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a measure of Currency and transparency. An electronic limit order market is a trading
platform where anonymous buyers and sellers post price-quantity pairs--i.e., the
quoted bid (or ask) prices and associated quantities (depths) of a stock that the
market participant is willing to buy (or sell). Limit order books offer market
participants the ability to observe levels of market liquidity by displaying prices and
quantities of unexecuted limit orders. Ultilizing this data, market participants can
implement a range of “game theoretical” strategies and choose limit orders with
specified price, quantity, and timing, thus allowing them to minimize execution costs
and uncertainty, hide market information, and possibly move the market towards the
desired price.
[0004] Given concerns associated with information leakage due to order
placements, some market venues allow market participants to enter “hidden” limit

orders which do not reveal the full share volume size and/or the associated price
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[0008] These findings suggest that there are underlying factors that cause a
market participant to use a hidden versus a visible limit order, considering the
controversial rationale behind using hidden limit orders. Consistent with previous
literature, there are two main beliefs for the existence of hidden limit orders. First,
hidden limit orders can be used by large liquidity traders to reduce their exposure
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[0010] A trader seeing the “true” limit order book instead of FIG. 1 might be
willing to consider the opportunity cost relative to the market dynamics associated
with removing only a portion of the desired volume from within the spread --which
leads to improvement in per share transaction cost. As reported by Pascual and
Veredas [2004], the explanatory power of the book is concentrated within the
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[0014] According to embodiments of the present invention, a model can be

constructed that predicts the volume and price (“location”) of hidden liquidity for
trading forums and/or for tradable asséts (e.g., a security). The model is constructed
from historical order information, which is used to infer hidden order volume and
location from displayed order and execution data. The model can consist of a
number of coefficients assaciating hidden volume and/or location for each tradable
asset with market conditions. Accordingly, the coefficients can be used to estimate
current hidden liquidity for a tradable assets based upon current market conditions.
[0015] Models can be built from an examination of historical data and then
applied to current data to predict the existence of hidden orders (e.g., non-displayed
limit orders) within a trade forum. An order book can be reconstructed that
comprises both displayed and hidden order data.
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[0027] FIG. 10 is a flow chart depxctlng a method to evaluate a model for
inferring hidden orders according to an embodiment of the present invention.

[0028] FIG. 11 is a flow chart depicting a method to develop and evaluate a
model of hidden order volume according to an embodiment of the present invention.
[0029] FIG. 12is a flow chart depicting a method to develop a model for

inferring hidden orders according to an embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0030] While the present invention may be embaodied in many different forms,
a number of illustrative embodiments are described herein with the understanding
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Vog% {(Eéé(m%asn l[%&ﬁ)] Trl\ﬁad avanhf’)ﬂogr ;i)asgeb%ttlfrdeﬁnes pre-trade
transparency as “the wide dissemination of current bid and ask quotations,
depths, and possibly also information such as the existence of large order
imbalance.”

[0032] Aspects of preferred embodiments of the present invention are
described as follows. The data are described in the section entitled “Data.” Static
empirical evidence associated with hidden volume and its placement is described in
the section entitled “Model.” Construction of a limit order book with inferred hidden
limit orders and applications are discussed in the section entitled “Applications.”
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been executed or actually cancelled, and (2) which trades have been executed
through undisclosed limit orders. To match trades with limit orders, L2 messages
can be examined within a 2-second time bandwidth to find the order cancellation or
modification message which corresponds in price, size, and exchange to a particular
trade. If a trade is matched to an order message, the side classification of this trade
is obtained from the message; such trades would be classified as being visible.
[0037] If there is more than one match, it is assumed that the correct match
is the one which is closest in absolute time difference between the time stamp and
the message time. If a trade cannot be matched with a limit order message, then the
trade can be classified as a hidden trade (i.e., coming from a hidden/undisclosed

7



exchange. In general, an "add order nessage" indicates
that a new order has been accepted by the system and
w@odaed443es t he di splayed |imt order book. The Pemusiog7/014175
order nessage" references a previously submtted order
that has been partially executed (nunber of shares
al ways reduced). A "cancel order nessage" is sent
mhenever an order oh the book is cancelled; in the
se of an Archipelago feed, this nessage neans
"m'tcoaﬁ%@ TeFesermaine dbe sde aite higden fredm a gETefalichinteckihe

algorieiff GhEd s dTRHPGL ES LEEAGH Mxx&x@bv\/\h%@ﬁ T?e{hegﬁ‘#&!tlon from

baok i s executed in ole or in
Intrady o et RIFANGe 0 R LTS b i cantents of
whlc&v@@u’idréby neeRbcratdidtly teferehdd RhdRY Ssetht Té Rvial 8f réRability for

e 438 ST B0 S el S Bo bR el R

agaimstietecutiod daaammbre)méandmaws .to determne (1)
been .execut ed or .actual cancel | ed,

ek i
100381y WAPEH BF BCE TR SU e & GHe Y SFgHS dats Based
on datalfroul Ceewtddkis ARGANdAts feckbomBre Iuckesradﬂ:sn wuhé-AUglﬂibt 2005.

Tab%r‘p@fsﬁtosgg tr?ﬂ&?éﬁ?xsg@ﬂ}ﬁg ) TQ§ eﬁlc el [nﬁrkeg} gftgl?za%on

ban € or
Morendloan ¥ 8%t ofdhe iskersghoaen belopgrte emm stocks; it 6% belbag to
mecﬁé]ﬂjcgﬁ(ﬁb%ﬂgeaﬂd)t BAlirif %b‘?’rbélﬁ e?aé  stock is
hed to an order ness eS| cla |ca

def"aﬁd Ph pgingraaall Fap uiﬁanaféat mmlzat@nn%mqban | cfhbllllon If the
markét&ﬁa%ﬁamﬂoﬂ lbgré‘étéﬁﬁrbﬁ'i’oﬂcb Biﬁloh%d?@es\é' #hRIs0 ﬂllﬁgr?ﬂ is! f

a is nore than on I's assuned th e
congl ?rregc”ls "f‘rﬁﬁﬂ‘?“ gap ﬁTé’GBn é\"m“% r?t?@(sﬁ%scé%ﬁtslflw %ﬁb@fﬂ%@@

stocks.me di fference between the tine stanp and the nessage

he. | d b d h d
100312 . FOnEREH ReSd Patbionk, M eVEme ot ofaden rsacny as

shown &1€,90D. veth an anenageftraoien tzehbiRnéhards sa’he%@ékag“e fiumber of

Il ide of .th n trade, a
raoBE 8 doy 19 SEH SN Bl Bppbat bl TR MR v erace
trad¢ BEReAND 201sRIQrEADY the! trading achngtue‘Erfad theDbmealt thp BtdokeN28% of all

tradé@b&l@%:s%&n% ed'BEnikaYs, %Iu V\ﬁ nuﬁ%ﬁf% ﬂ%& e%l);/ (&3R4 drge cap

content’'s o
stoc ﬁc&PBEﬂW@@%?G%@f@"@ﬁ@@S asdrd he theseaok Aieceventedliyafancelled.

of tﬁéﬂzérﬂ@lléh toYdér%r a ﬁxﬁrﬁaﬂ@y%@s Wﬁérﬁ b& %‘és%gle‘al :%oiré%tllﬁglo%érs (.e.,

f ound accur ate

def"é%@e‘é%?ﬂ &ﬁd%rav'acmﬁ@qwck&%eﬂ%d Rrﬁmmre tfms}hlrratﬂe@omds or

less ebeaderaipmns é!amps’iar‘étl_:!'émfédly‘?ﬁ 1%@:61% Mfeileptd Ng data
sed on,.dat.a, from Co RCA data feed on 329

[ooﬁka?cker s '?%H?fﬂﬂgoﬁﬁ‘@ni'?at%@gve'?%i idgdeqiosdgrg hayeiarger size
in campArsos tosedelsithatarerfoitledispibgs® dTiB resuiktconsistent with Harris’

[1 Qgﬁflf?ﬁéi%é it 4%¥%ers often restrict displayed orders, especially for orders with
larger expected remainders.
[0041] Table 1



More than 78% of the tickers chosen belong to small
cap stocks, 13% bel ong to nedi an cap stocks, and the

WO eovailm3ngy 9% bel ong to | arge cap stocks. A stBCRUB®07/014175
defined as being small cap if its market

capitalization is less than $1.5 billion. If the

mar ket capitalization is greater than $1.5 billion but

| ess than $10 billion, it is considered as a nedi an

cap stock Al ofher stocks are classified as |arge
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TRADES: ‘“f' AgETTaTer ot jrases peraay “;’h;"r"’l" The avérage
AT CTAV T urg\., T oo T A R~ T TCr
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Size o T I o SF—thettrad 52 aetv+es .Aédthe s.ﬁf. 320
Percentag‘é‘b‘fT%.’]?El §6n 2004 oF a1 L?E/glnnl ol e c}ti‘\)/? acci fi d._ac 28%

\,ap QU UU y O /7U0 T 1 T aogCco - vorogrmre— o ooroTr oot
Fieernaiih ophte—the—Rurber—-s—enty2teter—t-he—-ar
| - PPV ED | BN o YAY ) VA=Y 2= ardora addn t t+h
Number oPFIEGNg Ordehd ™ T TR ATy 5503 S OF e sl P O1+ ¢ 760,100
Flosting OTARIS TOlICandaNoy Grabis)| Canceiy et—&—the—<gpeerted 13%
Cancelled‘tb?dé?'é ota d 'I_Y'—IE%B%“” b RS A 97%

TleellllgUl ders \I.e., USTTIEU A an UITICI whteh+-s
Numberoﬁ@i@é}é&. and—cancel teg fromjghe—boog—wrthrnz2—secontts—or——5;

TEs5s) . O uer e stanps ar e generary—rm—i=second

i ncrenents. [0040] The data al so show that, on
[004R]er age, Givaiuibat thedvedelliairade-Hased @ nsiure, dlassifying stocks by

marQé’%t’aﬁ%I&% ﬂ{ééﬁbﬁafet@ﬁc{bﬁcﬁé‘b\)anggg glafﬁeeﬁar@}' %R group

resul I S consi stent ndi ngs
can tdﬂffaﬂiél*@'fdﬁ&né'ﬁ in Hade velumpss pT?we@r@rld%tegd Oéﬁ'pﬁeemeOy\ly used

marﬁ@tr cé}?ﬁi@ﬁieﬁldﬁﬁ Ei&ck@&gﬁ be%}?@@&écﬁgaée‘?f@‘l G Bt-d % gf%:]lan trade

1[0 G ven nodel 1s trade-
Sha'i%ﬂcejv@e ABEITYh ﬁ@cg% 6@%§embwme'elﬂtamﬂﬁarra%tvlomﬁn¢ within

the smdegwme since stocks within the same market cap
roup can differ si gnlfl cant | |n trade vol unes.

