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(57) Abstract: Resource allocation
techpiques for  determining an
allocation of investment funds among
a set of at least iwo asset classes for
a period of time which maximizes
returk on the investment funds over
the period of time. In one aspect of the

Rellabiliny b1 odj_ 2 technic_;ues, the retum on the investment
noesE Retiability Enpine: funds is determined using real options.
mjLOLn:m. Lm’\ Steepest Desceat, p—~ In another aspect of the techniques,
A gﬁgi;‘:‘;‘i":"‘ e reliability of return is used to quantify
Congireints rmethods the effects of the diversification

resulting from the use of different
classes of assets (203). The reliability
of return is then used as a constraint
on the maximization of the return, The
reliability of return is determined (205)
by establishing comelations between

)

the asset classes with regard to risk,
using the correlations with the standard

O deviations for the asset classes to determine covariances berween the asset classes, and vsing the covariances to determine the
standard deviation for the risk for the entire set. The standard deviation is then used together with the retumn to determine the

W

reliability of the return (211).
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Background of the invention

1. Field of the invention
10 The invention concerns techniques for allocating a resource among a number of potential uses
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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or her orrefrain 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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two hours of gardening tinme this weekend; at the other end is the noney
manager who is figuring out howto allocate the noney that has been
entrusted to himor her anong a nunber of classes of assets. An inportant
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val ue of %tresource 20 allocation_ is not sinp é what the al I ocation itself
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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.



exanpl e, when a conpany purchases a patent license in order to enter a new
| ine 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 conpany of the
option of being able to enter the neM/Ilne of business. Even if_the 25
conpany never enters the new line of business, the option is valiiPt
because the option gives the conpany choices it otherw se woul d not have
had. For di scussions of real options and their us ith J.
Leslie agﬁﬂk&&ﬁ%; M chael s, "The real power of real optlong ““?ﬁ%m§$k

McKi nsey Quarterly, 1997, 4-22, and Thomas E. Copland and Philip
T.  Keendfe roligfliy ﬁﬁh%’am%p‘ﬁ ﬁ?f% toy %fa‘flde a Popstray Kb irsgr enmepdiasdr pptinigien  No.
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probl em 8l B il 9, & LERQUIES, Uil SRR o QL LEERE R 583

difficulties re eretof ore peen used
only to é!ﬁ&’ﬁ%?%‘éaslseﬁd’i’l‘l}lf@ﬂﬂ'éll to thesrplsy @@Cwﬂ'ﬁ ddthttheoasapts. dijeks ayslveibin thremshabilited i n
port f ol i gesiaith neiinyudd AR brid ¥k 3R Ho et 00 iR fREliRBle iiecond, there
has been no good way of quantifying the effects of diversification on the
overall risk. It is an object of the invention to overcone each of these
pr obl ens Othetiotjdeis pedoadvantseqs ol belepireny teoesel skild iretho entsge which e atversion peteini ques.
Summaby @pontpBi8sal TR MLbRe DRASEHABINGE iWkp vBBSnaspect of the present
invention, there is provided a nethod of determning reliability with
regard to a first factor which dependent on a set of at |east two second
factors, each of the 10 second factors being diversely subject to a third
factor, data concerning the second factors being stored in the storage
accessible to a processor and the nethod conprising the steps perfornmed in
the processor of, wusing the data to determ ne correl ati ons between second
factors with regard to the third factor, using the correlations in

determ ning a standard deviation of the third factor for the set, and using
the first factor and the standard deviation in determning a reliability
with regard to the first factor. 15 In accordance w th another aspect of
the present invention, there is provided a nethod of optimzing a first
factor which is dependent on a set of at |east tw second factors, each of
the second factors being diversely subject to a third factor, data
concerning the second factors being stored in storage accessible to a
processor and the nethod conprising the steps perforned in the processor
of, fnding a particular configuration of the 20 set of second factors that
optim zes the first factor, and enploying 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 nust be satisfied by
the particular configuration.
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The resource allocation techni ques disclosed herein solve the first of the
foregoing problens by providing a 25 technique that uses a real option
function in a linear or non-linear optimzation programto desaipbogs an
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f unds wWhighagithedk &sn i RE&urd-SEL @icgﬁg&engf the invention; 5 FIG 3 is a block
] ] ;

di agram of an inplenentation o systemof FIG 3; and FIG 4 is a bl ock
di agrdm of a conputer system which may be used in the inplenentation of

FIG 3. Ralighersiabinthebiubito tQ&6udt AYchghohave three or nore digits: the two
right- haﬁgiagliglig gn %p%rtant concern for the designers of mechanical, electrical, and electronic
systems.  Informally, a system is reliable if it is very likely that it will work correctly.
Engineers have measured reliability in terms of the probability of 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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of two Cmuirﬂl’(ﬂ;et ParRQF tHedkrdl are upldh@ tht EE-HUBJ@(HQ@H:%uQﬁ 1rﬂﬁ’§‘5vea§§ Rl J;@neous
ree co of course hi 2004 WO

fail gé Bf al | %
01/ 53998 E‘t"’ﬁ“Uéé reieExye P{r‘iﬂ“bi?a pigem lapganddhs ﬂ@ﬁ? 9 sp H@t Ypacy shuttle's
conput er itslf sk ieldsthdringirhym a@bindlof eorn. PRY ditherfa witl@\MhdjeRg tHeROKNdRMREe COMponent s

i's ITB.kI Mngarﬁ(n]%{ofa?m na.kﬁeago?ﬂﬂélu%aiﬁglesﬁﬁ@eaf gsII not cause all of the

redundant conponents to sinmu each of the three
conmputers has an independent source of electrical power. In mathenatical

terms, | lﬁelitaﬁﬁtlyrﬁﬁac{?s'lsbéaﬁ b Q’bﬁl@é tooljeso§rc£ ?f]c% %ﬁo% i1k f n]ia[n.g rrtstlt1 I{: xeseana oég?l? %Qgr S are

i ndependent of each ot her "and each as a i lity of
fail 6? e WPlitieNipiPhvsical speemsodl h@ﬁo'iqmwbndl'andtﬂmmn@bamdhndayt Swtans ialthe t hree wil |

fail in skndeShat dtheris capable by itself of yielding the minimum amount in the wet and dry years
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



