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(57) ABSTILACT

A system, method and computer program product are
described fiir pmviding the execution probability of a limit
order (vitlnn a g&ven time penod based on lustoncul and
current information and for adaptively and dynamically
adjusting to intra-day trade data. Fora given financial interest,
the frequency of trade execut&on. the time evolut&on of the
price. the time evolution of the trade volume. and the current
state of the market. muono other parameter, are captured
and/or calculated. A probabil&ty hu&ct&on is enerated based
on thc paramctcrs corresponding to various time spans, and
the execut&on probabihty of a l&mit order iv&tlun a g&ven tune
penod is provided. Embodiments of the invention can be
c&upioycd to e(iuuate thc pmbabilny of a Inmt order bemg
executed u.&th&n a Lmven t&me penod in the future. e.g . the next
two minutes, based on tlm parmncter data of a giivn time
pcraid &n tbc past, e g.. the previous tive minutes
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1

SYSTFM AND METHOD FOR PROVHHNG
THLI EXECUTION PROBABH.ITY OFA

LIMIT ORDER

COPYRlffifT NOTICF.

A portion of the disclosure of tlus patent document con-
tams material winch is sub)Oct to copyri fx proteciion. The
copyright owner has no oblection to the facsimile reproduc-
tion by anyone of the patent document or tlm patmit disclo-
sure, as it appears iu the Patent mid Trademark Oflice patent
files or records, but othenvise reserves all copyrioJ(ts what-
s(1(wcl

BACKOROUND OF THE INVENTION

itic present invention relates generally to the field of trade
cxccutiim and morc particularly to providing an execution
probability of a l unit order of a given financial asset there(n-
ailer a "security" or a "stock") or a given real asset or com-
modity, includuig those represented by a yellow key on a

Bloomberg Professionalk'ervice keyboard. Systems and
methods knovin in the prior art for providing the execution
probability of a hmit order are based on, for exmnple, econo-
metric modeluig. which directly models or tests execution
probabilities, or models wluch directly model luuit order
bool data. Such systems und methods are static and non-
iidaptlvc Tfie illvcittoi's do lint believe suclt 11&odels to hmv.

achieved practical success.

SUMMARY OI TII I( INVI &NTION

Fmbodimcnts ol'hc present im cnt«&n pmvide a system,
method, and computer pm ram product usefiil ui providing
an execution probability of a limit order of a given security
during a given Iuue period.

Embodunents of the invention calculate the execution
probability based on past or historical tmde data, including
past dynaniics which niay bc predictive in nafiire. According
to the embodiments of the invention, past parameters may
include onc or niore of times of executions of trades in thc
security over a given past time period fe.g.. based on tune
stamps); executed vohunes of tmdes in the security over a

given past time period, prices of executed trades in thc sccu-
nty over a given past time period. An execution probability is
provided based on one or more ofsuch parameters and current
market state data. e.g, best ask pnce (for a buy order) or the
best bid price (for a sell order).

Fmboduiwnts ol'the in~ention provide mi execution prob-
ability based on a dynamic and adaptive model wluch, con-
ditional on current market data, infers execution probability
from an e( olution model ol a price-volume pair reprcscniuig
a bargaining process and its corresponduig output process.

According to embodiments of the invention. Observations
(if ilailP data fol 0 gl veil sci nilly ale

cap

I 
(lrc(L c g . soillP ol Bl I

of the parameters identified above. According to embodi-
nwms of thc imvntion, calculations are made ofone or morc
of the lrequency of trade execuuoo. the time ei olutioo of the
stock price, and the time evolution of the trade volume
Accordin to cmbodimcnts of the invention, a probabihty
function is generated based on the some or all of the above
parameters corresponding to various time spans and the
execution probabihty of a hmit order vntlun a given ume
period is provided.

Embodinmnts of the invention provide execution probabil-
ity of a linut order for at least one hnanmal interest imple-
mented by a computer system comprising at least one com-

puter mid a database comprising financial trade data of at least
one financial interest. I'he at least one computer calculates
dynanucs in past trading of the at least one interest based on
one or morc ofprices ofpast cxccutcd trades of the at least one

I uiterest. volumes of past executed trades of the at least one
interest. Bnd frequency of execution of past trades of the at
least one interest. The at least one computer provides mi

execution probabihty v;itlun a given fiiture time period of a
bmit order of dic at least one financial mterest based on the

ui calculated past tmding dynanucs mid a current market state of
the at least one financial interest.

In one (nnbo(hnwnk the present invent i(ui can be employed
Io estunate the probability of a limit order beuig executed
within a given tinw. period in the future.. c g., the next Iwo
muniies. bascxf on the trade dain ol'a given nine period in the
past, e.g., the previous five minutes. Tliis set of parmneters

captures the market liiovclliciii over B short time period rcsu It-

ing ui an adaptive and dyn ante system and method of pro-
viding an execution probability. Such a system and method

o arc highly bmielicia! when considering high levels ol'ntra-
day volatility, e.g., the market reaction to a press release.

