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WD 2004/ 097553 PCT/ US2004/ 011892 TITLE OF THE
| NVENTI ON: SYSTEM AND METHOD FOR ESTI MATI NG
WORMMBAGEE ON COSTS RELATED TO TRADI NG A SECURPTY/US2004/011892
RELATED CASES 5 [0001] This application is based on
and clainms priority to provisional patent application
TIUNEOF SVRIBNIOSPION:! ed on April 24, 2003, the entire
contents of which are incorporated herein by
svsfrenens® MEASSCRARBS TV ARG MRENFAOYIOSUI TSTRELATED TO
performance of an investnent is strongly related to
TRATANG ARECORISYrel ated to 10 the investnent. Oten
with trading securities, transaction costs nay be
| arge enough to substantially reduce or even
REIATEBICASES return of an investnent strategy.
Therefore, achieving the nost efficient order

[6G00AG Ut ITOR dplichtibOR biel Of bhd/ clhigds pribN§I6 PRRisioREITAGANEDlication
firms around the gl obe. Mreover, the recent demand of

n$R0& doRGk DR HRESn ARl £4/0003, %%%Qbﬁ’t@ﬁts aEvBIcR A8 Sncdfporated
greater di scl osure of commi ssions and ot her t radi ng
heRat sy RkSSe. 15 their inportance even nore pronounced
(see,” for exanple, Teitelbaum|[14]). Therefore,

under standi ng the determ nants of transaction costs

BARK GRUUND [OF fA¢ INMENEION'g them are inperative. For
further discussion see, for exanple, Donowitz, den

Guth) Madiia paforknahcedTdn inediasili st sty S818kd tol 63(8(]11-’(10{1 @&@sﬁ]elated to

Tragltlonally, there appear to be two different

HRARTQBEE SORH wRS LAY deB@itlet, 3RthHBon’ st ARl Be lalgtEenbhigSto
approach is purely analytical and enphasi zes

SORtRE IR} Jedtle o b@hlefinifa ! thé%gl%ln §f antifvek@{cBERfitegy. Therefore,
transaction costs. Typically, these nodels are based

O TihERE (T}{dsf: ficibROHRE é(eglﬁ{o%rlm 158 '%hérn?ffoxt HARERME A gement

costs an e Into account, for Insfance, trade size

ﬁ?}%? ﬁreoﬁhcg&le gﬁ)ﬁog cl\bfor%&%? 'tﬁe{ 1%06(1:1? éfa‘ﬁh of éo?ﬁe' lggcislgt%rs%nd fund

cap,” average dai ng vol ume; price,
sl%a%gésdlge% gd\P glzemréreater 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,

2566.210.PCT Apn



WD 2004/ 097553 PCT/ US2004/ 011892 volatility, spread,
bi d/ ask size, etc.), market and stock-specific
wonoarwess tradi ng strategy, and the type of PO®US2@EN011892

(market, limt, cross, etc.). [0004] The nodeling is
f sed pri L]y O rice.i C n i .
< 0 PR B S PR A SRMENL St sy

4] report that institutional tyading inpact and 5
obf g oS A rsiony ch PR b F8Sre iy cap tal Lot i on
of the .managenent

1642 ;ib Sedee FO%E%%?%%&SH&X@? gaoasffana’eﬁ?gﬁﬂm% Sbportunity
cPYTer E G a8 P e kaNEhak 3T eResoioet G e raging dmppgt and

costs. They show, that ftrading costs.increase with

5 tipdiggreryaigiteipied (o fym cantialraiah EFLOHE Aertt §76 gy of the
i nvestnment _styles, order subm ssion strategies and
npagsaegblim behsighe mpdeend thadgeree Rf demandcesyr dpwsdipey; Bpimygnd
defi ne grice i npact_ as the rel ative change_in afirms
Madgevand?] feenspadpdifuiions) stile andiits dnpast et theiy radieg costsg by ghow
vol une. They study the rel ati on between this peasure
thet trpding eostsripaease #h tradigg diffiqulty gpddeperd on faetgrsilike favestment
characteristics. Typically, some of these factors are
stytrsrorder| submisgiom sithtegiananéershined lisngnBree Hadrielgpnddrorajezyk [2]
econonetrical nodels that provide transaction cost

10 defnd nrive énpactiestbrttlatige oengl Mfadirayststack adee associated with its observed
characteristics and investnment style. | TG ACETM
néWgeimgyvolost They ety theebitipn betersarthis sxpagure ¢fajrice gnpaat and a set of
exanpl e of an econonetric/ mathenmatical nodel that is
psistedniopd §ue bhardvepisedsi Talicallgtsemeriofithrsesfactots areghbausekested and
execution costs using the inplenmentation shortfal
iaplemeateth irdnstherssieal drecdemetridal[mi&lels tige proalds drafish&fonaost estimates
[16] for other exanples of this type of nodel. [0005]
depenkdmgton eliffdrers tradgpghametetisticemid invdstimenasglaniB & AGRt™ @lastcy Cost
execution costs do not 20 entirely reflect future

15 Hombdy), dderitsddn ] isgnexaaplh of &n &paahdtiicabihymbdabtlodd that is
this principle. In the second approach, the focus is
basedloushstethyoredal dueeraitahty St eired edeationsoosts usih®the daplamentation
and resulting estimates are used primarily for
sROEhH hfReeh ARG K& 18 Perb¥Pi12RISky/als 2P ST 4] 0F] Soredtier examples of this
subdi vided into segnents call ed peer groups, then
tHlel@ndaaver age estimates of transaction costs in each
segnent are built. Taking enpirical averages, however,

[00EE]t  CRUIEMBP Ha h§f¥Sach implicitly assumes that past execution costs do not

20  entirely reflect future costs, the second approach is specifically based on this principle. In the
second approach, the focus is exclusively on the analysis of actual 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.
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2 WO 2004/ 097553 PCT/ US2004/ 011892 For exanple, very
often cells with insufficient anount of data may

weonroeiodessa naccurate and i nconsi stent esti mat e BCUWS2(108/011892

just several outliers. [0006] The present i nvention

t d h t.
PSR SR PO R BLFr b BB e
SUMVARY. OF THE | NVENTI 0007] According to the
“ﬂﬁ"@%‘%tﬁ’fteﬁtﬁvg?ﬁ UG 0 Jut S 881’165? provi ded for estimating

ion costs for. financi,
[{345@] 1oy reSERI PR R pRagpOTERs § ﬁ"ét°£§°t§|alépf8 hPgabgys fggrovide an
hlstorlcal ggecutlon data, which is split into

PRVt BRfoh B FSIBRTE FansAEHIBETT. | nst ead of

cal culating sinple average estinmates, a nore

sophi sticated | y is applied to 10 historical
W@%& e nore robust and consi stent

for cast s. [0008] According to an enbodi of  the

[88%7 entA§eR tP&h? PreseRERYSH 11’§“}5’F}t99|1%|1§8"15§$ or %SPQQP%g
peer group database, which includes a steE

t@gq;ch%q q:qe‘a fgrefg@p(pgl);rap%%cme@ﬁbg/aqqglty frafles g Estimates are built using

presel ected period of tinme, for a pluralit

hishericst ewseittion ﬁéﬁ% whieh gLt inth differenh Becs £TOBPS- %‘é?f instead of

includes identity of securities being traded

celenlating simple agprags csimyles 2 reore saphishigntgshmethasdolaay isiapplied to

execution tinmes. The transaction data is grouped into

histrioal exeputipngipta be preduce nmrgrobusiiand gongistentdgrepasifenchmar ks

are calculated for each of the orders. Transaction

[00R8]s ateoukingd trah edbédimentof tie prasemd stvieniian, & msthiod irtiirevided for

relative to the cost benchmarks. The data is stored.

o@takieg a pedsjgewp satabadv.anttichgedudasd sfep af collestingfse¢unigy transaction data

i nvention that nay becone herei nafter apparent, the

foiad preeelasfedipagod oftam, fopia pirealith f impesenank astithfonsndée staction

by reference to the followi ng detailed 20 description

dafa ihd¢ledds mdeatityi of sgcutities bajng enadkeld trarsadtivs ordensizdshexecution prices and

draw ngs attached hereto. [0009] According to another

exedunidh fimes. Tie ttdneactisredaenis gidupahiniocmlumalityef tidersf @rplurality of

ranking a first institutional investor's security

costRsdBiala b€ @ddul 40l fhodath oCthe bkt Trdssat tont dosts si@Ghtirgdted for

costs of other institutional investors is provided.

chfieinEdied insatlkivtiestive fttBOcBE bedohhaRd. | THY daRGsstoleY. Other

objects, advantages and features of the invention that may become hereinafter apparent, the
nature of the.invention may be more clearly understood by reference to the following detailed
description of the invention, the appended claims, and the drawings attached hereto.

[0009] According to another embodiment of the present invention, a method for ranking a
first institutional investor’s security transaction cost performance relative to transaction costs
of other institutional investors is provided. The method includes a step of collecting security

transaction data for a preselected period of time, for a plurality of investment institutions. The



transaction data for a preselected period of time, for
a plurality of investnent institutions. The 3 WO
waQo/esE553 PCT/ US2004/ 011892 transacti on daPar/us2004/011892
includes identity of securities being traded,
trgﬂs&c ex e k uat lnclocqeg ec{entsléyzﬁﬁéc% %r( easﬁ]as it g { Iade:d0 gal%sggﬁon er s1zesdexecut10n
i.nto a plural it orde

rhEricRRaPRUnapd Sestion SR e Foisky :521?“1 m&ﬂﬁél?tgapluraﬁty of
Orc{?ansf’f‘ frd (ffér)iﬁw S ”@B@?edﬁgﬁﬂeéﬁﬁéﬁké%%ﬁte Fpgtion

institutional jnvestor .is rank alnst

cmtwra Pf»ttrgat?slf’fgx 9B M REment ity feﬁ T p oot %?IEB@ka%nEhe fixst
of . a nunber of factors 0010 Accordlng to. anot her

S ipstifignalanesteyis fﬁﬁlge e p]ﬁvéﬁt q %Vestglegs,:gzitglllﬁqng for at least one
provi ded for ranklng a first institutional investor's
of a gypbery! factdisact i on cost performance relative to
transaction costs of other institutional investors. _
49101 s y Sresprdingde gepdlaer smpedimertsif Hig pigsgi dnventiom @ system is provided
col l ecting security transaction data for a presel ected
foyapilong dfirst inpitutiang 111‘aes'gj|r @,sq]uptyytr@ﬁactlpch@gp nance relative to
institutions. The transaction data includes identity
tohsagaennosts peetherdistigntionaldengstorst (Tha systeni wpludesdanroesisizgsmeans for
execution prices, nonentum and execution tines,

10 cgllestipg sepusigi whnsactiam date farepragelecied prriod af pinerfal @ plyrabfy of
orders. The processing neans cal culates a plurality of
npvestimepeinsthiwemk.sThedraneatibn déta inakeded idendityi ef\seoifritios bremgstraded,
estimates transaction costs for each investnment 15
tiansctidrudriemsizes ksdcitien prees, neoneosin ddresbmmtipk Smes igebupiap kaid
the first institutional investor against the
tphactdd daya info a plwelty € ntdetsn The protéseing nieans calculatea s pludaiiey of cost
of a nunber of factors. The systemal so includes a
bshdhiiadg fomactsoff the ploatigi ofioRirsl adtitnates dlamdabifonposts &8 $hdhgnvestment
means, storing said data, and nmaking data avail able

15 ihBitdtde rdithe @St 0t BaRAMmarkk,30d tdnk£te @i ilR@tutionad BREN@Tagainst the
enbodi ment of the present invention, a systemis

pRITSIit dﬂﬁllvesi)rgerft Astifiielons! fo0atdeaktl Ins bf 4 Aihber Uf 22602 The system also
I nvestor's securi ty transacti on cost perf or mance

TH@hRE b ¥@rih@medrks FATBEIRNA£LH6:8 1R préfebily e, istodnb 0@ bata, and
i nvestors. The systemincludes a processing unit and a

RARRARSvHIble to TRGRVHESREMAE Unit is coupled with a
network and configured to coll ect

[0011]  According to another embodiment of the present invention, a system is provided

20 for ranking a first institutional investor’s security transaction cost performance relative to
transaction costs of other 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 investment
institutions. The transaction data includies identity of securities being traded, transaction

25  order sizes, execution prices, momentum and execution times. The processing unit is also
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security transaction data for a pre-selected period of
time, for a plurality of investnent institutions. The

wonrengatsson data i ncludies identity of securi PCEAIS2004/011892
bei ng traded, transaction 25 order sizes, execution

B D BB 2 o kG631 M o
SRHSHETEA AR B TR B s

s for of, sai.d pl ural of or ders
05@ FHATS 1o i os SERG At aine 't BPre i o AdeRbsser by diptpe wnitis
benchnarks and to store the data in a
0831? pigs; 4ah mopeeoteiad fopfieured fo PR SV ik the fpgocessing unit,
ocessing unit and_configured to conmunicate with the
Sg‘f‘?) £dla angygaliipg data ayadable to thepracessipe walki ng dat a
avai l able to the processing unit. BRI EF DESCRI PTI ON
2 The i nvention will be described
¥ vy F : 2828 f ol | owi ng dr awi ngs,
if] like features are represented by comon )
[PQ? YRR Wilkbeflepaibghndstailvosierenpyto the foHeving drawings,
A %feferred val ues ranges in codes of categories for
B asV flike de5fuaes afgrepreseiied; By gomgon seleieprsdT bRt apd in weich:
resent_invention; [0014] Fig. 2 _shows exenplar
[Bmes Hgd shave s Precf?ﬂqdﬁfélu@%@pgersa@;f%lﬁ%ofsqq@mnqs orTegsd factors
1 of Fig. 1; [0015] Fig. 3 shows average trading
asepadigg fopm spgiodsnpst efthepesanbimventignbenchmar ks of t he
le shown in Fig. 2; 15 [0016] Fig. 4 shows order
[Ba@d iz 2ashowm eceapleay rapgeseing eloes fantbe aepe factossihngys in Table 1 of
costs for various categories and benchmarks of the
Harpl e shown in Fig. 2; [0017] Figs. 5-6 are graphs
whi ch conpare nedlun1cost esti mates obtai ned through
[6015]er diig. I bgweseragn thdiop nostpUies yarjo0E8Igofiesgand Penchmarks of the
graph conparing the 25th/percentile estinmates obtained
spiopleghdwemdig. 2; 20 r egr essi on t echni ques;

