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EST| MATI NG AND OPTI M ZI NG TRANSACTI ON COSTS FI ELD OF F [ 0001]
_This invention rel ates generally to securities markets
parti cul P01t es to a system and et hod for esti mtlﬁpﬁgfl?wgnsaction
costs of a trade execution and devel opi ng an optin zed tradi ng strategy
for securities in advance of trading. BACKGRClJND OF THE | NVENTI ON [ 0002]

"Securities portfolio transact i ons téﬁ cal ncur transaction costs arising
not only from commi%® al so from price

novenent s (mar ket MWMGMNBAMH@@STB Executi on costs can
be | arge, especially when conpared against gross returns, and m ght

. Substantially reduce or even elimnate the notional returns to a

. particular investnent strath research (Kei mand
Madhavan ( &wg K8 Lce inpact is a
. maj or @8@%?%?‘{4@&& raaﬁe g cogﬁseu%ﬁgegaﬁent ’ya%hnr’!?é#m zation of

transaﬁ&,{, e BanERRBA Lol of o tPaet r ader s
handl i por ﬁ%% [ oh?r g%sact | ons transact ns? t hat reba% ance securities

posi t '%ﬁéﬁn dl f beRflrifiks inlddiEhce OF 7 €] at ed goal
is to deve dgﬁggﬁn@ﬁ% ng strategles 0 mninize trading costs or sone
ot her tive criterion. [0003] To this end, statistical and nat hemati cal

nodel s have been developed in an attenpt to for ecast the transaction costs
of a proposed portfolio trade execution. These nodels typically build on
sonme known enpiri cal ACK GROUND OF ENITONor exanple, enpirical

tudi es have establi shed that costs increase in trade difficulty, a factor
éyst enat i ca0D§2]r Becatities pastioliol rnsartiogs {ypitatly inour franzagtemenstsanisdigng vol unes).,
venue (e.g" ' For an equall melghted gIobaI ortfolio of stepcks, turned
over tmt@elyaﬁqmaﬁms;ms@eéﬁ bratydsor mPEQBE@F@B'PﬁtS& arkelt ur ns over

recent_ history., Sec Donmow tz, G en and Madhavan " Li qM| Eléq,\o Vol atility,
and E@EWW@G%@M@“@%@C@B@W rki ng paper,

Pennsyl o m'e?i oral e Un| ) L:detght substantially reduce or even eliminate the
notional returns fo a particular investment strategy.! A large body of research (Keim and
Madhavan (1998) provide a survey) shows that market or price impact is 2 major
component of toial trading cost. Consequently, minimization of transactieu costs has
been a long-standing aim, especially for traders handling portfolio transactions; e.g.,
transactions that rebalance securities positions in a portfolio over a specified period of

- time. A related goal is to develop optimal trading strategies to minimize trading costs or

- some other objective criterion. '

[0003] To this epd, statistical and mathematical models have been developed in
an attempt to forecast the transaction costs of a proisosed portfolio trade excoution. These
ntod_e]s typically build on some }-mown ernpirical facts about trading costs. For example,
empirical stndies have established that costs increase m {rade difficulty, a factor .
systematically related to order size (relative fo average trading volumes), venue (e.£.,

- 'For an equally weighted global portfolio of slncks turaed over twice a year, such costs 2lone accovat for
23 percent of returns over recent history. Sec Domowitz, Glen, and Madbavan, "Liquidity, Volatitity, amd
Equity Trading Cosis Across Connities and Over Time," workimg paper, Pennsylvanm State Umveraxty, :

Jowary, (2001) for dlsmsstun, analysis, and prec:tsc deﬁmhons of cost,
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January, (2001) for discussion, analysis, .and precise dngnltlbon§q€ cost.
1 29 November 2006 WO 03/107122 PCTI USO3/ 185011 Exchange ades vs.
Ovef The Counter ("OTC')), trade direction (Buys vs. Sel si ze

( Mar ket“@ﬁ”t”éﬁz?zatl on), Risk (e.g., the volatility of s]Jg(?url ty ?dent rns),
and price level. In addition, costs are also systematically related to
trading style, as reported by Keimand Madhavan (1998). Traders who trade
passively (using limt orders and spreading their trades over a |ong
period of tinme) incur |ower costs, on average, than traders who trade nore

aggre ovk @Q@s se r
iggnt W&g@éf%‘a‘gﬁﬁﬁfa\/e %%?@F&%gﬁ)iﬂ%%e%o& dg%tesn %VIg on how a
traderg Ry eﬁz%e(gﬁ RE60 ﬁ%*‘z ils 0004
O the many stati Ist%:gﬁa an ﬂfigr%t | cal1 or ecast| %dgevégl oped[ ]

nost %kféleInefdﬂﬂm:E&%tdﬂ@lalsb' stmmﬁaﬁmmq%u”y andb?es of

transaction costs because the |evel of trade di he i npact of

tradi mgeimldnd dfddhatan (1098). Zladay eho tiale wissiveladusios imitandst aeke) i s not
anal yzed or not accurately analyzed. Therefore, there is a need in the

fi el d spreading thedierides evérar long periothofitimitd fncan lcewkr westspontavemgt, drant hat
accurately accounts for trade difficulty and market conditions, allow ng
for auadbmsavhodradamege nggressivalpusng ordetardersito deapaiddmmediasyy dwwst ances and

“trading conditiaons Is inportant that this system acconmodate
par ar’r@%@mﬁﬂé}iﬂﬂﬁ?ﬂwﬁg‘iﬁﬁgh’f daveyer differet tracing coss denpndinEsn 8pWadel y 1 el at ed

over FRISTEFSCTyan kb ERT Seb AL BBt of or ot ng the 1 Sk of
That cres 5@3"%{’1@8&%&%@@@ %%%@L?'rég%ﬁi%ﬁﬁ?hs%eﬁpei”a mdel (.
? comahouh: S50 ety R gl %@Mﬂ%ﬂi{g Pﬁﬂ&"v' SPa@udR ohE " haer <
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defi ciap, E&]x}?g‘;‘taﬁ d.i 0 traders
to forecast t t?ﬁpé&e@%ﬁoﬁa@o ts O%Bga%%%de execut’FHg%é)mbased on a
user - $§le8¢ fifle HERGD Miﬁdaih%ﬁf&aéﬁﬁghﬂoaemré@u&h&ﬁ HdodhsGbofiglyact eri stics

and.

accongis for trade dlfﬁculty apd market conditions, allowing for a valid eomparison of
trades executed in different ciroumstances and trading conditions. It is important that this

~ system accomnmodate parameters for trading style. Since the trader’s siyle is closely
related to theit uliimate objectives (8.4, a value trader might trade passively over several
days to minimize price bmpact costs, tolerating the risk of adverss price movemsnts in the 'S
interim), this creates 2 need for a model that ties strategy to a {rader’s subjective |
assessment of risk. In particular, there is a need in the field to provide a model that would
recommend an optimal trading sirategy to 2 trader based on the trader’s risk tolerance and
other considerations snch as the hotizon over which the trade is to be completed. In order
to meet these needs and to overcome deficiencies m the field, the present invention
enables portfolio traders to forecast the transaction costx. of a proposed trade execution
based on a user-selected trading style and inpuis perfaining to order characteristics and
trade Eiﬂimllty. “The invention also provides an optimized trading strategy to satisfy nger-




trade difficulty. The invention also provides an optin1ifﬁr§rﬂdi trategy
to satisfy user 2 29 Novenber 2006 defined constraints. g THE

| NVENTI ON [ 0005] Exanpl e enbodi ments nay provide a system for forecasting
the price inpact costs of a trade execution that may be applied to any

gi ven trade strategy. Exanple enbodi nents may provide an Agency Cost
Estimator ("ACE") nethod and system conprising two parts: a first part

t hat conpri,ses. conput er-based nodels that allow a user to obtain price

i mpact cosf*REPREFEE for any pre-specified strategy, and a second part
that conprises conputer- executed mathematical nodels that generate an
optinmal trading strategy subjg iy GNPt ons about the user's
ultimate objectives. [0005a] According to a 11rst aspect of the present
invention, theneos] SExphgYéstRaimen BiyiRIide b Qftel M kiREtiRnd friddigpkt dodfocost s of
a security trade execution according to a trading strategy selected by a
user, conpa gk gt thatingy be apblied prany piddnngdestsiegyver connected to a

communi cation network, said server being programmed with a specific
strategy trans@énplepmbodistentymay mevidetan deencuCepblistimpon ("4 pingthadgndsystgmi d ser ver
. over said netwark data defi nin araneters of a proposed trade execution

from a usef°TPHHRE A Pars- & Etparthal fgmprisgroompwerbased medels thatallag 2 uer g oy and
estimatingt| 1 Qs 98k S QhindiNg ecel ved proposed trade execution
pased on (P r SRR AR &Rl Roctoudel G54 L REpR P g S

I'ng stra
recomendi 8goRQtaBRatde BhdE e fbnbtite SR MINGELS éugte%fs PQ¥ertahs @NSACL1 ON COST
optim zation algorithmthat m nimze sald transaction costs under said
user - sel ecisathptibrisabiunge Gkdsaliggy objediiogseby a user may minim ze transaction
costs by taking said actions in executing said trade; wherein, said
user - sel ect ed [0G0adiAwcprding ta b Exyiaspratyof the pesneictestibnf thaeis prveidgl aangdlodir al i ty of
predefined trading styles, or may be specifically defined by said user.
[ 0005b] AcoFsinaige tagsagtion sesty e e EdRdeskeoptinn apporing e a tiadipesietedn, there is
“provided a emfor estipating.and optim zing transaction costs of

pr oposed é?%%%bp3ﬁﬁﬁfgﬂ%§m5ggggﬁ8?P?Wgﬁééﬁ%ﬂ? edtoya commupigation, o1 ye sel ect ed
b : kSOG4 ' h ' d
y a user mﬁ&??&hﬁhgg I?%#&%&hkﬁhggwﬁg{%gééf eg&ﬁ?gﬁ$%§%mgghng programme

with a specific transac cost estination~and optl a }on al gorithm
recei Vi ng figaifs AbdbitsShid s@at dver @ﬁ%&%ﬂ@&%&ﬁ%@%ﬁ&@&é off pr%o&aopos ed trade
order and estimating the transaction costs of e recelve

trade execution from a user, and data specifying a user-selected trading strategy; and

estimating the transaction costs of the received proposed trade execution based on the user-selected
trading strategy and market data, and recommending actions determined by said specific strategy
transaction cost optimization algorithm that minimize said transaction costs under said user-selected
trading strategy, whereby a user may minimize transaction costs by taking said actions in executing
said trade; wherein, said user-selected trading strategy may be selected from among a plurality of
predefined trading styles, or may be specifically defined by said user.

