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WO BORTBEQ O OPTI M ZATI ON SYSTEM METHOD AND CORPUNERI04/004717
PROGRAM PRODUCT BACKGROUND OF THE I NVENTION 5 Field
of the Invention: The preferred enbodi nents of present
invention relate to, anong other things, nethods for
sel tNVESTMENT BORTHOLIOW@PTIMIZATWON SYSTBME METHOD AND
i ntangi bl e assets subject to 10 optim zation. The
preferred enbodimwoptl m zer
that enables investnent managers to construct
portfolios to neet targeted objectives. Di scussi on of

t he Background: P élé\éﬁ gﬁ{ :’; § 5@!!@ h
portfolios of s A 0 [?0?5 e ok ften seek

to maxim ze returns on an overall investnent, such as,
e.g., for a.given level of risk.as defined i n termns
Fiefd ofathiedneentidnr et urn, either historically or as
adj usted using known portfolio managenent techni ques.
FoIIovvi ng the semnal work of Harry Markowitz in 1952,
vari anc(g g_éggo ti m ation has been a common t ool

for B% PisfeTede of plesgntnyantoReiate éq Amangrther things,
mgf%ﬁ% %r s%le%ﬂﬂ% p)ﬁe %P Hﬁ)ﬁ‘é pé@@’%.‘ﬁ%@%ﬂ%% gﬁ Qé e gﬁ)ﬁﬁg sugject to

propr
opﬂfﬁﬁﬁétlonsu Q'heiﬂ)r@f@l‘rbﬁ @Hb@dfh@érﬂ§ Tp%\ﬁé’é 8 pBHERE rop’uﬁ’ﬁ%%us 'tl#%lt%nables
expected returns (e.g., net o axes and subj ect
investineosmanagers db nosstrucbporéolias icemebetarietaf oﬂSJeStK/eSZ5
Risk lies at the heart of nodern portfolio theory. The
standard deviation (e.g., variance) of an asset's

Dial e i%f r@hgr& i!s oftf_n used to neasure the risk
: ‘'ng the asset. However, there can
be other suitable or nore suitable W) 2004/075020
PCT/ US2004/ 004717 neasures of an asset's risk than
i ts Marsaudes of setslemaobonfiits Bf stOCKOSFWSr otflef ésryntd @Ren

of risk is the dispersion or volatility of returns for
segkdp ﬁ@a,@nggggum@ﬁr ofpan pﬁ/@naﬂlmvpstment such as, e.g., for a given Ievel of

risk as defined in terms of variance of return, either historically or as adjusted using
known portfolic management techniques. |

Following the seminal work of Harry Markowitz in 1952, mean-variance
optimization has been a common tool for portfoiio selection. A mean-variance
efficient portfolio can be éonstructed throdgh an optimizer with inputs from an
app'ropriéte risk model ahd an alpha model. Such a portfolio hel'ps ensure higher
possible expected returns (e.g., net of taxes and subject to various constrainfs) fora
given level of risk.

Risk lies at the heart of modern portfolio theory. The standard deviation (e.g.,
variance) of an asset's rate of return is often used to measure the risk associated

with holding the asset. _However, there can be other suitable or more suitable
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usual | y measured by standard deviation. Wth reference
woO banalohsp20 Provi sional  Application Serial No. ﬁi)jﬁﬁ,@,@g&on”

filed on Cctober 17, 2002, the disclosure of which

Is incorporated herein by reference inits entlrety,

-ITG Inc., the assignee of the present invention has

%ﬁé? %ﬁeéss%% ri2k thdroiks SR4 §+r§ Jegfa’u RYok Fe‘?urlnor Sgoargr%)ﬁ

rs to neasure, ze an mana
dé’fihﬂioﬁ'df riSR RBE RIGPER KR br vdﬂa"ﬁﬁ)eof reRgab %r%ﬂn@@ 243800 Sdrtfolio,
anong ot her things, create nean-variance efficient
uqually frelasored byrstamddyd datiaton.wi \With aefecsrtdedd |LbSoBtdvh§|@%ﬂ

such as, e.q., those set forth herein. 10 According t
ApRigeion Serdl st 604 atsHyiled 8P GRIgbasas 2897 dhe Fisslpsetesof which

. ( ] h
o e B R Sy, Rl ARG el 026, T 08 Bstighos of fhe
pr\é@éw@e%nsmg RalbIBpSd gfsef BerikAhbaQk k& ep%n?a@%ané L and

yi el he maxi mum possi b expected return at

tr@iat‘@fb rheughrepéneﬂ?.ié &iod m@anégé kisk Ina 6&%!? icRéngifg hitlrkdt. Ofrhese
return to volatility that can be useful in conparing

mbdels cab bpassefi dd, avgomgrother thingsi craatk medpvatience effigient psrtfolios
the Sharpe Ratio. This ratio was devel oped by Nobel
_'n@&mbéﬁf@nw'm 3 BﬂﬁffSH%PB@“‘ZW (FUERBEye-Ga tmsgrf@ﬁ fafahgrein.

t nat oy PSP aE ne g o Aoy iiono e et S e-o.
stga&darfo%%tﬁér 5&%&?} Udte Lt’é"éﬁ eﬁfmern't FbntiefN@hich 3 pR 5’%'\@ iously
can be used conpare different asséets or di fs {

wp@hte‘dddnﬂﬁnatﬁ‘nts@ﬂ the portrakio'dasdets tat yied ®e Maxiufsposiible
subtracting the risk free rate fromthe return of the
emctwettwn ahady Qh’éﬁ level ptpertjoliyrisie st andard
devi at i of th ortfo The historical_ average
ot U fogRoR 2 EBA Tolurt ety 1ok aw Be CexiLl Erfergpering two

pSBIEA A% SRR R 1RORRLGEIE? SPR 15 Nas

ecting as formance o

dp@ided hyosobdheuiiae D‘ﬁlhBr’ht $rﬁar§an Tﬂi.&é)wsa Aret ehbasel Ratio
in the potential inmpact of return volatility on

valup écpreterrest unighudthage tatio mbplmstthaba poctiohpar esset $&gs stock)
.or portfolios that may vary_ w del

_Iy terns of _
IS gNiRVING 9098)F “%Hﬁ&fteaﬁb ugit BBFH?H oI ft? %féafﬁﬁ B%Slcénﬂesw@ed to

JacLar eng 3| fl 2 ’
SRR RSB PR BEPRORY i B0 e SRR ftea b s
sﬁtﬁ%ﬁ% e @smgﬁélﬁgmg%tﬁqéﬂﬁg%%&ﬂ4gﬂa then dividing by the
sophi sticated reasoning that has become known as the
si@apatdadevisioatof e pontfglidvodiHe historical average return of an asset or
portfolio can be extremely misleading, and should not be considered alone when
selecting assets or comparing the performance of portfolios. The Sharpe Ratio can
allows one to factor in the potential impact of return volatility on expected return, and
to objectively compare assets or portfolios that may vary widely in terms of returns.

By connecting a portfolio to a single risk factor, Sharpe simplified Markowitz's

work. Sharpe developed a heretical notion of investment risk and reward--a
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(CAPM .  According to the CAPM every investnent

WO o7 ®20 t wo distinct risks. One is the risk eafr/im2bougnos717

in the market, which Sharpe called systematic risk.
This risk, |ater dubbed "beta,"” cannot be diversified
away. The other risk, unsystematic risk, 5 is specific

so Hlsﬁcaﬁg hp@g ﬁéttﬂé@%%com Iﬁﬁdﬂ\g‘fzgsr ey t?‘élﬁftapﬂgs&%éﬁzgnrgpl\élodel

I gate appropriate diversification
(cmpmer m\edorah@tto ahepeAPiw leverysinesgtRhedarfies o dishh@dfks. One
solely on its beta-its relationship to the overall
is treer kst of bEimgy iCARMMiagigbswhinle Sharee galledfsybtematic siskan@ihis sk,
return an investor can expect for taking that risk.

latep Aulplsrd ‘Gebpt sanRhbe divebtiachaway:ol TssothRierifls spexdematic risk,

s SPealEl e oS R Red i EnfRERY G bR I SRRk hroun
dféort %?% dfvBlsiticBtiol! \Harde BQEEMA&' tALt 4 ?éf@‘bhc?é ekbSdte getum

o optim zation can be conduc a regu
hifkdd kblg oR s ibta-SHE FelgtibnsRipdo, theBoérall ynarkstar TR IQAPM helps
sem -annually or annually m ght be sufficient.
méasuse eortialio misk aod éne @tumtanrletqeatme@rt expesbiar fakig that risk.
portfolio each time one optimzes, one can optim ze
as P@ﬁ@@mntwlﬁloaééﬁeﬂéwolw% teer%w@ﬁ.qﬁanalszmg a portfolio and

bal i.d
ool BRI R STyaRdy: Wi tnk S R HGUORES gotor
givetlTs p%ﬁfcﬁtaﬁ IRt n@oﬁ%dwsropaﬁﬁfat.%n %8 BB oI SHE o regular,

optimal portfolio. In some existing portfolio

peodichasy, sucth es,feg qursittsycfuatieri] sdmicdninabiiyngr &inually might be

| i near/quadratic programmng are used to seek an
subfitienti nalowewensinoe ongis hottrageiceX© rebsalianes a postinliesdchkimne

| ong/ short, m nimum position sSize or position count
o ‘Pfgtr?'é?%toé‘e Caf‘é%?“%“pﬁ%s'% %W'ﬁ@é{?ﬁlfg‘f‘r dggpeasidering

BEBAEP oA 25, 9 S5 i3 g6 cos

infptatidradf Benih§ ebme a@eéﬂsranaasuwfg otByr AresabndRpsauBk e
Efficient Frontiers, the entire disclosure of which is

optmea) pooifaived herein by reference shows ot her optim zer
met hods The present 25 invention provid
subsP&RMe<$ Wﬁr%ﬁéﬁ‘}@rﬂpt‘ﬂv@rst‘ﬁé@'@q'é‘?rds‘&hl’@rh'" climbing or

hné%\wqp] ﬁratlg 8rc,zq-lr-$nl%gglﬁ Srt%hr\}e ??.%s F%R/I%% Ena? Iu o@ dﬁlgilh these
B S SR O o BB,
tax costs and transaction costs generally cannot be modeled accurately using these
techniques. In addition, U.S. Patent No. 6,003,018, entitled Portfolio Optimization
By Means Of Resampled Efficient Frontiers, the entire disclosure of which is
incorporated herein by reference shows other optimizer methods. The present
invention provides substantial improvement over these and other optimizers.

The present assignee has developed a portfolio optimizer, the ITG/Opt™

optimizer, that uses mixed integer programming (MIP) technology to produce more
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accurate results. The I TE Opt TM opti m zer provides

WO wakarioed results when, e.g., creating or relrdTane06goo4717

portfolios. The TG Opt optim zer perforns

optim zation in one pass, wth-all constraints and

paranmeters taken into account sinultaneously. Any
ace@a tdsvits hat @W/D?Em%pﬁ@&é%r@@ﬁ@é érMdMRed Pésults when, e.g.,

introduced. In addition, a full 5 range of portfolio
crecdtiag ac rebalanciog porfpliad. s O Heel TSHOE! dptadizer pafardisngptimization in

constraints on |everage, turnover, |long vs. short
onp@sissi Wit all apestrabite ankpefaresiest wken dHe tapmunt@mwweb@sly.

A st eSSl i o P IR P Easkiodof Beciltion. 8

_ra@ fe;?c?'rfgl% Qﬁ%&&t%hét?c% Ry QIQHJ‘HerEéJé%;fﬂ%dbbéﬂ@fﬁg%ﬂs@%&

tive scorl
Ie\fé%%g ItQfmvef, snghérﬁ‘@oéitldr@s @indimMiére. 1BURREPAGE] constraints
out damaging the integrity of the outcome.
ma\diok bppliead foyan érfitize IpbAfdiptor dits horgesr shont sideualahe! yYFurthermore,
nmodel the tax code. For exanple, integer nodeling of
the SFG/Bnieneids raisigadiag hegrigticsrabtambining 4 nT@ndpnand -bound
mze iabili

SIS BT PP GBI B RE PO A SOl i 2BP e LR e e o the

prbdGiRindt AeRRAARIABL Y o oid 6pahlsh O Of FI FO

accountln tion, B he I TG Opt is

Confﬂcﬁiitfo%@lw QHa R lopiiized c6@ Eﬁélﬁétély @®defthe tax code. For
sophi sti cat ed i nvestment strat egies. The | T Opt

exaptpleniztegec envdbiingididax brgskets ambiawiota @enableadzr IT&SOpeseptimizer
that  arise in real-world fund managerrent. .
to mpigimize Aa! 1ay, “atﬁmyw'mlf@atscw&ngﬁaw loglks ofprpfifpble shares. The