[0016]  Fig. 4 shows order based dollar and equally weighted average trading costs 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 25th/percenti1e 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;
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[0019] Figs. 8-10 are graphs which conpare esti mated
and realized cost percentile versus trade sizes;

wpQORAp7HBg. 11 is a graph show ng estinmated reariusem4/011892

cost percentile versus nonentum factor; 5 WO
2094 09 I ngg 2 0021] Figs. 12-14 ar
[g r a’%s 91?\/\1,2%53% Rggée %p%g%l g&%c g%??rrg%héa d Stéllﬁ%ﬁi %in? %ﬁve dhaufon
j i j | f. L, ' versus its enpirica

fggca{r?thé’?%ggrl?s?kntpbxg(%g%d“l%%&a%l5 is a graph conparing the

pyat umul atj ve distribution function with its, .
BOEATT 58 T e piB sy ol ianp Sty finstion with
i agram of an exenplary system for estinating
lgfh &%ﬂ?%ﬁga%gts according to an enbodi ment of the

ent_.inventjon: and [Q024] Fig. 17 is a screen shot

[Q{ﬁ@n e‘izé-ﬁl& 15¢ 91%@&6%%%@ 03 AR BT R %5 teR] fop pitimaing frangagtion costs
DETAIL?D D%g%RIPTIQ?hCF THE PREFERRED EMBODI MENTS
FHEIEE Creemhodusit of the Mstnbiveiewiads a novel system
@@2 neégod for estimating 10 financial transaction
[80e4]s  dagddiing sdesRishef of Amererwplasepage of pregcmplegy client interface.
conmparing institutional performance anong peer
éﬁi%ft : actional data from various peer
p&g's tQ create cqurehenéiQe-dété relét{ng to
[ sactiCEREet FgRionpieVidss gt sl rdem pbmethedifos ssiintsing
fnanL ul ated and presented to a peer institution so
AR 1RBSACU POR's AtSARAIF & With &pding schidfiareand somparinggnstitutional
taﬁir conpetitors. Costs are 15 neasured by conparing
PEHIMAGST Enege PaeripsiidEiops. Hrefastiongl dake frams verioys pesn institutinmes is
or nmore benchmarks, and then conparing costs between
ophirstadiand paplized op 2 perndiclasis tarkete eaveiwehensivg dage relating to
situations. [0026] The present invention will help
Uapeetiongt réqiand pregutiansr She drtancan g matipelated andipliesgytedtos pser
nmore efficiently by ranking the performance of :
sEipdion &¢ that theyagan bendhmadd thelr pgyfemarge egrinst their competitors. Costs are

2 ) ) .!.!_.. Co i CUHLY AN 5 rg AYs,

measured by comparing the costs of a trade or order by an institution to one or more
benchmarks, and then comparing costs between institutions for similar stocks under similar
situations.

[0026]  The present invention will help institutional investors to manage their trading
costs more efficiently by ranking the performance of investors relative to other peer group
participants. The present invention will stimulate institutional investors to enhance their
analytical environment using the most efficient trading execution tools (e.g., POSIT®,
TriAct™, ITG SmartServers™, etc.) as well as advanced trading analytical products (e.g.,

TCA, ITG Opt™, ITG ACE™, ResRisk™, etc.).
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20 participants. The present invention will stinulate
institutional investors to enhance their anal ytica

wenviroorasent using the nost efficient tradi ng egeastioan1892

tools (e.g., PCSIT(r) Tri Act TM ITG SnartServersTM

?(Sfia) Ef%ﬁ.ﬁlpu (gj\té E]%‘flt@r ad) %1 erls'\ﬂrcp %lto q<u(§:rﬁé¢’ré of
004/ Q97553, PCT/ US 04/ 0027 For t
SEOF RS TSR SIS DY PigotHE oprid ?ﬂsm{ 5 Sitres of idpagtone
are bl ock orders of securltles requiring the buying
S§86| | i ng of one thousand or nore shares of at |east
security. [0028]. The present .inye on incl udes
l@@@ﬂ ensthg ﬂ%FS?PéWS&OWIB@u%S SXpigsigd ke 5% {Opp@wdmg secunty
transaction_costs. The nethodol ogy is described firs
t@@?ﬁPWS%yT@@ﬁ%P@ﬂggYéﬁ%emwérﬁrg follpwed by teéﬁ@plﬁarembodlments
i mpl enmenting the same. One skilled in the art w
of gtgmsyforc angethe prape. Queeskillsd avthe o wilkreadty qomwethe@ that
to the enbodi ments described herein, nor is it limted
thegimegnéien fsinet lipteskip alierAnrhgdinsatsiesptibed hasepmpgisdt limited to specific
har dwar e. %Ln029] A framework with two different
PejsRTREing feshhiguesagofiverachidierdngrepr ovi ded: single 10
executions and orders. Trades submtted by the sane
[002R]i t vk framewsrk hithHeo Jiffesend elysterizatiokeanpidariss is providedarsihgle
stock are assuned to belong to the sanme order. [0030]
eYerubons agd phiersc igtlesswbinitiad by thetshrae institngercvitithe sose ondér
each trade or order/trading decision are estimated
idegéfiers sidaamisidok aregissuped chbaorgsto thElsemghrdehe true costs
to an institutional trader may include costs such as
[@@30Ti ssliodnild dstcest estiveatad thentagdacddn oost af@sdhstradf od &rder/trading
wor ki ng an order, as well as the opportunity costs of
detisise dretestinlasd aghinet guivathenst benstaulksoMhoulgh thea® costs to an
primarily on costs represented by price inpact. This
istingiendl Raa tmaanc ik coxtp hth Ae tonagissibheosaethe almistafiveldosts of
executed price froman unperturbed price that woul d

wWoreM@hh oldedad W&l dsitRelepport@iityQosts bf @idsed[t£Aes] the Pa®ent invention
foll ow ng benchmarks can be used for estinating

o duB MRtk iB oStk Sépresented 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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20 CT -1 - the closing price of the stock on the day

prior to the day of execution for executions (or on
woheo4daysspri or to the tradi ng decision for ordecs)us2063/011892

- the vol une- meighted average price (VWAP) across al

r.ad Ghe (qgglh ?)? tH‘e {o%fc oﬁi e fﬁ’;t fd£$§fter E)Ee%gﬁoneféF g)égcﬁtg)%ts Flor on the

¢T6{‘ -eXGCUtI ur| ng theé st tra J 1
v é‘??f‘&@‘g \7\%"*’?8431‘5 3%%%@%%%%’884? Si‘iétg? CTe1 -
T)?goc E {hoe c'losglggmcg & tg stE) of&h 8%‘}11 gl?ar ?xec% 011 8%4(&(1‘,1{[18}15 (or on

éxecu |ons 8% “6h
tg? EOtil ﬁ gy pfielr Ehg g%t tl'%l&lgg %yo%tahegﬂer{o {gv%(rﬁ chégildegrsg_oérwas egcecuted for
ﬁe%utlon for executions (or on the 20th day after
&t irst trading day of the period over mhich the
eci gi on was executed f 5 order.s)
<S¢ @e 8?6%1@6 81 BERognon e deyagf e&?%@%ﬁ% F’FeGH“CfUé {or on the day of
executions _(or o He day of trading decision for
ﬁ@?moﬁﬁﬁ Mers) e prevailing midquote of the stock
prior to execution time for executions (or prior to
M 1 mehe P RiRRE My etios e ttork prigie eegytiontigng fhpgeeputions (or prior to
Benchmark CT-1 i s described nore fully in Perold [12].
temiirrdig deersipifogeders)-ped in detail by Berkowitz,
and Noser [1]. The benchmark Ml is, probably
[Pﬂgzlpu rRayehmark Gey 15 e%lb@r moredaldy ipPerodd IilﬂhﬂBemi@ael@ Ur i described
choose as opposed to CT 1, for exanple, because it
in deiail iy Bodeytn d.oge. sadipset F13dkhs berchmatdcluis, brebabids the purest
closing and tine of execution. Al three benchmarks '
foxgrof unperiurhesoprivy Yhatewe apildeshgosa seopriosedde et iforexbmple, Hesause it
cost neasurenent and 15 tradi ng performance
devanaidetend on aihdr twides thhieocaurdetvesen oldsiby awhtenoéf cxeditinarAfll three
skill in the art. Although the benchmark VWAP is
bencatagks(€ed Vrend Ms) ageweiehl Usyd mgractonlsitld ér ekt reasdneement and
appropriate for evaluation of |arge order executions,
thdmgpsdonntancaavalvetiong amieill Hoyindarsibai ygonetof axdliragy dkélt @ theart.
the day if prices appear to be worse than the VAP
Adthioogh th&benchinark HIeR &nddely 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: [(P" -
Pp)/ Py T* 6% 10,000 (Eq. 1); where P" is the actual execution price, Py is the benchmark
price and Jis 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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Madhavan [11] for nore details and Lert [10] for

anal ysis of differences between various cost 20
woresimwesent met hods. [0033] Transacti on cost SPCaUSk®4/011892

calculated in basis points according to the fornul a:

- Pb)/Pb 1* o * 10,00 Eg. 1). where PAis th

00¢.1 £t oot osisT ol it a ! s ot obpter per
lgsét]gl%lé)infe %uy{g? ?%il%gcgﬁcgl'ﬁn%tgnct%?,zgﬁ %%h@aé%?tjgrl mé)c{\%}?@%% ogc)}{eg Sgr'centiles for
out perfar ce, ich means that the_tradi ng decision
PeLnaEsq %ﬁl@&ﬁ%@r@ guwtgeo*&sab@mgthgéﬁr%ez@wmﬂm%er

0034] To conpare transaction costs of one peer
(%rﬁg]f P]@@qus I(]PG:!S)al A gierhipl uses diterfage 1sd3lr?f§qab]§@grv1ded to allow users to
i.nstitutions under simlar circunstances, cost o
VAT Tetattve Begr grrioradnce Py Fdiionalgasaswey, ps well aggrade ghasppteristics.
conmparison franework are built into a database, or
Mengereciselyy tirfingnosts o exeantiongoulepsar be grpwngg bpamapheeof market and

PGD). A graphical user interface is preferably
Séﬂ“lS\?P?féﬁP qost fagtpisyyueks ey tgpe, enaskey ¢apiializatian, pidemarkst, market, size
performance by both traditional nmeasures, as well as
(rapredentedhlzt apcresniage payeraghiipily tradimgivelaing), and shoirtrigme memsnium.

of executions/orders can be grouped by a nunber of
Thes«faetornldiinesscomkios pBei firéferredoeiuet amt rongss o the laxeasplary pest factors
mar ket capitalization, side market, market, size
af¢ ppscatedm Bg. by a percentage of average daily trading
vol une), and short-term nonentum These factors
[@835]ne BreeixagosoBetorshiste plafve haech siglifivast impekctoamgeasctifn costs, but
the exenplary cost factors 10 are presented in Fig.
nlimefdd® 8thpr fabterssireconatpldiaich be asdlj fot metamdepbiekdraye (alternate
significant inpact on transaction costs, but nunerous
bodies full-aatios Brodéreresaardheifiled ted), brdedagpelRitket, fli@dit, cross), daily

i nstance, broker type (alternate broker, full-service
WIakg!, and B Baershotiotkesrice Of £ sthok (@dey., Wyier [( MpéKHakravarty,
limt, cross), daily volatility, and the inverse of
raatHapigepdnl &8 Wdodd3 gt ock (see e.g., Werner [ 17] or
Chakravarty, 15 Panchapagesan and Wod [3]). [0036] It

[0636]"P Ok {samborkt RAHR thitakdias! tHoRthnly R t0¥RRYLE BEDMS, Hale some
the PGD may have sone disadvantages. For exanple, the

(ﬁsra@?éﬁ@atges[ e5tdxbinPR, B0 PlHuleSANR: T b&BHR M At &iblicREd, but most
nos

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). Micro cap stocks are defined as stocks that are

neither Growth nor Value stocks and have a market capitalization lower than 250 million
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inmportantly, if the anobunt of transaction data does

not increase dramatically, the accuracy of estimates
woizbd4/odetseri orate as the nunber of observati onBCT®IS2004/011892

each segnment becones 20 insufficient. [0037] Referring

to Fig. he factor .Type. is ef erably di vi ded i nt
chffghofbie g Y for B BR DB asie DR oo GG th ana
\gi Russel.l 30008 in its indices (Russell is a

151 81°8P&S trademark of the Frank Russel | Conpany).

