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for the 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
15 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
20 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 allocation decisions is the tradeoff
between return and risk. Generally, the higher the retum the preater the risk, but the ratio
25 between return and risk is different for each of the potential uses. Morcover, the form taken by
the risk may be different for each of the potential uses. When this is the case, risk may be

reduced by diversifying the resource aflocation among the uses.

Resource allocation thus typically involves three steps:
30 1. Selecting a set of uses with different kinds of risks;
2. determining for each of the uses the risk/return tradeoff; and
3. allocating the resource among the uses so as to maximize the return while minimizing

the overall risk.
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10 Diversification of Investments, second edition, Blackwell Pub, 1991.

The advantage of the real option model is that it takes better account of uncertainty. Both the
NPV model and Markowitz's portfolio modeling techniques treat return \;olatility as a one-
dimensional risk. However, because things are uncertain, the risk and return for an action to be
15 taken at a future time is constantly changing. This fact in turn gives value to the right to take
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
20 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
example, when a company purchases a patent license in order to enter a new line of business,
the value of the license is not just what the license could be sold to a third party for, but the
value to the company of the option of being able to enter the new line of business. Even if the
25 company never enters the new line of business, the option is valuable because the option gives
the company choices it otherwise would not have had. For further discussions of real options
and their uses, see Keith J. Leslie and Max P. Michaels, "The real power of real options", in:
The McKinsey Quarterly, 1997, No. 3, pp. 4-22, and Thomas E. Copland and Philip T.
Keenan, "Making real options real", The McKinsey Quarterly, 1998, No. 3, pp. 128-141.
30
In spite of the progress in applying mathematics to the problem of allocating a resource among
a number of different uses, difficulties remain. First, the real option model has heretofore been

used only lo analyze individual resource allocations, and has not been used in portfolio
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and the method comprising the steps performed in the processor of, ﬁndmg a particular configuration of the

20 set of second factors that optimizes the first factor, and employing a constraint during the step of finding
the particular configuration that specifies a reliability of the first factor with regard to the third factor which
must be satisfied by the particular configuration.

The resource allocation techniques disclosed herein solve the first of the foregoing problems by providing
25 technique that uses a real option function in a linear or non-linear optimization program to determine an
allocation of investment funds among a set of at least two asset classes for a period of time which will

maximize the value of the set of asset classes over the period of time.

The resource allocation techniques solve the second of the foregoing problems by introducing the notion of
30 reliability to quantify the effects of diversification, The technique determines reliability of a first factor, for
example the value of a set of asset classes, which is dependent on a set of at least two second factors, for
example asset classes to which the funds have been allocated, where each of the second factors is diversely
subject to a third factor, for example uncertainty. The reliability may be determined by establishing
correlations between the second factors with regard to the third factor, using the correlations in determining
35 a standard deviation of the third factor for the set, and using the first factor and the standard deviation in
determining the reliability of the first factor with regard to the third factor. There may be more than one of

the third factors, and they may be combined in various ways.
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when a conpany purchases a patent license in order to enter a new |line of
busi ness, the value of the license is not just what the |license could be
sold to a third party for, but the value to the conpany of the option of
being able to enter the new |line of business. Even if the 25 conpany never
enters the new |line of business, the option is valuable because the option
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not i on i2ls Y§ve' Measired Tolia ty in terms of the pro failure; “the lower the
25 probability of failure, the more reliable the system. The probability of failure of a system is
determined by analyzing the probability that components of the system will fail in such a way

as to cause the system to fail. A system's reliability can be increased by providing redundant
components. An example of the latter technique is the use of triple computers in the space

shuttle. All of the computations are performed by each of the computers, with the computers

30 voting to decide which result is correct. If one of the computers repeatedly provides incorrect
results, it is shut down by the other two. With such an arrangement, the failure of a single

computer does not disable the space shuttle, and even the failure of two computers is not fatal.

The simultaneous or near simultaneous failure of all three computers is of course highly
4
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respectively, and consequently, the reliability of receiving the minimum amount is very high.
In mathematical terms, a given year cannot be both wet and dry, and consequently, there is a
low correlation between the risk that the bottom land planting will fail and the risk that the
25 upland planting will fail. As can be seen from the example, the less correlation there is

between the risks of the various uses for a given return, the more reliable the return is.

A system that uses real options and reliabifity to allocate investment funds: FIG. 1

In the resource allocation system of the preferred embodiment, the resource is investment
30 funds, the uses for the funds are investments in various classes of assets, potential valuations of

the asset classes resulting from particular allocations of funds are calculated using real options,

and the correlations between the risks of the classes of assets are used to determine the

reliability of the return for a particular allocation of funds to the asset classes. FIG. I is a

5



al |l ocation system which uses real option analysis and reliability analysis
to find an allocation of the resource anong a set of uses that attains a
given return with a given reliability and two enbodiments ofs sughogy

resource allocation system 20 Applying reliability techniques to resource

al | ocati on yRglji/sesgd ity is an inportant concern for the degrareicossf
nmechani cadwchgk et Jf'tE@ﬂrocegsE‘g d%h@iﬁ}ﬁ@@s&m (1§¥}Et i lSed emLanPtfrgt/ }{fogeﬁap stemis

rellable if it is ver correc eers have
measur ed?58BB PR3 iNegt 2 ﬁettﬁ’é?% clgpses fsselpeteshd i)l "Ihgn wfexpeted uate pf tetven | ower t he

25 probakdlal r{sy 1sQf:ecffﬂ=,’d ldtTeBoh akRECIAB{ Q7). ek @Q}lrc% fglh;ﬁe &:tte%ri%*eg tuft%rfg ra]‘b ![ lity of
ro LIty tha

failure of S‘ﬁf determ ned by anal XZI ng t
conponent '%1‘“(31;;ln g{/’@‘l‘ye‘?ﬁqﬂfeldlmmﬂomﬁl Hata.ybr t‘ac%gfthed‘éﬁ 1the kistordea! datee system to
fail.sA mg@sthlezSi]l[yedaltﬁbMdtﬁey eﬁ&ﬂlnﬁ&tsl e leRAS LM WY of e RM #lhyee Ea‘ggf'l(ﬂpant

atter technique is the use of trip

conponent

conput er sﬂ?fir ﬁ]ﬁ?ﬁné nglgg%dethe §1ﬁ]ﬁf“tall’ ée any fuagh aﬂ’ﬁe““&%ﬁﬁ‘&’t %ft "|°B‘H§1a%9r“eth?§e-‘rﬁf or med by
each of intledinn wpubmicstisknidnbrally) dusitsptitie) 1t VisksiongudedcydachMge Wi ch resul t
is correghs If one of the conputers repeatedly provides incorrect results,
it is shut down by the other two. Wth such an arrangenment, the failure of
a single conputer does not disable the space shuttle, and even the failure

ft CIodxP |
Fai | ure o oo iset O, Lbions nb WS LANEPR rB 5P B8 bl W o V0

01/ 53998CPEYENUST/ VO o5 the asiphelatsen(l8s). akg Rqueﬂe@fublntstey is tthalast[fac&e shuttle s
COMPU erdiaysihcadr cﬁtﬂalpgmouo " Betefinbie brale Rlue oPf A Hifihof GEMBARAL cOMPOnENt s

is makin ure that single failure el se cause all of the
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comput errﬁaxhﬂSes tlﬁbr«tsﬂid&@l&ﬂﬁﬁ e rédbptfols @l 1)CduBRE £ RliaPAYeEnsdift wiRhemat i cal
uses ga‘&?)gfal | ure of the three conputers are

ternms, if se Qgscm bl u .

i ndepende at of" EACH® 8?‘7‘?8 il of the conmputers has a probability of
failure of n during a period of t|rre T, the probability that all three wll
fail in ource allocation that performs the
sane fun%?tlhgnrl]atgalldﬂ dlslgrg%épﬁﬂy %9? §F TO systens is diversification.

