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BACKGROUND OF THE INVENTION

Field of the Invention:

[0002] The present invention relates to methods and systems for optimization
of a plurality of portfolios made up of tangible or intangible assets. More specifically,
the present invention relates to methods and systems for optimization of multiple

portfolios while applying portfolio constraints.

Discussion of the Background:

[0003] Managers of assets, such as portfolios of stocks and/or other assets,
often 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.

[0004] Following the seminal work of Harry Markowitz in 1952, mean-

variance optimization has been a common tool for portfolio selection. A mean-



usi ng known portfolio managenent techni ques. [0004]
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[0006] According to modern portfolio theory, for any portfolio of assets (such
as, e.g., stocks and/or other assets) there is an efficient frontier, which represents
variously weighted combinations of the portfolio's assets that yield the maximum
possible expected return at any given level of portfolio risk.
[0007] In addition, a ratio of return to volatility that can be useful in comparing
two portfolios in terms of risk-adjusted return is the Sharpe Ratio. This ratio was
developed by Nobel Laureate William Sharpe. Typically, a higher Sharpe Ratio
value is preferred. A high Sharpe ratio implies that a portfolio or asset (e.g., stock) is

achieving good returns for each unit of risk. The Sharpe Ratio can be used to

compare different assets or different portfolios. Often, it has been calculated by first
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CAPM helps measure portfolio risk and the return an investor can expect for taking
that risk.

[0009] Portfolio optimization often involves the process of analyzing a portfolio
and managing the assets within it. Typically, this is done to obtain the highest return
given a particular level of risk. Portfolio optimization can be conducted on a regular,
periodic basis, e.g., monthly, quarterly, semi-annually or annually. Likewise, one can
rebalance portfolios, which is accomplished ultimately by changing the composition
of the assets in a portfolio, as often as is desired or necessary. Since one is not

required to rebalance a portfolio each time one optimizes, one can optimize as

frequently as desired. In considering rebalancing decisions, one typically also



that risk. [0009] Portfolio optimzation often
i nvol ves the process of analyzing a portfolio and
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optimization in a single pass, taking into account simultaneously all of the constraints
and parameters. In that version, characteristics related to the trading of a particular
security could be constrained or introduced. In addition, a full range of portfolio
characteristics could have been specified, including, for example, constraints on
leverage, turnover, and long versus short positions. Furthermore, constraints may be
applied to an entire portfolio or to its long or short sides individually. Furthermore,
the prior version of ITGOpt® avoided misleading heuristics by combining a branch-
and-bound algorithm with objective scoring of potential solutions, thus reducing the
size of the problem without damaging the integrity of the outcome.

[0012] Additionally, the prior ITGOpt® optimizer could accurately model

and analyze implications associated with the tax code. For example, integer
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cost to trade is to use a mathematical model, such as ITG's ACE® (see U.S. Patent
Application Serial No. 10/166,719, entitled “System and method for estimating and
optimizing transaction costs,” the entire contents of which are incorporated herein by
reference).

[0015] The constraints placed on the quantity of shares traded or expected
costs are reasonably effective when applied to the management of a single portfolio.
However, many portfolio managers oversee multiple portfolios that might have
overlapping holdings. The rebalancing of multiple portfolios can cause a problem in
that the one stock found in more than one portfolio may want to be traded in more

than one portfolio. For example, portfolios A and B can both contain the same share
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and expected returns of optim zation scenarios. [0014]
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[0017] Additionally, the prior ITGOpt® optimizer was equipped to
handle many funds and many users. The prior ITGOpt® optimizer included muiti-
user, client-server relational database management technology having the
infrastructure to accommodate the demands of many simuitaneous users and a large
volume of transactions.

[0018] Additionally, the prior ITGOpt® optimizer integrated neatly with
trade-order management and accounting systems. Because the prior ITGOpt®
optimizer was built on relational database management technology it was easily
linked with other databases. The prior ITGOpt® optimizer could also generate trade

lists for execution by proprietary TOM systems. Moreover, the prior ITGOpt®

optimizer design allowed for extensive customization of reports to fit a companies’
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[0022] In an embodiment of the invention, a method is provided for optimizing
a plurality of portfolios. Each portfolio includes one or more shares of one or more
tradable assets. The method includes receiving asset data defining a plurality of
portfolios; receiving one or more individual portfolio optimization parameters
corresponding to the plurality of portfolios; receiving one or more global optimization
parameters; for each portfolio, optimizing the asset data based on the corresponding
individual optimization parameters; aggregating the optimized asset data to create
aggregate optimized asset data; determining if the aggregate optimized asset data
satisfies the‘global optimization parameters; and only if the global optimization
parameters are satisfied, outputting the optimized asset data.

[0023] In another embodiment of the invention, a computer-readable storage

medium is provided that has computer executable program code stored therein for



significant need in the art for systens and processes
that inprove upon the above and/or other systens and
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optimizatinp Parametrrssfor @ashwaartolia aptimizing the@ssehgata based on the
plurality of portfolios; receiving one or nore
correspafidingl indivigoak dptimigatipn iparameless; gggrageting the optimized asset
corresponding to the plurality of portfolios;

data toasteate aggrenateddptivalzedgisseddatzp ideternaihingrif thay aggregates
for each portfolio, optimzing the asset data based on
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aggregating the optimnized asset data to create
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optim zed asset data. [0023] |In another enbodi nent of
perforrpiagiaptistization oha ebirplityeal_paskealins of assetagd hawystaminay include

provi ded that has conputer executable program code
a cliest interthdeheordiguréd to paceaive assetalapd defihingya piurplity tdf glortfalios, to
by perform ng the follow ng operations: receiving
receive one or more individual portfolio optimization parameters corresponding to
one or more of a plurality of portfolios, to receive one or more global optimization
parameters, to optimize each portfolio of a plurality of portfolios using said asset data
and a corresponding one or more of the individual optimization parameters, to
aggregate the optimized asset data to create aggregate optimized asset data; to
determine if the aggregate optimized asset data satisfies the one or more global
optimization parameters; and only if the one or more global optimization parameters
is satisfied, to output the optimized asset data.
[0025] The above and/or other aspects, features and/or advantages of various
embodiments will be further appreciated in view of the following description in
conjunction with the accompanying figures. Various embodiments can include or

exclude different aspects, features, or advantages where applicable. In addition,

various embodiments can combine one or more aspects, features, or advantages
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things, implement process steps in various embodiments of the invention;

[0031] FIG. 5 is a schematic diagram illustrating database management
structure according to some embodiments;

[0032] FIG. 6 is an illustrative graph of return (e.g., in millions of dollars)
verses risk {e.g., in millions of dollars) for, e.g., finding an optimal portfolio;

[0033] FIG. 7 is an illustrative graph of return (e.g., in millions of dollars)
verses risk (e.g., in millions of dollars) showing, e.g., a set of mean-variance points
that deviate from the mean-variance efficient frontier according to some illustrative
embodiments of the invention;

| [0034] FIG. 8 is flow diagram illustrating the process of optimization of multiple

portfolios; and
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vari ous enbodi nents can conbi ne one or nore_aspects,
[0035] eat ur Eig. S0is aftwdizareswiiestsating thecagiustingratconstraints during
descriptions of the aspects, features, or advantages

subsélfue"htP@!ﬁdsﬁéﬂrﬁﬁlt@l@pdﬂf@hbtopﬁmmmmot be construed as
1 mting any other enbodi ment of the clained

[OOSGJ(EV‘Ent ngﬂ; 035'3%0\?%%?5%”"@&%5 tife Q@B\%&'@ﬁobﬂ@@ﬁitlon of

e acc anyi ng es are provi ded by way of

o TG SRR R e
71 _FI G
00502l S e L T bR B0 8o

FIG 2 is another flow diagramillustrating a process
applyaicioaldiongtraints and objecdivesdnExasipleHe i nvention; [0029]
FIG 3 illustrates conputer(s) that can be used to,

[00383"0ONg Fidier st cigsrt iliustrating at comparison of sheses tracedi ressiting
enbodi ments of the invention; [0030] FIG 4

from bﬂ)ﬂlﬁ’l%'ﬁ@ﬁ‘?ﬁetﬁ%’@%ﬂ a@i?b%boh@t@ém?@@n@@b}é%ﬂdeé fh Example 1.

anong ot her things, inplénent process steps in various

[00393?22%?‘?3_2 1? § gar é‘?ngﬁ Fu Elh % cclrﬁg%ﬂ%ar{s: {)eﬁo tﬁgizgﬁérr\] methods that
r i
allowicsO%ng Prd SHPH S6BLHS P%'ﬁfﬁé}(ﬁ?h '”[99%3#1 Fons.

of dollars) verses “Ski ., in mlllons of doll ars)
[004G]or , e Fig., 14 israichart diustipting CoBpanenn efOIPf@Ut?@}'Omf@th?dS that
is an illustrative graph of return (e.g., in mllions

do notfalldwl dressing and apply global constraints and objectives in Example 2.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0041] The 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
computer(s) and/or other computer(s) can be utilized to implement one or more
aspect of the invention. lllustrative computers can include, e.g.: a central processing
unit; memory (e.g., RAM, etc.); digital data storage (e.g., hard drives, etc.);
input/output ports (e.g., parallel and/or serial ports, etc.); data entry devices (e.g.,
key boards, etc.); etc. Client computers may contain, in some embodiments,
browser software for interacting with the server(s), such as, for example, using
hypertext transfer protocol (HTTP) to make requests of the server(s) via the Internet

or the like.
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verses risk (e.g., in mllions of dollars) show ng,
e.g., a set of nean-variance points that deviate from
w0 b@ste@se vari ance efficient frontier accordi nBCT/US2081604347

illustrative enbodi nents of the invention; [0034] FIG
[00423 i s flsoniesgmbadimeanisithatsysternteanpitidizegeladipnal databases,

optim zation of nultiple portfolios; and[0035] Fig. 9
such bS, é.gf,|ampidyrg arelationesltdatébage naagemesttisygtenh (RDBMS)

constraints duri ng subsequent rounds of nmultiple

progrgt‘;hr ttof&le.'afé QJBH'afB éﬁ&/o?%dn{n%?&]a @léhori‘a@ datatfadd. Othe RDBMS

|aram| ustratlngt eprocesso optlmzatlono

o BN, A M A P8 S o

illustrating a conparison of optim atlon t hods, t hat
contams# ¥ 29 8PR picatigRdTparam @”Qrﬂe%%SeHP s 9 %(awml%eslaccess to
[0038] Fig. 12 is a chart illustrating a conparison of
databsisa(e)s Saraddliistrebue RDBMS/inchista ARAGLBS databeskprasict line

apply gl obal constraints and objectives in Exanple 1.

and IBROSPB2HhrodutBlines i sdme tillustiatisée rembodjmeends rgsasheom iroFIG. 4,
opti m zati on methods that allow crossing and apply

one ogln%’r%' cliePbebmPUErs c%ﬂ%é’?n‘cﬁﬁdéd’ atichasEeaiPhe AN-ba884@Yystem.

14 is a chart illustrating a conparison of
{
Tww%%%@%%%%%% . for
PTI E PR FERRED

examplen NGRS b o7 ABRYET s¥SlRE ThoBRe: D0 Sﬁw%ﬁs o sytom s

i npl ement ed on one or nore conput e[és) and/ or one or
adapiedrte previderan objesbhpsrctgraphical yskr idedace @Hlar ea

network (LAN), a wide area network (WAN), the Internet
[0043]nd/ or Imsomiesembedinterits, the systeroysoeinibed melti-sserociendserver

nore server(s), client conputer(s), application
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 embodiments, multiple risk models
may be employed, such as, e.g., those available from BARRA, NORTHFIELD,
custom models and others.
[0044] In some embodiments, portfolios include data objects, such as, e.g.,
holdings, historical executions, universe, benchmark, risk model, market data and/or
others. In some embodiments, a universe of selected stocks can include, e.g., all of
the relatively active securities in a relevant market or the like. Assuming, for
example, that the U.S. market is the relevant market, then the universe of selected

stocks may comprise, in some embodiments, approximately 8,000 stocks, including

stocks from the New York Stock Exchange, the American Stock Exchange, the

11



conmput er(s) and/or other conputer(s) can be utilized
to inplenent one or nore aspect of the invention.
WO R008g24038¢ | ve conputers can include, e.g.: a CREI/D81008/004347
processing unit; menory (e.g., RAM etc.); digital
NASDiaQaNatianad ddarket, and $eme stralvean stocks) Preigpablyotiepspecific
ports (e.g., parallel and/or serial ports, etc.); data

objec&lin'y Pdﬂfdli@&fan(!@e definkepyARibltas &id/o) pardmetets itieattare set by a
conmputers may contain, in sonme enbodi nents, browser

siaf o fi it {
user.flgréd’r‘ﬁ‘é %nftsetfd.ﬂn%h?sf, ihB&nek!d? a f6 wah(bo %%lﬁé’f‘(éibﬁ(%‘_é? the

exanp usi ng hypertext transfer proto
. ta make  request th ryer( i ] et of
pasis e Al 18085 SMbunsudTasard fLerhie bp ERE g 5% sap
utilize rel atiagnal d bases, such_as, e.qg,,.enploying
trackigg maréeliowsh adapa%%léiéﬁ%aygﬁﬁq@s 9&3@@%@ kX
programto create, update and/or adm nister a
[0045]el at i tmabmeaerabadimenthcthrOBNEol® ¢atabiaseanuigcludedan attributes

Query Language (SQL) statenments entered by a user or

hierapy! Sudteds| for arampid,i five vephiegarehy asdllgsteativedy shown in FIG.
updat es and/ or provi des access to database(s). Sone

5. In :stéSﬁluéﬁétY\Fe SRBMEimehtRC iR wWaRNS e ﬁléiﬁﬁw;ﬁlélﬁﬁsuﬁw@%f higher

Ine and BMs DB2 product line. In sore illustrative
e L.E , i_.n. Fl . ' .
levelsZ RaAREME 1 T pls e istonly Susttiol Mifoript Eiioytes.
system The client, conputer(s), can |nclude an
[0046]pr opf? ﬁ?@eo‘if@gﬁgi’?@’qu@@eéﬁ%gmaa aseranipgiysies
W NDOAS NT or another system |n some enbodi nents, the
charasjeristios ithateripbece 0o GFbitiary stagk spsicfistdatas direfgraply. ggers can
user interface (GQUI). [0043] In sone enbodinents, the

defing yhaeutgristics descraasuistrig- fosraulas aredior sdes &0 craete amw
such as shown in FIG 4 . In sone enbodi nents, the

charaRYersties Bropy otRs chaph@eAsGEY. CAS anailifdthveaseimpre! bfuder @ould
control structure for managi ng variants of a core

use algebraic creation methods, such as “A=B + C x D.” As another illustrative

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

and B > D.” In some 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 embodiments, the system

can provide default values for characteristics that are not specified.

[0047] In some embodiments, users can construct customized reports, such

as, e.g., customized asset level reports. Preferably, report definitions can be named

and stored (e.g., in digital data storage).

[0048] In some embodiments, any dimension of a portfolio “space” can be part

of an objective function or constraint. In some embodiments, the system can

facilitate the exploring of tradeoffs between any combinations of, for example:
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set of strategies. In sonme enbodi nents, data based can
i ncl ude hol di ngs, trades, prices, corporate actions
w@e@sne408¢ s. I n sone enbodi nents, multiple ri SRCHOSWDE004347
may be enpl oyed, such as, e.g., those available from
expe@aRRBtUrNOIRKAFA ERINY; expsisanesTdhrisactionl coslisetaxes] poaitipn/trade
sone enbodi nents, portfolios include data objects,

counts!&ifesaandatbers. hol di ngs, historical executions,
uni verse, benchmark, risk nodel, market data and/ or

th adi i .
[00493 €rsin EBnt%o%Fﬁaggf?r%;dtg,.e(’@ﬁéa PPﬁg?ﬂHtlBﬁrc%‘ﬁ 98 pP&ViGEd Qth a

tocks can in the relatively active
orivePGE AR o st B B ofdnd Ml et b o
cons s b0 Actina il s 1% B e 9

stocks, including stocks fromthe New York Stock

[00503x c hande somieeembediments Siserk s eravided witheaugsamttcal user
Nati onal Market, and sonme small cap stocks.

interf&teeftait abpresenited tpthel dsars oiy eligre computes tthaddme eanbdaments,
defined by attributes and/or paraneters that are set

the g%?rh?cél‘%gér int&YfSBa e BRABIRIPoting Bni /bt epefirf oPdata and files,

tfolio can be generated on the basis of an anal ysis

e sdh8 RBH Pl BTnARg N SRpHLAEH e i aBELfance o
. universe as of Januar 2003. [0045] In sone e

OpEARORITRBHES, Mt HTBSTEbOA S e USEES 628 GFPT PO specific task

attributes hierarchy, such as, for exanple, a five
schedwesin whighaferrgxaeplel ineent anpiasiexpeAlvata capde gutomated and

sonme illustrative enbodi nents, the |lower |evels my
functionbityidvailablei ihdhe sisef interfaee is aveadlbble iAdutitch pnatessing.he

| oner | evels can preferably override inherited

[oosﬂt tri bpyes3s il iidhds bR ex@mple s atiommiter atraAgeatent othabcan be

at abase can i nclude characteristics that can be,

used 2% ﬂnpleﬁ{é?‘ittcro?ﬁyutéﬁ% proiskidiépdadien 7 &f§T #thih pléReEses 100
and 200 shown in FIGS. 1 and 2. In some embodiments, computer 320 includes a
central processing unit (CPU) 322, which can communicate with a set of input/output
(1/0) device(s) 324 over a bus 326. The /O devices 324 can include, for example, a
keyboard, mouse, video monitor, printer, and/or other devices.

[0052] 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 bus 326, and a memory 328 can be like that known in the art.

[0053] Memory 328 can include, for example, market and accounting data
330, which can include, for example, data on stocks, such as, stock prices, and data

on corporations, such as book value. The memory 328 can also store software 338.
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define characteristics, such as using fornmulas and/ or
rules to create new characteristics from ot her
W@b@saztas i stics. As an illustrative exanpl e, BCT/ES2008/004347
coul d use al gebraic creation nethods, such as "A =B +
The saftwam 333<sannncltde ai nurnber aft mpdulssaiff] ©r implaraentitgithe steps
use set nenbership nethods, such as, e.g., "A+ 1 if B

of proge$se¥d)@ubh asl3tépd of thenroesbsel 1edand/dri2Gtkskowain BEGS. 1 and
provi ded to enabl e names to be renbved from a universe

|
2. cO,fnggnﬁ&wm grﬁa@%rﬂ@ %&pﬁkﬁu@‘s rhsgﬁenﬁsed%qmp@éneﬁt @'reslenmodules.

nove st oc /e's 10 and price < 5."