[0043]er ef or 40 Goh 8 ERFSERAtINE SB A Yekgeeacrres khe universe, all
avait=té tiakérs aga;bmaxunﬁtelqlvso«mrbd&aaegfam@e Gobasiaty mhbh@htda%'s

e g5 b B4R MBS 2ot b, Fi i Feree can
be divided grio @iﬁveﬁ@@d@]tymw wigh L éprdityeBitoapi O egesgitimgdhe least
hqwsi's‘fgﬁ{ssalﬁncb P@lt}f %8%)[} '15@551%%%@(@1&%1}?&] é ét%?% Sﬁor ?ach of

appr oxi mat can be ra accor
the eleyeq agwdmegrww p seledarolyreiecied samptseqtrmersgusafseu fire the
0
poo%@erﬂv%léﬁ nlfkl?caéllﬂ g??yﬁﬁ ?%%é@h% IHEW @%ﬁ gtgﬁﬁg b%l%ng 1 &?ﬁﬁﬂddﬁépoups 0
to Lx,qyp@ptgs%rmuprﬂg spadl qa@;g«pcks belong to quUldlty Group 4 to Liquidity Group

7, mid cap stocks belong to Liquidity Group 8 to Liquidity Group 9, and large cap
stocks belong to Liquidity Group 10.

[0044] This grouping is justified by examination of order placement in each
liquidity group showing that there is a clear difference in how limit orders are placed
across different liquidity groups. Limit order placement can be classified into three
categories: (1) AT, which represents limit orders being placed at the best level, (2)
BETTER, which represents limit orders being placed between best bid and ask, and
(3) AWAY, which represents orders being placed at prices worse than the best
levels.



liquid stocks and Liquidity Group 10 representing the
nmost |iquid stocks. For each of the eleven liquidity
w@e@anse37a randomy sel ected sanpl e of tickersPeBUSROU014175
in the pooled data nodel. Loosely speaking, mcro cap
stocks belong to Liquidity Goups O to Liquidity G oup
4, small cap stocks belong to Liquidity Goup 4 to
Li quidity Goup 7, md cap stocks belong to Liquidity
Goup 8 to Li qu| dity Goup 9, and | arge cap stocks
[004§8¢| ong tBrom HiFd? ttycamtzmeemaha{ beslacernent patienpisieptisimilar
acrds§%hyfhh@ﬁdlt?)grwmzaraﬁwa&NQ& IfE;[lQﬁS/ OGS, Q‘H@fét thA 2895 Bt all new

roup sh oW ng hat there is a clear

"m'tcﬂr?'?férvé?%é’ Wi Rﬁff %‘F @ef g5k feveh wile dortbip gaest liquid group,
48%bff fllefern timiiti cctuefb wregcslawusA TlhébbstWid ehdRiskaera ntrhean

GBI b T PE VDS EES)hrL bt ieney
get d>releebcémglkt)ed3l§|ﬁ53ﬁe odmpémtlbgwmﬁehbﬂlqhidéﬂytgrs\g%e\rl\;_ bﬁl ng

e as ic
[OO&ES?:sen s“ﬁsr eop‘gé F %Sé%es(ﬁ)eg'f'c E??tgree‘)sth%)?%%eﬁrﬁgﬁﬁed the
probahditihelhidten ek@r[mmﬂil]\erﬁranmdarﬁﬂe& Cinedatuithe sgothdsivis that
RSTS84 A5 e g e

[199t7Han 28% of all new linmit orders vvere pl aced AT the

J??St bi dlé'noa/:é‘ﬂ}aﬁ%ll\hlﬁyﬁbv \Mfétil‘fy de%hc?rdgpsslrnlag @L%I.thfehchances

new | er S were p
of bejg flopi-pmAad s Yalality MENelal A1 eetveoesié n peanaysiagén a

marké&fth&cdfoidae tthd pRIRRBRS:, 'ﬁ’?)ni5 Hﬁ{rﬁnd E2d8e R g)?penswe

urgency to get order, conpl eted, and the conpetition

[004% t hi n” t RECPiTeRRtavRRing W%}G@d@éae MAre AXRensie fog sipgke with
relatdizd) s ?ra(;é‘aoﬂ% fJng gf ﬁiﬁb@rﬁ Erdé'r‘élts Aeed focbé‘glbﬁtéﬁ fer Bfose

0 il [ acement are identi
stocls, AR for it GBS gisces 1S et ion calien Sverens aifpgd by
factm‘smEe fvotitiniiy-Quatd Viottiligh) oedngvativig (Diepth SEZ{@QW@ Since
oo A S S50 B B TR, T b ek
mayt&scn ge frelated touthe axdetted simeofoathldrtgr tree @d)tayy)aerxeaotddv&\d the
freq%&%ﬂet% (%Irbragrs pg{ é’r%' pc‘artlél@ dls «hﬁlg rg%?éd & t o Ce t requency ofa

edence, Tront-runni'ng ca v exp
stock0048] Since front-running is expected to be nnre

[004ga(pen3| Vﬁ @Bf e s Whbfhef ?rh;?%ri Bgﬁ’lﬁ( Qi 'tr?e‘?? 'méyht?e

den or S IS expec
Pﬂwleﬁlsg @eéfpéé leyer fhe tmhnsm ﬁahfcbernted hldﬂsd@féefstthepnar@ﬁt Market

parti¢ipares 9k |dlé&et llrﬁﬁ dfdets bﬁs@écﬁiﬁ%@rﬂ)&%yofftﬁ& HaySThe lfﬁodel could
beeV0| t|||c &Jr Quote Volatilijty traln activit

(( g?ﬂ Qicapt qlﬂp‘eea@rﬁ@lées assocnate with days o the week and month
of the year. The model could also be extended to take care of timing associated with
rebalancing portfolios. The trading day can be divided info thirteen 30-minute time
bins and the order placement pattern examined.
[0050] As shown in FIG. 3, time of day seems to explain where an order
might be placed. At the opening of the market, with no real information, a market
participant might be equally likely (33%) to place a limit order BETTER, AT, or
AWAY. As the day progresses, for example, by 3:30-4:00pm, the probability that a
market participant will place a limit order within the best bid and ask drops to 18%.

The average number of limit orders per ticker placed throughout the day shows that
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Last Trade, and Spread) and tinme to total (partial)
execution. Order exposure risk nmay also be related to

wo b@7axpected tinme for an order to be (totall yPCT/US2007/014175
executed and the frequency of orders that are
partially displayed is related to the trading
frequency of a stock. [0049] Tinme of the day is
anot her inportant variable, as there may be privil eged
peri ods over the trading Zpé to enter hidden orders on

m"stt HenitRFRE are\pagest atdhe tf'r%tu hedrsefyiho frading day. t This gettern is

congibtehPaEidss @liMgLIdRY yrofipd.he day. The nodel could be
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spréﬁcﬁaﬁ@ﬂars@em t@@@gakt thaﬁﬂ'felré &iht@e ar Rowiaké infdi@ation or activity.
consj st ent (3CT 0SS al

It th1ta .rcgl]]"ﬁ ié?ﬂﬂ&?fe{)cgtaﬁfe W?éﬁ"t%d b BRieRd4S AL AvRage. the
largaéttat thé epémﬁ’g&if tiod nidmeethr@hﬁaeraa@.eéem:ﬁ&@ m{dﬂ @nkl B8 the
cioy BEARS,E) ohd FrSilod 5 EBTRES puS IS e ol Babbbuan, e

spregdniediines aind neacies itsdowebtlevelrbyathe enidaif el Watling dayi. t
[Ooﬂlder p! ﬂ(i'ﬁcg@ v&[lﬁ»et ?éicy}?r{}%)ll fa gtbeﬂ%,:u\é %?%vg(i’ius[l}?.ﬁglcxssed

mt order acenent
variztpes ot aaﬁl}@ee’t:iapt corsideratiomaShate oftpede warEblendesaibe the stock

price Bﬁﬁélk?lkéé {Whfe biHeE d%‘salibé E@t“fﬁri?ﬁh?en%lgg hlgforﬁér&gﬂﬁ%{:feﬁshcs

ormati on anon e nmar ers
of ﬂ@ Yselen Thadexbsaqtion [disygspes @e@pg&edetﬂéme medel and its associated
mp,_ﬁ\llvgﬁg@ggran [ 1991], Brockman and Chung [ 1999] consi der
conposition, of b| -ask spread. [0052] G osten and

[Ooﬁﬁl gr om PY9aE[C Y& '%@a’i Wé’“'lﬁ’ﬁﬁ?pﬁ?o?ﬁ’e’r‘gh’m &epfuiesthe pvel of
tradt hviterdst bad eahiramt tAaymerRd a9 éﬂﬂ%@ﬁﬁ:ﬂhéhéﬁéhﬁ%@Qﬁe

NIV e P S e e
uncentaiatytand the. possibility of hidden volume being executed away from the mid-
quote; “Average 1st Level Depth (by side),” which provides a first idea about
available liquidity inside the spread and possible market asymmetry; “Order
Placements/Cancellations,” which signifies the intensity of information arrival to the
market; “Lagged Hidden Volume,” in which the state of the trading world is related to
what was previously observed and the level of dependency is related to the time that
has elapsed since the last observed activity; and “Misalignment of the exchange mid-
quote relative to the composity mid-quote,” where market participants react to

- disequilibrium in the market price. Dynamic variables can be standardized in order
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If the commonly known spread profile is exam ned, the
spread is, on average, the largest at the opening of

wo b@7megsket (the i nformation searching peri od)Penus208a%014175
the day progresses and information is captured through
the market transactions, the spread declines and
reaches its | owest |evel by the end of the trading
day. [0053] A hidden volune predictor nay take all the

revi ously di scussed vari ables or a subset into
to (Bdﬁmoérértﬁ*? itige ofSiaveeffsct t(Rkbetteraneadire exifesw évamts, lemd (3)

a"o@t&@gs Qéét%aﬂy,%%,gs whi |l e others describe the
“fundanent al " hi storical characteristics of the

stock. The next section discusses in nore detail the
nodel and Mbaeassoci ated input variables. [0054]

i ncl "S . whi ch t
Che evel Ay Sep gt yidloeaet Limit RISt Yot horo

[0058]y be atythesedtion) ﬂf\«.;arnaém@ descAbg élbﬁ% mhi@hplnngal results

e Vo ere hi vol at i
s fEETin HRIEEE AR baidderiioR ehsdlupBrfin (pagement
bet\memm spreadrard exarginexe dlot achiawsatisf ) dihgadegihiadh&ve been
exes ARGk QY o3 1 BT Pl Lo v
idendifigd p Bechuse mmek&g thesginmreta ghoitéptiplacing a hidden versus a visible

hmltpér@&ei'gl'ﬂgsﬁ{ega féﬂaﬂllt?gl%;rés%@lj\ dt%LQ{éhgﬂa%%rtf(% volume with

intensity o r mat arriva
marketgansifiogsdaesedol une, " in which the state of the

[0056] adi ng Watdreni $adifl ﬁbﬁ?oﬂso(tﬁélﬁ M@t%n&fn%\ﬁh?lgsbywnhm a5 2,

bserved and the |evel dependency is related

‘i i mavt%%%m& 58849 ‘éﬁeﬁcé\ fegsessien msslebingéanly uses the

hiddaittrade yolumecthaivs shi=gn réﬁ@éut@ﬁ widifd EW‘U%QQ&%tIma@&HQ\Wﬁch are
tive to_.the co ere mark

viase Envar; 7o Grfet %‘7 ebath e eHseRH ¢oTvoring chaMiienS are

spegified.e. Dynam c vari abl es can be standardi zed in
derto ve f etlrreo effect,. (2)
[Ooﬁgt ter ﬁ‘gé lﬂ'}%éezwarse% Wiedpad S&Haqu%ct%wp[ﬁ/\}d(en}:ﬁed by (1)
examirosg treeptiordraliel andimatching Mvdi theAmBrica refults to determine
[ i A . | n_thi -
whelRR RS RS oY bp B Aol B iRy brg s i) paupating
McRegdanisd-Ride @piprexittate 2 psewdo RAformpsessing treegoddridses of fit.

