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Inproved resource allocation techniques Cross

references to related applications 5 This application
1B priority fromU. S. provisional patent

|
huie 1531 [ catl on 60/480,097, Hunter, et al., Reliability

deC|S|on engi ne, filed 20 June 2003 and di scl oses
further devel opnents of techni ques which are the

subj ect matter of PCT/USOL/ 00636, Hunter, et al.
Resource al location techniques, filed 9 January 2001
and claim [ i cation
60/ 175, 261 ulﬁweéru &FOQF?@#%%%M &S am title
and filed 10 January 2000. The U.S. National Phase of
PCT/ USOL/ 00636 is USSN 10/018, 696, filed 13 Decenber
OCrosshreferenses éo eblated apphieations by r ef er ence into

t sent patent, a i C on for oses. _Th

i Birtios o RS BriomS Hrart 'S evisnel bl SeRiRRfian 60/480.007,
Baﬁkgr eung RIIiabBy Ha¥GH br@inef ﬁl%szSSﬁ{a 16030384 68808 durther
the Detailed Descri ption through the section titled

CHpIOPRED 9t dechpiqees @’é‘FChoﬂﬁfBﬁ Vhiegiomaties off FHEUSOT/00636,
PddrOkd Q1., Back0E oMbEhBh thRiguby 8d 9Nanvhry EHE! anpf:lalmmg

the i nvention The invention concerns techni ques for
driosgafrpnd) arrovisimalappbisgiong 68/ 178Apb Hufer, ct@l.pbaving thgsame

UstfeSarld leﬁh@ Jafry P60, S%Q I§ Eaﬁaﬁ’onﬁﬁi)ha%é %‘%tliEﬁYUSOUOOG% is

tradeoft between a risk return on the resource
i ESSiﬁtl 80h$ 626, Miadel 3pacqembat &h I“jhlcht indetehy iepiporataddrycieferance

HBH%’?% %rﬁ e 1c{1t?orn AP LR THREAg "h{%e r%éefik Pét@ﬁt%ﬂheatmn

t'radeo par uses, &chn
denminsi the regtitehBadgrtnd byfttho rmveifttzamnfremt ap$Ie yl 0@ 81696 and the

r)?esf zzedo 15?*15‘8”‘?[10%%1%31"%@?1 sgtgt?ogl tn[i g “”f’?ﬁg/e?’ﬁ%%ﬁ c%tzgn aalue
25 tkepvirafdllout i on of di versificati on of ri sks on the

risk-return tradeoff and valuation for a given
al l ocation of the resource anong the uses. 2.

DBaekgRhitloPihd flvdn@ibpar t People are constantly
al l ocati ng resources anong a nunber of potential uses.

AL ledofsll)elandltmﬁl the spect rum of resource allocation

I()fhe“élf%elg oﬂgermswig h fJ ﬁ)y lllg%tlﬁé at %9 urée at&%ﬁ% Qd L[Mb%r of

fours” o Geml ng 'S Wwee
t]#tmemiahlesles ﬁ:maiha s:sminaa smhlﬁmy mltlafgabrywmdemfﬁ bémgm B migk and a

oruE hovl\ll I ouocat'se ogg gg ﬁo %}3 bgen, enttrolzjlsg cd erns

t'§ T Rl nEP Ero iy °8 I of pgftgg & off BSEEHE. “AR

| infpadvied NechBlgme® Mbr Hﬂelﬁlﬁﬁlﬂg ri€ risk-return tradeoff for partlcular uses,
techniques for determining the contribution of uncertainty to the value of the resource,
techniques for specifying risks, and techniques for quantifying the effects and
contribution of diversification of risks on the risk-return tradeoff and valuation for a

given allocation of the resource among the uses.

2. Description of related art

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

to him or her among a number of classes of assets. An important element in resource
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al l ocation decisions is the tradeoff between return

and risk. Generally, the higher the return the

greater the risk, but the ratio between return and

risk is different for each of the potenti al sq o
Moreover, the formtaken by the risk may be di et
for each of the potential uses. Wen this is the

e &atioh H@Jﬁm&ﬁ)ﬁs BR trA8ME BAwhdh AinVeh ikl R&ntRBy, tBe higher the
resource allocation anong t he uses. Resource

aPiupcthe BAlE Hasiskyiyt hairatip ichvesnyelgmtand sisk i differentfor each of
%ﬁé gesﬂtﬁgus%s Sgto ézive,u ﬁﬁ:sfo}gf% ‘éa'ilﬁe by frehRE #a%z'ﬂ%gﬁtfé}ént eheSdSh of

termni ng or each uses t retur
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ttfﬁs%ﬁrcﬁgngﬁi&??@@ﬁ%a&t he return while mnimnm zing

e over I'S evident from proverbs |ike
“"Don't put all of your eggs in one basket" and "Don't

ur ch re hatched", people
ﬁgesgurf%ﬁ Oc%tg’é' &EHFH@V Yeﬁgh%efm Pnal ysis sumari zed
in 1h6eh&mge1 stehdsiHﬁemﬂpmfkﬁndaﬂdsdﬁ ridksy to al l ocate
resgur.ces. relative new i.s . he use of
mat eﬁﬁ*ﬁvlaaangﬁ%rOEéf%Of the aﬁﬁaﬂvﬂs%wrﬂgaﬁ@&i%t urn
t r agle@fifcatifd eheOfesdui® BAG1Y B8 tusdOELehStof Maxianal #&ir@m while
risk/return is net present value; in the |ast ten

year s MpgdEneths syaalbggiin usi ng the real option nodel

b 1 e@liedt FRALProVRBETIG ‘o't GRSAI IS dgBs T SRHAYe and "Don't
Luehr man, "I nvest ment Oﬁportunltl es as Real Options:

corRt oy ridkenebelons thayae .speoplp haveHang beed sl |threlsnd of
Ry & Wisunthy zc%oin'q‘ﬂg léﬁ(%velt%%g'stefﬂ? 10 Aecide hdW&o SaﬁH%a@cakesourgles

work on nodel i ng portfolio selection is tha
MVhastis kedaiively nedreis 8iei use df mathkiantiop] odelh maalyzing the risk/return

Et%adtl:({s‘fg ﬁ&h%& H‘;E 1i eét%ﬁ(%degnfgg%nalﬂfﬁxéeﬁsgggtﬁ{nala élgfgﬁrg{éﬁt value; in

rtballasoml yaarsypdeple |h3vet heguni usirigathe sedd atptien ragieh Uwth of these
NBV nod;

uncert al e and kow tz's
JBSEIGRr d-haned g Relih Ay qtetmiRedpv Sl Dblinidests gea
a(Sptamm n effezimr@ R&ited ah thé Nombeaiener Haheed Baginth i Reggwa Jaly-
cert and, return for. an a
AR o8epa drist o Rl W BR ot mid R e Rt RGeS that of
f{M'tyf M. Wf[afrltb’\ﬂtzg IdhfsaﬁbédainLIQarI'}OM iMhrlEdvﬂ?t Eﬁ‘ﬂ:z&@ameﬂf ﬁcatzo?] of
rain fromt ction at a future tine. Suc
ﬁbﬁﬂ”@?”ﬁr?"?@r g’ﬁf"ﬂ&@m’@pﬁ%ns have | ong been
bought and sol d |n the 30 financial markets. The
reason options have value is that they reduce risk:

advadage of darerealopntion mpdehis thay it fakesthicker aceoiat phpreertainty.

kEth@W moB8 et mnm%teggﬁnfdnel mbdetg 18ehliques bt NReum
Thus, in the real option no he potential val ue of

avo,laélélmﬁs(ﬁeorgrqlméml@@hrmlg However, because things are uncertain, the risk
and return for an action to be 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 allocation is
not simply what the allocation its'eif brings, but additionally, the value of being able to

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



not sinply what the allocation itself brings, but
additionally, the value of being able to wundertake
future courses of action based on the present resource
all ocation. For 2 exanple, when a conpany purchases a
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ecause the option gives the

_option is valuable i or _
is \@&ﬁb@rﬁﬂc@mithfe@pﬁqn pvérdhoieapamitheices it diherwisehaenid poyhave
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see sfre an e rea
P. MigokaEls OfTHeaaAl pomtck 00Fal optionsTHE: MuKi/BEBN e  Dakien), 1997, No.
1997, No. 3, pp. 4-22, and Thomas E. Copl and and .
3, phi 423 and Kheman E. GapkandgandeBhuligpF. Kgenany gijakingrieal options
' . 3ihd 128-141. In spite
reai:? @%@ﬁ%(%’ogégf ?ggr‘t:e%ly ’a%%?%l%gg RBt lhzeaﬁ)rgﬂ'cs to the probl em
of allocating a resource anong a nunber of different
uses, . difficulties remain. First, the real optio )
In §jffa PF KBS PHREEFoRopePIpag ngbemadn ip the fo%hlfiﬂg of alocating a

resbitell YindH@la RS OF QiffdrbRGREL MficuRd reidin. PRL:, BRSRal option

used 1 n porttolio selection. Second, there has been no
modedduhs\ieyetafore beranusefl wintigtot malyekfiedivedual resource allocations, and

di i ficat.i .th |l rjsk. ' ith
hasy 10 Fe@b otFR dn DR rORCs cer ek iR o6 gosto ey of
quatEIRARS tHealfRYtst T/ Wi sHdA DR tRE o¥difll fiviet em  but has

al so Shown that it is unnecessarily limted. It is an

obj ect of the invention disclosed herein to overcone

the linmtations of ~USSN 10/018, 696 an r
Exp gt 0y et culnrbal PR ofn Upel e s s

derfotierateyl thd uidfieinessvudihd SRtk duabpeslto Slovithapit &S eifecessarily
i nvention provides a nethod of analyzing a set of

limited dt is ancaltiect OE theripyentian gisglosed hereis toraysrcaate, the jigyighiprs of

USSREMNO%, 896 fnd Rrdo o BRI mplh Fedleatiifed ditbaihl e,

nmet hod conprising the steps perfornmed in the

processor of. receiving inputs indicating assets

S“%‘_éfFa_é'é’t"éGh? Bventign set and for each asset, a desired
OB U g e A, PO ot ascs
selentddefromach plasdity ofitheteofidtistprio witams tdha fodtwi assads of thieplumality

return .indicated fqr the asset; apd outputting.the
beipg 6‘85?2‘@ in;strageackgssiile &t RBTaseEh ety aa’fm_? d sprBEsipe the steps
perfdRRAtih Ue BFRUKLLIFAcBRYRL InRlts BRfidMHnE! Rkt sQ8tePtor the set

and for each asset, a desired minimum return; using the historic returns data to

determine a probability that at least one of the selected assets will not provide the

desired minimum return indicated for the asset; and outputting the probability.



assets, historic returns data for the assets being
stored in storage accessible to a processor and the
nethod conprising the steps perforned in the processor
receiving inputs indicating a set of scenarios
f
Anm};* P CasBE o8 (RS S im0 PRAARS st B8 optlohi®a se of
asseil, histamr setwhocamstor ahé Iaysetsbbteumgestortevluneswmgmcasubleato a
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recéiRBgRpES Iﬁ@@ﬁn%@'s%f@fzeﬂaﬁ@s $ith@bet oR8SRIsSedch scenario having
opt|n1zed over the set of scenarios. Another aspect of
Valu%ewabs?éﬁ pscidnmemtmﬂlqgrtbv |sclte<sf asspts tand dvluf:h géﬂyesicoq:hagtlf@lly

berffén Hrod Bbes hE™ TBbAtifly b SLGHERE FIS P SbHafb hnd

detér@iibingSvelglita of e a@@ﬁsﬁfh&h@ﬁt Rectsthat B wodstsdass @dee of the set of

accessible to a processor and the nethod conprising
asseth i eptipizedeyer drwstiof sreRMIOSpr ocessor of 1 1) sel ecti ng

a set of assets on the basis of a probability that at

| east one of the assets in a selected set will not
Angther agpect dfhhe pimsént dxtlveniom pmvudastmnathbd ot seleamgfaoset bfiessets

asse and |n1z|n t he wei t he sets
fromyp, P@@lg&ﬂé d %l@%@ t BBY%%}% §ﬁlaf~ SRR Ao setahisforic
retl?fs BRR TR etd Qelﬁé‘ AR fedShistdrfist dc@estsﬁ?e ﬁ,l’ 4 ok&smnﬁhhé hRthod

I nvention pertalhs upon perusal of the [ ow ng
-conmtmg thet sDeps @erfptmemnethd pdrcawongf: l)wh]ectmgqa s@raf @fsets on the

ri drawving FIG 1.is a f]qgwe ar of .
baspcRl PRUBRG hat Folies 06 Pd s iha Pl gh il ndl provide
theaiehle&ﬁﬁlhrﬁﬁunﬁbé‘éﬁrﬁﬁhdiﬁﬁéd fdratec lafsekial 23 YplmifAng @%welghts of
FIG 2 is a flowhart of operatlon of tﬁ% I mpr oved

theagsetnindhe sgl¢ctesbiet.on system discl osed herein; FIG 3

is a data flow bl ock diagramfor the |nproved resource

all ocation system FIG 4 shows the top-I|eve

graphi cal user interface for the inproved resource

al l ocation system 4 FIG 5 shows the probability

di stribution for the probability that the return from

a single asset will exceed a minimum FIG 6 shows

t he graphical user interface for the input analysis

t ool ;
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FIG 7 shows the graphical user interface for the
visualization tool; 5 FIG 8 shows the graphical user
interface for defining a scenario; FIG 9 shows the
wi ndow t hat appears when RDE 323 has conpl eted an
o - -I 3 .
OHRELHE A pivantigss whP E Uil 18 (RIT YR SRS yhichthe
invergion fareolks whoagreawsabbf the fohipvene Peatiled Deavériptiver and drawing,
i nproved resource allocation 10 system FIG 12 is
& schema of the database used in the inplenmentation;
and FIG 13 shows the contents of assets and
paraneters tab 421. Reference nunbers in the draw ng
Briefidescription ob thevragving gi ts: the two right-hand 15
igits ar ef ecence nupbers in . dr .
each %S A RSBGPS b Dol B e i
r ef §iRACEesotibdicin 2SN 101038, @ggpears as item 203 in FIG
2. Detailed Description The follow ng Detail ed .
FlGe3cisi prilyyebart) of wpefptiom el s cimmpyRy Fsarice cllocaifgs system
disagsegrﬂe&iiﬁla' l'y devel oped to quantify the reliability of
nmechani cal, electrical, or electronic systens can be
FIGsEd atdategflew bidck didpeareffbethe smpfovdd vesosicé aliatation system;
isk and wll then descrjbe a resourgce allocatio
Fléyét vt tQPs"gggir S@Pﬁ’&ﬁft Ve teitye] ©F Jha PanPYE Fespyree
allRB@bY§sknt:0 find an allocation of the resource anobng a
set of uses that attains a given return with a given
reliability. Thereupon will be described inprovenents
to the 25 resource allocation systemincluding the
following: The use of MITF reliability to select a
portfolio of assets to be optim zed using real option
anal ysis; The use of robust optimzation in the
"resource allocation system The use of nultiple
constraints in optimzation; 30 The use of various
ki nds of constraints in the optimzation; and
Modi fications of the objective function used in the
optim zation. The objective function is the function
used to calculate the real option values of the
assets; in the original resource allocation system
the only avail abl e objective function 5 was the
Bl ack- Schol es formul a using the standard devi ati on of
the portfolio to express

wht!i;rg}
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the portfolio' s volatility. The descriptions of the

i nprovenents will include descriptions of the

graphi cal user interfaces for the inprovenents. Also
included will be a description of an inplenentgtuﬁglosz
of a preferred enbodi nent of the inproved 5 sy ‘
Applying reliability techniques to resource allocation
Re1G a9 ishdvisythk prevabilikPek&Bition” 0 §8Y Probabilith fieat ARS @R iom a
of nechanical, electrical, and electronic systens.