0 C stocks are defined_as _stocks. that are o

[&&ﬁ] her ¢ AR M Conttaligatiqneslasglicypckaiple trequpagiest capitalization
capitalizatjion |ower than 250 mllion 9 WO 2004/ 097553 .
gmf.ggg @E?&V‘mli’gb?MaH@F @g}r@hzam@ s a{vypgf; Paq59 on the closing stock price
construction, it may happen that a stock. belongs to
Gy 10k theydanper 4 gxecwifing Borcsdeay die Magket Gapsdizationds pagsed op the
Mar ket Capitalization classifies stocks into three
clagingstock apiga i b op &ie day peoids tradigg desisien, The Aisesheld dor Small cap
Market Capitalization is always based on the closing
stoclsci Lsriilien dglagT The lpsholorbd ppistoelct 1@ kidlian dogos.
For orders, the Market Capitalization is based on the
[003Ai nglbstiertd S compdes pf tiucatagarieshBuyland Ssili Breferably, no
tradi ng decision. The threshold for Small cap stocks
distingtiod ipinkdd ptwetonbrmad selfflaad shortsshol d for M d cap
stocks is 10 billion dollars. [0039] The factor Side
[@041r i Js UA. applisates sho factes MaBiey subdividSe btbeks Pn ¥ eerasdgbuigs:
no distinction is made between normal sells and short
Iss¢d and oiEr-th&OdGiter FOTCLbt& ks dfiplrdvern farotisy intdnentioad tapplications, the
Mar ket subdi vi des stocks in two categories: Listed
Marilet@uasr-chinBe abdivided iftIfs) neibecéfrateiaveever , for ot her
international applications, the Market factor can be
[sodn]i viTiRGiderThdoraaytuiey Mg ot tracda ki2g of dnescecultioR dokfler Y I3&ze is
Si ze factor captures the (total) trade size of an
n@%aGed telifivé OrtBeiveragdSidZi8 dhsre VORARUABN )/ whidh is\defited ds e median
average daily share volunme (ADV), which is defined as
dahe doTRE vlBme dDthe Bitdsy twib@tyl e 1V @inb BBysAviddady!tid @8ding stock price of
twenty-one tradi ng days divided by the closing stock

1 425riof tolREcueiY, fo dxCéutibRs, BXEGHY H&;ﬁﬁﬁq fPthe BXERE U for orders.
and the day prio rto the tradi ng 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,

M= (Qn— Q) / (L= |Qi— Ol Eq. (@),

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

recent two trading days and Q;, 0 <i <p, is the midpoint of the 7'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



[0042] The factor short-term Monentumis measured over
the last two days prior to execution. Mnentum

woreEimwes3t he price evolution of a stock w thi RCTHS2004/011892
| ast two trading days as a fraction of absolute price

[@b@]g es{heég%@%r%s %?L:Awﬁ ’fz}cgcg &]r\)é p1ef898y rgs%ct t() %g déd V&LIJ tht otl%r
c%{eg&he% % lleﬁ)(VS a@%e cgtg%on\égl\/'a]g %d g%v%h gallllqateessleaed %nﬂ% Witk %actors

ent

Mgrﬂgtgfagﬁtal?famt)nhzﬁxd Sl({eoanedgi‘ € \(/:%[fzgo&y Mﬁ?r Lég}{/gatnrbg &eée(%%ci rﬂ%with the

recent two tradi ng days. Succinctly, a valid
ﬁ%ry quote or trade is a quote or trade of a stock
ket. condi tions an

rr r, 2 re
s Dl SR o B ot Do, FppsBRpifc
- 2004/01189 004 The c t orjies of each
‘5%% fong¢ag bﬁf‘é‘?@f 556'{‘%? eFéé‘tHﬂFrtﬁo “618% NP HiHE Reftrue for
ﬁgorles as foIL m@a Type.cate or| s Val ue and
eages It seowpeling Bat ol Eﬁtht? uldbg Fansisfgrt anelclose to each
Capltallzatlon and Side, and Type cate ry Mcro c
othgs faelase valnesed signnd mpmentymp.dn ofhge weyds, @@nksaof[r a:f costs for
For scenarios that do not use the factors Size and
N8 YeRyt sl sepprtgsehould gotditferygmitensd- can be natur al
estimates for peer cost distributions. However, this
10 [PQ45]or Thegmesewrinveptien psptides rebuskand cppsitent pesmest stiveptes for any
that cost estimates should be consistent and close to
cbaiep of Betaesi Mpdhet Cardiglizatian. fide, Market, Size and Meprerivnu Fince fype is
ot her words, the ranks of realized costs for two very
uspchin thy pressatinvdngan strouiudctivotwith the fartoysdvlyrken (cipitaliz@tion and/or
[ 0045] The present invention provides robust and
Ssdmwilg tilgn hotpersiderasisior gwpliciat Hewéwr, oanyiaviggwilineryskill in the art
factors: Market Capitalization, Side, Market, Size and
wWh edd¢rsiand tBatrfaror Tiype cansbe easidndompdrited jarthsmathoddlaggmif it@rpresent
, in conjunction with the factors Market Capitalization
15 iswedfioxr. Side only, it is not considered for
sinplicity. However, one having ordinary skill in the
[6046] Wi THe mutisbelbBiantiht hetert actmton Pypades astinkgesdasdoktypercentiles
i ncorporated in the nethodol ogy of the present
for any values of Size and Momentum from [0,0] 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
20  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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15 invention. [0046] The nethodol ogy of the present
i nvention provides estimtes for cost percentiles for
wanyoiatses of Size and Monmentum from [ O 00] aRdT/US2004/011892
[-1,1], respectively Therefore the nethodology
ovi,des .mch e fl.exibili n actual |y needed
B gRs e Sargizen o Sumiti IR B e Vrobecrrg of 2.3
di fferent groups, and can be applied even if the
EHYFER of the 20 ranges for Size and Mbmentumis
ifferent fromthe ones shown above. [0047] The
ﬁ 048] e ntlig ARBAYS dictiniivg sletistich iy th?ésatlreﬁﬁmp\layn%ﬁs BPzapples based
Estimation rmethodol ogy is based on US execution data
onihiatrgatiesyr 2opgost Btk ddpfble egnts Sgpilavtiaginfospatiens the
of TCA. In this sa the institutional trades
nugypieaf execatonyy the in\ar?rger ofiprdersike pumiper ghshares Fgdadn te number of
accounted for 14.6 nmillion trades, 82.7 billion shares
stasis (depéifiedshyl yniqy cosps) tradiiand fotal tollanwoPOw4$ 9GBS Br factor Type
PCT/ US2004/ 011892 val ue. The trades were clusterized
shetv ghagthe sphdivisiembabiverarErowthand\Watuggtocky Hierquite Awins Oaly aghinority
2.3 executions. [0048] Fig. 2 shows descriptive
of exeeirgaris@ad prders belengsito theedisengipsatagay.i dthoughbt cataplsdlee largest
based on the categories for each cost factor. The
amibhteofproelse hesubfigisfon| withwespgcti to fnarkebtapdalizatidneseBmm tortisgustified -
- of executions, the nunber of orders, the nunber of
-shenédsnstand daldys atdhevenlyriseibusdd anwhg Gleshiée gomps. Ak sltbway the number
uni que cusips) traded and total dollar vol une.
oBlaagd @pisoskd s thelotvest, by fhe totslhdollart btk i¢ the highidstli Snadli cap stocks
bet ween Growt h and Val ue stocks was quite even. Only a
afd inakd myjorigf whitehie io1Rn Solames sibig ard felll obdegsSart Apprbiémately the
M cro-cap category, although it contains the |argest
sai®.Uhferesfingdy, GleSeraddizesafiBell ¥ bisleR s Migkhthiiethp @GdradeGize of buy
mar ket capitalization seens to be justified 10 -

RIRE Thi ONEwWRASIHR rﬁeﬁér&y AF ExcBMRAb ¥ndlirsdrs bdlsiad R Bmnded: Biee
t hree groups. t he nunber of large cap

SERCKS 148 8ah Bﬁedu@l\/’kﬁs% ofmelﬁVt"hﬁs taRbSdnothet didllensdlod Building

the highest, Small cap stocks are in the majority,

WRbhid 8 I'S{Qllsll @Et N@hMEPER: BF Bty fﬁﬂlgw&@(l IncREHE S elhfles and
approxi mat el y t sane. Interestingly, the average

ogdfle;f) ngalﬁﬁhé ste?hsﬁésq@f Bie hidnleRuBebdiiRAn LKy AYEHhARR BityZSF 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

12
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orders. The overwhelmng majority of executions and
orders belong to the snallest size 15 group, i.e. less

wohem/er558qual to 1% of ADV. This rai ses anot heCcT/uS2004/011892

challenge on bui |l di ng reasonable and robust cost
s for tire framewo r
n%"F b Gdioh PO 155 sl 3%13"%8? " i gaally
t um subdj vi. sj on, sho Eat t he mgj orlt al ue

WSTE G e ﬁﬁlc‘éﬁ 1 thy Bedien.  ropa 13 PeRBFEpete ecwe prighted
val ues for nomentum seemto _outnuynper_the p03|t|ve
AYFRASS CHNTIAOIE SPREBIELS e dnefire charaptrastisy elngPy erpy qast distributions.
trend for the period. 20 Analysis of average realized
19050 s adis- 8 $BoT0RETRe frpnsaction casthiop exeRutiony & ygrous categories of
transaction costs for different factors, benchmarks
fagiats fos Sirerapreshendmarksy Regariing theapragciEiing @sts foyshe benchmarks
average costs are provided. The first value is the
(ol Paendvids; grovdlestecks eprpar torhaws fighdobigher grrapgedmdingeosts than
nunber in parenthesis indicates the equall wei ght ed
Valuerstnyls; by defimigore dEero-cip stecks aze veroilliourd anditiyyisteaepuaieg much
equal |y wei ghted averages are 25 very different in
highst avefage tiansecive sostByt is aprstentitorh dre, vatvheindog.|3ethat trading costs are
wei ght ed average depends 12 WO 2004/ 097553
1IRETselY3206d tONAGe Capitekzatign, and Bstédstpdkahaye lewadeshgs aets shan
only. In cases of symmetric distributions, the equally
Ok gdke hupposedigelue o thel ot theteDTE stots@rayeiicacral, Froonvdldtiles It can
perspective, the equally weighted averages can be
beoberadiiaphiastregd, sclanabyae pbsiti@cbas whild mg/s appepewerhave
group cost distributions. [0050] Fig. 3 shows average
nkgARNE atdrigeRofQIhE dbedrvae Gulds (i Bedchmatka Orohisd O, which is very
categories of 5 factors for six preferred benchmarks.
hlf&ag Aaéltotlle bViealineghtR@endrka dioem &R Stithinfthe seldad pefied) maisk s

CT-1, Or and MrI; growth stocks appear to have slightly

aBdugipEbn R\BARMERA by AdirBga Siphs i hbragev@std CorSstCdad bulyfor post
definition, Mcro-cap stocks are very illiquid and

tﬁahyﬁenemﬁaﬁptﬁy afUGH,,. Bb 8REte@UOSAGRralingREAEbireReS RAMHaTe size
It is apparent fromthe values in Fig. 3 that trading

1&9@&%&; 34 %pecifﬁ\iﬁft&ﬁ lcYult %!3 8ugd f3r dVREHMES trfRil dodls it &ileRRs
listed stocks have | ower average costs than 10 OTC

ﬁﬂﬂ%ﬂﬁmcﬁaﬁgg§edly due to the fact that OIC stocks
are, In general, nore volatile. It can be observed

[gﬂﬁ]’ R BURLARE v, sgld obgér@ééiqﬁat%\éﬁofﬁﬁésdvgfagg c&sBSSconcentrated

buys appear 'to have
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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negati ve average costs. This observation holds for
benchmarks CT -1 and OTI, which is very likely due to
woheo4owersal | negative market novement w t hin t RET/US2004/011892
sel ected period. This assunption is confirned by the
f aver

d si f |1 d. b f
PR3 L0 B B S IS erSh  ebhve
t [ t d t '
e T

average trading costs in different nonentum

beng % es. [0051] For benchmark VT, it is observed

t hat nost of the average costs are caoncentrated

[8P2RInd Hhermsstrtgde henchmagks Goriagd Crinayield avie didfersntesised.

The hi ghest absol ute val ue of average 20 costs is 17
Byenghmarl &g rogigst average coytsdittilugivate walistsatialyo fok sxagmmde, both dollar
close, while costs for Mcro cap stocks are

il geyafly svugrphted aferage qovie has; ipyersgrsigns fag therremp catogasigs in some cases.
benchmar ks, average trading costs seemto be

Bagigellys diepepdimarledreolosanitetent wondiedt amatmesningfid m@@@re for price
st ocks appear to have higher average costs than

Inpadt dgenshroark €7 /Hoewdes ayerage costn thablstve the reteesep behavioadéthe pre-
benchmarks, there is little difference between

tedde bengbmeddtrs. Eosts dvayadl amndoslyipositiveawhich disticafasrthat he average, peer
dol | ar 25 wei ghted averages), which is likely due to
indtigutfoas have lnaong feyfonamse¢ with tdspavt totthis bsAdARark] BlisM®cap stocks have
2004/ 097553 PCT/ US2004/ 011892 benchmark is set for
thdleighkai/paittre costsrotl eagdudaised QT gpscks eutpatoemehdse of Lidied stocks.
each day. Average cost behavior for Size and Monment um
[0653]or sTHe@ihalysls stows itk hafagt Gealihe] teasetiof cd3ts@f tHeademplary data
benchmarks. [0052] The post-trade benchmarks CT+l and
s€tlard fh Bte&tith etipiricdl BbilfsPiaited B5dthdr esecIRRNGEY B knstahitd 0
provi des average costs that fluctuate substantially,

CHakra@x 8/ PhRhapd8éshn el Wabd Ffj‘)’.‘ dherbdslsitoMBy el 1Ry 8lcAG8ng

costs have inverse signs for the same categories in

BQEWith APt to BESreRAchdhmaliRQ e ST lnde L¥ARtA’FnRAntly. In
seemto I ndicate any neani ngful neasure for price

lighPe¥ahis fA36MGBERY % beh thalRHOYL B8R AHRMBER0 SRS ah BaLficiently
have the reversed behavior of the pre- trade benchmark

adpplidd folAPBeRcIN Rk Adidcudeg abReL | Y POsitive, which
I ndi cates that on average, peer

[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= CostpercentileMarketCap=Y1,Side=Y2,Market=Y3,Size=Y4,Momentum=y5(1) Eq. (3)