[Othi] dden VWIHW’ef&Qqcé tSEl®CcAL 'aQHetq"Bh Pé@\]ﬁgtlrg % }qfo%gl fhe

read are exam ned. To achieve t des
'dentt' g Rigdeninsder olpatesy NBluggghstan of sgmpgadg hidgien order

volubiediRyr liffdtent thedihg ﬁéﬁ%saélﬁﬂoﬂﬁféf%ls eAnd t Sgﬁﬁjrﬂé@/a s may be,

i dent i f{ ed. Because npdeling the discrete choice

for "ﬁ‘lag}ﬂl‘?rg “a h|3dd"én 0(,érrglggteapqncgsmrénstantaneous Then, for each

interval, inferred hidden order volume and trading conditions (explanatory variables)
are determined in step $11-3. The inferred hidden order volume in compared with a
historical volume pattern in step S11-5. The model’s strength is then evaluated in
step S11-7. The evaluation step may include examining the prior belief and
matching it with the empirical results to see if the results are consistent across
liquidity groups. The evaluation step may also include determining the R? for
assessing the goodness of fit.

[0059] Some stylized facts relate to modeling hidden volume. For example,
the effective spread and volatility measures capture the level of front-running and
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limt order is desired, a probability regressi on nodel
that maps trade volune with market conditions is used.
WO 0@54)9308 f f erent tradi ng horizons (trading  PCT/US2007/014175
i nstant aneously, or within a 1-, 2-, 3-, 4-, or
5-m nute period) can be used. A regression nodel that
only uses the hidden trade volune that is actually
execut ed woul d produce estinators which are biased
downward. To correct that aspect, necessary censoring
any abnReinal gharkey movement whith aoiboe aFsnciated avithiasymmetric
mfor@rYéﬂdr'lat‘f?é#dlﬂEd rivhxbt éﬁr‘?e SoM§Hdrt- feql%%bvérﬁgn Y Lt(e%s than
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ntif hi dden order volunme may include a step
volaliR e T BRBIE RN SRR TP oR T S Picien Yok Rgsince
the ﬂir@babmtysfoabdmgrenenn@ﬂ\mb&a&é. and noﬁmhnamﬁbwédraeg“y"\ys

X | e

reve%?edl tﬁ?[‘ngﬁ?agggto uAs larﬁ}ﬁ %bsn%l%tg (831%59??%}@]5? stt??#) |§ﬁs§ac1ated
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eval uation step may include examning the pri of I e
asyrgRetHRINENMAgont with t he enpirical results to see | f

[oo e resutiisie @rtﬁels@@ﬁb&ts%éu&%ﬁ @8 hel Vaiablist el iR lfﬁé model for
| j"\f/ I uat i gi"'ﬂé al sg include determning t

GredBeHumpers i m WSQ]hGSGﬁ@"e the
stanﬁb;d eed fbﬂﬂbspfdfrah?t@st Q@R IAgT ahblleldg ?ﬂhle\/c?eﬁi@entEQFssocnated
effective sprea volatility measures
with ZABERY sorkad ol BEORIVE PRI SRS ASSR P ST Helpuiny are
positiee.ket nmovenent which could be associated with

ymet r ormation, "herding," market corrections,
[OOGalﬁ short*—%%%g novenents. Less than normal effective

spread i ndi cat es t hat many rrarket partl Ci pants are

L . bre I© Standardized .
rmgquraurty U_ nd, fcden vOT Uil Qf iy u—* k.t
z Ao f DI gVolgatli lity, gh vol af i Li tg r $ riket o
3 uﬁért&&gy and j he possjbi | ft§ »E Hiigehsfol @& beingE 3
& leg§cut 8& gwaly from the md-quoBe® SWlEhE gh <3 8 g
5 [P EE 3y auoze EVIFEE Y 2 i5 o
S ~wm| =
02 | 0.05 | 0-1807 -2.9563 | -1.2840 | 0.2043 | 0.2155 | 0.0205° | -0.0064™
(0.0151) | (0.2336) | (0.1650) | (0.0523) |(0.0588) | (0.0763) | (0.0783)
s loos| 01233 | -0.9911 29905 | 04151 | 0.2096 | 0.1557 -0.1923
: (0.0112) | (0.1329) | (0.1888) | (0.0386) | (0.0425)| (0.0541) | (0.0553)
4 |oo7| 01072 | -08270 | -0.3364 | 0.1302 | 0.1057 | 0.1059 -0.0477
: (0.0077) | (0.0585) | (0.0427) | (0.0113) | (0.0116) | (0.0172) | (0.0150)
5 | 0.0s| 01746 | -0.5122 | -0.2447 | 0.0857 | 0.0464 | 0.0420 -0.0613
: (0.0063) | (0.0316) | (0.0063) | (0.0055) | (0.0055) | (0.0076) | (0.0060)
6 |oos | 02037 | -0.2909 | -0.0885 | 0.0696 | 0.0428 | 0.0424 -0.0323
(0.0043) | (0.0171) | (0.0120) | (0.0029) ] (0.0030) | (0.0019) | (0.0030)
7 loos| 01387 -0.2429 01146 | 0.0350 | 0.0326 | 0.0328 -0.0236
: (0.0047) | (0.0144) | (0.0098) | (0.0022) | (0.0023) | (0.0013) | (0.0021)
s | 008 | 0-1633 | -0.1931 -0.0872 | 00235 | 0.02904 | 0.0179 0.0172
> (0.0039) | (0.0134) | (0.0091) | (0.0015) |(0.0016) | (0.0022) | (0.0013)
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volatility levels, a market participant is expected to
pl ace nore hidden vol une, since the probability for
wheing4ssecut ed i ncreases and no i nformati on OPCT/US2007/014175
strategy is revealed to the market. A |arger absolute
(daily spread) for a stock is associated with nore
hi dden order volunme. Liquidity providers mght hide
nore hi dden vol une for stocks that have | arger spreads
because the |ikelihood of being front-run increases.

9= \Whe| ndBEs4 | '-toomédersoanes p aa;e119rmreolnzajcern.cmgiier -0.0070
10 b/l 11O ar €.0a1ke (0.0006)

actively invol ved in the market and gam ng for
(00623 y nret r Fer thefvwanghtsl MI-QUOTE] a Tdb lagsignge ifWREABmIdaquote is

grea‘iéib(ﬁgﬁ 1194t thﬁe %@Hp@snﬁl ﬁﬁd Hﬁ&@- brb J‘st%f‘ss@ﬁ‘éﬁllf tfhgrmld ote is

redicting hidden sel der volune. ers
equgnaﬁ%uaeﬂt'ﬁ é§%‘§”%ﬁ’ efneﬁ\wsa Jﬁ@aﬁ%fr&'?f&rvéﬂlf%rwm@e Superscnpt ns
indidaé ﬁi‘ﬂitﬂt&é@ néAbEIRAE ritolﬂ sféﬁmcantzeét thB@S@Q@f)itﬁﬁd‘ér%Btl%vetl .
SOcCi a ive spre are negative an e
VargSRR e sl by Bt g tisred e poaeerend
Tabl e, 29- 0. 3164-0;06 O 086 0.0145 0.0119
Stanb 6’?‘%‘“ fi Hole: & w0~ g‘eo'@g?y ang. 9 dx7ys the

(0.0008) (0.0010) (0.0012 (o 0006) [0062] For the
stanﬁard deviation of ©®JOTE, a 1 is assigned if ARCA' s

[00655 d- guot ﬁla'rl?étgfa%ﬁnté mgﬁﬁ@[}{ ﬁ'f M]agw g'ﬁ)ﬂ% él’?aéae of the limit

I'S assi gne UOt e 1ls
°Fdeérb@°ki andirack qrger adriions, Iffenwll@éonsrm;ep@meffrewoue nﬁ-seconds mid-

quoféﬂJeH.ﬁ‘ﬁs V&ﬁd“thbr}ﬁtsﬁhﬁ}ﬁﬁérﬁrdf@ﬁe Rta 'c;ﬂgfecéés%cfaﬁ’?& O#lé‘tﬁﬁeeto the

unbers are _not significant at the 95%con ence
compggia mayket; Jess Vanabigs actiay theeenthiye varahies to capturing market

dyn@rﬁrors%mthapamss @hin@ﬂétra%eg@ N ra%@n)% slﬁgg?ﬁtet%r@aaddltions
1 ONS, -

tha"sca(%?f}'?téo% it GrBrTo Gy DA R BPrseare Rlays]in e matket that

hop@thietisath aatisnatimuiate thermarfket, Paangastol ditrbdans hadiRettbwards

e t,ornder book and track order additions,
their l;J{]d(':é;el aﬁq\gﬂg&'ed,epth, previ ous 15-seconds m dquote

[0064¢t ur ns, WdTeeh thaenidicgmle ignnisaligredd dfwbthe Eieqltwm&:l-quote is less
than%é%%hﬁ:‘o%ﬂe rn‘?ihﬁido‘(% gnti(?e tnl?tf? F%’éﬁ%&? 'bLg hrgyeneh(sn Egrgéﬂ P'PIHH'e will

e varrabl es t
be iefsrthan tgtrimndsCwhigahas eimidruste fatiis gdsal oatesgy grddter that

the é&ﬁﬁ%éﬂ% r?ﬁtgg@&g ﬂr@@t(ef@ﬁﬁlaﬁﬂgﬁwtsqgﬂu&g %‘?rﬁé‘é‘l?ag& ! lﬂltéf) g?)d

mt orders Is ere

Brut)-hi ek werdss Hthasdirentdeiermined thatthidden biy mll)ahrelt ph:br
volufRY 16Rbws BeS BaRSwite i higREst (IdWestPhlRudteWcEs

[0065] Apart from these variables, the previous hidden volume executed is
examined. At first glance, one might dismiss this variable as being invisible and
hence not a reliable explanatory variable, but this would be mixing the concept of
hidden with that of invisible. After an execution against hidden volume takes place,
there is a telltale trade tick which is printed. Research indicates that if hidden
volume is found, there is a good chance that there will be more hidden volume--that
is, Lagged Hidden Volume. .

