ensures that our

trader does not manipulate when uninformed. On the other, it discourages this trader, when

informed,fromattempting deceptivestrategies—converselyheleads,exchangingonly inthe

beginning.7

To highlight the advantages and disadvantages of the US short-swing rule, which is im-

posed unconditionally, consider a trader who may acquire new inside information repeat-

edly. Even though in some instances this extra rule is ineffective—as deceptive strategies

would have not been attempted anyhow—in others it prevents uninformed manipulation.

However, there is animportant drawback ofSECSection16(b). In line with generalconcerns

7As a result, if the short-swing rule were imposed when trade disclosure is not, this investor would have no

incentive to voluntarily disclose his trades or produce announcements.
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(Goldwasser (1999), p.48), a resolution discouraging manipulations can deter appropriate

trading. In detail, provided the trader weights future profits heavily, the US short-swing rule

is notonly unnecessarybut,whenprivateinformation is sufficientlylong-lived,also prevents

the revelation of reversals (or of their absence), which would have shifted prices even closer

to the fundamentalvalue.

Pre-trade non-anonymity is a natural alternative to imposing trade disclosure. It consists

of a public revelation of the forthcoming purchase or sale, together with the trader’s identity,

just before execution. A rule that forces (at least) the disclosure of the submitted order direc-

tion prevents the insider from trading in the market. This general result holds for any proper-

ties of theassetvalue and thenoise traders’demand,anddepends neitheron theposition limit

to which the trader is subject, nor on whether he is small or large. Because the obligation to

reveal orders before execution implies the lowest price efficiency level, this measure may be

preferable only when the objective is to prevent an insider from profiting at the expense of

other investors.

This paper continues as follows. Section 2 presents the assumptions. Section 3 studies

theeffects ofaregulation that, followingeach purchaseorsale,mandates publicdisclosure of

trade direction. Section 4 investigates the foundation of mandatory and voluntary trade dis-

closure. At the end of this section, the analysis is extended to the case of a voluntary produc-

tion ofannouncements. Section5 proposes aguided tour throughthewideuniverse ofmulti-

pleequilibria, listing minimal restrictions onbeliefs thatguarantee ‘price-shift uniqueness’.

Section 6 extends our analysis in different directions, including that of trade size disclosure.

Section7 evaluates theshort-swingrule and publicpre-trade non-anonymity. Section8 con-

cludes.

2 Assumptions

Trading is modelled as a sequence of auctions, structured to give the flavor of a sequential

equilibrium (Kreps and Wilson (1982)). As in Kyle (1985), a risky asset is exchanged for a

riskless one among three kinds of traders. In a risk-neutral world, a potential insider (the

leader, L) and noise traders submit orders to a market maker (M), that sets prices and clears

themarket.

The ex-post liquidation value of the asset,
∼
v, is a random variable over [−b,b], where

b>0;
∼
v has zero mean; F (

∼
v) is absolutely continuous with respect to the Lebesguemeasure;

7
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andf(
∼
v) is symmetric (in Section4, theabsolutecontinuity and symmetry requirements are

relaxed).

The timing is the following.Before
∼
v is exogenously revealed to the market at the end

of the period, a sequence of two rounds (or auctions), n ∈{1,2}, takes place. Roundn

consists of three steps. In Step 1, a public disclosure occurs; in Step2, noise traders and L

submit quantities (or orders); and in Step 3, the price is fixed and quantities are executed

by M.

Two main states of the world are possible:
∼
s∈{I, U}. In I the leader has information

about
∼
v, learning whether

∼
v>0or

∼
v<0 in roundn=1, and learning

∼
v=v inn=2. InU the leader

does not know
∼
v at any round. State I occurs with probability q (for the case of a leader that,

when informed, already observes
∼
v=v in roundn=1, see Section 6). From now on, for brevity,

we refer to a potential insider as an insider when, in a specific period, he actually possesses

private information about
∼
v; conversely, when he privately knows that

∼
s=U , we say that he is

uninformed.

The market maker’s task is to set the clearing price in roundn, pn, efficiently; thus pn is

chosen to equal the asset expected value, conditional on the information available.

[See Fig. 1.]

At auction n the leader trades a quantity xn, positive for a purchase, negative for a sale,

and zero otherwise. The leader is constrained on asset holdings, in that he is restricted to

hold xn∈[−xL,xL], where xL, the cap on total exposure, is strictly positive and finite, and

x0 is normalized, without loss of generality, to 0.8 Denote, with πn=xn(v − pn), the portion

of L’s profits attributable to the round n ∈{1, 2} trade, and assume that the intra-period

discount factor equals 1. Noise traders’ demand in n, the random variable
∼
un, avoids

the no-trade theorem problem (Milgrom and Stokey (1982));
∼
un and

∼
v are independently

distributed.

Define P andX , whichare vectors offunction,by P=〈P1, P 2〉 andX=〈X1, X2〉, where

P is the market maker’s pricing rule, andX is the leader’s trading strategy. In detail, pn=

Pn (Ωn), where Ωn is M’s information set at auction n; X1: {U}∪({I}×{ ∼v>0,
∼
v<0 })

→ [−xL, xL]; x1=X1(
∼
v=sign(v) ,

∼
s=s); X2: {U}∪ ({I}× [−b, b])→ [−xL−x1, xL−x1];

8Other authors, before us, have assumed a symmetric upper- and lower-bound in the change of holdings

(e.g., van Bommel (2003), Brunnermeier and Pedersen (2005)).
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and x2=X2(
∼
v=v,

∼
s=s).

Definition 1 An equilibrium is defined as: (i) A strategy by L that maximizes the overall

sum of his discounted expected payoffs over time, given the price setting rule and the infor-

mation L has when making each trade; (ii)a strategy by M that allows him to set each price

equal to the asset expected value, given L’s strategy and the information available (market

efficiencycondition); (iii) each player’s belief about the other player’s strategy is correct in

equilibrium.

As a distinctive assumption in this model, the orders that the potential insider submits

have no inferable impact on the order-flow—in other words, public disclosure is the only

information M conditions on.9 To simplify the exposition, when this assumption holds,

from now on we say (or imply, when not specified) that the leader is small (as opposed

to large). Let’s also assume that, as soon as
∼
v=v is exogenously revealed at the end of

the period, the price immediately adjusts, and that the initial price, p0, is normalized to

E[
∼
v]=0.10

Mandatory post-trade non-anonymity (N ) characterizes markets in which, at the very

beginning of round n, the identity of agents placing orders in n− 1 and whether they

bought or sold are revealed (post-tradedisclosure ofsubmittedquantities andpre-tradenon-

anonymity are considered in Section 6 and 7.2 respectively). Thus in n=2 the signal τ ∈
{−1, 0, 1} is released: τ=1 implies that L bought in n=1; τ=−1 implies a sale; τ=0 implies

no revelation in n=2 about the purchase or sale that L undertook in n=1. When disclosure

is mandated, this setting coincides with inactivity inn=1. Because Ω1={∅}, Ω2={τ}, it fol-

lows thatP1: {∅}→ [−b, b]andP2: {−1, 0, 1} → [−b, b]. Specifically, as long as trades get

revealed after the order execution, price-driven markets—inwhich pricesareset, thenquan-

tities placed and executed at this price—are equivalent to order-driven ones.11 Anonymity

(A) characterizes markets in which no information is released.

9Of the three ways, adduced in the introduction to this analysis, to justify a non-informative order-flow,
∼
un+xn, the first can be formalized with a distribution of

∼
un, g(

∼
un), strictly positive for all

∼
un∈ [−∞,∞],

when2xL isquantitativelynegligible.Under this structure,E[xn|
∼
un+xn] ≈ E[xn|

∼
un]. The second—i.e., that

of an indistinguishably large or low demand—with a naïve market maker with diffuse priors about
∼
un: Ifg(

∼
un)

is unknown, thenE[xn|
∼
un+xn] cannot be computed.

10Even though in the model M does not explicitly set p0, we can think of this price being equal to E[
∼
v ]

as an implicit consequence of the market efficiency condition. Indeed, setting p0=E[
∼
v ] is not crucial for any

result in this work to hold, in that no exchange takes place at the initial price, which therefore plays no role.

Nonetheless, this assumption is very convenient, because it facilitates the exposition, allowing us to describe

whether and how, within the same period, the prices set by M shift from this initial level.
11This degree of generality is due to a structure not allowing for information extraction from the order-flow.
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3 Markets with post-trade mandatory disclosure

This section analyzes a regulation mandating disclosure of trade direction, first consid-

ering the benchmark case of a non-repeated sequence of two auctions, then a multi-period

framework where this sequence is repeated up to infinite.

3.1 Single-period equilibrium with post-trade mandatory disclosure

UnderA, in equilibrium the market clears at the same price, pn=0, at any auction.The equi-

librium behavior of an insider aware of
∼
v>0 (or

∼
v<0) is such that

∑
nxn equals xL (resp.,

−xL)—in other words, such that he holdsxL (resp.,−xL) at the end of the period—while

that of an uninformed leader is such that
∑

nxn∈ [−xL, xL]. This means that each type of

leader canplace anyprobability (alsoequal to0or1) on all roundn=1 trade quantities (x1=0

included), no matter what information he observes. For instance, consider a trader that in

n=1 systematically buys (or sells, or does not trade) only when he observes
∼
v>0. Although

in equilibrium M’s beliefs about L’s (pure or mixed) strategy are correct, absence of public

signals—i.e., Ωn={∅}—implies no price shift. At these prices, an uninformed leader is in-

different whether or not to trade at any round, as by purchasing or selling he earns 0 expected

profits.

UnderN , in the standard two-roundtrading model, public trade disclosure by any small

investor constrained on asset holdings is not informative. As under A, an initial trade by L

doesnot affect theshort-runprice, p1—that is, becauseΩ1={∅}, M sets p1=p0=0. Although

its subsequent public disclosure mightalter the long-runprice, p2, in equilibrium M ignores

any signal in the second round andsets p2=0.

Proposition 1 For mandatory trade disclosure, in the single period the ‘unique beliefs’

equilibrium is the following: M sets pn= 0; type
∼
s= I∧∼v>0 and

∼
s= I∧∼v<0 trade in

such a way that
∑

nxn= xL and
∑

nxn= −xL respectively, providing they disclose the

same signal τ = · with equal probability (even 0 or 1); type
∼
s= U trades in such a way that∑

nxn∈ [−xL, xL].12

12Two remarks are in order: (i) Equilibrium beliefs uniqueness refers to a unique component of equilibria,

all of which are supported by the same set of beliefs and thus share the same pricing rule, even though these

equilibria differ in L’s trading strategy. (ii) The symbol ∧ stands for and.
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Proof. See Internet Appendix A.

It follows that, both underA andN , the per-period equilibrium payoff of type
∼
s=U

equals 0,while that of the insider of type
∼
v>0 (or

∼
v<0) equals xLξ, where ξ=E[

∼
v|∼v>0].

To see why public disclosure of trades (as well as disclosure of no undertaken trade) is

not informative, consider any candidate equilibrium pricing rule such that either the signal

τ=−1orτ=0orτ=1causes the pricep2 to shift frompn6=2=0.For each of these pricing rules,

derive L’s optimal response,under the assumption that,when informed,L already observes
∼
v=v in the first round. Holding this optimal trading strategy fixed, notice that the candidate

pricing rule in question makes M reply to all types of insider belonging to either [−b, 0) or

(0, b]with a price in the opposite partition of the support of
∼
v.13 Inparticular, thiswrongprice

shift follows an identical first round order,x1 (andthus an identicaldisclosure of tradedirec-

tion). Consequently, the optimal trading strategy is unaffected when each of these types of

insider only observes whether
∼
v<0 or

∼
v>0 in round n=1, which is why any of these can-

didate pricing rules still suffers from the same problem. Now recall that, since f(
∼
v) is sym-

metric around 0, the probability of
∼
v being greater or smaller thanp0 is the same. It follows

that any of these candidate pricing rules is (in expectation) wrong. In fact, at least half of the

times,prices shift in the wrong partition of
∼
v, regardless of whether inn=1 an insider knows

∼
v=v or

∼
v≷ 0. Inconclusion, no pricing rule such thatp2 6= p0 can be an equilibrium one.

Partof the result is inlinewith the one in finitelyrepeated zero-sumgames of incomplete

information, in which it is impossible for the informed sender to mislead the uninformed

receiver (Aumann and Maschler (1995)). Less intuitively, in the single period M does not

13The result does not depend on the effective size of the cap on total exposure, xL. To make some off-the-

pathmanipulativeattemptsbya leadermoreexplicit, consider the followingcandidateequilibriumpricing rules

and theassociated insider’sbest responses.Holdingp1=0unchanged,first suppose thatP2(τ=1)—i.e., theprice

in response to a disclosed purchase—is positive,P2(τ=0) is non-negative, andP2(τ=1) is negative (this is case

C3 in the proof to Proposition 1). The round n=1 placed orders in response to these prices, as well as the dis-

closed trade directions, depend on the exact value thatP2(τ=−1),P2(τ=0), andP2(τ=1) assume. Specifically,

not every type initially aware of
∼
v=v>0 prefers to disclose a first round sale—which moves p2 down, namely

toward the wrong direction—unless bothP2(τ=1) and
P2(τ=0)

2 are non-greater than |P 2(τ=−1)|. Nonetheless,

when this latter condition on prices is not satisfied, each type initially aware of
∼
v=v<0 finds it optimal to pur-

chase or not to trade in n=1 depending on whether P2(τ=1) ≥P2(τ=0)
2 or 0<P2(τ=1) ≤P2(τ=0)

2 respectively,

which causesp2 to increase, namely to shift in the wrong direction. Second, suppose for instance thatP2(τ=−1)
is positive andP2(τ=0) andP2(τ=1) are non-positive (this is caseC6 in the proof to Proposition 1). When the

leader initially observes
∼
v=v<0, he finds it optimal to sell a tiny quantity in n=1—so that p2 shifts up, namely

in the wrong direction—and to continue selling up to his total exposure cap inn=2. In particular, this latter strat-

egy highlights how trading in the so-called ‘wrong direction’—i.e., buying and selling in nwhen v<pn−1 and

v>pn−1 respectively—is not necessary to qualify a best reply as a manipulative attempt.
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make anyuse of the signal received,becauseL’spreferences overactions are completelyop-

posed to what can be roughly defined as M’s preferences, which are to set prices efficiently.

If prices somehow reacted to the trade disclosure (or its absence), the pricing rule would not

be justified, and in this sense, M would be worse off and consequently would deviate. Other-

wise, regardless of whether L actually possesses information, with probability greater than

a half prices would move in the opposite direction with respect to
∼
v=v, and in practice, M

could do better by tossing a coin. This is mainly due to the position limit assumption (see

Section4).

With respect to the equilibrium trading strategy depicted underA, the one underN is

constrained as follows. The probability that an insider of type
∼
v>0and one of type

∼
v<0place

on roundn=1 purchases is the same. Analogously, the probability that these types place on

roundn=1 sales is identical, as well as the probability placed onx1=0. In this way, they hide

their information completely and the pricing rule pn=0 is justified (in fact, even when type
∼
s=U signals differently from what the informed types signal, the market does not extract in-

formation fromthat).HHLshows that,whenforced todisclose trades, a large insider dissim-

ulates to reduce the revelation ofhis information.Todoso,heplays amixedstrategy consist-

ing of a first round trade that includes a random noise component. By contrast, in the present

study the revelation of information following the first round trade is eliminated rather than

reduced. To accomplish this, the insider can but does not have to employ mixed strategies,

which is why dissimulation is not a driving force behind the present result. What matters is

that any type of insider initially disregards his information and discloses (under probability)

thesametrade.Bycontradiction, suppose forexample that the insider(s)of type
∼
v>0decided

to signal τ=−1 (or τ=0, or τ=1) less often than the insider(s) of type
∼
v<0 do(es). For each of

them, theoptimal tradingplan associatedwith thisalternative signaling requirement implies

a payoff that is equal to that achieved in equilibrium. However, this best reply is not an equi-

librium response, because disclosure of a sale (resp., absence of disclosure; disclosure of a

purchase) would shift p2 down, a pattern which has been shown not to be compatible with

that of anequilibrium pricing rule.

Noneof theequilibria inProposition1 isrobust toaprobabilitythatMexogenouslylearns
∼
v=v at theend ofthefirstrather thanofthesecondauction.Evenwhenthisprobabilityis small,

an informedtypeis not indifferentanymoreabout afirst roundtrade oranother. Instead, in re-

sponse topn=0, an insider of type
∼
v<0 prefers to sell inn=1, while one of type

∼
v>0 prefers to

buy. These replies cause M to deviate. Specifically, because type
∼
s=U now prefers inactivity,

M setsp2(τ=0)=0 andp2(τ=1)=−p2(τ=−1)=ξ. At these new prices, however, a leader aware

of
∼
v<0 (or

∼
v>0)buys(resp., sells) inn=1,whichmoves p2 in thewrongdirection, thenrevers-
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ing his initial position in the very likely event of an exogenous revelation of
∼
v=v to M only at

the end of roundn=2. In this case, it seems reasonable to improve our definition of equilib-

rium by adding a condition that makesMset prices efficiently, in the weak sense, if nopric-

ing rule is justified otherwise. When this condition is added, since in equilibrium M turns out

to be ‘required’ to ignore signals, and thus setspn=0, an insider of type
∼
v<0 (or

∼
v>0) initially

sells (resp., buys). Thus, although the equilibrium trading strategy in Proposition 1 probably

lacks of realism, the associated equilibrium prices and payoffs do not. Conversely, for any

case studied in our work, other than that of a mere mandatory trade disclosure over a finite

horizon, this extra equilibrium condition will not be necessary, because of the existence of

equilibria that display robustness to a small probability of
∼
v=v being exogenously available

toM inadvance.

3.2 Informative post-trade mandatory disclosure

This subsection investigates whether alternative equilibria are possible, where disclosed

trades become relevant. We will allow for an infinite repetition of the single period and

refer to an equilibrium as a sequence of history-contingent replies that satisfy certain se-

quential conditions. When analyzing a problem with t ∈ N periods (whereN includes 0),

additional assumptions are needed. First, an inter-period discount factor, δ ∈ [0, 1), is as-

sumed. In particular, δ and q are drawn by Nature at time t=0 (the only period in which L

does not play), and do not vary over time. Second, the two active agents involved in the

infinite repetition are the same market maker and leader. L’s type changes over time: Im-

mediately after the exogenous revelation of
∼
v=v to the whole market at the end of period t

(but before period t+1 starts),
∼
s and

∼
v are drawn again by Nature. Both

∼
s and

∼
v are i.i.d. over

periods. Third, for any repetition of the two auctions, p0 andx0 are normalized to0.14

For an infinite repetition of the two auctions, consider the following M’s strategy.

Definition 2 SupposeM’sstrategy is tosetp1=0andp2=PN2 (·) in thefirstperiod,wherePN2 :

τ=1 → p2=µ, τ=−1→ p2=−µ, τ=0→ p2=0, and µ ≥ 0 is the magnitude of the second

round priceshift.At the second round of the tth period, if the outcome of all t− 1 preceding

periods has been τ=1 ∧ v>0 or τ=−1 ∧ v<0 or τ=0, then play PN2 ; otherwise, set p2=0.

The analysis is now restricted to what, forµ>0, we call trigger strategy, which consists

of a generic history-contingent pricing rule and a punishment scheme that makes M ignore

14The amount of shares held at the end of period t− 1 does not impact on period t space of actions. In

fact, at the very end of period t− 1, L can always rebalance his holdings, exchanging at the right price
∼
v=v.
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subsequent disclosures if L defects—that is, when L causes the price to go in the wrong di-

rection with respect tov.The punishment refers to the decrease in per-period expected prof-

its suffered byLafter defection.Specifically,Definition2implies that,as soon asMobserves

vp2<0—i.e., a price manipulation occurs—at period j, from period j+1 onwards prices at

any auction equal 0. Consequently, from period j+1, L’s equilibrium trading strategy coin-

cides with that undertaken underN ,when the two-round period is not repeated.Depending

onδ,q, andf(
∼
v), sub-classes of this trigger strategy are part of an equilibrium.

In particular, Mcanbe thoughtof as representing thebehavior of a semi-strongefficient

market as a whole (BL), or as serving as an intermediary. Finally, as in Kyle (1985), M

can be also interpreted as the reduced form of at least two competitive bidders per auction,

where thewinner—i.e.,whoposts themostattractivebid forL—clears themarket at the win-

ningprice. In this case, toprevent multi-round collusion, CaldenteyandStacchetti (2010, p.

250) suggest imagining a large group of bidders, each of them bidding once and then quit-

ting the market. Still, if prices were set by competitive bidders, a priori it is unclear whether

apunishment strategy is implementable. Section5 explains why the notionof a uniquemar-

ketmaker breakingeveninexpectation via theselection ofany triggerstrategy, andtherefore

even a Grim trigger—which applies a punishment consisting of M reverting to single period

equilibrium behavior forever (see Friedman (1971))—is consistent with the idea of bidders

settingprices competitively. Section5 alsoaccounts for themultiplicity ofequilibrium pric-

ing rules.

3.2.1 Benchmark case (q = 1)

In general, a trader can alternate (with some probability, even 0 or 1) between trading some

non-negative quantity in one direction and in the other. In this respect, providing at a cer-

tain period prices shift positively as stated in Definition 2, if an insider decides to incur the

punishment, we say that he misleads M. If an insider decides to push the price in the right

direction, he leads M. Define, withM(µ) andL(µ), how much L expects to earn per period

from trading optimally while aiming to mislead and lead respectively.These two new strate-

gies identified, let
_
α∈ [0, 1]be the probability with which he chooses the former rather than

the latter.