{0005b} According to a second aspect of the present invention, there is provided a system for
estimating and optimizing transaction costs of proposed execution trades of securities according o a
risk value selected by a user, comprising: a plurality of servers, each server being programmed with
a specific transaction cost estimation and optimization algorithm, receiving from said user data
spf_:cifying parameters of a proposed trade order and estimating the transaction costs of the received

proposed trade execution based on the user-selected risk value and market data, and recommending




- proposed trade execution based on the user-selected ris rket
data, and recommending 3 29 Novenber 2006 actions det%%%?%gﬁx%g&gg?d
specific strategy transaction cost optim zation algorithmthat mnimze
said transaction costs under said user-selected risk value, whereby a user
may mnimze transaction costs by taking said actions in executing said
trade; said plurality of servers being connected to a plurality of clients
over a communi cation network, wherein a user eaters at a client a selected

{1k value and i AaBg LIS RAL SRS el SLDLOROSEH AR 0T o

transmts them _ over connu_lha_lon k to a
server assgfiliflz@hidMatsheibl\@std frRBSAE bseQReSQE sk vaRR WHIRbY ARer AP mPthidN Zat i on,
and receives said estimation of transaction costs according to a selected
from sai d sersweon @stely takirigaid axions it exedutig3ait @idaaEil pluRR9 61 seAbis Beili SCl osed is a
server that conprises one or nore conputers that act as an automated

f or ecast er cqunested fnya riurdlim clicels owc Tepinyinigatios estwak edibrbin @ dsct eapdat sdieme egy and

i nput varia Ieg, froma custoner and generates a transaction cost anal ysis
or esti mat FOTTCHEXIHIL MR BErLiyins PEAICES ohhRoPolrd irpdsordgrapdiranypis temfipay | s
programed w t.h specific transacti on cost analysi.s and optim zation
aIgorithnss%ﬁéﬁmﬁ%%%ﬂf9ﬁ%mF:%ﬁgggpggﬁhﬁgg??mﬁﬁ%gmgﬁﬁ . ng?ﬁde execution
based on ' BGmbitR badophihiskion A HANRIAkLG of fHRLAGH Bl 2GS, @h (he proposed
trade execution, and narket variables. The servers nay be Tonnected to a
plurality ediecdifbm R Brv@\ood sad oaididieakdniiik Nnet wor k, such as the Internet,
and custoners enter their strategy profile and hypothetical trade order
char act eri st i d80Gshlsadjriobddds a sexrwembancogtised tncive ina@ Cémpuersttiveacs@rarer associ at ed
W th transaction cost optim zation. Also disclosed is that the transaction
cost anal y3&\taynajgd fpracpsics whgreby agomapuigsaceepts@ ugserfee fie tiadrptritesy andiinpit vaibldes| at i ons
in real - tkne. Al so disclosed is that the transaction cost analysis process
is adapt ed™ B2 PrETFER° &rgftrse fnsaqiqp eostanplwisppesimatiop bassd andhossanablss gndt abase to
enabl e t he_di of trapnsactian.cost..analysis resul.ts.in, ."real-rine."
R B e S S S e C A e
intra-day Qalemlsall AlicQhe raRblieR RS D4 IR KR ution BrsafbnIRUELDRG, 2006

[ 0008] Alsoggisclosedei; a ﬁeth%d fgﬂxggtinatfngmgngfo#mOpggﬁgz{ng

t ransact i o#veRiof prafilk,@harfteristics of the proposed trade execution, and market variables. The servers

may be connected to a plurality of customers.over a communication network, such as the Internet,
and customers enter their strategy profile and hypothetical trade order characteristics through the
communication network to the server associated with transaction cost optimization. Also disclosed is
that the transaction cost analysis web site allows a user to perform inquires and calculations in real-
time. Also disclosed is that the transaction cost analysis process is adapted to provide a direct
interface to a securities price database to enable the display of transaction cost analysis results in
"real-time," _

[0007] Also disclosed is that the transaction cost analysis allows for intra-day calculation of

price-based benchmarks.
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proposed trade order for a security. .The nethod conprigﬁﬁN%ﬁgﬁ%;ﬁﬂg of
providing a server connected to a conmunication networKk, e server being

programmed with a specific transaction cost optimzation and/or estinmation
algorithm receiving at the server over the network a proposed trade order
froma custoner; calculating the estimted transaction costs for the
proposed order according to the specific trading strategy of the custoner
-and the transaction cost estinmation algorithm and providing an estination
report to the QuR| MRS diRMEH isatEdE FpRliaide AR bptrlzRE SheliRdoRThqdi ment s of
the present invention, nmultiple servers maybe depl oyed where each server
accepts pr pppsetirade aédr Sor aBgurly. IThE methkst coiBised tRtehs dfptoRidilp b &6l nRwer t he
comuni cation network from custoners wishing to estimte the transaction
costs of offer commpmigation nenotks fhe jeasr e bestmmecbwithcacpeiid imgadion dofte parti cul ar
trading strategy set by the custoner. Al servers have access to nultiple
tradi ng deSRYTFAIIGRYOr exfmaienslgopthmprseeiving githesareriove thsmptevatk apropgsed radaat a, and
real - time | ytic data, rtherpore, each server, has access to, ot her
servers onmgﬁgnégﬁﬁﬁﬁF%§§?‘ & %?ﬁ%? t?ﬁ?ﬂ”?ﬁﬁ?ﬁﬁgpwngﬁﬁﬂgﬁﬁngwgcal dat a,

or conpi | afy@gechtc bRl R o RE ?}&%ﬁ@%ﬁg&?#ﬁ&%@st%&ﬁmtuﬁﬁ%é?@; annd the

servers can inter-operate re efficient e user can or nodify the

proposed  proddihgdh cSiniaabEgbr 1S BE bikRhel FadiRokOSt estimator, then send the
resulting trade list to a trading venue or to an automated tradi ng system

such as | TG | rig008] \WiaeferfsdambodBenty efithe pled@fitNentox amip: semdaagiyient s of t he
present invention will becone nore folly understood fromthe forthcom ng
det ai | ed d€aloyadythens gachferyst eckentsreapossfbiders andrther quserer inputaleta diaetiyt dverthani t h t he

acconpanyi ng drawi ngs. Both the detailed description and the drawi ngs are.
gi ven by wepicatop REicrk SO SiOBe yishikia cumate s AT 6P Henol ToFe. pr esent

i ti . EFE | PTI THE. ., DRAW N 001 Fi i bl k
11 imellg P almogf *a g %st? %ﬁéﬁ% rac%o{)%é%? Parl'?[bcultarr ?ﬁ%‘%ﬁ%@#eg%éesw%t%ég‘qﬂ Efjr‘sf§fa Nov g (r:Tb er
2006 VO Oikd 628 ridfebledaliid d-43ARr0 RAE L LhRR EXGEUTLON AGCAUALNO tO 2

specific trading strategy and according to a prefterre i ment of the
i nvent i on; tiealjRQER] FurhgtibR, edch strvarhhdibes t86théd Rrs ANheRvRARThikM Syst em for

estimating and optim zing the transaction costs of a trade execution
carried outetworickuch that gpdetiahd lgstoricaldiatagr compilations of data, can be exchanged between the
servers, and the servers can inter-operate more efficiently. The user can edit or modify the proposed
trading strategy received from the cost estimator, then send the resulting trade lisf to a trading venue
or to an automated trading system such as ITG Inc's VWAP Smart Server.
[0010] Example e_rnbodiments of the present invention will become more folly understood
from the forthcoming detailed description of preferred embodiments read in conjunction with the

accompanying drawings. Both the detailed description and the drawings are given by way of

illustration only, and are not limitative of the present invention.
BRIEF DESCRIPTION OF THE. DRAWINGS

. f0011] Figure 1 is a block diagram of a system for forecasting transaction costs for a
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strategy according to the invention. DETAl LED DESCRI PTI %;\h ENTI ON
[0013] The present invention enbodies a transaction cos eg?r%%‘%?g@g/net hod

.and “system conprising a first part having conputer-base | Lpact and
vol ati | i‘f"?q:?fc}agﬁg that allow a user to obtain transacti gﬁp’bé‘%?ls% ti mat es

for any given strategy, and a second part conprising conputer-executed
mat hemati cal nodels that generate an optinmal strategy based on certain

.assunptions and the results of the first part. [0014] Referring to Figure

1, one or nore transaction cost optimzation servers 1 | is provided on a

comuni cation network 10... The networ 0 be ubl.ic, network.or a

pri \Pé?Pé’SB%‘a?@a?B‘S APIIngN0 85 @}ﬁ%%r PGPS 10 4 R tion cost
estipati t i [§ ily,on al gorithms, and has access to various trading
mec |°sd%n§5f|%]§§’%é1éhé%r ough the network 10, such as the New York Stock
Exchanoe (00 EHighf 2 HP 0B gt s b 0oty RSl o 20, (e
NASIARSARE e kRN cBits 8a Bh&CdreailioR o0 fitlel 2 Bl (ECN) 24
(0014] According to preferred enbodi ments of the present invention, the

ser \sihtedyl adcBrdig ®ChE djefibh,y accessible directly by custoners through the
network 10. This access can be either through a personal conputer (PQ 12
or a dedicated client termnal 16 which is electronically connected to the
network 10 such aPBRAILEREDESCRIlF THEINVENEIDMue. Al ternatively,
clients could interact with the network via a trading desk 14 through which
a ' cust of@013 afbppresent imeention ambodi¢sor fransactionsastyesiimeticRanstheaddndr | y, t he

(r ading desk (is a user interface that provides conprehensive agency
radisigRsemprisias adist parh hying omppleebased pries impast sl Yoladitbuedalodet WO
031107122 PCT/ USQ3JJ850Q sources. [0015] _According to preferred

enb GHPWEISE tgobfap iransaction cost climates for sy givrpairatsey. aaf esesoedpater vers 11 may

be provi.ded on the netwark,.with each,server 11 running a_transaction cost
o PSS soRabeE rro TSI O Sherl A AL Bty TG 1 or s
Spgﬁ\é r|!ousasg%l%%tnﬁggﬁtfth%%%ﬁ%f%yﬁ%@pﬁtvvorks. A custonmer may submt a

[0014] Referring to Figure 1, one or mors transaction cost optimization servers 11 is

provided on 2 comumimication nstwork 10. The petwork 10 may be a public network or a
private dedicated network. A server 11 is programmed with transaction cost esﬁméﬁon and
optimization algorithms, and has access to varions trading mechanisms or exchanges through
the network 10, such as the New York Stock Exchange (N'YSE) 18, the POSIT® intra-day
equity matching system 20, the over-the-counter (OTC) market 22 (including, but not limited
to, the NASDAQ stock market), or an electronic commmmications network (ECN) 24.
o [0014] According to preferred embodiments of the present invention, the server 11 is .
electronically accessible divectly By customers through the network 10, This access can be
either throug]l a personal computer (PC) 12 or 2 dedicated c]ienj: terminal 16 which is
-electronically connected to the network 10 such as via the Intemnet or a dedicated Line.