SO enhodi : ) ' efaul t
Mema g Eag TR B sk ABoP A o tReP BRI B elE 7' co
0047]. I n sonme enhodi ments, users can construc .
[0054} o1 omnz%m?@aabq@me@ltfcﬁﬁaéf?f'eva."}etgae? ShssikEdbergin may be
| evel reports. Preferably, report definitions can be
implemantetl viac eemputer(EEogram PR ifeexerutignganeng ey more
[0048] In sone enbodi nents, any dinension of a
comp@ter isyslents. " Bprerxamplen ateerigardf coimputep bjstructions tandiei stored on
constraint. In some enbodi nents, the system can

or
a con‘fggﬁ' ! rebabblel r‘ﬁgdﬁfﬁﬁ’&é{bi,@d@kefté,@@ﬂ-ﬁ&)lﬂ?m%ﬂﬁ& like) or

inations of, f exanpl e: expected return;

 SK LT ol . HRDi~EOSTE S :

vans S P SYRRHH1 EPand RRAEL UGBS g Pfiem or e

, ome epbodi ments, ,one optim zatipn can_be provi ded

ike. e fedlamiruey D Subsn v igedble Goa- comyrumEaierites) andror
sel| sides) are rebal anced subject to constraints on

substentigllydnigagitieli(«-0d verelgss media usingemigpwvayei ighisinfrared, etc.).
whol e. [0050] In sone enbodi nents, users are provided

The coirtputer igstapdticrsl carsee writteeriha@eioub groganmpméxeiangdages and/or
the users via client conputers. In sone enbodi nents,

can bk ReorgHaRn MémbrlssVice Y, esiohcas samicomaiaictori davddsi (@dg., chips or
a

nd/ or exporting of data and files,
circuits), magnetic devices, optical devices and/or other memory devices. In the
various embodiments, the transmission may use any appropriate communications
technology.
[0055] FIGS. 1 and 2 illustrate 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.
[0056] 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. Then, in a third step 106, information is entered into an optimization

system, such as an optimization engine. Then, in a forth step 108, optimization

algorithms and methodologies are executed via an optimization engine. Then, in a
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the setting of paraneters, the running of the
optim zation and/or the acceptance of optim zation
WO e@aliz#36 | n sonme enbodi nents, users can creatBCDEIS2008/004347

i nport specific task schedules in which, for exanple,

fifth stepp®1Q, apiihinatienx pesultsaireaovided o lseusant diene dn argixth step 112,
functionality available in the user interface is

the usatddteibhané Bpliafidtiodr ReeRrsi For ek@pld, the GseBmight, e.g.,
illustrates an exanple of a conputer arrangenent that

rebal&?&%gioﬂ?&% basddBh s remput eri zed process steps,
such as, e.g.,

W thin processes 100 and 200 shown in

| GS. and 2. Q [ r : :

10057, o1 0yt estisel B HTBuSEARRTRRpEs pARgBEN TR 3 in o first
can comuni cate with a set of input/output (1/0O

step %%3/iac‘éf(ei)cag‘z'ﬂ!péﬂlﬁ?”f&“ﬁl?@t%-zg? squpg qm@@&ﬁfﬁésa S%Qr g£ap create a
i nclude, for exanple, a keyboard, nouse, video

portfafionvithoa poptfolin eameaattitosr Poefesabliethiecessr capdeay dete agmeeded
322 can communi cate with a conputer readabl e nedi um

using(fite fmport@xpertiutitities, suzhads, leeg oidemtifier olapt, ihbkdidgs,dboenchmarks,
storage devices) 328 (hereafter "menory 328") over the

univegéeé\%i, 3RBracléitstica! AsiRRIddRs BRENE Dthets CRidefetdbly! &Wser can also

ces 324, a bus 326, and a nenory 328 can be |ike

26
definé BBHiiR Mo ed RN g%@[nf?&%?’bd{}@gghgg t%é?g%g{‘am?%i ate:

exanpl e, nar ket accoun can

i nclude, for exanple, .data on stocks, such as, stoc
benciy PR nIvaHe e BRT R Rk Tane . Faiaral. adiersiaidiso scrub
The nmenory 328 can al so store software 338. The
data.sof tware 338 can include a nunber of nodul es 340 for
i npl enenting the steps of processes, such as steps of
[0058]he pr JbeasabstepREn @/ wser2@h idbotifly and rfelcG8cile massing data. In
Conventi onal progranm ng techni ques may be used to

somel éTRbeARENts e 8i8e MBal F&sondie Bty fragBridtipl@lssarcdsor ie ddme
above and/or other data file(s). [0054] In sone

embo@é'meﬁfsﬁaﬁ%’ pdtBRtNHrbBIEIBHARCId8E CEMRTIE R st SBus or

identifier; missing or erroneous characteristics or risk data; membership in
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.

[0059] Then, at step 206, a user can specify rebalancing objectives. In some
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

balance, turnover constraints; position size, position count and/or trade size
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i npl enmented via a conputer program product for
execution on one or nore conputer systens. For
We@@epLe36 a series of conmputer instructions caPCT:xeszoos/004347
stored on a conputer readable nedium (e.g.
constdiistseuniverse CiaraCidrisRes/fitier; tamel/drn dtbersor Ptefanahhy ta egertean
a conputer systemvia and interface device, such as a

selectBs8 pcifldarahteaersioe ugB dh the dases vb Hiaptdseht shvention.

tangi ble (e.g., comunication |lines) and/or
Prefe?éﬁ??té‘ﬂgélaé Y c?}ﬁ@t Tabéd?n (irk: magi"ixr %}ﬁé?oﬁ%hﬁn#moﬂﬂds
owave rare e” conput er
i nstructions can be written in various pr ogr am ng
Ianguages and/ or can be stored in nmenory device(s),
such as sem conductor devices chip
[006Q]; r cui t%-é‘?” AbRIREI408. @aigescan @fﬁm@swua@nt@egﬁ%lmhﬁracte"st'cs
other menory devices. In the various enbodinments, the
In someasbodigiants, rmysersearraceiyspreporisdoe one mnmereaef balgings,
technol ogy. [0055] FIGS. 1 and 2 illustrate process
univesses (bentchatarks Yfinaé porfaliots), antl/or otiserse Frefarablyabiuser can
enbodi ments of the invention. These two processes are
receivé &&#%Haﬁ/'a‘ﬁ% detdil Yot ®: Q@Mtﬂﬁqbﬁaﬂfcték@dsmﬂﬂéﬂ &Xposure,
can be applied in various processes. [0056]
eSRe. he illustrative process 100 shovvn | n FI G
tradeﬁ [ n8é1°¢h| rést step 102 the process initiat es the

val uati on o in ortfolio. n
[ooeﬁecond bepp? {1?} Z(eflﬁe r%‘glé?’ amﬂi%rrsn%ﬁ h?tBa'nfaS
apply into the optlmzatlon analysis. Then, in a [
somesgrapodioments,nd upameadRerferm Abisrsder via @ paﬁaraptqrrﬂdztat | S’ﬁeferably,
system such as an optimnzation engine. Then, in a
a rowfanltmnsicemdsCR]itoo i pravidad.on al gori t hns and
nmet hodol ogi es are executed via an optim zation engi ne.

[0062]hen, Mheaf &f stept1ep alddbr capt dptindiakizod creatd & selbalanced
provided to a user. Then, in a sixth step 112, the

poﬁ%ﬁéerT%Ef%ﬁoé‘éhﬁ Uﬁlliéoér‘\ Bbﬁr%ﬁié?fénr&%fhé %o oﬁﬁhfe?(éﬂ@'c?eate

e user

editors

suggested portfolios/trades. Preferably, the user can then examine the suggested
portfolio/trades via, for example, a trade summary screen or report, a trade detail
report or the like. The user can then preferably edit the suggested portfolio/trades as
needed. The user can then preferably incorporate suggested portfolios/trades into
particular executions.

[0063] As shown by arrow A2, the user can repeat steps 208-212 as desired
to continuously evaluate portfolios/trades, rebalance portfolios and the like.

[0064] In some 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
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rebal ance a portfolio based on the results. [0057]

Wth respect to the illustrative process 200 shown in
WO-R@@s/124036 n a first step 202, a user can i nputPCT/US2008/004347
portfolio data. In sone enbodi nents, a user can create
somesembodinunte ani optinizpo (dréateidy ergneiacstiftware dPrtbé dikeptan include

the user can | oad data as needed using file
softwaf@ aiddutedPer theUlkel thht efectsieps as seef@th beent i fier
map; hol di ngs, benchmarks, universes, characteristics,

i sk - ahly,
[0065]' ng‘i’ﬁgptﬁ}%{kﬁ‘oealnﬁ’éﬁlgw thé’frﬁ{eﬁheh, % poRfAIRFEpt ?gf’kéﬁ be

O attributes w a paraneter e

.SU S ...apalysis.date; mark: uni verses, .
providf el BneBled and B p i 3 aosRBREIERRgon BT LS s can be

al so scrub data. %OQSS} Then, at, st erp 204, a user can
adV3’i‘@Sﬁ9P$:ye-Snd°|h§& ¥eid NG AR PPYRTIZE that BYght propose changes or

enbodi ments, a user can reconcile data frommultiple
trades éo beanade mssorasudrai Sooisenwithirsanoysonputs, athigh couldns

coul d include: changes in asset status or identifier;

potentia#iy, reguldin aumeneds!radbanadtvariossicostoreldtegkhdadta; In some
menber ship in benchmark or universe; and/or others. In

emboRBNRGIAAE BB nt iAvalR|dH, \ath &Hﬁﬁaébé_tér%% lof @@Broximately how
provi de high-level problemnotification. Tn sone

noisyﬁﬁ?%lg Lﬁéﬁgﬁ %genghgnéygl%nq 8hA &R thﬁmﬂ%?g@ 8. rgg%ﬁ o Bg)gtggligr'

unrverse, characteri sfics,;
exposures;.angﬁor ot hers. Ig sg%F enb? iments, a user
mangger, CReFigin Witlin hal Is deemgd i bk 2ePYB59] Then, at
step 206, a user can specify rebal anci ng objectives.
[0066]n sone enmbdisABie embadinentscthe epliraizer can gefine @ confidence
paranmeters using a paraneter editor, such as, for

regior famp bertfatiasPy 6 tive effiicjent fiontief that icomespends to alriskagversion y.
ri sk aversion); risk

In some embodiments, this region includes all portfolios P, such that ciew*Risk(Po) <
Risk(P) < chigh*Risk(Po) and Ret(P) > c*Ret(Popt). Where Pyt is a portfolio on the
efficient frontier such that Risk(Popt) = Risk(P). Additionally, Ciow, Chigh and ¢ are
relative average deviations of decrease in risk, increase in risk and expected return
of optimal portfolios that correspond to the risk aversion y and different vectors of
returns. It can be assumed that vectors of returns are normally distributed around
their mean. In some embodiments, a user is able to set a specific confidence level
by setting different values for constants cjow, Chigh and c.

[0067] In the resampled efficient portfolio optimization of the ‘018
patent, discussed above, a confidence 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
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constraints (e.g., two or plural benchmarks, common
factor and specific); cash bal ance, turnover
W@omstiz4@Bat S; position size, position count aneDDS2008/004347
trade sizeconstraints; universe characteristics
compiitd tesamplad /efficientfeortier Postfaliosbl The esaseplingaprosebs produces
user specific paraneters for use in the processes of

simulafee ret@penhat prooid siternatived Ripalkd for saceraputingof efficient frontier
construct a constraint matrix using row colum bounds

portfofigs! Wesa d&@?%}‘fjc-r rfrorﬁFerznb%l%gaare%ésr&%ul?Bf‘aﬁé@g}e@ng

current p olio aracteristics. In sone

di ment s n [ reports for one or
proceSS AN by gl Sﬁ%\/eé{tg'%%t'ég%chnar ks, final
ortfolio(s) nd/ ot h Pref erab)y, user can
[oosgﬁecei ve su e eﬂ@?ﬁ 1'nrsé1“é? @&M"%Sﬁgﬁ)ﬁﬁﬁﬁﬁ?sem
. characteristics, factor ggoqsure, trades, and/or
inventiemestandambeiitienh frantien petiefiop ate usedigathardhaadesampled
paraneters and constraints. In some enbodi nents, a

efficiemns &ontianpprtfdlios mArhosg stregp things aam affaieritdrordidir partfolio, in
Preferably, a row col um bounds editor is provided.

contrastqs 2l reEBﬁible@bfﬁ%‘i@rﬁ frokdier POHﬁﬂlb ean b@lﬁtléflﬁeﬁeas'?lacbortfoho with
create a rebal anced portfoli hi's step can utilize

e
maxwﬁU &sqégaéportg&ord?os r&a\‘? IBQ 'f”s erlrggrﬁja ?%eesuétesrhould not be
xamnethe u tf0|o/tr des v
appm@&@ﬁfp 00 D5 LSRRI PBIEY OhL RIS Pyalfe evampe,
detail report or the |i ke The user can then o
consigeieiver apsafs adih a cReelaliggenedicignt afizere optasied refyrns 10% and
needed. The user can then preferably incorporate
20% and)gestardbrdadeviatianosf retwrte20%:t d heamakiowrarreturn portfolio
executions. [0063] As shown by arrow A2, the user can
include8Reay setens agdét dlitaexpgesetedturn will be 20%. The resampled
portfolio, which corresponds to the maximum return point on the resampled efficient
frontier, includes about 35% of the first asset and 65% of the second asset and its
expected return is only about 16%.
[0069] Resampled efficient frontier portfolios are constructed by averaging
many portfolios that were obtained through simulations. Therefore, in most cases,
these portfolios include a large number of different assets. Among other things,
there would be difficulties using such portfolios in cases where it is desirable to have
an optimal portfolio with a limited number of assets from a universe.

[0070] Computing Confidence Region for the Mean-Variance Efficient Set

In Some Embodiments:
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to continuously evaluate portfolios/trades, rebal ance
portfolios and the |ike. [0064] In sone enbodi nents of
W@ b@siizwpant i on, step 108 in the process shown PCI/BS1808/104347
and/or step 212 in the process shown in FIG 2 can
l. i Deffinitiong aind Assumptimrisiodol ogi es as descri bed bel ow.
In order to inplenent these nethodol ogi es, insone

[0071§Tbodi Nent s |RBoRiR! éibaEImérits Sicafiaineparametess ofothewaean-
or the like) can include software nodul es or the like

. C
varatncBl BT R A% 3k 10/ o BERN o RAREN by sotR -
can be provjded that enabl one to ascertain an,, .
covariatibe e DG aswoR relmngr | APPSR I AIae Soigated using
e.g., to help avoid having an optimzer that m ght
histormeg detae arlalirtigal medels, analysts forecasise onsthermaetinodsof
"noi se" within various inputs, which could,
[0072)ot enti al | y V.Ke€hbpra, tMuameVatisnde RéeisitaddNear-Optisnal Portfolios
costs related thereto. In some enbodi nents of the

and SURRRRY tb MYV SHhtioNst" I inaInsten vé i@, 1998f the entire disclosure
approxi mately how noi sy these inputs are, the system

I i.Qn; foli :

of g haGHRE e AR BrERabenIEsRaes ShfgTRerfings tht
In sone,enpbodi nent s, t%eotim'ﬁr can define. a -

small GARORS I 16 BpUERaRASPeETs Gt rer b nUE G CRang S sarmapgition of
frontier that corresponds to a risk aversion g. In L

the opimel poflip mbhtRestancsRr Gealsr, [ Abitie Sensitivity o Mean-yariance
P, such that ¢ ONR sk(P 0) < Risk(P) <

Effici&iti RgrtfBliek {PChaagds ReAcS:t MeahKeS¢rrednalyticthand Gomputational
is a portfolio on the efficient frontier such that

Resué&éﬁe@i@@b} Findnictd StldieAdd991 aRaldntire €lscOétir&dif ghhicnis
incorporated herein by reference, discusses, among other things, the effect of
changes in the vector of assets expected returns on the mean-variance efficient
frontier and the composition of optimal portfolios. V. K. Chopra and W. T. Ziemba,
“The Effect of Errors in Means, Variances and Covariances on Optimal Portfolio
Choice,” Journal of Portfolio Management, 1993 and J. G. Kallberg and W.T.
Ziemba, "Mis-specification in Portfolio Selection Problems,” Risk and Capital, ed. G.
Bamberg and A. Spreman, Lecture Notes in Economics and Mathematical Sciences,
1984, the entire disclosures of which are incorporated herein by reference, discuss,
among other things, the relative importance of errors in expected returns, specific
variances and covariances of returns on the investor's utility function. The relative

impact of errors in these parameters depends on the investor's risk tolerance. If risk

aversion parameter is not too high, the errors in expected returns have much more
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rel ati ve average devi ati ons of decrease in risk,
increase in risk and expected return of optinal
w@sfizdose®s t hat correspond to the risk aversiPCI/GS2N081004347
different vectors of returns. It can be assuned that
significaot impaatforr teewrtility tunetioo than eyrogs Bt ethiecpetametensid There are
their nmean. In sone enbodinents, a user is able to set

two pésﬁBFé.C\}véyéPt&ﬁfdfd'eﬂ@H@ﬁs ineyel by setting different
va ues for constants C| OW, chigh and ¢ . [0067] In

resa effici f 0
o relaffelgTaTBnge! fis@use bhanoh dMeB so R b BRARRERRRL eI of the

conputed around a resanpl ed efficient frontier

asgset { fawid an pstimated axpected return phihe asseld, dig a standard«leviation
of variance relative to Po | ess than or equal to a

of\@tdteans 5 0igiah@tnalirahdensyrtitieedithanéad Orered Stavebrd deviation
There, a main point in the resanpled efficient

1: .portfolio optim zation is toconpute resanpl ed
'efficient frontier portfolios. The resanpling process

uces Si Iated returns that provide alter
o« aRlip e T i 12 e PP Enfe # elepBeisd fotfim of the
portfolios. Resanpled efficient frontier portfolios
asset, thds mpsestimatedaxpactacigiten ehtbeasseht s stangdard deviation
possible efficient frontiers. [0068] On the other

oflrst.arldz;SieEEn Gl daRBOinSvarablése witheaean 0 andestiandard deviation
standard efficient frontier portfolios are used,

rather than resanpled efficient frontier portfolios.
'Armng other things, an efficient frontier portfolio,

n contrast ,to a.re | fificien doefr.
[°°7dﬂort folio, @Qﬁ%dén%i? F@eeﬁﬂgﬁ\n :Sh%g?q %%%‘{%Whﬁﬂgnﬁ&f%ms have
expected return for a fixed val¥e of risk nany..
hlgheea@b@r highes vairace of et pf Beralerice the 1ok '@ @Sé@a%t&rr@dof
efficient frontier. As nerely one illustrative
expedgdmplusns sboslidder proporicnalits the valugs i theexpeetad return. Taking

coefficient of zero, expected returns 10% and
into account the last observation, we consider in some embodiments the relative

error model.