Part of Ip ﬁﬁﬂ@fqrﬁeé)embodefhftn@d@tmkmﬂmf ofza qegsio @varape aCMON @n dheponfois 1sdfmn|dses is

maki ng sihemb Q%raéeh@ter&tr%ﬁsofftﬁé p&ﬂ@ ﬁ\?&? ag:eﬁods WPLGST L9 &Il [farent risks.
To give an agricultural exa source 1S Ia& tHe? e5|red

r et u?on |d§"‘§‘°ﬁ1"rfPfrﬁ]ﬁ?‘§%t9rﬁfeT@fn e the Pﬁfﬂ@fl of fimpest B@l@tahéeedidevmmehpamt s of the
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to com amd thhabrréthtion @oeflyient p for each pair of asset classes. For each pair 4.8 of asset
classes, the standard deviations for the members of the pair and the correlation coefficient are

25 used to compute the covariance for the pair over the time 7, with cov(AB)r = P804 1087
Continuing in more detail, for a general portfolio with a set S of at least two or more classes of

assets, the portfolio standard deviation and the portfolio's rate of return can be written as:

2 2 2
Tpr = Z Zxaxhpﬁao-.«e.r Opr + Zx,; Tar

AeS Be§ Aes
B#A

For = Zx,t".e.r

AeS
30 Where: op.7 8 the standard deviation (or volatility) of the portfolio over T periods of

time;



itself will yield the m ni mum anount of corn. In either a wet or dry year,
there will be the m ninum anmount of corn, and in a normal year there wll
be a surplus. Reliability analysis can be applied to resourcesailgoe4ion in
a manner that is analogous to its 20 application to physical systens. The
bott om | andygpflssbdge upl and are redundant systens in the sRaRolseds it her

i's capabl e by ' tsl%!ig thgfavéfégglrﬂé qu‘et{altﬁ%fme? 1%‘1?3 a\‘rer ntrioI noft 'hee' Wet. a.nd dry
years respectively, and consequently, e rerrapli flsy receiving the

m ni mum anount i s*/& e et of perolisintestadiiniasset claseAms, a gi ven year cannot be
both wet and dry, p.angie eses ' r4.el ati on between the
[isk that the botram | gﬁﬁrlﬁbg(f%h?ﬁ’g’ of fscfulabk GAE S 5100 betye

upl and pl anti ng wiAm's thtpndaddeviationggasse glassiA ewer T heriodscefifiiee, t he | ess
correbation ther er,js thda@bra@ate bRk &K%s&flasiﬂ%véfqrﬂeﬂ&ﬁ obfie aIl&)r a given
return, the nore %el i ablg the return is. A systemthat uses real options
and reliability toSAISECAPET MBSt nent funds: FIG | In the resource

al l ocati on system of the preferred enbodi nent, the resource is investnent
30 funds, the uses for the funds are investnents in various classes of

assets, WehaRhi ﬁllthé/ﬁil&{ﬁhé ARShEfortdid® b (GLP SETnl RS Wi ‘mré%} from
particul ar, all ocations of funds are cal cul ated using real "0p PdHs, and the

cor r el at P8¢éth plardppddevietpn of Pk def. opfle cl asses of assets are used to
detengmine the TChability of the return for a particular allocation of

f unds to,yth%. %§set classe%. FIG | is a5 5 July 2004 WO 01/53998

PCTI USO 15683 PBeREY VM b6t t he processing done by the system of the
preferred embodi negi =, Py 9eessirg(, begdins, af >103. Next, a set of asset

cl asses is selected (165). Then an ex'pecf'ed rate of return and arisk is
speci f i edhefeor.r @at Ife.assarplededdy tieliOR)pectifhoalnaufrae teotquidva expectied rate of

return f&ﬁsn@ia@éaﬂ%cs,es@iﬁgﬁﬁGﬁné’éhéésij%é{?lpe based on historical data. In the
al" da

case of the risk, the historic a 5 may be volatility data. In other

embodi nents, the expected rate of return may be based on other information
and the risk ,rra;é;gg a tfigble uncertainty or conbination thereof,
Shonize rZié"éSZEgé%‘%b

i ncl uding ec 0 7Y% business risks, political risks or
currency .exc ang%?ia%tﬁonﬂri sks. .10 Next, for_ each asset class, correl ations
e

are det erfitred® Re'SE SERs8Ys fife Bedlsiof diecompytatipn qfdrwihksry ot her

one of tpnevidedédet. cl asses (108). The purpose of this step is to quantify the
diversification of the portfolio. Thereupon, the present value of a real
option for the asset class for a predetermned tinme is conputed (109).

Fi nakl y Computdtion ebithi oeal offtiontveluf uhlie persfofiound whi ch  nmaxi nmi zes the present

val ues afe Lh&e 8abiLRPL : - ' t reliahility constraint which
t5is basee_d _oﬁ ki hiélhg’géroklge{flg]{ i(%#@%ie?é?%%ﬁ%né ogtr%ilﬁﬁc.“ y glr%’%l? é@f(’&‘det ails of
the rel iMgBiNFLte Cehmptienataiue nf tha pertfplicedver thetmeprviod 7' trsal optien vatd etbi | ity of a
certai n paN@hRdGearkiRUUE Nsifd e NRaRMEJIQ! ol FrOMO Gormuta, T, is the time to

maturity for an asset class A and x,; is the fraction of the portfolio invested in asset class A

25  during the period of time i, where T, is divided into equal periods 0..T-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:

30 A, the current value of asset class A;
T, time to maturity from time period 0 to maturity;

Ex, value of the next investment;



fromthe average rate of return of the portfolio over a period of tinme T
and the standard 20 deviation a for the portfolio's return over the period
of time T. The standard deviation for the portfolio representshilhe0o4
volatility of the portfolio's assets over the tine T . The standard

devi ation f@peikRegportfolio can be found fromthe standargogsi/adsheon of
each asset overkidi® . of3ded.ne correlation coefficient p for each pair of
asset classes. For each pair 'A B of asset classes, the standard deviations
for the nenbef-d°Bfliyhe pair and the correlation coefficient are 25 used to
conpute the,cevariance for the pair over the tine T, with cov(A B)T =