~ Alternatively, clients cbuld interact with the network via a trading deék 14 throngh which a
customer can perform a transaction cost analysis. Particularly, the frading desk is 2 nser |
.interface that provzdes comprehensive ageﬁcy trading services utilizing multiple Hquidity




portfolio trade execution for analysis with any specifi servers
11. A server recei ves the proposed portfolio trade .’é)xlg qt?ﬁtz{}(f%m t he

custone e network 10 and processes and anal yze q'ﬁtf‘s tion
accordr#&f)qég‘ ?#2 user-sel ected preset trading strategy * gorr?ﬁswber ng run
by the server 11. The server 11 then executes the transacti on cost

anal ysis and optim zation and preferably transmts the execution results to
the custonmer in real, time. [0016] By providing such servers, a
significant advantage over the prior at system (where analyses are

executed manual |y by human traders or by conputer using outdated
inﬁgwﬁgﬁion) I s achi eved. The server 11 can handl e nmuch nore conpl ex trades

i ncl udi i’écf%%dl e FHNEn B, nt equities.
Additioﬁéqlﬁgr gﬁ%disn%'\wé can pr ovi de egfo%rt reslul t?@o}{ﬂﬂgﬁﬁery | ar ge

r$§e¥re fs "é'ltl' Etl HeaghrothaitiRYcPRrver 1l edngcpncent rate on or
folTow o 'y small

a re nunber” of equities at once. A server

aC%ﬁﬂbﬁ&zé&thﬁtﬁ ﬁﬁ%ﬁmbﬂ&@iﬂg@c&%@%ﬁaﬁd&bﬁﬂ@ﬁﬂd&ﬁm €rait@r a human

trader in that it can  be electronically connected via the network 10 to a
r eahd Virths Bl Bhici colemiiéation n@aworlisd &L cukfomeanayesubntita propeseds provi di ng

hi storical and derived market data such that it can receive and process
Mulpoitfolie thadd exadtion faramalysie mithrany spedifisom: offfhe sdreers 1huAtsepkell equests for
transaction cost analysis having different desired tradi ng strategies

( e repeives thegirepastd pogtfoliovieade pxsaitiorsfiodhe eustamneravenibs notworle Ededl by routi ng

proposed portfolio trade orders to the appropriate seryer ' |[. [0017] '
Fi grocessgs and MY@&@EW@R&W@EW ﬁlﬂﬂgﬁé"wmf% rafing FGtENd opti mi zi ng-
the transaction costs of a execuf ion acc rd to the invention, %
melg@nrhmbensmbbﬂm@m &r@ew tiBopstr 1 22

PCT/ 0SQ31 18300 estr mat rdin a nsact on g¢ost est |mat I on and
optapﬂﬁ%tﬁ‘b?l’ i%ﬁ‘gg’ !%gﬁgt?rt"?ﬁﬁpﬂaf?%ﬁ*ﬁ? éﬁezf Mo a server
dBailrtd custorrers wr shi ng to execute the ACE transaction cost estimation
M€ni zati on for proposed portfolio trades input requests for analyses

- an
and trafiils} BYpIng Shitsehvird B Sighiffoattld¢Rhtagd Bitr fiprit? i faBR' f OF M5 ONe
(where analyses are execmied manually by human traders or by computer using outdated )
information) is achieved. The sexrver 11 can handle much more complex trades including
trades involving large volumes and many more different equities. Additionally, the server 11
cian provide cxpert resuits for a very large number of equities, nnlike a tradex who may be

* able o concentrate on or follow anly a relatively small number of equities af once. A server
according to the present invention has a firther advantage over 2 buman trader in that itcan ( o
be elcetronically connected via the network 10 to a real time market information provider 135
as well as sources providing historical and derived market data such that it can receive and
process multiple indicators on a continuous basis. Furthet, oultiple requests for transaction
cost analysis having diffrent desired irading .strategies (e.g., Jevels of risk aversion) can be

~ simultaneously executed by routing proposed portfolio trade orders o the appropriate server
11. |

[0017] Figure 2 illustrates one example of a system for estimating and optimizing the

iransaction costs of a trade execution according to the invention, wherein transaction costs are




nore transaction cost analyses (TCA). [0018] According t hi d, at
step, 201 the custoner's order specifications are retr i%@@ﬂye@ﬁnﬁé anple, a

. custoner_] jsh to sell 1 mllion shares of security . ep 202,
t he custg@?‘é’”ﬁﬂ'ﬁ%ifies (and inputs) a value for-the ri sﬁéyg%’ opara.rret er

(RAP). If no value is retrieved, the programsets the default value to
0.4. At step 203, the custoner specifies the optinmal trade tine horizon,
e.g., selling | mllion shares of XYZ security over 7 days. At step 204,

the programretrieves market paraneters, e.g., security nmaster information
of A 4B S B B A 9
a RerBBAOAE gt RS 1Sy (0T RSy il BRI BE AT T £ 1 ™
A B f e e SO TR SRR bR Bla BB e

t abbgalyda bndrinsniPHemIRLAD Id Ak ACHsdriAd. TRE WO keMerpaFemsMAd opt Val ue of RAP
corresponding to the chosen pair of values. At step 208, the custoner

I Npfode irMSactioN FBAPmalsYe(TORY,. | € mai ntai ning the other paraneters) to see
anew set of expected cost and cost standard deviation. This establishes a

range of [a)8] Asddrdiinges thivinethbdmt 3@ 201 e cpsoglessvder sputifitant ard di spl ays)
the optimal trade strategies based on the custoner's inputted paraneters,
f r omatmdviedh Fohexampie, eramstomeey meiodsieto seld millicar shgres ofisseutigXYZ) i8¢ t he
custoners particular situation. £)0019] As can be seen fromFigure 2, The

e Biep 204 de enstamenspecifipgfand npuisd d valnd fordherigdaversion momprierdRAR)ecut ed set

f statéﬁi}ipal nodel s that forecasts the transaction costs of a trade

exeHo e i getrieyed, thearogram sety $h defanlivalsdo 4 4- 1 At stenc23p e wadamene aver age
7 SPES e 5 B AP 98- PEHDETRCo s REL T ATy QR ET 1 0;
el e s e RS BT O
e i TRl 5 ) A i, SO A g votabh iy comon
205, the program calculates estimations for the customer's set of patameters and system
inputs based on the most recent market data. At step 206, the resulls ave displayed to the

customer as a table of expected costs and standzrd deviation of costs for different RAP

. values. At step 207, the customer selects a pair of values (EC apd SD) from the table that are
most appropriate in the particular case, and a value of RAP corresponding to the chosen pair.

(" ofvalues. At step 208, the customer inpuis the new RAP value (while maintaining the other

parameters) o see anew set of expecied cost and cost standard deviation. This establishes a
range of cost estimates. At step 209, the program calculates (and displays) the optimal trade

. strategies based on the customer's inputted parameters, from which the customer may choose
the strategy that best fits the customer's paritcular sitvation. | .
| [0019] As c.;.m be seen from Figure 2, The agency cost estimator (ACE) method and
gystem is a computer-executed set of statistical modsls that forecasts the transaction costs of 2
trade execution. In ACE, cost is measured as the difference between the average execution
price aifld the prevailing price at the start of order execution.
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average daily volume, VWAP-strategy) or any arbitrary defﬂ n«z 6strat egy
Eval.uate the costs of trading as a function of the des YR gostrat egy
~of a tr@%ﬁﬁé E{ e tone a trading strategy in terns of tr gpsig 5620n and
aggr essi 10, ecom*rend an optimal trading strategy that ance
execution costs against the uncertainty in the realized cost of trad| ng
Cenerate a confidence interval which contains the realized cost Unlike many
ot her conventional products, ACE is a dynanm c nodel that recognizes that a
‘trader will typically break an order into several trades to mnimze

icoa cgﬁz@g._ 1. Three significant features of ACE are as -follows:

%ni zes that agency traders incur price inpact because a

[0
t - trade. It is th
e

mﬁ E%{ds?;éb witbh gfapt ures the
per3|§‘; dN &8 WAi'Ssu%t SLAUTRBd sipflegy COnveyed to the
fj%g 8C Hin désﬁﬂ)ﬁmﬁhgsﬁﬂb&eoﬁdméi is transitory in
“atﬁﬂ@ambhu*am:ﬁr hﬁteﬁﬂ@bftkacﬁhgﬁbrwnﬁﬂdl shiends® get the liquidity
pr%&meheahaﬁﬁm siylthat HaRMEsteReattion tests ag:im drtuncapdnty neans t hat
t he finriké rdalisbooet |-trade order will affect the prices of all

subﬁmﬁo@%ﬁmﬁvﬂaﬂﬁcﬂmmdﬁwmmzaddwdel ing this dynamic link is a
key el enent of conputing the price inpact for a programof trades spread
ov @mlike meany| i} thnvedB onslgrodustsod e s dyhemeic Talebibatrepogndass B2t Bi ng as "t he"
cost estimate for a trade. In reallty cost is a function-of the trader's
st ratdenyill fyhicaliy break gy oates inkesevieeal iradas |%@1@m%@9“h°nt%étshl gher the cost.
Aggr essi veness can be neasured in ternms of how.rapidly the trader wants (Q
execute the trade given the trade's size relative to normal liquidity.
Thus, the ACE esti nagff- |®§red| ted on a particular trading strategy. ACE
2. Mer 2006 WD 03/107122 PCTNS03/ 18500
benchrrark strategies and also allows the user to specify any arbitrary
trading strategy These include VWAP (a participation strategy that mmcs

the Vﬁioﬁﬂf g&ﬁtrgffo%n}igs h:{&? aﬁﬁ&?‘ﬁﬁ&e\ﬁ Q@&ep%ce immpact becanse a irade moves the
prevailing price when he/she executes a trade. It is the cost of demanding liquidity. Price -
impact has both permanent and temporary components. The permanent component is
information based; it captures the persistent price change as a result of the information
_conveyed to the market that the trade occnrzed. The temporary price itmpact is transitory in
natre; it is the additional liquidity concession to get the lquidity provider to take the order
into inventory. The permanent impact means that the first trade of a multi-trade order will {
affect the prices of all subsequent sub-blocks sent to the market. Modeling this dynamic link
is a key element of computing the price impact for a program of trades spread over time.

[0021] ACE also recognizes that there is no such thing as “the” cost estimate for a trade.
_ Inreality, cost is a fimction of the tradex’s strategy. The more aggressive the trading strategy,
the higher the cost. Agpressiveness can be measured in terms of how rapidly the trader wants |
to execute the trade given the trade’s size relative to normal liquidity, Thus, the ACE ‘
estimate is predicaicd on a particular trading strategy. ACE 2.0 recogpizas several




on historical data), uniform(a flat or |inear strategy%g the .0 '&al ACE
strategy (described below), or any user-specified cust nlu\I%‘fePéb[egzg ACE can
.also be ysed to develop an "optinmal strategy" that bal ances price inpact
costs aggfq@l’m@&gortunity costs. Opportunity costs are FargEP3 1%L (o
price volatility and create uncertainty in the realized cost of trading as
they do for the realized return of investing. Wen executing an agency
order the bal ance between price inpact and opportunity cost is chosen on

“the basis of the notivation for the order, which ultimtely cones fromthe
:%%c% nager. PﬁSSili\éﬁ'ﬁ nag’gt%fépggigwngi nu %r&c%r ned aggﬁﬁtﬁem: ;:;
SRl b BBk RO B8 v SR o R RRR Y
\ggﬁﬁﬁgiﬁ@kﬁﬁ@éﬁﬁgﬁw "Ltﬁégg%%oéy@%&ﬁ%gac;hﬁadi ng

str i f jeQy-0rk Cce | npact
ancPeIBh ok A8 u cpBRE ol S50 ACH ok IR bbb OB WlRL °C o
tragﬂﬁg}' MOkt HAn 5 ' }Qﬁ{uh'ﬁ?' Walak ' directly or
by telli ngﬁd&CE tﬁe rdggfﬁ?%ﬁ%g%bﬁ%ﬂgép er to ggﬁﬁc%%%%% sﬁéa%gd hori zon.