1. Confidence Region for the Mean-Variance Efficient Set:

[0074] Considering a standard portfolio optimization problem arising in some

embodiments:

rrhl%x[a’h —y * Risk(h)), (1)
where v is a risk aversion parameter, « is a vector of estimated expected returns, h is

a vector of position dollars, Risk(h) is a risk function and Q is a set of feasible

portfolios. If y is close to infinity, the problem (1) is equivalent to the problem:

max|-Risk()] @
[0075] If (is close to 0, the problem (1) is equivalent to the problem:
n;le%xarh. (3)
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20% and a standard deviation of returns 20% The
maxi mum return portfolio includes only second asset
waeasiiz®3expected return will be 20% The resarqil/B82008/004347
portfolio, which corresponds to the maxi numreturn
[0076]oi nt & denetasca setpreversusiriskdradgafberefieient:ncl udes
about 35% of the first asset and 65% of the second
asset and its expected return is only about 16%
[0069] Resanpled efficient frontier portfolios are
constructed by avgr@ahngspny portfolios that were
obt ai ned throughxi—g&saﬁ—%s. Therefore, in nost 4)
cases, these portofcg 1295 A1 ude a | ar ge nunber of
0 different assets. Anobng other things, there would be
difficulties using such portfolios in cases where it
where 8(Heb(2)adrdh({3) anavptional splutions faoprobtems (W, () and (3)
limted nunber of assets froma universe. [0070]
corre hglpg Confidence Region for the Mean-Variance
fficient Set In Sonme Enbodi nents:|. Definitions and
sunpti ons; | 2 e (WyecT i
[oo7 araneters c%dr%%g&]r@a%varl ancgngn@@ |?9|hﬁarlo?%'fncpﬂ{?ﬂhga} \éegdtor of
tor. of assets expected returns and S -

le thédveﬁ Q
real eXpySECdfd at ri x of the assets returns. These
paraneters can be estimted using historical data,

anal ytical nodels, anal ysts . lforecasts, or other

net hods. [0072] %&ﬁ %Tc?’prg,’s]k(%an-Vari ance Revisited: &)
g Near-Optimal Portfolios and Sensitivity to |nput

Vari ations," Journal of Investing, 1993, the entire

wnerd LD SREF o FeafBoPReE AR UAAEH BRI porttg o e

orobI SRR 2 kPR s Lo AR Bl K. We fnd
Best and R Gauer, "On the Sensitivity of ,

an optigg peatfelipni) with respect to return vector ( and with the same level of risk

like h(r) has:

Ma)=Arg  max a'h (6)

(HheQARisk(h)==Risk (h(r))}

[0078] OThe relative difference in returns of portfolios h(r) and h(() is a

function of t, d and z:

a’ (h(a)—h(r))
a’h(a)

D(t,d,z) = @)

[0079] The relative difference in Risk of portfolios h(7) and h(r) is a function of

Y, d and z:
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Efficient Portfolios to Changes in Asset Means: Sone

Anal yti cal and Conputational Results," Review of
wWOo-0anzi0ad St udi es, 1991 , the entire di scl oSUPET/U$2008/004347

which is incorporated herein by reference, discusses,

anong ot her things, the effect of changes in the

vector of assets expe PELYsaB(/QP)t he nmean-vari ance
efficient frdtjke)a £ (. SRR )). of opti mal (8)
portfolios. V. K Chopra LAk DY zi enba, "The Effect

[008Q)f Err Jihe variabbmass aVerinahcarglam yadeble; sarreexparted relative
Optimal Portfolio Choice," Journal of Portfolio

returrVBfRESHENGS pdrBRoa ) dndB(oKR & heidioanst (Y. Zi enba,
"M s-specification in Portfolio Selection Problens,"
Ri sk and Capital, ed. G Banberg and A Sprenman,

Lecture Notes in Econonm cs and Mat hemati cal Sciences,
1984, the entihd)FEBL8EMr of which are incobﬁorated
herein by reference, discuss, anong other things, the
rel ative inportance of errors in expected returns,

[008peci f irn ygtimansesford thabraresporess tof a higfhdrisic aversidre is close
investor's utility function. The relative inpact of

to theerﬁ'n'l'rﬁﬁﬁlrﬁ Datifsss p?fﬁfcﬁﬁﬁ?bﬁ& $s ARRANESs affetted Byqéﬁéﬁsoih'ttﬁe

ri sk tol erance. ri sk aversion paraneter is not too

oxpe ey AR BTG ) AR RO IR o g

errors in ofher paraneters. There_ are tv,vo_rPossi_bI e.
aversirys The furgdian &f.Abissequal & wherf i Prandtis incraasing Wth
, * ( 1+ d* Z1) , where his a real expected return of
incre&ding @$ $.eSirhilardy, the farctiostd(fel) Bcequag ©cwieen ks @, mndfit ishe
asset /, dis a standard deviation of error and z, is

increﬁsiﬂgminfsﬂé’éi‘ﬂ{a ¥pyi ables with nean 0 and standard

deviation 1 ; absolute error nodel is: n =, + of* z,

oneg), "1 ks SARFERRIBIE rekle 58S

is a standard devi ati on

R, (1,d) = E(-R(t,d,2) | R(t,d,z) < 0), (10)

And, we denote by Rpown an expected relative decrease in Risk:

R, (t,d)=E (R(t,d,z)| R(t,d,z) > 0). (11)

[0083] Function Return(x) describe a mean-variance efficient frontier for a
vector of expected returns o and a risk function Risk(h), where value Return(x) is a
return of an optimal portfolio with variance x. Now, for a given point (x*,Return(x'))
on the mean-variance efficient frontier, that corresponds to a tradeoff coeffici.ent t,

and for a standard deviation d, we define a set of points Q(t,d):
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of error and z, is a normal random variables wth nmean
0 and standard deviation 1. [0073] According to the

w@2mRiizodkel , assets with higher returns have hPgE82008/004347
ri sk or higher variance of returns. Therefore, the
errors in estimations of expected returns should be
proporti naI to the valu of the expected return.
Taki ng i et B> ‘f)gst observation, we consider
| (g Qe m@tﬁanigl atd, ap) e, ml);del . (12)
Confi den e or t{lﬁ lﬁ?g Variance Efficient Set:
[ 0074] nS| r| é”rél(’é)t d Dortfolio optinization
problem arising in some enbodi ments: mac[a th - ¢
*Ri sk(h)], (1) heQwhere g is a risk aversion

[0084]ar anetmuitivalyi, $ will\beca set of meahivesipade @qirtsttbat deviate from the

returns, h is a vector of position dollars, Risk(h) is

mearﬂvémékcé &fficicin® froAfier Kbt rhofe &Rin Bk rﬁsgtscbftth@ dmmﬁémidrﬁ@uos that
If gis close to infinity, the problem( 1

were %‘B%Ii‘é& %Fdlffgretntf?eé’lfz%'ﬁbﬁg‘of ?@ﬁor o@el(peét%)i régﬂﬁé] T (

eto the qui valent to the
probl em nacoc th. (3)[0076] "t denot es a return
versus risk tradeoff coefficient: a where h(1 ) , h(2)

. ?nd t_h( 3} ar % optimal soluti odnaofosz problems ( 1) ,

[0085] It is possible, for example, estimate functions 8, Ryp and Rpown
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 to calculate, e.g., a function
for specific values 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 t1 <x <t2and d1 <y <d2.

Table L: 8¢1,d)

t )] 00510151 025]035]045] 035065} 0751 0.85] 0.95 1
d
0 0 (¢} 0 ¥} 0 o} 0 o] 0 o] 0 o
0.1 0 0.0909]0.0060]{0.0049(6.0075]0.0081|¢.0111]2.0117]0.012¢]0.0159|0.0168|0.0223
0.2 ¢} 0.0063]0.0121]0.0222(0.028410.0301{2.0341]4.0399|03.04 50 5.0500[03.0659(0:0769
0.3 0 0.0223]0.0299]0.9501[0.058410.0625|0.05816[2.0731]0.0830[0.0870(0.1061|0.1149
0.4 0 0.0313]0.0564]0.0828(¢.0908]0.0850|0.088310:1012]0.1095]0.1162|0.1288|0.1339
0.5 0 0.05332]0.0890(0.1156(0.1124]0.1189|0.1189[2.1253]0.1421 |2 1465[0:1482|0. 1488
0.6 0 9.070210.1317]0.1521[0.1387]0.1443]0.1413]0.1519]0.169¢]0.1746(0.1715]0.1669
0.7 0 0.0822{0.168610.1709(0.1510]0.1851|0.1852{0.1818[0.18510.1827 [ 0. 1818|0.1777
0.8 0 0.1079{0.184119.1917|C.1839]0.1909|0.1882| 2. 19580, 19858 | 0.2068|0.2028| 6. 1975|
0.9 0 0.1165(0.2312(0.2241[0.2130]0.2210]0.2173]5.2151]10.2200]0.2196|0.2139|0.2118
1 o 0.1337]0.2568(0.2453(0.2352(0.2477|4.2381{0.2436|0.2322]0.2391(0.2311]0.2281
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[0077] Considering a nodified optimzation problem
wWth a vector of real expected returns: mc[r th- ¢

WO Rioglt4034, (5) D where r is a vector of real BPXpES10081004347
returns. Let h(r) be an optimal portfolio for the
problem (5). If the nesak2retusn vector is ( , the
return of this portfoliois (Th(r). W find an optinm

port fql oo [E6)] ot Bdspedto-459 ¢t ‘u‘?ﬁ Vet o¢-sy | aprd| 1
with tlhe danme levdl ofl rigk lilk s:| [ 00781 DThe
r @ c:+|\ug rifof raonrw: H roni-uronr- nO-F oy + I A1 1 t-oh v né)-l

L] © 0 0.0006]0.022 10,0257 |0.038 3607 100 0245 3 0538]0 1505313760 1030] 0054
h oy 1[5 02 [0 56086 53280 8H20(b 00210 THNE 0451 [0 @576 [0 RXo8 [0 830210 2001] G116
_( W) TToT JJaook M d.038s [0 Ba &l 14340 (adh [0 4778 o ok @ LAV SEm [0l ZEh FIEE
i .4 3K 0010 @ad|T $03 [0 0Ss [MEE}[0. 25300 N{56|p. 14 23| 0 A0k U R |CGMECP T .24
glo.d and Z0.¢R080T4[T srez|varzpiablie]o 25308 14031 6F0RR 5449 B 6a e 257
vixq afl & [5e2Hn11eNpest|beese|apst [PgH Sl 12010 AT THI0T PR [OSPThO 4P
% £ g1 0040 99P{y BRI} (2 925512 7010 2 AI03epR[0 AFs |5 8356 15.533) 0424
(230 —% 0.99£310-2pt9]Q 87058675813 AR I 2823 0.4 16710 206810 8753107 830] 0,532

(07077 10 [0.0027]8,3305]0.9803[ [ 730B] 0 Jaoeth 321310.3463]1.0403 Jo a2 [0 eZds| ¢ass
U et —G 6t 6 S ROtISad [P 1183 [0 778k 0 bisa)s. s A e b b Has7 1 9o [0B9 20| © 98
t IS TIT TIT TTuTiT val 1 alrice Ortrornrao, alld 'S TTUCIT T eSS

affected by errors in the expected return vector than
an optimal portfolioy,fhatzcorsgsponds to a |ow risk
aversion. The function d(t,d)"is equal 0 whent is O,

and 14 loS JloRGNeas I [rksW a3 [ MGl e Ngesof o.15. | dss) o.08 | V1

the fdnctijon d{t.d) id eqgudal 0 whein dlis O, and itlis

i feregsiong Wi tlh % fcPedsiong o Id ° 0 0 0 0 o
0.1 0 10.0024[G:0400[0.0424]0.03983]0.0255(0.0249]0.0229(0.0274[0.0442((.092510.2011
0.2 Q 0.002410.0369]0.0390]|0:0379(0.0309|0.02870.0247 | 0.0350)0.088010.124860.2080|:
0.3 0 0.0025]0.0314]0.0358[0.0270(0.0220]3.:0204 | 5.0400[(.04360.0528[0.0978|0.1864 |
0.4 0 0.002715.0323]0.0339]0.0258|0.0168|0.0162|0.0336[0.0324 |¢.0459}5.0883|0.1612
0.5 0 0.0029[0.029310.0285]0.0235]0.0177|0.0185(0.0200[0.0147]0.029710.0839(0.1428
0.6 0 0.002710.9255]0.0262[0.0212[0.01540.0139[0.0185[0.0289]0.0351]3.1281(0.1693
0.7 0 0.0031]0.0189]0.0224[0:0181[0.0108]|0.:0112[0.0166[02.0247]|0.0251]0.0520]0.1088]
0.8 0 0.002510.0131[0.0181]0.0135|0.0166[0.0085|0.0135]0.0189]0.0197|0.0774]0.1265
0.9 0 0.002413.0073]0.0139]5.0104|0.0143]0.0048[0.0108]0.0127]0.0143]4.0400(9.0882
1 0 0.0022]0.0040[0.0085]0.0088|0.0073[2.0027[0.0058}0.0089]0.0080|0.0320{0.0744
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[ 0082] Rupdenotes an expected relative increase in
Risk: Rup (t,d) = EA-R(t,d,z) IR(t,d,z) < 0), (10
wo\p@s/1®3clenot e by RDOWP an expected rel ati ve PEDDSNO%004347
in RRsk: RDom (t,d) =E (R(t,d,z) \R(t,d,z) 0). ( 11)
[0083] Function Return(x) describe a nmean-variance
Iv. efA ConstitaiftsoBet for ConfideneetRegioh: expected returns a
and a risk function Risk(h), where value Return(x) is

[oosg return of Fa?_aogwéﬁﬁlsk%wl@hlp@rambtbr\@fd aBehaard Wevation d,
or a given point (x\Return(x )) on the nean-variance

it is pgggﬁé - o en({ 5!9'8b'tlﬁ'ra’l pﬁ)ﬁ?&llocﬁrff)?gféo@r%?lérﬂ A NBgFWef can compute

coe or a stan

a tracfepﬁ) qjﬁ@gp Qq.ﬂr q,ngsqgv\{qt d%“c?/\fa(tefb@ Qéé}llogﬂg Upgér) bound on

nmean- vari ance poi nts that deviate fromthe
portfaliediskyari ance efficient frontier not nore than the

nost of the optimal portfolios that were obtained for

different realizations of vector of expected returns.

[11. Estimti oryglgk(}f)wg,jkqm)ﬂ(uﬂ.yn aay). R Down: [0085] (13)

o081, BB B3y CBR h BH  Fne

val ues of the tradeoff coefficient t wth 10 val ues of
problemebelpwiaud BewoiMadbn of error d using Monte Carlo

simul ations. The results of the study can be, e.g.,

sumari zed |n tabl es. Tables 1-3 be] ow denonstrate

sone illustr ﬁ@’égtabul amaXesul ts ah order to (14)
(he ARuk(h)t—Rrsk h ) (Y r,,( )

ro0ed’ ot Hsfan i@ shiteban cansvaby ean e EBIsRd' e *

values 11 and X2 of the tradeoff and two values d 1

and d2 of the st andard deviation in the table such

that t 1 x<t2 a,l sy «d2,\Jablc 2: , / /, rIV. A
Constraints Set® acgnﬁideo‘n ’ed) egi on: (13)

Computation of Sharpe Ratio In Some Embodiments:

[0089] In some 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 system 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, 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.
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[0086] For a given risk aversion paraneter and a
standard deviation d, it is possible to find an
wopistedosportfolio h for the problem ( 1) . NORCT/VE2008604347
conpute a tradeoff coefficient t corresponding to ti
. abefgdtionp andAssumptions:upper bound on portfolio
risk: Risk(h) R sk(h" ) * (I + RUp (t,d)). (13
[009d]0087] | n onkebriecembbdinperits| theestahdarntioliective frtion’is a
expected return, the probl em bel ow shoul d be sol ved:
: [ t] [ i
maxu[ggﬁgﬁ a gﬁggsf t‘;\@tfﬁll&gﬂn? htbﬁﬁ?\nﬁ‘tflﬁglﬁd’ g?‘ )s.Bh(éig(?bfhélents over all
u [ rpe. ol - ' SA .
portiqigaabi i 8660 Gl S8F s SatrarHABsakn theportfolo)
that can provide an optim zation of a portfolio of

ag€lk $he gxpacted retn sk theydfingl RAtaligieasure of goodness.

Preferably, the system can provide an ex-ante
miisk(hy atheovarisrsedofoeter pf the finakpontfoliarfdr ekihecditference
risk. Rather than nerely using the Sharpe Ratio in an

betw&an HEStindTHOME6lid 88K bNieRAGKIR PbrfEIRDAViERA L thdasis of the

provi de a forward | ooking optim zation based on the
portfo%'%ar pe Ratio. Thus, in sone enbodi nents of the
Invention a unique formof portfolio optim zation can

b vided based on, .e.f., the xim zatjon of. the .

STaE it ransactaprst of Bansting oRBe MafRbl 86 Rbiggdp the final

sone enbodi nents, the standard objective function is a
portfaigxi mum of a sumof the following ternms multiplied by

sone coefficients over all portfolios h froma set

(Tax€osth) + thedtotalter libbilityoaisen taamsiton injo kel final pordfolio;

portfolio):

Penalties(h) - the penalties for violation of some soft constraints and for

realizing "almost-long-term" gains.
[0091] Preferably, in the optimal portfolio selection problem, we look for
a portfolio that maximizes expected return with relatively low values of Risk, TC,
TaxCost and Penalties. In that regard, we set a positive coefficient before o and
negative coefficients before all other terms. We can group all terms but risk into one
term, A(h), we can call it “adjusted return.” This term represents a total return after
accounting for all extra expenses. We can denote a coefficient before a risk term by
-y, where v is a risk aversion parameter. This parameter can establish a trade-off
between risk and return of a potential investment portfolio.

[0092] In some embodiments, an alternative objective function could be

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

h e Q.
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a(h)- the expected return of the final portfolio;
Ri sk(h) - the variance of return of the final

w@orsfindos® (or of the difference between the fPEEIUS2008/004347
portfolio and a benchmark portfolio) divided by the
basis of the portfolio; TC(h) - the transaction cost
of transition of the current portfolio into the final
portfolio; TaxCost(h) ¢, t_J1e4(éiaI tax liability after
transition into the fI§12;| gaisk{ml i o; Penal ties(h) -

the penalties for violation of sone soft constraints

and for realizing "alnost-long-ternt gains. [0091]

ref erabl. in the optipal ~portfolio ectio ,
[009§r obl e?ﬁ“%/\@qoo'éli‘”%‘frp gs %?Bafﬂeofar“ﬁa%rs%%{ﬁ .szrggasure. In this
expected return with relatively | ow val ues of Ri sk,
case,TRISkTa ke variantee Plieiyn %‘sthelflﬁai/waffmlegaﬁ tﬂ?"%@s@ffe&w" of the
positive coefficient before a and negative , ,
differened bebvean thevkrdal portivlio andherbarshmark\worialio igrntpised as Risk
ternms but risk into one term A(h), we can call it
for theBhatpb edti6 eAdditionalli whilee Imthieegiardanat sbjective Rinctiehpthe Risk is
after accounting for all extra expenses. W can denote

dividéd Bg%fofrﬂf&ioeﬂésig%‘, Ine shdul@it GiSld® I‘?bék't%h B\ & Shaf e Atio.
rs t Th r

aver si on paraneter. I S paranet can establish

adrade-of f spet we risk .potenti al

. rﬁ%@ﬂﬂeﬂle ﬁEFW%ﬁj‘%‘.o '[’bﬁé&]de Eﬁ‘tb;goér}renﬂ%nt odi nents, an
alternative objective functjon.could be the . . .

10084k i 26t | orin G BMBSHIRGDIS IR PPSSPI yMaxiTige S dpstead of S.
potential investnent portfolio h e Q Aih). S(h) =

Accordingly, the square root of the Risk in the denominator is removed.

[0095] First, A is replaced with its piece-wise linear approximation. In
that regard, a lower and an upper bounds on A are located, such that a value of A,
that maximizes S, lies between these bounds.

A. Algorithm Find Bounds:

[0096] In some embodiments, an algorithm find bounds is used. In

some embodiments, the algorithm can include substantially the following:

) Find an optimal solution h” for the problem: max g « gy A(h);
. Set UpperBound = A(h');

. Set LowerBound = A(h')/2;

. Set S1 = A(h')/sqrt(Risk(h’));

. Set flag = 1;

o Find an optimal solution h’ for the problem:

maxi e Q, A(h) == LowerBound}RiSk( h);
R Set S2 = A(h')/sqrt(Risk(h’));
. If (S2<S1) flag = 0;
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j R sk(h) [0093] This ratio is known as the Sharpe
rati o or Sharpe's neasure. In this case, Risk is the
wo a008aMp@6 of return of the final portfolio. A RErUSW0K004347
of return of the difference between the final
portfolio and a benchmark portfolio is not used as
* Risk f#hiled8aghtrpe ratio. Additionally, while in the
St andard obj ective functi on,_%ble Ri sk is divided by
" portfolio basis BOWSEOUABUT Yt divide Risk by S in
t he Sharpe rati o. I_.\%é:_i ndi ng the Sharpe Ratio in Sone
Enbodi nent s: [00984% “IMf’sone enbodi nents, it is

. possible to maxi g 52 LslCa R B roPIRPBGY. the

square root of the enonm n I's renoved.

