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OPTI M ZATI ON SYSTEM METHOD AND COVPUTER PROGRAM

WERODWGD20 BACKGROUND OF THE | NVENTI ON 5 Fi el drof/ustve4/004717

I nvention: The preferred enbodi nents of present
invention relate to, anong other things, nethods for
sel ecting one or nore portfolio of tangi ble or
I nt anyVESTMERTE PORTRDIEO OPTIMIZATION ISYSFEM OMETHOD AND
preferred enbodi nents provide a portfolio optimzer
t hat enabl es i n/cOQMRITERBROGRAM RROBDUAQT uct
portfolios to neet targeted objectives. D scussion of
the Background: 15 Managers of assets, such as
portfolios of st %(éﬁ@imD Bﬁ{;ﬁ! mgilim@ﬂen seek
to maximze retu t, such as,
e.g., for a given level of risk as defined in terns
of variance of return, either historically or as
Bigjdief b myentionknown portfoli o managenent techni ques.
Fol l owi ng the sem nal work of Harry Markowitz in 1952,
mean variance 20 optim zation has been a conmon tooI
rtfo 0,se tion. nea ance  effici
bor 10 RetelrRd BEEgIadH of wSe R BiRHOR st nPaRo aihen things,
s (SRR BB P Bberolid 5#@@%@]1 REBBILIRRA, subject to

ortfo el ps ensu pOSSI
eptipeigatash. r athergisfe(red @mboﬂﬁ?ﬂier@é picRSa Moﬁdlbbtﬁﬁlkerttﬁat enables
various constraints) for a given level of risk.
IRveRmentmanagersdo hersttuchporifoliisrtn meat tdrgkied cﬁal;mmvgs. The
standard deviation (e.g., variance) of an asset's
rate of return is often used to neasure the risk
LALE i g the asset. However, there can

Befssn gfth\éﬂ PA)lﬂwre suitable 1 WO 2004/ 075020
PCT/ US2004/ 004717 neasures of an asset's risk than
its standard deviation of return. A commopn definition
of rild&nagers bitaskieteunch anpaitiolas eftsiddke wndfor bétan BBSats afften

a single asset or portfolio,
seek to maximize returns on an overall investment, such as, e. g., for a given level of

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

Following the seminal work of Harry Markowitz in 1952, mean-variance
optimization has been a common tool for portfolio selection. A mean-variance
efficient portfolio can be constructed through an optimizer with inputs from an
appropriate risk model and an alpha model. Such a portfolio helps ensure higher
possible expected returns (e.g., net of taxes and subject to various constraints) for a
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 nmeasured by standard deviation. Wth reference
to U S. Provisional Application Serial No. 60/418, 727

wo 2éoam73920 Oct ober 17, 2002, the di scl osure of MiIT/CR2084/004717

is incorporated herein by reference inits entirety,

ITG Inc., the assignee of the present invention has
devel oped a set of risk nodels for portfolio nmanagers
ABAsurb$ o0& SsdePs MBRMHNGts Aty Gedatbr @ Taaen.” | &koinmdh

rapi dly changing market. These npdels can be used to,
defoitpnats ek istthe nigpersioreart wlatiiprefvatuirmiora efrfglecassat or portfolio,
portfolios in conbination with a portfolio optim zer,

usueHy measireg by sipnsasd deyiation. ¢ rYVm?eé?rﬁncq@ W& Frenisignalo

t f n f of a sets
%:ﬁp %{gg alé}] %0}45%0?[2? f%\%ﬁ?%@ %)bﬁp ‘} @Ogt g')e qlsﬁ Qsyre gf which
i nn@ofrﬁdrﬁ’!e%merélﬁ ‘B?tréi%\’"enc\énh /8 eﬁl@r@f;ﬁwtlﬁc Ve QdRInke of the
wei ght ed conbi nations of the portfolio' s assets t hat
priesbit itVeatiomkbsdavelossl dHket ofeisk enddets foeportioli@manayers and
given | evel of portfolio risk. In addition, a ratio of
tradais o Measgpadnalyzeandhaanagaiskdn ggapigly qhan@@sﬁaarkﬂ@ These

s Bl o Rt e S
AR Bl SRR By Pl 2, BSOS SHEIBRr

that mecBRiif @Jm@d@ﬁ b théorg, for ShyP§dffolid 6f REBisq¥iidHas, e.g.,
good retur nds for eacph%ﬁunlt Ofgl‘l sk, P“gr(me Shar pe Raqtgl 0 J

sacksmndiadhdrassetshtimre ischrf éféclenﬂtfrmmeemmm regi dseatserariously
portfolios. Oten, it has been calculated by first 20

\y@lsmeaaomb@ﬂqﬂﬁes of e w@%lorsa%etsrtb% Yol thesmgrimush pessible
L er %{]?fy& %rp Feflg‘ Cgf %ﬁcﬁé ”ﬁl St 0?:: ?gﬁa;\oller age

r et urnp a@&hé@ a’ilfa‘il%tof ?éturrpt%rvbfefﬂht'y‘%héi%%n% Lf:séh.[l ﬂﬂ@érﬁparmg two
m sl eadi ng, and shoul d not be cConsidered al one whe

jsertfelids in derassef trisk-aidjustadp@turn i thbShaepd Raimn C‘I'mlsafatlo was
portfolios. The Sharpe Ratio can _allows one to factor

veveianedfuthonsl bpuieatradlliasn Shatag: n Typicall), Bilighespharpe Ratio
S GTrses M SadyBe e et el p ol RE oSS T8 s, stock)
%%er(}m oY r&tﬁﬂ%ef%f é@&w @1%? Ls fol Q- Sﬁa %aﬁ%‘ rB(—f‘Llfsed to

I e Shar

actor arpe SInp owitz's
eemedro pEtranthesekic alffanattipoftidlibs | rmﬁ@i,ntﬁms trsml@amcbted by first

reward--a 2 WO 2004/ 075020 PCT/ US2004/ 004717
@qu@raicﬁmg' hetrist f@@d@‘@nfml’g thenesturh 2f theepatielick aodthensdividiag by the
staﬁdar e@éﬁgg oF trhlecpgorr]tgoho %he 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
carries two distinct risks. One is the risk of being

wo pootlogsoe@r ket , whi ch Sharpe cal | ed syst enati cPCT/BK2004/004717

This risk, |ater dubbed "beta,"” cannot be diversified
away. The other risk, unsystematic risk, 5 is specific
to a conpany's fortunes. This uncertainty can be

539' phisgaie ré oHH@hhaﬁ%r&%h@tI@lo%\é%ﬁﬁé@a?ﬁél'ﬁ@s@et PRAh$ Rlodel

scerne at a portfolio' s expected return hinges
(SRlPy WEchrUmghetﬂae CAPM, elvatyi iovesirinpntt carfdscwo\distinct risks. One
mar ket. The CAPM hel ps neasure portfolio risk and the

is $reurisk efrbeingipdheomadeh \@%Q@@ham@rcaﬂgwyﬁemﬁ%ﬁ righ. sKhis risk,
Portfolio

Ianeapygwbﬁep%?%ﬁ% b%ﬂg%&ﬁf%%oa%ﬁéﬁ 1 Bk By St risk,
%ﬁsg%&]n? I a rﬁfgé %Hnég] :OZI'r ?t%l é?f’ﬁéﬂ‘pn rc{'al@ through

Aprddrité anv@@iﬂcm.@at |%rﬁ@ﬂnsb@m@@ﬂﬂ&#@t@ﬁtfcﬂlﬁ'saeﬂp@@t@kl&étum
periodic basis, such as, e.g., nonthly, quarterly,

rseges- soiely ahlitg b@ta—amthlopsmpgmhm/erdumlket enthe CAPM helps
However, since one is not required to rebal ance a
[peRsUre PPEfalia sk endrhe rghEn é‘ﬂt'”‘fﬁsﬁ%ﬁn &reet o7 takipg r‘tﬁ'azélsk

ebalr i g T PR LR v By IR Bl gbe A eBaing gpoto and
%Qﬁa@ﬁg HY adsbR&NGiIBR [tONTHASIlY, EAS 1BAL tPARaiRfthe BlghkbBi%eturn

Sone sets and buyi ng othef assets as one pursues an

@ apbrtiealat fevki of.riskn  Borliesptirhizagprpeart feotdraiucted on a regular,
optim zers, techniques such as hill clinbing or
periedisrbasisaren p% epg-omonint, Gyaderyy, seitanmials ek anpually might be

d @?"@Lo BBl O PR T3 GFAGPR A oA R LA fme
LS B RAOPESA LFANSZALIRR. CRPkshscering

gen ra y canno accurately using

rb@élﬁﬂblﬁg Q8cisions asHd fypieally él%&cow%ﬁ’d@@tax’%d/&t%@a&% cost
entitled Portfolio Optim zation By Means OF Resanpl ed

iEfplicatiopatof Belbing s@ns assdie apd blyieg difse leesats es ohe whitiesian
i ncor porat ed herein by reference shows other optim zer
oRlima @ertfoffe present 25 invention provides

ggtblsﬁﬁz%é' alexlsgﬁ%%éﬁfgﬁgﬁpﬁggse Bﬁeeczlﬁ qﬁ@g J‘P% hlllézllmbmg or
IRREHEGAA8HOPldgEBRIng 4rB8std B %’wa Mﬁdﬂsélgﬁwn t rW'tth these

uses m xed I nteger programring (MP) technol ogy t

Prsthng dssues dike R)h\z}@haﬂppﬂalrm'ﬂBmaﬁ)sﬁiﬁiﬁ/susm@ésmﬁ#idﬂnt constraints,
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
enhanced results when, e.g., creating or rebal ancing
w@oraprioe®s. The | TG Opt optim zer perfornms  PCT/US2004/004717
optim zation in one pass, wth all constraints and
paraneters taken into account sinultaneously. Any
security characteristic can be constrained or
dcliFRs e fls. |'|°heaﬁ@/bbﬁm opfimfzét br&lde@%ﬁa@éedq@éﬁlfsq}vhéh e.qg.
characteristics may al so be specified, including
aeatigrairabalancing penfeliage Theurﬁdmairqptlhm pesornssiopttmization in
positions, and nore. Furthernore, constraints may be
aspRasedwitl al gorsieainte apépﬁlremqt@md?quuntq @cqouﬁfgelr@ﬂltwly

#ﬁwﬁe@ga{vrf&aﬁ%%?ﬂ%lp.C@E%f%%?# AP adiaguadul
é) bt f)(g}’t'fbmﬁ E rAObLRSIS Yea QQ(S b?g?ﬁélflé@&rﬁrﬂdlﬁ constraints on

utlons uci ng the ize O pro

Iéﬂ/érBQélttuﬂl@HEQllcﬂ@ \Ushehdrip&dtiarisy aed riohe qlﬂrm@i’fﬁore constraints
Additionally, the I TG Opt optim zer can accurat el y

meylbé applied xarcentize ppoiolio ex tnitd leng ionskegésidan dinengFafthermore,
tax brackets and tax | ots enabl es the ITG/

tB@ﬂT%% VOIS MipIRAHING HEHERICE Y CPMBKIING & P %mbound

SRR MEoLPEEE Rl Do pobiy Eé?*%‘rn?ﬁ%l? R of the

p’%BBI%H{‘J\/FthQJt BhReMY thé ﬂwt@gﬂﬁ* bf me,ou@c%ntéw | TG Opt s

configured toward real -wor conpl exities of
sophifsiditoatitd theVexOpeaptimisér cineyicastelY neodeTtBe@pt code.  For
optim zer can handl e conpl ex and/ or non-Ilinear issues

exeaiple, dpteger madelisg of gyt prackeis gnmg@ﬁwples the ITG/Opt optimizer

(o Talee Potibk e B ot aimGing 14 Gr kel of llepia spges.  The
lZ@O?_ﬂE%#éo%gbaU@toqqmdnL% drrﬁ#é%@oﬁwtﬁ@%%tﬂe&’sel 'In addition,

or ecast'i ng ‘mar ket i npact

thB ¢t em@Ns ebnfiClccinablERaleens chiapleritigh of sihigichted investment
transaction costs along with risks and expected

stetegies  ofhedd G/Opkentingrerses anties-ompieldand/emedri-inear seues that
I TG% does, effective historical back-testing. The
gripgyipyral-world find8angoePsek portfolios through tine,

accountfiPal “?% he@-/?gE gﬁt iz ceﬁ'ﬁabt&ﬂc’ tran&%c\’lgﬁ %Bgé Tesulting from

nmer gers, Spl CI es

Bt 9@%{ intdPs é@ignéﬁsonarhbbpum@r InEfdaeRts dost m@aelpm@Em for
Opt

to handl e many funds and many users. The |ITE

foyestaeting malked eéspanil t Thesiaclysiohiof ACEsarabdes uselrato weigh implicit
dat abase nmanagenent technol ogy having the

frarreratian erstupleong av'tadts!sﬁﬁﬁ@ax@eqt%r%@ﬁﬁ@agpf@wzmlon scenarios.

