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WO 2004/ 114095 PCT/ US2004/ 019860 | nproved resource
al l ocation techniques Cross references to related

wappkitcabi ons 5 10 15 Background of the i nvRel/U82004/019860

Field of the invention The invention concerns

techni ques for allocating a resource anong a nunber of
20 potential uses for the resource such that a
satisfactory tradeoff between a risk and a return on

t he resouice |s&£ta i ned. g/égﬁ rticularl t he
i nvent i onUAHAVEA resgurce 9%5 Rigjues
determning the risk-return tradeoff for particul ar
uses, techniques for determi ning the contribution of
GFG@ﬁe@éféﬂéeE 9o rBRitédlapplithtions resource, techniques

for specifying risks, and techniques for quantifying
the effects and 25 contrlbutlon of diversification of
risks on the risk-return tradeoff and valuation for a
gi ven allocation of the resource anong the uses. 2.
Description of related art People are constantly
al l ocati ng resources anong a nunber of potential uses.
At one 30 end of the spectrum of resource allocation
is the gardener who is figuring out howto spend his
or her two hours of gardening tine this weekend; at
the other end is the noney manager who is figuring
out how to all ocate the noney that has been entrusted
to himor her anobng a nunber of classes of assets. An

i mportant elenment in resource 1 WO 2004/114095

PCT/ US2004/ 019860 al | ocation decisions is the
tradeof f between return and risk. Cenerally, the

hi gher the return the greater the risk, but the ratio
between return and risk is different for each of the
potential uses. Mreover, the formtaken by the risk
may be different for each of the potential uses. Wen
this is the case, risk may be reduced by diversifying
Bnékgrws«bgfél&e HIVeRtEM on anong the uses. Resource
§j+1ﬁ¢ Qn&%h typlcally i nvol ves three steps: 1.

el & AVEE®™f uses with different kinds of risks;
Phe dﬁbﬁil’dﬁﬂ conagm$ aechriaads fr diloeating &6 rdsbwrcé iaglohg ef wiimber of
;t)ortgnc’gl?tpuses f(%r]cge resource such that a satisfactory tradeoff between a risk and a
return on the resource is obtained. More particularly, the invention concerns
improved techniques for determining the risk-return tradeoff for particular uses,
techniques for determining the contribution of uncertainty to the value of the resource,
techniques for specifying risks, and techniques for quantifying the effects and
contribution of diversification of risks on the risk-return tradeoff and valuation for a

given allocation of the resource among the uses.

2. Description of related art

People are constantly allocating resources among a number of potential uses. At one
end of the spectrum of resource allocation is the gardener who is figuring out how to
spend his or her two hours of gardening time this weekend; at the other end is the
money manager who is figuring out how to allocate the money that has been entrusted

to him or her among a number of classes of assets. An important element in resource



10

15

20

25

30

WO 2@k/114885 i s evi dent from proverbs |ike

10 3. allocating the resource anong the uses so as to
maxi m ze the return while mnimzing the overal

of your eggs in one basket"” and "Don't count your
chi ckens before they're hatched", people have | ong
usi n r
Bgo%gtlont ckacglo'ﬁg fs tm: H’?deo%’ befi %h %%\l}\}%t%ga o?ﬁel arall 1a gl%)eurhl%léeg the
&mrﬂ\ﬂ&tgreaserrthad ﬂﬂa et thte mewbetsveéma:turﬁ endnﬁsmtdtf&maﬁ f@adach of

d s.i.n anglyzin rlsk/ret tradeaqff. e of
Folsif Sy NAYGRTS. o Fork KGR HEF Reiciens B iferond ot ch of
e qﬁ)wahalv@eyewndﬁ thisfe theadibe, LrRR $BABS redROAPbE dRBNFing the
begun u5|ng the real option nDdeI bot h of these
Wé%?"sa lopaiogaqone Misdseh Ti not hy A Luehr man,

"I nvestnment Qpportunities as Real Options: CGetting
Started on the Nunbers", in: Harvard Business Review,
B@ﬂOerE@llmgelsthuiwg‘»aubpwobﬁsl@feems sem nal work on
nodel Harry M
l\/hﬁkoﬁ%ﬁlggééég}?h%egﬁh r91Pc kﬁ@ls%mgkﬁowl tz, Efficient
Di \Zerdntémnuangﬁmemﬂx of thmwsﬂthen$1§netts1eterfemct i on,

Bl 0 t & rls%g The aglet ag f L X? %I) ‘ﬁ‘ﬂ" hile
o el § {“ﬁa TPSopiE 20 pg e ot B e mpmirE dps Aty
25 Bommlmizelgl‘dl?é/ommmlskand Markowi tz's portfolio

nmodel i echni ques..treat ret volatjlit s.a ..
ones “d’l“p?ghéf"ar?é‘?"%ﬂ? 3’&“’ ﬁB’We H E@%‘Hlﬁ’gﬁs HH0R §Siﬁfr gnd "Don't

BARE Y& Rické@eldrs they! mtéh%a'u 'b@oﬂl@ﬁa\@ NoBChdeR ‘ﬁsﬁlg_ tiR&ind of
taken at a future tinme is const antly changin

anadysis summarizad dn Jhesabpyp glree stephio iiq‘»cgdﬁ haw te gltecatsr resources.
E@'rglafﬁéi’fhw% {8 ubd6r rﬂ&héa‘galhcaltm eflé"liﬁlé?]?l%zﬁ% BR risRHEHm
rig er med onhg

ts are opti ons tions have een
badegfft Quredofgbé darligst trbvéels Gorfanakyniog aisk/neturk é¢ B¢t piésent value; in
optlons have val ue is. t edu Lisk;
R8GOSRt e o B S D i e
kiodsim aﬁbdetsbrﬂbddemahmodﬂ A, Dmethemhn Allnviebtedeat appbrtunétics rag Real

hus, | eal tio de| tial val ue of
Bligriso L isking, 6k Pora NuRgs  pt gt Biinss vidw, lly-
Aubge 49983 I tgs! frhb gl wilttonafdslelih® padtiolio sélb&m\da& HRt of
of bein le to wundertake future courses of action

bage M afkl‘?@mﬁf deserihed dp sy . Markowaig; BfficiepoPiversifigayion of
%R%ln%él%@&nﬁ%r{u%?&%&ﬁ%ﬁ0199@Xaﬁp' e, when a conpany

purchases a patent license In order to enter a new
I|ne of business, the value of the license is not

e bt B A SBRGn i A ROML: e ob O flr BRChYy,

BethngleaIﬁP@ moded rind rMmﬂtewméSNPoﬂtﬂ‘ohe mddebing Ite’ehﬁquesEttem reflurn

e.conpan ever, ente he ne ne. of busin
USSR A e H L ioa s A1t vPy Hedge s A atropian. the Sk
eRIRARY &I £86n tol betblR@IAtkh wmuhalsn:@ﬁstmz%aﬂmg Q¢ fact

further dlSCUSSIOﬂS of real options and ei r uses,
e gives, value o thej raght toytake or refrain from taking the action at a future

time. Such rights are termed options. Options have long been bought and sold in the
financial markets. The reason options have value is that they reduce risk: the closer
one comes to the future time, the more is known about the action's potential risks and
returns. Thus, in the real option model, the potential value of a resource allocation is
not simply what the allocation itself brings, but additionally, the value of being able to

undertake future courses of action based on the present resource allocation. For

" Don' t PEIIUSZNN4/019860
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waborasioBs Copl and and Philip T. Keenan,

Max P. M chaels, "The real power of real options", in:
The McKinsey Quarterly, 1997, No. 3, pp. 4-22, and

options real”, The MKinsey Quarterly, 1998, No. 3,
pp. 128-141. 10 In spite of the progress in applying
mat hgrmthl cs to the

R Bus o oo Shetins Bet g B bidgh ol S e of

Fusingts, tHeh@uluetst the Rédneis noDjbel whatshdideatodouidbd et tous eard
only to anal yze i ndi vi dual r source ?LLoca ons, and

PRAY TbtbubEervalieda thecquenany of fhy Qptipa of Pejg 2dds (p qefer the new

ifesrdubiasss PeRA iffe %aﬁﬁhnwve@fenteﬂsﬁhawtmé MitRGinédBthe option
effects of diversification on the overall risk.

Ewpbmble ecaugg the optien giessdlis EIPENY Bhoiees drptlsywise oyl ngshaye
§:us Std \%&ﬁgnst 48 tH@iFtlHJs,n&%SKé?{h i |']L%s11e and

systen1 E al'so s IS unnecessarily

Marik. édxchaetls |"§hamead> Ippwert oforeak h}élqnﬁ\/ amt i1de MilGusep (dugrierly,
0 "

YB70M8: So” St Fhe et b bR Rinid D, KEiah, "Meldne sl

aptlons adal"pMhesMBK 2wy Qz&umﬂp,rl;?%,ﬂ\ld Bepp.i2eidl.on The

object of the invention is attained in one aspect by a

technique for determining the reliability of the

Irﬁﬁ%{fenﬁ fHeOg‘ogrebbSﬁ’f apYiag tredhRiticOfto alks pioblent RE afléditing a

5 determnes the nmean tinme to fai

| ur
[T aipgs BBPRPar L GHtereg usssy difffoulfies sqnaain.g Rt i reaf ggtion
H{OQQ%F |hbfe¥of&@%er?ﬁ&dcynl}‘%reﬁla §ﬁ¥d¥v1&l§l RRGHBE all@atidiR, and

fail to prOVI de the esired m ni num return
hasoinas e upask int prstfolins eqleptionth Seedsjde Eerohast breningygaed; way of

gﬁaﬁ%&%ﬁg gfféclgs @iﬁ?&ﬁﬁf%%ﬁ 6t tthe*%‘(zet%%l LQPust optim zation

optimzation is done over a
set of user-selected or deflned scenari os. In a

cenari o, val yes whi ch e used in th
BEETRaee el 0% st BRatie Syby' BE, DRENT Tis@Be s
derRbBatel kel YsefubneasSEES @isteh, bt Hastalie shoantat 0is ﬁﬂi’lecessarlly
scenarlos can th

v I g Srshobde frsRonaliBlpsrtierdh Resvatsome hagistions of
E@@N%?&%Ad% 1886Rrebs kd ﬁ%ﬁld@ﬁ?ﬂjuﬁﬂ}@ve‘a%dom& alléflon system.

optim zes the worst-case value of the set of assets
over the set of scenarios. Exanples of the kinds of

Efenarlos 1_r'ﬁglude ﬁCﬁnarios whi ch correspond to the
UIRIAYY 0 MYHRUA%t a for the assets in the set,

TRERBIeLOSE thé 1ﬁM€hﬁ‘Jh is GRAhed Hl éh%%@f)&:t deters: ) tI«!)xydetermmmg
correl ated, and scenari os based on outliers in the 5

thestebialility] of the getes diorna uTsselspp@ et affasickie The BRW iteshnique
'd§teﬂxt1ﬁ19§ tﬂg q’lehﬁ] tithe t) Tarllqrea(ﬁlpleﬁi) rQYabﬂlt}'ngf {30 et assets, that is, the

probablhty that one or more assets belonging to the set will fail to provide the desired

minimum return indicated for the assets.

The object of the invention is attained in another aspect by a robust optimization
technique in which the optimization is done over a set of user-selected or defined
scenarios. In a scenario, values which are used in the optimization are defined to vary
stochastically across a range and a probability is associated with the scenario. The

scenarios can thus be set up to represent extreme conditions such as those seen in

" Maki POT/D88I04/019860



which first uses MITF reliability to select the assets

in the portfolio and then optimzes the portfolio.
w@pi4ri4093 i on may be done using the techni quesPOf/ULESBBMI19860

10 10/ 018,696 or robust optim zation techniques. In

the optim zation, the user may speci fy optim zation

subject to a IuralltP/ otﬁ_l constrain g@t specify a

%‘F%?ki’éé ithe; QRjintizagien optimizegipe 8Pr%r§§sétv§ “§| P sgt ééﬁefsé’def the

s B BWERASL U Bxafipled REthe RRds NGfZREARDS IHBNIDScHANR whidh

portfolios in which assets have negative weights or in

aprrpeeng fe thedrigieninal refingy Ats fordhe agpsis dn theaset, sconapis Byyhich
d%ﬁﬁlﬁ‘ dskdtd %e@cﬂﬁé AT cQLrﬂethEd PR EQhhis bdied dnn¥@li4S in the
shor 15 assets or |everaged assets. Constraints are
Yasttwabmgsnmaéa which restrict the sumof the weights

of a subset of the assets and which limt the
portfolio' s downside risks. The nethod of

Thetdbidcz af iherinfentidh ratipimedrint & tiiel aspedt by aanﬁhtgi of opiimiization

of. ohjectiv s .and us tive
whint gty MTLH GREbRE rheOHeposhl shofinotio; it shen
dp@iﬂhze‘d ahd! go@fbh@n@pmmmm iy Beh@orRSiStgSthe /@édhﬁlques of USSN
ermtted in the nethod |cﬁ sel eci %n 20 .anpng
&6 wba%sopamvaa%ﬁ YApG r fskhe entimization; terser
@%%ﬁﬁﬁé‘mm&l Isbbjé& tEPPRFAR} oft BnithARethakigetiBta bfd)b&lﬁﬁ’ty that

arts to whic i nvention pert al ns upon er usal
thigetfod msetmywéd Démeﬂ axnipageieist.i Berthen ppimigationy may be done

r&%l s 1g§1h§ 'a?getsqﬁ§gﬁé fl*eov'{}el ts b vq{léﬁl‘fhg goﬁblﬁe?ﬂvefgﬁts
owchar t resource ocat’i on according t e
aresmnnc tenal, Itb@alty permittiys pptimitetsar phpatiphosUB8Nnvolve shorted

10/.018 696 f rat.i. f. th
s B st sd grise i et Rsbafle K RMPE o B e
Weigktk Bf 3 Fhiset &F ths aﬁetld ahdiwhichWintit the lpoﬂfoag’rsamwfn@xﬁe tibles. The
i mprov resource_ all ocation system FlIG

m%'rg Y ePPUGHZERRP cfgrfLirs BSTIR Sl Utk AGRE (7 aumhﬂfsr %%@BJCC‘W@
fuB SN Gfd a(?llétﬁ)l ahd Qﬁeo’iﬁ&@ F@itior! by \6As2atre/ alﬂ{@ﬂﬁfﬁ‘l or discount to

PCT/ US2004/ 019 IG 5 shows the probabilit
e seal value phenef QSerfﬁ ef Prapwis 14lbypermiftedin éherré%tb%wﬁ?ls'fﬂon

R 56 k gg%?quskm nimum FIG 6 shows the
gra;%ll;'%\gAu%ll useroc?gﬁtoe ‘?‘?ﬁ or the input analysis tool;
FIG 7 shows the graphical user interface for the

%5 at Ido adv%r?c%e’s w1ﬁ bg L@@éeﬁ% ?o:']tgl&?e sﬁqﬁl%d 9 AR rzﬂ‘tg ?CJ whiieh the

ni ng
inventlon pertams upon perusal of the following Detailed Description and drawing,

wherein:

Brief description of the drawing

FIG. 1 is a flowchart of resource allocation according to the resource allocation
system described in USSN 10/018,696;

FIG. 2 is a flowchart of operafion of the improved resource allocation system

disclosed herein;

FIG. 3 is a data flow block diagram for the improved resource allocation system;

FIG. 4 shows the top-level graphical user interface for the improved resource

allocation system;
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FIG 9 shows the wi ndow t hat appears when RDE 323 has
conpleted an optim zation; FIG 10 shows the

w@e@phi4ed user interface for selecting an objBCI/USM04/019860

function; FIG 11 is a block diagramof an
i mpl ementation of the inproved resource allocation 10

UG i it Ao e ooy AB B ainatn o
asset ssinglel apayillekeded aingilinthdd;. Ref erence nunbers in
i npre digits: the two

drawi ng have three o ) t
Wgrﬁsﬁiﬁ‘gﬁ egsa%icglt fsgr ‘él"eé{a?%@é}hé_h‘a%‘t AadpErteoli n t he
RIGW shgwi 0l e AhRA] ¥ fberab SRRV aIhabd o1, THUS,  an
itemwith the reference nunber 203 first appears as

F¥ed shows the graphicabuser interfapd fod dedndng 4 ysenasio; The

| gw I rioptbon il l gl
R O e i TR by " ol RAEDSTS B somplegd, an
quant i dptintipagionel i ability of nmechanical, electrical, or

' d t tif. he..
e e D TR
EEG dliibe biock etagranc ef @l inpbaidntatios B8 the inpddivedresGiece d1R4tion

option analysis and reliability analysis to find an
al | oca®PGM > of the resource anong a set of uses that

EIG.aRnsthe seHeRIb tHeRlathbhse\Wsddin FheimpRihdhekib@bidd t Y.
Thereugon will be described inprovenents to the 25

Fizddseevaibe seafentyaf assait avdhppraancteas B 42he fol | owi ng:
The use of MITF reliability to select a portfolio of
assets to be optimzed using real option analysis;
Referenesenugibersob thst draping hirvedthieo ar maretdigitsr dlsomogight-hand

' . e. Lol onsteain
At QAR o h oA nBleoll bl R SRR " s,
aoirest with thegreferentdeunlpt 263 fist appesrs aniem 2001k FIGCAt | ons
of the objective function used in the optim zation.
The objective function is the function used to

al cul afve the real option values of the assets; in
ﬁﬁg%‘?‘f&eﬁé‘f‘ﬁpg&ur ce allocation system the only
BNAIOIRINIRe ODEBRLI VesbriPaohi Al begihOy %@ér%‘f’go%%w techniques
PCT/ US2004/ 019860 was the Bl acﬁ- Schol es fornul a usi ﬁg
riganaly slevelprpdde vinanrtif thegpliabiliy gbmeehsinicel, elsciaizgly ersdectronic
folia: it e ot

PAETBah SR a2l i fecyd BE aRERcalo B Fisllund WAL then
dpsextsi x eesowrsealldcntier $yatceswhich usdsercalmption enalydisandMetisbility

RSAET5 B o RSB BheRl 3 A RL R e

return with a given reliability. Thereupon will be described improvements to the

resource allocation system including the following:

» The use of MTTF reliability to select a portfolio of assets to be optimized using
real option analysis;

¢ The use of robust optimization in the resource allocation system;

e The use of multiple constraints in optimization;

o The use of various kinds of constraints in the optimization; and

» Modifications of the objective function used in the optimization.

The objective function is the function used to calculate the real option values of the

assets; in the original resource allocation system, the only available objective function
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systenms. Informally, a systemis reliable if it is
very likely that it will work 10 correctly. Engineers

have r reliabili.t t af th ro

P BRI Role TouRile bbb R i Re GOt Ao fpiggpress
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can be increased provi di ng” redundant conponents.
Afyséranpl e of the Iatter 15 technique is the use of
triple conputers in the space shuttle. Al of the
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V\Applyhige'ehdnbtytteclmnquﬂsitmgesbm'cdaﬂbdm‘onhi ch result is

Ry b ot boReG PR HTIGiSRRRE] Horetorenigy. and
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mputers 1s of course highly inprobab

c@fig@cﬂf @ryptgm it Heteusppedebysanatyeing the probghilits thag y@,mmen@ of the
hégg{éhb’wﬂleﬂail aplRh a vﬁag as & caabOMb S st fo g?ﬂ' nﬂ%ggtfzm s reliability can

rrponents i s maki sure that a sin
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i gommkser does naialisablsdha spaee shutilounndesvan thecfaiyre of fwaeomputers is
PRS R ITErHE AR B R Ghd Vi ABinb GRYBHRE Y flﬁl @hreé) Uééﬁﬂ)lﬁér’l‘ls is of

systens Is diversitication. Part of Inte
atquossatipldy improbablesandreasegnently, the spacelsbnttie cam@gter system is
e e _su
g R A T L
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PER ¢kl QOdEQ 11aaﬁ£therﬁaim§1 tensS HithepdssbR daliRe dF RluldlofMRE three
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abt AR FNRIER aPerib@bfYih'®, the probability that all three will fail in T is

3
n.