1t theedy G lyprivsRobaity ghd deaté inib@itaigiyihahe RALSH rdstBfihding a8 ey do St ochastic
control problem It then cal cul ates the expected cost and the standard
devimthcosalfed refnen obimwvesting. tWher exstdting e apphiynmterdhs Biagy befess strategy is
recomended for traders who want to weight the opportunity cost associ ated
i t priceriagiacicpngdvopportuitynepst istchosen lon die hasisnt thandkyatich éorAlForderjel is not a
gurely econonetric nodel. Rather, it is a structural nodel that uses :
par Whichaldmately comeasdirdm the invrshenst managenoHetsivesnanagrrnaly maislple execution. In
particular, ACE relies on stock specific econonetric nodels o fvolatility
andcysicered phgyd erice impyet Geawthar oM manreges 26 mome wamied abouic| udi ng

o SRRy 2t VRO R ARG GRS UHARISTEY 1) HPEEHOLOREaRal no o 29
No .2006  .WD.031107.122 .PCTL. US03/ 18500 I ..and I ility by 30
i TBBEL A S RaRiots Ot B RE O3 A RReds FRRAR & SR REY QB SRER  sover al

_ . Jor > f f
et e ACHE 0Bl Ryl Md oot it b SORHA ERMY Jeokl P S0l 00 '
vol yBey BRfinp kAlARSHK 1BPERRAAIR DaldABes the tradeoff between paying price impact and

incwrring opportunity costs for a given level of risk aversion and fxading horizon. The user

can either define the weight on risk directly ox by telling ACE the fraction of the order to be
completed by mid-horizon. It does so by expressing the trading problem as a multi-period -

( " stochastic control problem. It then calculates the expected cost apd the standard deviation of
the cost for the resulting oiaﬁmal strategy. 'This strategy is recommended for traders who
want to weight the opportunity cc;st associated with trading over a long interval of time.

[0022] The ACE model is not a purely econometrie model. Rather, it is a structural
- model that uses parameters estimated from econometric models of ageney irade execution. T
| particular, ACE relies on stock spaciﬁ;: economeiric models of volatility and frice impact.
ACE uges market parameters as an inpuf, including security master information (ficker, cusip,
exchange), closing price, volatility, rading volume, bid/ask spread, djstribution of trading
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5-day average tine and size weighted bidlask spread. T appr o S
allows us to take into account the latest trends in s{]@ﬁ" ell’)igoc%agdg‘ﬁavi or

and “at i‘&? time to filter out fluctuations, whi ch];g_iﬁ[fyg gener at ed
by mark Wzﬁg‘fnear ni ngs announcenents and other factors. '833%?0 ACE nodel
Is a tool to reliably forecast transaction cost and statistical

characteristics of this forecast for a scenario selected by a user. The ACE

estimate depends on the user's strategy and tradi ng aggressi veness.
Further, the nodel is a dynam c one that assunes trading through nmarket

orders. It i t .l Qtended.t I a4 ' costs or

bl 6’8&%?‘%@?@@395’?{3 eélggéfdgggfui(ﬁg%grmanaﬂgpi E]L'I tr%rezer o# & present

i nventi.Qn .8, | ' i | S dt 257t feﬁm%o%?g{e&n tparticular *
trgﬁYeﬁ%lné?%tﬁ@‘ ﬂé%@%ﬁg}l@ﬂ?kgrﬂgg@“ mat |don 0 {é%sts. 0 241&An | mport ant

25 Reht 8 whd Delal VeblyGibdisn 8410k vblmpomaitansesisd astigsormend a
par |CB€éar rﬁﬁﬁ%g strgtagg%%aor a user. %&CE bal ances two consi derations:
eXB‘fﬁﬂ?ﬂﬂﬁﬁ i AR EIHe B/ a8k bi5tBad. Hel allesdsivg el REet he expected
cost ("EC and the standard dev;spa}tion ("SD") of the cost of the agency

t 1 34t RBestint fleagéstithalis Pididdtaicy belaianead at the eahe dle of filllgatreen payi ng price
I npact (m consideration for liquidity demand) and incurring opportunity

- COSfustifitns whidi offnees fdmethisthyohadretufewsy sdrpiapsiammoubceardtsand othey hori zon.

It does so by expressing the trading probkemas a nulti-period stochastic
corfioteds, problem It then calculates the expected cost and the standard
devi ation of the cost for the resulting optinmal strategy. [0025] The
execution cost is a signed Le. positive or negative) difference between 10
29 Novenber 2006 WO 03/107122 PCTI US03/ 18500, t he val,ue .of security or (
port f ol i[802¥ ACHmodelds 2 tnol forsliphly forssastrapsactioncogtfgd ghati speci fi ed

t radi hor i .. The ACS nodel , ' th d. t, of Ah

{1 GaRge iR s (HEEAPP B REEO ST MBI P BAe (DBt a1 vi ded

I nt f bi .or time. ' f ' | Qn. le, i
| nontheien skaeey A RE e By £ HERReLEY iyl onb e xarPl € 11

assumes trading throngh market orders: It is not intended to be a model of upstairs trading

costs or block pricing. The agency cost estimator and optimizer of the present inveption is
unique in that it allows the user to specify a particular trading style as the basis for estimation
of costs.

[0024] An jnportant aspect of the ACE model and system is that it can be used to
recommend a particular trading strategy for a user. ACE balances two considerations: ( -
expected cost and standard deviation. The ACE model estimates the expected cost ("EC”)
and the stapdard deviation ("SD") of the cost of the agency trading stratepy that optiraally
balances the tradeoff between paymng price impact (in consideration for liquidity demand) and
incurﬁ.ug opportumity costs for a nser-specified weights on cost and risk and trading horizon.
* Tt does so by expressing the trading problem as a multi-period stochastic control problem. Tt
then calculates the expected cost and the standard deviation of the cost for the resulting
| optimal strategy.
[0025] ‘The excontion cost is a signed (i.a., positive or negative) difference between
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-

duration per trading day. However, any nunber of bins n maybe
used so long as the bin pararreters are appropriately ?@ﬁ?‘é@? ﬁ%dgf t he

. chos®en duration, The tradi ng horizon may consi st of several trading days,

with an WOMMPHLY starting binin the first day and endPREUBIMBPY the | ast
day. The trade order is defined by its trading horizon, trade side (buy or
sell), size and trading strategy (sequence of share quantities per bin for
a given trading horizon). Trading of all share quantities specified for

each bin is assumed to be conpleted wthin the respective bin. [0027] "The

o gt S bty ERIE Sl e Bheifloe 5 RCROOT R SR o e

execilldithiiohe The ACHabAS f&@ﬁefé 306 SYADLL Ix%gg@ngn il d. The

aver age E\xecutlon price 1nc ternporary pric erage price
| npravieseé: A tenporary pri ce | rrpact represents a liquidity concession
made to induce the taki ng of an order into inventory, typically half the
prevai | i rfoo2§]d-Thg kradine S@tizami thirstididasd B LA BR of BREES Hme gRnent price
impact is the effect on market price (as contrasted with-trade price)
caussglabdoritivn. Foeexdmple pthd US. inadce ACE eorgRicsy thirtdeh B8 D30 haakie mar ket

price not only within the execution period, but have a persistent effect
to tdwsatiomgeofrading day. adoweved sany nuaibeSH s afeny dpraios npaytbesedsplonge recei ved
that-is better than the prevailing prices i.e. bid for a sell order or ask
for & thrbyinpeepnsiers Gemppaprigtelynonfipurpé for sl dheser dirationt. Ehedradings ar e
exp;ot edto executg at the prevailing ask/bid quote price. However, a

(g HZER ey coptid § m&wl Ways wifkien arbitess stariingbip in the firstalaytané

reval J i

/ prlcea he tinme the order was placed, due to .
sud @ HHS Eaaﬁ fﬁ'&PRﬁlef Gued by iy racing borigopcdesifa(biyer i s 11 29

?Ig\é%g?)e Zootﬁg}'afﬁ\og,%#té@?fz 22 Pﬂqﬁﬁ%ﬁél Q%P‘?rign f]aag_?%a l ICe Irrpr ovenent .
35?3“‘?5@ H%Xd'?g 1%h{]slons l%nﬁ?)l %Sar e%gﬁbﬁtg g‘f“ﬂ#@t:’%ﬁﬁp t d t aken

| Nt QiaRk B st mating transaction cost and generating an optinal
strategy. Wil e voI ume and volatility distributions for a particular stock

i deal |y [0027] The ACE model distinguishes between market price, defined as a security

mid-quote price or sverage of bid and ask quote prices, and an average execution price for
which a given bin share quantity was executed. The average execution price includes
temperary price impact and average price improvement. A temporary price impact represents
a liquidity comcession made to induce the taking of an order into fuventory, typicaily half the

(" prevailing bid-ask spread (net of any price improvement). A permanent price impact is the

effect on market price (as conirasted with irade price) caused by the execution of the trade,
- Large size trades affect market price not only within the execution period, but have 2
persistent effect to the end of the trading day. '
[0028] Price improvement is a price received that is better than the prevailing prices
(L&, bid for a sell order or ask for a buy order) Generally, all buyer/seller initiated ordets are
expected o exeoute at the prevailing ask/bld quots price. However, a buyer/seller often may
receive a better excoution price than the prevailing ask/bid quote price at the time the order

was placed, due to sudden and unpredictable market moves. Snuch beiter received price is
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shoul d be used when estimating transactions costs for t st qck 6esear‘ch
has denonstrated that such distributions nmay be unsta CAMSTE r?%(i very

| i qdi d stocks, because of market noise. Consequently, as an alternative’
aggr egaMWEHO3FORL2ZAi st ri buti ons of a | arger nunber of st ocRETHMIMSMsed. Such
aggregat ed distributions have been shown to be nuch nore stable. (- [0030]
The total realized transaction cost C can be defined as T C=Y-[CGW + (a
+ ea +T;nax;] (I) i=1 where AL = total nunber of shares traded on day i
expected daily price change e; =random price disturbance for day i u =

sta |- i'n@ge]_. i1y price change T{ = linear coefficient for price
' inpgécﬁeggggﬁg‘?%n Og I%ug@'trade on day i Y. = residual at the end of day i

[ 0031] g@%%fgfbr%y%%%w,%luﬁuwvammitﬁmﬁgﬁﬁc&iﬂwmiﬁn average .

val ue CcOS t he 'execution coul d be repeated nmany tines, since

t hewiminghe Mﬁﬁdiﬁ%' A& SThévilams and velatiity idistributiona bylbin aradéterdolieed at her t han
a determnistic value or nunber. This is so -because total execution cost

i s gabdiRelly 4@ takdrofnge adtoaiievhonfestimbibnp werkaction st and @enetiting anuncer t ai n
behavi or of other nmarket parti.ci pants, market novenents related to

macosiasntaiegy. Whiktvabkms putvdlatitiy flistibutions fira pasitulm stotieideadlyt ned as 12 29
Novermber 2006 WO 031107122 PCT/ U$03/18500 T~7(+ EC = B[ + § rxi -F
Ti néheauld be(1Bed witien, estishating imsactions costs for that stock, research has demo
that such distributions may be umstable, even for very liquid stocks, becanse of market noise.
| Consaquently, as an alternative aggregated bin disteibutions of a larger number of stocks may _
‘be used. Such aggregated distributions have beep shown to be unch more stable, (

