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TITLE OF THE INVENTION: SYSTEM AND METHOD FOR ESTIMATING
TRANSACTION COSTS RELATED TO TRADING A SECURITY 5
RELATED CASES [0001] This application is based on and claims priority
to U.S. provisional patent application number 60/464,962 filed on April 24,
2003, the entire contents of which are incorporated herein by reference.
10 BACKGROUND OF THE INVENTION [0002] The performance of an
TS @R SIS TNy RNXdIBON: to execution costs related to the

. L Of . . i :
N e e A e R A ey pesaae ATeD
TityaRmBhNstratSgy.URMEMefore, achieving the most efficient order

execution is a top priority for investment 15 management firms around the
globe. Moreover, the recent demand of some legislators and fund
RREAradddeCadlosates of greater disclosure of commissions and other

@?g | Cﬁ%ﬁéﬁfﬁ%&gglw ONBRGE LYRIL ORISR0 ENSEH 3880 patent

e, Teit um 114 1). Therefore, understanding the determinants

afrfiansactombosts) died.Atdablsdrin dvuilektirihghhentizreanipbaawhich are

For further.di I%lilg%' N-$5€,far example, Domowitz, 20 Glen and
ll{}%)é%(g\%%r? %? and gcﬁwarltlz and Steil [13]. [0003] Traditionally, there

appear to be two different approaches for estimating trading costs. The

HRERRRIEOTIND AN PN P g mphasizes

S 10 forecast transaction costs. Typically,
[Ae8aimodiis prefobasaerai indareticarmhitotyaetsminiehie SF FAHSAGIH
et %‘Qh@ﬁﬁlé@%ﬁl&ﬁg%ﬁgani%ﬁli&ﬁ%‘%u%ﬁgﬁ SiZEANEhRIESsts may be large

stock-specific characteristics (e.g., market cap, average daily tradin?
sotughetopribstapsiaiiite s recE VB RIPASRIBH R e e Ui Akt dh Eipert strategy.

$RECHGMOMRHE SRS AIER AN IRe BIBS RTthS YasH {BFkSlestment
linmit, cross, etc.). [0004] The modeling is focused primarily on price
inapagemael Sonsetinasl the globe. Moreover, the recent demand of some legislators

and fund shareholder advocates of greater disclosure of commissions and other trading
costs makes their importance even more pronounced (see, for example, Teitelbaum
[14]). Therefore, understanding the determinants of transaction costs and measuring and
estimating them are imperative. For further discussion see, for example, Domowitz,
Glen and Madhavan [5] and Schwartz and Steil [13].

[0003] Traditionally, there appear to be two different approaches for estimating
trading costs. The first approach is purely analytical and emphasizes
mathematical/statistical models to forecast transaction costs. Typically, these models are
based on theoretical factors/determinants of transaction costs and take into account, for
instance, trade size and side, stock-specific characteristics (e.g., market cap, average
daily trading volume, price, volatility, spread, bid/ask size, etc.), market and stock-
specific momentum, trading strategy, and the type of the order (market, limit, cross,
etc.).

[0004] The modeling is focused primarily on price impact and, sometimes,
opportunity cost. For example, Chan and Lakonishok [4] report that institutional trading

impact and trading cost are related to firm capitalization, relative decision size, identity
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30 opportunity cost. For example, Chan and Lakonishok [4] report that
institutional trading impact and trading cost are related to firm
capitalization, relative decision size, identity 1 of the management firm
behind the trade and the degree of demand for immediacy. Keim and
Madhavan [91 focus on institutional style and its impact on their trading
costs. They show that trading costs increase with trading difficulty and

dﬁ@ema@ngapmsﬂmebmeémméméé o dlegsonh deiomd tratdgias Hpel -
@éﬁﬂ%ﬁl%ﬁ%aﬁ (i q’oé_tll%%rﬂqlﬁﬁﬂgtgﬁ? E@ﬂ@é%d%l&%&%&ﬂ?&%‘? %ﬁﬁgg Costs.

as the relative change in a firm's stock price” associated with its observe _
mbe sl indng RegstueiparrewElation b didicn ignfritapsireosripricss like
imraghandgisst ptieredsicunined drmicharaceistics Tynigaltesomedptk and

these factors are then selected and implemented in mathematical or

KeurisrktibadefisorissHamgrs e ersihgiohrags e e stagherting
on differgntitrade M eharaienisies odinvestnent ayige @& Bébveen this

(Agency Cost Estimator), described in [7] is an example of an

BRI etmRsatHBM Afea PRl RFSIS I Bed ToseRaTa tHabtic diy pically, some

detsrminantss Haaasyues ReauipRtasinding thensnplemestalioRometrical
shortfall approach discussed in Peroid [12]. See also [15] and [16] for

B e BAhDIRY tHESAROTHIO STEMAs R IR T RrStE D ach

mmr%mwn%%mm@h ﬁyﬁcqﬂ?@ﬁb‘f g@(?@&yegnmemm&@@x)ﬂ&w@ibed in
costs, the second approach is specifically based on this principle. In the
EBCBrd sppreAThL ﬁ%@@@&?@&@@@%&@%ﬁfﬁ@%ﬂmig jS’F‘%ﬁEL? such

exepHiian datamandiseruling esimalasiarevge dprignatinforprsidtadehortfall
analysis. Typically, execuytj es b(i '%%%' f ments callej eer. .
SPBUE M SRR 2 BSAG ol of 20 BB for G A adeno! this wpe
segieelt are built. Taking empirical averages, however, might cause
lems. gglr. example, very often cells with insufficient amount of dat

B o e AP R Y StAR Pt o Ot ey do ot
eniiers r{fRO6luTe preseticipyantibipinoachosaiasitiedsydidsedon this principle.

roaches above tg t%ro%nde anim ro.vefi me% od far esti ating .
ﬁg%aﬁ%:(%dc%@goac , the focus 1s exclusively on the analysis of actudl execution data,
and resulting estimates are used primarily for post-trade analysis. Typically, executions
are subdivided into segments called peer groups, then simple average estimates of
transaction costs in each segment are built. Taking empirical averages, however, might
cause problems. For example, very often cells with insufficient amount of data may
provide inaccurate and inconsistent estimates due to just several outliers.

[0006] The present invention incorporates ideas of both approaches above to

provide an improved method for estimating transaction costs.

SUMMARY OF THE INVENTION

[0007]  According to the present invention, a method is provided for estimating
transaction costs for financial transaction — preferably equity trades. Estimates are built
using historical execution data, which is split into different peer groups. However,
instead of calculating simple average estimates, a more sophisticated methodology is

applied to historical execution data to produce more robust and consistent forecasts.
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25 SUMMARY OF THE INVENTION [0007] According to the present
invention, a method is provided for estimating transaction costs for
financial transaction - preferably equity trades. Estimates are built using
historical execution data, which is split into different peer groups. llowever,
30 instead of calculating simple average estimates, a more sophisticated
methodology is applied to historical execution data to produce more
{0008} andcansistenbfensaabislinZe{0 00 8] Aoesedingvenénre mbadmenizof
the present invention, a computerized methaqd is provided for,creatin
R D R
ralhsactipsedaisy fores preseldatethpe noddétintepdord pluraktyfaf a plurality of
nsiiiong nvesiors G R0saGHon AR NGRS IAERI YO SREUIURS traded,
eing raéledl? 5 fransaction order sizes, execution prices and execution
timesciitre drderstztorcxkatation growpeddstegroopsioksrdere irpashition data is

%g) IR %9 %téfoérée%%?li}%% 9&(9&? "%2% nﬁ%%nﬁ%%o&f%?ﬂlﬂﬁlf}r%f orders, each

mmon catégory from a plurality of common categories. A plurality of _
eestdedhrithrksarencal calegetyfrane hlyraily of teenordecstageamesciapurality

coiRAven GeHmAlesfeneath NS uon Bl DY ST BI I A FIARSREIAN osts are

data relative to each of the 10 cost benchmarks for each category of the
pmntycbf%m w@%@wéng dara tbe trpasealiu deld IseHbrmbaareh of the
204 slmAtas{RNSACH AL CON'S BF SINRT IMRIN RN VAGEAKIOM fRfRuta for

into groups of orders includes combining disCrete transaction data whic

fbenqaden e birnehaxehsorad estse osjaststignviastagessstriade Sisraang of
R‘?&sﬁh}fﬁmi&‘ﬂat%l)’gﬂ&ﬁp@&‘%}ﬁéﬂ?{ﬁéﬂﬁf&%rc@%%!#di@@r&%t&é%s%ﬁb% data
e

invention may be 15 more clearly understood by reference to the followin

Adtisiele e derpdeniprRechidatiot thes ehipeacrdy eriiers adiengues of the
drowings @tiashsd besionP0aRtAcsding, laanathe e mBeine M hilieve

present invention, a computer- implemented method for ranking securirtt'i/éﬁf

RS &K dpsepiorstmardsracritths rdpuknndatabeddrsrininngd
inVestRss isprepidedd thamethadipdudana steRhed hereto.

[0009] According to another embodiment of the present invention, a computer-
implemented method for ranking security transaction cost performance relative to
transaction costs for institutional investors is provided. The method includes a step,
performed at one or more computers, of collecting security transaction data for a
preselected period of time, for a plurality of investment institutions. The transaction
data includes identity of securities being traded, transaction order sizes, execution
prices, momentum and execution times. The transaction data is grouped into groups of
orders in which each group consists of a plurality of orders, each associated with a
common category from a plurality of common categories. A plurality of cost
benchmarks are calculated for each group of the orders. Transaction costs are estimated
for each investment institution relative to each of the calculated cost benchmarks for
each category of the plurality of common categories. A first-investment institution of
the plurality of the institutional investors is ranked against the plurality of investment
institutions based on the estimated transaction costs for the plurality of institutions for at

least one of the common categories.
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20 performed at one or more computers, of collecting security transaction
data for a preselected period of time, for a plurality of investment
institutions. The transaction data includes identity of securities being
traded, transaction order sizes, execution prices, momentum and
execution times. The transaction data is grouped into groups of orders in
which each group consists of a plurality of orders, each associated with a
EHd6Inmaofccatdgaryofcomt e plurhhitiioé corfithe peateg oriestiAm kusgkitynofs
cost. egr}gpg"la ks are cal{cu{lated for each roup of the %%gers Transa%tion

81608\{18 are es Im{é.{léjgefo%rlegC?]a?ﬁ%%té?%(écl)'lstt st U{Ir%)al'rll?'ee ae évteot%ggﬁsg ]hoél costs

tad aylhtedigost instichimazksrfesteaci bategtmy efichealgd arptitgesfiogmerns for

C ories, A first-investment instituti lj . pstitut
B e e MOl o
owtihgiestinatestdrandhctiomenssienfdptthmgldesitdottinsafstowdtior baing traded,

L?ﬁ%‘a%’?&%&? GoMmencalsostes. 191 AGSAUINGL.ARRHSEs The
embodiment o

| the present invention, a system is provided for ranking
peTsAting arssactiorwrsthedriosarainod pddtie gt tnebetisnsdastdigbreach group

PRI 2fInsiit o InYesitRn TG SYRAMIRE AR Ao PIOSERT NG om a

means for collecting security transaction data for a preselected period of
tinelifored pagrElg erSIALEtUtMAPIARSSIBESTPRRS walsabigoA Riaglity of cost

includes identity,of seskbitiesRelostipdads daRaaclNRRIIesSIZe  institutional

execution prices, momentum and execution times. The processing means

growsbe dhene Hieskietions dettal Mrddrbtipiosrehde martsilated ensy Rsgphmarks for
eansisis 21k plurality.ef1adersoRAhasRLIRR] WilhAICPIRAN AR SR

from a_ plurality of commaon categories. The processing means calculates

DPIEREY e A uB I RiHRSNE T8 BALH YRS SUFETeHe eximidsransaction
tansachinn: sRSIdpNRACT iRstittianah dnvestier fem hat@Rsacirtsatdon

relative to each of the calculated cost benchmarks for each category of
e pieNity be eMfitbM Catedbes? siREmaARPAHL IR Rs AUt
sfsbapiyralityRf vestiment dastitiionsinaseri@niBRB8timatRbrocessing means.

transaction costs against the plurality of investment institutions for at least

IR the e erAFABHE 19 g R OF HRCRy Sl ST SAEIIYIY IR S B Argem s
medsdabressividsealsirormbaction cost performance relative to transaction costs

for a plurality of institutional investors. The system includes a processing unit and a
database unit. The processing unit is coupled with a network and configured to collect
security transaction data for a pre-selected period of time, for a plurality of institutional
investors. The transaction data includes identity of securities being traded, transaction
order sizes, execution prices, momentum and execution times. The processing unit is
also configured to group the transaction data into groups of orders in which each group
consists of a plurality of orders associated with a common category from a plurality of
common categories, to calculate a plurality of cost benchmarks for each group of orders,
to estimate transaction costs for each order from the transaction data relative to each of
the calculated cost benchmarks for each category of the plurality of common categories,
and to store the data for the calculated benchmarks and estimated transaction costs in
the database. The database unit is coupled with the processing unit and configured to

communicate with the processing unit, store data and make data available to the
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processing means, storing said data, and making data available to the
processing means. [0011] According to another embodiment of the
present invention, a system is provided for ranking security transaction
cost performance relative to transaction costs for a plurality of institutional
investors. The system includes a processing unit and a 20 database unit.
The processing unit is coupled with a network and configured to collect

SRIUUGL I ansaction Jalp i s nrarspiestetRaradRbipef idarpiMine of

Institutional investors. The transaction data includes identity of securities
pRYM RIS CTRAR BaBRTIBY daR die S 26k Q&dton prices, momentum and
execution times. The processing unit is also configured to group the

anlara it oft-didersasSoctated-wathea-corrgn category from a plurality of
fEOAIZION CRiRIANIaRidA falrbéatesarpedatiticdicastibaiehimarks day fodiohving
roup of orders, tg estimate transaction costs for each order from th .
Retioh HARA HAEUEAILT e ERPHRATLIAE Gt BRERRRATRE RFs and in
eagknhcategory of the plurality of common categories, and to store the data
for the calculated benchmarks angddgftimated transagtion costs in 30.the

I04Bhse. e rhanadRe iR REBEUBEE RN LT OLES Sl GRR M dOr cost

enfiguiad 1eingad UGG Wih BTRH peassingwatiostore data and make
data available to the 4 processing unit. The ougl g of transaction data .