TR GPEERIAT B AR S BB of A B b St ¥ aciton

thA%l-EMt i %nf?gLQeJ %ﬁa‘i&%él%r@é&fﬁﬁlehﬁ@@&ft sop_ﬁré%cated investment
I nclusion of "ACE enabl es users to weigh inplicit

stiategisac t T T Sps opliraiagr vart hatidls kemphek exip@aioddinear issues that
returns of optim zation scenarios. Additionally, the -

arjsg@ pal-vaoikiuafieandogeaemt.st ori cal back-testing. The
el 0 é tra portfaqlios throygh tinme, .
e cddEy oheT R BBt ot fr e Bt et resulting from
9 Sact FRbAQILRoRANKT éjsﬁrﬁﬁ A4 ag 3 ™
Ingﬁey o@%cur E@ t/&glglgtl ona%l0 the P%&B&g? Cﬁgp'gggﬂpgeg ,for
foterabimgl hearke@niyphetn d Fhametiwskory ot/ AEESsnablBuskidIoWaigh implicit
system i ncludes multiuser, client-server relational
trafsaaters eostamimmmﬁntlskmﬂ)imgydmv.lrng of btimization scenarios.
infrastructure to acconmodate the demands of 4
Additionally, the ITG/Opt does effective historical back-testing. The ITG/Opt
can closely track portfolios through time, accounting for the effects of splits,
dividends, mergers, spinoffs, bankruptcies and name changes as they occur.
Additionally, the [TG/Opt is equipped to handle many funds and many users.
The ITG/Opt system includes multiuser, client-server relational database

management technology having the infrastructure to accommodate the demands of
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WD 2004/ 075020 PCT/ US2004/ 004717 rmany simultaneous

wo useo=oand a | arge volunme of transactions. PCT/US2004/004717

Additionally, the I TG Opt integrates neatly with
trade- order managenent and accounting systens.
Because the | TG Opt systemis built on rel ational
meay ehAfRneSIGGRTBAY L IBRRNBIOHY of frahsacgday. to |ink
W th ot her databases. The I TG Opt can 5 al so generate
t r ackdditicsiatly, ftoe I EQiENi integralbys peatlyniitt teade-3tddr fEFbEEment and
Moreover, |ITEOpt's flexible design allows for
aGeRUBlRg WSSt JRecausE dhe BYCIQe) siystemtis bliltorarelational database
conpanyi.es'. operations and clients' needs. Moreover,
méﬁgg%ﬂ%ﬂtgﬁ‘iﬂ“t"? ! t%?sbfgﬁﬁn‘bé"tﬂé’me@{#é@b&ﬁ?%klI/heaﬁél?'/opt can
= Y L& iet. folio
oD AT A IS R for ML P RIcHaR O] i orepyer,
ITIORt S fl@mbIE ideaigh aMeRd foMetdRsivd busiOhiza%sh 8MRpaRe to fit 4
processes that inprove upon the above and/or other
cappAryirs’ apefaponcand elEntSUesARY M6rebiver, RBEIORRMRIPArt formats can
EMBODI MENTS 15 The various preferred enbodi ments of
bg designedaekly AUe sesiopfiestivelyf i cantly i nprove upon
exi §§,i.hng_syst.e and .net hods.. The preferred
orbou AT 5 PREMIR P ertioy Sy eRirs 4rel Relaeda mavapist, there
ic > Wy i f i nd/ or
o PP oot oS brprEedtet ytaRo i uBiop the
atppvel a0 @ btiesrizydiemmansd prieessdd hodol ogy can be enpl oyed
20 wherein a confidence region for a nmean-varience
efficiency set is utilized. In sone preferred
enbodi ment g, . _new et hodol o can be enpl oyed for
i npr oved MMARY, QF THE ERERERRED ENBODIMENTS, rati o
or Sharpe Ratio. In sonme preferred enbodinents, new
nmet hodol ogy can be enployed for nmultiportfolio
Opt i THez@rio0s prefBrred @RTbAANTRENS 08 theSFROLH TR YrRion Rignificantly
portfolio optimzation engine or nodul e can be v
imdeNE: eobrt existingl systamts ené nethods. e of t hese new
rret hodol ogi es, al ong wth any other desired
met hGWoP'EGeE. embrdidients previsiermprayed sirslersnamstizgdseand/or

P%Bﬁt]g gcygtgé 88 élﬁ 8)8 27;\881%%rid?oror£ulﬁ-%%ﬁ¥o§ios 50f \aé\gsets, such as

stocks. In some prefarred embodiments, new methodology can be employed

wherein a confidence region for a mean-varience efﬁc_:ienéy set is utilized. In some
preferred embodiments, new methodology can be employed for improved
computation of a reward-to-variability ratio or Sharpe Ratio. In some preferred
embodiments, new methodology can be employed for multiportfolio optimization. In
some preferred embodiments, a portfolio optimization engine or module can be
adapted to implement one or more of these new methodologies, along with any other

desired methodologies.

In some illustrative embodiments, a method for optimizing a porfolio of assets
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includes: a) inputting portfolio data into an -

WO 29p49720at i on engi ne, said optim zation engi PETNSN2MAPO4717

a confidence region nodul e; b) having said

optim zation engine generate optim zation results via

sai d confidence region nodul e and outputting said
inclisgl & pinputtiag @ortfoieicaite piS b @REMiZa86h @RgIRBILHIE offthiA%Sn

a confidence region for a 5 mean-variance efficlent
engige hayingea panfidehcereRioromodnles by havieg saitraptitriizationh eagine

corresponds, to a risk aversion y;, and c) rebal ancing

genesty ppf@nizafl%@@alt%waﬁ'qjcmmeﬁp@ Eegighmodylel ans! outputtmg said

i8] 0! gw*ﬁsﬁ#’cé%ﬂéﬁpﬁﬁ% M i i

{
medF{eenge SHERr STl o PN PEBRan ndeifdntilh i Blirddioncs
to alrektavefsiorof) aad &) eetianding @tpb\vtﬂana\b%gé@@n %@lod@minﬂiétﬁiﬂﬁresults.
of decrease in rlsk increase in risk and expected

Preferahiy toé region mludepaﬂtpbcfbilmPt $1adh thatr cegdisidPh)e RB&(P) <
ri sk aversion &Péand different vectors of returns.

CthiSéfFéquy? Retlig erc6etSon). EER Pore iscdRPTREM 08 thegigbieny
R 48 A AR YA SR e Bt R S T e
de®EROs Hﬁﬁgc?eas% IH‘?I'S‘E Oflclelbe APHSHTEA ggqé%tedlr%ttprﬂqf %é ,,ﬁﬁPf

assets includes: a) I nputting port io data

potififlibsittza condssatdl Behe riskbdeRin yAFBEIFfERNENEHOR dIARMUA.
a conpute Sharpe Ratio nodul e; b) having said

Prefgrabty, zealﬂ$€t5r$e@r@ smcnfgemwﬁdeecea [evehh y setttimmdiffesant vsluas dor
@# uttin Iﬁg results, wherein said conpute a
CORB{ZN S iqRa h*goa §ul e conputes a Sharpe Ratio using 1) a

fin rt th_a :
e LR S o
poffeld Qﬂéiﬁétsbk‘lc@déétc‘é)G’rﬁplﬂflng%@r%h@f:lattahﬁtoaﬁrgéﬁtlnt\@ﬁ\onaé}g;ine,
the algorithm term nates when a best val ue of Sharpe
salaaptionizativat engine baying dsotmpute SharperRaticavedulef b) Hdving said
adjusted return,” is lower than a Sharpe Ratio at a
OPBm&ﬁt'ewnEtr@rgﬁne@ie QREMizatinR resultsand; awiputiing peid Reaults,
| min whigh at {teratiqgns a es
whaerfgig ﬁ;r%%' 17519 3 ?&'TFP% ﬁﬁlpﬁéﬂ%ﬁnEowﬁggfé?doh%ma%ho using 1) a
ﬂnB%@héﬁ ‘éldggﬁtrﬁn %ﬁ&fﬁéhﬁmﬂﬁ%ﬂaﬁﬂu (SuQ Bﬁa{}hzﬁ{j’rgtﬂ,’r?ﬁhe

results ef erably, e conpute arpe

adiustqrlitesuraris dptieamed by bifactof abstehef e ddritttm 2ast #e algorithm
portfolio that achieves that ratio. Preferably, to

1er@@aat§ayé\encaah@ﬂtvatuemf Shanes Rapoi thatetriasponds &t actreshtitevel of

teration fro timal solution 6
the agjus%ed reﬁjrn IS Iowerrphan a é%arpe Ratio at a previous iteration and using 2)

a find Sharpe Ratio algorithm in which at iterations a guess of the maximum Sharpe
Ratio value S is updated; and c) rebalancing a portfolio based on said optimization

results. | Preferably, the compute Sharpe Ratio module outputs an optimal value of a
Sharpe Ratio and a portfolio that achieves that ratio. Preferably, to decrease

computation time, optimization is started in each iteration from an optimal solution
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WO Woeuisops iteration. According to sone preferped/us2004/004717

enbodi ments, a method for multi-portfolio
optim zation includes: a) inputting nmulti-portfolio
data into an optim zation engine, said optimzation

oltABEA® HRvdieLAitdiiiidr. - pPortfolio optim zation nodul e;
- b) havi ' '

aving said 5 optim zati on engi ne generate _
opt iAdcoaiin@to sase biefevédembodinmats, a PREHJUTb! inRiti-portfolio
optim zation  nodule and outputting said results,
opiiveratian isgbdesnd) irputing rholkitpordplid data antb @n opticiitation engine,
Z%)qe]rf orns. an al ,%ori thmfor multi-portfolio optim zation
sqiqgptraaficn eRgiPRbaypgiamytiRartieio opispiraiaroogdle; b) haviag said
) Nl . ze val. f th ximumrelatiye or .
onen FrE R E0s et e bG8 e S R oy imization
baQBR i Kdi ; whEYS h b Bpli
rnover aldrﬁ%%{ﬁ'f%ﬁlgi%l{%’. W , hﬁsirﬁgh%gpgﬁ#agﬁg@%pon module

peafcsmssat digbritam for Aot pordbi optimizaticwthah coMplielth®optimal set of
Ek- 1, Khk; and c) rebalancing a portfolio based on said
pafslipaihzat herthat minimizes thehealad of theametiownotdiativeas pestlate

SRS SRLERLERER o LRSS, SRR S
RSP QR S SEOMIGHERR 1 e, SRR i on

toff ﬁbﬂﬂﬂodJkakﬁElng\H c?$e§1§é¥éﬁqin§ SRbHIMS HaRE4 eh sggi:/ﬂgﬁgﬁgaq%n

where applica n addition, various enb

resalfts.conbi ne one or nore aspect or feature of other
enbodi ments where applicable. The descriptions of
as pebisabqveansy @otheirspectsatepiires gad/opadyantagesudiaarious

Rk R R (A
c T@ﬁdﬂéﬁ%ﬁ{tﬁgﬂé&@wg@% ﬁ&ﬁé&m ﬁgﬂi%déﬁegd\ﬂgfggﬁé’nﬁude

e acconpanyi ng €S are provi

areomgtadydendifferent aspattd, ifegureshdisraalaf @B whkrd Aspiicable.  In
i nventi on or various other enbodi nents, wherein: 5

aqiten, yarigusembedimfindgy eamedmbins tongtarmgore gspectas deature of other
r di n . i Men f the invention;

el%gg&mdenth W*'\gresggpﬁcaﬁgfo O‘thgeégf'ip%oné QF aspectes, tfea?ures and/or

advantages of particular embodiments should not be construed as limiting other

embodiments or the claims.
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FIG 2 is another flow diagramillustrating a process

WO Bogorsdiing to sone enbodi nents of the i nvent iPSIT/URH0G/004717

3 illustrates conputer(s) that can be used to, anong

ot her things, 10 inplenent process steps in various
enbodi nents of the invention; FIG 4 illustrates

conput er systgRIED DESURIPHDROE THE DRAVANGY ot her
things, inpl'ement process steps It n various

enbodi nents of the invention; FIG 5 is a schematic
diagramillustrating database managenent structure
accorhgi aggompasyng figHesseare @oodaedty waytof exasplel, @itheui limiting
an illustrative graph of return n milliions of

tha Hreag sgonget dassinveg ?re"aé'ouslor‘herhqmg‘?‘%ﬂ’@e%tﬁ WOETeA's)

for, n I r FIG 7 is

an i Ilﬁustlsr aaiﬂlo\y‘/}gJ %ﬁaﬁhﬂl@?ﬁatm ur@r% é SaéC%rcii]ﬁgngcf P?T'6ns of
erq%clllﬁlreﬁis Yehspvehik (e.g., in ml | ions of dollars)

showi ng, e.g., a set of nean-variance points that

deviraGe 2 i§ amsth¢hiowrdiaigram iiuatrating b foredesstact oy ©rsome
according to sone illustrative enbodinents 20 of the
embedimentnol tEMAPOEM; DESCRI PTI ON OF THE PREFERRED

can TG PR ERES B B AIdn G coPois HEAeoe oFpe STathngs.

rrﬂgégé ?rrat a&ages%rst ifi @?E%%b‘&%nﬁ%ﬂ? g‘r‘ g{jle 'ﬁ\}e nv‘%HE h ( \?\ZN)a

t he diaf arllﬂ%i;raﬂa%d:lo% pLAGORRIM (3§t Ickn bbﬂjseﬁ%'é?Héng other things,
enbodi nents, one or nore server(s), client

nTmberpemtepr(Jsess s incatrioos ebdBirddtid o0 #HedaGention;
PCT/ US2004/ 004717 conput er (s) and/ or ot her
conpfes(is p schampic dipram dysiratingpeiahash mMgRagemeRbyteLcture

nvent i Jdllustrative conputers can

f th
a$%pfnéégs%%a%refgrrggﬁpﬁ>ad F’OCGSSI ng unit; nmenory
(e. riG.8AMan ‘ﬁb%tr)atlvéjdt;&'ph%lf réiﬁFrﬁ(sSé ofnafﬁmnér% & dcllgﬁsr Jerses risk

drives, etc.); -inpui/output ports (e.g., para
(eegjldr’nomlliimsi(ﬁldoltmslmr ety G fipdingd aincoptintal }Z)odEMDC@ﬁ:i 5

(e.g key boards, etc.); etc. Client conputers nmay

cont §|l<ﬁ 7 i&ﬁrsﬁn%traswmawhsﬁftr§turndﬁ@v\s@mll@@hméd@llare}verses risk

|ntera tlng’;‘w&i server(ég _ rch as, for exanp
(& IRymIkRs caliarst $avenare-gr 6155 8F MERRTBIabee ReikE SPhét deviete
frbfHE ?‘ﬁ«:—?‘arf?varfaﬂge SRl Yl (ﬁ%}mé’H Qccbpcﬁné [H &hE hlustratlve embodiments

of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The preferred embodiments of the invention can be implemented on one or
more computer(s) and/or one or more network of computer(s), such as a local area
network (LAN), a wide area network (WAN), the Internet and/or another network. In

various embodiments, one or more server(s), client computer(s), application

8 .