PA. BQA. r f £ BT Cont i nuing in nore detail, for a general portfolio with a set
S of at IEastofdhbrer) hore cl asses of assets, the portfolio standard
deviation and the portfolio's rate of return can be witten as: CP.T' -1I:
YXax, PABQF. 4, ToB, T +EXA2 Q4. T2 .4eS BeS AeS BxA 30 Wiere: P, T = 2 xArA T
ACS op, F P58 pad &ihenale of adelheerlgmtiosorgsradiag to the)chejee oflresepalass Aoiti 0 over T
peri ods Gitne / tidifpthe Bladk-Sohblys 328 MO 01/ 53998 PCTI USO /00636 rp,t is the
average rate of return of the portfolio over T periods of time; XA is the
fraction of portfolio invested in asset class A, PA B is the correlation of
risk for the paifr of asset ¢lasses A and\B; 6A. T is the standard devi ati on
of asset class lagEe&pﬁp]\o@_Iﬂﬁ-:-m‘ﬁﬁ)imen S TrATis the average rate of
return of set.icl afsrh.ovVe periods off time; and S is the set of asset
cl asses. W -+asSlme in t he J.6t Cow ng that frhﬁ‘portfolio P follows a nornal
distribution with mean of rP’T and with |standard deviation of 6P, T:
N(rP. T, crP.T). {10 The reliability constriaint a will thus be: Pr(x > rnmn)
?apl c((gmmn - lrr.r 10"r.r )) >_ a where rP, T and OP, T are repl aced by
t heir respeqtjiye val ues £qyation above. The constraint can be
estimated us il%ég(}tm%ﬁ&pjjégrgi'i’g.tg??gﬁ(l})il 2

0'\/1'"{f -

—oI —i|x, P14+ Fonin, 7, )Tr‘ exp(—r,(T, ~1))

The above formula is an adaptation of the standard Black-Scholes formula. It differs in two
10 respects: first, it does not assume risk-neutral valuation; second an exponential term has been
added to the first term of V,; and corresponds to the discounted value for a rate of return 1,.

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 assct classes that maximizes the real option value of

15 the portfolio can be found with the optimization program

V i
Max Z .[xd‘ - Vmin.A JxA.f
A

1
% e d g i
AeS

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

20 Overview of implementation of the investment funds allocation system: FIG. 2
Fig. 2 is an overview of an investment funds allocation system 201 that employs the principles
of the invention. As shown at 203 and 207, there are two kinds of inputs to system 201: data
3



lrmn - xAr4.1 )2 - rJ ~j~x4xRo. AB AeS -4ESBCS where Sz is obtained froma
using Sinpson's rule. Details of the conputation of o will be provided
later. 20 Conputation of the real option value of the portfol3wmifheosabove
reliability constraint is applied to allocations of resources to the

portfolio wigah gg‘am m ze the real option vaI ue of the pggtighlossgver the
time per n. val .ue of oftfolio is arrived at using the
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rmn. . 9 gitencPeHdhbtpOisLO0EAM iR mad hRRY itsQfkvnl oorrEIE'L‘i"onVrﬁthﬁ@or\éﬁb hsl@fmr?é% real

optlon cor respondj to.the choice of asset class using the
Bl ack- s&ﬂ‘&F"BE I 3 SHEF goryelatiop mgirix. Fheyconirql yeyiables %Qﬁfachide an indicptiqniof e n. A7) 1
l og (I -tmfurr).ﬁﬁ retdinredhingd and.afP(nBbicktichruf ﬁermlhlﬁum,relﬁbﬂfﬁ@ﬂé vikd. (T cuphiddr The above

for ajis a tatl of t stapdard Bl ack- cho es formula, It differs
in {Two 55(55 rgos1 cté1 at qué? an 4l 0936188§Pﬁ18fmf35§r§%§l ?‘i Otheastrt Flatseyy alfat i on:
second aﬂocekqnnnmmlzalthetreuumahmsvebeyemeadﬂeﬁbr the sfebified infmirhurk MBIy, VA, i and
corresponds to the discounted value for a rate of return ra. Wth these

two changes, the real option value is better suited to the context of asset
al | ocat iSgsiem 201 has two major processing components: reliability model 205, which does the

computation of the option values and the reliability constraint needed for the maximization,
15 and reliability engine 211, which does the maximization using the option values and the
reliability constraint. Reliability model 205 computes the reliability constraint from the
correlation matrix for the asset classes. Reliability engine 213 is controlied by convergence
parameters 213. One of the parameters is an initial solution for the allocation, which need not
be realistic, and another is a convergence precision value, which indicates when successive
20  improvements in the maximizations are so close in value to each other that reliability engine

211 may be stopped.

As shown by update arrow 209, results from one maximization may be used as a starting point
for the next. For example, the results of a maximization may be used as an initial solution for
25 the next maximization. When this is done, the convergence precision value may be decreased
and/or the minimum reliability may be increased and/or the rate of returmn increased. If a
maximization does not produce a solution, the convergence precision value may be increased
and/or the minimum reliability decreased and/or the rate of return decreased. In a preferred
embodiment, feedback mechanism 209 utilizes standard techniques of Automatic Control

30 Theory in order to adjust the convergence precision value and the minimum reliability.



The all ocation of the available funds to the asset classes that nmaxim zes
the real option value of 15 the portfolio can be found with the
optim zation program- Vmin,.9 xAi Mx Z' V A' se.i AS TAmly288i AeS
t he program being subject to reliability constraints such as the one set
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nodel  20&efinioh GiveRBTollog: conput ation of the option values and the
reliability constral nt, needed for the maxi m zation, 15 and reliability
engi né 211, whi ch | Sﬁ)l on using the opti on val ues and the
reliability const C’Pe ; E| i t3.)nodel 205 conputes the reliability
constraint fromt cc%l ti 6 netrix for the asset classes. Reliability
engine 213 is con rolﬁy (cggver)gence paraneters 213. One of the
parangters is an L\ so\futlon f'or the allocation, which need not be
realistic, and aneﬁ;ﬁ; yhS a convergence precision val ue, which indicates
when successi ve

x here represents an asset class. V is a built-in Matlab real option value function. v.dat is
spreadsheet 311, which in the prototype contained data on 23 asset classes. Since fmincon is
25 aminimization function, the function which is minimized is -v. The minimization of -V is of

course equivalent to the maximization of V.