) in
I oups 6t Srierd s reRiBRe L SRBiAR et St FraRG SR I GatR ey's 10
easl 0réeriBRIEF DESCRIPTION OF THE DRAWINGS 5 [0012] The
invention will be described in dea@il with r(zgrenc.e to the followin

DR oo, 15 RO AR BE PSP LT By SRR i paghmarks of
oehapsand i whieh: §0013] Fig. 1 shows the preferred values ranges in

B S T ) LR s v
ior theicestiagtons shawseithhable dfah&ignisle shown in Fig. 2;

[0017]  Figs. 5-6 are graphs which compare medium cost estimates obtained through
different regression techniques;

[0018] Fig. 7 is a graph comparing the 25" /percentile estimates obtained for
different regression techniques;

[0019]  Figs. 8-10 are graphs which compare estimated and realized cost percentile
versus trade sizes;

[0020] Fig. 11 is a graph showing estimated realized cost percentile versus
momentum factor;

[0021]  Figs. 12-14 are graphs which compare the estimated cumulative distribution
function versus its empirical counterpart;

[0022] Fig. 15 is a graph comparing the estimated cumulative distribution function
with its empirical counterpart;

[0023] Fig. 16 is a block diagram of an exemplary system for estimating transaction
costs according to an embodiment of the present invention; and

[0024] Fig. 17 is a screen shot of an exemplary page of an exemplary client

interface.
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[0015] Fig. 3 shows average trading costs for various categories and
benchmarks of the sample shown in Fig. 2; [0016] Fig. 4 shows order
based dollar and equally weighted average trading costs 15 for various
categories and benchmarks of the sample shown in Fig. 2; [0017] Figs.
5-6 are graphs which compare medium cost estimates obtained through
different regression techniques; [0018] Fig. 7 is a graph comparing the
%ﬂMWﬂE%M&@WﬁEPHﬁMW@W]ﬁMﬂNWQ& 20
OOlQLFlgs 8-10 are graphs which compare estimated and re ed cost .
300Bile LB Tade S0 TOOSOFF I A S GrAGH BTG Lhgrianatne
ealized castRermeniie; vesstiatsormaniadinfactorfida2 hFigsnping areitutional
s which compare the.estimated cum Iatl e dls¥|butlon 25 functio 0t
9&&5@%08%?&%?%}&?&%%% 5111“9.5 §‘ graph COmpahng %HS Htons
Mwﬁa&%ﬂ @umathatmm istribpaiondfubaticno with tits empitcalscoudderparing to

0023 F sabock di fa xem lar stem for estimati
hg‘?ﬁﬁ gfsagcc%(re u%lgor;?rll%am Cefifen n}T/a | FresC{en r%%%ettllc%]% to a peer

andtaﬂ({@@aqlﬁ@ejzkm heﬁmﬁeﬁarkhhmobwﬁoemmpl agwpagémf apmpetitors.

cllent i terface 5 DETAIL SCRIPTION,.OF TH
D e g B e e F A A e Sienton o one o
Welmmmmnﬂbm@mnwmm@ Yetarecinltstingimtiofecestgar stocks

as olpls‘?lrtrcla1 al\r/vslltpua&adlng securities, and comparing institutional

per ormance among peer institutions. Transactional data from various
t@b’.’.ﬁihstltl]ﬂmmfsq:sfool‘@ntm aridl anlalyz@d@wwbéwesn@rbasm@agcefmr

? r%?rg cf&l gr}%presﬁ%tsﬁ(f rﬁ{%e%}qn%gfb%iqaﬁtiyg% other

ata e manipulate 0 a peer
peer group partlclpants The present invention will stimulate institutional investors to

enhance their analytical environment using the most efficient trading execution tools
(e.g., POSIT®, TriAct®, ITG SmartServer®, etc.) as well as advanced trading
analytical products (e.g., POSIT®, TriAct™, ITG SmartServers'™, etc.) as well as
advanced trading analytical products (e.g., TCA®, ITG Opt®, ITG ACE®, ResRisk™,
etc.).



10

15

20

institution so that they can benchmark their performance against their
competitors. Costs are measured by comparing the costs of a trade or
order by an institution to one or more benchmarks, and then comparing
wosisohatngen institutions for similar stocks 10 under similar sdwAat$os,/011892
[0026] The present invention will help institutional investors to manage
thedbAading. GRSISHI G afficiently Ry sAeking heiRe RIRaRE 18k orders of
investors relative to other peer group participants. The present invention
wilt sitiestadeiingtitistionaly oy estons dboenhanasl ihaitoanalyiicalf at least one
environment using the most efficient trading execution tools 15 (e.g.,
RESBIT(r), TriAet(r) ITG SmartServerR, etc.) as well as advanced trading
analytical products (e.g., POSIT(r) TriActl m, ITG SmartServersTM, etc.)

499781 as ThpmeRRRs R SO SR BRI TROES reRp e Ot

ITC, ACE (NR, ResRiskTM, etc.), 6 \ 0 75 .
E et g T AR
IRYENHOR, RIRITAIE IR KIS G SRANIIARI RAWHNG NG RUMNGHORA that

selling of one thousand or more shares of at least one security. [0028]
Theiprastntiine ittoedne likd esisyditesnis dactibedthoeds, fosrpsdyiimed to specific
security 5 transaction costs. The methodology is described first, followed

by esxermila jedmiseirrrifrerofrdipdents. for implementing the same. One
skilled.in the art will readilg%c(:ﬁm rehend that the invention,is not limited to

tlﬁ%oéﬂlbocﬁ‘rﬁéﬁ‘@”ﬁé%&% NPT RR GRS paLifiRrovided: S‘?gle
G (51 MIING Lephnayes, &%ﬁ%@b%ﬁ%%%%&it[%%%ﬁi framenoLk pith

two different clusterization approaches is provided: single 10 executions

aiehardersad sadascsubmiites dtdheisamema stitdionsnith the same order
identifier, side and stock are assumed to belong to the same order. [0030]

TIO0a6]d tHEo dedtl dsticnstesinthies rimn sactishonastoffeach ttrdderarder/trading
order/trading decision are estimated against a number of benchmarks.
ﬂ‘?ﬁﬁ@ﬁ eeftifaatedaratpsbhnumber of benchmarks. Though the frue costs to an

institutional trader may include costs such as commission costs, the administrative costs of
working an order, as well as the opportunity costs of missed trades, the present invention
focuses primarily on costs represented by price impact. This price impact can be explained as
the deviation of the executed price from an unperturbed price that would prevail had the trade
not occurred.

[0031]  The following benchmarks can be used for estimating transaction costs:

Cr; - the closing price of the stock on the day prior to the day of execution for executions
(or on the day prior to the trading decision for orders);

Vr - the volume-weighted average price (VWAP) across all trades during the first day of the
trade execution for executions (or during the first trading day of the period over which the

decision was executed for orders);
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institutional trader may include costs such as commission costs, the
administrative costs of 15 working an order, as well as the opportunity

costs of missed trades, the present invention focuses primarily on costs
represented by price impact. This price impact can be explained as the
deviation of the executed price from an unperturbed price that would

prevail had the trade not occurred. [0031] The following benchmarks can
be.usethtorlestigating ofths attidnooobstizo @y pitthextosing pricexe¢uhens (or
stoek on r f sution f cutions (or on the

SI0G AR AR gf% AR RREHOR B (

y prior to the tra ecision for orders); VT - the' volume-weighted

Gverageipridesivanie) ofdhssy etk wadbe Hlikisg xeéiar sxeeiontis craeigions (or
sxeeusen i exrquiions oL AHHPYhe ARt bagding dav.afitheResiQe R s

which the décision was executed for orders); 7 CT+7 - the closing price of
thiecstee koA fikst day after execution for executions (or on the first day

after the lastfill afdhe dlecision SRuRrdeydr &badRn e Slesitd G 6f the day

the stock on the 20th day after execution for executions (or on the 20th
albiyadites deeisiegt fPAdTdP 83288 the period over which the decision was 5

grecuigd foridaEshi@fuothsreRefduics of the-steak anthe eaye@tcutions (or

execution for executions (or on the day of trading decision for orders);
BHEF Aimp e fHradHIRHF FRUSECE e stock prior to execution time for

foEsEions@cHRink to timedetdradineseaisinnifop Qe 11 84008akik 7 is
Benchmark Cla is described more fully in Peroldilz%]t. Benchmark VT is
i

desseinsddnnclathidbh BEeREit: CBBY TR P R dSEr 1. bRRENSAEHHT R

MIbisolRrabaabsstieraupesiiasmokunprE wheshpricalthatanre oulhosed to Cr.;,
choose as opposed.to C7- 1, for example becgﬁl%s{g it does not depend .

B BRI QeSS bERET B ERISHECAAG B PRSI eAf osing and
three betsdumarka (Gl \BeasithMi&) a9 widelndised inepradticeud&ibntbractice
or cqQst measurement and adi(?g perf?rmance evaluation, a(?d \{Ylg be

A 88% measurement and tradiilg performance evaluation, and will be understood
by one of ordinary skill in the art. Although the benchmark VIWAP is widely used, it is
generally not considered to be appropriate for evaluation of large order executions,
because it can be “gamed” by avoiding trading late in the day if prices appear to be
worse than the VWAP price. See, for instance, Madhavan [11] for more details and

Lert [10] for analysis of differences between various cost measurement methods.

[0033] Transaction costs can be calculated in basis points according to the formula:

PPy 5%10,000, Eq. (1)
Py

where p is the actual execution price, P, is the benchmark price and o is setto 1 or -1

in case of a sell or buy order, respectively. Positive trading costs show outperformance,

which means that the trading decision resulted in profit.
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by one of ordinary skill in the art. Although the benchmark VWAP is widely
used, it is generally not considered to be appropriate for evaluation of
large order executions, because it can be "gamed" by avoiding trading
viaednidesday if prices appear to be worse than the VWAP pdtaisSma/ofios92
instance, Madhavan [11] for more details and 20 Lert [10] for analysis of
JitamncesLeiweRO MANQMSCORIHEARPEME NS NER st 8038 of other peer
Transaction costs can be calculated in basis points according to the
forttutBnsRakler XiSikr b G060 Mmeps(( t)Pxtinhiesdd isdhe acduahexeeisions for
price, pi, is the benchmark price and S is setto | or -1 in case of a sell or
IseshsedaratespbenoEyk piditieinta didnpbusiOspibn Hommsiarnaneled 25 eer
which means that the trading decisior%%esulted in profit. 8 WO

SHEM SRR BRI L B B A B e R A PA SRS A Al ESIS to
Qf QPR RS institulion.againgiihe Casis.af Qs Res! &@ﬁ%@%%ﬁa@%g?me&

similar circumstances, cost estimates for median and other percenti or

A6 FROMMA SRR QWETk:arebhilbINeR s.8lBtahasRd o, AthehBIOMRER ket and
means, called a Peer Group Database (PGD). A graphical user interface

istiefpeaifly Qb Fided teuallosyserste e apawiretativedosenieforrketnges
by both traditional measures, as well as trade characteristics. More

preursene Aty CHe O NErgH IALYITRIERS Yl SPGB sy amumARER.
%Y@ﬁ?&@n%i% gr%dilr_lg volume), and short-term momentum. These factors
define scenarios. The preferred values and ranges of the exemplary cost
fromes 10raeipuaseftedtsfiskig aloviORs h Hhaisbuaoshiactarsdistetdoaome, but
have a significant impact on transaction costs, but numerous other factors
anenconeetisiafentors dreaaststipiaieihotbmeisdbiokestaygre felkerigte (dokee,
full-service broker, research broker, etc.), order type (market, limit, cross),

chasfery Bikiatyica beplee TRiRere bsrksbies- ﬁ@é%é%‘k%@@%.&?wéw@r

[v%lf%ﬂ?tgzﬁﬁg lﬁgg Ii\lll?'fgrgé of dollar price of a stock (see e.g., Werner [17] or Chakravarty,
Panchapagesan and Wood [3]).

[0036] Ttis important to note that adding too many factors to the PGD may have some
disadvantages. For example, the product resulting could become more complicated, but most
importantly, if the amount of transaction data does not increase dramatically, the accuracy of
estimates will deteriorate as the number of observations for each segment becomes
insufficient.

[0037] Referring to Fig. 1, the factor Type is preferably divided into Growth or Value
stocks based on the methodology used by Russell 3000® in its indices (Russell is a registered
trademark of the Frank Russell Company). Mioré cap stocks ére defined as stocks that are

neither Growth nor Value stocks and have a market capitalization lower than 250 million



15 Panchapagesan and Wood [3]). [0036] It is important to note that
adding too many factors to the PGD may have some disadvantages. For
example, the product resulting could become more complicated, but most
importantly, if the amount of transaction data does not increase
dramatically, the accuracy of estimates will deteriorate as the number of
observations for each segment becomes 20 insufficient. [0037] Referring
Hblﬁi@s Ndhetbactoy Typearis-poefdtably dijged intoaGrostbedsndaliichstockswih
?j on the methodology used by Russell 3000(r) in its indices (Russell

VS EPEE Wademark of the Frank Russell Company). Micro cap
@mag aredefifrecbadistbek€ thabliretineithesiGeoviticlnonitalue stoalkkst

ve.a market |taI|za ion Io n ilion.9 dollars. N te
ﬁ%lgft%lz%%%ns ucto on, C? t[éonséﬁ wg}( s%é: ongll lsl%o%otha r% %d on the
ahdiMaltieckaiggofies. qmsjavmlmcmmmen @@plmdzmldmdlfaswtes

BigskR I hres market conalraien oo Fon RXsoions IDBNEIEln,

italization Is aways ased o smg rice
pjﬂ@slmlefbcmhmshﬂdrfor@emslltb@ Maclk@nsoeﬁphéhzatdmlassbﬁmﬁmsth@d for

z{ﬁf? 398 ggogqe;?gyhgn Qgé&g the day prior to trading decision. The

or Small cap stocks is 1.5 billion dollars. The threshold for Mid

£0939b ckslibe1diltiSidd shanprifeo 39 ThedgewiSidiugamphishsiut fovably, no
{6%5 sBYaadiRely 35%‘?{?@}(3 0R4 diRlipglien is made between

norm§ sel s and r]%mrt sells. [0040] For U.S. applications, the factor .
(084Q% subiwiidés @pbkstimwdl@é@égmwgrktﬁ§zé1§ilaméﬁ@v®ckhencm@@tegorles:

ﬁ?sié%o STk ey i-fopatstinieinationak 2rnlisalions. fhaiarket

factor can be subdivided into any number of categories. [0041] The Size

factratmprurds Mark@tiyeneendie s Widiridsdmnit 6nY SIePEr Sizeatggories.
syred felatys odhe ?ﬁ@&et dapy aharg s AADN MM Bder). Size is

efined as the median d dollar volume of the latest twenty-one trading
mﬁﬁﬂd%‘b‘ﬁﬁﬂ?@@(ﬁ?@ge daily share volume (ADV), which is defined as the

median daily dollar volume of the latest twenty-one trading days divided by the closing
stock price of the day prior to execution, for executions, and the day prior to the trading
decision for orders.

[0042]  The factor short-term Momentum is measured over the last two days prior to
execution. Momentum measures the price evolution of a stock within the last two

trading days as a fraction of absolute price changes. Specifically,

u-lo, - 0J(%

where Q, and Q, are the midpoints of the first and last valid primary quotes of the most

i-1

j ; Eq. (2)

recent two trading days and Q;, 0 <i <p, is the midpoint of the i'th valid primary quote
occurring immediately prior to each valid primary trade of the most recent two trading
days. Succinctly, a valid primary quote or trade is a quote or trade of a stock that

occurred under regular market conditions on the stock's primary exchange.

