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WD 2004/ 079531 PCT/ US2004/ 006346 M NI M ZI NG SECURI TY
HOLDI NGS RI SK DURI NG PORTFOLI O TRADI NG FI ELD OF THE
WO MERTISEN 5 This invention rel ates general |y POI/US2004/006346
trading strategies in securities markets.
Particularly, the invention relates to a system and
met hod for mnimzing the overall risk to a portfolio
of financial security hol dings during execution of a
trade list of a |arge nunber of securities. 10
BACKGROUND CF THE | NVENTI ON A securities trading
mechani sm can be thought of as a set of protocols that
transl ate investors' l|latent demands into realized
prices and quantities. Various automated trading

15 Traders for | arge institutional investors such as
mut ual funds, hedge funds etc. face a dilemma. On
t he one hand, the radi ng | arge

5 5 A BLOIR P SN0 LAY 087 s arkrs

Partrqmzbmﬂy,at&nd ihvdrgiidrorel ebee cuhispstepr and snethind fdrembtitnézing the

v B LS B ST L, Sagfoe ot Ll acy L, e

Esﬂdﬂ@ﬂab?ihﬁﬂﬂmrbfﬂkﬁﬂkﬁgfefOre typical for such traders
to utilize a trading strategy to conplete execution

of a trading list of a large nunber of different
securities W tibRn Hf e fhge frame,
wherein nultip?%‘1Wn$ﬁqgﬁiorderég¢ﬁgh%%$¥%TﬂT of the

tr a‘ki'sefrglritiimtradmgs:emhamm caihbe ghoeghttaf e af sedwBprotocols that

e A g AP Rl g B Ak RRCp ] G arious

-autbhBdbDraddiss s Rt v kayphakhRhBkkele IRERE n& cSAUB @G ding

by execution of the smal | er orders. One such known
Stmegtﬁmg YpSRsRaSE P ExArkolemevemenlgy treats the unexecut ed

! gk 5 53y 808P BREL Lok & AU UALE 95y
etcHEEé Hﬁﬁ@ﬂhﬁoeﬁéﬁe one hiand) tHeiy&k’e reppohkible fol tedding large blocks
of Sznf Ay, %rn% Ic'fordo to senaelgxt'gesrlnar ett%? ersﬁngt Wolli result in adverse
market impact and inferior execution prices. On the other hand, they require a
certain degree of immediacy to be able to complete their trades within a defined
time horizon. It is therefore typical for such traders to utilize a trading strategy to
complete execution of a trading list of a large numBer of different securities within a
specified or given time frame, wherein multiple smaller orders for portions of the
trading list are sent over the given time frame according to a predefined trading

strategy model that minimizes the risk to the unexecuted portion of the trading list

of unfavorable market movements caused by execution of the smaller orders.

One such known trading risk objective strategy treats the unexecuted trade

list as a long-short portfolio and utilizes a multi-factér risk model to construct a
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The "portfolio” of unfilled orders when executed

mnimzes the risk to short-term return of the
wWar@xersBed trade |ist. The Markowi tz Mbdel (aBCT/US2004/006346

described in "Portfolio Selection,” Dr. H M 5

Mar kowi t z, Journal of Finance, March 7, 1952), is an

optim zati on nodel that bal ances the expected return

mlﬁfﬁgalrﬁ%“ﬁhféh@qﬁlfrﬁme‘a e @erlth BW sgﬁﬁemﬁﬂnﬂlﬁéﬁgiy%r 8{:%c%ltion.

m ni mal r| ortfolio. The decision varia
The menrbiobol e esfildell pmleenwhen axertted Aduinidenthd risk ho short-term

the stati,sti variance a stock's price is
retggrgghglse %nexec@t 8%5&“%‘} Bhs ri sk, the expected return of

t heTlsd Plekkowit MeeHaSafddseabed & HortbBo BRldetiohitYr. ®f. M.
term prospects, and the _variance of a portfollo S
MBFE?‘% ML@@@M& dveiche > d808) iswre eptimdzatiqremodel that
r v,
T T
mlmfrnarle.‘nslzrmrtfmher eThe Qémsioxz apiiahlesre thk aajbentd Skkeied in each
Vv nts oY ariance a. measure of the,
asoely BBy o I Bl U0 T PP SREieRs grisockeupticn i god as 2
meSQLQc‘éK))f it ﬂiék tthe ekpdcied riard bEgHUALIOR1RE 23 'ﬁoﬁl@%ure%f its
gh covari ance between two stocks indicates that an
utllch?reJé@é term prespechs knd thevariangesof g ketiplivls retwimeis pleridgred
{

rob ok ARAR2S L I0d ARy BIR e ST LI B o Bt

st OCksameds armbature ef yhd fidepetide i thardteaf ne@ah] Where hlgher

covari.ance indi.cates that an increase in one stock'
VeGP ﬁn‘iﬁgaﬁe.rﬂ 167 1y R BReE pBRe £27251amce i a feeasiTe ficthe
corfiliabn Sf RGkKrS fluStudtibns DRbSe a@:@t 418 Eioslo) @ithanketfl i 0