In an embodiment, the system and method for pmviding
the execution probabihty of a limit order of at least one
security comprises at least one computer. Bt least one database
comprising financial trade data of tlm security, mid program-
nun stored on a computer readable medium or media. V(qten

executed, the progranuning cmises the computer to calculate
a lrequeocy of trade execution ol'lm security. calm(late a
price movement of the secunty. calculate a distnbution of

s(i (laic vohlmcs of'tlm asecwiiy,:md dcierminc a current markei
state oHhe security I uither. the progr un calculates an exwu-
tion probability of a limit order of the security ivitlun a given
time period bascxf on Ihc calculated frequency of trade cxccu-
uon. the calculated puce movement, the cakulated distnbu-

"» tion of tmde volumes, and the determined currmit market
state In mi wnbodunent, the trade data comprises one or more
ofu sde price, trade volume. trade u mes tamp, last bid. and last
ask data for tlm security.

Embo(hmengs ol'thc invention provide for calculating thc
so frequency of trade execution comprising calculating the

intensity of inter-arrival trade times based on trade timcstamp
data for the security; calculatin the pnce movement com-

prising applying a Brownian motion. a geometric Brownian
nx&tion, a Martingale model, a Somimartingale model, or a

Monte Carlo nx&del to tmde puce and tmde timestamp data;
and calculating the distribution of tmde volumes comprising
applyuig a IVC(bull distnbution, a Senumattingale model, or a

Monte I:arlo model to the trade volume data.
In an embodiment. deiennining (be market state composes

o deternuningapnce-volumepairofabestbidorbestaskofthe
security based on trade price and trade volume data.

In mi embodunent, calmdating the execution probability
composes applying a mathematical transfornuition to the cal-
culatixf I'requcncy of trade execution, the calculated price

I movement, the calculatcxf distnbution ol'rade volume~. a(xi

the detcmiined currmit market state. In an embodiment, cal-

culating the execution prot&ability also comprises applying an
integration fomiula using the calcultucxf &equeocy of tnule
execution, the calculated price movenwnt, the calculated dis-

so Iribuiion of trade volumes, Bnd Ihc determined currwit market
state. In an embodiment, calculating the execution probabil-
ity coniprises applying an adnptive munerical integmtion rou-
nne using the calculated frequency of to&de execution, the
calculated price movement. the calculated distribution of
trndc volumes, and the detemiined currmit mwket state.

In various embodiments of the present invention, a com-
puter program product comprises a computer progmm

5
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mnbodicd on at least one computer readable meditun. the
computer progrun when excwuted being opcrativc in pcr-
fonning the fiulctionality described herein

BRIEIr DL'SCRIPTION OF TIIB DRAWINGS

The uivention is illustrated in the figures of the accompa-
nying drawings, (i luch are meant to be exemplary and not
limituig. Snd in which like references are intended to refer to
like or corresponding parts.

FIG. I illustrates a hive(-level flowclmrt of calculating the

probabilityofa limitorderbeingexrxutedwitluna giventime
period.

FIG. 2 illustrates a floe: of block 116 of VICI. I which
receives input paranieters from blocks 108, 110. 112, and 114
of FICI. I and calculates the execution probability of a limit
order v;ithin a given time period.

FKI. 3 depicts a block diagram of a computer system
according to an embodiment of tlw. invention for calculating
the probabihty of a linut order beuig executed within a given
time period.

DBTAII.IID Di.:SCRIP ITON

In block 108 thc (rex)uency of tmde execution, is calculnted
for the security. In an mnbodiment, intcrarrival trade times are
uidependent and identically-distributed exponential random
variables ln this mubodunent„an intensity parameter is cali-
bratcdl based on Input Pal ante(el S comp ll slug an allay' f1 lade

tlmestamps for the interarrival trade times.

ln an embodiment, tile following algorithm 108 ca libra tea

the intensity parameter ui block 108 based on the input

lo parameters comprising an array of trade timestamps for the
interarrival trade tinws, where t is trade tinwstamp data and n

is the number of trades:

1

ill — Ir I + +O„— I„ il I„— II

II —
1

In an embodunent, the above algontlun is executed ln
block 108 by thc following pscudocodc.

According to embodiments of the invention. a system,
method, and computer program provide an execution prob-
ability of a lumt order of a given secunty dunng a given tune
period. The system. method. Cnd computer progrant capture
and(or calculate the Irequency of trade cxewution. the tmle
evoluuon of the price. the time evolution of the trade volume,
and thc current state of tile markcL ~mong otlwr paramctcrs,
for the given sccuriiy. The system. method, uid computer
program genemte a probability fiinction based on the param-
eters comcspolldnlg io Vanous 11111C SPans, i c, thc cxccutloll
probability ol a limit order within a given tune penod ls
provided.