10

15

20

or the like. In sone preferred enbodi nents, ‘the system

WO 00407528s rel ati onal dat abases, 10 such as, @&CF/US2004/004717

enpl oying a rel ati onal dat abase managenent system
(RDBMS) programto create, update and/or adm nister a
rel ati onal database. The RDBMS nay take Structured
cofgpritet(d) anglbA@thdr SEpukiral) ean eutifipéd fosithpdmentusielorhore
contained in an application program and create,
asppclaféle sweniion. prlbsiratee eopyiers can taluabas.g(: ) cenBahe
illustrative RDBMS s _include ORACLE s dat abase product
' ProGe$SingsHInity ey ée-DBBW@%TES't dipita|slatg ptoeagee(e.g., hard drives,

i [lLustrative odi own in FLG 4 one ,or,
et SRl PoBTRTH. PERR w07 S0 lets itk dhto <8Pfoliges
(egél\keg%%sﬂdémﬁ@c. Eﬁﬁn?édrﬁﬁ&te@%gtcﬁﬁt(aﬁ?, iF&fné Relddfnents,
n appropriate operating. system such as, for
brewssidotiwva¥ WPIMEASin@wit nied Bervery ) isath ab foperiBple eeking
enbodi nents, the system is adapted to provide an
hypbjtexittranstas profra@{HEAP) tsmake nequeistecef tha&skiver(@pviarthe Internet

sone preferred enbodi nents, the system provides a
or{hg th€.user client server system such as shown in

FIG, 4, | ' St h stem provides
i PP QuFeBg ERRPRTENS sl DTy BhERh HaPold FiePapes
¢ agH [ f (
oy P o o T e e R P Ty
prograde® crpaie; apdate @nplur atmidister ansiationk elabeyase. | The RDBMS
preferred enbodi nents, 25 multiple risk nodels may be
maytakeyeituctyad Klupsy LangpageKRIQIA, staNORERS| crteed by sstsamor

co B PR e e ot & DRl Baccsss
d%Q&adge?g)SO%gnFéqMétﬁ%gg ﬁlﬁg\ﬂg'lszncléé O%ﬁﬂ:tE'%ggg!bggéc’ product line
I stori‘cal executions, universe, %ehc mark, ris

arftDig's DB cetiuctdiaba  Rnsbinee illosheie erhifodimeh&! B€dhown in FIG. 4
enbodi nents, a universe of selected stocks can

oren@ rodes; cligncompiiter gdn be erovidert, isueh gs.ax 0., adAdebasad $ystem.
[ rket or the |like. Assunm ng,

I f
T@Q%&E E?%ﬁ%t(@?%n (nelyde agy gRproprate ﬁeefaéina\?gﬁt@m%mta?, for
! t j I d | .
ol AN X8 Pl S SRR ERIREN e st

Xl et e
is G 1B Brevies ke objRibade) Mephi¥ar ksPifskadex@ange, the

Anmeri can _
In some preferred embodiments, the system provides a multi-user client

server system, such as shown in FIG. 4. In some embodiments, the system
provides a hierarchical, object-based portfolio control structure for managing variants
of a core set of strategies. In some embodiments, data based can include holdings,
trades, prices, corporate actions and others. In some preferred embodiments,
multiple risk models may be employed, such as, e.g., BARRA, NORTHFIELD,

custom models and others.

In some preferred embodiments, porfolios are composed of data objects, such
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St ock Exchange, the NASDAQ National Market, and sone

WO MiHI150ap st ocks. Preferably, the specific ®6OTAEI2804/094717

a porfolio can be defined by attributes and/or _
parameters that are set by a user. In sonme preferred
enbodi nents, an instance of 10 a porfolio can be

asy e e Hl@ngs it aséeutiohs Ahivdree Msdrieheirie r%ktrﬁé&&ltrﬁarket

such as, in one illustrative exarrpl e: a 3% S&
data a@cﬂ(ongthpmt ﬁ@prefewad BrioRtimsys,| a mm@ersemf\seies&ada@ocl@‘ can
January . I.n sone preferred enbodi nents, the

inglgde, ol @" afathstsa@&ve&hﬁc%@oalﬁﬂ%% ¥ra mievant mﬁr@ta:fdm;nke
such a

At Jor oSl 3B e s rtet R elefol kel tren the

0 SRRSOy B Y o X BB

8,0 &tbsks; &t yieg gfoabé froRvaE Nale Yorhetock @s&cﬁértg’é e Bdrerican
In some preferred enbodinents, the portfolio database

StegnEkehange hieAASPAS Natiorish Market aandeome sgall caplstdaiar y
st ock sEem fic data. Preferably, users can define

Prefeszbiy e SReFHS obiegisHn APanalia Gan Herdafiasd byiatiributes @ngéor

g 25081 e b o s o
a ﬁ@r‘%ﬂh@ dé‘ﬁ%e g”érﬁe@&%@'o@\ thé %@El's‘%ﬂ aFBARAR da?@%lﬂrl?ét §u&r as, in

" As sone illustrati've exanple

onwhnstnadmé dxamples et3°/t;r8r&§ev5d‘mr|£g paErtfols with SURhssa§ 1060 @niverse as
"A+ 1if B<C and B> D." In sone preferred

Ofe'ﬁﬁ%WﬂeﬁQ@?' filters can be provided to enable namss
e renmoved froma uni veré‘e for compliance and/o

ot hél SPBEPEHETed l?é’PP%"ém Bl egoorﬁ@'}oe(?ﬁi%a%q ﬁ’?rb*ﬂfﬁ/@k%” attributes

r e f.er
nidlelhyPelerPas e ia i v nielR AR B ELGED Shown jp Fio.
5. Chﬂ%@ﬁ\teqllljs”éﬁaltl(ié ehﬂ@t:iln@érﬂs NAk lowdrasidls fehy |ﬂ@nr\{@ttr|butes of higher

2004/ 075020 PCT/ US2004/ 004717 |n sone preferred
leegibo d‘?\dmmrally,utberlwe’daveie gsh prEferablyso\anTide thhedieardtsibutes.
such as custom zed asset |evel réports.

'nrﬁoa?eeqrstﬂrvd SrabRAIMegis: 74 RITERIO gatabase camfre eharacteristics that
t [ L % tacst ) .

o1 8 B EnernloubbRt il PRl e odting o

chaP A&t cE ANchts Wifdrm@iasah @ rBetiiy SrdHO Al Q)lFIaPJCiEFIS'[ICS
constraint. In preferred enbodi nents, the syst

from other characteristics. As some illusirative examples, a user could use

algebraic creation methods, such as, e.g., "A =B+ Cx D.” As some illustrative

examples, a user could use set membership methods, such as, e.g.,, "A+1ifB<C

and B >D." Insome preferred embodiments, filters can be provided to enable

names to be removed from a universe for compliance and/or other reasons, such as,

€.g., ‘remove sin stocks with p/e's > 10 and pr'ice <5.” In some preferred

embodiments, the system can provide default values for characteristics that are not

specified.
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can facilitate the exploring of tradeoffs between any

wo cmabrwad i on of, for exanple: expected retur nBCcT/uS2004/004717
ri sk/tracking; exposures; transaction costs; taxes;
position/trade counts/sizes; and others. In sone
preferred enbodi mrents, the system provi des one

opt i|m36@.%iﬁ?§fﬁgﬂe§§n?ﬂ& Iﬁ&% sUNEMETS 50@%&8&%@3’(@ {?atdsrjeggﬁs

are re

sdf‘aﬂl‘tﬁst ed. NiustamizeRabsct islel repbnel dwéflebebgnée;f&f défhr‘ﬁtlons can be

portfoilo as a whole. In sone preferred enbodi nents,
named anasored (g diedigitatl ate sfosgge)cal user interface
that is presented to the users via client conputers.
I n dosemensetermechembodimpnty raprimansion ef aipartilipderace” can be

P4 et SaCrd BRI g BR T ol PErerod GRLP ARG (5p svstem
ca B chiid mezégdlémglacﬁWa@%oﬁ@ﬁeﬁ\?e%%@r@rh%ﬂwb%ahon of for example:

optim zation res n sone enbodi ments, users

eiﬁe%ﬁcﬁreﬂfrni MEKAFAck e Exfastrd A Stansa&itRtids RS té)JésV\b’tbé?tl’bn/trade
for exanple, inport and/or export of data can

cauntg/sisescndradhertunct i onal ity available in the user

interface is_available in batch processing. FIG 3
show8 SeR'§ wrﬁt?é@ﬂaﬁtmw'%ﬁﬁu#@r sy Praidesaneneptiysatiangwith

oréen‘gnl'ns%gtuplzg\ choog@% (—igo g[xg{gﬁ%%s H%\%arrselrjlr%lggllae%ed gubject to
céHirathts bﬂ e%@%ld@mQHUEW%d foﬁ‘%é%&ﬁ&lﬁ%l s 35¢hoid Ncl udes

a central processi ng unit ch can

ComMmmnional grevdrtda emisetimehts, n:paﬁs/awtpmmde(d Wi a graphical user
devi ce(s) 324 over a bus 326. The I/O devices 324 can
inigttacgdeat is preseriagpdhe Hsekaydoliand computsss. Vih@geme embodiments,

o e i S e
GG SRS R QLSO o3 e o

opidfizafldterdsit€r aatsofie nbv@/RNe, GBbEsT2A, crédt® ol Wb&‘%pemﬂc task
324, a 11 WD 2004/ 075020 PCT/ US2004/ 004717  bus

S@h&ﬂiumsmawmgh wfbxea‘mld{)embpk@ntil‘mtexbnrmwﬁdata dahebeaenltomated and

nory 328 can .include, for exanp mar ket and .
f%&%ﬂmﬁw A @Bied“ Hapusenipegace i?rﬁ‘ﬁ*i@b'@d?s baich rpf@%ﬁnﬁlle

on. corpor s MRS eofutier Sdhg Gin GeSesdll o
cOPBueRRe@biftess Qfe%s, such as, e.g., within processes 100 and 200 shown in
FIGS. 1 and 2. In some embodiments, the .computer 320 includes a central
processing unit (CPU) 322, which can communicate with é set of input/output (//O)
device(s) 324 over a bus 326. The I/O devices 324 can include, for example, a
keyboard, mouse, video monitor, printer, and/or other devices.

The CPU 322 can communicate with a compuiter readable medium (e.g.,
conventional volatile or non-volatile data storage devices) 328 (hereafter “memory

328") over the bus 326. The interaction between a CPU 322, I/O devices 324, a

11
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5 softvvare' 338. The software 338 can i nclude a nunber

WO m4/ntsded es 340 for inplenmenting the steps ofPCT/US2004/004717

processes, such as conputer inplenented steps of the
processes 100 and/or 200 shown in FIGS. 1 and 2.
Conventional programm ng techniques may be used to
buseR e ERAta hBRey BREIBAEEe [IRG FRt ¥nSW S it Bie 4. SO store
the above and/or other data file(s). 10 In sone
enbd‘denmeryf 328 tareinclade dos exarnpled matiest and Eedoineing dataggo,
i mpl emented via a conputer program product for use

Wknp'ﬂ §ag lwﬁﬁﬁ@re@mee HAtaTpR Stockapiushast aug arodkayricesoand data
o P B e Hosk ahie Cﬁ’é’é“rb%we@v 334 &7 i85 tore
d#mﬁéf@%%ﬁ SRR e ﬁ@\éaw.ngms r#iﬁ% ot i JA M 4ot P' e

to a COfT'pUt er systemvia an ce deVI ce, Ssuc

infbldRERhe b8epg6t drbdeRsed, %cﬁ%@'d@ﬁiﬁw iRPlemented steps of the

substantially tangible (e.g., conmunication |ines)

. pranekses 0k tddort 200 $hpwinrit frh@Sbh @anfie2. g.Corwentdres progestnming

using mcrowave, light, infrared, etc.). The conputer
teriave Mayhe wsad thémplementhasa medulesus Meograia eap also store

| t d d
tng Ve BB S S AP ey cos (e 0. T ot pa oy ST
cir CIH's'bﬁv)e eBOMRINES, %vvé‘f%as rﬁ&hb&@be&ﬁ:‘ﬁb& FRrend %gf be

ot her nenory devi ces. vari ous enbo
imipemeintedsma éﬁbm’pumprwanﬁfmd@ﬂﬁbﬁ@ﬁ @witt®a computer system. This

communi cations technology. FIGS. 1 and 2 illustaté
implerpesiation ey, fdiaxample, bwluter a sembmfthmptttmestructlons fixed on
illustrati errbodl nts of the invention. These t

2 fPHPHIEE 4ea Madsn ea91 adishiede, o &0-66M e‘ﬂ@%@rﬁéﬂﬂlkemf

. d
AT e SRS e e B BB e 5 eainam or
thElifee. 1The Paidrhmgdy 15 &Ebsl@rﬂrall? Rehgithe ‘?@ES%OWMH@JU%% Ilnes)

the eval uation of "an existing or new portfolio.

andioas destanially Fttepgidie4e.gt, véredysst raptinaseigrerowdier, n@ﬁtl, ﬁm‘rdred
to apply into the optinization analysis. 12 WO
et2004% B?@@E@urftm 037 cuua Writtgndnhvaniavspregiammisg dgnguages
on_is enter.e nto an o

fI I mz
i3 et b8 SERPA & mahoBR S iralat U B gPREoMHGRY TPicas (o
cﬁng chﬁ%@r@ mé% netiidelic2atd Qd?tlle%)cf:'st orifer memory,  devices.
hodo re execute VI a an optim zatl on engi ne.
InTthe varibos énfbbﬂtrﬁérﬁé,&ﬁe frdAsmission may use any appropriate
communications technology.