[0066] Certain stylized facts may be discerned. For example, when only
absolute (daily) spread is considered, larger absolute spread for a stock indicates
greater hidden order volume. Liquidity providers might hide more hidden volume for
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their undi scl osed vol une. [0064] Wen the m d-quote is
m sal i gned and the ECN s m d-quote is |less than the
W@ owpasi3re nmi d- quote price, the expected buy hPdOes2007/014175
limt order volune will be iess than that of an ECN
whi ch has a md-quote that is equal or even greater
that the conposite md-quote price (exenplary ECNs
i ncl ude Archipel ago, I NETland Brut). In other words,
it ha} be n determ ned that hidden buy (sell) limt
stockp deit RAYP (AFET SPIEGHE besRuSRaNeikelinearboHieime Sontfuniosepses.

thm dem;mtrmgpdsm;z fmit[P865plaberakhts! mghmé%n’ﬁ%r‘d@?é Sl% placed,
reV| ous hi dden vol u executed js exam ned

m°rF.W% eNyPERL KOlUBIedS SXpREtedias ket prriclpanisaedngss @félvﬁb'

involved inithe enasiket ameinpamingtfopasyphmaticanrxphasat or y
vari able, but this would be m xing the concept of
hi dden with that of invisible. After an execution
agai nst hiBldecationuofcUhdisetogeditimnit OrdeeVosuraet el | t al e

[00671% (el allolg s B, 556 B8 BF Rldoln yBRITE IR i mesmmed to
be lp¢ated baiwaendibehestbidi attbask/ whs modehat. InShlsngend, it is
des&'ﬁm g'le“ atlergiﬁtﬁ] \%%@'b%t\ﬁ%é(n {l'b '&%F%,fan be

di scerne or exa
estimplasarooeding i an @fréwdlmanwrthameﬂem mvgp’medeb (achteve this

goalstﬁélg%rkeaggb%ﬁg@%lﬂﬂégfrﬁgr%ifgﬁﬁlgegég% %%zl)#gg?n? %fory
Va”%%l@% A& 3R ogstimaie th prakebllity that ?R@l"ﬁ’?fd%@'ﬁﬂedbélmﬂj region.
[ooe‘a] ont-r ﬁﬁhé pedreias %thamkmrggééﬁtg?;ggéh)aéctgé W\érkef” &ﬁ{dmons
and foBE T e a8 ace. foted w6 izte. nhpns. Shanbes pasistate of
the lamig orﬂ:aré)oaktaaueé particip@nvetb n@vbh@té@ék@a?ﬁﬂer&@ﬁﬂaf&;:es Itis
i Nnal SClI 0S
asedfiée FRARELU B RO TR op B hoRRla 23 2o INEL 361 5t 1

cents), ?@domlaﬂhttd@ntnv@ltene lddeyumg whsstihidden 0rd1£rs labe dbied placed

In
o RELIOETH DSB8 A QRSRS8O B e
condjlipnmeuabeaselseluta sphead and MOIahhiyaﬁ'hemmﬁéjenm theddeation of a

hlddeﬁ%@a@}l\mgq é:@sﬁﬂb ﬁ,g‘gggi c%ﬁ&fno% the present invention.

To achieve th q read can be divided into
[006%hi  or mi Iﬂ%é ?9&5 %ﬁgb%ﬁwf theevarighlesusast ip thamcasl &
predédti uﬁ@d:odaﬂoﬁ%t s@mﬁrﬁ.ttoh@erwcmﬁbl k t
mveﬁ}é ge? n .t hat ??? P L}(\?68 Tﬁebéryéﬁg@ea%%&sftHeSpresent

Tkel 208 29X HARIET R iRt pRiweaH lRdewaBAtket Vablemand the
placément ohiitiderdeaiuche. where to pl ace hi dden vol une. Hence,
[007651anges ‘Hblé ge state of

Standardized
Liguidity | Good- Return in | Addition less | Addition between | Imbalance
ness tzaf last 15- Cancellation ahd at the best in Depth
Fit R seconds Bid and Ask

0-2 0.18 -0.0425™ -0.1120 0.2322 -0.0878™
(0.0373) (0.0460) (0.1126) (0.0673)

3 0.19 -0.0854 -0.0668 0.1050™ -0.0923
(0.0430) (0.0258) (0.0707) (0.0404)

4 0.19 -0.3023 -0.0719 0.1584 -0.1864
{0.0449) (0.0194) (0.0476) {0.0306)
5 0.20 ~0.2860 -0.1125 0.0274 0.0172"
(0.0590) (0.0160) (0.0516) (0.0254)

6 0.20 ~0.3757 ~0.0894 0.1501 -0.0791
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the limt order book cause participants to reeval uate

their placenent strategies. It is assuned that the
wO bandagsesit al " factors, absolute historical (ePQr/us2007/014175

intra-day) spread (in cents), and volatility

contribute to identifying where hidden orders are

bei ng pl aced on the book. The assunption is that

pl acenent is based on perceived market conditions such
as _absol ute spread and voIatiI'tv The nodel maps the
acation of a hj Jer(OWie4) exi st i(dg3zsar ket] (0.0107)

condi ti gnso.26 0069‘3 za;éfg)l “’cﬂg%l oi es aldifdset qf -Qgess

| (0-040¢ dad: 00382} o | (0.0187)
v al | d.lJI s 3] UDCU i Ilotsmrl upl | coTC 266

ocdion) of-23el| (hiodal orql@ﬁo-,%q)j urre aqg%gﬁfl)ng t|lo §ﬁ130
aSRefd 4T bR pl: e9aRd7 | 'VERL09es . |abl €o31gp VES ‘.BT'EQZ_

pla lonship bet (BB8FE9H f o\ip.o@ilet [vari@bi4as and tdesss)
pl acenent of hi dden vol une. [0070] Tabl e 3[0071] The

[007} mbers irfe P@hﬁﬁg%@f‘ﬁeﬁ{h% es{h%nsqgr[\cgarg o8 for%e the

par aneters. | ClI en ues Wt
par%mﬁiéf% cT e coefficientiyalugewith é!tle smecmmmasnsncateethabmese

numbkearld ﬁ&%grﬂﬁcérﬁ%t%’@@@@%hﬁ@ legye! . [0072] All

ri abl es were standardi ze elr correspondi ng
0073 ¢ or i ANl VaTibles W%ﬁﬁwaf@%ﬁ%bﬁﬂwlrswmpadmg historical 3
devi ations, i.e. X standard) where X jszthe nmean s{x)
"H??dm?a@s)anids‘it?mafgtd&ﬁ@ﬁ%s d&viBtdean =of— VOOE3F iFHe mean
variable "Return in |ast 15-second” |s(xi)he tinme

and we( ghisthepsandartajgeiativd-offuot e return within the

evious 5 secaond or to execution, [0074]
10070 ko T TEVATRARL yoRrb a8t 15 Eoekuinins e viaghted

percbnthmnhucspumalc:fletwn Wlthlrdad préNious ES s@ﬁtblr@dé Nnéi’l té%&ecutaon
oups n strates how c )
[00 :Iddgn vglggorrcgs(':rﬁez'i' 'dét rpHp?Sh%'eSe&aQnge% ‘? Q'&l spread is
dividegdhtedsis egbelbsiged gsduppr thee FIGd 4nmgstme56hm¢i|mrttbehidden
i i ncreases
voluﬁ%g%r‘rfl’dgl | t%sv%lho%r%a%&?%d \%greorreg%% (A ﬁi\slc(l) etﬁg ﬁgz? ?rfﬁ?eﬁ"if’
"eg“?fb teclvden therrepionduioniq hest hitheriser éadsprératd mcpEsste bayond its
normiéll16Welé fmedéw{/&éﬁ\e% 'mdré %H%l?“tﬁ)ﬁegréaﬂéﬂ ute%]d)\glﬁﬁllw tﬂ% YBread.

accordlnp to embodi ments o nven 10
This nattern hgids theREASHAHEGUIdIBCAOUSR. nodel , referring to

[0075] G 9, TR, Ia‘&@bﬂdiﬂﬁ; @t@ﬁso&ﬁqe@% SRk %&%ubhea h%%ﬁad on
creag@% iagﬂgﬁonkzgr?{ﬁ Ec}ca ion ¥|20J1el refernngI; {2 }rgé) ' 9, may mclude steps of
determining the location of each observed (buy) hidden limit order S9-1, i i.e.,

Region 1 = {bid}

Region 2 = (bid, bid+0.2-(ask—bid)]

Region 3 = (bid+0.2-(ask-bid), bid+0.4-(ask-bid)]

Region 4 = (bid+0.4-(ask-bid), bid+0.6-(ask-bid)]

Region 5 = (bid+0.6:(ask-bid), bid+0.8-(ask-bid)]

Region 6 = (bid+0.8-(ask-bid), ask);
determining market and trading conditions at the time of each observed hidden order
(explanatory variables) S9-3; estimating probability model of order placement S9-5;
and evaluating the model's strength S9-7. The step of evaluating the model’s
strength may include examining the prior belief and matching it with the empirical

D
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Region 2 = (bid, bid+0.2-(ask-bid)] Region 3 =
(bi d+0.2 (ask-bid), bid+0.4-(ask-bid)] Region 4 =
W@ booda@34s (ask- bid), bid+0.6 (ask-bid)] Regi onPG&I/8S2007/014175
(bi d+0. 6- (ask-bid), bid+0.8-(ask-bid)] Region 6 =
(bi d+0.8 (ask-bid), ask); determ ning market and
trading conditions at the tinme of each observed hi dden
order (explanatory variables) S9-3; estinmating
probability nodel of order placenent S9-5; and
restéi‘ﬁép $aeiihigerasulifoarel consistens @gfqﬁsmuwltymeum apd determining R?

for @é@ggabltm bb&ndBSfits strength may incl ude exam ni ng
prior gelle and matching it with the

Wo@pl r i calVYREILFnsiqdesingeriain stylizaddiagts apast Borortbprst eertain

condiGEidns d\aﬁm drdwh.gFerecarmpe, #eh rdﬁnﬁld%ﬁn&nér@ésm% mid-quote
0076] When consi derin

se t he ?dness of fit.
vols %, Sheten, B R n eyt fire wilias e pce duaden it orders
withirothel sgﬁé@cms Arsay rr@kéirp'ﬁm‘blpﬁﬂé V\?K@ﬁ@b fh?oriefl}l@df@ry volume inside the
consi deri i ncreasi uo il is
spr %e?eeaolnﬁgfm%t]l]oq ﬂﬁ%&tgﬁ;y isde qgg%i) § W@rl%/% F5f|o@.!{'&)éconsu;iermg
incrbasidg inttd-day (sl)mklyralzwl Spraati han gigeet@d is Mo willid toaredistribute
. r more hidden v

nia el oo BRRb N Wi B8 SpIEBi Mgt Sy e adl utpiapoer
placementaif kere lifmit asdess arerisirdeplaced,imaredsiddery orderivattiey inside
the Qﬁ% Bqéegb@cﬁg%“ E c.%‘?djhl éthﬁaeo?&&fs lhé’dg%g %éad'c{égnéu lages

IStribute en or cenent
oneg ligwidityamanshang mq%igoms]amalmttotmrdeﬂrl@t @eetmants who might
steg®héhd.i Mt orders are being placed, nore hidden order
vol une inside the spread is expected Pl aci ng hi dden
limt orders inside the spread canoufl ages one's

l'i qui dity clewaael asvklbphfen®! ot ect s agai nst ot her
rket p |c ants o.mght step ahead.
- [Oo{lﬁvel opngw fé‘%?'?fe WWFF rqe"?@rflé’ﬁ‘{: qrhoie G'Etﬁ?d foof q“P‘HWQ a
modh alsrtcahfulatlngahbqﬂoibamhtsz,r Mmégalﬁdlﬁbﬂl@berfn@ht 6R4 Biddahidigers is

s LA Sl T o P BREEEL Bl SR
Stemﬁe%-dnwhemle malﬁmne ?admgssesagagbeg.anskmaibtshen obteeeived as

alre%'g)z g%’i?g%jg d \)e'm éﬁé 3951’39 sO&t %aqg_gmct%n qrﬁgr %%lt g%rade may be

€l 1 rea scusse above
c!asgén@ﬁia@rw5|bﬁeowwnéhe tréde canthe, matchedd@ artmyit beler message in step

s1203 %ﬁé 2] t%hea\ﬁhu\éh ahhét H@ﬁ{a?cﬁé&%nﬂ%%%ﬁg@%er’ %gﬁé‘ g;dclassiﬁed

to a limt _order_nessage In ste

as higdeminsiemst 2ox Hag §'ﬁ'§d’f\ﬁ1tfﬂ¢eap'ﬁ$frﬁ€td a9 béidenae datgemined in

stepCS 8371 fTr@de classification and side determination are discussed above in the
“Data” section.