Lemma 1 Consider mandatory disclosure of trades. Given the pricing rule in Definition

2, by trading optimally a type
∼
s=I that decides to incur the punishment with probability

_
α
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earns
_
α·M(µ)+(1− _

α)·L(µ) per period, whereM(µ)>L(µ)>xLξ, ∀µ > 0, and:

L (µ) = 2xL

{
µ∫
0

(2µ− ∼v)f(
∼
v)d

∼
v+

b∫
µ

∼
vf(

∼
v)d

∼
v

}
, (1)

M (µ) = 2xL
b∫
0

(2µ+
∼
v)f(

∼
v)d

∼
v. (2)

Proof. See Internet Appendix A.

At each period, if an insider of type
∼
v>0 (or

∼
v<0) decides to lead, it is optimal for him to

trade x1=xL (resp., x1=−xL), completely reversing this position afterwards by trading x2=

−2xL (resp.,x2=2xL) in case
∼
v=v lies between p2 and p0, or not trading at all otherwise. As

long asµ is strictly positive, since the insider has the chance to benefit from an additional

price differential at the second round, the resulting per-period expected profits are greater

than those after defection—in other words, if µ>0, thenL(µ)>xLξ. If this type decides to

optimally mislead, he will initially sell (resp., buy) up to his cap on total exposure, always

undertaking acomplete reversal of the initial position afterwards.Only forµ=0we have that

M(µ)=L(µ)=xLξ, case in which any strategy such that
∑

nxn equals xL (resp.,−xL) is a

best response.

Given M’s trigger strategy, a leader informed with certainty chooses a level of
_
α,

_
α∗I ,

which maximizes his discounted expected profits over periods. In this case, whether to

defect at a certain point in time only depends on how much the trader weighs future profits.

Proposition 2 For mandatory disclosure of trades, an infinite repetition of the two-round

trading period, and a leader acquiring new information every period (that is, when q = 1):

(i) If δ≥δ∇, where δ∇=M(µ=ξ)−L(µ=ξ)
M(µ=ξ)−xLξ , an equilibrium exists in which disclosures affect

prices. Specifically, M undertakes the strategy in Definition2, setting µ = ξ; L trades opti-

mally in such a way that he never incurs the punishment. (ii) If δ < δ∇, at each repetition

the equilibrium coincides with that underN , when no repetition of the period takes place.

Proof. See Internet Appendix A.

Consider a situation in which µ>0. When the insider gives substantial weight to the

profits from persistently leading the market optimally—an alternative to earning even more
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only once by misleading optimally, but then earning less forever—he opts for the former

option with certainty. Thus, prices are not manipulated at the equilibrium, which is in pure

strategies. In detail, disclosures being fully informative, an equilibrium price shift equal to

ξ is justified. Conversely, when L does not weigh future profits enough, he would always

mislead. However, the market anticipates such misleading behavior, ignoring disclosures

by settingµ=0.As a consequence,Leffectively trades as he does in a single repetition of the

two-roundperiod.

Finally notice that, when δ=δ∇, for any positive value of µ, insiders are indifferent

towards leading and misleading optimally. In this case, depending on the probability with

which each insider is believed to lead, infinite other equilibrium outcomes are possible,

with price shifts that can assume any value between 0—when both insiders are believed to

mislead with probability greater than or equal to 1
2
—to ξ included. Because δ∇ is a point

in the continuum, we refer only to the more informative equilibrium.

3.2.2 Generalized case (q ∈ (0, 1]): The manipulative-equilibrium threat

Consider a leader that is not informed with certainty. Whenever uninformed, this trader

cannot undertake any insider activity. Still, provided that, at a certain moment in time,

prices positively shift as hypothesized in Definition 2, with some probability the unin-

formed leader can pretend to be informed, that is, bluff, disclosing a purchase or a sale to

move p2 up or down respectively. When he does so, by trading optimally he expects to

earn P(µ) in that period, whether he opts for an initial purchase or a sale. Let
_

β∈ [0, 1]

be the probability with which the uninformed leader decides to bluff as opposed to not

bluffing, the latter strategy implying no trade undertaken in the first auction.

For µ 6= 0, in case type
∼
s=U decides to bluff, he finds it optimal to either buy or sell

initially up to the cap on total exposure and completely reverse this position afterwards.

Intuitively this strategy is similar to what the IOSCO (2000) classifies as run, a manip-

ulation in anonymous markets that involves the creation of activity in a security by, for

example, buying that security at increasingly higher prices. In this case the trader aims to

attract others to buy and push up the price, then attempts to sell out at a financial gain.

For an uninformed leader that decides to bluff, let
_
z∈ [0, 1] be the probability with

which this type decides to do so by disclosing a purchase as opposed to disclosing a sale.

Holding the price reaction in Definition2 fixed, he is indifferent to the two options. In fact,

16
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because of the symmetry of the pricing rule, the associated per-period payoffs are identical.

In addition, because of the symmetry of the punishment scheme and of f(
∼
v), when µ 6= 0,

this choice does not even impact on the likelihood that type
∼
s=U accidentally causes the

price to be wrong—an event that occurs with probability
_

β
2
. However, for this symmetric

pricing rule to be justified, beliefs in response to a purchase and a sale are restricted to

assigning the same probability to type
∼
s=U . For this reason, if L bluffs at the equilibrium,

he chooses
_
z=1

2
.

If type
∼
s=U does not bluff, then x1=0. No matter what his unobservable roundn=2 trade

is, this type expects to earn 0 per-period profits, that is less thanP(µ) wheneverµ 6= 0. Only

forµ=0wehave thatP(µ)=0, case inwhichanystrategysuch that
∑

nxn=0 is abest response.

Lemma 2 Consider mandatory disclosure of trades. Given the pricing rule in Definition

2, by trading optimally a type
∼
s=U that decides to bluff with probability

_

β—i.e., to defect

with probability
_

β
2
—expects to earn

_

β·P(µ) per period, where P(µ)=2µxL>0, ∀µ>0.

Proof. See Internet Appendix A.

When q is not restricted to equal 1, another dimension is added to the problem pre-

sented in the previous subsection. At any period in which prices are expected to shift, L

can randomize with probability
_
α (or

_

β) between misleading and leading (resp., bluffing

and not bluffing) optimally when informed (resp., uninformed). In the subsequent period,

this choice causes prices to shift again with probability1− _
α (resp.,1−

_

β
2
).As long asµ 6= 0,

choosing
_
α 6= 0 or

_

β 6= 0 implies a positive probability of incurring the punishment, taken

into account when determining L’s optimal strategy at the equilibrium, for every δ∈ [0, 1)

andq ∈ (0, 1).

Consider a leader that is informed with probability q. The inter-temporal problem that

he has to solve differs depending on whether or not in the current period—that is, period

t=1—he possesses private information. Given M’s trigger strategy, let
_
α∗I and

_

β
∗I

(or
_
α∗U

and
_

β
∗U

)be the levels of
_
αand

_

β that maximizeE
[
ΠI
]

(resp.,E
[
ΠU
]
), that is thediscounted

sum ofprofits that Lexpects toearn overtime when inperiodt=1heis(resp., isnot) informed.

The next lemma defines L’s best response.

Lemma 3 Consider mandatory trade disclosure, an infinite repetition of periods, and a

leader that acquires new information every period with probability q ∈ (0, 1). Given the

17
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pricing rule in Definition 2, identify the pairs
_
α∗I ,

_

β
∗I

= arg max
_
α,

_

β

E
[
ΠI
]

and
_
α∗U ,

_

β
∗U

=

arg max
_
α,

_

β

E
[
ΠU
]
, where

E
[
ΠI
]

=
_
α · M (µ) + (1− _

α) · L (µ) +
_
α

δ

1− δ · qxLξ + (1− _
α) δ · S(q, δ, µ,

_
α,

_

β), (3)

E
[
ΠU
]

=
_

β · P (µ) +

(
1−

_

β

2

)
δ · S(q, δ, µ,

_
α,

_

β) +

_

β

2

δ

1− δ · qxLξ, (4)

and

S =
q[

_
α · M(µ) + (1− _

α) · L(µ)] + (1− q)
_

β · P(µ)+ δ
1−δ [q

_
α+ (1−q)

_

β
2

]qxLξ

1− δ 2(1−q _
α)−

_

β(1−q)
2

. (5)

In the current period, the best response of a leader of type
∼
s= I (or

∼
s= U ) is

_
α∗I (resp.,

_

β
∗U

) when µ 6= 0, and equals to the one in the single repetition of the period otherwise.

Derivation of S in Lemma 3. See Appendix.

The function S embeds the following elements. The leader does not know whether

he will be informed at each future date but knows that at any date he will have learned

whether he possesses new private information before signaling. In the decision process,

L accounts for the probability of acquiring new information, how much he weighs future

profits, and the consequences of each signal on the direction of present and future price

shifts.15

The next lemma defines the level ofµat which the pricing rule inDefinition2is efficient.

Lemma 4 Consider mandatory trade disclosure, an infinite repetition of periods, and a

leader that in every period acquires new information with probability q and trades op-

timally given the pricing rule in Definition 2. The market efficiency condition holds for

µ=1(
_
α∗I<1

2
)[1−(1− q)

_

β∗U ](1− 2
_
α∗I )ξ, where 1(·) is the indicator function.

15For a leader that is currently informed (or uninformed), his best response today,
_
α∗I (resp.,

_

β
∗U

),

coincides with his best planned response when informed (resp., uninformed) tomorrow. The assumption

of an insider learning only about
∼
v>0 or

∼
v<0 (rather than

∼
v=v) in round n=1 simplifies the analysis.

Otherwise, the multi-period problem of a leader that is currently informed—but not that of one that is

currently uninformed—is affected (see Section 6.2.2 for details).
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Before defection, beliefs formed in response to disclosed trades (or absence of disclo-

sure) account directly for the current and indirectly for the planned choices by a leader

aware about prices being restricted to shift as prescribed in Definition 2. Disclosures are

informative—that is, µ is positive—only if a trader that is currently informed leads with

probability greater than 1
2
. In this case, provided L does not bluff when currently un-

informed, a level of µ equal to 1− 2
_
α∗I ensures efficient pricing. This level has to be

reduced—i.e., multiplied by 1− (1− q)
_

β∗U —in case this trader bluffs with positive prob-

ability when uninformed.

Below we propose the closed-form solution to the general problem in markets with

mandatory post-trade disclosure. More general conditions for this result to hold are pre-

sented inCorollary3. In the next section the result is extended, and commentary provided.

Proposition 3 For mandatory disclosure of trades and an infinite repetition of the two-

round period, three regions over the space in δ ∈ [0, 1) and q ∈ (0, 1] can be identified.

They correspond to different equilibria in which M undertakes the strategy in Definition 2.

In detail, (1) if δ ≥ ∆(q, µ = ξ), in every period M sets µ = ξ, and L plays
_
α∗I=

_

β
∗U

= 0;

(2) if ∇(q, µ = qξ) ≤ δ<∆(q, µ = ξ), M sets µ = qξ, and L plays
_
α∗I= 0,

_

β
∗U

= 1 up to

the jth repetition, where j is the first period after which M observes vp2<0; and (3) if

δ<∇(q, µ = qξ), at each repetition the equilibrium coincides with that underN , when no

repetition of the period takes place. Specifically, ∆(q, µ) = P(µ)
P(µ)+ q

2
[L(µ)−xLξ] and∇(q, µ) =

M(µ)−L(µ)
1+q
2
M(µ)− 1−q

2
L(µ)+(1−q)P(µ)−qxLξ

. For any distribution of
∼
v satisfying the initial conditions,

these three regions always exist.

Proof. See Internet Appendix A.

When L repeatedly acquires information with probability q ∈ (0, 1], the equilibrium is

derived as follows. Holdingµ>0 fixed, notice that: (1) For δ ≥ ∆(q, µ>0), the pairs
_
α∗I=0,

_

β∗I =0 and
_
α∗U=0,

_

β∗U =0 maximize the functionsE
[
ΠI
]

andE
[
ΠU
]

respectively. Thus, L’s

best response consists of leading when informed and not trading otherwise. For
_
α∗I=

_

β
∗U

=0,

a level of µ equal to ξ guarantees price efficiency. Holding µ=ξ fixed, L does not deviate

from the original strategy. Consequently, when δ ≥ ∆(q, µ=ξ), in equilibrium disclosures

are fully informative and no manipulation arises. (2) For∇(q, µ>0) ≤ δ ≤ ∆(q, µ>0), the

pairs
_
α∗I=0,

_

β∗I =1 and
_
α∗U=0,

_

β∗U =1 maximizeE
[
ΠI
]

andE
[
ΠU
]

respectively. Hence, L’s

best reply is to lead when informed and bluff when uninformed. For
_
α∗I=0,

_

β∗U =1, a level
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ofµequal toqξ guarantees price efficiency.At this level ofµ, no deviation byLfrom the ini-

tial strategy occurs. It follows that: (2.a) When q=1 and∇(q=1, µ=ξ) ≤ δ ≤ ∆(q=1, µ=ξ),

since no manipulation occurs, disclosures are again fully informative. (2.b) When q<1 and

∇(q<1, µ=qξ) ≤ δ ≤ ∆(q<1, µ=ξ), disclosures are partially informative until a manipu-

lative attempt causes prices to shift in the wrong direction, an event that occurs by the end

of thekth period with probability 1− (1+q
2

)
k
.16 (3) For δ ≤ ∇(q, µ>0), the arguments max-

imizing the two functions do not always coincide. This has no implications for L’s strategic

behavior because
_
α∗I=

_
α∗U=1. Put differently, if prices shifted, L would always mislead the

market as soon as he is informed.In equilibrium,the market ignores disclosures andLtrades

as he does in the single period.

Notice that,over the segmentδ=∆(q<1, µ>0) ∧ q<1(orδ=∇(q, µ>0)),any pair
_
α∗I=0,

_

β∗U∈ [0, 1] (resp.,
_
α∗I∈ [0, 1],

_

β∗U =1) is also a leader’s best reply. In this case, infinite equi-

libria are possible,where the price shift varies fromµ=qξ to µ=ξ (resp., from µ=0 to µ=qξ).

In line with the argument presented below Proposition 2, we refer only to the most informa-

tiveone.

The three regions identified in Proposition 3 always exist. In fact, the functions∇(q, µ)

and∆(q, µ)are continuous and∇(q=1, µ=ξ)<∆(q=1, µ=ξ). Inparticular,∇ (q=1, µ=ξ)=δ∇
(as shown in the benchmark case), limq→0 ∆ (q, µ=ξ)→ 1, and

∂(∆(q,µ=ξ))
∂q

<0. Figure 2 con-

tains an example with
∼
v∼ U [−1, 1] to provide a graphical idea of the closed-form solution to

the issue.

[See Fig. 2.]

For any q<1, whenever δ assumes values just below ∆(q<1, µ=ξ), the potential insider

continues leading when informed, but starts bluffing when uninformed. This is due to the

fact that, for any pairδ andq ∈ (0, 1)and a positiveµ, the overall incentive that an informed

leader has to mislead(rather than lead)optimally today is smaller than the one that the same

leader has to bluff (rather than not to bluff) optimally today when uninformed. On the one

hand,per period the extra-payoff from misleading optimally, [M(µ)−L(µ)], is smaller than

16For k=1, the probability of a defection equals ε = 1−q
2 . For k=2, it equals ε + ε(1 − ε), that is the

probability of defection today plus that of a defection in period t=2, provided a punishment has not yet

occurred. By the end of period t=k a defection occurs with probability ε + ε(1 − ε) + .. + ε(1 − ε)k−1=

ε 1−(1−ε)
k

1−(1−ε) =1− ( 1+q2 )k.
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that from bluffing optimally, [P(µ)− 0].17 On the other,while a misleading strategy implies

a punishment with certainty, a bluffing strategy implies a defection only with probability 1
2
.

Hence, starting from any pairδ andq ∈ (0, 1)associated with a non-manipulative outcome,

by gradually decreasingδ, at some point a switch in the equilibrium occurs, to one where L

has no incentive to mislead,but has incentive to bluff.

4 Foundation of mandatory/voluntary disclosure

First we focus on mandatory and voluntary trade disclosure, then extend the analysis to the

voluntary disclosure of (uncertified/non-factual) announcements.

4.1 Voluntary vs. mandatory trade disclosure

To study the foundation of mandatory and voluntary trade disclosure, and highlight the role

of the position limit to which L is subject, together with the role of the asset value proper-

ties,westart withacomparisonwithFH.Thecorollaries refer to a leader constrainedonasset

holdings.

In FH, for a disclosure to be forthcoming, it must be mandatory, the reason being that

disclosures reduce the informedtrader’s profits.Given the singleperiod made of n ∈ {1, 2}
rounds, where p0=0, suppose that a negligible leader, informed with probability q, can

trade a (divisible) unit xL per round, and that
∼
v∈ {−b, b} has equally likely priors.18 Under

mandatory disclosure, when L initially sells (or buys), at the equilibrium p1=0 and p2=−bq
(resp., p2=bq). At these prices, an insider aware of

∼
v<0 (or

∼
v>0) sells (resp., purchases)

xL twice, which is a trading strategy that, however, is less profitable than underA. Con-

versely, type
∼
s=U randomizes with equal probability between trading x1=xL, x2=−xL

and x1=−xL,x2=xL, earning a per-period payoff equal to xLbq>0. Because the informed

trader’s loss from disclosure equals in magnitude the uninformed trader’s gain, L’s ex-ante

payoff ishigher withdisclosure if q<1
2
.

17In fact,M(µ)−L(µ)<P(µ) ∴ 2xL[
∫ µ
0

2
∼
vf(
∼
v)d
∼
v+
∫ b
µ

2µf(
∼
v)d
∼
v ]<2µxL ∴

∫ µ
0

(µ− ∼v)f(
∼
v)d
∼
v>0, for

allµ>0.
18When

∼
v∈ {−b, b}, assuming that in round n=1 the insider learns only whether

∼
v≷ 0 rather than

∼
v=v

does not make a difference, but makes a direct comparison between FH and our model possible.
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Conversely, in our model, under mandatory trade disclosure, the per-period payoff of

any type of leader is equal or greater than underA. Specifically, provided disclosures affect

prices, theexpectedprofits of aninformedleader arealwayshigher.Thus, if L were tochoose

inwhichmarket toexchange,N orA, hewouldalways at leastweakly prefer the former.

Corollary 1 When disclosed trades affect equilibrium prices, the leader prefers a system

mandatingdisclosure toA, and is indifferent otherwise.

Now, let’s consider a market in which L can voluntarily decide whether or not to dis-

close an undertaken purchase or sale. Since in this market the signal τ=0 is more opaque

than when disclosures are mandatory, the conditions for an equilibrium with informative

trades to exist are clearly harder to satisfy.Nonetheless,within the infinitely repeated struc-

ture, equilibria exist where the leader voluntarily discloses trades that shift prices.

Corollary 2 For voluntary trade disclosure, in the single period a unique beliefs equi-

librium exists, where type
∼
s=I∧∼v>0 and

∼
s=I∧∼v<0 disclose the same signal τ with equal

probability, trading in such a way that
∑

nxn=xL and
∑

nxn=−xL respectively; type
∼
s=U

attaches any probability to any signal, trading in such a way that
∑

nxn∈ [−xL, xL]; and

pn=0.When the period is infinitelyrepeated,alternativeequilibriaexist,whereMundertakes

the strategy in Definition 2. Specifically, if δ ≥ ∆(q,µ=ξ), type
∼
s=I∧∼v>0 (or

∼
s=I∧∼v<0, or

∼
s=U ) signals τ=1 (resp.,−1; 0), while M sets µ=ξ. If ∇(q,µ=qξ) ≤ δ<∆(q,µ=ξ), up to the

jth repetition, any type
∼
s=I signals and trades as before; with equal probability, type

∼
s=U

signals as type
∼
s=I∧∼v>0 and

∼
s=I∧∼v<0 do, tradingx1=xL,x2=−2xL andx1=−xL,x2=2xL

respectively;andMsetsµ=qξ; from period j+1on, the equilibrium coincides with that in the

single repetition of theperiod.

Proof. See Internet Appendix A.

As far as the single period is concerned, no equilibrium exists such that prices at the

second auction shift following the voluntary disclosure of an undertaken transaction (or its

absence). To see it, consider any of these off-the-path pricing rules and derive the optimal

response from an insider that observes
∼
v=v already in round n=1 and can—but does not

have to—disclose trades. Given this leader’s best response, M turns out to reply to at least

half of the types of insiders—those below or those above 0—with prices that shift in the

wrong direction. For the same reasons adduced for the case of a mandatory disclosure, the

pricing rule in question is not justified, no matter whether an insider observes
∼
v≷ 0 or

∼
v=v
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in the first round. In equilibrium, unlike mandatory disclosure, the probability that an in-

sider of type
∼
v>0and one of type

∼
v<0place on a roundn=1purchase (or sale; or absence of

disclosure) does not necessarily have to be the same. Nonetheless, the probability that these

types signalτ=1 (or−1, or0) is identical—and can take any value from0 to1 (included)—so

that the information revelation is eliminated and the pricing rule pn=0 is justified. Indeed,

holding this latter pricing rule fixed, by trading as prescribed in equilibrium but signaling

differently, each type of insider earns identical profits. However, they do not opt for any of

these alternative strategies, since this would cause M to deviate and set an off-the-path pric-

ing rule. Finally, consider those equilibria where no disclosure ever occurs and x1 equalsxL
or−xL or 0 when

∼
s=I∧∼v>0 or

∼
s=I∧∼v<0 or

∼
s=U respectively. These equilibria are robust

to a small probability thatMexogenously learns
∼
v=v at the end of the first rather than of the

second round.