The aspect of resource allocation that performs the same function as redundancy in
physical systems is diversification. Part of intelligent allocation of a resource among
a number of uses is making sure that the returns for the uses are subject to different
risks. To give an agricultural example, if the resource is land, the desired return is a

minimum amount of corn for livestock feed, some parts of the land are bottom land
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bottom | and and the upland to corn so that either by
itself will yield the mninmum anount of corn. In

w@paohar4095s wet or dry year, there will be the nPei/Dsam04/019860

anmount of 5 corn, and in a normal year there will be a
surplus. Reliability analysis can be applied to

RGBT ATROSEe RS e PR
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and dry, and consequently, there is a low correlation
between the risk that the bottomland planting wll
Religbilgy analysés andr appliet te resourest allegatisindn a imagnsyithat is apalogous
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erelia |ty 0

e return for a particular
allocation of funds to the asset classes. FIG 1 is a

fil o 101 of, t r ocess| . 0 t he, 25 sfe
AR b b r & obRERRORRbRA BAER i Rid e,
Next, a set of asset classes is selected (105). Then

n ected rate of return _and risk is, specified for,
@h %glgfe @ﬁla%%w{l 10¥5m ﬁrfﬂswsa@ e grbodfaenty thecreseyirce is
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on historical data. In the case of t he risk, the
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Qhﬁ%ﬁ&émigtrgagr ﬁg&ﬁ%ﬁ%g @&ﬁela%ng E&%J}l .g@ylsxgeofkaﬁéagsses

O ot her I on and erls
qﬁamw dre albddeto Wnteanine thetrgliability ofthe et (501‘ a palntmutkmfallocatlon of

dj,n oomc ner.al | iness ris

L ¥ LUy e S
Q)Q&M dﬂﬁa@%f&@éﬁ/ TR0 1 DB EssinNebekins bO 1030 ekt 25 §e¢fof asset
cl ass, rel atjons are determ ne betvventher I SK
Flaer freolroied (T0s3; dbet i rmegied dve. ,oﬁ o5 ERd Grfis gt SheRidied for
3cch st bRSS@H7Y IOR) sourth €Sah& B gebledrdt® BB rdufth Horda class and the
risk may be based on historical data. In the case of the risk, the historical data may be
volatility data. In other embodiments, the expected rate of return may be based on
other information and the risk may be any quantifiable uncertainty or combination
thereof, including economic risks generally, business risks, political risks or currency

exchange rate risks.
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correlation matrix. The purpose of this stepis to
guantify the diversification of the portfolio.

wadberaupen, the present value of a real opti onP¢DUS1004019860

asset class for a 5 predetermned tine is conmputed
(109). Finally, an allocation of the funds is found

i.ch maxi m resent | ues t he 1 eal tj ons
HOR S0 TR R sl GRS B e Reg e iR b i R B SIRet
das edd gor éd&ley other alieaéﬂ t]?él S;séetl@?‘sﬂé ge?) atrhés@&orrelatlons form a
emati ca etalls o t.he rell abll|
ff%regafwévcgw eﬁh CPHEBF PE RIS StEpds Foeﬂ‘i‘a&m%y the ﬁ%ﬂ ation of the

FHIR). N TRYRLRAGE tl{ee?ﬂéwﬁt Bt g aPRAL bftlonOfor ite Eéa&n@laa‘srﬁma
he average rate of return of the portfolio over

predateseningd timeris compwied (@G- Jinallyapy a@@@tl@t Pf)weéumdﬁrls fopnd
@chﬁ E}&%{%ﬁé@s thE bitséhe %ﬂ%s ﬁﬂﬁe P& Io wT(1 1) " &ibikctHd: reliability

st an eviation for the portfolio represents t he

combtgeting whigh isased on plagraofrolaiionsyletesmied at W8er the time T
The standard deviation for the portfolio can be

found fromthe 15 standard devi ati on of each asset

Maelienidtivel detsilscbfttheretiabiliet anﬁplnaﬁmeffi ci ent p for each
air of asset .classes.. Far eac air of ass .
B8 BrBoafhc AR et oF 6 deih pvaries iShBa i prtfoti

isfieurfalaﬂrdsm AnaveRtize GRE o€ kelirh O tm@fr{fbled &k aPefodSEHmE T and

npute the _covariance for the pair qver the tinme T,

mﬁtsenéﬁé(%vejm s o tseportfplisrs c%wm. q¥ar H fesiod pftme T The
Q%(ﬁf& devflé?iron"Jfozgﬁl@‘?J’oﬁfolf@%ﬁ&@n’csothWVBﬁtlﬁtyS&tthesp&{foﬁ& 5 assets

[east two or nore ‘classes of 20 assets; the portfolio
exeartemativie devi Bhd gandardideviasiopder thsl pastielia eaneberfound tfcann the

AN i 38 T PRI Bl o
-5 dff acs)ﬁt b]lamseitr Ea_‘rl_(ebac;}nbauigﬂBaf bwet olazsesythb alandalrd gte)vmi‘om foe the
Bomberg ot 4Ry Bar s T hEtsteTiiRn astiet ioa® Dokt 'S codipisythe
8valinhde; for e pak oﬁlblethé kiget T, @thOdovROB I =0p J 104 foi3 Y.€ Dofindis in

asset cl|ass A Bis the correlation of risk for the
pare degall, e étge%qr%lse%@olw Wi apet Spfah lepst o premerealepsesyof

gleul ahd AROfio @8Rk &y BRiSn An@YR poftfdRsirRE o Rburh bAbe wiltten
WO 20047 114095 PCT/ US2004/ 01986%3

as:

2 2 2
Opr = Z Zxaxb P4pC 470 pr + ZxA Cur

AeS BeS AeS
BxA4

Fpr = ZxArA,T

AeS
Where: opr is the standard deviation (or volatility) of the portfolio over T
periods of
time;
Ip, is the average rate of return of the portfolio over T periods of time;
X4 is the fraction of portfolio invested in asset class A;
paB is the correlation of risk for the pair of asset classes A and B;

ot is the standard deviation of asset class A over T periods of time;
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rA, T is the average rate of return of asset class A

over T periods of tine; and Sis the set of asset
web@ssew9s 5 W assune in the follow ng that theCT/US2004/019860

portfolio P follows a normal distribution with nean

of rP, T and with standard deviation of aP, T: N(rp, T,

(FP, T). The reliabilit onst rai nt ?vvill tlitus.b(?: .

Pr(x > 1--TA_,T)1S e gveragerra e@% (q.t“rlnrﬁ) asse ,afngov P, -pe515> s>ofélme,

aa@ where rp, T and aP, T are replaced by their

respective values fromthe equation above. The

const r ai nd icthes¥ef essetichisesd using the expression Y < z

(Nmn - ~ xXAY' ASTA) ~ xA xBff AB AES AESBES where S2
is obtained froma using Sinpson's rule. Details of
the computation of 8 will 15 be provided | ater

Woapumatin ghe Eiloping thatthe pertfodia R, Ellgws grnarmal disfribatinny with
QV, iahld : rap. i.S plied to
it o E R ot P R P NP i e
maxi m ze the real option value of the portfolio over
he .t erjod T ..The real 20 option val ue of
%‘Sﬁlfalgﬂﬁ%&f%ﬁ%l?w ‘\71endtﬂ3§ beLJsi ng the Bl ack-Schol es
formul a. IPaGthe, § oo By O, St e Liyeat o maturity
for an asset class A and xA, is the fraction of the
viexd fpaldnd dpm\aestepticéchbytieatrespectbs vAlws fiomythe lequgsioni abdve.
f tine.i, V\Qeerp @ is d,vided into equal periods
o contrpint san BepsHmpted uging g‘ilex%rﬁis?o(‘}n for an asset class
A over a tinme T according to the Bl ack- Schol es
formul a, one needs the follow ng values: A the
cur r df, v, 0oF faézsﬁt B9 A T, tine to maturity
fromtinmetperiod O te’spaturity; 30 Ex, value of the
34 iF' ¥&ShE® Rbm of Jsin/g Sfifng%'nfsrrﬁl%. DRtafls 6f thé BBk RRton of:will
volatility 9 WO 2004/114095 PCT/ US2004/ 0198 A=xACP
t@prxAdd(later.mi n, A) " A

Computation of the real option value of the portfolio

The above reliability constraint is applied to allocations of resources to the portfolio
which maximize the real option value of the portfolio over the time period 7. The real
option value of portfolio is arrived at using the Black-Scholes formula. In the
formula, Ta is the time to maturity for an asset class A and x,; is the fraction of the
portfolio invested in asset class A during the period of time i, where T, is divided into

equal periods 0..Ta-1.

To price a real option for an asset class A over a time T according to the Black-

Scholes formula, one needs the following values:

A, the current value of asset class A;

T, time to maturity from time period 0 to maturity;
Ex, value of the next investment;

1y risk-free rate of interest;

o, volatility
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For a period i, the value VA i of the real option
corresponding to the choice of asset <class A at tine

w0 2008i104993 he Bl ack- Scholes formula is: [og 1 TPGT/85004/019860

0.50-2 )(TA - i) +rmnA AVA -~6 TA |l XAtP- 5
log 1 T + (r f +0.50-2 )(TA- i) (1 +rmnA - 6 TA
-1 xXA;P(L +rmn TA " exp(-r f (TA- 1)) 6 TA - |
e*above formuila is an adaptation of the standard
Bkadﬁ_é@hotegﬂfornula It differs in two respects:
first, it does not assume risk-neutral val uation;
second an exponential term has been added to the
E%r{ aséerggrzmch%fva £ aY;gaorNheC% {prﬁi%?&%ﬁépf’ﬁélpﬁt {h%CC?l ice 09 asset
cdhanyagimd hsingahd Blapgk-Scdwlesdbmeild is: bet t er sui ted to
the context of asset allocation. The all ocation of the
avai l abl e funds to the asset classes that nmaxin zes

t he real ion valye of the portfylio can be found

vvlthth _Lm_gal_l_o+p,rf g‘s 1VAi ~~ - Vmn, A
, /(Esr“]'é)f’l X'AiT Aes’t he pr ogr am bei ng

su JAect t wéh-as the one set

forth above. of the inprolyed resource

al l ocatijon system 20 The fol |l owi ng pvervi ew of an
5i nproved: version of the resource allocation system
descfri hed ahove Begins with an overviey of its
oper|dbg er—conii-nués wi.5d7)@h -over vi ew of flows of

i nf gr metd o thi)n the system and Igle with_an

OVET|VI W Of The, ; 4095 4l U Ty, ) exp(=1, (T, = 1)
PCT/|US2004/ 0198884 | ht er f ace for the system The

i mprioved resource allocation system usés two nmeasures

for the reliability of a portfolio of assets. The

first of these is a neasure of "nmean tine to failure"
TMTdboye Fhiugbis lah biEptdds of GeRMdird BladkEShbks fnul0tialiffers
return reliagbility. In the jnpproved system MITF

PP AgPpgtery sy ltd@étdnqt @S%@Fé%nﬁ@raé Keludtion; sespnd anexgenential

&8h RaPbeen added to the first term of Va, and corresponds to the discounted value

for a rate of return r,, With these two changes, the real option value is better suited to

the context of asset allocation.

The allocation of the available funds to the asset classes that maximizes the real

option value of the portfolio can be found with the optimization program

V
MCDC Z ( Vmin,A JxA,i
X0 AES - xA i

Aes

the program being subject to reliability constraints such as the one set forth above.

Overview of the improved resource allocation system
The following overview of an improved version of the resource allocation system
described above begins with an overview of its operation, continues with an overview

of flows of information within the system, and concludes with an overview of the user

10



5 assets. A portfolio consisting of a set of assets
that has sufficient MITF reliability is then

W@piokim40esl usi ng constraints that may incl ude BCT/US2004/019860
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constraint based on the total return reliability
measure. In allocating assets, the user can take into

acc un%ﬂrr ealisticg, real-world conﬁtqr %i nts., 10 ba}\%ed on
inéari2ee B the SYRieRy e BRIOLE eSPHF FliRgeop VR g T dugpsbres
£ 3BS rhiabifity’ & NpSrtfolidToN hy¥bts) IThe ER{tNEthest li¥ @ sivabuds of dindan

downsi de constraints and devise optinal ngétfol [ Oﬁ o
timatto faaberati VEL 1T selibiligt tesnserand Waimeasute ob ! irrryroyigHability.

(kjd; Y iirq%t%yed &lelné Mﬂ"ﬂgfrxuﬁlity dlatad tARERiRThdEaility of sets of

scounts assocl ated w non-normal behavior of data. .
hssts e Adparflolicheonsistieg f 2ot efasseiethpilrpstsnBicieahM I TF reliability is
ol at i.l i. ' i. 0 .
fi et RS A by el O st B IR k1
i eeliabilitpheamtd. ve  functions and volatility
measures. The inproved asset allocation system further
i ncor porates robust optim zation, i.e., optimzation
whi ch recogni zes i nherent uncertainty.in data d .
I alpating @Sty f FERSaT ke B0 e apbreAist Fealod sppsuaints
conme up with a robust, reliable portfolio based on a .
based opn CigHEsIas hEFks iNRieIeResha FROENG pleleinshy 15 Flash ﬁ?‘b*%amts’
possibilities for the assets in the ortfolio and the
pEninfum | ipvestracat fthreghaldsy j ang dowesisler a?rrsg*ﬁmtSFP@ dgvisg optimal
Flowchart 201 in FIG 2 presents an overvi ew of how a
pesfolio§ thahmakimizeowpside petsoiial vehilegrecyating B ligyiditereliphdlidy of
the system If the flowhart 201 of FIG 2 is conpared
wlatah and herethiuesc biadiscduds efsodiat@l with inbnwotnhal | beledpn o€ data.
be seen that the inproved system offers the user many
TRdt€adogit tho Riglel dbjédiige Syrtiomand vblaity Imedsive wssdilin teudriginal
only specify a set of asset classes in step 105;

esgﬁéﬁri,t b @{I&ﬁsfy‘éﬁﬁl ahey e Red tdyhdobeamdnk AMimber of objective
2004/ 11409% PCT/US2004/ 019860 system from information

ifEthi’Bﬁ ANSoBMROAsulehie asset classes. In particular,
t he onTy obj ective function avail able was the
Bl ack- Schol es fornmula and the only volatility neasure
that could be enployed in the Bl ack-Scholes formula

s .t he standar Latl : t oM
\gﬁgrm}plr%zgd .ﬁsse?r%ﬁocaqgﬁl s?s%érr]r? )?urgl%[: n{cgﬁaopa%s ;fot@%lt %ﬁt?tm%%ﬁc%, Si.e.,

eover, single constrai

coul d he enployed in.the optim zati of ' .
P kg eaie Rt Ol L W ina bR flisfons i
required to be a reliability consttajnt ed on the
RSO CEHRAISS QPR o KROGhGHpEInPouRe pasdfpn ¥ et of

contrast, steps 203 through 211 involyve ,se%t Itﬂg )
ofPIPEHSNFYS s¢eRarios spanning the realm of possibilities for assets in the

portfolio and the portfolio itself.

Overview of operation: FIG. 2

Flowchart 201 in FIG. 2 presents an overview of how a user of the improved resource
allocation system uses the system. If the flowchart 201 of FIG. 2 is compared with
the flowchart 101 of FIG. 1, it will immediately be seen that the improved system
offers the user many more options. In the system of FIG. 1, the user could only

specify a set of asset classes in step 105; everything else was determined by the

11
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10 optim zation step 213, which perforns operations
whi ch correspond functionally to those set forth in

WeL@pa1400y- 111 of FIG 1. In step 203, the usePCT/HS2004/019860

select froma nunber of formulas for conmputing the
real option values of the portfolio S assets, can
Xes

SRR R TIORGOS i B sh iy Shosh e o bR o ARG, the onty
étgdatine duriction Aeaitiblecwhsathe Blackl-Sehdles fordifa afid eheU@ry veRflity

sel ect .t he |nves nt 15 horizan for the timgzatio
RASIRCLPT Se R, SrORpY<dt B (he BRGC SRles fBrRUR eApufe standard
SR stibg dor e polthioROsskétd ok 18O ¢ hleR¥D BalyeH SRYRI @BSraint
risk free rate over the investment horizon. In ste

P
oo etmolmeéﬁn taoripiationofdhg,veights gk thy paefolinsgssets, and that
t{r &Htﬂo%@ %t f<pabifly E@rﬁtraﬁ?lbﬁgeg & Sthd Stottap r&in
I nc e portfolio to"be optimze In step
@ﬁgnhWhe user can 20 enpl oy the new capabilities of
the i nproved systemto anal yze various aspects of the
sel ected portfolio, including analyzing the portfolio
Aoshominuis F&Gi 1)y @bntrast, wieps2F3rtbhrouglin211 mmsltzé sdttiing ptiassor the

whi.ch. i ncreases .t sk of the por a .
SRR Gon e 3137 RPrRerogE PRSFaEns by Reshogn fppggonally o
00¢d {edlfdrth B A&HENF,11and FaGALY 2h -@F 1008, the user can select from a
nmean-tine-to-fail (MITF) reli abi of the returns

wHnkex of forpulag foricopputingfhe re3l PRPOHZ’BIUS% ghtho partiglip’giapssts, can

inP&t paefetdr® R RRCT §Exds BhihAbortFOR bt dn R1REk HEWHRBYEK is
l ocations of the assets selected'for the portfolio

fonbes tlefined g9 thmdalewatigrec i ytep S othenisere carc slest thet investment
f I
o R She Ao ol B RSB, W SBARE o e
for dp pdithliof amigthé yxpecteda gverdpe rxsk)fnemazmueotheémeMeedhdrizon.
step 30 203 using the paraneters selected in step 205
on the portfolio selected in steps 207 and 209 using

el 017088 ubd@REn SHREIFES B&bfoﬂélﬁ-ﬁéﬁ@%ﬂfdl@%ﬂ dptigtigion lailean
For a given  optim zation may save the inp

St pgers &t beoiaclufed infhespasifeliq s berpptimizsd. Jostep 299, e can
Haflol 'i:he%\x; &?amﬂﬁés%f QY infrdvel tsi?s@crm Qpﬁﬂagzg %ﬂuﬁﬁ i edts of the

gener al user | nputs 04/ 1
REF1adIROGA 00 i8BED1E Analysing fe m@olmfpr mulstbrn@@fenquxrmfrom the

Mh(g‘ g%ss?@ i@?ﬁé ef%érrgagé;nt%{ e A0 I)f‘ t%y ggfoﬂg QS gg@ntole analg%mg the

I're C|rcuns ances.
corfabartmat metmnixf foovtbe ipnrtfolhe si apetevad aedyinge theamkeactihe-osfail

IMEDFIRetianifly ob R spais of et B wsPistRt oot o i

the i nproved resource allocation system The
information is received in relijiability decision

815824 & popmjts the, nsas te ppesity thesinitigh Mgy ng mingaua piogations
5@%‘ 5 8bs fQlectt N Fol R ﬁ'@f"ohé' ) 'Sg‘:?j 209t ¥nPto fs;?b% one or more

portfolio. In the |nprove resource all ocationh system
easisiraibisithat ynust be satisfied by the assets in the portfolio. These constraints will

be explained in detail later. Step 213, finally, does the optimization selected in step
203 using the parameters selected in step 205 on the portfolio selected in steps 207
and 209 using the allocations and constraints specified in step 211. For a given
optimization, the user may save the input configuration that was set up in steps 203-

211 and use it as the basis for a further optimization. In general, what the user inputs

12
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deci sion engine 323 includes two reliability decision
engi nes: basic reliability 10 deci sion engi ne 325,

wokiogh19pi i M zes in the general manner descri bRCI/U82004/019860

USSN 10/ 018, 696, and robust reliability decision
engi ne 327 which optim zes according to scenarios

r ovi t us Il be explained.later, the.
b 05-3bh 2t S Whae i heReutt Pup earim i fid Wi s
rBRARH frike pro®nb@Rwhdsiavédsy Of the optim zed portfolio
to stochastic variations in the input paraneters used

to conmpute the optimzed 15 portfolio. Portfolios

(5\@”1 6 gfopﬁbﬁ% |6 3 rdded 88U B alfodbA IR stbh N Fig. 3

tune si'ng robust optim zation. Alternatively,
F6bdst 2 block diageant 3 alrproddessacverviay ofide flowrgiof iifagnation

ﬁ%%r}g,{ %oq/gd %Hm@g aff&g od éy@%md' h%%i}OYm:R%n ifecH9&d morEhablhty

géenera ed e systemin response t
decisieh engin® azhwmﬁemmaes th2 @oﬁfqhu’tsgtsmsmsl rd@dreb)folt the deSIred

A e R e L

RB@ioh e&ngiieN P2 Sncd@lBs &t}v@ efigiligd déo@sxonb anginesRDbagdR Eeﬁznﬁihty
I nputs 311 are pﬁ{ to rohust RDE 327. he.i r(]p.utlsj
degision GEHEr 335 YW gPtimges: [, e cgenetal, giapaer, deseripe SSN

71181696 n&d%%s%%lagggy BRI SBidet 7 Vﬂﬁéfp%tﬁﬁt@q&c&ﬂﬁlg to
[ npufs whi ch describe the constraints that apply

acmmopmnmlci@t burthe 2serTo Ashwilk §e rixplaiiied slaten ethg rfgseu ‘?fp{ﬂbESt

35 B85 b LRSS g ot

tdeamahnah&dvarmudast an |thd fnpuh @afapickegwivsgl to Cpnpwaahe optimized
I.abi stra

%Oétif%la. le)]ﬁé}Ylg% g%t%l’ng? using &851{;%}:} ﬁgf‘s; can t b2 cﬁlxt%ﬁserﬁ% V\kl]&e smg

fobest Pptinfigdtion. WAltratieelg,e tabubte dpthfisstion bas ba aedi frad the

MTTFrellablllt Iftg %TFrellablllt i S noliy

beginging: (Scgnaries C@b‘?q thegibied disecty by 35 UsHor, aiey geglerated

I%Q'ﬂ@s;%% Ih8spéa&ito a8kIBGI0A bYithd ®eENt assets fOf t he

tfolio. Overview of the user interface for the
nproved resource allocation system FIGs. 4, 6-7,13

E Wro%?&ﬁ/ bytgg ?gr ?%/e L ¥PAvAE/ 93\91’?%0303-@'191 @?{’ alnﬁ\ég Inputs

erf | roved resoutrce’all’ocat’i on
33psarein3 I1sms bevapplied tEIl“@th deliabitity mgmes,y papsitd 345 ard opplieg to

user terface. The t

PAREeR PCEE B6F gty Fe P fes K EPRIRPE 2y o JFs R
£kiallpNintbORvo Vhkeh tlhﬁltslszﬂﬁch &ﬂ'ﬁﬂnﬁlyé htw RPEe3A9 performs its
portfolio of asse&ls or o a@nchmﬂrks eg)ify %%at on
proRRRS N el ity rhich dicaie Hecopstamipibal AP gp e ptimization.
@@tthm&ﬁ{ef RisPbelbhe i ,gmst 86 bRl 909;% Sk Jatkee! RENE Gnpis 307,
the user in portion and %ortfollo anali/sns tool s

313,306 anch/%hl lisefl hesei inputy il ibedlesctibes! ity deiail inythe following.
ﬁgﬁgﬂai ?elﬁ?ihgf/}vim 9§nsﬁlglﬁf3§2lnBéH'Hlt@%hé){lse} he s88&8he assets in a
nagenen stemo

portfolio according to whether the portfolio with the selected assets has a desired

MTTF reliability. If the MTTF reliability is not what is desired, no optimization of

the portfolio is done and the user selects different assets for the portfolio.