| nf or nmafipgle asgetyillegered @ MIBIMUEKI e if it is very |ikely

t PRE. 6 dhok ke g‘Mi:liai%al A8 BRERECH! the ifSAMABRE0dIaVE

nmeasured reliability in terns of the probab|1|ty of

~ f HIGyf thows His granhsel yseeingprisersler the visualizaticn tlo@:lﬁ e, the

Wﬁf@ g ﬂo\w@ﬁle%r&@ﬁ:aﬁys%f fntrfa J;ﬁr R E}%tyngcgg failure

a systemis 'determ ne ana g the probab|I|ty
t EHE Goshovrethes vghdavhghats ygpeam whbﬂ RRE | 323n hgsi clomgplepaly an
as to cajse the systemto fail. A systemis reliability
can be |ncreaséd by providi ng redundant conponents.
AEI@xm'qhbws ()13 gtdphlchlaistnenteﬂiﬁcetfemﬂmmm abjdcliee ﬁmencmt

IS e R IR AieD ol FEPREE By an S mP R CisHE afgeatio
W th th@./sfeﬁﬂputers votlng to deC| de which result is

c ect.. .If one conputers re eated rovi des
RGP el the Gape B Gl ay B oot v,
VG, BUGbwathe 3bK1SRYSMREs addMRrahRiddtaanf. a single

conmput er does not disable the space shuttle, and even

the failure of two conputers is 20 not fatal. The

SREfféHn@é‘ﬁﬁﬁb%rs% tREREwRE mettﬁfé@ eyﬁoie%hélw %e%o@ight fidnaee
conputers is of course highly inprobable, and

c Bigdeargarfereyce nupbersimthe dsayng indicated byrfhgremainipg digitsj Shus,
hi,gfd vdﬁﬁ'tﬁea&@ke?e 5’ f’i‘ﬁlﬁbe?fzo?f' lﬂké}g ad { ‘?EfiW@@aiﬂtFIG 2.

conponents 1s |ng sure sin [ure

el sewhere will not cause aII of the redundant
conponents to fail sinultaneously; thus, each of the
tﬁk@%ﬂ%%ﬁﬁﬁﬁﬁpgoﬂas an i ndependent source of 25

eITEg tl{g{l pﬁvﬁzlec% L?e maptn%%rr‘%t]i :Bﬁ%m tﬁ}[ %Scrlbln lP) W techm%ues

possi USGS ure 0] ers ar
| ndgpﬁhdlmtlop&fd ooty Iﬂmrremwltg at l‘meﬂfanichie ekectn‘pa]l @redectronic

! BRI e i, B stbSis PF olpPtieettth i RS pof itk chen

i BescBbda resSfrcd Blocas@esisted! whieh akdsaeal apliee aﬁal@ﬂs ﬁdﬂabhablhty
per f or ms on as redundancy in

me fun al
S fRsiaio, fld g F0P P Bh ParsotmamoBH & S |uﬁqsgréﬁta¥tams a given

atdt@fabitton gdfenreli@SIAY CEncAHPHY wilk bB WERFHed impr®OsmdnSs to the
maki ng sure_that the returns for the uses are subject

t EPSﬂ‘i‘rF‘? dlosgiton syyiep dncludipgghe follgwinggri cul tural exanpl e,
L R LESPNMAF lefatiftdo sLIBE adRRIR b Sl 8 YeSopfimized using

real option analysis;
* The use of robust optimization in the resource allocation system;
e The use of multiple constraints in optimization;
¢ The use of various kinds of constraints in the optimization; and
¢ Modifications of the objective function used in the optimization.
The objective function is the function used to calculate the real option values of the

assets; in the original resource allocation system, the only available objective function
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m ni mum anount of corn for |ivestock feed, sone parts

of the land are bottom |l and 6 that is subject to
flooding in wet years, and other parts of the land are
upland that is -subject to drought in dry years

wise farmer will allocate enough of both the 8?¥qﬁ¥°32
| and and the upland to corn so that either by itself

Wivhd thy Belck-Schdedofthiifd Din @118 Yithd@d d&@4tidn of the@lobtib@b t@express
m%r qg% y%ﬁi there wll, he the m ni num anmount_ of

5t Eo?fﬁff § Yoptlithor fhs dpesaiptionsept the |1mpﬁ>éelafn§wml include
Redst@ftiohs bpthe Eﬁbﬂﬁhlﬁ:s&qﬂteﬁﬁceélRﬂ'tﬁeﬁ%p?&eﬁa@ﬁt@ Uhfs@ 1ncluded will
allocation in_a nmanner that is analogous to it

a'ff’pP idexripen pbapipplemantatisiseletrpreleried dhodisent aﬁﬂxeamreved

el and are redundant systenms in the sense that

-either is capable by itself of yielding the m ninmm

anount in 10 the wet and dry years respectively, and

Cﬁﬁﬁm‘%@ﬁm{nt tQ&nu@les ?tgi'éskﬁr)éf gﬁocafiﬁ,?' ving the

anount’ 1S v ematical terns, a
gRﬁ@hlhyjew arc anprotanb eorbmnhfor et deaigoersl 0§ meaiwhical, electrical, and

COUSRANSIA, IR S SRBBEIRL PR P

r ¢cgtectin abEndibeeruipva nn‘baplrah teliniglitg ih lterfraidf theﬁﬁrob‘&ﬂltﬁ) f failure;

fromth ti
B8 oot O3 r0 PR B ops, pape Gk, ST, RSPy of
r Batlie of atsilﬂerﬂﬁi etérflinsAby@nbReing ﬁiel-ﬂrdibalbﬂlty that st the
uses ?Ftl ogs and reliabjli tty to all ocate
i %@@t‘ﬁ@ﬁﬁl 3 Wap @ to cpuiering sygtemge i ob S islinkiliy can

s ireasdd be mbaliRc! ReuREROdbBMtents! NAnT SSMML S e latter
20 investnent funds, the uses for the funds are

i chwdqusanithe ushof iplepamutessiadie roedwiiles All pihe permptations
vk ;;Béitfblﬂﬁa b?feaEﬁ" 6f %%@&pﬁtlnﬁs@gﬁ t]{eex%l*ﬁphiefkgvc{tﬁ]g% decide which
particular allocations of are usi ng
gt sporetts I anel of ke compristsaepastedlybrrpvidemintérecct residts, it is
0 lias fraASS S t

oyt S RED R AP R i lfSBfinbdE e Tiflfe LFS sinet
ofompfutei dgeStn@t tiisebla dwepac] sisesinderv@ tht fiibireof thowoimanters is
o ffgtglr g u?tgﬁ%e%% BQn%? g%‘luk?%néonse a115re %ts aéf{n fo}nﬂgte{s is of

rocessi ng oe

' aCO$IEst= haghl)asnmt)bai:dd: and esrasequeaﬂjz ahé ep?hcé ihGile's ddmgputarsystem is

at r et o)
SRR S0l Ru R A SRl AP e i e
rﬁﬂm'eoélse\ehams nwﬂb rnoa edu@s sathnd tHee redundint MBymPReRasRd fail
on hStoriygth‘f e case of the ris

etlpeas  obahe | PRbPTRYSSS dut 4n i Prénsidigt source of

estbmiialpow e, 1h RettsREed @dme aF thePosdilft Uiled BV aidge BAGRhree

on 30 other jnformtjon and the risk may

be
CRPTRNISFY 3B ileRSRER LAy T 286 ashrpd thipppmputers ha a probabilit

of failure of n during a period of time 7, the probability that all three will fail in T is

3
n.

The aspect of resource allocation that performs the same function as redundancy in
physical systems is diversification. Part of intelligent allocation of a resource among
a number of uses is making sure that the returns for the uses are subject to different

risks. To give an agricultural example, if the resource is land, the desired return is a

minimum amount of corn for livestock feed, some parts of the land are bottom land
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thereof, including economc risks generally, business
risks, political risks or currency exchange rate

risks. 7 Next, for each asset class, correlations
are determ ned between the risk for the asset I $91.012
and for every other one of the asset classes (1%5? :
These correlations forma correlation matrix. The
pt!diitﬂ@@ #@ft 1é 'ﬂb&lnﬁ RPwdtSehrd, fidasihdr fp¥rtd B€the land are upland that is

di versiftication of the portfolio. Thereupon, the
pluBiseinto drarghd ipfdry Yeas the siso farmer wilh éﬂ%gwnoeglagé betpthe
3poroRl BAELET Me! kﬁﬂ’anﬁ'tgpcohlssocﬁigp%h%{j \/\?1 3} witkiyRpd {h¥ 'mlﬁﬁh
aIIocatlon of the funds iIs found maxi m zes
preosah of Gapuds eiifer ihwetrasaley oeari bars ‘(’1111118) the sniiwiot ameung of
r &k, @R |l I Qb Wl I, based on the
correl atf%ﬁgmﬁggééﬁgﬁgguggh%%ghéwhthenaticaI details
of the rellabllity conputation 10 In a preferred

L rtain aver

e[@t?férg rlllggz%l ys{sqgnfy (S’?Q& 0 r%glou fes &ﬂacaf o1 11l 4 manngr, gxgt a %nalogous
rtatis ap;bhqaﬁd)mtuplgéiczﬂ hestqng. tTln:l bavtoavlatd andobe upldnd)ire tmdimdant

e stapd devi a n ortfol
b g e DRt pbleRRatal St g BT ot i
diy iwet iahdrlyOfeads hesppaivtlyphidocdnejue@Bh tife xtehablmssloatrecleivtn\g the
of . the portfol ets over the tine

SOIBHBAP AU B P R R T SEERIPTES Gy eBeRoTECt e

tae ah8 dvy, nd olsed@Ip! iheR 9fa BRACtHrRESBE bBMWREN ﬂ'lerl%k-ﬁhat the
and the caorrelation coefficient p for each pair

oligm landplagting will faikapdphe sk that ter wilandplanting walé Bdls AStCﬁ% be

Sde@ Bam0h e e¥drdié, RS 1k Oortelion TRID &Y l§et\9<f:en he I'IBéI Jf tl?en\%nous
the correlation coefficient are used to conpute

cisoslor agtven fesyrny themoes reliablesthe rétemtis.me T, with
cov(A B)T = /A BCA TtBT. Continuing in nore detail,
for a general portfolio with a set S of at l[east two
ok systema thitarseexeabbptiis and acliabilitydo phodatoinvestmesrfdadd FIG.
viation and the portfolio's rate of return can be
witten as: 6P, TZ =L~>xaxbPABCA, T6B, T +L' xA"TA, Tz
AIEShIESSo@tES Bioﬁatli(ﬁl Systenx Af Ahd préfeised\embedimeit, The sesbivee is
Sl%\‘r?lel?; t LN féo e %dg%re 1'11% s%mgnfts 1Inhvear1 gsrctlgsses of assets,
over 1 &? %e gerd o
potential valuations of the assct 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. 1 is a flowchart 101 of the processing done by the
system of the preferred embodiment. Processing begins at 103. Next, a set of asset
classes is selected (105). Then an expected rate of return and a risk is specified for
each asset class (107). The source for the expected rate of return for a class and the
risk may be based on historical data. In the case of the risk, the historical data may be
volatility data. In other embodiments, the expected rate of return may be based on
other information and the risk may be any quantifiable uncertainty or combination
thereof, including economic risks generally, business risks, political risks or currency

exchange rate risks,
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time; rp,t is the average rate of return of the
portfolio over T periods of tine; xAis the fraction
of portfolio invested in asset class A, PAABis the
correlation of risk for the pair of asset classgstb01032
and B; 30 GA T is the standard deviation of ass&"

class A over T periods of tine; 8 rA, T is the

N extafe chdht ﬁsdﬁfclaﬁﬁh&li‘élatﬂfns &Ses@éterﬁinibﬂ%eﬁve@ﬂ @l{c rTskFI@f tHedhSset
and S is the set of asset cl asse

of ting;

a@%%ﬁr?gsif?r THREY P81 Ui Hghe At ¢lasendPRr olhese Pm’redqtt}oaﬁé‘oral a
N&-FaRbrio ridtFik. Dl Rifpodé b th1§7§ﬁ3‘ iofo L{Lﬁn@%ﬂé’ deltsﬁicatlon of the
standard devi ation of cP, T

rRartialin. | {Thsreensms thoapratent valps fo tahr@gl prsion Ffpl( ibe>assqt rlasy for a
pre@eté'zmme(i [k ﬁ]c.%mputreﬁ’ (ir()9t)| @‘PnaTlP/) dn HiRatkth W}ﬁé ?unrdF> is! found

GP, T are replaced heir fespective val ues
twbwb qaziniess thp preesnt vaih@s ofchs raahopttons: an lheubscttutmtrel@hbmty

[ £ L 52 E |
SRR i REREpEclcb Rl AP T8 T o & usi ng
Sinpson's rule. Details of the conputation of S will
1 & el ut at | of the real option
aag‘lee o ﬁ%ﬁt%?%lgro %oelrlelé&# °38Wg‘ﬂ} i abi | i ty
clansprefimd einbodippit] the rélabiity ofatérantawfagt ecouronabe b@‘tfoho

t.h rtfolio which Ximze .t he real tion v
RSB oS eVt e, BT vl o e FRgoRo ofgs pshd Slgfine 1 and
ot ispaRdaralddiaidn O doit thelpoefdlD’ Afehir @erdihe féh&gof h@e 7 The
Black S holes fognula In the fornula, TA is the

qvtayto? £or the, parttolie represents I&)eam:]at;g;&y of §1etpﬁ)étfohol § assets

fmf-:ttneonn@f'r ! hhe d@&ﬁ%%v&ubﬁ\f&%@q;ohﬂ:.hesc%ﬁtbe%é&ﬁﬁﬁ-&n the
during the period of tine i, where TA is divided into

eﬁ%}"éﬁrdpf@ jaters ofgachrasset overstinmg Tiand #he qerrelatipn exstticimt pder each
iBsT38et QhRSS Mr C¥Rpai AL S%E&t?&ﬁég %J@antdgrdtdg%a%ﬁ%the

chol es formul a, one nee ow ng val ues
tlﬁ@mbfm* raénthevedin end fthe pomelatiomseetficiem, atei medt tv compute the

%WI&)&% f&r tﬂmﬁ& H@er%fuﬂg Ipwgtﬂ cg%,lfr)r = A,BJA,TGB,T. Continuing in

more detail, for a general portfolic with a set § 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
Opr = Z zxaxprBo-A,To_B,T + ZxA Tur

Ae8 BeS AeS
Bz#Ad

Ypr =zxArA,T

AeS
Where: opr is the standard deviation (or volatility) of the portfolio over T
periods of
time;
1y, 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 is the correlation of risk for the pair of asset classes A and B;

oa1 is the standard deviation of asset class A over T periods of time;
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30 Ex, value of the next investnment; rf , risk-free
rate of interest; a, volatility 9 A=x ACP '

‘Ex=xAOP(1+r.,")T" For a period i, the value VA { of

the real option corresponding to the choice of Q§s861.032
class A at tinme i using the Bl ack-Scholes fornula i1s:
log((" + (Yf+O.562)(TA-I) V-~ +rmn A" x PAI 6 T -I
Ai A 5 togsthehveragd rafe Foa)(rilofabset clish+r ovey T periods of Gime;
TAg! X41P(1 + rninT")T"" exp(-rf (TA-1)) A1 4T The
above formula is an adaptation of the standard

Bl ack- SchoBdstht eetriibset didssedi ffers in two respects:
first, it does not assune risk-neutral valuation;

second an exponential term has been added to the

first termof VA, ; and corresponds to the discounted
VWE wesufi® ihche Holloatrg thit thetportfolival falloivs at fvemel diveibution with

changes, the.real .optian.value is better suited to
tlﬂ%ng)gﬁ‘?e%?? Wd{h Sgagg"gﬁ deyiptiqnaatios ‘.ﬁ(*f‘ﬁe“‘bﬂ ocation of the
avai | abl e funds to the asset classes that maxim zes

the real. optian val of the portfolio can be found
th}teHeﬁél%ﬁﬂsﬁ?{?aﬂt VOB o am 15 Mexi 1 VA, Vi n, AL
XA TA - h, > ¢ 1= D((r — 1o Opp)) 2

where rp1 and op;r are replaced by their respective values from the equation above.