Within the infinitely repeated structure,when L weighs future profits sufficiently, alter-

native equilibria exist, where until defection (if any) prices and (voluntary) disclosures—as

a function of the state of the world—are identical to those set in Proposition 3. The reason

for this is that the ‘relevant payoff structure’19 coincides with that analyzed when disclo-

sures are mandatory.Suppose that, at a specific period,µ>0,and consider an insider who is

aware, for instance,of
∼
v>0 (thecase inwhich he isaware of

∼
v<0 is symmetric). If this trader

does not aim to incur the punishment,he can choose between two options,disclosing a pur-

chase (which requires him to submit an initial buy order) or not disclosing any trade (which

does not prevent him from placing either a buy or a sell order). Clearly, the former option is

better, provided the insider buys up the maximum in the first round and subsequently re-

verses the initial position if v<p2. By doing so, he expects to earnL(µ>0) in that period.

Conversely, the only way this insider has to incur the punishment is to sell initially and

disclose the undertaken sale. In particular, by trading optimally—selling as much as possi-

ble in roundn=1 and buying back up to the total exposure cap inn=2—he expects to earn

M(µ>0). Finally, an uninformed leader can pretend to be informed, disclosing either an

undertaken purchase or sale. In either case,by trading optimally,he expects to earnP(µ>0)

in that period. Alternatively, type
∼
s=U can avoid disclosure, which assures him that he will

not incur the punishment at the end of the period. In this case, no matter what the quantity

traded in each of the two rounds is, he expects to earn 0 profits. For this reason, while for

∇(q,µ=qξ) ≤ δ<∆(q,µ=ξ) the pre-defection equilibrium trading outcome(asa function of

thestates of theworld)coincides with that inProposition 3, forδ ≥ ∆(q,µ=ξ), type
∼
s=U can

19The term relevant refers to the per-period payoff that the leader achieves—in case the market conditions

on signals—from optimally misleading, leading, bluffing, and not bluffing, and to the indirect implications

that the pursuit of one specific payoff or another has on the probability of a punishment occurring.
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trade differently.

From a regulatory perspective, the model suggests that it is not essential to impose pub-

lic disclosure, as long as an investor with a cap on total exposure can voluntarily commu-

nicate trades. This result relies on general asset value properties, generalized even further

below. Conversely, the length of punishment plays no role: The trader discloses voluntarily

simply because he always earns at least as much as he does underA, both when informed

and uninformed. Voluntary dissemination of information results from the investor’s will to

communicate trades, which reveals a link to the literature on uncertified/non-factual mes-

sages.

The next corollary highlights which asset value properties drive the results obtained so

far, when the leader is constrained on asset holdings. To explain the corollary, we consider

a situation where disclosures are mandatory and present, in sequence, two examples that

refer to a symmetric distribution of
∼
v, centered around0 (an event which, for the time being,

is assumed not to be possible). The first example helps our understanding of the second,

in which specific conditions on f(
∼
v) for an informed type to send meaningful signals are

identified.

The distinguishing feature of the first example is that, whenever L turns out to be in-

formed about
∼
v>0 (or

∼
v<0), he is forced to exchangex1=xL (resp.,x1=−xL). Whether the

two-round period is repeated or not, it is easy to derive that, in equilibrium, an uninformed

leader—who has not been constrained in the direction of the initial trade—randomizes with

equal probability between tradingx1=xL, x2=−2xL andx1=−xL, x2=2xL. Because in this

example the disclosure by an informed type is indirectly assumed to be informative, the

equilibrium price p2 following a purchase (resp., sale) shifts to qξ (resp.,−qξ), a value that

allows type
∼
s=U to achieve a positive payoff—rather than 0, which is how much this type

gets underA—from a reversal. In other words, the first round equilibrium orders by any

type of leader and equilibrium prices coincide with those in FH. Nonetheless, and differ-

ent from FH, mandatory disclosure allows an informed leader to earn either more than or

as much as what he earns when disclosures are concealed, depending on the asset value

properties.To see this,define,withr>0, the realization of
∼
v that is closest to0 from the right.

Whenf(
∼
v) is such that qξ ≤ r, rather than undertaking an unprofitable reversal, the insider

prefers not to trade inn=2,which is why his per-period payoff equals that achieved underA.

Conversely, when r<qξ, any insider aware of |v|<|qξ| reverses the initial position, earning

more than underA.

The second example refers to a leader who is not forced to undertake any particular
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action in any first round. When δ ≥ ∆(q,µ=ξ), at a specific period, if he turns out to be in-

formed (or uninformed),he expects to earn more than (resp., as much as) underA, provided

that disclosures are believed to be informative and at the same time f(
∼
v) is such that r<ξ.

This latter condition ensures that L has an incentive to lead, in that those types of insider

aware of −ξ<v<0 (resp., 0<v<ξ) increase their profits by reversing the initial position in

n=2, exchanging at a priceP2(τ=−1)=−ξ (orP2(τ=1)=ξ). Specifically, any symmetric dis-

tribution of
∼
v is such that the latter types find the reversal profitable, unless

∼
v∈ {−b, b}, in

which case the reversal does not generate any additional revenue and thus there is no in-

centive to lead. When∇(q, µ=qξ) ≤ δ<∆(q, µ=ξ), at a specific period, any type of leader

expects to earn more than underA, provided disclosures are believed to be informative and

f(
∼
v) is such that r<qξ, a condition that allows any insider to increase his profits by re-

versing his initial leading position, exchanging at a priceP2(τ=−1)=−qξ (orP2(τ=1)=qξ),

whenever he learns about−qξ<v<0 (resp.,0<v<qξ).However, in this case the existence of

two possible realizations of
∼
v above(orbelow)0does not guarantee that the conditionr<qξ

is satisfied. The intuition proposed in this second example is generalized here.

Corollary3 Relax the assumptions of a symmetric f(
∼
v) and a F (

∼
v) being absolutely con-

tinuous w.r.t. the Lebesgue measure, and consider
∼
v∈V⊂<, whereE[

∼
v] is normalized to 0,

such that:

R1 : Pr(
∼
v<0)=Pr(

∼
v>0)=1

2
; R2 : Pr(−γ<∼v<0)= Pr(0<

∼
v<γ)6= 0;

R3 : E[
∼
v | b≤ ∼v ≤ −γ]=− E[

∼
v | γ ≤∼v≤b]; R4 : E[

∼
v | −γ<∼v<0]=−E[

∼
v | 0<∼v<γ];

whereb= min v ∈V , b= max v ∈V ,andγ equalsξ (orqξ) if δ ≥ ∆(q,µ=ξ)(resp.,∇(q,µ=qξ)

≤ δ<∆(q,µ=ξ)). Under restrictions from R1 to R4, all the preceding results still hold. In

particular, those in the single period only requireR1 to be satisfied.

Notice that |b|does not have to equal b. More generally, as is clear from R3 and R4, even

for the results in the infinitely repeated framework,a symmetricf(
∼
v) is no longer required.

R1 has two implications. On the one hand, it ensures an equal probability mass above and

belowE[
∼
v], a restriction that is sufficient to guarantee that the results in the single period

hold. For instance, the proof to Proposition 1 relies neither on the support of
∼
v being con-

tinuous, nor on the number of types of insider above and below p0 being equal, nor on the

specific distance between each type of insider and0,nor on whether a realization of
∼
v above

(or below) 0 is more likely than another realization lying on the same side of the support.

On the other hand,R1 implicitly tells us that
∼
v=0 is either a zero-probability event or simply

not possible, depending on whether or not the support of
∼
v is continuous around the initial
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price. This ensures that, whenever informed, a leader is clearly aware whether the funda-

mental value is above or below 0. In this way, in the infinitely repeated framework, no am-

biguity arises about whether a signal pushed the market price in thewrongdirection or not.

For the results inProposition3 and Corollaries1and2 to hold,R2 is necessary to ensure that

the investor has an incentive to lead. In fact, when this restriction holds, he can earn more

than underAwhenever he learns about−γ<v<0 and 0<v<γ by reversing the initial posi-

tion in the second auction, exchanging at a price equal toP2(τ=−1)=−γ andP2(τ=1)=γ

respectively. R2 implicitly requires the existence of at least four distinguishable realiza-

tions of
∼
v, two greater than 0, and two smaller. Specifically, for∇(q,µ=qξ) ≤ δ<∆(q,µ=ξ)

(orδ ≥ ∆(q,µ=ξ)), at least one realization of
∼
v has to lie somewhere over both (−qξ, 0)and

(0, qξ) (resp., (−ξ, 0)and (0, ξ)).WhenR2 is satisfied, it follows that at least one realization

of
∼
v is lying somewhere over both [b,−ξ]and [ξ, b]. On the contrary, the results in the single

period holds even when only two realizations,one greater and one smaller thanp0, are pos-

sible. Finally, R2–R4 ensure that an insider aware of
∼
v<0and one aware of

∼
v>0achieve the

same payoff from leading (or misleading).

4.2 Voluntary production of (un)favorable announcements

In this subsection we consider the disclosure of messages, voluntarily selected and sent at

no cost, when the market is able to interpret any sort of signal in (up to) three distinctive

ways,whatever meaning is assigned to each different class of messages—that is, no matter

what the beliefs following a message belonging to one specific class or another are.

Differentfrom thevoluntary(buttruthful)disclosure oftrades—inwhichcase thefollow-

ing exogenously fixed mapping exists: ‘L buys inn=1’→ τ=1; ‘L sells inn=1’→ τ=−1—a

priori uncertified/non-factual messages are not associated with any transaction undertaken.

Hence, their disclosure is equivalent to the disclosure of non-necessarily truthful trades.

Consider a leader that, at the beginning of the tth-period second action, sends a mes-

sage φi,m∈ Φm ⊂ Φ, m ∈ {−1, 0, 1}, where φi,m is a priori not correlated with any unob-

servable trade, Φ is the universe of non-costly (verbal or non-verbal) messages, Φm ∩ Φ¬m
=∅ and Φm 6= ∅. In particular, inactivity by a leader that decides not to send any mes-

sage is a signal per se.The corollary below defines equilibria when uncertified/non-factual

messages are sent. When the single period is not repeated, signals are never informative.

This is because, given a pricing rule with prices that react somehow to a specific signal or

another,and L’s associated best response, the pricing rule in question turns out to be wrong
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in expectation.Conversely,within an infinitely repeated framework,signals can become in-

formative, as long as a clear punishment scheme is defined. Here, suppose that M’s trigger

strategy is to set p1=0, p2(φi,1)=−p2(φi,−1)=µ′≥ 0, and p2(φi,0)=0 in the first period. Sup-

pose also that, at any subsequent period, if the outcome of all the preceding periods has

been either φi,1∧v>0 or φi,−1∧v<0 or φi,0, M continues playing as he did before, and sets

pn=0 otherwise.20

Corollary 4 Consider a market where uncertified/non-factual messages are publicly sent.

Under R1, in the single period a unique beliefs equilibrium exists, where type
∼
s=I∧∼v>0 and

∼
s=I∧∼v<0 disclose the same signal φi,m with equal probability, trading in such a way that∑

nxn =xL and
∑

nxn=−xL respectively; type
∼
s=U attaches any probability to any signal,

trading in such a way that
∑

nxn∈ [−xL, xL]; and pn=0. When the period is infinitely re-

peated, under R1–R4, alternative equilibria exist. Specifically, if δ ≥ ∆(q,µ=ξ), type
∼
s=I∧

∼
v>0 (or

∼
s=I∧∼v<0, or

∼
s=U ) signalsφi,1 (resp.,φi,−1;φi,0)and tradesoptimally insuchaway

that x1=xL (−xL, 0), while M sets µ′=ξ. If ∇(q,µ=qξ) ≤ δ<∆(q,µ=ξ), up to the jth repeti-

tion, any type
∼
s=I signals and trades as before; with equal probability, type

∼
s=U signals

as type
∼
s=I∧∼v>0 and

∼
s=I∧∼v<0 do, tradingx1=xL,x2=−2xL andx1=−xL,x2=2xL respec-

tively;andMsetsµ′=qξ; from period j+1on,the equilibrium coincides with that in the single

repetition of the period.

Proof. See Internet Appendix A.

Predictably, in the single period, prices do not react to messages. Recall that the market

is not only unable to condition on trades that are disclosed voluntarily. It also cannot

extract meaningful information when trades are mandated, in which case no discretion

other than that on the trade to be made is left to the investor. Thus, when none of the

messages is tied to a specific transaction, the general result cannot be other than confirmed.

In particular, all the equilibria where, in the first auction, an insider aware of
∼
v>0 (or

∼
v<0)

purchases (resp., sells) xL and an uninformed leader does not trade display robustness to

a small probability that M exogenously learns
∼
v=v at the end of the first rather than of the

second round.

Within the infinitely repeated structure, as long as signals are believed to be informa-

tive, a leader that weighs future profits enough finds it optimal to send messages that push

20Although the set Φm does not necessarily have to include the same number of messages over pe-

riods, this additional complication would not alter the analysis, provided a reshuffle in the way these

uncertified/non-factual messages are categorized becomes commonly known as soon as it occurs.
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the market price in the right direction whenever informed, at the same time trading in a

way that maximizes his profits. In fact, a justifiable price shift µ′>0 allows an informed

trader to earn more than under anonymity any time the fundamental value turns out to lie

between the equilibrium price p2 and the starting price p0. Only when the signal φi,1 (or

φi,−1) in expectation conveys information concerning an increase (resp., decrease) of the

asset fundamental value, we can call this message favorable (resp., unfavorable). Clearly,

the notion of consistent rather than truthful behavior (or signal) should be adopted.

With reference to van Bommel’s (2003) study, which is often cited when referring to

a trader that spreads rumors,21 the structure proposed herein is more general, and allows

for several innovative existence results. Indeed, the two models in van Bommel (2003) are

more a characterization of a pure strategy equilibrium rather than a proof of existence and

for different reasons they are not quite right. The present work contributes to the literature

by reconducting them to a unique problem and establishing a firmer foundation for the

issue of information-based manipulations (see InternetAppendixB).

5 Robustness (Part I): On history-contingent beliefs

The objective of this section is twofold: First, for each pair δ and q, to highlight which

restrictions on initial beliefs are sufficient to guarantee that, if any price shift at period t

occurs in equilibrium, the way this price reacts in response to a specific signal or another,

disclosed at period t, is unique—we term this result price-shift uniqueness; second, to

underline how the equilibrium prices that the unique M sets when breaking even by select-

ing a trigger strategy—no matter whether supported by a specific punishment scheme or

another—coincide with those set by competitive bidders.

5.1 Price-shift uniqueness

Within the infinitely repeated structure, an unlimited number of alternative history-

contingent pricing rules can be part of an equilibrium. For the same pair δ and q, on the

one hand, the way prices shift following the same disclosures can differ; on the other,

equilibria exist where, at some point following a defection, prices can start shifting again.

21See, e.g., Aggarwal and Wu (2006), Allen et al. (2006), Klumpp (2007), Goldstein and Guembel (2008),

Kyle and Viswanathan (2008), Engelberg and Parsons (2011), Putniņš (2011).
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To start with, it is worth noticing that, any time signals are believed not to be infor-

mative in a specific period, the leader cannot do any better than trading as he does when

that period is not repeated, a behavior that confirms the market maker’s initial beliefs. As a

consequence, for each pair δ and q and a specific equilibrium pricing rule such that at pe-

riod t=1 prices react to disclosures, infinite other equilibria exist, where prices start shifting

according to the same rule from period t>1, as if history started from period t, while in the

preceding t− 1 periods prices do not react to news. Although no limit can be set to the

initial number of periods in which disclosures are believed not to be informative, in the

following analysis there is no loss in generality in assuming that, if prices shift, they start

shifting from period t=1.

When selecting among triggers, it seems natural to think of the following minimal

conditions.

Condition 1 At period t, only τ=0 (or φi,0) is never interpreted as a defection.

Condition 2 At period t, P2(τ=−1) ≷ 0⇔ P 2(τ=1) ≶ 0 (or P2(φi,$) ≷ 0⇔ P 2(φi,$′)

≶ 0, where $ ·$′<0).

Condition 1 requires the signal τ=0 (or φi,0), disclosed at period t, to be the only signal

following which no punishment at period t+1 is applied, even if this signal causes the price

at period t to move in the wrong direction with respect to v. Condition 2 states that, if

P2(τ=1) (or P2(φi,$)) shifts from 0, then P2(τ=−1) (resp., P2(φi,$′)) should somehow

shift too, but in the opposite direction, and vice versa.

Even when restricting our attention just to Grim triggers, if only the first or second con-

dition is imposed, for a variety of pairsδ andq, equilibria exist where prices shift differently.

This is shown in examples below.To simplify the argument,we focus on the case of manda-

tory trade disclosure and refer to the fundamental value properties defined inSection2.

First note that, when both conditions hold, the trigger in Definition2 is not discarded.

The second condition alone is not enough to guarantee price-shift uniqueness. For in-

stance, consider the following trigger strategy, which ensures that no punishment is applied

when a sale is disclosed. The trigger differs from the one in Definition 2 in the function

P ′2: τ=1→ p2=ξ, τ=0∨ τ=−1→ p2=−qξ,22 and in the following sequential condition: At

the second auction of the tth period, if the outcome of all t− 1 preceding periods has

22The symbol ∨ stands for or.
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been τ=1 ∧ v>0 or τ=−1, then play P ′2; otherwise, set p2=0. For sufficiently high δ and

sufficiently small q, this alternative trigger strategy is part of an equilibrium in which no

defection ever occurs. In detail, when uninformed, L trades x1=−xL,x2=2xL, expecting to

earn positive profits; when L observes
∼
v<0 (or

∼
v>0), he tradesx1=−xL (resp.,x1=xL), sub-

sequently tradingx2=2xL if−qξ<v (resp.,x2=−2xL if v<ξ), orx2=0 otherwise, expecting

to earn more than underA. This equilibrium depends on disclosed sales never being clas-

sified as defections, while it is irrelevant whether a disclosed inactivity is never considered

to be a defection too. This is because L has no incentive to signalτ=0.23 The first condition

discards this alternative equilibrium.

Likewise, the first condition alone is not enough to guarantee price-shift uniqueness.

For example, consider a Grim trigger that satisfies the first condition, with a pre-defection

pricing rule P ′′2 such that P ′′2 (τ=−1)=P ′′2 (τ=0)=0 and P ′′2 (τ=1)=ξ. When L is informed

about
∼
v<0 (or uninformed), in the first round of each period he is indifferent about not

trading and selling some quantity, provided he subsequently trades optimally in n=2. In

fact, in either case he expects to earn xLξ (resp., 0 profits)—that is, as much as underA—

without incurring punishment. It follows that, for sufficiently high values of δ, equilibria

exist in which a type informed about
∼
v<0 and an uninformed type hide their information

completely, randomizing with identical probability (even 0 or 1) only between τ=0 and

τ=−1. Indeed, the leader’s objective is to earn more than under A whenever he turns out

to know
∼
v>0, in which case he expects to earn L(µ=ξ) per period by disclosing a purchase

and trading optimally. Since the second condition prevents P ′′2 (τ=−1) from equalling 0

when P ′′2 (τ=1) differs from 0, this alternative equilibrium is eliminated.

Provided the first condition is satisfied, when changing the mappingP ′′2 by gradually

shifting the price response to the signal τ=−1 from 0 to positive values, for δ sufficiently

high, informative equilibria can be identified immediately, in which L discloses inactivity

today when he is aware of
∼
v<0 or uninformed. In fact, in this case the signal τ=0 is the

only one that allows him not to defect with certainty and earn as underA today, but more

than underA—that is,L(µ=ξ)—any time he is aware of
∼
v>0 in the future. The joint effect

of both these conditions discards this counterintuitive equilibrium too, since the price re-

sponse to the signal τ=−1 is required to be negative when the price response to the signal

τ=1 is positive.

Now, let’s draw the attention just to Grim trigger strategies such that, before defection,

23On the contrary, for high values of q, this alternative trigger is not justified. Rather than leading—i.e.,

signaling τ=1—an insider aware of
∼
v>0 prefers to trade x1=−xL,x2=2xL—i.e., to signal τ=−1—in this

way causing the price to shift in the wrong direction with certainty, without being punished for it.
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the way period tprices react to period tdisclosures is identical among periods. Under manda-

torytrade(orvoluntarytrade,oruncertified/non-factualmessage)disclosure,forthesamepair

δ andq, more than one pre-defection pricing rule can, in some instances, simultaneously sat-

isfy the market efficiency condition and the two conditions above. However, as an indirect

consequence of the next lemma, the associated outcome is identical, provided Condition 3

(presented below) holds too. This outcome coincides with that in Proposition 3 and Corollary

2 (both generalized in Corollary 3) for what concerns mandatory and voluntary trade disclo-

sure respectively, andwiththat inCorollary4 forwhatconcerns uncertified/non-factualmes-

sages.

Lemma 5 Consider trade (or uncertified/non-factual message) disclosure, an infinitely re-

peated structure, and beliefs that are restricted to be such that, at period t, Condition 1 and 2

hold. WhenP2(τ=1)>0 (resp.,P2(φi,m 6=0) 6= 0) andP2(τ=0) (resp.,P2(φi,0)) is ‘sufficiently

close’ (but not necessarily equal) to 0, both types of insider prefer to lead, signaling τ 6= 0

(resp., φi,m 6=0), rather than to signal τ=0 (resp., φi,0). Prices that shift differently are never

justified.

Proof. See Internet Appendix A.

For brevity’s sake, let’s refer to the case of mandatory/voluntary trade disclosure.