[0056] where y= (¥, y2, ¥3, y4, y5) 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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10 institutions have strong performance with respect

to this benchmark. M cro cap stocks have the highest
weasimwys3cost s and executions of OIC stocks oBCpaISE@rN11892

those of Listed stocks. [0053] The anal ysis shows

O, PR TPl sy
SIS RN et S e e

s Wi.th respe

[? J&P?#—iﬁiﬁ%%c&%&h e o R pPP 6 AL (e P Gt o

nific .. kN ht of this fact t. seens to be
o e ftinttis mdbehetesoueomye i bn dtinnt Bavond.  puve
efflc ently d for aII bench ks di scussed
al{%‘f%h}méf §°t % Prolipal gyl casest %@)&Wg ingRGlorsSipepnd
orders [ 0055] Peer cost percentiles can be estinmated
Ygmengp nefe Hlfff?FFéi‘F RPN SPBPYRgR ORI 56 distiytioniyr each scenario
possi bl e chai ces of . scenarios, assunm ng that at |east
thiElow tompenigigicy AR iFisiliinds KERIMPATPASE et realized from two
selected. More precisely, the main result is to derive
VEE1 §imiatessengfioTigat bepr@p]geénfpm different]y=which may be confusing for users.
COSt percent i | eMar ket Cap=Yl , Si de=Y2, Mar ket =Y3, 5i ze=Y4, M
Bridnkt ifrpzafsed to heyp a Ql@jloqmgygqlat Wp@;dgs tpbast (eytlmatg,@ndyh}tt works for
y4, yb5) are arbitrary values for factors Market
@ﬂmlumnzztam types asi alesix Menckmprks Sirz, &/ ra@id 1, Mm@ wand M. This
[0,100], and costs are neasured 25 relative to one of
lﬁmémgwxﬁbém@MWamkgedmgmabg@wna&s@brﬁﬁMhWMYﬁ@ﬂ4hQ9@&53my
PCT/ US2004/ 011892 [0057] Before estinmating X in eq.
diffyrentpmepertiest note that, first, while the factors
Mar ket Capitalization, Side and Market are discrete,
[8058] anid phdyvisboralapplicatioh avebar6)/464 P06 an brdatiry et 6Qlarea NULS)
[-1,1], respectively. Consequently, Eg. (3) consists
mdth@is nettfodnis dedcribedif@rprofidihglestitnaes.s TR skedeitisiyendibn not focus on the
infinite nunber of estimtes have to be derived.
520 R thedian paly out BHs@plovidbLatimapP i @i 5m, gith, G0 adders™ costs
practical in all cases. Subdividing factors Size and
pYERBilbdiMaidition @ithd e, TB6QIART rebivdsifOAPtHeIcBE pbidntiles in the
enpirical distribution for each scenario may lead to

coRpRkdh FafRFYrkaidctysit 89 (thtal) YradeNzetnh @fdlehium values, the present
performance of costs realized fromtwo

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 fand g of size and momentum, or,

specifically,

[0060] X =+ BfS) + ygM) + & i=25,40,50,60 or75. Eq. (4)
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very simlar scenarios may be ranked very differently,

whi ch may be confusing for users. Third, it is
wonefimrss to have a net hodol ogy that provi desPCcowssd04/011892

estimates and that works for 10 both clusterization

| | bench K .1, VT +l., CT+20,
QI b%S%(de‘anﬁﬂ?Péﬂ”%L{e‘z’?a& et e Aot ous
and CT 1) have very

%qu%§q§ﬁ$§%% eﬂé) an §8§§T I n provisional

appl i cation nunber 60/ 464, 962, n ordi nary | east
squar es (€§é xoﬁﬁ%ﬁogg Fﬂ@ﬁv descri bed for

i di present jnvention not focus
BhC2he ABeSastont Hrdan oy bl s ot Bui des
mates for the 25th, 40th, 60th and 75th costs
lﬁéﬁg@e ntloEder fahayg a Fqueh §stingate fos thyediolerpeey qost distrbusion of a scenario,
regressing all the cost percentiles in the conparison
the BeTesREler PevRELE] %ﬁddﬁ cpthe qamgyted by dipesy dnterpolatiom dince transaction
nmonent um val ues, the present invention subdivides the
eedrbusions e h?ﬁms%ll@% nersniies bedove Al angrabaps’ tasp Eeréted gssuming
on the Mnentum and Size of the executions (orders).
Prriela type of distibhtigsoup, the 25th, 40th, 50th 20
énedlan 60th and 75t h cost percentlles are
[0864dr i Ipifdrentusgesion esmptien tedpuigbs,cande ghrisenito catirpata e
val ues of nmomentum and (total) trade size. [0059]
10 r8iredsioampatametehs(osi Aplio ICES (dppregedsinghizsedt icentiisedy @haverage
conducted, all five percentiles are assuned to depend
valueeaf hym&iturh Ui ik Geodps alod seffficRhizRnBLoMIDER ISR are
or, specifically, 25 [0060] X =a; + 8, f(S) +vy g(M
p‘l'ef'e_r,ablylsklppé%ﬁ’torﬂ the r&fessfol i06rdditto rddlice dotde as AN possible and
2004/ 097553 PCT/ US2004/ 011892 [00611 Moreover, based

eABur€ Bbilify &R khel BGAALL NThd predefit 1ﬁ§eiﬁ8??ﬂ)cﬁsl%§5n fhe'f§llow1ng three
positive, nonotonely increasing, f(0) =0, and g is

184t RRN t&thihuss: 1) Gfdlrﬁ("}xlleast sduﬁes )(O]tS)r © Qf@%hféd:l’efgt sq[uggsﬁ(% LS)
'S ,

A possi bl e choice for

15 At Rspebt t6 OPS r%l&@QQWLgm aff @ﬁ I PwHRYRpdt fo%gtl}vatlons in each
estimate for the whol e peer cCost dlstrlbutlon of

SHEERhh PWLS2).

[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

20  their squared residuals. In order to avoid abnormal weighting, inverses of the squared
. 2 \-1
residuals are truncated by the value (Z "€ i ) .

[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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the percentiles between 25 and 75 can be conputed by
linear interpolation. Since transaction cost

wdi2ed4rootassi ons are heavy-tail ed, percentil es beCows2®4/011892
and above 75 are derived assunmng Pareto type of

s%iaﬁ%]r:]s%z%fuj té[lshls égtlj]es%gbq(iﬁ %eD?%(fexEu {ogs%a}ugmrg%rs bﬁfél? 0 fé(lét?iz ﬁé&%ﬂges are
. (4 [
BRI T ALY hoBh dverage val ues of romentam

e e i) SRR THFRT v o
A AN TN X L ——

ent inventjon focuses on the follow.ng three
'ie 8@3@3‘5%?}0? Fteihs pythe gpaperof 9bqeafa§?nsga a%?heggoup The
g wei ght ed | east squaresa&lﬁ
nrfé%% withitls @E@Oii tshaf g nemybey of opgervagiqps lng)ht wsdwqahcally from
respect to observations in each subdivision (WS2).
FrOWES Brovh acopring odhpiatadhe rrpreash evit piskdrspronarle repidts dprsome
approach and conprises two steps: first, OS
spegres@pusHy o speh drade deps andimpmentys yplyengleseds zerpebut provide bad
regression are determ ned; and second, the paraneters
eglisateeestallnat ed by melghtlng the observations with the
inverse of 20 their squared residuals. In order to
10 [80681d dBworasent inyehttt lian the advantags dwit 1 pravives sguedinfsgmation about
residual s are truncated by the value e2) Y. [0066]
tEswhotepess cpe distmbuiior. darestyess it filkee otpoutliees inel mhiralivgry by taking
Mor eover, based on research, squared residuals are
ngrelieas Gl ptlehperbringlee)sin ehdv growpr Heweregtipshoulidtbh nbiad gat there is no
trade and order sizes. Wighting by the residuals
thaoedtiesigesificdt®nihopas beddedeodroge shtipatys et lefressifgqiercentiles on the
groups with 16 WD 2004/ 097553 PCT/ US2004/ 011892
aseragd @re Ml aenentliti 8 ohly afl@pprogiblagorsi Nce executions (and
orders) with small (total) trade sizes are in the
15 [0069]r i tBigias PDbivivelE combarabe¥eihe [ONE fbr dvbichinde MWeRdsion
wei ghts the inportance of each group in a different
t¥hyiquesN Bl @didlfigire, theérgfititdl @erbontildl @re@ndothes bapahs, W.S2
takes into consideration the anmount of observed data

[0070] Fig. 5 compares median cost estimates obtained by OLS, WLS1 and LS2 with
empirical median costs. The costs denote the empirical medians. The solid line indicates the
estimated median costs using the regression techniques WLS1. The two dotted lines show
20  median cost estimates for OLS and WLS2. All estimates have been derived using regression
Eq. (3) 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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5 in each subdivision and thus wei ghts by the nunber
of observations in each group. The problemwth this

wortdmd73ss t hat t he nunber of observations m gRCTAER004/011892

dramatically from group to group according to the

. The approach m i.eld reas r .
BFE HE aaPPoS% el v FomeEririney BeCs TI! a2 witn
nopent um val ues_cl se to zero) .hut provi .

BB RHPEUaTERPEF ol he Oof oftdqgtséls elﬁm%caﬁa diani dﬁw@eﬁ fingringigpdes the
t he advantage that it provides nore information about
cptieatithppdian dsis s fhedraeiop irehaiaie Whrdol Bt tWd dotied jipes show
out outliers in a natural wa aki ng  nedians (and

mydise cog sptirgies (PeQLS prd WaSH: éfﬁ@atﬁnatmm%?en detivegriing gegression
be noted that there is no theoretical justification
chion 68)Jersdl experdions filsrzesap paeksiyourgatd sprapleagdiffiy=x and g(x) =
percentiles on the average size and nmonentumis only
Oaf-ostp preansasired tintive © feodwoyk Ci.gulngigadntalingnll erecutions into
conpari son of the results for these three regression
at@uhin pejiates hirye ke Herivied) fr execnirensdomliargeccab sjoekscantit. iThe §inctions
are annotated by points. [0070] Fig. 5 conpares nedi an

Send¢ hestbeerathesendveai ageid. Mydi@l ®st astiditeansing GRS wind WLS1 still do
enpirical nmedian costs. The costs denote the enpirica

nediffen®nsiddrablyg OWILE1 kéems to pididcliglely Uetter resmdtt), hewwedr method WLS2
medi an costs using the regression techniques WS 1.

pldvidet woreshohitdcledtimaes fahiape RQlenizdi.an cost estimates for
OLS and W.S2. All estimates have been derived using
[0€&7R]es HiQN colfjare 3)-pedcentilelestirmaed dbitetmal biyrOIC W IOt :emd WILS2
sample with f(x) - x and g(x) = 0. Costs are neasured

witl edtpinel 25" peaahrBokedss. The Epddnbrahe @ayifdenst-pacdhsile of
been regressed on average size and nonentum val ues,

cbst&. THe(s¥lid Fnexinaidste Oth¥ pstimbbed 2aMgeiceitlid tisid @t efrdstiad teaﬁﬂlque
regressi on nethods provide good estinmates. 17 WO

WO9A DR 4w6 Ao ddTnSHINA Bk RBRile EARGIds 61 QLS SndCWIRAN AR
medi an cost estimtes obtained by OLS, W.S1 and W.S2

eWirh{les &v@bédn%hvéaﬁﬂi %E‘eg@é@&%ﬁ equbfén Gt afl @RQMBortsNE our data
enpi ri cal nedi ans. e sol |d i ne I ndicates the

s%ﬁ%l'e RiRG KRE LR ERSEFaddsidng b Qcﬁlaﬁ&g( 195 SEA HEMBALAM Selative
The two dotted |ines show

to benchmark Mr. Fig. 7 shows 25th-percentile estimates for executions and benchmark MT

using all data; fand g have been selected according to equation (7) below. 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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medi an cost estimates for OLS and W.S2. Al|l estimates
have been derived using regression 5 equation (8) for

wabkbosmwesssit i ons of Large cap stocks in our datacsasploa/o11892
withf(x) = x and g(x) _ 0. Costs are neasured

tive t.o benchmar 1- Instead of.taking all i
Gt Brelt ﬂ%ﬁlgtm"?%"ﬁ%ﬁ%rl,’m%g&tﬁﬁ‘%ffe‘fgath\gw%@% 8 ANy, eepstraints
for executions for Large cap stocks only. The
PRI BIGRON HATAREPTy hiv/ 2BL B Thio §&m0) 47 Sk apudd occur that for
Medi an cost estimates using OLS and W.S 1 still do
spot palir {§ &), consi derably (W.S 1 seens to yield slightly
better results), however nmethod W.S2 10 provides
[0075]as anabl,e- ASYS) Fat @81)T<0n; + BrgR +f 400 -skzes. 1867 2]Eq. (5),
Fig. 7 conpares 25th-percentile estimtes obtai ned by

5 [0b8] Wydhidh BReunMr2uitiWd. t h enpirical 25th-percentiles

of costs. The dots denote the enpirica

[B611)- Per£R0Ld JubSsifhtions AbhStraintdBave & behshibngl th Ric@tEIn

t he ‘esti mated 24t h-percentil e using the regression

PaR g dfe cdNePhints BBl WR QL5801 UeRQSnSOMMY of function g.
25t h-percentile estimates for OLS and W.S2. Al 15

O3 DS RSSO o
cﬂ%&%z&%%@p%ﬁ#%ﬁir@%oﬂ&&%{tgﬁ%gsté a@ﬂﬁﬁwgékpl&én@ﬁ?ngﬁgs&guld not

are neasure _ atlye ncnmar _
o GRREIDY R PR R R
' ion (7). B _ i op,
8 3 B second e Tieln ke i oieryion R ksl o should

.underperforns the two other techniques 20 when trade
1RGTEAsE O dRereasess Sizp gryveafes ErRpading o thebenehynarleand cusienipation type.
of .the overall performance of the techniques of the
Becdsebhforii fventi on. W.S 1 is the nost appropriate
method for estimation of the five cost percentiles
over # ¥ Sdarbeselayarl &s apdbelusterizaiinn tprd crestions”est i mat es
for all groups, for both executions and orders, and