The constraint can be estimated using the expression

2 2
(i — ZxArA,TA) <é Z ZxAxBo-AB

AcS AeS BeS :

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

be provided later.

Computation of the real option value of the portfolio

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

equal periods 0..Ta-1.

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

Scholes formula, one needs the following values:

A, the current value of asset class A;

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

tr risk-free rate of interest;

G, volatility
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AA.l AeSES A J the program being subject to
reliability constraints such as the one set forth
above. Overview of the:inproved resource allocation
system 20 The foll ow ng overvi ew of an i nproved
version of the resource allocation system descP?E%ﬁlﬂSz
above begins with an overview of its operation,

cantj npes with an overview of flows of information
mﬁthjneépe syihenl and concludes with an overvi ew of

t fE=deerl*{g.s) i nterface for the system The inproved
resource allocation systemuses two neasures for the
reliability of a portfolio of assets. The first of

t Hergepdriodd, the aslue & apfof theersal optipmreorrespénglinguoghe ¢IMICERL asset
r akd.abi ity [ syure of total return
rgl[ldlsa Jiltldln%ei//l.mﬁlpﬁletsjﬁg&?%%lf)%\sigod—@%sl#em MITF reliability
is used to determne the reliability of sets of 5
assets. portfolio consisting of a.,set of assets that
has suffi|cient MITF reljability is_|then optim zed

usi ng co g?_%ip;sqfﬁé'k ?Ophb%adéog constrai nt based

on tpn?: talh> retdrn 4eliability nmeggupe. In

all ocating assets, Khﬁiﬁgér can taka‘?nto account

realisti real -world constraints 1Q based on investor
i sk prefierences, shorting, |everage, asset class
onstsr ai ts,é m m num i nvest nent threshol ds, and
downsi congtrai i S ti mal ortfolios
1 Lgf 30 Agy] 5§ 0P p

0
that |maxi(m ze ypsjde’ poten whi | e acicounting for
' " @{ﬂﬁﬁ emPer.QF ) 4" exp(—r (T, — 1))

| | q @ . : n, -

di scqunt s associ®t’ed’wi th non-normal behavi or of dat a.
Instgad of the single objective function and

volatility neasure used in the originall 15 system the

i mproved system permts the user to choose anbng a
MRy Ofor@RIa 66 b Xc%etaﬁ&p 6f hQ38 (?a%jBYaQi(-gEllncllést Brmuyla. %t differs
_ he 1 nproved asset al'Tocat I on systenw?ur her

i dwp popertse Sirsiol dees nopedswing dsk-uairal vabiation;optdnriar apopential
V\Q{‘n‘; ﬂaJ $eR 984085 tﬂer}ﬂgtrtgl% ofi'gggee{ntdacloﬂg%oh& t? %ea?ig&q ted value
stochastic variations In paraneter estima es,?o
clone raipofvietum n. Mathubese twe changbe theoedl bplidrovahasie Hetten saited to
S [ .ve scenari os spanning the real m of
H%ég@ﬁ?ﬁ??%ﬁ%gﬁggh?he assets in the portfolio and the
portfolio itself. Overview of operation: FIG 2 25

RS Gore S Bl BBl ISR A LS W e hnifi the sea

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

1 (V4
MCDC Z [L - Vmin,A Jx.é,j

P Y X4
Ae§

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

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

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

- 10
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al l ocation systemuses the system If the flowhart
201 of FIG 2 is conpared with the flowhart 101 of
FIG 1, it will inmediately be seen that the inproved
system offers the user many nore options. In the
systemof FIG 1, the user could only specify ATERp1-032
of asset classes in step 105; everything el se was
dﬁteeﬁam foethe Bystérhe Thd inprowedséRict bIRdBalit] QEERLIsO twondehBes
out t he ﬁset classes. In particular, the

oliF e Rty o & Rt frrssig Tt Bibeser a miasure of “mean

Biae o feiet @TTES bRl e 5E@n@ N Ym¥RLALJf |t6t5]%‘etuﬂp1%§é&fll@ty
that coul d be empl oyed I n the Bl ack-Scholes formula

widhe Impreved sysiery MELR reliebibity i ged tdeteravine the rediakilityad egts of
t K I

ol Pl SHREE Of 1 38 oF s Re YAPRE SRR BHTYE siapitiy i

dhen Rptipiged peng sorstigingethet mamdnalint a cowtraint éasmi ama&te total

r reliability constraint based on the

t%@?fe?g?m?n%ﬂﬁ Fi abi | i ty. As shown in FIG 2, by

contrast, steps 203 through 211 involve setting

options for the 10 optim zation step 213, which

plar flloratig opsatattho nser wian dékeciator &g pein dedligne tdabmatitl yoohraints

those set forth in steps 107-111 of FIG 1. In step

23¢d toheinvestor cislh mefeentesf shofting, RUEAgY, Bbetl AaEUL@Straints,

for conputing the real option values of the

painifeh i DvaStAss ethfeshdldd) andnBodnsiRr sombehs bl delise optimal
effect of taxes on the portfolio, and can sel ect how

t oetfdlios khat faxinfizdepsdRipot@talivihike Q@co%ﬁﬂu{glfoﬂlhﬂﬂlty, |r£11a§ﬁi%pof
205, the user can select the investnent 15 hor’izon for

t s, Qi SremainisOBs disduride BisHEsked WHH MR hEMIH Tbehd i of data.
confidence | evel desired for the portfolio, and the

epRtesdt @ldth@\éﬁfgﬁ:g@ojédtﬁg furfcﬁ@n bid GolRVIRY nrle!'ela?ur? Ql\é&ls BB briginal

horizon. In‘step 207, the user can spec

Ay S O i 86 E d é}@t‘ém ftﬂlgé gse]} ﬂf%hﬁf?ée' I ?ta'n?lﬂnb? of‘é)gﬂctive

sélect assets to be |nc n ol1o

oRhdtiTh ﬁﬁvola@ihﬁ‘rﬁﬁss&gg the user can 20 enploy the new

capabl Ities o I nproved systemto anal yze vari ous
aspects of the selected portfolio, including
anal yzing the portfolio for clustering of returns from

. h i
(I BB AP afodRGE R Rty LEFRGRRR o Ptboiis Dt
ets 2|n t.he

f d
TR PR 505 B o B
t th f I 1 t
B E BLr oRS 7 i, A B BELIT 5 o

aIIocgtlons of . the assets sel ected for. the portfolio

 SQmPFS ﬁ“%gs"ﬁ??dm? PN fhsf; i5HE gt pogsibilities for the assets in the

portfolio and the portfolio itself.

Overview of operation: FIG. 2
Flowchart 201 in FIG. 2 presents an overview of how a user of the improved resource

allocation system uses the system. If the flowchart 201 of FIG. 2 is compared with

. the flowchart 101 of FIG. 1, it will immediately be seen that the improved system

offers the user many more options. In the system of FIG. 1, the user could only

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

11
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constraints that nust be satisfied by the assets in
the portfolio. These constraints will be explained in
detail later. Step 213, finally, does the optim zation

selected in step 30 203 using the paraneters se%%§&59032

in step 205 on the portfolio selected in steps
and 209 using the allocations and constraints

sgyeteinf fraddl inforngadtion irlthd sydtah aBoud théQRset Qlﬁisbin EdattR0lar, ihEonly
ave the jnput configuratiaon that was set up.
i ‘?S%’J?Péﬁu%%“ ayatilg e, g Hifckaehplie semidsarothe gnly volatilt
f dedsiner th@PEduld 2Rt dnifloyeiNin GG 18 k-SHBRE HGIHSRE thd RBdbhBird
12 huntebd .032 in steps 203-211 will depend on what
rsyiagaR ﬁorptihé\ﬂoﬁffgllo)ﬁ T PYrtEeE Znmorgeser, rly o ogle ﬁe@tramt
f&hlcﬁﬁé%nﬁﬂ(%@@ R the 'of)ﬁTh IREHNFER wéMiRs gf tﬁg\’g&]‘tfohg‘g ersg@}fhﬁ) that
l ows in'the inproved resource aflocation syst
Fropstpping, was irequired| tocke @i rebjatility30unstréint bpredvondée el return
OMELpfigw of the flows of information in the inproved

resource allocation system The information is
received in reliability decision engine 323, which

et PR 7 It B R A0, Re B I o R ok Shpd Srane

r apionization atep X4 whtah eI opfeﬁitlbﬂéDWhich Yorrélpohd fibtionally to

| bj ecj si on engi ne
SREEDS, BFR R IO LB F B R DSk e 2P B o
apinibat @efrrhiilad foe c@ﬁﬁlﬁfn@hhdﬁ%ﬁl%ﬁoﬂ eaGes dresk ]ﬁdi‘tf&lﬁsﬂlssets gan
10/ 018, 696, g}ﬂl %gust reliability decision englne
VRPE ety e theglieehofitgrgs prthe periokips a0 caw kel @wwmk is

tthebeUdeined A$ th¥ LdicldRioBX Plnadiiedod, ahe 'ilsert&ﬁ HBEt AL investment
robust optimzation nmakes it possible to determne

oz fos e aptipjzagien. theedcsised mrininewm privms bF cenfiderpe level desired

SfoPHE BSHtfofio, Al iRt dx t
o R R e B T O s BT SR ol
optim zed using basic RDE 325 can be further fine

tIH@ﬁ‘: 265 i Busel O ECI@'QI nd %Qlél%i L& (f‘hﬁgrﬁﬁfqgl‘l Vgtu}(i’zatloél or can

robust optim zati
Selepizassetstobgrindheded plethcfppﬂﬁbhd it b@oﬂtynlbgd t hoesteps299, the user can

I t tem,n res
%’rﬁ) (gpé‘l SQ\JV %@a%ﬁﬁgg gét%g Im%%v sgutte%lstg ragf\l}{yﬁ: ev&nggs qspleects o(} the
uskerted pOIttﬂOhO RbBHuding asthoainy the pa@Blio 3drklusB2Bg ofirgurdSfom the
331 be. appl.i ed bot h l.iabjljty
BB s S (e R petoriioca e ol e
Ifdom:lltisoxﬁ irﬂatr&r dorafiel petolios lraﬁﬁétsS anRRbalgZg VTAH]-&] EnclaiMBikhe So-fail
into two, classes ut.s ich
c@hlérlpl)r?%@gw&\f’ REEECHBYS Qb Bes My tbgpo‘%@h%ut ations and
i nputs which describe the constraints that apply to

the optim zation. 25 Tq the former class belong inputs
PeEBYS thegiseie spegifyche Bdliabngasimpn sndsginimum allocations

of the assets selected for the portfolio in step 209 and to specify one or more

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

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

12
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313,317, and 331. All of these inputs will be

described in detail in the followi ng. Optional
reliability MITF constraint 321 permits the user to
select the assets in a portfolio according to

the portfolio with the selected assets has a degﬂ}&%bg?(m
MITF reliability. If the MFF reliability is not what

|18 sE9Si20821 1 REllQRpéndl dAvh&MhaR fbeer BravivRstp Wohfi@lréPaddSwhat is
done egr} he user. selects different assets for the

pSHts! Tfhe pirssl PNt YSe user interface for the
i nproved resource allocation system FIGs. 4, 6-7,13
13 huntebh01. 032 The top-level user interface for the
| Ay Hoe & esmarelans b dtinpreveyasencs dloshibwrvitam: i

e
0L o Sk ST, 0% R et oL bl o] oF nBhaion
pa rﬂll@slmpp@\feﬂfr@ﬂoll@e gddcatien systepor Theanfoad@jomik rectivechia reﬂwrhty

' Li
e(iEE’s L &fﬁe %% e»%lclfr"alﬂ:\%t%; &l Iptgrtgoho}oaﬁgett%as%ﬂu?ﬁd for the gesued

benc optim zation
palizatey exfshé cpprtfohe dptthmmptbvmreetﬁurtm ellqeatidrf @jstem eéhablhty

Li 402 d P
RSN, HRARC AR et Feubg. SRiT Eniti o By, retiabiy
at&ckloomng?ﬁ&?’h%t iwhddH yptinpiessnint theS@ineal nRAnef ﬁ@rhﬁﬂtiﬁ USSN
{ ana emsnt S |1 C 3
%33@8 Pandrgbud FlGh é%?ﬂémeyilt’ %&@B%ﬁms acegrding to

toameiofuali@s] by ke usies Awhih b@reﬁrlaﬂil@@ NaRATthe Misé R robust
present. cont ext ar&lﬁahe asset nodu whi ch accesses

1PHREAEP maxes i APt dstrrmiig dhe 1neHYitapidthe atimized portfolio
Rb Oftddn@sitM AREBAL in WY GlpuP ShridbRrd gl 12 gomﬁﬁc?'tb(es loptiBized

t he behavi or of sets of assets. The Profil

Stsifdior Partiofippopimizesaysing basip BIDECHASi eon be further fine tuned using
RO LAk Labl e

TEBLUREARANES, | S ST ARG o2 e
Beginamgn Feonarins wrhefsotmﬂedsfbteedr by thepert drentodRdcallytgenerated

he WGt G 0h S1gBF by B L, L1 M TTom whi ch the

assets Int f assets to be
optimzed will be taken At 416, the user can choose

fvi ortf.olio Y. Ct i
qg@ﬂggl‘%yd%g %& fﬂ%eglg‘iglle o’the %l?% are %é Pg 3131?39 ﬂfrl 1. Inputs
sBéBem:tiBﬁg rhayobe a:q:llued;tto bbthpehetbﬁlﬂweﬁgmt:dgatnpu@ram ikl eppidd to

rst| nt or b.elec n st of
%ﬁ% port f5 offnldolélp ﬁil pAvK ﬁ%‘ﬁ@ﬁ t8f’”° éqﬁ# 8% inpys fall
nﬁa]@t étto awbotimdsése alidpyitsbyhich edetoipie Viagy MESO GRS Q)erforms its
acqu{n?)ﬁtgfllgl?sn %L?t e@f@gﬁescr%tﬂg B%ﬂgﬂ%ll%g:t%ggp};]; to[ t%le Iogtlmlzation

Redt thed fohﬂeidcmssomngqgﬁag 3k Ning 329, w@ﬁet ]attelAEel ilpits 307,
wn_a |.ist of bhenchmarks from which adport I 0 may
n ae

S92 T3 DA of Fhks mActspidlder degonbed in deil in The Sllowing.