[0095] First, A2 is rg.P%];} e A%;)LDLolv%gou%jFﬁgﬁg" i se

I i near approximati on. hat™'r egar and an
« Upper bounds on Aarsy Eog@alasdhrRiKinpat a val ue of A
that maxinizes S, 1ies between these bounds. A

. Al gorithm Fi nd Bogf8i=S{)0RRHF 0 n some enbodi ments, an
algorithmfind bounds is used. In sone enbodi nents,

the al gorithmcan include substantially the follow ng:
= Find an opti nglsesigbpéiBoun £ poweBogidtlgm max {h Q

A(h); Set UpperBound = A(h ); Set LowerBound = A(h
e )/2; $et S1 = A(hysqgrt(Risk(h)); Set flag = 1;
Find an optimal solution * for the problem
[0097] In most cases during the above algorithm, a LP (linear program)

is solved three times. This algorithm terminates with values LowerBound and
UpperBound for lower and upper bounds on A respectively. A set of links is defined
I1, I,...,I, to represent A and create a piece-wise linear approximation A2 for the A?
where I; = LowerBound and I, = UpperBound. We set I,y =1; (1 + b) for every i < n-1,
and I, <lh.1 (1 + b), and the n should be chosen to satisfy these conditions. Fora
given relative error value (1 + e) in approximation of A?by A2, we set

b =2(e +Je(e +1)).
[0098] 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 1.0001. In
some embodiments, the value of e is a user-selected variable, which can be
selected, e.g., via a computer input device.
[0099] It is now possible to find the maximum Sharpe ratio S. We set

an initial value of S to the value of S7 from the previous algorithm.
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maX{h Q A(h) == LowerBound)Ri sk(h); Set S2
=A(h)/sgrt(Risk(li)); If (S2<S1) flag 0; while (flag)
wq 2008me0Bound / = 2.0; S1 = S2; Find an opti maPCT/US2008/004347
solution * for the problem maX{h EQ A(h) ==
B. L&lgodthmdEirdsSiianpe Ratios2 = A(h )/sqrt(Risk(h )); If
(S2<S1) flag = 0; el se UpperBound = Lower Bound *2. 0;

[oo1dor_])[ 0097] | n|fesinec@sbadinent8gah Rtgarbrefiral ShargeRatia is
LP (linear program) is solved three tinmes. This

, 0 t i i .
prov AU bRl M MAGHR A S bRty e
follo rirggs_pectivel y. A set of links is defined li, h. -.-Jn
W Tepresent A and create a piece-w se |inear
approxi mation A2 for the A2, where 11 = LowerBound and

. In = U%ﬁzgg$gl%% set /,+=// (1 + b) for every /

< n-1, -i (1 + b), and the n should be
. chosen vaﬁlefgt-iL§‘§Y§UIf?81andi tions. For a given
+

rel ative efrror val ue e) in approxi mation of A2

. by A2, we set b 24 %n‘béﬁih? :sog)dt%{oﬁ%% drbblefs Merely

one illustrative exanpl 2, then error in

t Ixe= appr,0XLMARY N 9fSHisk®)at nost 1.0002 and the
final e hroaivq?nwg is at rm@%]al. 0001. In

" Set LastS = S;

. Set S = sqrt(S*S + X/Risk(h’))

. }

[00101] In some embodiments, the algorithm outputs an optimal value of

a Sharpe Ratio S and a portfolio h” that achieves this ratio. In some embodiments, to
decrease a computation time, optimization is started, in every iteration, from the
optimal solution obtained in the previous iteration.

1l. Convergence of the Method in Embodiments:

[00102] In the above algorithm "find bounds," the problem starts with
maximum possible value of adjusted return. In some embodiments, this number is
decreased by a factor of two at each step of the algorithm. In some embodiments,
the algorithm terminates when the best value of a Sharpe Ratio, that corresponds to
the current level of the adjusted return, is lower then the Sharpe Ratio at the
previous iteration. In most cases, the maximum value of Sharpe Ratio is achieved
with adjusted return between the maximum adjusted return and a half of the

maximum adjusted return.
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some enbodi nents, the value of e is a user-selected
vari abl e, which can be selected, e.g., via a conputer
WO ppati2gewi ce. [0099] It is now possible to fiPdr/UBm08/004347
maxi mum Sharpe ratio S. W set an initial value of S
[001G3) t he val udn e glgorithmt'fied Shevpe Ratial"giraadhntegation, an
Al gorithm Find Sharpe Ratio : [00100] In sone
updatifetissestitae nadximluge Shihpe Ratid vahss Seas Baedo Titds is denoted by S;,
provided. In some enbodi ments, the al gorithmcan

hi anW‘Hé%l%@%f an! é‘M X éc{f?eé‘ﬁ?irﬂd%liﬂﬂwat wate dinedinGh |£erat|on

S - Lasts > 0.001 Find ™an optimal sol ution

of thesiglgoﬁg@tﬁ o%l r?cg Xég i @%3&{15\&?%%&]@%@% ﬁt@( S%ﬁbil"&fn h% lhe iteration i

00101} enbodi ments, the algorithm outputs an
fO"eV@gﬁYPﬁﬁO‘\?a[T'd’ée BV@ Sharpe Ratio S and a portfolio that

achieves this ratio. In sone enbodi nents, to decrease
a conmputation tinme, optimzation is started in every

iteration, fromtjig Sgpm Redk(BPKUY i on obt ai ned in the (D

[001@]{%5?:@#&1% %[1(585} ;{ortf@ﬁd‘e ﬁSHﬁ Blioh 1f1 h‘ﬁ?h?égﬂddﬁltyu)

bove a gorlth
bounds," the problem starts w th maxi num possi bl e
we 9&ta| ue of adj usted return. In some enbodi ments, this

nunber is o
A (hi+1) <S2 +

=y <S A+ —. )
Risk(h,,) Risk(h,,,)

Now, the iteration i+7 is as follows:
A (h,)- S, Risk(h,)=X,, 3)
Where

S’ =S+ A, :
' Risk(h,)

)

Now, we substitute (4) into (3) and get:

Ah) o, X K (5)
Risk(h )~ " Risk(h) " Risk(h.)’

Finally, taking (2) and (5) together we get:

X, _X-X,
Risk(h.) stk(h H)

(6)

30



decreased by a factor of two at each step of the
algorithm In sone enbodi nents, the algorithm
wo 20ositpses when the best val ue of a Shar pe RaPCDUS1008004347
corresponds to the current level of the adjusted
[001053t ur n From thevest inagualithet Bhzegsiblede iconaludertbe folkawids
iteration. In nost cases, the nmaxi num val ue of Sharpe

propdrtiés of the algbritired with adjusted return between the
maxi mum adj usted return and a half of the nmaxi mum

adjusted return.[00103] In the algorithm"find Sharpe

o R#&or evénpiteratioh i of teadligorithmwepdaeed gMeas of the
maxi mum Sharpe Ratio value S /s used. This is denoted

. by S/, For exedy teratibe / ofthealgofitten, we*hamedRixk(h;) > Risk(hj.1).

correspondingly that were obtained in /th iteration of
e the al dfoXi/2iX.sither Risk(hg /2>rfdigkfham).of t he

optim zation problemin the iteration / for every

portfolio h, we have A2(h) - S Risk(h Xr (1) [00104]
[001G8] usi Adpean psppenies ilhstrate thas the algdritom canvesgesat Br1

into inequality ( 1) , we get h X, S2+ - (2)
expomdrstie Indte tBithk dplimddwaluehef ShanpatRatio.i +1 is as fol | ows:

AhJ - SR SKh =X+, (3) Were S\ =82+ - . (4) '
MultitpSitfdlio Optimization In Some Embodiments:
[00107] In some embodiments of the invention, the optimization system can
address situations in which, for example, a portfolio manager manages portfolios for
one or more clients, wherein the client(s) have different portfolios of assets. In some
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
differ, they still often may have common assets within their portfolios.
[00108] In some embodiments, the system performs optimization on a smaller
or individual basis (such as, e.g., on an account-by-account basis) and evaluates
which results also satisfy multi-portfolio needs. Thus, certain embodiments can,
essentially, optimize individual accounts, subject to an aggregate. Based on this
optimization, the system can generate results providing optimized portfolios across

multiple accounts -- reducing potential transaction costs, reducing the frequency of

required trades and/or providing other benefits.
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Now, we substitute (4) into (3) and get: 1( + 1 ) X X
=S2 +- + (5) RSkQ J ' Rsk(h) Rsk(h +l ) Finally,
wo a2008nH02) and (5) together we get Ri s x k{h DCFES2008/004347
Risk(h - ( )[00105] Fromthe last inequality, it is
. pofinitions antbAssudeptidns:f ol | owi ng properties of the
algorithm For every iteration / of the algorithm we

[001059Ve XThe sthridard optithizaUen Yrothlemein somé edibddiments involves
algorithm we have Risk(hi) Risk(hi+i). If Xi /2 <

mam%erF\J(% r@uf%@ %IVé ?unﬁ%)ﬁkém e} all ﬁo@ﬁ IS 1 f3RTS constraint set

rtires rate m conver ges at

onential rate to the o rral | ue of Shar
Q thakis flefinad Py copsirin inpesad o ing Parfolin. legpylt-portorio
Enbodi ments: [00107] In sone enbodi nents of th .
optimization: there arad pprtiohipg suchihatfor exerypprialie é’ssk— ..,K, there is
situations in which, for exanple, a portfolio rranager
an objectaedganpisn IR kpanﬁ@rcderahﬁtsmr@( dhiagialition, Whe tatahportfolio
the client(s) have different portfolios of assets. In

Zk=1,K§§§‘ﬁfJﬁ|@§§|5§f?fc%[nsirgfnt%\ﬁtff@r'tﬁe tarh&tkotig. be able to

ance

[00110] hCP k=1,... K, denotes a portfolio that maximizes value of the
objective function Qy such that h°*' e Q. Many portfolio managers have, e.g., the
following multi-portfolio optimization problem: find an optimal set of K portfolios h4
,...,.hk such that Z,=s khx € Q and for every portfolio hx we have hxe Qx and value of
Qx(hy) is close to the optimal value Qu(h®"). In some embodiments, two different

measures of distance between Qu(hy) and Qx(h°") may be used:

. relative measure: minimize value of

Q") -Qh),
Q7

. absolute measure: minimize value of

Q,(h*)-Q,(h).

[00111] In cases where a portfolio manager desires to make value of the
objective function of each portfolio to be close to its maximum values in percents, the
relative measure can be used. Alternatively, in cases where a portfolio manager
desires to make these values to be close in dollars, the absolute measure can be

used.
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scal e rather than only small scale (such as, e.g.,
i ndi vi dual scal e) rebal anci ng. For instance, the
W@ y®BamM0dan rebal ance on a | arge scal e w t hout PCTEHUB2908/004347
each individual have to nmake certain trades
i ndi vidual ly. Notably, while individual accounts may
differ, they still often nay have commobn assets within
II. tiadgoriftamtfor Multi-Pbo#an8 0 ptimigatiorenbodi ment's, t he
system perforns optimzation on a smaller or

[0011;’312?1'i Vi g 3bmiAshnBoliMiEhtsasn afgd#ithmOBr Aulti-portfolio optimization can

count - by-account basis) and eval uates which results

: I i-portfolio needs. Thus, certain
'nClu%@bﬁﬁéﬁ%@ytggﬁbﬁ%%sghti ally, optimze individual
counts, .,subj.ect .to ap aggreqgate. Based on this,, .
(001 €47 i Jaa Rt SERef e BlaaTm, genapstiBie ©dlfid an optimal portfolio
Otprovi ding optim zed portfolios across multiple
h " a&sdanevery k éadci . potential transaction costs,
reduci ng the frequency of required trades and/or
[00114]ovi diima sadaad diepef thesalgoritPeh| inig pesisbland distinguish between
Assunptions : [00109] The standard optim zation
two cBk88! em in some enbodi nents invol ves maxin zing a
certain objective function Wh) over all portfolios h
om a _capstraint set that | s defined b onstrai nt
100118}p0s 04 8HVe R E FBRRE2F el Fecli yalfaeis RUndr the
optim zation, there are K portfolios such that for
follovdn@ £ON$iERiINtS i 0 hk , k=1, ...,K, there is an
obj ective function W(hk) and a constraint set k. In

addition, the total porgfolio_should satisfy a
constrai nt §Erl(}’k onrBt(ﬁe)Mt avfﬁg'rt'g%}r io. [001 10] hk
Opt, k=1, ...kK, eenotdd,a povké&dl.i. &K} hat nmaxim zes

val ue of the"z";),pj ecétivea%.uncti on W such that hk Opte
&X. Many portfdlio managers have, e.g., the

. absolute measure: minimize value of scalar variable y under the

following constraints:

Q. (h)+y = Q(H”), Vkell,.,K}
h, e 0, Vkeil,.,K},
ihk €’ Q.
[00116] For the relative measure case, it is assumed that the value of Qx(hx°")

is positive. Where it is negative, the value of the variable x is minimized instead of
maximized.

[00117] Additionally, the invention as claimed can optimize a plurality of
portfolios subject to global constraints. This optimization may take multiple rounds in
order to reach an acceptable solution given the applicable constraints. One

embodiment of the invention is illustrated in Fig. 8, with further detail shown in Fig. 9.
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following nulti-portfolio optimzation problem find
an optimal set of K portfolios hi , ...,hk such that
wo200844036 Q and for every portfolio hkwe have PKRI/ESINS8/004347
and val ue of VWk(hk) is close to the optinmal val ue
[001489( hk ®jig.)8 is & flowatiagrainb didistratihg onevexatinpleefdneé method and
nmeasures of distance between VWk(hk) and Wk(hk Opt) nay

systeffoffRbGurrdritlidd MRNTAADHHEsITBOO the sy stdrH fe88iv¥¥ Gata for a
W(/Q. W(A*) ' absolute nmeasure: mnimze val ue of

plurali B RProlbs R iin 808 i SRt NbER JFARE 2 g RFeisure thar

all nelogp Y A2 i RS L ARE SETCh B SIRP ol 1 E¥5te fegiiggives
where a portfolio manager desires to nmake these values | |

global gopstraintssat stap &96I arhese: ernsigigs @re tenbgsgansidargd e optimizing
used.ll. Algorithmfor Milti-Portfolio Optim zation :

the tdtaigdlagylity of sontfeliesth Sdmeeglobal eonstrajotsi thatmfight be used would
mul ti-portfolio optimzation can include substantially

relatd 2 buobtOMbNIghité . bl d9sets fraded (séreeniigd, Mamber, monetary),
algorithm it is possible to find an optimal portfolio

otal dEeeth g0, Bt nber Monetpp), Lty Bl ghieRreentage.
numb‘gr,S Ho%%ijairflf a%%te\é\%%?e risk levels, transaction costs, late comers, and
crossing.

[00119] Next, at step 808, the system receives parameters to be used in
optimizing the individual portfolios. The system then optimizes the portfolios
independently using the individual optimization parameters on individual portfolios at
step 810. This newly optimized asset data is then aggregated at step 812, and the
aggregated optimization asset data is checked to determine if it is within the bounds
of the global constraints at step 814. If the aggregate optimized asset data satisfies
the global constraints, the optimized asset data for each portfolio is displayed at step
816. However, in the event that the aggregate optimized asset data fails to satisfy
the global constraints, the constraints on the individual portfolios are adjusted at step
818 and the optimization is rerun beginning with step 810. This process continues
interactively until such time that the aggregate optimized asset data satisfies the
global constraints.

[00120] The following example illustrates non-limiting aspects of the present
which:

[00121] Three portfolios (h), each having 3 securities (S) to be traded:
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two cases: [001 15] rel ative neasure: maxim ze val ue
of scalar variable x under the foll ow ng constraints:
WOREQBAI4036H h ) *x, VK {I,..., K}, KQ , k e {PCT/US2088/004347

S K Q absolute neasure: mnimze value of scalar

o vagi 8IS, Bsunder the follow ng constraints: W ht )+y
W (h?), V{I,..., tf}, Ke &, VvV {_,..., *}, k Q [001

o 1ﬁ]2: §org.the relative measure case, it is assumed that
thé val ué of Wk(hk Opt) is positive. Were it is
nﬁg_a%i :? t he value of the variable x is m nimzed

* i B3tBuP%Pmaxi ni zed. [001 17] Additionally, the
i nventi_on as_claimed can optim ze lLural it otf .

[00122]; ¢ f olTiNgsORt{mizatieN psthﬁssbtﬁreec BAdicligh s Subieh 1o the following
optim zation may take multiple rounds in order to

globat eanstraintsa®depadbl e sol uti on given the applicable
constraints. One enbodi nent of the invention is
ilklustratgd._i Q. 8, +w further detail shown in

*  RGOTH. 1313?5§?‘6F9%Tras&e flow diagramillustrating
one exanple of the nethod and system of the current
invention. In process 800, the systemreceives data

o f Mroaapbu®aki 190 Shapes Tragdads at step 802. The system
then perfornms a check to ensure that

L MTQTAL 3. Total Trade Cost < $200

[00123] The optimization of these three portfolios is subject to the following
individual constraints (M,). For the purposes of explanation and example, the
constraints are identified according to the scheme: MpoRrTFOLIO-CONSTRIAINT NUMBER.
While in this example the individual constraints mirror the global constraints, this is
only one example of an embodiment. Another embodiment might have individual
portfolio constraints that do not mirror the global constraints in either matter, i.e.
securities, or amount, i.e. shares. Another embodiment might have individual
constraints both mirroring and different from the global constraints, in part or in

whole. In this example, the individual constraints are shown below:

Mi.1: S4 < 100 Shares Traded Ma.3: Total Trade Cost < $200
Mi.2: S2 £ 100 Shares Traded Ms.1: S1 £ 100 Shares Traded
Mi.3: Total Trade Cost < $200 M32: S, < 100 Shares Traded
M,.1: S4 £ 100 Shares Traded Ms.3: Total Trade Cost < $200
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all necessary data is present and correct at step 804.