10



stock price of the day prior to execution, for executions, and the day prior

to the trading decision for orders. [0042] The factor short-term Momentum

is measured over the last two days prior to execution. Momentum

measures the price evolution of a stock within the last two trading days as

a fraction of absolute price changes. Specifically, W L Eq. (2) \t=~ 11

where Qo and Q" are the midpoints of the first and last valid primary

Qoo433 of mﬁemﬁl&gdﬁ@@lﬂf barh tfadifgudays fanbIQ rebtdcitedno iBethged with other

midpoint of the i'th v rlmar e, occu mediately prior to eac

SERR vy QAR o] T O PSE o DA B S5 et 8 S

mmy\mﬂaée Mﬁfaﬁealﬁoﬁh quoi®idr, wad & yiecatoghr thisticoc capreahirdetected

ggulat g ons on the stock's primary exchange. 10 [0043] The
%a&rw actor are preferably restricted to be used with other

Qaﬂam;rlesfaﬁ ﬁoHowmsﬁypedoaiegoxeeﬁxwﬁihmraﬂuiz@mww{@aarbmdmmﬂtal

ith factor ke C |on and S d da.T or JCt‘O
CAt %E%%EI & S8 ec et on y with gt%s ac or Side. f%i%ljltgxpscena%osyt % 15 not
tonbirube ¢tiefastoss IBize@npelMiomtntovst estjiradced stisthibbtiomsstséenbend
T’:\tur o%gct:m fo rr Begé C%%lteg g%t%ﬁsmglﬁ\é/rﬁ}ﬁ% éﬁ) P&Erﬂé"%hé’ Fanks of

fhe other cases. It is compelling that cost estimates e consistent
acrdizelbsesto foatwotiey fondoswamiues &hbslﬂelahdhffmmtmhn other

ngl"} thefﬁ %eg n{%?gggiﬂ%% %tt?v 8&4‘9’%1‘{&%%1' %t%rls% %(?‘5@%9(! ates for

er very present Invention provi ES I’O USt an
conSistert @@‘i@pt@ms‘[ Metiketteapitalizatipehdide MddstoSizMaritdomentum. Since

GARLston, Site MAEL e andMAmAR U Bies. dupapised

resent invention in conjunctlon Wi e factors Market Capltallzatlon

aholtr Sidieoand/iriSideobnsidend tonsidapsiibiisr tonesty, daweiayinge having
g&%@f iﬁﬁ ip theartwill indessiang Shat faetey DRe 588 eatilporated in

incorpor
the methodology of the present invention.

[0046] The methodology of the present invention provides estimates for cost
percentiles for any values of Size and Momentum from [0,00) and [-1,1], respectively.
Therefore, the methodology provides much more flexibility than actually needed when
values of Size and Momentum are subdivided into different groups, and can be applied
even if the choice of the ranges for Size and Momentum is different from the ones
shown above.

[0047]  The present invention is described next by way of example. Estimation
methodology is based on US execution data from January 2002 to December 2002
submitted by users of TCA®. In this sample, the institutional trades represented 91
firms. All institutions together accounted for 14.6 million trades, 82.7 billion shares and

2,067 billion total dollar

11
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the methodology of the present invention. [0046] The methodology of the
present invention provides estimates for cost percentiles for any values of
Size and Momentum from [0,t) and [-1,1], respectively. Therefore, the
wethedoisgy provides much more flexibility than actually ne@dadigzeedi011892
values of Size and Momentum are subdivided into different groups, and
GanLerRPRlied wryeabihe Lhaie® 2hiitrRRess, tr Stesapm Y Qmeatudris 3
different from the ones shown above. [0047] The present invention is
desarilbasl next by way of example. Estimation methodology is based on

US execution data from January 2002 to December 2002 submitted by
J9848bf Tﬁg\@f)shnwvﬁﬂgsgénﬁﬁrest%ﬁ@immmﬁcﬁmr@a&er@ﬁré&@méan@ies based
firms. All institutions toget%er ac d for 14. % lon trades, 82.7 billion
B R T T ft%ff’a eﬁiﬁd g information: the

dlé%%%? 002(0%48 %%a MAME: Ji*b‘?d’erx%dt% ﬁﬂ%%r%‘f' Sz %&d@&oﬂ% Spilione

ers; an average order consisted of 2.3 executions. [0048] Fig. 2 shows

desesplveisiatistiesidos &aﬁlﬁm&a@@aﬂmd@aaaalas@mbnsamg&bﬁﬁ@&t&nrype
the categories for each cost factor, The table presents the following

infiorntizeicin: thelisisiontiserahdx outhionsVihe sofkberofoteevsn.thely a minority
number of shares traded, the number of stocks (identified by unique

s tioneadasdrto R dende tsire- @ﬂaﬁgﬁ%@fo%‘&t%b i piaisn i agst
the subdjvision t}ﬁ eb%n Grovvt and V ue SE& uite evel 93 Ingﬁem

anou 1Vision 1za 1011 SCC
Mino rnfy SP&XECUichE And or ers ngé”ta |cro cap Categ

althoughit CONEAIBS the Jarge S AMAUNL Rt SteEkS el d@?o&babqkmiewnwtﬁ@ number

respect to market capitalization seems to be justified” 10 - executions and
artliergeatp avenly alisishtest, anangdhediitas geupthe A hha\Bmathep stocks
number of large cap stocks was the lowest, but the total dollar value is

thie hidivastj Gimattidkshsideler enlamesthEbnygedisgll widites thie apptkrivolkiniés
of buy and sell orders are approximately the same. Interestingly, the

B dEersinghsdip 4R 48 ﬁﬁg@ﬁﬂéﬁ%ﬁéﬂ&%ﬁ&@é@%vwmze of buy

orders. The overwhelming majority of executions and orders belong to the smallest size
group, i.e. less than or equal to 1% of ADV. This raises another challenge on building
reasonable and robust cost estimates for the entire framework, including large trades and
orders. Finally, the statistics for the momentum subdivision show that the majority of values
of the momentum are close to zero. Moreover, negative values for momentum seem to
outnumber the positive ones, which is expected due to the overall market trend for the period.
Analysis of average realized transactions

[0049]  Figs. 3-4 present average transaction costs for different factors, benchmarks and
clusterization types. For each scenario, two average costs are provided. The first value is the
dollar weighted average trading cost, whereas the number in parenthesis indicates the equally
weighted average trading cost. Note that dollar weighted and equally weighted averages are

very different in most of the cases. By construction, the dollar weighted average depends
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orders. The overwhelming majority of executions and orders belong to the
smallest size 15 group, i.e. less than or equal to 1% of ADV. This raises
another challenge on building reasonable and robust cost estimates for
wheezentirer$samework, including large trades and orders. Fin&Kyg/t8e004/011892
statistics for the momentum subdivision show that the majority of values

i dhe BROMENILIT: AR HRREACAES On MOLE NS mARERIME YRGS fte equally
momentum seem to outnumber the positive ones, which is expected due

o veralzmaniketisanid fos tledipe fiash 3D paralysiscofiaverate verfized
transactions [0049] Figs. 3-4 present average transaction costs for
diftegnschadorsoipenptaminR oalysh baarpaisies g pessr Brasep debatiens.
two average costs are rovided. The first }r/alue is ﬁthe fdollar weighted. ¢
088k e tFaRIA G eSS TREr S S MR oh T Rt S R tdesms ©
?&?&H%Q"@g%@e@ﬂ@’ﬁé%ﬁ%g'Q&éﬁ?@iﬁg’\‘l@%@l@éﬂ?ﬁ@ﬁ%@pm&%mmm{s

equally weighted averages are 25 very different in most of the cases. By

cansystien thedallsoweighiadaveragerepenrs 2 MO-20046007 53
PCT/U52004/011892 mostly on a few large trades/orders only. In cases

of Synstoetyj dylistiibtitio Ndictheapiedly aveoightéidnpidenabibus duemtitainodne
median. From this perspective, the equally weighted averages can be

rhigher apprepiiansarsiomensts ol ChapariatiSnas thy warsdrdiip ddtt trading costs are

distribytions. .[0050] Fjg, 3.shows average fransaction, costs for
R o B0 BV L oF S ST e oss

@m&k%&&a&i@&m@@m& BReINgRSIS, fAr-tae-DeRRRMBISe. 1t can
CT-), OT and MT; growth stocks appear to have sflghtly hlgher average

tredingreasimtnanale sloeksshydelisitian;Micrnikappiaphka Bkentesy
illiquid. and thus encounter much higher average transaction costs. It is
appareriviroge toety dlie ohreFigicd Hebisterdienslvosts &re and élsethichigtedy
to Market Capitalization, and listed stocks have lower average costs than

sty reedpobra Vst SRiS THtke ta e aRi YHBPPEekigek gl iffis
eneratl., more Vé)laten . Ittcan be gbserv?d that, on p\fgragﬁ,a%glijtra

SSUIN 1ont1s con h%reverse 81%{18 of average costs 101 § uys OI'SPOSt
have positive Costs while buys appear to have™ negative average costs:

Thig APREHARNOIAS (91, NENCHIPEKS, SvhrafeARRIRY VDM HETY dHlYize

due to the overall negative market movement within the selected period.
Thigeases. No specific pattern could be found for the average trading costs in different

momentum categories.

[0051]  For benchmark V7, it is observed that most of the average costs are concentrated
around zero for all categories that have been studied. The highest absolute value of average
costs is 17 b.p. Average costs for Growth and Value stocks are close, while costs for Micro
cap stocks are significantly negative. Similarly to the previous benchmarks, average trading
costs seem to be inversely related to market capitalization and OTC stocks appear to have
higher average costs than Listed stocks. However, in contrast to the pre-trade benchmarks,
there is little difference between average costs for buys and sells (at least for the dollar

weighted averages), which is likely due to the fact that, by construction, the VWAP
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assumption is confirmed by the reversed signs of average costs for sells
and buys for post 15 trade benchmarks C7+r and CT+20. As expected,
average trading cost decreases as trade size increases. No specific
pattern could be found for the average trading costs in different
momentum categories. [0051] For benchmark V7; it is observed that most
of the average costs are concentrated around zero for all categories that

Barenbrer studies thbadiahest absafriaaebiepplavrseeR RSt dach/day.

b.p. Average costs for Growth and Value stocks are close, while costs for
KHGEEaprstdekedns Gy RiresmtyMugstvr SR Ptd e Praas e the case of

benelesskshaverage trading costs seem to be inversely related to
market capitalization and OTC stocks appear to have higher avera

U882 LieBo 50 DERSHOES e RS (kB e terent results

IpRRchmatke,  theieisdiiledifiesancs BRMBRMAYEEBR SRR OPUY SR, both
sells (at least for the dollar 25 weighted averages), which is |ikely due to

las Apthad BB LEied e (OB VT ONERERTEARIR L Fimmhentsggries in
angdscnek afestedi Py isennavement witbin gackdayo Adarageaspsicaningful
behavior for Size and M%me tum factors for. VT is similar to tI]?e case of
S?%Qﬂﬁaé%é’ﬁ‘éﬁﬁf&%?[ 6%%“?‘?1‘5 St R BEACHAT RSB iR EThS0

yield gditeifferest tespitstrdenchonaik-C T20 gmwdesalieragasaistpositive,
that fluctyate substantially, for example, both dollar and equally weighted
GBS D T P BFS AP A G P B S despec
Bagizabbhdhe benMicraaf Jiv s daes thethsgens tdieatesamnd executions of
ingful measure fqr price impact. Benchmark C2+1 provides average
@)i%gsfﬁ% %39@?ﬁ§r%§é%ee8?ééﬁ%%i%tf)fjgs[he pre-trade benchmark C7_1.
(o83 Joverblicareatysistiyposifive avahighindicalamilzat tohawtageieasiemplary

instituti h tr f ith t to this bench k.
FHEROTEAR StbLRE HAV TR PRhESE Bo BRE L M AL B o el

stetkeWhektavarthdzedidpsiechstaekdV {0093])T haaralysisshoyls ¢bafirm that
average reali%ed 'tt'iﬁnsaCtitotn égﬁts of the Pg(enﬁglar data sfet areinlin .
iR BAET SdTReepRes e Bl Biep shtitiandie fobg Tpgpnance valuation
significantly. In light of this fact, it seems to be a challenge to build a methodology that
can be efficiently applied for all benchmarks discussed above.

[0054] Fig. 4 displays analogous results for orders.

[0055]  Peer cost percentiles can be estimated for all benchmarks, clusterization
types and possible choices of scenarios, assuming that at least one of the factors Size
and Momentum has been selected. More precisely, the main result is to derive estimates

of cost percentiles:

Xi = COStPerC@ntl‘leMark@tCap:)}[,Side=y2,Markel=y3,Size=y4,M0mentum=y5 (l)’ Eq (3)

[0056] where y= b/l Vo VeV, ys) are arbitrary values for factors Market

Capitalization, Side, Market, Size and Momentum, i € [0,100], and costs are measured

relative to one of the six benchmarks discussed above.
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instance, Chakravarty, Panchapagesan and Wood [3]). The results
strongly confirm that measuring costs with respect to different
benchmarks affects performance evaluation significantly. In light of this
fact, it seems to be a challenge to build a methodology that can be
efficiently applied for all benchmarks discussed above. [0054] Fig. 4
displays analogous results for orders. [0055] Peer cost percentiles can be

eotisted farralbRenahmasks, iflugterizalitnmiRes RNHPISSDIG KNOIRE $-efors
scenarios, assuming that at least one of the factors Size and Momentum

Mgt &rritdizrtipnvdids gridatletieeisriqies Sl ddnte BWinrete fave any

QhRRSIRAFCRIMIESK|-T, QORIRUG BRI iaMaquenty B3y 2MMike ¥8adenfinite
m..... u YS~I~, Eq. (3), [0056] wherey =, yz,y3, y4, ys) are arbitrary values
fupRkerE fungiiens enthituls afdRTBig bRt Simaly hyniehs rrived

664001, apdieests iamppma@tniglative te pRr@fdng sikhescyusiksding
discussed above. 14 [0057] Before estimating X, in Eq. (3), gne must note

{RSTO%r SIZ6 P MRS NP E A OHRNPS A, SR8 s RapLiea!

dis6iBlRioniZze: apchMamamum caaday ek daies Hom4auigiang kiedjit,
respectively. Consequ?ir{l%g}, Eq. (3) consists of an infinite number of
i

RESERRRISH AR L AIEOR S YSY SURHAARESTAIIRS 19 he gAY very
JEEQBEI R pHRIEMAIIA aTRERactvMight NDEiBE, pragiicairallcasasa
Subdividing factors Size and Momentum intq diﬁer%_nt rQups

nd .
SRR RIS ERBHDGEURAL AaCANGE YRS a0l uRierization types
inconsistenelchntiRs GRlity; AS.a,resull, @estermanteiotepsismealizeportant

from two, very similar scenarios ma ranked very differ , Which |
N S G e Ak
fo0a8pvidaspalusbestuppleatinitninabyy@ka dardsathelosigrzationttypeses

Il six b h CT.J,UrCT 1, CT+20, 01, and Thi ) .
R TSRt B s RiER sl o TS AvRemggon

Qded hbetr sy difeient propeiiason[005BlIRpevIsSiRsakapplicattanhe 25th,
q%m? g&tﬁ%ﬂc? 35%60263?5npgrrgeirrlg{gsl?nagctlc?l%%%rt%sthe median. Instead of regressing all
the cost percentiles in the comparison framework directly on the (total) trade size and
momentum values, the present invention subdivides the comparison framework into
different groups depending on the Momentum and Size of the executions (orders).
Then, for each group, the 25th, 40th, 50th (median), 60th and 75" cost percentiles, are
determined, as well as the equally weighted average values of momentum and (total)
trade size.