Optional reliability MTTF constraint 321 permits the user to sclect the assets in a
portfolio according to whether the portfolio with the selected assets has a desired
MTTF reliability. If the MTTF reliability is not what is desired, no optimization of

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

Overview of the user interface for the improved resource allocation system: FIGs. 4,
6-7,13 '
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portfolio by checking the box to the left of the
benchmark. 25 Once a portfolio has been selected, it
can be anal yzed using the tools at 406. I|nput
anal ysis tool 403 permts the user to do detailﬁdttm1032
anal ysis of the set of assets being analyzed. PA™&""
preferred enbodi nent, the kinds of detail ed analysis

aT}a& toalibwe] usee linteigace 4t the BpréddRSour & altobamh@w&ﬁ lﬁﬂﬁl)wn in
dar .devi ation of .an asset in the se extre

d &1 15s £ feieak indowingjusst aviartace dag ton liebfﬂ wr@@aw éwegf the

| sk MAer&RE Mas & GRaifPhiitd: X pbreolid |§§ect§)ﬁtp09tfonarﬁf§e%1chatﬂ9 user
extrene dates for the correlation matri x.

\FTERIAYS tPateissha parfolia of asssts 9 af bepplnarkse optinizetien partiore 404,
ClvHiRh @FdvidEs 'pﬁraHé%rs"%k tt}iev(ﬂﬁlh‘ﬁ}aﬁoﬁ‘ OF felpo P9 ﬁ&“cﬂ%rdf %ge{s%@legt% by

the portfolio. Correlation matrix
t the ugRsdp perdion 462.tand pexsfotie Iaaalyazmtonbtat H6. Modult h@ectlon portion

pate frphinp- eﬁ’l‘:r’i'tsJ %@c{ﬁ){f ﬁf Btﬂgijblaéla% P& tm: %g‘se m nalgyx%%ntts?/%tﬁm of

conput e t unt e
pwhich o mnprﬁqdeﬂ@mt wBochtiore tystem s;ed anm;mnmtt (ﬁﬂ thést3nodules, the

p t one, of

CRCR A a8 S RERRE o AR Hoe s BATIRRE. psh sccesses
u@eezts i infdrmatigt dboizthérn,Camd MBI 0T hbdile, Whith JeRitd detiled

|re af.ter .sel.ect these _functi

R RO R S S e ttﬂrsws#r?ewa:ss@ el ptent
aapplicetion; FPOT/URE/E@B4T72r Thgler,USB¥ent NP1 acillldtidn 16F  selection of
|Ilustrat§f? nFE 6, whi ch shows di splay 601 that
BRAfirpedis, {fcdp Ke anal ysis tool 403 is selected.
W ndow 603 appears and the user selects the kind of

nal ysis desired at 605. The result of the selected

f q:g,}qqn&ﬁqwgbé)@gf(glo sglegtinmy prsstion @2 d&vit 15 0ihe piserysclpots & period of
e GEmSWRISR 1 AEMokRe WAL o BRALANSod @NBRBIALR will be

that shows clustering of returns In t e nultrvarl ate
ni@ksretit Hi6s thejusertden shdase ampes wwstcffcspew@fylngmrtﬂ‘dizes Wby sideuting

aﬂ?&ﬁ‘ ARt Yhek e dilsbgﬁch?rl Oﬁlas?éie%ﬂr?%ﬁérﬁ lgpoitnp (Ptg)hc?s that

. _The user provi des a rmation
%e etslemd hyghé nieraclions, lonbx)ﬁfthrqtmg fomonlist b narhaipotdelios. The

an%fleg] &2 k0 Orﬁgﬁé;fz %Q: é&%ra?e%s ﬁutm&lgtgc%llly olpyart S 11}1]i}r0¥?§1t resource

par anet
i llpeatiome nystdnor i e, nmhmgr palvefiticne iy a[t]ehﬁntd mvmas]dﬁjate]sﬂTlme

t t ur ela
N TN TR NG T T e
rl:zftlelsna‘rks:)tfdom ahizhunportiofio st beMorhed; hhenaeeern afigyd to a
timzation i in erformed.. The
g‘lglfo b@'eCh’f‘g%lg ’Fﬁg x@ﬁg‘éfﬁaé’?aﬁ@%n‘ﬁlﬁ@’ ser clicks on
asset s and paraneters tab 421 is showmn in FIG 13. At
1303, the user specifies the risk-free rate of return
t‘ﬁ%‘tﬁ 3 %C’fg%%gﬁse*&eg SFlPchgh ftfan ibe wedly srdrits g dhe sook 4t dPs. Input
analysis tool 403 permits the user to do detailed analysis of the set of assets being
analyzed. In a preferred embodiment, the kinds of detailed analysis available include
extreme values for the return and standard deviation of an asset in the set, extreme
dates for the return and standard deviation, extremes in the correlation matrix for the
set of assets, and extreme dates for the correlation matrix. Visualization tool 405
permits the user to visualize clustering in the multivariate normal distribution for the
portfolio. Correlation matrix tool 409 permits the user to see the correlation matrix

for the portfolio. Reliability tool 411 permits the user to compute the MTTF
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20 which the optim zation is being perforned. At 1305,
the user specifies the investnent horizon, i.e., the
period of time for which the optim zation is being
performed. At 1307, the user inputs tax inforngtk 1032
for the account for which the optim zation is %& ’
done. Included are whether the returns are taxable and

t RflalFEE 0N the poktliol Whisktivé AncliN@IdcB6dM0BP: iSperBROME user t
term glcrﬁs z)nd di vi dends. Rtmlsog t he usgfpesel ect sl,lser ©

oFfiEch el 4 ppraker g aBIECHTE fypesins-f Yheplesisdrancgion is i used in
e toR@hization. SWBle B dber- 1%&.&/%5 Rbuifdd! aﬁe@?e‘f& 1§n ﬂf"\@rfet Nhese

it iS based on the standard devi ati on,
i Binglipnsqselnstiomef thofusetionnissrdts inohe |amgearaecm pﬁg W:ocﬂow tier the

aﬁﬁlﬁ&suseﬂnf)&tg Fhis 3¢ ﬂwgﬁ'ﬁécﬁ&hﬁlﬁe 6%@?5 Shdad; C;@ké‘ol”tﬂ%t results

the portfolio together wth statistics conce
awhet ingutapalpsintoo CHB Gk fedocersl. |\M1ntibw 603 a}giaamm the oi;an selects the

t
P@ngﬁgéag&s%gfed a|9 6631 d@ﬁar%%{lt a§e & egglér%c 10121%%% RrHu{ogher
t wandowe Mispdayi Hduih RGN shcavsmmdm Tohevhirhtconting b igedph SA06 Rhat

b P B R S OhS S b BB ! i

t Tiee \t/mdg\ebﬂﬁbafseﬁhd:h meaiser‘kﬂi@ks andsiadgitoh @dpkogzonstrai nt s
at 427. At 429, the wuser may input robust

opti m zation scenarios for use when the user has

S’Eﬂleelfskﬁﬁoﬁﬂes abaitidHAl ieBihat O3 AeedeBkEES énvtﬁpt&ﬂiﬁ?lbh ﬁf'bpttlﬂﬁiatlon

oes rgbust ptimzation. At 431 is a list of

AR Hers 494 p%m%fem PR5HPIH 404, Basnigror 1nain| Hags:, Asteds Weﬁ’arwers
spaGichyit ale! lﬁéﬁb 'sé% aﬂl; %ﬁﬁéﬁﬁ%? hériYoh Uk Rk fee &@XleHnglge risk

m ni nmum and i ni | ocation for each asset
peittions | Whpther etugps ere @a(ﬁble dir 5wt ialiretas & appbicdbdn, and automatic

aé\&r%&tldmbff pa§ ﬁﬁ%@ Of'f'c;tﬁéj acco'unte d@%‘@g‘ {h%oe{pc anJ&J M%h the

| ender, 5 sol or a prlce hen purc

p@nttljréZ@Oth bhing petfomesidul The| mméncet Hn that apperols méteniitine dser
t e et

e €0l B0 G081 SR i JSLTG R e
*Peclﬁg‘r the oikk- freﬂm;e dzfeeuuﬂgtaan iv expe@ed @urtd thonvediment horizon for

h
) B AR e P b SR 5B Gf vosme
blm:rizom 14333h¢ penh:elg@fmmdwﬁ)ro;mwlmheaiphﬂﬁnatﬁm& l&b&ﬁgglberformed At
s until it ha roduced
ot ABOBPY o BRAFRUGH b Bherecuit ik whisBat Bignaston is
clmfgkae ttm«,md&e abORBItHaRItRY RenfRest tdxable Aifd HREICHSAPs tax rates
FT:S’GIH 9 shows gr.aphical . user interface 901 with the

ne Lo SR YIOF L S0 ATd tdendsz AYti 18RO thssiset selfchraeg of

Irke hdges tof rq%ﬁntﬁ?i‘nﬁ ddnbide risk:StwiRdRr of 1stlhﬁ'foﬁ§5a?t-§0% Yor all
the portfolio, the optimal weight of 15 each

5548, Wheghes ity iy besedtn fbatsraﬁﬁard\ﬂévgmﬂ fop whethap it s baged on the
2588t finbid rOinMrerRBP fAMR dsbetd €8t 1311 are listed the asscts that make up

the portfolio together with statistics concerning the asset’s return. Checkboxes in the

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

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

user may input robust optimization scenarios for use when the user has selected an
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paraneters used in the optimzation and at 907 are
shown the results of the optimzation for the
portfolio as a whole. O particular interest in the
results are the wuncertainty cushion and catastﬁﬁg%bgo32
mel t down scenari o, both of which will be descr )
|ater, and the list of confidence |levels for a range

obbj eitfve dareion fhat @ses %bu&ﬁ&ﬂﬂﬁrﬂzatloﬂ 0 At 431 e 116 @F tRedstyVRSthe
th tlnlzeqﬁpprtfollo is worth saving, the user

O:SURE Minlisty et Bisr 298 sREFiEH allogpldan eonstraipts inciding 2

pﬁ{aiiﬁﬂi)ﬁﬂ ehifiesi, bhd@itfal AMChitG ﬁ)ff’éhcﬁﬂﬂettlﬂ e oﬂf‘(ﬁfonﬁte'ugé? can
used.to make it. The optim zed portfolio can

f 359 Hdfcalghebepen assainay benshoragr ,d\peblorrcwélfrcmea w111mg fender,
or e e BB PR BKA P BricO BRI 1 AbATIREL SV ar .

tarned u3|
39w reined 4e thedensier. | bine @ shortgd dsset i épwediito tiakieﬂder itsshorted

C%ct%@nﬁﬂﬁﬁﬁ Eﬂo%gtlcﬁﬂgr%gﬁobu {)mag%gn g%ﬁ Jolio can be

used as a scenario In 'on. A saved
portfolio can al so be perlodlcally subjected to MITF

' r . o) Si ng. cur.re at a out
taﬁgée\r/ %l[ §1; ﬁmg 1%1% E{tiomrrlés ed trc]vF g} lg'uzgxglgré ast ceq eelngelrel,ﬁ:J Illlée user
wHekh en rlml'rmtipmzatlbmbmtmnSBaSS bigin e dpliMiAGSGELt Bhe A6t @h&cation

be change | ecting

<Betehf g RuBrit Juted sadided on BefiRRe? pofhatiich ot extent

aﬁ(sumetdoﬁfms:nﬁﬁ) the cbhetiaRidsdheOifidd b%r i fs@i | pit. r!;gshows graphical
initions an

d se he foll ow ng
SEEhane! Bl he et ar Oaﬁlfm&%@t Optipizatign rgsultgpindow 903

aﬁ@&lﬁreé\mhﬁl pﬁi’tﬁmisb/9@9(ff|tﬁ@é’ss&§ irAlle BoH bl WHRARE optfhad WiSeht of
folJow a normal 5 distribution. Thus each asset is

r iR aSEh NRle Bt the eptiesd ivveighd fariseme af the assets isthi At 905 ase listed
f proglR@etiakg a8 StHéTmp'an‘i‘zaﬂgn Shy eﬁtabmt @&h Blo¥iChe! Fesuits of the

fi nance theory, IS necessary f and consi stent
vPRtFniEaten 5@§h¢wp@¢f@m ag&s plioken th@rtBluhc loteSesh ol ths ropits ane the
Vlﬁ'lcla’l@ziiﬁt? ncusﬁlgﬁ; 'LHH Géd%sl#gﬂ P%lttl&“ %X@nm@o tl% ﬁ)ro%t ﬁ%ﬂ) llll be
di scussion, this is assunp

nigseribe dater, atnlfléhﬁnhaﬁt of @niflenich @vals §Qrta ranm oﬂdn?farqnt a6 of return.
concerning the return on an asset We initially assune
that the return on an asset C is a normally

dif gher isbulpedidvas dmdopimized portfolio is worth saving, the user pushes save run

button 435 which saves the optimized portfolio resulting from the run and the
information used to make it. The optimized portfolio can then be further analyzed
using the improved resource allocation system. For example, once a satisfactory
optimized portfolio has been obtained using basic RDE 325, scenarios of interest and
their probabilities can be specified and the optimized portfolio can be used as a
scenario in robust optimization. A saved porifolio can also be periodically subjected
to MTTF analysis or reoptimization using current data about the returns and/or risks
for the asset to determine whether the portfolio’s assets or the assets’ weight in the

portfolio should be changed.

Selecting a set of MTTF-reliable assets

Definitions and assumptions
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variable. 2 TA N(r,,a,, ) 15 Wile this assunption may
not be valid for all assets, we see that for assets
with a history nore than 3-4 years, the asset returns
di stribution is pseudo-normal. The nornal di st r@ﬁgi Ofss
has a property that it can be conpletely descri :
two paraneters: its nean and variance, which are

r Espfotivwingldjscussion ubdsrthd folb@ing@eMMbons28d BRIBPhSsof t he
asset returns distribution. When a randomvariable is

sDbjj';ﬁﬁ@n@fcanm rous i nfluences, all of them
endent of each other, the random variable is

d f%‘fﬂqllybaft axelapcissHmRly deBngdhes HopY “psst Fefusng fodlaw arpermal
I diBEBOR¢H,. Thid @déﬁ'a@z&t hssreBﬁ:Eén?&lt by its ﬁﬁéEHTEJdr fh& variafee? ?{15 is a

the probablllt%/ i es above the 'nean. For the nor
dfvadamental pgsymptiomaf W@Eh@?hﬂlws o finahec theersomdvianécatshry for
| éﬁi.dngoﬂ(%sgeﬁid W\;\nﬁnhﬁelds rﬁp"ho u@? ?) mt{_@”?la&ﬁ%léjsony%g valuation
Meakyiguen gn tm&oliwlnﬁﬁlemetlgal discwsipwthif & thooily aksBition that we
1%19&%«6%%§uum%dr§ If%QaLse{y of a portfolio of weighted
assets was neasure rms of the probability that
the portfolio wll y| eI d a desired m ninumreturn

rMSIl\lI " noo\(l\ggnmtte ortfollo was optim zed, the
tfolio was optim zed was

L]I?v%t ur}%%ﬁ B sﬁ{ﬁ%}%}% é tlgey F aépr%aglﬁe\@m 18| %ernng% gfs?rg%tqagrandom

tI'urmbhafeasure of rellablllty is termed total return
reliability. In the,inproved asset allocation system
an additioraF Measrk of reliability is enpl oyed:

I MTTF I I Th .
?@@ﬂ%&‘?‘%gmg? A et 33! ey o dcer essps vith

t ligtoryrmdra Ithah |3t4yyetai‘kathe @Iwet RO VRN @ gs@dioqforhaime one
or nore of the assets in the set will not provide the

‘mnimumreturn desired for the asset. |t should be

NDieeabrival @istribationt K dVBrbberyetiaBRidah ¥ BfupRichEHeRfibed by two
assets is |ndepenaent 0 5. the weight of the assets

i PR oits AAn 23 ‘fqﬁlagcebé’vlu%area@sgeﬁ@wlv ébe dirgt angd sccond

Fhémends to@ thé/ adskidahfind BReIRLSEI WAL 9fradddf %Errlab@c iSRS 1o
maki ng u portfolio prior to optimzing t

OIS IBﬂHGA?PSI #h6F them inflenendant ob each mgher.nihe mgma@geble is
adibae@bd %oﬁﬁfgtt%%é §0rﬁﬁ?&sﬂrﬂmt:dnﬂ ?h@%ﬂﬁo@%&“ﬂﬂmon is perfect]y

sel ection validator 321 in addition to
Fygmettie— 5¢%|0f i mepabiliy lissttowe tieinjeas Hmmtﬂmwmhhdnwﬁﬁlon

rigé 'pﬁ)tl?yhlglhfyyofftgé ra%dérﬁtvaﬁgbl@%ﬁl?é afld'ﬂ% the limits of (m-s) and (m+s) is
68.27 % and within (m-2s) and (m-+2s) is 95.45 %.