Overview of the user interface for the improved resource allocation system: FIGs. 4,
6-7,13
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whi ch the inproved asset allocation systemis a
conponent. O these nodules, the ones which are

whi ch accesses 10 assets and i nformati on about them
and the ProfilerTM nodul e, which permts detailed

|s of the_behavjor of sets of assets. The
ﬁl"%ﬁ’%‘l qyel pser jrpierface, ?ret ¢ Iproyqdesspsice alloggtion system is shown in
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u5|ng the tools at 406. Input anal ysi s tool 403
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arp Prdsredttiyahe meer's ickients/os b Selocting diem abst of @mecbmrtfph@s The

) e .

A 7" el Portpot b Befebdtad Shichfiodly, 87 ) iipleph Fhfource

atlatation tspdém 409Thee mamtrg threvensar it o[Cliest tihitials] [Date] [Time
B30, 150 ] el PR 00, TR D

l%ﬁﬂ;ﬁ?&}kﬁ%ﬁl@%fdhk@%@ﬂ%ﬂl@lrtﬂ%ﬁ% fblﬁilédt@_bi béntbh(mfuﬁzri]s-ga{&lﬂed to a
ortfoliq. ctive function selectjon too

f%?f?ulﬂ kY @ﬁ%‘“ﬁé‘g‘l" bpyto the Jefiqf thshengimagk.nyper  of

obj ective functions. The selected function is then
used in the optimzation. Wiere further user input is
Pregua patfold hay basaiseleetedrit e bsrpmalyred wringothe fronle 8l 406s , Input

%ﬁ!kz?ﬁ own%og{peyggs fdng 8Mad gl SanbDsis I8 uRPRE3F A0EE 1Rfng

analyzed. In a preferred embodiment, the kinds of detailed analysis available include

extreme values for the return and standard deviation of an asset in the set, extreme
dates for the return and standard deviation, extremes in the correlation matrix for the
set of assets, and extreme dates for the correlation matrix. Visualization tool 405
permits the user to visualize clustering in the multivariate normal distribution for the
portfolio. Correlation matrix tool 409 permits the user to see the correlation matrix

for the portfolio. Reliability tool 411 permits the user to compute the MTTF
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5 further user input. This is illustrated in FIG 6,
whi ch shows display 601 that results when input

the user selects the kind of analysis desired at 605.
The result of the selected function appears in another

i.ndow. . Di.spl ay .701 in FI 7 shows wi ndow 703 _whi ch
rg%%tlﬁwgr the ggf) o7 Wi f%ngm?eerlﬂstoefﬂﬁgp%mﬁ degiisisto
delect B GRA hin{dr IR bBjeARMBActiBhS t ThdWIdcR fiR¢tiohNE then used in

ortfolig. 10 The W ndow appears when the user clicks

A optimization: aWihese furlar uagysnpuf fierequizgd afien selension of one of these
o 1t or i ¢ hi . )
Ak Bl SR ety ShpaRol T 2R g B
fuztbert wper mgin Thisris dlusitatedinsFland, phichsbews displd 60 pthatiesults

. r . A e. 1N horiza the ri
8, b0 RREA s LI SORRE e DA DG e
lainé of anadysisalesiredrod 605.t The reatles thé sedqepdi famdios apgeac in another
automati.c . extractjon of tax ra frothe account
PP it T TG LaRne it T Pefe G{Biains & Sfaph 705 that
hptvis EhB Rk ing bf iréutd it ehePRGItOs MBI normbh Gistribufisd &z ahe gofolio.
t hat, appears when the user cljicks on assets and
Pas windew RPaagyvhenhe useistisiihon visyaliggtiopgool 405.1303, t he
user specifies the risk-free rate of return that is
expected during the investment horizon for 20 which
Theeusepprowidesaddsionpldnfouhatipnmeeded tordelan gntintizo®n in bptingigation
| fhes -] [ 200, | ” i f
FREGH O CRRNEBABE 04 RN b Pyt Aty BFY blnglrs
4230 mit ke wssieto spenifiyttlse ingostrnertt borianh] tha riklofre¢ fage, downdide risk

for whi the, opti m.zatjon i bei .done. .I.nclude ]
{xttonts it B ER, auf FRble St ol R Y 4 BTG e orgatic
édvactiat 66 taxf Rites! PHe taCEdiO AifBEnatiSNA6E tHeCid¥b @1 108 ,wiadH the
di vidends. At 1309, the user selects one of 25 three
PRIRIEALSR 18 PaHei RepioRge oS igterfapes k301nhat pRpeatsiwheg the user
Hitké QR Msas aa&%{aéﬁet_eﬁl b 42338 LRowRELFNEr 131 AtSmb@S@g user

on the standard deviation, or whether it is based o
hgeiliesbe stsk-dign taie of wiurh thgt is expacked dugng thednvestent horjxon for
. re..List.ed.t t hat i
PR R Pl Bl e (BTG D 100 B spbdBpPie B
harizanni.e.,CGhe pktiok eftime forhehich ittghéptingzationlisi being @erforinett heAt
r . to indicate et her the asset's.returns are . . .
neeser 5pSRsE ARSIt ol b S55un St i e Spfoizecon,is
bt Hor0 MEEILEIdNrs whbthétBe @RlimIThakiBR Sdahe afourdtR8ax rates
targeted return on the portfolio at 425, the |evel of

o MmEder 2Rt ahort Y5en gpipe.PBf diyidepds. | A 390; the usaselects one of
gagér?egﬁt)&& dfehudhiityils dwbhsid@ibkadghdth@nglis GRREHR A -ritb%oﬁ!r all

At 429, thé “user may Input robust optim zation
gednavhader fiois based ohéhe tindadsdaviation, wevkathadt Brbasabomhe

SORCEAOTIE ST BN 1O 66107 L A
ths pettfolip togetter with statistics concerning the asset’s return. Checkboxes in the

rightmost column permit the user to indicate whether the asset’s returns are taxable.

Optimization part 423 permits the user to input constraints on the optimization such as
the targeted return on the portfolio at 425, the level of confidence that the portfolio
will provide the targeted return at 426, and additional constraints at 427. At 429, the

user may input robust optimization scenarios for use when the user has selected an
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portfolio; using the list, the user can specify
al l ocation constraints including a maxi rum m ni nrum

wa@pa4ilngops al al |l ocati on for each asset in the PCT/US2004/019860

portfolio; the user can also indicate whether an
asset may be "shorted", i.e. borrowed froma mﬁlling

l.ender . 5..s0l.d and, t hen I c

ARIEE SppC Sy somﬁ%kﬁﬁf’wmﬁ%mr At e 8 OIS Bestrin e
partfoing hedipd e 1isH mﬁae uferséar §ReifRSH6Eatios coavRehits tlﬁ’clﬁchﬁg a
| ender, the shor et's n1n|nun1aILocat|on

PREMYE PHBMUEL. 78 m&@ ﬁ@‘gfﬁi‘%@r eqsh @gsehin theyportfplio; the User can

i8S plarvatel v Re 8l 8cled Bhy bOSshOREd M .& BbirOReBSMmRERMing lender,
entered, the user 10 clicks on run optim zation

sid fon pive A end thgh purchased frrianmriead which THwpglglpdower than A,
Ad L%ﬁ@ﬁédgg thesl)él?&ef msh\?ﬁ %&&ﬁ aH%E el “oledNRStHhP Ee‘ﬁﬁgrc 8 sBbkted
optimzed port tot extent ~ possi bf e
gottisonimimun alldretiomfes thegiorifdiogprydiefnegativey t he user.

FIG 9 shows graphical user interface 901 with the
results of an optim zation. Optim zation result w ndow
o0& alhas tHehhﬁﬁ:mmiximnqeaed for thé sptuﬁi@&mf has %elﬂﬁﬁteteﬂ, the user

t.h ortfoljaq, W h t he..o ] each .
£ PR g St i O 13 e Rt The GR4| flpcation
a8t theh Subk udMl iP@5s BloBudetl SneghtinRAIdapREf6licS whihto the tek@nt
op t|n1zat|on and at 907 are _shown the results of the

w@a Pl oRfqrs te dhe ¢onatraiefs spesificd bysthy Uigro G, Byshows graphical

BRE {ht&GHabo1 Wi iR SbsultDof Hophifirkibe. (ﬁftr?m&eﬁﬁn result window 903
uncertainty cushi on and catastrophi c nel

hasdhige imain pastshlisi P09t i agsiets|in the pogtéadios Wti‘b dhd eptiora) waight of
E:glﬁ ass!e§ tNgt]; tl?a? ﬂ{e o%g %&fwl: gli\:teilms sofrrper Ir%\r:egg 1s3{| zgtl JOfS% eeln stted
pqrhmaexzeabep oint thel bgtimigativar hl’(ti saa\ﬂom gare tdhewnsthe prdizest the
sayve, r.un ton.435 which s es R tim zed
SRR Jof e pPRAali 7 Rakials, cOF Bl DSt oo rosuls g the
usRflaihe H@dﬁﬁml End I&t@st@pmb %a%wmogdeﬁ&ld GholtR Téftvl'rlﬁéh REIl be
further anal usi n i nproved resour

deseidbedtlpteny 2 fél@ élﬁﬁ of g d@se%mlﬁveés fop gapes ofs@ffp@flfareteé pfretuzn.
optim zed portfolio has been obtained using basic R SE
325, scenarios of interest and their probabilities
Hehe besr bpléayes the dptinized ipertipbiv iisriversll spdng. thel user pusheshsave run

U559, 85 SRR, oButoRl ShedPl BBl 0, B Bty o
afaimation ussd to anglei im Thé lopnimusd pgrdbho rcemthedaieafuﬂbmﬂnalyzed
the returns and/ or r| for the_ass 0 determ.n

g fher “’?H’f%"%o‘ref‘f‘\‘i"rﬁ 6‘ %at&gb@isgmbr Fpr, Sx%é%t‘g’ce \R}e%‘ ctory

bptirhiB€d perfol®hdsi ek BbtaiedidndBast RIDB 85, se6lagi6d bM@tePest and
set of TF-reliable assets _ Definjtions and
thei prpbabyiiiss 38n fg specified and the optimized portfolio can be used as a

ﬁ‘nl)

scenario in robust optimization. A saved portfolio can also be periodically subjected
to MTTF analysis or reoptimization using current data about the returns and/or risks
for the asset to determine whether the portfolio’s assets or the assets’ weight in the

portfolio should be changed.

Selecting a set of MTTF-reliable assets

Definitions and assumptions

16
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WO 2004/ 114095 PCT/ US2004/ 019860 The fol | ow ng
di scussion uses the follow ng definitions and

was@unpopdHns: Definition of an asset |nitiall yPCHIS2004/019860

asset Ais sinply defined as an entity whose returns
follow a normal 5 distribution. Thus each asset is

rEaRERe Srobih e Mo g il Sloab i matbidy,

|fnance theory, and is necessary for and consistent
ﬁ%ﬂ%—ﬂﬂ%@%ﬁ%‘pti ons used in the Bl ack-Schol es option
Mtlalpt AP Rssett KGR RIS defifedt ead SltltPWiHAEE FHRAE ElickAh normal
di scussion, this is the only assunption that we w||

disirbutiono hhus pash pagel #%reawsqmréi bis Bpmean gndvihe yapipnesn This is a
foRRIn BGubBBod 6f éé(r&apt@c}ﬁﬂlu%§ $ifinaf6e tHabdy ?Ad ¥ nBSRLHF for
that the return on an asset I's a nor nal |
@ds@mlslbt@tﬁemthaﬁhd cmunmnonablls@l lrr theNBlaok- Sélmzss epFiophyaleation
S
%Q{é&{uﬁa ?Xﬁgﬁfblg@gg?%e&%{lﬁa? alsylﬁsglo? otfr‘ug is rrtgl%e aﬁ&%{txgmat we
witlanake abbet thsisatdre nEthaassst. di stri bution is
pseudo- normal . The nornmal distribution has a property
that it can be conpletely described by two
PAsuapibeEdhcerhing theetirddanv@kdtance, which are
respectively, the first and secopnd 20 nonents of the
WeSifitiallghsbufe thatShé kddurhicdnan MB&nas & aBEMyVAEStHBREE rdndom
supject to nunerous influences, all of them
Yaigegendent of each other, the randomvariable is
distri buted Eordlz g to the normal distribution. The
random di Stribution’i s perfectly symmetric - 50% of
WikEe RO RARMbtdY ndal 88t BOOMRI foball rm@& weQke HRE fa1QUsE8M with a
di stribution, the probabilit ﬁe random vari abl e
higtorygmove tAnr-4 bears, ﬂm apspt gpfurp lgtylbm ig peygo-nermaps
68.27 % and within (m2s) and (m+2s) is 95.45 %
Measuring the reliability of a portfolio In USSN
Ty @drﬁlaﬁgﬁtril:tuﬁen thed & qobiplei'ty yhaofit eanpler tdrxqjlételyodeswﬂjeg Hoyetsivo
dle ﬁg@ of thet rob%blg ahat d
l?aﬁaé“%?ﬁst f Sl‘P%S’“wT“} VV?""SF% e CEi é?fp?ﬁ Burfie secon
mythBhts ﬁ&h%&dg’t trétﬁm@Qﬁitﬁ\ﬁﬂtioﬁ M?n l(wtdnﬂbmeih.rlablbels sgbject to
constraj nt une e portfolio was optim ze
PHBaro et Bi5BRa B lm%e PENYPR) Afsaeto tﬁa Pally tandqmy ygriable is

&%tﬁbﬁ@é&‘a&&&d{ﬁg‘ tdPBe nBF®AIRKrituieR. Bhe rhiiohh&isk®ldichMsWrfectly
his measure of reliability is termed total return

wnmﬁm Fi50%e of; the probabiligyrlisy abovedhemes). For the ingrnal yistrihtion,

08 644 D TEFR i 0 i, LR o

6&27 Ubindiwithirofm-2s) and (m+2s) is 95.45 %.

-

Measuring the reliability of a portfolio

In USSN 10/018,696, the reliability of a portfolio of weighted assets was measured in
terms of the probability that the portfolio will yield a desired minimum return 7.
When the portfolio was optimized, the constraint under which the portfolio was
optimized was that the probability that rgy would yield a given minimum return be
greater than a. In the following, this measure of reliability is termed total return
reliability. In the improved asset allocation system, an additional measure of

reliability is employed: mean time to fail (MTTF) reliability. The MTTF reliability of
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17 WD 2004/ 114095 PCT/ US2004/ 019860 a set of assets

is the probability that during a given period of tine
wor@4014000re of the assets in the set will noPCPUS0DLEIS60

the mnimumreturn desired for the asset. It should be

noted here that the MITF reliability of a set of

F5R BBl G TRERRTB 1 dpue t Bt ol 05 ARG Bt e
dsbdts in3hd @t wﬂﬁhét@%v@déth@nﬁﬁin&ﬁﬁrbt@ﬁt dkirddfor iRtasef. assets

maki ng up a portfolio prior to optimzing the
portfolio. An inportant feature of the inproved asset

RhQGRDE Bt Vs oMt iR 1TaY rhl‘iablllt? of ansofscﬁﬁth i8 independent of
selection validator 321 in addition to RDE optim zer

o sveighh ef the @bsetviniley wi sedieasi ths g used gmm“mtﬂ?-h@l NGB to
{ ?ldht@tt)ﬁel §e{e¥ttén°5f e S&lor gsfset@ﬁﬁljeﬁl h% bied g:%?}é;‘ ﬁpoﬁiﬁgmngme

ation is use ove
pdrtfoin:cat Mnlwsmmﬁeatufbhé thetisipraved @pset plkdcatidyi bystem wi hat it

b i scussed i n. det the

BENGR SR o Seregigfl SRy oA Hhliflon JE RIFE Bbtimizer 323, The
ﬁilllswhlgsdi@cﬂlsﬁﬁn M Fsho &l iluatglthe [N 3 rdfab?ityl dohavset ][bélassets is
mul t1vari 15 nor nma 'S tion fo a p ref.o
oRPutd %ézw the gemayt ﬁtlwelstUﬁtéf Et) HBPPYS Ogatiop system.

PSRtal kdturd BIRbiITEP Wil b¥dlstusB&r ﬁleefﬁl dlor@: thl{@@ tothe® constraints
desired mninmumreturn on the asset. Using the

vigd i oppiggtionnor nal distribution to determne the
probability that an asset wll perform FIG 5 20 Let
U be the universe of such assets A, B, C... N W
Wieowillt begin tashsstsstonEofUMTTE rreléability: biahayying AowCha)multiyeriate

h d | '
U e iR iy b8 U5 T i BTl g o
axkettif @ pprofolib lill perf@init.&) smedtcha &ésﬁed/air(ulﬁilm retae atathé agsee

of the portfolio returns Therefore the nultivariate
normal distribution is given by: 18 WD 2004/ 114095

Bg'r;é UR2QAHVIA A8 80rma distitutibin Y0 deterWi® fie |ﬁoﬂdﬁih¥fﬂﬁ? at)asset

will perform: FIG. 5
Let U be the universe of such assets A, B, C ... N.

We know that VA4sset A € UniverseU = 7, = N(u,,0%)

LetR = 7. |, be the random variable assoicated with the portfolio returns

U= E[ﬁ], the mean of the portfolio returns

and V = Var(R), the variance of the portfolio returns

Therefore the multivariate normal distribution is given by:
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E[rA] PA E[rB] IuB,u=FE-, ] _,uand E[rNYN 2
6A PA B6ACB PA N6A6N V _ PA BO AUB 6B PB, N6AGN

WE2NTAGDE PB, NO BON 6 2 N R is a random vect orCD1S2004/019860

portfolio returns. Since Ris a function of N random
vari abl es, each following a normal distribution, R
follows a multivariate normal distribution. 5 The
justification for construction of the nultivariate

nor mafy o tribut?pv i S AR Ol | OWs.  From the universe
of possibl Brasile b let us identify a subset Q (Qc
U of assets wupon which we wish to place an

addi tiona rEoRstT i t. Consider an investor who, for
each asse E;Felon@1 g to Q requires that the return
on that ap&fi]|be lpve a threshold 10 nmini mumreturn
rmn, A qup th uABSRY returns in Qare jointly

nor mal y |s%r|bu ed it is possible to ex ante

cal cul ate| the |propabllity of this event occurring.