[00738] In step S12-9, tradable assets can be grouped into liquidity groups
based upon the median trade volume of the asset during a pre-determined liquidity
period. A liquidity period may be, for example, the 21-day period coinciding with the
first 21 days of the real-time trading messages.

[0079] In step S12-~11, one or more market conditions can be calculated for
each tradable asset over a pre-determined trading horizon. Market conditions may
include, for example, effective spread, mid-quote volatility, additions between best
bid and ask, average first level depth, order placements, order canceliations, and
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as hidden in step S12-5. The side of a trade
classified as hidden is determned in step S12-7.
wae@da4siassi ficati on and side determ nati on aP€T/US2007/014175
di scussed above in the "Data" section. [0078] In step
S12-9, tradable assets can be grouped into liquidity
groups based upon the nedi an trade vol une of the asset
during a pre-determned liquidity period. Aliquidity
period may be, for exanple, the 2 1-day period
add!@@hﬁtﬁse&uqa@caﬁlatl@mh g heitrasting?hgriziaymay et for exealpie,i vp2-, 3-, 4-,

orsg@agh@gommodsoom] In step S 12-1 1, one or nore
ket conditions can be cal cul ated for each tradabl e

[0085&5 et ovHYstap §@- Hhteeeaafiicient:is gaicHigtedfaraach ligtidke group and
eacl¥ R{O%lﬂkét' IMRIitTHRY w‘hﬂﬁﬂl é&%cna(éér therREREE cortdifi \tNitH %logl%rnqgéjd

guote vol atili t1ons between
voluggcompparesfe ‘4'5'1"?'§tt" ﬁdé\)@l’U'H@ BOA hiddledelrags l@@@h@’np@mpar ed to
vnsMJé tfade ¢<gd§t©h| AtHedRfichstila dgh blecé?érehfhsl‘é tﬁﬁt@z“cﬁ“doéfﬂcﬂé?ﬁs such
adi ng horizon nma e,
as b Sabp SR IRl evice JUbisGIe phswSic e opt preddy
des@ib2dlahove, caebélmmﬁétt as a rg@ieﬂ mérséﬁmﬁwétﬁfg @Rt hlmhdiﬁhwnty in
mar ket condition i ch associ ates the
a tra% R{rﬁ(p%ﬁ,g? pSH QPR R éﬁ°P9'§8‘é ‘vol une conpared to
[00&1[1 SI bl e Thasler vwdflicientaozah te dgkexhta qmmzbdbatiegme to which one
effi | ent s
or rESTWERE A9 HALILA HERE 50 L oS O80 4 Ut
tradgklegsasts. dpoeffi hléﬂtsn’em)ﬁ&SOd@\/awmaTmmmtawhelddy groups, as
'des&%fdféﬁ‘dv%mﬁe ﬁi‘l%géi' ERRI¥%oRERhtIe4nIRAY Be a‘ﬁ%ﬁe@ fo real-time

utilized as a no for ‘estimati'ng current

data topstigraty hidde liquidity. f or um based upon current market
conditions. [0081] Thus, a coefficient can be used to
guanti ze t e _de ee to V\,hi ch one or nore market
condi t i ons g"gf’g?'e to hidden order volunme and or

[oodzgpcat i O{’ITB @kah{qméljﬁbl ﬂa@?&ﬁbﬁhe@ﬁ@dél lirg 8%&&%&1&59 @Jécﬁénhﬁ‘olume
ociat e i qui di as _described above

ana 5 Bisdert ot 8 oroddhaie H Hiersl exdiueBa e haypi e dars sion

(buyraradell) manmd cdativaane ttie sahe tinialde AF-!CB/ﬁ Wef% bggré@%ﬁéd NBor each

ngath o in

or 1nH30 face loslpte, 1 SHAIARehAT oShG TR Vol celing 50 o anc

the fd\ﬂ'%ﬁéf VQ’@'GI@ thg BhQFpaMngaﬂe)i ayeeags exasitivhprichaaned teeaverage

exec?ﬁlgﬁ IJ-{)(?‘A RhEOEHePled fbh thd s%F\f(—:’ﬂr:I l?%o?ﬁ%% ‘e'n'oftr ggrebéékngt the

were ag gqr)e gat ed.
Star‘cqfdﬁ? Siustergxecy %Wﬁf@cﬁﬁﬁwﬁ@td condi tions were

[oogagent i f i ¢He ARfbremLAskt@BEN the limit order book’s perceived execution
price v, and the actual execution price p, is referred to as the Virtual Price Error

v, — p,. Virtual Price Errors are typically positive and give a first impression about

the usability of the displayed limit order book alone.

[0084] Next, the limit order book can be reconstructed based on the
prevailing market conditions using the models that have been discussed in
subsections A and B above, and the estimated undisclosed limit order volume at the
appropriate price levels is included. Based on the adjusted limit order book, the

estimated execution price v;*” and the New Virtual Price Error v!** — p, can be

determined.
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the cluster volunme, the share-weighted average

execution price, and the average execution price that
WO g00da#d3ved fromthe observed unadjusted |im tPOT/US2007/014175

book at the start of the cluster execution were

cal cul ated. [0083] The difference between the limt

order book's perceived execution price v; and the

actual execution price P ( is referred to as the

Virtual Price Error V- Pi - Virtual Price Errors are
[0085) i cal | JhpE5PYe PECGRAEre eRables:fd) hevingripeee 4d-oneaiooparison

betwdth asadl drid dstphatbBPrigks, Fﬁrﬁiyﬁ%\)aldﬂtlhg qhé %Up@l‘?&l‘t%/ 2k ﬂ{ée

oraer ok can be reconstructed

I

aciuSHRRLN Rradh Dok Gl ey ariiated 1w AuAeT bRk &9 Ageastcacadracy,
varymyj@dehahbatcah dessthaied fdﬂ é@dﬂﬁlﬁﬁﬁhlﬂy@rﬁuﬁﬁﬁﬁkid@?ﬁg%lﬁé}@nﬁ ime

BB IS b Pl s v Sl Bl gtviy. bioro
prec&aﬂyadomectmlmmtw?mad dnidrécenariclghe bOéﬂal,get\hﬁuQSItéhéBiEﬁ@r and
A A A T e g e RN e
scerm@bl es a) having a one-to-one conparison between ‘

at 1.n

beri or | o e e AHEbER: sflbarSon BEAEEL ol Bpp e

PflCa W @S’ldéi}'elr 49 Newtr WiguabRide ETor tas sit stocks thatatve been

|
°'aS¥'f‘%ﬁ“’“g‘8§ﬁ°§‘?%e"r°?§g"° o Eadhld Uy ahle KB o tevbapyreiont
5- m!"é(?eg@sé\“d\%? &alvprageyVirtagh Rrige, Egpr @ndmver@gaéVeMMIrmeé Price
ErroPat badH §f thibs Quﬁé@)@bé‘z eky prés@hte@iacéb hé Witgh Ve HeOWPL 8 Brice
ngr Lo Price Error and average
Errok A Bl 1o ARV P 8o SRTPBRSH o raYerage. there is
an esnob gf epmxmhatebjcmcemsrmﬂferéncé Bﬁt&@enﬁzblﬁwt étréb?‘v\ﬁo&lg Delieve to
ween . the rtual Price
o o FABIBkeABTPAIA S0 B8 0 % AL b S s
order lpapk harvbthgcantiuall exesifiorepricen tmamusbamyy isrelinfindted Miten the
t
modgl RellseR 1661 or ifip PRIVt U SPriHERie BbigToran atner
exarginedagenapes Whichy fir brevityeater tpmnteldrheea,c h of these

bgr oup f pLtdia
Loy B s R R, 1 tnPe ol he ot Bp Ll By vl gfRluatea
by uging ¥l Grisp IRE@r compatationge Stensdne nethod @‘reuaiuamg a model

incluBRIr@t @dié/ c}'élsfef?é“‘o? g rfvfeé'aﬁﬁﬁg qBek WH{eM Wikreth fr%@éj Ellster

is a woul d q he i nst ant aneous trade éexec
REyle "?ﬂa" ﬁﬁ’ﬁgﬁ'éﬂb@@us@nq Wehigiasgiasmetirame (eedene month)
on tHeosdme aiuk. t Vietuacpricds m%tsdn%t&i b¢ feferdttle t8atPRBLL Y where i
mdeke?s ﬁmle tra&eaélggte\{\h%ﬂe ln(fex iis setto 1 in step $S10-3. Next, the market
conditions around the execution time of trade cluster i are determined in step $10-5
and the average execution price of that trade cluster is computed in step 810-7. In
step S10-9, the limit order book’s perceived execution price is computed and in step
S$10-11, the “true” limit order, book based on the market conditions, is reconstructed
using the model’s execution price. Then, the virtual price error and new virtual price
error are computed in steps S10-15 and $10-17. The index i is incremented in step
S10-19 and subsequently compared to the number of trade clusters to determine
whether additional virtual price errors must be computed. In step S10-21, the virtual
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nodel is used to adjust for the hidden volune. Simlar
results hold for all other exam ned scenarios which,
wo eoo7hiesvs ty, are omtted here. [0087] As shownCT/nS#HDTG14175
10, the performance of a nodel nay be eval uated by
using virtual price error conputations. Steps in a
nmet hod of evaluating a nodel include creating trade
clusters for "out of sanple data" S10-1 , where a
e cluster n accunul ati on of (partial)
prioe, G0 Pk Do PHMSH IR Mot EoTratios 47l e shesansreampared
for eanbhigheusane si de. Virtual prlces wi || be conputed by

fooagf! ©f eN°EcdD.r Al HOBX ofinaiiiRE Gy im ndg?g)z ey, SReaga, limit
ordet kelunee Betivity andi dthemfacarse.ute nisthed et BtG.010 bemﬁﬂtsCé one-to-one
comgéﬁgo% Bé%teﬂr Jtual %'}18 e%ﬂnga;t n% Eg%"l{t'?g?@cgf agg! éerval%atlon ol? ?he