To give an insight into this lemma, notice that the two conditions above restrict the analy-

sis to two classes of pre-defection pricing rules, P2(τ=1) ≤ 0 ≤ P2(τ=−1) and P2(τ=−1)

≤ 0 ≤ P2(τ=1), setting no condition on whether the missed disclosure of a purchase or a sale

shifts prices (for what concerns uncertified/non-factual messages, the intuition is slightly

simpler thanwhat is explainedhere and the related implications are in line with it). (i) When

P2(τ=1) ≤ 0 ≤ P2(τ=−1), noequilibrium withinformative disclosures arises. In fact, while

for P2(τ=0) 6= 0 the market efficiency condition does not hold, for P2(τ=0)=0 an insider

aware of
∼
v>0 (or

∼
v<0) prefers to signal τ=0 rather than leading—i.e., disclosing τ=−1

(resp., τ=1)—which causes no departure from A to occur. (ii) When P2(τ=−1) ≤ 0 ≤
P2(τ=1), (ii.a) if P2(τ=0) is negative (or positive) and set ‘too far away’ from 0, the market

efficiency condition does not hold. In fact, an insider aware about
∼
v>0 (resp.,

∼
v<0) prefers

to signal τ=0—that is, to pretend to be uninformed, moving the price down (resp., up) with-

out being punished for that—rather than leading. Instead, (ii.b) if P2(τ=0) is ‘sufficiently

close’ (or equal) to 0—in detail, for P2(τ=0) such that
∫ P2(τ1=1)

0
[
∼
v − P2(τ1=1)]f(

∼
v)d

∼
v≤

P2(τ1=0)
%
≤
∫ −P2(τ1=−1)

0
[ − P2(τ1=−1)− ∼v]f(

∼
v)d

∼
v, where % equals 4 (or 2) when disclo-

sures are mandatory (resp., voluntary)—both types of insider prefer to lead optimally rather

31



Public Disclosure by "Small" Traders Luca Gelsomini

than signalingτ=0.

Condition 3 If at any point in time the leader turns out to be indifferent, given his multi-

period decision problem, between misleading (orbluffing) and leading (resp., notbluffing)

optimally, he is believed to opt for the latter alternative with probability1.

When beliefs are restricted in such a way that Conditions 1 and 2 hold, if prices move,

under R1–R4, the shift only follows a disclosed purchase or sale, turning out to be positive

or negative respectively, but—because of the symmetry off(
∼
v), the space of actions, and the

consequencesthat themisleadingbehavior ofoneortheothertypeofinsider imply,and thanks

to Condition 3—equal to qξ or ξ in magnitude, depending on whether ∇(q, µ=qξ) ≤ δ<

∆(q, µ=ξ) or δ ≥ ∆(q, µ=ξ) respectively. Together, themarketefficiencycondition andCon-

ditions 1 and 2 also imply that, if the signal τ=0 is sent, it never shifts equilibrium prices.

Indeed, equilibrium pricing rules exist, with prices that at a certain period respond, with a

shift, to the signal τ=0 disclosed at the same period. For instance, when δ ≥ δ∇∧q=1 or

when ∇(q, µ=qξ) ≤ δ<∆(q, µ=ξ) ∧ q<1, any Grim trigger with a pre-punishment pricing

rulesuchthat,ateveryperiodbeforedefection,P2(τ=1)=−P 2(τ=−1)=qξ and 0<|P2 (τ=0) |
≤ %
∫ qξ

0
(qξ − ∼v)f(

∼
v)d

∼
v also satisfies the market efficiency condition and Conditions 1 to

3. Nonetheless, the associated equilibrium outcome coincides with that derived when prices

shift according to the trigger in Definition 2. The reason being that, before defection (if any),

no type of leader finds it optimal to disclose τ=0. Thus, there is no loss in generality in assum-

ing that, at eachperiod,P2(τ=0)=0.

When the following two inter-temporal restrictions on beliefs also hold, for every pair

δ, q, it is possible to identify a unique way in which prices at a certain period can shift in re-

sponse to one disclosure or another, sent at that period. This result is presented in the next

proposition.

First notice that, even when the Grim punishment is taken into account and Conditions

1 to 3 hold, there exist equilibria such that, before defection, a (finite, well known) number

of periods in which disclosures are believed to convey information concerning what L ob-

serves is alternated with a non-necessarily equal (butfiniteandwellknown)number of peri-

ods in which no disclosure is believed to be informative.The next condition restricts beliefs

by eliminating this option. Otherwise, for the same pair δ, q, depending on how regularly,

before defection,periods in which disclosures are believed to be informative are alternated

with periods in which they are not, the incentive to mislead (or bluff) as an alternative to

leading (resp., not to bluff) is affected, with clear consequences on the way pre-defection
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prices can react to disclosures.

Condition 4 If at a certain period disclosures are believed to be informative, also at each

subsequent period they are believed to be informative, in one way or another, until a defec-

tion occurs.

Second, consider any pair δ and q such that a specific equilibrium pricing rule exists,

where pre-defection price shifts are supported by a Grim punishment.For almost24 all these

pairs δ and q, an identical pre-defection pricing rule followed by a less severe punishment

(that is, a non-Grim punishment) is also part of an equilibrium where, at some point after

defection, prices start reacting to disclosures again. Condition 5 constrains beliefs formed

in response to a disclosure—and prices set by a market maker holding those beliefs—as

follows.

Condition 5 Let beliefs be such that: (i) Before each defection, if prices shift, they shift

as if, after defection, a Grim punishment occurs. (ii) After a specific defection, (at least in

some periods) prices can shift, provided the implicit punishment following this defection

represents a deterrent to support past prices, equivalent to the Grim punishment.

To see the implications of this condition, let’s refer, for the sake of simplicity, to the

result in Proposition 3. For δ ≥ ∇(q, µ=qξ), if prices start reacting again after defection,

and in a way that does not represent a deterrent that is as strong as the Grim punishment,

before a first defection the incentive to mislead (or bluff) as an alternative to leading (resp.,

not to bluff) can be affected.25 Condition5 eliminates this possibility.

Proposition 4 Consider trade(or uncertified/non-factual message)disclosure, the infinitely

repeated structure, and beliefs that are restricted in such a way that Conditions 1 to 5 hold.

Under R1–R4, at any period disclosures can affect prices if and only if they are believed

to be informative. At a specific period, if the equilibrium pricep2 increases (or decreases),

for δ ≥ ∆(q, µ=ξ), this shift equals ξ (resp.,−ξ) and follows the signal τ=1 orφi,$′ (resp.,

τ=−1orφi,$), sent by type
∼
s=I∧∼v>0 (resp.,

∼
s=I∧∼v<0); for∇(q, µ=qξ) ≤ δ<∆(q, µ=ξ),

24For an intuition concerning the weight of the adverb ‘almost’, see immediately below Proposition 4.
25Consider the Grim trigger in Definition 2. When a weaker (or much weaker) punishment is threatened,

for at least some (resp., all) pairs δ, q such that ∇(q, µ=qξ) ≤ δ<∆(q, µ=ξ), equilibria where disclosures

are never informative can arise. Similarly, for at least some pairs δ, q such that δ ≥ ∆(q, µ=ξ)—but never

for pairs with an extremely high value of δ—equilibria with either manipulative or not informative (resp.,

equilibria with not informative) disclosures can arise.

33



Public Disclosure by "Small" Traders Luca Gelsomini

it equals qξ (resp.,−qξ) and follows the signal τ=1 or φi,$′ (resp., τ=−1 or φi,$), sent by

types
∼
s=I∧∼v>0 (resp.,

∼
s=I∧∼v<0) or

∼
s=U .Forδ<∇(q, µ=qξ), no shift ever occurs.

Given Conditions 1 to 5, forδ=∇(q, µ=qξ)andδ=∆(q, µ=ξ), before a first defection (if

any), equilibrium prices shift only if, after this defection, M believes that every disclosure is

not informative—that is, if all post-defection prices equal 0. Conversely, for each pair δ, q

such that∇(q, µ=qξ)<δ<∆(q, µ=ξ)orδ>∆(q, µ=ξ), equilibria exist where, after defec-

tion, prices start reacting to disclosures again. In this case, not only the Grim punishment,

but also other less severe punishments, represent equivalent threats that support (and there-

fore justify) pre-defection price shifts. In particular, for∇(q, µ=qξ)<δ<∆(q, µ=ξ) ∧ q<1,

an unlimited number of alternative post-defection equilibrium outcomes is possible. To see

it, for each of these latter pairs δ and q, consider any equilibrium pricing rule such that,

immediately after a first defection, M punishes by reverting to single period equilibrium

behavior for a minimum, finite, number of periods which make the entire post-defection

pricing rule in question sufficient to support all prices set before that defection. Clearly, in-

finite other equilibria exist where, following the same defection, M correctly believes that

no disclosure is informative at all, for a finite number of periods greater than this minimum

number.

5.2 Competition and punishment equivalent bidding outcomes

In this subsection we focus on whether even the winning price resulting from competition

among bidders can turn out to be in some sense the punishment equivalent to L’s intrinsic

misbehavior against past bidders. When doing so, rather than a unique market maker, con-

sider a set of at least two competitivebidders per auction, bidding once and then quitting.

In this context, the following needs to be spelled out. First, in defining the equilibrium,

a strategy by each bidder that maximizes his expected payoff is required, in alternative to

the market efficiency condition.Second,bidders are assumed to be risk-neutral and to have

the same initial beliefs conditional on past history. Third, because each bidder trades only

once, in the context of an infinite repetition of the period, no discount factorδ is considered

when computing his realized payoff. Nonetheless, each bidder cares about past and future

history, and aboutδ,which affects L’s signaling strategy over time.

Clearly, at a specific (per-period second) round, the only initial beliefs that always turn

out to be confirmed in equilibrium, independently of future beliefs, are those about any

history of disclosures that are not informative at that round.
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Still, any equilibrium achievable with a single market maker that breaks even in ex-

pectation can also be achieved when competitive bidders come to play. For instance, con-

sider a pair δ and qwhich is such that an equilibrium Grim trigger supports pre-defection

informative disclosures. When competitive bidders are taken into account, an equilibrium

exists,where they set prices identical to those offeredby auniqueM selecting theGrimtrig-

ger in question. This equilibrium exists because of the awareness all players share about

post-defection prices being set by bidders who disregard disclosures, which justifies pre-

defection beliefs and equilibrium prices. More in general, given the definition of equilib-

rium employed herein, it is the awareness of what future bidders may or may not believe—

and therefore about any implied punishment equivalent bidding strategy by those bidders

competing over future prices—that supports equilibrium responses by current bidders,

when the latter believe that the history of disclosure currently observed is somehow in-

formative.

6 Robustness (Part II): On private information arrival

and trade size disclosure

This section discusses alternative versions of our model, with a potential insider con-

strained on asset holdings. The following assumptions are relaxed: (1) A public disclosure

about the direction of trade, but not its size; (2) a quality improvement (from each first to

second round) in the private information possessed by an informed leader.

We show that equilibria exist, the outcomes of which are in line to those derived so far.

By twisting the first assumption, our structure is sufficient to account for the full range

of consequences that the following four regulations—which are alternatives to the manda-

tory or voluntary disclosure of trade direction—imply: Mandatory trade size disclosure;

voluntary disclosure of trade size when trade direction cannot be revealed separately; vol-

untary trade size disclosure when revelation of trade direction is mandatory; voluntarily

disclosure of either trade direction or trade size or nothing.

The second assumption is relaxed by analyzing a leader that, when informed, observes
∼
v=v from the first auction. Even in this case, the model is such that an equilibrium charac-

terization can be made, both when examining a market in which the disclosure of trades is

regulated (in one of the six ways listed above) and when studying uncertified/non-factual

announcements.
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Specifically, an analysis that focuses on two auctions per period is enough to under-

stand the implications of a framework that, depending on the case, allows the trader to

choose between a number of signals that is either equal, greater, or smaller than the num-

ber of possible realizations of
∼
s and

∼
v observed by the leader in the first auction. When

the single repetition of the period is taken into account, this result is presented under the

more general assumption of a non-specified but finite number of auctions.

6.1 Single repetition of the period

This subsection considers any sequence of finite rounds,n ∈ {1, .., N}, to highlight that, for

any non-degenerate random variable
∼
v∈V , and no matter whether in n=1 an insider learns

only
∼
v≷ 0 or

∼
v=v, equilibria exist, where M ignores disclosures and thus the price at each

action, pn∈{1,..,N}, equals 0. At these equilibria, in each of the firstN − 1 rounds, any insider

disregards his information and sends a signal—observable with a round of delay—which is

(under probability) identical to the one that any other type of insider would send at the same

round. Conversely, any sequence of signals can be part of the uninformed leader’s equilib-

riumstrategy.

To better characterize these equilibria, we sketch how the model’s structure is affected,

with respect to the one presented above, in the case of any finite number of auctions. The

following specifications will also turn out to be advantageous in the next subsection.

When the disclosure of trade direction is mandatory, L’s trading strategy and M’s pric-

ing rule, X=〈X1, .., XN〉 and P=〈P1, .., PN〉 respectively, are updated as follows. On

one side, Xn>1: {U} ∪ ({I} × [−b, b])→[−xL−
∑n−1

i=1 xi,xL−
∑n−1

i=1 xi], so that xn>1=

Xn>1(
∼
v=v,

∼
s=s); on the other, Pn>1: {−1, 0, 1}n−1→ [−b, b]. In equilibrium, an unin-

formed leader trades in such a way that
∑

nxn∈ [−xL, xL], while any insider aware of
∼
v>0 (or

∼
v<0) trades in such a way that

∑
nxn=xL (resp.,

∑
nxn=−xL), provided at round

n ∈ {1, .., N − 1} all types of insider send the same signal with equal probability (even

0 or 1). The same happens when the regulation mandates trade size disclosure, in which

case Ωn>1, that is M’s information set at auction n>1, equals {x1, .., xn−1} and thus Pn>1:∏n
℘=2[−xL−

∑℘−1
i=1 xi, xL−

∑℘−1
i=1 xi]→ [−b, b]. The result is unaffected when trade size

disclosure is forbidden and revelation of trade direction is voluntary (or when trade size

disclosure is voluntary, whether the disclosure of the sole trade direction is mandatory or

not possible; or when L can voluntarily disclose trade size or trade direction or nothing).

Interestingly, these equilibria hold even when the leader discloses uncertified/non-factual
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messages, uncorrelated with the undertaken transaction, at any step of any round (that is,

even when a signal becomes publicly observable in roundn=1).

To see why these equilibria exist, suppose that M believes that signals are not informa-

tive.Asaconsequence,at each auction he will ignore them and set the pricepn∈{1,..,N} equal

toE[
∼
v], which we normalize to0. Holding this pricing rule fixed, note that, at any round but

the last one, each type of leader is indifferent about exchanging one quantity or another

(even 0), provided he trades optimally in roundN . The reason being that, for each of these

types—but not, of course, among types—the per-period payoff associated to any of these

alternative sequences of transactions is identical. In particular, each of these trading plans

is (part of) a best reply, in that it is not possible to earn more otherwise. It follows that,when

all types of insider signal identically, the pricing rule is justified.26

6.2 Infinite repetition of the period

We examine an infinitely repeated two-round period. To ease exposition, we refer below to

a real asset value,
∼
v, whose properties are those defined in Section 2 and, for what concerns

any regulation about public trade disclosure, to symmetric Grim triggers with the following

three main characteristics. (1) At each second round before defection, (1.a) the functionP2 is

identicalandsuch that the revelationaboutapurchase (oraboutaspecificpurchasedquantity)

causesapositivepriceshift thatequals inmagnitudethenegativeshift followingtherevelation

aboutasale(resp.,aboutanidenticalquantity,whensold); (1.b)whentheregulationmandates

(orallowsfor) tradesizerevelation,P2 isnon-decreasinginthedisclosedquantityx1; (1.c)ab-

sence of any disclosure causes the price not to shift; (2) L is thought of as defecting when, at

the end of a certain period, it happens that p2v<0; and (3) as soon as a defection is observed,

Mpunishesby reverting to singleperiodequilibriumbehavior forever.Whenappropriate, the

implicationsofalternativeGrimpunishmentschemes willbeanalyzed.Specifically,sincewe

are dealing with Grim triggers, we only refer to L’s strategy and M’s pricing rule before defec-

tion (if any).

26Similarly, whenK ∈ N potential insiders are present in the market, whether or not they are simulta-

neously informed, the main conclusion is unaffected, providing these traders are small also in aggregate. In

fact, for any non-degenerate random variable, an equilibrium exists, where these traders’ strategies can differ

from one another, but each of these traders plays as when no other leader exists, and prices equal E[
∼
v ].
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6.2.1 Trade size disclosure when the insider learns information gradually

Consider an insider that in the first round observes
∼
v≷ 0, and learns

∼
v=v only in the second.

When mandatory/voluntary trade size disclosure is taken into account, the following

four regulations can be identified. For each of them, at least one equilibrium with informa-

tive disclosures exists, whose outcome in terms of traded quantities (as a function of the

states of the world) and prices (as a function of traded quantities) is identical to that pro-

posed in Proposition 3, where a regulation that imposes disclosure of trade direction but

conceals trade size was examined. Further details about the equilibria in question are pre-

sented below.

First, let’s consider mandatory trade size disclosure (or voluntary disclosure of trade

size when trade direction cannot be revealed separately, in which case the signal x1=0

implies absence of disclosure), and focus on pre-punishment pricing rules such that, at

the second round of each period,P2(x1)=−P 2(−x1) ≥ 0. For∇(q, µ=qξ) ≤ δ<∆(q, µ=ξ)

(or δ ≥ ∆(q, µ=ξ)), an equilibrium exists whereP2(x1=xL) equalsγ, which we defined in

Corollary3. Specifically, for an argument in line with that produced when studying the vol-

untary disclosure of trade direction (see Section 4), even when the regulation allows for

the sole voluntary disclosure of trade size, in equilibrium the leader reveals undertaken

purchases and sales.

Second, let’s consider a regulation that allows for a voluntary trade size disclosure

when revelation of trade direction is mandatory (or a regulation that allows the volun-

tary disclosure of either trade direction or trade size or nothing)—the consequences being

that the signal {τ=0, x1=0} implies no effective exchange (resp., no revelation about any

trade undertaken) in n=1, and {τ 6= 0, x1=0} implies no trade size revelation—and focus

on a per-period pre-punishment pricing rule P ς
2 : {−1, 0, 1} ∪ [−xL;xL]→ [−b, b], which

maps the pair τ= ·, x1=0 in the same way as the function PN2 does with τ= · , and which is

such that P ς
2 (τ= · , x1 ≥ 0)=−P ς

2 (τ= ·,−x1) ≥ 0. For∇(q, µ=qξ) ≤ δ<∆(q, µ=ξ) (or δ ≥
∆(q, µ=ξ)), an equilibrium exists, where P ς

2 (τ=1, x1=xL) and P ς
2 (τ=1, x1=0) both equal

γ. Before defection, each type of insider is indifferent whether or not to disclose trade size

(resp., between themeredisclosure of tradedirection and therevelation of tradesize, twoal-

ternatives that are both preferred to absence of disclosure). In equilibrium, a leader that ob-

serves
∼
v>0 (or

∼
v<0) reveals the purchased (resp., sold) quantity with probability ς t∈ [0, 1]

(resp., ς
t
∈ [0, 1]), while with probability 1−ς t (resp., 1−ς

t
) he only discloses information

about trade direction. Specifically, for ∇(q, µ=qξ) ≤ δ <∆(q, µ=ξ), type
∼
s>U pretends
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to be informed, disclosing how much he initially purchased or sold—as opposed to reveal-

ing only the direction of the trade—with probability ς t and ς
t

respectively. Notice also that

there exist pre-defection pricing rules P ς
2 in response to which no type of insider is indiffer-

ent between disclosing trade size and trade direction: For ∇(q, µ=qξ) ≤ δ<∆(q, µ=ξ) (or

δ ≥ ∆(q, µ=ξ)), when P ς
2 (τ=1, x1=0) equals γ and P ς

2 (τ=1, x1=xL) is smaller than γ, in

equilibrium all types of L (resp., of insider) only disclose trade direction; conversely, when

P ς
2 (τ=1, x1=0)<P ς

2 (τ=1, x1=xL)=γ, theydisclose tradesize.

A final remark, which applies to any of the four regulations just considered, is worth

noticing. As we saw, given the class of trigger strategy in use in this subsection, the (manda-

tory or voluntary) revelation of trade size allows for a more transparent signaling channel

such that equilibria exist, where the pre-defection pricing rule assigns to each of the infi-

nite, different disclosures one out of more than three alternative meanings—in other words,

given the trigger strategy in question, equilibria exist where, at each second auction before

defection, at least two different disclosures pertaining a purchase are followed by a posi-

tive price shift, which however differs in magnitude. Nonetheless, the outcomes associated

to these equilibria are identical.

Inparticular,nosophisticationofthenotionofdefectiontriggeringtheGrimpunishment—

that is, thesecondrestriction(outof three) thatcharacterizes thetriggerstrategy defined at the

beginning of Section 6.2—can in any way lead to a further increase, in terms of outcome, of

the information embedded intoprices. Thereason for this result relates to thenumber ofpos-

sible realizations of
∼
s and

∼
v observed by L in each first auction, which is the same as in the

previous sections, and to the role that the market efficiencycondition plays inequilibrium.

6.2.2 The case of an informed type immediately aware of
∼
v=v

Let’s consider a potential insider that, when informed, already learns
∼
v=v in the first round.