15  all Kenghimrikse. 25 Regression constraints 18 WO
2004/ 097553 PCT/ US2004/ 011892 [0074] Speci al
[a08@]nt | THR 150 Eatstaibedepéeridd oh helch6icd eftthe flidtion gMrdvaule type of

assum ng any constraints
benchmark. Typically, it is a technical condition on the parameters y; that ensures that (10)
doesn't happen.
[0081]  Finally, if any of these constraints is violated, the regression parameters (o B; %)
20  are adjusted relative to the median are (asg, fso, Ys0). 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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on the regression paraneters: ai, /ji and yl, i = 25,
40, 50, 60 and 75, it could occur that for sone pair
wO03004p7550075] X = ai + ,8i f(S) +y g(M < aPCHUS2004/011892
lifts) +y g(M =X, for i > Eq. (5), 5[0076]
0_avo

ORI, e ERBERE P e Rieyiiof g Sﬁ%rﬁlgfnaca%oﬁfﬁadgare
o i il AT Rk Rl PG a . s EE 05 Brovide the ood
reRBRE PR S bmbrrereh o M Foeb ooy Lvis iceverage value
G B esegsipgs 'n@ﬁ%%?@@qﬁ gty thes o s el g By he

I n ot her words, ure that a, > a; for |
TPEIESPEP Cwa@&céﬁﬁagf-‘e%tqf il ppssible seRmasios WagarewKld): %ﬂeﬁoathp &St set,
t hat dispersion of costs should increase or decrease
agd pypmgleyshad @a@@w@ﬂ Sh¥pERyimeely RB%od gesssralR methgdology had the
clusterlzatlont?/ Precisely, for i >, ,8 < /3
begmereimaneraiok barpnmar Gt SRdeXegiionDith gyseaged s\ aimkthe worst
15 ,8 > / otherwi se. [0080] The | ast con§tral nt
p@ép@mge ohthehenchnaric(r ad expeutiboneith average Znd Octd. Hihireassumed that
type of benchmark. Typically, it is a technical
thogndd redermance faeCpar kastitedplowing explanaiéons ds ekeadl aten(iai@yl above,
doesn't happen. [0081] Finally, if any of these
benrigtarlaCnbsis just ainedsateddr gentrel privg negsmen apdnaisesin dres20 day period.
(aj,)61l y) 20 are adjusted relative to the nedian are
Rra this pafitwf vieh0 pmpifisalsostppreodidds fguGramigkksiepdndtonttireunderlying
nmedi ans, as the nost inportant percentile estinates,
thdesor nalerse gere Sittlepimdabuss the depeindenca i mbhigstum and vie Malues of the
unaf fected by possi bl e adjustnents. Selection off and
sehchOiraled ADN0Y Dk JeRCA$ AS20ehbiE LB 4 [10BS L) dagbe €a2€H0 so

benchmark and clusterization type, several functions
1Rt 5 8@§isGrafdtrmed into
[0083] Xi=oait+ g i=25,40,50,60o0r75 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] /%) = fi(f>(x)) and g(x) = /x/*", Eq.(7)

[0086] where

4 3
f(x) = x"1° and fy(x) = {X /0.22 , );icc))%zz
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chosen in regression Eq. (4). The linear functions
f(x) = x and g(x) = x provide the good results for
wabkbodmersshmar ks, except for MI. Perfornmance waBCT/US2004/011892

nmeasured via the average value of R2 for regressions
§€7the nunber of adjustnents that had to be applied

[ﬁ lio the 5 regressi on constraints. Average R2 of &a ®
possi bl e scenarios was around 0.55 for the test set,

[898B]p ariameression Bad4) for benchaplisWedelil theayqpt oatisfretbn] rgsuB.%o

of cases. The net hodol ogy had the best performance

[0039]b e ridiefenddoC b +20sfama sézee ofitsdsoinm 2% bhABVeantageenREater values.
0.62, and the worst perfornance for the benchmark Mr

e drassfermativohas thd ddsirad/effeatybatigBreantlle ddt edtiinates ofAgsdINEMe sizes do
that the good performance for CT+20 has the foll ow ng

rekiffandgrificantAsf; ahd g adyeliBndvientl@dn-dibeir ®chal-Or bEXGH MR eriables S
CT+20 is just a neasure for general price novenent and

ano s eespertivilg. 20 day period. Fromthis point of view,
enpirical cost percentiles for CT+20 m ght depend on

[0bs0]uNdBEd. Bi10Gllusth@icaploR el Ematd@hind rellzbl, @ostdBfentiles versus
t hus, the dependence on nonentum and size val ues of

ttall€ siz&stBCthS béucBESTts O}, 7R endVBrRKFigSs Rl estidatéll and realized cost
consequence, 8, and y in Eg. (4) can be set to 0 so

peR@htilEverdud tradcSsiZes ANES QEAREs hiBbSsed Bn b 9R3itidhs Tha®hadimSthentum
i = 25, 40, 50, 60 or 75 Eq. (6). [0084] The poor

RRES RERB S8 (-M 2,@@)22.%11 8stRhAsMEGE R¥n h&s?veg 95591% getgﬁéséion )

different behavior of its cost percentiles.

t&ﬁlﬁi\éﬁ& Wing. y%@gHﬁk%eéﬂe&fém 54:{]‘(})5:{ )hgx{d?rgﬁ%b—l b Cc{)s'l':eggire measured

purest benchmafk that can mm € ertur

rgﬁﬁﬁﬂobﬁﬁﬁgéﬁﬁﬁl trade sizes, execution prices are
t [Ty

nat ur a ound@ﬁ'by the bid and ask quotes of a stock

[g?%\;t h Y3 % g&%pga% E{Héﬁa!téﬁrldnd COfl ecgl;tg)grc\%gtllliése&egsz& graéregsgztjap.f?he

aili S are boun

. i il [ I I iy
egdéﬁéﬁgéoa;{% léfs’gé &}h.&g %}%@&5 s § uarr]g%" c:aiw )#’olcl?s tYlae[r d (r:no%séetﬁl}é'l \;a?ues within

unf or results 1'n

Vi ol at f-th r.eqressi an constrai.nts. Through.
e (2 Q080 U R K it g tohtiaue WLSL 1

TSR R 0 200 Bt iy it
J;(X):X andf 2(x) = x, x>0.02

[0092] Fig. 9 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 equation (14). 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. 10 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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20 WO 2004/ 097553 PCT/ US2004/ 011892 [0087] Eq. (8)
[0088] in regression Eq. (4) for benchmark M yield
woheo4rmosts3sat i sfactory results. [0089] The funeCirms2dou4/011892
transforns sizes of |less than 2% of ADV into even
r. val u

L T T S
T
BP0 LSRRG bS8 T B Tk B S e
A T 80058 Bt AP RB

cost percentiles versus trade sizes, The estinates

Iy peth sases dhegitprdind deviatiqrs obprsT eaThYISHAYIGRS fRemER anpiyerably as trade
values within the rage (-0.02, 0.02). Al estimtes
sirgs/Bcisess oy MritliBereasss iy rélgleesd®dn  t echni que WS 1. f

and g have been sel ected asf(x) = x and g(x) = Xx.

[0924]s die 1hdisplayeestimaisf gnd spalized cord perpeRiitas verFumomerdon for the
] Fig. 9 displays estimated and realized cost _

bpreahoerk M- edigydrigusirates dabthe cost gercepites depeni g thesvariptde Momentum
based on all executions of Large cap stocks that had
nawiteerr drshigal Eresutigng With highBbsohe vadwrydor(short-m rgorgeijum appear to
Al'l estinmates have been derived using regression ’

bt eohméagtle WeSistimbtenard bepeth aw ell Ereevtione| 8 testtnatsfHaxg beenyerived
and g(x) = x. Costs are neasured relative to benchmark
uMhg rdeRR8a] teBhrgquedWE D vyeand gthansiicen sdamtbdra4ly) zedndost=|x >
percentiles versus trade sizes. The estimtes are

Mg an @ild offpeee tdst @8Gibuishs had nmonment um val ues

within the range (-0.02, 20 0.02). Al estinmates have
[0698]) daf is\RH-KAS A that &EPFiIESS O disebibRUR: Jhehily AsyAR@t and
have been selected according to equation (14). Costs

184S -HRRAS PhELyledl h¥Eoek RinbEDERARE ik thWFwo-kiBp Fe@Sdol8yy 1Kk
10, the estimtes are based on all executions wt

PNROR MR AU R g WvE M dRpdrlagnt h@RESioh oqfdtiffs Br BE bstimation 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 F is modeled as
F(x) = ¢ (X5 + z -x)f forx stj, Eq. (9)
where ¢, z and K, are positive constants determined from conditions:
(1) 0.25 = F(X2s),

(if) 0.15(X40 -X25) = F’ (X35), and

22



10

15

20

25

[0093] Fig. 10 contains cost percentiles for all Large
cap stocks and executions with 25 Monentum val ues
weib@io7skhe range (-0.02,0.02). As di scussed abovaS2dolme11892
Fi gures show 21 WO 2004/097553 PCT/ US2004/ 011892
di ffer. ehayi f cost percentiles for various
HETh G 48

benc t the scale on the y- axis varies

i derahly f. benchpmark t chmar, P St ... .
IR { Goseette 6 BRoG ARt e B SRR s b - 3 fougiton i)
and heavy-tail ed, d the formaf the distribution ..
efeuo e v PEeR g ha P b s pbondflon i
i ncrease This i.s different for. the benchmarks VI a
oo PR et BB HE e G PE FOR S gm o e
cost distributions change consi derab as trade . sizes
f?‘i?&l%g"é EOQS9F AT that fie ?L@a%%lsean BPIUTI0; 0 Dufds condidien (iti) makes
[0094] Fig. 11 displays estimated and realized cost
s bdpw 10890 pasis printspRretitalinirRissiblie  benchnark M.
Fig. 11 illustrates that the cost percentil es depend
[%‘?Pg&] he Gragitiant @ (i ek {iihdeling thellsfiiad of th distrition function £
Executions with_high absol ute values for short-term
uprsHelh eudPapspEles Xuo.--10 @ besedvedost | y. The esti mates
are based on all executions. Al estimtes have been
[0R49] v e Fincg fadtual jnsagtipreepsis 95 extremely npisy) ael hapg/-teiled, agploist
g have been selected as f(x) = x and g(x) _ 1 A
nigiiebd| to higgld reer gravp sosbdistpbeions sgtquitiedt Thepreseonisvdnfo®piovides a
It is well-known that enpirical cost distributions are
nipéimdplaky thabesiimaies pear cont dercdngites Yortsii different Beachasylmrertor different
has been incorporated in the two-step nethodol ogy of
ctusterization yrpes et alli possbit clonices pf sesnanigs.fTh e prescatpeveddnt, trading
regressi on equations for the estimation of the 25th-,
cd8¢ tun,be pBduiped bt factantypéSMarkpeCapitnlizations .Sideh®Bakkeq \Byze and
tails of the peer cost distributions can be nodel ed
Shyrt-RameViomehteh r Wiailé the fisst fdua facali€hatve dizewleyalusesh ihfut, it may be
extrene value theory (see e.g. Enbrechts,
alSutiep Bt e tat@ Sizdhikdehedtilcan 148 afPo@hdsetwbn [0)&] and [-1,1],
left tail of a peer cost distribution can be
pRigegnt ed by the function F only. The nethodol ogy
for thé right tail can 20 be nodeled in a simlar

[06%00] 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 S, ..., Sy, and M, ..., My, m, n > 1,
respectively, the procedure for estimating peer cost distributions remains similar to the
continuous case. For any partition (S, M) I <j <m and I <k <m, compute average Size and
Momentum (S, M) for the partition and determine the five percentiles Xzs, ..., X75 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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[0096] Assuming a Pareto-type distribution tai

behavior, the left tail of Fis nodeled as F(x) = c¢
WOXANE/097553-x) | ~, for x <X25, Eq. (9) where c, PCams20d4/011892

are positive constants determ ned from conditions:

S B 288 e AR08
RS I o P i

antees hat er. cost di.str.i bution

r%‘we%?lf%%l S PUStgR S h’f% S ST R -+
S at aII e r cost .distributions st have

PRTET ) | 18 e PERmERe bt %séw B PAPTORR 105 2 gpfutg AT fronario » =

9 does t hat .the function can be equal to
b: Yo vt %&%?«ﬁ@nﬂ{ﬁrzmn Mo i€ SeHigmentz cpp e

t t] i bl e, [0098] Conditions

compare (B pocusH oL £ 0s Vit Mo @PRRTPIgfal pav cost disbutons
di stribution function F uniquely and percentiles X1,
(for y, angous opeppnishoeps inisels [ 0899)+ dvdead Aot dal ys + dys)). Companng
transaction costs are extrenely noisy and
thetwgretical withl theempiripabdistiibutives prodideaniided eh lpsewelthe upthodology
cost distributions is required. The present invention
oty i Eheygirical studiehparGirmgd by tha presstt invertters hpeethown ditat in most cases
percentiles for six different benchmarks, two
ediithited pevt cost flissibetiornz ate very dlygpeesthancualdistytasisnd Percentile estimates
choi ces of scenarios. In the present invention,

df seetlbmiey withossk s flaaiistitetighippeish to e ld3erelialsle.ah parfiyil&, peer cost
Mar ket Capitalization, Side, Market, Size and

eSiaites foe bencMaamk T mighidifeer siggifibantls throhOle ehpelcalipseitave
di screte values as input, it may be 15 assuned that
dhlactbagtic@r s Si ze and Monentum can have any val ues
between [0, Go] and [-1,1], respectively. [00100] The

[00403t ep BprioaGhimHak fﬂlﬁ%xﬁrgﬂég oF tRddeLHCORMS bmBRicAIB e Rtive
for all scenarios corresponding to any val ues of
PREBREH BsMibutidsd ok QiffttchBsBRRioVRIERharkd TR Z@nAd are abbreviated
by X _Y _Z, where the character X stands for the corresponding category Market
Capitalization, 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 WLSI. The functions fand g in (Eg. 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.

[00104] 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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Monent um are subdivided into discrete groups Sl, ...