FIGS. 1 and 2 illustate process steps that may be carried out in some
iflustrative embodiments of the invention. These two processes are illustrative and
various embodiments of the invention can be applied in various processes.

With respect to the illustrative process 100 shown in FIG. 1, in a first step 102, the

process initiates the evaluation of an existing or new portfolio. Then, in a second

step 104, the system receives information to apply into the optimization analysis.
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optim zation results are provided to a user. Then, in

WO m0807%0d0 step 112, the user acts 5 on the opPCEIUS2(4M04717

results. For exanple, the user mght, e.g., rebal ance
a portfolio based on the results. Wth respect to the
illustrative process 200 shown in FIG 2, in a first

Theh QE AHRd ste W?nf&ﬁﬁ‘aﬂoﬂ@éibnﬁ%d in® bR o ?ﬁl‘hﬁzatlbﬂ S?%gﬁ such as

pre erred enbod |rrents a user can cCrea a por

an\WptimizatibAehbivlel 0 ThanEnedbitistepPt &, @pilizatioh kégdisehs anl
| oad data as 10 needed using file inport/export

meihodaledies aresexsicutes], vie ag optiimgzation fenginema g hehadndi fitisstep 110,
benchmar ks, uni verses, char act_?rl stics, risk nodels

opa'mzraapn Bep gre pravjdaddpialises  [Reh R asidh sterdbia fae user acts
ongga P mgﬁg?y gqnggt eigor >}an a‘i‘e F{ﬁé%@&l il h?dl E;orrébaﬁjncc% a pbrtfoho

at e; e Unl

bag?@gﬁ%@résghécs ri sk nodel . Preferably, a user can
al so scrub data. 15 Then, at step 204, .a user can

I demvitH nespensl t6 G@Mmtl'ailvmps@ddsg 20atshowhrin FOBE2, in a first step 202,
preferred enbodi nents, a user can reconcile data from

a yRer caplinpus partiolie datan do semedneisietembndimenis, posentagreate
bl | ud h t stat

a p@%auqexﬁﬁ@%%oﬁr?@@q%ﬁeo%d@w oREebbn B dtesieBusac dore s

G s A e R

beh@RMakksC BRivErsRY | SfareiétBRstlceVigdk MBaak MR iotidre at PRferabl, a
some enbodi ments, missing data reports can be used

useotan hisbdiefigs pohmho latteiblte s withvae psrametdrogdifor esuchtascs.g.:
factor exposures; and/or others. In sone enbodi nents,

analygiscdate renebmatistunivalse sharacerstiss; riskanedats . Prfeiablyap user

20 a user can specify rebal anci ng objecti ves.
Cﬁ”rﬁ%%ﬁ%”%éia ef erred enbodi ments, a user can sel ect

" st %@ﬂr Qf'stﬁ%F@ﬁ“’é 9&& dé%' iféht %Qﬁ& A®Inelie nfislitPaatas Ufihsome

as, for exa cash flow objective function (e.g.,
préfdﬁlhaal emb&imarier aiugs) c:an recekcieodiss franninsiltipte g;urcéswo Iprsome

plural benchmarks, common factor and specific); "“cash
ermaodtmeztaowmm@tamqb@zmmmmwe paargRsAN aseetrRivis or

constraj nst po tion 0 It1o t
B R SR S B L L S

béﬂ‘:lhh%’rk O?UI‘%QH’%%WB?‘olhgfa(?f i Qgrl)%’erﬁndﬁﬁ’r%nt%‘?g holdings summary
report can provide high-level probiem nofification. In some embodiments, missing
data reports can be used for: holdings; benchmark; universe; characteristics; factor
exposures; and/or others. In some embodiments, a user can use data editors to fix
problems. |
Then, at a step 206, a user can specify rebalancing objectives. In some

preferred embodiments, a user can select “standard” parameters using a parameter
editor, such as, for example: cash flow; objective function (e.g., alpha, risk aversion);

risk constraints (e.g., two or plural benchmarks, common factor and specific); cash
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sel ect user specific paraneters. Preferably, a user

WO 208¢078@8st ruct a constraint matrix using r owPEBIUSAY4/004717

bounds editors. 5 Then, at a step 208, a user can
exam ne current porfolio characteristics. In sone
enmbodi nents, a user can receive reports for one or
bafance, wfnoveoLdisiginst, positiversizs, positiohreaukt arfd/erdtade size
portfolio; and/or others. Preferably, a user can
COP%@P@eU”'gﬂﬁﬁﬁ?ra&Fﬁﬂ'SH%? Hter; ?@‘I”Q[ etnefs: Pei@ﬁ%%hﬂ’ |€ngser can
cteri. tlcs f.actor e t rades;
sl PRL BebT s pafimeBl "EraraIY  bseradn Bhnrdia Shstaint
it AERESOR/ BN OOMds b, I Some b ef e red

a user can performthis step via a

par THBH &4t L8tk @08, a BE@f @hablaming clfBhGIHeNIB chaBESistics. In
editor is provi ded. Then, at.a step 212, a user can

soust émbadimants, arusat eararacebyal rapoﬂslfqircnrlefcmlnnme of Thuldings;ep
can utilize an optimzation engine to optim ze and

unpieest deserygas beal Portilie: argl/opeinersddyeferally.&f usangcantrpeeive
sl S8 s PA S B R ORF Yl B P aces:

angrgr%ltﬁergeport or the 1like. The user can then
preferably edit the suggested porfolio/trades as

neededn, atEhstep a0, £ abert ditradjustipirabkiers BEOEGRRARs.  In some
suggest ed portfolios/trades into particul ar

prefreedteintiesiments Aa usérovam peyfcin: bie siep vialeparsmeteraitor.

pe steps 208-212 as desired conti nuously
Pr@%ﬁ?tﬂ&t%r%i“@fim”ltﬁ’é‘f’??59@@' 'Slpé‘l‘_}’éqs%ce portfolios and

et BRSO SRS 8 oot

e 'process s

Trﬁﬁ%g rcaﬁk@ﬁ’"ezé@ 0 Fﬂ'nLBﬁorP éﬁ@!ﬁé So SPfLs éhd':drgéte%ug #8sted
i ncl ude optim zati on nethodol ogies as describ

pdﬁéiloa/trddas Or Besferably| thel wsee cbn tisexarsinb duosugjestad | n
25 preferred enbodi nents an optim zer (created, e.dg.
PopifQliodrrdesaia f@rre&emple,. Ekl=§§d% SHMMany rernst. 8 dradaatesail report or the

h | k t st
ol DU LS G5 B0 Q00 B P RSB P PR G & Pesped
THOMdr 48R %% ﬁl@f&ﬁbl &% d QU mﬁﬁ&tﬁltrécﬁfiﬁp@amcular

preferred enbodi ne entlon port
ex@piiionszer can be

As shown by arrow A2, the user can repeat steps 208-212 as desired {o
continuously evaluate portfolios/trades, rebalance portfolios and the like.
In some preferred embodiments of the invention, step 108 in the process shown in
FIG. 1 and/or step 212 in the process shown in FIG. 2 can include optimization
methodologies as described below. In order to implement these methodologies, in
preferred embodiments an optimizer (created, e.g., via software or the like) can

include software modules or the like that effect steps as set forth below.
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provi ded that enables one to ascertain an acceptable
wo p@giomsn2of error. This can be advantageous, edr/usi004/004717
hel p avoid having an optim zer that m ght propose
changes or 5 trades to be made as a result of "noise"
wi t hin various inputs, which could, potentially,
PrefSitbl OonfidelBE Rihidh ﬁn@aﬂowrhsaauﬁé}ﬁ-s related
€reto. In sone preferre odl ne t he present
i nvdntsobor, pmietrrredamnbtrcuhaesﬂsmfdh@gweﬁtn@p@r tfoRY @timiP&Vean be
noi sy these inputs are, the system can di scern how
Podidge thateagbles onego eseolain anm@agt@bledagummrmr wi THis Ban be

%/hat i S deerre? to be acceptable. 10 In sone preferred
RptREeRER ST (hBeIB AP RAVING: 3 CRlbNizeE that susittingerrse changes or

o580, 196055006 1 B8 M gL L PR Elpoonns

| tf
reggggdﬂtu{@?rbgls éﬂfgb% aé&?bﬁé)ﬂudf&lté‘ fsted tlllerﬁﬁ:f 19shog Sct’?frgrred

erahodifen(sR)f the preseReiniofidn) WIWE&T @nd%@ﬁéndlﬁ af peprokiphdtely how
on the efficient frontier such that Ri sk(Popt) =
NESSIOeRs INDAdRIpfs; 8??6$3{S$em(§ﬁ@\ﬂlso@ﬁ‘l bhwc‘mdeca regienEbportfolio

relative avera vi ati,ons qof gecrease in risk,
mRGSILeE I S (s JeRTe to B arRebhlenpt |
portlﬁ%'oh@pr%@?edcé?ﬁl?@nﬁﬁﬁﬁg e &?ﬁmrzérs rPdg o o&é%l{ﬂ%g?e region

different vectors o return e assune
fov @Glopifdliod, c5r€ﬂ1éréTﬁcu§ﬁtq‘rd?ﬁlérfTﬂJa|t Yo Sidnb S‘?‘lsﬁre@é'r%%n ¥ In
their mean. In preferred enbodi nents, a user is ab
preterssst erabsgieeints, this cegion mweslaﬁ\p@ﬁfdmy;s Settcinthat c.owﬂ Rxsk(Po) <
dlfferent val ues for constants crow, Chigh and c. 20

Risk(R) h%Cmgeg%lﬁ‘ﬁPehaf& Re¥Penc BeHPeol i Whﬁﬁe Pt i@ porifolie on the

RS e e e
remﬁfvbfé%lefébep Gé\@eﬂﬁmb ¢ HHQ@%S@H rléko'ir‘i1 @e{éegﬁ n‘é%tggij %g(%@%tg& return

of variance relative to Po less 't

ofvaritioel psefutibatied caredpendsipeiod tisle dverivhiydercdféremelectors of
There, a main point in the resanpled efficient

re¥gPE £ oltican bptaseiaditeat Vestors of wiwns @re aeamrily elistdizuted around
efficient fraonti ortfolios. The esanpl rocess

N GHATES B FFIPAPLATERR P 1 ke g (t8&5Lp SBpeils pyatence

leV O SetfiQd rtﬂnWQHﬁ.hn%ﬂfc elfc{n'lcc% o Sty QBt | er

portfoll o‘s F?esarrpl ed Fréien tier portfolios

are lhhee r@;auﬂmme@feffmnaps@nfa% BYtIRIZAG6S &f e OFSpABAY dkeuss
WD 2004/ 075020 PCT/ US2004/ 00- 4717 possi bl e et icent

alhoven Bi an§dence region is computed around a resampled efficient frontier

portfolio Py and includes all portfolios with a value of variance relative to Py less than
or equal to a value associated with a specified confidence level. There, a main
point in the resampled efficient portfolio optimization is to compute resampled
efficient frontier portfolios. The resampling process produces simulated returns that
provide alternative inputs for a computing of efficient frontier portfolios. Resampled

efficient frontier portfolios are the result of an averaging process across many
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On the other hand, in preferred enbodi nents of the
WO Ioe8EN0 i nvention, standard efficient frontiRIT/US2004/004717

portfolios are used, rather than resanpl ed efficient
frontier portfolios. Among other things, an efficient
frontier portfolio, in contrast to a 5 resanpl ed

poséibiecdRaiéntifomtieiser portfolio, can be defined as a
portfolio with maxi mum expected return for a fixed
val Om toé othesthand, mrprmrr;ad@a@l@@lmentssmm grasent lmeentnon
appropriate to, use resa efficient frontier.

st oifigigat frPntl?éPPﬁfql'O’é a nEﬁ?f? dathe Hjag rgaempigd %f&@@ﬂtsfrontler

roflitts s SAEhE e Bode cn LT SR il BhBtG R Gt o o
reéoﬁw@[aa St frhRGer BOH A CAR b derRed bE & pbd?ﬂéﬂb W ﬁe Zgﬁ):m

second asset and I1ts expected return wl
expbéet esanpioe @ fixpavafuel dfeisk whircimanp ba@ammﬂ@umatlb@
maxi mum return point on the resanpled efficient
apprapttakeeto, udena reaseepled efiicieBb foptier hésfmersly ere Blustative example,
65% of the second asset. and its  expected return is

copaidgr WrveseiHWth RESHRIATER CORTIGENE R 28" PoftRaSted returns 10% and
20?{3 rab% %: s'taglidaﬁl{i1 g?%ﬂ?f‘i BH%'ﬁFrﬂs o/av elrha&hg%n{mg?tughfsporﬁoho

wer e obt al néd ‘t'hrou Si nmul I ons

.nc,T 08ELEQY Secdriy 5&%% af@ /8 Sxpddies ?etuﬁp\fvﬁlftﬁe' 28, | MGk WlRindbled
'arge number of different assets. Anpng other things,

pdrifsiioe whighudotirdspontds foi tha Intax@rsiunsiengn poirh opahé reddangsed sfficient
cases where it is desirable to have an optimal _
froydiet. fingludesmbaut 5% ofithe first @spelransk 6%% Séhe seapmdasset and its

W@?ﬁ%ﬂf Bl BROiCIA - Set de.”ﬁesﬁﬁg‘ Preforred:
%gésgﬁ‘g)tlg’d n%f%alel:\)?{rérmﬂtr tpﬁﬂfbllgg %r ’te%nk§y ?v{fﬁ%ing many

preferr ams ers o

pdrEaiibsMRET @&ieSHIEIASY thrébgl @in’quTﬁfcﬁ@t TBéRfdte; intAi8st\aséhese
of assets expected returns and E- covariance matrix of

partiglissdtgde rdange msimbEnef diffprerdmsselss émorigs:wtbsrtﬂwmtsetuere
using historical data, analytical nodels, anal
WP‘éJ‘Fjé’@a"gftf@U‘t'%*F U‘é)f‘ﬁéPC'PrEPﬁES’B%S "\PEI@GS(‘.’J‘W[S? i is desirab e to have an

crdRBEINGES TRAHE b b yeipel o ond

Investl ng, 1993, the entire disclosure of 16 WO

P%Q%(L&Z@@&"Eﬂééﬁégi%/iOQ%Hfﬂcan-v riance Efficient Sei

In Some Preferred Embodiments:

1. Definitions and Assumptions:.

In preferred embodiments, the main parameters of the mean-variance model
in ITG/Opt are a - the vector of assets expected returns and X - covariance matrix of
the assets returns. These parameters can be estimated using historical data,
analytical models, analysts' forecasts, or other methods.