The constraint function 309 in the implementation is a function which computes the reliability
constraint as described above and applies it along with four other constraints:
30 » that there be a positive allocation of each asset class;
» that the allocation of a given assct class not exceed 100% of the amount available;
¢ that the allocations together total 100%; and
 that the average return on the portfolio be greater than a specified minimum, rpin;
A relevant portion of the constraint function code follows:

a5 function {c, ceq] = confuneq x);

10



20 inprovenents in the maxim zations are so close in value to each other

that reliability engine

211 may be stopped. As shown by update arrow 209,
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FIG 3 shows rannesanpl; %etgr:picﬁrxemﬁ’éieofaléﬂé-cpfsssyﬁem 201. Exanple

i mpl ementation 301 is
conput er upon which the .M crosoft Excel
by M crosoft sGeppatdideap -dRadimangd, ;

a prototype inplénentation that was nade using a
spreadsheet program manuf act ured
WA, and the Matlab 5 mat hemati cal

functi on prodramiaanuf/actured by The Mat hWor ks, Inc., Natick, MA can be

execut ed.
ExcelSspr eadshdet s
functions red@rdat® /8 and output data to the Excel spreadsheets.

I n inplsﬁnm$ba%étmpdaﬂ12*é*pﬂ—da%fvnﬁﬁadniTaﬁdje systenni s stored in
and the cal cul ations are nade by Matlab functions.

The
FIG 3

shows the rel ati oWdtisgrosindseneshpuniernt 8*i-Thebepmii)fizzai i on i s done by a
Mat | ab mi ni ni®28ti on function 305 called fnmincon (the Matlab !0 function

progran1|ncIﬁd@Es?ﬂﬂﬁdmﬁf?ﬁ4ﬁQf5ﬁ?tﬁﬂﬁdJnct|ons)
obj ective function and a constraint function,

t ake

The mnim zation function

bot h

ar guoent s
user-deflned%'ﬁre Hé&pﬂﬁf%5é/s§W§¥Flng al l ocation. The objective functi on

307 used in th e |nplenentat|on conputes the rea

the asset clg iLﬂ rel evant portion of the objective function's

defingition i 1 Q.tunctio f = obj fun(x)
fid= ?gpen( vEéa}mln [ txﬁgmic +$%#% nggi 023) for 1==1:23 y(i)=-V(i)

*x(1)

30

40

endc [el,c2,c3,04];
ceg=sum(x)-1;
The above frapment defines the constraint function to be the AND of the constraints named ¢
and ceq. These are defined at the bottom of the code fragment. c is the AND of the four
constraints named c1, ¢2, c3, and c4. c1l is the constraint that there be a positive allocation
of each asset class; c2 is the constraint that no asset class receive more than 100% of the
allocation; c3 is the reliability constraint; c4 is the minimum return constraint, and ceq is the

constraint that all of the asset classes together use 100% of the funds to be allocated.

The fragment reads data from spreadsheet 317 and spreadsheet 319. A is thus the covariance
matrix and ra the average return for each asset class. Continuing with the parameters, rmin
specifies the minimum return; beta is the convergence precision value; n specifies the
precision to be used in the computation; alpha, finally, is the minimum reliability. The
remainder of the code fragment computes the value delta, which is used to compute the
reliability constraint. delta corresponds to § in the approximation of the reliability restraint.

Matlab maximization function 305 thus implements reliability engine 211, while user-defined
11

option val ue for each of



f=sum (y) x here represents an asset class. Vis a built-in Matlab real
option value function. v. dat is spreadsheet 311, which in the prototype
contai ned data on 23 asset classes. Since fmincon is 25 a m n§ Jdlgaooon
function, the function which is mnimzed is -V. The mnimzation of -v is
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and convergence parameters file 323 contams parameters 213, As mdlcated by the arrows

f
f
fi
/

connecting the spreadsheets to Matlab 303, spreadsheet 311 is read by real option objective
function 307, which uses the data to compute the real option value for each sf the asset classes.
The real option values are output to spreadsheet 313. Asset class diversification matrix
15 spreadsheet 315 is read by reliability constraint function 309, which uses the asset class
diversification matrix and the standard deviation to compute a covariance matrix for the asset

classes. The covariance matrix is output to spreadsheet 317.

Maximization function 305 then uses real option value spreadsheet 313, covariance matrix
20 spreadsheet 317, asset class return spreadshect 319, and constraint and convergence parameters
323 as inputs in finding the allocation of the investment funds among the asset classes. The
inputs from covariance matrix spreadsheet 317 and asset class return spreadsheet 319 are used
by maximization function 305 to compute the reliability constraint. The allocation of the
investment funds which obtains the best return subject to the reliability constraint is output to

25 allocation result spreadsheet 321,

Fig. 4 shows a computer system 401 in which example implementation 301 may be set up and
executed. System 401 has two main components, storage 403 and processor 411, Storage 403
may be any storage which is accessible from processor 411, including processor 411°s maiﬁ
30 memory, peripheral storage devices such as disk drives connected to processor 411, and
storage which processor 411 may access via a network. The contents of storage 403 may be
distributed in any fashion across the componehts of storage 403. Logically, the contents of

storage 403 may be divided into programs 405, including Excel spreadsheet program 407 and
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del t a=n*(al pha-0.5)/sinpson; 2*i-1 *beta/n)A2/2); cl=-x; c¢2=x-1; 25
c3=--(rmn-ra' *x',)A2+del ta~2*x*A" *x'; cd4=rmn-ra' *x'; c¢=[d,c2,c3,c4];
ceg=sum(x)-1; 30 The above fragment defines the constraint fuh&ily@004o be
the AND of the constraints named ¢ and ceq. These are defi ned at the
bottom of t fragnent. c is the AND of the four onst r naned
ci, i?ﬁ)@gzggs ggs i(? the constraint that there be a "E?%V lwvo(g§6

al | ocatl o at Programy, 30k and dytp. Jgich qoptafng thendatz: preduced pat ity spreadsiwslet cl ass
recei ve npbgarh Adhand ORUatOfrogrhie 303l | ocation; c3 is the reliability
constraint; c4 is the mnimumreturn constrai nt, and ceq is the 35
constraint that all of the asset classes together use 100% of the funds to
be al | ocakressoTHEl manberent proeeads wliah aad exponts progads ReRLnd 163, angd sp eadsheet
319. Aji s this ni-an tri n t verage return for each
asset cl agsn tJ ?Cr?gslgﬁﬁh ﬁ‘?gﬁqrgamé’ﬁl Iacﬁgltlgﬁ(?%"?rggh? a'écb@‘g*is‘h]gs MBETi ni num
return; b8 aeCF*S’eﬂt W@ﬂt,sdi'wfeprg&rmei’»@r@d 467 emi asgseue, implesipeatioh 305 plotiges4 0

preci si onint@ B8hddS fidghils H?r?g ?mwtﬁtﬁ' 85'/011't abRb31 7. ffl%aéo%%nen‘&slﬁ)élh-&am ni mum

reliability. h remal nder o ragnment co 'ue delta,
which is 'ﬁ"gfe'ﬁ 6“"68#%‘9‘!"@1 intyarious fashighy MTQSW@@fwstkr aﬁtrmnt; extetntalloosyrtesponds t o