Below we explain that, when drawing our attention to any of the alternative signaling

channels studied so far, three regions over the space in δ ∈ [0, 1) and q ∈ (0, 1], charac-

terized by high, intermediate, and low values of δ, can be identified—call them upper,

intermediate, and lower region respectively. For each pair δ and q lying over the upper (or

intermediate; or lower) region, an equilibrium with fully (resp., partially; non-) informa-

tive disclosures exists, where the pricing rule and the leader’s strategy coincide with those

employed when δ ≥ ∆(q, µ=ξ) (resp.,∇(q, µ=qξ) ≤ δ<∆(q, µ=ξ); δ<∇(q, µ=qξ)) by the

same market maker and a leader that, when informed, only observes
∼
v ≷ 0 in roundn=1.
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To simplify the exposition, we focus on a regulation that mandates revelation of trade

direction and prevents revelation of its size, and consider the trigger strategy in Definition

2. Indeed, for what concerns voluntary disclosure of the sole trade direction (or the disclo-

sure of uncertified/non-factual messages, or any of the four alternative regulations dealing

with trade size disclosure listed in Section 6.2.1), the reasoning is analogous. The motive

for these similarities relates to the equivalence of the relevant payoff structures.

As for the case examined in Section3, which differs from the one in question—namely,

the mandatory disclosure of the sole trade direction—in the rate of arrival of private infor-

mation, from period t=2 forward the leader only has expectations about the profits from

leading or misleading when
∼
s=I , and from bluffing or not when

∼
s=U . Because of the sym-

metric space of actions, trigger strategy, and f(
∼
v), the incentive to mislead (as opposed to

leading) does not even depend on
∼
v being higher or lower than 0. Conversely, unlike the

case studied in Section 3, here in period t=1 the incentive to mislead depends on
∼
v=v. In

detail, with respect to a situation where an insider only observes whether
∼
v ≷ 0 in round

n=1, the multi-period problem of a leader that is currently informed is affected as follows.

For every inter-temporal strategy characterized by a current-period realization
∼
s=I∧∼v=v,

a further control variable is introduced, to distinguish the insider’s choice in period t=1

from his planned choice when informed in any future period. Consequently, the equation

in Lemma 4 changes, so that µ reflects the expectation of all informed types’ period t=1

leading behavior.

As an intermediate step in the identification of the three regions, we show that, in order

to understand the role of the informed types in the determination of the informative equi-

librium outcome, it is sufficient todrawattention to those awareof |v| ≥ |µ| rather than those

thatknowv ∈ (−µ, µ).Tosee why this is thecase,define,withX (µ, v), the extra-payoff that

an insider earns in the current period from optimally misleading rather than leading. In

particular, whileX (µ>0, |v|<|µ|)=|2xLv|depends on the specific value ofv ∈ (−µ, µ) that

he observes,X (µ>0, |v| ≥ |µ|)=2xLµ does not. Two remarks are in order. First, given the

trigger strategy in Definition 2, a characteristic that all the equilibria with informative disclo-

sures share is that each insider aware of |v| ≥ |µ|>0 leads. This is due to the combined ef-

fect of the following two elements. On the one hand, as we said, those that observe v ≥ µ

(orv ≤ −µ) all have the same incentive to mislead today, which is why their equilibrium be-

havior is identical.27 On the other, if the latter misled, a trigger strategy withµ>0 would not

27Given µ>0, if δ and q are such that L is indifferent about misleading and leading (or about bluffing and

non-bluffing), for an argument in line with the one presented below Proposition 2 and 3, here we refer only

to the reply implying the most informative equilibrium, namely to the latter behavior.
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be justified, in that in expectation the price shift would be too large. Second, every insider

aware of |v| ≥ |µ| is more tempted to mislead today than any type aware ofv ∈ (−µ, µ), in

thatX (µ>0, |v|<|µ|)<X (µ>0, |v| ≥ |µ|).This means that, ifδ andq are such that all types
∼
s=I ∧ |v| ≥ |µ| lead—which as we have explained is always the case when the equilib-

rium is informative—every type
∼
s=I ∧ v ∈ (−µ, µ) leads too, the latter having a smaller

incentive to mislead.

Clearly, for very high values of δ and any q ∈ (0, 1], no manipulation arises and disclo-

sures are fully informative, so thatµ equals ξ. In fact, since L weighs future profits heavily, he

prefers to lead when informed andnot tobluffotherwise.28 Now,starting from anypairδ ' 1

and q ∈ (0, 1) and gradually shifting the parameter δ down, at some point a first switch in the

equilibrium occurs, to one with uninformed manipulations that causeµ to equal qξ. Specifi-

cally, in line with Proposition 3, this first switch always takes place before a further decrease

of δ causes the equilibrium to switch again, to one where no disclosure is informative. The

driving force for this result is that, for any pair δ and q ∈ (0, 1) and a positive µ, the over-

all incentive that type
∼
s=U has to bluff (rather than not to bluff) optimally today is greater

than the overall incentive that a leader aware of
∼
v=v has from misleading (rather than lead-

ing) optimally today. To see it, let’s consider those insiders aware of |v| ≥ |µ|, who have the

highest incentive to mislead. Because [P(µ)− 0]=X (µ>0, |v| ≥ |µ|), the per-period extra-

payoff that type
∼
s=U achieves when bluffing (rather than not bluffing) equals the one that

type
∼
s=I ∧ |v| ≥ |µ|achieves frommisleading(rather than leading).Nonetheless, thediffer-

ent inter-temporal consequences that these two choices imply are such that, for an insider

that knows |v| ≥ |µ|—and thus for any type of insider—choosing to mislead today is over-

all less appealing than it is for type
∼
s=U to choose to bluff today. It follows that, over the

space in δ ∈ [0, 1) and q ∈ (0, 1], immediately below the upper region, there is an intermedi-

ate region, where the weight granted by L to future profits is not high enough to prevent him

from manipulating today when uninformed, but is still too high for a misleading behavior to

beabest reply.Twofinal remarks follow.

First, given any of the alternative signaling channels considered above, the model tells

us that, by increasing the number of non-strategically equivalent states of the world—that

is, by allowing a leader constrained on asset holdings either to observe
∼
v=v even in the first

auction or to be uninformed with positive probability less than 1 (or both)— in equilib-

rium manipulative attempts occur only if (but not if ) the trader repeatedly acquires private

information with probability q<1 and at the same time the state
∼
s=U is drawn.

28This relates to the fact that, as long as µ is positive, by leading optimally, an investor aware of |v|<|µ| or

|v| ≥ |µ| earns respectively more than or as much as what he gets, whenµ=0, from trading optimally.
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Second, for a leader that, when informed, learns
∼
v=v from the beginning of the period,

consider again public trade disclosure (a similar argument can be drawn for what pertains to

uncertified/non-factual announcements). In terms of equilibrium outcome, given the sym-

metric trigger strategy defined at the beginning of Section 6.2, the level of information

embedded in prices does not increase when a structural switch in the signaling channel

is examined, from one where only three signals (i.e., τ=−1, τ=0, and τ=1) to one where

infinite alternative signals (i.e., the exact quantity traded) can be publicly observed.29 How-

ever, when the latter channel is taken into account, provided the notion of defection trigger-

ing the Grim punishment is refined, for some pairs δ and q up to infinite other informative

equilibria can be identified, where the level of information reflected in prices is higher.

Nonetheless, none of these equilibria is a perfect separating one, where each type signals

differently.30

7 Further regulatory issues

In this section, we begin by studying the short-swing rule. To assess its implications for

market quality, attention is drawn to price-level efficiency on one side, and manipulative

behaviors on the other. In fact, regulators generally perceive an increase in the former

as a possible target; however, consensus exists on the latter harming market integrity. In

this respect, no synthetic index of market quality or price-level stability is generally ac-

cepted. Next, we explore the implications of a regulation mandating public pre-trade non-

anonymity.

29Even when the number of possible alternative signals is the highest, namely when considering a reg-

ulation which allows to voluntarily disclose trade size and mandates revelation of trade direction (or to

voluntarily disclose either trade size or trade direction or nothing), whether or not a pre-defection pricing

rule is such that P ς2 (τ=1, x1=0)=P ς2 (τ=1, x1=xL) only impacts on whether, in equilibrium, L decides to

disclose trade size too (resp., trade direction or trade size), as explained when characterizing the case in

which the insider, at each first auction, only observes
∼
v≷ 0 (see Section 6.2.1).

30To sustain the perfect separating equilibrium, the trigger strategy should be such that, when a type of

leader turns out to signal anything other than what only he is meant to send, a punishment follows. However,

at this candidate equilibrium, no type has any incentive to avoid the punishment. The main reason for this

relates to the fact that it impossible for any type, at each second round before defection, to benefit from a

reversal of the initial position, in that the market efficiency condition requires the price following a specific

signal to equal the type of leader who sent this signal. Not only is the per-period payoff following a perfect

revelation of L’s type never greater than what the same type achieves, in equilibrium, under A, but it is also

smaller than what this type gets from defecting optimally, which is why this trigger strategy is not justified.
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7.1 (Dis)advantages of the US short-swing rule

Very big stockholders, firms’ officers and principals on one side, and traders listed in

SEC Section 13 on the other, they are all forced by the SEC to disclose undertaken trades

publicly. However, only officers and principals are subject to a further restriction, SEC

Section 16(b). We investigate whether this extra rule is strictly necessary or beneficial.

When the short-swing rule is imposed, type
∼
s=U earns negative expected profits from a

reversal,which is always a dominated strategy.Nonetheless, the introduction of this restric-

tion does not automatically guarantee that uninformed manipulations do not occur any

more.

To see it, consider a two-round tradingmodel, anda fundamentalvalue
∼
v ∈ {−b, b}.

When the leader can trade up to an identical, finite quantity per round,under mandatory

trade disclosure, a unique equilibrium exists where, with respect to the case in which the

short-swing rule is not set (considered in Section 3.1), the behavior of the informed types

and the pricing rule coincide.An insider aware ofb (or−b)purchases (resp., sells)xL twice,

and the price following the disclosure of a purchase (resp., sale) equals qb (resp.,−qb). At

this equilibrium, for any q 6= 1, an uninformed leader manipulates, initially randomizing

with equal probability between a purchase and sale, but placing no further order in the

second auction. In fact, SEC Section 16(b) does not discourage this type from trading in

n=1, in which case he expects to earn 0 profits. By doing so, with respect to a situation

in which he is inactive, type
∼
s=U causes roundn=2 prices to shift less, and therefore any

informed type to earn more.

Under the assumption of an asset value
∼
v with two equally likely priors, let’s now fo-

cus on a leader with constrained asset holdings, who is subject to the US short-swing rule.

Among the different equilibria that arise, there exists a class of them in which a leader

that observes
∼
v=−b (orobserves

∼
v=b, or is uninformed) tradesx1=−xL (resp., tradesx1=xL ;

places any probability, also equal to0or1, on all roundn=1 trade quantities,x1=0 included)

and never trades afterwards, without being affected, in terms of payoffs, by the conse-

quences that a disclosed sale or purchase have on prices.Differently from the case in which

SEC Section 16(b) is not set and disclosures are believed not to be informative, by under-

taking a roundn=1 sale (or purchase), type
∼
s=U moves prices, a result which is clearly not

quite credible. In fact, in contrast with a situation where L can trade only up to an identical,

finite quantity per round, here the imposition of the short-swing rule causes type
∼
s=U to be

indifferent whether or not to place a first round order, as no other type benefits from this
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manipulative attempt. To account for this credibility matter, we invoke the following equi-

librium refinement.

Definition 3 When atypeof leader is indifferent whetherornot toplace orders atanyround,

this type opts for noorder submission,unless this choicecausesanother type toearn less.

When this criterion is invoked, ‘useless’ manipulations by a leader with constrained

asset holdings disappear, in that all the equilibria but those where type
∼
s=U is inactive are

eliminated. In fact, it is easy to show that no equilibrium exists where this type earns a

round n positive payoff (left to the reader). The equilibria surviving this refinement are

such that the price following the revelation of a sale or that of a purchase equals−b and

b respectively, and equals 0 otherwise. At these equilibria, a leader aware of
∼
v=−b (or

∼
v=b)

tradesx1=−xL (resp.,x1=xL) and, recalling that reversals are dominated, x2=0 with prob-

abilityψ ∈ [0, 1], andx1=0,x2=−xL(resp.,x2=xL) with probability 1− ψ. In particular, the

equilibrium whereψ equals 1 is the only one displaying robustness to a small probability

thatMexogenously learns
∼
v=v at the end of the first rather than of the second auction.

Finally, let’s consider again a leader,with a cap on total exposure,who is subject toSEC

Section 16(b), generalizing the analysis to the case of a non-degenerate random variable
∼
v∈V , and a period made ofN rounds. In this case, an equilibrium exists where any price

following the revelation of a first sale or of a first purchase equalsE[
∼
v|∼v<0] andE[

∼
v|∼v>0]

respectively, and equals 0 otherwise; while an uninformed leader never trades, one aware of
∼
v<E[

∼
v] (or

∼
v>E[

∼
v]) sells (resp., buys)xL inn=1, and does not trade afterwards. This equi-

librium is robust to a small probability that the market exogenously learns
∼
v=v at the end of

the first round.

Below we will refer to the latter equilibrium, to highlight advantages and disadvantages

implied by the imposition of the short-swing rule on a potential insider, subject to manda-

tory trade disclosure,who is constrained on asset holdings.

In caseN=2, with respect to the equilibrium in Proposition 3, while for δ<∇(q, µ=qξ)

the introduction of SEC Section 16(b) makes disclosures informative, for∇(q, µ=qξ) ≤ δ

<∆(q, µ=ξ) it also eliminates uninformed manipulations that would otherwise have oc-

curred. Conversely, for∆(q, µ=ξ) ≤ δ, this additional rule neither reduces manipulations—

which would have not arisen in any case—nor improves price efficiency.

The negative effect of SEC Section 16(b) is that, following a first disclosure, which we

explained to be fully informative, since this rule prevents reversals, in some instances it
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compromises any further revelation of information that the disclosure of an undertaken re-

versal (or its absence) would have conveyed otherwise. Let’s consider private information

that is sufficiently long-lived—that is, at each period, a sequence of at least three rounds

takes place. When the short-swing rule is not added, equilibria arise, where a leader re-

peatedly acquiring new information over time never manipulates and price efficiency is

higher, providing δ is sufficiently high. For simplicity’s sake, we refer to the case ofN=3

(forN>3, theargument issimilar).Specifically, inn=3, the signalτ ′∈ {−1, 0, 1} is released:

τ ′=1 (or τ ′=−1; or τ ′=0) reveals that in n=2 the leader bought (resp., sold; did not trade);

hence, Ω3={τ, τ ′}. When the statistical properties of
∼
v defined in Section 2 hold, equilibria

of this kind require a sequential condition, such that prices at period t react to disclosed

trades,unless disclosure moved prices away from the fundamental value in any of the t− 1

preceding periods. For instance, an equilibrium exists, where an uninformed leader never

trades, while a leader aware of
∼
v>0 behaves as follows (the strategy of one aware about

∼
v<0 is symmetric): In the first auction, he buysxL. Specifically, when

∼
v=v ∈ [0, ξ), he re-

verses his position up to the maximum capacity in roundn=2; then, if
∼
v=v ∈ [ξ, ξ), where

ξ=E[
∼
v|0 ≤∼v≤ ξ], this reversal is followed by a second reversal at the third auction—that is,

x3=2xL; conversely, if
∼
v=v ∈ (0, ξ), thenx3=0. When

∼
v=v ∈ [ξ, b], he does not trade in the

second action; then, if
∼
v=v ∈ [ξ, ξ), where ξ=E[

∼
v|ξ ≤∼v≤ b], he reverses his position up to

the maximum capacity at the third auction; conversely, if
∼
v=v ∈ [ξ, b], thenx3=0. For what

concerns equilibrium prices, following an initial purchase, at the second auction the price

responseP2(τ=1) equals ξ, while at the third auctionP3(τ=1
τ ′=−1) andP3(τ=1

τ ′=0) equal ξ and ξ re-

spectively; symmetrically, following an initial sale, we haveP2(τ=−1)=−ξ,P3(τ=−1
τ ′=1 )=−ξ,

andP3(τ=−1
τ ′=0 )=−ξ; finally, not onlyP1(·) andP2(τ=0), but alsoP3(τ=0, ·), equal 0. Interest-

ingly,by trading in roundn=1and not trading inn=2, absence of disclosure at the beginning

ofn=3moves prices at that round.AbsolutecontinuityofF (
∼
v)and symmetryoff(

∼
v)canbe

easily relaxed, and amoregeneral set of restrictions that includesR1–R4 identified.

Thisoutcomesuggestssomereflectionsabout theunconditional introductionof theshort-

swing rule,which in some instances is successful, but inothers isnot.

The predictions presented in this subsection are robust, in two further respects. Under

SEC Section 16(b), the results are unaffected if L,when informed,already learns
∼
v=v rather

than
∼
v≷ E[

∼
v] inn=1.Traded quantities and price responses (as a function of the state of the

world)do not change in equilibrium,when the regulation mandates trade size disclosure.
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7.2 Public pre-trade non-anonymity

Public pre-trade disclosure characterizes markets in which, while placing orders, each

investor is mandated to reveal his identity, together with information concerning (at least)

the direction of the submitted quantity.

First we analyze the case of a mandatory disclosure of order direction, when no order

size can be disclosed. Under mandatory order size disclosure, or when order direction is

mandatory and order size is voluntary, the derivation of the equilibrium is similar, and

left to the reader. Then we refine beliefs according to Definition 3. When this criterion is

invoked, as long as at least the direction of orders is compulsorily revealed to the public,

prices do not shift because the potential insider prefers to stay out of the market.

A distinguishing feature of all the following results is that their derivation does not de-

pend on the maximum quantity that L can trade per round. In the analysis, we refer to an in-

vestor that, with probability q, observes
∼
v=v from the very first of a finite number of auction.

Even though, for simplicity, this trader isassumed tobe small, in theend wewill explainwhy

this assumption can be relaxed without affecting the equilibrium outcome, which does not

depend on how informative the order-flow is. For what concerns the asset value properties,

the results below hold for any non-degenerate random variable
∼
v∈V , whose support lower-

and upper-bound aredenotedwith b∈ <and b∈ < respectively.

We will show that, unless b= −b=∞, alternative trading strategies can be part of an

equilibrium. Moreover, when the probability that
∼
v equals b (or b) is positive—which is the

case for discrete and (several) mixed distributions—alternative pricing rules can be justi-

fied. Nonetheless, we will see that, by invoking the refinement of beliefs in Definition 3, the

equilibrium surviving thecriterion will be unique and will hold for any randomvariable.

Consider a regulation such that, as soon as an order is submitted—that is, before the

price is set—the leader has to disclose whether he is undertaking a purchase or a sale. In

detail, at the very beginning of roundn ∈ {1, .., N}, the signal §n∈ {−1, 0, 1} is released,

where§n=1 (or§n=−1; or§n=0) implies that L is submitting a buy(resp., a sell; no) order in

n.31 In this context, it follows that the pricing rule,P=〈 P1, .., Pn 〉, is such that the function

Pn: {−1, 0, 1}n→ [b, b]depends on all the orders placed by L until that auctionn(included).

31In order driven markets, at each round, it does not matter whether the signal is sent before or after the

associated order submission, provided the price is set after the signal is sent. Specifically, order submission

and signal disclosure are assumed to occur in separate steps, to emphasize the distinction between how

much information concerning a submission—namely, order direction or order size—has to (or, in the case

of voluntary trade size disclosure, can) be publicly revealed on one side, and how much L submits on the
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To derive the equilibrium, a key step consists of focusing on the last auction,N . First

notice that, by not trading, L earns 0 profits, no matter where PN(§1, .., §N=0) lies. Sec-

ond, suppose that L is signaling §N=−1 (the argument is symmetric when the leader sig-

nals §N=1).32 Because any type of leader aware (at least in expectation, if
∼
s=U ) of

∼
v=

v>PN(§1, .., §N=−1) prefers not to trade rather than to sell inN , only a type aware(at least

in expectation) of
∼
v=v ≤ PN(§1, .., §N=−1) can be the one that sends this signal. In partic-

ular, if this latter type earns a positive round N payoff, then the pricing rule is wrong. This

is because PN(§1, .., §N=−1) turns out to be strictly greater than the expected asset value

conditional on the information available, unless every type aware (at least in expectation)

of
∼
v=v<PN(§1, .., §N=−1) earns even more from purchasing in N , in which case—for an

analogous argument—the price PN(§1, .., §N=1) turns out to be strictly smaller than what

it should be. It follows that a pricing rule is justified if it is such that every type of leader

aware(at least inexpectation) that
∼
v is different fromPN(§1, .., §N=−1)andPN(§1, .., §N=1)

strictly prefers to signal §N=0. Specifically: (i) As long as a ‘perfect revelation’ of the

investor’s type at any previous auction has not yet occurred, PN(§1, .., §N=−1)=b (or

PN(§1, .., §N=1)=b) is the sole price response that causes every type of leader but that

aware of
∼
v=b (resp.,

∼
v=b) not to sell (resp., not topurchase) inN . Given this price response,

an investor that observes
∼
v=b (resp.,

∼
v=b) weakly prefers to disclose §N=−1 (resp., §N=1),

earning as much as he achieves when he does not trade inN , namely0.33 (ii) If L’s type has

already been perfectly identified in a specific auctionn<N , the leader in question earns a

roundN payoff equal to 0. In fact, no matter whether he submits a buy, a sell, or no order

inN—an action that depends on the position limit to which L is subject, if any—the price

pN will not shift from the correct price already set inn.