FILI I dcpicL( an embodiment ol'a high-level floiv 100 for
estimating the probability of a limit order beuig executed. As
populated. database 102 reprcscnts a database of trade data
I'or the conccnwd secunty In an embodiincnL the datnbtwsc

contains the trade price. tmde volume. and trade timestamps
for completed trades Tliis data may be obtaincxI in mly suit-
able manner by a programmed computer that received a data
strmsm ofmarket data or tick data and(or accesses a database,
and sclccts and stores relevant data in the database 102.

As populated, database 104 represents a limit order book
database. In an embodiment, the database contains ask and
bid puces, volume data, and tunestamp data. Lunit order data
may be obtained from one or more entities'rder mmiage-
mcm system (OMS) Fiona maintaul OMSs Iior orders ol'that
firm in various secunties, and services maintain OMSs for
their clients. Limit order data for a given security may be
obiauied I'rom one or more OMSs in any suitable mnnner by
a progranuned computer havuig access to the concerned
OMS(s). which selects tile limit order book data and popu-
lates database 104.

In block106. the trade data is extracted from databases 102
imd 104 lilr a given secimity during a given time period. For
exmnple, a progr unmed computer may dounload the trade
price, trade volunw., and trade tinwstamps for each trade
during a live minute period of time as wefl as thc last bid price.
(if the order is a buy order) or last ask price (if the order is a

sell order) and volume data during the sante five minute
period.

In blocks 108. 110, and 112 market charactenstics related
to the trading of tile security arc captured or calculated by a

programmed computer using algorithms such as descnbed
herein.

irssial 1 I
— 1

rivtrl rli.csislffl-rlil

Sri P„— frr
8

(III 6

In an cmbixlinwnt, thc fofliuving algoritlun 110B cali-
gr brates the volatility coeflicient in block 110 based on tlw inpm

ofan array of trade prices and an array ofcorresponding tmde
tl mes tampa, where m is the estimate for the tun moments of
imerarrival trade times, p is trade price. alai 1 is trade tunes-
tmnp data.

:I

S(1

I=
III I

/
livl — vill+ + iv. — p.-rill -frlltrl — riii + + (I„— r„,;,ill

In an embodiment, the above algontluns for du f1 mid vola-

tility cocflicicnLs are executed in block 110 by the folks w mg

psclldocodc:

ln block 110 the price movement of the security is calcu-

lated. Puce movemenL( may follov, a certain model. e .. a
"'" Brownian motion, a geometric Brownian motion, IVImtingale,

a Semimartingale, or Monte C'arlo. In an embodiment, the
dnft and volatlhty parameters are calibrated based on input
paranictcrs cmnprising an amiy ol'rade prices mid irade
tuncstmnps lilr a given nuldel, c g, a Brolsfm m motion (vith

a drift.

ln an embodiment. the following algoritlun 110A cali-

bnates the drift coefliclent in black 110 based on the input of
au array of trade pnces md an amly of corresponding trade
tinwstmnps, wlwre m is the estimate for the nvo moments of
inter-arrival trade times, p is trade price, and t is tmde times-

tamp data.
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In block 112, the distribution of tmde volumes of tlm secu-

nty is calculated. In an embodiment, trade volumes are inde-

pendent mid (deut)cally-d(str[butcuf Weibull ruidoni van-
ablcs. Accordingly. kication, scale, und shape Weibull

parameters are calibrated based on input parameters comp ri s-

u) an array of trade volumes. More spemfically, block 112
takes as uiput an array of independent and idenncally-distnb-
utcd observations of n thrcc"pdruiilctiv Wcibull distributimi
and returns. as output, the estimates for the location, scale,
and shape parameters.

In an emboduuent, the lollowing a]gout]un 112A cah-
bratcs tlm chape parameter in block 112 where N is tlm nun)-
bar of sample datm

-contuuied

nurlt
I

skm ed Vm

5
r nr — si'haP

DEKKER-BRHXTI(V(rrr,rrs(r. o. IcngitlA]) I)

iength[A]s e,s — m
Iocauon

(engr(IA]'We — I

r

I n rh[A]'rw" (rrr — r)
ale

I)migrhfA f
'" r' I l ~ I[I + —

[

5(lope I

rciuurlocanon.scale,shape

ln block 114, the current state of the market is calculated
basedontheprice-volumepnrofanorder.ln uiembodunent,

n in a buy order. the current state is defined as algorithm 114A

comprising the price-volume pair ol'lm latest ask price and

the latest ask volume. In an embodiment. m a sell order, the
current state is defined as al onthm 114B comprising the
price-volume pair of Ihe latest bid price and thc la(cat bid

"-'olume.