Il lustrat ElehIS kphstraint when Q contains a single
asset X is easy. As just shown, our chosen asset X
has_returns rx that are normal Ly distributed with nmean
fix and? z 1p,yapeance @ yo,Fhere are no constraints
on y pther asset in. U, Thereflore, the onl rel evant
ass ? ?gfﬂ?n d?ﬁerlbutléﬁ ?g&ﬁ nsider is thg

di stribution of ‘asset*return rXx , which is depicted
in FbGo i, Bpgause, t he retafns |are normal ly

di stri'buted, they forma bell "curve 503. Line 505
Rhave radasgm&w}u(@ szﬁoe?etalfﬁg "Siflee 1165 B RRERI b {)Vyfalﬂﬁ&m

exceeds rnyn, rx rmn,x) 1S represente
\@ﬁ@@esmea&h 2ARY RO toPBaP@iéiribliin, 2B tfowak! m&lh@arzate normal
probability represented by shaded portion 50
gistobetivnl ity p. Elenmentary 19 WO 2004/114095
PCT/ US2004/ 019860 (D fix - rmn, X probability gives
us the value of p; it is sinply Ux , the value
‘Hrgogifbteh for construction of the multivariate normal distribution is as follows.

From the universe of possible assets U, let us identify a subset Q (Q < U) of assets
upon which we wish to place an additional constraint. Consider an investor who, for

each asset A belonging to Q, requires that the return on that asset be above a threshold

minimum return '™*4 . Since the asset returns in Q are jointly normally distributed, it

is possible to ex ante calculate the probability of this event occurring.

Illustrating this constraint when Q contains a single asset X is easy. As just shown,

~

our chosen asset X has returns ¥ that are normally distributed with mean #x and

2
variance 9x . There are no constraints on any other asset in U. Therefore, the only

relevant asset return distribution to consider is the distribution of asset return ",

which is depicted in FIG. 5. Because the returns are normally distributed, they form a

bell curve 503. Line 505 shows the minimum desired return. The probability that Py

Pr(7, >,

exceeds 'minX , min ) , is represented by the area of shaded portion 507. Let

us call the probability represented by shaded portion 507 probability p. Elementary
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with the cunul ative distribution of asset X at rmn, X
Let us now return to our investor in order to

wanaenstoand the significance of this 5 cal cul B€T/082000019860

asset allocation systens |ike the one disclosed here
and the one disclosed in USSN 10/018, 696, which w ||
be ternmed in the followng real gption yalue asset
al l ocation systens. At the sinp Esﬂtx ‘I"eyea pis

what we defined it to d.he probabjlity of
Rrﬂléa%flgi’ i bhiha 32l koo Eed@Plig the i ni muthervabigepsosigted
that asset. But this sanme nupber has other neanings.
Wigh ﬂleaumwtwmstvbww@ ofesset X at |"¢ati on 10 systens, p
al so gives us the probability that a real option drawn
on asset X is "in-the- noney" at the end of the option
It rusozbw Tétinm qgr@naibvetstqryﬁnics'ddrrtpomﬁamanbehﬁasigaifwmb of this
%%Ec:uia?gns?rl t,'@{sesefel 3 octa l l o atl %St 1s|9f£)ts grgga%gnthe one
diﬁﬂ@hd lirs US@ival 0/0 18,690, eotﬁ:@eﬂﬁl beh ﬁerﬂi’(bdl lidrthen ﬁpowfng redl option

at ass

Put _ano way, real optio al ue asset,
St Pea e AT briraiast GRS £ R ataq MhahRe dFregat to
Behe tHEEbabilR Of ey oiBdeh K Z&kcébdfiptRe REBiBAN Afurn on that
Future states of the world in which assets perform

aseat omptrthis issraernumker hgs othsy meningsnp 1ed apEen ¥elHe Assplallecation
s 35 38] VB B piBAAG i ARl AR O NS -

t hat I nvestment 1 n° asset perforns

monqy§ at ithe- ertdeotntbmeption periggi Tbls nrbleabilgye s mﬂpoataniebécause real
oh Qlaléw %,?slé? al?qca tnt nglstlteﬁl% %tn ovrc]z use&z Iueeﬂ%tatey g} %e wor hvghe(;;ea the
mm rinzat noat isAsqued kd ob@x(ﬁeeﬁﬂthb ablmunt retganomlthd aske. Put

US%% to construct a neasyre.of reliapility for a ﬁ@‘}‘f‘
& way.deal pRtion yalye as§et glioqaonssydiems gror qutipns batyilihe in-
thBinfoneycahml theteDy GAHEMW Elpside DotelitialY Futubd ktated DETRS ol in

oursel ves to the inprobable scenario where rx and rY

whigh gpsstsrnesiorn dgloghminimemcare inqHepuse erd do TRE contribute to the
E&Q@F ke is¥d BdhHe ofg]ﬁnﬁh@ﬁ mumreturn criterion is met
or 1

asset urns 1s given by the expression
Pr(rx >rmn,x) - Pr(F >rmn,Y | rX>rmnX)

i ncg rx.,a F ndent . .t.he .congdi ti.onal
B g ed oAbl fBACink RRRRF R §8ke X PEGRRT & i i tpemppey
Fodsride B‘seg m“ ﬂre}{l ()ptﬁﬁ Ighliaa 388t zﬂl@cdﬁmﬁ s$dtétd b &tluexdichsah 08 used
Hen t he robabi ity that the n mrerurn
f&r“? apset yeights gsedip }i‘/? %gggﬁt‘?%t&;rwgpuesseﬁ‘? fi‘&‘n’i 1t egy also
N&s@@%o&&ﬂi&%m%ﬁfé&%@l%ﬂﬁﬂ%ﬁ@et Abets. fmn, X fly -

rmn, Y (D( (D( by the expression a-X o . This is
S|mlar to the expression

In order to build intuition, let us extend this example to case when Q = {X, Y}, but

restrict ourselves to the improbable scenario where "x and 'Y are uncorrelated and

hence independent. The probability that the minimum return criterion is met for both

S . r - Pr(7 r,>r
asset returns is given by the expression Pr(Fy > T x ) Pr(y > mmYl % 7 Tinx ).

Since 'x and 'r are independent, the conditional probability expression

Pr(FY > rmin,}’ | ’FX > rmin,X)~ PI'(E > rmin,}’)

the probability that the minimum return criterion is met for both asset returns is given

collapses to the simpler expression . Hence
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derived in the first exanple. Unfortunately, the
el egance of this solution is based upon the

w@nogal4033 i c assunption 5 of independence anoP@BUS2004/019860

asset returns. In the general case, correlations
anongst asset returns are significant and may not be
ignored in this fashio et {A, B C. M, with
correl at ed as&%t“xr e’tnt;irﬁ L ﬁgm:v Pr(rA > i n AAND r B
AN Jill) Xrtein, é, 10 lnlthe ener al
Dyhe xpresgicgy Wp J 33 f11 u 117 ( Fhisyis sgmilar to thie expression
.derivtﬁfﬁhtlidiﬂi@ﬁ’xaﬁlmen, Crnin Brnin Aln the above
equation, 4101 (0) is the probability density function
for a nultivariate normal distribution. Thus p is the
AESRkHately, ¥hd l8dan826MthAf soldien %eiya%gci \ﬁ/}%ﬂﬁ@ Shrafi tasdubtion
15 desired mninmumreturn in the | nvestnent periog
oif indspedenee gmopgs geserighunest [nythe gerteral b@ﬂee@rl&!?@etlssam@lgst asset
l, O as a whole
ggﬁel{/ng ﬁtﬁ&lﬁ‘{a?ﬁ\l/ng?ig ﬂg)%lr)i‘g ]{QSJP@I "Ton. Therefore
the probability that each asset |n the sel ected set

fo esi.r m ni num return on
I%?p' @gg% |s yﬁ %Fm% ﬁggg%%l 1@8 wth the
niLdt iR Fat e, cumm At ve dingd ki Buti;on pf portfolio
returns eval uated 20 at t he deS|redMntn|nuntreturns

gnﬂergebgralimasm t he above equation. Using p to conpute
re—HF- .e.;au...t, of—a—poertfoel0 p can be used to

b folio of _
P £, oL MTE | ELba0l gl gypor (ol o of assets

by oA I'i‘"-F "i‘“”rl“i"’t-f H-butioen—of X is-da nornmal

Pl UN AT

distribution as shown in FIG 5. Shaded area 507 gives

us the region where ix exceeds the m ninumreturn.

Area 507 nay_ale¢&$@)interpreted as the nunmber of all

Pl dhowe paatipn ‘ol c ore she probubilisn dettsity ietion fon etouktivariate
r 0

08l (o, Tk p PR ob By F E6h of e Y W meet i

aisétcdpmirmnumhlatum dd tkl@uﬁ@%eihﬂ.péiﬁﬁl PGice UG2R 0/ td386dimally

t r.j. ce h option is.the mni
R e R g Ay
afulfiviridteendriial disesbuiion. Mh@éfoieh@ieClﬁﬁﬁdbﬂi—t?tth&neaQﬁ ds58 in the

W ciive gunc on is accurate Let this nunber be
(ERteC sekagrpriormat 1Aomeets the Sribied mipmuiERIn o ihghassetds the value

F&@%@ﬂaﬁh Qvﬁh%é‘ bl Rabise TBRulatife LikiBufdSs polthfio returns evaluated
reliability of the objective

at the desired minimum returns, given by p in the above equation.

5 — o =+

Using p to compute the MTTF reliability of a portfolio

P can be used to compute the MTTF reliability of a portfolio of assets. Under the

normality assumption, the ex amfe probability distribution of “* is a normal

~

distribution as shown in FIG. 5. Shaded area 507 gives us the region where "x
exceeds the minimum return. Area 507 may also be interpreted as the number of all
possible future outcomes in which the minimum return constraint is met. Since the

objective function assigns weights to the portfolio’s assets under the assumption that
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5 function reduces ton (TV /[/(T)=P Because this is
so, pis also areliability nmeasure for the objective

wo eovgtii4ms Val i dator 321 determines p for a gr@BOSHE4/019860

of assets and a given period of tine. Since p is the
probability that each of the assets will performin
he, @i ven i od an meantlme10tofllur

{8 Feflp Pk b e obiiah Rbg ORI GH 2l 507 tpenrtionsts t

thertbtabhumbeérsof furePsuddaRds! int Whichahe @BASHAELIFHOHE tRS objestive
assets will not performduri n%at he gi ven p&él od of

fuhson BeE&irdeP Lel Thibahmbervid At orNR2 Let Ge |d%95te the total
assets for a portfolio Vali dat or 321 works as | ows:

mugebey of rp0§%blecf9@rea0§fe@m®9r Ip dBis togsey shen gelidilise: of dhﬁ phiegtive
402 of the gra user interface and then clicks on
ﬂm@ﬁmﬂ9®m6$®ttg9yc =phe asset allocation system
responds to those puts by conputing the MITF
reliability of the set of assets. The reliability of
the set.is 1-p, and the value of that expression 20
Berguserthis dsoa p gealé%r%{@éll@nmsweoﬁqr the pbjegtive npfione ¥ akigator
52hede%t‘§1§{eb rfof@';gkr%n ts&abtf a§§e‘§s etntl%r %ved Perfol Gf tithe. § ce 1s the
exanp E has t he val ue 0% appears on

mzhabﬂEf ﬂ@t each\gé the aﬁmsewlmezfptm in the givhie perisidernd |tlmn@tn-tnne-

e o)

bfudp il RIS oor oo BFsd PETRTER o SBTFR PR 8B
prokabilop thavoreor Béretdd ehams&jhtmil odt pbifa'nadumtgsthe givan period of
portfollo made up of the set or assets. However, the

©ini zation for MITF reliabilit y has an exponent i al
running time. SgyTPe thaye n assets to choose from
The nunber of possible sets with these n assets woul d
be 2 ". Mreover, since these are discrete states, we
Qﬁ@ﬁ‘%hdgf%‘{B@Pto%@le&t%&'té foPEPinMRY to traverse these
S to get timal set. G ven that the running
Yahﬁ@torr e, 2 mksmzﬁoﬁgwe OthiFer seleciszbiet pf gsspts using selection part
S00PEY tht ﬂxrcal' l!tse t&ﬂ%p Eh%n%E &SCA ePfT’[tFotogf %&t’gg éﬂef The
user ect e asse atron an ave
dshat aﬁycsnnemﬁtdnerespdmds totthodh’liﬂ'ﬁtsrlgt aoatpuhng the MTTIh esliability of

' d with the MITF
FERFo Ty gh Hiuliopt BEcel 8 ARendshe feloh el ppemon
d?ﬁﬁrb&‘@@@éé&la%g @R bukedl 1US @ }Q@elom%&ﬁlbﬁﬁn Rdrks Bbrdthere

e user interface to optim ohe wel ghts of the
igdd@t 4 Fof expraplpdf o hey %vﬁﬂfa% Iﬂe/wmﬁems@tﬂow%h t he
satisfactory MITF reliability. Robust optim zation 5

Efforts were made to optimize the selection of the assets themselves. The idea was to
come up with a set of assets with an optimal MTTF reliability and to then optimize
the weights of the assets in a portfolio made up of the set or assets. However, the
optimization for MTTF reliability has an exponential running time. Say we have »
assets to choose from. The number of possible sets with these n assets would be 2 ",
Moreover, since these are discrete states, we cannot devise an intelligent way to
traverse these sets to get the optimal set. Given that the running time for optimizing
MTTF reliability is exponential, it is much more efficient to allow the user to select
the assets in the allocation and have the system determine the MTTF reliability of the
selected set. Once the user is satisfied with the MTTF reliability of a set of assets, he
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Introduction |In optimzation as perforned by basic
reliability decision engine 325, the optimzation has

wa b@4fiolobowW ng characteristics: The real optiPCI/Usi006019860

of a portfolio of assets is maxim zed subject to
constraints of 10 non-linear reliability, upper and

ower bounds.on et and per and.l o un
ot e SRR B el T B usE SRRl vz 6 sights of the
by ihithegpoagieliovhide v@rof th seiWol the SMBFRERY MTTFeRAY; t ive
function and the constraints are conputed using t
means and covari ances provided by historical asset
RéYudf dptimizadornecessary limtation of this kind of
optim zation is that these neans and covariances are
MhshREbLsal . They describe past behavior of the assets
over relatively |long periods and by their very nature
Ip aptiwizatiesasmetfermaddybabiavélipbilitf declsnangiat §23, 1the ¢pitimgzation

r Lle, intinmes of crisis, assets

ht%%t%f%ﬁd“%h%g aé%?%g{r@el ation with 20 the broad indices
oanﬂihe/\tehlfbpﬂaﬁ: halo¢ bex pdrtfolmdsﬂwéetstlb ARSimiZaAMabjeead céivediits of

I correl a urther, times of crisi
ar ot tw ?q%%aezs Beﬁeata'é% F‘wer Eo‘é{“dé SR ieashsassst 3nsl YRy and lower
Cr bimbs dRdinkRCcibiebn 6 HésSts) With calwitHdGt SHoh with lor
asset correl ations rapidly grow towards 1. 25 Robust

opVithpw dave@ac.deal s with the fact that it is uncertain

Whﬁu? ‘35 eéth/% 1*&}1% ogré (Eiatlhe c%ﬁﬁ{m&st% c];o u?e%sl?skxég{heaméa%ts and

ass ts wou |nue I'n
opcovnnzm:tss pmvidasby lnstociczil gbsesrefumscont rol syst ens
engi neering. The aimof robust optimzationis to
take into account inherent uncertainties in estimating

A heeca@y aggitatival oEshiofkibdefi dtiutization AREMES thedd1eieans and
arriving at_ an gtlmﬂl solution in a system whi ch 30

cONATReeS S disfogicg f Thrarcrlepsyibg pagibebavioronf-the awels over relatively
Gﬂ%j AlidR99nd Y)Kl%ér %1’? bR d(%@ﬁll)enihé %hﬁ‘%rp&fqgé 3&8%ets in

es an I ndivid par ameter as In r obust
tisprsioficrisis.i Bor exmnpigxlamnm & ctisis,sesets arr elowf coprelatipmivith

té? grgﬁ g%(hce? bnd \«b{? % EJ&R %ttl*ep ﬁ&%&fﬂm%ngﬂa bf’ g elgt? ;Imstp Ig?{]hlghly

I'C variatron o
dbrrelateﬁhﬁurtlme,amneseof ¢risis hﬂemo&mﬂl}emomﬁted Ivséthommrmuz diquidity

don RDE 3 this approach,is Q the 3

S 08 I R by LR A Bkt oIBRs oekRentapidf Erow
tdﬁyﬂdgu,l on and correl ati ons which serve as paraneters
for the optimzation. Thus, in the optim zation
perfornmed by robust RDE 327, an additional

Robust optimization deals with the fact that it is uncertain whether the historical
trends for an asset or a set of assets would continue into the future. Robust
optimization has its origins in control systems engineering. The aim of robust
optimization is to take into account inherent uncertainties in estimating the average
values of the input parameters when arriving at an optimal solution in a system which
in our case is defined by a set of non-linear equations. Where the standard
optimization program takes an individual parameter as input, the robust optimization
program expects some measure of central tendency for the input parameter and a
description of stochastic variation of the actual input parameter from that measure. In

the context of the optimization done by RDE 323, this approach is applied to the
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i nput is added, nanely, a neasure of the stochastic
vari ation associated with the nean, standard

returns 5 distribution. O course, the sane
constraints can be used wth the robust optim zation

e Vi.RDE 327 ,as aS|cot|mza 0
BSi o Yoo 34 e On. 3 e O PR Rt o dhe
npttmxmiamof’rhnglm thlei dptitnyzaeionl pcfrﬂiimhsd BE SchustIRDP Bthogoitmhtlonal
ther In the coptext 23, reljahi

RDE 3
“Q“%\‘S RApeln e PgPIR O st St?‘ii’é“”l‘é”@fiﬂ%@?ﬁ?&‘@? st Yhe

ﬁi@h@cgtw@rd UMsAdtion, Wher eafelitRRUShARSErY SdeforBBASURE Rfurns
t he senS|t|V|ty of the optimzation output to

dissibntian. | Qf cparseathe savae sansteaipts cpla uss%w&héheerpbust patirizption
BB KOBL L S O S PSR o6y 225
optim zation Robust RDE 327 perforns robust

ARt ir}gﬂo%{ﬁgti tgrho?ef tth HE Bot?c]‘ns %§ §2 a%@p?]t{&i%bpﬁéﬁ ar%forélogonal to
of " passi scen ch scenario

cleb arthepelt the Icmye)tthsf REErSZB,etelmhhly is aashdck bxethbowﬂidltﬁmﬁ ¢he

mat J i f.or. t he ass Each of the.extrene .
EourifrebeiSivs Mrehc shests e Fegraake ohd seistivity of
e epfmizaticn Agsuttd gﬂ@ﬁstm%biuﬁdns RDBe 3apat paxhékges the 20
wor st -case real option value of a portfolio of assets
over the set of scenarios, each wth a given

PeRARBF obhisy offim @& ih B1RGH, pro-wf?re‘.?g’dr@&&ﬂ&bﬁmfﬁ%n%mon for
the robust ‘optim zation perforned 5

Maximze Mn (viT . Xi) W,u,EES.. 1 k [ V\,here VI and
§cen§1r1§sf}>pl%ba§yo ﬁﬁngtl eal opt| on value and the
artocatrtomn to - 25 respectively and set

Bolust REBﬂﬂao_efﬁorrys roBust jogtifizatidn 6fSa wopadsste dn dlie basis of a set
scenarios 1 through k, the total nunber of independent
6L potgibleasktrame sCaMASS. APRA scerBibib X désctibedPBfigt thy @nean return, p,
sem -definite and bounded subject to the two

BADHhB SV driandeAmhtdik iTOfor te0RE b Aséts, Each BE the dirern® s®¥narios also
i =1, .h and 24 WD 2004/ 114095 PCT/ US2004/ 019860 ~1J

ﬁlciuvdés a ?obgb'ﬂ}tvy of thel eeRRP seoéchﬁeﬂ%%t F{ : £ RUE 3PCmllEiies the

return r an"asset and el enents o he covari ance

W%E- dsel Py «@ﬁ:‘o%ﬁihe &ﬁﬁ LRITLE AsSSts gl/éfecﬂe byt otfrégenarlos each

StOC astic variation of e nean an covaril ance
LRRPS Cgtive\r/x p%bab?hty of occurrence. The objective function for the robust

optimization performed by RDE 327 is:

- : T
Maximize Min Z v %)
W p,xeS. 1k i

where v; and x; are the adjusted real option value and the allocation to asset i
respectively and set S={XeR"*"| X0, Zl, jSZ;,jS i,—,j} is comprised of
scenarios 1 through k, the total number of independent scenarios and covariance

matrix X is positive semi-definite and bounded subject to the two stochastic variation

constraints :

ey S;,- i=l,..n and

24
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The above optim zation problemis convex overall and
RDE 327 solves it using the techniques and al gorithns