Inconclusion,although L’saction inroundN dependson pastevents—namely,onhisac-

tion and M’s pricing rule at any previous auction—in equilibrium the payoff that L achieves

from selecting one roundN best response or another is independent of past history, in that

he always earns a roundN payoff equal to 0. Thus, while deriving L’s inter-round equilib-

riumactions,roundN canbetreatedseparatelyfromthefirstN − 1auction,becauseL’sinter-

temporal choice up to roundN (excluded) is not affected by his decision in this latter round.

other. The analysis is unaffected when we consider price-driven markets, in which orders are executed

after the price is set, provided the round n announcement about a forthcoming round n purchase or sale

takes place before the price is formed. Otherwise, no departure from post-trade disclosure would effectively

occur.
32Under the tricky assumption of a leader constrained on asset holdings, which causes the set of possible

actions in round N to be function of the submission at all previous rounds, at this stage it is understood that

selling in N is a feasible action. Below it will be clear that this conjecture is innocuous.
33In particular, even when L is constrained on asset holdings, not trading is always a feasible action.
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Now,consideronly thefirstN − 1auctions.Focusingon thenew‘last round’—that is, round

N − 1—thesameconclusions reachedwhenanalyzingroundN canbedrawn.Followingthis

logicalprocess,wenote that L’s inter-termporalchoice ateachround isnotaffected byhisde-

cision in any future round. The payoff he achieves from selecting a best roundn response or

another equals 0, no matter what equilibrium action L and M play at any other past or future

auction.

In equilibrium, (i) until the round in which a perfect revelation of the type occurs (in-

cluded), an investor aware (at least in expectation, if
∼
s=U ) of b<v<b does not submit or-

ders at any round. Indeed, for supports of
∼
v bounded on the left (or right), a leader that ob-

serves
∼
v=b (resp.,

∼
v=b) randomizes with any probability—even 0 or 1, and not necessarily

equal withinrounds—betweenselling (resp.,purchasing) anyquantity and not trading.Con-

versely, (ii) from the round following a perfect revelation of the trader onwards, any type of

leader places anyprobability oneach feasible action,givenhis position limit.

For what concerns equilibrium prices, before a first order is placed, they equalE[
∼
v]

at any round, unless either
∼
v=b or

∼
v=b has positive mass, in which cases, depending on

beliefs, an initial lack of submissions may shift prices and, in some instances, lead to a

perfect revelation of the type (see Internet Appendix C). In case an initial series of missed

submissions does not perfectly reveal L’s type, a perfect revelation occurs as soon as L

submits a first order, which shift prices to bor bdepending on whether this submission is a

sell or a buy order respectively.

Whether the cap on total exposure (or the quantity that the potential insider is allowed

to submit per round),xL, is negligible or not, and in the latter case, whetherxL is finite or

equal to∞, does not play a role in the determination of these equilibria. In other words, the

associated outcomes do not depend on the leader being a small or a large investor. In fact,

focusing on the derivation of the results above, it is clear that, even when only the order di-

rection has to be mandatorilydisclosed, theprice at roundn doesnot depend on the past and

present order-flow, {x1+
∼
u1, .., xn+

∼
un}, because {§1, .., §n} turns out to be a sufficient statis-

tic for{§1, .., §n, x1+
∼
u1, .., xn+

∼
un}with respect to

∼
v. Thus, not only the support of

∼
un can be

bounded. Anyspecificationabout theproperties of thenoise traders’demand isacceptable.

When thecriterion inDefinition3 is invoked, assetvalueproperties no longerplay a role.

A unique equilibrium survives this refinement. At this equilibrium, L never submits orders

and Pn(§i=0,∀i ∈ {0, .., n})=E[
∼
v]. In fact, denoting withλ ∈ {1, .., N} the first round in

which L places an order, the equilibrium price responses Pn∈{λ,..,N}(§i=0, §λ=−1,∀i<λ)=b

and Pn∈{λ,..,N}(§i=0, §λ=1, ∀i<λ)=b represent an implicit threat that makes any type of
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leader at least weakly prefer inactivity to any other strategy. By deciding not to trade at any

auction, neither type b nor type b causes any other type to experience a payoff reduction.

Therefore, given our restriction on beliefs, every type of leader prefers not to trade at all.

To sum up, refining beliefs in the way we suggested, a clear result is derived. A regula-

tion mandating at least pre-trade disclosure of order directions keeps the potential insider

away from the market. This result is independent of (i) the asset value statistical properties,

(ii) the size of L, (iii) the position limit to which L is subject, and (iv) the noise traders’ de-

mand.

8 Conclusion

The present article studies public disclosure of inside statements by ‘small’ investors, who

exchange without being spotted, and develops a comprehensive theory of market non-

anonymity that brings several novel results of concern to investors and regulators.

First, we examine the effects of a regulation mandating investors to publicly certify trades

undertaken. The analysis reduces regulators’ concerns about this form of disclosure. In fact,

only in specific instances will a trader with constrained asset holdings manipulate when unin-

formed.Assetvalueproperties,marketbeliefs, inter-temporalchoices,andinvestors’charac-

teristics play a role. The divergence with which different regulations list the investors and the

conditions (on allowed delay and on minimal exchanged quantity) to report trades confirms

how a consensus on who best should disclose has not yet been reached. On this front, the so-

lution to the problem of a trader who is in the position repeatedly to acquire new inside infor-

mation indicates that, if prices react to current disclosures, those traders who are less likely to

be informed (e.g., investors not directly involved in the firm’s management) tend to under-

take uninformed manipulations; conversely, those who are more likely to be informed (e.g.,

CEOs) tend not to manipulatewhenunawareaboutelements thatwill affect the fundamental

value. Actually, the SEC obliges also principal stockholders to disclose their trades. In this

respect, our study highlights that, by allowing for a sufficient delay in reporting trades, even

thesebig investors—insteadofdissimulating,when informed, to reduce the leakageof inside

information—will behave similarly to small-sized traders, breaking down each pre-decided

order into several small chunks.

The second but most important result of this article is that mandating trade revelation is

unnecessary. In fact,undermandatorydisclosure,our trader turnsout toachieve ahigherpay-

off compared to the case of no public disclosure. Therefore, by changing the regulation and
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making trade reporting not compulsory, any time the price is known to react to current disclo-

sures, theinvestor turnsout tohaveall theincentives totradeasbefore,voluntarilyrevealingto

thepublicanytransactionundertakenimmediatelyafterhavingexchangeduptohis(privately

known) maximum. Not only does this result indicate that there is no need to enforce trade

reporting with punitive laws or invigilation, nor to study which delay to allow in publicizing

trades. It also revealsa link to thestrainof literatureon(uncertifiedornon-factual) announce-

ments in capital markets, upon which we improve by getting over the assumption of a truth-

ful or honest insider.34 Rather, truthfulness or honesty are entirely derived at the equilibrium.

As for the revelation of certified trades, we show that informative disclosures occur voluntar-

ily, except when the fundamental value is constrained to two possible realizations, in which

case meaningful voluntary disclosures cannot be modeled. In particular, when the market in-

terprets anon-factual message as favorable/unfavorable, even in this case prices react as they

do followingthedisclosureofacertifiedpurchase/sale,namelythekindof transactionthat the

investor actually undertakes in secret before disclosing that non-factual message. Hence, in

thoseinstanceswhereinvestorsmanipulate, requiringthemtocertifytheir tradesdoesnotpre-

vent the price from moving accidentally in the opposite direction with respect to the real asset

value. In fact, “actions do not speak louder than words”. Still, because of its fast operating

time, certifying trades electronically may guarantee a higher chance that the signal reaches

the public before inside information reaches its end time. Consequently, electronically cer-

tified trades may allow for higher levels of price efficiency over time, together with a higher

incident of possible price overshooting, which ultimately represents the goal for whose

achievement the insider discloses voluntarily.

Finally, the imposition of two alternative rules is modeled. The US short-swing rule en-

sures that any otherwise appealing deceptive aim is not pursued. However, its unconditional

adoption hasdrawbacks.Publicpre-tradenon-anonymity keeps insiders awayfromthemar-

ket, yet thismeasure implies the lowestpriceefficiency level.

To conclude, the smallness assumption in terms of price impact makes our model fairly

tractable, and allows to generalize the analysis in different dimensions (e.g., that of the fun-

damental value distribution), with predictions that are robust in many respects. In particular,

the results pertaining to the revelation of certified transactions hold for several combinations

of provision for order direction and order size disclosure. By questioning which combination

34With the exception of the uncertified revelation of trades—whose truthfulness is often enforced (at

least on paper) by vigilance, preventing any lying about relevant facts—for what concerns the production

of non-factual messages, truthfulness (even when the message makes some reference to inside information)

and honesty are generally hard to verify and interpret respectively, and thus not enforceable (see also BL, p.

947). Hence a priori it is difficult to reconcile this moral conduct with that of profit-maximizing traders.
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of factors drives each of our results, this article also helps us to understand better the determi-

nants for a number of important predictions in literature, from which ours differ. Because of

itssimplicity, thepresentanalytical frameworkrepresentsanidealbenchmarktowhichfuture

research can refer to measure and refine our knowledge or challenge the policy implications

derivedherein.

Appendix

Derivation of S in Lemma 3. For an infinite horizon, with M’s strategy held fixed, by

defecting atperiod t=1, L’s expected profits from t=2on (discounted to t=1) equal δ
1−δqxLξ;

by not defecting in t=1, they equal δS, whereS also depends on q, δ,µ. To underline it, we

writeS(q, δ, µ,
_
α,

_

β). In particular,S=
∑∞

i=0δ
iWi+1,where:

W1=q[
_
α · M(µ)+(1− _

α) · L(µ)]+(1− q)
_

β · P(µ), (6)

Wj+1=
_
αq2xLξ+q(1− _

α)W j+(1− q)(1−
_

β)W j+
(1− q)

_

β

2
Wj+

(1− q)
_

β

2
qxLξ, ∀j>1, (7)

whichcanbewrittenas:Wj+1=γ+ϕW j ,∀j>1,whereγ=[q
_
α+

(1−q)
_

β
2

]qxLξ,ϕ=[2(1−q _
α)−

_

β(1−q)
2

].

Thisis afirstorder linear differenceequation.Thus:Wj+1=γ[
∑j−1

i=0ϕ
i]+ϕjW1=γ 1−ϕj

1−ϕ +ϕjW1.

It follows that:

S=
∑∞

i=0δ
i[ϕiW1+γ

1− ϕi
1− ϕ ]=

W1+ δ
1−δγ

1− δϕ . (8)

The series converges if |δϕ|<1, which is always verified, because 0 ≤ δ<1 and 0 ≤ ϕ ≤ 1.

In fact: (i)ϕ ≤ 1 ∴ −2q
_
α−

_

β(1− q) ≤ 0, and (ii) 0 ≤ ϕ ∴ 0 ≤ 2(1− q _
α) −

_

β(1− q) ∴
q(2

_
α−

_

β) ≤ 2−
_

β, which holds whenever
_
α∈ [0, 1]∧

_

β∈ [0, 1] ∧ q ∈ (0, 1]. It is also easy

to check that δ
1−δqxLξ<δ·S, ∀δ>0 ∧ µ>0.

51



Public Disclosure by "Small" Traders Luca Gelsomini

References

I Aggarwal, Rajesh K., and Guojun Wu, 2006, Stock Market Manipulation, Journal of

Business 79, 1915-1953.

I Allen, Franklin, and Douglas Gale, 1992, Stock-Price Manipulation, Review of Finan-

cial Studies 5, 503-529.

I Allen, Franklin, Lubomir Litov, and Jianping Mei, 2006, Large Investors, Price Manipu-

lation, and Limits to Arbitrage: An Anatomy of Market Corners, Review of Finance 10, 645-

693.

I Aumann, Robert J., and Michael B. Maschler, 1995. Repeated Games with Incomplete

Information (MIT Press, Cambridge, Massachusetts).

I Benabou, Roland, and Guy Laroque, 1992, Using Privileged Information to Manipulate

Markets: Insiders, Gurus, and Credibility, Quarterly Journal of Economics 107, 921-958.

I Brunnermeier, Markus K., and Lasse H. Pedersen, 2005, Predatory Trading, Journal of

Finance 60, 1825-1863.

I Caldentey, René, and Ennio Stacchetti, 2010, Insider Trading with a Random Deadline,

Econometrica 78, 245-283.

I Engelberg, Joseph E., and Christopher A. Parsons, 2011, The Causal Impact of Media

in Financial Markets, Journal of Finance 66, 67-97.

I Fidrmuc, JanaP.,AdrianaKorczak,andPiotrKorczak,2011,Whyareabnormal returnsaf-

terinsidertransactionslargerinbettershareholderprotectioncountries?,SSRNWPn.1344042.

I Fishman, Michael J., and Kathleen M. Hagerty, 1995, The Mandatory Disclosure of

Trades and Market Liquidity, Review of Financial Studies 8, 637-676.

I Friedman, James W., 1971, A Non-cooperative Equilibrium for Supergames, Review of

Economic Studies 28, 1-12.

I Goldstein, Itay, and Alexander Guembel, 2008, Manipulation and the Allocation Role

of Prices, Review of Economic Studies 75, 133-164.

I Goldwasser, Vivien, 1999. Stock Market Manipulation and Short Selling (University of

Melbourne, Australia).

I Harris, Larry, 2002. Trading and Exchanges: Market Microstructure for Practitioners

(Oxford University Press, New York).

I Hart, Oliver D., 1977, On the Profitability of Speculation, Quarterly Journal of Eco-

nomics 91, 579-597.

I Huddart, Steven, John S. Hughes, and Carolyne B. Levine, 2001, Public Disclosure and

Dissimulation of Insider Traders, Econometrica 69, 665-681.

I IOSCO, 2000. Investigating and Prosecuting Market Manipulation (Available from

52



Public Disclosure by "Small" Traders Luca Gelsomini

http://www.iosco.org/library/pubdocs/pdf/IOSCOPD103.pdf).

I John, Kose, and Ranga Narayanan, 1997. Market Manipulation and the Role of Insider

Trading Regulations. Journal of Business 70, 217-247.

I Klumpp, Tilman, 2007, Communication in Financial Markets with Several Informed

Traders, Economic Theory 33, 437-456.

I Kreps, David M., and Robert Wilson, 1982, Sequential Equilibria, Econometrica 50, 683-

894.

I Kyle, Albert S., 1985, Continuous Auctions and Insider Trading, Econometrica 53, 1315-

1336.

I Kyle, Albert S., 1989, Informed Speculation with Imperfect Competition, Review of

Economic Studies 56, 317-356.

I Kyle, Albert S., and S. Viswanathan, 2008, How to Define Illegal Price Manipulation,

American Economic Review Papers & Proceedings 98, 274-279.

I Laffont, Jean-Jacques, and Eric S. Maskin, 1990, The Efficient Market Hypothesis and

Insider Trading on the Stock Market, Journal of Political Economy 98, 70-93.

I Leland, Hayne E., 1992, Insider Trading: Should it Be Prohibited?, Journal of Political

Economy 100, 859-887.

I Milgrom, Paul R., and Nancy Stokey, 1982, Information, Trade and Common Knowl-

edge, Journal of Economic Theory 26, 17-27.
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Fig. 1. Timing of events in the single period.

Fig. 2. Behavior of µ (equilibrium price shift following trade disclosure) for each pair

δ and q (inter-period discount factor and probability that L is informed over time respec-

tively) in the case of a fundamental value
∼
v∼ U [−1, 1]. Notes: The white area coincides

with µ=0 (M never conditions on disclosed trades).
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Internet Appendix
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Internet Appendix A

Proof of Proposition 1. For any possible pricing rule such that p1=0 and that∃τ : P 2(τ)

6= 0, we prove the following. (I) Assuming an insider that observes
∼
v=v even inn=1, derive

each type of insider’s optimal strategy,X(
∼
s=I∧∼v=v). HoldingX fixed and inverting it to

make the information possessed by L explicit, we show that, when M is replying to at least

half of the types of insider—thosebelongingeither to [−b, 0)or (0, b]—contradictions arise,

in that he sets eitherP2(τ= · , X)=E[
∼
v | ∼v=v<0]>0 in response to the disclosure by each

leader aware of
∼
v=v<0, orP2(τ= · , X)=E[

∼
v | ∼v=v>0]<0 in response to the disclosure by

each leader aware of
∼
v=v>0. (II) When in n=1 the insider only observes whether

∼
v<0

or
∼
v>0, the price that M sets in round n=2 in response to at least one of the two types of

insider turns out to lie over (0, b] (or [−b, 0)) when L observes
∼
v<0 (resp.,

∼
v>0).

(I) Eight cases (from C1 to C8) representing all the possible combinations of M’s

strategy profiles can be identified.

C1: P2 (τ=1)≥ 0 ∧ P 2 (τ=0)≥ 0 ∧ P 2 (τ=−1)≥ 0. Given this strategy profile, the

following sub-cases can be identified. (i) When P2(τ)=0,∀τ , no contradiction of the sort

described above arises. (ii) When at least one, but not every, signal τ=i causes P2(τ=i) to

equal 0, the best response by an insider aware of
∼
v=v<0, X(

∼
s=I∧∼v=v<0), is such that

τ 6= i. To see it, it is sufficient to notice that, in case P2(τ=1) (orP2(τ=0); orP2(τ=−1)):

(ii.a) equals 0, an insider aware of
∼
v=v<0 that decides to signal τ=1 (resp., τ=0; τ=−1)

cannot do any better than trading in such a way that x1+x2=−xL, earning xLv; (ii.b) dif-

fers from 0, the strategy 〈x1=xL;x2=−2xL〉 (resp., 〈x1=0;x2=−xL〉; 〈x1. 0;x2. −xL〉)
allows each type

∼
s=I∧∼v=v<0 to earn more than xLv.35 Holding X fixed, we have that

P2(τ 6= i,X)= E[
∼
v | ∼v=v<0]>0, which is a contradiction. Finally, (iii) when P2(τ)>0,∀τ ,

35The symbols & and . stand for just greater than and just smaller than respectively.

1
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any response X by each type
∼
s=I∧∼v=v<0 is such that P2(τ= · , X)=E[

∼
v | ∼v=v<0]>0.

C2: P2 (τ=1)≤ 0 ∧ P 2 (τ=0)≤ 0 ∧ P 2 (τ=−1)≤ 0. This case is symmetric to C1.

C3: P2 (τ=1)>0 ∧ P 2 (τ=0)≥ 0 ∧ P 2 (τ=−1)< 0. Given this pricing rule, the strat-

egy X=〈x1=−xL;x2=2xL〉 strictly dominates any other, provided the potential insider

observes
∼
v=v>max {0; ζ; ε}, where ζ=P2(τ=−1)+P2(τ=1) and ε=P2(τ=−1)+

P2(τ=0)
2

. 36

It follows that, as long as max {ζ; ε} ≤ 0, each type aware of
∼
v=v>0 prefers X . Hold-

ing X1(
∼
s=I ∧ {ζ; ε} ≤ 0<v) =−xL fixed, we have that 0>P2(τ=−1, X)=E[

∼
v | ∼v=v>0],

∀v>0, which is a contradiction.

Now we show that, when M is replying to any type of insider aware of
∼
v=v<0 with the

pricing rule in C3, contradictions arise, provided max {ζ; ε}>0.

Before we proceed, the following intermediate results need to be established. From an in-

sider perspective: (i) When
∼
v=v<0, the strategy 〈x1=xL;x2=−2xL〉 (or 〈x1=0;x2=−xL〉)

strictly dominates any other strategy such that x1>0 (resp., x1=0). (ii) When v ≤ P 2(τ=−1)

<0, both 〈x1=xL;x2=−2xL〉 and 〈x1=0;x2=−xL〉 also strictly dominate any strategy such

thatx1<0. (iii)WhenP2(τ=−1)<v<0, the strategy〈x1=xL;x2=−2xL〉(or〈x1=0;x2=−xL〉)
strictly dominates 〈x1=−xL;x2=2xL〉 (which dominates any alternative strategy such that

x1<0) only if xLv − 2xL[v − P 2(τ=1)] (resp., −xL[v − P 2(τ=0)]) is strictly greater than

−xLv+2xL[v − P 2(τ=−1)], that is only if v<ζ (resp., v<ε). (iv) When
∼
v=v<0, if

P2(τ=1)> P2(τ=0)
2

(or P2(τ=1)=
P2(τ=0)

2
; or P2(τ=1)<P2(τ=0)

2
), the profits that an insider

earns from playing 〈x1=xL;x2=−2xL〉 are greater than (resp., equal to; smaller than) those

from playing 〈x1=0;x2=−xL〉.
As a consequence of the results at point i, ii, iii, and iv, when max {ζ; ε}>0, the follow-

ing conclusions can be drawn. (a) Suppose that P2(τ=1)>P2(τ=0)
2

. (a.i) If ζ>0, no matter

which value ε assumes, then each type
∼
s=I∧∼v=v<0 strictly prefersX=〈x1=xL;x2=−2xL〉

to any other strategy. Holding X fixed, it follows that 0<P2(τ=1, X)=E[
∼
v | ∼v=v<0],

∀v<0, which is a contradiction. (a.ii) The remaining sub-case, namely the one of ζ ≤ 0<ε,

is not of interest. In fact, making the condition on ζ and ε explicit, it follows that it refer to

a situation where P2(τ=−1)+P2(τ=1) ≤ 0<P2(τ=−1)+
P2(τ=0)

2
∴ P 2(τ=1)<P2(τ=0)

2
, which

is not a possibility, being the case in question—i.e., point a—the one of P2(τ=1)>P2(τ=0)
2

.