ln an embodiment, the above a 1 goritluns fiir ca 1 ibrat inno the
puce-volume p urs are executed in block 114 by the lollowing
pseudocode.

lo, — I — Iog( — V u r — loge =i)
I {,,-'„,) I,

In an embodiment. the following algoritlun IIZB cali-
brates the location parameter in block 112, where N is the
nun)her of sample data und muunium is the muiunum trade
villi(rim:

(V mr x ra rim(lm— mr

V acr

In an mnbodinmnt. Ihe tiiflowing algorithin 112F: cali-
brates the scale pammeter in block 112, vvhere N is the num-

ber of sample data and nununum is the uunuuum trade vol-

ume

(Ill( — Ill((I(mold

(h * 'r' 111(I +-
~h~pe

In an embodiment. the above algorithms for calibrating the

shupe, location, mxl scale coefficients are executed ui block
112 by the follosving pseudocode:

mmn[Af

sr 1.(1 Ien itlxl
shen d V.u.

l«»gib[XI — I

rt'onterT)pe == "Bu)

'hen(csun( sskP( ce[ten rh[askPnce]], asih'otume[(engrh[sshmnlnrnef]
else rtnrrte(T)pe=="sett'issu

retnrrr brdpnce[lermrhlbrdPncc]l
b (d \bbune

1 )capt h[ t ed Vo(u me
1 1

cise ermr "order npe uor t'urd'he

parameters calculated in blocks 108, 110. 112, and 114
on arereceived inblock116 as input to the executioti probability

algorithms. Thc algoritluns pro(fice, mv outpuL a probability
function corresponduig to various time spans. (.e., the execu-
tion probability of a limit order within a given time period,
c.g, tbc next tivo mimitcv, based on the input parmnetcrs

FICr. Z illustrates a flow of block 116 of FII]. I wlfich
receives input parameters f'rom blocks 108, 110. 112. and 114
of FICC I and calculates the execution probabihty of a linut
order within a given time period

FICr. 2 depicts an embodiment of a

flow
20 for calculating

the pamnieters discussed in connection v;ith Flfi. I for a sell
hmit orrler, to which the fbflowing description appbes.
I'urameters may be calculated fora buy limit order in a similar
fashimi In block 202, input parameters from blocks 108, 110,

,, 112. and 114 ofF]G. I ure tmnsforntcx[ into mmiliary pamum-

eters to simplify the algoritluns prior to final computation of
the execution probability arid to allow the same set of algo-
ntluns to be used in both buy and sell orders. with only the
definitions of the auxiliary parameters differing. The mixil-

Im iary p uameters may be genenuted by suitable mathematical
trmisfomiation as can be determined by any person reason-
ably skilled in the art In mi embodiment. Ilm auxiliary param-
eters are genenuted differenuals.

In mi embodinwnt, the fo]]ow)ng a]goritfuns 202A, 202B,
and 202C generate the mixihary par uueters in block 202,
where x is price. y is volume. t is tmde time stamp data, p is the
drifi coeflicim)L and y is Ihc volntility coefticienL

7
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.sa — 1
p=

sf'sy

s = Il! — II(yr — Ii

Calculating the execution probability of a lunit order
within a given time period may bo bmsed on any of a series of
algoritlmis to unpmve the accuracy of the probabihty result.
In an embodiment, the algoritlun used for calculating the
execu! ion probability of a gii cn luuit ordm is chosen brwsmd on
price and volmne parameters.

In mi embodiment, tluce algorithms are mnployed for dif-
I'erect orders More specifically, a lirst algoritlmi is appliedil'he

sell price of a given secunty Is equal to or belo&v the bid
price, and if the sell volunm is below or equal to tlm bid
volume. A second algonthm is apphed if the sell pnce of a qn

given security is equal to or below the bid pnce, and if the sell
volume is greater than the bid volume A third alnnoritlmi is

apphed If the sell pnce of a given security is greater than the
bid price.

To deternune wluch of the three algontluns to apply. in an
embodiment, block 204 (FIG. 2) determines v;hether the sell
price ol'a given suvunty is equal to or belosv thc bid price.II'he

sell puce is uideed below. the bid price. the flow progresses
to block 206.

In block 206.!o further de!cnnine which of thc tluee algo- in
ritluns to apply, ui an embodunent. it Is determined whether
the sell volume ofa Iven security is equal to or below tabid
volume. If the sell volume of a Ivan secunty Is equal to or
helot& the bid volume, the flow pronnresses to block 208.