Measuring the reliability of a portfolio

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

reliability is employed: mean time to fail (MTTF) reliability. The MTTF reliability of
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10 conputed and how the conputation is used in the

i nproved asset allocation system The total return
reliability will be discussed in detail along with the
ot her constraints wused in optimzation. W mnlhm9§35632
t he di scussion of MITF reliability by show ng how

mul tivariate 15 normal distribution for a portfolio
caset bfasssed th@pmbbamhumtm dukisg ﬁ)gﬁrbﬂbd:rﬁddtqftﬁﬂbaine%aﬁ‘lﬂare of the

f
RS nf PRl e Pr e hemi R Selta et pr ¢ it
mul tivariate normal distribution to determ ne the
i R T SR
kRO Welohabt HASSEls iR JeNiniedaf i tohsdd NAwA o 321 r% rﬁé 3t0

e the random vari abl e assoi-cated w
t‘ﬁ‘ﬁéd%%F}FfS%lF?tB’nrO@tthi’ $g$ of ggsets mpkigg up pporstolinrer fPl@étlmlzmg the

PRkHEdIR). | An rngl?aﬁa}ﬁ t@ﬁgre\éf'thé/%?&ed 5%3& é’lﬁ':%ét?cﬂcspyst% fsh[ﬁat it

portfollo returns Therefore tivariate nor
dndudes syeh @nsefestiep walidasy: 32118 hiditiab© RDEZOptRuzerNSZ\B The

= [ P
AP IR cdon who o BR MR FERGERY o
RABDNER agBhow theP@Brdidn i9 ufed, iNGGi pRBetlGBeNallocatidiNyRem.
i . f ol,i.0 ,r.el ns. .Since,.k is a,
BB wOREALRR LB BT i By
nmﬂhmkmdmﬂmnmbution, k follows a nultivariate nornal
di stribution.
We will begin the discussion of MTTF reliability by showing how the multivariate
normal distribution for a portfolio can be used to determine the probability that each

asset in a portfolio will perform, i.e., meets a desired minimum return on the asset.

Using the multivariate normal distribution to determine the probability that an asset
will perform: FIG. 5
Let U be the universe of such assets A, B, C ... N.

We know that Vdsset A € UniverseU = ¥, = N(u A,o'i)

At gl N

LetR = . be the random variable assoicated with the portfolio returns

ST

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

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

Therefore the multivariate normal distribution is given by:

18



5 The justification for construction of the

mul tivariate normal distributionis as follows. From

t he universe of possible assets U, let us identify a

subset Q (Qc U) of assets upon which we wish tg

pl ace an additional constraint. Consider an invg%?%ﬁ01ﬂ32

who, for each asset A belonging to Q requires that

the return on that asset be above a threshold 10

mnimungreturn rmn, A . Since the asset returns in Q

are joi Tﬁnﬁpgsml(/‘r‘w)di sthSButed, it is possible to

ex ante calculate the probability of this event

occurring. Illustrating this constraint when Q

contains a ﬁﬁnx e agget X is easy. As just shown, our

chosen ass Ep§} as|peturns Tx that are normally

distribute _mean |[Px and 2 15 variance x . There

are no c6n Fm%' ts|fn dﬂv ot her asset in U Therefore,

the only el:evant | asget return distribution to

consi der | Eﬁﬁ di LLibution of asset return rx ,

which is depicted irn"FIG 5. Because the returns are

normal |y distributed, they forma bell curve 503.

Li ne| 50%2sho t Besm ni. i fled return. The

probabilfhy ?ﬁgf Fx’ exggg%g%?Win,x Pr(rx >rmn,x) is

r epepSert €0 by tTe area dte&wdedd portion 507. Let 20

us call the probability repriesented by shaded portion

507 ppobahilit . oEl enent 9 hunteb01.032 (D(fX

Tzniw?&flApWoéﬁﬁ?F?Fy giveg&us he value ofp; it is

skmply - -X J. t val ue assocj.ateds with the

cgggsl %tr?n\%’md 3 %ﬁm@]ﬂh%f@“&?%%m% at % @1 functiony gf /¥ tandom
i, NV Of. [N ord under st.and t he

CfabiEs tath St p ROEBACE Rl 0 by VEE S erd NErmar

afifrobatidgnon systens |i ke the one disclosed here and the

one disclosed in USSN 10/018, 696, which will be

termed in the followng real option value asset

alhequstificatfunsfps t@aBuctibh of the naiiiRr@&tnoheyalistritutios is as follows.
exactly what we defined it to be - the probahility of

tfremrthe weirersmofpnssibledseessdd deli wsgidértify aisnbsau@n ¢S EUY i obassets

t . i nunber .h ot.ner meanj ngs.

1 SRS i ik S SR PR D LR par Bl o, o
alasloasgétvebelagingie Qrofuibs thiat thic tdnah of tia adsetdietabove Lihashbld
on asset X is "in-the- noney" at the end of the option

10 peinimn réiirins pt obiabs thé tysei BturiEIR G A0 §oiRGEAMERIY 8Rlributed, it

15

20

aption val ue asset allocation systens only val ue
PR PRPIIedP gF @ SFICHIAG tedppbiles hisiquent oceutring.

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

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

2

. c)' - .
variance ~ x . There are no constraints on any other asset in U. Therefore, the only

~

relevant asset return distribution to consider is the distribution of asset return ’x s

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

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

Pr(?){ > rmin,X)

- ) .
exceeds ~minY , 18 represented by the area of shaded portion 507. Let

us call the probability represented by shaded portion 507 probability p. Elementary
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return on an asset is equal to or exceeds the m ninmum
return on that asset. Put another way, real option

val ue asset allocations systens favor options that

will be "in 15 the-noney" and thereby maxim ze ypsiEA 032
potential. Future states of the world in which assets
perform bel ow m ni rum are not val ued, and do not

contribute to the asset weights agﬁ—ﬂurlng
optim zation. Thus, the probabil n i nvest nment
i prohahylity gweSprertﬁm\ra&m of poit i sintplyn- tthe-Trbney", theA@lugiavesiated

the user of a real option val ue asset aIIocatlon
swghémcanmhitwedmhlbuhoma“mszLmémX to validate the
asset weights used in the optimzation. As will be
seen later, it can also be used to construct a

meesur ovefrotus tabin intvystcfroiﬁ ad&elo @fdertnetite sﬂgfhﬁ@ﬁﬂi@ Tof this
et us extend this exa e to case

to.,build pntuit
whrRgoR foi v aBigpion oS ke de oy dsehest bererand the one

i diptlokd bh 6 SKIE N 801 9,699) Qﬂﬁc}f %&ﬂﬂB@' térPﬁe&t i tﬁénﬁ)%%ﬁl' 3e&loption
an hence i ndep endent . probabi-lity that é

R LRGN Sy %ﬁhe P@mkét leve)y p Wﬁpﬂya@@éwe defined it to

- I'ed U&l‘ibsg(ﬂoﬁalzght‘!/%?tﬁé’rem o AL RS Qe el th& i m reg.[r& 'oh that

> r rx >r_) Since rX an are 1 n
t #Ectc Biicthisi sama muispeydiab pthier yle@wmsemedmptlm Qlalye assctmllbdatlon

th XRL.EsSsi.0
Gk m%ﬁé’ B B8 a0 oP P Ehn S BLEER i in-the-
MinANGY mtrthﬁt ofcthie togtipro periicgl. bts ]frolnablﬁny s asysoetntr edchirisa Seal
| ' Cﬂ 032 ("X -¥Ymn, X 4 rmvyY b
el e ot WA Sldns opB gt Al site bl o ighe he
tw@trexpzr @sswxan is elpul e dr ietcebdberl| himim@xX ddheon that asset. Put
.t he. el e of this s Iutlon

U a (134

et WA bl P SRR G s BrnsdemmiBaioa oe in

aﬂmngmby’aswthﬁ@%msmlzbmpkﬂe PERELI IFuBS States of the world in
returns are si gni ficant

relatjon st asset

R e ek ot ioan et B 4 Sot Kvdoand do ot rosit , the
&ssetwehgmsweabmﬁ@rdpah@aﬁ&q asset returns Let p = Pr( r,
>rf, RAND 5 > r11 AND. Fw>r~ ~) 10 In the

general case, P=J ... J JJ

fTHusl e Prdbability ﬂi)lﬂﬂﬁiﬂ%;snnerﬁrﬂ ad¥it X “PetRmd* or ?s -Eﬁ]-the%nb&y”

t he above equation, A QL1(*) is the probabil
ol thg usep Ak reskontion velusessetialiaeation eystavon wallie whlch can be used

o ShlidddAht Q8et TIPS Qsekﬁn fg %gﬂﬁ&gﬁtm. 1Ad M:lltljg%genqgt%}:] itcan also

t he sel ected assets neet
be used to construct a measure of rehablllty for a set of assets.

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

restrict ourselves to the improbable scenario where " and * are uncorrelated and

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

asset returns is given by the expression PPy > Toinx ) PHy > Py [P > T ).

Since "x and v are independent, the conditional probability expression

Pr(7 ¥ i : i 7 i
B > Ty | P > Hi ) collapses to the simpler expression Pr(ry > Fany ) Hence

the probability that the minimum return criterion is met for both asset returns is given
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15 desired mnimumreturn in the investnment period.
Since each of these normally distributed assets is
correlated, the returns on the portfolio as a whol e
obey the nultivariate normal distribution. Thegefar

the probability that each asset in the selectegﬁgg??ﬂ32
“perforns' i.e. neets the desired mninumreturn on

that asset is val y ;ﬁogjfg d with the

mul tivariate 2 ; '@’S{—H—%afron of portfolio

r by trenspewddruatied 20 dt  the “desi4 erhigrisrsimilinté eleiéxpsession
gi,ven.b i.n .t he above equation. Using p to conpute

£ fig wl?/ﬂ"ﬂz-tg?gfsf%mpety of a portfolio p can be used to
conpute the MITF reliability of a portfolio of assets.

o BBy e BB I UCRS basei uhgr el assumption

diSihddpeiiden & anfshg S rebiind f3he ZencPhl 23Qc B RBom i He¥ERset
us the regian ere rx _exceeds the m ninmumreturn.

AFeBEnSS siggificant and 1By 19t be igeeeed dethissfashien. nunber of al |
possi bl e future outcones in which the mninumreturn
constraint is net. Since the objective function

a5 WGridAnBi Ght M} with herrgeed pssttirsfumsasset s under t he
a ' hat 4 huntepQl. 032 the,strike price of
t%g%;gis#e(%ggﬂ"‘éirﬁvﬁl? ?ﬁ'@‘BrﬁB%nuﬁV F e , area 507 is

PIQROfdrkANaise to the total nunber of future outcones
in whrch the construction of the objective function

S ac ura‘Le“." t.this nun%gr be n({T). Now, let no (T)
ériote th t[ot a,lf“UI Piser mia0ksssPB| e future out cones.
thi's erges=the reliability of the objective 5
function reduces ton "T/ (T) = p . Because this is so,
pis also areliability nmeasure for the objective

function. Validatfor(e)321 deternines p for a given set
ofn the gletvs eguedion, Gildlen inehd prdbaifility idamsity Sumutien fori Smulli@ariate

P kLY that  each of .assets w.l | rformin .
CRBRERl bt s 38 e robbad A . BEFfel el et s
r-@sirab:rdililitrmn( Mﬁlﬁﬁ)inftﬁ% iﬁvelgﬂmbaﬂ pﬁecfd'. Eincef cdch g tﬁ@? ﬁdﬁﬁally
por.t. b0 1s the ility that one.qr nore of the
CREkHOH R Spe TRt  Te Bl i S v
tinokiyaridiel herinad dishBbutieh Nhetatored BleOproBabliity Qhf a8k tasset in the
aszeeta ftqrﬁggqr.tfol i o Val |,d§to_r, 321 works as foll ows:
WS CITE &7 BEIOBBY d caPEdt thgosiad apinimpa) febira et et 4587 igfhe yalue
443octed With GiE MUNiIGRkte YERGIaHM SkkBEEorPTHGolRER rShibnskSalfhted
MITF tool, button 411. The asset allocation system

rd Q5 SieereedpniNER ety given By P dbihe abovsgavatien T TF
reliability of

— 0 —

Usi_n,cr. p to compute the MTTF reliability of a portfolio

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

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

—

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

objectiye function assigns weights to the portfolio’s assets under the assumption that
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the set of assets. The reliability of the set is | -p,
and the val ue of that expression 20 appears as a
percentage on button 411 in the place of the question
marks that are there in FIG 4. For exanple, i

the value 0, 100% appears on button 411. Effortg“?mg%ﬁ032
made to optim ze the selection of the assets

t Hersgride\peise oflthe afi:sdte@timais the miniouE: refarmjatel 567 Ssq;tro;ﬁfrtlonate to

it t MI'TF. bjlit dto
ol il e Br 30 .ng‘ﬁi’%“%‘f in w@éﬁ%{ﬂgxﬁtrﬁaépnpat ifeophigstive

de.up. of the set or assets. wever, the (r
nﬁﬂ Wrgﬁtef%‘f‘faffaoff“w& PEPELRS (1 Yy AW Rt ex( )rt’éﬁ‘tt'F &he total
I tinnbad ot podsible Faptire\OuidaMEs. Mn (RIS QS tﬁ@r&f&@ﬂ%ﬁ of rttﬁ:”bb_]ecttve
The nunber of p sible sets with these n assets would

beaunction redldes 8OV ///f these are discrete states, we
cannot devi se an/i"m élllgent way to traverse t hese

sets to get the optimal set. G ven that the running
time for optimzing 30 MITF reliability is
ekponanthisat so, ptis hiso Buelibnmy Mehfe for BB bbiehal fifdioh N@alidator

s %%}é’rwi%s% e R SR i i) o S

s plobattikg t]&ebach@ﬂﬂ% 626 WisiQerfbitn e&hé glt;erﬁ%rwutand thla%eMT {ife-
reI b|| set of assets, nt eb

‘Hg efg TZRF olfr ﬁaswemmﬂqﬁ of ﬁeleu@érthfp mpefoﬂlacré the

t oBgHikit it ﬁ@&meﬂ Wit Retd WE nAPSRIr
p%ﬂtfol?g ngde up gf the set mn?hﬁ e satl fac?v?ymﬂmef

MM reliability. Robust optimzation 5 Introduction
I n optim zationppprpenfoymed by basic reliability
deci si on engi ne 325, th optim zation has the
followi ng characteristics: The real option value of a

p@Elh% QdijdRioPb2 @%@%& a'ss%tsquxell éﬁr&'gldg subj ect to

constrarnts iability, upper and

| Yededatap dahd@rksdea&ansas&emSarsdlectp peet ehdsdtowding st part
| n set Wi t wi.t hout

o2 RS OF LA b L i B

f Mtallonataansystehﬂeqmnéi ubaimb ﬁlpafseryeeﬂpﬁﬁrgdhélﬂim rbhfbﬂity of
ngans co vi ded by h storlca asset
P i e B R 1 Y 5 ot o gy g cnpresion

o.ﬂ:tpem a4 ]be(ﬁdibnt@e bh ﬁﬁttdnhﬁif én 11 RNiSe ANt qERNG! nadks Bt Ak Shere

| . e ast behavi or of the assets
3{18 %lea ;53/ 19 P Eas the Val ¢ 0, 100% appears on button 411.