36To see it, consider an insider that observes
∼
v=v>0. First notice that any alternative strategy

such that x1<0 makes this type earn smaller profits. Second, while for v ≥ P 2 (τ=1) we have that

〈x1=−xL;x2=2xL〉 � 〈 x1>0, x2= · 〉, on the contrary, for 0<v<P2 (τ=1) we have that the strat-

egy 〈x1=−xL;x2=2xL〉 strictly dominates 〈x1=xL;x2=−2xL〉 (which strictly dominates any alternative

strategy such that x1>0) only if {−xLv+2xL[v − P 2 (τ=−1) ]}>{xLv − 2xL[v − P 2 (τ=1) ]} ∴ v>ζ.

Third, while for v ≥ P 2 (τ=0) we have that 〈x1=−xL;x2=2xL〉 � 〈 x1=0, x2= · 〉, on

the contrary, when 0<v<P2 (τ=0) we have that the strategy 〈x1=−xL;x2=2xL〉 strictly domi-

nates 〈x1=0;x2=−xL〉 (which strictly dominates any alternative strategy such that x1=0) only if

{−xLv+2xL[v − P 2 (τ=−1) ]}>{−xL[v − P 2 (τ=0) ]} ∴ v>ε.

2
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(b) Suppose that P2(τ=1)=
P2(τ=0)

2
(case in which P2(τ=0)>0 for sure). This condition

on prices implies that ζ=ε. Thus, the only relevant sub-case to be studied is the one of

ζ=ε>0. In this instance, each insider aware of
∼
v=v<0 replies by randomizing between

〈x1=xL;x2=−2xL〉 and 〈x1=0;x2=−xL〉. Holding the trading strategy by each of these

types of insider fixed, regardless of the probability with which he initially buys or does

not trade (even 0 or 1), the price in response to his disclosure turns out to lie above 0,

which is a contradiction. (c) Suppose that P2(τ=1)<P2(τ=0)
2

(case in which P2(τ=0)>0

for sure). (c.i) If ε>0, no matter which value ζ assumes, then each type
∼
s=I∧∼v=v<0

strictly prefers X=〈x1=0;x2=−xL〉 to any other strategy. Holding X fixed, it follows that

0<P2(τ=0, X)=E[
∼
v|∼v=v<0],∀v<0,whichis acontradiction. (c.ii)The remaining sub-case,

namely theone ofε ≤ 0<ζ , is not of interest. In fact,making the condition onεandζ explicit,

it follows thatP2(τ=−1)+
P2(τ=0)

2
≤ 0<P2(τ=−1)+P2(τ=1) ∴P2(τ=0)

2
<P2(τ=1),which is not

a possibility, being the case in question—i.e., point c—the one ofP2(τ=1)<P2(τ=0)
2

.

C4: P2 (τ=1)> 0 ∧ P 2 (τ=0)≤ 0 ∧ P 2 (τ=−1)<0. This case is symmetric to C3.

C5: P2 (τ=−1)≥ 0 ∧ P 2 (τ=0)≥ 0 ∧ P 2 (τ=1)< 0. If
∼
v=v>0, it can be shown that

buying a negligible quantity in n=1 and buying again up to the maximum capacity in n=2,

that is 〈x1& 0;x2. xL〉, dominates any other strategy. However, holding X1(
∼
v=v>0)=x1

& 0 fixed, it follows that 0>P2(τ=1, X)=E[
∼
v | ∼v=v>0], a contradiction.

C6: P2 (τ=−1)> 0 ∧ P 2 (τ=0)≤ 0 ∧ P 2 (τ=1)≤ 0. This case is symmetric to C5.

C7: P2 (τ=0)> 0 ∧ P 2 (τ=1)≤ 0 ∧ P 2 (τ=−1)≤ 0. The following sub-cases can be

identified. (i) ForP2 (τ 6= 0)=0, we end up in case C1. (ii) ForP2(τ 6= 0) 6= 0, each insider

aware of v>0, for example, strictly prefers 〈x1=xL;x2=0〉 to 〈x1=0;x2= · 〉, which means

that he signals in a way that pushes p2 below 0. (iii) For P2(τ=1)=0 ∧ P 2(τ=−1)<0 (or

P2(τ=1)<0 ∧ P 2(τ=−1)=0), each insider aware ofv>0strictly prefers〈x1=−xL;x2=2xL〉
(resp.,〈x1& 0;x2. xL〉) to any other strategy.The price response to the behavior by each of

these types in such that0>P2(τ=−1, X)=E[
∼
v|∼v=v>0](resp.,0>P2(τ=1, X)=E[

∼
v|∼v=v>0]).

C8: P2 (τ=0)< 0 ∧ P 2 (τ=1)≥ 0 ∧ P 2 (τ=−1)≥ 0. This case is symmetric to C7.

(II) Notice that, in response to a pricing rule, if all types of leader already aware,

in round n=1, of
∼
v=v>0 (or

∼
v=v<0) prefer to submit a specific order x1∈ [−b, b]—

alternatively, if they are indifferent about placing a specific round n=1 order or another—

then a leader that in n=1 only observes
∼
v>0 (resp.,

∼
v<0) displays an identical preference

over actions.

Because in part I we showed that, in response to a pricing rule such that p2=0 and that

∃τ : P 2(τ) 6= 0, each type of insider aware of either
∼
v=v<0 or

∼
v=v>0 places an iden-

tical first round order, x1, which causes contradictions to arise, it follows that, when in

round n=1 the insider is only aware of whether
∼
v<0 or

∼
v>0, the best reply X by either

3
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type
∼
s=I∧∼v<0 or type

∼
s=I∧∼v>0 is such that P2 (τ=·, X)=E[

∼
v | ∼v<0]>0 or P2 (τ=·, X)=

E[
∼
v | ∼v>0]<0 respectively.

Proof of Lemma 1. Consider the case of µ>0. To model L’s behavior, let’s introduce an

auxiliary random variable,
∼
α, which (without loss of generality) has the following propri-

ety:
∼
α ∼ U [0, 1]. For a leader that decides to mislead rather than lead with probability

_
α:

(i) If
∼
α ≥ _

α, then: (i.a)When 0<
∼
v=v<µ (or 0>

∼
v=v>−µ), case that happens with probabil-

ity 2 [F (µ)− F (0)], buying (resp., selling) a quantity xL in n=1 and reversing this position

in n=2 by selling (resp., buying) xL and continuing selling (resp., buying) an extra quan-

tity xL is the optimal strategy if L decides to trade in two rounds. Besides, trading in two

rounds dominates trading only in one. (i.b) When
∼
v=v ≥ µ (or

∼
v=v ≤ −µ), case that hap-

pens with probability 2 [F (b)− F (µ)], buying (resp., selling) up to xL in n=1 or in n=2

and then waiting up to public revelation of
∼
v=v dominates buying (resp., selling) a positive

quantity in both rounds. In n=1, L still does not know
∼
v=v; thus buying (resp., selling) up

to xL in n=1 dominates doing it in n=2 because, if L traded only in n=2, with probability

Pr(0<v<µ) he would miss the opportunity to profit by subsequently reversing his posi-

tion, in the manner explained above. (ii) If
∼
α<

_
α, L’s optimal strategy is to trade x1=−xL

(or x1=xL) when
∼
v>0 (resp.,

∼
v<0) and reverse his position up to the limit capacity in n=2.

Proof of Proposition 2. First we find
_
α∗I that maximizes L’s discounted expected profits

over periods. In details,
_
α∗I=arg max

_
α
E [Π], whereE [Π]=T +κ {T +κ {T +κ {...}}}= T

1−κ ,

T =
_
α · M (µ)+(1− _

α) · L (µ)+
_
α δxLξ

1−δ , and κ=δ (1− _
α). Notice that δ R δ∇→∂E[Π]

∂
_
α
Q 0.

Thus, (i) If δ ≥ δ∇, L’s best response is to set
_
α∗I=0. Holding L’s optimal strategy fixed,

consider M’s initial pricing rule. For µ=ξ, we have an equilibrium. Since 0<δ∇<1, some

economies such that δ ≥ δ∇ always exist. (ii) If δ ≤ δ∇, L’s best response is to set
_
α∗I=1.

Holding L’s optimal strategy fixed, for µ 6= 0 contradictions arise. Providing L replies as

he does in equilibrium when no repetition of the single-period occurs, then µ=0 is justified.

Proof of Lemma 2. Consider the case of µ>0. To model the behavior of type
∼
s=U ,

without loss of generality two new auxiliary random variables,
∼
β∼ U [0, 1]and

∼
z∼ U [0, 1],

are introduced. For a leader that decides to bluff rather than not to bluff with probability
_

β: (i) If
∼
β ≥

_

β, case in which L does not trade in n=1, any probability (also equal to 0 or

1) placed on all round n=2 trade quantities (x2=0 included) implies an ax ante per-period

4
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profits equal to 0. (ii) If
∼
β<

_

β and
∼
z ≥ _

z (or
∼
z<

_
z), buying (resp., selling) a quantity xL in

n=1 and selling (resp., buying) a quantity 2xL in n=2 is the optimal strategy, which makes

L earn under expectation P(µ)=
∫
∼
v
{ xL(−1) (−µ) +xL[

∼
v−(−µ)] } f(

∼
v)d

∼
v=2µxL>0 per

period.

Proof of Proposition 3. For µ>0, we prove only that (a) if δ>∆(q, µ), then
_
α∗I=

_

β
∗U

=0;

(b) if δ=∆(q, µ), then either
_
α∗I=

_

β
∗U

=0 or
_
α∗I=0,

_

β
∗U

=1; (c) if ∇(q, µ)<δ<∆(q, µ), then
_
α∗I=0,

_

β
∗U

=1; (d) if δ=∇(q, µ), then either
_
α∗I=0,

_

β
∗U

=1 or
_
α∗I=1; and (e) if δ<∇(q, µ),

then
_
α∗I=1.

To find the maximum of E
[
ΠI
]

and E
[
ΠU
]
, consider

∂E[ΠI]
∂

_
α

,
∂E[ΠI]
∂

_

β
,
∂E[ΠU ]
∂

_
α

and

∂E[ΠU ]
∂

_

β
. All the denominators (function of

_
α and

_

β) are squared. Each numerator is not

function of the variable we are deriving for. Thus the maximum is on one of the support’s

boundaries of
_
α and

_

β.

Let’s fixµ>0and study thecorner solutionswhenL in t=1 isof type (i)
∼
s=I or (ii)

∼
s=U .

(i) Considering the functionE
[
ΠI
]
, what follows can be derived: (i.a) δ R ∆ (q, µ)→

E[ΠI | _
α=

_

β=0]R E[Π
I | _
α=0,

_

β=1], (i.b) δ R M(µ)−L(µ)
M(µ)−L(µ) +q[L(µ)− xLξ] → E[ΠI | _

α=
_

β=0]R
E[ΠI | _

α=1], and (i.c) δ R ∇(q, µ)→ E[ΠI | _
α=0,

_

β=1]R E[Π
I | _
α=1].

First, focusing on cases(i.a)and(i.c),we have that∆(q, µ)>∇(q, µ) ∴ 2P(µ)>M(µ)−L(µ),

which can be shown to be always verified. Thus, the sufficient condition for the pair
_
α=0,

_

β=0 to guarantee the highest expected profits is δ>∆(q, µ). For δ=∆(q, µ), we have

that E[ΠI | _
α=

_

β=0]= E[ΠI | _
α=0,

_

β=1]>E[ΠI | _
α=1]. In particular, notice that

∂(∆(q,µ>0))
∂q

=
−2[L(µ>0)− xLξ]P(µ>0)

[2P(µ>0)−qxLξ+q L(µ>0)]2
<0 and that limq→0 ∆(q, µ>0)→ 1.

Second, focusing on cases (i.b) and (i.c), we have that ∇(q, µ)< M(µ)−L(µ)
M(µ)−L(µ)+q[L(µ)−xLξ]∴

2P(µ)> M(µ)−L(µ), which is verified. Hence, the sufficient condition for the pair
_
α=1,

_

β= · to guarantee the highest expected profits is δ<∇(q, µ). For δ=∇(q, µ), we have

that E[ΠI | _
α=1]= E[ΠI | _

α=0,
_

β=1]>E[ΠI | _
α=0,

_

β=0].

The remaining pair,
_
α=0,

_

β=1, ensures the highest expected profits when ∇(q, µ)<δ<

∆(q, µ).

(ii) Given the functionE
[
ΠU
]
, the pair

_
α=0,

_

β=0 guarantees the highest expected prof-

its when E[ΠU | _α=
_

β=0] is simultaneously greater than E[ΠU | _α=0,
_

β=1], E[ΠU | _α=1,
_

β=0],

andE[ΠU | _α=1,
_

β=1]. It is possible to derive what follows: δ R ∆(q, µ)→ E[Π
U | _α=

_

β=0]R
E[ΠU | _α=0,

_

β=1], δ R M(µ)−L(µ)
M(µ)−L(µ)+q[L(µ)−xLξ] → E[ΠU | _α=

_

β=0]R E[Π
U | _α=1,

_

β=0], and δ R

5
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∇(q, µ)→ E[ΠU | _α=0,
_

β=1]R E[Π
U | _α=1,

_

β=1]. For δ>∆(q, µ), it is easy to see that the

pair
_
α=0,

_

β=0 implies expected profits that are strictly greater than those associated to any

other pair, while for δ=∆(q, µ) wehavethatE[ΠU | _α=
_

β=0]=E[ΠU | _α=0,
_

β=1]>E[ΠU | _α=1].

Proceeding as we did so far, it can be shown that, for δ=∇(q, µ) (or δ<∇(q, µ)), there is at

least a pair
_
α=1,

_

β= · that generates an inter-temporal payoff equal to (resp., greater than)

E[ΠU | _α=0,
_

β=1].

Proof of Corollary 2. Here we consider only the single period. For any possible pricing

rule such thatp1=0 and that∃τ : P 2(τ) 6= 0, we prove the following. Assuming an insider

that observes
∼
v=v even inn=1, derive each type of insider’s best reply, consisting of a triple

x1, τ, x2. Holding this strategy fixed, we show that M is setting eitherp2>0 in response to

the signal sent by each type
∼
s=I∧∼v=v<0, or p2<0 in response to the signal sent by each

type
∼
s=I∧∼v=v>0. To demonstrate the result, eight cases (fromC1 toC8) representing all

the possible combinations of M’s strategy profiles are identified.

C1: P2 (τ=1)≥ 0 ∧ P 2 (τ=0)≥ 0 ∧ P 2 (τ=−1)≥ 0. Theanalysisofthiscase is inline

with that conduced under mandatory trade disclosure (see proof toProposition1, caseC1).

C2: P2 (τ=1)≤ 0 ∧ P 2 (τ=0)≤ 0 ∧ P 2 (τ=−1)≤ 0. This case is symmetric to that

above.

C3: P2 (τ=1)>0 ∧ P 2 (τ=0)≥ 0 ∧ P 2 (τ=−1)< 0. Given this pricing rule, from an

insider perspective, disclosing τ=−1 while trading x1=−xL, x2=2xL strictly dominates any

other strategy, provided he observes
∼
v=v>max {0; ζ; ε′}, where ε′=P2(τ=−1)+P2(τ=0).37

It follows that, as long as max {ζ; ε′} ≤ 0, each type of insider aware of
∼
v=v>0 prefers to

trade x1=−xL and disclose the undertaken sale. Holding this strategy fixed, it turns out that,

in response to each of these types, M is setting a price below 0, which is a contradiction.

Now we show that, when M is replying to any type of insider aware of
∼
v=v<0 with the

pricing rule in C3, contradictions arise, provided max {ζ; ε′}>0.

Before we proceed, the following intermediate results need to be established. From the

perspective of an insider aware of
∼
v=v<0: (i) When he signals τ=1 (or τ=0), the profits

from trading x1=xL, x2=−2xL are greater than those from trading any other combination

of quantities x1>0, x2 (resp., x1, x2). (ii) When v ≤ P 2(τ=−1)<0, the profits from sig-

37To see it, consider an insider that observes
∼
v=v>0. First notice that, if he signals τ=−1, the

profits from trading any alternative combination of quantities such that x1<0 are smaller. Second, for

v ≥ P 2 (τ=1) (or v ≥ P 2 (τ=0)), the profits from signaling τ=1 (resp., τ=0) while trading any combi-

nation of quantities x1>0, x2 (resp., x1, x2) are smaller. Third, for 0<v<P2 (τ=1) (or 0<v<P2 (τ=0)),

it is easy to derive that the profits from signaling τ=1 (resp., τ=0) while trading any combination of

quantities x1>0, x2 (resp., x1, x2) are smaller only if {−xLv+2xL[v − P 2 (τ=−1) ]} is strictly greater than

{xLv − 2xL[v − P 2 (τ=1) ]} (resp., {xLv − 2xL[v − P 2 (τ=0) ]}), that is only if v>ζ (resp., v>ε′).

6
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naling τ=1 (or τ=0) while trading x1=xL, x2=−2xL are greater than those from signaling

τ=−1 while trading any quantity x1<0, x2. (iii) When P2(τ=−1)<v<0, the profits from

signaling τ=1 (or τ=0) while trading x1=xL, x2=−2xL are greater than those from sig-

naling τ=−1 while trading any quantity x1<0, x2 only if xLv − 2xL[v − P 2(τ=1)] (resp.,

xLv − 2xL[v − P 2(τ=0)]) is strictly greater than −xLv+2xL[v − P 2(τ=−1)], that is only

if v<ζ (resp., v<ε′). (iv) When he trades x1=xL, x2=−2xL, the profits from signaling

τ=1 rather than τ=0 are greater (or equal; or smaller), provided P2(τ=1)>P2(τ=0) (resp.,

P2(τ=1)=P2(τ=0); P2(τ=1)<P2(τ=0)).

As a consequence of the results at point i, ii, iii, and iv, when max {ζ; ε′}>0, the following

conclusions can be drawn. (a)Suppose thatP2(τ=1)>P2(τ=0). (a.i) Ifζ>0,no matter which

value ε′ assumes, then each type
∼
s=I∧∼v=v<0 strictly prefers to trade x1=xL, x2=−2xL

and signal τ=1 rather than to play any other strategy. Holding this strategy fixed, we have

that, in response to each of these types, M is setting a price above 0, which is a contradiction.

(a.ii) The remaining sub-case, namely the one of ζ ≤ 0<ε′, is not of interest. In fact, mak-

ing the condition on ζ and ε′ explicit, it follows that P2(τ=−1)+P2(τ=1) ≤ 0<P2(τ=−1)+

P2(τ=0) ∴ P 2(τ=1)<P2(τ=0), which is not a possibility, being the case in question—i.e.,

point a—the one ofP2(τ=1)>P2(τ=0). (b) Suppose thatP2(τ=1)=P2(τ=0) (case in which

P2(τ=0)>0 for sure).This condition on prices implies thatζ=ε′.Thus, the only relevant sub-

case is the one ofζ=ε′>0. In this instance, each insider aware of
∼
v=v<0 replies by random-

izing between signaling τ=1 and τ=0 while tradingx1=xL, x2=−2xL. Holding the strategy

by each of these types of insider fixed, regardless of the probability with which he dis-

closes τ=1 or τ=0 (even 0 or 1), the price in response to his disclosure turns out to lie above

0, which is a contradiction. (c) Suppose thatP2(τ=1)<P2(τ=0) (case in whichP2(τ=0)>0

for sure). (c.i) If ε′>0, no matter which valueζ assumes, then each type
∼
s=I∧∼v=v<0 strictly

prefers to tradex1=xL, x2=−2xL and signalτ=0 rather than to play any other strategy.Hold-

ing this strategy fixed, it follows that, in response to each of these types, M is setting a

price above 0, which is a contradiction. (c.ii) The remaining sub-case, namely the one of

ε′≤ 0<ζ , is not of interest. In fact, making the condition on ε′ and ζ explicit, it follows that

P2(τ=−1)+P2(τ=0) ≤ 0<P2(τ=−1)+P2(τ=1) ∴ P 2(τ=0)<P2(τ=1), which is not a pos-

sibility, being the case in question—i.e., point c—the one of P2(τ=1)<P2(τ=0).

C4: P2 (τ=1)> 0 ∧ P 2 (τ=0)≤ 0 ∧ P 2 (τ=−1)<0. This case is symmetric to that

above.

C5: P2 (τ=−1)≥ 0 ∧ P 2 (τ=0)≥ 0 ∧ P 2 (τ=1)< 0. Given this strategy profile and

an insider informed about
∼
v=v<0, notice that the profits from signaling τ=−1 (or τ=0)

while trading x1. 0, x2. −xL (resp., x1=xL, x2=−2xL) are greater than those from sig-

naling τ=1 while trading x1>0, x2. In addition, if he signals τ=−1 (or τ=0), the profits that

7
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from trading x1. 0, x2. −xL (resp., x1=xL, x2=−2xL) are greater than those from trad-

ing any alternative combination of quantities x1<0, x2 (resp., x1, x2), unless P2(τ=−1)=0

(resp., P2(τ=0)=0), case in which he is indifferent between this strategy and any other

such that x1+x2=−xL∧x1<0 (resp., x1+x2=−xL).

Thus, when deriving the best response by an insider aware of
∼
v=v<0, it is sufficient to

check whether he prefers to signal τ=−1 or τ=0 while trading x1. 0, x2. −xL or x1=xL,

x2=−2xL respectively. Specifically: (a) If
P2(τ=−1)

2
>P2(τ=0) (or

P2(τ=−1)
2

<P2(τ=0)), case

in which P2(τ=−1)>0 (resp., P2(τ=0)>0) for sure, then each type
∼
s=I∧∼v=v<0 prefers

the former (resp., the latter). Holding this strategy fixed, it turns out that, in response to

each of these types, M is setting a price which lies above 0, which is a contradiction. (b) If
P2(τ=−1)

2
=P2(τ=0)>0, each of these types is indifferent towards the two options. Holding

his best response fixed, regardless of the probability with which he discloses τ=−1 or τ=0

(even 0 or 1), the price in response to his disclosure turns out to lie above 0, which is a

contradiction. (c) If
P2(τ=−1)

2
=P2(τ=0)=0, we end up in case C2.