6 in the papr Qéﬁhg‘@ﬁrb&:&opiysﬁalheat'éﬁ'dtﬁe?-q;:all'l bE prodcSidt Jﬁ'nﬁ% func VMAJ% MR Jsm zati on

functlon 3&5[‘/%0 | enents reliabi ity engine e userzdefined 11
5 Jul y° 2004 R EEN BaPeR s RSty 200 Ers e 1N} B mpaitor 4 keyberrgois, endd

user - def im@e: €10RAd Klbithe Gthbd GoryRcrdDGay BECEIBRIL o1 braPict bdVor TRAGL,: 205

Oper at i on,, at .th an asset class data

s . follo e begi nni ng of gperation,
spreadsheelt1 V'@%T m‘%m%*oﬁ’f%ff‘h@ IP‘HEma'H% “a%%fut’affswépfageé@f41&%@@&00%%@ i's
requi r ed a\gelcervputrel thdxeoriged3 mpy bedtcated lathBiheRSER Is a6deitie dineQESES | Cati on
matri x spreadsheet 315 contains correlations between the asset classes and
the standard deviation for each asset class, and thus provides the data
t hat 15 rewtssdetyiladomplemepation t he covari ances for t he asset classes; asset

class r etlh”bf@imsﬁrs%@éasdﬂetﬁé mg)glguzgf?d?lt]ﬂh&!?s BQQCOB(?’V 81L& ilﬁ]a ﬁ%no{na(%a(:h of the

asset cl asses. pr ot ot e relra const ¢8 10 only
the risk “&*Pbdﬁla@dity %‘B‘P‘hél 1\ﬁé)lﬂmlqﬂllqnt6§’v ugihg ttlh@mamitytl codeadtiehss owartedinae i nt o

account . s@peﬁﬁﬂxﬁﬁt&ﬁ' Mhe co'ﬂ@d:nﬁﬁ Yy @{r&eﬁgﬁkmnaﬂ&fncﬁg Sn Lbd; &cﬁ StCRIY Ak NS
paraneters 213. i ndi cat ed arrows connectin °spreadsheets to

Mat | ab 3GEXTEEY e%’?ﬂ%‘ﬁ%@? mgihpd P@V tP%%EEFPEﬂf dgseepf mefhed BnusH }oeetmrme parallel

20 with this, the conjugate gradient method is applied; whichever technique converges more
tapidly is retained. For details on the kind of non-linear optimization being employed in the
second implementation, see Dimitri P. Bertsekas, Nonlinear Programming, Second Edition,

Athena Scientific, 1999. Input and output are as before,

25 Other reliability constraints
The embodiment just described employs a reliability constraint that is derived from the past
volatility of each asset class. However, as the fragment of the confuneq constraint function
above shows, reliability constraints based on other risks may be easily added to the Hst. The
only requirement is that the restraint be quantifiable on a per-asset class basis. Political risk
30 provides an example here: at page 100 of the June 22, 1996 Economist may be found national
credit-risk ratings for a number of countries. Of course, the "quantification” may simply be a

matter of an expert giving a value for a particular risk 1o each of the asset classes. Risks may
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function 307, which uses the data to conpute the real option value for each
of the asset classes. The real option values are output to spreadsheet
313. Asset class diversification matrix 15 spreadsheet 315 i s5 hdadody
reliability constraint function 309, which uses the asset class
diversificaghgso®t ri x and the standard deviation to conpgfisgseiari ance
matrix f I nce i X, 1S.out

spr eads hg%? Bé;%%ﬂ]%lvgivlmﬁl&f as'ﬁl%%srel aIlhi C%gs\ﬁa@b = eﬁamﬁq%i’ % allgeating ad%ﬁo&??val ue
spreadshé’étmtél@!ablbbr\ﬁaﬁralnbfeEﬁ&tnﬁkx 20 spreadsheet 317, asset class return
spreadsheet 319, and constraint and convergence paraneters 323 as inputs in
finding the allocation of the investnent funds anong the asset classes. The
i nput s f PEifr aBrlicptions eErehahility,consymabdtisheet 317 and asset class return

spr eads heetiabBibOckienints Bk th@%né‘@j&bt%e%&ﬁ)b@ﬁ)rfﬂ%nﬁ&' FredlPod 9 g%g%? the
reliabil lté constr he al l.ocatjon of i nvest nent s whi ch

obt ai ns REBEEMY gied‘rs‘?‘ii fe Hy etribyigofia st ?félni‘%“lhp%ey’a@@#ﬁsatggfagimd frazm out put to
25 al | ocatriboms bﬁﬁuéﬂuusqowmadﬁh&ﬁ:ﬁec&% vaﬁﬁtﬂn vhich BV Rs&BIPM G syst em 401 in

whi ch ex nt at i ef up and_ execut ed. stem 401
has two arr%nl:l}&n%cdg%%oﬁlg{ ge! d?d‘?“ﬁ 3“’5!'0%“158’8‘31}1"6%%"8? foﬁf‘imb%*’t%?sa‘gf %03 may be

any st or engigesvihe bonstwin oeg bs idoll @ith trorRinarod e ationhitere it ek €HnEE9 aRfipcessor

411" r p stora devi ces such drives

con nzg% EB{ gQ 3%%2%5%%9 aﬁdf : f])%gs e 2y agg . RPRA ISPt eg'stg?' 65’33‘1 THER® access via
a net wor fescriPhé heseint arit mapbe B&ed I’ﬂagpéectla)ﬁongamss% inghits tor 4 borbyehtibm agyy f ashi on
across thengRIpR Q&l@f%ﬁgtﬂf)osé Er‘%l@xg?sol%lqg sysl‘e%qrn G@JLL ¥ehél>3(lpl§ lcgl% pLisn E(:igl'}‘l(? (i storage

403 may be divi ded rea pr ogram
407 and ussfuby wpvyado’ezthw ek @@Pm@&ﬂ@@@a@ladmalaﬁymogmam 303, and

data, WhiehodCBNtaphddsihd Bn @l DL agNC Bl S g5Pr ogr am 407
and I\/tatl,é?3 ﬁgreg,m 333? J'IJDr ocesggor 411 ﬂegol}g%g%§$§r%%g§g%rﬂvﬁ can
o]

execudt e HomPL APR) opdans YHB religbility Sonstaintp feak e be ouspd d@@s@@my 411 is

provi derpb}jcaffﬁlﬁld‘f ®dal 4gtdns. KEGRGAIE Y Bf re@iNhipRUSR tHElCopelRhidOteefldd I €Cei Ves
out put s f ng 555303 and 407 and a user of inplenmentation 301 provides

i nputs t'6 feﬁ%s’ge usi ng keyboard 415 and/or nouse 417. The
conponents of FIG 4 may be further distributed in various fashions across

a networ t.one extre may be part, of a single processor system

at anot hép réptg‘? gﬂsf o \?’}ngtshgg?c lﬂliéérf‘%ﬁ]of%rfﬁtﬂi’eo{?ﬁﬁﬂﬁ%P%Bﬁﬁeﬁﬁeda%re 5 a Wb

br owder fp}lfa?tmgarow des output to and receives input from nonitor 413

keyboard 415 f th

accessi bl e'lt gugﬁgorbr o]\&/%rsi%gp }%O%Q%Prl%ﬁeo@rez}s%m 01104’?5“1{}" doanﬁ%‘rlP?fts[%t{’T%t In such

an i npl enent b@l\dbﬁlun@tfwws Wraledpadderspipacegsor 411 may be located in a Wb

server and,tg@at%g ﬁg ggﬁo&g%fé Qcal ql ahywhere that is accessible to
eta At

t he server | er enen I on
. Evaluauon by an investment banker or venture capitalist or management buyout

25 specialist of the impact of a potential merger;
* acquisition, divestiture, reorganization, buyout, etc; and
* Allocation of research and development capital across a portfolio of opportunities

either internal to a company or by a venture capitalist.