Is not determ ned by a sinple wei ght ed average of the
flugtnatigny ef anailpyi élhagh sewetagce hetwrenplora stotkoindinates that an

A 1nci* st ?ﬁ‘gné §togﬁ%exre% ﬁéé 3;1!?) B&lxd E eggtlﬁc???sqbl%tt% Rnher

e returns o ASSEL ST N
stodiﬁ&)rettumm mg)v@ﬁoxtahrmﬂce MCimﬁ%m}kllﬁmMaﬁ@é ofMten@detocks are
it fails to take into accouynt the short-term

| lelaeff‘feté‘é indgpspdent gnd apeeakive corpmancegnedicatss that ppdnsrgass in one

stod®s Ptudh E@ﬁkel}wtb QBrﬂeE‘ﬁdﬂddt%Sa SR ot 1h%ﬁe t&?ﬂé} 5%’(%1{ Murn. Thus,

traded as wel he unexecuted trade |1 st .
thegesdued 2 pegfolipds amq@ éemmmedl lisoa sEnplgevaichted aneabgmtfdbie risks of

N L R R TR S M
betwayn Inha/eetann@ds/mdsﬁd&élf métsQﬁ th@@osfislid. -t erm

r ?Al(/s]:rloerttgorn:rl]ln%foftt g k(r)l\(;vev{lqclraltdueg Efsgg%lblje%tl%fe model is that it fails to
take into account the short-term effect that each trade has on the overall portfolio of
holdin‘gs, which includes securities held but not traded as well as the unexecuted
trade list of securities. Because portfolio managers are evaluated on the variance of
their holdings’ return, the actions of a trader using the known trading risk model
may have an adverse effect on the short-term risk/return of the overall portfolio of

holdings, since the trader is unaware of the portfolio’s untraded holdings. Here, it

is assumed that there is little coupling between the long-term utility of the portfolio
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hol di ngs, since the trader is unaware of the
portfolio's untraded holdings. Here, it 30 is assuned
wo bat/ot4sere is little coupling between the | onPET/E82004/006346
utility of the portfolio 2 WD 2004/079531
PCT/ US2004/ 006346 upon which the trade list is based,
and the short-termutility that can be maxi m zed
updnswng:htﬂh@ thd BOBstSE habEed Yand HAE rsﬁoittﬂéﬁm%ﬁﬂysth%t Begde fn%mmlzed
i nprovenents in the art to provide for control of th
usigg bpe trede §hete®y.of the overal | hol di ngs of a portfollo

up TH

RVEIGHY RS R Bend Bk D BASEE 1y B byl cpmorol o

hechopiuteem pelogf ‘dm @reodil dibldings ofra pomdotiongposhehich taetirfdle list is
ba ri,.sk to a portfolio of securities holdings during 10

%eﬁplenentatlon of executing an outstanding trade |ist

of securities to be traded, including conputer-

execut abl e |nstruct|ons stored on a co put er - r eadabl e

storage medi um SH2 1 ‘ 2 T-’»-ran1nndule

t ecurltles
Tod fosp Sl SRbBbAS; 6% %ﬁg%e %éﬁﬁga% Wl Bl
mimutigsingrstiongtetrradek Ito Etpoaﬂfdltﬁ(ﬁﬁsebﬂlﬂltle@hbhhﬁé'@dlﬂ@ﬁgf olio
a _conputer

iR SHORNPE § et BB TG B PO s Ebegtraded,

inchid@8® cdrhpliter $REEU1BH1 RRRCBARCHDRA A 2 R0RPUtd:CMLAEDle storage

tinme;, a conputer program nodule for determning a
meigan. daeludinsma eompyterafrogeen madudsfondletemnining cerdednaes

bet%é s?cg{é%tgle\(;sg &he og#glgngla\sﬁitgaﬁé]hgtgéurﬂ §& \lzvaerelnasréggrsltlgn%nlrﬁ the
outsﬂamldlﬂg)tmde dist aﬁd @G(ﬂirlﬂlém&hb ipsitfalieof Rold &igd; @@Mnf)ﬁtdro