W@R00g0ni0gs convex progranmm ng described by L. PCT/US2004/019860

Vandenberghe and S. Boyd in SI AM Review ( 38(1):49-95,
March 1996) and software for convex SCONE progranmm ng
avai | abl e as of_June, 2004 through S. 10 Boyd at

ww. 81,an¥ &% d; 8duf, ; boyd/BQEPht M The interface for
definirig scenarios: FIG 8 In a preferred enbodi nent,

t he user defin scenarios for a particular s of .
e B ectiae 38 20 BEAT S8R ) b Pt ety SEkhe Covariance
scenalio as follows: 15 .th dﬁsi red perfor.mance for

B i, Refeen o RirepyS gbyop oy poghasticcyaaiation of Ge mean and
occurrence; . the downside risk for the scenario; and
KOVRTRRRS TePCFIBICRt i on bet ween the assets is to be
computed. 20 FIG 8 shows the user interface 801 for
doing this. The set of w ndows shown at 803 appear
when the user clicks on "l nput robust optim zation

Jibe nheveosptinhization prabign iyonvg0svesrlbansktRREB2d rsolyesl twsing the
list of scenarios, with the name of the scenario
pecbsignes! yand belgngthdsf iofieconin donedxd [BOgamnmdihgn destritefl by L.
scenario editing buttons which permt the user to add
& andanbarghe ,and p8laBeyd e SAANEReview WESCH. 49008, I@BAridvs) and
field 806 applies, and 25 del ete that scenario. The

366®4rs fboEordvee STENB Hrerahmlef Avdaile abOF JBRE 08 RRAYM S.
inlist 815. Wndows 807, 815, and 817 contain

Béyl b ywwitiiRldenbbRISOOEhgaenari o whose name is in
fiéld 806. The fields at 809 permt the user to

speci fy assunptions for the 25 WD 2004/114095

PCT/ US2004/ 019860 scenario including the risk-free

'T‘?l% t& atce?&tﬁﬁnihggcehgwo%sr t;?_léné horizon, the desired

pcrr‘?#‘tr? - s between the assets, and

tlnen piefoirteé @mbodifriede titeuder definet o¢enatidsefop arpaftivlilap setAf assets.
0, the user. input.s the probability of the scenario.

e v B TRy BPESHF BB EFBRE BOWHE (0 sel ot the

dovs bekdred bortnafcedBt thBkdRhrid;S tO use in its 5

cal cul ation and the buttons at 811 to sel ect the

gouthe probébilityeol el sgersrib sroceurenenrrel ation matrix to be
qsﬁlg i,n it% c%l cutbati on. The buttons in correlation
SonBufiarTads BEAon e MePaparidi tion of the fol | owi ng
tey RS @ coBd @A HetFech hedasitElh & bebnpaadi ment: 10 1) A

scenari o where neans and covari ance between assets are
equal to paraneters

FIG. 8 shows the user interface 801 for doing this. The set of windows shown at 803

appear when the user clicks on “Input robust optimization scenarios” button 429. At
805 are seen a drop-down list of scenarios, with the name of the scenario presently
being defined in field 806 and a set of scenario editing buttons which permit the user
to add a scenario, update the assets to which the scenario in field 806 applies, and

delete that scenario. The assets for the scenario specified in box 806 are shown in list
815.

Windows 807, 815, and 817 contain current information for the scenario whose name

is in field 806. The fields at 809 permit the user to specify assumptions for the
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cal cul ated fromhistorical data. This scenario is the
one corresponding to the optim zation done by basic

weRDE4gngPTe 325. 2) A scenario in which the cOREF/US200€019860

matrix is estimated fromoutliers in the asset

returns. This may better characterize the "true"

portfalio ris ? mar ket turbulenie t han a
[

SEHP | iBeledingdhg F‘;? lﬂtafeéfdrafw dpsstmsnt hetizgm, dhe degired

S EIlioBMirrS Rbrrélitidhs HeRWRn HRORF, And Mheakisdd soRkin&caldve  for
bet ween al'l or sone assets become 1, i.e. assets get

the gentplieor AeP LR, dhe wyeri inpite then Brobakility cefr the| ssenasias T’@P user
etngﬁoals G Bﬁto‘ﬂ% L P81 R e Cf?ét iR rdom§d§ ﬁgk e BRftier il TP in its
rns may be assume be equal to I'storical nean
qab'nlatlmsand thibuttdwis lat 811 toselaetrid wurre i ﬁlea«nhlee forghé enmesdegion
scenari os may be incorporated
Qﬁkeé%ﬁﬁéagégug£he exanpl e of another type of
scenar| ois the foll ow ng If we are able to forecast

¢ llER e GPETAPL S GoliRhcn B @ APy ROE s FRE e Spos o

sSERMAd inQ. préferreCantaliménty et urns based on morrentum
mar ket 25 cycle, market growmh rates, fis

1) Y iseerede é"he’fey‘ﬁ?%‘alané CEVRTANGS PRIWERN 264 a’@o‘iﬂ“ﬁl fPePaiBeters
f QulcseRA %de?%st&}ﬁsap @Mhd T1R§ %&é’iﬁﬁé iOthel SR Edr?éé;gcfﬂdﬁ% to the
rate, drawdown etc. specific assets. The Torecasts
c antibizatiest donady bﬁm@Rd)@mnemnéBS forecasting reports. In
n re. t
g\%a%‘cielg%lé)elg v&}ﬁ&r{‘%e %é%aélﬁg?e ﬁaat§9 41 Efihate E ol fﬁonﬁ‘ BufliE@ 1R i Hoset
opétumsz &hisi mayp pie'ttm zhargptarizerthe i ‘true’s pattfodiopriss idotisg tnoarket

i fferent ective functi qns ffe ent ones
o A endodh cosBris fatepr st SRS il catnplse
ﬂ{misé})iﬁé%/ 36t fihhid ofRa sédneiid ﬁfwlﬁ@l%@féléﬁoﬁﬁbdﬂ@eédbﬂl QRBmB Bsskts
suited to the peculiarities of the scenarlo 26 WO

beopms 11 A095sseieretBizbbA poridteh by Napithag i sigh tagerelations to the
MREBEGS ARk SR theQat bfoaﬁséfé" d‘f&n%tuftﬁ Qnaﬁrot;et 559&1{1&1 fbe e%al to
assets for all scenarios fined a portfolio
mgeridsbmsen tegng) ol hahblhwﬁplhamae Mo arss, an@r@evaxxanmtfomther types
B! Sriddth be”ﬁé(org&a&g S ?‘18"% R‘i%ﬁ gmo”e or more of the
scenarlos as a ro ity of occurrence.
Anot her such S|tuat|on is mhen t he scenarlos defi ned

or the lio 5 jnclude mnut | usi v
QP gnoRen Sy ohtenin i s iings e s to fepcast
& dhean®oldtiahtd atrhh §o1d 86rh& @GseE:S RAGH @S of AR FordéadisdRBuld
into sets of nutually-exclu3|ve or nearly

netRntially gonsiitie3iseateeFRipeasls oA mefung daprdoph Blomentuny fmarket
%&u&ﬁﬁ(@f:?ro%%&fefs' fllaf iﬁ&lc&t? @lpﬁfﬂ &bt ﬁ%@a{aﬁéfcpéodl&]b@used

obust obj ective 'on cou en maxi m ze
fonscenMQSMSxosldd‘ﬁretnE o tledoadki frdetrite sdrafdayorcetc rafispesifidf assets.

fﬁéefo%gaes Hah ogtalngd ?rgmee%erlgal %o%c‘asting reports.

In addition to using different sources for the means and covariances in the scenarios
that the robust optimizer is optimizing over, it is also possible to use different
objective functions in different ones of the scenarios, with the objective function
employed with a particular scenario being the one best suited to the peculiarities of

the scenario.
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10 Scenario generation using outliers A button in
correlation conputation area 813 permts the user to

wapmgiti4p9dutliers in the historical returns dBCHUSE04/019860

the source of the correlation matrix for the _
portfolio. Robust RDE 327 then correl ates an outI ier

rrelation matrix as follaows: 15 In a prefer
&ﬁmm%me vgstrspie rgaloption xalugofithe portfglio ﬁfe&ssqt&fw §11 scenarios

QTR frial portENTRyEfbt bEISiiRRE f@lr all%fnl‘i&ﬁf)ns @nelspud Tﬁa\ﬂe?@thls
that if the set of returns beyond the cut-off
way ke thncaspds H- @prﬁéﬁmrem&theemenqs@@uh@s ajvery smalt gesbabilitysof
&,QUHEHCL:' & nothEl SuctClingfio Fst %nsthg 36 arll)so SRBYLE thte t})%rtfoho
correlation matrix 1s defin |msnso
mchvilpswhghy exadusivesbedaring oknqarly\mmtlmlly exdesmzﬁ menatrhxs To deal
t.he por and, k den

QHHHE@% {g)fg c%?ﬁee& gceéﬁ%os caglpbn t éwfagllvaﬂliltgbsleté cff rputiuﬁbr ﬁxctluswe or
wﬂyhmtuaﬂyeaxcwﬂ&e osn:bhar&s aao thecprabability Mhbtdukrehce §rtifigd for

ed, the ! ed.ta. cal cul
SRR LR e i boet Theigphis GBErHe yariPe Sl shen maximize on
a6 a4 GttRdprobdbiitities 6hbecudnce @8 Bl Scdtbfiby dalbietdd set.
characterized by the cut-off value and n degrees of
freedom where n is the nunber of assets. Now, the

Seéhhri CEn6Al lg@hgﬁ%&ﬁhé@trl X is constructed based on a
subset € ata points S=rs { rl,r2,... ,rrr)

é.but.tordin(qegylaﬂm compuighien ared 813 pergiity e usgr to g@pecify loutlia)sTin the

AL K- 4 60, .k
Fbhtg e A2 2054 0P TR IRSH s
RDE 32 éhegicoeelascanauriior candldiibn matrixes folleewt or  of
estimates for nean returns on the assets. As can be
seen, Sc R i.e. Swuld be a subset of R 5 Doing

rndqusferre@bmmdm&mw RDE 3230 6Rf freRbormb@it ifBilinarily @®mputed
user seI ects robust optim zation or basic oggl m'zation

WrRene ¢ lret-efS epl Beh arepaing weat dhothe seti aferetumsdailobeypad thengt-off
ISH?ﬁt' 1%@{-81%n513_m &id, 1Pfs Qfe&t@? gswad‘ QttiddORg st Setlids used

shown in FIG 10, déscrib . .
to compute the correlatxon matrix is defined as the n-dimensional ellipsoidal set

§J= ¥ k{ F1579 5eee 1y }
k » where n denotes the number of assets in the portfolio and %

denotes the number of common data points available for the » assets.

When the outlier correlation matrix is being computed, the “cut-off" is used to
calculate a composite measure ¢, inverse chi-square value associated with a chi-
square distribution characterized by the cut-off value and » degrees of freedom, where
n is the number of assets. Now, the outlier-correlation matrix is constructed based on

a subset S of the k data points

S=r'{r,ry, b, }st. d@r*)=2¢

dt=(rk—-,u)T- Z—I.(rk__lu)

, where dt is given by
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10 Constraints enployed in the inproved resource
al l ocation system The total return reliability

w@orstit@dft This constraint is enployed in thePCHPSIO€EL9860

resource allocation systemin the sane fashion as in
the system of USSN 10/018,696. It is used in all
optim zations done by 15 basic RDE 325 and |s one of

Mérotrrohiol £ 8
thé ctrrehal ¢ ”z‘i?\%ﬂ%%%ﬂba%@«fmtafﬂ% foFFHé Ven sce,rﬁgofag? Kois the

define a scenario Inro M zat

t rd V. f Laii.de
o bR A ling %ﬂ“eﬁg’e&? Sg?%*’éx’%%. s the 165 vl
be opbeetiobR. of the portfolio invested in asset A xN
20 If Pis the return on a portfolio allocation with
weights x , then XxTR-N(r,,6P) rp = E xXArA AEU 2 _
DEznngﬁwBWthzerU BeU | f vve pl ace the constraint

p bi t hat ortfolio yields a
ool R et SR SR prBRieRiobies hesle fetmization
whé the aBG&elebry Ehe @a&ec&% Rincfibh Forthd) 1nﬁ§at1|onﬂ’[¢1€ ‘us@dntdace
004/ 114095 PCT/ US2004/ 019860 Pr (P >r MN) j MIN <

doigg t %’éﬁbwrém&"fIGple|d§~'tcrlb%lfq1% | IMILN -r P <(1 a) 6P

rP- rMN> (D-"(a) o0.P The total return reliability
constraint ensures that the probability that the
Coustraints egployed én therimpooved' resoueessdlocation systeimum
desired return on the portfolio'" is greater than a
Eortbialieanere reléabdity eonsirtint hat confi dence level is not

”?I%IQ 'cgﬁ/sgrgfn? isbé/mplg}(/:“edslglt g }rr?&og’ % resource allocation system in the same

fashion as in the system of USSN 10/018,696. It is used in all optimizations done by
basic RDE 325 and is one of the correlation computations that may be used to define a

scenario in robust optimization.

The formula for this constraint is derived as follows: Consider an allocation vector

=

]

®
a

, Where x4 is the proportion of the portfolio invested in asset A.

If P is the return on a portfolio allocation with weights X, then

P=3"R~N(rm,02)

Fp =ZxArA

AeU

0'12) = Z Z:OA,BO'AGB

Ael/ BeU

If we place the constraint that the probability that the portfolio yields a desired

minimum return 7, is greater than a desired confidence level a,

Pr(P >r,, ) >0, Then:
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5 assets for the desired mininmumreturn on the
portfolio, then RDE 323 optimzes around a 5%

WO paoenv@bs ar ound t he peak confidence achi evabl BCHYS1004019860

sel ected set for the given desired m ninmum portfolio
return. User interface for defining constraints: FIG

G 4 shows the user interface used in a preferred
Ffoahmeit? f or defining 10 constraints other than the

o al < (et dy qhafitBb bRPlalstipatigenst rai nt at 431. Each asset
has row. I n the table shown there, and colums in

theg| fems "per it ydefinition of the constraints that
ar e \expl,ai eg] iar? detail in the followi ng. Details of
the user-defined constraints 15 Constraints permtting
shbrtiMy, any) everage of assets The RDE, in its nost

basi€ropti m zati on version, assunmes no | everage or
' ' ' t he

-s-heH—r—ng—mﬁ—eh—ne&ns—t—h-at—;—he—\Ael—gm-s—of—al |
PP 1t B Bl 2 R T o

e (poitictio’ Elssed afe, ‘nditiEadyARER R b RN paiiolidres g@%ter than a
all ows hoth shorting and | everage. Shorting 29 WO

opbidence et pdf/thatzonadentolsrel is Ppearhishahle Prighg selected set of
t he. M nj. allocatign for an ass be. .

ALy e Q5 MRG58 o) R358PEIRA, S

toendpitorintzatl aourml thopédak lkonfidnsecdchkesbld By thaRylecteéd st tor the

.0 WA chdit .S posiilbl e or desirable to take a short

B d5sBird manimum RORHOliRd Yy of an asset in a portfolio

may range between 5 sbx t . -<l, where s and | can be

Pegahi YA ARVI-Y OpiFypically, s would not be
| ess tﬁcﬁf?}olfzﬁ iﬁﬁﬁﬁ%rg{%ﬁé than +1, but

Fl®arsabweak uyer ifthi@ace 056l ihakpeefraddussoobmeansbr ddriand 1.
Al so,, for the short asset the real-option value may be

exRipiRta Athas foa thefiesal feigin Teliabiby coustiaié atfB4n Eneh evi bpos
IREinIBSEble sHbvhbRCarHAR, %@@%@@Mhhﬁ@a@ﬁ of@@
l ong asset. However, wnile assessing the downside
eangikaints thapareskplpined insdetail in the fokbewinger f or mi ng 1- year
rolling period of the |ong asset nust be considered as
f rst- ssi bl e downside for the short
gg%@#%ﬁ@é%’%%@%@%{m%%mxi mum annual i zed trough to
Ceaskrampennitimecshorting atid Rilerage ¢f ad@WNSi de neasur e.

The RDE, in its most basic optimization version, assumes no leverage or
shorting, which means that the weights of all the assets in the portfolio are all non-

negative and sum up to 1.

No Shorting 0=<x;<1

No Leverage 2(x;)=1

However, the advanced version of the RDE allows both shorting and leverage.

Shorting
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15 Leverage When leverage is allowed, the sum of the
asset allocation can exceed 1 i.e. 100% The E(xi) =1

weostit@dnt for the weights of the assets in tPEI/US2004/019860

portfolio would no I onger be valid. Instead, the
maxi mum on the sum of allocations would be governed by

e 0.l everage | owed. S<, E(xL,., where S and L ,are
Hen Rt SRR R T Aty Lot et iy e Ve The
gfeoiolis &brﬁiﬁeg%ﬂdlty kodgamt e theFsptinfi2edioR laizoritim ﬁﬁi‘éliﬂém for any
al l owahl. e | everage is 2X or 200% then t he I d
P%Rtema‘(v i t%ﬁa‘foﬁ% for gesulahle&% e RS %P?ﬁﬁttlor\rva ust gwelght of
onastsétqhhgomah@ﬁm %ng%lrrerweens woul d take a value of
zero. Additional if we have to be at | east 30% net
long with aﬁ*girlrrum al l owabl e 1.5X | everage, then S =
0.3 and L =1 Mul tipl e Asset Constraints 30
@hmtsraad ntesn t%aﬁg&p/ecpcfsylvre ®s zard.chyipomally, orvapld nptsbedéss than —

so,,b n RDE . 32 For e l.e,
AET (ot P oo B RS I St e B R AR
of speC|f|c assets in the portfolio should have a
ce ry.mni mum or an all qwabl e maxi nuy .30 WO |
Disoalor thetrbsTtisest) et aPEIDYRS MARHe FRIME RS winesthg fegative of
SRNAbdntteRfrS foBhe MBsAIIRK thedsdnltestRatd i AdtioR Ns B WM Get.
us to arrive at practl cal portfolios that can be

Heprenewhidassesping theedonside sisk apibe iskait assei. thabey perfprnjpg 1-
Hrthﬁg tﬂei&&% of G oh% a@s%’{ ﬁrﬁﬁ@ﬁé cocrﬁﬁfe}ed 4s&P g%eﬁ‘ the Worst-

ccurru y sel t one asset ca used 't
pwlm«mmde dersthe sho‘fhess@b&rlttrhmvmm g htaxipfung hmtahaaeitttcmgh to
sol.d Wi || be negative and the

hERanpBedf Can B et A B pte, o hod Ve Y

greater than one. A simlar situation m ght occur when
2I | om ng | everage as described in the previous
M ni mum Al | ocati on Threshol ds Constrai nt Sone

FARAUSVRRY & eﬂloWeﬂ”tHéJéﬁni @Mﬁess@amroéalﬁaﬁéi}péx@em &) 10®kes
any al |l ocation bel ow a specified | ar anount

Thactepr=disoastrait fer therweigbtsmﬁdel ageptsan tl@ rmrtfalrwwvddrna oreger
t hat akes a value zero when the optinmal allocation
bt walid. Tisseadpthe Intaxéraim opttheriunabf divkcatichs woakbbd hawrred ey the
ni mum hr eshol d equi valent to the m ni num al | owabl e
Ie‘faﬁ? Widest ment in the asset. Such an approach
pushes thesgg(ixnjiszggi on into the real m of
1

where S and L are determined by the maximum leverage allowed on the short side and
long side.

For example, if maximum allowable leverage is 2X or 200%, then the L would take a
value of 2. In case we do not want the portfolio to be net short, S would take a value
of zero. Additionally, if we have to be at least 30% net long with a maximum
allowable 1.5X leverage, then S=0.3 and L=1.5.