[0030] The total realized transaction cost C can be defined as
T o

C= ,chi(ni) + (o + go -+ Ty)x;] m
1-':

where 1, = total number of shares traded on day i
e = expecied daily price change
& =random price disturbance for day i
o = standard deviation of daily price change -
* Ty =linear coefficient for price impact persistence after trade on day i

x; =residual at the end of day i

=

[0031] The mean or expecied cost EC may be considered as simply an average value |
of total cost if the execution could be repeated many times, since the total execution cost C is
a stochastic or random variable rather than a deterministic valie or numbex. This is so

 because total execntion cost is subject to a large number of unknowa fagtors, including
imcertain behavior of other market participants, market movements related to macrosconomic

o stock-gpecific factors, ete. EC may be defined as
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EQ(n;) = Z[Qni)2 + (ai +y; a] + (a0 + JA, (3) 7=1 al,=_standar
devi ation of price change in bin j as = standard devi at%goﬁo‘éfi‘mn[iﬁr?g%ﬁ change
. bet ween I nd opening Ti = linear coefficient for_price inpact
per si steﬁb@ﬁ}éﬁiég trade in binj Cn; t = shares tradeo"'W?ﬂ?’Ha?’rH‘)’of day i
7= hal f bid-ask spread Yid = residual for the day after binj of day i N
=nunber of bins in trading horizon [0032] In the first use of ACE,
conputing a cost of a pre-specified trading strategy, equations (2) and
(3) are used to generate a predicted cost. Specifically, given.a
pre-specifiedT distribution of shares across the trading horizon, by bin,
gi ven by B PRBCLm e Hix)l.expect ed price in each bin u@yng (3) and then
* sum across biifd (weighting by ni) using (2) to get total cost. A
propﬂ@i‘*}ary daily risk nodel is used to get a forward | ooki ng estfi mate of
the variance of cost, allowng for the possibility of price novenents
bacross bins, [ 33& I,n the second use of ACE, the optimal trading strategy,
denot ed BYm) T BhG st (g b rpubalihfso 5sBmui ng a parti cul aBopti ni zati on
probl em t hat b&Tknces expected cost against variance. The optim zation
- problemof ACE is then given as: I'D=mn {(1- | )EC +,t*Var C, where )

i's a non-negati,v araneter .called.the yisk aversion paranmeter (or weight
on oppoft U%?"PQ“?&@%’}% OEHEPWP gedn vari ance or square of the standard

devi ati on of — i.gRt ort.unit ost.is typically input b
t he user Q%\ﬁoft@%dé\%ﬁ%%’?%@éé%ﬁ“@en%%%lwmgzoo%p WO 0%110?122 Y
PCT/ USO03/,1 : i . St-yl f tradi wh

i o e oot S ol gl Pt Ee R b i (5 o B vhl e €1 ng

pportunity co consi (e.g., a value trader

wi t hout 'n%ihq&gdmvgﬁ-gp&ym gh values correspond to aggressive trading
styl es (g”g., a trader V\:h% i s"concerned about adverse price novenents)

wher e tr geiturhig-agtesegl | shed rapidly.

X;; = residual for the day after binj of day i

N =number of bins in tradiug horizon

[0032] In the first use of ACE, computing a cost of a pre-specified trading strategy,
equations (2) and'(?p) are used to generate a predicted cost. Specifically, given a pre-specified
distribution of shares actoss the trading horizon, by bin, given by {n}, we compute the
expected price in each bin using (3) and then sum across bins (weighting by ni) using (2) to
get total cost. A propreitary daily risk model is nsed to get a forward looking estimate of the

(- variance of cost, allowing for the possibility of price movements across bins,

[0033] In the second use of ACE, the optimal trading sirategy, denoted by {n*},is
computed by solving a particular optimization problem that balances expected cost against
variance, The optimization problem of ACE is then given as:

PD =min {(1- 2 )EC + A*Var C},

 where Aisa non-negative parameter called the risk aversion parameter (ot weight on
opportunity cost), and Var C is the vaxiance or square of the standard deviation of cost C.
The weight on opportupity cost is typically input by the user and is a number between 0 and
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(0034] The ACE optinmal strategy is a solution of the optj{p zat,io obl em
Note that ACE requires the user to select a value of r#ds]&}’ WE?% ;

par amet [, eflects the user's” risk tolerance |level, | jtion to’
tradi ng %E}Q@Jgﬁfzf or the specific transaction to be exec&%ﬁs‘ﬁ%ri sk
aversi on paraneter does not have an absolute value, i.e., a value which
represents a wuser's risk aversion |level for one particular scenario does
not necessarily represent the wine |evel for another one. Rather, RAP
identifies a scenario within the same order. Because RAP doesn't have an
abshlvetyelovedveightstontresmd ve styles oftradinp evhtmlepportniity cveig ateiothor each scenario
under consideration: the expected cost (EC) and the standard devi ation (SD)
of significatitiegnsidaraizme@g., Falncdtradayyitbediinformstion),ovhereas highotabs cost i s p
relatively higher, but standard deviation is lower. 't'herefore, on

av epaargeponship aggrsssivaorading siyles (g § iradayivdio is teneeinod abwk edveagpeiei ve
strategies, but the level of uncertainty is lower, that is, the range of 1
pos@PWﬂ@I%eBF@SﬁaWB‘éﬁhédmm ed cost is sonmewhat narrow. [0035]

The. ACE | ,and st mﬁoes_nt suggest ressiye or_passive strategies.
52& hgr, for.rjgll?:%éédiosfee e tteﬂéE?%?igﬁs' acfggejlgl iws %ﬂﬁﬂ:ﬂgﬁ&gg?ei?ra .
_scet_?‘l‘%ﬁ? RRTEETS %S‘Fe#{“t%fefgaevﬁﬁ?%‘a@?sk?Vﬁfé’PPiPW t@?ttr?fg‘ﬂs&ﬁ? “?95’1%' exanpl e,
| e/ Pt orsLRPAAn bYaafhe i 1t okl SRR BOE R R IBRE 5. i
I o ridcnBRLH C;%a%:,ﬁﬂ?t{sloﬁow O B S QTR 0o 337 2 9Rue A ofiflol

over-=p I'S suggested 1o use moreé aggressi r%é?‘egi es. For._

eaGkedaidkentsisd ﬁel%f%%;@mcmm&-dsﬂﬁwh%&%@wd st andaf d

devi ation of expecte ; and wll generate an rade execution

St rgved ot dndther bhe R&hec RAP iHemich 8 sbtatis Withid BE 35he biflef OfdcaaflRAP t he prior
art', the ACE nodel is not a purely econonetric nodel, 14 29 Novenber 2006
VO dddénlhéada 2n BhSohiS 03tud SiwdMakmitetsrs nivet betalady i actadnt frdath sdepdrioises
paranmeters estimated from econonetric nodels of agency trade execution. In
parundentomsidetation:ABE cxpmttad costl(E€Y anhthetstapfard devinfiow(S)afammatdingc nodel s of
volatility and price inpact. ACE uses market parameters as an input,

i nﬁ@@gndgormeﬁqvm, expectedwosi dyvelatively digher byt gandapd demtafisn, cl osi ng
rice, volatility, tradin

P 18 lower, Tharefore,yon average, e%:pected cost is slightly higher than for less aggressive

N

strategies, but the level of uncertainty is lower, that is, the range of possible values of cost
arovnd expected cost is somewhat narrow.
[0035] The ACE model and system does not sugg.est aggressive or passive strategies.
Rather, ACE pro;;ides optirnal strategies and corresponding parameter forecasts for all s
different scenarios and allows a user to select a scenario which best fits the trader's particular
- siuation. For example, if it is more important for a frader not to exceed a certain reasonshle
level of transaction cost rather than minimize the average cost (e.g., if a trader is penalized for
under-performance and not credited for over-performance), if is suggested {o nse more
| aggressive strategies. For each valne of risk aversion, ACE will calculate expected cost and
| sta;ﬁdard deviation of expected cost, and will generate an optimal irade execution sixategy for
 the selected trading horizon. |
- [0036] To contrast to the prior art, the ACE mode} i3 not a purely econometric model,
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vol une, bid/ask spread, distribution of tradi ng vol une volatility by 30
mnute intraday bin. [0037] The ACE nodel also account@ng‘r’eW%ééé

,vol ati Hw’&gThe ACE nodel estimates volatility as the standard deviation

-~

of price P22t or the nost recent 60 trading days, VEFTHIHES0he 21- day
medi an dol | ar vol une, and bid/ask spread as the 5-day average tinme and

si ze wei ghted bi d/ask spread. These approaches take into account the | atest
trends in stock price behavior, and at the sane tinme filter out
fluctuations, which often are generated by nmarket news, earnings

SO ASBE i P b 2R o T Rl SRR 3 o ot 0o

skl B ffopntth, SRl ACEYy P@%ﬁfé&aﬁgﬁ??ﬁ%‘: Sy Y

ANNQURERNRIL] giinagert&%ghﬁ%ége,ammag%gﬁ & La@'aﬂ i@:ﬁf@ f the

present |nven rs consi I on or SiIngre ks as a

si ng %n%én R ﬂﬁ:ﬂfrs a trade for
a si ngl@ stock, In |sgl atlon om a Q%P%g?ﬁgrsﬁgregﬁltlﬁo user may be

eXeqghniRgbidlask Ep;ewmsﬂibmn of e hkds sfnarvolalim Jn iradie ey
I nclude, inter alia, ticker synbo (or cusip), (buy or seII) nunber

of $hAres to trade, trading horizon, risk aver5|on parameter, and starting
bin. [0040] The ACE nodel al so considers the trading horizon in analyzing a
pr oposed[003G} t Thd ACE medkd ales acootrnts for thérkethalatility. The AEBmiodehent on

sel ection of trading horizon for an —order, it may be sel ected as an

pt iestimatestenlatiiiiy eptherstndendigvinsiomof fricemetims dof the ewstrecenhbdirading =1, 2,
éGGk | p66LI < 1.05 }, where p66r- 66% percentile of cost for k- day ,
t r adpysgveleme 28 e 21t daymefiay deliss volnmgsand Axfsk gvarbes e iSHRIAER500 [ 0041]

For example, if _a jrader trade 1 million shares of security XYZ and the
@éﬁazg@f%ghtwt mfr:aqcnj Prosichies take mo gesopt th etatﬁ@md%hat for a7

day.tradin ri,zon 6% nt| of Lrans n cost drops | ess
thamggqiﬁrgqetbﬁ%?ﬁan 5‘1"&&5 gﬁﬂs‘[ glugaons, Wgﬁf}f’ e g wer than 6
day gy rdabxe? hORS, ARG a@ﬁ&&é&eﬁt&a&d’&@&@a&gm%% percentile of

[0038] The ACE model and system considers specific effects from calendar

milestones, such as the end of a month, quarter or year, or the effect of a holiday or Monday,
when volatility is neually higher a5 a result of news disseminated from & company
snnonncement or from over the weekend.