The aspect of resource allocation that perfornms the sanme function as
redundancy in physical TO systens is diversification. Part of intelligent
al l ocation of a resource anobng a nunber of uses is making surgpihabos he
returns for the uses are subject to different risks. To give an

agricul turalyogysosy e, if the resource is land, the desi r%ﬁ@by@mﬁj s a

m ni mum st 1ef R e l.and are
bot t om | and : hé.t clifgﬂi ﬂl}ocegsﬂ{g dloh @lsrj] teifnea?qie \Bze%}?ed em[aod,s mea{lrt] dﬁ’r(gfeﬁgpg par ts of

t he | and?8i8 auiHBadlexk hé‘t‘ Oféss%ttﬁlfﬁsé&ls Siﬂect@ﬂr G%hﬂhcnﬁnohxyecgeéam of tetwen Wi se 15
farmer widdla itk h&g@ttﬁd%@h&%&i camm 7). g Pithe RARLQER thAY gmc%’éaqaté F‘FreMBJ @hd to com

so t hat elther %%/ itse the mni mum a corn. In either
a wet or?dpsapd “SktrH@’r‘E Weldlonlﬁﬁmfll;?é datp b the sessaefdkatiskahe bigprral dated in a

nor mak yﬁﬁgr bet Wtﬂitw\daltd Inetir Snbddinkhts, RelckgHRiel kdty oPRAMY RS bERRLE PPl ied to
resour ceoﬂgler ; that is.apalogous to its 20 application to

.on |
physi cal syslffg i %E)flfwgfﬂall’ éﬁanya?l‘ﬁ“‘t‘fFi’QleL}BF?iﬁH*Wa?fecoF‘éﬂlﬁ?ﬂﬂath?re@yst ens in
t he sensiecltding ectrber risks geapby basigs tisks epdlitil sk ditgcyt HRnAAkNiaIM anount
in the wgj,and dry years respectively, and consequently, the reliability
of receiving the mninumanount is very high. |In mathematical terns, a
gi ven year cannot be both wet and dry, and consequently there is a |ow

corr g at t aptin fail and
the ri skm?ﬂaf?%{aﬁgg%éhﬁg %oh%l‘én%ng%{eldﬁﬁﬁmgﬁ ﬁe& YQB,!, lph)r eﬁsegtsc\é\gesnarfdr omthe
exanpl e, ot AN &hE @y of §1eaa8$ebﬁ1aqspﬁe¢183)| sThe|patppecesf thlhetep |1$tosq1@1ﬁufy ke vari ous
uses f ordirsgficdsh dreeomfolid. hﬁqefm%d%. ﬂh@bﬂe&ﬁ] Bl 3F; fefil offich tor ﬂoﬁh egxﬁgsem ¢ hat
uses regfl &t%onsg rellablllb(?étoa ocat e I nvest nent FI G In
the resdftide fphis gqranudsh (H19)-t Feallyy asfaipqatiop @Mmﬂ&ﬁpundtwhr esour ce is
I nvest Memiximiddd e eksnt vhiag dmeseaﬁ 6ptioh1@ 1 HUMERCAS L rolili@S bomRRLiS wHiknvar i ous

cl asses . base‘? o%%e o ottengl al . ﬁ%l ons of "~ the asset classes resulting
from par?l &t By Eé‘inls 's are cal cul ated using real options,

and the correl ations between the risks of the classes of assets are used to
det er m ng I return for a particular allocation of
funds to thgﬁﬂg’sﬂl@ﬂg@é& E‘:‘%“f“p“ Hah 5 5 July 2004 WO 01/ 53998

PCTI USQIlp 8 0&88red finbagishent, tthelgtiabdity @ffveccpmotaees@e mcgurd@mmebayrtfohelssfynﬁﬂem of the
pref err egne R QdidRN FHOGESH 0P po X Qfqasset
classes is sel ecrfg%d (105 r). Then n exp ec 611[9(? '\$ tTatngtn‘3 St %Irda risk is
spect’ | dgvistion odarthe partlio ScfPta@sO"GfltWI)’enoff hétllsfoiﬁr&ae stapgard ﬁre'lwmp@cﬂed rate of
return fpeffoRo @pastihe vbhgtid) o ke R¥irdie’ sbgs%%dovgﬁthb' ﬁ%eof' Ctle %&d@m In the

case of the risk, the historjcal data may be volatility data. In other
enbodi nélﬁ‘f’g'ontf‘ﬁéheeﬁf’ﬂg‘&‘f’éﬁf‘ besfondgffony @Ftﬁﬁaﬁfiafﬂeﬁ%}"ﬁﬁ‘ﬁbﬁﬁ‘ﬁ! ag¥§t ovst twe 7i nf or mati on
and theand sk conytathn oaﬂqutuq;nfot Emtﬂaﬁ I RGBT d1BEdR! YoPEach PIR ILA¥RLF Aett her eof

i ncludin c e usj ness ri sks olitical risks or
curr encygsés)%sc %a r?glggarréflewa%f)rggfn%t%e mel}'/\bers otStLG pa?r and the correla%on 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;



10 Next, for each asset class, correlations are determ ned between the risk
for the asset class and for every other one of the asset classes (108).
The purpose of this step is to quantify the diversification ®fuliReo4
portfolio. Thereupon, the present value of a real option for the asset
class for yopr@eatermned tine is conputed (109). Final lpyramgyskisocation

of the funds is fouad.uwh Lin resent val yes of the real
options (111), subject t5%rﬁtg@gﬁﬁﬁ??‘g%gﬁfﬂl&?Vglisaﬂf’er\?ﬁiéc%ﬁlmet5 i s based on
the correl ations teb&iefiapiias ofportfolp invehmmese! dab Adet ai |'s of the reliability
conputation In a graf ﬁEE&f&la%ﬁ??éﬂlsﬁ?dﬁhep%iﬁ@fis?e't&l?s@éslAir%ﬁBQf a certain average

return on the portfalio is found fromthe average rate’of return of the

portfolio over a PertBasyidaddepationghepset glesssk eysrhpetiodef tawevi at i on a for the

portfelio's returm;p\esavidi@ debf EnDf alskBasd A oI palicR .. dgyi ation for
the portfolio rep%lg?]%nts t he ?/ol atility of the portfolio' s assets over the

time T . The stan e PETEElas¥HSf or the portfolio can be found fromthe
standard devi ati on of each asset over time T and the correlation
coefficient p for each pair of asset classes. For each pair A B of asset
cl asses, wtheust & hat.d h 3 fhe.pair d the
correl at‘iwgn%goef P %og%vgﬁ%{rhgg%%gg@ Pt%l%ggﬁgﬁq ?‘ tgg%’gegﬁtgénﬁ%negfprﬁr the pair
over t he?™l "l stgndagg depiaonnf dr.8Nfrem oRA. BQA. rff BT  Continuing in nore detail,
for apgeneral portfolio with a set S of at |east two or nore cl asses of
asset s, he1 .E.tfolio. stapdard deviation and the portfolio's rate of return
can be weEHaR iy gonsgpnbe wiljthuspeay  PABC. 4, ToB, T +EXA2 O4. T2 . 4eS BeS AeS
BxA 30 Where: P, Tergx 25, X0 6.5 1-AG, 0P B /S Y Bg standard deviation (or
volatility) of the portfolio over T periods of tine; 6 5 July 2004 WO

01/ 53998*RETIIUSEI o) ERGeplaged by itleirt tegpective valyes frarh eheOfquiitiinLibbveOf THehe

por t f ol | QnOMBI cal bPEi@HE uQhp dl 5;%;__6331(@ is the fraction of portfolio invested
in asset class A, PABis t%e correlation of risk for the pair of asset
classts A and B; 6A T is the standard deviation of asset class A over T

peri ods of t,ms}_T; LA Z;Za verage rate of return of asset class A over
T peri ods of'(f"i’ ,gx"gfﬁd) Sgﬁ_' = ﬂg"ogét of asset classes.

where & is obtained from a using Simpson's rule. Details of the computation of & will be

provided later.