S,, and M, ..., M,; in, n _> 1, 20 respectively,
woheo4pwrisedur e for estinmating peer cost distri Bariusz®4/011892

remains simlar to the continuous case. For any

39 %%C&%C%f@*%# ‘R?é &Vne‘t“é?rﬁ%/osﬂ])%rds s g @F@wﬁeﬂn
nti.les X75

e RegVen- fank b B PELS RV eb? wifiRted sty Cr & The

id h
ce ”%aetr' R es P et Pty e bsitanint o S amgrtAch o VR The
f&%@%@aﬁ'@gﬁ%ﬂ OPfeRbes: @%%Bégiﬁﬁg%ﬁlsiz%?dé The Betbutions have

per entlle estipates for the 3_WD 2004/ 097553
UTSDSA "8 89 SXeCHES éhabléf‘é?ngée &istedistacks. Bavs ‘ES?nSO%I'ﬂ%@@V

is no theoretical justification on how to subdivid
OpEeEiATS R aﬂaessﬁm'z%w@rt%mb@om?mw etiveprs 10.-Q5raap -3 diie figure shows
nethodolo%y optimal ly. Regressing percentiles on the
thay dieligritajtipas a1p gongspEtad aeund thermegkingr Senerdisrentneias gan be
(%00102] To neasure gerfornance of the two-step

provascenngl dhe Zith-ané / tthapeyceniglen dhp disgrepancigs {jght haye apgedred
y4, ),5) for Market Capitalization, Side, Market, Size
tecmisdbeeenstanie EgdA) hayentidmemsatisfaedt dnd dnmttlieqatameters (azs, s, Ya5)
di stributions with the correspondi ng enpirical peer
a0 $dt75, IF: § trfs) Rdttd 06 8djustddo AnytHerasithpb explhai@NmipAORSBat the scenario
intervals [y4 -Ay4, y4+ dy4] and [y5 -dy5, y5 + Ay5]).
He® ARAfricRE nuinbB6: JrRepHRAI dbadrvatiohdlordI Q\s&f@ﬂnﬁdqﬁ@ice the empirical
di stributions provides an idea on how well

ROkt NIh R beEIPIobh® @ﬁou% @&Iceﬁpﬁ%ﬁor med by the
present inventors have shown t i n nmost cases 10

[66ids7at edFi%e?fE[n@&ﬁ{s 16l Sdphidddh O REQYRT t}{at%f%ﬁg tot Mid cap,

t he actual "distributions. Percentile estinates

L%&@d"ﬁ(gdkg %vn‘ﬁ"ntaﬁe M%Js%eMe@ﬁ 0. Q%%El 'OQS% 6@&5\/@19@ ?ﬁo%tr teltn? mkaﬁlentum

less reliab ticul ar, peer cost est mat es

\Qﬁl@§ M(*O Cﬁ—d‘{g ﬁuamh%flé Edefxefrﬁ)rto %&Jh%' flbtcoq FB%%V&%%I?@GE&E Therefore,

enpirical peer cost racteristics.

1’%62&11 1R .e%éelc{éﬁ Eﬁrﬁ?} hg te&ggfcaﬁcémltlgé dlg&bﬁtgp%%ﬁ&fbﬁié ro@lﬁg The plot

er cost stri
S 5P ESOE EFFO
pfe%nﬁarr]lge &R BBR erve((j'l glgcﬁ)t ‘frgt%{syﬁgl\lftrae, %oth distributions have been created
using benchmark Cry; and scenario S _S_N with y; = 0.14 and ys = 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 Cr.;9 and scenario S 4 QO 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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Capitalization, Y stands for the category Side and Z

represents the category Market, assum ng codes
wonresd@atss in Fig. 1. The solid black |ine densCeaStdee/011892

enpirical cumul ative distribution function in each

feheg}f{ ed1sd%i|s%$d %ﬁcwe ITB,E & ear egﬂ%%x e goir %Ex{ch&%{lémcgrﬁ Wy In Fg)artic:ular, costs

uncti ons ave been usi n
b%ave g)g% arédte{ﬂ) %@dooojég) cé%é'\}te rsne.af reanlgrlgoéc?lﬁén%gchus t}1e

FRER A SR bR y’cos EZ'r é‘Sﬁt N SSSEZS'J been bui 1t
(DR, o1 S TR e R o5t Bl G3Sramatid iaplado assss
REU G EF oA S DERAPRIOPTIb U GHEOTRARE Bebfrss IRt G garcentile
B S P 5 S50 o 5 o

have 40-50% ADV trade sizes and values for short-t
CRBTRAT M PIEARE oh mediapare Hifqnoshaqyarateplyle nerpgil ﬁﬁe@htaﬂs are based
nmeasured relative to CT 1. The estimated percentiles

o adelegassyantionetndy Sieispres ian petentistly diffsppm aeMalgercgntilgs One
1. The functions f and in Eq. (4) have been chosen
cquld spgoeyt te- estimptpimeye pyreentiles lrrn@laapls iHnytavern Bicteasieg the number
been determ ned using all executions that belong to

of percendilesttent keg estimated Wor BEmwsGdn eypytionthag g biggiravdxcla fdte more
val ues for short-term nonentum between -0.05 and

regiese®ns Miecadfls tpiaguatioh ddishe mpwgtadiubienedissnd gdimatiomeras ean occur.
concentrated around the nmedi an. Sone di screpanci es can
Webelislys that/ibd careotmethodpro2igethe most a7@irdte pgyesntileresiithages around the
The di screpanci es m ght have appeared because the
centasefitha distsbutioniag well 49 gdvd perveitilestimagabviaili.ed and t hus
the paraneters (a25, A5, 'y25) 10 and (afs, P75, 'Y75)
had to be adjusted. Another, sinpler explanation m ght

be that the scenario has a restricted nunber of

enpirical observations only. As a consequence, the
enpirical cumulative distribution m ght be not robust
enough for conparison. [00105] Fig. 13 presents the
conparison for all executions that belong to Md cap,

Li sted stocks with trade sizes between 0.4% and 0. 6%

of ADV and short-term nonment um
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15 values around 0. Note that this is a scenario to
which a | ot of observations belong. Therefore, it can

woeomxpessed that the enpirical cunul ative di sPcriustioan1892

function is robust. The plot shows that both
]ﬁag%I&;ive di stribution functions al nost coincide. A
Simrar good performance can be observed in Fig. 13.
h@ this fiﬁ%éf' both distributions have been created
[0Q101d bendPrisfiRvies decumegtsrcanigiorancel abovpthppughous she-present
0.14 and y5 = 0, i.e. sell trades belonging 20 to o
disgiosyre by guiheryad dnuppher]. (The gudirg pondentsnfsashort it Bewinppublications
and short-term nonmentum around 0. Fig. 15 illustrates
A acEporpled hegin aefersastchnar k CT+20 and scenario S

-, 4-Owth trade sizes around 1 % of ADV and nmonment um
[0@1Qfds ar Bdnd Bakawitzzhd agham. 2odNoses Er A08S) Thg &dtal costrof
extraordinarily fit for percentiles between the 25t h-
transhctiGistonies WEBE) Jowmbefdenanbioéy®r112i n - contrast to

the other figures, the enpirical and estinmated

[eoHaf]at | vE]di sBueerh §Y.7.oHodrickcl.Boand Koboaj &k iRA. (00R)Chredicting
in the tails. A possible reason mght be that the
egsisuliptidiyndanzmimefidicienbes INBORMS2458, WD-28004/ 097553

PCT/ US2004/ 011892 behavi or, di scussed above, are not
[@0140}s app]i catiakrafaty, 5o Radvh@rakesad, A2 @nd Woop & A (20022 Has
costs below -10,000 and above 10, 000 b. p.

de@spiedtion dlny instidyomad Husiirs YAD Beestigaival iith tiadihg €osts and order
threshol d value 0.0001 is, probably, too [ow. [00106]
rdigpiRaeRlcEduehias institéiddhspe vi ewed as a representative
sanple to assess 5 performance of the two-step
hapPRaaeiber bRg-dvat-n o0l Higs Rl ges consi stent cost
percentile estimates for the selection of the

[pencihymar kg cl asher. KZ@atkh@NakonR8sk, 3NA9SH FRSbdHATior BYstock prices
construction, estinmates of nedian are the nost

afSual itifitihil h8ddREroa @At dfiFaminéQ60,1ak7-31 2K € based on
nmodel i ng assunptions and, therefore, can potentially

[gof 4" from achrbwinet ceRh %-M%ﬁvanﬁ:gugﬁo@@g@ﬁ%q&i@/ trading
estimte more percenfiles in equation (4). However,

cb&i§ Tlﬁﬁﬁkﬁ%.hﬁﬁc.%méar&@wﬁeaﬁ%%?&%d\xliﬁ@ébg@gcogf.lfdf-

estimated by a regression equation has a bi rawback.

[dove1 3jor e égﬁg:]@gﬁlgﬁ%s PORfucB et & GHYRELRL,, (14%19%%9@11@

nor e "adj u esti lon~errors can’ occur

. S 2 s can’
LI EMS chdffor T6: g glnaﬂa%t 894,001 ﬁgfdg@ggf e nost

accurate percenti I mat és™ aroun
[00114] [7] ITG Inc. (2003) ACETM -Agency Cost Estimator, ITG Financial

o

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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center of the distribution as well as good percentile
estimates overall. 26 WD 2004/ 097553 PCT/ US2004/ 011892

weeb@roersaes [ 00107] The foll ow ng docunent s weP€T/US2004/011892
ref erenced above throughout the present disclosure by

BT PO oS e S S A
) . .1 00108 B itz, S ,.L ,+ D,
RS EE 5 Sk 305k 3 SRR e DS Pon P

NYSE, Journal of Finance, 41, 97-112; [00109] [ 2]
Figppeda] Ecoyopics, d?{%‘%a? L.S. and Korajczyk, R A (2002)
Predictin equity liquidity, Management .Science,
[NV, LB Leaty B, Megiogpbimer o rermslioinsiv vesgment
Panchapagesan, V. and Wod R A (2002) Has
Gyides. raring M01ott-firt institutional investors? An
i nvestigation into trading costs and order routing )
[Q01481 i ced!bfMpdhpvas; 58(2p9,2§3{w@pisgﬁggles, Investment Guides, Spring 2002,
http://ww. nber. org/-confer/ 2002/ m croO2/ wood. pdf;
329%111] [4] Chan, L.K C. and Lakoni shok, J. (1995) The
behavi or of stock prices 15 around institutional _
[QM48ks, JoR)Beadld,of. (F88hReimphnentptidr shpttfadl: pgrgOYersys r¢aity,
Domow tz, 1., den, J. and Madhavan, A. (2001) d oba
Jeunal by Pertfalid Mgnagewstts14,4-9;
http://ww. itgine.coniresearch/ whitepapers/donmowi tz/g
[agd20¢ g c oSl 3 tbhwaftf) RIA.3ind [S631, BnB30@D) Iiostrolfng institutional trading
Kl ueppel berg, C. and M kosch, T. (1997) Mbdelling
clsxd: merale Mmetehd eenfyand it isus; Aol efitbrifelivadyiomgerBmt.i 28g89-49;
Hei del berg; 20 [00114] [7] ITG Inc. (2003) ACETM
[0042ancy (s} TdushbhuimiRr(2008Y Kndw adnalisedost? Engk deped, fibg New York
[00115] [8] Keim D.B. and Madhavan, A. (1996) The
Tup&t inimniecketryfR003ar ge- bl ock transacti ons:
anal ysi s and measurenent of price effects, Review of

[do12apci al [18} uagdiksctioR 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.rﬁfrice.edu/~j gsfss/'Wemer.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
various 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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1-36; 27 WD 2004/ 097553 PCT/ US2004/ 011892 [00116] [9]
Keim D.B. and Madhavan, A. (1997) Transaction costs
wana4/o78sest nent styl e: an inter-exchange anal peTasSefo4/011892
institutional equity trades, Journal of Financial
mc 6,.; - , 117 . )
IGGERD s ofecfidan b sk Mok dapd btk 3L afble, G g Wppoduc
[ ™Spri ng. 200 4-48:..[,0011 11 dhavan,. A .
oIS Bt R P a5 R el Ao O ¥ Briof et Tmi

hprhe Al taciaperi S Olopd g WLy by Habuse 104. A

Journal of Portfolio Managepent, 14,4-9: .10 [00120
R el i 1 SR the RO Mok Sisd 1G5t PF A fog dete or
institutional tradin costs: \we have t the ene .