Verage execut
Supemmpsuoétﬂ\eu adjuﬂteqb ln$1t®rder booksovay 184 Anddjusted limitbided bdok.
book's perceived execution price is conputed and in
step S10-1 1, the "true" |limt order, book based on

t he mar keARPIEAtIOPENs, is reconstructed using the

[008§Pde| S Mﬁ%@e‘cﬂ@n RRE ‘b‘?actw?% dripicy] 'o? il'gaaﬁoe[el 8feth8 "or&ent

price error are conp

an
'“Ve@fﬂ‘ 'f %%ﬁab%ﬁenﬁv"usvﬁ&eq rfy satic %m%amted w'w Rieepg a
markst Grdér :amleaﬁabéﬁam&ret bhoth Q@éfﬁéét%i-nd FriddfpAerBssoMied with

clu her additional virtua
exoc i S pitir IFslanBnelalh At vutin - e0d5-minste bin eriod are
exarninetiL ather prive igIpaet $7N0a hﬁrﬁéthﬂdé’ﬂ fdeddéritea £ hbali®dtence
scenarios and the averages conpared for each group.

betwegodBe I8 enacution mwp £ sanrtithel rdisdquoote ti nienmédidty)y prior to the
I limt order volume activity and
ma”i?? ﬁ’é‘ﬁerf ’ac%lﬁ"id? VT&@ GRSt o Pf @fmﬁ'iket Ofﬂ?f pde siefiged as the difference
-+ 9+ ~and, estinpte
betnBRR he sHafe- AR Aa0E bREEGA TR, AeSa Rt rEFHE o

immeédiatetyiptist loché Inﬁarketocbrd@l‘ i bomdre Pregiséipe unadj ust ed
[imt order booy“, Applications. [008 ] In this
secti onfZuh® “pPacti’éal MNhportar@e-of) ¢ he nodel of the

whergrsssptfo,lgsswa%e&dg.eé@a Ped aelylyst rated. A

exa assocl ate fThp a mar ket order
[0090F cr eatIHd; amnmmsb@staheké@tmgs&t bwﬁaﬂ(ét%?démaicé 0 shares of

the BN, Ardprifeh Critialis. WeRIs By 1 P BePc s S the cost
per shiaee proutckbe spm FFdr |I||m‘traﬁomuhﬁse§,r id %rasjsuhﬁacﬂlﬁﬁt Qlefb 36 am,
Argohggt t?:h&jpe(ngn%%e?)zg hge b {/(—g g{)%@dﬁfg%dewatlon
less Hiadieaverage ghchvbmtlllly betlmgeon@balf 6la @bvatlmhig&terofﬁai'enodmal
Mordovefl §f isRRAuAdithst ifithd bf&fifs 5-minute bin, of the 1,000 shares
traded, 30% are classified as being hidden shares. From the specified market
conditions, it is estimated that there will be around 60 hidden shares instantaneously
available between the best bid and ask and 147 and 280 hidden shares of sell limit
orders within the next 2 and 5 minutes, respectively. Table 4 gives the complete
breakdown.

[0091] Table 4

“ PRICE | INSTANTANEOUS I 2-MINUTES | 5-MINUTES | PROBABILITY Il
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bet ween t he share-wei ghted average execution price ;

and the md-quote m immediately prior to the narket
we@e@en4937s More precisely, Pl 1 = S1 (P f pa/ PCTS3007/014175

and C1 S -(JJ1 - m) , where S =1 for a buy nmarket

order and = - 1 otherwise. [0090] FIG 1 illustrates

that executing a buy market order of 1,000 shares of

t he conpany, Argonaut G oup Inc. would have a price

i npact of $0. 10 and the cost per share woul d be
$3860 |For illBstratioh purposes| it 13 asquned.caéeb
n$39.0140 am Apgonaut Group4lnc. [is very adti velogzess
s$3slod (W th an5effecti ye speead ¢f onzs devilat | onedsses
$3m03Vver age agd volat{lityisoel ng onednal T {of @.105157
g35.0651[on hi ghgg than hormapg Mofeovepy 1T IS agscsved
Rat 1N LNe previous b-mnute oin, ol tne I,o00 shares
t raded, 30% are classified as bei n% hi dden shar es.

8

l°°9ﬁﬂ om t heC¥5adNEeNptiRgtIagina.eAnditiansier Argonayt Gsepincedt 10:40
am, tradle 4 prssenvd iHe @ﬁoﬂﬁwmﬁhcﬁs@ éﬁlidﬂﬂﬂonﬁéﬁh@@lme and its location for

... | ngt ant neousl av abI e e e best bid and ask
differg} exagUUALNGHRP Frated WERRoybums it eercie o be
availsiblehion at :harkleentdét bﬂ’iﬁb éxétiuf&d Bstant@Rely, withih 2, 1618 mirtutes.

' . | b 91] Table 4. P I
L NG TS TR e e
volup{e06 9jatel aethat peicexi sting tradi ng conditions for

t : : ;
o072 RO Kooy Ml OB ol BBl cr
be elSts@atqdo nT hars.dhefrsiceneved rbwhichamerenuld expect The undisclosed sell

umn%?aérgattfswtr@%béeh.waouéa o%z&e&& gbwe stéé@bh@bﬁhe

. Ket order béing executed |nstantaneousl
MO‘J\‘PI ﬁt‘?t'oz' thst Probapiity associsted with @arl price deye! \bemﬁ@ the best bid
and@@k mthBl LI TY' shows the |ikeli hood that h| dden

Ioc ted t ha ice., [0093
100843 o or S PuiRE TR RE SR dSCATSBPR. BrouA sy 1040 am,
Tableo! sinmvs trat ieereds appioximatélyad. 6%4sof mhwerpselcmnit @vddr @lume

el 0 580t P 595 3EAOR e e
voluggbis evailatrie Bt of beloav $3BH02] Asdecthedmest ableppce (REH.05); there is

app,%w%y £, e b ?&gugn.%ggﬂt IRYE t,rd%%ﬁﬁﬁmmto{gs RS hBl ver. 1f

IS estimate
the lipain arder ook i recangtiveled tainslysid the hidden wiudedthe frabhbilities

are ﬁwuﬁiﬁbﬂ.&\? r?]&{tﬁ% ;cgtgﬁﬁlsgéﬁ sBIPRRR GBI UME), 898 Bficd'b89& ke traded
for the instantaneous trade model (with the assumption of locating 59 shares) is

$35.065 and the cost is $0.045, which is lower than the estimated cost for the
unadjusted book. The price impact remains as $0.10.

[0095] FIG. 6 is a graphical representation of trading horizon, hidden sell fimit
order volume, and average execution price. FIG. 6 shows the average execution
price based on the unadjusted (static) limit order book in comparison to the adjusted
book that takes into account trading instantaneously and with 1-, 2-, 3-, 4-, and 5-
minute horizon. As trading horizon increases and the market players execute
against the estimated volume within the next 5 minutes, the average expected
execution price falls to $35.052 and the expected price impact decreases to $0.05.
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| ocated at the price level $35.00 and that 15.45% of
total hidden sell limt order volune is avail able at
worotakors $35. 02. As for the best ask price ($861/053007/014175
there is approximately 74% of the total hidden sell
[imt order volune |located at that level. If the limt
order book is reconstructed to include the hidden
vol une (the probabilities are nultiplied by the total
. hidden sell Iimt order volune), the price per share
[0096] aded f\Bihile earkektemiesrstinesta achiky engréeter trainshateney by
offerﬁﬁfh‘x%ﬂﬁét%%tegé?dﬁ w%t W9 rrfb?? g@ﬁﬁ%még%tgﬁghﬁ?%dﬁ gﬁgriket
particiganis, én mﬁm@@%f%@awmafh@forma&@ iegfsage, qosiiaue o hisle their

tradlﬁ@ lﬁtgnt B)ﬁ@%@]hgﬁh&ier@ln‘nﬁ &‘d&rsapmééénﬂl&me?ﬁ@?ﬁ ﬁ{érRé‘t Of

trad |n ori zon den sel order vo

tfan%?%@éa%q( radersoPesery eomplicates tha amks pﬁélgav%\nag éradmg

syst@mecwtseeﬂngrducaotv.a&@ml@rbrtdﬂ@esﬂé&eb&tﬁireéna%ba{m.e&telsltﬁéttasks
rison to the adjusted book that

of thEgRter H?%'Cg’@egaﬁggﬁ?lgm%e s i S dee waaw wi th

[009¥], 2-, Bhe riding papdibity mabaagmﬁisbmedmmtmdlranmtead of
execut

disp%&%{j ig{gt <|?r %It : g f’gﬁ? I%lfedﬂ&\ lﬁﬂe%/ tHg)yfm%order book when
it comesubdémanspaenay ef agekahzetitipainteXaatiohs Ot Harsi erf sHdven thast

5,
o3P B o R B0 B ESAER R abona
trangaatignenosts: angtharewrss uiliziobfasr analysimpkibe “dmple’pirod vcder book
and WrldinBRhE uaa@,efalséa :mcbrew &&uﬁne' S QL EeP T ?Pédﬁ%n

art|C|pants in their demand for mnina mat | on

optihizakia@nd dEEARRS 275 APRRIMIY Go0t rastctien. witton Plas towards

lowatalaaanétsJe iy didag ahi Midhe? tdPEaetionEsst€.onf | i ct bet ween
rket trans arenc and traders' secreCé cates

0098f)c 1 s KEOHRVER Jsenassily beinfsrag famt kgneying the
prob@htllt)bat lhlznd.s?mteca volu mgdmtmrs tr;eem@ua Itg@%btlyalgﬁtscmbht) A& ability

t asks .0 nmr 1 Cl SCuUr
of alTiohE o5/ RS RaRLe/oRt BRSe SaGRY B fsfine best
exequiipnl pricetfyr wikarkedt @cderg. uhlgbetﬁnuis mhdlngmyslt@nsi arst emsé ra@dformly

I imt

soarh gFl R St biflokot YafEs fen Sl EBbonlyrid BBl smarter
way$ ttaas@aoeim\gallelblenuukhw ;337{ talleddambd’ odet rauting dystemas that do

not t?ﬁg ﬂ?té%\%uﬁtnﬁ Ippc%ﬂﬁ n’g of EBEFF&S;G(# b&bh&%%ﬁ tlggggrea% aren’t

iclent estimatin rue
smaftransaction costs. FurthernDre ut|I|Z|ng an anal ysi s

[0og9a] the "shaplddent In%htuSH Qﬁ{vﬂyéqjﬁa%grél%e%hf&syfs'?&ns and
undi sclosed limt _order volune actua al ter

methodser MANIBPRY the Uit SrrelRPakfantaidine n¥%6ﬁﬁgy§r$wﬁaﬂys
negathely c@tklateldas thevhidden liguRsty taddethe M/il.aeite Joratlih I Riditions

Betwee%uéglsttglda\ Rslg rd tlt1e %\d%atf:otnlsq_ess %Sancellatlons are all positively
correlated to hidden volume. Although these facts do not permit a reconstruction of
the “real” book, they are nonetheless useful in getting at least a sense of the overall
hidden liquidity, if not also its size and location.