[0059]  Similar to the simple OLS approach, based on research conducted, all five
percentiles are assumed to depend linearly on functions f'and g of size and momentum,
or, specifically,

[0060] X = o+ BfIS) + ygM) + & i=25,40,50, 60 or 75. Eq. (4)
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(OLS) methods method is described for providing estimates. The present
invention does not focus on the mean or median only, but also provides
estimates for the 25th, 40th, 60th and 75 x' costs percentiles in addition to
the median. Instead of regressing all the cost percentiles in the
comparison framework directly on the (total) trade size and momentum
values, the present invention subdivides the comparison framework into
[fidergnt gravRe depeadingoaipaibio resnttsn ard SienelithagXepetions,
(orders). Then, far e g] graup, the 251 40th 50th (median), 60th and
W%&%%ﬁ?ﬂ%@ B BE el as the equally weighted
average valu%qragfwgmpmlaﬁdf&ogaiﬁetvade size. [0059] Similar to the

bas earch cond aII flve rcentiles
N s AV e
[0088INtum, dzdeslﬂcehtﬁ&aﬂwmfﬁh)ﬁata PoifltliéS)Jhoy; pébt)cosB dibtriREIoH0of a
50, 6Q or 75 061 er, hased on e aI researc
NSgs BRI oBVE TS D Oy LA A g e on
Sitt&rtgﬁz@aétpom bgz(b(blfsthdbuﬁmmsam@e.a?y@ta[&@ﬁ@]ekqmbﬂ&bielahdéeifﬂrd’wve 75
som t > 0 1§Mn order to have a rough estimate
a

r x>0 an
?55? %S%’élg}gc %fed’f) BE RSN SFLLRs:

scenario, the percentiles between
paoaagl 7510&&15@10@@'@5&&1111 bytimemnnbekmﬂamnan?ﬂa chdsamsactiomatoshe
distribytions are hea below 25 a g above 75 are

R T At e P G AT 00 e RerSs i dh o0
@%H&'@Wd@:ﬁbﬂiﬁ@ﬁ%xﬁ@m%@B@Seﬁﬂ@lﬁ§wﬁ®t|§&fﬁegfﬁ$ﬁiﬁfber of

parameters (ce,, 13,,)(,) in Eq. (4 I‘eSSI st percentiles (i
O BT o AR AR S P SO B S ROI s
RuReY &sﬂb@&ﬁ&&@@@r&@aﬁ[ﬁf?kﬁhﬁé%tﬁm@&ir offhthpreegressiontich focuses

SR Frals HE BSIRE TRV b () or ety 165 ERURTOTS), o

weighted least squares (WLS) with respect to OLS residuals (WLS1), and (c) WLS with
respect to observations in each subdivision (WLS2).

[0065] The WLS1 approach is an enhancement of the OLS approach and comprises
two steps: first, OLS regression is conducted and the residuals of the regression are
determined; and second, the parameters are reestimated by weighting the observations

with the inverse of their squared residuals. In order to avoid abnormal weighting,

n -1
inverses of the squared residuals are truncated by the value (Zi:l 6,2) .

[0066] Estimates become more robust due to the weighting. Moreover, based on
research, squared residuals are generally the highest for large groups with large trade
and order sizes. Weighting by the residuals increases the importance of cost percentiles

for groups with
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on the following three regression techniques: (a) ordinary least squares
(OLS), (b) weighted least squares (WLS) with respect to OLS residuals
(WLS1), and (e) WLS with respect to observations in each subdivision
(WLS2). [0065] The WLS 1 approach is an enhancement of the OLS
approach and comprises two steps: first, OLS regression is conducted

and the residuals of the regression are determined; and second, the
padicieliers. argiseegtsmatdd dyoveightingihaadsedvaijonsh withitii®tal) trade
inverse of their s ared residuals. In order to avoid abnormal weighting,

RS A DI RR &S é?’eﬁsr%%lf&tu RUAhcated by the value t-i ei . [0066]
fx8uates Meﬂme)&msaawetghsi theertponaweightindg. Morpdverdii@sed oay.

eseac esidu e r hest for large W|th
RS L 8 G SRS B L e o
ofipbstanabdafcost pdrsebdiesidorgdotps waibhi6 snadlensibesof quszations in

desirable since exe utlon ( nd or tal

R o S R T L B S R S
imgoaltarme@ﬂbfdimrg @uppnwgdﬁdprmwwahwg tmtheadtaf Weightirgdyrthght yield
OLSr dual LS2 takes into ¢ n | 0 u o

e R S S SR A T AR 08 B
wakmashlgsemqnzaihéz lplmtmtevmdwibhdthmmmw@saﬂlhat the number of

fFSE 2ot AL VA AARACAlY IOM AIRRI HOUAASRITING AT M on

a he approach might yield reasonab Some scenarios
tbsuathefohsinakdradet sictstatidmblomenen ivEligs b seticeeio) batural way

arﬁ?/vag{el g@%ﬁg‘tﬁ%mwcﬁy&:ﬁ&‘&&{ﬁg& g gg&a? NEIVEMIR BR%3H6e noted

ore information the wholé peer cost
distribetion nMthewetealtifikefs sitndutiers snbalivada raiowps opymakingind

! (g%aas"@(ﬁgh%e QL Bﬁf&%rml% : gws%%@ IRYRHoWENE it Shauld B8 mation.

re 1S no theoretical justification how to subdivide groups
606y, Hiziresgrdsving roccaniiasoomiecavakiy dosithe bt Assion

iéc%%%.%ﬁ%r% 'HQHPJJ the empirical percentiles are annotated by points.

[0070] Fig. 5 compares median cost estimates obtained by OLS, WLS1 and WLS2
with empirical median costs. The dots denote the empirical medians. The solid line
indicates the estimated median costs using the regression techniques WLS1. The two
dotted lines show median cost estimates for OLS and WLS2. All estimates have been

derived using regression Eq. (4) for all executions in our data sample with f(x)=x

and g(x) = 0. Costs are measured relative to benchmark Cr.;. Empirical percentiles
have been regressed on average size and momentum values, i.e. f(x) = x and g(x). The

chart illustrates that all regression methods provide good estimates.
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15 [0069] Figures 5-7 provide comparison of the results for these three
regression techniques. In each figure, the empirical percentiles are

annotated by points. [0070] Fig. 5 compares median cost estimates

obtained by OLS, WLS1 and WLS2 with empirical median costs. The dots
denote the empirical medians. The solid line indicates the estimated

median costs using the regression techniques WLS1. The two 20 dotted
[m@'BﬁhOV\thed iaaanmbeﬁimate&mre@ih&mdawwa bszl I(Hsfe‘imuml handeWLS2

n derive regres execut our

S Ee SED SEN o b el s LR (% solc tne
bﬁikcdné@ ahk &lithatedpicitiah memaﬁml@tﬁmgx’eaﬂm&gmﬁqed Wil &verBigetwo
|ze dm mentu .values, i.e. f tlllustr tes th
R e O AR e
lheﬂlahusﬁg estimaies Hptadnéd bl &eSytwhSot Iamgewmommhrem@ itecal

median cesis, The dais denale ihe empiical mesians, The sliing, ¢,
in a es stlma e dian costs using the regression techniq
Wsli&]i ofhekiwg atl attedulifvas Bh@mnmedtaesﬂnsiteshmfatb&fod@bﬁddbd executions

2. All estim tes hav n deriv, Si ress 4) for a
s S P S B TR R E RV SRR ST 8 0, Median
Ooslﬂemimat@ neasred aathWESd) f1dhdbhmatriFar mngmdqummg;wns to

Ve c?“f'of?& g t‘%‘?‘r’é’“ﬂsr%eﬁ“wea&ersnﬁ‘e NGd %%&’ﬁge&"’% for Sré%‘s’g“%'l% eQlmates
arge $t0ckS Ot unc ons Ve been chosen finear
ﬁgdmgMecﬂamz@sst estimates using OLS and WLS 1 still do not differ

LS 1 seens: ield.slightly better resy Its I
ethod vv%z p?g{/r} %rsesunreagsébé]arf?e é%ﬂlr}]y%%esso tall?arg%})tr %Vz(?égl and
WGL‘SZ] ﬂtjl éhanrqa:hﬂa’é a@w@pelmmfmsesnMebmmammm@m;wm‘ﬁl

GrCGI’].tl Sé)éflv I(t)Stg rlca quneoe Pﬁ tlle ﬁOSt%e&- Egﬁdé%t?%ggpl%tgstm%éhe

pirica percen iles of Costs e SO|I Ine indicat e estimat
Egtqsememdhmweg\%é lre@teSsvorddnet@Idrilques%mﬁﬂj Fheroamitiotteinitestor

C§N 2(? \% Ceﬂf Isﬁla cs emp (gl usll‘x*%nge'g‘}lesessl’glmﬁae%éﬂ SFall
erived Using regressmn ?Zf)l all

executlons in our data sample. f and g have been selected according to Eq. (7). Costs

are measured relative to benchmark Mr. Fig. 7 shows 25th-percentile estimates for

executions and benchmark M7 using all data. By construction, WLS2 yields best results

for small trade sizes, but underperforms the two other techniques when trade sizes

increase.

[0073]  Figs. 5-7 are typical examples of the overall performance of the techniques

of the present invention. WLS1 is the most appropriate method for estimation of the

five cost percentiles overall and provides consistent and robust estimates for all groups,

for both executions and orders, and all benchmarks.

Regression constraints
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executions in our data sample. f and g have been selected according to
Eq. (7). Costs are measured relative to benchmark MT. Fig. 7 shows
25th-percentile estimates for executions and benchmark MT using all
data. By construction, WLS2 yields best results for small trade sizes, but
underperforms the two other techniques when trade sizes increase.
[0073] Figs. 5-7 are typical examples of the overall performance of the
{eordipuessekihieapeesentsnvedttepaldlts ihisfihe thinstvithpropsaiming any
method for estimation of the five cost per uémles overall and ui)rowdes

EOPRUISHBH: Hh P FIBESTESRRATRRHS Sl gfouB for ottt exebutib i 4Rd 7> 1t
QLIRS caRdad: B ks. @quessmn constraints 18 [0074] Special

attention should be paid to the fact that, without assuming any constraints
PO regression'pérdmeterss MG, and S 25; 86V50; 80 and 5,1t/  Eq.
Eg} uld occur that for some pair (S, M), [0075] x a; + f,J(S) --rig(M1) <, +

(S) +yg(M) =A;, fori >j Eq. (5), [0076] which is counterintuitive.
[0078] To auih suebvsigrativis/econstraints have to be assigned to the

gﬁ ’fm' ”rB%(%‘I%estEéﬁ SR ERRSIANARALIA MG EIRILE Ol regression

ark and of function g. [0078] Accordingly, there are three

resrivtionss The @anhtm@ﬁaﬁ@QGMﬂ@hmmlwmfdmgf@mmmfum@on g
@gﬁﬁﬁnStfﬂéﬁ&ag%?gtﬁl@%ﬁ@&ﬂé&?@&ﬁcﬁ%@iﬂ?@a@ shawig, %@5@%&2

M) = (0,0). In r words, we assume that ‘d; >_ V; for 1 >J. [0079
h@t@é@@mr@@ﬁa&hﬁﬁéﬂk@@ﬂﬁm@bﬁmm@ﬁttﬁmaéﬁ@@é@&@ﬁ@l@@@t@) should

hPH{;?d %ﬁ?a§5§l Cfu @??eﬂ?%tﬁér%?éé}ﬁ;fﬁ@ﬁ]ﬁ@ REpding 9*/‘ 3@ i > )

enc mar ization type ri>),5,<
[ﬁ@]m]narlIhb?sanmdImﬁnmndalctqqamﬂemwdmasmmeimr@tbrenﬁltmts

should increase or decrease as size increases depending on the benchmark and
clusterization type. Precisely, for i > j,

pi < B for benchmark V7 and clusterization type "executions”;

fi = f; otherwise.
[0080] The last constraint depends on the choice of the function g and on the type of
benchmark. Typically, it is a technical condition on the parameters vy; that ensures that
(5) doesn't happen.
[0081]  Finally, if any of these constraints is violated, the regression parameters
(ay, 1 %) are adjusted relative to the median are (asg, S50, ¥50). This approach guarantees
that the medians, as the most important percentile estimates, have no regression
constraints, and thus, remain unaffected by possible adjustments.