The system then receives gl obal constraints at step
W@O®s/1M0ece constraints are to be consi dered iPCT/US2008/004347

optim zing the total plurality of portfolios. Somne

ly@bala C ' m ght be used would relate to,

glﬂ\?z'%\rsé %gqulghlgiee%df%gj%dt otgal assets traded

(percent age, nunber, nonetary), total assets sold

(percentage, nunber, nonetary), total assets bought

(percentage, nunber, nonetary), acceptable risk

o045 45 4G BBRLIB1 8% GO, £S5 cout
e, EEHATE S Roed T SRR RS S

i ndependently using the individual optimzation
o pdwanmet ers on individual portfolios at step 810. This
new y optim zed asset data is then aggregated at step
o 812,= 300 SHwreaJuadght ed opti nbzati 8y =at3EShdedsaTraxded
checked to determine if it is within the bounds of the
o 9gbahoo®idredimradedt Step 814. |fThhe TRH8E €t e= $100
optim zed asset data satisfies the global constraints,
the optim zed asset data for each portfolio is
di spl ayed at step 8 16. However, in the event that the
aggregate optim zed asset data fails to satisfy the
gl'Bbal constraints, the constraints on the individual
portfolios are adjusted at step 818 and the
o  ofhiTilQShates Jraéedin begi nni ag wi Bk =st@&HSBaces Traded
process continues interactively until such tinme that
o tI8 2400 Saires dpaded zed assetodat aTetl iTsadeCashe= $10
gl obal constraints. [00120] The foll ow ng exanpl e
illustrates non-limting aspects of the present which:

[ ] h3

o S1 =100 Shares Traded o Ss = 100 Shares Traded

o Sg = 100 Shares Traded o Total Trade Cost = $10
[00125] While these individual portfolio optimizations meet the constraints

placed on the individual portfolios, the aggregated asset data must still be checked
to determine if the global constraints have been satisfied. The aggregated

optimization data is as follows:

300 Shares S; Traded 100 Shares Ss Traded
200 Shares S, Traded 100 Shares Sg Traded
100 Shares S3 Traded Total Trade Cost = $300

100 Shares S4 Traded
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[00121] Three portfolios (h), each having 3 securities
(S) to be traded: h2: S1, S2 , $S4 [00122] The
W@piBH240a¢ i on of these three portfolios is sSubPEDUS1008/004347
the follow ng global constraints (MIOTAL): MIOTAL - S
[00126]< 100 hSisatresnambeedf SMaOUA shargs thatmeredragded across all of the
Traded MIOTAL -3: Total Trade Cost < $200 [00123] The

portfcﬂi@tsleﬁcééue@mh@bggl‘me nuhsserishbeds the portfelibjreanader intended
the follow ng individual constraints (M) . For the

to traBHf W‘?ﬁﬁr%rlol? %:Sﬁlt BPfHd PHAJESdcRS3EN (ﬁ‘ thé RREAIVY E8cHDS the

are ident according to the schene:
TR i this exanpl e
ma g RS EanCor hemdlHals 49 %6%[ oba
constr this is only one e
10018 Rb 00! rSlommOyReiE AGEHRIR LRSS TAY BSIREosEd.q mult
portfolio constraints that do not mrror the globa
portfalioreptinaizatien.i theeiystam caatadiust the eonstgints pndke ingividual
amount, i.e. shares. Another enbodi mrent m ght have

portfdalmiaﬁdllmbn¢msbtiraiizm:t's>nbot h mirroring and different
fromthe gl obal constraints, in part or in whole. In

[ooﬁd]' S eﬁﬂm B a hbw dna ifh N i1 GRRRES ahrb@ndple ofanthe current
bel ow. 1: Shares Traded M-3 Total Trade

t a ;
e R w@@w@@wﬁaﬁ%@s@q@faw@@& gt
S 100 Shares, Traded M- i r Tr
s mage-df h%mnyﬂafae@&hcﬂaresv@tsaﬂ&d i edg1 Borf i B Brevious
Tr aded 001241§ I f_each portfolio were optim zed, .
round atipRimzatieg () pdsespliediyidueb reargrmMaun  argsUTRiMeg ipiqrder to
ot her aspects of the exanple are in order
determine the aggregate number of shares traded across all of the portfolios (StoraL)

904.

[00129] This aggregate optimization asset data is checked against the
applicable global constraints (StotaL > MroraL) at step 906. If the constraints are
met, the optimized asset data is displayed at step 908. In the event that the global
constraints are not satisfied in step 906, the system may adjust the constraints
placed on the individual portfolio optimizations in the following manner. A
determination if “late comers” are allowed is made at step 910.

[00130] Allowing “late comers” would allow securities that were not traded in a
particular portfolio during the previous round of optimization to be traded in current
round of optimization. If “late comers” are not allowed, the system must check to see
if each security was traded during the previous round of optimization at step 914. If
the security was not traded during the previous round of optimization the maximum

number of shares that can be traded of that security in the next round of optimization
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hi o Si = 100 Shares Traded o S3 = 100 Shares Traded o
S2 = 100 Shares Traded o Total Trade Cost = $100 tl2
W®@2®8/124036.00 Shares Traded o S 4 = 100 Shares ACHUSHOD004347
S 2 = 100 Shares Traded o Total Trade Cost = $10 h3 o
(M) iSsetediidl tSlzare@at Stepd®tb. olf §3 segm(iiysm radad ddgdg dhsprevious
100 Shares Traded o Total Trade Cost = $10 [00125]

round/\Bf bstirhasien] thidi mbasdinalmpumiber dfesHepes thatasandrs traget of that
the constraints placed on the individual portfolios,

secu@t&?n% éﬁ%!aqd% gﬁggﬁﬁgtﬁ%‘%xﬁr@uhb i) g?lhﬁ%% ) is set equal

ter ne | onstral nts have been

sat | fle The .aggr ega v .

to the: B B e8GR 87 Y Ry D et adllo il g pevious
Shar es 82 Traded 100 Shares S6 Traded 10 Shar% ?

roundrpbariimigatian Mylipiedthythe-g cqpgirainter dh er of shares that
Traded[ 00126] Thus, the nunber of Si and S2 shares

can behtaadedfar a seaisdy acrasssalbthie portfolies iidedoby the aggregaéeinumber
t he aggregate nunber of shares the portfolio manager

of shardsethdederotratdaeddor Fgetindty,adrbss albdtie pbrifdiies idusidgshe previous
across all of the portfolios exceeds the maxi num

roun(% gf sggﬁ&a&.bﬁcﬂs Qo Wﬁf’ sheppat 5@y @.as a whol e.

Ther ef or e, ere aggregate constraints may be

[001:”]p ose%e% tt@g ét@ﬂ{ I:ﬁé)élisoto see if “crossing” is permitted at step 918.

“Crossing” occurs when an individual stock is both bought and sold across the
multiple portfolios being optimized. If “crossing” permitted, than the optimization is
rerun with the adjusted constraints at step 926. If "crossing” is not permitted then a
determination of the aggregate number of shares of a particular security bought (S;.
soucHT) and sold (Si.soLp) across all of the optimized portfolios must be determined at
step 920.

[00132] It is determined at step 922 whether the aggregate number of shares of
a particular security bought (Si.soucHT) is greater than the aggregate number of
shares of a particular security sold (SisoLp). [f so, then the maximum number of
shares that can be sold for that security during the next round of optimization is set
to zero at step 928. If the aggregate number of shares of a particular security bought
(Si.soucHT) is less than the aggregate number of shares of a particular security sold
(Si-soLp), then the maximum number of shares that can be bought for that security
during the next round of optimization is set to zero at step 924. In one embodiment,
when a buy or sell side is set to zero to prevent “crossing,” the adjusted constraints

to be used during subsequent optimization rounds relate only to the buy or sell side
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opti m zation, the system can adjust the constraints on
the individual portfolios and rerun the optim zation.
wOo®328403¢-ig. 9 is a flow diagramthat il ustrBCEES2N8/004347
exanpl e of how the current invention may adjust the
which isdiotisetitd zerox: t Fioally the optimization isAerwt (e®026) using the
determ nation is made of how many of each share was

adjustgcﬁg@d;t'rgimgach portfolio during the previous round of
optim zation (S/) . These individual share anmobunts are

Ssymred g ' : i :
[00153{77e5 Refeffgacklodht Ricibfe bRBANAERMSrELTBTlg B, in which
04, 012 Thi; . agar egat pti,m.zatipn, asset  data is
both 4R LEaPraPd SRaTRiE edet 8ngibp aest B BB Eug et beeted the
(STOTAL > MJOTAL) t step 906, If the consfraints are
tradepgintendrd Bpits nihecePnsdiadits @i thejigdiy|dus 396%9“% ajedow adjusted

908. In the event that the global constraints are not
as folkwvd.sfied in step 906, the system may adjust the
constraints placed on the individual portfolio
[oowl?t I m Agkuniisg flate deméd” lamal ‘egogsimgtedre bvtl @leemitteththieon
it "late coners” are allowed is made at step 910.

adjusErﬁgﬂﬁraﬂE%rﬁ'HeofﬁbrfglléiWiﬂb? \SIAG t%e VRIS frdnh B1Y. SRE W2 §88(MroTaL /

e not traded™in a particular portfolio durlng

Srond (L RHIV 3B O B RS o e 458t can

not al] owed, the system nust check Lo see if each
trade@@%G?P%ﬁewagtytmg@%ﬁeaﬁhm%e er&qu"r"é%“&ﬂus round of
optim zation at step 914. |If the security was not

o t ed dumy ' r ptim zation the
na“@gﬁﬁwﬁgr?brgvé%g Tgﬁg§ggqt@8a?qggﬁg@gptraded of that

security in the next round of optimzation(M) is set

egpal to ro at e L f curity was traded

* d 1i2n§2t%§%p§%@ﬁe§§l§aaﬁgiﬁo%f %é)&?ﬂéﬁati on, the naxi mum
nunber of shares that can be traded of that

. Mi_3: Total Trade Cost < $200

o M,.4: S4 £ 33 Shares Traded [100 * (100/300)]

o M,.2: S, £ 50 Shares Traded [100 * (100/200)]

. M>.3: Total Trade Cost < $200

o Ms.1: S1 £ 33 Shares Traded [100 * (100/300)]

. Ms.2: S, £ 50 Shares Traded [100 * (100/200)]

. Ms.a: Total Trade Cost < $200

[00135] Therefore, the next round of optimization might yield an outcome like

the following:
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security in a particular portfolio during the next
round of optimzation (M) is set equal to the nunber
w@Rooghatoes traded for that security in each poP€T/u51008/004347
during the previous round of optimzation nmultiplied
o byt he gl obal constraint on the nunber of shares that
can be traded for a security across all the portfolios

o digyi-dgd dnartdaraged egat e nunbgr of Sshaneg SHares Weaged
traded for a security across all the portfolios during

of optlmz i on MEJALL
© S!%%TA{E?\grﬁqé?e é@sljdz [00131] xt t-rkjgélsf/sgjem eck$s61to
see if "crossing"” is permtted at step 9 18.
"Crossing"” occurs when an individual stock is both
bought and sold across the nmultiple portfolios being
° opi mi zed. If “"crossing" permitted, than the
optim zation is rerun with the adjusted constraints at
o stSpF 326harés Tradeski ng" is nov perHi et Sharesalraded
determ nation of the aggregate nunber of shares of a
o D@t 60ISHareeTwaddy bought (So- BOHGHTYradsiCost ¢ $61
(SJ-SOLD) across all of the optimzed portfolios nust
be determ ned at step 920. [00132] It is determ ned at
step 922 whet her the aggregate nunber of shares of a
p%‘éticul ar security bought (SJ.BOUGHT) is greater than
¢ aggregat e nunber of shares of a particul ar
security sold_(SJ-SOLD)- If so, then the nmax
o noesdshasaadéadethat can be %ol d ﬁﬁr‘ﬂﬂ%s'?éé%mr@gﬁd
during the next round of optimzation is set to zero
o aiSsst #p0 Shares Traded aggr egat eo nunbdotalfTradarGsstof $48
particul ar security bought (SI-BOUGHT) is |ess than
t he aggregate nunber of shares of a particular
security sold (SJ-SOLD), then the maxi num nunber of

[00 ﬁgar es W%@ga@d%%%é aﬁrrémbuﬁswro'g whli’étfdrf‘gatﬁéﬁ%s all of

ptimzation is set to zero at step 9
the gI'orE)achnsPt'rEtng'. "E{Y total trade cost was reduced to a lower level which

satisfies the global constraint due to the difference in the number of shares traded of

each security. The satisfactory aggregate data is shown below:

S4 =99 Shares Traded S5 = 100 Shares Traded
S, = 100 Shares Traded Se = 100 Shares Traded
Sz = 100 Shares Traded Total Trade Cost = $200

S4 = 100 Shares Traded

[00137] Therefore, by adjusting the constraints in accordance with the claimed
invention the optimization was able to adjust the constraints on individual portfolio
optimization in order to satisfy global constraints place on the plurality of portfolios as

a whole.
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when a buy or sell side is set to zero to prevent

"crossing," the adjusted constraints to be used during
W@ apgazeant optim zati on rounds relate only toPE€TESIHNY004347

or sell sidewhich is not set to zero. Finally, the

optim zation is rerun (step 926) using the adjusted

constraints. [00133] Referring back to the exanple

lIl. begun w DptiredESendRH andiSblvihg Timehi ch both the
nunber of 51 and S2 shares traded and the cost of the

[001588&des TRECSRARAS %éﬂ%fhg f sSh1! nt g ;{‘d\?vﬁlch'lg‘cbﬁ'\pdteé by the

nstraints on t ua por folios are now

aigor iy S Binigfees Q‘S%s% ﬁg%ﬁﬁ ﬁfaé@%ﬁﬁf%%ﬂ’&?ﬁ%ﬁ?&ﬁ&e fiptance

bethefollovvlng Usi rmul a romF|

of thegyalue of ey ec}weﬁtmn&pp Qx(ﬁd ffqm |tlawvableo9k(@g‘i"’ah M\%e maximum
yi el d the maxi mum nunber of shares that can be traded

is takeh owec all pectfolidsyh4, n., bkeThisxset atsmsatisfiesihe mwonatramt on the total
M - 1: S1 < 33 Shares Traded [100 * (100/300)] M-2

0 Tt ] tisfie lﬁ‘é’
portfol|03,%1 fgagf@‘c%g?egh%%ﬂht&%b isfigs ?%Sﬁhrgegiﬂgrr g%deby portfolio

manabl? Eﬁ@@b@?ff%‘i’kfpé'%za%?%sszaﬁg Shae: 5200 101

Shares Traded [ 100 * 100/ 300
[001333 Sha?%§°"l’\%%[@9° 'I‘ERJ" é)‘ &%S@Ve ﬂ“@tfﬁﬁt q*teBdE the
Cost < $200 [00135] Therefore the next round of
algorigpmiisriszbstaotialy gauahtpdhe tiare gﬁfarm;ng the pptimal 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
step. In some embodiments, we can use the fact that the optimal solution we have
in the first step is the optimal solution for the problem in the second step if the
constrain on the total portfolio is relaxed. Therefore, we can first calculate a dual
solution for the relaxed problem. Then, we can use this as an initial feasible solution
to solve the problem dual to the problem in the second step of the algorithm. This

approach can speed up finding the optimal solution in the second step of the

algorithm.
V. Objective Based Algorithm for Multi-Portfolio Optimization:
[00140] Referring to Fig. 10, according to some embodiments of the present

invention, it is possible to reach additional “hidden” optimizations by adjusting the

individual optimization objective functions such that the numerical value of the
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the followng:h i oS 1 = 33 Shares Traded 0 S3 = 100
Shares Traded o S 2 = 50 Shar es Traded 0 Total Trade
w@oEB/1240361 0 Si = 33 Shares Traded 0 S4 = 100PCHHSTE8/004347
Traded 0 S2 = 50 Shares Traded O Total Trade Cost =
funct®®s is faés3 desBiabte. 3BhiShejestinh maydigo 56 refer@dl tehas gaunishing” the
Traded 0 S5 = 100 Shares Traded O Total Trade Cost =

|nd|V|87§I osia2alior bejertive egadtréat a for the current round
of optim zation satisfies all of the gl obal

[0011}3@”St r Wllmlsp v(ﬁ @Bgﬁrﬁﬁzaglbﬁc&%n%forﬂﬁﬁatbﬁ%&ﬁi ob}éc@ive function,

'evel atisties the constraint due

whnci%cirg%%rﬁro%gp qn‘e rguE gﬁ M@%ﬁf%ﬁgﬁ&éé@%ﬂ%&f‘gﬁgje@ to individual

shown bel o = 99 Shares aded, S5 = 100, Shar
portigioGRASEIts amcglghalrwsmaga@ﬂ QptipRy \@M% gt aningjuigual
53 = 100 Shares Traded Total Trade Cost $200 54 =
portfa@oolghativesfumctide wienoingivjdusiiyrasttioniged l@smehg iepresentedeas Q;
constraints in accordance with the claimed invention
wheré hie- 19ph portilios 01T healeasbbstirhal wlue of ahhirdicdual paitfdli® abjective
i ndi vidual portfolio optimzation in order to satisfy

funct%gﬁ{aﬁ%rl\ I‘bgﬁﬁie"ﬂ Wt tif'?(%3 ﬂﬁﬁ?gﬂ&%? ﬁ@b%é@%)h Yaiflls can be represented

s as’ a 1'on"an
as Q'h| w e h‘Rl w#rg B%S]Egg%ﬁ%gbgsrlmﬁguappo%ho O%Jectlve

optimization will fall in the range between Q’; and Q°". This range can be

represented as A, . If Q= Q" then the optimal solution is feasible (that is it does

not violate global constraints).

[00142] Using these terms, a new slack variable represented as AQ;, can be

defined by the inequality abs(Q'i - Qi(x;))/ A, - AQ; <0. Slack variables measure the

deviation of each portfolio from its optimal value as a fraction of its range. This
definition guarantees that the slack variable will fall in the range of 0 to 1, where O is
the optimal value and 1 is merely a feasible value. Slack variables are not
dependant on the particular objective desired during optimization.

[00143] If individual portfolios that are part of a multi-portfolio optimization have
different types of objectives (for example risk, tracking error, return, etc...), over-
trading or under-trading of some individual portfolios can result. This situation is
often precipitated by size differences in multiple-portfolios that are being optimized
together. In this situation, it may be necessary to properly scale or weight the

objectives of the individual portfolios such that all portfolios will be traded fairly.
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al gorithm above, mnimzes the val ue of the maxi mum
relative or absolute distance of the value of the
wW@Rjoea2408@ function VW(hk) fromthe val ue Wk ( hRCT)I8$2008/004347
where maxi mumis taken over all portfolios hi, ..., hk-
[00144]i s sdig.alGis afowddiagmn whictoilissiraiestmuoli-pardotiooatimization
portfolio Therefore, the solution satisfies the

usmgﬁh@ﬂﬂ]’dal porifeidlobjeetivey ReiisHing ia oraepgesatisfynglobal constraints
mul ti-portfolio optimzation. [00139] In sone

and bee@?rgéé’lgﬁﬁal otbﬂ:-?ctllk/lggg lIJrE?t Ss aﬂcﬁpld‘é'f‘a fs'}%cfalv%'ﬂtfoiﬁﬁgﬂ%?ality of

orit yequa to the
portfcall_o%dét%gep ESO%E Eﬂi(lsc 3 Ut ogr&e\gqé ei\;éjﬁg wGit@glLﬁecsengry data is
addi t i onal constr n the total portfolio., In
presefd @pFCastash at siep ﬁ%@ ahaticonsiramts At IesRived @fostee 1003,

sol ved. Hovvever this should not take substantially _
[0014f]r e t iGlebaleonstraints tase $o betdansidered e optimézing theptotakplurality
some enbodi nents, we can use the fact that the opti mal

of poffdligsi Gorie glebed constraiets ihat cantbepuser wobeldoelatedd, but are not
solution for the problemin the second step if the

IlmlteGQBStt?l%'l QSQQS&I@%GH%@"CM&?@ Hirfbés nﬁ@r‘nété%i’ total assets sold

herefore, we can first calculate a dual solution for
P I Ta [

erchfadeSh OB EPREEI), FOSE ool 538455 BonMcentegs.

the problemin t sec .he al ithm This
UMb T BRGIRT b ACSBRERIE S F%?%@P%@c O chsfs. e gomets; and

the second step of the algorithm |V. Objective Based
crossii@orithm for Multi-Portfolio Optimization : [00140]

Referring to Fig. 10, according to sone enbodi nents of
[00146]e pr eNext, at ptepnt0@8),canstramtpcanibe receiveddadie used in

addi tional "hidden" optim zations by adjusting the
optimizing the individual portfolios. Global objectives for optimization are received
at step 1010.
[00147] Global objectives are to be considered in optimizing the total plurality of
portfolios and allow managers to apply greater overarChing management strategies
to investment portfolios. Some global objectives that can be used would relate to,
but are not limited to: risk, return, minimization/maximization of the sum of the
individual portfolio deviations, or minimization/maximization/equalization of individual
portfolio deviation. Individual portfolio deviation may be represented as a slack
variable.
[00148] Next, at step 1012, individual portfolio objectives to be used in

optimizing the individual portfolios are received. These objectives might relate to risk

or return.