V.K. Chopra, “Mean-Variance Revisited: Near-Optimal Portfolios and
Sensitivity to Input Variations,” Journal of Investing, 1993, the entire disclosure of
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whi ch is incorporated herein by reference;

WO 20b4/ers020at es, anong ot her things, that snmall PCHAISgE4/004717

in the input paranmeters can result in |large change in
conposition of the optimal portfolio. M Best and R
G auer, "On the Sensitivity of Mean-Variance

wiHiEHh I&h@d}bor%@éd hleirDsy fefer6héd dRsstiales N afRing W@éﬁhmggﬁﬁat small
Anal ytical and Conputational 5 Results," Review

chighges i thk irgiul giaesmete@9dn rebelt arnlargeechhr@ehmsumﬁosxﬁon of the
which is incorporated herein by reference, discusses,

opiiah godtolier MaPegkand fﬁeGmmOrbme Sﬁmrﬁlgéxs of Mean/ariance
S ot R AL A
R%ﬂpt@;ﬁiéﬂoyﬁngnm bigs a"@M‘(he ent%é %“%ﬂj ure Jﬂﬁhlch is

rrors in ans ari ances an vari ances
in€dpERitedBéreObY fefbiefcd Qliddnes6€ . amatRLbtAal thitfgsPelt dfalct or
Managenment, 1993 and J. G Kall berg and W'P Zi enba,
cHanges s*pihewfectmtorf assdts emo(té(bretarnsanetbe inceanPraoiaheesfflcient
Ri sk and Capital, ed. G Banberg and A Sprenan,
fronier apd t%@%@pwt@:@rﬂw@é paﬂ@h%t h\édﬁt%cmra 8ot dficbZiemba,

TR Elesh Pl oo R e SRB R Eted S Qpiimg! Porfol
CR&iBEF JB%‘nB%f P&ksid ﬂaﬁé?é’rﬁehmgéﬁ 4ng 9, %f K&li dtSé?‘b%nHWN T. Ziemba,

expecte returns, specific variances-
"MiSSPELIH O RS |ﬁderl$cBIi¢r$l§lecﬂi€bnch©bleﬁ‘\é€SR|@k afd @dplthlt ¥d. G. Bamberg
function. The relative inpact of errors in these
arphAa&erteman eplernzidlotas in EsonomiEstand MatheEdatucaiIS@me 1984, the
ri sk aversion garaneter is not too high, the

e@l"? 6’|‘¥ qureé)ﬁé%'i BN TR At Benein Y 'fﬁﬁ‘?ré”%‘? g?ﬁ%séaﬁ‘ﬁmng

on. 1 han r,or
Otng %l?l“ er S I%%,]g%éljn 6%3&%%%9 % nb?xgn%%c} g efu&nsm?agizlgc variances
ar®d £6VaFiahBedof rétihns bR IR i inV@st@F‘*E afiitpReRtion.  Tie l%latlve(lﬁli.‘iact of
d” z; ), wherer; is a real expected return of

. eragseh the;seaparamewna depentatapdtherpaested risktioleranct. t heuak aversion

asset i, is a standard deviation of error and z; is
P aﬁtﬁt?ﬁiﬁ “PhWéPdW‘V/ 3h¢ gppEsdn Wﬁﬁeﬁéﬁlﬂ!”@ have @@@h@gmggmﬁcant
devi ati.on e err

S B o uthivg ARG e 1S Iy BBE bt ThwremEaed’

pbqbl@e ways 88 nfstlch BRbRn gxpected return of the asset i,
is a standard deviation of error and zi is a nornal

r andomevaeiabé esror wiodbl: weas “Q and® 5),antaed dewirabi dpected
Lo return of the asset i, ¢;is an estimated expected retumn of the asset i, d
" is a standard deviation of error and z is a normal random variables

with mean 0 and standard deviation 7;
o absolute error modelis: = a; + d_* z;,where r; is areal expected
return of the asset j, @ is an estimated expected return of the asset |,

d is a standard deviation of error and z; is a normal random variables

with mean 0 and standard deviation 7.
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WO 2004/ 075020 PCT/ US2004/ 004717 According to the-
WO gepirseddel , assets with higher returns have HGIE$2004/004717
risk or higher variance of returns. Therefore, the
errors in estimations of expected returns should be
proportional to the values of the expected return.
Taki Avgtotdit @ tr®iesiabMirhicdel | &sdetORE
in the pre #)erred enbodi nents t he fgp\gtbt f/agurg\ré?\a%@ﬁ?%k or
higherl vari@oed pHiretures Refharefdrerthe leerokeinresaradtians ef expected returns
Efficient Set: First, we consider a standard portfolio
shasid Be PEGPORIPNGH Bbihe values o fip expecins repiraf eff algidg into account the

|aﬁt$%§e”'5§&na% rcgp%aer |g|1}3§185eé?r’rec§gqr@3gquﬁé%§ g}heergfa\ét\i@/g e(rero}f model.
est iI t eg e>%_ect ed,r eturns ' 10 a vect_or of
posit'l on=s ‘ anNEe G S

Ianfselfﬁs?fwé ?ﬁr%u%r zﬁté%e&rf% dchg txgﬁpélﬁpcpl(rggl{aﬁbansmg in the
prl@ré?@deéﬁwbédméhtﬂ sk(h)]. (2) 1l EQIf y is close to 0,
the problem (1) is equivalent to the problem nmax a

Th. (3) hoQ Ve b t K
[adoolt coort clEnte k@GRl (ol VeI tS 1 Mhere O

él h(2) and h(3) are optinmal solutions for problens
B 'f Y ip SyrskRYS[Sign PRI GriaRNELIP” cResimaledespssiggreturns, his

Lo oSBT S S5l e
pdirtfbﬁosa VieLis %Tos%ftoﬁrﬁﬂlty etﬁ@ %%ﬁgmr &) WedRivatett t8{He priBiel

optimal portfolio
max[— RTS/C(h)] 2)

heQ

~ Ifyis close to 0, the probiem (1) is equivalent to the problem:

maxarll. (3)

he(?

We denote by t a return versus risk tradeoff coefficient:

_a’(h(1)—-h(3))

a’ (h(2)~h(3))’ )
15  where h(1), h(2) and h(3) are optimal solutions for problems (1), (2) and (3)
correspondingly.
Now, we consider a modified optimization problem with a vector of real
expected returns:
max [r"h -y * Risk(1)], (5)

heg}
where ris a vector of real expected returns. Let h(r) be e\m optimal portfolio for the
20  problem (5). If the real return vector is a, the return of this portfolio is a"h(r). We
find an optimal portfolio h(a) with respect to return vector o and with the same level
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20 problem (5). If the real return vector is a, the
woO 2004/0msn200f this portfolio is aTh(r). We findprPamus2004/004717
optimal portfolio h(a) with respect to return vector a
and with the sanme | evel 18 WD 2004/075020
PCT/ US2004/ 004717 of risk like h(r) has: h(a) = Arg
offF iR e ;) i heQ Poxl + (h) R sk (h(r))) The
relative difference |n returns of portfollos h(r) and
h(a) is a func/td and z: d, z) = a
(h(a) - h(r)) 7‘3 bla(gg,}l}pﬁ‘,‘,:mgarél atlve di f f erence (6)
in R sk of portfollos h(1) and h(r) is a function of
y, dTharaative diferedce in)returf$ skpdribligs ~(rRarskhfad 19  flrRXion of t, o
Risk. (h(1)) The variable z is a normal random
‘iable, so an expected relative return difference
of portfolios h(r) and h(a) |s a-function of t, d:
5(t,d) = E=(D(t,d,z)) (9) opti mal portfolio, that
corresponds to q)(h -JF‘SQZ(@Q/EIZI Vbn, is close to the
10 mi ni mum vari ande portfakima)and is much | ess
- affected by errors in the expected return vector than
5 an ophé nlétiveatiffiérencein Rishbf portioisphfids aho hr) lscavuriceién of v, d
aversion. The function S(t,d) is equal 0 whent is O,
%@ it is increasing with increasing of t. Sinilarly,
the function 5(t,d) is equal 0 when d is O, and it is
i ncreasi ng vvitE in e'aslt(mgl)piRd;k(ﬂ(Ea))V‘é denote by Ruu
an expected refdtf7&=incre 50 - RIPQ d) = (8)
E, (-R(t,d,z) I R(t, d ;) <O % And, we denote by

RD, , The 38rifBIPSH & qonrﬁél%héf@m%ﬁESl@,sgo EH e%g‘cﬁéd Felative return

difference of portfolios /(r) and h(e) is a function of £, d:

(7

5(t,d) = E_(D(1,d,z)) ‘ %)
An optimal portfolio, that corresponds to a high-risk aversion, is close to the
10  minimum variance portfolio, and is much less affected by errors in the expected
return vector than an optimal portfolio, that corresponds to a low risk aversion. The
functian &(7,d) is equal 0 when tis 0, and it is increasing with increasing of ¢,
Similarly, the function §(t,d) is equal 0 when dis 0, and it is increasing with
increasing of d.
15 We denote by Ry, an expected relative increase in Risk:
R, (t,d)=E (-R(t,d,z)| R(1,d, =) < 0), (10)

And, we denote by Rpown an expected relative decrease in Risk:
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WD 2004/ 075020 PCT/ US2004/ 004717

wo R4%020d) =E_(R(t, d, z) IR(t, d, z)0). (11) V& | ePCrurszeisonr1?

Return(x) describe a nmean-variance efficient frontier

for a vector of expected returns a and a risk

function R sk(h), where value Return(x) is a return

of an optinmal portfolio wth variance x. Now, for a

gi ven point (x*, Retumx*)) 5 on the nean-variance

efficient frontier, that corresponds to a tradeoff

coefficient t, &pdUdr=4& R(addd]@(Wa))at)on d, we (11)

define a set of points Qt,d): x-<x'(1+R,,,(t,d)),

S2( tWe Bt fundtiofRetynn(%) descriRet a mezn-yariancd effidient frontidrtfor a

d))) *. Sl 8(t, d) ) (12) Il Y > Retunz(x) -r. (1-
vegior of gxpec ehralvmswead aiisk fignaionKisk(shwhefe value Return(x) is a

reﬁ@ﬁf SATLENCELBALL Syl Do deu] UG LIBMLNE, ot e Rotum(s)
téﬁ'@ént RNk %P Itﬁé%%oFr@géond’é’e[E) % tP e%lffrl:%gfffc?ernt t,

eren% |zat|ons of 'vector retu
ar;b%wlstarﬁ%w Ha\hawh &fwd uafid 9@§t§fpdib1§22(aa}d R DO\Nn
We can, for exanple, estimate functions S, Rep and
RDown for al | possi ble conbinations of, e.g., 10
val ues of [t he |rradéofh, @@dkficient t with 10 val ues of
t he Q(8 g e ax9) evR@ltﬂ,,gn(lofR erﬁqq)id(lusg@g)j\/bnte Carl o (12)
simul ati ons. esul(tgf 5 study can be, e.g.,
sumTarlze in ta‘b es J‘I) 6 et 23’ bel ow denonstrat e
str vet blar results rder.to
ol duiively” vt be & S RHrRE BB BV om e,

e . .
mé%“’&zééﬁé %reﬁ ?kﬁﬁ%?%@é‘??ﬁé Aibst 6 58 opjidfpopfolios that
wabHZned fortuffereanadalthtiday oftédasr dfexphetetiablugnsuch

that tlI 5x -<t2 and dl 5y 5d2. 20 WD 2004/ 075020
PCTIWS20 B ARATI of iukliohsls, S} )R 0u0: 05 0- 15 0. 25
We can, for example estimate functlonca Rup and Rpown for a|l possible

combinations of, e.g., 10 values of the tradeoff coefficient f with 10 values of the
standard deviation of error d using Monte Carlo simulations. The resulis of the
study can be, e.g., summarized in tables. Tables 1-3 below demonstrate some
illustrative tabular results. In order to calculate, e.g., a function for specific valueé X
and y of tradeoff and standard deviation we can find values t7 and t2 of the tradeoff
and two values d7 and d2 of the standard deviation in the table such that {7 <x <12

and d1 <y <d2
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a tradeoff 5 coeffll@p@nt)umuno'w»pespondl ng to h* and set
up the foI I ovm ng upper bound on portfolio risk:
R sksig Liss ‘Ikt(cﬁ‘ W Gan set Upy caRsfrinty) ) . (13) In
order to set up a | ower bound on portfol|o S expected
return, we can s&)ilyg 7;,h.q1p[5<@ m h Arg max aT h. s
(14) | he@Ri.I;(h)- (I d))) Using
this sol ution, vve can set up a constral nt:
a' h>a' h' *(1-u(t,d)). (15) 10
Compuiaiion of Sharpe Raiio In Soms Preferred Embodimentis:

ris

In some preferred embodiments, an optimizer is provided that can provide an
optimization of a portfolio of assets based on Sharpe Ratio as a measure of
goodnass. Preferably, tha system can provide an ex-ante maximization based on
expected return and expecled risk. Rather than merely using the Sharpe Ratio in
an ex-post manner looking backward, preferred embodiments can provide a forward
looking optimization based on the Sharpe Ratio. Thus, in some embodiments of the
invention a unique forrh of portfolio optimization can be provided based on, e.g., the

maximization of the Sharpe Ratio.