5 dafpgan e qoéleﬂé lty i A rSpCopRRE: f%eidstamigéﬂﬁrﬂt?doz ?gamzed
39-49; [00121] [14] Teitelbaum R (2003) Know a
apqeFHngto cedpotors,sbgh WSésefyPeTtie New York Ti mes Conpany,
February 9, 2003; [00122] [15] "Transactjon Costs -A .
[QQ#27I ng- Hegedicllveaich gs st morde gF Py e Wesl(he twostep statistical
I nvest ment Quides, Spring 2001, edited by Brian R .
amflysisedes¢riped pbqye isgreaformesathefransgion diit@ trLge3prafergyt estimates for
"' Transaction Performance - The Changi ng Face of
equhgustitefion fopach scenanpe Sirptednta Sigrateed acgpidingdo sigpand momentum
edited by Brian R Bruce, Institutional Investor Inc.;

10 aphdecoh@Grcujerdentile (Nammgressed using line200BIPolVISE agst ethet tedmiques
costs, littp://wwrufrice.edu/-jgsfss/Wener. pdf. 20
dpBababibodn eltwldatalcenl b presemtedde ¢ user Inl any muebgtodmdys hat
t he above net hodol ogy may be inplenented in any
[Gan28¢r of Avwmydngly;@rocessepiitel 02 mefy de mpprgpriatelf-pygfittddwitiasoftware
system 100 for estimating transactions costs for peer
ahdBdriwart topesiocathei pnadessde daciirebess and configurdd® camthuaicate with
PGD

database 104 as necessary. One skilled in the art will understand that the system may be

15  programmed using a number of conventional programming techniques and may be
implemented in a number of configurations, including centralized or distributed architectures.
[00129] Peer investment institutions may access the 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

20  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

25  sizes over 50%. This particular institution performs poorly for transaction sizes of 10% to
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dat abase 104, coupled with a network 106, such as the

Internet. Institutional traders use various client
weypsi@masss or perform ng securities transacti onBCTS2004/011892

exanple, a client interface 25 108 may use a trader

108 d NASD, 200
2ptr Bistiebeasde Babey Uil it Py tened
For rkets. a

{lnlf«@ﬁ} ; %e%?%ﬁfgg@fy s R St g):w&ﬂ?%wg{ [ Sbot ae
: T
egiomﬂiec 33 Bareiﬂ'faaré%s? il So e e SOHEr a'a%reﬁicgétaes?ﬁ%re
PGD -
n@S?f Pt e ﬁaﬁwﬁya&%@?&isiﬁﬁa me%‘ﬁl%gfuf‘ fashion.

eal -tine_as the data, or 5 data_can be co
[‘P %@@ﬂ by Daedhe peesabioxeniign hasfeen filly daserid %Wg%ﬁé?ratcsao the
or organi zed accordlnq to cost factors, such as
dmpyieg figwres. Althougivthe mapntignibanbaey deseribad basedginen thssermﬁﬁeﬁed
or once a week, the two-step statistical ana
cobadimieniadt werdd be papagsat odhase af Hiled i the pg ﬁlsaaeqrraawnacaﬁ%ﬁons
to generate cost estimates for each institution for
vergsions epdaltemrtiverangiructigng woyld byimpaiseld AT wr@inieg Yighin the spirit
si ze and nonentum 10 and, second, each percentile (i)
aid sqopgplibs Bentionn i drilerda detbuming thomsteh el boynds oftthasinvention,
techni ques described above. The data can be presented
thepefareurséarence skwmid beumddeto te appepded dld®@d4.28] Accor di ngly,
processor unit 102 may be appropriately outfitted wth
software and hardware to performthe processes
descri be above, and configured to conmunicate with
dat abase 104 as necessary. One skilled in the art wl|
understand that the system may be 15 programmed using
a nunber of conventional progranm ng techni ques and
may be inplenented in a nunber of configurations,
including centralized or distributed architectures.
[00129] Peer investnent institutions nmay access the
PG via a client interface. An exenplary 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 20 percentile, and the Y-axis is cost
related to the benchmark, in basis points (bps). The
cost
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di stribution can be represent by bars, or any other
graphi cal fashion, to show the peer institutions
wezti4matss costs with reference to then entireprlGDS20681011892
exanpl e, graph 300 shows the current peers
“% ifornance as being relatively good, relative to the
#ti%e PGD, for transaction sizes of less than 1% 1%
to 5% 5%to 10% 25%to 50% and for transaction 25
si zes over 50% This particular institution perforns

for t ti ' f_10% :
100 34 S U B TR 03 A 59K Hfﬁ?og BERPEy an
|.e of t hat f ,
or eslces sGapt i Paie i Ang SAE Tt 08 A HaFy Sty o

in the art wll readil recogn ze at ance COSt s
ingetpRl iR tUtigns. spidh H?‘tSP‘E‘%PP qpta; “??Qﬁutgd{"? ofysggurities being iraded,
benchmar ks, groups. and, percenti |l es, there are nmany
Ry Eion 9TgsF é‘§@n?x"’€‘ﬁé’nrpé‘§‘iﬂ and exegPitdimesy aphi cal Iy or

ot herwi se, in a neaningful fashlon 5 [00130] Thus,

t he premehiaid Fpsttion Aath ato pRIBRIB AL cri bed wit h
reference to the draw ng figures. Although the

i nvesrlquinting aﬁluaaaé@nofor@gdqenmqﬁafgfé‘&clwfoﬁaldtna@@w of orders;
preferred enbodinents, it would be apparent to those
of stetifiatiel transackien aests foheseh BWeSmPTH ﬂifﬁglfﬂﬂl EAative fssaid cost
variations, and alternative constructions would be
benspmedkstandwhi | e remaining within the spirit and scope
of the invention. In order to determ ne the netes and
bounsterirgfsatdhiietai nventi on, 10 therefore, reference
shoul d be nade to the appended clainms. 30 WO

2004/ 097553 PCT/ US2004/ 011892 W claim 1. A method
for creating a peer group database, said nethod
2conpThesmetod ssakdirdtin ¢lginsk suneieinsatdreatipatirtg stap ivdodes f otep af
presel ected period of tine, for a plurality of 5
rdgieseing smditrarisigioh todts @ans a plailith dfiparsatdes. on dat a
including identity of securities being traded,
transaction order sizes, execution prices and

execution tines; grouping said transaction data into a
3pl ur @hd fythed asaeel®dsn claim 2, wherein said regressing step utilizes the formula:

Xi=a+ BfES) +regM)+ s
for percentiles i = 25, 40, 50, 60 or 75, and each percentile 7 is assumed to depend
linearly on functions f'and g of size (S) and momentum (M) respectively, and (¢, £, 7 ) are

regression parameters.

4. The method as recited in claim 3, wherein the regression parameters (o;, f;, 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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woaesi4a9f8 each i nvest nent

calculating a plurality of cost benchmarks for each of
said plurality of orders; estimating transaction
institution rel ati vecTwss@ud11892
cost 10 benchmarks; and storing said data. 2. The
method as recited in claim1, wherein said estinmating
step includes a step of regressing said transaction
costs onto a plurality of percentiles 5 3. T .
5ot ks oo o bt RS aR 0 2 % solPee oty
step utilizes the formula: X =ai+/3i.f(S)+Yg(M+" for
HMEntiles i = 25, 40, 50, 60 or 75, and each
percentile i is assuned to depend Ilinearly on
functions f and g of size (S) and nonentum (M
r ivel n [ ' '
oo S 2 st Sy o SRSk e
wherein the regression paraneters (a;,8j, r, ) are
est | hreloser Rrisieq- Chihe SperiyAm2 dag REpr @&hf‘a‘%aéé’f theyexsjeutipiygf the
wei ghted | east squares (WS) with respect to OLS
coresspapdiigordevy S1), and (c¢) W.S with respect to
observations in each 25 subdivision (WS2). 31 WO .
20044 09 TE& Y ciptiFd Wgaam4yroe VAGAP agossPH dradest fhie gegurity during the
recited in claim3, wherein functions f and g are set
dgyooftzsedutipe of the farrespandimg.ords1;6. The met hod as recited in
claim1, wherein said plurality of cost benchmarks
i ncl aidesing pricel @si ofghqretwiy G the firssday #fiter $eciay iof sreption of the
day prior to the day of the execution of the
caggspasipgaddeng or der; a vol une-wei ght ed average price
VWAP across all trades for the security during the
day #tlosixgepritei @mn,,of the hecudtyranaboil daygpfer therday 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 M7 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.

7. The method recited in claim 1, wherein said estimating step takes into consideration a

number of cost factors per order.

8. The method recited in claim 6, wherein said estimating step takes into consideration a

number of cost factors per order.
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10 a closing price CT+r of the security on the first
day after the day of execution of the corresponding
wonaEry7a3cl osi ng price CT+20 of the security 8aTHISE004/011892
20th day after the day of execution of the
correspondi ng order; an open price O of the security
on the day of execution of the correspondi ng order;
15 and a prevail. ote MI of the. securitf. Rt i or
%o ¢ hee BLBEdET Rt lwala? OGS TEBEERE HY “&i trsibe Qg
wherein each of said plurality of benchmarks are
cal cl aved AP eueseéurity for each order. 20 7.
The nethod recited in claiml1l, wherein said estimting
st epfdr pkeentilestic 26049306 art75.and each pemtnsite id$ asswmed to depend
factors per order. 8. The nethod recited in claim6®,
5 linkelyenfusaiods £t igrd size (5) shdmotmakes (M) tapedingy cdad &b, gh, ) are
a 25 nunber of cost factors per order. 32 WO
1A 9aP3teRCAHAUS2004/ 011892 9. The nethod as
recited in claim8, wherein said regressing step
uti | yaesintth@sdcbitdst are gre@ed for dadh(cO3tygdrd) +s, , for
percentiles i = 25, 40, 50, 60 or 75, and each
percentile i is assuned to depend 5 linearly on
functions f and g of size (S) and nonentum (M
16€SPEEL fébY as %@iged(lﬁ‘ clainl9, wheleih§ redr &H6E Ea?rhxﬂ@ters (o, B, y) are

par anet er s; wherei n transaction costs are

10 egt?g Lt?ds %?&n(faﬂ]grdﬁﬁﬁgea%%mfegﬁiL%g S'(b) %8 htz@%aﬁ%ﬂ%g @S with

e reg ESSIOH ara
S oupl T T S R P B O

s%&wmon (WLS2).

11.  The method as recited in claim 9, wherein functions f'and g are set to be linear

15  functions.

12. The method as recited in claim 1, wherein said cost benchmarks are calculated in real-

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

20 13. The method as recited in claim 1, wherein said estimating step is performed

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

14. A method for ranking a first institutional investor’s security transaction cost
performance relative to transaction costs of other institutional investors, said method

25  comprising steps of:
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respect to OLS residuals (WS 1), and (c) W.S with

respect to observations in each subdivision (WS2).
wa2004M08558et hod as recited in claim9, wherei nPCT/US2004/011892

functions f and g are set to be linear 15 functions.

12. The nmethod.as recjted in claim1, wherei.n said .
cost OHIERENESFRLY Trisachen dae TeicPrr s g pErtplimgetor 8 pluraliy of
.transactions are executed, and are stored in.a . .
iRpgpigsRGiastingtpny.seid frBsapan st eludiagidpriily plsegyriffeqqing traded,
wherein said estimating step is perforned .
U3 B dtrIsizes: GFecHiion Rfcsh suEtenBisandieRecuBe WPFRd duri ng
a predetermned tipe frame. 14, A nmethod for ranking
a fi eouringstid frppspeiionidatedyie arbraldy ebidefit y t ransacti on
cost performance relative to transaction costs of

5 ot heralpHatingragdyralitaof ¢asteenclyparks o pashef saitbefurality of orders;
conprising steps of: 33 WD 2004/097553 | _ _
PCT/ eg2gp0as gamsagpn cess fos erchngyestentingtijution apfativettp exid cost
data for a preselected period of tinme, for a plurality
bofichmvisssandent i nstitutions, said transaction data
including identity of securities being traded,
t r ansakingeaid drd éstigtions investeragtingsaig pluead gy ohmwvestantrinstitutions
and execution tines; grouping said transaction data
fordt deast qub of ahimber of facoders; 5 calculating a plurality
of cost benchmarks for each of said plurality of

10 orders; estimating transaction costs for each
i nvestnment institution relative to said cost
15enc M nethpd andcitedrik clagn $4ivwhefein sid dstimbfitgutdpanaiides a step of
i nvestor against said plurality of investnent
réd&dsink dhid daBsactiddcodtt oht®aplurslitg obfer@ntilesitber of factors.
10 15. The nethod as recited in claim 14, wherein said
estimating step includes a step of regressing said
transaction costs onto a plurality of percentiles.

16. The method as recited in claim 15, wherein said regressing step utilizes the formula:
15 Xi=o+ S+ g+ &
for percentiles i = 25, 40, 50, 60 or 75, and each percentjle i is assumed to depend
linearly on functions fand g of size (S) and momentum (M) respectively, and (¢;, 3, 3 ) are

i

regression parameters.

20 17.  The method as recited in claim 16, wherein the regression parameters (¢;, £, ) 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).
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16. The nmethod as recited in claim 15, wherein said
regressing step utilizes the fornmula: 15

wdi2ewiosfyss. f S) +Yg(M +ei, for percentiles i = 2BCTAB2004/011892
50, 60 or 75, and each percentile i is assuned to

1 © peﬂ]ﬂedﬁ?t%‘?{{ zijlsrrI é’fte 31% {;l\l'/llg}c éé ﬁr n ﬁnc%o?sBP and‘?g a?eese{ t%)beéfirﬂgar

reqgr essi on paraneters. 20 17. The method as recited in
fmclens 16, wherein the regression paranmeters (ai, 8j,
)A, ) are estimated using (a) ordinary |east squares
(ALS), (b) weighted |l east squares (W.S) with respect

to OLS residual s
b o e F B e RIS B PPt Ty of s gt mark ncce:
2004/ 097553 _PCT/ US2004/ 011892, 18. Th é&
Feci ® BasipRDed: Mol 81 SRREISERH SayEier Bride 3y ahegexa%og gt the
to be linear functions. 19. The nethod as recited in
opIresPPRding ordffer ei n said plurality of cost benchmarks
include: 5 a closing price CT -1 of the security on
day prolametysighied ayapsopriaeneV AR eemges Brirades forthe scoutity during the
correspondi ng order; a vol une-wei ghted average price
dyyeafexaention of e lcomgsaending wiers he security during the
day of execution of the corresponding order; a closin
pri ceciofing pofe Cheofibe sty op thetfivet dey plier teday of exacutioneol the
day of execution of the 10 corresponding order; a
cobeppmbngerilee CT+20 of the security on the 20t h day
after the day of execution of the corresponding
or dea rlosing ppenCprd of theGFcupity ¢rhtbe 3@th day afjer the dahef ekgyutivh of the
execution of the corresponding order; and 15 a
cprrespandinggyden dquot e Ml of the security prior to the
execution time of the

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

and
a prevailing midquote M7 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.
20. The method recited in claim 14, wherein said factors include size and momentum.
21. The method recited in claim 19, wherein said factors include size and momentum.