30  Cenclusion
The foregoing Detailed Description has disclosed to those skilled in the relevant areas the best
mode presently known to the inventors of making and using their techniques for resource

allocation. As will be readily apparent to those skilled in the relevant areas, the techniques
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In order to speed up the maxi m zation process, a second inplenentation has
been made in which reliability engine 211 is inplenented using
customwitten code which is executed in a superconputer. ThgJggdeo£npl oys
three wel |l -known nethods in conjunction to find the nmaxi mum The New on
nmet hod and {bq;8iegpest descent nethod are used toget her ; pdiuddptaetd €l 20
with thi ] r t netho chever technique
convergezhs{r:rl%{%g h&?gg%% e[ir(gmr%e(’ti galrﬁr?gasedlg n&yettoéiﬁg?{edweftﬁlgmI{W‘i‘ﬁt"o?sseﬁon | i near
opt'i mi zatrlaesas wditneyabiats|theyrelirbility thetumsvethcregthrd tmalgatem all@btioanbut skewBh mi tri  P.
Bert 5eka%galHQ@tebdﬁ?&ralIEJaQ&trlﬂMe&gamﬁﬁ9 tg’the HohRERE Ixsg:l L |Tic, 1999
| nput and output are as before. er |I|ty Constr 8" The
enbodi mefsqeRlY berpelisd; bed enploys a rellablllty constraint that is derived
from tshe past volatility of each asset class. However, as the fragnent of

t he conf ﬁ Fonstralnt unction _above shows, rellablllty constraints
based on d‘f‘ &lpo s appage 456 skllpdiin (e sedfyant avess thi dhelipvsntiongicloserhiteyein equi r ement

is that ntae beemmmmmatnanamm inf wa@l@hﬁhe@ﬁha@i ﬂﬁ@s‘é BeRCherh 386 ﬂﬂ?-%i;ﬁy Political
risk 30 V|des an exa 0 of the June 22, 19

Economi s rem 'Blglefngﬁ?ﬁtﬁmggtjts?' WA tﬁat(’??’@ﬁ?t%’% ‘?‘?R‘“}I‘ét‘ﬁeﬁ@?‘bfeorﬁé& R ﬁﬂ@f of
countri ethe f@gcummremns tieeDéroplealnDdstritiak iO®' bdTRYar8ddNR| Beingeinall HRpkder of an

experf, 9 OF a icu risk to e e assef cl asses.
R ok ey R Y St vk BB ot e st o e oS GoMbi ned

Wi thi n adgémglee neteftanabhi DietayjedcBastpai iy rdter fremanplidms byingtgraepvitng a
portion gf nitdi@ahQalivdidl iRRhlhdidsconstraint to each risk. O her
applications of rel |a% Tty constraints 5 Reliability. constraints |like the
ones just described for the rate of return on a portfolio of investnments
may be upag: i ekingiays:attri bute of a set of entities whose value is
aggre?ated from attributes of the entities which are subject to a

vari dfi on which can be described in terns of a standard deviation for the
i ndividual entity and correlation matrices for conbinations of the
entities. The constraint may be used with any kind of conputation where it
makes sense, and it 10 may be used to sel ect anong possi ble outputs of a
conputation, as in the enbodi nents described herein, or it nay be used to
sel ect anobng possible inputs to a conputation. An exanple of a
gener al - pur pose probl emsolving systemin which reliability constraints
could be wusefully enployed is the one disclosed in U S. Patent 5,428,712,
Elad, et al., Systemand nethod for representing and solving nuneric and
synbolic problens, issued 27 June 1995. 15 The conbi nati on of real options
with reliability constraints can be used with many applications of real
options. For applications of real options, see the Copel and and Keenan

ref erence nenti oned above.



Anong the areas in which the techniques disclosed in the foregoing may be
used are the 20 followng: Allocation of funds by a noney manager for a
portfolio of individual securities [stocks, bonds, nutual funggdy2004m ted
partnerships, etc.]; Strategic planning for a portfolio of business
entities; _Evaluation by an investnent banker or venture capitalist or
managenent WRYPGE® 25 specialist of the inpact of a pot eREFASIA3Ger ;

acqui sition, divestiture, reorganization, buyout, etc; and Allocation of
research and devel opnent capital across a portfolio of opportunities
either inpternal to a conpany or by a venture capitalist. 30 Conclusion The
f or egdi nS ‘E&F@Pﬁ’ 8@655’5‘81“8 RISy H’é% regridde dEwtfager whichdedepkidentad aiset t he

r el evant ofar leas tidsecdae SictorsTRER o OO 161 R dtv@rsélbﬁ‘mb_iie@b/ﬁ@tﬁﬁfds of making
and usgi ng tBrhﬁite[angeCnQiﬁﬂues f(}f resource  allocation. As will be readily
apparent 10"t hosa ERF PREFCrIY s Penesptin stpragaccespble fogampregsoeand 14 5 Jul y
2004 WO ©4M8BeDSMPGThEIBOIEBPEBGmedlinsled ppsesol@r ei n are very broad and can be

used pot onl y.t |;nvest.nent. funds to asset . classes and to

eval uate the Srle%)tlhg%%tf?’t% %ltgr('#percg ﬂ?thonWb%t‘ﬁeepéﬁcg?chgftBrs Fgrepad e BEdt i on, but
al so i tfcto% egard to resource allocation in general and in any situation
wher e; t he notdiimOforkeBlibRR dekeh¥; I ied It will also
be appar ent t(;ﬁ)é'?hhosoe skilled e?'%m&%g Sgaglﬁig@g%’?a%gér[%%ge t?ﬁ‘g%ac?ﬁfgr ﬁﬁﬁéfé'nti ons

di scl bse®dherein may be described mathematically in ways other than those

f ounds her ei nugdhé fat fadt®Ma e idfderaeRtiddml 8B gia‘?%lﬁb‘i’lh wStens that
enpl o(% therﬁl nvgntl ons are possible. Thus, for a of tHe Tor goi ng
r easohs, & Yl ed Descri ption is to be regarded as being in all

respects 10 exenplary and not restrictive, and the breadth of the

i nventi discl os erei.n are to be determned not fromthe Detailed
Descr | p%r'] 3%*? mﬁ{g}?é)?egg’ﬁgfﬂ P8 rh e Peierot 48ng the earslaliens qomprises the he f ul |
breadt h spesefitted by the patent laws. What is clainmed is: 15 15 5 July 2004

WO 013/ 53998 &%H%%]a/ s%%?a‘?’a(s deviation for each of the second factors with regard to the third

4 factor;

5 using the correlations and the standard deviations for the second factors in determining
6  covariances between the second factors with regard to the third factor; and

7 using the covariances in determining the standard deviation of the third factor for the

8 set.