Efforts were made to optimize the selection of the assets themselves. The idea was to
come up with a set of assets with an optimal MTTF reliability and to then optimize
the weights of the assets in a portfolio made up of the set or assets. However, the
optimization for MTTF reliability has an exponential running time. Say we have
assets to choose from. The number of possible sets with these n assets would be 2 *.
Moreover, since these are discrete states, we cannot devise an intelligent way to
traverse these sets to get the optimal set. Given that the running time for optimizing
MTTF reliability is exponential, it is much more efficient to allow the user to select
the assets in the allocation and have the system determine the MTTF reliability of the
selected set. Once the user is satisfied with the MTTF reliability of a set of assets, he
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| ong periods and by their very nature cannot describe
the behavior of the assets in tines of crisis. For
exanple, in tinmes of crisis, assets that bear a | ow
correlation with 20 the broad indices and with ﬁa % 1,032
other in normal tines, have been known to get h @ﬁ 9‘
correlated. Further, tines of crisis are normally

athsw a)sat@tirrﬂ&zatlbn par$ @04 0P thelseilinfbrade toCopdfift BOWeldAR of the
crunch %@SPQ @1at fthe time when all asset

BT %f yp et Wit gatisfactoyy Midurshiability.

opt|n1zat|on deals wth the fact that it is uncertain
whet her the historical trends for an asset or a set
oRobust apdmEdePy continue into the future. Robust
optim zation has its origins in control systens
Pﬁ@%?ﬂng The ai mof robust optimzationis to

§§yﬁ [ﬂ%q; [ tinmptin
t hléﬁgi\;g%agogg hneli!é agllgtreifégﬁﬁ 3&&5%1 e‘ﬁ?m% 92§ ﬁne 0 mization
alrasith fﬁgo‘amgahar@mrnsnea sol ution i n a system \Nhl ch 30

ned .of non-|.ingar
equ;‘ﬂ*% Beﬁggp%\ﬂﬂé’ﬁ‘@’ %P%ffb‘?("dgfraasg“dmawa% sye i gnstgints of
t ak esn-tincar ndiatilidy abpep and fRiee bodsls ol Rbdh, askdi@nd AFPes hnd lower
opté atlg ﬁrqﬁﬂan]expfcts sone neasure of centra
ten %W@ﬁ oSt EOTHRIIS 8t atseelith kg vathowedherting: and vigs or
st oefithsitileersgel ati on of the actual input paraneter
fromthat measure. In the context of the optim zation

dbndhe poiresvesbmctionning e spasiinty sreagepinutsd ustigt the mea@s and
hunﬁ:@@@an@,ggrov%@l}y hitloRBH 3L, ARwiat i on and

correl ations which serve as paraneters for the
optim zation. Thus, in the optinmnzation perfornmed by

r QbiRLss l@%&h on?0f %g'ﬁnltlcp n@l, tlH?falt%n g tﬁgdﬁg% narre'syand

a WEQSUY e stoc IC V I ON assocC
tdemarigneesrare distoandtal dT hiae'\deambe past a:lekia\m:rrdf aheahsseif over relatlvely

e retur ribution. O .
ggﬁﬁg@?ﬁ? ﬁdg&i %g(r:tréélg gg t r Y n%anng es%ré e tbggfel\mvt% 0? Hlbe assets
rtotassif cxi.fi!s i Forzatmple, in piereh of gﬁsgs ,ayseRDat B2t aaSW\&bl&élaﬁdﬁGNith

inm za n orne RDE 325, It
bfﬂé bibad il no‘fvgh f“ﬁﬁt U HogRal LSS fave @F‘?“a}%‘PWPF%/g‘“é%Eh]Y
rcxotralatedeﬁm}&r etnﬁést hiOgQﬂ;adlre trRrmABCAsGNGT witht $fiBus liquidity
Xt reliability is _a check on the
R eR b i Ot Bt F ke heseq)Erseat veroliios Fapily erow
wbesrdas. robustness is a neasure of the sensitivity of

the optim zation output to stochastic variations in
the input paraneters. Details of robust optim zation

SRR P 18 S LD e i
FePe foFs at GBS tor G EFtndlz assets valld gostitue oifitoa gwefusuron Retwist
RPBInSalbn %a$8k origins in control systems engineering. The aim of robust
optimization is to take into account inherent uncertainties in estimating the average
values of the input parameters when arriving at an optimal solution in a system which
in our case is defined by a set of non-linear equations. Where the standard
optimization program takes an individual parameter as input, the robust optimization

program expects some measure of central tendency for the input parameter and a

 description of stochastic variation of the actual input parameter from that measure. In

the context of the optimization done by RDE 323, this approach is applied to the
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of possible extrenme scenari os. Each scenario is

descri bed using the nean return, , and the covariance
matrix E for the set of assets. Each of the extrene
scenarios also includes a probability of the teb01.032
scenari o's occurrence. Robust RDE 327 maxi m zes ﬁh 58
wor st-case real option value of a portfolio of assets
omenn, t dendget defiatone amt i cosreladiansh whitht berae glisVﬁﬂameterS for the

ity,of .occurrence. obj ect r.
OB, X SR PRt B S oMOE DI 35 adiona
l\hplutms Zefelﬁéd , mafely] admeésureV%ipthE&;‘B)chaslhckvahat\émﬁﬁssod{atecﬂﬂsﬂth the
- are .t ust.ed r on val ue and the
a‘?’Fa&c a%‘?ftsﬁ“'? éi%t;%‘i chf‘ z@f&@@ﬁ%&%@?fﬁmaﬁe&gwg sthey returns
eleﬁl')ﬁtlth 10fQourée, ithe safe cZnétrahnt§can5-Jetuséd with the Q&Jﬁé‘{ dp¥@fization
the total nunber of

cenarios | _throu ,
i R?&%’BB HRDE 32 a%%'égisﬁame eRtiratinoeerfamnediby RDE 325.
positive sem -definite and bounded subject to the two
stochastic variation constraints : p, Pi :5,u,
i efis impoptandriel notg thi theatstionp @brelipbiitj andjrofustriessvive pehagoeal to
Sk Bief 1Afind BsudlPRR RIfL Y541 /LA bz%@ﬁ%ﬁécka(ﬂldt ENEHIRRY 5 the
of the covariance matrix lie WO ex rem
cflongtrpcipy abrstive Bkt Whergar fodtitons of a tressureeafithenchsitivity of

P B LR EROEC oty R BBy AR L g

t he technlques and al gorithnms of conic convex

T N R

software for convex SCONE progranm ng avail abl e as of

June 2 04 throu h S. 10 Boyd at
[ SOCP. html The interface for

ofetiusi KIYE Se8 @a:lﬁbrﬁﬁ ‘rofiulsoptnikAliod dPheted8&tciad bABNLS a set
the user defines scenarios for a particul ar set of

asFgRbable eXtnd!S@harfdN FaBI Sdehirid SR be® Ssih® theBmean return, p,
scenario as follows: 15 the desired perfornance for

LA (RC 8RafihRe matrdET F5:0RaRL dfta¥seRf EhdiEoSREBALhR Senarios also
occurrence,;

includes a probability of the scenario’s occurrence. Robust RDE 327 maximizes the

worst-case real option value of a portfolio of assets over the set of scenarios, each

~with a given probability of occurrence. The objective function for the robust

optimization performed by RDE 327 is:

.. . T
Maximize Min Z(Vi “X;)»
W wyeS. Lk |

where v; and x; are the adjusted real option value and the allocation to asset i

respectively and set S={XeR"*"|X>0, Z <Z, i< Z,J} is comprised of

scenarios 1 through k, the total number of independent scenarios and covariance
matrix X is positive semi-definite and bounded subject fo the two stochastic variation

constraints ;

M2 <y i=1,..n and
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t he downside risk for the scenario; and how the
correl ation between the assets is to be conputed. 20
FIG 8 shows the user interface 801 for doing this.
The set of w ndows shown at 803 appear when thﬁ1H§55032
clicks on "Input robust optimzation scenari os" button
429. At 805 are seen a drop-down list of scenarios,
mﬁth§ghegqgnesgg.the Se¢eparj0 presently being defined
in fietd 808’ and 4 sef” of '$cenario editing buttons
which permt the user to add a scenario, update the
aheee thetastimptie oif theereaic esvami for am afseedmdl 88Gemppl iescovarmice
25 delete that scenario. The assets for the scenario
spauk lie bekwieen boxeBiteserisdndwnthe stotliastic vasikBon YWY e @wan and
807, 815, and 817 contain current information for the
soen@ncoreygeodelnane is in field 806. The fields at

809 permt the user to specify assunptions for the 25
hunt eb01. 032 scenario including the risk-free

“interest rate, the investnent horizon, the desired

the desired confidence level for the portfolio. Al
8ddhniqhbke 248 € hlgbRitMlsS ot NBorfié ORADL: 'Bﬁrxgrg&nﬁ REGHRE! By L.
The user enploys the buttons at 811 to select the

APINASIHEZNE 8K § hBoRPEL THIARS ﬁe§ie%€_(tl3t§g1).iﬁ-df ?l/!c?rﬁlé 1996) and

cal cul ati on and the buttons at selec

SOHWEE 181 c&ﬁﬁx@?ﬁ?ﬁrﬁém ﬁlggg\fap%lgtag QU Juﬁ%atgobzfit{ar%u&es.

used in its calcu i‘fon” The “buttons Tn correlat
q&a%w9§m§&%_ gr tion of the follow ng
tyges o scenaf@osg#%ygﬁé?gkgrred enbodi mrent: 10 1) A
scenari o where neans and covari ance between assets are
equal to paranmeters calculated from historical data.

5gi enarin.is the one ryesponding to the
o SntSreact S d%fmn% s%e?arlg%% -Ei&%E engi ne 325. 2) A

PRhetabovd Eptinfikdtion  prétdéh ¢ &dnvesvdral WRERDENR 733 RRL ?t:&ltsﬁigqm

‘snenpiefered Rmbbdident, i gy asfindh é@nads! foX a ipartRekal BALE dssets.

f on1out|ieL%Ein t he asset ret%rns. This may better
SR CEE U HEPertips far a 3spanoAsitiYssk duri ng mar ket
15 thel Q@ P& ErinlAR Br hOVRhARIce matrix estimted from
the full sanple. The user nmay set up his own scenario

i*n Sk Probakibiy of thetscensgiolseeswesnceal | or sonme assets
pectﬂgﬁmgnsicier%ﬁ f&%ﬁ@gﬁ%nf?%t axm ghly correl ated by
¢ a

i nputting su corre I'6ns to the correlation matrix
feorhavhide satelafondeaics therme®n is Rilercompimy. be assuned to
be equal to historical nmean returns). The ability to
handl e neans and covari ances for other types

F1G. 8 shows the user interface 801 for doing this. The set of windows shown at 803
appear when the user clicks on “Input robust optimization scenarios” button 429. At
805 are seen a drop-down list of scenarios, with the name of the scenario presently
being defined in field 806 and a set of scenario editing buttons which permit the user
to add a scenario, update the assets to which the scenario in field 806 applies, and

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

815,

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

is in field 806. The fields at 809 permit the user to specify assumptions for the
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20 of scenarios may be incorporated into robust RDE
327. One exanpl e of another type of scenario is the
following: If we are able to forecast the

mean/ covari ance matrix for sone assets, each SeBdem1032
such forecasts would potentially constitute a
scenari o. Forecasts of returns based on nonentum
mechato Bludingl the nisirficet ingfaiMdte,” b Efvestnhéhe dbrizon, the desired

nd' tors credit, spreads etc, could _be used

r BPUERL RaP oo gt sr S Bagr ana i e eptpags 1vel o
rthe QJortﬁﬂ&Wd Q318! the BEr BPESIthé GrodabifihySof thENRedBiHECORL Sser
can be b ai ned from ext er nal orecasting reports. In

aBfBRIPY ot bytensi ah § 1 it sedsct the donmside sisk die amimizasanty wadn its

CNl@Ndtdh GRS tHebulthR 28 8 ENRY RSt thdSbukrlr thd il ?dﬁﬁe correlatlon
otlmzer is opt|m2|ng over, it 1s al so pOSSI to

ug%wﬁﬂ?P%P%ﬁﬂ““%ﬁﬁ@%ﬁ$Ve functions in dlfferent ones
of the scenarios, with the objective function
| oyed with a partrcular scenari o being the one best
g letttowntqqoelpe@mqnmutatme 81 ppermiihlefisiemaf the folR@ing types of

h&ﬁ&ﬁﬁ@%lgﬁ%& gg. the worst-case real option
ort

val ue o |o of assets for all scenarios
dBf A rsechafio rwlazrcp mearfSCfinﬂ CORmEjanco betb’eelﬁ anistte dref @pualadol parameters

app o] uation where be the
PRl CRom sl W | Pl 6680 i ittt to the
swamhmmmumammbwwymméRDm&mgmbemﬁe Anot her such
Si t he scenari 0s defrned for the
PR BTGy WO e S A G0 df GUmAEsBh avhgs i fhe asst
neaerlupnsrrtllhtgalday @6l Ubdr¥ere effariu@s” pbafdidatisk Wididk market
this efined scenarios .can be divided into sets

1 nulehts P v aE e MBI GHERAG Dom e BREl ys, ve

St:meraﬂ 98 @ndp hil wRrsehaks L ‘tmcpéore%rahr ef,%@ensa%@ kbth@8hsets
for each of the scenarios in a set. The robust

ORSCRRE iy d-ef asE g5k highll gorrakaed RysinpHtting owch tchesclpidsisgo the
OdorfelBoR HRRBDfok el 8B 0©PfssQE Gah %&ﬁﬁ'xs?rg Y ueasﬁﬁﬁéa% g %F[QJI to

a selected set. 10 Scenari O generat sing outl
Migiptigad pepmregany)e The pbifityde pudlameans aad eavaibGeep éwrmtltes types

t(ﬁ%céh%ﬁf)s dﬁ'rQy §é31ﬁgoréé(rafgh"irlto ﬁ)rbﬁst I{i%e?ﬁ hi stori cal

returns data as t source o correlation matrix
for the portfolio. Robust RDE 327 then correlates an

o(?fée]lc éeﬁ;ar %Oéfr rﬁg’L@H n@’ﬁ% %ce%gaig %otloll%v\gﬁ}:g O} WE g{e he to forecast
rth@ rieanicovayiadeam avatdizy ook @sketslshelg sé L whichofdrécagf would
750?811 yn Icr? trtult]ea'z:i scefnattlg eFosre:ectastg fof rreetttlrlflrg %sefdaclml 1?101?12 tgr[r]ld market
cycle, market growth rates, fiscal indicators, typical credit spreads etc. could be used
for scenarios, as could forecasts of the risk free rate, drawdown etc. of specific assets.