In an embodiment. the above algoritluns for generatin the,,
aux&liary parameters and the decis&ons in blocks 204 and 206
for a sell order may be executed by the pseudocode below&

corresponding to FI(i. 2, ivhere the orderType is equal to
"sell." In the pseudocode beloiv, "op" corresponds to sell
price in Fl(i. 2, and "sp" corresponds to "state price'r bid
price in 11G. 2. The flow for an order type equal to "buy" is
sin&i lar to the flow depicted in 11C&. 2, with the inequality and
relationslups being reversed iiir buy and oKer pnces.

f nrdei! & pe = 'u "

np - sp diia. SK(

then p
f& t - nistixti &2 sn!aidriy

it'(np — sp) and Irrv =- sp)
it(en Innnuhr T&pe=(r
else f!np spimn( v 'v!

then thmrula I'ype = I

e(se fern&ula'I'e =

else f a&der Type == "Sell'p

— sp -rhs!i. Pi
then p 'I

42*( *vnhsrrlriy sf" nlaulrii

In block 208, where the sell price of a given security has
buccn determined to be equal to or below the bid price and the
sell volume has been determined to be equal to or belov; the
bid volume. the execu(imi probability ol'the order is assumed
to be onc hmulred pcrccnt. which is svt in block 210 withon!
further calculation.

Returrung to block 206, If the sell volume of a given secu-

nty is greater than the bid volume. the flow pmgresses to

block 212. In block 212, wlmre tlm sell price of a giivn
security has been determined to be equal to or below the bid
price and the sell vohune has been detem&ined to be greater
than thc bid volume, the exccuiion probability ol'the order is

assumed to be less than oiw. hundred percent. More specifi-
cally, as tlie bid voliune is below the sefl volume. a situation
is created where the seller may request that the bidder execute
a larger order. thereby alfecting tlm cxecutimi probability

To calculate mi execution probability where tlw sell price
of a given secunty is equal to or below the bid price. but the
sell volume Is @eater than the bid vohune, the fl(in pmgresses
to block 214. In this block, mi intucgratnm formula is applied
using thc auxiliary parameters generated in block 202 along
with the mnount ofume by winch the order Is to be executed,
thereby returnu&g the appropriate inte rand. The returned
ill!egralid will bc &ised Io Il&lllicricalls cvalu;lte cxeciltii&n

probability in block 216 In an cmbodinwnt. thc Fr f c func-
tl(111. a coniplementary error huiction of the C math library, is

employed.
In an embodiment, the following elgoritlun 214 rctunis the

appropriam integrand in block 214. where p, q and 0 are as
defined above in algontluns 202A, 202B, and 202C. and t is

trade timestamp data:

I s
c "" +rryufct-I~I — s

Is n!! — «!

In block Z16, an adaptive mimerical integration routine is

applied using the auxiliary parameters generated in block 20Z

along with the amount of tune by v,hick the order is to be
cxccuted and along with tlm intogrand calculated in block
214 In an embodiment, the adaptive nunmrical integnstion
routine comprises the adaptive Gauss-groan&d quadmnire
mutine. Tbe ou!pu! of the adap!ive numencal in!u ratmn
routine is the execution probability of the lunit order based on
the given parameters.

In an embodiment, the following algoritlun 216 rctunis the
execution probability of the limit order based on the iven
pansmetcrs in bk&ck 216, wlmre p, q and 0 areas defined above
in algonthms 202A. 202B, uid 202C, md ( is trade (uncs(amp
data:

t (np sp! mrd (nv '= svl
then ihmaul&Ty pe = r r

elec if (np — sp) .mrf (n

urea fnru&I&(s!&1&s' I

e!sc fc &rnu!Zl Vp '-
else mrnr 'rdar iype nn( fnurrd'*

!hera mrenairl *i! — Ws,&,n, (In armis Smr&e ah&Pe nV)!

remnr p, q, (hers, u((Type

! — !dndn(IWI&uxiÃLl(s. p. q. (I. r, fnr»rrdrr! &per, 0. I I—

s(1 I, I
e"( I — — Dfc! p — q! — — e rs Xrf ( p s q I)2

'

Returning to block 204 (FI(i. 2), if!he sell price of a giimn
security is greater (lmn the bid price, the flow progresses (o

block Z18. In such a case. the execution probability of the
order is below onc hundrucdl pcrccn! ms! he bid prism. is below

8
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the scil price. Accordingly. an execution probability fornnila
computes the probability tlrat tlm order acts executed within a

pre-specified time window.

To calculate mi execuiicm probabihty where tlm sell price
ol' given si:cuniy is greater than Ihc bid price, the fiow

progresses to block Z20. This block applies an integmtion
formula using the auxilimy par uueters generated ui block
202 a 1 tilt g

lv1 ill tile iilllc11lllt c1f illlle by which the order is to be
cxecutedr thereby returning tlm appropriate integrand. Thc
returned integrand will be used to numerically evaluate
execution probability in block 222. In an embodunent, the Er
I c liuiciion. a complmncntary ermr fimction of the C'ath
library, is employed.