20 Computation of the real option value of the portfolio
The above reliability constraint is applied to allocations of resources 1o the porifolio which
maximize the real option value of the portfolio over the time period 7. The real option value of
portfolio is amived at using the Black-Scholes formula. In the formula, T4 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;



We assune in the followng that the portfolio P follows a nornal
distribution wth mean of rP.T and with standard devi ation of 6P, T:
N(rP.T, crP.T). 10 The reliability constraint a will thus be:5Ril{2004rm n)
?apl c((rmn-=-rr.r) 10"r.r )) > a where rP, T and OP, T are replaced by
thei r respeghigySaoygl ues fromthe equati on above. The consdm@ofbossan be
estimated usipg;&hg.exPireiglen 15 ( ~ 2 Irmn - xAr4.1 )2 - rJ ~j~x4xRo. AB
AeS - 4ESBCS where Sz 1s obtal’'ned froma using Sinpson's rule. Details of
the conputati®ioBtlithy will be provided later. 20 Conputation of the real
option vajlggdopf the portfolio The above reliability constraint is applied
to allocations of resources to the portfolio which maxim ze the real
option vaff"u"'exdeﬁ(lfﬁﬁ-ﬂbbrtfol io over the tine period T. The real option val ue
of portfolio is arrived at using the Bl ack-Scholes formula. In the
formula, TAis the tipne to maturity for an asset class A and XAl is the
fracti onF8%2 pegad hdher ol Ve pibesalawtiomeomssponding tadhe choicod aget tlasg Atdte per i od
of time itimewistigthd PlatisSdllbvd Meshid 9t 0 equal periods O .TA-1. To price a real
option for an asset class A over a tinme T according to the Bl ack-Schol es
formul a, one needs the follow ng values: 30 A the current val ue of asset
class A, T, ti t matlurit fromtime period O to maturity; Ex, value of
the next invest f;—?—S—TJny(CréD@%Wpl)/ 53998 rF , risk-free rate of
interest; A, _vola {(1Hirgay) A=x Al Ex = xAQP(1 + rmin..9 )T PCT/USQO /00636
For a period'i, |the val ue g/\[-)r. L;of the re FA-fSﬁti on corresponding to the
choi ce of asset|class Aat '5 time i using the Black-Scholes formula is:

log) ————— [+ (¥, +0.5¢%)(T, —1)
U + rmin -1) - )
o :

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



log 1 T J+(ri+0.5cr)(T4_i .21 ) (I +mn.A) 1 log (l +r )T mMn9 x ~
P(L + Yninr")T , Aexp(-rf (TA- i)) The above formula is an adaptation
of the standard Bl ack-Scholes formula. It differs in tw 10 5agpecss:
first, it does not assune risk-neutral valuation; second an exponenti al
term has b dded to the first termof VA and cor r espeRso1fofsst he

di scount return ra. e two changes, the real
opti on v%ﬁluewlt gh t=ba‘e’f‘;tt cgsseﬁlgcf gg op ghey ifyessht @Q‘yv"’d? ‘°a€°s%ﬂ°°%¥?4 A IBA.  The

al | ocat ivenabdds 20Rhe Iglualed mbhe dftal adsat ﬂaasttthEEe)@mtnski agisieturds Tad théragetm zes t he
real Optcjlag s\éﬁd elrlgorf% Kﬁﬂ%éﬂ}gg%?pq%rr\}rﬁétps thé %‘Jppe%gi l:fs ls'lgrgq %%Qﬁdtrgﬁgget | m zati on

program - The program
bei ng SlPB‘f}E‘Z,ftthﬂt a5sef elpgsesovithi these dareathrofithetaghes enstt clisses. ke garelaslakeviftamt h above.

20 Over vhewchsshi TR IR AL A fof Bien LEY 5100 %ssg ;&H&iﬁf ggt%& KGR system

FIG 2 Fig. 2 is an_overview of an Investnent I on system 201
t hat errpﬂ“é)?létat filso frcfuded By g daigfmayhie i’th‘iféﬁhlmqsur@ﬁ\ss@h@momcalm @nd 207,

there arc@ménep exdniiks riof. ERRAULE nia hmisedwﬁ&ilrela%txﬁaﬁ;é 5thd Qs 1{%%&)&7 a-i) 85
July 20 / US01/ 00636 203 about the asset clasSes to which

04 1/ 53998 P
t he invé:g’i“ﬁ’\g in g SHEE copelption, mptEx o Lherontd qariakles 2Qrindieste an indicrtiggi o gie 207

| ncl udedmnlmu'trhetuﬂla'écﬁurad endah idd@agdn drige rﬂ&ﬂﬁﬁﬁr@lﬁibﬂlkﬁrk«?n:@@d'ﬂfe%hbﬁfb? for the
assef, rrel ates the expected risks

SS nd a r.el atjon. ma
and expe%s?ed%ié PPrRs™s 8§ 8 %"a%dr?c%‘fmf’ 'é‘e %5@6“6f‘5‘8%‘8§l‘wsf%°'9??6%§1‘ﬁ0r each of
t he ot helloasgebaxtthiasskEsetuifitsehisted byl die dundefor ait bpebifibd mbimeasiamsget cl ass and
the covariance for each pair of asset classes may be conputed from this
data. Also included in the data nay be other risk nmeasures, such as
pol i ti cdlystert SR1 bas twoumaiempycessuphamyeneniss keliabBighmpdes RO Syeshidhadoes thes own

correl atci)ﬂﬁhtm}l ro.f Xthé)é]:)tltog| Qalﬁés%ﬁ& t}@éiiagl%ty 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.