I 3. The method set forth in ¢laim 1 wherein:

2 there is a plurality of the third factors.

1 4. The method set forth in any one of claims 1 through 3 wherein:

2 the set of at least two second factors is a set of uses of a resource, each use in the set
3 having a retumn;

4 the first factor is a valuation for the entire set of uses; and

3 the third factor is a risk which is diverse with regard to the retumns from the uses .

—

5. The method set forth in claim 4 wherein:
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1. Anethod of determning reliability with regard to a first factor which
is dependent on a set 2 of at |east two second factors, each of the second
factors being diversely subject to a third 3 factor, data corgfluRo@ t he

second factors being stored in storage accessible to a processor and 4 the

et hod commy g fgkst he steps performed in the processor ofy. /é]%&i/dﬂ%st he data
to del‘zern‘i netgaqfsgsq{‘ %isaqrsecpegewefen §ec&)nd factorl?s1 ith regard to the third
6 factor: 7 Using The eorrarat i ens ik Farearre E)agnaforé’fv&ﬁﬂlﬁ?tdlnﬁévi ation of
the tBi relassesof assetf.or the set; 8 and 9 using the first factor and the
standard deviation in determning a reliability with regard 10 to the
first factor. I 2. The nethod set forth in claiml| wherein the step of

usi ng' t he Brsmpediod s¢tderd: ie amvpong sfolrimpbthir@glsd eybsreinf 3 det ermi ning a standard

devi agi on fOﬁhe‘?ﬁ&@ss&fpeﬁﬂﬂqs%Sgﬂgofft&%éﬁf]oﬁ aﬁ%&%&%}%@qzakg 6 fgr%}i rd 4

factor; F using the correlations and the eviations for the second
factors PA°®&%rnmining 6 covariances between the second factors with

regard to thenetrbliabilindiatde®@hs a ARGraiht Mk WtibBidnOvari ances in determning the
standard devi ation of the third factor for the 8 set. 1 3. The nmet hod set

forth in claiml wherein: 2 there is a plurality of the third factors. 1
4. The nktTocheged sdt orthlin tlmmagwhepste of clainms | through 3 wherein: 2 the set
of at. | east S nd factors.is a set .of uses of a resource, each use in
Che st 3 et SIS nB feeSipqds Fiedbior ase {508 orchnos, st R Gt or t he
entire davinpfirapgms; and 5 the third factor is a risk which is diverse with

regargd to thg.r fr . . The, nethod set forth in claim4
vvhere‘?n: 16 %eﬁ*gﬁc{%gfV%%??Oé%%ggmﬁéfﬁgﬁslf%G% 2 the uses in the set
are ciasses OF thsideqtey ipawrpkmhich isaistee owith iregartl undie refugs fiomtbstseent in the 3

cl asses of assets. 1 6. The nmethod set forth in any one of clainms | through
3 wherein: 2 the processor perforns the steps of the nethod as part of an

opti ni zdt iGR™SHod #é fopth inqlaimd wheeeiror ; and 4 the reliability is used as a
consty ai nt i the it aRRI2kdAE ZALIRAnd the resource is funds to be invested in the classes.

1 9. The method set forth in claim 8 wherein:
2 the optimization optimizes the valuation by varying the percentages of the resource

3 used for the assets in the classes.

1 10. The method set forth in claim 8 wherein;

2 the valuation is computed using real option techniques.

I 11. A method of optimizing a first factor which is dependent on a set of at least two second

2 factors, each of the second factors being diversely subject to a third factor, data conceming the
3 sccond factors being stored in storage accessible to a processor and

4 the method comprising the steps performed in the processor of:

5 finding a particular configuration of the set of second factors that optimizes the first

6 factor; and

7 employing a constraint during the step of finding the particular configuration that

8  specifies a reliability of the first factor with regard to the third factor which must be satisfied

9 by the particular configuration.



1 7. The nmethod set forth in claim6 wherein: 2 the set of at |east two
second factors is a set of uses for a resource, each use in the set 3
having a return; 4 the first factor is a valuation for the enifulg26@t of
uses; and 5 the third factor is a risk which is diverse with regard to the
returns fromthe uses. 1 8. The nethod set forth in claim7 wherein: 2 the
uses are cl ¥9ME98F assets and the resource is funds to bDRCTUSRPYEE6ES] | n t he
cl asses. 12.glhe mgthodreet Fooll iseaimfid wthireinn ¢l ai m 8 wherein: 2 the optim zation

optim zes the gal MaAbLRARNRY eY AN he percentages of the resource 3 used
for the assets In the cPasses. fgb%dst' The nethod set forth in claim38

wherein: 2 the valuation is conputed using real option techniques. 1 11. A

met hod1ofmm;em'embmtamf;zmgimfz@@ar@,eraefmpﬁangfﬁeQé}ngd_ent on a set of at |east
two second 2 factt%‘g%{éaéch of the second factors being diversely subject

to-a third fadt'tt TR P RgtanR Betwepndhesetand fagiotsorith régeidrigthst or ed i n
storage adskessdi ble to a processor and 4 the nethod conprising the steps
perforgred in 'glhe roce{saﬁor OCL , 5,f'iandi ng a particular configuration of the
set of ' second "THPOFECRRAYE aphhf pArticuar papbigyrptionto determige trgfjabiligted the enpl oyi ng a
const r ai nfirstdentarig thehpertstieproafigutdtionli ng t he particul ar configuration that 8
specifies areliability of the first factor with regard to the third factor
whi ch nust be satisfied 9 by the particular configuration. 10 17 5 July
2004 WO Ot §Bewghad sepfortiTinglaire fl hotersie thefsep bfusing tielcahdntibis figgrei n: 2 there
is a pjur@hblis%s @F skfget hird factors. PCTIUS01/00636 1 13. The method set
forth in claim 11l further conprising the steps of: 2 using the- data to

det er mi ne cor Fledb wislatinas inedsisrniniag ¢ ewhad devieticmros thaittidd ficegdsrchet 0 t he 3

risk; @ndafickisd BEFdulGoLQhd €l ations and the particul ar configuration to
determine reliability of the 5 first factor for the particular

confi gur at i onYsing thefirstfpgior frithearisuler dopfigurptiomand) tee standd dviation heefoe st ep of
usi ng d hén ead¢rmelimlthexBSabiliey $RY firstdaRNPri ses the steps of

15. The method set forth in claim 14 wherein the step of using the correlations in determining
a standard deviation of the third factor for the particular configuration further comprises the
steps of:
10 determining a standard deviation for each of the second factors with regard to the third

factor; and

using the correlations and the standard deviations for the second factors in determining
covariances between the second factors with regard to the third factor; and

using the covariances and the particular configuration in determining the standard

15 deviation of the particular configuration.

i 16. The method set forth in any one of the claims 11 through 15 wherein:

2 the set of at least two second factors is a set of uses of a resource, each use in the set

3 having a return;
4 the first factor is a valuation for the entire set of uses; and

5 the third factor is a risk which is diverse with regard to the returns from the uses.