of secu |t|es hol di ngs; 2Q and a conputer pro
PTORTIR MROGAT foFeiees vty %guaﬁt@x@@mﬁeaﬁnﬁ%ﬂ@ Hangit said trade list

desirdalty % Reectdtd® Rl ald88ican0d taHaN! éoﬁﬁﬁ&e?ﬁalé%e&ﬁ{ nbb&R fBP
be traded at said particular time racting sa

detm@md@&a regidgel friade List o‘r’rsegarlﬁte@ upttcabmmgled rhdeid paertslcular
I go%%%(gbzq ga élo‘{oﬁ% faﬁ%s %ﬁ(fésgaﬁa celv ﬁanr% &; o%ldh dlegnﬁf ﬁ%a

mideorgm ik tprsait ﬁmucbxaidtme. list and to sald p01tfoho of securities holdings;
and a computer program module for determining an execution trade list including
identities and quantities of securities to be traded at said particular time by
subtracting said residual trade list from said outstanding trade list.

According to another aspect of the invention, a method is provided that
includes the steps performed by the computer program product.

The present invention will become more fully understood from the
forthcoming detailed description of preferred embodiments read in conjunction with
the accompanying drawings. Both the detailed description and the drawings are

given by way of illustration only, and are not limitative of the present invention as

claimed.
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understood fromthe forthcom ng detailed description
w@boopoefser red enbodi nents read in conjunction RET/OS20041@06346

acconpanyi ng drawi ngs. Both the detail ed description

and the drawings are given by way of illustration

only, and are not limtative of the present invention

as clai ned. ayeyi¥ Q 6346

BRI EF DESCRI R e s %ﬁ/f | ow

di alghCarh isfa ﬂiovgndmmm biba px:te:bmﬁar detegmaninignd nehinialsisk residual

uaI de |.i a d referred
e DS e tihg A0 By ol eRboEat o5 oL hiksSh] Bveptipw apd
bl dFlG. & 3@l siotlofiakramsSsfendylim foineiTBRbhid «the pPEREE SSown in
shown in 5 Fig. 1. DETAI LED DESCRI PTI ON ()g THIE
FigoREFERRED EMBODI MENTS As shown in Fig. 2, the trading
risk nodel is inplenmented by a server 201, which is
in connunlcatlon mnth various exchanges such as an

Yog&o%%nock I}EE %H?fkee'%zfé‘g 15 oo Qa%lgmgg@g;y & server 201,

whishnip 05 esinefurdcion Wothkelrafus QR cldn fols M & a O8Y !E}Gz‘&:’tro<'i\.'i‘<5:i
may be directed cpupled to the server 201;
CoBp o et e GIONNL0% s Narie? ot ioct Hishangs 866, tbe
trib [
NASDIAGRTIRY et 807 B 1E0 TR GALLRRR LR, HORKCA YD i
conf MY | of a Hﬁb@airk@iraémnl\ﬁ’tsimﬂhr (EARNY,, aral mambeoilhse'lted coupled to the

p nmun n net wor k ferring. to
Ser?f?r?;%]?"ﬂ & ilteé‘[as £ B hsmer ARt e o Hpte2qlothrough a
dlstﬂﬂﬁlt‘é@ cy@inAdatid 8ot ARDOAAWRI@D: mby be ThO Kt IRBE a0Wide Area
%%$ tradln side ie., buy or sell) and quantltg
NetWQiéﬂ( Nirfobigne &ae@a Nebwerkof 08 gy fophereginiilar type o
conbRIRRAERE twori2f @ 20 desired trade list X Here,
buys nmay be denoted by a positive (+) sign and sells

mayReferring to Fig. 1, at step 101 a trader or other user inputs to the server 201

the trade name (e.g., stock name or symbol), trading side (i.e., buy or sell) and
quantity (e.g., dollar amount or number of shares) for each component X,; of a
desired trade list X,. Here, buys may be denoted by a positive (+) sign and sells may
be denoted by a negative (-) sign. At step 108, the trader or user inputs the trade
name, side (i.e., long or short) and quantity of each component X, of a portfolio of
initial holdings X;. Again, long positions may be denoted by a positive (+) sign and
short positions may be denoted by a negative (-) sign.
At step 105, a covariance matrix R is constructed containing the covariance R; for
the componénts Xy in the trade list, and the covariance Ry for the components in X,
against the components in X; The covariance Rij between any two trade names can
be determined from historical trading data.