conbined in a single correlation matri x. The control variables 207 include
an indication of the mninmumreturn required and an indication of the
mninumreliability required. The output of 10 system 201, sh®ylyapof15, is
an allocation of the investnent funds to the asset classes. The allocation
maxi m zes t{gof %g,wn achi eved by the funds for the speci fhcgg;shi/dakigum
reliabiligniieP¥ ﬂéx ] rocessing conponents: reliability
nodel 205 E:/l\lﬁl ch does t g{))mngﬁggtf{)r?&of the option values and the

reliabi | IHG THpEs Wﬁﬂpiﬁ@@ﬂwnwmn 308 of syatrin?D ¥ aExample ibplemerdatior Bdlaibsi | i ty

engl ne. Ziprowbhdipiaghl ATATH Mdakhed kg baAR e MALHESANT. L he

rellabllltly constraint. Reliability nbde utes the teli ebl|lty
const r ai FPTERdRERY RTpEEe™ BBt eAted RyrMickoeett QOTP@PUOtnh%edaE’S@tW-&J aad deMatRe|  abi ity

engi ne 2 ]Jﬁltheﬁlm@:ﬁ]’lfuhﬁloh Qﬁi)gh’h‘{n M@ﬁﬂ&%he%itﬁ%&@ Rc. Zﬁﬁrck q]ﬁ o} g&
I whi ch need not be

parameters is.a tial or the allocation,

real i sti ¢ 484 t?g'lcm?téongogégfﬁfgp FiL® they et ispresaip Facel aipadphertadi cat es
when suceasthe vaa@fiohnge mammdstlab mntch@srrm(d fih@hi RS dd Rort GnF bR 1 n val ue
to each | t gi,ne be s ed As shown by
updat e a;a%tg\e/ivg é%eh%gtcre{egr a{%&e § oﬁr{r% oneShPr‘ﬁ§< |ﬂ?ﬁ 'fﬁ’fl?%h‘ E“bé TRBESs T4 starting
poi nt  f emxintigtiorestdondigra Bedaiphipimitaien fmstint9s @illea fRaXESA 20k iMllabRy be used

as an,,n 25 t he..ne zatlon en.this is done, the
conve!rogelrlzl}cngﬁt%c?rpz:ér Asf’it‘ gﬁm\c}%loﬁlg mm'mlﬁnondé@?t’é)a ed ™ BIRGHop fEce ks A%

rel i abi | peymergs/anhejdcier astion ataimzlstcmstratrhéumamebcﬂﬁ useetiefinad, itspetensiad. |f a
maxi m za 0 onver gence ci sion val ue
may be |%1%1?j2%§¥eb%§tmﬂ g}lﬁpgb?& geef#lgcrtl'??rg%} ésg mn tf') Ilmp% Y %téo(ril‘etéoén é’ag‘éﬁ'af%! the rate
of " r et ur APtPECEBaddeach of ghepstst elapsey Aemwn mfefltlbl} of tedibictivenfeadvans sm 209
utili zes detndiod d MladB8¢hRILGUes of Automatic Control 30 Theory in order to
adj ust the convergence precisign value and the mninumreliability. 9 5
July 2004 WO 01/ 53¢ lﬁ@TﬁUS PEBBIE  Detail ed exanpl e inpl enent ati on:
FIG. 3 and 4 FI (? aéxgn]blg i mpl enent ati on 301 of system 201.
Exanpl e i npl errentgtl cnr"i1 (5 ‘s °d przoat otype inplenentation that was nade
usi ng a conputer upon Whi € t}g M crosoft Excel spreadsheet program
manufgctured by Mgyoso rpora |on, Rednond, WA, and the Matlab 5

mat hemati cal funciigQp (% ogr am manuf act ured by The Mat hWorks, Inc., Natick,
MA can be executed. In i npl ementation 301, the data used in the systemis
stored i Q KEXC@bre de MVat | ab
functi ons. Theﬂ)rf %ﬁ%tﬁ ?ﬁg%ﬁid‘] ﬁg? gﬁthfg/%qﬂ%nﬂgil%hﬁ&%lug Ctg%t o C?% "Excel

spr eads h@gdsheqtBY, which Fohsrroliyre edntined ﬁ@h@@mset Hesseso ﬁpomﬁm&onTshe

Mexi s Zag in@fimizstio ALY 1@ rMREdAyidH 5 Fln'ﬂan%%d r\ff’i’hgcnlhni%n 2Ho of; gl ed fmncon
(the Matlab !0 functi on program.inc ron”funeti ons). The
m ni mi zatouEn equiMatent to thetmakieszatign 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



arguments an obj ective function and a constraint function, both _
user-defined, together with a starting allocation. The objective function
307 used in the inplenentation conputes the real option val L&JL{‘ISBQO@:B.CI’I of
the asset classes. A relevant portion of the objective function's

definition abfollows 15 20 function f :objfun(x
fid=fopen(’ V'/'gfrﬂ 3543 V=fscanf(fid, "%, 23) for i== qujs?](/?ofﬁ V(i)
*x(i) ; end Vﬂﬁr@tre Fe)s'ents an asset class. Vis a built-in

Mat | ab real o , %tﬁ‘m’t Vidat is spreadsheet 311, which in the

prot ot ype co alfg @: i ‘r\rrz Ege’f )il asses. Since fmincon is 25 a

m ni mszation GLY P the FUricfroh which is ni ni mzed is -V. The

m nimzation g Foy ésoeqfter e§,gt fcw Aval entWItl eg f"[?ﬁl m zation of V. The
ar me,

constraint funet popR 209, Lh,d g FANCER o whi ch conput es
the reliabilityg eanstay aipt as desc o e and appliés it along with

four other carSheaiftiShes--d.hat- 5*1@ %1Bﬁa-3o ryg& tive allocation of each
assetiocl ass; that the allocation of ‘a given asset class not exceed 100% of

t he anmount avail abl e; ‘that the allocations together total 100% and that
t he average rsdmpson-aneipe-payat*bob) 0 be greater than a specified mni num
ry.,,:,,; A rfelrevahi(ngerti on of the constraint function code follows: 35
function [c, Ceq]Sm@@n#uﬁmm&)dfeﬁ;ﬂ—525ﬂ*h}ét210651"ﬁ/)@)01/ 53998 PCTI USO / 00636
fi d=f®pen(’' cerdr. dat"’ ) A=fscanf(fid, '%', [23 231) ; _

fi d=f open(" arf@@-’urﬂld(artm) '); ra=fscanf (fid, "%, 23) ; 5 fclose (fid) ;
/'l For a betteE1 u%@ﬁ@paﬁmmmmwu tle2the vaktes)oR/2) ;

simpson=simpson/sqgrt (2*pi) ;

20
delta=n+ (alpha-0.5} /simpson;
Cl=-x;
c2=x-1;
25 C3=-(rmin-ra'*x',) *2+delta™2*x*n ' *x1 ;

cd=rmin-ra'*x!';
c=[cl,c2,c3,c4];
ceg=sum(x)-1;