Multiple Asset Constraints
Constraints that specify restrictions on groups of assets may also be employed in RDE
323. For example, the user is able to specify a constraint that the sum of specific

assets in the portfolio should have a necessary minimum or an allowable maximum.
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m xed i nteger non-linear programm ng wherein we use a
branch-and- bound approach 15 that solves a nunber of

wOo edoaemdIM NLP problens with tighter and ti ghtBCT/D82004619860

on the integer variables. Since the underlying
rel axed M NLP nodel is convex, the relaxed sub-nopdels

uld provjde valid. bound the bj ective function
A8 pltmBiere) Sy, CGnslyrisBotiot e AAAHA e ORGMR o 1D atngHs to
ArFiod atPReabd pSrfolibs thadaRbimpleMe@bd 7 a phitic@aPaiplsationr
the gi ven set of assets. 20 Modeling Portfoli o Return
h Ml ti nstralnts The .
RBou e sl g riing by Fasth Srghatiuges Acumuged by selling:

oA histt ddn BF upArtd by a&ureetassem FherEHLBE we t 8f thb RdsB that
desired return_is greater than a specifi confi dence

has\pgen short-soklyuiflhe nagptivesang|the; wpights job peme ef the @dler pisats may
SRAME %te%ter ltl%alﬁ d% ek %rﬁrt&%uwtrat'ntlghto&cﬁmlen' ﬂmwgoreverage as

using nultiple portfolio confidénce constraints.
@ogenthsH én the prexipus pegishor 25 cannot tolerate a return

bel ow 8% but is satisfied wwth a portfolio with a 60%

qbabi ar turn over 12% then we can
%ﬂ’@f‘ A#P@%P Jﬁyeég‘ggﬁg%ﬁ”ﬁf two ret ur(rt reliability
constraints: 31 WO 2004/ 114095 PCT/ US2004/ 019860
§Jrﬂ@§s§’ét§ hdwé a‘hfunfﬂuﬂh Mtﬁle/ﬁtr thtebold RN k‘rﬁkpsea %5 JR’EQ Below

say 99% Probability m ni mum 12% ret urn s

HepEsifind dolkar @ptoum lmatqeptablemmlt earn) bwhode@edta@wdmbsy viréable that
t he

ﬁﬁ% ue{r]ﬁell?ez? g%&h?ﬁ' the (gns ?ﬂér?c% 1(?11 éfpcon Seln él#ﬁ%% ct)ptlmlzatlongls

Jesse rtlmhl tha. mﬁmumoﬂtresht}ldl eqmtalemy toothst maiimtimi allowable dollar

cal te 0 r|n of .the _.specified

iefibert i fhecseo SUpR p et b @t he Qi AR D e repimeol

ibed l‘m&ger hbilihdan grdgmﬁfnglvﬂfereﬁﬂ FBlusech Bx@ﬁﬁt-arfd‘-lﬂmn@ Rfproach

iteration to another., Once the nost limtin

taiofvespumber afzelaged MINLE problemes wish Héli'tefc%#ftiﬁiﬂéfﬁ@@unds on
HONAle é}' %trﬁb § eSlﬁ@eC Qfggtg{d%HYl l??éﬁkl\/lrf\mf’ h&Yadray %omaeﬁnthe

satl s as a separa e
mbrxsd srdvrmodeﬂwculd q;mvxdﬁh\elhd ownds patthoobjentive Surgtiak caverging

t ween. t he_const r.ai iterati
b AL PRBIRD B ARG Eh I, by By gy ocation
1hmmldgfotﬂm1@tx<éasétméa@ptsl rral solution satisfying all
these confidence constraints. Catastrophic Meltdown
Scenari o TM and Uncertainty Cushion TM Constraints 15
Kogelyg PogirhioRegirn e?ﬁéqlbllr’frys‘l’(lfk%gwfeeg Gooragsessi ng t he

downsi de risk of a portfolio. Catastrophic Meltdown

el Fourme babilisoRraint weIugthet than Brobehib Phpsrtielio returns
é}igl@é’&i ﬁ@%l%ﬂf@&ﬂ§$reﬁﬂﬂ 39 ?feat@taﬁl%j a%ﬁectltl%?l Mfiinct 146R s .

g returns. Uncertain
However, it is also possible to model the complete risk preference profile of the

investor using multiple portfolio confidence constraints. For example, if an investor
cannot tolerate a return below 8% but is satisfied with a portfolio with a 60%
probability of yielding a return over 12%, then we can model this risk aversion using

two return reliability constraints:
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Cushion TM or UC provides a neasure of the expected
performance of a portfolio. UC is defined as the

war@ragw9F eturn for the portfolio m nus three PCTES2004/619860

standard 20 deviation. There is a 0.5% probability

that the targeted returns on the portfolio will be

| ess t ncertaipnty Cus TM RDE 323 further

permit & Egl?épté’fo Pﬁlélglé‘n}&é’lfetﬂ’i?afgﬁlﬁageﬁgry Ehst a9t s on

t he opPioBhERfyiof thinimBay12% Sdturd shoulkbe 6096 S€ | nvest or
coul d never tolerate a 10% 1| 0ss even in the event

ﬁst?’SPPtam@&tt% PhipHshing tevpsdsHhy eptinad Wléﬁ@ﬁ, Weenakgspeg that the
ﬂﬁ;yﬂ lﬁﬁltlﬁ% R&af x‘éhhtﬁht;()" éoﬂstfhnntqg gbx&s}&%' zﬁ {2, tl‘né'tmost

e greater than -10% and/or t certaint
bmiingoppnplenintgiseelatatedh iy c-omsmgr e cawsst @ﬁelthfrt slafeglﬁed treturn

@{g.ag RubtaRSk EARLLR iR lpggfflfﬁ&n Lonkb 80 B80e Hnge
fremeanejiterat®a tm%&4m4@%nlmwﬁi§%sﬁmﬁﬁ B0satidtivd, all the
8&%8({0?@?% tce é‘?‘{?g%llﬁ }illflen &g@%&gg f a'wﬁilp%e nnI ;Iﬁgs%gé’ This
Broedddia MeRb agn @lepataaermmxﬂemmn Oli'lﬁtoﬁﬁmiiz}'aju&iltn@{'&daaﬁl@ﬁnd
ective tuncti ons

rtfo espectively
éﬁr&t%% njt f%étf?lﬂg h§d lFeéaé’QHf @éﬂ%wg Heanpsh Aimgljng eqpstraint

Rkt Gy Tchie HRERIT 66 s
USSN 10/ 018 98, t he onﬁt/lh%g?glg?%?@fﬁﬁ%% ?oﬁ{e\%\éﬁ%g?]ﬁd%nce

edsitdintse used in optim zati on was the Bl ack- Schol es
formula and the 10 only volatility function that

coul d be enployed in the Bl ack-Scholes fornmula was the
Sutastdanit ldekdoniiSoenarBHE dnimosrednty Sachioc B! Gohsoeads on
systempernits the user to choose anong a nunber of

f ] 1.an dj ust the. ect .
B2 i BRASF e UL BB L FBhs PghSh 50 e
ﬁslssitophxetMcltt@WﬂES@dnarm BeorecMStih e weitbtedtantistipnded vedritQitaw-

ed in the Bl ack-Scholes formula from a nunher of
SR BB eohom et PRET Pt O el Vet ety Bt Uekeeginty
Cusherf g UOprosRIL££ e rASRDe B&edﬁ%lrﬁ%hﬁé@ ofh B&Qfoh@ ngiC
is shown at 1001 in FIG 10. en the user clicks on

Buisiged a9 dhe @ysragswretarpoor dhsppertfelio ywinwothra tigies dist siandard
@evididh, ‘i’flerE e, Aya A hglttf‘glgte tﬁ%ﬁa%&’f@db% ﬁ‘g 8%%%241‘&‘0110 will be

obj ective functio
lsssthen th@@nmlm@um@u@f. RDE 327.

RDE 323 further permits use of these risk measures as constraints on the optimization.
Say, for a risk —averse investor who could never tolerate a 10% loss even in the event
of a catastrophe in the major markets, we could devise a portfolio with an additional
constraint that the CMS be greater than —10% and/or the uncertainty cushion be
greater than —-10%.

The constraint for the CMS is a linear constraint that can be written as :

D x;-D; = CMS,
i

where D; denotes the worst 1-year drawdown for asset i.
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The user may sel ect one objective function fromthe
list. Informati on about the 20 sel ected objective

WO eovet1i4e95 appears in the wi ndow at 1005 and t heCT/akm®04/019860

on button 413 indicates the currently-sel ected
obj ective function. As may be seen fromthe [ist in
%@9&%&%7 the Gh&Staln CL@ 1oﬁ ﬂen&phﬁeﬁf éo\ﬁ H{ﬁ%én%
i ncludes selection o non-
optim zation. 25 The objectlve functlons The obj ective
functi ons BupgoredCin the preferred enbodi ment are
the followi ng: Black-Scholes The volatility and
ni mum return of the underlying asset and the
g’]b?rétﬁp 3R g6 aterie mean ppd, gandaehdevirbipns asrealnuiatesk foy thegportfolio
FRpetlape a set of option values for the assets used
in optimzation. These option values are used as
| i near objective function when 33 WO 2004/ 114095
ST/U82004/019860 g}lﬁ]Zlng i nsi de the confidence
Poikstee itppesions sypioged gnoths) mproyed respure|allgeationy system:
Fhe3oapproach is the one described in USSN 10/ 018, 696.
Sharpe Ratig 5 The expected returns, volatilities and

Boie épsqiice ﬁHO%%Fl@n sseem described indd$EN A0/918.69 dhe only objective
FRdH wREh 96111@5%{1&% il tﬂ 15}} \INQS b BMCR. Stcpglie§; ¥ ot e@%‘ﬂﬁ She

bounds 1 nposed target port
Ky vahghtsdumqtm tIFaapmdd ) eﬂipbyerkmehd: Bbhck&hnlesfoandla was the
S used

et returns, on e
TallofT ORI Thd ThitkPey, BRaifs MRRESH Rustdin PREMS: fhg pser to
tlmostewinesg & Nanbdri 6fe diffecdnt Eb‘bjebm filndfids| @0 ddPdt the selected
sur%§ rjsk- aqhusted gf %0|I0 return i n excess of
ORiECtiNE: LRRISA foRiMGRRA! lon 79 aSselfsusG el et the

{d1agh Yur@ﬁo@&nﬁoy%@l" ih 'tl‘ihoBfaélE S&lo‘f@stf&rrﬂlla M'arlﬂxmbasgf difBRnt
tar et Thi s agﬁ%oac hed is formally ' ed the Hunter

f%tf‘éﬂctmlil% gignlical nsen intesfaeen foa selmtmgeamm theiwhjeetive
Ez%&ﬁ&ﬁ@ﬁ%ho%%’?ﬁ@@le Gt I?@ W‘ﬁeé ltkﬂ:q% Ep{lﬁkygbﬁﬁﬁ Tgvglic’dow

approach 1s not e conf use
lﬂiﬁrapa@tns d%miq“b Eab3bmhtains 2 lidbdf fhe edaiBbkcindSuhehtbsselectable

%}? ectll\(/eg%% thr}qah%fwaélﬁl;lf g‘rﬁg\éllrb t l '@ﬁgz 'éﬁril ](re(i) o talgﬁt%ﬂ

Bharater 24y sutde0loas obfpctivd Kinkord !fr\éﬁlnthg)’hst hano%hﬂldhgabout the
rting, rat of the Hunter_ Estimator'(ratio of

%ﬁ? fed gll‘?&%vaofgf‘?ﬂé’éﬁpé%ﬁse’étﬂé“dwmé?‘ﬁ ahl1005@ndiths labshon é»vmrmw

1nQichB§ tRSBknkRiAdckdd! dtyaetive Mbﬁorg' X6%nad 128eef From the hst in

modi fi ed Bl ack- Schol es”option val ues that are use
wigidgnt 1903, rselgetion of the objective function includes selection of robust or non-

--

robust optimization.

The objective functions

The objective functions supported in the preferred embodiment are the following:

Black-Scholes
The volatility and minimum return of the underlying asset and the duration of the
investment horizon are used to calculate a set of option values for the assets used in

optimization. These option values are used as linear objective function when
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| i near objective function. 25 Hunter Ratio The Hunter
Ratio for each asset in the optimzation is conputed (

w@gooshetopnti o of the mean of rolling Sharpe re€T/0S2000019860

their standard deviation) and used as weights in a
| i near objective function that operates in the bounds

) i . . I
B e B R B gy oY B L [ 8o rourm
Thismp@padRas the ond Hescailoddan iUSISNy1 0/01 81686, cl assi

Bl ack- Schol es equation is replaced by a nodified Bl ack
Schol es volatility given by the Hunter Ratio of the
Shgpd Regnager. This gives a set of 34 WD 2004/ 114095
PCT/ US20Q4/ 019860, .nodi fi ed Bl ack- Schol es opt.i on

VA gERecteA detugise voletilitiessangdesogislaionsharg yspdhdm e gpsiscranglinear

fnlelﬁiﬁ{ltafﬁﬂn of\dhle %ﬁx{@@ Rt Withih AR BRI&AES ¥&nky Hﬁﬁds@cﬂﬁy e Eb%al

|rrprove asset allocation systempermts a nunber o
teghgerHelie e the  obj ective function to deal with
special situations that affect the distribution of the
asset returns. Anong these non-nornmal distributions

Roling Sertinp Retio of t he degree of liquidity of the
i1 t of t S
P56 sl i e i, Sl RS B P8, b Soca i
canjuretonrsditht gssanfvotzemtiémmd\mmimmﬁtd tleyvlsefa neh-lineks obfctive
he.preferred enbodi nent na e descrjbed b t oSl S

b Bah S Bpafagid TG FRCTOR: RNt e Sveighted
Asmumbesirdy Thi @ﬁﬁo&ﬂh&ﬁé&f BSthbeht BOS 4 $okEnd {%i'tlotvﬂﬁl a 'moving'
asset, the user manuall g; assigns a prem umto

Setine taeste s aparpeshied & formally: callpd thet’ H@ﬂﬁ%ﬁstrmtwaum the user

xﬁ erPAEE Avhef€ thd kﬁﬁldf&eﬁstm&alr%ﬁfesgﬁ'tﬂp ?olﬁng's%ﬁﬂm%nf{a&o This
asset's real opfion val Ge. rm na

aikneoach ssnot kouret cosfised withl therfboper Ratio appresb eescribed bidove.

using the Profiler nodule. Skewness and Kurtosis 20

Skewness is the degree of asymmetry of a distribution.

Mbdi‘ﬂeﬂ@iadk!ﬂcﬁ@lgs (Rolliry SuRtind ) of whet her data points
ne end_of t dlstrlbutlo Several _types
ﬂﬂe %‘@ﬁ% dthe glassigy Méﬁﬁ Plat FrvREen ’éam geed %b{ea mpélﬁef Black-
SURNNISB futilityBvHOS] the PHRES SEMRE rdo or the ‘Hunter Estimator’(ratio of
the difference between expected return and minimum return to the asset volatility).
This gives a set of modified Black-Scholes option values that are used as weights in a

linear objective function.

Hunter Ratio

The Hunter Ratio for each asset in the optimization is computed ( as the ratio of the
mean of rolling Sharpe ratios to their standard deviation) and used as weights in a
linear objective function that operates in the bounds of the confidence constraint

imposed by the global target portfolio return.

Modified Black Scholes (Hunter Ratio)
The volatility in the classic Black-Scholes equation is replaced by a modified Black

Scholes volatility given by the Hunter Ratio of the asset/manager. This gives a set of
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skewness, usually referred to sinply as "the"
skewness) is defined by where Pi is the ith central

wOoRweni4095 25 Kurt osi s neasures the heavi ness OPCT/EI82004/019860

tails of the data di stribution. In other words, it 1is
the degree of "peakedness' of a distribution

0 ed farmof. ..
{44?51%? our 6§cc ié%lte Ta rm‘?r&tle%ts ﬂ?)aft%re'gs il e h% ot ?gg?%to&?cnve
finctiinven by 72 P4 2 - 3, 35 WO 2004/ 114095
PCT/ US2004/ 019860 Pi where is the ith central nonent.
Ri sk-averse investors prefer returns distributions

WidjRtriéiis foahabbjeetiekmogas and | ow kurtosis. OTega 5
ot her n(ﬁasure whi ch may be used in RDE 323

S dppgEed, gvsch gHRgation S.e/ﬁfﬁmbm%tﬁsa npgbeyh ek a@dwsmena@g the

blﬁe@1v§tf@ﬂdt1§ﬁ it& d@ﬁf\wm@g?écﬂil GRitEeR iHah 9rrset hd 'disﬁ’muF ion of the
Shadw ck, Uni versal Performance Measure' 02

e rpﬁuﬂanﬁ,m ong, begsprarormakhdiptabutigns lienige eﬁfaﬁeﬂrf therﬁcpg;ee of
iguidhy e b e MRS e olhs Bl AR B BURRNG of e

ameis.based on this threshold, identify a statistic
onega 10 as the ratio of the expected value of returns
in the "good" region over expected value of returns

Hdajuttinents foadion-neaudity ofxesmii Ng, any negative returns

REF 0PRETGF Dot i RE bfere) SERPIE map Bt it PEL b Rutosi

GHdVeRBWA®S UF B ofbLa. MRBISA kheeoNGWmMRy e@s@rlse/@@pth%&elném%s is
threshold from-00 to co and plot the statistic 1)

pRsitivg dor the asset; theguser mapeadly Astisnsoprpaiunh ip th@ssPs prabeption
iud WReR B tba! lnﬁﬂﬁalft? bs rfegawe%ep e}rﬁaﬁuglfghagag@ adcﬁscopsd B $he

us determ ne the superi por f
aﬂsqhiepal Ypfiar valuea| Det¢rininatios sf skeivness Holrtdsis,amd defegnfod atoysset
nves| ri sk, preferences. RDE 323 scales 1

0
%Prﬁeeléﬁ %‘ gﬁ’%}agé’%‘%d"gga. nst an average E2 statistic
using a novel 20 scaling nmechani sm dependi ng upon the

ver age § statlstlc and investor risk preferences
Borates the scal ed value into the
sﬁwats |1thﬁe tiepred 6@3ylﬁﬁleﬁ‘§‘ of Q@i’éﬂrﬂ%ﬂtlcﬂf ﬁthéP Wordd itS€ Qﬂlﬁlﬁicx of
Wh’fg‘%ai val ues are cal culated for each asset usi ng t
¢

dlataenoints pdjumpovee enviollihe didrintidnm Sexra rtypes of slkewness
BE CAGHEN Cxﬁéther;mﬁﬂl&h?hg 4R} r§kt§fwness (the most common type of

skewness, usually referred to simply as "the" skewness) is defined by

Mg
F}’l - i fag B
372

Hy

#i '
where * is the ith central moment.

Kurtosis measures the heaviness of the tails of the data distribution. In other words, it

is the degree of ‘peakedness’ of a distribution. Mathematically, Kurtosis is a
normalized form of the fourth central moment of a distribution (denoted L ) given by

#44
gy BE e - 3}
& I

35



10

15

20

25

30

mean of onegas of all assets is calculated and al
asset onega scaled by this nean. 25 Any val ue over one

w@ranes140be option prem um (scal ed val ue -1) toPOEUSII€EIS860

to the asset real option value and any val ue | ess

than one gives the option discount (1l-scaled value)

to b subtracted fromthe real option value of the

aaast . Ak uh BB Sdufit. tﬂf@k-@@érw iBvé&tor@Prefis $&hrns distributions
liquidity 30 In the resource allocation system
WEQEWPB%H“Y%ﬂ%ﬁ§§WSPD¢bWBhﬁgﬁm the objective function
did not take into account properties of the liquidity
of an asset. RDE 323 has two sets of neasures of
Qnﬁﬂadity a standard neasure and nmeasures for crisis

bR QA REBRE P RO Ryl qpons

(s@mgga &R0 dkagga ib a gtatidictdgflinainn @en (Klﬂ:amig_ &IWﬂhalﬂ FtShadwsiciof A

vVer a nd | owest vp racti on of i
Ol eRE erE s Wb 0D Pl Bioaied ey DoRenrate, werking
papet) Thisriag eely astuigivé hRkedurOMafllotve iRl inVeatdk & sﬁéé‘iﬁ“@le threshold

rket depth fir the security, derivatives avali

PP 4906 B4 Pad FRiuTDH prehased o By Bsssbieldi iHentifi e Sidisti/amoga
608 Fdtibi o $he ex%@@aﬁuéjﬁeétuﬂls%"(kﬁl “oh&B esioh Ve ggétecf Vhlue
cone up. W th a neasure of liquid |ty foran ass

plasdunpin thel ‘Sadnregiont Avsumitigs ou veghtiab oetwms Tare umacteptable,
Iti-factor |inear regression nodel
gﬁégigaaﬁﬁg %geff|C|ents of linear regression are
deri ved usi ndExpddiedyesmhstghaneetaonapn poditifer om Ent i sof t
(Enti sof t "TOGLS)cidT kBl dilefl T e The

standard liquidity neasure can ective in tines

Nbwewé BdnSswilag thetIb&rtRresiRYd Rém ~b o mnagw talhd statisBl mbetfgﬁs the
crunch in the broad mar ket. RDE 323 fines two novel

lossathegsbeld. @omparingi the tﬂyplohaf twpemrtfdlmalfmyreabhﬂucelgs thiestelds
. pl ti di t
GAEE B TR o P2 P B e

fhRehdTeaE Wk ned byl the Hiv@étbﬁs@sfkﬁéfe@ﬁ&@t 20 to an

external factor such as price or a broad market index.
For exanple, an asset with elastic liquidity

Rﬁﬂrﬁgts%ﬁass %{f‘a":lué’éﬂf& dn RERS géaYr%t L\ﬁ g%r tgéhgt#iﬁ{é% ggxfig gfnovel

Crisis. her  hand,
$calbing dmetcklanmmjl depbedingraipoh | ﬂhel uavéra@él th atigfconsd investor risk

wof t hl ess uring a liquidity crunch. 25 Vel ocjty, of
PP 37 1R emBratss B SR G111 Qg ey pdion as an
&tlof Pr&fivasS odiksbuht. | Oedal valles AR SIS forl daB lablef ¥sing the
crisis. A neasure of the velocity is the worst peai 0

methedfieserbad abpye angl hased en investprisvisk praferendeseltea temmgebmetric
ﬁlgénsoid&ﬁég'ay & hifd adbQYS gélt:ﬁ’lated and all asset omega scaled by this mean.