Next, at step 107 the quantity of shares (in terms of dollar amount or share

amount) desired to be traded in a current wave are inputted. This number may be
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be denoted by a negative (-) sign. At step 103, the

trader or user inputs the trade nane, side i.e., long
wo@rooghmss) and quantity of each conmponent X11 PET/ES2004/006346

portfolio of initial holdings XI. Again, |ong

positions may be denoted by a positive (+) sign and

short positions nmay be denoted by a negative (-) sign.
det2bmAfedShepcdrdBncawitlvakpaifetraiing strRekd ued bl kHE teder Ge.,

contajning the covariance R, for the conponents Xtij .
auﬁomﬁtﬁ%tﬁaﬂaéérait?@f or gyigueHE imglemetadetalsing fijp acprunt various
mafRRRAE BhSarhBreXl. SABRENRind E&a&%&@%ﬁg&% :%feﬁei‘aﬁlc})gvell 18Gwn in the

b e nanes can be

covariance R | between any two fra

artchatdethnrs mal rfot benfhirdieodiscabsadrtmdeing data. Next, at step
107~t h uant i t f. share in terns of dollar anount
or QeTpd BN oP iR Be bty LT ¢ S0t My S pHRHfed, at
sted0® tAs orhPPrbrte K , offinSexduihied traey 1136 X 4r¥ @ termined that will
2004/ 079531 PCT/ US2004/ 006346 det ermi ned in

minjaas thindek e the resyées resedual sprdedistk.as atall asthe Yotic portion
P 0. . . Gt . | -
of thB@vEL-A08 ohtS é Ih%]cgluéo?lgﬁttﬂ;f {381 oA A8Y %(gh(lg? Qggthg}/dmgs X,

I npl enerit e Into account vari ous
acquaredrpipeesousueives.r tticaghs expdotgyl Eguen tergenereditearweld X, is

. known in.the ar{ and thus will nqt be further .

ﬁX‘%ﬂ? étc’ﬁse%a’aﬂ%ffteﬁor#et%m&iﬁ’@ ﬁf’ ﬁ%ma%?ﬁ%ﬁ P?- Oéftﬁé fefduet gadplist X..
exerny Bk h¥kodiaded HWerH thaansidusl poRElogtblditles n8dEBe 4 Fesented by
the conponents Xei of an execution trade list Xe are

theqae@ihted8d that will nininize the risk to the
resulting residual trade I|i tR%% as well as the static
portion of the overall portifolio (which consists of
the initial holdings X, plus any hol dings Xe

acqui r ed 5? ﬁé§¥ious.maves. Si nce thzﬁxgec}ed return 4

t er'HR-ERe Y PR COYATAREST ARTRE PRSIl SPEUEeR R Simpmed.
Sintita0e ttBE Hshesk@a A PRAGRL SefduldfplhbetdtesShHuRliotHodl8os may be

list Xr. The risk associated with the residua

repgrseptest hbtheomatiigsermy be represented by the matrix
term Xr TRXr 15 mhqu_anLk)géOEngqggyriances anong
Ysuhmred.®

t he resi dual securitlés are imlarly, the

ri sk associated with the residual -plus-static

porvg’lge%lein bh1%| adf.oenlgc%mrraal)fg t%%m (which may be zero).
Here, the notion of short term return o, for each of the components of the residual
trade list and the static holdings is defined as the expected return over the time
during which the trade list X, is implerﬁented. For the purposes of the present
invention, this notion of short-term return is separated from any long-term return
prediction that resulted in the choice of the trade list X, in the first instance.
Similarly, the notion of short-term risk A, for each of the components is defined as
an expected risk over the time that the trade list is implemented.

An objective function may now be constructed of the form

ce[ocst(}(I + Xe) - A’st((XI + Xe - Xb)TR(XI + Xe - Xb))] + Cr[(xst}{r - A'st:}<1 TRXr]
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represented by the matrix term (Xl + X _Xb)T R(X +

Xe -Xb) 20 wherein Xb is a benchmark term (whi ch may
wheoozersll Here, the notion of short termret uPCI/ES1004/006346

for each of the conmponents of the residual trade |ist

and the static holdings IS defined as the expected

ret h{ }F?ﬂ tgﬁg{]wéggwfelafl the e&‘ﬁ %6 %Fé hegﬁr d 'ﬁ'fas er>e<1nd the

porﬂfdlitﬁrﬁhh&&éa. Thie SoRethhft, @hd Shekf bt &k {EBiHE Phd Solution towards
d fromany long-termreturn. 25 predi ction that
the P%égaflt%@ g eHée chefrel wrde k- (The@bisctiye fugction ip pelved for its

maﬁﬂn’hﬁ v3108 5806 € detoblided] ¥ninta glsﬁqgélgﬂaquraéehﬁ J‘X].I @51@ thus

risk Xst for _each of the conponents is fine

an exppyionenpriips Kebwhich aleo takee inth accouiné the @ldzeft téret risk to the

lenmpted. An objective function may now be
pOﬂ%gﬂgtruc%ed of the form30 Ce[ast (Xl + X ), 8t ((XI
X. At stebITR(iKlis detrminedbydthe) theteXtire-taXk h'ﬁRXt has beddD