C6: P2 (τ=−1)> 0 ∧ P 2 (τ=0)≤ 0 ∧ P 2 (τ=1)≤ 0. This case is symmetric to that

above.

C7: P2 (τ=0)> 0 ∧ P 2 (τ=1)≤ 0 ∧ P 2 (τ=−1)≤ 0. Given this strategy profile, from

an insider perspective, signaling τ=0 while trading x1=xL, x2=−2xL strictly dominates any

other strategy, provided he observes
∼
v=v<min {0; ζ ′; ε′}, where ζ ′=P2(τ=0)+

P2(τ=1)
2

.38 It

follows that, as long as min {ζ ′; ε′} ≥ 0, each type of insider aware of
∼
v=v<0 prefers to

trade x1=xL and signal τ=0. Holding this strategy fixed, it turns out that, in response to

each of these types, M is setting a price above 0, which is a contradiction.

Now we show that, when M is replying to any type of insider aware of
∼
v=v>0 with the

pricing rule in C7, contradictions arise, provided min {ζ ′; ε′}<0.

Before we proceed, the following intermediate results need to be established. From the per-

spective of an insider aware of
∼
v=v>0: (i) When he signals τ=1 (or τ=−1), the profits from

trading x1& 0, x2. xL (resp., x1=−xL, x2=2xL) are greater than those from trading any al-

ternative combination of quantities x1>0, x2 (resp., x1<0, x2). (ii) When v ≥ P 2(τ=0)>0,

the profits from signaling τ=1 (or τ=−1) while trading x1& 0, x2. xL (resp., x1=−xL, x2=

2xL) are greater than those from signaling τ=0 while trading any quantity x1, x2. (iii) When

38To see it, consider an insider that observes
∼
v=v<0. First notice that, if he signals τ=−1, the profits from

trading any alternative combination of quantities such that x1<0 are smaller. Second, for v ≤ P 2 (τ=1) (or

v ≤ P 2 (τ=−1)), the profits from signaling τ=1 (resp., τ=−1) while trading any combination of quantities

x1>0, x2 (resp.,x1<0, x2) are smaller. Third, for P2 (τ=1)<v<0 (orP2 (τ=−1)<v<0), it is easy to derive

that the profits from signaling τ=1 (resp.,τ=−1)while trading any combination of quantitiesx1>0, x2 (resp.,

x1<0, x2) aresmaller only if {xLv − 2xL[v − P 2 (τ=0) ]} is strictlygreater than{xL[v − P 2 (τ=1) ]} (resp.,

{−xLv+2xL[v − P 2 (τ=−1) ]}), that is only if v<ζ ′ (resp., v<ε′).

8
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0<v<P2(τ=0), the profits from signaling τ=1 (or τ=−1) while trading x1& 0, x2. xL
(resp., x1=−xL, x2=2xL) are greater than those from signaling τ=0 while trading any

quantity x1, x2 only if xL[v − P 2(τ=1)] (resp., −xLv+2xL[v − P 2(τ=−1)]) is strictly

greater than xLv − 2xL[v − P 2(τ=0)], that is only if v>ζ ′ (resp., v>ε′). (iv) If P2(τ=−1)>
P2(τ=1)

2
(or P2(τ=−1)=

P2(τ=1)
2

; or P2(τ=−1)<P2(τ=1)
2

), the profits from signaling τ=1

while trading x1& 0, x2. xL are greater than (resp., equal to; smaller than) those from

signaling τ=−1 while trading x1=−xL, x2=2xL.

As a consequence of the results at point i, ii, iii, and iv, when min {ζ ′; ε′}<0, the following

conclusions can be drawn. (a) Suppose thatP2(τ=−1)>P2(τ=1)
2

(case in whichP2(τ=1)<0

for sure). (a.i) Ifζ ′<0, no matter which valueε′ assumes, then each type
∼
s=I∧∼v=v>0strictly

prefers to tradex1& 0, x2. xL and signal τ=1 rather than to play any other strategy. Hold-

ing this strategy fixed, we have that, in response to each of these types, M is setting a

price that lies below 0, which is a contradiction. (a.ii) The remaining sub-case, namely the

one of ε′<0 ≤ ζ ′, is not of interest. In fact, making the condition on ζ ′ and ε′ explicit, it fol-

lows thatP2(τ=−1)+P2(τ=0)<0 ≤ P 2(τ=0)+
P2(τ=1)

2
∴ P 2(τ=−1)<P2(τ=1)

2
, which is not a

possibility, being the case in question—i.e., point a—the one ofP2(τ=−1)>P2(τ=1)
2

. (b)

IfP2(τ=−1)=
P2(τ=1)

2
=0, we end up in case C1. (c) Suppose thatP2(τ=−1)=

P2(τ=1)
2

<0.

This condition on prices implies that ζ ′=ε′. Thus, the only relevant sub-case is the one

of ζ ′=ε′<0. In this instance, each insider aware of
∼
v=v>0 replies by randomizing be-

tween signaling τ=1 and τ=−1 while trading x1& 0, x2. xL or x1=−xL, x2=2xL respec-

tively. Holding the strategy by each of these types of insider fixed, regardless of the proba-

bility with which he disclosesτ=1orτ=0(even0or1), the price in response to his disclosure

turns out to lie below0, which is a contradiction. (d) Suppose thatP2(τ=−1)<P2(τ=1)
2

(case

in whichP2(τ=−1)<0 for sure). (d.i) If ε′<0, no matter which value ζ ′ assumes, then each

type
∼
s=I∧∼v=v>0 strictly prefers to tradex1=−xL, x2=2xL and signal τ=−1 rather than to

play any other strategy. Holding this strategy fixed, it follows that, in response to each of

these types, M is setting a price that lies below 0, which is a contradiction. (d.ii) The re-

maining sub-case, namely the one ofζ ′<0 ≤ ε′, is not of interest. In fact, making the condi-

tion onζ ′ and ε′ explicit, we have thatP2(τ=0)+
P2(τ=1)

2
<0 ≤ P 2(τ=−1)+P2(τ=0) ∴P2(τ=1)

2

<P2(τ=−1), which is not a possibility, being the case in question—i.e., point c—the one

ofP2(τ=−1)<P2(τ=1)
2

.

C8: P 2 (τ=0)<0 ∧ P 2 (τ=1)≥ 0 ∧ P 2 (τ=−1)≥ 0. This case is symmetric to that

above.

Proof of Corollary 4. The analysis of the single period is in line with that in Corollary

2, and left to the reader. When considering the infinitely repeated structure, what follows

9
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needs to be proven.

When informed about
∼
v>0, an insider that does not want to defect prefers to push

the market price toward the right direction, signaling φi,1 rather than φi,0 (the case of

L aware of
∼
v<0 is similar). Specifically, when signaling φi,1, the best thing he can

do is to buy x1=xL and then trade optimally, earning under expectation L(µ). In fact,

trading 〈 x1' 0, x2=· 〉 or 〈 x1=−xL, x2=· 〉 are dominated. Signaling φi,0 and trading

〈 x1=·, x2=· 〉 leads to a payoff which is smaller than L(µ).

When informed about
∼
v>0, an insider that wants to defect signals φi,−1. In this case, he

maximizes his profits by trading 〈 x1=−xL, x2=2xL 〉, earning under expectationM(µ).

When the leader is uninformed, if he signals φi,0, he avoids the punishment with cer-

tainty. In this case, no matter what the quantity traded in each of the two rounds is, he

expects to earn 0 profits. Conversely, if he signals φi,1 (or φi,−1), he incurs the punishment

with probability 1
2
. In this case, trading 〈 x1=xL, x2=−2xL 〉 (resp., 〈 x1=−xL, x2=2xL 〉)

implies the highest expected profits, which equal P(µ).

Proof of Lemma 5. Inthe firstpartof thisproof,part I,weconsider mandatoryandvoluntary

tradedisclosure. Inpart II,weconsider disclosureofuncertified/non-factualmessages.

(I) First, we prove that a pre-defection pricing rule such that P2(τ=−1) ≤ 0 ≤ P2(τ=1)

and with P2(τ=0) ‘too far away’ from 0 does not satisfy the market efficiency condition.

Suppose that P2(τ=0)<0 (the case of P2(τ=0)>0 is symmetric). If type
∼
s=I∧∼v>0 decides

to signal τ=1—that is, given the pricing rule in question, to lead—it is optimal for him to

trade x1=xL, x2=−2xL when v<P2(τ=1), and x1=xL, x2=0 when v ≥ P2(τ=1), earning

under expectation 2xL{
∫ P2(τ=1)

0
[2P 2(τ=1)− ∼v]f(

∼
v)d

∼
v+
∫ b
P2(τ=1)

∼
vf(

∼
v)d

∼
v}. If he decides

to signal τ=0—without being punished for that—under mandatory (or voluntary) trade

disclosure, it is optimal for him to trade x1=0, x2=xL (resp., x1=−xL, x2=2xL), earning

under expectation 2xL
∫ b

0
[
∼
v − P2(τ=0)]f(

∼
v)d

∼
v (resp., 2xL

∫ b
0
[
∼
v − 2P2(τ=0)]f(

∼
v)d

∼
v). It

follows that, if the price P2(τ=0) is smaller than 4
∫ P2(τ=1)

0
[
∼
v − P2(τ=1)]f(

∼
v)d

∼
v (resp.,

2
∫ P2(τ=1)

0
[
∼
v − P2(τ=1)]f(

∼
v)d

∼
v), type

∼
s=I∧∼v>0 prefers to signal τ=0 rather than τ=1,

causing the pricing rule not to be justified.

Second, to prove that a pre-defection pricing rule such that P2(τ=1) ≤ 0 ≤ P2(τ=−1)

and P2(τ=0) 6= 0 is not justified, suppose that P2(τ=0)<0 (the case of P2(τ=0)>0 is sym-

metric). Type
∼
s=I∧∼v>0 prefers to signal τ=0 rather than leading, signaling τ=−1. It

follows that his best response causes the price shift to be wrong with certainty.

10
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Third, to prove that P2(τ=1) ≤ P 2(τ=0)=0 ≤ P2(τ=−1) implies no departure from

A, we show that type
∼
s=I∧∼v>0 prefers to signal τ=0 rather than leading, signaling τ=−1

(for a symmetric argument, type
∼
s=I∧∼v<0 prefers to signal τ=0 rather than τ=1). In

fact, if type
∼
s=I∧∼v>0 signals τ=0, under mandatory (or voluntary) trade disclosure, it

is optimal for him to trade x1=0,x2=xL (resp., x1= · ,x2=xL−x1), earning under expec-

tation xLξ per period. Conversely, if he decides to signal τ=−1, he can trades x1. 0

and then trade optimally, buying or selling depending on the realization of
∼
v=v, and ex-

pecting to earn less than xLξ; alternatively, if he trades x1=−xL, then he finds it optimal

to trade x2=2xL when P2(τ=−1)<v, and x2=0 when P2(τ=−1) ≥ v, expecting to earn

−xLξ+2xL
∫ b
P2(τ=−1)

[
∼
v − P2(τ=−1)]f(

∼
v)d

∼
v per period, which is again less than xLξ.

(II) Let’s now consider a pre-defection pricing rule such that P2(φi,$′) ≤ 0 ≤ P2(φi,$),

where $ equals −1 (or 1) when $′ equals 1 (resp., −1), and with P2(φi,0) ‘too far away’

from 0. This pricing rule does not satisfy the market efficiency condition. Suppose that

P2(φi,0)<0 (the case of P2(φi,0)>0 is symmetric). If type
∼
s=I∧∼v>0 decides to lead—

that is, to send φi,$—it is easy to show that he finds it optimal to trade x1=xL, x2=−2xL
when v<P2(φi,$), and x1=xL, x2=0 when v ≥ P2(φi,$), in this way earning under ex-

pectation 2xL{
∫ P2(φi,$)

0
[2P 2(φi,$)− ∼v]f(

∼
v)d

∼
v+
∫ b
P2(φi,$)

∼
vf(

∼
v)d

∼
v}. If he decides to send

φi,0—which is a signal that allows him not to be punished even though it pushes the

price in the wrong direction—it is optimal for him to trade x1=−xL, x2=2xL, earning

under expectation 2xL
∫ b

0
[
∼
v − 2P2(φi,0)]f(

∼
v)d

∼
v. Thus, if the priceP2(φi,0) is smaller than

2
∫ P2(φi,$)

0
[
∼
v − P2(φi,$)]f(

∼
v)d

∼
v, the pricing rule is not justified, because type

∼
s=I∧∼v>0

prefers to signalφi,0 rather thanφi,$.

Internet Appendix B

On post-trade mandatory disclosure: Reconsidering van Bommel (2003). This appen-

dix reconsiders van Bommel (2003), hereafter VB, which studies a Kyle’s model with a risky

asset exchanged among a leader with a negligible cup on total exposure, noise traders, M, and

competitive followers.Lsendsrumors tofollowers,whoreveal themtoMthroughachange in

asset demand. Two separate stage games (ending with the exogenous revelation ofv) are pre-

sented. In the first, the existence of L, commonly known to be of type "Honest", is assumed.

He has to say "buy" if he observes
∼
v=v ≥ 0 (or "sell" if

∼
v=v<0); when uninformed, L cannot

spreadanyrumor.Inthesecondmodel,Lisknowntobeoftype"Bluffer", sowheninformedhe

has toplay likeanHonest, andwhenuninformedhehas tosay randomlyeither"buy" or"sell".

11
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Assuming
∼
v∼ U [−2, 2],

∼
u∼N(0,I), cov(

∼
u,
∼
v)=0, VB defines the equilibrium price at

round n ∈{1, .., N},pn. As n→∞, it is argued that pn asymptotically converges to a cer-

tain value.

Very recently, van Bommel (2008) tries to justify why in VB the leader does not trade

in n ∈{2, .., N − 1}. The clarification does not consider any of the following matters,

which seriously weaken the validity of the conjectures in VB; its content does not help in

this sense.

Theequilibrium pricedynamic derivedfrom assuming anHonest, andespecially theone

assuming a Bluffer, are not appropriate, mainly because
∼
v and the aggregate demand at auc-

tionn are treated as independent random variables, even though they are indirectly depen-

dent (
∼
v affects L’s rumor; this impacts on followers’ demand, affecting the mean of the ag-

gregate demand). Even considering the recent clarification by the author, the pricing rule is

not justified.

A simpler approach saves the conclusion in VB. Rather than a stage game t made of

infinite auctions, assume two auctions, andconsider L spreading rumors directly to M. The

(corrected) contribution is the following. When type Honest is imposed, if L says "buy"

(or "sell"; or ".."), then p2=1 (resp.,p2=−1;p2=0).With a Bluffer, if L says "buy" (or "sell"),

then p2=q (resp.,p2=−q). The equilibria hold for a more general class of distributions than
∼
u∼N(0,I). Followers do not play a role, so there is no need to assume about them any

more.

To relax this peculiar notion of type assumption, VB allows an informed L to choose be-

tween two alternatives in n=1: the equilibrium trading and (imposed) signaling strategy, or

"cheat" (i.e., spread a so called "false" rumor and trade in the opposite direction). It is argued

that the rumor is not informative any more because, holding fixed M’s best response to an in-

sider forced toplayaccording tohis type, the insidercheats, reversinghispositionafterwards.

However this only proves that, for this very specific pricing rule, a deviation by the insider

occurs.39

Within an infinitely repeated framework, the sufficient condition for the sustainability

of the so-called "Honest equilibrium" proposed in VB consists of an inter-period discount

39Consider for simplicity mandatory disclosure. There exist pricing strategies such that: (i) L prefers not

to disclose trades (this strategy is somehow equivalent to the no-rumor disclosure in VB). For instance, con-

sider L observing
∼
v=v ' 0 ' P (τ=1)' P (τ=−1) andP (τ=0) sufficiently far from v; (ii) no subsequent

reversal of the initial position occurs; (iii) L’s best response inn=1 consists of buying or selling a negligible

quantity.

12



Public Disclosure by "Small" Traders Luca Gelsomini

factor δ such that, when L is uninformed in t=1, the profits from being Honest forever

are greater than those from being Bluffer in t=1, and Honest from t=2 on (this in case L

does not incur the punishment in t=1). However, among other points, it is unclear why

the sender should consider the opportunity of randomizing when uninformed at a certain

date, but not when facing an identical situation in the future. Our methodology and re-

sults differ drastically. Specifically, for each pair δ∈ (0, 1) andq ∈ (0, 1), two extra levels

of randomization—which become three, in Section 5, when an informed leader learns
∼
v=v

from the beginning of the period—are required, to assess the existence of informative equi-

libria.

While an ad hoc trigger strategy for the sustainability of the Honest equilibrium is im-

posed inVB,weconsidera generalGrim,showing that: (i)Anothergroupofequilibriaexists,

similar to that presented by VB in the stage game with an imposed Bluffer type; (ii) for a gen-

eralf(
∼
v), irrespective of the value ofq ∈ (0, 1), a level ofδ exists, at which manipulations are

always possible in equilibrium. Section 4 studies other informative equilibria and manipula-

tivebehaviors.

Contrary to what is stated in VB (p.1502), not all f(
∼
v) can be used. It is untrue that this

kindof"analysis usesaspecial case of theCrawfordandSobel (1982) signalinggame" (VB,

p.1500): Cheap-talk games do not require private information to be exogenously revealed

at any time.

Internet Appendix C

Pre-trade non-anonymity and the informational content of a missed submission. Here

we analyze a regulation mandating public revelation of submitted orders, describing the ef-

fect that an initial lack of submissions byL hasonprices.Twocases are inorder.

(I) Consider the case in which both
∼
v=b and

∼
v=b have zero mass. At any roundn taking

place before a first order is effectively submitted, even when a missed order submission con-

veys relevant information about the fundamental value, the pricePn(§i=0,∀i ∈ {1, .., n})
equalsE[

∼
v]. To see it, denote, with Υn,b∈ [0, 1] (resp., Υn,b∈ [0, 1]), the probability with

which type
∼
s=I∧∼v=b (or

∼
s=I∧∼v=b) is correctly believed to sell (resp., buy) at any of these

rounds. Now, let’s consider a situation where, for example,Υ1,b=0andΥ1,b=1. In this case,

the signal§1=0 implies that L is not aware of
∼
v=b(otherwise, a buy order in roundn=1would

have been placed with certainty). However, because the event
∼
v=b is a zero-probability one,

it follows that P1(§1=0)=qE[
∼
v|∼v 6= b]+(1− q)E[

∼
v]=E[

∼
v].
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(II) Consider the case in which either
∼
v=b or

∼
v=b has positive mass. Before a first or-

der is effectively placed, different price responses supported by alternative sets of beliefs

are justified. To see it, let’s focus on the case of beliefs formed in response to disclosures

by a leader that employes pure strategies. Define, with c ∈ {1, .., N} (or d ∈ {1, .., N}),
the first rounds in which an insider aware of

∼
v=b (resp.,

∼
v=b) is correctly believed to sub-

mit a sell (resp., buy) order rather than no order. At each round n<min {c, d}, since no

type of leader trades, Pn<min{c,d}(§n<min{c,d}=0) equals E[
∼
v]. From round n=min {c, d}

(included) onwards, until the auction in which a first order is placed (excluded), prices are

set as follows. (i) If c<d, a missed order submission at round n=c highlights that L does

not observe
∼
v=b. Since he is either aware of b<v ≤b or uninformed, the price at round

n ∈ {c, .., d− 1}, Pn∈{c,..,d−1}(§n≤c=0), equals qE[
∼
v|b<v]+(1− q)E[

∼
v]. For a symmetric

argument, (ii) if d<c, then Pn∈{d,..,c−1}(§n≤d=0) equals qE[
∼
v|v<b]+(1− q)E[

∼
v]. Finally,

(iii) if c=d, any missed disclosure at round n=c causes the price from that auction (in-

cluded) onwards, Pn≥c=d(§n≤c=0), to equal qE[
∼
v|b<v<b]+(1− q)E[

∼
v]. In general, when-

ever the probability that
∼
v equals b (or b) is positive, there exist infinite equilibria such that,

following an initial series of missed submissions, a partial revelation of L’s type occurs.

However, given the same series of missed submission, a perfect revelation is possible only

if
∼
v∈ {b, b}.

References

ICrawford, Vincent P., and Joel Sobel, 1982, Strategic Information Transmission, Econo-

metrica 50, 1431-1451.

I van Bommel, Jos, 2003, Rumors, Journal of Finance 58, 1499-1519.

I van Bommel, Jos, 2008. Rumors: A Correction and Clarification (Available from

http://www.afajof.org/afa/all/Rumors%20Correction.pdf).

14


	pocetna
	WP_Ideo_templejtLDJI
	Народна банка Србије
	National Bank of Serbia
	Апстракт: У раду приказујемо модел стратешког трговањa инсајдера који тргују неопаженo и теже остварењу додатног профита , и предлажемо  свеобухватну теорију тржишне неанонимности. Дошли смо до неколико нових резултата. Они зависе од својстава утврђен...
	Кључне речи: Обавезно vs. добровољно обелодањивање информација; регулатива у области хартија од вредности; инсајдерско трговање; манипулације на тржишту.
	Key words: Mandatory vs. voluntary public disclosure; securities regulation; insider trading; market manipulation.

	NBS Final_Luca Gelsomini_Public Disclosure by 'Small' Traders_§