Any value over one gives the option premium (scaled value —1) to be added to the

asset real option value and any value less than one gives the option discount (1-scaled

value) to be subtracted from the real option value of the asset.

Adjustments for the nature of an asset’s liquidity
In the resource allocation system described in USSN 10/018,696, the objective
function did not take into account properties of the liquidity of an asset. RDE 323 has

two sets of measures of liquidity: a standard measure and measures for crisis times.
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RDE 323 incorporates both Elasticity of Liquidity T™M
and Velocity of Liquidity TMinto 30 the objective

w0 eovet1i495 by nmeans of option prem uns or di SCOREI/BES1008019860

have been scaled for an average neasure of liquidity
and velocity for the assets considered in the
portfolio. 37 WD 2004/ 114095 PCT/ US2004/ 019860
Liquidity of assets such as hedge funds Wth assets

ib@tmmm_wm& it is difficult to quantify

e nost. of the

Bt Yl S50F T @5 orkd iy BT merifiod by g gverage

mmmwssttvelunter &ai fﬂ@tMﬂ lo8 BBt BRITRE Se3uli@ROA e Blhd WSSt mhiket
Lichcses REE determnestheSaveaell uidity
Bug e Weaigé‘ Efﬁ’d’np‘?fr totad | megket, vy, HRarkesr f security,

Hérﬂzldtlﬂes aRstlabR bt iaRklSt AASBIudne JF cBH@spBﬁﬂE? dérmg e securities.
g@rt ol 1 O, percentage pOS|t|0nS as a fraction o

Er 324 &serfcnavelieeiessonampdry tovesmerty, wxﬂagz giepird oﬁququ@thwor an

|
R A T e o
liesdyegfession madelgdrerein ﬁfhe:oeﬁﬁelemg ef lingpu regirdsyion bret de€ived using

d.t
LA S o oo

di scount is used as an additive adjustnent to the

real option value. Adjustnents for the length of tine
an asset has been avail abl e RDE 323 applies

cabis Bhlidit} MedRE1 UMs and di scounts to the objective
function to adjust 15 for the length of tinme an asset
besstaeaid ligigity apaagure Tarebeinefictine prtingissf etisis when tblasem!ay be

t t t _and isS
A REESroINaf e oG, RO (308 8RS by B ROt e
Ofrﬂd,qu@hm thay sst(&ﬁ@dllyyldtlﬂasmghoﬂee&l yeplosngridg lhhfﬁﬁhty in times of
&ksggtem ng out slowy as "years since inception”
I nCrease even further. Another way of dealing with
assets for which long-terminformation is not
avai l.able is to rrake scenarios for the portfolio that
blasticityiofiliquidie iy tbe %?ﬂzﬂnywemgftthmEaSm?oftlmmm of an asset

s.for . the t

B s Pl Pracy RRALS PRECoARRNR i ARLIRI R blr gl Vi
elstie fiquidity bhasacteristcewamdd pt@yertehlﬁqmdlwaﬁ tintes af exisy. O@lQhH Sther

e n e ret rns ar

S SR b TP oot oc9s G mad efesfe “wortaess
duingddiqeiditedruaslset s, and returns in the forns of
di vi dends, long-term gains, and short-termgains are
taxed differently in many taxation systenms. In RDE

Adei tr2
s P T SB N AR K rRled s ARG Ror
fufh@dlam@tllqarddtytcamsczh inteesuraofche vd’mcuaamha orst aski tdetroegh fall

in volume traded over the time taken for this decline in liquidity.

RDE 323 incorporates both Elasticity of Liquidity ™ and Velocity of Liquidity ™ into
the objective function by means of option premiums or discounts that have been
scaled for an average measure of liquidity and velocity for the assets considered in the

portfolio.
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During optim zation, the post-tax inputs are used in
the objective function and in the 30 constraints. Tax

w@emgill4093ty of an asset can be gauged by the POI/US2M0H¢19860

three paraneters that are reported by funds/ managers:
38 WD 2004/114095 PCT/ US2004/ 019860 Tur nover,

4 Ji.k0al; Re ported (Realized +
gﬁf;ﬁgdét??gg%@tsl%{{}%%_h %ggg%lkﬁpl tal Gains Long-Term/
Wity assete sunhCphe@gt Misnds RLiSisSHioult-to T:gaamtlf@a Bibidity @ﬁldé&nbed

tax rate

?%ng %r% m%i% (F)Jiqgljlg ser:]cgrlltlg zge{ 1S ta§§t1lr%c gggrogéﬁ'lﬁ énvgﬁtar and5 comp031te
ttadingl eoldse bmimbets repbﬁedaﬁldbdsD In ea¢lecdsey, RYE 3DB aferhaies $he

Fite ISRl i here SRE Romioif oo dbeeongge Ohdiquid and
ﬁi_li_fka@BIe a%iegs Id;ﬂl@_}@d%feefhnﬂ){)oﬂtﬁlfd m@efﬁﬁmom{ ﬁsla frlicﬁo’ﬁ of
f(“feéa;gs nan% H)Weﬁotrad@igawﬁr%e, days 1o Hguifafp A5V /P/é‘%"/é @ﬁﬁne portfolio,
H'Eﬁf‘eﬂi Qkhet Sq38Y BRGknlaREn Hhich % th?%héyluéil' {)/Ilﬁ éfé@nltéf:‘agef* fuéx(g} manager.

shorf-term cap gal ns is 40% w t
ifhfewewig? ilﬂqtnémeg thetpertfoligds then usddde determine ampptixan prembundor

0 - 1. C. i ns, t.he .
iR e potbreBRL b 48T CT R REN PrdbitEp arivapont
toethureaboptlmealueal ative tax-efficiency of the nmanager
can be assessed by the tax-efficiency factor that is
given by 1- [(1-T)+(T
ARDYktIAesH Jorithe) Rekdeh QLM% ah 5k bednhbilapl@x Ef fi ciency=

T 20 For the hypothetical manager consi dered above,
RRk 326 pprlics iy ViSupramiinang disagingede thepebiessisn fimeton fordiust

R a8 PHr tﬁﬂ%ﬁ? asski s bésh a%glidbﬁ:'ee%)é Rimifi o ?%fs%unt s based

increases wth increases Int fraction o on-
empiet Hearysineesinfeptionzof the mszfeamdnea gignwidal plos statting nom ull

oSG BE RS o 6 L 0T 3 e
fieersperce ﬂmblﬁgm” @fcréaee e\gaalfmtshdr hAhotaélewdi)E@ﬂ deabfk wih assets for
ns.i ncrease er measure of

term
?E'ﬁ@ eV, ﬁg@aﬁ%ﬁ ngkdye @%&e IsE R PSRRI A he portlio that
tonfeagai@N bind apply robust RDE 327 to the portfolio as described above.

Adjustments for the tax sensitivity of an asset

The ultimate returns from an asset which are received by the investor are of course
determined by the manner in which the returns are taxed. Returns from tax-exempt
assets, from tax-deferred assets, and returns in the forms of dividends, long-term
gains, and short-term gains are taxed differently in many taxation systems. In RDE
323, the expected returns and covariance of the assets are calculated post-tax
assuming tax efficiency for the asset and tax criteria of the account considered.
During optimization, the post-tax inputs are used in the objective function and in the

constraints.

Tax sensitivity of an asset can be gauged by the following three parameters that are

reported by funds/managers:
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applications. In this nmeasure, reported returns are

assuned to be made up of realized 30 capital gains
W@ bongi40es m and short-term, income (divi dendsPCT/E82904/019860

unrealized capital 39 WO 2004/ 114095

PCT/ US2004/ 019860 gains. Post-tax returns are found

.ﬁ% deductlng the respective taxes on |long and short-

$n1éap|tal gai ns and dividends fromthe reported

retu&n The asRetl/izz@dBaluens s used to associate the

i nf or'mat EUebBzeipx efficiency with

t he assg:%nggggg?%QF?ggﬁg dient ?ax Rat es The tax

rates for each client/account, canLe clstsidpiteldsains

accordi ng to whet her the J%ﬂﬁtsh§¢1 LGains

E%mﬂﬁéﬁégh@ﬁqbﬁﬂ6¥h€kﬂﬁse. State tax and al ternative

mnimum tax rates can be inposed via specifying the

| ong-term short-termand dividend tax rates. These

bANeh@t es are them used PeL¥edend Yigld the post-tax

returné and covariance 10 for the assets in the

portfolio. Cptlons for quantifying an asset's risk RDE

l?e% ?’t& Oft% el fest BE Bgl:%g %aﬂp A1t s 'e'@;f‘ tohihy | 'aﬂ@ di‘h&ends be

an asse t’hen uses the risk
hd i ed to th
?ﬁ:@r e a: rgspfgt?v%&. %Es%\rgtgﬁ%ag%efﬁstgrgﬁg&j fcﬁ(%cdugm Jlf%n@%d%%o%l@as
Rissdoed DWW I t4d-mlsdifiss tomesas far theinfanagar mesihel( siggn byl 099

ggVieg;: roﬁ?”iz:w;ege‘; q&ﬁl’?ﬁgﬁ;%@@t‘ nﬁagﬁae&@)( Thi %@R’D Freported

of investing in an asset is the nean m nus tmrce t he

standard deviation of the returns %;5@H|str ton '
Bor exgmple, ifdhe furaqyies Kr|sgme mpampger i3 Pe-tgfn to

Elp)?t-térl?ﬁ i galﬁ kd hgog mr PWividthd oFees Uhé &ms wra; wesa1 8% for

nor ma I's utlon of returns for the asset)

Whps¢rmicap gams pd dividgndseand B8% f%ﬁhgl“frtgmh‘??@cﬂ%’ért%fﬁxr}%Odlﬁed
|nat e ol S ted with investing in an

gzilggst wmf E‘Do of tljr 1J§ or%ﬁi%ﬁr{ ﬁ

asures r's e worst 1- year rol l'ing
return on the asset since its inception.

nentatl det a ferred
ey AT e séﬁ?‘ﬁ‘kf‘*ﬂ? fctor
ng{%ﬂ%ﬂ%?d wth a GJ created using Mcrosoft Visua

Excel Xufé%zégﬂﬂaﬁﬂgﬁ ¢ (EoAibacl o) 0 VR Haps )+ D=1,

optim zat i glng for nunerical 30 coffputations and

opti m zati on support, and a robust back-end SQ. Server
dat abase
For the hypothetical manager considered above, Tax Efficiency would be 0.3. As can

be seen from the expression above, the tax efficiency of an asset increases with
increases in the fraction of long-term capital gains in the realized returns. Less
turnover also increases the asset’s tax efficiency. This can be explained by the fact
that as turnover decreases, the percentage of the gains that are realized as long-term

gains increases.
A simpler measure of tax sensitivity has been devised for investment management

applications. In this measure, reported returns are assumed to be made up of realized

capital gains (long-term and short-term), income (dividends), and unrealized capital
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for data storage. FIG 11 is a functional block
di agram of inproved asset allocation system 1109.

whe@n/114008 i nteracts with system 1101 vi a vi suBCT/DS=04019860

prograns 1105. Data describing assets, portfolios,
and paranmeters for optim zations, as well as the

SRR L 90 M A R0 A o

FRTITy dapizd) @4in® 3@436'@ideb@dk0m the rdiodEd rethuink.e Theasset module is used

TP BB L33 SR Y e e
[ rrpl enent ati on of RDE 323. The prograns that perform

t €59 t tlo s in a preferred enbodi nent are from
ag-i‘z‘%@t—%wte avai |l abl e from The

Mhb RMOESs, fok ach civ/aédountMAn e EREcRlikedl Rloldt ©Qvhether the
server database: FIG 12 FIG 12 shows the tables in
PEACHEY ig ia-exprph A defener of gthagpmise Siiteciax and altematwe minimum
A RRS R8n BE iMB6sel A St f

into fou? l Ese accoﬁ?ét ab&hg@eﬁbgﬁog\/\ﬁ%ﬁdﬂg(fﬂa‘%lgengstax
gates. dfess t@)amt@s araélmumedttabaleulmosq padtitaxhretut®s goirdosaniece
ienf he accounts for which asset
fﬁt%&?é%%qg?%zétl ons are made. Report tables

1206, which contain information needed to prepare

gg@ Js @ﬁ/ set tables %211, whi ch contain

RSB HER S ETBR; and  Optimization run

ROH 833 424 theMiNe€ threOmbdsIvf iqRARIRE R ridkedBdneasdtO RDE 323
ions 15 of portfolios of assets by RDE 323.

optimz

fica %%&esmk Wétqué‘?tgieéfaciﬂfﬂlﬁﬁﬂ/ therfglepted masleitp cplgulate the real

BpEREAucS OThEMbd &l He;asset tables 1211 and

optim zation run tables 1221. Each optim zation run of

RDEFIGQBISKS The:flet fisk asaymesccuniformariska(sayetl 0% casmelt sssetTinehe

orttiguses a parti cul ar objective function and

ap I'65 Jone or nore constraints to the optim zation.

TakiViem 126 $,talikﬂ|]:d ,De&hxﬂloilZRﬂoth@lcammoﬁﬂ}/euﬁﬁ aRufiire of e risk of
et. of .assets, the constraints the run.

e PR A" 1556k B HISER PP bvigd B it ey atighef tapfoyms

i N dideeeiont sn hRbkRt 180ty ared 1@5 5% HrobaBility BE the returns
information jncluded in the entr?/(i or an account, the
1

i deAing pelpwithis rrteﬁglr%ﬁ\ﬁwlmnqrmg gixibutiontaf seturns for the asset)
BNTHRRt 1-G8f Qf)llﬁngt l‘é%l?lqlo is 11§ o rJan > S8 V\%tle n(#e bieSHisk

In the présent coRtext. e entry specl
th @Smmmdﬂvlth ;vesting iolef essee &, medserea cislo anthiesvdratrigydae ratling

Ca%t'iﬁl (%ngt%e QSSSF{S%’)l(CGrl s1nc’ept1 nd Its short term capital

Implementation details of a preferred embodiment: FIGs. 11-12

The improved asset allocation system is implemented with a GUI created using
Microsoft Visual Basic, Microsoft COM and .NET compliant components, Excel
Automation for report generation, a Matlab optimization engine for numerical
computations and optimization support, and a robust back-end SQL Server database
for data storage. FIG. 11 is a functional block diagram of improved asset allocation
system 1109. User 1103 interacts with system 1101 via visual basic programs 1105.
Data describing assets, portfolios, and parameters for optimizations, as well as the

results of the optimizations, is written to and read from the database in SQL server
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Asset tables 1211 30 Tabl es 1211 descri be the assets.
The main table here is assets table 1217, which has

w@poogni4oys f or each kind of asset or benchmark BPGEUS1004/019860

RDE 323. Information in the entry which is of
interest in the present context includes the

ent i f r.the.,ass t O 0 :
e DRl gt DR, sp B RGE sh felhaba 8] bFhGatin
g0 1O, lvﬂﬁchh ﬁlth\&@aﬁqﬁ@ehm?ﬂsn B«:m%szsamlé Thied §®@rams that
concerni ng the percent e.of .t | € of, t
Pt Hp GATPHAG RGN A BEAEA SPEOSTISH L dTORS e Ao P ke
silteV i¥iansle RORONR MERW ofe 3k s MaticildMA.erent i nformation

of an entry in asset table 1217 dependi ng on whet her
It represents an asset or a benchmark. Wen the entry

Dle?‘anlé‘G{t?n?f%@i %\J@Pd:ﬁ%ﬂa&a p16f @g mation is contai ned in
ere is an entry

FIGy & shewt thealobles 12 16latiae! database dAB! imtSUn steraé Lt For
n aggount e tk, the extra

pPWf’?)ersﬁgﬁe@ﬁesem\ah&ﬁ%sﬁtﬁh%lg %b?f;é fﬂglﬁl C %EP%EE% et table

o121 dounthitidy [2Bakbicht doatahissesingle thble, eowttrtablk 1205, which

Asset Ret ur ns 213, finall e
CcronhadtiereRion ot e rhapipr oo MR oA ore
i nforpmiion is |oaded fromcurrent market reports into
asset returns table 1213 10 prior to each

% pkepmrtztableaaméywm@mn indpymatipy BeederhtoNiFPSISPAE- 1221
2 There is an
gf%‘?&a R U hic thléf;ggf%{% eacﬁa%%f |§nm zation run

-t h@bmﬁ@&mhﬁﬁlﬂ tmeke1 2y, Which 32@aiariaformdtiod etleted do Dptomizatinams

15 system The |nformat| on in an RDERun table entry

f apf portfolias of agsets PuBOES23 dent i fi cation information for

’f}l%e(alglbg‘thgtrﬂiie Qﬁﬁm §hportAte I@e biblent EoRextGaNissétitailes 11
nformation i ncludés an identifier, nane, and date for

allﬁepnmm,atlasnméahlesai@2t he identifier for the record in

account table 1205 for the client for which the run

was made. Paraneters include the follow ng: 20

Rah aptihentod mn of RDM323gs hade Gytan Abcoant aa st atasgets.nghe run

the start date a dat e, f or,. | ri t
i P oedne, it i piliss'PE &' bR bojrfiR @ e
d)}ﬂinﬁ SAtidRNtIAbles 3068, 1D EL, iany €32 Niviiite ﬁﬁralcmmt the Sehef m{sdte and
which the risk |s to be, quanti f

hbrcomapissPribaITFo BTG BP NS 01er 105, Bigas Gpé Uity in
£c%§ﬂ{tp&bfeqr20w&%c@ a& B0kt g@t‘ﬂ@ Enf¥dhatiBn infchdiRg il 8@ entry i@ an

m zati on net (i.e., the objective function to,
Jmeom'rt;ﬂwybdtﬁiiqr forihe entry and the tax status information for the account is of

the most interest in the present context. The entry specifies whether the account is tax
deferred, the account’s long term capital gains tax rate, and its short term capital gains

tax rate.

Asset tables 1211
Tables 1211 describe the assets. The main table here is assets table 1217, which has

an entry for each kind of asset or benchmark used in RDE 323. Information in the
entry which is of interest in the present context includes the identifier for the asset,

information that affects the reliability of information about the asset, and information
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wa@gtit@pht s based on the return,

optim zation); Tax rate information for the run; the
nunber of nultiple asset constraints for the run; 30
ri sk, Shar pePCaUBH04/019860

tax efficiency, and reliability for the optinmnzed
portfolio. One or nore RDEMMConstraintAssets entries

t 2 soci at ed
LI P BB AR i O el i 2080 e
man/ apd 4be FiviRENA B0 R4/ &mgsfm keep different aifﬁsnahb@ for an
of .constraints that a
e e able 1227 3penlan e S5 GH G w39t ot beaphganc
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tim zed wel ght o e asse
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lﬁgﬁﬁ conjunction with the
%@ggg?aﬁﬁ%g%@%?&i %Oﬁb‘gr aphi cal user interfaces for
| nputtl ng information into RDE 323, the descriptions

n operations, and the descriptions
@%m? ?ogf'ggé‘fryée g’%b?he constraints on the optim zation
Dipeshaditabichert is ROERub@bicnzRsl #h&k ¥ ARREY SORDERY h*ﬂébi@azzs

killed in the relevant technol ogi es how system 1
%b E3ck; QpEimization syp thatkasibegst mage by ﬁq%ﬁ@@ grglynot éabteldfrom the

mne thd oft &R! e ect
Eg’gﬂget s for ngﬁg%%tlt(ﬁofnl oHa%gglr{g{l ntgﬁgs&ﬁlg ?‘ﬁ% f‘?ﬁ% o classes:
identifigption nformptiortor dlst rupfand peeteiersafod tieayino ritherftlmfbitﬁm

RS R bR B, oL ARG Bl 5. RESEH b e
fwalthwesacom&f int dveows steble 1ae§r Eﬁlﬂﬂk I diefefbr Byhigh Rt ﬁtl 'Evgst Hale.
| igbili t e optimzation mm e done

%gﬁrhegeréfﬁc%%géhé@ng optim thl on techni que)s/ or
« Opékﬁﬁlet@ﬁtfomi&?iﬁﬁMe of)t‘%ﬁﬁgﬂl&u fiRlud gl{ﬁéegtaﬁ’fci%t%%ﬁ& g@o&at]t for

wi.t h equal ease make various adj ustnen
ob duisterical date ebe thesassets, dhe mtpulaedtrhte foreadk-@t ineestments,

Va!uﬂﬁﬁeﬁfvegt&@ntﬁl%h §plio' s assets and may al so subj ect
he optim zation o “many constraints in addition to

't hEhetmbdd by whichithe risklis talbe bdnyifie@nst r ai nt.  Concl usi on
25 .The, f or egm ng, Detail ed Description has disclosed to

o TRy e opierd foEihe pariolio

* The range of returns for which a confidence value is desired;

e The optimization method (i.e., the objective function to be employed in the
optimization);

e Tax rate information for the run;

e the number of multiple asset constraints for the run;

e Constraints based on the return, risk, Sharpe Ratio, tax efficiency, and reliability
for the optimized portfolio.