The forecasts can be obtained from external forecasting reports.

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

the scenario.
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point in the n-dinmensional ellipsoid, it is treated as
an outlier. The set of returns used to conpute the
correlation matrix is defined as the n-di nensi ona

el lipsoidal set R=rk{rl, ,rr } 20 k , wher
denotes the nunber of assets in the portfolio gﬁ%“%01032
denot es the nunber of commobn data points available for

t Mexinddsgths worlhese tréid optidnl vafile oF GHer @hﬁilio@ﬂ a$¥Bfs fhoalll sSenarios

bei onput t he "cut cal culate a
%iﬁég% fora Pﬂ%ﬁ?ﬁa [y not ‘?W&F‘Lé’f eh Ppiiw% (P8¢ gimation where this
amap 6t atcechsist il ofe ohior2 5 BRUBERIriH Bls 4 D&ty isRRIL probability of
characterized by the cut-off value and n degrees of

f QSIS ﬁ"qhssﬁflﬁ@nrﬂa THR the scguayios dlefinggfor fhpeportfolio
Ot il emutany @catsiv@ RedMBlibd o deélfﬁﬂ&aﬁf&toﬁgw@ %@é?:gn&’sn T@deal

subset S of the data points 'S=r
dwy(tlia vth1§ gh@dﬁﬁ@descmanpg cgh be rfiyged gx@ct gtk of mu}uplly excluswe or

Indaft mdt\)all? exﬁ%ee *%Qé’naggsz?nd(th% HJ obraiaﬂlézof Oc:cmrrencé gé% Jﬁd for

is the covariance matri x € glven scenari o
i eacly pEthe\seanpries ipfa seb {lihrmotast fhgectime imctiat eoukdsthem mahmnze on

at?lé E&s?s f@ﬂ lﬁaﬂlbﬁ 1e§<?IEJAC?r%nEBo¢ th€ Scc?ar}’é&? %k gsef]&%d% Su bset

ng oD erred
enbodi nent, the user selects r obust opt|n1zat|on or
%hngE%&n%&p%Hpn Imﬂgn the user selects the
the optim zation. The user

| Abettdroia eorrélaiondomPgtatidti sred 81351eats thoudet fo spddify outliers in the

Constraints enployed in the, .
d‘HﬂPfdﬁ?ZEng%%%ﬂ?ﬁ %gé%%m%f@étf ﬂzﬁfogﬁlgflwa%lﬁémt th¢ aprtfplie- Rebust
el a7 thich Yor€d&d dhdiulller EVrSlatsyaht iR bdiollbss:€npl oyed in
t he |nproved resource allocation systemin the sane

fashion as in the systemof USSN 10/018,696. It is
umepréferred dmistidirhdh ARDEID3 HBR Coratioh MmApds is%rtﬁ%ll;? %&n%uted

and is one of the correlatlon computations th
uésaa & oceeHHT e 73% mewing that ifhe s reteps falls ioayqndrthe Pteofl

iATh thefnimbiichaPARRLIR NS tréa?tedja)% ah 65 HieP STt S¥aturns used

nsi der an all ocation vector
to compute the correlation matrix is defined as the n-dimensional ellipsoidal set

k
ﬁz ULy }
k ,» where n denotes the number of assets in the portfolio and k&

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

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

a subset S of the k data points

8 = I"S{ F1a¥g e By } s1. dI(]"S) 25

&zbﬁ_#yﬂz—ybﬁ_#)

, where dt is given by
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xB z xc , where xAis the proportion of the

portfolio invested in asset A xN 20 If Pis the
return on a portfolio allocation with weights i, then

=i TR-N(r,,0"a) rP = Y xArA AEU 2 6P - Lj PA B6ABRbo1.032
AEU BEU If we place the constraint that the

probability that the portfolio yields a desired

Mgt pup repurorryIN is greater than a desired

confi dence 'evel Zds theBomriape>matrin forghe Fivemscefio and p is the
hunt eb01.032 Pr (P>rMN)>a rMI/N < (1- a) ﬁntile
ofector gf extimatss forgpeanretprng pp fperapsets1Agyandr sgen, & » FvISNvould
>bd a subl@bfgO- P / The total return reliability

constraint ensures that the probability that the
“returns on the portfolio exceed the “~m ninum

desi n the portfolio is greater than a
cgﬁ%%ggbﬁ%ﬁ&p e\l/g?'g%. I f that confidence |evel is not

abhé petete elpbodiments thk is¢resdicste toboft dptimémeidss of asictdpamization

desi m nimumreturn op the portfol.io, .then RDE 323
oS B B LU e el R e e pBaimer intettace
ciontoidg thisis aledwiemddGel (yeschiedielonct ed set for the

given desired mninumportfolio return. User interface
for defining constraints: FIG 4 FIG 4 shows the user

| QoRstFaRRe enipRAed fh fhe Ehhﬁfcﬁr@ﬂ Pébo @FER AMlbHRBh sf<tém def I ni ng
10 constraints other than the total return reliability

cmgs;b,raa}emmaym@ﬁ,lycﬁ@@ﬁmasset has a rowin the table
shown there, and colums in the rows permt definition
of hig genstraint 1s employed in the improved resource allocation system in the same

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

scenario in robust optimization.

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

e

1]

by
(o}

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

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

P=%"R~N(,,0)

rp = ZxArA

AeU

2
Op= Z ZPA,BGAJB

AU Bell

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

minimum return #,,, is greater than a desired confidence level «,

Pr(P >r,, ) >a, Then:
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constraints that are explained in detail in the

follow ng. Details of the user-defined constraints 15

Constraints permtting shorting and | everage of assets

The RDE, in its nost basic optimzation version

assunmes no | everage or shorting, which neans tﬁlg%tel%ol’llémz

wei ghts of all the assets in the portfolio are al

npn&iﬁﬁg@bhye and sumup to 1. No Shorting 0 <-xi <_ 1

20 No Leverage E(xj%%:l However, the advanced version

of bune< RDE )AUPHIE O disrbHbeR i ng and | ever age.

Shor %29_2§ hunt eb01. 032 When shorting is all owed,

t Fe B allFe0ati on for an asset may be negati ve.

The ‘pr&%iols non-negativity constraint in the

\?\%rmmég)n. algorithmis relaxed for any asset in
chglt [ 6% sible or desirable to take a short

position. Thus, the weight of an asset in a portfolio

may range between 5 s-x.<1, where s and 1 can be

nElgratoial estuposligtilite constramt ensulegphatahd yrobabilivg uhad thieotretin@s on

| than,- 1 and.l.not grat han +1, but. ..
¢ B8 St presed e o i deiue asfuyd on g mgiolio] isgrgeiqr than a

Atafiderfcarlevieher sSHaldt casfidehed el i€ abt-Rpleldle WathdackBYd B of
conput ed using the negative of 10 the nmean return for
t#ectadeethe depirest mimymnietuse andtie dodélicatlieorR1AE 32 eptimizes
| £8P 5% linterv MM the YA hi '

risk of t ﬁlgeghort asfsf_aeﬁt(g,g k%ﬁéﬁ%@%ﬁﬁ §%lg?afb E)r 'tﬁ%)ygi&{egggrfm the
r given degirgbmindgunfportfediolrgng. asset nust be consi dered as

a gauge of the worst- possible downside for the short
asset.. ternatively, a.nmaxj annual i zed trough to
pé‘iﬁf "gﬁ’g‘%cgirh‘%gﬁwgﬁémﬂ”g%g' >::tllgaz;llquownsi de neasure. 15
LeNE 4 aRGys hO B8 iRUEIE A& dli e

asset al l'ocation can e%géégﬁﬁ&%gmf%%\&ﬁ%@{?p I

. gongiraieh stherihan the dotalrpigmyeligiilits cofstraineatad $.eEachiassct b a
PR ih@hd Qi \w% tﬂQre,l a?ﬂg:?fumnpﬁ the Lévgs e"xgﬁ ggiﬁ%’ionto%e

maxi mum on the sumof all ocations u € governed by

t ¢eastrd@ts [hav o ggelaiatd owettil in the following.

Details of the user-defined constraints

Constraints permitting shorting and leverage of assets

The RDE, in its most basic optimization version, assumes no leverage or

shorting, which means that the weights of all the assets in the portfolio are all non-

negative and sum up to 1.

No Shorting 0<x.<1

No Leverage 2(x)=1

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

Shorting
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S<_E(xL, where S and L are determ ned by the maxi mum

| everage all owed on the short side and |ong side. For

exanple, if maxi num all owabl e | everage is 2X or 200%

then the L would take a 25 value of 2. In case

not want the portfolio to be net short, S mouldhﬁgﬁgﬁg3z

value of zero. Additionally, if we have to be at

| st siBOYsgie tallbwery thei thinirumalbsuion falah aw@biney be hégative. The

I r then.S = 0.3 and L =.1.5. Mitiple Asset

BYEP R on A8, Fradpalp D RE omiTiti] plgorBu i BRthr any

oxssgriw uhichdf is peSls ondesirabls @ @Re & BRIrOYRFAioh N THEXE the3ddght of

For eéaqyle ghe user ks able to specify a constraint

£ L3554 (b RQlHe !y may,epgs petweelssets in the portfolio

shoul d haves axnegessary ninimumor an al |l owabl e

maxi mum 30 huntebOl. 032 Any nunber of such

CRRGE & ahdY SarTRY n%‘ti@g BsktibOor {éﬁ% %fychﬂyz ﬁWogf(]i’ no@%!: RY M8 -
I Fios-fhat can be

us to arrive at practical portfo

i hinddmehgratgr thern +3, hyatheprsticadly, thpptancaite vahies balosd-1 kid e

al low selling securities/assets short, resources

accurmul ated by selling- short one asset can be used to
béilso.anbthh shortissestthe Fhkomioy vialue muyi tlghibompited nsing seategative of

t b short-spld will be.n tive and the

08 pcin NAEmORE Do B3R S e Hotne BTVt AT ' 0% asse.
gleatver, vililanssessing the dbwhdide riski dfuled dhoR aldeq) e RGCHETToOARIE 1-
allomﬁﬁgglev%r as describﬁ% i n the previous

SE8t TN RETIR nﬁﬁfﬁm ST IAUSF I SORYPed enALapes pf thegwest-
asssibls doauadafonitd o aisey StcrRAVely, W BSHAlE aphltiRedBHES to
3%é%allocEt|on bel ow ;10 a specified dollar anmount

BRI Pagh Ican bepkpd axadrvysidedeRePeE as a binary vari abl e
that takes a value zero when the optimal allocation
(fromthe non-linear optimzation) is |ess than the

L de t hreshol d equi valent to the m nimum al | owabl e

OWhérRleverhgME SIidWRAL the Suh REHESSE auo@é&&{ﬂ c@ﬁ‘?}?c@?ﬁ[ i;g%*lm%.

pushes the optim zation into the realmo

i Fitce gé¥,) Rbovpnbiraietdor the ogightmifithe sshes @i the pertfolie wauld no longer
branch-and- bound approach 15 that sol ves a nunber of

rtel aid. dinpikad, Bhepnadihemeonvihe Burh iof At edaticdsdvduld) bé @6 vepgdrigsihe

he.integer variables. Since the underlying
ﬁgv%&%guﬂf ‘P nodel is convex, the relaxed sub-npdel s

woul d provisdeyajd d,bounds on the objective function
converging to & global optinum giving an allocation

tiite REEPU BlcHlclefhinBd By MA@ &veABe allowed on the short side and
long side.
For example, if maximum allowable leverage is 2X or 200%, then the L would take a
value of 2. In case we do not want the portfolio to be net short, .S would take a value
of zero. Additionally, if we have to be at least 30% net long with a maximum

allowable 1.5X leverage, then S=0.3 and L =1.5.

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

assets in the portfolio should have a necessary minimum or an allowable maximum.
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threshol ds for the given set of assets. 20 Mdeling
Portfolio Return Reliability with Miultiple a
Constraints The total return reliability constraint
ensures that the probability of portfolio returﬁﬁﬁdﬂ1032
exceeding a mninumdesired return is greater t )
specified confidence |level a. However, it is also

pbss hishkertaf sotd ebnstrhiatscoap be tédedi t6 khd bpiRizeREE alswdihi e to

O kT SRS TE WL Ral L b S SS

tolerate a return below 8% but is satisfied with a
piso.f 6 IVifeoal\INiW eling @e@rmesswssebsi biokty r@ﬁumésehd&hmula&d rst selllthg-

12% we this_ri vers usin
4B 0B dsct'cRE Bo Wil B ey bebee e 1R bt shecpsasts that
Phras hadyi sl,hbmsomfwmn bei ﬂEgditiv%%'lﬂ @l diglah eﬂédﬁleb& tuesﬁseﬁusgﬂ@s may

of m nimum 12% return shoul d be

9% Pr obabi | i t
el ?ﬁ SfRiE” oﬂﬁf" ' SIGRY iyt mighe weery hetatlenying feverage as

Ofukséritell irs@t Pievidis sedBodTeke sure that the nost linmiting
return reliability constraint is considered at every
iteration. The nost 5 limting constraint is

Mirnduwradlecaign Eonepmidsiepmstenial ues of the specified

return rellablllty constraints at each iteration. Thus

R PGPS B b sy SR bt
cospstified ddllak smewatt Iuﬂidcelﬁiablamhlsi dag be alddeled aOR f:ind@l’\ﬁéﬂable that
g¥%tra nt s arg eé nB ﬁq to ch ck if th; have been
Jakes a-value Zegq when { allogation: (frop the ngn- g%pap]@lzatmn) is
desssthami the hiafiGirh Ofiresildle QRIvVaFhZ & ithd) HifM&fn DAY 2818 Udollar

10 forth, q§tmeen the constraints at each iteration,

JRYESERSRG M e 2755 SUFR AR ePRTgRch diishes alpwptmymnom ighpithe realm of
| FIRBA BiggbONRL Kiat RBz@RIliAB &L d Q8 aﬁﬁ&L offair! @.gu@ *968“’“‘1

éEese confidence constraints. Catastro

alsalvesa Tnbei ot uplwesdMINER) problsms dﬁthﬁmh@@ msd tightert kounds on
RRE idddr SARANYS SAR¥ehe uhééﬂyqfrgaﬁeg@& ﬁﬁ\ﬁfaiﬁ)ﬂﬁ}b{ n%nwge the

downside risk of a portfolio tastrophic
Selavps sub-mudelswaaidsprioyide velid eyhndsdomathd objgntimedfunios tonverging

C{B %mﬁﬁ"\ﬁbﬁfrﬁlﬁ&{” @%g a{ﬁaﬁ?og,?ﬁ b%%@ %cc%ﬂnl%_::;gr Vn\glﬁfétuml al§fion

o@g returns. erta
ﬂh@ﬂ? dordherglvsnset obssethe expected per f or mance of a
portfol|o uc |s defined as the average return for

th t tandard 20
R bl PPt BetleD RS s B 14 Sy RAY 1 e
tl?]l %‘aﬁ% }elf{agﬁng(jg%n%p Jain rSItjrfe:so lhat the probagg"?lty ote portfoho retums

ncertaln
exceeding a mimmum desired return is greater than a specified confidence level a.