30 The above fragment defines the constraint function to be the AND of the constrainis named c
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

35  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
40 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



our paraneters here. In fact, these paraneters are read froma file.

rm n=2. 41l ; bet a=-0. 4; n=2 A16; al pha=0. 95; 10 si npson=| +exp(-beta"2/2); for
i =l: (n/2-1) sinpson=sinpson+2*exp(-(2*i*beta/n)"2/2); 15 ends nflproo4l :
(n/2) sinpson=sinpson+4*exp(-( end si npson=si npson/ sgrt(2*pi); 20

del ta:n*(al‘pbaﬂgggg)/si mpson; 2*i-1 *betal/n)A2/2), cI =-X; pcaATSs1/dos36 25

c3=--(rm * ¢4=rm X c3, c4];
C5 {1 bl Ghcogh A8 8L St lontoin SN "Bt Rl O3 001
the AND ¥ the constraints named ¢ and ceq. These are defined at the
bot t om of the code fragment. c is the AND of the four constraints nanmed
ci, cz2, and c cl is the constraint that there be a positive

al l ocat | PFra“BF lse%f‘cfﬁu%l"é“;se”tt thq beginning of peeritive 4ngMsst elassiatatshrgedshest Ablset cl ass

recei ve cﬂiﬁfaﬁls tHa@hra &Q&V@}ﬁfasséth%sseathlerQ?ehhlﬁﬁa,to Sodnphf® thetEal B&Eo‘n@?lhé 'aEs)ét
const r ai m ni num retgrn constraint, and ceq is 35

const r ai "isg 9’?43?’%1%‘?“ g‘f““f‘ (Rreagslegt 31 coptuRsCOT e foph Revesa Q’e fee%‘aefes ﬂ‘ﬁ’e funds to

be al | octat eldndaiﬂmavfana:gfmrthchr Bedslacibrd fhoo plosipéscine ahe gl 31nkcagsly spr eadsheet
return for each

319. Aig th nce trix an ra the ay

asset cl asi’ntlé%b $"J‘nntimﬁg@for TP &P & sf‘?% gaf%remﬂﬁp ea%‘ gﬁf FRBEE i ni mum
return; #dremge jemur foe e@é)mf dregset elapese dh sheqmotuigbe, die rﬂiasmqmoﬁs;tﬁﬁxt tahes 40
PLPTIDE bt e B cHR8led B k51 BATBHY AL A nesl RO bRty AZplliGm 01 T

rellabl Ity. The Tremalnder o comput es ACHETIY ue del t a,
whi ch i sandseryergence papmesst e 32 ednitaiisi narawtetso’hét rfesi indicatedeliyt the emWSeS ponds to

6int hecoﬁr%@ﬁ% é@ﬁréafaEhe&E td mtle[bejOB a@fe!aﬁsrhyet hepls r@ﬁéirb% real Igﬁtulnao% dIB! m zati on
function 305 t lements reliability engine e user-defined
function 307, Wthh uses the data to compute 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 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

12



11 5 July 2004 WO 01/53998 PCTI USCO 100636 objective function 307 and
user-defined constraint function 309 inplenent reliability nodel 205.
Operation is as follows: at the beginning of operation, an as$gilygb@ss data
spreadsheet 311 5 contains the data about the asset classes that is
required to e the real option value; asset class diversification
matri x sp %ﬁ%ﬂgéﬁ S 5 contains correl ati ons between the K ?"@%@%ses and
the stand FECE R PHh ‘8 At SHchacaains dheydata produped prisused by ispreadsheble dat a

t hat is ngogssadkant Matlslofpgie 3¢31e covari ances for the asset classes; asset
cl ass return spreadsheet 319 contains the average return for each of the
asset classes. In the prototype, the reliability constraint takes 10 only
the risk nisedi éU inay bhenwmbatsot iwhigh @fin tXeenta pHRtanG 485 SRE 3@V EThel is® | Nt O

account . . I nvier gence raneters_fi|e 323 cqontains

par arre% er@eg%g_.% I%gée?gﬁﬁ? lggggga%ef eoty %’é’ “g?rr‘@aé‘e}%gﬁrﬁ b Zsc £7 O‘FT‘I%I Tspfadfsheet s to
Mat | ab 30873 regivesaeiimrsciionBirpgrans eamhd 997 neld usoptfl implembitaihi3eeprofidaict i on 307,
whi chUSespide AL frokm® OFRLESLARL4 5GAOPRBLLT: ¥ AHE L0, GBS LRI 4l he asset

classes. The real option val Ues aré output to Spreadehesfs$15% Asset class
di ver si fi®athedhrtheafistiRutabinsariens dashiont acam®s a ngtworkadhtivye exstemalill mdyybeconst r ai nt

functi on 2A9ra WAICHosREsbER; ARRer Ghit SPproslisk P nldy Gk QM Rb L as2Nd e

standard dgviation to conpute a covariance matrix e asset  cl asses.
The c&ard ZACHOWKE MEtprovides pntmthfo and respiyes ARpshier monitor 4 Makéyiwardd iSommdf unct i on

305 then mes4i7aad alDpf thodhe abiiRnes AANSNRE%ESIRL & hEQYRIet RS pRRLSdX 20
spreadsheﬁli V%%L, assein cl.ass return, spreadsheet 319, and constralnt and

conver gendé "BAFANETE & syduarjwplemsniation; qther pafigiofprogenter 41 1|y e lasedip t he

i nvest mertWéhmeosr aminhgstdripe 405 mey balbasd agywhERhat isRpddtsshld b MR EQMAN I ance
matri x spreadsheet 317 and asset class return spreadsheet 319 are used by
maxi m zation function 305 to conpute the reliability constraint. The

al | oc&t i cynotifer fe¢feiltediimplementatian f unds whi ch obtains the best return subject

to the realiLahi{ i: i u 25 al | ocation result,
spr eads hgglf %gllzlf s_%élgdél?qgé é‘%%zag&c%ﬁ%%f érsgcg% frgprlﬁa %%?nnheﬁ/;ll’le%rhmé(i?dﬂpl e
i npl enent™d¥ahasiability araipe Bid is enplepenisd ¢singsusiout wilten Sydstvérnh49dxehasl ihwo mai n

conponentsgpercdntitgd € THO &bdd NehpRK 9 G SS QL1 j py storage
which is gpgéesgf ble from rgcgssor 411%%&%8@%3@5&@%32@3% ﬁ%lﬁg mai n 30

menory, PEFTEHEr R Neyion sthod avd thedecnest Besaant upihed aie hapé toeethermia otreldkl t o

pr ocemsonwid kilis, aldconfipfé 2@Biché@ioddk AERRAOWhidieler BAnRES ERSedstne NEL WOT K.
fashron across the