In an embodiment. the following algoritlim 22U returns the

appropnate integrand in block 220. uhere p, q and 0 are as
defined above in algurithms 202A, 202B. mid 202(', and t is

trade timestamp data:

system such as a local network, wicle area network, or the
Internet. Other arrangements ofcomp uter hardware and com-

puter architecture may be used to collect, calculate. and store
data, generate visual represeutaumis. and provide repons.

In various embodiments of the present invention, a com-

puter progrmn product comprises a computer progmm
embodied on at least one computer readable mednun. the
computer progr un when executed being operative in per-
fcirming tlm functionality dcscrikd herein

1(1
Wlfile the invention lms been described and illustrated in

connection with embodiments, many variations and modifi-
cations as will be evident to those skilled in this urt may be
made without departing from the spirit and scope of the

„ invention as detined by the claims, and the invention is thus
not to be linuted to the precise details of methodology or
construction set fiirth abosv, as such vnriations and modifica-
tions are intcndkxf to be included within thc scope of tlm
invention as defined by the claims.

In block 222, an adaptive mmicrical integration routine is

apphed using the auxiliary par uneiers eneraihxf in block 202
along with the amount of time by which the order is to be
nxccuiol and thi: inthgraud calmilated in block 220 In an
embodiment, iheadaptivenumencal integrationroutuiecom-
prises the adaptive (fauss-1(mnrod quadrature routine. The
output of the adaptive numerical integration routine is Ilm

execution probability of the limit order based on the given
parnmeters.

In an cmbodiinent. the f'of lmving algorithm 222 returns the
execution pmbability of the limit order based on the given
parameters in block 222, wlmre p, q and 0 are as defined above
us algorithms 202A, 202B. and 202C, and t is trade tunestmnp
data:

-QUID(rsttGRSVUIs y.q. q r fousruvi yrl.a 11+

I I
sI:rici-y+q!+-ra" irf I-y — q!1

EIO, 3 illustrates a computer system 3 U U for implement us
the funcnonality described herein. Order management sys-
tem dntabasc 312 fi:eds order niaingcmcnt system 310. Mnr-
ket data database 316 and ticker plant 318 feed market data
system 314. Execution probability system 308 receives data
fmm order management system 310 comprism at least one
computer and market data system 314 comp os uiev at least one
computer mid stores thc extracted data in limit order book
database 304 and tmsde chats database 306. Execuuon prob-
ability system 308 generates execution probabilities and for-
wmds the execution pr&ibability data to computer 320. which
may be a personal computer. a linancial tennuial, or a vs eh
server ('omputer 320 may nlso be used to manage execution

probability system 308. I.imit onler book daiabmse 304. trade
data database 306, order management system cLstabase 312,
market cLsta database 316, ticker plmit 318, order mmingc-
meni system 310, marke1 data system 314. execuIion prob-
ability system 3()8, and computer 3ZU may be coonecthxf via
notuork conncctimi 302 which may be any type of nctv ork

We claim:
l. A system for providing the execution pmbability of a

linut order of at least one financial interest. the system com-

pllslllg:
at least onh database configured to store finnnciel trade data

of the at least one financial interest,
at least one computer confibrured to execute progranuning

stored on a storage mehdftum or media to perform the
method coniprising:

io calculating n frcqimncy of trndc oxecuiion ofthc nt least
one lin uicial interest bashed on financial trade data
stored ui the at least one database;

cafe ulatmg a puce movement of the ni least mic linmicial
interest based on hn uicial trade data stored ui the at
least one database:

calculaunga distnbution of Irade volumes oft lm at least
one linuicial mterest based on linancud trade data
stored in the at least one database;

determining a current market state of the ui least mic
qt I financial interest based on financial trade data stored

in the at least one database, and
calculatinve mi execution probability of a limit order of

the at least one financial interest within a given time
period based on the calculated frequency of trade
execution, the calculated price movement, the calcu-
lated distribution of trade volumes, and the deter-
mined current market state.

2. The system of claim I, wherein the financial tnde cata
stored in ihe at least one database comprises one or morc ol'

trade puce, tnde volume, trade tuuestamp. last bid. and last
ask data for the at least one fuiancial interest.

3 The system of claim 1, wherein calculating Ilm fre-

quency of trade execution composes calmdating the intensity
of inter-nrrival trnde times based on trade timestamp data liir

1 the at least one fin uicial interest stored ui the at least one
database

4 Thc systmn of claim I, wlmrcin calculating the price
movement composes applying a Brou man motion, a geomet-
ric Brownian motion, a Martingale model. a Semimartingale

01 model. or a Monte ('arlo model to trade price and trade
tunestamp data stored in the at least one database.

5 The systmn of clnim I, wlmrein cnlculating the distribu-
non of trade volumes comprises applyuig a Weibull distnbu-
tlc111. a Semimartingale model, or a Monte Carlo model to the
trndc volume data stored in tlm at least onc database.