Selection of fand g
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[0080] The last constraint depends on the choice of the function g and on
the type of benchmark. Typically, it is a technical condition on the
parameters y, that ensures that (5) doesn't happen. [0081] Finally, if any
of these constraints is violated, the regression parameters (al,f31, y) are
adjusted relative to the median are (a50, 6s0, y50). This approach
guarantees that the medians, as the most important percentile estimates,

f@ge2]0 repsessidrbERNGIEANESdaNGs s OMSE lﬂlﬁrfé@ﬂtﬁm&yoﬁ@%ﬁéﬁhd g are
adjustments. Selectlonécl)éi and 19 [0082] Forgzch benchmark and
| AU

CRISTHIRERCE i £y i StpSiRrey/are ~chBRL R H relyRIgyidh the good
g (d) fokhel lb@ﬁ&ﬁrﬁdﬂﬂﬁ!@?@é@() forxian® g} man & ovid entis god & id eistiifserage
for all bepchmarks, except for MT. Perfo nce was measured via the,
Yol g Ry AN AT Y85 PagrHCRAD Shid %ﬁ%@%”@ﬁﬁﬁﬁi&%ﬁ@@a@ due to
il t@ foesappliat whiatto AI{%M@@ rEssiall gonstaistsnAverags Rawkiall 55 for the
possible scenarios w n 55 fqr.the test set, rameters_had
EepaRt R R R Ry
h&&hp@@togmam&lﬁ)bdse peﬁbm{kneér fcﬁ%armﬂrﬁxﬁc@m&nﬂtm@mmg&ﬁm
=0.62, erformance for the MT utlons
RS 2 BB L TS R QT S EPR A A copons
2athas ¢hgcfafleving dxm@hmmdﬂmatm@ysdrmfmmm)ﬂwﬁ 7420 has the
enchmark 201isj asure fo eral ovement and
s A D A G T B v P ST e ook a measure
m@rgeﬁwebpm&iﬁmﬁngmm@ﬁpeldmhdm ﬂaqd@ehymg Eia»deﬁlmpmherﬁ“ view,
very. little, and thus, the ndenc ent m and size val es of th
PPy e s B e T e AR S e
%Wb&t@tah’ai@n&@ thatdepen(éhiz wanstoimathintod 6283]aXies & theﬁs‘ltgcl;s traded
0, 50,.60 or g. (6) [0084] Th r pe nce fMtrc
S et ST S BRBP  IoP S St oty dor e B
pasvaiting figgdatedenchmark is, probably, the
[0083] X;= o, + & i=25, 40,50, 60 or 75 Eq. (6)

[0084]  The poor performance of My can be explained by the completely different
behavior of its cost percentiles. The prevailing midquote benchmark is, probably, the
purest benchmark that can mimic the unperturbed price. For small trade sizes, execution
prices are naturally bounded by the bid and ask quotes of a stock and thus, by definition,
costs with respect to the prevailing midquotes are bounded as well. As a result, all five
cost percentiles must lie very closely to each other, which, unfortunately, results in the
violation of the regression constraints. Through empirical studies, it was determined that

the functions
[0085]  f1x) =1, (f2(x) and g(x) =[x/, Eq.(7)
[0086] where

x40.023, x<0.02

fie) =" and fux) = { x x> 0.02
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purest benchmark that can mimic the unperturbed price. For small trade
sizes, execution prices are naturally bounded by the bid and ask quotes
of a stock and thus, by definition, costs with respect to the prevailing
midquotes are bounded as well. As a result, all five cost percentiles must
lie very closely to each other, which, unfortunately, results in the violation
of the regression constraints. Through empirical studies, it was

c‘) ﬁlned that the functions [0085] f(x) _ (2(x)) and g(x) = /x/3' Eq. F%
[0086] where 10 x;0.02;, x <_ 0.02 fi(x)=x and,j2(x)_ { x, x>0.02 20 [0 8(§

F00§8) [OQBSégIﬂeB@gﬁeE‘EjOﬂEMr Eentomber armacki\bicyietdthei srasbry results.
|sfac Its,. [rg 89%(5? e unction f2 tran s sizes qf less than
XOBRF ovthass Ao o ALt B A e aipegple
@ﬁﬁﬁstﬁ&iepﬁfﬁﬁbtﬂﬂaﬁ@&tl%tﬂmﬁﬂeslﬁﬂﬁffaﬂt ﬂlﬁadpes&esﬂe@mreeuﬁﬁtes of small
|f|cant r’;ﬁ model the n -lin gehavio of >§
oTaE Qe B Mo daBT B T PARD Aot iorof
esumw@haaﬁléeﬂmeﬂj\@crskmmmmles versus trade sizes for the
CTs est

e e s R e e s T R RS Bl g percenies
executionk dhat Iﬁacthmdmmmmkme@,mmndmeﬂa@@ (&Jsﬂawﬁ)&ﬂ)n@tﬁd and
esti jmates have bete derive in greﬁa .techni dS qﬁand .
ﬁ%véz%e%%s s%?é%?%d 5 YOGE X g A0 Gtx) = 61%%% %f‘r% eaﬁS Wy 1ons
tﬁbemdhﬁmkrﬁmoaliﬂﬁ%ﬂﬂlﬁlg th ehgpl@@s()ésﬂrﬁajedxaruﬁtreahasehbcesieen

erce tiles versus trade sjzes. based o all tions
T L BRS T R TN S e VT I PTGt g+ end
Q@QA2x All(esitmmmveaﬁeemmmmbbmrbgmsslon technlque W LS
J[OB&W 9 r1\5‘3“/89b isp e%/eslgg‘garga‘? Sd’/agé) rea)l(lzergidcgg’tY ercdntr es versus trade sizes.
The estimates are based on all executions of Large cap stocks that had momentum
values within the range (-0.02, 0.02). All estimates have been derived using regression
technique WLS1. fand g have been selected as f{x) = x and g(x) = x. Costs are
measured relative to benchmark V7.
[0092] Fig. 10 shows estimated and realized cost percentiles versus trade sizes. The
estimates are based on all executions that had momentum values within the range (-
0.02, 0.02). All estimates have been derived using regression technique WLS1. fand g
have been selected according to Eq. 7. Costs are measured relative to benchmark Mr.
In Figs. 8 and 10, the estimates are based on all executions with Momentum values
within the range (-0.02,0.02).
[0093] Fig. 9 contains cost percentiles for all Large cap stocks and executions with

Momentum values within the range (-0.02,0.02). As discussed above, the Figures show
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measured relative to benchmark VT. [0092] Fig. 10 shows estimated and
realized cost percentiles versus trade sizes. The estimates are based on
all executions that had momentum values within the range (- 0.02, 0.02).
WOl 2984194863 have been derived using regression technique RYI/GSROG4AHER92
g have been selected according to Eq. 7. Costs are measured relative to
beRehietiaib: olifcbdigsrEeaitilet T6, vk eSimabesrayeNo&shat ¢it adhle on the y-
executions with Momentum values within the range (-0.02,0.02). [0093]

Fids Quisreisdeddy puradaitbnsd tabinghgakaBesisersiadbesasdtions

ith M t | ithin th (-0.02,0.02). As disc! d
R P e e L e B 3 R oo o
gggﬁ sﬁgﬁ&&w QL 8f Gost RerGrntiles foryarigus banshmasks.Natethalng 1,

cale on the y- axis varies considerably from benchmark to

hepahmack. iheancrst distritonsoche ashmankd(s Thinge Rigigenayaltyirade
flat and heavy-tailed, and the form of the distribution does not change
diastivatiysasiehé/iribdesizesidor&ageakscrthics)s different for the benchmarks
VT and MT. 5 In both cases, the standard deviations of peer cost

98 Butiohis-drtitpled riimeiedaplaelizie ost AT esEsbR Riperum for the
increases, for Vr i reases). [0094] Fig. 11.displays,estimated.an
DR L e b e TR R R SRR B oo

lysiratesribabihe cosinereaniiles AeneRdonihe: asialeMomentisppear to
non-linear fashion. Executions with high absolute values for short-term

omentosa pieasstmi6shec inere aosllyxzcbhéoastikihtetnaresiasetcon dellived
executions. All estimates have been derived using regression technique
WS rebrndoy fealveidedHsHlefed abprodorniriegipd as An2-3pad shddeling.
the tails of peer cost distributions [0095] it is well-known that empirical
MetdivgibatetscirRegesr il eyiMhetric and heavy-tailed. The

E&X&retrﬁgaseﬁ%%gmllg%ﬁe{tp ?nraltr?cdllgoy‘g 1st1\4v} ﬁ%ltoerfs) gpee%?ge(%a §%¥ o[;fltgt% ]égd
rese tlnven‘ﬁ(on Yy using |V(§)|n(§‘epen entregression equ tions for the

estimatian ofiibes2athsn 4 8510 oSOt ARALERIRRACRIIIES 1 TREF the

heavy tails of the peer cost distributions
present invention by using five independent regression equations for the estimation of the

25th-, 40th-, 50th-, 60th- and 75th-percentiles. The heavy tails of the peer cost distributions
can be modeled by Pareto distributions that are commonly used in extreme value theory (see
e.g. Embrechts, Klueppelberg and Mikosch [6]). The modeling of the left tail of a peer cost
distribution can be represented by the function F only. The methodology for the right tail can
be modeled in a similar way.
[0096] Assuming a Pareto-type distribution tail behavior, the left tail of  is modeled as
F(x) = ¢ (Xa5 + z %), forx 5225, Eq. (9)
where ¢, z and K|, are positive constants determined from conditions:
(1) 0.25 = F(X2s),

(ii) 0.15(X40 -XZ)5) =F’ (ng'), and
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can be modeled by Pareto distributions that are commonly used in
extreme value theory (see e.g. Embrechts, Klueppelberg and Mikosch
[6]). The modeling of the left tail of a peer cost distribution can be
represented by the fimction F only. The methodology for the right tail can
20 be modeled in a similar way. [0096] Assuming a Pareto-type
distribution tail behavior, the left tail of F is modeled as F(x) = c (X25 + z
for x _gx%£6,0801 @Fwhexeom)z and K, are positive constants determined

‘ fro ondltl 5 = F(X25), 25.(ii) 0,15(3 40)(5 X angl 22
001(39]’—‘??1‘8%&) EeS |r(8nl)n(t S“fo owét1 |rect fr%rﬁ%% ?9)
@iﬂfmtt&fl(ﬁf Maﬁltﬁéﬂﬂat(&): peenchiodi§itiguararfiteesahat thenpeeh codbs, and
dlsgjbutlon iunctlon F.is smooth in Xas and. condlthr}lgug ?%ﬁ'ff%ﬁ tranges
Belacti

CAPREI AR ASHRTRHRAE RSP heds vllﬁﬂaﬁ /finite ranges.
S&G:wbﬁtmﬂsfmm(ﬁ)akmmettmumem¢he)mnanom@aq balegal fout, but the
the con ition (iij mak sc sts 10 000.h SIS
ble OB RS (]t e R e e

mw@tlomﬁmﬁ:ﬂm Iﬁ)u@lm andy(an)dpftncetiles Xl o,f ﬁﬂadlsarbb‘eoabeﬁlmedon F
{‘1%‘ Sin e actu lﬂtga&sactl n COSt%i arg ex extr. demely noisy and

& aﬁ‘f?e p%lr?%% St Method’{o Build peer group cost distributions is
[0088Fd. Hiecpresesitiavention qmmmjfes:mtmﬂhmoiegynﬂém@smmh@h a robust

r entiles for six differ nt benchmarks,t [e
R AR RS RS SR BN menion
mwemwm, Mamm@msmﬁshmgmmd Bysthertaotdes T(yp?@ﬁ N&ideent
#@[‘I}‘F%tt Sﬁ&éren C ut§ esr%g an Sggratnt "1? I\{I)g)srln . %ﬁg{qa ios. In
ctors have scre e va Ues s input, 1 e assume
fhe@m@ltzmwdldmaméntgl v gtandudveginypedl besméiwwﬂ Topeo)arit(-
Eaphel SRR KRH001 JiDe APSHISR. RRRRASHREHIC 91 AR AL ur
obus |mates br an-e
factors have discrete values as input, it may be assumed that the factors Size and
Momentum can have any values between [0, ) and [-1,1], respectively.
[00100] The two-step approach provides smooth and robust estimates for all
scenarios corresponding to any values of numerical factors Size and Momentum. If
Size and Momentum are subdivided into discrete groups Sy, ..., Sm and M, ..., M, m, n
> 1, respectively, the procedure for estimating peer cost distributions remains similar to
the continuous case. For any partition (S, My I <j <m and I <k <m, compute average
Size and Momentum (S, M) for the partition and determine the five percentiles X35, ...,
X5 by inserting (S, M) in Eq. (4). All other percentile computations are identical to the
continuous case.
[00101] The present invention filters out outliers in a natural way. Moreover, in

contrast to a simple OLS regression, the two-step approach yields percentile estimates

for the
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scenarios corresponding to any values of numerical factors Size and
Momentum. If Size and Momentum are subdivided into discrete groups
S1,...,Smand M4, ..., M,,;in,n _> 1, respectively, the procedure for
estimating peer cost distributions remains similar to the continuous case.
For any partition ('Si. A4) 1 _sj_<mand 1 Sk _<m, compute average
Size and Momentum (S, M) for the partition and determine the five
paeptitesMrdistribudah DieirsernghdreNthinustiti{dioAboloer peandelvile:
mputations, are identical to the continuous case, [00101].Th sent .
e e sl b e S
simeplei & tbgrassign Sike anddMtep eppr sechepialidpeiforntily. estimates
[ 23 WhRle-neeneashARInAD JDSIE, AR lnpateUral biRilicalian,

to subdivide Momentum and Size groups in the first step of our
metfipdotogy opiimdly MRekressinglipaioriiits Marnb Siesragd Mizecatueh one
Momentum is an approximatjon only. [@\;lng] To megg.ure performance of
118 SBREE RIS RFBHE St StH PR CBR 4P eSR 1T 105 P igisal pest opst
Markelicapitalizationy Side cMarkeiseSizerand/Momeniunvoenddns - Ays, ys +
compare the theaoretical distributions with the corresponding empirical
,ﬁwp chSM b REC OISty BeSHRP B HIBSH! Rte R fm g2 on how
Wet | Ayéh @REUDBIByAY e kY 5 Bm pliy R 41 sthaks paripgniiebiheeraticah wiiticiings have
empirical distributions provides an idea qn how well the methodology
SRS, B BIRISA] S0eh S BT ARGy et AR T hRb A Rl rewal
dhavintibat. iRenost cases astinfaiet pesvadst cigtiltutionbwrenveppeiosebe less
to,the actual distributions. Percenti t] f scenari i ry. flat
e SR AC X By
forbdimchmmark S TR0 enigRbatrtérsigesificantly from the empirical peer cost

f@?ﬁ%ﬁteﬁ?# - I[Q-Jt@:ﬂlgggﬁe]fgﬁq'%ﬂ%tl@t@ffﬂ%r%ﬁ%ﬂ%%Seﬂfpﬁpi%glr@&iﬁ@lative peer

and efmpirical cumulative peer 15 cost distributions for different scenarios

s Hiswitmipik O rifdese sasnssiay e hisliaaalshy hx seenpiiet argrbbreviated by
gharagtey pestardmipicbecamesrondiogeaipgannatebiaaializatipnalization,

Y stands for the category Side and Z represents the category Market, assuming codes
presented in Fig. 1. The solid black line denotes the empirical cumulative distribution
function in each figure. All estimated cumulative distribution functions have been derived
using the two-step approach with WLS1. The functions fand g in (Eq. 4) have been selected
as indicated in above. The selected Size and Momentum values are specified by two
intervals. Estimated cost percentiles have been built using the point in the center of each of
these intervals.

[0104]  Fig. 12 compares the estimated cumulative distribution function with the

empirical counterpart. The distributions have been built using all executions that belong to
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Y stands far the category Side and Z represents the category Market,
assuming codes presented in Fig. 1. The solid black line denotes the
empirical cumulative distribution function in each figure. All estimated
Vearmakavesalistribution functions have been derived 20 usind $HeURR4L0a p392
approach with WLS1. The functions f and gin (Eq. 4) have been selected
asstedicatiad deeahive . A he, selectediSizaanth Momentuyalaby 65 siiert-term
specified by two intervals. Estimated cost percentiles have been built
usingthe peinesn tRé Terder Of e hekt bivehegemoashredscionoa) Fig. The

compares the estimated cumulatjve, distribution function with the 25

SFHPIEAPESENITHANC THE dREIFRSITBISLR AV BER AP OLTHY Hif-51- The
SUEGHIOR 0 PEIonS 10,240 20DHORTEE3 RETA/S2004OAAR0R ons e

Listed stoc scenario A A N), have 40 % ADV trade sizes and values

v heiriany wnapeniketuliehvae b RAbanEieDs3k CRslchaveeambpy
measured relative to C7 J. The estimated percentiles have been derived

usidrgsiive awiovstie fpproddtrwitviighi8rd befveerfuhbliond DG drigtage (Mdws
have been chosen as. f(Y) = x and g% = X. The distributions have 5 been

dethaedyEng 2t exsentivpd YR dan: RApg diserrenrisyernes00

OEADV trade izez%t%pdnga%{ﬁs for sgprét- rm.momenium bgﬁ\%/een -0.05

SREFBDEOFhE igtire shows3 ' that the distributions are concentra afppearcd

round e median ﬁg}gﬁzg IBAERMNGIESGRONE (AR TusH arpund (%}? Bos, 125)

25th- and 75th- percentiles. The discrepancies might have appeare

Qﬁ@?&%ﬁﬁ};‘ﬂgpﬂaﬁi%i%@x%. (ARayemiheensatisfisdand thUsthR scenario
parameters (a25, A5, 125) 10 and (a75, A5,775) had to be adjusted.