The contents of sto e .40 he Istributed in any :

conponent *‘spldzlf SIEP gggﬁ%?isslfgg]i){ecl&?q nopiiigesE QRfnEARtien BFine rRip e 103 may be

di vi ded isevord jpdegreataBond 6k, Diimiteil R Bertgekisy oll/ingiH BRgehedly, Décos BdD7 and 12
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

13



5 July 2004 WO 01/53998 PCT/ CJS01/ 00636 WMatlab program 303, and data,

whi ch contains the data produced and used by spreadsheet program 407 and
Mat | ab program 303. Processor 411 nay be any processor which £alyégetute
prograns 407 and 303. The user 5 interface to processor 411 is provided by
moni tor 413,okpyaard 415, and nouse 417. Monitor 413 req@rml,@gjﬁputs from
pr ogr ans |.epent ati on, 30 rovi des nputs to

t hese prggggen%%%?fégé ltﬁgg 505}&38%?@5 ce ammn%l%aemiﬁﬁ?y a%ﬁgt"@cﬁﬁ?gﬁé fs of FIG
4 may béefeigrdiapilitficensrpipiip eethirisk-var i ous fashi ons across a network. At one
extreme, all may be part of a single processor system at another, part of
processor. 411 may function functioning as 10 a Wb browser that provides
out put tQtl%?ﬁép?lé’é'é‘?*\?@geihﬂ'ﬂhﬁCP?&tfm%nltor 413, keyboard 415, and nouse 417

and alsl aglidbine a;ne@rmggmoqleeﬁass]uewaes@ﬁe@fo@w;am@fJefamt&? %59 B8 ot gpart of
processor 411 via the Ifnt ernet. In such an inplenentatio er parts of

pr ocessol™vFTAPRHAYRE Welist ay aitHbuteofAst afemijtics Wé‘ﬁﬁ elye ISSQEEP%?Q@ w08 may be
| ocat ed amipuleesfht biaitied ShisiCsre Swiidal 1© atvaridtbe whRE Y& be dbRriPQOh hes d€] ai | ed

i npl enen n, I.n or to. spe du xi m zation process, a second
i npl erren%%l F‘@nde lgtéonbee{]\m ARgAdy e““&ﬁ%“éﬁwga #1108 BRafricEs) To8 (g biations) of; the
i mpl emenengities Sihe gonstost oney e et @ith agddndwl tadputaioreXiREd it Bilkes Bende, and it

super,go e thre II-kno nmet hods i unction to
Find Fhenng e SRAEHD R4t RERT 4B PO BapBer TESEBHEAE hod are
used t ogdas¢ried h¢rpinperribimpebe 20d Sdhect hmcm,g olsiblcpysiged eongruadizentAmret hod is
appl i ed; ex\ﬁﬁol@Q?E/Eénextaﬁmsg&%blgﬂQ}ﬁgfnggfstemqﬁgv.h:crna 1'391% co%n%ts ahige: For

details on non-1 1 near t1mzati on n the
second i wpfbremplayedol thesene difclased in 1S Buert SERBZ12, Bbndl pinadasysRmogrdani ng,

Second Edéthdag‘aﬁ re %Qﬁﬁ,@a@q}oﬁmg’ rfuhr@mc ;1%9 mbcll%@%bl&ﬂdls gtﬁ thJuE&é ?9@5 bef ore.

25 CI her reli ity constraints j ust descri enpl oys a
relidbil They® %‘gﬁﬁ‘?f‘?‘hl‘)ﬁtre"tl h%PE‘O‘i'SSWHErrFIQPéﬁ‘W Foiainte camstbe wsed atithl gy of each
asset cl #picatiblawe val optidss. t R dbplagimnbs R § é)h@nsc%fﬂwﬁ'@@eﬁf?dqﬁdr@éeﬂén function
above ShO%NS reli.abi lbt‘% constraints based on other risks nmay be easily
added t ¢ FEI TP FRRVeon'y requirenent is that the restraint be
guantifiable on a per-asset cl ass basis. Political risk 30 provi des an
exanpl e age 100, of 2 996 Economi st be found
nat i onalﬁrﬁ&rl 89%“% g‘kW}Fla g echp lrwséilsﬁm%ei’ 1'be‘f g&%ﬂ‘ﬁ% I“Ia%} %f%ﬁl?’ese, t he
"quadt i fiedertipgyin" may sinply be a matter of an expert giving a value for a

part cul ars I halthith SaGlls B a kD, 3088k £l 25585810 Rl alioutBessddsy 2004 WO

bonds, mutual funds, limited partnerships, etc.];

» Strategic planning for a portfolio of business entities;
¢ Evaluation 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

14



al so be conbined within a single reliability constraint, for exanple, by
allocating a portion of the total reliability constraint to each risk.

Ot her applications of reliability constraints 5 Reliability c®hsdyraoats

| i ke the ones just described for the rate of return on a portfolio of

i nvest nment Sw%){/si!@s used for any attri bute of a set of entidd@mpdese val ue
is aggre t t|t e are subject to a

vari ati o%% &Ergg]ﬁmg;g er%gral(ﬁ heus ern%nl)b#o goc t"évrffﬁfﬁ’& ‘(’J"é@]f"a"tsf’ebn for the
i ndi vi dualassemrtdtﬂg/e‘ahldteéi@rml@bm anetmaththawrchora ghembilaeaticinping aleé withe
entitiesS, r ion where it
makes sensg ?ﬁ%ﬁg&% a%ﬁaonqﬁgzﬁﬁéke@qggws% %atg)'? )@% ﬁ% “%6%“5‘93%? g tcﬁlut s of a
conputatﬁﬁﬁmmﬁka%mFﬂe enbodlnents described herein, or it may be used to
sel ects anong possible inputs to a conputation. An exanple of a

gener al - ur@osef$roblen} oIV|n% éstentln which reliability constraints
coul d be™ WiL&pLbq aprazeRb o &6‘2@831?“%9 fh@e lfyan pisay tha diy ipventignsdisqhesedliereis, 428, 712,

El ad, et may br: csmb&hhlamdnatiﬁﬂtyhiﬂdwi)@rotHeeﬁlﬁaQSﬁﬁgelfﬂlﬂtdaﬁla‘i'mﬁ@hd/ kPP nfayprer i ¢ and
syrrbollcd I Ssue 15 The conbi pation of real options

ot el PR ER RS S et sEoleg g ersponinpos ol s b kel of  eal
opt i ons. thedpregyiqy feasmhd, almDeIfuleﬂelaéscr@pzton @GN, bes RGarliddcasGrpRl iand Bie.eenan
refergnc t areas._in.whic t echni ques

di scl gse%‘ }Eﬁﬂ%jhée}f&]‘fr%} ge?%?ftﬁvc m;‘@% breu@é % PemYeRens fﬁ%ﬁﬁ%ﬁ“ﬂﬁe to gﬂ | ocati on
of funds dﬁgﬂﬂmeﬁnﬁésmnﬁn é?g@rlett Befscraat{o@,rttut oltheo froh thendaimb duimterBaeLwitt | es