One or more RDEMMConstraintAssets entries in RDEMMConstraintAssets table

1225 may be associated with each RDERun entry. Each RDEMMConstraintAssets
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technol ogi es how to make and use the inproved resource
al l ocation systemin which the inventions disclosed

wheooeiinoas e enbodi ed and has al so di scl osed t hRCDHES1004/019860

nmode presently known to the inventors of making the
i nproved resource allocation system It will be

itegﬁ‘% fHlAb LY PRIy B dmBeFS s%é(i)iieéso?lgt{eh%}% tﬂ{l).? f),pgk G &N gtlple

nol ogi es that thé 30 princip
Gpsse| Unéysesit tﬂ‘Wﬂ/ 1827, udedlyi nomeiys aot érary fchaﬁach asset-run

LS d r & rce II i on syste
ChaGhan 03 Bl O SRS T BObA G b
optpnizad by de rum theaenprydhditatesthe inital Svelg‘ﬁo of ¥ agel i, thd p&tfolio .

S scl osed herein used tqQ all ocate
BhR SR i B T 30 R o S Bind R omyag s evights
peatinédfoe Ehedilsﬁac iroae gortilie| lbéﬁngﬁg) tiliRed] S84 thif \Laé 1R QIF Bfet ds¥e? in
funct i ns 2004/ 114095 PCT/ US2004/ 019860
gﬁﬁ?ﬁ falioas OPYR mg%%y f®ttive functions, and
adjustnents to the objective functions which are

different fromthose di sclosed herein, as well as with
Jthen flafabaser shema bl is Sé!pﬁl«?dﬁnzmnjlmnmmwah thgy desdripticns exfitthe

gfaﬂcﬁgélgﬁ%ﬂgge?fagﬁs%xl gﬁ{ﬁﬂlr%ﬁlg in grll{ll% 1&593 @Ye descriptions of
tiel aptiatifatinn sperhiers, amlahe ideccopidarsaf ehd Effects ¢ff the Comdkr@mts on

P Pt Dy RG] spateiothese skiled dndhe
&:lep/laﬂxcte\slﬁlorogteh Abwhased A¢OE Spdrated 41 HWOL BseRBElsy3RM 1101 may
q ngrans that generate the user interface and

GRSTTE el ook Rousinos OB st b fdcet Fspts dorapirttoliapecording

tok MVRkrellabARy Of tht R& Jf %%Qfér &ﬁl xﬁzlg, (ggﬁﬁﬁliéjfﬂe Xﬁf‘o‘ﬁ@éo obtain a
coul d easily be made in which onput at on an

yeighting ofdhe apets incthe pertfolio thet is ande a@onding Wdkerebyopgion values
P Rese gaialen by f €6 Weha' Sl 7 S RREREC ThE pptipipation

mhpe bédonandingreithbi sthndahe optieizativiplechnighes oYeSbRE epEREZation
eract. wwth the server. For all

s._or, her to i

{e?h*}‘% S ér‘bsﬁfo?'%fsa S?‘E&&@L?ayt"ﬂ%‘ elﬁ@'tné?a?ee‘&a]@e‘@élf’]%%‘i%ﬁn?@s to
the obctivegRneliRd B&d Rejohfuiethe feal Gitlon r\/ﬁﬁl@@@it the ?&%ﬂb% la¥sets
and not restrictive, and the breadth of the Invention
ISR alsh SUpieriethe QPYmzation toieway aprEintion Sddginnt laetho fota
fRlrRtdlIgsil abtdald on, but rather fromthe clains as
|nterplret1§3%wth the full breadth permitted by the
patent |aws. What is clained is: 44 WD 2004/ 114095
E61d 04/019860 What is claimed is: 1 1. A nethod

g nal'yzing a set of assets selected froma plurality
Biie fdvegoangf Detniled dels@iption has disclosed to those skilled in the relevant

technologies how to make and use the improved resource allocation system in which

the inventions disclosed herein are embodied and has also disclosed the best mode
presently known to the inventors of making the improved resource allocation system.
It will be immediately apparent to those skilled in the relevant technologies that the
principles of the inventions disclosed herein may be used in ways other than disclosed
herein and that resource allocation systems incorporating the principles of the
invention may be implemented in many different ways. For example, the principles
disclosed herein may be used to allocate resources other than financial assets.

Further, the techniques disclosed herein may be used with objective functions,
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2 returns data for the assets of the plurality being
stored in storage accessible to a 3 processor and 4

W0 b@4tretobdd conprising the steps performed i n PEEUS2004/019860

processor of. 5 receiving inputs indicating assets

sel ected for the set and for each asset, a 6 desired
Moh Ghe'k h WSl B @weafuha

can%trétr < on %%e 8{358 t%euﬁlhgﬂ)n% h%mtdhbcgﬁﬁ‘?ﬁ‘&alg% > oﬁje ions

wiatleat el@ffaaﬁ ditosn thiokd dlﬂdbsepl rhemnd @s wed adegthy @dnamog fmmbust

return in at ed

R A ¢ cipSisnt R’ RRCirey HutiF heel ikl hany
IR detud] Irﬁ}ﬂelﬁ&rﬁﬂlc@fs ofl 3¢sﬂ@rcé laﬁodansm eystams thaui mnsrpbmte the
determ ne a .probhabil | npr.i ses

Riwpiplys t Hethgn inyentians Qlts%lg%? BEZFID 0y E"? mﬁdﬁon/&ﬁ ptf*a& Ke actually

bGHiMH NS 2 Qford hﬁ tﬁes a8h 2nd @ précetRt abhALadchs tpriadabie andycan
that each of the sel ecte&)assets will provi

th .
ety qHoBMp] ﬁhpqurét@uﬁh? ug d INferHisE e ﬁ‘Pngiet pAthematical
c%ﬁ}%ﬁﬁgb% U¥of Q?a'inpgé Jneﬁ\%len%ﬁ%tigﬁ drhife sQbaet alloatioftsFstem

rovide the desired mninmumreturn from
dohki @i bb niadt in whigh theacdmpationand geessatiog ofghe yagstiaferface

Wi’ést 4%13 'iag \étsglf%gltr ‘J[?ﬁhéj or{de\glc@ \Vé\lﬁﬂg{ ﬁa%tal&éégs tolfi tgancfgh ata stored

alrm2 e step
Shd\@richer ﬂk&\ihemnlﬂa?d Weh andrianl wisicls theivserteiplgyet la &V eb browser
pr.obabi I|t t hat ach of the selected assets w |
iR QT e ’c‘}?&q%{&hf $§F"i s det ermined using the

real 4 optlon val ues of the assets. 1 4. A nethod of
optim zing a set of assets, historic ret rns %@é
Forallof thetforegaing geasgnssihg lDéﬂlllFﬁDgf%Wé’@’élsate B EgAIgR 2 e‘%ﬁ in

ﬁ[ Pegg éeﬁﬁgr}sa&cﬂ%t NEHAYH e AR Bilefdih b theSh@R%ion disclosed

he processor of. 4 receiving inputs
henein datté ihg datesiriednot Gomathie ddetdiled Peseription, bpt ehsstfeom the

ach sc narl a in
SR8 SRt B e el BSOS Ler BAR,
stochastlcally bet ween two extrenes and a probabllity
of occurrence for the scenario; 7 and 45 WO
MNjout isielaimgd i$5CT/ US2004/ 019860 8 det er ni ni ng wei ght s

of the assets in the set such that the worst-case
val ue of

44



N 00 N0 N N R W e

f—
AW N = O 0 N3N U R W N e [}

~ N B W N e

W@ b@igmdosher ei n;

9 the set of assets is optimzed over the set of
scenarios. 1 5. The nethod of optimzing set forth in

assets is the worst-case real option value 3 thereof;
and 4 the values which are used in optim zing are the

whaearldigedisa and the 5 covariance. 1 6. The nethod of

optim zing set forth in claim4 wherein: 2 a scenario
iLn At iethed bf arfalygingraaget obasyety sadatadefspo a glurdity lof thereof, historic

RShOUETer SETAMNE oP T nlhubf e SePSH oy alsb it o o

ptoa¢ssordandherein: 2 a scenario in the set of scenarios

i.ncl ude .certain assets in the set of assets 3
(R S e mRrigig stes _B?rg rggd “&L&’%Pr"?‘??é‘_’rr?é't hod of
opt i Me2diviflg S@futy BldidAtind assb@i sBlebtedMISY Bk Vot dnd forCRABR LR, a
in ,the set of scenarios nmay correspond to outliers in
fesiredMENIPEMIEIUIN; 3 et urns data. 1 9. The nethod of

opt i Mskigfe Bilorit Athrlls tifta & @tdfinthed r&lbct%ﬂitfgﬁpgt' lec'dsf'gnetcﬂ?he
step of.” 2 receiving inputs indicating additiona
gedetadragpaty will motvprpeide theedesised winimymeresirn Mdixatedgfor the asset;
imzed is subject; and 4 in the step of determ ning
wel ghts of the assets, determining the weights 5
subj eawiputing thepmbiahitiiyonal constraints. 1 10. A net hod
of selecting a set of assets froma plurality thereof
and optimzing the 2 weights of the assets in the

3.eThe Mbthbdsdt CorthEih ¢Ians 10Mereih Or assets being stored in
3 accessible to a processor and 4 the nethod

st or age

corrpr‘gg St5B of Heng theJustords reirnel defermine amrehebilify comprises the
ddps3gl ecting a set of assets on the basis of a
probability that at |east one of the assets 6 in a

sel eciséng thet myltivfriateo moymal ighdbution e she edums nif nthenassets to

for the assel .. and 46, WO . .
6ttty 4B S SRR chE b o>l AR5, ¥ Pvige s desired
miiighingetofn; btk assets in the selected set. 1 11. The
net hod, set .forth i laim 10 wherein; 2 the .
pr oba‘%ﬁf‘?’{rg}n% tpraﬁa‘%ﬁ&éﬁgtc?ﬁéeas? onengf ﬁ\gsse[égtew apets,will not
Plovide dige Bdsered @fihinfeh return from the probability that each of the selected

assets will provide the desired minimum return.

3. The method set forth in claim 2 wherein:
in the step of using the multivariate normal distribution, the probability that
each of the selected assets will provide the desired return is determined using the real

option values of the assets.

4. A method of optimizing a set of assets, historic returns data for the assets being
stored in storage accessible to a processor and
the method comprising the steps performed in the processor of:

receiving inputs indicating a set of scenarios for the set of assets, each scenario
having values which are used in optimizing the set of assets and which vary
stochastically between two extremes and a probability of occurrence for the scenario;

and
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W@ k@i a0 wher ei n:

3 mnimumreturn is determ ned using the real option
val ues for the assets. 1 12. The nethod set forth in

assets is done using the real option values for the 3
assets. 1 13. The nethod set forth in claim10

wher [ t h he,assets is
doneedlj: gelr ngm%p%’él 11% O?ghemggeatl tﬁ? tsgtf u%h{h %% A RaRF walye of
thosetlof assets Iismplmlﬁﬂed\dve:rthe Bet oﬂsot:imlos.obust optini zation
opti m zes over a set of user-specified scenarios, each
3 scenari o having values which are used in optim zing
5.hEheartthaf ofapEaiifinged fdehi lﬁ Blaa e whedkist ochasti cal |y

bet ween two extr robability of occurrence
For b MoEDARe BIorBe Sates HEh e sorstsReeRnogion vue
thére¥fgic®i N: 2 optim zing the weights of the assets is
done subject to a constraint that the 3 probability

t hat thhoalyes varichy gesepisedy jne pptimizingearer the mean naiwonr eandr the
dovadeat er than a 4 user-specified value a. 1 16. The
met hod set forth in claim15 wherein: 2 the

optim zation is done subject to a plurality of

th nstrai nt c; specifying that
(fgg?epr ott‘)&{) S’ ml)t?%&e?ﬁ%l@ lggambfl Wﬁ‘gg& s yields a
desi raendenmmm”ﬂm seedflicenarids ilaponir&paide@ttee histoeibaldeturns data
fu gﬁr sgem i ed \;fal ue a;. 1 17. The nethod set forth in
Of QA SPALASSES: optimi zing the weights of the
assets in the set is done using robust 3
optimzation. 1 18. The nmethod set forth in claim17

?m‘éh%mﬁhod of prijinizieyset forthopslainct o004/ 019860 2 t he

r obusit t

sy TsaRrip AR oLt <ORlkEN R8P RONE oGl Phosty infhs gt f e
Wﬂ&ldhal‘pétghlwoaﬂ@htteai covariance matrix, each of which
varies 4 stochastically between two extrenes, and a
probability of occurrence for the scenario 1 19. The
STEI‘HROﬁieth&loffopﬁmlmﬂg‘becfo&iﬂhﬁh dRinvhemeder: 2 the asset may
have a negat.i ve vvelg 1 20. The nethod set forth in
cl ai fhSEEPaliRdR dienset 5T pgemariqsmays corisepad ity wpdiersf ingthghistorical
remERldstal N the set may exceed 1. 1 21. The nethod set
forth in claim 10 wherein:

9. The method of optimizing set forth in claim 4 further comprising the step of:
receiving inputs indicating additional constraints to which the set of assets
being optimized is subject; and
in the step of determining weights of the assets, determining the weights

subject to the additional constraints.

10. A method of selecting a set of assets from a plurality thereof and optimizing the

weights of the assets in the set, historic returns data for assets being stored in storage

accessible to a processor and

the method comprising the steps performed in the processor of:

1) selecting a set of assets on the basis of a probability that at least one of the assets
in a selected set will not provide the desired minimum return indicated for the

asset; and
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2 optimzing the weight of the assets is done subject
to one or nore additional 3 constraints. 1 22. The

woredohootoset forth in claim21 wherein: 2 the apdi/usm&a019860

constraint restricts the sumof the weights of the
assets 3 belonging to a selected subset of the assets
(n t.he.set. 1.23. .The . th in claim?21
ZMgP@?zhl?g t%e f’vﬁ}eg%ggooéi-ﬁﬁ ag%gﬁt Igg%n%ﬁ%taep%t' constrains the
wei ght of an asset such that the amount 3 of the

asset in the set,is.abhave a.m ni numinvestnment -
ltlhiges’ﬁ‘stiha‘a S?ff%‘%? ‘"‘Fﬁ?émg@t"ﬁ}??l%et forth in claim21

wher gieNproBabilte th&tditt o0 dhe @ONB bAbItwWIlll Mot Frovide siier désirad
the set’ s downside risk to ﬁe | ess

N C ( . 3 thgn a
mjpiaet et fclptepmingd uping theseal ppfionayss fordhg asseis1 h j n
claim?24 wherein; 2 the additional constraint is

conputed fromthe worst drawdown for each 3 asset. 1
126 Tha toethod seidartls i cldiay korwhereig] aj m 24 wherein: 2 the
addi t I Al ' 6 -

aver apHRneTRD LRSS teashTPUME R oROrREh yues forthe
aBeB4/ 114095 PCT/ US2004/ 019860 1 27. The net hod set
forth in claim12 wherein: 2 the nethod further

i ncludes the step of 3 receiving an input indicating
lgnﬁheﬁwﬁmﬂkﬁﬂaﬁhhydﬂﬁlwamﬁﬁ?we functions for 4
comput i ng,t real option valyes for the assets. and 5
T RENEizENE Bt Weighis Hiedgrete Ao SRt drtivadiony o
the optim zation is done 6 using the indicated

obj ective function of the plurality. 1 28. The net hod
Ko The grethipdispt ferthimelaim Ihwhasein: 2 in the step of

opt | qalezxioggsttoggm\g%jﬁg@%@gﬂ%est HRr 358 fusel SRciBBd SGhhr¥d:, each

function I's y assigning a premumor a
wemeio hating oalubewhieh larenaskd & qftindzieg 8re sebefeasedts atgewhigh vary

. . Th hod fordn | i .
Sovarsrl bty h BerT e ARELRN & def BePL 6P s spenpro

non-nornmal returns for the asset into 3 the account.

15. The method set forth in claim 10 wherein:
optimizing the weights of the assets is done subject to a constraint that the
probability that the set of assets yields a desired minimum return is greater than a

user-specified value a.

16. The method set forth in claim 15 wherein:
the optimization is done subject to a plurality of constraints (7..n), a constraint
¢; specifying that the probability that the set of assets yields a desired minimum return

that is greater than a user-specified value a;
17. The method set forth in claim #C5 wherein:
optimizing the weights of the assets in the set is done using robust

optimization.

18. The method set forth in claim 17 wherein:
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1 30. The nmethod set forth in claim28 wherein: 2 the

obj ective function is adjusted to take liquidity
webanactes i stics of the asset 3 into account.Pdr/B832004/019860

The nethod set forth in claim28 wherein: 2 the

objective function is adjusted to take tax sensitivity

of an intQ. 3 a .
fort hthe E‘?sgf’grﬁtlrggat\?&}ne(?pglﬁﬁ% 7 V%[hag gecg k())}:(lie]1 geirlrggéuhﬁun%tg ﬁacr)lr? % eaCh
aebnuﬁds éntltiding akeedrh estire negtlha oévatlmm matrixs sath h%lwhtchevanes

vaj.l abl.e i nto account od se aorth .
SobPlsely Paovith P s g e ARt dhReHGrerPfor (e hario
the step of. 3 receiving an input indicating one of a
plurality of nodes of quantifying the 4 risk of an
d9sdhe mg d5°“ifﬂrﬂ?H’e"l§Y"g‘;9"6‘Ter timzing the weights of
t he a%%g&tn{apga@qﬁéghﬂ\@t\b&%htl s done 6 using the
i ndi cated node of the plurality. 49
20. The method set forth in claim 10 wherein;

the sum of the weights of the assets in the set may exceed 1.

21. The method set forth in claim 10 wherein:
optimizing the weight of the assets is done subject to one or more additional

constraints.

22. The method set forth in claim 21 wherein:
the additional constraint restricts the sum of the weights of the assets

belonging to a selected subset of the assets in the set.

23. The method set forth in claim 21 wherein:
the additional constraint constrains the weight of an asset such that the amount

of the asset in the set is above a minimum investment threshold.

24. The method set forth in claim 21 wherein:
the additional constraint limits constrains the set’s downside risk to be less

than a predetermined value b

25. The method set forth in claim 24 wherein;
the additional constraint is computed from the worst draw-down for each

asset.
26. The method set forth in claim 24 wherein:

the additional constraint is computed from the set’s average return and

standard deviation.
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27. The method set forth in claim 12 wherein:

the method further includes the step of:

receiving an input indicating one of a plurality of objective functions for
computing the real option values for the assets; and

in the step of optimizing the weights of the assets, the optimization is done

using the indicated objective function of the plurality.

28. The method set forth in claim 12 wherein:
in the step of optimizing the weights of the assets, the objective function is
adjusted by assigning a premium or a discount to the real value of one or more of the

assets.

29. The method set forth in claim 28 wherein:
the objective function is adjusted to take non-normal returns for the asset into

the account.

30. The method set forth in claim 28 wherein:
the objective function is adjusted to take liquidity characteristics of the asset

into account.

31. The method set forth in claim 28 wherein:
the objective function is adjusted to take tax sensitivity of an asset into

account.

32. The method set forth in claim 28 wherein:
the objective function is adjusted to take the length of time an asset has been

available into account.

33. The method set forth in claim 12 wherein:
the method further includes the step of:

receiving an input indicating one of a plurality of modes of quantifying the
risk of an asset; and

in the step of optimizing the weights of the assets, the optimization is done

using the indicated mode of the plurality.
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