1. Definitions and Assumptions:

in preferred embodiments, the standard objective function is a maximum of a

sum of the following terms multipiied by some coefficients over all portfolios h from a
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Comput ation of Sharpe Ratio In Sonme Preferred

wo shethpent s: I n some preferred enbodi ments, a@1/us2004/004717

optim zer is provided that can provide an
optim zation of a portfolio of assets based on Sharpe
Rati o as a nmeasure of 15 goodness. Preferably, the

s UBRHT PP 25 BasRlaBdiThorakon ki prrtoaian nerel y
usi n(g(hé_lc}ﬁe g?%;&gd Eggg”lg flct)'ﬂel ALy p%’&ﬁ%St manner | ooki ng

backwa err nment’'s can’ provide a forward

| ookRRg(H)PtheVaraince b kaeedoffe RS pet@bIRE o8t 1he- diffdeic
a

in sone enbodi nents of the invention uni que florm 0

por tiedween thetfinal pattiob;m anda Henchmavk pertfolim)sivdden by hedbasis of
the -)O0 maxim zation of the Sharpe Ratio. 1.

Def i thePPEfioand Assunptions: In preferred enmbodi nents,

t he ndard _objective fupctipon i s a maxi rumof a sum
of -t R ofea gttt ol Pensfret s Ubrel wotpta Gieedina
overpddshigortfolios h froma 22 WO 2004/ 075020
PCT/'US2004/ 004717 set Q (this set is defined by
consTaeGauth) - toned ta0lidbiry R Fasitdhin@(the finkNSortfoljo;
expected return of the final portfolio; Ri sk(h) - the
var i Beradties(h} etherpenatties tier Vidlatidbn pbsdrhe bofo corstrairits bhe for
difference, between the final portfolio and a

bencRAFRS RIPPFIPNGIeM \E3Nsd by the basis of 5 the

b e R e AR b LR o
VRRTEREHEM prod R b B L B P4 Pt

Ppealtibd.i d@s tHatregdra) @k isona pbsigedreogtadientaiserabid feitfle
for 10 realizing "alnost-long-ternt gains.
canfiqientg hefore ah othes teypis. niVe gen falp @l tsehebtf ek into one term, -

SRS AR RN A S
=Rourb R A0 rBEIRL O ok gHA: 2N o BB o
by -y, where y is a risk aversion parameter. This parameter can establishe a
trade-off between risk and return of a potential invasiment partfolio.

In some preferred embodiments, an aliernative objective function 'could be the
maximization of the reward-to-variability ratio S of a potential investment portfolio h e

Q.

A

JRisk(l)

This ratio is known as the Sharpe ratio or Sharpe's measure. In this case,

S(hy =

Risk is the variance of return of the final portfolio. A variance of return of the
difference between the final portfolio and a benchmark portfolio is not used as Risk

for the Sharpe ratio. Additionally, while in the standard objective function, the Risk

23



coefficients before all other ternms. W .can group all

wo t@mmwsobut risk into one term 15 A(h), we carcweddod/dos717
"adj usted return.” This termrepresents a total return
after accounting for all extra expenses. W can
denote a coefficient before a risk term by -y, where

RPN SN LB B oo

ermbatt mon( B4R S EnABE Ric i some i eRerted Kb Eliments:

be t s, hianwet 1€ NP i abiLi
S e P 8 B Agborgnby. we ger
riGoh squard(dot of RiesR{sh)in tHEndehdnaihiateri S known as t he

Sharpe ratio or Sharpe's neasure. |In this case, Risk

i s thestvwueiremace At witeitapiecefwishdineamappredmation. on that regard,
Wéafri ance of return of the 25 difference between the

i

Ind)a I9wier PR AB URRE™ BoWds vy RiGHIhak 3V alde 0§ An et meimizes S,
|i?§b§lﬂ,§5néﬁ@% 3®%d§har pe ratio. Additionally, while in
0

e standar | eCtive function, the Risk 23 WO

2004A0750RQ0 MG Hiod @ohh894717 is divided by portfolio
basis B, one shouldn't divide Risk by B in the Sharpe

r at i lon.sobiel preférredi ergbodimettm apeaalfaitho find bowmas B eder r ¢4
Enbodi ments: In preferred enbodi nents, we nmaxi m ze S2
PrateTehambpdigieniy dieg digrginy car ingiide SBibstadtially theuealicsving:
root of the Risk.in tcge.de mpator, First, we replace
oz

A2 witR 9 B QRETR PT K5 BReRR M3 < pri®hiat
regard, fid wer.«and an upper bounds on A,
such thatg\g %5%8%8%‘#@%(’3%& maximzes S, lies

bet wees th@gevkesns = Ar'pbgorithm Find Bounds: 10 In
some preferred enbodi nents, an algorithmfind bounds

i s used. 3at SPrdfe)/sedFsighd); mrents, the al gorithm can
i nclude substantially the foll ow ng: Find an opti nmal
sol uti 8n $PYGF The problem max {h Q A(h); Set

Upper BQ“'EInE aﬁ‘(o?)timal solution h” for the problem:
maXp ¢ Q. A(h) == LowerBoundpRiSK(h);
o Set §2 = A(h')/sqri(Risk(h));
o [i(S2<S81)flag = 0;
o while (flag) {
= [owerBound /= 2.0;
s S71=S2
= Find an optimal solution h’ for the problem:
Maxm e q, Afh) == LowerBounapRisk(h);
Set S2 = A(h)/sqri(Risk(h’));
» [f(S2<S1)flag = 0;
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(r) Set LowerBound = A(h)12; 15 0 Set S1 =

wo Molbhsest (Risk(h')); a Set flag = 1; 0 Find P@%/Uszoouoonn

opti mal solution h* for the problem max(h e Q A(h)
Lower Bound) R sk(h); ¢ Set S2 = 4(h)!sgri (R sk(h)); 2
0 0if (S2<S1) flag = 0; while (flag) { LowerBound .

2.0; Sl= 82 N Fin Iut or the

pr obl em ) rfglﬁfﬁf é’%éo‘ﬂqﬁ oysRal8 it R Sk(h) :

A Set S2 A(h)/sgrt(Rl sk(h)); A if (sz<51) flag = 0
24 WO 20 4/ 075020 PCT/ US2001/004717 ~ el se UpperBound

= LQuehdieensd ing the bBoV@éIgoﬁﬂﬁ’ﬁSNéjHélb@Gnlhe(hﬁ@é}V&ogram)

algorithm we solve an LP (Iinear program
thtaemiraes. Thi'tds alggathnt temmireates with ealues tUoweaBates! and UpperBound

Lower Bound and UpperBound 5 for |ower and up P
fop e nd aippAr b@w@m feéﬁpecwelmfv\wedeém@@tseép limksids I, ..

replsel A B e R et ABTRS e A By T A w%ere I =

L%&)ﬁogﬂg\%}j ?}’n.d UIpBer'Bf’UB gﬁf&‘% I,+1Wé li f—PL f}foﬂe)vel]yan{jlll t1h gnd Ih<

1,0 (B shdBeThsrisem b@cﬁ@éérﬁtfoxsahe@&ﬁe@mmﬂoﬂas F&O4 given
given relative error value (1 + e) in approximation

retetiva2riny vARIe (e gab app@iematinresi )by A wd setas nerel y
?R: illustrative exarrEIZ%eJr\eye—(—e_JrOS)OOOZ then error in

if, as merely one illustrative example, e = 0.0002, then error _in the
approximation of A? is at most 1.0002 and the final error in S is at most 7.0001. In
preferred embodiments, the value of e is a user-selected variable, which can be
selected., e.g., via a computer input device.

Now, we are ready to find the maximum Sharpe ratio 5.  We set an initial
value of S to the value of S7 from the previous algorithm.

B. Algorithm Find Sharpe Ratio:

In somz preferred ernbodiments, an algorithm find Sharps Ratio is provided.
In preferred embodimenis, the algorithm can include substantially the foliowing:
e SetlasiS=0
e while(S - LastS > 0.001) {
= Find an optimal solution h” for a problem:
X =maxpm oy [A2(h) - S*S*Risk(h)];
= SetlastS=S;
= Set S = sqrt(S*S + X/Risk(h’))
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approxi mation of A2 is at nost 1.0002 and the final

WO 2040tsoked S is at nost 1.0001. In preferred PCT/US2004/004717

enbodi ments, the value of e is a user-selecte
vari abl e, which can be selected, e.g., via a conputer
I nput device. Now, we are ready to find the maximum

Shar i i ' | ue o St
ST AP 49 R i A g Ve
ShagerRatuTsnad SBresoien Rabi fshidqvbsSREa05ef | Cﬁr@%rred embodiments,

enbodi nents, an algorithmfind Sharpe Rati

fqﬁweaﬁ&ja connpuq@hem &mee dpimizatomenstarted reevdrg ReatiBAYORAN the
i ncl ude substantially the following: (r) Set LastS =

opfimalsolyfien ebtained indbe greviguspigarption.Fi nd an opt i mal-
solution h* for a problem X = max(h E c) [A2(h)

. S* S*'Flr Sk(@gmvergem fm Methai i thgcPreferred @&(ﬁ'lﬁ'\dﬂts

5& Pé %‘ WO 2004/ 075020 PCT/ US2004/ 004717
In t'ﬂ PPREPEY ?'88” FFbcfHﬁdrﬁé’Hf‘gS t\'\f?estartgwmmﬁxrmm possiblarvalue of

| S and a portfol o h*
Tt B L
factor & 646 asBach ﬁ@ﬁr@ﬂﬁ@télé’&ltﬁﬂn”em tﬁ'%t ﬂ)n@‘e%?étd' bddl ents, the

started in every iteration fro otlma oGt

alghtithimimimateshehen thel Inass valuerdita Siarpd Rldnb th@pw%%ﬂeg to the
of the Method in the Preferred Enbodi ments: In the

CRR deval gbitietadinsted rfuipoisiawer thee the Sharpsi Raticmabthewmevious
B G 6B LA Bl o sy i
=428 8o8hn bRl R AR b 4 L R

atjbstadtrbrpest val ue of a Sharpe Ratl o, that .
corresponds to the «current |evel of the adjusted
r et unrihe fgdrigwe tirtch@arpb RaBbdrapeaBatiteatioh de e vLPYSess of

the maximum Sharpe Ratio value S. We denote by S;, h;and X; the values of S, h’

and X correspondingly that were obtained in ith iteration of the algorithm. Since X;

is @ maximum of the optimization problem in the iteration i for every portfolio h, we

have
A ()= S} Risk(h) < X,. ¢9)
If we put an optimal portfolio h;.; from iteration ji+7 into inequality (1), we get

A2 (h,) X
: ( l'“) < Si:l, + : ‘,‘ . (2)
Risk(h,,,) Risk(h,,)

Now, in the iteration i+ 7 we have:
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iteration. In nost cases, the maxi mum val ue of Sharpe

Ratio is achieved with adjusted return between the

maxi mum adj usted return and a half of the maxinum
woadi4esed return. 15 In the algorithm"find ShagpRis2004/004717

Ratio," at each iteration we update our guess of the

maxi mum Shar pe Rafi(8.Vafu&ist(h\¥= Henote by Si, hi and (3)

X, the values of S, h* and X correspondingly that

werev%)égi ned inith iteration of the algorithm Since

Xi i's A maximum of the optim zation problemin the

iteration i for every portfolio h, we have A (h) -

S;-Risk(h) -<< X,. (1) 2 0 If we put an opti nal

portfolio h;+1 fromiteratyon i+l into inequality (

we get < S. + (2¥u ?ﬁskWH sk(h,,, ) Now, int

iteration i+1 we have: ')2004/ 075020

PCT/ US2004/ 004717 A2 (h;+;) - S;,Risk(h,+) = X+,

(3) Wiere S'-S, 2+Risk(h)- (4) I\Iow,X we ;ubstltute (4)

into i i A + X, + X ..