[0039] A unique aspect of the present invention is the model's consideration of single

(_  stocksasa single name case. Particulatly, the single name case considers a trade for a single

stock, in isolation from any other orders the user may be executing at the same time, The
inputs for the single name case may include, infer alia, ticker symbol (or cﬁsip), side (buy or
- sell), number of shares to trade, trading horizon, risk aversion parameter, and startmg bin.
[0040] The ACE model also considers the rading horizon in analyzing a proposed
‘portfo]io trade execution. Ifthere is no requirement on selection of trading horizon for an
order, it may be selected as an optimal one. An optimal trading horizon is defined as;
| min { k=12, p66 / 66, < 1.05 },
where pﬁﬁk- 66%-percentile of cost for k~-day trading horizon.
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transaction cost for any two consecutive days. This def tl@%ﬂﬁeﬁg&}%yer’

does not restrict wusers who would prefer another opti Y i zon.
They ma ACE program for several consecutive n%ﬁi ays and
apply t#eéwg\?\niﬁdefi nition. EXAMPLE | Executing a Single Sri%ﬁ Se. [0042]

In this exanple, the system and nethod considers a trade for a single
stock, in isolation fromany other orders the user nay be executing at the
sane tine. The user (trader) rmay access the conputer programthrough a
user interface (D), and the program executes according to the follow ng

steps: [GOAJ] Foreddiolt IS Rt 854S ﬁ!nhgﬁg it ﬁsﬁ%&%ﬁcﬁﬁ& trader’s

or der peci'fications ‘and any reasona ue 0.4 is

US Qgstath stRhY SptitRal lRIizhND be dqlal B, itHaSAS mhat Rirs 70RY bharbAbrival g suggestsra
noder at el y aggressive strategy, which is typically appropriate for an

| nig6lapertentile dMgansaction dveIdrogd lesy that 5% ofErlvaliepdompatd HpRinct the 6dlay DY
clicking on a "calculate" button on the user interface. The software i
pr Ggriaom. iFdrl fewerstbn § daysCH desdsimotselsad 3%, if bempatis 66%6pércaitilpaf anet ers and
systeminputs based on the nost recent (e.g., real tinme) nmarket data.

[ OGwan3action T fersay twocosseeutiveliay®Ri Ehis Hefmitiva howevarpdnes Aotmbliiet i s pr esent ed
with values of EC and SD for different values of RAP. The user selects a
paiipers who araydd prafes angther optireahtmAmgtherizen.t Bhey mayorun ke ACEprogpndpri ate in
the particul ar case, and a val ue_of RAP gor[espondi ng to the chosen pair
of SqvEralsenserpdve RuRDeyR §f daya Anbapmie theinavaxdefmitiotower and Upper Limts and

Step. The user may select the Draw Chart option (e.g., a button or icon) to
16 - ------ ------ 29 Novenber 2006 WO 03/107122 PCTJUS03/ 15500 select an

appropriate chart to graphi cagw]gé sent the range of val ues. [0045] 3(
After selecting the nost appr ‘ Eair (EC, SD) and corresponding RAP

(e B RN CBE S Chen sol cts the Gal cul at e button T

{0042] In this example, the system and method considers a trade for a single stock, in

isolation from amy other orders the user may be executing af the same time. The user (frader)

may access the compuier program through a user interface (Ul), and the program executes

according to the following steps:
[0043] 1. The user selects all parameters according to the tradet’s order

specifications and any reasonable value of RAP. By defauit, 0.4 is used as the value for RAP.

In most cases, this particular value suggests 2 moderately aggressive strategy, which is

typically appropriate for an initial rum. The user then selects the "Caloulate” command, e.g., {

by clicking on a "caJeunlate” buiton on the user interface, The sofiware program will display |

ACR estimates for the user's set of parameters and system fisputs based on the most recent

(e.g., real time) market data.

" [0044] 2. The user accesses the Risk Frontier screen. A table is presented with

'valnes of BC and SD for different values of RAP. The user selects a pair of valves (EC, SD)

from the table that are the most appropriate in the particular case, and a value of RAP

corresponding to the chosen pair of valies. The user may change the values for Lower and

Upper Litits and Step. The user may select the Draw Chart option (e.g., a button or jcon) to
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- [0046] 4. The user may go to the Trade Strategy screen to view the opti mal
trade strategy. The user may select the chart button ti?vf"é%l r9806
_disttibuglon. interval within a selected day or by trading day, if the
t r adi ng W&&i@%‘%onsi sts of more than one tradi ng day. ‘T‘H'Emg@é\”g%y go to
the Shares Frontier screen to change the size of the order to study how it
w il affect the ACE cost estimation estimtes. The user may change the '

values for tower and Upper Limts and a Step, and then select the Draw
Chart button to choose an appropriate range of share val ues. EXAMPLE 2

Ex ' | , | h d hod
coﬁ?ggg@ ?)pﬁpg'gaét@%#t% ‘?%?m%&g%%@ﬁ@aowgoﬂi e_lrphgnl i g;at crgse S
= desi gned [bmsgggr t AR 6 %M"s‘-'a?ﬁ"?ﬁf}%?ﬁﬁ?@s@ &ﬁ%ﬁ%ﬁl { hod and

system i ncludes a risk nodel, whi ¢ account ¢ i on bet ween

pri RAP valwevtheesd: snayqetuid th 154 OOt Bstiates BGEdyf %qsermg,ﬁﬂg {héts?@g%go has the

sane inputs as the single nane case, except It uses a por list
i ns AR velfie and then séleots thy MOalenla®s buitbd) t he single nane case, the user
(trader) [maz access the conputer programthrough a user interface, and the

pr ogr am utte Thavzep rudly 1gg to thet TradesSiegisgyaistden treviewthdypimdlaralle [ 0048] The
user may obtain estimates for a default set of paranmeters and may consi der

di f FEFERY- Toe Wees msy selpgd the chartthutiomics KiewaalisiilontioR byrinteryal withipen i n t he sane
nppPPA ey Y Bifingaed thetoiding ion suRes ofmere suome Midgeiayor | 2on al 90
gﬁzﬂ%gﬁﬁ%ﬁwﬁg%@w' r d'ﬁeﬁ%ﬁé&iﬁ%ﬁ»@% et oidst Leetpht 80 por t 1ol | 0
by 50 185 o RCERS: CeBBRfcn eofimzien; 1 scr S thatiee e vlupppe owetsmdindial one”
Ent oPper T w8 Snd R Sdoos ¥ Gt llon B8 et RARORIES% o 1 st case

i N rdE%3 @P5RrLvalls, WM th the other-cases, in the pre-trade report case, a
user nmay select an appropriate value of RAP, which should be the sanme for

all trades in the |ist. EXAMPLE 2
Executing a List Caye.

[0047] In this example, the system and method considers 2 trade for a list of stocks
in a portfolio. The list case is designed for portfolio trading. Tn the Hst case, the ACE method
and system includes': a risk model, which takes into account correlation between price
mbvements for all stocks in 2 portiolio, The List case has the same ioputs as the single nama

(" vase, except it uses a portfolio fist instead of a securily symbol. As with the single name case,
IV the user (frader) may access the coruputer program through a user interface, and the prograx
execuies according to the steps onthined in Exauple 1.

[0048] The user may obtain estimates for 2 default set of parameters and may
consider different valuss of RAP from the Risk Aversion Frontier screen i fhe same fashion
as was performed in the single name case. The user sy select the appropﬂate set of valu&

fora patticular case value. Trade horizon also can be adjusted as desired.
. [0049] The ACE model and system generates a pre-trade report as pariofa
| preliminary analysis of 2 proposed portfolio trade. ‘The pretrade report is designed to ran a
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Portfolio Characteristics Report [0050] The ACE nodel ca ate a
portfolio characteristics report that describes the rlaéiﬁﬁwq?g?@(g stics

of the po Lig. The nodel uses a propreitary daily ri Lo ' ,
constru@@éb%ﬁg sts of the return volatility of the port fﬁ%gﬁ#ﬂé standard
deviation of the return of the portfolio on a daily basis, relative to a
user -sel ected benchmark portfolio such as the S& 400, etc.) and risk

characteristics. In particular, the report shows the percentage of the
portfolio's value by sector (e.g., raw materials, etc.) as well as sel ect

stgtistics " 3 Nddes. Obild Bh & poRtnclidy sait bon Cost
[Og]:?ﬁﬂfr%&eg(?g?t??%%&?@?%grt 0 iﬂgm?ransag??d n costﬁ(ia‘,soti n%tion, t he ACE net hod
and. E’c%%’pﬁﬁ 40k A Petbitieddn b tafilcgRarmbr ithe lidtlcatd iade \
jst%g} %@&tﬁ at m m%ﬁézégﬁsﬁansacitai on costs. As described above, the

| mﬁ&dﬂ@ggg@%ﬁi thY ofRFBIskS, 8 e Madé @porbcddel Stser paytsclbetsnd on price
npact "and vol atility nodel's that allows a user to obtain transaction cost

estq td @MuFeDRAP Waliicls sioul &by theangle forsitldrades jacthe litonpr i si ng an “al gori t hm
that"builds an optinmal strategy based on the results of the first part.

[ 00}k Churdceriitivd Bewirtrul ating nillions of strategies and for each
strategy calculating the value of the criteria based on the expected cost
and. t he [S050 arhe ACH rwdelaisagan generatasportielio epothigbt i mal strategy
with the | owest value of the criteria was_ sel ected. .Th%taijaiis., by perform ng
a’ slegmilics dheniskbatpoteristicsntie partiohe. The peds] uses Ao EAIE PN of t he

permoektelsouick brosatrerioe FANE ARy AEE REFHO0 (BraragRr B alttes an
O et B 6 oS MRS bR B SIOR B ARSI
{ocsh anhesyel b Bl ey haractebifis, &y astbb e tiforP oy £ Cv! cec

o PR RE AT ot 6" Yk B GleE i nper B, LB as v alscllt B L0t ot 0
thagttatfsﬁgﬁcéﬁgat&&?éd RPdnsh@ndard deviation are estimated

Optimization of Transaciion Cost
[0051] Tn addition to portfolio transaction cost estimation, the ACE method and
system comprises sn algorithm that caleulates an optimal trade strategy that minimizes
iransaction costs. As described above, the invention generally comprises two parts: A first
part bused on price inupact and volatility models that allows a user to obtain iransaction cost ("
estimates for any piven strategy, and a second part corprising an algoritim that builds an
optimal strategy based on the results of the first pari.
[0052] Aiter randomly simmlating millions of strategies and for each strategy
caleulating the value of the criteria based on the expecicd cost and the standard deviation of
the cost for a siraiegy, an optimal sirategy with the lowest value of the cntena was selected.
That is, by performing a significant number of simulations, a very close approximation of the |
' optimal strategy provided by ACE was discuvefed. Such a simulation was performed, and it .
demonstrated that ACE method and system provides an optimal trading strategy. In fact, |
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correctly. The correctness of the assunptions was testg?g nd ver| d usi ng
hi storical order execution data. [0054] The validity AEemisE 2 was
proven by testing how well the nodel estinated the expected cost and t he

" st andar dWEM1IATIZ®N of the cost for a set of orders tradeRCI/AsMBSM0ent |y

using a fixed strategy. The test validated the estimated daily volatility
as well as the estimated coefficients for the price inpact functions. For
t he order execution history, data was collected from1TG Inc.'s VWAP

(Vol unme Wi ghted Average Price) SrrartServer because the orders are

conp] ted in a_systematic way b rading a given fraction of t-he
tar P@]‘%ﬁff"ﬁmﬁoﬂ? stgit%/gy% W&halﬂweﬁmﬂvm set of all

. ordecrrﬁelg ?J}%EA%%%@%%QPW P server during a period of 10 nonths. For

ot

each or es traded during each hal f-hour bin and the

order s 1 oot “@%@%ﬁbﬂhﬁﬁ&f&%&@%ﬁrde aFoEREDt &é‘a‘:?ﬁ?dorﬁé?g;
| DA pBIA kel ol RS R0 S ol e el
et ol e b %@%ﬁé@%‘ﬁ&%ﬁdﬁg’g@%ﬁ%ﬁ%ﬂl on' cost

per cohecly. Hise defecmess ofthé Reuspiid ek sadeinsenatd é@xxﬁg ution price
peri o

and the price available at the beginning of the tra t he
benekparionmiaiace) . The sign (posi:tive or negative) of the di fference was
used so that a | positive value represented a bad outcone. For each order
t. in the [004] Toe validity ofidhé ACEmodehwaspioven by Retnghow wel @Etsdd. Al SO