[00100] The present invention is not limited to the foregoing disclosure and
stylized facts. It can be used to enhance the existing picture of the limit order book
by synthesizing the “real” limit order book based on the probability of hidden volume,
including its location (in the book), size, and venue. The major implications of
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[0098] However, it can easily be inferred fromthe
results that ignoring the probability of undiscl osed
woeloamo3rg t hin the spread greatly limts (at besT/PS100®B014175
ability of algorithmc trading systens and smart order
routing systens to find the best execution price for
mar ket orders. Algorithmc trading systens nust either
uniformy search across different market venues (at a
great opportunity cost) or devise smarter ways to seek
utilizing thiy ekirabiifermatinn aliettwofdio andlapely batimis butopiated trading

systléﬁ%té{ggmgn&g%ﬁ r@ﬁg 4909 0& ed @ke into account the

It cl osed® volunme within the spread
(003N ¢ sﬁﬁfexamgmgﬂ algprthpie tedingisystems amd pmavti rdeting

syst@ﬁ{skt?%oﬂl%rﬁé Sbﬂ@g% g‘[(a'i?g\freﬁr@?huaalp rl{@éll{k#ﬁciw% a%glsmlﬁﬂg

[1mt order ective
Ven@?ﬁ dhr best ghaies plauhigh cyerru%lcatcwe tQ)thlél bl theteone with the highest

proddbﬁmy ef be!d@élasédﬂeolm \Qﬂﬂh %é@ﬂ)l@%bl iich sy’%@&h& WHIR be

en Best Bjd An and the Additions Less

con%ﬁﬁr@gl P s ‘smarty Mo maB@g peiticieptsihis @rhansgdiwokiinfeemation
canbel usesd. to Auldeos ghuﬁihﬁﬁadéﬂ@ttﬁe %@sﬂé&ur@ﬁ 81 fquidity and could

poteﬁlg%g)f ﬁéluggé 'tc? g éY% FnFﬂn(be&elwlhar tfpgg'@t %gdgléng iizingdhis
enhaneadabdokhinddheesingdoipdadeya limft ondér, ahstn séleaﬁngms piick, size,

timd, Qgﬁ&é %d WRSHEPL: I&‘ﬁ HSREBE d r?L Oﬁrb ;, g'g dr'n%glg artha&gg»as a

or egoi ng dISC osure a
moreée@}ﬁ@ vieyy eﬁhaw&éhqrﬁemlémsswpndgo pisAdtioe. of the limt

[oozger bopkadbreyiieGim tFHe'ﬂgc%& ﬁleecfgmlngl iddBr vALES qerpt%) Ving

baSed on the probabili I ncl
an gspect ¢fthe Frb’ﬁ“?Pﬂv Q%Wﬁbé%f?fe'@%@ FIGnd, ﬂﬁéfﬁu@re ﬂﬁhédmlog

stepsNDdts aké @ﬁ&tu@édﬂnl ﬂegf-trl]rﬂtg (;Isgiugtsla&nﬁ g@a;tag‘faﬁfr%dsrgé%cgﬁﬁge (e.g.
Nyt B BRTS Barien SBf hey stingooubamerBpoks are
updated rip hcemmnyt(airgazrchtdmhgngé ank ag @mateﬂﬁr@&daé@ay in step S8-3.

vi,Qus that given
Reob ARG Bifesich  ehpfas Aiver i eyt Soeguen
consqhdategi (bdr amm;jrle viamitierden cancelatibos, vbtwﬂielfh bﬁgtr balu&r&actlvuy in

0 vol u

the l%ttﬁi) gl&)hrmS pr ead ésjggﬁe’é\}a&%w\%%%l ég%ecs etgﬂitfc&eqr ggetigved
frompige’ M%ﬂtabaqedforrmﬁmle goean en@atarsiard] devietitrantieadibg oblume
and hifdehrRIURE irf e |Q§t ;*w'?rﬁr%t% 19%%?39 gétér%a{edﬁ'ﬁﬁ%erb\s)olume

best sources of po en

t he
is Cﬁ'ﬁé%‘ef’ Sdhe vl Retwase éﬂi q"ich@ffk on gagh trﬁd@ln@nnedﬂidsagmaed
in stub SlXeq D@térhnﬁatﬁiﬂ%&ﬂ@ﬂﬁbtb%ﬁahg WHRAShay bEQt Zﬂ?lc@%dadeepest

order. lecting its price,
book Q’ﬁﬂ%d'"gﬁbs'%&'ﬁé?'g%?"%ﬁw the agamsweﬁeswéwa%%uenttm@current
liquidity inehe paarkecaeanadd asstép S8-11.

[00103] Referring now to FIG. 7, a schematic diagram of an exemplary system
720 that can be configured to perform aspects of the present invention described
above, such as, but not limited to, processes for estimating the probability of hidden
market orders according to an embodiment of the present invention is shown. The
system 720 can include a server 722 in communication with one or more user
workstations 724, for example via a direct data link connection or a network such as
a local area network (LAN), an intranet, or internet. The server 722 and the work

stations 724 can be computers of any type so long as they are capable of performing
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nore realistic view of how others will respond to his
action. [00102] In accordance with nethod of
we o7 me3rsg hi dden vol ume enbodyi ng an aspect BET/URE07/014175
invention, and with reference to FIG 8, there are the
follow ng steps: Data are captured in real-time using
Level 2 data from each exchange (e.g. NYSE, ARCA,
| TCH, BATS) in step S8-1 . Then, existing linmt order
books are updated in nmenory (for each exchange and
theirgggpeefiveduneinmsais dracdbipdinersine ThegoBpuRersearah teotbke same, or
diffeREitiftdrh Yon8RinB R, it éi%ggol Rach Wé@g a't QaFPgR% Xro%%gsor and at

%re gat ed/ consol i dat ed or ex
'easﬁg g alaaenysiRiceiapable @frii@ﬂn@élsﬁﬁ@ @éﬁhﬂ?ﬁt@aqiable frstructions

(i.e.] @hpder 56/00aES bxécutabIBMySH-18ast R} 8Hssor to perform the desired
rical-hased statjistics are retrieved fromthe M

f””CHBP%B’é‘éeé e (Yo emopsievicerismeantany yraf ey Péﬁﬁ‘\dﬁe &ar
storihgaafiongation lmrmd@i’t%l fﬁhﬁdtjl,‘_ﬁn éqie\m‘ﬁnéﬁtdér’fhtéréip%ﬁéryfblams such as, for

u t e estimated hidden volune is
exafbft SiRra s % fostl PRodsry P oafice k. G Aecess
menorydRA ) eteue and aggregated in step S8- 9.

ermn f h n has best pric
10018y % o peoPEr BorRle B 0565 oL o RRragR Y=k When
exegiied éggln@ggrveeﬁ emeressor, n:adsesgtheeerertxére?zamormnnmumcate with the

worllété’dﬁr@' 34 aﬂg&‘oﬁé‘ Br Fir& @Euﬂ:{gﬁ gfégr?f ffngné" %Eﬁ%‘?l der] %s data

errrng now to
rSaWa Q@wﬁaﬁwgﬁpww@atﬁhlatan@mct@@m:f@nﬁaguTrwsewer

soﬁ\p@ref WHBhaseestes lﬁffthé %@nﬁ&r%ﬁﬁﬂ&eéd&\‘ eddd eauéia%stﬁé's'%ﬁ%r 722 to
suc processes fo

porfQEY SRR g ARioBP SR eEJM BleatpiRial haloketsBEdBe seal-time

datadfoarnitidé dgta vieraiore e dis el a@ﬁesmhatuﬁ:g ﬂﬁﬁ;ﬂbbhﬁ“ﬁ flr@abérﬁ
Server

oW 06 BT S50mS0 HpLBG06 PRSP ey amonery more
workstatiggwsad@dl. e via a direct data |ink connection or a

k | k H £ »
100108} et TRE oy e LB GA USSR (1o prpearen
wheg exefeigd byihe mkﬁetimnmmesw, ohusasthe wiekstatidro M4 &sreceive
estlrﬁgt%l‘l Groér 6&9@&%@ f h@%r %ner 72 &i {o &i n%r%?%é &&y imated order

functions as descr ers
book datadgfusesong mpsitent Realdime ﬁédMOmﬁi semntnes data used by

the s@lfsﬁrﬁ 7201t¥ eSfmBteAY Brdlr Ho%ﬂ%an%ereeéﬁéﬁ Fro a?gﬁwo?é 2 source

ast one nmenory devi ce capab toring a
720 r?ée@ 95eA AatRRREr. (9 Stor eﬂmﬁsﬂa{aba@e 73@m¢ﬁueeﬁed to, or
mairgaihbd@ng}hecsereert dd. e by at | east one processor to

[0()19@1/f or m -H] eﬁ%g%&( % gs éo??eqr@{j\'h Zlggr bé&vﬁrggr@rp ;%ql site remote

fromghe rusngs Fadiiy. n@bhmmumcatmmbejmkaeh thosembr P2 angareaaent

vencﬁirs t‘i@ﬁ%ﬂEaﬁ?l RS adbiRfed V?i{ a ?g?gigqllagﬁ link gﬂang%tfon or a

rd dis ash nmenory, an o
netweily sgich as a LAN, an intranet, or mternet In alternate embodiments, one or

more workstations can be configured to perform the server functions such that a
dedicated server is not needed. It will also be appreciated that workstations can be
configured to communicate individually with data vendors and/or local databases
without being networked to a server or other workstations.