[ st ocks, thelﬁﬂﬂﬁétdthf{;%?ﬂi' 'rl? gtem 4@ ted partnerships, etc.]; Strategic

pl anni ng for a port 0 usi ness entities; Evaluation by an investnent
banker or venture capi taI i st or managenent buyout 25 specialist of the

i npact ofwvna: pehesddis@l nerger; acquisition, divestiture, reorganization,
buyout etc; and Allocation of research and devel opnent capital across a
portf6I|o of opportunities either internal to a conpany or by a venture
capitalist. 30 Conclusion The foregoing Detail ed Description has discl osed
to those skilled in the relevant areas the best node presently known to
the inventors of naking and using their techniques for resource

allocation. As will be readily apparent to those skilled in the rel evant
areas, the techniques 14 5 July 2004 WO 01/53998 PCTI USO /00636 di scl osed
herein are very broad and can be used not only to allocate investnent funds
to asset



classes and to evaluate the reliability of return with regard to a given
allocation, but also with regard to resource allocation in general and in
any situation where the notion of reliability can reasonablys hgyapmied. 5
It will also be apparent to those skilled in the relevant areas that the

i nventions disclosed herein may be described mathematically in ways other
than those WO erein and that many different inpl errerﬁ’f:ﬁis?)‘l‘l@ 636f systens
that enploy the inventions are possible. Thus, for all of the foregoing
reasons, the Detailed Descriptionis to be regarded as being in all

respeits 1£ egl E‘g{g@ %wand not_restrictive, and the breadth of the
i nvent i ofis™ §iElR [FrPBImE rekiabilits with regard tojpfitst fagterarhichds debenskmtion e sédet ai | ed
Descr pt bfanleastrto seainb Eictofs esml bhRe s&h@u rtﬁto@@betﬂgfd%ﬁél%ﬁﬂc%%fﬁmdt he full

is clained is: 1515 5 July 2004

br ead tted b
W) 017[’ 53§§‘§r ilif’é"r?%%"d’\{%@%ﬁ% efﬂ"lt’r ?‘t&f&’fﬁfm Seree 47rSiRblg toragmpeatsp 4ndy i t h
regard tfdlcmeﬁlodmnpﬁacgmcstMmaiﬁamsdﬂewdﬁﬁbrtﬂn a set 2 of at least two

second facto f secaond f tors bej rsely subject to a
¢ Eémg tgé‘%a Bl cona Ons Hdﬁ%‘%@%?’é Eferg@‘dé‘t O &¥di n st orage

third 3 facto ata Concerning tha: &8

acces$i bﬁa@m’to a processor and 4 t he net hod corrprr sr ng the steps perforned
in the processy mOfondlaissMactdiSi-fat ops _between
second factorslgérvvlth0 reagarsd teo 1?1’ g %ta%garggév?alg or, 1'gll tHies%or rel ati ons

in det er®ning a standard deviation of the third factor for the set; 8 and

9 using the fidingSthe firdChbr 2B t rm.ning a
reliapil l gft{ eregard ralO ?%)tgl?ﬁlzi df@fl?@t’nq? &ajegt%ﬂggﬁdg%q?]a%ﬁ/%lﬁ r’ﬁtod set forth

in cl'inf ky\ﬁﬁé%aétoﬁ the step of using the correlations conprises the 2
steps of 3 determ ning a standard deviation for each of the second factors

W th re to.t 4 factor; 5 using the correlations and the
st andar %aﬁ A\ a ??5}0913?“ Ct“"ﬂ@ s‘@’f‘iﬁf?dhef%@toérlgnﬁ e epsielstions spraRpisesghe ovar i ances
bet ween steheofsecond factors with regard to the third factor; and 7 using the

tcﬁvarztl ances de[t"enqgt n% SVQIFO 01’ eac fqheds%goln th{CtOOI;']S v%;h rEa;?a?d ttO Q}'Ilertfglrdf actor f or

4 factor;

using the correlations and the standard deviations for the second factors in determining

(2}

covariances between the second factors with regard to the third factor; and

~J

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:

16



8 set. 1 3. The nethod set forth in claim1l wherein: 2 thereis a
plurality of the third factors. 1 4. The nethod set forth in any one of
clains | through 3 wherein: 2 the set of at least two second $AdyQ0&4is a
set of uses of a resource, each use in the set 3 having a return; 4 the

first factqpylsgogval uation for the entire set of uses; apgd Roflddgsst ird
factor is sj§ [ Prom t he uses

ar Lch.is diverse with.regard .t e .returns
1 5. The nél{’%o%‘\qgg}%s?térret“ a“i‘“’%@ﬁsa?fgmﬁ{’%hﬁﬁg?“é‘ieﬁ% 8&% o inygsmendnte wp 01/ 53998
PCT/ US01¢lee@36ass@ts.t he uses in the set are classes of assets and the
resource is funds for investnment in the 3 classes of assets. 1 6. The
nmet hod set forth in any one of clains | through 3 wherein: 2 the processor
per f of me6-t Hhs mathed setdorthtipanyrpae pldpims ! fiaqugh dfwheminopt i mi zati on of the first 3

factog; and 4nelgAfeds6l JertBinlsiteXsichSortRghk SONSH LitinBatibllobl16 QP | M zati on.
1 7. The rret.ho setS fﬂgrthsi n gFa(i) m 6 vt\%grag?n: gﬁ%ﬁfgﬁ%g?n%éthegqrﬁl east two
second ffé&‘%f’"éd is a set of uses for a resource, each use in the set 3

havi ng a r et wenéetiadilithigudell 8sd cohd@indh theopam¥didaat i on for the entire set 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 &ar e7.clhassdsd eft {atdetlsimonchetdie resource is funds to be invested in the
classes. 1 9 e t hod set rth.in clL.aim.8 wherein:, 2 the optim zation
opt i mfzes t he" eggllotﬁ%ﬁ?aétﬁw8§e°3%rf§?t?{&lstaﬁ%t 06855’%5? HgRECeRCh e M Beir ce 3 used
for the Imsgpestirm t he cl asses. 1 10. The nethod set forth in claim$8

wherej n: 2 tﬂféﬁ‘fs"i‘!faﬂdf'?ﬁ‘is(?a'%aliuzﬁioﬁ?dg@#%ﬁgrﬁﬁ?ﬁi?ﬂ&cst‘3@ option techniques. 1 11. A

met hod of optimzing a first I'S 'dependent on a set of at |east
two stcond 2thedarddacior isaish whichisvbvesse euith deghre ¢t e stipesifroon e wes.sel y subj ect
to-a third factor, data concerning the 3 second factors being stored in
storage accessible to a processor and 4 the nethod conprising the steps

per f of met ThAmethed gt Bt dndgimdgrwherein:

2 the uses are classes of assets and 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.