Ri sk('\ﬁal;?’ w)%r%llbgﬁ%ﬁegﬁ?%{tgﬁ)hénd'gé&) 5 Finally, taking

(2) and (5) 49ge her we tr X< X - X, Ri sk(h,)

Ri sk(h, +,) Coy—Froff+he—tast--i-Aegual ity, we conclude (5

the fol | owi g™ h-operti &k )t HEskgdr i t hm (r) For

every iteration i of the algorithm we have Xi >_

Xi+,. 10 o For every iteration i of the algorithm we

 haverRiafif (Bkihg 72) B35S gbtder we get

1)
he (4)

X X -X,,
X XX, ®
Risk(h)  Risk(h,)

From the last inequality, we conclude the following properties of the algorithm:
e Forevery iteratioﬁ i of the algorithm, we have X = X.1.
o For every iteration i of the algorithm, we have Risk(h;) > Risk(hj.1).
o IfX;/2 < Xius, then Risk(hy) 12 > Risk(his1).

These properties illustrate that the algorithm converges at an exponential rate

to the optimal value of Sharpe Ratio.

Multi-portfolio Optimization In Some Preferred Embodiments:

In some preferred embodiments of the invention, the optimization system can
address situations in which, for example, a portfolio rhanager manages portfolios for
many clients, wherein the clients have different portfolios of assets. In the preferred

| embodiments, the system is ad_apted to be able to rebalance portfolios on a large
scale rather than only small scale (such as, e.g., individual scale) rebalancing. For
- instance, the system can rebalance on a large scale without having each individual -

have to make certain trades individually. Notably,_while individual accounts may
27
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If Xi /2 s Xi+,, then Risk(hi) /2 > Risk(hi+, ). These
WO zggﬁ&e&tol es'illustrate that the algorithm con\(,gﬁ%%oql}w“”
an exponentl al rate to the optimal val ue of arpe
Ratio. 15 Multi-portfolio Optim zation In Sone
Preferred Enbodi nents: In sone preferred enbodi nent’s
of the invention, the optim zation systemcan address
differ.ithay sheftanymanhave C?’Bfn%éﬁ?ﬁ fsgwithgn ?Rﬁ*& PYEPPSmnager
man ,ents, where
o B eec i Foefiety He fru€h R oig BifyarlEn on =
e
smI&f Gl ih@diouSIRRs (8ek ss, %5 oﬁya?mt%fqohﬁt Bflaptaiht bdsi8fand

e to rebal ance portfolTos on
: evélaéﬂé@rwmdﬂ'aﬂhsﬂmé Hlsosatisfiy QOLm)rﬁ@ll&rhbs’t{% Théls, certain
i ndi vi dual scal e) rebal ancing. For instance, the
embpdineents aan rasisantiailyecoplimiae lirdiydua eabeunts t sudject hasn aggregate.
each individual have to make certain trades o
Bas% P itiis gptipizakph.dBe PYSigR ¢a gensratedasyitsarrovidingsoniayized
V\D 2004/ 075020 PCT/ US20 4/ 004717 ql ffer theSY .
hiiey aswaw%ﬁy 2 R B AIRe BPE Nl iAns By Gosts, reducing
theoﬁ)écgJqu ol P requted MERBLRURE pREIGTPOMMBRSRs! Ne System
opt m zation on a er or 1 ndrvidual
baS|s (such as, e.g., on an account-by-account basis)
andi, eval pafiggionsie ASSithpfioasso satisfiy
mul ti-portfolio needs. Thus, certain 5 enbodi nents
canThestadaidabptiynizatin prokiem imdiomaleaboditnanis ryplves
subj ect to an aggregate., Based on this optim zation,
m%XHB‘ZQQsQ ePraia RbigEthet fé’ﬂ"@“?%@lfl’)t%’eb ?U)PPBW?@S Grﬁqﬁh’? gopstraint set

I|o across .nul.ti pl e, acgou
o B8 b famaBa of ShasTeiTimoBsdd R SRRy Eele, th i pPlipliency
A [ VS / enpd ts
orpsGEgH e fald RARAngod e i1k iy B BEPREA Lok ore s
an @Medﬁvé &lriction |0X,(R) and & woastranicsEI @i Nenadditioy, ehe/ &8al portfolio
maxi m zing a certain objective function f2(h) over all
~k=p®|htcﬁb@l}"@§a‘*ﬁff" pepnatraigheatr@forthe tatal chrtfﬁwt i s defined

welpE eI AR T fﬁeﬂ?%? Bt Riima YRl treopipgive
fun%‘ﬁBH éﬁ N&len hidi he‘v‘ﬁé DOME,}, &d}ﬁtm%a#grs hav% &9 t He Bliowing

an obj ect'i ve unct| al nt
numebo%noldmlm&@ubh @mbmﬂﬁemcoé@hpmﬁt $lor & partalosihK. .. ki such
shoul d satisfy a constraint set Q for the t ot al
thajdrkhf,d)k i=0Q and for every portfolio h, we have hxe Qy and value of Q(hy) is

close to the optimal value Qu(h°). In preferred embodiments, two different

measures of distance between Qy(hy) and Q(h, ") may be used:
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We denote by hkPt, k=1,...,K, a portfolio that
maxi m zes val ue of the objective function Qk such
WO IS0 t E k. Many portfolio managers hav&@CTAISG004/004717
the following nmulti-portfolio optimzation problem
find an optimal set of f; portfolios h, ,...,ht; such
-)O0 that rk=,,Khk C Q and for every portfolio hk we
have hk EQk and val ue of S?k(hk) is close to the
opti mal va}@ﬁg c(hk pt). In preferred enbodi nents,
two ditf&piatve PedINyizgi valuthel bet ween S2k( hk)
and Q ((ht;oPt) nmay be used: 28 WD 2004/ 075020
PCT/ US2004/ 004717 rel %Si(]voe re: mnimze val ue
of 521.(h"r)-K2, (h, S52k=*<hpe—)+’; absol ute neasure:
minimze value of K2, (11A{fr) -521. (h,. ). 5 In
cases- where a portfolio manager desires to nake val ue
of the objective function of each portfolio to be
cl ose § 0., j LN rcents, the relative
measur e ggﬁﬁl)dg@)&ge . r%&l%@?ﬁg%iv\?gfe §Fi n cases where a
portfolio manager desires to neke these values to be
close in dollars, the absgiut-eyeasure can be used. 10
[1. Algorithmfor Miulti-Portfolio Optimzation: In
some preferred enbodi nents, an algorithmfor
multi-portfolio optim zation can include :
subd® aAtesaVhgrerahportiplie manager desimsfto mzkeprfeasities osjeefive

of.. t he al gorithm find an optimal portfolio hkOtE
fufgionts P Reutaly o Ho gaseda i pumam wllues eppesrentndne relative
mEhARE chH Bk 1B yd] ﬁ.&er'?lg'ti'\'/eﬁ)h iR ELYEEN LI, poRIdNiS :ma%gger desires to

make these values to be close in dollars, the absolute measure can be used.

. Algorithm for Multi-Portfolio Optimization:

n some preferred embodiments, an algorithm for multi-portfolio optimization

can include substantially the following:

In a first preferred step of the algorithm, we find an optimal portfolio 7% e Q4

for every k, Ii=1,... K.

In a second preferred step of the algorithm, we distinguish between two

cases:
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WO 2004/ 075020 PCT/ US2004/ 004717 rel ati ve neasure:

WO B&%joha36 val ue of scal ar variable x under thePCT/USZ()04/004717

followi ng constraints Q (1zF) > S k (h) x, VK E

{1,...,K}, hF E 04, VIc E{1,...,K}, Y_hF,EQ
a. i absol ute nmeasure: mni m'ze vaI ue of scal ar
variable y under the 5 follow ng constraints Q
(11F) +?, )VICE{1...., K}, h, EQ Vk E{1,. K},

A" L hk. fisdive mebsGRY: rﬁe&ﬁni&?l i &)SI(?S:‘EE%?' %ﬁatﬁg%émder the

assune that the value of S2
Where it folowmgabnyeaintee m ni m ze val ue of the
variable x instead of maximzation. 10 Il1. Opti nal

Sol ution and @QI(){bng 'Fi{m),,ghewpgé n@lg set of

portfolios hi, V\@ \ZJ ed by the
al gorithm abové menlm es the% 1u§ of- t he maxi mum

rel ative or ab@a’!,ute di sPance of the value of the
function Qk(hk)" fromthe value Qk(hj t), where

maxi mumis taken over all portfolios hi, , hK. Thi s
set al so sMJIGld ®eab '

portfolio 15 rk=1, Kh{i(]l% :ﬁ'ﬁgﬂifeg‘tégﬁe eﬂ%&;s]% \{?ﬂlraﬂileyunder the
sati sfi esfotl@emgmopetramtes required by portfolio

managers in nulti-portfolio optimzation. In the
preferred errbgqhmmts, g@l@pujl e Nee d to solve the

first step in the or'if hm bs antlally equal to
the time of flnzfingt gphn&?‘%ﬂ L(%’ronfor al |
portfolios hk, X&9,. KO This is to be solved even

wi t hout addi t| onal . const raint on the 20 total
portfolio. In the second step, one nore optim zation
pr obf @rthé Selatividomeaslineasise, we assume that the value of Q) is

positive. Where it is negative, we minimize value of the variable x instead of

maximization.

. Optimal Solution and Solving Time:

The optimal set of portfolios hy,...,hx , which is computed by the algorithm

‘above, minimizes the value of the maximum relative or ahsoluts distance of the

value of the function Qi(hy) from the value Q(h%P), where maximum is taken over
all portfolios hy,...,hk. This set aiso satisfies the cohstraint on the total portfolio |
Zk=1xhk. Therefore, the solution satisfies the properties required by portfolio
managers in multi-portfolio optimization. |

In the preferred embodiments, the time needed to solve the first step in the
algorithm is substantially equal to the time of finding the dptimal solution for all
portfolios hy, k=1,...,K. This is to be solved even without additional constraint on the
total portfolio.  in the second step, one more optimization problem is to be solved.

However, this should not take substantially more time than for the solution in the first
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However, this should not take substantially nore tine
the solution in the first 30 WO 20
wo EP(I(%:;!II' 682%04/ 004717 step. In sone enbodi rrentsqu’lggézq‘}g"9004717
use the fact that the optinmal solution we have in the
first step is the optimal solution for the problemin
the second step if the constrain on the total
stefbor tip SPMS $ELPEMERIS Weﬂ@@r@ﬁdﬁé fa%éh%tathe ppi*@tal solution we have

in §fe! S8 a8 uman Buther fhe 5 piotlem i acBng Step W the
coﬁ ré‘i‘w'cﬁ{‘thg%épb&ﬁ?ﬁchﬁ rera bl en:\'ﬁé’r@for%ﬂué '8§n ﬁfs? ngémggé]na dual

e second ste gorithm proac
soﬁmadomefremb@ grdtil@nopthémlwé eanILiE@thid Bs tah iR GOsble
step of the algorithm While illustrative enbodi nents
sotftionite solveehe paoblénavieabiedhe gesembie thenszoend stept dfethe algorithm.
present invention is not limted to the various
Trb? 8PRIPAER canBBesthum{iading & ppiimal spiutiearie the senend step of the
|ngéudes any and all enbodi nents having nodifications,
'8 ons, conbi nati ons (e.g., of aspects across
var QHse mgapgiva%mfamm%qge? #1d RUSHEHH R bedht &Rl Rerein,
as woul d be appreciate y those in the art base d on
tht beegeing FRRhtiodliss ot 0Sitee to fheevdrioll padfefBS ehbotiitferfts Ab8Ebed
are to be interpreted broadly based on the | anguage
heseipl byteidciudes ey ahdpirembndinmnts having enbdificaizasigingissions,
described in the 15 present s§e0|f|cat|on or during

CQpRIN %‘n‘%?e(@tﬁﬂgr?SBFC"Fﬁ@r%ﬁﬁlaf'@ % PBIPOdiRG - éQ%?FEP%S and/or
al%hﬁlc}n% J% §&g| Sg#g)gec{i‘asteggﬂ lH%é’ %lr’te g%%g)f%shr@ ésenp

resen sure erm

d|§‘<983|.ﬁé0| 1Bk YiitBishsTRANS claPi S bRy t%tﬂé’lnté?HI‘etMrolaHW HeREd on the
to. Means- pl us-function or step-plus-function

lahguadea¢mphyewlir iheaimsamder lioyjted tovkesraplesdeseribed in the
specific claimlimtation all of the follow ng
pr@é%h %nesﬁ';efafaqrborqué@sﬁhe PrPseRdtion Pfrﬁhﬁaappwﬂoaowaoch examples

arg 08 PR aoRRE o5 nRnERehSve. ' b PRERS: Huhe BidsERtgidiostre, the

tefrh P81y TRASH-LRdiuMe 86d ﬁ1etalﬁ§t" V@lt bﬁtnﬁ)tt limited to."
structure are not recited. 31 L OoYD
M2804-bNiIESA6tdCIr US20Wis40 8k Allimitations will only be employed where for
- a specific claim limitation all of the following conditions are present in that limitation:
'a) "means for" or "step for" is expressly recited; b) a corresponding function is

expressly recited; and c¢) structure, material or acts that support that structure are not

recited.
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VWHAT IS CLAIMED IS: 1. A nethod for optimzing a LLOYD WISE