[00107] A number of embodiments of the present invention have been fully
described above with reference to the drawing figures. Although the invention has
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menory (RAM), etc. [00104] Conputer software stored on
the server ("server software"), when executed by the

W@ 00749338 pr ocessor, causes the server 722 to PCT/US2007/014175
communi cate with the workstations 24 and one or nore
sources 726 of financial data, such as data vendors,
that offer real-tine securities data in an electronic
format. The server software, when executed by the
server rocessor al so causes the server 722 to

beeﬁ@'@ﬁﬁff?ﬁ"cfg sef Prernihese #refared egadimpets. itwapidhe epparent to

thosdesfaikill inah®wrt tHai Maﬁm ﬁ'nc{dﬁ‘ﬂ:btléhmaﬁaﬁ@ng £ete] ékl)t‘aﬁwéti%a .
robabili y (0]

consiFERS ShFLRS Blaerte RS ARG mSRAIBEN TS Ml tos B and
scom@okmanweritmn dmmxampqm a%F@(pMné@éEowerﬁﬁéth@Bﬁe?%ﬂalytlcs

uter softiware oy a rkstation
coulp i EaugRR G B85 P ol ditarelis Iy s s REP T A dFRan
conwtlowﬁxmsemusascdrhiegwtHespmtseﬁthé?nﬂndro receive
esti mated order book data fromthe server 722 and to
di splay the estinmated order book data to a user on a
nonitor. Real-tinme and historical securities data used
by the system 720 to estimate an order book can be
received froma renote source 720, such as a data
vendor, or froma |ocal database 730 connected to, or
mai nt ai ned on, the server 722. [001 06] The server 722
can be located at a user's facility or at a site
renote fromthe user's facility. Communi cation between
the server 722 and the data vendors 726 and 728 can be
acconplished via a direct data Iink connection or a
network, such as a LAN, an intranet, or internet. In
al ternate enbodi nents, one or nore workstations can be
configured to performthe server functions such that a
dedi cated server is not needed. It will also be
appreci ated that workstati ons can be configured to
communi cate individually with data vendors and/or
| ocal databases w thout being networked to a server or
ot her workstations. [00107] A nunber of enbodi nents of
the present invention have been fully described above
with reference to the drawing figures. Although the
i nventi on hasbeen descri bed based upon these preferred
enbodi ments, it would be apparent to those of skill in
the art that certain nodifications, variations, and
alternative constructions could be made to the
descri bed enbodinents within the spirit and
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scope of the invention. For exanple, as explained
above, nunerous other analytics could be cal cul at ed
wo eoo7tts7pur pose of generating indicators of aPODURENI7/014175

trading conditions for a security according to the
present invention.WE CLAIM 1. A nethod for
constructing an order book for a tradable asset, said
order book i ncluding hidden orders, said nethod
conprising steps of: nmeasuring an effective spread of

VVE{HSE M:adabl e asset; measuring a md-quote volatility

of 1t Aenéthadasy (ﬁ)rﬁﬁr%@ﬁ ng 3R {pdHr t{!ﬁ)k&?gldé Er‘aegﬁletbests%%gld order

b g tl q?l d and ask of the tradable asset; neasu
ool ipflydige &i 4d€§s°f€%rﬁc§¢'paﬂ¢f6ﬁ§ comArisict stermol: e asset
cah&@tuh@@n%ﬁ@bﬁ@bﬂ;ﬂebﬁ)&%e ﬁa@étﬂé%@sékf der for the
adabl e asset as the effective spread,

{ naR TG BrEe ot vpIY T e Irimide Bepoken beat by d
anchmkmngladdmdds betweer 988 biddasE hblabf BlRIradedlE st NY

T A S
ac cellcdlaml)g a\mmhatmlltamhalhldﬂm erder fdrethe traidablel adswyt 88 adunction
of ) @ sRa, S iaBoteRHNEL aBhisbiS polifertbestbigia ask
and@gsléané%ﬁstm&at!qmok i ncI udi ng hi dden orders, said
sy %&I%maﬁﬁgﬁrﬂlédl&gord‘éf BRI LheIRBAUAS pgstatﬂd (.aafnfdeacstkl ¥ gd

spread of "the trad e asset; neans

m GelgHistiag adiidden pidgr gricene tradabl e asset: neans for

neasurlng addi ti ons between best bid and ask of the
nmeasuring additions |ess

bl e neans for
gﬁ‘ %%@'%CCPFF@W&M%P@%é é@terewawrwﬁblhty of a hidden

ordar&d;alsbaﬂmgh@@irmbahhébié{a)@f a hidden order for the
tradabl e asset as a function of the effective spread,

the m d-quote volatility, additions between best bid
and. askA syseratidiconstnsctingssh cralee Bbblafdr @Nisad 4@ assdtOsaid order

ool B e A Lo St BUHIRRG ioch e best bid
pr Meens for measurlng an effectuve spread of the tradable asset;

means for measuring a mid-quote volatility of the tradable asset;

means for measuring additions between best bid and ask of the tradable
asset;

means for measuring additions less cancellations of the tradable asset;

means for calculating a probability of a hidden order for the tradable asset as
a function of the effective spread, the mid-quote volatility, additions between best bid
and ask, and additions less cancellations;

means for calculating a hidden order volume between the best bid and ask;
and

means for calculating a hidden order price.

4. The system according to claim 3, further comprising means for merging
th.e calculated hidden order volume and hidden order price with a displayed order
book.
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4. The system according to claim3, further conprising

means for nerging the cal cul ated hi dden order vol une
wa@aep@7higdden order price with a di splayed orderP@Dok2067/014175

A conput er-readabl e medi um storing conput er-execut abl e

instructions for constructing an order book for a

tradabl e asset, said order book including hidden

orders, by perform ng operations conprising: measuring

an effective spread of the tradable asset; neasuring a

m 8- Qmuﬁermad@twm&unhetotmaaamwt@rssacptam@mtmu@ns for
condiftitingQitSoreRl WBER fcg‘easttraé)étﬁe BbtaSKid Or %J%&H.ﬂguﬁﬁin hidden

asset; neasuri ng ditions ess cance atrons o
OFdQFFa%BP'@O@%@EPPGE%HO@éIcamnﬁlg"'@ probability of a hi dden

Orﬁﬁiasﬁﬂhgtalﬁeéffécﬂdé‘gbr%aa%?%e f8dabiE #askf; on of the

ef fective spread, the md-quote volatility, additions

bemr'ﬂgﬁmﬁ‘ﬂu‘ﬁﬁd’oﬁ’wy Ogﬁ'é? Hadeklesssetiess

cannaisuhy @ﬂamoﬁ§|b_©wl/@dri Eléht@ldwﬁ’di 88k Of fHY tradbié Bsset;

bet ween thedgg i d Iga g’&%:al cul ati ng a hi dden

or J¥¥3SHFNG &cdgiong Srﬁﬁ"ﬁs HoRs ok the Hadakle @seet ¢l ai m 1

V\/nealeulatlhbea probbbitliy oftawuoaeraomed fsrthe l’t\%”a]plesaéﬂ& 9? @ function
ti.on o or crea

or g HRguPe el ot I pigesralipys Biteen BesiBid afa ask,

and cdditmosdessscarwedidtianshi dden order for a tradabl e asset,

SalecPﬂtnhB‘%ﬁQ&Bﬁ bile? Yofuif: Eéﬁ%%n%e bggf: @%Sl ngabs%tlﬁpd

I'ng nmessages from a
foPﬁ'CB"aéiﬁgfai 'Né@e'b@fd%@"@ﬁ? ti me, each nessage incl uding
i nformati on about one or nore orders for tradable

assets or executed trades for tradable assets, said
or Befhe meshadin afFardancedritiyclatie Arwherels therprebability of a hidden

orddriifieRbl LrMRESH of heith68f dald a quantity; identifying
executed trades from sai d nessages; classifying a

trade fromthe identified trades as displayed if the

t r AdeA awthdieforetadtieg d ©o0sider Salbitasig @ ;ﬂ‘Bﬁé@E&?%nd a
trade rade cannot

cnageRhe kg GERc R  ael Bigedd sbed forprgng the
stepsiafe of each order corresponding to a trade classified
aSaccessing a plurality of trading messages from a trading forum for a

predefined period of time, each message including information about one or more
orders for tradable assets or executed trades for tradable assets, said order
information including identification of a tradable asset, a price, and a quantity;

identifying executed trades from said messages;

classifying a trade from the identified trades as displayed if the trade can be
matched to orders in said messages;

classifying a trade as hidden where said trade cannot be matched to orders in
said messages;

determining a side of each order corresponding to a trade classified as
hidden;

calculating a hidden trade volume and a hidden trade location for tradable
assets based upon said classifying steps and said determining step;
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hi dden; cal cul ating a hidden trade volune and a hi dden

trade location for tradable assets based upon said
w@b@said3ys ng steps and said deterni ning step; gpOLPEIY7/014175

each tradabl e asset in the plurality of tradable

assets into one of a plurality of liquidity groups

based upon said each tradabl e asset's nedi an trade

vol une over a pre-determned liquidity period,

cal culating for each tradable asset in the plurality

of gfqupipGPachiiadakie assetdnde phealitn ok wadatye dissetsrintoame: of a

At Uity L i ent

P A L o S s e e
volumeyQyercheresdetgamineriligyisityesigd: vol une and sai d hi dden

t 1 adRulatfg FbiodachBraddife BBS R4l tHROAFM G t}éﬂﬁlé‘%%&s at least
wherejn t &Pre-determ ned liquidity periodis a 2

one Market eI @Fnci ding with a first 21-days of the

pl garbiativig 8br 4 QEliMYgRRHPESS iciEnt 2538cEBAG ¥k aCRALLNY
ondj ti on Conpri ses. at

o claim7,. wherein the nmarket c Ses.

. merg Grdn i B st ong LIRS DEleh e valme G A Ridden trade
locatiohatility, additions between best bid and ask,

average first |evel depth, order placenents, order

cancel l ati ons, and additions |ess cancellations over a

pr 8- flbe erethed aceorditiorig dmim % whetdn thEhprenddteodined liquidity

. a ] A I . | .
porifd £0a 21 ey SpriolfedRda I Sefsp 2 RA0R S5 uf iy B g
messggesti ne tradi ng nessages are obtai ned from ARCA

Constock L 1 and L2 feeds. 12. The nethod of claim?7

mhergjn the tradi ng nessages are obtained froma

t

di Pedt'edReNRAGECPrHNg tpglaim 3, whpreintherdarkst cenditipn romprises
at ld6REO8e Bf Be dre8féctivBpeaRy, fal midedtiot vbkatififyaBd@itidhed B8t best
bid ta(sda}{ d% Y ' tfsrsg'or Heg(g)g%]dl Hg nean and standard

I Y PR R AR SH ey P A HEWRIECHPPRYS, Stds #apaslatiensand
addiiens s chhcelldtionswivbod poé-detetiincBiradiag donzéme
pre-determ ned prior standardi zation period is the

prior three nonths.15. The nethod of claim 14, wherein

t héOs Thedaetiiod edcomiiid focdlaint 7 (ieheid ahel huimber of liquidity groups

is 11.

11. The method of claim 7 wherein the real-time trading messages are
obtained from ARCA Comstock L1 and L2 feeds.

12. The method of claim 7 wherein the trading messages are obtained from a
direct exchange L2 feed.

13. The method of claim 7 wherein at least one coefficient x is standardized

as X .. DY its corresponding mean and standard deviation over a pre-determined

prior standardization period.

14. The methad of claim 13 wherein the pre-determined prior standardization
period is the prior three months.
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conmputed using the formula X,, nt --where x is the

nmean over the pre ¢ ) determ ned prior standardization
w@eooradosannd s (x) is the standard devi ati on of PRT/OSEN7/014175

the pre-determ ned prior standardi zation period. 16.

The nethod of claim 7 further conprising a step of

estimati ng a McFadden's LRI to approxi mate a pseudo R2

for assessing the goodness of fit of a coefficient.

15. The method of claim 14, wherein the standardized coefficient X (sandaray 1S

xX—X
¢ (standard) = (%)

computed using the formula where X is the mean over the pre-

determined prior standardization period and o (x) is the standard deviation of x

over the pre-determined prior standardization period.

16. The method of claim 7 further comprising a step of estimating a

McFadden’s LRI to approximate a pseudo R? for assessing the goodness of fit of a
coefficient.
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