6. The system of clmm 1, wherein determinui the current
market state comprises determining a price-volume pair of a

9
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best bid or best ask of tlm ar least one financial inwrest based
on trade price and trade volunm data stored in the at least one
database.

7. The system ofclaim I, whereui calculating thc execution
probabilitv coinpriscs applying a mathematicul transliinna-
tion to the calculated frequency of trade execution. the calcu-

lated price movement, the calculated dlstnbution of tmde
volume~. mid the determined current market state.

S. Tlm system ofclaim I, wherein calculating tlm execution
iu

probability comprises applying an uitegration formula using
the calculated fbequency of trade execution, the calculated
price movenicnt. the calculuted distnbutlon el'trade volumes,
mid the detenuinixf current market state.

9. 'I he system ofclaim 1, wherein calculating the execution „
probability composes applyiiig an adaptive numerical uite-

gration routine using the calculated I'rcquency of trade execu-
tion, thc calculated price movcmcnt, thc calculated disrribu-

tion of trade volumes, and the detemuned current market
state. "o

10 A metliod liir providing the execution probability ol'a
limit order for at least one financial interest, implemented by
a computer system comprising at least one computer mid at
least one database storing at least financial trade data of at
least one tinmicial interest, tlm method comprising

the at least one computer calculatui a frequency of trade
execution of the at least one financial interest based on
flilaniqal tl Ide ihlta stol'1 d ill the ill lmlst olu: diuabiise,

the at least one computer calmilatuig a pnce movement of
thc at least ww. finmicial interest be~eden fin mcial trade "o

dnta storexf in the at least one datnbase:
the nt least one computer calculating a distnbution of trade

volumes ol'hc at least one Iinmicial iniercst based on
financial trade d na siored ln the at least one database,

Cte at least oiw. computer determining a current market "»

state el'hc at least onc fin uicial mterest hosed on lin m-

etal tmde data stored ui the at least one database: mid
the at least ww. computer calculating an execution prob-

abilityol'alnnitorderol theat lais(one financiulintercst
within a given time period based on the frequency of (o
traCk execution calculated by the at least one computer,
the price niovement calculated by the nt least one com-
puter, the distribution of trade volumes calcu lated by the
at least one computer, and tlm current marker state deter-
mined by the nt least one computer. ss

11. The method of claim 10, svherein the financial trade
data stored ui the at least one database composes one or more
oftrade pmce. trade volume. tmde timestamp. last bid. and last
asl data lilr the at lenst onc linnncial iwerrmsi

12. The method of claim 10, wherein calculating the fre- u

quency of trade execution comprises the at least one computer
at icast calculntin the intensity of inter-arrival tnide times
based on trade timestamp data for the nt least one financuil
interest stored in the at least one database.

13. The metluld ol'claim 10, wherein calculating the price 1

movement comprises the at least one computer at least app ly-

ing a Brownian motion. a geometric Brownian motion. a

Martnngale nmdel, a Senumartingale model. ore Monte ('arlo
model to tmde price and tmde timestamp data storixf in the at
least one database so

14. 'I'he method of claim 1U. ivherein calculating the dis-
tribution of trade volumes comprises the nt least one cimi-
puter at least applying a Weibull distnbution, a Semunarlui-
gale model, or a Monte Carlo model to the trade volume data.

15 The method ofclaim 10. whcrcin dctennining the cur- i
rent market state composes the at least one computer at least
determining a price-volume pair of the best bid or best ask of

theat least one financinl intere~t based on trade price and trade
volume data stored in the at least one database.

16. The metlxid ofclaim 1U. wherein calculating the execu-
tion probability comprises thc at least one computer at least

applying a nmthemat ical trmisfomiation to the calculated fre-

quency of trade execution, the calcu latexf price movement, the
calculated distnbuuon of trade volumes. and the deternuned
current market state.

17 Thc metlxid of'clean 10, w harem calculating the cxcmu-

tion probability comprises the at least one computer at least
applyutg an integration fornnila using the calculated fbe-

quencyoftradecxecution. llmcalculatcslpncenuwement,the
calculated distnbuuon of trade volumes, and the determined
current market state.

IS The method of claun 10. 11 herein milculating the execu-
tion probability comprises the at least one computer at least

applying an adaptive numerical integration routiiw. using the
calculated frequency of tradeexecution, the calculated puce
nmvement, the calculated distribution of trade volume~. and
thc dctcrmincd currwit market state.