43



i ndi vi dual optim zation objective functions such that
the nunerical value of thefunctions is |ess desirable.
wabiog/1ampast i ng may al so be referred to as " puPCBEEB2998/004347
the individual optimzation objective functions.
[0014BD014 1T h&tplarifolinsr aregdptiniapd iimdenpandsmtly aisingstheoeonstegintg and
as an objective function, which is a |inear product of

objectivdd oplirdividdaivpattfeliopat i;o‘etpl 1@ dobT kistrievdy optibjized asset data is
i ndi vidual portfolio constraints and gl obal

then %@?téééﬁ@dnétssteﬂ_ Re18Phha®e éébl‘é%ne d 6Btlhﬁf§t‘é'ndé&|et data is

i 0 objective functiOn n individually

chec%@iﬁtﬁgoq%grgg%%%g% \gggpetggﬁ ‘fn&dgiog?%éé eaﬁ %ohstral}wts at er 1018.
fthe BEGRAS GRTBIEH 'a%s.eﬁt o@e&%‘ei’%ﬁrﬁ“ﬁ“@%@{iﬁ qzréﬁr Yﬁgéﬂa ga?qgwination

Wstart where i = portfolios. Therefore,
is magedit stepui02p to cmmk létlmajs@utlon@e@bmeﬂt& e glebal olpjeﬁtwes If the
in the range between Wi and Wstart . This range can

soluti®® nieis ¢ise glotal abjelbtives, the \hitinszadst solutions faerthe lpertfolios are
optimal solution is feasible (that is it does not

dlsplay&'a’{ts?e Hgb@l constraints). [00142] Using these
a new sl ack variable represented as DW, can be

[0015@3f ! nedlrﬁ%eté\?e :?fgﬁsﬂﬁé éa?zé %&Wp&l\mzewa%%%t)%éta%Wer M¥s to

Sl a varla eviati on

R TR QA e RV N

. variable will fall in the range of O to 1, where O is
objectivefusisticnalare apurished at step ﬁ@g'e’@ndathpéafglrwat%ﬁﬂ@mn
Sl ack vari abl es are not dependant on the particul ar
beginabijgewith etep €814 .e Objlestiveg ave tpiumisted ioran ¢ifart 4a3katisfy the global
i ndi vidual portfolios that are part of a
constfBihfsi orPfe dirhi2afh | ﬂhé&btl@ﬂlqhé\tﬁ Ldigfdrejian Rdlaestnodan be

obj ectives (for exanple risk, tracking error, return,
used.CTfie-amod&hat an objective function is “punished” is determined using
Lagrangian Dual Problems, which is part of Lagrangian Relaxation method - a well
known technique in the field of optimization.
[00151] While it is not necessary that a global objective be applied to the multi-
portfolio optimization, this option provides for an additional level of control which has
not historically been available in multi-portfolio optimization solutions. Two examples
of global objectives are: the minimization of the sum of the individual portfolio
deviations, and the minimization of the worst individual portfolio deviation. These
examples discussed in further detail below.
FAIRNESS BETWEEN PORTFOLIOS OF DISPROPORTIONATE SIZES

[00152] When optimizing objectives and constraints across multiple portfolios,

unintended consequences can occur when portfolios of disproportionate sizes are
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tradi ng or under-tradi ng of sonme individual portfolios
can result. This situation is often precipitated by
W@ 2o8/12k08¢ er ences in nultiple-portfolios that BEBHURM®0SIOP4347
optim zed together. In this situation, it nmay be
optimizasttogether begaugseall pf &mndnv&um@pgwntﬁrﬁé the Jn@dtlpl@asortfohos
of the individual portfolios such that all portfolios
are likdd bpehd casherhtival iunbéi06FisiHres tqbe tfadedl. aSpecifically, if two or
diagramwhich illustrates nmulti-portfolio optim zation

moreéﬂﬁrﬁ@lldsngf'evéf‘mﬁére‘?\%tz“e%' LAd PRlVEH EdrBmaLas St Be thdded, then
gl obal

der to satisfy constraints and best neet

e eGPl 0 Y Sl B AEEB A e pnd SR B

oEj){erformad to ensure that all necessary data is present
portfaliQéS)eorrect at step 1004. G obal constraints are

recei ved at step 1003. [00145] d obal constraints are
[00153] be Eonsxasmde, twe olosiAgndid whgmpphmizes ingdivigally have

portfolios. Sone global constraints that can be used
sharesoof IBM & BU .t Portfalio Aistenotinesritatged than podfalio Bsard svhile
traded (percentage, nunber, nonetary), total assets

portfci®l A neBas @@Mqoomﬂmarems@ftfard)a nééds 6A51ts.BUYH1M,000
assets bought (percentage, number, nonetary),

share%C CIQQ\’V@%F bFdlic R*éeél?i 13]@?(%%95%%%“ %‘rlvh"jlg?g\e price of IBM

coners, Crossi ng

ontralnt n, be ved t tim zing
stockigi mﬁ&??@éﬁ C,SBP{#@\OG% Sf@'ﬁ%ﬁ%a‘?ﬂ&mgw i
timzation are received at step 1010. [00147] d obal
[00155& ect iAdsitionadly: o edablsisfairaess, fihﬁ iByetians im §omeeembodiments,
total plurality of portfolios and all ow managers to
allows fiprl tyamsacdivarcastetoabe splitheteeag eportiolics inagitugitions twere crossing
i nvestnent portfolios. Sone gl obal objectives that can

is alldWed!SEEr BRAMNPId, & lakge pertfdlibttradify BA4rde miirddr bPshareskncurs
return, mnimzation/ maxi m zation of the sumof the

less transaction cost per share than a small portfolio trading a small number of

shares. Thus, in situations were crossing is allowed and a large portfolio has

benefited from crossing, the transaction costs associated with the trading of the

small portfolio can be redistributed, wholly or in part, to the larger portfolio in an effort

to prevent adversely affecting the smaller portfolio.

[00155] Thus, according to an embodiment of the present invention, the

optimization systems and methods may include features for ensuring fairness when

portfolios of disproportionate sizes are optimized together, to reduce unintended

consequences resulting from the size difference.

[00156] An aspect of fairness can be achieved, while at the same time reducing

trading costs, by optimizing an amount of cross trading between portfolios and/or

reduction or elimination of trades by smaller portfolios when larger portfolios are
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i ndi vi dual portfolio deviations, or
m ni m zati on/ maxi m zati on/ equal i zati on of i ndivi dual
Woosfiodos® devi ation. Individual portfolio devPElr/U8I908/004347
may be represented as a slack variable. [00148] Next,
trading signifisandydlumesddfthdisameessetesl iThedradiog iopst pepsire of each
used in optim zing the individual portfolios are

securigdsiseetb dé’ﬂs@mfuﬁbh &i5d totalstradipgtvolurhaiof thesetwity eraded by all
return. [ 00149] The portfolios are optim zed

manarg;]&gl%semﬂeeréléve\wdﬂﬂoﬁdbe I‘F\Orﬂéﬂél?d(g;%dﬁﬁ%d%% fGONMBILIdr the

di vidual portfolios at step is new

e
aistriBRSTRERS FAIEL 8 B e §thoBe *ERBI BatbiDy BirkEoBymized
ernm h|nt e bqunds

take Eﬁﬁw??gpﬁ@%ﬂ%ﬂ@@'w §freacheorgicsa ethsﬁ?fpﬁ% 388 trading
asset data satisfies the global constraints,

cost peit gharprislassrexpensivedfoathe lasgerioartfoties. c@@@l@mboﬁment of this
sol ution best neets the gl obal objectives. If the

invergiohwandre destribechacgdrdingl todhg éoltowing moded. opt i m zati on
solutions for the portfolios are displayed at step

[0015724. [R{H6Pthe! MotiBEofEHaNtdUdNpbrifdli® i38BEW s the trading cost can
optim zed asset data either fails to satisfy the

nstraints or fails to neet the gl obal

be pr@%J@ect |af/sgs t he | ndi vi dual objective functions are

puyni s at. st 022 and the optimzation is rerun

‘j{ Eﬁg) E‘W »1014. bj ectives are punished in

an effort to satlsfy the gl obal constraints on the

o aptd)E Zatehn’ (afhe! t €6hni que of Lagrangi an Rel axation

can be used. The ampunt that an obj ective function is

g{, I de? erm ned using Lagrangi an Dual
Iffr‘o réFFB‘ At s part of Lagrangi an Rel axati on

whergglmgi%{rfeoﬁﬁééatﬁﬂoo\mastsg?g%if‘iWee pi)ﬂfotligei, I)ii(gf,g(a%f- buy and sell

volumes, respectively (as a fraction of portfolio i wealth), of asset a, hi(a) - initial

holdings of asset a of the portfolio. a - is an assets universe and | - is the number of
individual portfolios.

[00158] When crossing is allowed, some of the multiple portfolios being
optimized portfolios buy securities from other portfolios. This type of transaction is
considered to be “free” (i.e., no additional transaction costs). Only the net balance of
non-crossed shares must be bought or sold on the open market. Therefore, in
general, each portfolio has transaction expenses only for external buying and selling
of securities (volume): b (‘,) s (a)and v'(a).

[00159] The total net volume imbalance for all portfolios can be represented by

-? &' .‘. .
the equality: > v'(a)= .Z ba)-2 s (@)
imi Jal fal
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[001 51] Wiile it is not necessary that a gl obal
obj ective be applied to the nultiportfolio
W@pIBHE40a¢ | on, this option provides for an addPCT/o82008/004347
| evel of control which has not historical Ify been
This eqaalitabbe also belrewritien irf Hie inegstform xth e fobdwingotme
Two exanpl es of gl obak objectives are: sthe 1

inequlifies @A(am‘ "5 (1 —SHih @), ame T hdiayizdNad (e T4

deV| at izons, the fmnim zati oA of the worstit

di vi [
001 A 8B v g e o

OR FQ
tradnrbgpt.? 2 ﬁstmsggfggggaggé e g osiéé i Rtging:
; ortfolios, unintended consequences can Qi _ Wg%p .
7 (Dot P06ID B (F  Hispk opbiatd dnat VS Fes(ate t"lkﬁ?z sed on this
t oget her, because all of the individual &¢counts of
modetlh@emadnm@beswtqdaabnazermet aenosd peytfelins depandst o the total

nunber of shares to be traded. Specifically, if tw or

tradinPvslup éffthkizzsed tre afedlitf éfethe Mortolits porifolid dbjeetive and
common asset to be traded, then the larger portfolio

portfcynd+ Adtra®RgE cases adversely affect the trading of the
cf portfolio(s). [00153] For exanple, two

rtfol : : i.rd LAdi i I :
100181 o0 R, g Batst cOHE IS REE sk ottty sized
than ortfolio nd while portfalio needs, to B
portialis esBupe AsriaBed 5o T laToer & Reaartalivs bechmvineceaRsr the
shares. However, portfolio A's BUY of 100,000 shares
tradegifor therlpige n@rtftqH@ ip lasseexsrensive, onctrelative basisr thanythe cost of
affect portfolio B's snmaller BUY of 10,000 shares.

the trad64 i) thacnall podidlip, Ary MEapréfeI’erfwisramstse impesed by
i nvention, in sone enbodinments, allows for transaction

introdiR%ibA df%@ﬁaﬁmg éoéae;tmqemuneﬂérﬁé ) ihesmbleli t uat i ons
were crossing is allowed. For exanple, a large

(00165 ¢ T Ol RaLL&WHe RrdHife i WORE & tRiHERHoh Nt Rodel can be

modified as:

o (@) = (@) *V (@) + 1, L Ba@)=b (@) +s (@ -5, @) Vi=l..lacA,
where t..ssis the transaction cost per trade for the crossed trades. However, when
crossing is not allowed and multiple disproportionately sized portfolios are trading the
same asset in the same direction, it may be best to reduce or completely eliminate
the trades for the smaller portfolios due to the increased transaction cost driven by
the trades of the larger portfolios.

[00163] Take an example having 2 disproportionately sized portfolios, which

have the following characteristics:
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| ess transaction cost per share than a small portfolio

trading a snmall nunber of shares. Thus, in situations
WawRe8/124086si ng is all owed and a | arge portfol i BCTIES2008/004347

benefited from crossing, the transaction costs

associ at Bartfaliohl t he tradi ng .of the smal | RwitfolioRi 0. can

be redistributed, wholly or jn part, to the |arger

Portfelfs Weditho $600@00ef f ort t o preRentfolisdVeakie! $5,600 @00 ng
the smaller portfolio. [00155] Thus, according to an

PortfGIEPO ée%.% Mﬁnlﬁﬁfe | NVPBETNB, ObjRBHRR INIiRRE Plaicking
met hods

Errorsyste nd nclu Features for ensuring
fairness V\/nen portfol [ os of disproportionate sizes are
m zed. et her educe,uni nt ended consequence
Portoli GonsRgnt-RReuhe =g 15 ai t P Bt Foteint Kok ecD o2z

of fairness can be achieved, while at the same tine

reduci ng tradi ng costs, by optim zing an anmount of
[00164]oss tA adinpgriben mémdl\pdualfcmtmgam;aod neltitpartfelio eptimization

elimnation of trades by smaller portfolios when

withou@easssingpand edking imo elccadnif@iraegs wouidltiok\ad foltewsof
the sane assets. The tradi ng cost per share of each

Securi Ty Tifyividhal OptiRRaatibriPon the tl\ﬁ’&lﬁlPdrfféFi’é timization

sl van: | O For R B s, | oriole 2
: r C d ransaction (in
The ik sl gL Oy e

APCinto consileration tha808tal wealthOf each nor 111883 o

BBY and, thefdPore, the td®2ng cost peld share is | egdH2

BIIB expensi vé1Bor the | ar g&63portfoli 0.0 One enbodi &3 of

this invention can be described according to the
foll ow ng nodel. [00157] Part of the nodel of

The lbaﬁjﬂdUa‘Fl Bﬁ tlbﬁ%f'e%c/h 6&&1@9@?9(?@%5‘3@%" o. %‘l%f 59sdt f'5‘3'!@:‘510 BBY,

rese wher e tion o

and é\fé.eho%ve%fer,ttn IR&II;/ Jual oBtlmlzaWog\anessi rqgt)take PrHX a%%guﬁﬂhe fact

that the smaller portfolio 1 will face by the same price impact as the larger portfolio 2,
even though portfolio 1’s volume is ten times smaller than portfolio 2.

[00165] The multi-portfolio optimization recognizes the price impact that will be
felt by portfolio 1, and finds a different allocation that does not require trading in
APC, BBY, and BIIB for portfolio 1. While the different allocation leads to a slightly

higher tracking error, the corresponding utility loss is more than offset by a reduction

in the trading costs, as shown in the following table.

Portfolio | Return Total Tracking | Realized
Optimization Risk Error Trading
Method Cost
Individual 1 0.015 0.02258 [0.01817 | $340.00
Multi- 1 0.015 0.02276 |0.01838 | $109.00
Portfolio
Individual 2 0.022 0.0510 0.04918 | $5900.00
Multi- 2 0.022 0.0511 0.04922 | $5500.00
Portfolio
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vol unes, respectively (as a fraction of portfolio i
weal th), of asset a, hi(a) - initial holdings of asset

W@ 2@B/124086 portfolio, a - is an assets uni ver sePGEIUS1008/004347
is the nunber of individual portfolios. [001 58] Wen
crossing is allowed, sone of the nmultiple portfolios
bei ng optim zed portfolios buy securities from ot her

Minimtn“dtfmi obthe Sans of yipe IndividwalRetttfaslio Deviation daviethdd A
be "free" (i.e., no additional transaction costs).

ly t
[001@] y 'Tfhe”r%hltp On oS g%bd?%}mrtiggtsféﬂth%hﬁfrﬁﬁliﬁiﬁn $f&the sum of

ught or sold open Therefore

the PP ERC ol dediie MIgRIFE LB RFERT Sthe

f7 d v 159 The t .
porttdjigeuriiid meaneibet s an|of¢\§5'3fi6w? 9" G4R25E Pog e Bomndts

by the equality: (a) f-iThis equality
optimeamalalesas & éraction |btetw,seen Q arrds1) wﬂl@e nfiginmized tothendetriment of
following two inequalities: . [00160] The transaction

any otiesitingivid ush abjectiee e Miainoizinighth et devddtioredf eadhuimelividual portfolio
tradi ng, v(n). The transaction cost per share can be

from ftQ BBﬂmléﬁ K/ngjeté‘s%ufré’é {Hé\ﬁ"lél'@er 6ortfdl @k are frloy bﬁ)@n pdef&lencé( lover

where V(o = .v . Based on this

smallgr boﬁ%‘i‘i% uf«ter\ﬁ Jlé&gggﬂlo%%%t PE #\8? per asset

0SS por i 0S pends on tradi ng vol une

t he _asset th of .the fO|lO tf
10016}, ot 108 BTl AItb A Shidclse Aot e pismARtphd the sum of
transaction costs that are shared acros
the inglivigia pertfelimeewptjor caadpe presented mathematically, as follows:

K 1 :
. E. 1 F —anlllrg(gAQj

. E.2  abs(Q’i- Qi(x)) A A

hd E.3 Zq)(xl)SI/O,

. E.4  x e€X,, where

) X, - set of constraints on allocations for the individual portfolio i.

J x, - vector of allocation for the individual portfolio i.

o Inequality E. 3 presents the global constraints across all portfolios (total

number of shares traded or trading cost).
[00168] Multiple portfolios that are trying to meet this global objective will be, in
part, optimized individually and checked for global constraint adherence. The best
solution to this objective would be that each individual portfolio’s optimization

start

solution, which can be expressed as Q' = Q" also be a feasible optimization

solution under any global constraints. However, in situations where Q’; = Q%" does
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portfolios can be assigned to the larger of the
portfolios because the cost of the trades for the
wo 2008824006 t fol i o i s | ess expensive, on a rel at PUBUS2008/004347

basis, than the cost of the trades for the small

not opeir th individurl ahjeivesicandie inunished; ibordemesatnimjze the sum
i ntroduction of the trading cost utility functions to

deviatiba aupolsd all p6aAfdids. | n cases where crossing is not a
"free" transaction, the nodel can be nodified as: ,(a)
1,...,/. a eA where tcrGss is the transaction cost
per trade for the crossed trades. However, when

Minirﬁfz%??dr{‘gf : OWc%rsﬁ"lﬁ&*W&’u por'ﬁglfd B'e?natlon =~ Method B

I'Spropor y Size 1 0S are trading

1001682 T3 roylisp Stioh WotfahoRi VB et {heaw@mﬁ'eﬁ the worst

smal l er portfolios due to the increased transaction
indiviggyak p@ntfpﬁ@ deniptionds usgdda nypimige thewesst ipdividual iddy of the
[00163] Take an exanple having 2 disproportionately
portfaliose d pe nmdavisi thaf thend Oh(devietionhef dadh povitfolio from its optimal value
characteristics:Portfolio 1 Portfolio 2 Portfolio

as a éaldhbe Sl @aRdPordfitied bertitdial H&lnéﬁwé%rsﬁ%watlon will be

Portfolio Objective: Mnimze Tracking Portfolio
t
merdgREHAVE] 1 U B 3%9&%5 491451 bR 1944 R 2 sareguard
022 ) di .
agam&ﬁ BrfndTards Ei Al otahos RN ag hat f Risthél Bretaio has
crossing, and taking i nto account fairness woul d | ook

the wgsstrdgviasios th@H@rg%a@r\vfpaaadqygﬁtMﬂ wilthe,Ragped i an effort to

portfolio requires the trading of assets APC, BBY,
improve the small portfolio’s deviation. In some cases, this global objective will

result in a solution where each portfolio has an equivalent AQ;.