WO 2"3’?&9%"%‘?00f "asser s, corrpri Si ng: a) i nputti ng %T/Pé%{““/g"””

an optim zation engine, said optini
engi ne having a confidence region nodule; b) having
sai d optim zation engi ne generate optim zation results

ila_said confidence region nodule and outputting said

!éggﬂﬁiéﬂiﬂﬂﬁﬂbﬁﬁ said confidence region nodule

defines a confidence region for a nean-variance

efficient set for a porfolio Po on an efficient

fron rsi.on y; and 10

1) " ehapLioRTor SERHERRAAGIIR @ NS, BIRRRURD 1 2t on

r esulal)s AnpUtheg ?ettfamé dafa ﬁl@hﬂb%trm%ﬁbﬁ'e RgihBe e{@%;)%,zat.on

i ncludes all portolios P, such cro i
eryisk (RYying actrinjineRies kelghm) maddleRet (P) > c*Ret ( PO t),

where Poet is a portfolio on the efficient frontier

such Py hat Wme(ralg)ppﬂmmaiﬂ@rk ePyingraeneraieopnizgtionnesutts via said

cfirehcs ETEHES c@ﬁutgr@“g%%@&egal Q1A B0 expcinage

R PR UE pIBSRE ol DS g W IRE B R er =

p&rfoliouP dresn effielant frBQtré‘r&Miaﬂ@:n%sPéﬁds £P4 rig 8RGSbhiICand0
confidence |l evel by setting ditferent values for
constcant s rébaanciop ;agiortolib tasetl. orTémid wetimahtiof reduism 1,
further including using standard efficient frontier
portfolios, wherein the standard efficient frontier

oPT B A S ek AT, GRBREL L o
cJﬁRrsﬂ@PE}QdR%R ) @bmJRrsgﬁ%f gha R\%ﬂpz >R, ?{e't(ﬁ’épiﬁnmﬁ)épeeﬁopt 44

~relative increase N ri an ex
portfiolid ow éhel efficeas trohtierrsusk thét Risk( o&rﬁmtrﬁ and c.ow Chigh and ¢ are
coefficient, d is a standard deV|at|on S(t d) is an

relatye Ve gefar alinns i uesteage fin gslo nmrﬂa$e inariskfapid expected retum
SLur return of opt portfolio wth-
6 *ﬂ&é&é’“o& tGpHegRPg ﬁ’(%@ﬁ)rﬁsk pyersian pang fifigrent ygotors of

g vari ance efficient frontier corresponding to t
and d, said confidence region nodule defines a
confi dence region for a nmean-variance efficient set
based on
3. The method of claim 2, further including having a user sst a specific

confidence level by setting different values for constants ¢y, Chigh and c.
4, The method of claim 1, further including using standard efficient frontier

portfolios, wherein the standard efficient frontier portfolios involve portfolios with

maximum expected return for a fixed value of risk.
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the equation: x:5x'(1+RUP(t,d)), S2(t, d) = (x, y) vy
> Return(x' (1- R ,, (t, d))) * (21- S(t, d)), (12
y > Return(x) * (1- 8(t, d)). 6. A nmethod for
optim zing a porfolio of assets, conprising: 10 a)
inputting portfolio data into an optim zation engi ne,
5. sai ThephetAbd af & e ' ut har pe . .
Rt 0 Modur e | bt oF MR VR, & 61 BRhecind M fincsase in

riska Ragin i ah empedtedselative Hecreds®m ket REa Ralibg cBdmbAMt A

sai d optim zation engine generate optimzationre
stagdrrd deiatian: #(hg) isairiexnestdd ejatvedetln djferehe AR
olio bas?d on said optim zation results. 7. The

ort .
Re (H{)'a LRI AT AP eoPtimal pertilig avith \ariapae e, Shdi(pRdRatn(g)) is a
; a.oharpe Ratio using 1) a find bounds
p°"aiqagi‘othgﬁ%’%i‘c&e@?“ﬁwﬁg%%m nsodangt, sad confidence
' 3 J 4S: eturn is decreased by a
e e e o B BIR fo! M35 aiianon et et based o

the equatiorat es when a best val ue of Sharpe Ratio, that
corresponds to a current |evel of the adjusted

return, ifs | gwerx{hap Lgslar pe Ratio at a previ ous'
' ?’a’find Sharpe Ratio al gorithm

i teration, add_using, 2

i nGgJ£ f}éﬁ 0 %’ezrlgﬁ’ﬁ"g’ﬁ’é U Buel DO (- hé(, ddxi num Shar pe (12)
Rati o vallue SyisRupddtedl -3f,8)). The nmethod of claim?7,
wherein the conpute Sharpe Ratio nodul e outputs an 33

LLOYD WSE optimal value of a Sharpe Ratio and a
g Por folio that achieves that ratio 9. The method of
- cl i Meghod\ios petimizing adorfolic of assets)tcammising: me,

optd')rri zat | 0@ IS r%hagégd_i n each iteration from an

opt?mal 'SBYUPE BerEHRA@ tp RnppiMmizatiansengire, saicoptinization

ih@. ign.7, wWherein to said conpute
enaf nall B A 2RI AL Bh 0330 OB o
ofag(aﬁ)‘cﬁo%;(ﬁ%&sb@&@d‘bh@ha‘rﬂé’ﬁ%ﬁ&em portfolio h e Q

b) having said optimization engine generate optimization results and

outputting said results; and

C) rebalancing a portfolio based on said optimization results.

7. The method of claim 6, wherein said compute Sharpe Ratio module computes
a Sharpe Ratio using 1) a find bounds algorithm which starts with a maximum value of
adjusted return, the adjusted return is decreased by a factor at steps of the algorithm,
and the algorithm terminates when a best value of Sharpe Ratio, that corresponds to a
current level of the adjusted return, is lower than é Sharpe Ratio at a previous iteration
and using 2) a find Sharpe Ratio algorithm in which at iterations a guess of the

maximum Sharpe Ratio value S is updated.

8. The method of claim 7, wherein the compute Sharpe Ratio module outputs an

33
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Risk(h) 10 11. The nethod of claim 10, wherein S2 is
maxi m zed and A2 is replaced with its piece-w se

l'i near approximation, and further including finding a
| ower and an upper bounds on A, such that a val ue of

A, that maxim zes 4 '3PE i/ve n thes bOUﬁg 12. A
optimabvalael of 8 ShaiRe Rat}'ﬂ)?'i‘ B PPRoly NN ASHEYS NS Dr i si ng:
15 a) inputting nulti-portfolio data |nto an
optim zation engine, said optimzation engine having
9. A Tk HetHRr dfichin, Wplerein Tadeopsasetmbn prstation tinae; iopimézation is
optim zation engi ne generate optimization results via
startedindeachitetatiopdrorf e ptimaisolution 2btainedip dUprevigugiteration.
outputting said results, wherein said nulti-portfolio
opti m zati on nodul e perforrrs an algorithmfor
Iirf,%gf)e% t({ & (Jfléqu-,O 'i'élmtcﬁééib QBmEUt%tSH%‘?H@ RafS ndule
porf ios hl,...,hK that mnimzes a
max\ﬁﬁkééethe Péwar B ¥ b atie] Subf &/ potontiz bavebiment dbsfolimbes 6f
the value of a function c k(hk) froma value X(hk
pt), where maximumis taken over all portfolios
hl, , hK, and wher e‘wl thed(het al so satisfies a
constraint on a tota Z)or,tﬁzﬂl(h 0 Ek=l, Khk; and c)
rebal ancing a portfolio based on sai d optim zation
results. 25 34 LLOYD WSE 13. The nethod of claim

1, égﬁﬂ?\fghd%tgégﬁgc'é%l 0. TV FD B PR & SRR
plecpdqugeé aREJro% nbaqmﬂgaﬁc&fu?t%ll H&Ly.ﬂgfﬂh&ﬁh an)\WEPéMEan Gper

st ngui shing

bouR® Wﬁ”sdmhaaéﬁaﬂue 8) Al BhBhbMiZER ES UisS betteh Thess hainde.

of scal ar variable x under the following 5
constraints R(hk) ? R(h"")*x, VKE{1,...,K}, hk E X,
VKE{ 1, K KFhk Q k.l

12. A method for multi-portfolid optimization, comprising:

LLOYD WISE

a) inputting multi-portfolio data into an optimization engine, said
optimization engine having a multi-portfolio optimization module;

b) having said optimization engine generate optimization results via said
multi-portfoilio optimization module and outputting said results, wherein said
multi-portfolio optimization module performs an algorithm for multi-portfolio
optimization that computes an optimal set of porfolios hy,...,hk, that minimizes a value
of a maximum relative or absolute distance of the value of a function Qk(hy) from a
value Qk(hko”‘), where maximum is taken over all portfolios hy,...,hk, and wherein the
set also sa_tisfies a constraint on a total portfolio k=1 khx; and

c)  rebalancing a portfolio based on said optimization results.
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b) absol ute neasure: mnimze value of scalar variable
y under the followi ng constraints C21(hk)+Y >_ f2k(hk
), dk(={1,...,K}, hkc- &, bk E{1,..., K, XZ
hk E Q k.|l 14. The nethod of claim 13, wherein an

ti [ far.,the first step.,is.the pti mal i
Bt T el Bl 12, Wherel G £ S Pawat sAcr eppertolo and
dalice ik partfbld mbdiilelpaKBans fi hstidd i h.0Pt
T ool Sy R Stepbr! ARG ah DRI Atrolo h,%7'e
®r IopP¥ery &nkF 1 hel: ansd iigistimgtishink ictwserativa diské:al
feasi bl e s?l ution to solve the problemdual to the
pr obPém i FFIatYE Measurs; ayraige valge ofscataryatiable syutierthe following
havi :\gg ﬁré"q?ti m zer for optimzing at |east one
port o?| 0 0 15 assets, conprising: a) a confidence
regi on opti rrbg(a,bi an ﬂRg«u;&t L
region for a r;,ean-varlame e fl i'ént’ set for a
porfolio on ap*efficieft fr oft Fdr-&hat corresponds to
a risk aversi§h; Iy a Sharpe Ratio optinization nodul e
that provides an ex-ante 20 optim zation of a
portfolio of assets based on Sharpe Ratio; and 35 |1
LLOYD) W Stbsolnte aeesie? 50EMiZeCEIUSSTCak 08abld y Ghdé the
mul t'h)-ABorfol i 0 optimzation nodul e that conputes an
opt i FAY Wg‘QtCOBFtra'EB?rf olios hl,...,hK that mninizes a
val ue of - a maxi mumrel ati ve or absolute distance of
the val ue of, @, )+uncti onhe),(Mkk {f.ram a val ue S k(hk3t)
wher e maxi rrumy'ks t aken @ver \Vq|e|{1 p }tfol ios hl,...,hK
and wherein tg? set _al s& 5 satisfi'es a constraint on
a total portfalio sk=1.%hk.

LLOYD wISE

gq_gkl'ines a confidence

14. The method of claim 13, wherein an optimal solution for the first step is the
optimal solution for the second step when the constraint on the porfolio is relaxed, and
further including first calculating a dual solution for a relaxed problem and then using

that solution as initial feasible solution to solve the problem dual to the problem in the

second step.

15. A computer system having an optimizer for optimizing at least one portfolio of
assets, comprising:
a) a confidence region optimization module that defines a confidence

region for a mean-variance efficient set for a porfolio on an efficient frontier that

corresponds to a risk aversion;

b) a Sharpe Ratio optimization module that provides an ex-ante

optimization of a portfolio of assets based on Sharpe Ratio; and
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16. A nethod of optim zing at |east one portfolio of YD WISE

wo 3§32yl @ a conputer system conpri si ng: a)PCT/Uszoo4/004717

providing a conputer system having an optini zati

engine, including 10.i) a confidence region

optim zation nodul e that defines a confidence region
for a nean-variance efficient set for a porfolio on an

ef f i%i entd Meltigiriolip optimization mesiwminat cemautes v optimal set of

o Bl L Peie AT 38R BTG o oot
tA -

oot |l ohes SO Lo kRANRERAId s (g dth b BB G RO e

por fragkieminhls, taken Blfer dlibaktidioding). 295, éhd/v’)‘.'hléfélﬁfheaset also
maxi mum rel ati ve or absolute di stance of the val ue of
a f ratisiiema cokgttd)t dnratotal podfalie 2 «biha; oP' ), where
maxi mumis taken over all portfolios hl,...,hK and
wherei n the set al so satisfies a constraint on a total

ot ivRited SligABY oL R0 Bl bRt Jah Gmauter system

cSRHS: generat e optim zation results via at |east one

of said confidence region optimzation nodule, said

Shargle Rafrbwading Rt ddthpaés Q/@teﬂﬁ)ﬁd{nﬁfﬁﬁ%rﬁﬂilﬂetlon engine, including

multi-portfolio optim zation nodu and ¢

r ebal afciangprfidehearsgiameptipszatian inodbladieat daﬁmeaiadzonﬁdence

optim Zatrla&%nrfoersalfI lmtesan-va%gncse%ﬁlment set for a porfolio on an efficient
frontier that corresponds to a risk aversion,

ii) a Sharpe Ratio optimization module that provides an ex-ante
optimization of a portfolio of assets based on Sharpe Ratio,

iii) a multi-porfolio optimization module that computes an optimal set of
porfolios hy,...,hk, that minimizes a value of a maximum relative or
absolute distance of the value of a function Q(hy) from a value
Q,<(17,;Op‘), where maximum is taken over all portfolios hy,...,hk, and
wherein the sat also satisfiss a constraint on a fotal portfolio Tj=q ichy.;

b) | inputting portfolio data into said optimization engine;
c) having said optimization engine generate optimization results via at
least one of said confidence region optim.i'zation module, said Sharpe Ratio

optimizétion module and said multi-portfolio optimization module; and

c) rebalancing at least one portfolio based on said optimization results.
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