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 ITG/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 many si nul t aneous
users and a | arge volune of transacti ons.

w@daubroeal |y, the | TG Opt integrates neatly wWe€TUS2004/004717

trade- order managenent and accounting systens.

Because the | TE@ Opt systemis built on rel ational

dat abase nanagenent technology it is easy to |link

wignly sphlieinedas agasend allagyel vERIMP b A BabtiHsSO generate
trade |ists for execution by proprietary TOM syst ens.

Mor eoAeditionall ;chept GOt irgegrates rebadly gith dmaldemdéronanagement and
extenswe custom zation of reports to

BETRYAHDY e¥stehper AeGaLISS tam @/Orbaysiem r'ﬁe'é‘i'jg onyglatiena database

n ui ckly, a
OB PR g G Rl o VBTG Er lahiesr; $neoropt can
aRbigEhémitd PAISNsts mxéﬁﬁlmmgﬁrlw M gsteﬁﬁer RordSer,
is a significant need in the art for syst and
P& Opt's dexibleatesignyaiiows forexterishve custupveatnddf eepdrtd it a
systens and processes. SUMVARY OF THE PREFERRED
ERVBQEME\I‘PBG@SO%@”Q/@ﬁn@RJ@eW%f dforeavesngustivmeenart oimats can

i.nvention nificantly 1nprove upon

é‘?(%ggpﬂ glﬂ)gl%ﬁﬁd é‘(ﬂ% ‘?F%lcﬁ Y%, The preferred
enmbodjk [or .
o odur EE p ety Qoo bR AR P Heine FRA HRGToclfiaPbrist, there
B $ignifedrt hebd asthefare®s jstems HAH pRtesSEARKSIMPrVeSQIB the
preferred enbodi nents, new net hodol ogy can be enpl oyed
Q@Wm%wrmtlaerayﬁ@mm@pme@sea for a nean-varience
efficiency set is utilized. In sone preferred
enbodi ments, new met hodol ogy can be enpl oyed for
i mpr oved i 2 [ ratio
or Shar pe » T e F—enDotr @gﬂ-ﬁ new
nmet hodol ogy can be errpl oyed for mJI tiportfolio
optim zation. In sonme preferred enbodi nents, a
por t file \@riops prafera¢d embedigienés ofrthaprhskat ia%htk@a dnificantly
adapted to inplenment one or nore of these new
'ﬁ%ﬁ%&%’g?%mﬁ%Wg‘Wﬁmﬂamd@t her desired
nmet hodol o rat i ve enbodi rrent
ot hod CraF oG 3E oS B AR PR, e thgs andior
&@@6&97&@@@05@&%@9@ B%gﬂgand/or multi-portfolios of assets, such as

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

wherein a confidence region for a mean-varience efficiency 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

optim zation engine, said optim zation engine having
wa@2@anfiodence regi on nodul e; b) having said  PCT/US2004/004717

opti m zati on engine generate optimzation results via

sai d confidence regi on nodul e and out putting said

results, wherein said confidence regi on nodul e defines

iAclGOSY: Ia@ﬁfb@:ﬁir@qﬁmmofo@ta mtdafiBpfimizafiorpsdne fshidcCoRiization

set for a porfolio Po on an efficient frontier that

argineisgpimgls cobfidence regioramedsieph) lygviranshid ppiireizatianengige

a portfolio based on said optimzation results. _ .

ganeraie sptigizatipe reselfs yia satLeQriidsneg reginsy medile ane outiyding said

iy s RuE(BBTN e RaPe Mislle g S aien e B e =
rgaér'\-%ﬁéﬁ e effﬁ%é“t's%f fo Yribliéb, & ék(eﬁ%g{%frgnt%ﬁllfét%néggonds
., thigh and ¢ are rélative®average evi ati ons o

tdechiskad@rsion ¥ i, c)irstsd S/ & Portioik bassl 6 paie bpimietion Fesults.
of optimal portfolios that correspond to the risk
Rrefarablynthg ragidn ificiudes @l tpotfelinsd? ssush thast egmBisk(Po) < Risk(P) <

Preferably, a u?ﬁr sets a spv?]ci fic confidence | evel by
G IFYPdianddrediit) A ERRE b WhetpRet i ROTERIRN BRI ipient

. c ' to_ iLlu t] .
BBEudF e KeReut s B Pl o oo g B Rgaveverpasy
RRRIops lopabarEess indski iRBiebbE Mrigkoard Sldettedabir Bf Sptiibl
optim zation engine, said optimzation engine having
orifoligsuhat Gineespendatthe risfo dudreionly)andadiffergntsaictbrs of returns.
optim zation engine generate optim zation results and
Ryefgsallyi dyseysets @ epedifisconfighrgalievel by sgtttngriifrrentyalues for
Sha[?ong Rati o m)gul e conputes a Sharpe Ratio using 1) a
FIREBOEaSaPY8,% t hm which starts with a naxi mum

val u@ké&f)gﬁfﬁ% A acétﬁéluiﬁﬁlstrattik)@ e%o@%&ﬁé,f&qﬁéﬁbﬁ%& (%Ei(rj‘nizing a

decr ease tor at steps of the algorit

gdrvlialof agddid Mcludes:ra)ngd gtngibsttfolio dees inty ah wetidizaBbaepgine,
Rati o, that corresponds to a current |evel of the

silf oplireigatien engine havingasemphtenSikarsh &Kahe nReduiey bahaving said

S A S EBEA Lh BSIRES R
TSR TR SR B ER  Rhigyoo

firRsutuingls affcoptieh apich stdiRewre B Sharne: GaldiRidPdula, the

out puts an optimal value of a Sharpe Ratio and a

phustéd rétorntib decraebédies fadiat atrséepsaf thr etferthi, ynd thee algorithm
decrease conputation tinme, optimzation is started in
teHBRalashan dResivaive HgtreBatia éralcrgasrnds to a current level of

the adjusted return, is lower than a 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; 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 2004/ 075020 PCT/ US2004/ 004717 obtained in a
previous iteration. According to sone preferred

weedvagiivemt s, a nmethod for multi-portfolio PCT/US2004/004717

optim zation includes: a) inputting nmulti-portfolio
data into an optim zation engine, said optimzation
engi ne having a nulti-portfolio optim zation nodul e;
btaineuiimg psevicusitaratiori zat i on engi ne generate

optim zation results via said multi-portfoilio

opt i niccardiog to smdej peetamet enbpditentsy asaéttiod ﬁ:rwhmIB-,portfollo
wherei n said mul portfolio optimzation nodul e

PRIFRigRHRN IRAULEY G 'Q%ﬁqrfgd?u'mﬂoft dligsiata Bie an epimizataet ﬁﬂ@ﬁine

T g
SRTRLHAH ertlind aféfoﬁtlhﬁza\ﬁ@h WesUPE v $4 Hditpﬂor@%ﬁ iB'6btimization

froma value Syk(hk Pt), where maxi numis

modulealnd quipdatfiod saig rér.lults whdrtin saftimohies@tiolid dRinsigdtion module
al so satisfies a constraint on a total portfolio

pormeran algerdhe) for edi-rerivlivoriinizationdhatcomies e optimal set of

T TR

Uslah O 8f VAR o %gﬂrnsﬁdrﬂt)g?ﬁ) 'Ffdmy/ é 9ﬁfu§];]%}(l§ep Whepe%g%mum is

descrl ption in conj unctton wt cconpanyi n

kg besr. alMedrifolss Thogl amnkBeredithi et Hid6 safidieara Constralnt on a
excl ude different aspects, features and/ or advantages

ikl pertinlip Mikeabk @nd ich rebatkuictniganportfalid lnasedenrbesid oplirhization
can conbi ne one or nore aspect or feature of other
&SI nent s where appl i cabl e. The descriptions of

cSpec i kTR oo UAIAER D s RAh b s

éﬂb&ﬂm@ﬂlsrwm%% fORhd D pFERHEB in VieWBs M{I&ME&)%@SGH tion, in
PCT/ US2004/ 004717 BRI EF DESCRI PTI ON OF THE DRAW NGS

d'mwramoo mqitartie agedrganyes faueespr Marides ebypodimyertd can include
exanp without imting the broad scope of the

@W@rﬁﬁcbﬁiecﬁ*ff@ﬁm FPSCH f@#ur@wwpﬁwﬁagnagmemr@ apglicable. In
w,.diagramillustratin ro
Sifigrtafo R bt ot 4 phbors SeREf gyreature of other

embodiments where applicable. The descriptions of aspects, features 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
according to sone enbodinents of the invention; FIG

W 2004l0T20 at es conputer(s) that can be used t oPCHIBIUG4/004717

ot her things, 10 inplenent process steps in various
enbodi nents of the invention; FIG 4 illustrates
conputer systen(s) that can be used to, anong other
things, inpl eBRIEF DESCRIPTRINIDF THE DRAWINGS _
enbodi nents of the 1 nventron, IS a schematic
diagramillustrati ng database managenent structure
according to sone preferred enbodi nents; 15 FIG 6 is
an il ThL%WCé’mp\?éy'Q@ diprregrare @fQYFCh?d(fé’ \@ay of examnlqe,uwntmst lrhiting
vers ons o |1 ars)
FigrorBad Jodserdt e FySlierisdivBians Bt PobPO Dt HheeEn T | 5
an il rati ns of
o0 1L gk g Pistebh b bractef acod BigBlig shir™e)
shmevlifntLofdhe irvef®dn; of mean-vari ance points that
deviate fromthe nean-variance efficient frontier
accorlﬂﬁng it snaiberflaw tiagtanatilusteatimglzopioness accoingfo ddmee
I nvent i on. TAI LED DESCRI PTI ON OF THE PREFERRED
ERReHMOEReTE t VBN r ed enbodi nents of the invention

ot arie, TR SR AT 1% caf BTRPE 1§ O toings,
infiéhedt foce Rk iK vaHAN emBodHn@ﬁts@ff% MEEMRIK (VAN),

the Internet and/or another network. In various
enbodfiGertifistrates computeresysten(s)rthaf) candle @seld to, among other things,
conputer(s), application 8 WO 2004/ 075020
IPOIPTORDIga¢ TS F1ePs in YaripnR ¥PPedimens & theinkention;

conpu';

r n b on

epedtiBLP Tt REBIIR e aF TG PERebecs AtiPesRoRbT Ucture
éé&;‘rdﬂﬁ&to §orﬂePré?er?é?d‘éﬁwﬁbdu eg[socess' ng unit; menory

(e.g., digita at a storage (eg har d

dri veRIG. 6a4 an )IIUsﬂraitNl&tdrmﬁ pleiLPeid.g., (rEmdlionsperr cﬁillb@) verses risk
and/ or serial ports, etc? dat a entry devices 5

(€eg-gin, mikieps bbdeltss) et €.9).; finsting. arcpptisnal podfatior &rds may
n sQIe e nts, browser software for

"t er B2 G 4 MR EREE GPDeY (& ot aulions o GRlAfprses ris
@S%nﬂx .'ﬂ;‘éﬂgE) ﬁ Faré <30 [@; &roé g%q%lf p{ekm@)rl?ﬁce B&n% that deviate

rver ferne
from the mean-variance efflcnent frontier according to some illustrative 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
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or the like. In sone preferred enbodi nents, the system

utilizes relational databases, 10 such as, e.g.,
wenpkoyiong a rel ati onal dat abase nmanagenent SyBRCEIB2004/004717

(RDBMS) programto create, update and/or adm nister a

rel ati onal dat abase. The RDBMS may take Structured

Query Language (SQ.) statenents entered by a user or

Esmp k8 Har dloredth&@iddm ptidr(¢) RaR be iy P dmlePfing one or more
updat es and/ or provi des access to database(s). Sone

adgegs of theiimenRDBMVS!sstiaticé aolep@RECEHH uacldae adogse cpninaluct

line 15 and | BM s DBZréJroduct line.
'PIOCERHNG NI ANYRPY I e MtAM. @fs.)isHehh d??@ 5@@994‘59 bAEd @iives,