[00170] The multi-portfolio global objective for the minimization of the worst

individual portfolio deviation ( F*) can be presented mathematically, as follows:

. E.5 F =minAQ
. E.6 AQ<AQ Vi=1,..n

o E.7 abs(Qi-Qix)) A< AQ;, Vi=1,...,n

. EB8 gqo(x,.) <V O =0(x)

. E.9 x, e X, Vi=l..,n

[00171] For multi-portfolio optimization using objectives, the values of Q%"

and Q,°*" can be obtained by solving the problem: E.6  min Y ¢(x,), subject to

i=]
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and BII B. However, the individual optimzation does
not take into account the fact that the smaller
weorsfiods® 1 will face by the same price i npacPCHESI00$004347

| arger portfolio 2, even though portfolio 1's vol une

E. andEt enEt Brfisslsghalimieimalhaumper of ghares thafmoskbe traded to satisfy
multi-portfolio optimzation recognizes the price

both poRfatibs rbgtiravnkhtshe felt by portfolio 1, and finds a
different allocation that does not require trading in

c °B _ : qu : o
[0017¥] Wulﬁﬁ%eggédgﬁ{u%%hagﬁrég frt]r?}dftqlmemm@gtdb%l BbjdcaveWill be, in

al’l ocati on hi gher tracking error,

. . o I . _
part, bB TRRA G riginbg BE 1™ EBRErAIERARRIERE. Phe best
followng.table.Mnimzation of the Sumotf the . . .
solutiofdp s, e Boier vawR et sac dvidbeBRrRlipGrtmlipzatien
multi-portfolio global objectiye for the mninzation
solutioh, whichsean be expeessedi as Bua Qpor.tisn be adfepsile eptimization
used to mnimze the collective DW of the portfaolios.
solutibhiunderany dlblbal ddmatraints.ofHovef de\ditaations efhezadh; = Q" does
portfolio fromits optiml value as a fraction between

not oBc @ thelhe Xt Best R8IUtioR Wo@Ehd & sblifioAlérdBddclPpodfdtios AQ; is
ot her individual objective. Mnimzing the deviation

equaP! In3G8r t g}rWedé{%ispﬁlﬁtﬁc?r{ 'tﬂefiﬁcﬁﬁbbéls?ﬂaﬁi\;@é cdbb®punished”
assures at larger porttdlios are not ‘grven
, reference ovyer small.er. pportfoligs due to
in ordfrdo Fphiee g She W stiBHy B a0yl
mul ti-portfolio global objective for the m nim zation
of the sum of the individual portfolio deviation can
be presented mathematically, as follows: E. 2 abs(Wi
Examples(of Multi-Bartfbligjintplementatioh with Global Objectixes
where X - set of constraints on allocations for the

[00173]di Vi du@! priepbkéaldpproach is now demonstrated in the following two
examples. In each example, two long-only portfolios (n =2 ) with a “universe” of S&P
500 are optimized. The data that is used in this example has been taken from the 31-
Dec-2006 ITG-daily risk model files: specific risk values are alpha and the closing
price.

Example 1:

[00174] In the first example, two portfolios have cash allocations, and in the

second example these portfolios have been rebalanced with different requirements.

[00175] In the first example, the pertinent information is:
Portfolio 1 Portfolio 2

Objective: {1 Minimize the tracking Objective: {22 maximize alpha
Error with first 100 stocks (in A-Z order) from SP 500 universe
SP500 universe

Individual Constraint: alpha >=1.5 % Individual Constraint: Tracking error <=

100 b.p.
Initial Holding: 5000K$ Cash Initial Holding: 5000K$ Cash
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X- vector of allocation for the individual portfolio /

. Inequality E. 3 presents the gl obal constraints
W@eess340ad | portfolios (total nunber of sharesPCT/HIAS/004347

or trading cost). [00168] Multiple portfolios that are

E)r%lang tor rfreetr tfhl st’g_;l obail iObI ective V\‘I‘e| Ib b%poo’o@s art,
constraint adherence. The best solution to this
obj ective would be that each individual portfolio's

[00176]t i mi Partfelipsdlandi Dare hbunded by the taiabiradisgyolgmengf 200,000
Wstart , also be a feasible optim zation sol ution

shard§)d@roray taléAbalate HESkdryeNAs - bdth Woblios iavel beéh optifized
where W = Wstart doesnot occur, the individual

. .. .0bjectivyes can_be "punished" {n.order to mninmzehhe san
indivigRIXR0F H81U68 Bor e daH Do obBIRES T NeHeRel Gr ur Oz
the Worst Individual Portfolio Deviation - Method B
were [obtainell byrsolving the poohlem Eo1Q dbelresviisef thesefaalculaons are as
m nimzation of the worst individual portfolio
followkevi ation is used to mnimze the worst individual DW
of the portfolios. This means that the DW (deviation

of [each por{folio TTpm TS Opf NPl \altkeg a3 Nambel AC | tTshares
betfweemPD and FeGf {he paxtfplio ha¥lmig t héehagsr st | traded foreach
devi ation will be inproved uppn to the detﬂgﬁaezggt of POl

D

Portfolighy ct0REA416 ndi OPWERER | ol9joest3pve. ThEg | s3&% gaf egpar g 48%

Portfolic@y i nexi2oB e at 10mgoobds ge oarrd17ghpl [1.2961t f ol 1963 158291 52%

differentlTy, tn that 1f a small porttfolio has the
wor st deviation the large portfolio's deviation wll

[001'{;@ i P?Lrﬁggéarﬂ)h?crbl ‘?%r.f)r%rsgn{a ohBHHRY %Glﬁﬁ)o?@@ aﬁ)t(i)rggﬁation results of

devi ation.” I'n some cases,

obj dve will result in soj ution where each . :

thesegoiphps Siias Motk At e hefBattrensremen are ilustrated in
~ multi-portfolio global objective for the mnim zation

Figs.drl angb13oAstshave 1 bigall 1pBie hewrnissicqagthad kjghlyrprioritizegihe

be presented mathematically, as follows:
Portfolio 1 over Portfolio 2, and thus Portfolio 1 is almost optimized to its individual
optimal value. However, it is also shown that Portfolio 2 is more than 20% away
from the solution of the unconstrained problem. Comparing this result to the results
of Methods A and B, it can be seen that by using global objectives, a more controlled
method of multi-portfolio optimization can be implemented. Fig. 12 illustrates that
while the optimizations are different, the total number of share traded in the portfolios

still adheres to the global constraint of 200,000 shares. The data used in assembling

Figs. 11 and 12 can be found in Tables 4, 5, 6, and 7 below.
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EE. 5F=mnDW E 6 DW DW V/

W(Xi))/ DO <DW, V
WO 2008421403€. 9 x X i, Vi
mul ti-portfolio optimzation using objectives,

Table/4l ues of O tan n and W2 start can be obtai ned by

=l,...,n [00171] For

solving the problem E. 6 mn ( ,

=1 n -

E. 7 a s(Wi

1nE 8>(c) < V0, (Vi= P(X
PCT/US2008/004347
t he

, Subject toE and

E
be
[ 0

E. 6 finds the m ninal
iQFiegtr sty both portf ol
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numnmbe
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ant 1 ]
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DT E5686b |
at 1~

S optim zation
as W) = Wstart

[ S Y
AL T VI =]

| ution under any

gl obal constraints.

T

<

N

W start does not occur,

However,
t he next best sol ution woul d
Tablé® a sol uti on where each portfolios DW

ins

order to arrive at this solution,

ituati ons where Wi

is equal. In

t he i ndi vi dual

f der to mnimze of
vi ati on. Exanpl es of
L h G obal Objectives

how denonstrated in

opjfectives can be " puni shed” I1n o
the*MNéJFRP?O"OiQWi“Z\?i'°duaI portfolio de
mul| MBSk tfol i o | npl enent ati on wi
[ 00T ) TN, pr OnB5 EdTrapRr O adtbel 6
t he | dwi ng t WO Error shares
[ traded
Portfolio 1 0.0042 0.088 1.5% 6.5% 62913
Portfolio 2 0.012 0.088 1.2% 1% 137086
Total 0.176 199999
Table 6
Heuristic Method.
Alpha Tracking Number
Q(v) AQ Error of shares
traded
Portfolio 1 0.00145 0.00956 1.5% 3.8% 96000
Portfolio 2 0.0104 0.218 | 1.04% 1% 104000
Total 0.2276 200000
Table 7
% of shares Number of Number of
traded shares traded shares
for individual calculated by
portfolios heuristic
method
Problem1 48% 145907 96000
Problem?2 52% 158290 104000
Total 304197 200000
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exanpl es.
2 ) with a "universe"
W@ 2108/12403¢

the 31-

is used in this

1: [00174]

In each exanpl e,
of S&P 500 are optim zed. The

Dec-2006 | TG daily risk nodel
Examplek:val ues are al pha and the closing price.
In the first exanple,

two | ong-only portfolios (

exanpl e has been t akRE€NUSI0081004347
files: specific
Exanpl e
two portfolios have

[00178&jsh alExeesile Ons.a mote comiphex searrid iaxvalvingglobakeonstraints,
portfolios have been rebal anced with different

md:wBGSlUédr%ﬁ%'I’H@ [)QQI]Jlglacﬁ\}bst %ﬁdflhﬁﬂdu%’l(é cflved he
pertinent i nf rrmtl nis: Portfolio ortfolio 2
t
tomﬁj&?% i s st oeel®. fie wefii rﬁ‘%"&ﬁ%ﬁ%‘aﬁs? (inAZ

or1der) from SP 500 univers

o ZI,,QQ”

ng: 500

;ﬁ"ﬁ“g{ interd

univers

shares for both portfolio
ConstldBOdhashakes [ 00176] Por

by the total trading vol upe
order to calculate the ra
been optim zed individually
Initial Itl)tﬁ@ QPJ leé%ﬁ&im calIthﬁedV@ItHées
method®t al ned by solving the p
t hese cal cul ati ons are as

P

B r§P1502§) uni verse | nd| vi dual

‘E%a% grﬁlﬁ'"a?)” |aa| At
5000K$
)E < nunber of

IS gIobaIIy constrained by :
EQEi@EEﬂT@ﬁ@EEWGFE1%UUhded
of 200, 000 shares.

nChpgieThoRt Sl i MYt
1@?@ nr\mlaeslla 6%2?3? rrw 9& ave

91f V\ﬁ Iéiﬁ%rﬂ% lodMBorsdaibted WS iR
aultlt?&iﬁ O.egl'ﬁe ?esulljlttgd/\%t

Total trading cost is globally constrained by : A total trading cost of $40000.00 ; Internal cross
transaction costs $1 per $1000 transaction and $4 per $1000 transaction on the open market.

[00180]

In order to calculate the range A, both

and values Q'4, Q' have been obtained. The values of Q

Portfolios 1 and 2 are bounded by the total trading cost of $40,000.00.

portfolios have been optimized individually

start, - ystat, were obtained

by solving the problem E.10. The results of these calculations are as follows:

Alpha Tracking Trading cost
A Error of
QOPt Qstart A rebalancing

individual

portfolios
Portfolio 1 0.00320859 0.0890978 0.08588922 2.0% 5.6% $39998.00
Portfolio 2 0.01537279 0.0118339 0.00343892 1.54% 1.49% $14243.00

$54241.00
[00181] The results of the individual optimization of the portfolios do not satisfy

the global constraint. Specifically, the global constraint limiting the total trading cost

to $40,000.00 has not been satisfied. Therefore, the individual objectives will be

“‘punished.”

[00182]

Further, this example takes into account the possibility that crossing

can be a constraint that impacts the total trading cost during portfolio optimization.
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follows: [00177] A graphical representation of the
multi-portfolio optimzation results of these
w@rsfizdosos under Met hods A and B and a heuri SPCT/US2008/004347
approach are illustrated in Figs. 11 and 12. As shown
Specificalfy,gn this,exanepladhe trading cast s thdre gixpgnpiviedt cnossing is not
the Portfolio 1 over Portfolio 2 , and thus Portfolio

allowddi ParbAtebisooudZzedumber trea itrading costl colprhhrddnotes theat
However, it is also shown that Portfolio 2 is nore

crosséﬁﬂ]egﬁc/?%%%%ﬁa&{s? Rdtona 'o‘éEiJPﬁ‘ cRissifeweheE ABE hllgvegd

ring this result to the results of

t hods-A apd, B, i t ' :
[001 i ect | Elgsﬁgéll%@éé%gﬁggﬁ?tiﬁ%tﬁgopcgﬁoh'gé Qﬂe%sﬁrﬂlizatlon
. multi-portfolio optinjzation can be inplenented 1 0.
usingielnadsoh aaods i A enipr@erhuRgER Cassild Graoues. Fig” 14
different, the total nunber of share traded in the .
illustrptes thel deydatianis of thepardeliascafterconiinvpatior yaisorMettodstA and B in
200, 000 shares. The data used in assenbling Figs. 11
an ersmdnirizntavhdre crossing isndtadilossed! It iSobservaddhat the deviations are
bel ow. Tabl e 4 Table 5 Table 6 Table 7Exanple 2 :

greatbPAhER]crEXaAg i$ndt AifoviedTDTRISGS RS ¥t REBOM bart] tovhkvhdr@ased
gl obal constraints, individual constraints, gl obal

I
cost ARG Sig @884 T LUaLe A A5 i cHEBeq ORIt ddiipat can
1 . Portfoli jective: [ i, i ki ng.
pe mad 5t g bartiefios Befie e apading Mritibd fradk s Hoheinio
stocks (in A-Z order) from SP500 SP 500 uni verse
[00184] e data used to create Fig. 13 is found in tables 8 and 9, and the data

used to create Fig. 14 is found in tables 10 and 11.

Table 8
Multi Portfolio Optimization
Method A.
Q(V) AQ Alpha Tracking Trading cost
Error
Portfolio 1 0.0133 0.117 2.0% 11.5% ($37059)
Portfolio 2 0.0152 0.055 | 1.52% 1.5% ($12887)
Total 0.172 $40000
Table 9
Multi Portfolio Optimization
Method B.
Q(V) AQ Alpha Tracking Trading cost
Error
Portfolio 1 0.01156 0.097 2.0% 10.7% ($37324)
Portfolio 2 0.01505 0.093 1.5% 1.5% ($11840)
Total 0.176 $40000
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uni verse Constraints: al pha >=2 % Constraints:
Tracki na error <= 150 b.p. The benchmark has been
wa@lasna®3co, the current allocation has a trackCTGS2008/004347

error > 150 b.p. Initial Holding: The allocation

calculated by the Initial Holding: The allocation

cal cul ated by the nethod B. nethod B Total trading
Table®8t is globally constrained by : A total tradi ng cost

of $40000.00 ; Internal cross transaction costs $ 1

peEN $1000 tTansaction and $4 per $L000 transacti on on
t he gémompmtion[OMSO] Portfoliop 1 and 2 are

boyM§8¥ by the total trading cost pf $40,000.00. In

or qelT0 [CAFUIANE [ idkraNgenskiiondo} h portfol i os have
been opti|m zed i ndi pFdual | yesand values Wi , W 2 have

PortioidEen oabieal naeh. | T2vee vallsies | of VBtsar) , Wstart 2 were

Porford 1| al ave4d [DY0.260 V40| T N@sspi obl ensden L10. The results of

Total LT@SE CalCgiza@tons |are as|f ol tgaweo | [ 00181] The results

of—the—ndviduvat—optimrzattomof—t he portfolios do

not satisfy the global constraint. Specifically, the

gl obal constraint Iimting the total trading cost to
Table?49, 000. 00 has not been satisfied. Therefore, the

I ndi vi dual objectives will be "punished." [00182]

Fafrther—this—exanpte—takes—Tmto—agcount the

p o9 siuld Prifctigoptitiatoncr 0SSsi ng can be al constraint that

i npaErY® he total trading cost dur{ng portfolio

optfi |ﬂ(6)at| RH SR T T Fatkahgy | Thahbadidh S| €xanpl e the trading
cogt 1I's re expensj&erif |ecrsossing|is not allowed.

Portfolid BT ENBIBS] 9229 OUS, B NeEEper 1 mesaves [ adi ng cost col umm

PortiolSETIOt @916t [T@k26 | 1.46% 1.49% $7235

Total 0.453 $40000

[00185] While illustrative embodiments of the invention have been described
herein, the present invention is not limited to the various embodiments described
herein, but includes any and all embodiments having modifications, omissions,
combinations (e.g., of aspects across various embodiments), adaptations and/or
alterations as would be appreciated by those in the art based on the present
disclosure. The limitations in the claims are to be interpreted broadly based on the
language employed in the claims and not limited to examples described in the
present specification or during the prosecution of the application, which examples
are to be construed as non-exclusive. For example, in the present disclosure, the
term "preferably" is non-exclusive and means "preferably, but not limited to." Means-
plus-function or step-plus-function limitations will only be employed where for a

specific claim limitation all of the following conditions are present in that limitation: a)
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crossing the increased cost that would occur if
crossing were not allowed. [001 83] Fig. 13
WO 008324036 es t he devi ati ons of the portfolios BET/E82008/004347

optim zation using Methods A and B in an environnment
"meankdo’ arr'stepifayg’ is exaresshetecitedyb) asorespendingdunetien is expressly

devi ations of the portfolios after optim zation using
recitddeahddy sfruatute Bmiaterdal ceradts thatsoppoliehat structsiengre sot recited.

not allowed. It is observed that the deviations are

greater when crossing is not allowed. This is due, at

| east in part, to the increased cost of non-crossing

trades, which subsequently reduced nunber of trades

that can be made in the portfolios before exceeding

the gl obal trade cost constraint. [00184] The data

used to create Fig. 13 is found in tables 8 and 9, and

the data used to create Fig. 14 is found in tables 10

and 11. Table 8 Table 9Table 10 Table 11 [00185] Wile

illustrative enbodi ments of the invention have been

descri bed herein, the present invention is not limted

to the various enbodi nents described herein, but

i ncludes any and all enbodi ments havi ng nodificati ons,

om ssions, conbinations (e.g., of aspects across

vari ous enbodi nents), adaptations and/or alterations

as woul d be appreciated by those in the art based on

the present disclosure. The |limtations in the clains

are to be interpreted broadly based on the | anguage

enployed in the clains and not |imted to exanples

described in the present specification or during the

prosecution of the application, which exanples
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are to be construed as non-exclusive. For exanple, in
the present disclosure, the term"preferably" is
wWmrwsaxeBasi ve and neans "preferably, but not PCHUS2A8/004347

to." Meansplus- function or step-plus-function

THE GLAIMS i ons will only be enpl oyed where for a specific
claimlimtation all of the follow ng conditions are

We cgiesent in that limtation: a)"neans for" or "step
for" is expressly recited; b) a corresponding function

1. 'R ﬁ?é@ﬁ@@ﬁiryorg%@ﬁtklhgﬁaaP@?Qltg)of PoHFEoY! EactiBbAfdI dlnglﬂglng one or

acts that su structure are not reciteaqd.

I | ai for..optinmzi ; :
moretareF ol ng o sietiadislE asts’ S RblBs s diotaina drosises of

or nore shares of one qr_nore tradable assets, . said

) hod TEEHRINOAS! At SRRy GrPIUESINY BLeROiRRSTONSS

data defining a plurality of said portfolios; b)

rédei virageiving are apbmere intividdabportfolie optimization decision

optim zation decision variabl es corresponding to one
variablesroaireespbnémigitonier art inioye of saidrplicdlitysf partfoties;ei vi ng

one or nore gl obal optim zation decision variables; d)

f Q) eagBedOmgf e 6r floré @iocbarpIowighiéubrpae@gbhfvalrib%s;

optim zing said asset data based on a correspondi ng

ony. or fHPé&crfBgﬁﬂnggdg{é%‘id’ bﬂl%gygﬁkbwﬁé' g@g@?‘?ﬁg%gi'at%sset

vari abl'esy e ggre I'ng" sai mze

ot B8 B PO RS oS s i e SRSB4 i

~one or nore global optimzation decision variables;
variableg: g) only if said one or nore.global optimization
decision variables is satisfied in step f , outputting
sa)d omggnegatthgesaidtopdiatized asset data to create aggregate optimized

asset data;

f) determining if said aggregate optimized asset data satisfies said one or
more global opiimization decision variables; and

g) only if said one or more global optimization decision variables is

satisfied in step f, outputting said optimized asset data.