PCT/ US2004/,0 4 takes int
comBRPEH, MR Hhe Bk Rt etor L b thels i afthPas step 107
tohqndth@Qumﬁﬁbﬂmkhsdﬁﬁﬁage@xhﬁhﬁngan&bants ce and Cr may
be, use to bi he SO|%}IOH towards the overal

hofaHGete] 1 Yhe ahogs aaatiqsathe shrgtermaskspdcierwas are

“takbhl Mol 2280unS” BPINBEHihOkerhlsSin the BEXAtIHY cﬁﬁlegﬁorﬂi’n@% éaQ,h of the
detern1n§¥§ mninmal risk residual trade |ist Xr

riskp/Refarnmtodiedensidere dophen gRatiay thiminimal siskraridyal fm@@e list or
execabo@unRt the short-termrisk to the portfolio

hol dings. At step 111, it is determ ned whether the-

entire trade list Xt has been conpleted. If so, the
Exalf@5€ss ends at step 113; if not, the process returns
‘__“%Létep 107" 10 to input the quantity desired for the

neXtprosathatg wetfelio Amhhdﬁdiaoshoeﬁpdsitidﬂﬁ %IGOO ef IBM, and long
vosi BP0 ot CE GRS shPTRr e TR BRe bty fafsr000 ot s
sell @00k mf@%@,wﬂddﬂmmOﬁ)glfﬁ-ﬁ)@.aﬁhcloéoniﬂlﬁlent 1X§ K§iHe&I1gﬁddSvalue

ot SN o e S SR ot he UBLFEL (K

(where unfilled buys are negative and unfilled sells are positive. In other words, we

are “short” our unfilled buys and “long” our unfilled sells). The covariance matriz R,
will reflect 'the fact that the covariance of CSCO and HPQ is high, the covariance of
GM and HPQ and GM and CSCO are both low, and the covariance of IBM and HPQ
and IBM and CSCO are both high. In other words, CSCO, HPQ and IBM price
movements have a positive correlation, Whilé there is little or no correlation between
the price movement of GM and any of IBM, CSCO and HPQ. The short position of
IBM is represented as

-2000. Mathematically, the covariance Ry, is large, while R,, and R,; are small.
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position of $2000 of IBM and |long positions of $1000
w@R00@8®3uNnd $1000 of GV A trade list Xt is tBCEHEFL004/006346

$1000 of GV} sell $1000 of CSCO, and buy $2000 of

HPQ Each conponent Xt,. is the signed value 20 of the

ith stock we wish to trade. Thus, X21 = 1000, Xtz =

10 nd, Xt3 = 000 ere unf | ed buys ,are ..

rodRie 30 Ky Sormplfe agtes HhEbg g Hshtn i Sy fre, the minimal

rlslv\@dsﬁ(ﬁlal\fg‘altfdﬁcﬁXr SADICbnsiotsf atiﬂ&!xﬂsjc&ﬁﬂnbglyél antdy' fb10$|11300 of CSCO

our unfilled_ sells). The covarlanée matrix R w

and g PE@Faﬂi@gﬁoé\‘é’torthafor@HQOQ ey HE R sercedhe @@Gnélﬁftlrlﬁfp@ the
tralld hg‘ti)%bﬁn the SRV l!f Pk l‘ﬁct is ﬁ%@ﬂﬂ Blgn%&ij as%l F%%ﬂé:géggl order

[ ow, an e covarl ance o | BM a
for QM ahBW adhaf tﬁS@@yaxréebfm PR Bedansotlirecovapiatdse IBRLGSCO and

ts.h
HP G A L R Rt T o B U g i postiqn BRM holding
is rb@bﬂ@@@ely’fdf@cwcl &Etﬁ@ﬁé%mﬂ (HenFhA18pEHcay: O5COBMIoHSER, if we

and HPQ The short position of IBMis represented as
had 28600 M%® BM in fbe giqpigmaahelthramrifelip dhgdioldings’ risk

o SR Bk pe B8 SN GRS By 1

techmqidgr !sﬁosks amlomlg@osntdmmt wave, the mninmal risk
re | ortf i 0 Xr Il consist. of an,outstandjng.
e G eRg 2aa Berseat tessebo SR A GO NG (b gisk of both

. the%gﬁhaf 048 1100 0n @i h PR reH IMEnED & BRabIPI6] SKd t0ud A@ounts for

trade list given that one-half of the list I1s to be
thejiptareshs of e pertfodiogapaagarasyedl] aptheradert or GM and