A G S R R §§°h>' e it tes
&h.a QﬁrHQte?c. R&E aldfagt %c%fﬁﬁlﬁgﬂs rﬁé’ﬁ@orﬁ%m %% eembodlments

exanpl’e, NI or an er system In pre erred

lerishedr w’ﬂﬁlae foreteattihg Withitise serat(S)stich 44, Gt ed@nmdie, using

obj ect based graphical user interface (GJ). 20 In

kypestept edraferadoiorpldHiTiEh tesmak eectipstsanhittps sarverés véa the Interet
l?:el -user client server system such as shown in

¢itee e | n sone enbodi ments, the system provides a

hi er ap, G ﬁ& feﬂ%ﬁ%‘?ﬁbo&aﬁﬁ%ﬂs RRE tsg&ghoutﬁi?gg rre?étloﬁélro%%ﬁé[s%s

for managl varil ants

mse@tg)dém@ey.ﬁg ad@laﬂorba’#%i@féb@@é‘ maﬂ@géﬂ@nwsﬁynm RDBMS)
trades prices, Corporate acti ons and ot hers In sone

;pnogfaem tcecreetebuddateranélor zamlinjlskteﬁ plraatidnekdatabades My RIBBMS
npl oyed, such as, BARRA, NORTHFI ELD, custom
oY éak@ SihrlgerQuery Lantuisgs (R4 slatesperisrBpieraret & user or

SRl Boe o IR BG B0 a9 yeefe uPags oPH{EY arqtitEs access to
Jjﬁtéit)égé (SRl sexRGHidiRMA%e R@Ef\)@éﬁﬁjucﬁeﬁﬁﬂ@ﬁ@é daide¥se product line

nodel , market data and/or others. In preferre

anbiEir sEBXprodudtiinger Ivesonfe idadtetive dnbodiphshis; @R shown in FIG. 4,
include, e.g., all of the relatively active securities
P1FE or Meleeyight C@m}p%@ﬁ casy be prevideldesuch/ass i @LAN@ﬁsed System

f'rfeﬁpqrﬁgo@pﬁ%w gl o8 B Gppia el eSS e b B o5, or
%%‘cl udi ng st ocC ﬁﬁ?(’?? ne@% Qﬁéévmg(girrﬁprgfen%g%@ikﬁ n%réts %hﬁes ystem
idBEp&dno provide an object based graphical user interface (GUI).

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
smal |l cap stocks. Preferably, the specific objects in

w@2@anfké o can be defined by attributes and/ oPCT/US2004/004717

paraneters that are set by a user. In sone preferred
enbodi nents, an instance of 10 a porfolio can be
generated on the basis of an analysis date attribute,

5§81y 2Boldings, mﬁanbélIeseééuti%hs%.@@é@eﬂcmﬂa&/ﬁ%om market
tracking portfolio with a Russell 1000 universe as {

data@adjor bthe2©03n plrazfes’ederrmbdi‘rrmm:eda @nberde oesdlscted BRcks can
portfolio database can have an attributes hierarchy,
@el@ﬁea%g abef thedgistively acwev%.ecu@t\m inis releypohypadet or the like.

b6 bt S ofrhiondeS: ruel BuBe o8 Parkgh tnandse
fi’rﬁl% by gée&gdlfgera ely%‘é%p?ts Aﬂ%bhie‘r)é}ﬁ‘&%éf {1 g;h;?r@’%nately

eve S can pre overri e In

$,008 eteks n@él@dm@@td@ﬂbﬂdhﬂﬁéﬁ\ﬁaw YHR 6K E%Haﬁgé ahah@sdican
can have characteristics that can be, e.g., arbitrary

Stogk lexshwngef ihe MABRAGPNafanahllagket, Lmelrsmcmsmdleéametocks
rghar acteristics, such as using fornmulas and/or ru

ul e
ekl WeseRCBR aPigetsdp .asﬁqrf@go 0% bP SffigRchiy atlributes andlor
6&%&%‘?&? EHa%tareC 3 ttgisa ﬁ@ge léo nér%l%]' Yed eer%sn(ﬁ%mggts an 51 ?ance of

use I C crea

a Porfol® c?éncbé(g&era?éa oPGHE bbéﬂs BBhA ﬁhél‘iﬁs d@?%aéfmb%?e sﬂch as, in
user could use set nenbershi p nmethods, such as, e.g.

o Hudirative Bxam@le: ardd B&P tEackingrpositutie vmtreé Rtuseail 1000 unlverse as
embodi ments, filters can be provided to enable nanes
¢folapEaeh@PBd from a uni verse for ~conpl i ance and/ or

ot her, reasans sin s

i th BPENE Aereg et i BRieds T norti S SRR gre Fal hate an attibutes
ERRAHYTE @é@as,tf&eeﬁfé@@ RN ﬂYérQr%PQE%ﬂM% \%IWQ%V%OE FIG.

characteristics t are not Specl

2004/s0itR0RM%IB0TE BSDO0I 004 T lowken [sveEm Y Bhefit fffibutes of higher

enbodi nents, users can construct custom zed reports,

levelh. a%ddlhor@lly tha dovertileads a@*gmefarebi&Ioverelpenml’wnted atiributes.
named and

5{52%?@/ r§ ' e c{ﬂmgﬁ{sla hrél L qlztd%?ag&g; cap haye gRaracteristics that
BBLETS S AEIPUL I st ORATL ), P B HPELIAL
ERRSdERIIRE - sUCA RNEIRS LIS BRGLMRIM S drbfe TSt @fracteristics
from other characteristics. As some illustrative examples, a user could use
algebraic creation methods, such as, e.g.,, “A=B+ CxD.” 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,
e.g., ‘remove sin stocks with p/e’s > 10 and price <5.” In some preferred

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

specified.

10



10

15

20

25

can facilitate the exploring of tradeoffs between any
conbi nation of, for exanple: expected return;

WO p@kprIoacki ng; exposures; transacti on costs; PERES2004/004717

position/trade counts/sizes; and others. In sone

preferred enbodi nents, the system provi des one

optim zation with 10 one universe in which both sides

(€. 9.1n sBHY B rreg lemiidisnts Alserd ERPEREAE RiRINGSLd Fedorts,

constraints on each side individually and for the

paohtdsokig, astamirdtbhsset lavekepertpr efrefarally, aapod dettintisns can be

users are provided with a graphical user interface

maaed ped plosek(e @ dintdigitah dalasderege). a cli ent conputers.

I n sqonme _enbodj nent s .he graphical user. interface

enabl BSOTRATFRHGH sHacdanEr 28X pBTaneiag e RRstaioasgace” can be
. o a s

éirt Sf)%q %ﬂe&t%.fﬁﬁ&tkhgy ggﬂ?tﬁag\{t. i &'éﬁarrebrbg?ﬂdéﬁméﬁ}g, t(l)lg system

O] I zation a acceptance
@i fabilidd tHerexpRBiHY lob tradidofRwesh ey sBNbiRatidSE for €R8mple:
create or inport specific task schedules in which,
$xpectedaepire, riskfipoking agxhosuresxipamsactidn destsi taxas; pesition/trade
automated and, functionality available in the user
?Wé‘{;;é%% ang RSP abl e i n batch processing. FIG 3
sho n il ti t t hat. .ca ed.to .
oo S B AR 548! DRSS i
Shedunivist I Whith @eR8E8s EAY, BPartPEbISdi@M) atdlrebBied Subject to
and 2. In sone enbodi nents, the conputer 320, includes
eorsiaintsabn eperosids gidhdduatly tand @lihe Ba2foliovas alwiade
comuni cate with a set of input/output (I/0O _
devi degemegraieged embogimeripgisernarelreyided/ vile s asaanieal yiser

RS ot Proee S8 4 e asett HB TP RRY T hisg e agments.
FRESHITRIRSEARR AL B EOTRIRrBRANRRY SxIEHHY BY 181%n files,

conventional volatile or non-vo rage

. he\seti®)of painfdierse tfet ranning e eyoptidddatibn @vi@for theadiédtance of

326. The interaction between a CPU 322, |/ O devices
gimizationlregsyis. 20049107 50RO PCT$JS20 B4¢ap0AFaiZ or fngors 2Becific task
known in the art

g S o ich o RETRIS, IMAst A EOR RHBoaRibe Sutomated and
d . , i i f pl e,

B O e S S e

on CQf|goBahb R8N iIREEBIVASsorSaden 32000k M3 BeusebN®S B RRAt

328 can also store
computerized process steps, 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 a set of input/output (I/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 computer 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
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5 software 338. The software 338 can i nclude a nunber
of nodul es 340 for inplenenting the steps of

w@e@3ns®es, such as conmputer inplemented stepsPOf/UBIVO4/004717

processes 100 and/or 200 shown in FIGS. 1 and 2.
Conventional programm ng techniques may be used to

i npl ement these nodul es. Menory 328 can al so store
bie32h) e mdrory 82de4n Bt fhiat I{dn inkRe bA. SoMe

enbodi nents, the various methods described herein may
be i Mpmemesﬂaadammaluae o‘on@wtrmle pnatebanpacmbuating dmta me
Wih a conputer system This inplenentation nmay

WRighspe inqluds, iRrexgmela. |dét§ i St@%‘?ﬁpﬁt@? a$,rfsq-r SOEK e%@es and data

o EpPlions, SRR oraRPR o T I BNy Sep sh plsptaree

ESvarE 3FBUL €he §Mﬁ\h§@36'8%aﬁnr‘?cludg £hiideer gfg%&ﬁes S4Efyras

a nmodemor 15 the like. The medi um may
sdierhantrigathk stdpang ippdcesées, guch a9 oompiieasemehtedSieps of the
and/or substantially intangible (e.g., wireless nedia

- Rrocagpas K0cnsier, 200i hmwn in ATGRreand 2et Gonvertineal poogramering

eERYBER B e e 16 AP BECEt PR R Ramo kP T, PEb £2) also stors
4o HEIT ERHGlAfodpyi cos (o0 chips or

circuit magnet | c ces, optical devices and/or

ot her|nBRRS omBeineAs, theGatiBus Arthes dedsrRIDNGIEIRERG\She

the transm ssion may use any appropriate

iorementedtviaa someuten pfagegm pFadest fot uaadith a ddmmttetsystem.  This
rocess steps that nay be carried out in songe

mRleraentation @aexn‘i%awmﬂlﬁsmelpdt% ReSeTiRg 8heoraputerringlsections fixed on

PRERPRRE Redtihd iptiph @d 'FuRRetie, Wb Siave RERELTRE TiRgr
Nxﬁd?mng@e%b demptut@ ;ygtlamlé ahd wﬁer@ééécc?éﬁcel%rﬁép%dd%m or

1, inafirst s , the process initiates
ﬂhleélke.v aTmmadmnmfname@ubsianﬁ@lydanglbw (par. tdoairmumicaiiidanines)
in a second step 104, the slystem receives information
arsl/aippibstanialy inkngiye (ee .z wirelers megiajesing mlcmwm@ hght infrared,
2[684/ 975020 PCT/ Uf20t04/ Q04717 tThen,V in athird tep
1 Wt 6PRRLEE MSITECoNE &AB & tttsndn 8?5?‘1‘%?@8&%“%‘”9 nguages

%ﬁ’qﬁ&e@n @éj&%ae%smbng%]}w%td Wcé%t aﬁ%ﬂa gﬁ‘!ﬁeﬂﬁconﬁggﬁr db¥ledk (e.q.,

orth step nzati o
@Fﬁ;bdﬂ@d@}dmﬂsx%ﬁ1e@h@ll@d@%ﬁsedpﬂ@aﬁd@ﬂcé@éﬂd?@r@ﬁérQﬂerﬂBSﬂ dices.

Then, in a fifth step 110,
In the various embodiments, the transmission may use any appropriate
communications technology.