19. A computer pro~oem product comprising a computer
usable storage medium having stored therein computer rrad-
ablecodeembodledtherein forpmviduig theexecutionprob-
abihty of a limit order for at least one finmicial interest based
on fmancial tmde data. the computer program product com-
prisln computer readable code conti ured to cause at least
one computer to effect a method comprising:

milculating a I'requency of trade execution ol'he ai least
one hnancial interest based on hnanclal tmde data:

calculating a price movenwnt of the at least onc linancinl
uiterest based on fuiancial trade data

calculuting a distnbution of tmde volumes of the at least
onc finmicial interest btmscd on Iinmicial tmdc data:

detenniiung a current market state of the at feast one tinan-
cial interest based on financial trade data: and

calculating an execiuion probability of'a limit order of'he
at least one Iinancial interest wltlun a given time penod
based oath@calculated frequency oftradcexcvution,thc
calculated price move(neat. the calculated distnbutmn
of trade volumes. and tile detemiined current marl et
slate

20. The product of claim 19. whereui the finmicial trnde
data comprises one or more oftrade price, trade volume, trade
timestanip. last bid, nnd last ask data fiir tlm at feast one
financial interest.

21. The product of claim 19. svherein calculating the fre-

quency oftrade execution comprises the at least one computer
at least calculating the uitenslty of inter-arrival trade times
based on trade tmlcstamp data Iior the at least one financial
uiterest.

22. The product ofclaun 19. wherein calculating the puce
movement compnses the at lenst wie computer at least apply-
uig a Browman motion, a geometnc Bmwnian motion, a
Man ingnle model, a Scmima(tinge le model, or a Monte('arlo
model to trade price and trade timestmup data

23. The product of claim 19, wherein calculating the dis-
tribution of trade volumes mimpriscs thc at lcmsx onc com-

puter at least applying a Wetbull distributnm. a Semimartin-
galc model, or a Monte (.'aria model to the trade volume data.

24 Thc product of clainl 19, wherein dctcrmining the
current market state comprises the at least one computer at
least determining a price-volume pair of the best bid or best
ask of the at least one financial interest based on trade puce
and trade volume data.

25 The product of claim 19, whcrcin calculating thc execu-
tion probability comprises the at least one computer at least

applying a mathematical trans fomiation to the calculated fre-
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quency of tmade execution, the calculated price movenlent, the
calculated distribution of fr~de volumes, and thc determined
ctlrrcut nlarkct state

26 The produci ol'clmm 19, whi rem calculating lhe execu-
tion probability comprises the at least one computer at least
applying an inicgration Ilormula usin the calculated fre-

quency oftmde execution, the cafcuhatcd price movenmnt, the
calculated distribution of trade volmnes, and the determined
cilrfcut uiafkct state

27. T1m product o I'c laun 19, w hcrem calculating I bc

execut-

ionn probability comprises the at least one computer at least
applving an adaptive numerical intcgrntion routine using tlm
calculated frequency of tmde execution. the caicufatixf price
movement. ihe calculated distubution of'rade volumes, and
thc determined currem market state

28 A method for providing thc execution probubilily of u

limit order for at least one tinancial intcrcst. implemcntcd by
a computer system comprisulg at least one computer and B

database comprising financial trade data of at least one fina-
ncia interest, the method compnsulg:

the Bt least one computer calculatulg dynamics in past
trading of tlm at least one interest bascxf at least on past
tmsde data of the at least one financud instrument includ-
ing prices ofpast executed tmdes data of the at least one
interesr volumes of past executed trades data ol'he Bt

least one interest, mid frequency of execuuon of past
trades data of the at least one interest, and

the at least one computer providin Bn execution probabd-
tty within a given future time period of n hmit order of
thc Bt least onc financial inlercst bmvcd on the calculated
past tmding dynmnics atld a current market state of the at
least one financial interest

29. Thc metlmd of claim 28, wlmrcin tlm past trade dnta
ulcludes frequency of execution of past tmides data. and
wherein calculating dynamics in past trading comprises cal-
culating an intensity of inter-arrivnl tmdc times based on the

I frequency of execution of past trades data.
30 The method of claim 28, lvherein the past trade ILBta

ulcludes prices of past executed trades data, and whereul
calculating the past price dynamics composes applyulg a
Bto'ivuiau nlotlou, agcotuctnc Bn)Balan ux1tlon. d Marlbl.

lo gale model, a Senunulnulgale model. ore Monte Carlo model
to the prices of past trade data.

31 The method of claun 28, ivherein thc past trade data
ulcludes volumes of past executed tmdes dat I, and wherein
calculating the pmvt volume dynanlics conlprises applying a

3yeibuff distribution, a Senumartlngale m(xlel. or a Monte
(.'arlo model to the volumes of past trade data.

32 Tho method of claim 28, comprising tho at least onc
computer determmiug lhc cwreut market stale, wllereln
determining the current market state comprises determining a

so price-volunm pair ol'trade data
33. The method ofcla un 28, wherein calculating the execu-

tion probability comprises the at least one computer at least
applyutg an integmtion formula using the calmdated past
trading dynamics.

34. The method ofc in im 28, wlmrein calculating thc excccu-

tion probabdity comprises the at least one computer at least
applyinvg an adaptive numerical integration routine using the
calculi(lcd past lrathllg dvulltulcs.

"o
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