Anoihesisisaplenexpianaienaighhhdadhaidhe/scenanayeas: Atiesitjtiredl
number of empirical observations only. As a consequence, the empirical
cumuitativaligishibon orghibhngiadhottoioush Brsaghadiosomparison.
[00105] Fig. 13 presents the comparison for all executions that belong to
|\W81£’a?i, Listder SEoRRERt T E SURPESa] fBéNbSé?f‘ﬁ?ﬁ%tBﬂ&’ﬂ%%%MA%@

TSI ks ey 0 e dnclies e
thagmpdricalcc gl ativendistt BedieRdWeHRA 43 dodtuskeagdaltelong. Therefore,
it can be expected that the empirical cumulative distribution function is robust. The plot
shows that both cumulative distribution functions aslmost coincide. A similar good
performance can be observed in Fig. 13.In this figure, both distributions have been created
using benchmark Cyy; and scenario S§_S_N with y, = 0.14 and y5 = 0, i.e. sell trades belonging
to Small cap stocks with trade sizes around 14% of ADV and short-term momentum around
0. Fig. 15 illustrates the comparison for benchmark Crsz9 and scenario S A4_(Q with trade
sizes around 1 % of ADV and momentum values around -0.1. The chart demonstrates again
an extraordinarily fit for percentiles between the 25th- and 75th-percentile range. However, in

contrast to the other figures, the empirical and estimated cumulative distribution functions do

not coincide in the tails. A possible reason might be that the assumptions made for the tail
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shows that both cumulative distribution functions almost coincide. A

similar good performance can be observed in Fig. 13. In this figure, both

distributions have been created using benchmark Cm-i and scenario S S
woneithydors$5.14 and y5 = 0, i.e. sell trades belonging 20 to SR{AIERP04/011892

stocks with trade sizes around 14% of ADV and short-term momentum

aeahiek, QisEigsed alibustsatest theseampatistnrio bhenhehmark & It datérnthr, costs

scenario SA_Q with trade sizes around 1 % of ADV and momentum

veleiss 14rRfhndaove he. WA dettirshsTeite e laly esgrasvdivrarithcit for

percentiles between the 55@} an 75th-percentile range. However, in
th

RIPRI YBIAQ-BIRE 1 GTAREE R RTpirical and estimated cumulative

gﬁ%‘L%j“O” fACtONG A0 2R.R0L £OIRGEG R J@?J&H‘éseﬁta‘?&éﬂ?ﬁ?lﬁé‘ﬁ%ss
ight be that the assumptions made for the tail "25 WO 2004/097553

B&HAISR004/0d R0 paliRVich, ThsGHEEeh RO oo vades AoMW@)Bst percentile
applicable for benchmark CT+20. In particular, costs below -10,000 and
abovact 0006 keloctiaspEbtiVetylhmasrelysitaitytvodupeanadtbeesaties. By
threshold value 0.000 1 is, probably, too low. [00106] The presented

ERATIS ion. SEpIRRRRS B deRasTdRe ettt yain piRfoPas sBRe S Bt Trteed

of the two-step approach. The methodolo ravides consjstent co
B B e S B e RSP e, one
YRES s@Q&;&QS’ BaiRse BYrCRRSIHRIGR < GRIRALES H@»%@Q‘,%?Jﬁiﬂ%%@%ber
accurate while percentiles for tails are based on modeling assumptions
angsrthenefonet eancpotarialy: difersfianaatisal e cep e sbaRETIROMIske
suggest to estimate more percentiles in equation (4). However, increasing
tieerergiviseme BASF freparaiipe i Bpseadtiviarads B e iy rEeBioPENIaISAIL-
has a big drawback. The more regressions one adds to equation (4) the

(P i St € B A Y 8 R AP RUSSBRM TRt digund the
Surte o IRYIdE I TISh SRR ABIeRIG saimates around

the center of the distribution as well as good percentile estimates overall.
26 WO 2004/097553 PCT/US2004/011892 References
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[00107] The following documents were referenced above throughout the
present disclosure by author and [number]. The entire contents of each of
the following publications 5 are incorporated herein by reference: [00108]
WOBERGAEZ,S., Logue, D. and Noser E. (1988) The total cd¥i'gps2004/011892
transactions on the NYSE, Journal of Finance, 41, 97-112; [00109] [2]
Redéaandbs J., Hedrick, L.S. and Korajczyk, R.A. (2002) Predicting equity
liquidity, Management Science, INFORMS, 48, 470-483; 10 [00110] [3]
ORARTvarty The folechmapagesents Werandowmed Roxe (RO ouidhe present
decimalization hurt institutional investors? An investigation into trading, .
Asstesuird Ao BRting P CES BFLPEE it ae following publications
http://www.% r.or%—conéor/ZOOZ/iiiieroOZ/wood.pdf; [00111] [4] Chan,

E RGP Cakonis bgkr,e e.r%licg%) The behavior of stock prices 15 around

yasteional trades, ploisnakef Fiaece, 2@ Ndd/rl Liods]aad 1@hilsst of

- Domowitz, 1., Glen, J. and Madhavan, A. (2001) Global equity trading

easisctions on the NYSE, Journal of Finance, 41, 97-112,;
http://www.itginc.com/researcli/wbitepapers/domowitz/globalegcost.pdf;

(66189 [6] ERbrechtee W fiféppisibérg, and Brerivikedeh; 0RO Gredicting
Modelling . Extremal Events) for inance, Springer,
%‘ﬂ%fﬁﬁ&%%&ﬁ%ﬂ%ﬁ%&%%%% i%%f%—%gency Cost
foigon. MG Finanial, EngieRling QOLMALE TR E, a
adhavan, AS](lgé%Gi)ﬁ %g%!}ﬁtairs m%l#li%% for grge-%ﬁ%%?( tran?gg%%ﬁs?
apalysis-Aid Hogastamantintetice alestsstzaviewnithiancistsaiddbar:
9, 1-36; 27 WO 2004/097553 PCT/1JS2004/011592 [00116] [9] Keim,

P Rinamehiiaeiefan; sile (rgBTjonsansaction costs and investment style:
an inter-exchange analysis of institutional %%uity trades, Journal of

B AR BREHI R TCS g 2085 migEn02/wood.p
[00111] [4]  Chan, L.K.C. and Lakonishok, J. (1995) The behavior of stock prices -

around institutional trades, Journal of Finance, 50, 1147-1174;

[00112] [5] Domowitz, L., Glen, J. and Madhavan, A. (2001) Global equity trading
costs, http://www.itginc.com/research/whitepapers/domowitz/globaleqcost.pdf;

[00113] [6] Embrechts, P., Klueppelberg, C. and Mikosch, T. (1997) Modelling
Extremal Events) for Insurance and Finance, Springer, Heidelberg;

[00114] [7] ITG Inc. (2003) ACETM -Agency Cost Estimator, ITG Financial
Engineering;

[00115] (8] Keim, D.B. and Madhavan, A. (1996) The upstairs market for large-
block transactions: analysis and measurement of price effects, Review of Financial Studies, 9,

1-36;
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[00117] [10] Lert, P. (2001) Methods of measuring transaction costs,

Investment 5 Guides, Spring 2001, 44-48; [00118] [11] Madhavan, A.
(2002) VWAP strategies, Investment Guides, Spring 2002, 32-39; [00119]
WOZOPIBIEH3A. (1988) The implementation shortfall: paper v&SlEy&)11892
Journal of Portfolio Management, 14,4-9; 10 [00120] [13] Schwartz, R.A.
[BodBieil, B.[$2002)Gorrplling Msditational. (124N J rovstsioweoHavedmet

the enemy and it is us, Journal of Portfolio Management, 28, 39-49;

ifoeLREh{EHler editragiT Rt 200 Bk S iR e lebRogERbel, The

New York Times ggom%g February 9, 2003; [00122] [15] "Transaction
el Eenamgiedys titfe to Best Execution” (2001) 15 Investment

ides. Spri 1p €4 ' - HURNRLINR QG
@%ﬁzﬁ] [16]ﬂgjr%i%%h%3g§@l %ﬁ%&cﬁi e‘?‘ i&é%%ﬁlgﬁgg%ﬁg Face of Trg(ging"
€R0023) shavesisoentGigides, Spring 2002, edited by Brian It. Bruce,
Institutional Investor Inc.; and [00124] [17] Werner, I. M, (2000) NYSE
@oddaiion cdsid, Mitdhatemay RIPRDSVIALR jgstssivudnierpant Soive s 2002,
One skilled in the art will understand that the above methodology may be
¥plemented in any number of ways. For example, referring to Fig. 16, a

TR 2 prd e TR T R R B

Retwark- H08sHda Asthehnternes, Institutional traders use various client

systems for performing securities transactions. For example, a client
jotartate 25 (103 StlayatisRastradestalichit (208 I ComddioniNABDAE) 2800e
28 [0126] Tools can be used to collect trade data. For example, ITG
rastskasts ayrogtide exsteceTOng Y rareatabrrefdicaiamnerey tme i
collect and analyze t{ansactionogﬁ%;gThis tool ma ?Qg)otf{s&d to cﬁ!ﬂeﬁgw York
P& tion dafd SHE BB AE 8 fo PED Qatanase 104 AS
lansg&t)llgngr; d%%lj‘%‘ycgl%@d the benchmarks may be calculated in
relgle- ime as the
[00122] [15] "Transaction Costs -A Cutting-Edge Guide to Best Execution” (2001)
Investment Guides, Spring 2001, edited by Brian R. Bruce, Institutional Investor Inc;
[00123] [16] "Transaction Performance -The Changing Face of Trading" (2002)
Investment Guides, Spring 2002, edited by Brian R. Bruce, Institutional Investor Inc.; and
[00124] [17] Werner, I. M. (2000) NYSE execution costs,
http://www.rufrice.edu/~jgsfss/Werner.pdf.
[00125] One skilled in the art will understand that the above methodology may be
implemented in any number of ways. For example, referring to Fig. 16, a system 100 for
estimating transactions costs for peer institutions can include a processor unit 102 and a PGD
database 104, coupled with a network 106, such as the Internet. Institutional traders use

vatious client systems for performing securities transactions. For example, a client interface

108 may use a trader client 108 to trade on NASDAQ 200.
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5 data, or data can be collected later by batch processing. The data may

be separated or organized according to cost factors, such as Size, Type,

etc. [0127] Periodically, such as once a month, or once a week, the

two-step statistical analysis described above is performed on the

transaction data to generate cost estimates for each institution for each

scenario. First, data is grouped according to size and momentum 10 and,

$042363Y, edthpercentiladd)tisadiressad dend dineamnipterpilaterkendproduct

UEh ‘F‘@R@%)%H%fsagﬁ8ﬁr&8§tdaﬁ$ 4, %hl?cf? A SS’fﬂePteaRﬁ%%%@?dt}&?ag[?&{ data.
ro rdingly, 0 e

in‘any num ways. [0128] Acco processor unit % may

dppropiatanbe uiddel Wihcssmparsoadathand Wara leppeifoipfnteel GD database

Rracasses deserResabovel and CORMHER 1 SHRIBUUGRIGa MW real-time as the
database 1.04 as necessary. Onéskgled in the art will understand that the

aeth iRy P B S PISIT AN RESE RofssEg: drestlRRtis Dy separated or
pregramimirgrtéchniguesfand-maycibes fipldinsnted. in a number of

iguratigns. including centralized or distributed architectures, [0129] .
g st gl i B SR R TR
exayildopatibplaab iy shawrfamiRid on ThaDigpiagtiR00ah dnacacpdecost estimates for

IRAHHRNRIBE TR AN & naAJ O PALIC ! B B BE BB AE I AHMEQN omentum

entire cost distribution. The X axis Is Size, by percentile, and the Y-axis is

&84t YABRE RS RS BRHER MEFK GH AT M LN TRp S cRer et aprsFist fRsiniques

GahBlEese ”F}Qde@@ar%@ﬁx\éQm@d wrapkicah M@Hmb@ §h%&§he peer
i&sﬁi ions estimated costs with reference to then entire PGD, Fo

H For .
le, GERHSBRY SHORS e B AR S TBFRRFRL @ UL frigth software
eelatively geospeelativentoptioecentiraRER 126 fos, iansastign sizes: ahlessicate

than °$,p 1s§/‘f_69 e?s‘)/r?ec%‘)/gat%.l ‘i("ezs%%%’dtg’n%?é’@r %ﬁ%ﬁ&%‘%‘&%&&% 2 3eASRem may
over 0. This partlcu ar mstitution per orms poor y‘ or transac 10N sizes
OFf PO 112G\ WD 20 0UIST 55 30BN SH PO OI8O (REMIqTRigu may be

MR ALER2MAIG oL AT M thalme alingity RRYIRLANNe RresrAted

graphically, and one having ordinary skill in the art will readily recognize
ekt Sosts are estimated for a particular institution, for all

penzbMarkscoreuReRAL RRICERHIESaihRIR R e PGD via a client interface. An
exemplary display is shown in Fig. 17. Display 300 shows a peer institutions performance
for a particular benchmark relative to the entire cost distribution. The X axis is Size, by
percentile, and the Y-axis is cost related to the benchmark, in basis points (bps). The cost
distribution can be represent by bars, or any other graphical fashion, to show the peer
institutions estimated costs with reference to then entire PGD. For example, graph 300
shows the current peers performance as being relatively good, relative to the entire PGD,
for transaction sizes of less than 1%, 1% to 5%, 5% to 10%, 25% to 50% and for transaction

sizes over 50%. This particular institution performs poorly for transaction sizes of 10% to
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many ways to present the results, either graphically or otherwise, in a
meaningful fashion. 5 [00130] Thus, the present invention has been fully
described with reference to the drawing figures. Although the invention
wiagtoeesrsescribed based upon these preferred embodimeR&S/IESAf9dier 1892
be apparent to those of skilled in the art that certain modifications,
vaviationsisandealtersriipl consisuciions: wieatlth ffel appiisent, ipileented
remaining within the spirit and scope of the invention. In order to

detgriniihe théamches e dounds binthe wteitispdinoreprarisrdarenseentis ate
should be made to the appended claims. 30 MCSLLF Claims.t A
eRps iR BRI AT S RIS d Yo s ing e b A 88¢ BEiRPHSth B