FIGS. 1 and 2 illustate process steps that may be carried out in some
illustrative 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 porifolio. 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
a sixth step 112, the user acts 5 on the optim zation

w0 eaulor®20 For exanpl e, the user mght, e.g., rPORUSIV0€004717
a portfolio based on the results. Wth respect to the
illustrative process 200 shown in FIG 2, in a first
step 202, a user can input portfolio data. In sone
TR & & efradP doEBRoFmatforlis @htefdlintd sﬁbsnm@a@&{ bysPdrhOsuch as
with a portfolio nane editor. Preferably, the user can
aroastingiadtioneengire. néreﬂzedlnuasﬁortg stap 08, wptmizadam algorithms and
utilities, such as, e.g.: identifier map; holdlng,
fb@ﬂﬂ@ﬁﬁ'ﬁﬂ'l@ﬁ arepxeiekya apieRtiadalion ngies, T ek inedEhstep 110,

/.or. others. Pref er can also d
S FRion so SR Bt SRS PIF Whbar LARSY I 2 S Seb Tdaehe dser acts
[ te

c?rhﬁﬁeo HiHA B rSs Rl onkr)r%%e%lﬂ.@'lgr erarﬁ@ﬁ?%g rebalance a portfolio

araterlstlcs r's a user

st osGhdbedl@@sa. 15 Then, at step 204, a user can
identify and reconsile mssing data. In sone

pr ef elitie cbspatidditneilitistrative ps@ress 200 1sbewn @ FES.@airaa firsbsiep 202,
mul tiple sources. In sonme enbodi nents, sone potenti al
?)P%?ﬂ @RdnRY PRETqliR Sty e In EAAR ferfeirRa gabedingnis, Aussr can create

sgrﬁftoh%yvﬁﬁ arfggﬁji@rog% g[JrO”SPvéraBn&a(h%Q}ng LSt loéa d2ta as
e usMg TR ﬁnpdrﬂemtﬁ%ﬂ@@ diamas g alciléﬁhﬁiérrﬂﬂa‘;p R sy

20 report can provide high-1evel problemnotification.
benchommekse nhiodisesntreractessdica giskdaddels apd/ot stheen Pecfasabty, a
for: hol dings; benchmark; universe; characteristics;

YSBE €8N alsexjedne pegtolia alribnted B aarametes reit@Bi #fe ftS:

ser ,can use data editors to, fi
Sl 0SB et Sk shaps st BROMeh b P LaErpLE o user
é?.]aﬁg({;rgcrgédg{aeferred enbodi nents, a user can sel ect
st andar paranmeters using a paranmeter editor, such

as, fenexici®b 204 casderichavdertib] At ievendileneibsing de®. 91n some
al pha, risk aversion); risk constraints (e.g., two or

pelarmid detratimantiesa usentenmetensiie dataitors pediiflé spyrceashin some
13 WD 2004/ 075020 PCT/ U82004/ 004717 bal ance, turnover
%BH%‘%'WSP%?Q”’%(B’Q qntighpreplems ﬁS’HH ipclede: HaRge S NASSeL status or

o i L T T
benchmark or universe; and/or others. In some embodiments, a holdings summary
report can provide high-level problem notification. 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
can construct a constraint nmatrix using row columm

whoewadssoedi tors. 5 Then, at a step 208, a userPCHIS2004/004717

exam ne current porfolio characteristics. In sone
enbodi nents, a user can receive reports for one or

nmore of: hol dings; wuniverse; benchmark; final

palatde ltirpovarubheirainsthpositionRsied, @osttibly coantumelor¢@be size
receive summary and detail related to: accounting;
ednsiratts universsscharagieristice ks andlor otharse s Prefaralyoe user can
others. 10 Then, at ,a s user can adj ust

t 210,
SR BeePReifcPAaRE e 1BISrA SOMST B GPRHREYS Consiraint
SEhedid Fo%v/ccﬁuMﬁ%Bw?@ed?%g{orm this step via a
editor. re

paranet ¢ ( erabl'y, a row col um bounds
edi t OfhdnS aP4 Q\dpda, a-ﬁaérncarféxa%iﬁé S@rr@%%r)rfélidi@r?dra&éﬁstics. In

optim ze and create a rebal anced portfolio. This step
s@me etribodinesrds, soyder chz atdedre repgitsor boe optrione ok hahithgs;
create suggested 15 portfolios/trades. Preferably, the
Yraiwersedhericheyare faah nastielige agd/ghelbeesd  Rsefetabbl, do/ser sareEeceive

Vi for I trade sunmary report, trade )
R g EReR bpated io: PG Ehaiecipitian fofigh exposure; trades
obesmbleyy edit the suggested porfolio/trades as
needed. The user can then preferably incorporate

suggeriead apa steha 1i0ps L eacksadjndt apmiéte BRI constraints.  In some
executions. 20 As shown by arrow A2, the user can
prefritad embpiimzo’s, 2 Usergandessiaradhis step\daeipauausiey editor.
ltgv Ius&e por floli s/tradsé, ,reba%ﬂa ce portfolios and

IFESPPR e TPYY CGHE BEPEY 'R REY nts of the

i nvengyon 8,1 ' :
and/ gtHeg]t’ g:bg%%g %]1% ?ng%%ccggﬁé&g%%ﬁa%% %ba&l n?eel% ?)ortfollo.
THIE lstegbecapnitiiee aatbbMmizai®i BAgRE QUbSIINIRS aHe SREld8Ghgested
below. In order to inplenent these nethodol ogies, in
RHifplicsiieadesd Erdierdblyetesisan capthem examifectheaigdested g.
via software or the like) can include software
PRIHONYSadss Yigdor pxagiiaa rade Benmanisaods Kade defatl Feport or the

B8, SRR IS AL e
el tﬁéﬁpﬁr%iéé@ﬁy%cﬁpdr% dURYEREH BBrifofodREddSBhic%harticular

optim zer can
executions.

As shown by arrow A2, the user can repeat steps 208-212 as desired to
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
region of error. This can be advantageous, e.g., to

whedog/oz80e0 d havi ng an optim zer that m ght propOBES2004/004717

changes or 5 trades to be made as a result of "noise"

wi thin various inputs, which could, potentially,

result in nunerous trades and various costs related
Phdegba Confidende Regide OptithizatidoEmbtiments: t he present

i nvention, wth an understandi ng of approxi mately how

noi syntshwa)rehpr@ﬂwmc@jmen‘te ogthetievantian, alpertfelimopiowizer can be
| ar a portfoljo rmna%er can remain within

PRy ef’é @3@@@3@866@8@%@&%?@6 12016 FPUhe 51t eFiggan be

SURAHEEIA S ' NP5 BBl G S BB R grances o
s t@Qferrﬁ§@@ag§ rb8uIof“h&ike’ ’c\f\llﬁ’ﬁﬁklé’ﬂ‘bu\é inpiits, WhiEh %aule%otent.auy,
embodi ments, thi's region includes all portfolios P,

@salirt aherous traBes kQdPodrious d@stsk(elé)e*thel‘ntg h*IRi sek{eRargferred
and Ret (P) > c*Ret (POpt). Wiere Popt is a portfolio on
¢mbodiseniscofdhe prassht 'mé@nt@(]c\ﬁlﬂi! ﬁaunﬁ@@m(ng)qftappmmmately how

Ad al |
paRiheba iR e TirvblanT BL s B OGMERGE 2 s portolio
HBRAGAS Bl T RS fiicbepBhiPt | T

portfTolios that correspo to the rls aversion y and

di f f dhebineeetcpics dhﬁbodl’rﬁérhié NBe optimien che defiidreshfideate region
vectors of returns are nornal | y distributed around

foneiportfatiarto amthp reéffaiant é’@n@&rﬁb@imﬁnsmnoa tasgiskiayeedidrey. In
to set a specifjc confidence |evel

Uefqr@rde%mb gal 115 Roiaaes B DTN i PUah hatCoptRisk(Po) <
I GERTBES SLIAGI RAIELS] | QRBLIT 120 L) oo ne

dISCU a conf i°tlenc

éfﬁméﬁm%ﬁt@ﬂs@érﬂ%aﬂl%%k&%ﬁ?ﬁﬁ it ef faldeitenkiny 6,9 ntc'h,g%rand c are
portfolio PO and includes all portfolios with a val ue
efativarvarmge deglatibhy ef deaxrd2@elie sisk,tihaaasein risfuald expeeted return
val ue associated with a specified confidence |evel.
ofepiienal poriiglios thebrertespand ﬁétheé%rﬁve@prw an@tdlﬁﬁrtent vectors of

optimzatipn,is.to resa
B b Pt B R EPOA B 8 oF P rck SRR Bited groun
PERPINCHS Bﬂéféjr&derﬁ%d%%ﬁ ?%’er |@ra% d @ese%tsﬁéé\ﬁé E¥iffidence
I nputs for a conputing of i clent ron

lpostfyalelivg). differeanydless foefzcﬁrlsﬁarﬁ@blo\J rcggp‘tanarc port folios
are the result of an avera process across many 15

WO 20041e0E5e 00| RGeS O@Dimlqucwf thlec 048 patenteniscussed

frontiers
above, a confidence region is computed around a resampled efficient frontier

portfolio Py and includes all portfolios with a value of variance relative to P 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
present invention, standard efficient frontier

w@oruprioc®s are used, rather than resanpl ed ef PCTUSIIN4/004717

frontier portfolios. Among other things, an efficient
frontier portfolio, in contrast to a 5 resanpl ed
efficient frontier portfolio, can be defined as a
doREibieobficiemt fidntigrxi num expected return for a fixed
value of risk. In many cases, it should not be

appr @nihatoéhermaugeln@refeg"adpnmdéments; pkthve pressmt inventioks

nerely one illustrative exanple, . caonsider
W@%f‘g effisientiraties ROEIRPS AES  therdpan ree“?ﬁl@ivfio%%ﬁ'c'e”t frontier
rz{fﬁ{o%: é%%@%er%@%%%ﬂa% eﬁ‘fl Landatd: ;?o‘??fbl?)t irggon(?{%st toa

ur n port
(B84 pR8 EAtirA $oRlierditfitidlios c@%@@aémd@wwnmé wth@na’é&}%{mm
The resanpled portfolio, which corresponds to the

expeciedretuet fora fixed wvaluerof tikle _rlesmrpll edegfif stmulthbot be

frontier, includes about 35% of the first asset and
BHeRsTate Fouses serampledefligient irendier.exiemerrly pae illustrative example,

out 1 nt. _frontier o
SOrteE et A SRR chy b St ableS Smified fejums 10% and
#ﬁ)ﬁ *aEQ' o @5nddi@bieVBiich Gﬁjeﬁ‘}rﬁféo%hf?HQH}a%Inﬁ'&M‘éﬂuP@ ortfolio

ereror I N nbst cases ese port i os I ncl e a
ih@lugéss @w‘@@«tor@faséef Ared e éxpre sl returAiNge 20%er Thbirégsnpled
there would be difficulties using such portfolios in
ke, wmmhe:cxmesp@wdasetgiﬂn@maaimtwn h@tum raint aspthe wesampled efficient

ortfolio wth a limted nunber sets froma
b RSB R I FRh 280 BT e pcarsset and it

e b Set In Some Preferred
%Qﬁ}@ré ?’v&q@&(’ﬂtﬁ?tl ons and Assunptions: In
pr ef ¢{d@hpRISHEERITEhtiek PETERI B ROASRIRESHPhvdrBging many
nmean-variance nodel 25 1n TG Opt are a - the vector

prifalitsahst veerp ebtadnkd reughssimoldtiéhs. Foeaforanioenositasas, dese
the assets returns. These 1pararreters can be estimated

resifelipsHndudsy 7 tedge armnier ofgidereni assrtsmo AG1Y oihen isos: there

f or.ecas or ot her
U B s N PudachOTRis s B s pegrabia oaye an
o%%?r%l ﬁobwfoﬁlé! vditﬂ a' MR ﬁ(ﬁ‘ﬁb&’tdf‘é@%ts froRU Dﬁiber%é
I'nvesti ng, the entire disclosure of
2004/ 075020 PCT/ U82004/ 004717
Computing Confidence Region for the Mean-Yariances Efficient Set
In Some Preferred Embodiments:

l. Definitions and Assumptions:

In preferred embodiments, the main parameters of the mean-variance model
in ITG/Opt are o - 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,
illustrates, anong other things, that small changes

WO pootlogsoemput paraneters can result in | arge chEmnys2004004717

conposition of the optimal portfolio. M Best and R

G auer, "On the Sensitivity of Mean-Variance

Efficient Portfolios to Changes in Asset Means: Sone
RRRhy$ ineatporited Gergnvibptdrerente, RSS! EmonfeWes Wi

Fi nanci al pSt udi es, 19%1, the entire di sclngegmegmolﬁés’ that small
oiangiesiiss the inpuirgeoaraected ¢t result ylargef dhaage & cahpasitamas the
ampng other things, the effect of changes in the .
Qm%rp%ﬁf oligs s 84 sggeékﬁ&geﬁr‘?*)@[ uRsthe SenpidviteefMean-Vaimse

B el PRhoo% B kbRl 458 aePer Somme gl iosberBomputatonai
eI R R e S A e SR

iMeopgested herelDBP reiaidnde, discukedd, betdngamiter\Wihgs, 2he 886t of
"M s-specification in Portfolio Selection Problens,"
Fhafgeg it theaysictai|of asspls experiathietyns antheamespiverianse efficient

SRR BTG SR S AT P
g{h%g%ffﬁ o Eﬁogsﬁ ‘R)Iéén?}'\{ér%‘n%ég 06& Co%ﬁ%% ’onftgﬁ@%lll Portfolio

I 'ngs, e relative Tnportance of er
expies ! geuirel of PSrtfofdBhadematl 1 S9a® 16 aMliberg and W.T. Ziemba,
covari ances of returns on the investor's utility
fNisespeoificatitingn Pel thdlip\Beleatipafroméms £ Risk and Qapitaé sel. G. Bamberg
paranmeters depends on the investor's risk tol erance.