Pl ol A o1 RGP e PRYL B0

art qhat thd s imagdettreishiarhany sialys oritHoBiidephchimng froistheadpirit

on SIS SER AShEEREC B G At RSR) b s

inchBM ivithidehs tsddp CoRk toldfwihbelaaist f ol i o, the hol di ngs’
risk would be quite high because the hol di ngs

portfolio would consist entirely of 10 technol ogy
stocks as | ong positions.
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In this manner, the present invention sinultaneously
controls the risk of both the residual trade Iist and

wao b@40vssrl | hol dings in the portfolio, and theGI/US2004/006346
accounts for the interests of the portfolio manager
as well as the trader. TlggAIN&ENti on being thus

escrihed, it Wll be apparent to those,.skilled_ in the
_ Shodeh a%ln%wl%b@rmmb%&/@ﬁ SR REFRFUEpS holdings

durivk i RS ARRAGA bkebii@M3 bRGuARAAdihg t:206 1SEOPRRRFitibHE be

invention. Any and all such nodifications are intended
traded goEprisieg theederd athi n the scope of the fol | owi ng

Cl @t 8%Bn; o Zov%@aﬁ&%ﬂe%gégéecgﬁé% Adu@%@ﬁéﬁlg 44 B8 and

1. A method of mnimzing short-termrisk to
betwsentsolritgesoin the outstanding hilddilisgsnd denuiritigs in the portfolio of
hddhgglenentation of executing an outstanding trade |ist

0f° Securities to be traded, conprising the steps of.

5 wedieiny nymanttty\rapicasrtixss Hedtmparvfsetliradd st denirbfieo be -

Oﬁ%ingndin uirgde_list and between securities in the
execy ?d%%%ﬁ@’f? 8% i st and securities in the portfolio

Of detbr@hihi MO S redi @R ity JaJisD of skr0ELBY nbER RSEAddNG: Rid

portion §f said trade |ist desired tqggg execut ed. at
PArEEUIRT e BPETY o1 Y COTHECET i hPHE TeCor e Thaaf iy rgigh results
in a htisim@h SECH daid R t1Qe MRt hr@dechialhoRBID of securities

particular time based on said covariances and said
holdingsepy@d quantity, which results in a mininmumrisk to

S ade‘%e{n%iﬁxgé@z:}] e%er ﬁagn b o &%‘9 ﬂmcﬁﬁlﬁg Ecﬂen@ﬁfeg Lkl aﬁf:ities of

securities 0 Jlngs; and determning an execution
securitied do be staded ek salidpgriicdat titiedyy subtragbiagshidi residupl trde list

S rjfd - raded at said particular tinme by
ﬁmn%%%#?%%#ﬁﬁg£§gl?e?%gidual trade list fromsaid

.outstanding trade list. 2. The nethod of claim1,

2. | g {meétﬁo& QF clgitnc(le E, ch)ﬁe]ﬁ%lerl: ﬁlrens]terz]ﬁ gﬁie%grln%n{r?gsslaqg ?elzsiélgsﬁ(%xe'ade list

takes into account a short-term return associated with said portfolio of holdings.

3. The method of claim 1, wherein the step of determining said residual trade list

takes into account a short-term return associated with said execution trade list.

4. The method of claim 1, wherein the step of determining said residual trade list

takes into account a short-term risk associated with said portfolio of holdings.
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takes into account a short-termreturn associated with
said portfolio of holdings. 20 3. The nethod of claim
wazzooozssei n the step of determi ning said resi deel/Us2084@6346
list takes into account a short-termreturn
5. dhsagdthbédf vaih 15 ahereix €gdiétep Bf ddtaelBinih @ baid 25sidualR8de list

od of cl wherein the step of determnin
take&éflgﬁ %—Cég?m?hﬂ e P essoelaﬁ%iswﬁﬁtsalé@@aﬁmn iyade Hst,
short-termrisk associated with said portfolio of

hol di ngs. 8 WO 2004/ 079531 PCT/ US2004/ 006346 5. The
met hod of claim 1, wherein the step of determ ning

6. Ao duatmizLtade oi- @etrm flégﬁ:vsa b&&%hﬁ%@ QRS hold C:{ngs

short-termrisk associated wth said execution tra
duripg dmplenetapionef ¢reduidhs ai nutﬁta_mdﬂfgg $tedetlist ef secniitiks toba

tladB(Qr({ %_}LS% §hes§ igies holdings during

executl ng an outstanding trade I|ist
ofd@mmmg emratrxanb@ betwadeskcuciting in &axgltsﬂaadﬁtgemsd@hst and
det er m_ni.n curities i

bt S ot PG AL B AT SDGT ARLRC SBtiPie B PPRiRe!