SOMPLRIRS SLEEL AR, AP m%@'&%ﬂ&ﬁ%ﬂ%ﬁ%ﬁ?ﬁ!?ﬂsﬂ%@
or a prese dcted period of time, for a plurality of institutional investors,

$6¢d stnsactigndatagiRcdudingidentily RksRoyriiesibeing adednce to the
transaction order sizes, execution prices and execution times; grouping
sedditrargacion daiginte grompsdias tersicsehibrdipeesichpgrdigseafrorders
consists of a plurality of orders each associated with a common category
frofe dipraiality o Comiprarridiebeised sElicd i hg s Bri g bR eddcations,
benchmarks for each group of orders. estimating transaction.costs, for, ..
R RS S S SEaF s B D R AR E PTGV TE e, e P
spif.caleylated conihenthmerks ok earhateasarmahsaid Rl iRl ehtion,
common categories; and storing said data for said calculated benchmarks
andesaid estisnadeEbiansasioNcastsypwbeteinidiie grouping of transaction
data into groups of orders includes combining discrete transaction data
which form an order into each order. 2. The method as recited in claim I.
wherein said estimating step includes a step of regressing said

transaction costs onto a plurality of percentiles. 3. The method as recited

in claim 2, wherein said regressing step utilizes a formula:
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X, =a,+Af(S) +yig(A'l)+a" for percentiles i = 25, 40, 50, 60 or 75, and each
percentile t is assumed to depend linearly on functions f and g of size (S)
and momentum (M) respectively, and (a;, f;, y;) are regression
parameters. 4. The method as recited in claim 3, wherein the regression MCSLLP
Claig@rameters (C_',,)6" YJ are estimated using (a) ordinary least squares
(OLS), (b) weighted least squares (WLS) with respect to OLS residuals
(WLSI), and (c) WLS with respect to observations in each subdivision
1. (WhSn3dMGSPlEmntdheeagsh dor asceeeites databaim Syid/heridind comprising:
functions fund g are set to be I near functlon% d as reci dt n d
clafhCReRhEHR SHIPBIGRRY) i)efé%tsﬁ(é‘h% mark Ssacltr%gpnéee a cfo fﬁsgeﬁf il perio
of tied, Tophtprusteuiityi aniardayapiinetothesaldytahthetioxatutionebfding identity of
corregpondln%sé{der a volume: jwelg hted avera

sec%& eia&gtﬁ uw%ctlon O{Qg %acflsb?xecutlotg 0% nce Vc\ll\é'%epc&%gzﬁr?gg

uring executl he corresponding
ordgrwpiigsiig pricea@ibi dtthmteeporins ofi shiefirsvlepiaftecthe agyasforders

exec t|o rrespondin arder; a c sin r|c :
CONYUHE Lﬁ}@/%ﬁ%qyﬁi gf/ga (édt} Sogila%f%f ex%cf;i%cl)lpl ?}%{% g E%ﬁ\%%uramy of
comdtidekaatpopen price OT of the security on the day of execution of the ‘

COMSTA dm%%gree{ 0f SAE nc'fx q%“gggh 0 %‘FO?(%‘Hr ity prior to

the xe(:lr}t e correspon Ing order; and wherein each of said
pluestitpafenahsaciks eretchicetatethittunchlsevesity fovraaehl bederction data

relative to each of said calculated cost benchmarks for each category of said plurality of
common categories; and
storing said data for said calculated benchmarks and said estimated transaction costs;
wherein the grouping of transaction data into groups of orders includes combining

discrete transaction data which form an order into each order.

2. The method as recited in claim 1, wherein said estimating step includes a step of

regressing said transaction costs onto a plurality of percentiles.

3. The method as recited in claim 2, wherein said regressing step utilizes a formula:

X, =a,+Bf(S)+7,gM)+e,

for percentiles i = 25, 40, 50, 60 or 75, and each percentile i is assumed to depend
linearly on functions fand g of size (S) and momentum (M) respectively, and (a,, [)’,.,7/,) are

regression parameters.

4. The method as recited in claim 3, wherein the regression parameters (o, 3,,7,) are

estimated using (a) ordinary least squares (OLS), (b) weighted least squares (WLS) with
respect to OLS residuals (WLS1), and (¢) WLS with respect to observations in each
subdivision (WLS2).
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7. The method recited in claim 1, wherein said plurality of common
categories are associated with at least cost factors size and momentum. MCSLLP
8. The method recited in claim 6, wherein said plurality of common
categories are associated with at least cost factors size and momentum.
5. 4. Theemetinod asreetigdnrialain, 2viwharefonsaichrggrassing: Stepobiliz@sar
a formula: X, =a,+/},.f(S)+y,g(M)+s,, for percentiles i = 25, 40, 50, 60 or
fun’?%?rgnd each percentile i is assumed to depend linearly on functions f and

g of size (S) and momentum (M) respectively, and (a" are regression
6. pardineteethahaswivdtesinntdaisadtivheosstssaikknegrbtsetidort dasbhofaks include:

leas 8&%@%@3&5 S GRbkEy ognoa Wgﬁﬁ%%@%&%ﬁﬂé%&é@lﬂ?éﬁ of the

whereir egression parameters (CZ, are estimated using (a) ordinary
corfespsinsdugredeoOLS), (b) weighted least squares (WLS) with respect to

OLg (grifhals Holaidvand Lo WELPwAD 8RR 10 QRIetaHeRS IR £ ring the

subdivision (WLS2). 11. The method as recited in claim 9, wherein
dayfohexieonsipand Gaserseprndaginedds:functions. 12. The method as recited

in claimd, WHELEIR 53igreRstBanEYHRLKS Ars calcwalea 8k iRe A% n of the

transactions are executed, and are stored in a database. 13. The method
corrgsnerdiad idgim 1, wherein said estimating step is performed

peripgigaihy fon @l ransaetipns dhatoss wesh Hing A Bradetaywinad fimen of the

frame. 14. A computer-implemented method for ranking security
coripgpribing st performance relative to transaction costs for institutional

iNVes{Qfse SRt MG IRABRIRNESTRP 8RS 0 AERRIPE MATRACOHRUIRRIing order;
collecting security transaction data for a preselected period of time, for a

andpIuraIity of investment institutions, said transaction data including identity

of seGuRHRMPeHIGGIBRE  bRNRAGIAN QT FRESI5a e @XBEHION (RHERF the

momentum and execution
corresponding order; and

wherein each of said plurality of benchmarks are calculated for each security for each

order.

7. The method recited in claim 1, wherein said plurality of common categories are

associated with at least cost factors size and momentum.

8. The method recited in claim 6, wherein said plurality of common categories are

associated with at least cost factors size and momentum.

9. The method as recited in claim 2, wherein said regressing step utilizes a formula:
Xi=a,+ B f(S)+y,g(M)+s,,
for percentiles i = 25, 40, 50, 60 or 75, and each percentile 7 is assumed to depend
linearly on functions fand g of size (S) and momentum (M) respectively, and (oc,, B ;/,.) are

regression parameters; and

wherein transaction costs are regressed for each of at least one cost factor.
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times; grouping said transaction data into groups of orders, wherein each

group of orders consists of a plurality of orders associated with a common  ycgLLP
category lirom a plurality of common categories; calculating a plurality of

cost benchmarks for each group of orders; estimating transaction costs for

10. eaciTiavastrogniingitsdiandelativedoaapvef raitssRispaedLost (o, 4.y, ) are
benchmarks for each category of said plurality of common categories; an

estiramkihysengrevinudisameles i sdtation O saidplvreildyet instiraiones (WLS) with
resﬁ@cY%t?fﬁd@Q&'ﬁ%%EaﬂWMi' % PLINVPEYNGRL NSPIiaNSRASEH A SR ch

estimated transaction costs for said plurality of institutions for at least one
subdivsgiiendofimeh categories; wherein the grouping of transaction data into
groups of orders includes combining discrete transaction data which form

11.an orgehiblEasheer iBSl MBS LR rdin. flh&iiRtesdas secitedinslaitar
14, wherein said estimating step includes a step of regressing said
Funglions ction costs onto a plurality of percentiles. 16. The method as recited
in claim 15, wherein said regressing step utilizes a formula: X, =a; +f, f
12.(S) Tl odthod a5, réoitpeicentilesli, wR&e#Osbd c66 berkBinaarliscachvalculated in

realRISEN0IE. 5 apstimed to depend fineagly o funglions fand g of size ()
and momentum )respecltllve ,andre(ai, 7} are regréssion

parameters. 17. The method as recited in claim 16, wherein the
13. regrEbeimsthadameteisd an Paipy 1 ywhersinestidetosaiSigsien s rirarned
perl§aRhAGUBFEN (b (BANRIINIGHIRASH RAURAGSH AR IR (HBSRRAHL0

OLS residuals (WLS1), and (c) WLS with respect to observations in each

subdivision WLSZR. 18. The mg;ggg as?{rgcited in ¢laim 16, wherein
14'fun C/ﬁélﬁgﬁpa a-léng &raen B%e‘f Of 188 gecurlty transaction cost performance

relative to transaction costs for institutional investors, said method comprising steps of:

at one or more computers, collecting security transaction data for a preselected period
of time, for a plurality of investment institutions, said transaction data including identity of
securities being traded, transaction order sizes, execution prices, momentum and execution
times;

grouping said transaction data into groups of orders, wherein each group of orders
consists of a plurality of orders associated with a common category from a plurality of
common categories;

calculating a plurality of cost benchmarks for each group of orders;

estimating transaction costs for each investment institution relative to each of said
calculated cost benchmarks for each category of said plurality of common categories; and

ranking a first investment institution of said plurality of institutional investors against
said plurality of investment institutions based on said estimated transaction costs for said
plurality of institutions for at least one of said common categories;

wherein the grouping of transaction data into groups of orders includes combining

discrete transaction data which form an order into each order.
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19. The method as recited in claim 14, wherein said plurality of cost

benchmarks include: a closing price Cr-I of the security on a day prior to MCSLLP
the day of the execution of the corresponding order; a volume-weighted

average price VWAP across all trades for the security during the day of

15. executionca{dhacrurspandingnorderherelasilg psiaadbhg kebtheisaesyttytep of

on the first day after the dag/ of ex cuﬂon of the co{responding order; a
reSSURSHILBSASEOR 6P THCBLAMYBH N PR E Sfter the day of

execution of the corresponding order; an open price OT of the security on
16.the Thy ot dxeaticoiaidthe denrespombing osdiet regno angreteailing zes a formula:

midquote M7-.0 @e sec M Erior to the execution time of the

corr Sp’c')%d?Lng' r+ 51%? w)iiuerge'm each of said plurality of benchmarks are

cal eLiprieach-seLuitysioreeasty LEHRr csth Mete iiid-Pis28sukh&d to depend
method recited in claim 14, wherein said plurality of common categories
linearly ausbeieiiensithe eberesS) mtarersriuanAVAGRIBRELINE DRI - 4.7, ) are
re {rewsestlggd a{%aa%i{etcei isn claim 19, wherein said plurality of common categories
ESrE ARG &iated With at least cost factors size and momentum. 22. The
method as recited in claim 15, wherein said regressing step utilizes a

17. formibiamtfeat 25, [(S)ted, g Mvipiat ¥6r phectintihesreeresidopgonete (25, 5,,7,) are
.and each percentile i is assumed to end. lineayl functions f )
eSO A A R PSS o e o vy S with

resfRfAOIESSeaidd WNEREIS tiansactiow Costsae Jparesseshioriaeh of @tch

least one cost factor.
subdion (W Sn)

18.  The method as recited in claim 16, wherein functions fand g are set to be linear
functions.
19.  The method as recited in claim 14, wherein said plurality of cost benchmarks include:

a closing price Cr.; of the security on a day prior to the day of the execution of the
corresponding order;

a volume-weighted average price VWAP across all trades for the security during the
day of execution of the corresponding order;

a closing price Cry; of the security on the first day after the day of execution of the
corresponding order;

a closing price Crz9 of the security on the 20th day after the day of execution of the
corresponding order;

an open price Oy of the security on the day of execution of the corresponding order;
and

a prevailing midquote My of the security prior to the execution time of the
corresponding order; and

wherein each of said plurality of benchmarks are calculated for each security for each

order.
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23. The method as recited in claim 22, wherein the regression parameters
(a,8,y,) are estimated using (a) ordinary least squares (OLS), (b)

weighted least squares (WLS) with respect to OLS residuals (WLS1), and
(c) WLS with respect to observations in each subdivision (WLS2). 24. The

20. Mmetihpd AsreaitediiBiciaithar 1 Whereie fsd ¢lehiyh 0 @8 56h @kRGories are
linear functions. 25. The method as recited in claim 14, wherein said cost

asseradfer ket drast SR RIS IRE AR BE I WS actions are executed, and
are stored in a database. 26. The method as recited in claim 14, wherein

21. saidlestinegtingrstéqedspeldormi@dwherend wad y Foradiliytcinsactionsctegories are

assgccfg eg%jtﬂ%??ga% 85%9 F %‘?B'P”s‘l‘%%’ gr'iﬁ%(r)aml?tuz?' A System for ranking
security FARSacHion Cos performance re afive 16 transaction costs for a
plurality of institutional investors, said system comprising: processing

22. medrs foedoreasirrgiseturieletranSavihsictntal foregspedal st 4pEts @ ffrmula:
timeyfor 8 plysality-of instijyional investors, said transaction data including
identity o?" sgé?r'l%q s l?(]agrtllg 15rla éd, transaction order sizes, execution
prices, paeagnimn-ansl egesotichotinteandraithipersaidlt ansasiionedatadepend
into groups of orders, wherein each group of orders 35 MCSLLP co sifés

) ar

lincgly Piubdit) Grortres StETaR iR PeSHiRon BetfSg6 ) Yrom B biltfa

reg1%fs88H‘ pe{}n%@é%%ﬂas; c_alculating a_plurality of cost be_nch_ma_lrks fc_)r each
group of orders; "estimating transaction costs for each institutional investor

fronvbeldir assatiom gass rertRaseserd densrBaiti ¢ destareicosttactor.
benchmarks for each category of said plurality of common categories;
23, andrankiag aifirstdomesinent insvtuinn Qh said-ehwalibhgfdauestnent,, 5., y,) are
institutions based on said estimated transaction costs against said
estiplatalitsiofimestieny iestitstionss i bS ledsterighitddddstomuaren(WLS) with
ca les; and storj ns forreceiving,data fr [ cessl
Sl R ORISR
subdieaivs) (WLS2).

MCSLLP

24.  The method as recited in claim 22, wherein functions fand g are set to be linear

functions.

25. The method as recited in claim 14, wherein said cost benchmarks are calculated in

real-time as transactions are executed, and are stored in a database.

26.  The method as recited in claim 14, wherein said estimating step is performed

periodically for all transactions that occurred during a predetermined time frame.