@al culated, using the parameters of the ACE rmdel is the estimted

&x p&etimatod thanxpested rost sod fhmstaadﬁddﬁhwm ommmrarsekaafd»mm@aon of the
costs, The variable z, = m) [/ s, is referred to as the normalized
exc&@@%ﬂyuﬁ%aﬁﬁ%ﬁﬁtﬂgyar bqsbv@daxeg thegstnmted daily woletlitylaewellais of 0 and

t he staqdaretd, atlo f 1, At-test is performed for the hypothesis that
t he B ¢ efyice fpact figtonsy Kee theandes exemytion higkityislata. and a

chi “agasﬁ&teﬁomfrfamewa&m% I e saeiaton o 7 s 1

because the orders are completed in a systematic way by always trading a given fraction of

the target in every half-hour bin of the day. The data comprised a set of all orders executed
thmugh the VWARP server during a period of 10 months, For each order, the number of

~ shares traded during each half-hour bin and the average execution price was obtained,

- Certain orders were excluded, e.g., orders that constituied less than 1% of the 21-day median

( " volume, orders that had shdrt sales, or for which there was a separate, simultaneous order in

the same security. The sample size comprised 11,852 orders. The data set covered 1,304
exchange-listed securities and 49 NASDAQ securities.
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assum ng that the nean is unknown. [0056] In general, S%[-fﬁ{i sticaé tests are
used under the same assunptions that samples they are TUMCBHNRIY %een

bui I't. ACE assunes that the expected daily return, called d for all '
st ocks, WQUWHI0TZ ndard deviation is higher for nonths wWHEAPHE EPket was
very volatile (see Table 1). However, for a relatively stable market,
positive and negative effects will conpensate each other, and it is
appropriate to use the sanple to test at |east the nmean of the nornalized
excess cost. Fromthis perspective, the test is considered a benchmark of

set Zﬁé%@%@?%meb%%%%héﬁ 's%%%rg“%%?ﬁh%%?%ﬁé&%ﬁ%@%%hﬁf‘;ré’ﬁésé’?é:

. Q. . . . v e - ' , 21-
el b, API L o S0 B ettt 10
e PR ee), I R B e O B B Rt 2bl o5
be;ﬁb tiv W@ﬁéhﬁ@%ﬁ%ﬁﬁtm&y?&&cﬂ&&eﬂmmq&mme mean and
st andar eviation of the normalized excess cost, respectively. 20 29

NoViefiaskiod Q06 x, INRoRdidd7 11350 ITHAGH Ating IROpardAReTs of the- AEBmddedist s by Month
month 12/ 98 1/99 2/99 3199 7/99 8/ 99 Number 1,150 884 1,611 1,834 975
1, OB estivhated egieateltansatioN dost fr, A1BHO eSimated sadladdadsion®f drocospswal ue 0. 979
0.602 0.811 0.906 0.862 0.330 StandDev 0.773 0.888 1.120:1.020 0.992 0.943
NonTie BifaBlelp+9S, <1,/)99, it 2efedediolas e normalizeskexgess cogo Thexapdom 390 11,852 C
arders . o

variable z, ig expected to have the mean of 0 and the standaxd deviation of 1. A t-iest is

performed for the hypothesis that the mean of z, is 0 assuming that standard deviation is | (
unknown, and a chi-square test for the hypothesis that the standard deviation ofz is 1
assuming that the mean is unknown. '
[0056] In general, statistical tests are used undex the same assumptions that samoples
t.hey are Tun on have been built. ACE assumes that the expected daily retum, called 4 for all
stocks, 15 0. Standzrd deviation is higher for months when the market was very volatile (see
Table 1). However, for a relatively stable market, positive and negative effects will
compensate each other, and it is appropriate fo use the sample to test at least the mean, of the
- normalized excess cost. From this perspective, the test is considered a benchmark of the
model's applicability. Tests were performed for the entire order data sef and several subsets ¢
of the data. The data was divided ipto subsets, e.g., by month, trads share volume relative to
21-day median volume, 21-day median volume, 5-day average spread, 5-day average spread
relative to price, volatility (60-day standard deviation) of daily percentage price returns and
share price.
[0057] The results are provided in the tables below. The "Mean" and "StendDev” in
the tables represent the mean and standard deviation of the normalized excess cost,

respectively.
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Mean 0.010 0.011 -0.018 .0.003 -0.004 p-vahre 0.831 0. 6 &6906
0.680 5 StandDev 1393 1.432 1.168 1.127 1,093 Overall,

. hormal i zed cost is very close to the desired val ue of zero Thus;
on aver age '}?ﬁﬁeﬁz& model accurately forecasted trading cBESFUSI3AESH0, e

sanple. Mreover, the relatively high p-values wean that one cannot
distinguish, in a statistical sense, the small values fromzero. TABLE 2 /
T-test Results by Percentage of 21-day Median Daily Share Volume | % 1-4%

Nurmber 8,857 Z434 422 132 27 11, 852
1011 0. 031 -0.069 -0.004 0.0007
0.97 StendDev 1.088 1.117 1.078

5-901. 10-14% 15-19% 20% al | 5"/0+
2,995 of orders Mean -0.006 -
‘pvalve062094084076079

1.093 1.281 1.093 1.111 21TTcst‘Re:snlt§byMonﬂi ----- 29 November 2006 WO
0 1zz S ! st increases with
b 5}95 %ﬂlt nl &7 the 3PP t %9 ng ol une), the nean
nbiumhbr zedmhsﬁmm S1,8YF c 0583400 I ndjy S {hat the nodel is
faffaedexsth ng the corregt magmtude of across ordprs of widely
v gl LA T ra KD Forofdersofri—4re—ef—he 21-day nedi an
@%M% 2016, fh‘gﬁﬁﬁmqtﬂbﬂ%i a¥-P06 sibgr-8@38. 1} stays inline with
tpsraluact DI9F0 | 60D f [ uemgtl of| cl.bey |aq.syps [or @3$§e npvenent conpar ed.
%ﬂhﬁ nQJIﬂggl:e0 e lé})er eﬁ T rpITis—e m. vcr' ker for small
Faaes—th o i) | dr geY3% abe d-9%0r | e Ensi dering only
.sam)l es for orders of the nagnitude higher than 4% of the 21-day nedi an
i .
1 r agtigng oI U ($ee fgast cpl ugﬂggpf he QI € estll mat ed nmean equal s
0. OU07, a tglﬁli pivatgeTs A Febies—3 pr"mnt the riesults of T-tests C
Effé" %el sdbbett of Wata. 1,390 1,852
L1
Mean 0.010 0.011 0,018 ~(.003 -0.004
p-value 0.831 0.818 0.596 0.906 0.680
25 StandDey 1303 1.432 1.168 1.127 1,093

Overall, the mean of normalized excess cost is very close to the desired valus of zero. ‘Thus,
on average the ACE model accurately forecasted trading costs for the sample. Moreover, the

relatively high p-vahies mean that one cannot distinguish, in a statistical sense, the small

values from zero.
TABLE 2
- T-test Resulis by Percentage of 21-day Median Daily Share Volume
% | 14% | 59% | 10-14% | 1519% | 200+ all 5%+ -
Namber 8,357 2434 422 1]2 27 11,552 2,995
of orders -
Mean -0.006 | -0.002 0.011 0.031 -0.059 -0.004 0.0007
p-valne 0.62 0.94 0.84 0.76 0.79 0.68 0.97
SmndDw 1.088 1.117 1.078 1.093 1.281 1.093 1.111
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TABLE 3 T -test Results by 21-Day Median of Daily Share Vol une v me <50
50-1 100-250 25-500 - 1,000 X1,000 (in thousands) nunbe%94N9‘,’W,2§(ié 3, 237
2,913 1,79 1,490 11,852 orders nen 0. 0.0 6A05 1.010 0.005 -0,004 p-value
0.1 0. OVOE/W782 0.71 0.87 0.68 StandDev 1-055 0 1.048 BCT/ES0§/18500 TON
1.093 TABLE 4 Table 4: T-test Results by Absolute Value of Spread spread
(in | ower Between Between Between Between higher all cents) than 10 and 13
14 and 16 17 and 20 21 and 30 than 30 10 Nunber of 1,448 3,617 3,610 2,264
840 73 11,852 Orders Mean 0.007 0.000 -0.006 0.000 -0345 -0.135 -0.004 p

1y g o S8 b iheion 4 17 bo Ayt tatc, b
o e ol n e o e bl Reb bl 60, TRESHISE i haddt | 7cse!
B R R

p-value for orders of 1-4% of the 21-day median daily share volume is the lowest among all

subgroups. It stays fnline with the fact that the influence of other factors for price movement
GO]:HPHIBCI to the inflnence of the order execution is relatively weaker for small trades than for
relatively large trades. For example, considertog only samples for orc‘lers of the magnitude
higher than 4% of the 21-day median {rading volume (see last column of the Table 4), the

| estimated mean equals 0.0007 and the p-value is 0.97. Tables 3-7 present the resnlis of T-tests (
for other subsets of data.
' TABLE3
T-test Results by 21-Day Median of Daily Share Volume

volhume <50 50-100 | 300-250 | 25-500 [ 500-1,000 | >1,000 | all
(in thousands)
7umber of 1,005 1319 | 3,237 2,913 1,79% 1,450 11,852

| orders .
Mean 0477 | 0018 [0.006 0.005 0.010 0.005 | -0,004
p-value 0.19 0.60 | 0.76 0.80 0.71 0.87 0.68
StapdDev 1.055 1.260 | 1.043 1.083 1.093 1.074 1.093
TABLE 4 "
© Table 4: T-test Results by Absolute Valiue of Spread
spread (in | Lower | Between Between Betwetr | Between higher all
" cents) than | 1020413 | 14apd16 | 17and20 { 21and30 | than30
10

MNmpber of | 1,448 3,617 3,610 2,264 840 73 11,852

orders

Mean 0.007 0.000 -0.006 0.000 -0.345 -0.135 -0.004
pvale [ 0.0 1.00 0.76 0.98 033 030 0,680
StendDev | 1.102 1.084 1162 1.610 1.030 1.093 1.093




0.21 0.80 0.40 1.00 0.68 0.83 0.60 0.680 StandDev 1.0
1.089 1,342 1.110 1.093 15 Table 6: T-test Results by
i lityto cl % 1-2% 2- 3% 3- 4% 4- 5% >5% al |

to'Pric
‘ 36 4,527 1,314 240 65 11,852 Mean - 0- 0YETMFOHS00 004

Nunmber

g*"\oz"??){%‘%

“oRavemier 7000

ri ce pmumntap

20

1.041
ative

-0.021 -0.010 -0.086 -0.004 p-valve 0.82 0.75 0.80 0.46 0.86 0.34 0.680

30tandllev 1.177 1.166 1,037 1.005 0.877 0.709 1.093 Vo "
50- 100 100. 25-500 5 1,000 00 all