#7d A SRreMAY: spetdre NatesmEepnandicsapd Maghamajieal Beiences, 1984, the
rs. | P returns have nuch nore significant
I8 Pl RER R 8 itohRern 51 herl Py FReferte ilagungy among
SREAITRIR! the rERBUE IAFGR1aKe oPE3SH ific vari
errors 9|%n éecr: 20 IrnzFI5 at i veoer r ofs Ilr‘rt%é%@édr %e?ugﬂg,?ﬁzl*ecgﬁ vgrances
atfd agvayianedresfaeturnd on theriealst@sneiitygdnctioat UTHe edlafivR8@mpact of
asset i, a; is an estimated expected return of the
Ysyetin fhesg paranelest ¢angads oddve avedar'ofiskdolesancand Ifziskissersion
l. rand iables. wth 0 and standard
G OB il et B A 8 v
; e il | r f a
PARESIFle i Bt RN ORGE gt R R DR | IEREE o
sbdshlawayandabdeldgrdraini @n of error and z; is a nornal

random vari ables with nean 0 and standard devi ati on
1. 17 e relative error model: rj = o; * ( 1+ d* z ), where r; is a real expected
return of the asset /, ¢; is an estimated expected return 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;
e absolute error model is: r; = ¢; + d* z, where r; is a real expected
return of the asset j, o; is an estimated expected return of the asset J,

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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WD 2004/ 075020 PCT/ US2004/ 004717 According to the
CAPM nodel, assets with higher returns have higher

WO 2ai/ozi02di gher vari ance of returns. Theref or ePCT/Ei82004/004717

errors in estimations of expected returns should be

proportional to the values of the expected return.

Taking into account the |ast observation, we consider

int tJ 8d b0 nt -

5 Ilbﬂ%%ﬂﬁﬁﬁence ReglgﬁﬂfgfﬁfﬁgQw%ﬁﬂ@%%ﬁ?%ﬁ%%ﬂ&mﬂﬁ&%grmkor

EfhérciagiancSef retdns st Therefocmise deorsan ssimaitord dIekpéQbd feturns

optim zation problemarising in the preferred

s PereraPsrtiaRak {odffre yaluey of thejexreelpyl retum).  Taking infeeaosount the
a risk aversi vec

et ik 'OBx‘HESPBﬂg‘?réF %%gre’*%r%dsemw'@eot@éh%re'%tfve error model,

posSi t | <

a setllo

L”LH‘@% il S‘?ﬁ*%ﬁﬁa’f& o oﬁ%éﬁfgﬂl ?*“5n Ff"obiq*ﬁrisas'p%wbthe
Reeridddhesifhehts: S equi val ent to the probl em max aT
. (3) 1"Q W denote by t a return versus risk

tradeof f ffi r ; 1)-h(3 4) a' (h(2
El i T R IO

Wgérﬁé@gg‘fﬂi{ %&ngﬁgrﬁé%a% stqa gﬂ%qto%ofﬁ@p‘piteé:ﬁexpected returns, his

QRELHE 5@5639’?)an(1‘9% e@l‘s\%’(ﬁ)ﬁ 8ri \éﬁﬂn%fi?rggancﬁ %?lls a s%%BF%tagfgle

returns
portfolios. Iy is close to infinity, the problem (1) is equivalent to the problem:

max/[—Risk(h)]. )

heQ?

If v is close to 0, the problem (1) is equivalent to the problem:

n}g}x a’h. (3)

We denote by f a return versus risk tradeoff coefficient:

_a'(h()-h(3))

a’ (h(2)-h(3))’ )
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 [ it~y * Risk(h)], (5)

heQ
where ris a vector of real expected returns. Let h(r) be a\n optimal portfolio for the
problem (5). If the real return vector is a, the return of this portfolio is a’h(r). We

find an optimal portfolio h(e) with respect to return vector o and with the same level

18



hcQ where r is a vector of real expected returns. Let
h(r) be an optinmal portfolio for the 20 problem(5).

wo Roologsoe@al return vector is a, the return of P€US2004/004717
portfolio is aTh(r). W find an optimal portfolio
h(a) with respect to return vector a and wth the sane
| evel 18 WD 2004/ 075020 PCT/ US2004/ 004717 of risk
bi s IReTA)h@s: h(a) = Arg max a'h. (6) 1hlheQ Risk(h)
=Ri sk(h(r)))) The relative difference in returns of
portfolios h(r) d ga) is a functjon of t, d and z:
ot d, 2) = a KORAE, wBF.(7F a h(a) 5 The (O
relative difference in Risk of portfolios h(1l) and
h(r) iTeeaelbivecdifferencd inretwins ahpbrifolidR(H(r) athdZ) a)Hs a function of ¢, d
Ri sk(h(1)) - Risk(h(r)) (8) Risk(h(1)) The variable z
#d 2" nor mal random vari abl e, so an expected rel ative
return difference of portfolios h(r) and h(a) is a

function of t, d: 9(t, d),= Ei EﬁDLﬁt d, z)) (9) An
optimal portfoliguihat= 1s 5 to a high-risk 7)

aversion, is close to the d®mi ni rum variance
portfolio, and is much |ess affected by errors in the
> expectilbd relative diffgiesenin Riskef pertfolins fifd) syt bok iaduncetivatof v, d
corresponds to a low risk aversion. The function
%’E‘{‘,Z'd) is equal 0O when t is 0, and it is increasing
with increasing of t. Simlarly, the function b(t,d)
is equal O vvhenRglt y S\ O Rig(@()X~ Risk (/b)) easi ng wi t h g
i ncreasi ng of d. fé’ denoggr@yniR p_an expect ed ®)
relative increase in Risk: Run(t,d) E (-R(t, d, z) I
R(t, dTag ¥8iablé @9 a normal random variable, so an expected relative return

difference of portfolios h(r) and h(e) is a function of t, d:
o(t,d)=E (D(,d,z)) 9)
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
function 5(f,d) is equal 0 when fis 0, and it is increasing with increasing of £
Similarly, the function 8(f,d) is equal 0 when d is 0, and it is increasing with
increasing of d.
15 We denote by Ry, an expecied relative increase in Risk:
R, (t,d)=E (-R(t,d,z)| R(t,d,z) < 0), (10)

And, we denote by Rpow, an expected relative decrease in Risk:
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And, we denote by R(r)own an expected relative
decrease in Risk: 19 WO 2004/ 075020 PCT/ US2004/ 004717

WoR2004/075020 (t, d) = E~ (R(t, d, z) | R(t, d, zRPCHUSD)D4/004717

(11) We let function Return(x) describe a

nmean-vari ance 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 optinal portfolio

with variance x. Now, for a given point

(x*, Return(x*)) 5 on the nean-variance efficient

frontier, that coR,ecéponds (R, d, )t BehHEf>0pefficient (11)

t, and for a standard deviation d, we define a set of

poi nt\We$2(function Returax)(des®Rjhe a (Mead)varian@2¢ficiedi) frontiex for a
>- Return(x" (1 (1-

y) ), - R, "'(t"d))?]* 8(t, d
ydctorof rpegted retigns ¢ apd g risk fupclig Riskgy) wherervalug Retugn(x) is a

sihed e iR Bl M Bl e, Bt
b %B&n%ﬁénd&%ﬁi&@nt‘?&hﬁ&?kha@e{)rtréﬁloinf% td Q%de%vf&seﬁicient {

obtai ned for different realizations of vector

anxpfet bestanmdzrd tagiatidrOd,| Wé deftrgta settaf eoingd Qftcti ons S,

Ru and R Down: W can, for exanple, estimate functions

6, Rup and RD(r)Wh for all possible conbinations of,
e.g., 10 val ues*of* HHefiF-4deof f coefficient t with 10

val ueld(saf) =tie »)staktwant’ ded, aild, d))) off —e(x Hy), d usi ng (12)
Monte Carl o si myl-akions. . fhestesults of the 15 study

can be, e.g., sunmmari égxc}*l(n t(?a’b )gs. Tabl es 1-3 bel ow

demongt firk e Elslepéi{rﬁ@%ﬂ—YQiatn%B ?ﬁﬁ{ts frap Hé&ilé‘tfeiftd?n the

order to cﬁ/l’ﬁu al?e, e.g., unct or spec
wahh@arianceaattcigniaforiiepalohdreansh teaneiof téeyitintdl PBriftMos that
can find values t1 and t2 of the tradeoff and two
wealeuridained fordlifterenifrealivatignsanfdamctbr dé ekpedierhreturns.he

tabl e such that tl <x.<42 and dl <y: <-d2. 20 WO

2004/10.7 50 B3tRGE S0 004 §.RyJandReodk: 8(r, d)

We can, for example, estimate functions 8, Ryp and Rpewn for all possible
combinations of, e.g., 10 values of the tradeoff coefficient t with 10 values of the
standard deviation of error d using Monte Carlo simulations. The results of the
study can be, e.g., summarized in tables. Tables 1-3 below demonstrate some
illustrative tabular results. In order fo calculate, e.g., a function for specific values x
and y of tradeoff and standard deviation we can find values 71 and {2 of the tradeoff
and two values d7 and d2 of the standard deviation in the table such that {1 <x <2

and d1 <y <d2.
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Table 3: Ry, (4,d)
t 0 0.05 | 0.15 | .25 | .35 | 045 | .55 | 0.65 | 0.75 | 0.85 [ 0.95 1
d
0 0 0 0 G 0 ¢ o] o] 0 0 ol 0
0.1 4} 0.0024(0.0400]0.0424 10.0393]0.0255|0.0249]0.0229|0.02740.0442| 6.0225]0.2011
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0.3 0 0.0029(0.029310.0285(0.0235(0.017710.0185|0.0200{0.0147[0.0297 [0.06534 0. 1428
0.6 0 0.00270.0255]0.026210.021210.0154}0.0139]0.0185{0.0289)0.0361 [£.1261]0,1693
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.0 147 0.0297,0.0639 0.1428 0.6 0 0.0027 0.0255
am ontiszel pogiplio hofay tseipmblEB6l)0, HOWEWE conSINPUEES iradeoff

169:3 11.7.0 0.0 9.0.0224 0.0
e §eR AP ORIBYAS Hoashse 1 166 EYOIrRIe boRag on gogfolio
%ko 0025 0.0131 0.0181 0.0135 0.0166 0.0085 00135
0189 0.0197 0.0774 0.1265 0.9 0 0.0024 0.0073

0.0400 00802 1 8 0/8520 B obab dedbee 0. ooee - 9
2004/ 75550 PR POR 7 Portgho e i, gfif sove

thebr&&hi dence Region: For a given risk aversion
paramster and a standard deviation d, we can find an
opti mal portfokii=odhr for tohex probleffrh(l) Now, we can (14)
conpute a tradeof f SeHeffi€ient 4 corresponding to h*

and fol | owi_n r on portfolio

sk 08 ﬁ”‘hﬁo Wiog, yﬁﬁ%ﬂ%ei‘ﬁé’ CQR%P?#Q d)). (13) In

or der to set up a | ower bound on portfolio's expect ed
return, we can sakVe:athie (proplaAM h' = Arg max a"h. (15)
(14) Ilhe@Rish(h)==Rish(h )*(I-1tQ,, (I.d))) Using
this solution, we can set up a constraint:

aTh>-a' h' *(1- S(t d). (15)
Combutation of Sharpe 2atio In Some Preferred Embodiments:

COO0OO0O0O00O00OO0

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
goodness. Preferably, the systemn can provide an ex-ante maximization based on
expected return and expected 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 form 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 multiplied by some coefficients over all portfolios h from a
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10 Conputation of Sharpe Ratio In Sone Preferred
Enbodi nents: In sone preferred enbodi nents, an

wo@piosaisoer i s provided that can provide an PCT/US2004/004717

optim zation of a portfolio of assets based on Sharpe
Rati o as a nmeasure of 15 goodness. Preferably, the
system can provi de an ex-ante maxi m zation based on

s&p@gﬁq%at wfmeaggt BHRRGHEmpbsHt om%@hf&.'a?n mer el y

usi n In an ex-post | ooki ng

bac kmmthe@gbmé@ﬂbt@mﬂthI pokMoprovi de a forward
| ooki ng optim zati on based on the Sharpe Ratio. Thus,

in soRE»‘ké’ﬁbdl@ﬁ vasianse of rethwe ofitiney tmal |portf0d10l(mnaﬂdll® fifferancé
portfol 0 O zat| on can be provi ded _base

t he Wﬁa& m Pefifole apga bgﬁglprﬂgrkmfglo jdLlwded by thg basis of
Def i h o) gnd Assunptions: In preferred enbodi nents,

the s arof objective function is a maxi numof a sum

of t h?C{H)'— kiR M ab B Bostet framitdRthiiide S@HEnt g)aﬁfd‘nb%ts MeSfinal
over all portfolios h froma 22 WO 2004/075020

PCT/ Uszf6it, 004717 set Q (this set is defined by
constraints inposed on the portfolio): a(h)- the

expecl@xCesthir ﬁ“ebﬂ‘)tfﬂtl s labiay afﬁﬁ)’ r’ﬂtanéltlpb intgiheding portfloh@,

vari a rtfoll

o't 1 cPeraiesthEs fedeRpeS foriglalslHsgmapcBhpnatraints and for
bench@gﬁgné)q&%}l Ibﬁ’ téilhw"‘:gg%@ by the basis of 5 the

portfollo; he transacti on cost of transition

of t herefatabigih tRobtireAligortfdioGeldefon brdlem,Res IdoRfbr0s portfolio
TaxCost(h) - the total tax liability after transition

that ohaximeizés exalectsorrefush with reltivedy towes(ings of Rible TC, TaxCost and
en a]Itles for vi oI ation of sone soft constraints and

altiey PR dfiat s597d- i ARl POHG-FasFiipeng Agfiese o and negative

E&e%&%lﬁglb\éfor% O EH%B ?&é‘u‘ ggk/\{e?g% %rgljb % é?el ef}:}%glé gﬁto one term,
AP OwE @En el 1 FaYjudied rét@r'nat | W YerhpMREHRS Bial Pétﬁllﬁ afler

TC, TaxCost and Penalties. In that regard, we set
puzivniivgfa ed ekire ermanseef oYW @anadethoteeg adéflicient before a l‘ISk term
by -y, where vy is a risk aversion parameter. This parameter can establishe a
trade-off between risk and return of a potential investment portfolio.

In some preferred embodiments, an alternative objective function could be the

maximization of the reward-to-variability ratio S of a potential investment portfolio h e

Q.

Alh
S(h) = ﬁ
This ratio is known as the Sharpe ratio or Sharpe's measure. In this case,
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
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coefficients before all other terms. W can group all
ternms but risk into one term 15 A(h), we can call it

w0 a@pestoed return.” This termrepresents a t ot BCT/US1004/004717
after accounting for all extra expenses. W can
denote a coefficient before a risk term by -y, where
y is arisk aversion paraneter. This paraneter can

ESUEELY, %P%oﬁfohb basis-Hbhe Qﬁb%ﬁ'f‘dlbid@'@l@i@gy Bfﬁtl tHe 'SR rp@ ratio.

potential investment portfolio, I'n some preferre

enbodj;nent i .
embodij Zoﬂ:r;ggﬁmgﬁhzg%fﬂgﬁﬁgﬁt@qh%Q:tnﬁéfﬁréféﬂ‘éﬁ E?ﬁ% g.%&ts

rati oln?prefer@dwmmfdlmahts | ooy erseixiTeing SP astdael ofs. h Axcofdingly, we get
S( h) A(h) eg% This ratio is known as the
gH&f géuaratro@ ab theshigk rethe desgminador. In this case, Ri sk

is the variance of, L%rn of the final portfolio,
vari aEES e FSEos A7 W 1, BieBs wits ynsb ApeogEraiREn IniBat regard,

I [
W R0eE Bhi i P0e bAFOE o1 Bl e Bl T ALt inizes s
libepsthaad anskeatjupasi ve function, the Rsk 23 WO

2004/ 075020 PCT/ US2004/ 004717 is divided by portfolio

basi sAB, oNgorthoufiddhBoudds:i de Ri sk by B in the Sharpe
ratio. Il. Finding the Sharpe Ratio in Sonme Preferred
Emoodhnn‘%ﬂ%%pref%reﬁrw@q”@ant«smaigﬁﬁmfmwm|wa@ sdn

PR3t e fhodimenfs e bld i & Hhas Sulsidhily %%L*?E%w'aa'e
A2 with, Itﬁn@b%sm%nuﬂoﬂeﬁ%rwB%uémtméw EA(KJ)at

regard, we find | ower and an upper boun
such that SetwadpeeBaindAs AfHat maxim zes S, lies
bet ween t hese bounds. A Al gorithm Find Bounds: 10 In
sone pr ef e'?rﬁ‘rtéQWéfﬁmmdn‘ezﬁf/’s)/ ;an al gorithm find bounds
IS used. ef er ments, the algorithm can
i ncl ude® s f\&?/[/ (%HJ?‘M’I owing: o Find an
optimal  sof s r;}w* for the problem max (h E Q A(h);
(r) Set Upper und = A(h*);

e Find an optimal solution h" for the problem:

maXgm « q, Ath) == LowerBoundyRisk(h);

o Set 82 =A(h)/sqri(Risk(h");

o [ (S2<S1) flag = 0;

e while (flag) {
LowerBound /= 2.0;
S71=82;
= Find an optimal solution h” for the problem:

maXp « q, At) == LowerBoundyRiSk(h);

= Set S2 = A(h)/sqri(Risk(h));
» If(S2<S1)flag = 0;
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(r) Set LowerBound = A(h )/2; 15 o Set SI = A(h
)/ sgrt(Risk(h )); Set flag= 1; Find an opti nal

w@odup7eeo h* for the problem rrax(h e Q A(h)PCHUS2004/004717

Lower Bound) Ri sk(h); o Set S2 = A(h )/sgrl (R sk(h ));
20 If (S2<S1) flag = O; vvhile (flag) { (r) LowerBound
[=2.0; (r) Sl 82 Find an optimal solution h* for

t he probl em h) *

Lower Bound) R sk( h) 5¢ LopeBo L@QA(Lhwﬁr[g%ﬂd( B%5K(h*)) -

ME (RKR<gl) flag = 0; 24 WO 2004/ 075020

PCT/ US2004/ 004717 ™ el se Upper Bound = Lower Bound* 2. 0O;

. lln nmst cassssBing diné a@ower@g@tﬁbmewalsgtyeietnmﬁ (weaspiogeam)
tgn LP (linear Thi

TG i EROVAT BT RS BRSPS ED S %UﬁeerBound
8el;o|weg\3§5| Sugpg a5 oﬂ%fb%ﬁigpveﬁ r W}@ ?gﬁr{evae!sé(t of litiks I1, Iﬁ q o/

|nks 0 represen

r%g?&teﬁt A a‘PrHQ‘P@até“a%ﬁ‘ede‘-W@éﬂlné&\(&%m&m&ﬂAé\%rﬁﬁé AE hﬁhere Iy =
where 11 LowerBound and I* Upper Bound. W 'set

ILov;férB@uhd aqdl /,+= bhpérBourd.erieisekl.n=1,(1ang fomevery i £ p-11 and I, <
(I + b), and the n should be chosen to satisfy these

leofitii-ti).cansl thegrshaulgi hesshoses e satisdy bese pormqn,s ( Toragjven

SRRt VAR A dinabhretgine £ 4° B atnPe L "L°0. dbo,

then error in the appr § |n?g@ig[j.of A2 is at nost
1.0002 and the final err()gr n S |)s at nost 1.0001. In

If, as merely one illustrative example, e = 0.0002, then error in the
approximation of A? is at most 7.0002 and the final error in S is at most 7.0007. In
preferred embodiments, the value of e is a user-selected variable, which can be
selecled, e.g., via a computer input device.

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

B. Algorithm Find Sharpe Ratio:

Iin some preferred embodiments, an algorithm find Sharpe Ratio is provided.
In preferred embodiments, the algorithm can include substantially the following:
e SetlasiS=0;
¢ while(S - LastS > 0.001) {
= Find an optimal solution h’ for a problem:
X =maxp < [A2(h) - S*S*Risk(h)];
= SetlastS=S;
= Set S = sqrt(S*S + X/Risk(h’))
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preferred enbodi nents, the value of e is a
user-sel ected variable, which can be selected, e.g.,

wo 2@4@a7menput er i nput device. Now, we are readyCT/USiormd)4717

the maxi num Sharpe ratio S. W set an initial 15

value of S to the value of S1 fromthe previous

algorithm B. Algorithm Find Sharpe Ratio: In sone

pr ef ery e pReTeRed BRBbEIMeHts, B&AGbAM éutﬁskséharp%aﬁ%rhe ofa

is provided. In preferred enbodi nents, the algorithm
Si?larpenladaiuds apdiEspatiolicah | tyattdvhidves Itmsvrat@ (rr prefeted.erab&iments,
= 0; 20 while(S - LastS > 0.001) { ~ Find an opti mal
lofieqrpase ﬁﬂowewtaaorpmsr @Rimization iggiarieddn eyery Ag(aiipn from the

x o h)l:.Set lastS = S £ S = sqrt(SS
%@Péﬁ?ﬁi& "}’]dbﬁ%ﬁe‘i in e\?ﬁ"%ﬁd’g@@zo PC?’? L0004/ 004717

In ”r:ﬁ preferred errbo al o out _uts an
opti V38 ts:

Qrvergence
t hat  pGhL 8¥Eve Elgbﬁthﬁf""tﬂha bo%rﬁ'dep'r \%% Jrﬁﬁrtr?ﬁ{%%d}}? r%g'srble value of

to decrease a conput at mza
atijasteadetuin.eVvialie plefdradd é)ﬁbcﬁdu‘h@hishﬁ/e o‘éﬁFéa@@"rhéQ&hHétb@ Weturn by
obtained in the previous iteration. 5 . Convergence
tefctarind twe eheach ﬂem hethPratdagithred lErtbeorefermdectembndm’merts the
abov. aI gorrthm 'find bounds,” we start w th maxi num

pissEihm ierpinales when higjhest walus ef & ﬁharnerR@thve that eprsesramds to the

n he a
?rg %Eﬁl\g\% u%g r%@'ﬁ %Iovyer g%ﬁrre%ﬁptre %t fthﬁeorevrous
ﬁér%fr@rﬁ r eld res edsae mesmahhﬁm;oal@e Qf-’éhér%@%a%)% Bati&ved with
when the best val ue of Sharpe Ratio
adjusiesipotuds bétweehehe mmh&nm abieged refuri Bed adtaliof 8 maximum.
return, is |ower then the Sharpe Ratio at the previous
ﬁ@JéﬁT@ﬂW@WmIn nost cases, the maxi num val ue of Sharpe

Rat | 9 Itrsre aFgorrﬁwm Qfm\g‘ éharpe Ratio," at each iteration we update our guess of
the maximum Sharpe Ratio value S. We denote by S, hjand X; the values of S, h’

and X correspondingly that were obtained in ith iteration of the algorithm. Since X;
is a maximum of the optimization problem in the iteration i for every portfolio h, we

have
A*(h)— S} Risk(h) < X . €]
If we put an optimal portfolio h;.s from iteration i+17 into inequality (1), we get