22.  The method as recited in claim 21, wherein said regressing step utilizes the formula:

Xi= o+ BfS) + g + &
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correspondi ng order; and wherein each of said
plurality of benchmarks are cal cul ated for each
weoeeourwtys3f or each order. 20 20. The net hod r ecrseooumn11892
claim14, wherein said factors include size and
momeptum .21, t hod-r ecj ' I [
o ok beylet - 2P 08 74 G 4o o nle i it 10 R6h R
.nethod as recited i.n claim?21l, wherein said.re Ssin
GG O D0 006 of Dy 2 er it ) Bop gt oSG Ry ) are
35 WD 2004/ 097553 PCT/ US2004/ 011892 for percentiles i
regressjon pamefors; 9 or 75, and each percentile i is
assuned to depend linearly on functions f and g of
si zeWhSyindmgsaricreiosts Aierrgresekivaerchvattfactahd (ai, )6i
y) are regression paraneters; and wherein transaction
5 costs are regressed for each cost factors. 5 23. The
nmet hod as recited in claim22, wherein the regression
2par afiet metbod asireciBfl in §lgim 32, shereinghe fegtgpsien nasineders 63, f, » ) are
ordi nary | east squares (OLS), (b) weighted | east
estipuasdasing\WWSrdinkrty eastrsgsareciOLSy (DL &igesd dashbgaeWWELE) with
and (c) W.S with respect to observations in each
rSpéd tovOB$ eesidaMi BR).S1)1ndAd) WLKevithekipec tasbseaatitmdn sath
claim 23, wherein functions f and g are set to be
shiddgélon (WuSDt i ons. 25. The nethod as recited in claim
14, wherein said cost benchmarks are calculated in 15
10 real -tinme as transactions are executed, and are stored
in a database. 26. The nethod as recited in claim 14,
wher €hdmshbd apstitedah ElRigh 33, QPelesh RAIHOAS B g are set to be linear
periodically for all transactions that occurred during
f@hcRbgdet erm ned tine frane.

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

15  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.

20 27. A system for ranking a first institutional investor’s security transaction cost
performance relative to transaction costs of other institutional investors, said system
comprising:

processing means for collecting security transaction data for a preselected period of
time, for a plurality of investment institutions, said transaction data including identity of

25  securities being traded, transaction order sizes, execution prices, momentum and execution
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20 27. A systemfor ranking a first institutiona
investor's security transaction cost performance
woeb@tmwyss3t o transacti on costs of other institBCTwsa004/011892
i nvestors, said system conprising: processing neans
ti%fer% Sg%ﬁ?%%fggstafdglgpgag § urx{)#atte}/ ipfor aﬁ&r?ﬂgtsrlog Qﬁl?%,tr c%ﬂc{u?&{c}ng # plurality of cost
i nyestment institutiaons,.said transaction.data
PB4 PHLTREP U B St PR e b eger g s dor cach
.transaction, order sizes, execution I Ces, ntum .
MR R SR rg%ve\maz bpr) T BB KPR SRS 591G 1iss g tutions]
tinmes, groupjng sai?,transactLon data into a pluralit
inyiester dpast sl ety Of iyesimpt ipstfuipys 1gx atdgshone 9o s BFRES IO
for each of said plurality of orders; estimting
S faqtymgadti on costs for each investment institution
relative to said cost benchmarks; and ranking said
fi r sstofipgmpang foraprgiving daleciemn paid Braressings BgpRs PPiagaid dpta, and
of investnent institutions for at |east one of a
niplfigaletagivaitpblede sad Brocesyi@e 8icaks ng means for recei ving
data from sai d processi ng nmeans, storing said data,
and naking data available to said processing neans.
28. The system according to claim27, wherein said
28r oc @bs systymmserrding &q ¢laint X% wherein said procassyansaph otiontes the
by regressing said transaction costs onto a plurality
10 twhsapercmsts by esgresding sdihearsygioe tosicate dplnglityooiperentiles,
wherei n said processing neans perforns the regression
by the formula: X =ai+f3if(S)+Yg(M+$'i, 15 for
percentiles i = 25, 40, 50, 60 or 75, and each
2per c@nt siseni ackarding sacteich 28) wilepandid processiirg igeanm performs the
functions f and g of size (S) and nonentum (M
ré@spRaby el fygrmand (ai, /3i , y ) are regression
paraneters. 30. The system according to claim 29,
wher ai a 4 hez ;9or esBi/pR Hparanmeters (ai, fly , r, ) are
20 estié%tgg(dgfﬁg¥(g) ordi nary | east squares (CLS)
15 (D) Wi ghtRfed 228t 40560186 &5 (ME Sch Bhibbhtile 7 is assumed to depend

linearly on functions fand g of size (S) and momentum (M) respectively, and (a;, £, %) are

regression parameters.

30. The system according to claim 29, wherein the regression parameters (¢;, £, %) are
20  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 fand g are set to be linear

25  functions.
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respect to OLS residuals (WS 1), and (c) WS with
respect to observations in each subdivision (WS2).

WQ@2004008553yst em according to claim?29, wherei NPCT/US2004/011892

functions f and g are set to be linear 25 functions.

37 WD 2004/ 097553 PCT/ US2004/ 011892 32. The system
according to claim27, wherein said plurality of cost
enchmar ks i ncl

Becutiey o aauai Ein o 15 WF%@%@@ bl & Qpeketiticptude:

the correspon or der a, vol une- ht ed aver.a

pri cCRpPIce s b o tﬁeé% qFRP HEFIIA of the

the day of execution of the corresponding order; a

CRFESEPKEEANAEe CT+l of the security on the first day

after the day of execution of the corresponding

or def ¥olame{wsaghing ayprageprise MBAB peroprerlldEdet 1o Qieé?F“flﬁ’éiuﬂng the

20t h day after the day of execution of the 10

devpir exepiind ohdhe sprawspondiig Bidn price OT of the security

on the day of execution of the correspondi ng order;

and aclosiag niits Gry, o theysrsriety MT thsflirstiday ki ihq day ofpresytiangf the

the execution time of the corresponding order; and 15

comespenidmngearddr; of said plurality of benchmarks are

cal cul ated for each security for each order. 33. The

syst enlosiog prichi g otod thelsedumity2ah theB@th dinaficaithe dapof exesution of the

i ncl ude size and nmomentum 20 34. The system

caespotiinpgortie; cl ai m 32, wherein said factors include

size and nomentum 35. The system according to claim

34, whepeniphics & df the swestyionghadag o expenticrafshetdogesponding order;

regression by the fornmula:

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 sécurity for each

order.

33.  The system according to claim 27, wherein said factors include size and momentum.
34, The system according to claim 32, wherein said factors include size and momentum.
35.  The system according to claim 34, wherein said processing means performs the

regression by the formula:

Xi=o;+ BfS) + g+ &
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X =al+fjf(S)+Yg(M+ 38 WD 2004/ 097553

PCT/ US2004/ 011892 for percentiles i = 25, 40, 50, 60
wonroa®97aad each percentile i is assunmed to depemaS2004/011892

linearly on functions f and g of size (S) and nonment um

(M respectjvely, an a .. 8., are. regressjo
par af“PéP%‘ic%‘?tﬂ%fﬁtTy z\ﬁh@rg}r ?(’P ‘{‘7 %ﬁﬁ%@fl\%ﬁ“‘d’%&eﬁ S %ﬁs‘éme 10 depend
regressed for each cost factors. 5 36. The system
ligeaglyrom farptiops cand igipf 82¢ (Shart Bpmentwa (Magisecdvey and (@, fi, 1) are
paranmeters (ai, )61, y) are estimated using (a)
regredinn pyramelgsst aigiquares (OLS), (b) wei ghted | east
squares (W.S) with respect to OLS residuals (WS 1),
and byreini@npdctipn ¢astsprecegessediys erohapstdevtors.n each
subdi vi sion (W.S2). 10 37. The system according to

5 claim 36, wherein functions f and g are set to be
l'inear functions. 38. The system according to claim
387, Whesgiem ®aording ostlainei hiveelagharegressdnopakatetats (a, F15;) are
real -tine as transactions are executed, and are stored
ebtinAedhaii@p6rdindd. leabh@uaysS(OLB) AL VEighiedlch s@lads TWLE) with

wherei n said processing neans perforns periodically

résPEct 3 OLE hamak (Wess), hitblc) Wa SUkikie’sbl tb BBsedvations in each
predetermned tine frame. 20 40. A systemfor ranking

s@bdivibish (WRghy. t utional investor's security transaction
cost performance relative to transaction costs of

10 other institutional investors, said system
conprising: a processing unit coupled with a network

3?.2 d GOk s fcgoﬁiﬁlé%) Lihgfis, %/?191::&{& fi¥etiohd ARABGE QPR Rear

r a pre-selected period o ime, for a plurality of
zéﬁyﬁﬁinent_institutions, 25 said transaction data
rncluding identity of securities being traded,
transaction order sizes,

38. The system according to claim 27, wherein said cost benchmarks are calculated in

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

39.  The system according to claim 27, wherein said processing means performs

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

20 40. A system for ranking a first institutional investor’s security transaction cost
performance relative to transaction costs of other institutional investors, said system’
comprising:

a processing unit coupled with a network and configured to collect security
transaction data for a pre-selected period of time, for a plurality of investment institutions,

25  said transaction data including identity of securities being traded, transaction order sizes,
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39 WO 2004/ 097553 PCT/ US2004/ 011892 execution prices,
nmonment um and execution tines, to group said
worengatsson data into a plurality of orders, PCOD/US2004/011892
calculate a plurality of cost benchmarks for each of
said plurality of r der .0 estimate.fransacti.gn.
FGutalinte el ke ger (8ot & Saf oS T BORE AR
ng.to tore said data.in dat abase; .and .5 . .
ol Sk Seimite DY BRI DA b P B ST e i el of
“configured to comuni cate wt ald processing unjt,
oufersy b eginale FRRFACHOR; CAYS gﬁ??ﬂé\?@ﬁw #ive t‘? %i“‘g%ﬂsbben matks, and to
rocessing unit. 41. The system according to claim 40,
S&ﬁéﬁé“ﬁ“@%@@”ﬁ@ﬁ@é@éing unit is further configured to
estimate the transaction costs by regressing said ) .
t r and dephashuEiRorpled Hith said progessing gt gid epgligupd tafopmpaicate with
42. The system accordjng to claim4l, wherein said
spif prasessing gniritare flaga mﬁrrp%@pg e tiaileld saif rosessigmitt he
regression by the fornula: X =al+Ql.f(S)+Yg(M +el, 15
for percentiles i = 25, 40, 50, 60 or 75, and each
percentile i is assunmed to depend Ilinearly on
4 uncThosystem agertdige &f clainy40, wyreimrsdidpnressingran{tyg further configured
respectively, and (al, )61, y) are regression
teatianatst the GansARion Torts lyyregresringceidridnsagtienccosts antmagyrality of
wherein the regression paraneters (al, 6j, y) are 20
pestititest ed using (a) ordinary | east squares (CLS), (b)
wei ghted | east squares (WS) with respect to QLS
residuals (WS 1), and (c) W.S with respect to
observations in each subdivision (W.S2). 44. The
43y st @he ecear dedrding 0o dbiai 40, 4BereinhveideirevessingamitanBirtherapodfigured
g are set to be linear 25 functions. 40 WD
@ PEAIRA ISR Bre Roh UyFROMAM 0121 892

Xi=oi+ Bf1S) + ng) + &
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 (¢;, £, %) are

regression parameters.

43.  The system according to claim 42, wherein the regressién parameters (¢;, S, 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).

44.  The system according to claim 43, wherein functions f'and g are set to be linear

functions.
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45. The system according to claim44, wherein said

plurality of cost benchmarks include: a closing price
WQD00409753t he security on a day prior to the dagTal2dmne11892

execution of the corresponding order; 5 a

vol une-wei ght ed average price VWAP across all trades

for the security during the day of execution of the

di d
S ocu TR FHaonE L etacy Sbettn S ety b Sestepemapys nciude:
he. SEEHR <o CRGeIBH G Gy Bup HBe B G Sxecuton of the

executjon of the 10 correspondi ng order; an open
CONFSSERNIEYE BEeTt he security on the day of execut i on of

t he correspondlng order; _and a prevail m dquo T

of tmEolymeTYeighjedsvErage Brise (HBRAR 7’;‘@8%&% Hﬁld?% ﬂ’SFGCﬂ‘H@ during the
correspondi ng order; and 15 wherein each of said

dpy @freesmwn@ft%séwaﬁ}dw o4& cal cul ated for each

security for each order. 46. The system according t

cl ai arlaging wheer Ei-nofdhe wewriy oo ths firsidpy afiter sheday gherecution ‘ot the
nmonmentum 20 47. The system according to claim 45,
colespedmgsaiet; cost benchmarks are cal culated in

real -tinme as transactions are executed, and are stored

i n aadasiappses. CAB.of (he Fharigymt the1?Cth day afien thetdoy of exieentios of the
wherein said processing unit perforns estinmtes
cpe¢spadiigadrtier; f or al | transactions that occurred during

a predetermned tine frame. 41 WD 2004/ 097553

PCT/ hiB2fi4riod 08 8Pthe 4@uriffhve tisydy effexcatomdif tig donespbading order;
40, further conprising at |east one client interface
agdupl ed with said database unit, said client interface
configured to display a ranking for a selected

I NSt b biékvhiling MadRcte Ay Faietedmitypridras ¢ ekdtusai tinelat tabase
unit.

corresponding order; and

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

order.
46.  The system according to claim 45, wherein said factors include size and momentum.
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 during a predetermined time frame.
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5 50. The system according to claim49, wherein said

client interface is configured to graphically display
weabw/mwaski ng as bar graphs, said ranki ng showRCagS2004/011892

percentage of atotal range for a plurality of

act to C

a| d ST SPRET %@Lﬂll}*ﬁ%@ %fgﬁﬁ@asnfgoatTeastgoesﬁh?m ffibie
et i iR sl S Sy AR irgh e fo 0 HeB g1t o

enchmar k. 42
se ectedr{nsutu’uon based on said data stored in said database unit.

5 50.  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 a plurality of factors.
51.  The system according to claim 49, wherein said client interface is configured to

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

range for each said cost benchmark.
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