2. The method as recited in claim 1, wherein in step b, the individual portfolio
optimization decision variables include:
one or more individual optimization constraints and one or more individual

optimization objective functions.

3. The method of claim 2, wherein in step ¢, the global portfolio optimization

decision variables include:
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2. The method as recited in claim1l, wherein in step
b, the individual portfolio optim zation decision
wa@ 20084086 | ncl ude: one or nore individual optPEI/ES2008/604347

constraints and one or nore individual optimzation

olopeairimerd giobal optinizatioTlcenskaintsland onkeairrmare global

wherein in step ¢ , the global portfolio optimzation
optimitetionl shjedtdld fubkBsnd.ncl ude: one or nore gl obal

optim zation constraints and one or nore gl obal

opti m zation objective functions. 4. The nethod of

claim3, further conprising a step of: h) if said one

ot nore, of, sai.d glo optimzation,constraints is not
4. STrRInude Gt pr sl RoRP ERid ASIET BT o o
OE‘“ m zation individual optim zation objective, .
f fhct | FrieRih 288 PT SAOEARISAIG BIPBFh OPHITIZATIOACRAStPMtS 1% AR
sai d aggregate optim zation asset data. 5. The nethod
satisfigfd, @dfusting, ecfalirafreaid ooeneringdnegoptinsizetionindivigual optimization
re-optimzing said asset data based on said adj usted
objectieé€ fgn@idbngdidseldl @seaéh sdideoptirhired agketdaianard saldeaggragate
step h adjusts said one or nore individual

optimPRjtiom &t @8tLP) ective functions using Lagrangi an
Rel axati1 on and Dual Probl em Techni ques. 7. The net hod
of claim3, further conprising the step of: if said
one or nore global optimzation constraints are

isfied, determnjng if id, | obal
5. odhernethod QEMLal liBer GABTIHS ' SR Pon have been

sati sfied. .
i) re-optimizing said asset data based on said adjusted decision
variables.
6. The method of claim 4, wherein step h adjusts said one or more individual

optimization objective functions using Lagrangian Relaxation and Dual Problem

Techniques.

7. The method of claim 3, further comprising the step of:
if said one or more global optimization constraints are satisfied, determining if

said one or more global optimization objective functions function have been satisfied.

8. The method of claim 7, further comprising the step of:
if said one or more global optimization objective functions have not been
satisfied, adjusting said one or more individual optimization objective functions based

on each said optimized portfolio data and said aggregate optimization asset data.
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8. The nmethod of claim7 , further conprising the step
of: if said one or nore gl obal optimzation objective

WO evti24986 have not been satisfied, adjusting BEI/USHNE004347
or nore individual optimzation objective functions
based on each said optimzed portfolio data and said
aggregate optim zation asset data.9. The nethod of

9. Clhiethathothef gthim t hwhatetp tide Stop & Qurthisronhsises:
receiving at |east one of a nane of an asset, a synbol

Ofre@éIV|ﬂ§5aqtl .ﬁ IR 884 nBRECSE 4H addbtag S§inboRbf ﬁh%fs%@? a market

price a an asset was purchased a nunber of

, res. o as [

price 2 BBl afkoge sef b Rl dheBh e b dbndbed  qumber of
pluralit por t f ol . O The thod of cl

shardg@hah ASSaian SPesTeiq BREPUY G PBRISIGS. Y @ PYTPeT | eﬁa'ilares of an
optim zation constraints further conprises a step of

assetriocephraliy of ppgfaliosone constrai nt defining a maxi mum
nunber of shares that can be traded for said plurality
of portfol i 0S, V\het her "late coners” ar e al | ovved,
whet her "crossing” is allowed, whether "fairness" is a

10. Caml Hefd Sfclaid 2awh@keth tlﬁ@étéﬁ-@ﬁ feCBRGREbHE Br ¢8Gre ih@Ridual
all portfolios, a maxi mum | evel risk allowed. 11.

optim[PHRictEd MLt aHts (fuﬁhécfué?m éﬂféseé @t%J‘Sf r%tcgjﬂlé rggg Iaf/ (;Fe%%'t BhB%onstraint

one or nore indfvi I'm zat'l on
unctions furth ris ste recei ving at.
defin G MaiBuBLIWBER: B PR dha e Thbe |tf@9§9%85aa'81rﬂwa§'&y of
return, or tradl ng cost. 12. The met hod of cl ali
portfalipsy whethas‘late semars naiecaligwash whaihec fareesing nemjmveai whether
| east one of mnimzation of the sumof the individual
“fairnpsstit@ cansiderativh porsa tatal miaxinmimdrarsactibntdost faralk pertfolios, a
the individual portfolio deviations. 13. A
maxi®oRP el of sdaidweedt or age nedi um havi ng conput er

execut abl e program
11.  The method of claim 2, wherein the step of receiving one or more individual
optimization objective functions further comprises a step of receiving at least one

objective related to at least one of risk, return, or trading cost.

12.  The method of claim 3, wherein said one or more global objectives include at
least one of minimization of the sum of the individual portfolio deviations, or

minimization of the worst of the individual portfolio deviations.
13. A computer-readable storage medium having computer executable program

code stored therein for optimizing a plurality of portfolios by performing the following

operations:
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code stored therein for optimzing a plurality of
portfolios by performng the foll ow ng operations:a)

WO ewelizdopg asset data defining a plurality of Bel/tS2008/004347
portfolios; b) receiving one or nore individua
pa)t f olréceiving assedtdatandefigng iaopiuradity absaig portfolios;
corresponding to one or nore of said plurality of

pe)t f olré@siving)oriee6emora thdividuar pontfotio gptilrezation decision
optim zation decision variables; d) for each portfolio

varlaSIfes%'n%sEgHHﬁ‘Jg' tbYorRf onpﬁ’lb% 8f 5813 pleRAitybEZpAroRasd asset

on a correspon Ing onée or nore of said

53 o PR Dol B P Shgovis
208 codveedh pla A sek Pl ok bpaRIES. ol e s Ssset
nore gl obal optim zation decision variabl es . .
data basgd Ph asegraespanding ADE O ee1 s&id mw\@@waldwtwe@ag%ﬁemswn
variables is satisfied in step f , outputting said

variables| m zed asset data. 14. The conputer-readabl e
storage mediumas recited in claim13, wherein in

RYT at iREyréyatirtesdia Gptintlzed apssttdAhite canite Hgtrégate optimized

deC| sion vari abl es i nclude: one or nore individual
assepcﬂ)e%tbm zation constrai nts and one or nore individual
I'm zation objective functions. 15. The

oL AR S GTE T P SRR e i ome o
decj sion, vari abl es, i ncl ude: one or nore gl obal
moreiebak opfimizatien Aseisianmyariabies: @ or nore gl obal

g) only if said one or more global optimization decision variables is

satisfied in step f, outputting said optimized asset data.

14.  The computer-readable storage medium as recited in claim 13, wherein in
operation b, the individual portfolio optimization decision variables include:
one or more individual optimization constraints and one or more individual

optimization objective functions.

15. The computer-readable storage medium of claim 14, wherein in operation c,
the global portfolio optimization decision variables include:
one or more global optimization constraints and one or more global

optimization objective functions.
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opti m zati on objective functions.16. The
conput er -readabl e storage nedi um of clai m15, having
WO e00Bh2403¢ nstructi ons stored thereon for perf oPEH/HSRD$IE04347
operation: h) if said one or nore of said global
16. opteniaraputenreadahle storageirsediom ebelain i16dhaviap furthag
each of said one or nore optimzation individual
instruelibhistared tihereloneot pgdofmimgttherspdpatimd on each sai d
opti m zed asset data and said aggregate optim zation

g?ﬁ et Gadaid ohé-or MEreLONPAY Yot daRizatRinEcHaSrdiis Mot

cl aim 16, having further instructions stored
' " for i . ¢ o SO o N
satisdf Fk0H e A A B nB° Rl @Riah Indi BB oBRl2on
. variables. 18. The computer-teadabl e storage, nedi um of
objecs fctiENs HESRg 91 BPeh SEICRPUHTZER AsSe Salaih S AgRyPaate
~indivi dual og;inization obj ective functions using
optimizajioaresseh dRi.axat i on and Dual Probl em Techni ques. 19.
The conput er-readabl e storage nedi um of cl ai m 15,
havi ng further instructions stored thereon for
perform ng the operation: if said one or nore gl oba

17. oAtHendarpiterreéadsiie Stdrageanadiant bsélaRA 16JRENGI faHAer i f
said one or nore gl obal optim zation objective

: [ f [ isfdéed. 20. Th
st S e B T e, havi ng
further instructions st th f f i ng.th
il o o5 S e O L85 R AR
. Obj ective functions have not been satisfied, adjusting
variablgsd one or nore individual optinization objective

functi ons based on each said optimzed portfolio data
and said aggregate optim zation asset data.

18.  The computer-readable storage medium of claim 16, wherein operation h
adjusts said one or more individual optimization objective functions using Lagrangian

Relaxation and Dual Problem Techniques.

19.  The computer-readable storage medium of claim 15, having further
instructions stored thereon for performing the operation:
if said one or more global optimization constraints are satisfied, determining if

said one or more global optimization objective functions function have been satisfied.

20. The computer-readable storage medium of claim 19, having further

instructions stored thereon for performing the operation:
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2 1. The conputer-readabl e storage nmedi um of claim 13,

wherein the operation a further conprises: receiving
w@eooBaa®so one of a name of an asset, a synbol PET/EHS2008/004347

asset, a market price of an asset, an average price at

wiifi sgd gnepsJuere giobplertimization abirative funttiastsahave oot keen

asset in one of said plurality of portfolios, and a

satisfiedyizeljusiingsdeid eseafr moresingiidudl optiplizatRn dhjeofive functions based
portfolios. 22. The conputer-readabl e storage nedi um

on edth $didioptidflze\PEHRIIB ddis aPRYAd bggré@a@é obfirfizat|drta syt data.
or nore individual optimzation nstrai nts further
conprises a step of receiving at | east one constraint
defini ng a maxi mum nunber of shares that can be traded
f said plurality of portfol.ios, ether "l ate ,
21, Jhereompfietafadanla SomgeimeonEr s 3 whefeitipg operation a
whet her "fairness" is a consideration, or a total
furthereBaMPIMSES: ansacti on cost for all portfolios, a maxi mum
| evel of risk allowed. 23. The conputer-readabl e
strecaigiegraddéashanie afl anamblof avhassetna tshmbmbpef ahiassegfa market
recei ving one or nore individual optimnzation

price DPlafddsee driavdragBpricerdtheics amPidseewad FireRaséd, a number of
receiving at | east one objective related to at | east

I
¢ t . j . )
share¥t B abedidn oRBI'Bic Pl aRTRA ARt pAd o dfbey of shares of an
sai d one.or .nore gl obal objectives include at |east
asseljpd BWfﬁi%PﬁPQQﬁ“gﬁ- of the sum of theindividual
portfolio deviations, or mnimzation of the worst of
the individual portfolio deviations. 25. A systemfor
performng the optim zation of a plurality of
22. pdihefadmpsteoirezdatie storagapnédiunyof claim 14, wherein the operation a

of receiving one or more individual optimization constraints further comprises a step
of receiving at least one constraint defining a maximum number of shares that can
be traded for said plurality of portfolios, whether “late comers” are allowed, whether
“crossing’ is allowed, whether “fairness” is a consideration, or a total maximum

transaction cost for all portfolios, a maximum level of risk allowed.

23. The computer-readable storage medium of claim 14, wherein the operation of
receiving one or more individual optimization objective functions fur‘tper comprises a
step of receiving at least one objective related to at least one of risk, return, or

trading cost.

24. The computer-readable storage medium of claim 15, wherein said one or

more global objectives include at least one of minimization of the sum of the
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aclient interface configured to receive asset data
defining a plurality of said portfolios, to receive
WO r@8024060r € i ndi vi dual portfolio optim zati onPABEUSRNN4347
vari abl es corresponding to one or nore of said
indivigLalr pdrifolio deviatioh$ obri minimizatioaasfitke worst of thetindivid uzb gbrtfolio
optim zation decision variables, to optim ze each
deviaBerifolio of said plurality of portfolios using said
asset data and a correspondi ng one or nore of said
i ndi vi dual optim zation decision variables, to
aggregate said optim zed asset data to create
aggreqgat e optim zed ,asset. data: tp deternmne i aid
25. AAerERardon perode BEnGasbn ifp SrEL0.lRrlis P assets
nore gl obal optim zation decision variables; and only
compriginghi d one or nore gl obal optinization decision
variables is satisfied, to output said optin zed asset
datclient thteThee sysfigureddo receive asset dataidafiring atpduraility of said
the received individual portfolio optim zation
portfélRel & RItehay bri® be ndra ¢hdididuangomfolioptimizgtion deeision variables
optim zation constraints and one or nore individual
, : , _ . :
corre§Pondhg 86 iR F I8 ALt PElG gt ook %o JKigEToRe or more
ti.mzation decis) ri 2S. j N d ;
glone BplihiZfior e dgbh SaPBpied: PRk er o BRRadl £35] Bty of
Qpti m zati on objective functions.28. The systemof,6 . B . .
portalios; g Saigkrsset HalpRd @l GEFRSPOREG aR% O B1GTRdl s@yd individual
configured such that if said one or nore of said
optimigationl degisipnivasables, toaggiegiair saidoptonizedtcasset data togrgate
client interface adjusts each of said one or nore
aggreyite wptiatizethasseti datdutal detptmimezfisaidraggpegate optimized asset data
functions based on each said optim zed asset data and

satisffed $hid PeesahBreglobal 8ptimpatishRicidien daridBlesTARd el i Bhid one
of claim?28, wherein said client interface is further

or mSt8YibBA Gfinti2ation decision variables is satisfied, to output said optimized

asset data.

26. The system as recited in claim 25, wherein the received individual portfolio
optimization decision variables include one or more individual optimization

constraints and one or more individual optimization objective functions.
27. The system of claim 26, wherein the received global portfolio optimization

decision variables include one or more global optimization constraints and one or

more global optimization objective functions.
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re-optimze said asset data based on said adj usted
deci sion variables. 30. The system of claim 28,
wob@sar4036ai d client interface is further confPQUDS08/a04347
adj ust said one or nore individual optim zation
28. offjhecdyistem fofimtdimo?E, wisenein taigraliegt mterRetenisAfurtber aanfigured
Dual Probl em Techni ques. 3 1. The system of claim 27,

such heriesdld %@iedolcﬁ\bﬁélbf s |jIbBaptimizatidrhesnstaihisgs med satisfied,
such that if said one or nore global optimzation

said ﬂ%’ﬁ? id@iate a?fu%tégébﬁ'f)f &5id v &r ﬂot@ BbtlhﬁﬁfJﬂﬁﬁlv1dual
term nes one or nore optim zation
obj.ective unction have . :
optimighsetyaniEciver el s 4368 oAkl 5y e B 3ng s
is further configured such that if said one or nore
aggregaip PtiBIEatiaNa%98 dakdj ective functions have not been
satisfied, said client interface adjusts said one or
more i ndi vi dual optim zation objective functions based
on each said optim zed portfolio data and said
29. agheagatemeitdalinz2s, wherhs sdidddieat Bterfddeeissfusthemcohfigured to
claim25, wherein said client interface is further

re-opfiRiid Qé‘ﬁ%s"e@dé?&?hé’é‘d 8h shRPaHjuSRRY @ciSioRdHRiaBlesan

asset, a synb an asset, a market price of an
asset, an average price at whi ch an asset was
purchased a nunmber of shares of an asset in one of

s0. S B i 2B b S50 AR RUPMELSTs B E5haurea to

system of claim 26, wherein said client interface is
adjust saichene eoATargindididusl epidmizationobiedtive funetignsusipgil@grangian
defini ng a maxi mum nunber of shares that can be traded
Relaxationsanidl DpbLIPedblém Déctpogquésl | os, whet her "l ate
coners” are allowed, whether "crossing" is allowed,
whet her "fairness" is a consideration, or a total
maxi mum

31.  The system of claim 27, wherein said client interface is further configured
such that if said one or more global optimization constraints are satisfied, said client
interface determines if said one or more global optimization objective functions

function have been satisfied.

32. The system of claim 31, wherein said client interface is further configured
such that if said one or more global optimization objective functions have not been
satisfied, said client interface adjusts said one or more individual optimization
objective functions based on each said optimized portfolio data and said aggregate

optimization asset data.
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transaction cost for all portfolios, a maxi numl evel
of risk allowed. 35. The system of claim 26, wherein
wa200d/1z408€nt i nterface is further configured tRCT/ESMIY/E04347

at | east one objective related to at | east one of

33. r iTéie systarnraf claim 25 adhergir said. clisst interdacsistfartner centgured to
27, wherein said client interface is further

receiv® af iepist 6de tof arrearae \of adagdet e spnhbobofeargbsdet, a market price of
obj ectives including at |east one of mnimzation of

an adse éﬂ&%&%gb'}ﬁm&a{ﬁ'\k’hl@l‘#%‘n ek Wals! SureRNéed i2PASmMbRF of shares of

m ni m zati he worst of the individual portfolio
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said optim zed asset data. 38. The system of
pIuraEtlyagﬁ Oﬁga%erel n, the outputted said optinized asset

data is in the form of a trade list for transm ssion
to a trading system 39. A nethod for applying
"fairness" principles to the optim zation of a
34. pMineadyistemalf gieint 26| wiosreireaaid gient indéiface isdluddiengoofigured to
or nore shares of one ore nore tradable assets, said
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plurality of said portfolios; recei ving one or nore
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rres ne or nore of ura
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correspondl nﬁ; one or nore of said individual
transggliomeesitfroal aediddiosnavaaxigmine eveh pf fek alewvadng i f any

of said plurality of portfolios would be adversely

affected by the optim zation solution of any other of

said plurality of portfolios;
35. The system of claim 26, wherein said client interface is further configured to

receive at least one objective related to at least one of risk, return, or trading cost.

36. The system of claim 27, wherein said client interface is further configured to
receive said one or more global objectives including at least one of minimization of
the sum of the individual portfolio deviations, or minimization of the worst of the

individual portfolio deviations.

37. The system of claim 27, further comprising a user display device for

displaying the outputted said optimized asset data.

38. The system of claim 27, wherein, the outputted said optimized asset data is in

the form of a trade list for transmission to a trading system.
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e) adjusting said one or nore individual portfolio
optim zati on decision variables, so that said adverse
wW@Rdo8ar4086 conpensated for; f) re-optim zi ng SBETHUSNEK004347
data based on said adjusted one or nore of said
i ndi vi dual optim zation decision variables; and Q)
outputting said optimzed data.
39. A method for applying “fairness” principles to the optimization of a plurality of
portfolios, each portfolio including one or more shares of one ore more tradable
assets, said method comprising:

a) receiving asset data defining a plurality of said portfolios;

b) receiving one or more individual portfolio optimization decision
variables corresponding to one or more of said plurality of portfolios;

c) for each portfolio of said plurality of portfolios, optimizing said asset
data based on a corresponding one or more of said individual optimization decision
variables;

d) determining if any of said plurality of portfolios would be adversely
affected by the optimization solution of any other of said plurality of portfolios;

e) adjusting said one or more individual portfolio optimization decision
variables, so that said adverse affect is compensated for;

f) re-optimizing said asset data based on said adjusted one or more of

said individual optimization decision variables; and

g) outputting said optimized data.
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