IXURIDED ¢

Risk(h,,) ' Risk(h,,) *

Now, in the iteration i+7 we have:
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adj usted return between the maxi num adj usted return
and a half of the maxi num adjusted return. 15 In the

w@bk@aniiokon "fi nd Sharpe Ratio," at each iterat PONUBE04/004717

update our guess of, , the, I yyum Shar pe Ratio val ue S.
Ve denote by Si, ;(haﬁd%(‘?a{xﬁg}x‘a wes of S, h* and X ©
correspondingly that were obtained in ith iteration of

the aphg@rdthm Since X; is a nmaximumof the
optim zation problemin the iteration i for every

portfolio h, we have A° (h) - S "Risk(h) <X',. (1)
20 If we put an optimal portfolio h;+1 fromiteration
i +1 into Inequalidy_(%), wE get A2 (1zl1) :!~ S2 + (2)

R sk(h, + ) Risk(F= Y Nowriyl the iteration i+l we 4
have: 26 WD 2004/ 075020 PCTS US2004/ 004717 A2 (h,+,) -
S +,Risk(h,+,) = X+ (3) Were z z + X, 5, =S
Ri sk(h,) (4) Now, we substitute (4) into (3) and get:
A2 ( hNew) weSabstityte t4Mnte, (3f 8nd g&i sk(h, +,) Ri sk(h,)
Risk(h,+, ) 5 Finally, taking (2) and (5) together we
get: X, < X A(KHF, 26+) Rislit(h,A)'HlRifk(h,t ) Fromthe
| ast i nequal i, We ton f, 01 owi ng properties
of the al gor%e{sﬁ(h“\ﬁeFor Eéll\é;e ? ijtéllglg(g‘f‘?on i of the
algorithm we have Xi >_ X +,. 10 For every iteration
i of the algorithm we have Risk(hi) > Risk(h;+1).
Finally, taking (2) and (5) together we get: '

i

X SX’_XM- (6)
Risk(h) Risk(h,)

From the last inequality, we conclude the following properties of the algorithm:
o For every iteration / of the algorithm, we have X; > Xj..
o For every iteration j of the algorithm, we have Risk(h;) > Risk(hj.1).
e If X;/2 < Xjuy, then Risk(h)) 12 > Risk(hj.1).

These properties illustrate that the algorithm converges at an exponential rate

to the optimal value of Sharpe Ratio.

Multi-portifolio Optimization In Some Preferred Embodiments:

In some preferred embodiments of the invention, the optimization system can
address situations in which, for example, a portfolio manager manages portfolios for
many clients, wherein the clients have different portfolios of assets. In the preferred
embodiments, the system is adapted 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 X /2 < X +9, then Risk(h;) /2 > Risk(h;+1). These

properties illustrate that the al gorithm converges at
wa@poognporenti al rate to the optinmal val ue of BUHURM04/004717

Ratio. 15 Multi-portfolio Optim zation In Sone

Pref erred Enbodi nents: In sone preferred enbodi nents

of the invention, the optimzation systemcan address

Sfrdru ey QB oftBn Yiyaive leBfnforaszkb withiR @fdif RirfQioganager

manages portfolios for many clients, wherein the

cl i ent sommaveefeiret emdotinpants,fibé spstemf peafosas sptirhizatibreon a

preferred enbodiments, the systemis adapted to be

ubilier ppindiideh hass paichfas €8s oBrimnageargiedpacepeal kasis) and

rat her thap onl mal |. scal e (sych as, e. g , :

SRR e T otate e B gp oD ks aRbs. cprign

e W=t | V]

é%ﬁ%ﬁﬁeﬁ%%arn, Q?éé%ﬂg éBPt(l)rﬂlzle%cg\ﬁd§9@c@o%t%§g§}echﬁa al'%ggregate.

eac ndi vi dua nmake certain

BaHVOroa dptimiPitioabihg, syslei €arl §eharhduabulRaOUBihg oFBMized

27 WD 2004/ 075020 PCT/ US2004/ 004717 differ, they

mrifbliosafaress meljiplesaceowdsrrordacisg petentialiiansadtioinrcosts, reducing
ortfolios. In sone preferred enbodi nents, the system

tE@rfnespﬁ%cyo@‘tr?W&e&ttr s@Rdr PEqMding pthsF bengfitsi dual

basis (such as, e.g., on an account-by-account basis)

and ,evalu Whi C I .also satisfiy

rrulti"—port Tinjtlehs o.fﬁ ,t' tain 5 enbodi nents

can, 1§s@atdAl byimRBRlbITEBISMMN sHntiainpaGiF MR ifivolves

subject to an aggregate. Based on this optim zation,

mbenssisd arcedain appsutivafunctiers (i(h)sover aV pditiotoo tfrom a echstraint set

5ortfol i os across nultiple accounts -- reducing

dhatrs Pefinad- henstrpips iswesed on dwRueeriglio. imeuti-eeifelcy
of. requi red  trades and/ or provi.di ng other. benefits. 1 .
gl B oiRE o e RS BT G ool B = K here i
Cmizatd on of . _ s Cvo | _
SEDELARI RN APhT I B SRR AR S ROL DL pprcc
DOJ /i, dHo0R! datisfyentéhsaains s&tad Rdr ih€total @otthaib. i s def i ned

by constrai nt s i nposed on the portfolio. In o
Wel deinotsoby hiSTi =7, 0pKi arperifolie that wmaxivaizes valpe of theldbisstive
such that for evepy portfolio hk, k=1,...,K there i ,
RECHRN Sopurdt g L H i oMeQH PROo FRreeis ey Snithe ilowing
di t.i ; al. | y=' Shoul d,
PO e anch Aok @iy P3h bR st B Thotfa g e suen
that Zy=1 xhx € Q and for every portfolio h, we have hye Qi and value of Qi(hy) is
close to the optimal value Qu(h°"). In preferred embodiments, two different

measures of distance between Qx(hy) and Qy(h°"") may be used:
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We denote by hkopt, k=1,...,K, a portfolio that
maxi m zes val ue of the objective function SOk such

wao bai/odoept E k. Many portfoli o managers have, PET/S2004/004717

the followng nulti-portfolio optimzation problem
find an optimal set of /K portfolios hl..,hf, such 00
that EKk_1,xhk E Q and for every portfolio hk we have
hkE @k and value of Qk(hk) is <close to the optinal
value ¢ k(hkoPt). In preferred enbodi nents, two

di fferent relaibeunesswe: dirseecealugadfneen 1k(hjc) and c
k(hk(r)pt) may be used: 28 WD 2004/ 075020

PCT/ US2004/ 004717 relative measure: mnimnze val ue

of Q (17,0p') - Qhk SUEx{hidH2Y%) absol ute neasure:

m ni mize value of Ok (hk ) %%k (hk. ). 5 In cases
where a portfolio manager desires to nmake val ue of the
obj ective function of each portfolio to be close to

its maxi mum val.ues in percents @Ee rel ative measure
can be Usé _soi{ftggpﬁ%ﬁqr dP{imicg Valie At where a portfolio
manager desires to nmake these values to be close in
dollars, the absolute nmeasure gap, be used. 10 I1.
Algorithmfor Multi-Portfolio Optimzation: In sone
preferred enbodi nents, an al gorithmfor

multi-portfolio optim zation can include

subst lamasas Mpetehe pbibioli@wiangger desie$ to sinkpralfieof 8@ cjefive
f the algorith we find an optimal portfolio hkoptE

%pc{lqrgm?%ﬁgc%eqpéﬁféﬂq tp ’bed:io_sg’tg ’it§ ’n%agimuqnn/%gl%é@ Bagents, the relative
E%?égrrg;c%?m%t I?S%dgfe @th%aﬁ\'/&? il tcgsrgs v\\/Aﬁerglasgc;r%? l%l r%gnager desires to

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

1. Algorithm for Multi-Portfolio Optimization:

In some preferred embodiments, an algorithm for multi-porifolio optimization
can include substantially the following:

In a first preferred step of the algorithm, we find an optimal portfolio h,%" e Q
for every k, k=1,...,KK.

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

cases:
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29 WD 2004/ 075020 PCT/ US2004/ 004717 relative

measure: maxi m ze val ue of scal ar variable x under the
wo odosoniongy constraints R(hk) Q (h01")*x, VKE{1PCT/US}P4/004717

Ik E X, VK EY_hk EQ k-1 absolute neasure:

m nimze value of scalar variable y under the 5

follow ng constraints S2k(Izk)+Y S2k(h'"'),

VKE{1,...,K}, hk. E X, W E{1,...,K}, hk EQ k-1

For the relative neasure case, we assune that the

val ue of S2kqtheapaswre: pasirtize ealud\beswldrivariable agaidey the

we mnimze value of the variable x instead of

naxi m zat i felewing cpnstraittt i mal  Sol uti on and Sol vi ng

Time: The optinmal set of portfolios hl, ...,hK , which

i s conputed by Q,be) at gOr@l' v, e, &% ni m zes the

val ue of the maxjmmnrel gjve @Vcqugqggyte di stance of

the val ue of t?ﬁ function K2k(hk) fromthe val ue

S2rc(hk(r)pt), where® maxifrumis taken over all

portfolios hl,...,hK This set also satisfies the

constraint on the total portfolio 15 rk=I, Khk.

Ther ef ore,akgedutedneasusn: Bimige vakietdi scgaoyariables under the

required b% Cportfol i,0. ranager s in multi-portfolio

opti mi zat i QIPWIG CORIAN St er red enmbodi nents, the time

needed to solve the first step in the algorithmis

subst anti al | y @fultryts €he’Di nétof.-£Khdi ng t he opti mal

solution for alln portfolpos MKrek=l1k},.., K This is to

be sol ved even \g,{ hout addi ti onal constraint on the 20

total portfolioiFn the sécond step, one nore

optim zation problemis to be sol ved.

For the relative measure case, we assume that the value of Qx(h, ") is
positive. Where it is negative, we minimize value of the variable x instead of
maximization.

1. Opiimal 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 absolute distance of the
value of the function Qu(hy) from the value ("), where maximum is taken over
all portfolios h4,...,hx. This set also satisfies the constraint 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 optimal 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

30



10

15

20

However, this should not take substantially nore tine

than for the solution in the first 30 WO 2004/075020
wWEIMOE04/ 004717 step. In sone enbodi nent s, PEEUSZNG/004717

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

&ft fiRlsomé égs&{nﬁ«.éﬁfé yb%ﬁ%%@“tﬁe E‘S‘Fth%@fhefdaﬁlﬂal solution we have

ate a sol utio or t rel ax
i i sY\step A thésebtintl Solasortfar tHe problent Bk bé@br@ step if the
solution to solve the problemdual to the problemin
¢dnetrsiacoritie $otappastfolichie relexgst. i tlhereforthive cappirsiaalcutdsa dual
speed up finding the optinmal solution in the second

%odléwncfpr thRgelayp embdemh s we qaiﬂ&@@rta@.a%@néﬁwawpﬁ%h'@s
SOOIfJLé[ItOEIn 'SB\(,S% ﬁon eq'?{ %ugﬁgrt]h B%nf) %dtpg% (\?/Jgﬁ ste P the algorithm.

ven i's not
'ﬂ'fl@gﬁﬁrb‘égh %Qf‘?@géé‘ﬂelﬁﬁ ﬁncﬂﬁ*@ﬁfe' db%ﬁwal $Q Ui Bl the sgéﬁnd step of the
I ncl udes any and enbodi nents havi ng nodi fications,
algoritsimons, conblnatlons (e.g., of aspects across
vari ous enbodi ments), adaptatlons and/or alterations

as vvd/MhlJP iBestegsive egibedisaeniy ot the davention haveibeerhdessabes herein,

h?@f R BN PR Bt BTG e yetdsa el e Jg{ﬂar&tgéigscnbed
SC ! thgélﬂdéehﬁ gp%rgd SPeBShiRehtd Ha&r@erqoalﬁcﬁ?&ﬂ brfisions,

Int present speci tron or urlng

ddnehinstBequig., 0T a8pedth acrapp Vadls éMibodiMibsts), @apritiess and/or
are to be construed as non-exclusive. For exanple, in

altesatmns ssrwould @elapstﬁciatect lbcethose inﬁhe@‘eb@eémrwe ipgesent
T o e
Iélle) cé térﬁ&ﬁg&ﬁ lnl iy %l i? gplc? a l{lR‘XIFB% t#%?(%ﬁpfe%rdes@ribed in the

SreB&hiisp@BificAldh dMRAAGthd Fros&dttioh 'omﬁeaé;idﬂaatlo%owﬂ)ch examples
means for" or "step for" is expressly recited; b

arerio bsponsiregd fsinai-exciusice. dopersmple, metbetpwsenadldclwwe the
structure, material or acts that support th

tefp (ieiefrrably} i nesrexciusiverasd. m%nweie@@)yobsm limited to.”