holdimgsst andi ng trade |ist and securities in the portfolio

of 10 hol di ngs;, receivi quantity e ng.a
I SRR RA SR MW CL AR P A T R AR PR

exec@té&p&ﬂéﬁwtﬂiﬁldﬂt&me, determ ning an execution trade |ist
of securities to be traded at said ggrtlcular time

baled B BN iRg: Ay eERAVHIPR drrcedish ahisesurigies trls radedaiaraiilt v,
part¥ilEhtih 8 HakdSon éa’id'c@vaéldm& mgﬁtl%eﬁ‘vetdqlﬁ%%ﬂy, which results

execution trade list and to said portfolio
in a seasimpt BedWhtsl shicgsscuting tridledishiand rh@sad rpeshf@lumf secwiges
t cluding identities and quantities of
hOIdgﬂeg%u?ilutill es not to be traded at said particular tinme by
s ulstteraginimgya samdiuael)tmdﬂhs(b mncluqhagj eddritgfesfamdmusatities of

secunlﬂ}e%t af 90 Qegtrta g&i &t lsa{la partlcular time by subtracting said execution

trade list from said outstanding trade list.

7. 'The method of claim 6, wherein the step of determining said execﬁtion trade list

takes into account a short-term return associated with said portfolio of holdings.

8. The method of claim 6, wherein the step of determining said execution trade list

takes 1nto account a short- term return associated with said execution trade list.

9. The method of claim 6, wherein the step of determining said execution trade list

takes into account a short-term risk associated with said portfolio of holdings.
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7. The method of claim6, wherein the step of
determ ning said execution trade list takes into
W@eweTs3a short-termreturn associ ated with sBETIUS2004/006346
portfolio of holdings. 8 The nethod of claim6®,
10. wi'ee erathddef dhiep 6pfvheeirethn stemgf Gaethexerstid eredutidderade

. RSt . 25 takes into accouynt a .shgrt-termretuyrn .
st (R 08 At OB b B S 95O e Spereitiopfgade tis,

met hod of claim®6, wherein the step of determ ning

said execution trade list ., takes into account a .
11. sﬁ&Pm FIRTORER™ REQICH for dpingnizng shayt psmt Figk fQa gertiolio of
secul@ledIHAUENngd dW¥h € DAATeBEA 8310 PF b RAA0A, 0063116 didDira dO Bist of

method of claim6, wherein the step of determning
secuzijieq take stadedncompiiing thesollowiagsompuderpreoinbleainstructions
stor?{‘@ﬁ B'CBﬁllberLl%Eda‘aiﬁég&'rg%eeﬂe&‘fum sai d execution t .rade

Ist. 11”7 A conputer program product for m nim zing
s hoeampeienprigshmt modulp dort dedéringingfg dovaEgneeisthiebween securities

. ol di dur i .1.ml ntation of executi.ng. an .

i e AR e PR A koo LB oo Bt v

and sampitiesiinghé¢ bertfodiolofhbldgngsonput er - execut abl e
instructions stor e%}lg a cq uter-%gadabl e storage

PR ST BEIRSEREPO PTG BT SSREPR Hi gt Portion of .
said eenRy liAnieeise DB et cERAUR ial pe@Giculal tihte out st andi ng
trade li st and bet V\@gn securities in the outstanding | .
t rRERIPP VST ProgamiRoSEe i deFedninme hepsyoial fide dishpt securities
not 13U eirAEST atfsaG@PRMIRa A0 haRIWLLHi€ ob+kian@ELl V] HEJ Received
uantity representing a portion of . said trade |ist
quax%gér

h réérh ss s Bxeatinsauariss i9aeid wgidpel tyage lishand to said

portﬁﬁ%@%&rurﬂ{egq{omgggﬂhe for determning a resi du_al
trade i st of secUrities not to be traded at said
pea edrepitar prigmempasdde for deddrchivingan emecedombtrdds distlincluding
. 2C e . [ . i.ch results.in_a. mnifmumrisk
idenfiBSE R Qs ebited PUF R IR Bud BB BRE Y o
subtsatig dalid sesidiaditrgle;lisa fdrasaddoptsteidipg agrdamstrodul e f or
determ ning an execution trade |ist including
identities and quantities of securities to be traded
12. - arheé adrp PRk bircdtharprod 6@ ofy¥lais Ukl tvhetdin ghs piodr 48 Sheiliad for
trade list fromsaid outstanding trade |list. 20
determining said residual trade list takes into account a short-term return