27. A system for ranking security transaction cost performance relative to transaction
costs for a plurality of institutional investors, said system comprising:

processing means for collecting security transaction data for a preselected period of
time, for a plurality of institutional investors, said transaction data including identity of
securities being traded, transaction order sizes, execution prices, momentum and execution

times, grouping said transaction data into groups of orders, wherein each group of orders
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wherein grouping of transaction data into groups of orders includes

combining discrete transaction data which form an order into each order.

28. The system according to claim 27, wherein said processing means MCSLLP
estimates the transaction costs by regressing said transaction costs onto

con@ RUEAltY) Gf PRI ES s 29 0LRRAVHIENM: REEAIIRY IR £IMINK S8, WNEFEIRy of

said processing means performs the regression by a formula: X: =a;
compoRSHSAGION+ S FBIba R RHE - oS5 o50be et 78T sardh @k of orders;

estiRRIGENIR LS RISUEBRAIP dependidineailM ardiciationsiant G alcsigs S relative
and momentum %res ectively, and (a"/3;,y,) are regressi

) n .
to epch ik galsy! Caygwa@mi tLIAHIP YN é?é%?ﬁ@%l&gpés%won
cate%@faég)z%tg;ﬂ&e(ﬁm{’g yriadeinestimetf tndstng dabokdiaplygast Stiuatstnent
. (OLS), weighted least squares (WLS) with respect to OLS residuals
mSt(WL@i)E?%%ﬁG 1) WaéstEﬁtF éb%%?%&‘%g%?ﬁfaﬁ%ﬁ%%ﬁaééaf@% M@llbvr?“mem
inst(idnR)to3 bt Tdast systemsideondingrieataion29, antherein functions, fand g
are set.to be Iinelg functions.,32. .The ?gtem accordi % to claim

27,.
wheTEP SRR For KU SRR i P s E1 iy and
malfifigelLtd alHfthle seclidiyoresidayeeios;to the day of the execution of the

corresponding order; a volume-wei hte?l average price VWAP, across all

B R RS HOE SH BHosRi SR GRS IS IS SoRRipne
discetetaaelasingl pricehidlt Toahthe edeniitjoandherdikst day after the day of

execution of the corresponding order; a closing price C.1+20 of the

28, zfggﬂéys%éﬁlea%96%%?@&8“&%&1?9?0,' WLl EXSEHIIDI Al gy GRIESRANHIG the

transaction costs by regressing said transaction costs onto a plurality of percentiles.

29.  The system according to claim 28, wherein said processing means performs the

regression by a formula:
X, =q +:3§f(S)+7xg(M)+8,-:
for percentiles i = 25, 40, 50, 60 or 75, and each percentile i is assumed to depend

linearly on functions fand g of size (S) and momentum (M) respectively, and (a,., B, 71.) are

regression parameters.

30.  The system according to claim 29, wherein the regression parameters (a,, ﬂi,y,) are

estimated using (a) ordinary least squares (OLS), (b) weighted least squares (WLS) with
respect to OLS residuals (WLS1), and (¢) WLS with respect to observations in each
subdivision (WLS2).

31.  The system according to claim 29, wherein functions f'and g are set to be linear
functions.
32.  The system according to claim 27, wherein said plurality of cost benchmarks include:
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an open price OT of the security on the day of execution of the
corresponding order; and a prevailing midquote MT of the security prior to
the execution time of the corresponding order; and wherein each of said
plurality of benchmarks are calculated for each security for each order.
33. I b S)ustetacsgraingetocclainy 81 avlagigidisaidheldsglity Hikaxpungen of the
categaqries are associated with at least cost factors size and momentum.
Cor]@ﬁp@l%ﬁié%%?ﬁ according to claim 32, wherein said plurality of common
categasiemerecigbsatiniadwipiiat M8SA Lo factdisrsits ndinementymuring the
d 32_ The §yste haccordin%tg.clairthS, wherein said processing means
aypO (fOrns e gerégrsri%s IS‘/ formita: X,=a;+Af(S)+rig(m) + c,, for
pereantibdse pri2d (40; 60theGanviby andhedoktplascefititelid slasstimeduidon of the
corr%§§gr§] nlin%ély on functions f and g of size (S) and momentum (M)
re pech\/%fi/, arid (a;. A, y) are regression parameters; and wherein
transakiidmzqosts Qreredrdssediotyeacthoftiehstadve desidactoex88ition of the
COHThe S %ergrgcrcording to claim 35, wherein the regression parameters (a;
,%p n) are “esfimated using (a) ordinary least squares (OLS), (b) weighted
leastnsoprar@si (NP ) ith BFUMIG Shltke deypéckis @8 o thdiralg {ihwigling order;
dand (c) WLS with respect to observations in each subdivision (WLS2). 37.
The system according to claim 35, wherein functions f and g are set to he
lineamkmctiopsnidguatdbysichs sesoordingeo olahnXeevinaréimsaldhsost
c Onk%%;&l; l&%;’eag@culated in real-time as transactions are executed, and
ar

stored in a database.
wherein each of said plurality of benchmarks are calculated for each security for each

MCSLLP

order.

33.  The system according to claim 27, wherein said plurality of common categories are

associated with at least cost factors size and momentum.

34. The system according to claim 32, wherein said plurality of common categories are

associated with at least cost factors size and momentum.

35. The system according to claim 28, wherein said processing means performs the

regression by a formula:

Xi=a,+Bf(S)+y.gM)+e,

for percentiles i = 25, 40, 50, 60 or 75, and each percentile 7 is assumed to depend
linearly on functions fand g of size (S) and momentum (M) respectively, and (ai,ﬂi, 7,) are

regression parameters; and

wherein transaction costs are regressed for each of at least one cost factor.

36.  The system according to claim 35, wherein the regression parameters (a,., ,B,,y,) are

estimated using (a) ordinary least squares (OLS), (b) weighted least squares (WLS) with
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39. The system according to claim 27, wherein said processing means
performs periodically for all transactions that occurred during a
predetermined time frame. 40. A system for ranking security transaction
cost performance relative to transaction costs for a plurality of institutional ~ MCSLLP
respOYESIOBS S kdayHEW ICOMPiising) &V oaEsHBgHoItcObREhYitik dn cach
etwork xs nfigured to collect security transaction data for a
Suba’r‘élsé% (g\, %irlod of time, for a plurality of institutional investors, said
transaction data including identity of securities being traded, transaction
37. orddhsizescnereconionegncdsinmbmeheuemditcsiss ftiod graessaidighsdpnear
fungﬁa&qlstransactlon data into groups of orders, wherein each group of orders
consists of a plurality of orders associated with a common category from
a plurality of common categories, to calculate a plurality of cost

38. pendRRTRE RIS AEHIS &R BLos PdereheEc Bt RO St RRBSRNGHKE igcfbulated in

reale@eR QtdeniiRm.saistErasacioadala eiativenta 8aaheE said calculated
cost benchmarks for each category of said plurality of common

cat orles andto s éore Sal? or said calc lated benchmarks apd

?- said St?ﬁf%?gbar“r%‘ﬁ L%i5h €as m’a VhaE géle BRG R daabase ﬁ%forms
mlnmibyl fwithl baich pratessing voduard donfiganeadoteonnaednicatdramith
said processing unit, store data, and make data available to said

40. ProcesS g, Ak WRAIE L AFHPIRG SBRSACHON ARt IR QTAURS, DL Ot S ction

mcludes combining diScrete transaction data which form an order into
costseloh apderl 1Y of hstéiysitensldorestirig W RIS AOcoNHBIERESaid

proaﬁﬁ%&&gﬁ%aﬁlwmﬁie%ﬁﬂ%%erﬁ%@@Eﬁlﬁ@%a%%ﬁ@&%eé&ﬁ&y

regressing said transaction costs onto a p ural |ty percentl es. 38

trangpeu fata forphareystesiea aesiefity tonaaien a plwiHEw Bitdiopalssivrstors,

sald‘f}gd&%r(m?fa%féw@% i@&%&%ﬂﬂﬁs@&ﬁrm% SRR & farmulaion m@t:r sizes,
+f31f(S)+Yig(M)+e" for percentiles i = 25, 40, 50, 60 or 75, and each

exepiieamTlesiBEMEN fdeprstion times, to group said transaction data into groups

of orders, wherein each group of orders consists of a plurality of orders associated with a
common category from a plurality of common categories, to calculate a plurality of cost
benchmarks for each group of orders, to estimate transaction costs for each order from said
transaction data relative to each of said calculated cost benchmarks for each category of said
plurality of common categories, and to store said data for said calculated benchmarks and
said estimated transaction costs in a database; and

a database unit coupled with said processing unit and configured to communicate
with said processing unit, store data, and make data available to said processing unit;

wherein grouping transaction data into groups of orders includes combining discrete

transaction data which form an order into each order.

41.  The system according to claim 40, wherein said processing unit is further configured
to estimate the transaction costs by regressing said transaction costs onto a plurality of

percentiles.
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linearly on functions f and g of size (S) and momentum (M) respectively,
and (a,, )q;, y,) are regression parameters. 43. The system according to MCSLLP
claim 42, wherein the regression parameters (a-, )3"y are estimated
using (a) ordinary least squares (OLS), (b) weighted least squares (WLS)

42. withT ke SpechiadobR kg5 udsnd Wi, SvidrandAe) pocSsviith ieBRe Chider configured
observations in each subdivision (WLS2). 44. The system according to

10 PERAHTUSCFRREFSHRIRE LIS TR g are set to be linear functions. 45. The

Systgm-a6Ccor mggt}m;tagmﬁf wherein said plurality of cost benchmarks
include: a cIosrng price Cr.; of the security on a day prior to the day of the

exebutipmeshties cm?ésﬁ@nﬁimg(b@déﬁ, anrbmprlrepwsﬁ;mk@d penagecdiedepend
ss all-trade rth utio
hne}:alf\){vres gﬁ(cjrlﬁ)élo} CP ﬁosm§ §§§ cur g%ﬁlt ?g:@éi/a’y’ ae

reg@ﬁﬁbﬁr@f@yew‘rgxecutlon of the correspondrng order a closing price
CT120 of the security on the 20th day after the day of execution of the

ding ord ft the d
45 TR SV ST ATRER et S b Sae e o7 e
estﬁﬁ?te%?&éiﬂ@’(ﬁ’f '@d‘iﬂéﬂﬂ%%ﬂ%él{@i@)‘ s v@&@ﬁéﬁqgﬁf‘%%pf%r(m@) with

wherein each of said plurality of benchmarks are calculated for each
respas iRty rr@ﬁéhalé& L30.pnd @)LV PS sathmissnsgsiarmbseceyingg i eim
subdRiMdierin.sajd plurality of common categories are associated with at
least cost factors size and momentum.

44,  The system according to claim 43, wherein functions fand g are set to be linear
functions.
45.  The system according to claim 44, wherein said plurality of cost benchmarks include:

a closing price Cr.; of the security on a day prior to the day of the execution of the
corresponding order;

a volume-weighted average price VWAP across all trades for the security during the
day of execution of the corresponding order;

a closing price Cr.; of the security on the first day after the day of execution of the
corresponding order;

a closing price Cr. 9 of the security on the 20th day after the day of execution of the
corresponding order;

an open price Or of the security on the day of execution of the corresponding order;
and

a prevailing midquote My of the security prior to the execution time of the
corresponding order; and

wherein each of said plurality of benchmarks are calculated for each security for each

order.
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47. The system according to claim 45, wherein said cost benchmarks are
calculated in real-time as transactions are executed, and are stored in a
database. 48. The system according to claim 45, wherein said processing
unit performs estimates periodically for all transactions that occurred

46. duringes PiRACtRUBINRG WNeAR NS, WherdMessyEiRmaaec ordibgitoalaie gdics are
further comprising at least one_client interface coupled with said database

assofipted AtR IR AEaN §ﬁ%fc§cé8’ﬁf?§;%ﬁ*§8dt§lﬁf§ﬁf5§}rﬁ'ranking for a selected
institutional investor based on said data stored in said database unit. 50.

47. TheBystesteaceardidp o cdinmdh, wiherein saiticolse htintentats ase calculated in

reaCRRISEG0. AraRNcRlY divpley. Seid.rapking, a8 barraphs, said ranking
shown as apercentage of a total range fora plurality of factors. 51. The
system according to claim 49, wherein said client interface is configured to
graphically display said ranking as bar graphs, said ranking shown as a
percentage of a total range for each said cost benchmark. 52. The

48. metinpel Baiaimed drdifefocs mprisingResdRpsaf Ppeprksig cugiaphitdins estimates
representation for display on a client jnjerface saiq estimated transaction

R R e R
or more selected common categories relative to one or more measures of

49. centrhé tensten ey dxgame ofitHe, dstihtatechtpasag tiblsasosts ofitheinterface

couBIUERUR LRI RNA LIV astars {0F S SIS RGN IR 0TS e for o

elected ‘one or more common categorles.% . method bt claim

selagledrmistitheqna dossitey resenhorfaidedatostpredos prstdsisivage mieians for

preparing a graphical representation for display on a client interface said

50. estimaledsansachian £e5 8 40n aselaeierh RerchrBarkierA-sslesifflgured to

institutional investor for one or more selected common categories relative

graphistidy st shbre THedankeesp deneEbhdakkirakiae hevsL ap? exisspiger! a total
ranBREHSHl Q%r@p%@j@n costs of the plurality of institutional investors for
ected

MCSLLP

said se ench mark for said selected one or more common
categories. ) ) ) cy e )
51. e system according to claim 49, wherein said client interface is configured to

graphically display said ranking as bar graphs, said ranking shown as a percentage of a total

range for each said cost benchmark.

52.  The method of claim 1 further comprising a step of preparing a graphical

representation for display on a client interface said estimated transaction costs for a selected
benchmark for a selected institutional investor for one or more selected common categories
relative to one or more measures of central tendency or extrema of the estimated transaction
costs of the plurality of institutional investors for said selected bench mark for said selected

one or more common categories.

53.  The method of claim 27 wherein the processing means further comprises processing
means for preparing a graphical representation for display on a client interface said estimated
transaction costs for a selected benchmark for a selected institutional investor for one or

more selected common categories relative to one or more measures of central tendency or
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54. The method of claim 40 wherein the processing unit is further

configured to prepare a graphical representation for display on a client MCSLLP
interface said estimated transaction costs for a selected benchmark for a

selected institutional investor for one or more selected common

extiCHEGONESLIALNEIa- AREAL IRy Be AR e Af IR AARHSRAEYREstors for said
extrema of the estimated transaction costs of the plurality of institutional

selerigd QenelrarakitPs el fele HEA RGN SF CIIrOBISaEEPHR% or more
common categories. 41
54. The method of claim 40 wherein the processing unit is further configured to prepare a

graphical representation for display on a client interface said estimated transaction costs for a
selected benchmark for a selected institutional investor for one or more selected common
categories relative to one or more measures of central tendency or extrema of the estimated
transaction costs of the plurality of institutional investors for said selected bench mark for

said selected one or more common categories.
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