] 17. The method set forth in claim 16 wherein:



3 using the correlations in determning a standard deviation of the third
factor for the 4 particular configuration; and 5 using the first factor
for the particular configuration and the standard devi ation thadeR0®4 6 in
determining the reliability of the first factor. 15. The nethod set forth
in claim1l4 wherejn the step of using the correlations i ing a
standard dewng{’fsg f the third factor for the particul a;}cg@}r?ﬁ}dgxhirgatl on
further conpfieessmfeset ¥p elpsesdf 2554 determining a standard deviation for
each of the second factors with regard to the third factor; and using the
corref aty viations for the second factors in
deteer ni ngﬁelg%nt\g%dtrsietaﬁ%é ‘g aéé’ﬁ “fHe second factors with regard to the
t hi rd f act or yalatidnsifer thegset df@ses axcdotind ndgsresl Rptidnh&hpiqidsi cul ar configuration in
determ ning the standard 15 deviation of the particular configuration. 1
16. The nmethod set forth in any one of the clains 11 through 15 wherein: 2
t he skt 18f Agnethod g8 ellocaiing swestment fundstanross & set of & Bhst 0fo asseslanésta resour ce, each
use in toBﬁmﬁ@(Jalua%om@f\‘ch@zgse@clgs%s%r&’a tpé ridd ? Jn'e (&t cfn%%% tﬁesas\?\}' ﬁas:g'elélatl gn fe?re

[ is divers

the entire set of uses; actor I's a

with ed’ﬁ‘l"&s‘f”iﬁd Er’rf@r?géta%ﬁeﬁ?*efﬁ? éﬁ’ioﬁfh‘@f e@ébe mathodromphigngthe #epd set forth in
claim 1@,emE@1nnheljr§ce§5ogdfl y 2004 WD 01/53998 2 the uses in the set are
cl asses of assc? 18. The nmethod set forth in claim 16 wherein: 2
val uations fBRPIPHE adigpar gptimyeatien B AR PREUAS: g afiein a8t i on t echni ques.

PCT/ USOllOOGiﬂ@heﬂm&ﬁoptﬁmﬂﬁbﬂﬁﬂg@ﬁx @lnhacat § blj‘iﬂn RAYRS OB midRegaRAONg a set of
timze valuation of the asset cl asses

at lelasfor ?cﬁs erﬁ-l I d & Gular al of.th to

over ‘a perlo ¥ R 88?%? (?BWB% At Fgtquins allpcation of the Swdsto the 35%t ng st ored i n
stor agechecessi ble to a processor and the nmethod conprising the steps 4
performed in the processor of: 5 enploying a |linear optimzation programto
optim ze the valuation and 6 in the linear optimzation program using a
real lop@f-ofhefmptiodisgortion deirerdwieeinval uati on 7 for each asset class over

the peri od Ohe dddWnleiiinAnPRld bl LOEAL AL Olo kG LYNES e Opt Ne asset 8
class 1 20. The net set Inc erein
period of time and the methocl further comprlses the step of:

4 employing a constraint in the linear optimization program that specifies a reliability of

5  a retum for the portfolio for a particular allocation of funds to the asset classes in the set.

1 21. The method set forth in claim 20 wherein:
2 there is a plurality of risks.

1 22. The method set forth in claim 20 further comprising the steps of:

2 using the data to determine correlations between the asset classes with regard to the

3 risks of the asset classes; and

4 using the correlations and the particular allocation of funds to determine the reliability

5 of the return for the portfolio.

1 23. The method set forth in claim 22 wherein the step of using the correlations further
2 comprises the steps of:
3 using the correlations in determining a standard deviation of the risk for the particular

4  configuration; and



2 the data concerning the asset classes further indicates for each asset
class a risk over the 3 period of tine and the nethod further conprises
the step of 4 enploying a constraint in the |linear optinizatibmlp20gF am
that specifies a reliability of 5 a return for the portfolio for a
particular allocation of funds to the asset classes in the set. 1 21. The
nmet hod set VO™ claim 20 wherein: 2 there is a pl ura‘l"qu"\}s"b’?"@q sks. 1
22. THe net hdting&e stemder thepagiculprallogntipripf il amighqstindard gevidtion 8tefis of 2
usi ng 6t hén dtedmining tHASEIRPINIYYE He Fidt &lngh | ONS bet ween the asset classes with
regard to the 3 risks of the asset classes; and 4 using the correl ations
and the particular allocation of funds to determne the reliability 5 of

the retugf Thometiod sqdsrhfinbiien 23wz ti[&lﬁemhm@thé@énefa%ﬁshn hdferfilndoM 22
wher ei,n {he e corregﬁlons further onpri ses % he st eps

0of u ;0

of . 3°usfn “d?‘{? (yidions hﬁg‘sn? 1R PRIl Allaspting °£f“§€3afﬁaf§repmwsa!ﬁsmns of the

ri sk Bor ok he particular 4 configurati on and 19 5 July 2004 WO 01/53998
PCTI UgQ / 006386 for artl cular allocation of funds
and the standatfﬁlﬁ?ilH %gfg‘}d%@%f %rog é}ea%' 9 ed%” tctlaﬁ‘?eﬁi‘”ﬁ reeHe 9Bt iskbi 1ity of the
firstretifrn. 1 24. The method set forth in claim23 wherein the step of

usi nggt he corkgt At LQRRbM e ard deviation of the risk
for the Fartluc;u% ar al | ocation ot?}‘d?}dq%?a% ghr%ggsgtharsfegg's [‘Q‘H’ém?geps 3 of. 4
deter i n @‘”émétb?ﬂ‘(ﬁ%{‘r‘ﬁeﬁ@\‘iF‘&%S?Sd’I’ithffegﬂcbtaéh?r@k, aphe asset classes with regard
to the risk; usibg ﬂi@dov@néﬁﬁésﬁﬁd mbﬁarsaﬂirgilégﬁ&%%ﬁéﬁﬁnhﬁﬁgﬁﬂ x\%ﬂ%ﬁq%v' ations

for the asset classes in determning 7 covarlances e asset
cl assgs anv'taﬁor'rogélgrpamf"(‘}artaﬂécapi’%?@f“"%ilﬁd 8 using the covariances and the
particul ar allocation of funds in determning the standard 9 deviation of
the particular allocation of funds. 20
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