associated with said portfolio of holdings.
13. The computer program product of claim 11, wherein the program module for

determining said residual trade list takes into account a short-term return

associated with said execution trade list.
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12." The conputer program product of claim1l, wherein
the program nodule for determ ning said residual
W e@de7958st t akes into account a short-term r ePCr/NS2004/006346
associated with said portfolio of holdings. 25 13. The
conmput er program product of claim 11, wherein the
program nodul e for determ ning said residual trade
li e
14 oSk bRk B e 20 Bl P o fCLalh 1 SRl L pppggpym module for
det200uiNF 95id1reRIATAUS2AE 41D DaI3EG ntd dccoth® a Ghofittee risk associated
.program prodyct . of claim 11, wherein the program
Wltﬁt?&gi[gorftgiho Oﬁ’%‘ﬁﬁ\g% ng said residual trade |ist takes
into account a short-termrisk associated wth said
portfol io of holdings. 5 15. The conputer program
5. pr'blerieamptes pap %naﬂprqm‘v ef qiatnhélpwbgmmth@gm swafaomodule for
L
detglgélg{ig% Qéﬂgﬁgzgﬁtuth ade g%ﬁgka%é\;’sgggo a c%gmt, Qléﬁﬁrt tfé{‘% risk associated
withxetliéteentibnacedd lisst . 16. A conput er program product
for mnimzing short-termrisk to a portfolio of 10
securities holdings during inplenentation of executing
16.aM Qb‘ﬁl@h@é’i%zﬁgratrﬁ ?@'@dddt e ﬂﬁmnﬁ%ﬁ%@hbkteé%rhomg? t 5 3e8olio of
conpri si ng | ow ng conput er - execut ab
seciyibips b@ldlmﬁsdulsm p@ﬁlmﬁmabgwﬁewt@am@smwerade list of
u et erm
cecBHLT 12 LR, BB AT HIBMAE oL B G B psructions
stotedadtea bomputerthehésbleatorage uidditas i n the outstandi ng
trade | ist 15 and sgcu&Jatl es in the portfolio of

ho iRy 1R PERFTA BPAPledat dpteHBduing cP¥RripRies by wiepmpsecurities

in tAH3RtdERAL g8&NLi N9 Betiehi @PuQfies BRI Mt?tdal%dhﬁgs'ﬁrade list
desired to be executed at a particular tinme;

andegpeptities 1ptbe periolonflheldives:det er mi ni ng an exec ution
de to be traded.at sa »
ot et S PlomsRCRBAM I, At Eng ATRERREL r3Rhuring  pgrion of
said acek\uad degsiacd td Y exdriuedd stes phitsculslr End®RXi MUmM ret urn
to said execution trg e igt and to said portfolio of
s e AUFORL er REREARPgRO or determining an execution trade list of
securities to be traded at said particular time based on said covariances and said
received quantity, which results in a maximum return to said execution trade list
and to said portfolio of securities holdings; and
a computer program module for determining a residual trade list including
identities and quantities of securities not to be traded at said particular time by

subtracting said execution trade list from said outstanding trade list.
17. The computer program product of claim 16, wherein the program module for

determining said residual trade list takes into account a short-term return

associated with said portfolio of holdings.

11
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a conputer program nodul e for determ ning a residual
trade list including identities and quantities of

WG e@muoiTesBes not to be traded at said particul apCT/UR®0HY06346
subtracting said execution trade list from said
outstanding trade list. 25 17. The conputer program -
product of claim 16, wherein the program nodul e for
determ ning sai d residual .tyad ist takes into

18. LS EE TPt B e U o K16, oMot (o Plmymodute for

detgratih iy d=0d 0ésiRehldiradslist3Akdd iMO a4tV S -term return
PCT/ US2004/,006346 ., 18. .The conputer program product of

assqClapi Vi) SHASHEF I Eage di§t-am nodul e for  det er mi ni ng
said residual trade |list takes into account a
short-termreturn associated with said execution trade

19. | Téee.compider Thgraompatest of clhgmalf, privaeict thefprogminmod®giule for

wherei n t.he progra dul e for. determ ning,said .
dotdf BT Fafa ot FuTHRL e er lro RO S1BfluBP Figk osociatea
with b&id presfols of Beldingst h said portfolio of holdings. 20.

The conput er program product of claim 16, wherein the

program nodul e for 10 determining said residual trade

20. | M8 doBiRRed ProrARCGAYRhCtD SNRE 14, SFHBrEIrStheARS QG R biSlule for
with sa'd execution trade l1st. 12
determining said residual trade list takes into account a short-term risk associated

with said execution trade list.
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