5 finding a particular configuration of the set of second factors that
optimzes the first 6 factor; and 7 enploying a constraint during the step
of finding the particular configuration that 8 specifies a refhdbbpdy of
the first factor with regard to the third factor which nust be satisfied 9
by the particular configuration. 10 17 5 July 2004 WO 01/53998 1 12. The
met hod set PWORBPH claim 11 wherein: 2 there is a pl ur aP¢HySHPI6dde t hird
factord. Helhegsthodesdsthin ddm ITdewit hod set forth in claim11 further

conpri gi ng t henesdie PSRty of i RiAG: - data to determne correlations
bet ween t he seconld ?gctltgros Wi tnﬁ ?"e%grd to the 3 risk; and 4 using the

correlations and the particular configuration to determne reliability of

the = Sifir5{Thé a6l sl R iR kil QRpfGRI hOHERGECN. 1 14, The method set
forth in claim.213 wherein the stept_of using t & Correl ations further 2
I

conpri 8es t he "Up&ijEdats togetgryinscoprplationg betwreattiegpepnd facidestvathmegaidigtha st andar d
devi at B onristef ankihe third factor for the 4 particular configuration; and 5
using fhe first factor ﬁor tJ;tﬁﬁgar.t'cul ar configuration and the standard
devi at | on t he8FFe Corej2ions ap HEAGT cerepratondpisgrmipe gelispiiyy dfithest f act or .
15. The nisstHedbrdetthefpartictian venfigudtion. 14 wherein the step of using the
correlations in determning a standard deviation of the third factor for
the particular configuration further conprises the steps of. 10

det er m ni g The methordat rthlimvlain il dwhérein tteaeh obising i cseaands fudkdrors Wi th regard
to they t hioffrisef &€ t@fsorand using the correl ations and the standard
deviations for the second factors in determ ning covariances between the
second® f act or ¥ theeopralgtinng in dsterrhiaing h istantiafdado vietion ofifhel tiglifsgprfdrehecovar i ances
and the paskhistoffizueabl..adr ation in deternining the standard 15 deviation
of the particular configuration. 1 16. The nethod set forth'in any one of
the clains 1195l fackor fprdhediericulpr qopfigusation aifd the standead teviation weefond f act or s
is a set inlietimesngafie BLdbRTPM RS irstgREd? Use in the set

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 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 fromthe uses. 1 17. The nethod set forth in claim 165 MigRédh: |s 5
July 2004 WD 01/53998 2 the uses in the set are classes of assets. 1 18.
The net hod t forth in claim216 wherein: 2 valuations fqf of uses
are found u@ﬁq 5—”?%% %F)ti on techni ques. PCT/US01100636 1q’f§m§1/0§rr’g'}f6hod of

al | ochting i MGEEE PR 5 FREESSEHBATER set of at |east two asset classes to 2
optim ze valuation of the asset classes over a period of tine, data
conceyning-the asse asses .,3 being stored in storage accessible to a
proce];sol?' gh%m?tﬁ%dssﬁ{eff)ﬁ%ﬁ Ci%ﬂﬂpi‘@?rﬁld'the steps 4 perforned in the processor
of : 5 enpl oy valgptians| forrthaset dpids aiefant osingred @pomtéchnigeki M ze the val uati on and
6 in the linear optim zation program using a real option function to
determ ne valuation 7 for each asset class over the period of time for a
par t i ‘cull8r Agndtkodf tlisrating invesemdng fudds among het afss Bbst 1 asbeasissseslio 20.  The et hod
set. {1 toiihie ohiahith dh K ks ofert G 1 Ak ARG SLALAGE G305 0L C! ases

further indicates for each asset class a “,gg& e period of tine
and the bABE HEGd fAUIE Acce bl P 3 Brocessas ansk thpmethodpompritingthagera constrai nt i n
the |4 neaiforpd intheZRbdeor 7 Ogram t hat specifies a reliability of 5 a return
for the portfoli ogflaﬁr a particular allocation of funds to the asset classes

in tHe set. FRRIAYMEpireqroptipizetion progamihontimizeithg yupionghdrein: 2 there is a
plura ity ofinthedigar optindiZatiod Progam| 30 as&l oftlh Fchidh t68dring Qaifidtioh her

conpr. si.n he steps of 2 usi the data, to determ ne correl ati ons between
thgp dssd r%?:%haagssegc as\%o‘feﬁlhteg‘érﬁ’ﬁ(?%%e Eﬁ%parﬁcullair?@aqﬂ“ of he Tupdsigthepss ses; and 4

usi ng thlescorrel ati ons and the particular allocation of funds to determ ne
the reliability 5 of the return for the portfolio. 1 23. The nethod set
forth in claim22 wherein the step of using the correlations further 2
conprti s@8- Thvensthodsef forfh in 8laimsi%wheteire correl ations in determning a standard

devi gtion ofyd &'h‘?a Joh&lfniﬁgotﬁe &s&?cl?@éstf{xﬁ}él fAficates for each asset class a tisk over the

3 period of time and the method further comprises 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



4 configuration; and 19 5 July 2004 WD 01/53998 PCTI USO /00636 5 using the
return for the particular allocation of funds and the standard devi ati on
therefor 6 in deternmining the reliability of the first returnddy2804 The
met hod set forth in claim23 wherein the step of using the correlations in
determnin 2 a standard deviation of the risk for the particul ar
aIIocation%H 08 further conprises the steps 3 of. 4 H&HEOMIhg a
standard devitg 8K st fedhapagicularpliogatiowef funda awishe wintind degaivatheefohe ri sk;

5 and 66 isdeRgmink@ 1EosBlBtdreRSiraRsh he standard deviations for the asset
classes in determning 7 covariances between the asset classes with regard
to the risk; and 8 using the covariances and the particular all ocation of
funds i n2deTtemiiind ag fdrthén ahiatmar@reithelad FubifNhOforkeRBoR ddiiiin@l, @l | ocation

of funds - - :
ROS, stgr%ard deviation of the risk for the particular allocation of funds further comprises the steps

3 of:

4 determining a standard deviation for each of the asset classes with regard to the risk;

5 and

6 using the correlations and the standard deviations for the asset classes in determining

7  covarances between the asset classes with regard to the risk; and

8 using the covariances and the particular allocation of funds in determining the standard
9  deviation of the particular allocation of funds.

—

20