2006 WO 03/ 107%5%‘%%?&%@%%@%%‘%&

" to puce <50

35 percentage cr of Qgm1, 9 1319 3,23
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3,'q3BpRadio 7 |189.2%1,|8502% Meaw.- P. QlE, -0 P4, - U “P99%, 07093, 067004
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15 .
Table 6: T-test Results by Volatitity Relative to Price
2Xo1;nuj1;;ym <1% 1-2% 23% 3-4% 45% >5% all
percentage
Numb
! er of 270 3,436 4,527 1,314 240 63 11,852
) -
Mean, 0016 005 0.004 -0.023 -0.010 -0.086 - -0.004
5 p-value 0.82 0.75 0.80 0.46 0.86 0.34 0.680
MHBtandDev 1.177 1.166 1.037 1.005 0.877 0.709 1.093
Volatility to price | <30 50-100 | 100-230
5 oD 25500 [ 500-1,000 | >1,000 all
- Number of otdets | 1,095 1319 | 3,237 2,513 1,798 130 | 1,83
Mean 04722 0018~ ] 0.006 6005 [0.010 0005 | -0.004
( B p-vale 0.19 0.60 0.76 030 071 0.87 0.68
SendDev 1.055 T260 | 1088 To8F | 1093 1074 | 1002
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that the normalized excess cost
[ 0060] As can be readily seen by an person of ordinary skill

never

<o 1 Ao B BHE

ect the

in the art,

al t er naW@83/1813o0di nents of the present invention propoP&d/B§03a¥iexecutions
transferred within the network from one server

can be automatically

operating according to a first trade strategy

algorithmto another server

having a second different trade strategy algorithm [0061] The invention
be apparent to those skilled in the
the sane may be varied in many ways w thout departing fromthe spirit and

bei ng thus descri bed,

. scope of
i acl nded wit hi

t he i nventi on.

it will

the follow ng clains

24

- - - Pries ¢in dollars) - | - -51529

| 2066

| 5010 q3/ 167082 P

CT/ USOgl 1550

1\3&@ gxd%ré I1,15%
ra execu on

t fo
41234
ding to

r ag?%%dl

myt "Pﬂi

ng str

rlansaciy on
egy selec

"OS_f 511%32 a S¢§

USGI’,

acco
onpriging tne
et wor sai d Ser@@

T_" oV
EI ﬁ

il

o

SeE I
d W8

rék

2 SPEEH i

ed by a
IUIII
stra‘gj trag

ost UP TILaL UTl1 Clgﬁ

at a #&FPRi ng par°a7r“et(

Tt
pr s™

CLCIl VI

proposqd

U ats

d %% ad

ot AN\

IU SCT VTI

e ex®utio

Al oV

<l "
PV Tl Dal U TICy

h fro
- t+ hQo

usen,

S N O Q S Q —+ —

ran ¥ cost 418 |

m| yn "U a—tiser oC|
ser-selected Eradi ng

\ll. CU l.

strate

hel-éce vé@

g[ and

x.
D I (J.L"C'

rket d

arru wIUT

tlr add%8kecu

ta,. and r

bt | o
IMLIHU 11

i on b8Bed off

fomrendi ng _a

determ ned by said

tradi ng strategy,
sai d actyabitsis irélal

strategy maybe selected fromanong a plurality of
: median volume or volatility. However, it is never low enough to reject the null hypothesis

that the normalized excess cost is different Fom 0.
[0060} As can be readily scen by an person of ordinary skill in the art, in alternative

specific strategy transaction cost optim zation

al gori t hm t hgosd N 2&mEs kforighposRTtd 186 papmbiers HARRAMLS ACE HMS&)- T8 ot ed
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transferred within the network from one sexver operating according to a first trade simategy

algorithm to apothex sexver having a second different trade strategy algorithm.
{0061] The invention being thus described, it will be apparent to those skilled in the

art that the same may be varied in many ways without departing from the spirit and scope of

the invention. Any and all such modifications are intended to be included within the scope of

the following claims.
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predefined trading styles, or may be specifically defin b .
The nethod of claim 1, wherein the nethod furt her comr%ﬁggyeﬂshﬁg%ﬁg an

estimation report to the custoner over the network. 3. The method of claim
"1, wher eMPEOZ 2 ust nent factor adjusts for trade diffi @GI{USONHERr ket
conditions to allow for an accurate conparison of trades perfornmed under
different circunstances and trading conditions. 4. The nethod of claimi1,
wherein said adjustnment factor provides an expected trading cost for each
securlty for each day based on a statistical analysis of nmeasures of trade
di f fy %& ¥ The met hod of claim 1, wherein a pl urality of servers are
conn & W%@ 'pI urality of custoners over a comunication network, and

"Char actert st AP BB b PilBh ok e VR e o oot e
rﬂﬂ% R T e Sy -- --- 29
K Novreaﬁ%{; g@%h@@”ggﬁ‘&%ﬁw}%% theﬁieé’ r?g't hod of claim i,
conpri si Rgodifife bYeibes c?niE&m fa 80 ?le‘féﬁa?%ssa{&t ggﬁgg%éo al l ow a user

to identify refevant data an rends rn a | ocate factors

t ha hgﬁjgduﬁﬁrg&@@&, Ririe ﬁﬁﬁﬁﬁﬁn laim6, wherein a
_ Tprﬁr o8 set of the %ataset g%n ﬁnﬁ,

user is able to change a su er consi deration and

per f or m wewivilg araiduetvet beereatitrivwik Ons duiitibey smaéekgbp@h - processing
a. The met hod of claim6, wherein a user may add new us %ggr egat es,

wthadeexmnbﬁﬁmnanusm;mmmmga&mmmmm Qirafegi dpdl, wherein the
server is adapted to provide a direct interface to a securltles prlce

dat abas e estgnatimgiihetransectitingostswt tfe reveived podgosad takicxenmionbased @It S i N
(eal -tine. 10. The nethod of claim1,. wherein the transaction cost
al g Berrsslected tadige shptegy and market data, and recommending actions determined by said

specific strategy transaction cost optimization algoyithm that minimize said transaction costs

under said user-selected trading strategy, whereby a nser may minimize transaction costs by
taking said actions in executing said trade;

wherein, said user-selected trading strategy may be selected from among a phurality of
predefined {rading styles, or may be specifically defined by said user.

2. Themethod of claim 1, wherein the method further comprises providing an
estimation report to the customer over the petwork.. :

3. The method of claim 1, wherein m adjushnent factor adjusts for trade -
diffienlty apd market conditions to allow for 2n accurate copparison of trades petformed

upder different circurmstances and {rading conditiops.

e "
Do
N

4, The method of claim 1, wherein said adjustment factor provides an expectsd
trading cost for each security for each day based on a siafistical analysis of measures of trade
difficulty.

| 5. Themethod of claim 1, wherein a phality of servers ate commested to a
plurality of customers over a copnmmication network, and customers enter their risk aversion
profile amd hypothetical trade order characteristics thtongh the corrmmication network to the
server associated with transaction cost optimization.
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i ntraday cal cul ati on of price-based benchmarks. 11. The thog of aim5,
wherei n each server accepts proposed orders and ot her P rizﬂ(id.lt dat a
directly pver the conmunicati on network from custoners wishing to estimte
t he traﬁ!ﬁ@f’i‘ﬁﬁz%osts of one or nore securities to be trEEEHAEHIdIing to
the particular trading strategy set by the custonmer, and all servers have
access to multiple trading destinations, access to real-tine and :
hi stori cal nmarket data, and real-tine analytic data, and. each server has
access to other servers on the comuni cation network such that market and

hi stori cal 'da 0 onp| l.atj ons of, data, can be,exchanged between the
servers, %and #ﬁ@@%ﬁa’@é‘mc?m dertgsepofti ciently. 12. A nethod .
accordin .clajm1 erein said trapsacti on cost estimgtjon takes intgqg
account ?’é‘#%dd’f‘%?){fs%}?@\é\ﬂieﬁﬂéﬂ?v aysenin %bﬁ?‘%’énﬁ%dﬁegaﬂ%i ce

i np AuGIER s A . Lding to claim1, wherein said

t raﬁsact i OE%%&%@&:@%%%%#&@%%%@% PEEFT ¢ share quantity trade ;
executiofs fopherehodlardl erdin 4 43F | Rihee! .o to the
tradi ng strategy seoe(?tfec?ﬁg{/g’)t e uséer, Fo (i)%%)i m egﬁgﬁﬁggﬁe%&g?}sts under
26 giticNoMeiRedtioARE pefforny redPuBrR/ -hAIfHS Cat BRI %ﬁ% itiord] pheS€! ect ed

tradi ng strategy. 13. A system for}éstg?lmat |¢1ﬁg'§ an ﬁ%%itbﬂ%a% g transaction

- cosprac@ikiipoposed execution trades of securities according to a risk value
sel ected by a user, conprising: a plurality of servers, each server being
programgd w The methpd of tlaiin 6] whereild wer 18§ bdd A6/ iR hi@BeA0d waibhdr zat i on
algorithm receiving fromsaid user data specifying paraneters of a

pr oplltdehal prewommssing. and estinmating the transaction costs of the received _
proposed trade execution based on the user-selected risk value and mar ke(
‘data, an® recbmethodgf deim dwherdiatthe seiveads diapteditol pryyids 4 diceek t r at egy
transagti on cost optjm zation algorithmthat mnimze said transaction
coswﬁﬁ@mawwgaab@acéam the display offFensaptjomcast snalysisremilts mi ze
transagtion costs by taking said actions in executing said trade; said

pl t’lm%f servers l?ei ng connected to a plurality of clients over a

10.  The method of claim 1, wherein the transaction cost algorithn allows for
intra-day caleulation of price-based benchmarics,

11.  The method of claim 5, wherein each server accepts proposed oxders and other
customer jnput data directly over the communication network from customers wishing to
estimate the transaction costs of one or more securities to be traded according to the particular
irading strategy set 'by the customer, and all servers have access to muliple trading
destinations, access to real-time and historical market data, and real-time analytic data, and. g
each server has access to other servers on the comununication network such that market and
historical data, or compilations of data, can be exchanged beiween the servers, and the servers
~ can inferopetate more efficiently.
12. A mefhod according to claim 1, wherein said transaction cost estimation takes
imio accoumt temporary price impact, permanent price inapact, and price improvement factors.
13. A method according to claim 1, wherein said {rapsaction cost estimation
recommends specific share quantity trade execntions for sach of a number of time duration ’
bins accprding to the trading strategy selected by the user, to optimize transaction costs under
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communi cati on network, wherein a user enters at a cli e%gﬁgsel ecgﬁ% ri sk -

val ue and ,data specifying parameters of a proposed tr
_transm t%v omsaid client over said communication network to a

server assocl at e& with the transaction cost estimation aR§T/U§g¥159%at i on,
and receives said estimation of transaction costs according to a sel ected
from said server over said comrunication network. 27

said selected trading strategy.

14. A system for estimating and optimizing transaction costs of proposed
execution trades of securities according to a risk value selected by a user, comprising:

a plurality of servers, each server being programmed with a specific ﬁ'ansar;tion cost
estimation and optimization algorithm, receiving from said user data specifying parameters of |
a proposed trade order and estimating the transaction cosis of the received praposed trade
execution based on the user-selected risk valne and market data, and reconmmending actions
determined by said specific strategy temsaction cost optimization algorithm that minfmize

( said trapsaction costs under said user-selected risk iralue, whereby a user may minimize

transaction costs by taking said actions in executing said trade;

said plurality of servers being connected to a phurality of clients over a -
communication network, wherein 2 user enters at a client a selected risk value apd data
specifying parameters of a proposed trade order and transmits them fropa said clisnt over said
commmunication network to a server associated with the iransaction cost estimation and

- optimization, and receives said estivaation of transaction costs according to a selected from

said server over said communication network.
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