Iﬁg;a-l[]sg 9unc(%|%ﬁ7o%élep plug-f dn‘?'llc%‘ fo‘m&'/aﬁlons 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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1. Anethod for optimzing a porfolio of assets,
conprising: a) inputting portfolio data into an

W@paokoTs0ad i on engi ne, said optim zation 5 engP@BUS2004/004717

havi ng a confidence regi on nodul e; b) having said
opti m zati on engi ne generate optim zation results via
said confidence region nodule and outputting said
VESAT 1S CLMIRIED 1I5:sai d confi dence region nodul e
defi nes a confidence region for a nean-variance
efficient set for a porfolio Po on an efficient
frontier that corresponds to a risk aversion y; and 10
d) refaghdder eptifuEing 6 nasolix gbessets, samarisipgi i zat i on
results. 2. T g neﬁﬂpg ggtclain11. mh?rein t he nggion_ ,
i ncl u@ds al'TPHENS BYHTgLo fata e gnigplimization sRewesraipgptinization
LS ; L LAY R rﬁ&ﬁl et (P) > c*Ret (POpt),
%@béﬁé’?rﬁ?%{uﬁ@d%%gﬁo [ oléc?n the efficient frontier
such that RiewligREid pitimizatiinsdtige gattbratedptimiZditioR rédifts Gia said
are 15 rel ative average devi ati ons of decrease in
eprfidente segiers moduleransioudpiitinggrid restilts ewherain ssid cptiidente
ottfolios¢%£at corrﬁiggnd t.0 %he ri sk aversion. y and
Ferumeftleredngs @ cgpfidence fpgian fof a mean-waiansg ehiciqnt sehor a
r I pel.udi ' ef . ecific 0
Bt fentEon LA OShP Heh oreetpEba E% oy 30EShy ot
const gnts Gepaanding bPBriaE besedon ha dfﬁhﬁ‘ib@ioﬁfreﬁjlt@.' m
1, further including using standard efficient frontier
portfolios, wherein the standard efficient frontier
ortfolios involve portfoljios with mnmaxinmm expected
Pet ur ANEAREIROY Pgainy 4 WasTein the Saiorsmoiges 8 APBRESED such that:

PCT4 4 7 5. T t clajm.l, erein .
PR < B ot BN AT e T SRE o, Whetaon e 2

i i iof 8l &t e i j t.is
P e S R L T Ll e g ofd e are
sdativecavefdgiedeativag bbdedreshd ia ridkf ihaessaircanddrdiengected return
region for a mean-variance efficient set based on the
elrrdimal portialies thet RPIrespond teljhe, riszversier) v and giffeggnt yectors of
Return(x  (1- RD, (t, d))) * (1- 8(t, d)), vy >
F@S‘t"ﬁ?n(x) * (1 - 5(t, d)).

3. The method of claim 2, further including having a user set a specific

confidence level by setting different values for constants Ciow, 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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5 6. Anethod for optimzing a porfolio of assets,
conprising: a) inputting portfolio data into an

Wo@piokioTs0ad i on engi ne, said optim zation engi NECTYES2004004717

a conmpute Sharpe Rati o nodul e that provides an ex-ante
optim zation of a portfolio of assets based on Sharpe

Rati o; 10 b) having said optim zati on engi ne generate

Gpt i niThatrhethot @8 dlalrs 1aWHerePURBH R| 1€ af @ksedft&? HitRe. .ﬁ&gase in
c) rebal ancing a portfolio based on said optim zat i

|" isls R @ is 2N eXhectad rélativeotectdasierin tisk, Wiea &lade@f&b@bfﬁcuent anddis -

rg)rpt a Sha e Ratio nodule 15 conputes a Sharpe
L PRgaty §a'td| C‘r’i’&f'%lﬁﬁ?d%'aﬂ Genduiendeings arconfidencs region for

Wih&s Ry ﬁ%g@ﬁﬁg,%@agﬁb d?’ﬁjt %%gg?tr eturn, the adjusted

return i ecrease steps of the

al gorlthm nd Xmex | ORI L ‘Q term nates when a best

val ue “th orresponds to a current

| evel £ &fd)t’h xa)gy@s@"éif?”ﬁ’éﬂm@bw(? Y ollerd(t.HAn a Sharpe

Rati o at a prevjjouRemtgx)ai(i-of(tany using 2) a find

Sharpe Ratio algorithmin 20 which at iterations a

guess of the maxi mum Sharpe Ratio value S is updated.

. The nmethod of claim7, wherein the conpute Sharpe

ﬁat i 0 An'ﬁébhoé f@u@&im'@ng amoﬁgt@ pkdssets, gempfisiag:Shar pe

Ratio a%[?qﬁtfo fI 5\% rgchlevesthat ratio 25 9.

The hod UTUIHRPRT80 Gfia ?ﬁ”t%’“@‘é’&t'%%g'één?ﬁ!‘ﬂ gapiirpigation
Ei&éﬁ}ﬁ%hgﬂhg@'&% é‘Shér e .\é%c?&ﬁ“ﬁ%?fs es an ex-anfe optimization

S2004/ 004717 rte i n eac era i on

opd pomibolis of assewbaﬁydaurf@%rp@ Ratigy evi ous iteration,
10. The nethod of claim 7, wherein to said comput e

Shar pé) Rat ||’7@Vmgcaaioboptrmmxatmnm1gmelmneeaﬁamdtlmmatlem resits and
a potential investnent portfolio h e Q5

@?tﬂyﬁ'ﬁgﬁeﬁ)resw%ﬁ(’ﬂ) 11. The net hod of cl ai m 10,

b1 ccechi se TG BBRe 0107 st e liFERPh b ng
finding a Iomer and an upper

7. The method of claim 1, wherein said compute a Sharpe Ratio module
computes a Sharpe Ratio using 1) a find bounds algorithm which starts with a
maximuim 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 a
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 optimal value of a Sharpe Ratio and a portfolio that achieves that ratio

9. The method of claim 8, wherein to decrease computation time, optimization is
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bounds on A, such that a value of A that nmaxi m zes S,
| i es between these bounds. 10 12. A nethod for

wordowio7yper t f ol i 0 optim zation, conprising: a) POPUB1004QP4717

mul ti-portfolio data into an optim zation engine, said
optim zation engine having a nulti-portfolio
optim zati on nodul e; b) having said optim zation

. | . . .
e e e S RO T GA ) ORAeh pRraKleR 3 eyigys goraton.
said results, wherein said nulti-portfolio
optim zati on nodul e perforns an al gorithmfor
Al t i -lhermetbbt of clapm i7mvbareirote safthtontute ShaspeaRattpinotale
set . of rfolios hl,...,h", that mnimzes a value of
MaxiRizas e enard-iRrebinaBiu B of @ retestiaHpeesimentiorfaliale < Q
of a function k(hk) froma value k(hkQt), where
maxi mumis taken over all portE lios hj,...,hK, and 20
wherein the set al so saf{8Ei-es onstraint on a total
portfolio Ek_1,Khk; and c) v&fdfhncing a portfolio
based on said optim zation results. 34 WO 2004/075020
PCT/ US2004/ 004717 13. The met hod of claim 12, wherein

id [t - ' . . th teps of : i) .. .
s T 0 b bR T g LB Bfoof b
KiecaMlsé linear Gppidxitaation) bAd fR@eMRRILAINYTIRARES fowdt and an upper
relative neasure: naxim ze val ue of Scalar vari abPe X
badeds erhd, sishftbhl awelng of Anthat maritszeas, $ Hies betvieen thesé bounds.
X, VKE{1,...,K}, h,. EQ., dk E{1,..., K Y_h, E
Q k=1 b) absolute neasure: mnimze value of scal ar

311201 B 8Ehys S A OB ° ()
K}, 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,..., Ny, that minimizes &
value of a maximum relative or absolute distance of the value of a function Qy(hy)
from a value Qx(h°), where maximum is taken over all portfolios hy,...,hk, and
wherein the set also satisfies a constraint on a total portfolio Zk=1,khi; and

c) rebalancing a portfolio based on said optimization results.
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h, EQ k-. 14. The nmethod of claim 13, wherein an
optimal solution for the first step is the optinal

wael7eo f or the second step when the constr aP@rt/USIV04/004717

the porfolio is relaxed, 10 and further including
first calculating a dual solution for a rel axed
probl em and then using that solution as initia

ﬁ§a5| bhe sahyd bPé\afr@@%Ne%ﬁt'%%ldWth Crﬁﬁ‘t‘fétfé%o&ﬁe %)Qﬁorms the

problem in the second step. uter sys

bieps g aimdimt ambﬁmﬁalfpmfmxptnk?ﬁf i mgoraetveheast-1ona< and ii)
portfolio of 15 assets, conprising: a) a confidence
distingishong beiwesniten casefil e that defines a confl dence
region for a _ nmean-variance effi CI ent set fo

porfdtio SRIAAYF BepsWieeREXIMighYalde Of 343l V@GPP'@Q@‘W theo

a ri S%Ilﬁﬂxﬁé%bﬂétralnt)s a Sharpe Ratio optim zati on nodul e
hat provides an ex- ante 20 optim zation of a

portfollo of@§ *Qn@tgape xRatio; and 35 WO

2004/ 075020 P 32004 4717 lti-porfolio
optim zation rmdul t hat* corrp aI}t >opti mal set of
porfolios hi, th, hK, th& mininzes a value of a

maxi mum rel ative or absolute distance of the val ue of
a function S2k(hk) froma value )k(hkPt), where

maxi npim i sabsakienmeusureaminimizetviel ddschidr variabie<y uadt the
wherein the set also 5 satisfies a constraint on a

t ot al fopwing ePnejramisl, Khk 16. A met hod of optinm zing at
| east one portfolio of assets via a conputer system
conpri si ng: sa)(hpthQVDdlgalgh“a) ceyml{tt Q[K}syst em havi ng an
optim zation er,tlgl ne,.in { }) a confidence
region optinmz ti on mod e that i'nes a confidence
region for a re&n-vdriarke eff|C| ent set for a
porfolio on an efficient frontier that corresponds to
a risk aversion, ii) a Sharpe Ratio optim zation

bdul dhetaathed obtldiss 1 dwheteinmneptimal 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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optim zation of a portfolio of assets based on Sharpe
Ratio, 15 iii) a multi-porfolio optimzation nodule

w0 bat/ozoeput es an optimal set of porfolios h1PCT/USIE4/004717

that mnimzes a value of a maxi numrel ative or
absol ute di stance of the value of a function S2k(hk)
froma value Q(1710Pt), where maxi numis taken over

A Rt Al fdtronio ontMizafinod18 ek Bk BRIl Gy set of

satisfies a co raln onato port

20 b)porfamed k4, NOn,p Hidt nithinfizedad PailidbPa ftixin @RtrbBlived) éﬁbolute
engi ne; c) havi ng said optim zati on engi ne generate

opt i ristandeoof thesalueof aifanciibn (@npirorreevatie Safhd™™), where
confi dence r,egl on optim zation nodul e, said Sharpe
Rati ANBHITYE Fakeandy et DPoliet s ai fite A0 tHheprin thepsat @lso

por R Fisrhedr BT oadiouboBUEE P ok asul 15 25 36

16. A method of optimizing at least one portfolio of assets via a computer system,
comprising:
a) providing a computer system having an optimization engine, including

i) 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,

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

i) 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
Qi (EPY), where maximum is taken over all portfolios hy, ..., hk, and
wherein the set also salisfies a constraint on a total porifolio Zj=1 xhy.;

b) inputting portfolio data into said optimization engine;

c) having said optimization engine generate optimization results via at
least one of said confidence region optimization module, said Sharpe Ratio
optimization module and said multi-portfolio optimization module; and

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