However, it is also possible to model the complete risk preference profile of the
investor using multiple portfolio confidence constraints. For example, if an investor
cannot tolerate a return below 8% but is satisfied with a portfolio with a 60%

probability of yielding a return over 12%, then we can model this risk aversion using

two return reliability constraints:
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RDE 323 furt her permts use of these risk neasures as
constraints on the optim zation. Say, for a risk
-averse investor who could never tolerate a 10% 1 oss
even in the event 25 of a catastrophe in the

mar kets, we could devise a portfolio with an WRE%BOIO32
addi tional constraint that the CVM5S be greater than

--10% arrbbiliter e zaimtewnmﬁ)hldq;ré Ve hifl, 8t ®ps t han
-10% The %qnstralnt for is a linear

const r drARaHKRET RRHIHE 1%%’?‘1“@@118%“ be 68% x, D, >CMVB,

VYHQ}Eeeo mlﬁ@iﬂﬂtvﬂﬁletlﬁb@llr%f)ﬁ&rdg-ﬂﬁé%@ﬁmﬁs@%@%é RhkedirGhat the
i hunt ebd . 032 e constraint for

dﬂ‘é“éﬂ%‘iﬂfﬁ setuep geliabiity sonsaeing isreeasideredh st evahhiteratione hg ynost
 IHRiting WBstidnt WREIE.RE i
staﬁd%rd %eV|ét|onsaaSI§nﬁx@f gjh%gﬁm' 293%$ eﬂﬁmjramn
rrekigbélity ponstrgintssit @sh deration muﬁﬁt|numslliew1pg oyrstrainhmighechange
'fﬁﬂﬁ %X@ﬂelra ?IPH)r &rﬁ)tl%“@ﬁ:c%tthg g'l ozt ﬁﬁﬁm con &é satlsttlelzli, all the
resource allocation system escri'p

Tt £689fBIBGGe dongirainis yre odzompliied o chfeu]n dtthe;yrham beh sﬁ:tﬁ]slﬁledi Th1s

NGB MR TR B0 B B BB b

efoph byteder thetcbﬂsttBhﬁCek -eacthisdrators elia’ﬁ[gfn@ th@ﬁm&thﬁmﬁﬁgﬁﬁﬁﬁt’rﬁint
S AT AP Ve, LRI P B

diohdtairenNt obj ective functions, to adjust the selected

obj ective function for non-normal distribution of
asset returns, and to select the wvolatility function

QU DY PR ML, Bk BChpl Gl @AMt RHbh O aLdpher  of

differ ent 15 volatility functions.” The graphical user

@ﬁ:ﬁ ce for sele t| ng anmpng the objective functions
i pleyseRys! 3 req for agRresing e dersasidegisk ok & pewfolio.

leHeds@Bpiad Reltbiagl Q&énarl@ 03 PAEREALS: wé“%lﬁgd)ﬁﬁdlsg%e‘a%rﬁ' dtw-
a list of the available and currently-sel ect abl

Siopach o eearhy manpgsh agadabn Hicewarhill ¥ast eolfieg refwas. Hncertainty
aghien RDG: B2préVidksaGhdSdre Bﬂﬁeg ected }Q’?or%?ﬁcfe cﬂc@{)oﬁﬁ) i6Ctic

one objective function fromth or mat i
dbdafinadnes the %’éraéétr@ﬁﬂbﬁ]fe‘fh@ Wéfﬁﬂl@mmmus rhrag piees stS| standard

td@@iat%xp O a%%g/&r’ 11512 %}alt ﬁllget‘%{ggcgj e'(l:{{n} 3 oL tfig'ﬁ r%foho will be

i ndi cates the curr ecte
Agss thay ther@@émnfyr(bnh@he list in

RDE 323 further permits use of these risk measures as constraints on the optimization.,
Say, for a risk —averse investor who could never tolerate a 10% loss even in the event
of a catastrophe in the major markets, we could devise a portfolio with an additional

constraint that the CMS be greater than —10% and/or the uncertainty cushion be
greater than —10%.

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

> x;D,;=CMS,
i

where Dj denotes the worst 1-year drawdown for asset .
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wi ndow 1003, sel ection of the objective function

i ncl udes. sel ection of robust or non- robust

optim zation. 25 The objective functions The objective
functions supported in the preferred enbodi nent are n1.032
the follow ng: Black-Scholes The volatility ang
mnimumreturn of the underlying asset and the
dThatdnetraintffor the unc3Baihty\sHiteR t ndiQieZQBndfatht URBE bY:0

cal cul ate a set of option values for the assets used

in optlntzatlg E%gse option val ues are used as

| i near obj e&tT &rElficti on when 33 hunt ebOl. 032

optim zing inside the confidence bounds inposed by the

88 55 kAT L gl RORIRN B

erE@meﬂWreturns volatilities and correl ations are
used in a classic non-linear maximzation of the
Sharpe ratio within the confidence bounds inposed by

t OBj@tiPFhinctiods O pletat §iP1the i WJ& ré?%;lc'enguo%%&ﬂ NPstem:

Ratlo 10 The expected returns m ni mum t ar
r Bl@dfs on each assets is used |n conjunctlon MAth

aﬁlsﬁmts ré’sgtn"f}& hLécg{cl:&]IS \)@{% H} %ér%éljti]%h% H?%fl fd?(}lqieéélGSﬁxe z%)nly objective

non-1linear o I on measures
r foskticady/hich etdllct)bﬁr wsedlin optingization was texBlasls Sdfolds lfermula and the

Thi
B by TR Bt 0L 02 ot F RIS OTR Mrmyla yapghe
tamgbtd déﬁtmtwnapnreomq:inmm ssduttenallobjtionadybiest pdnits trlusnt:@r to
| mator unt e

in ce, Wwhere
E2lbRReapoe F'eptE ipiEs R iREn) 8i[’JF"rtP{§ ShrProoradis, hepeeted
amgecmﬂe h’umtslomcibr hon-hernd i sustRetoiV of Mhséeh Qettikid! @d RAkélget the
(Eﬁﬁq Bldescr ed below. Mdified Bl ack Schol es

Thimen srrioved in By Bierk-3ebplst farmply fom ¢ pambgr of different

Bl agkitpeinelias. eﬂ‘iéaérh]ﬂf'call %sefrfiﬂtleﬁé‘c%@opyehﬁ:tl@@hﬁ)h§ ¢he objective
Bl ack- 20 Schol es vol ati | %mglven the'ro

SBREHATS 15 ke ab 00 Ha FIG Mt eWhensthe marehiclsron bt@oeﬁ??»,tmedow
didozenpase W%tcmen)()%&%%?g 1f%€$f%9 afRdb1Ta R Eﬂif@nh%été&able

to the asset volatility). gl ves a set
n%?@tlveamsti%ﬁhas@mveéa%fqr @ﬁe mdta@!eélﬂﬁhé% anderobast BDEs327.

V"?l':egti&? nhd) Rlecl bAEBHeQRELCRhMS FARNGhd B8 ARorAARbS about the
selected objective function appears in the window at 1005 and the label on button 413
indicates the currently-selected objecﬁve function. As may be seen from the list in
window 1003, selection of the objective function includes selection of robust or non-

robust optimization.

The objective functions

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

Black-Scholes

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

optimization. These option values are used as linear objective function when
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The Hunter Ratio for each asset in the optimzation is
conputed ( as the ratio of the nean of rolling Sharpe
ratios to their standard deviation) and used as

weights in a |linear objective function that opgrat 032
in the bounds of the confidence constraint inpose y
the gl obal target portfolio return. 30 Mdified Bl ack
Soptohiemg (ididet the chdilbae Phende dhpdsied by sheighobah@reet @BSHik return.

Bl.ack- Schol.es eguati on ..s I a nodi fied Bl ack
slgﬁlgla%%m%cg‘l i§ e or 385&‘%‘@ B@gﬁ@?@gﬁ%r Ratio of the
asset/ manager. This gives a set of 34 huntebOl.032

i fi q.BIack-SchoIes option values that are used as
QEE%%%Ei#h a linear objective function. Adjustnents
t Whé BEpeoRRi aGluimée vOlIRdds O dRrrdlBorsMRE M&EM A8 $8ksic non-linear
al l ocation s&zt empermts a nunber of adjustnents to

t Feximizgtien of the Shae ratiervithin the gpnfigense byads imposed by the global
Stak&t2hébr@BBo fdagh, af fect the distribution of the asset
returns. Among these non-normal distributions are the
effect of the degree of |iquidity of the asset, the
rgbhﬁ?gbﬁ&MRgiothe returns data, and the tax

sensitivity of the assets. 10 Adjustnents for

ndbe reEpepkddi rafums andt minisuio targedr retirist yn ofach edssetnds iused in

t : : L t be..described b urtos,i.s ..
B SO TR B 5 IR e S
démctionb gt byeasires eiskradiasted pottfoliopeairt i i eexkess dhehe weighted
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i Sonting airget.€This Bgprowhed BB \CaB&ISthe MSurerdi SigRAWt inlthe user

th asset's re option val ue. Determ nation of .
RIS S¥hogs e S Ml g s henate Syring . This
Usppigich ReroPiotel dogfusddligl e HRKRYRBSSapPRA U ERSdDe R,
Skewness is the degree of asymmetry of a distribution.

I'n other words, it is an index of whether data points

PMofifiéR B%k@eﬁolgﬂ%ogfngtshﬁin@@&iw bution. Several types

of skewness are defined mathematically. The Fisher

skt imibe slystic Biwkndehalgsmauasion is keplased by a owdifiedyBlack-

r §dieNek SB1atilty iVl b 1S rolfildeSorSEMRE S the BuslEl Eé?ﬁ%t&%ratio of
the difference between expected return and minimum return to the asset volatility).
This gives a set of modified Black-Scholes option values that are used as weights in a

linear objective function.

Hunter Ratig

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

imposed by the global target portfolio return.

Modified Black Scholes (Hunter Ratio)

The volatility in the classic Black-Scholes equation is replaced by a modified Black

Scho_les volatility given by the Hunter Ratio of the asset/manager. This gives a set of
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d X3/2 x where Pi is the ith central nonent. 25
Kurtosis neasures the heaviness of the tails of the
data distribution. In other words, it is the degree

of "~ peakedness' of a distribution. Mathematical hy...1.01.032
Kurtosis is a nornalized formof the fourth central
nmonment of a distribution (denoted given by JW 2 - 3,
3dodifing Bh@k-Bales niamevaRies itlsat taheudet fus Geightain avimaan bbjective
Rbiﬁkﬁoe}lverse i nvestors prefer returns distributions

Wt h non- negati ve skewness and | ow kurtosis. Orega 5
Anot her neasure which may be used in RDE 323 to

describe non-norpal distributions is onega (52). '

cﬁ@ﬁ'ﬁ*ﬂ‘%‘“&g"s‘t“at‘*’&w BF9MSd in Con Keating & WIIiam

FTIghadlpioodd asst alBéavieh Ssbtemepdrfitiad (kﬁ_ﬁmb@aﬁ'ﬂ %&j’wﬁ%ﬂ_@ Zh: the
wor ki n aper. i's

T@je Fi nance Devel gpnent Centre,. paper. Tr
i QIR ?fk}“qtlﬂfl dP edleW it sRes b sityations fhabalieot Wee distyibutiauy of the
tsanesidsy AfSnd he@SRALmPEiWEERiHPARE ALLrPAGr IRt MRS of

and based on this threshold, identify a statistic
obidity19f the assefe thetelighibily of e rstipescdatad andthyetay pensisivity nthe
I fsdthe "good" regi on over expected value of returns

in the "bad" region. Assum ng, any negative returns

are unacceptable, onega is defined as Expected

r et ' | [ ositive Expected returns
g/f?%g{}tﬁ?’g?}ao\rﬁ%gn%?’é"y%@é(g?f@’é’gl\bw we can sweep the | oss

t Nereséroiatityf efoneturnoointtpfetre leobodienisinad bs titserifkdvsriau®sis

t I thresh . aring.the 0. .plqt of two .
RS E S oY OPER hen, R RE o Soseubecthy e ghdRoures s
detstivariforetht hsses dipewseomapily fagdigr « prébRinORehedsh Sreal option
hi gher ., 0 Eor realistic | oss Ehreshol\gﬁ;l as .defi ned b¥
Yaoes e g non Py IS Sp YRR UseRmrnugbly assigps aglisepunt o the
vahdragedl @bti@ll"wﬁ&(s) Qlet@fﬁﬁiaﬂﬁﬁ oﬂﬁeﬁﬂéﬁ,a%ﬁoﬂs,ﬁh@ﬁjﬁq%ai f6r atnhasset
usi.ng a,nove scal i ng nechani sm dependi ng upon e
a‘t?éf”g“g‘é“’fgﬁ%?’é’f'eéﬂoé“'éndgi nvestor ri skIo pr efgr egces

and then incorporates the scaled value into the

‘obj ective function as an option prem um or discount.
&

Ig81e cal cul ated for each asset using the

NS REks SaRE et RN RANGE PASEBuRA. DR (WRkdsSit i aikndex of

preferences. Then the geonetric
whether data points pile up on one end of the distribution. Several types of skewness
are defined mathematically. The Fisher skewness (the most common type of
skewness, usually referred to simply as "the" skewness) is defined by

#3
P = »
w3

i,
where is the ith ceniral moment.

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

is the degree of ‘peakedness’ of a distribution. Mathematically, Kurtosis is a

normalized form of the fourth central moment of a distribution (denoted 7 ) given by
B4

o= =3
Y 2 »
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mean of onegas of all assets is calculated and al

asset onega scaled by this nean. 25 Any value over one
gi ves the option prem um (scaled value -1) to be added
to the asset real option value and any val ue |g§% 01.032
t han one gives the option discount (1-scaled S
to be subtracted fromthe real option value of the
assetih ustments for the nature of an asset's

Sy‘Jh% ¢h centrah momenty Urigleaydrseopeasiosnprsips tegyms distributions

dg iR hbhASkalife WSFNEsL U PbE, 189sist he obj ective function
did not take into account properties of the liquidity
of an asset. RDE 323 has two sets of measures of
Ogggglty a standard neasure and neasures for crisis
tine 36 hunteb01.032 The standard liquidity nmeasure
Fénotherishdastry whichdey tessat in KDE @23 ®tdesdkibe nod-h@tthabliliktyibutions

C@%nﬁg w%*%%gl %)t%lsgl nﬁ e tné ?1%9@@6% Q‘?’L}l}a@\gﬁ gﬁadwwk ‘A

aUmwag&l Rerfdrmhane deastae’ I(EOOZ),STMBRU@CE TREEEpraént entre, working
n.of tot mar ket v rket depth for t he

6 AR LR iR Pat s B dpierta g Bestly dhthroshold

Visdtwiean gmfod and basmmﬁlb dng tAedd MdhisviBreSIRAd liddnkiB5a staﬂa% omega
323, us s novel ége33|on npdel to come up with

540 0 F the eﬁH‘F"é‘idt e TS i s “ene ke oo Yes FRpated value
f@fCieﬁfrﬁs t 8eUS@d rRRAY AsskhiBe "RElehe aﬁv@rétﬁrﬁ? 3fe unacceptable,
mul ti-factor |inear regreSS|on nodel wherein H
cURtepiitddmedaof |inear regression are derived using

10 a sof tvar e g ARARENns ROV 38 bogddspt | SOft Tool's)
Crisis I|qd@ﬁrt?—n?asureg—?hewsffﬁégéki— quidity
measure can b&H%E F%@??%%“Wﬁ”??ﬁ@?’@ﬁ”&?lS|s when

&, SwdTBh s%ep é%[lé%g H‘@é’sﬁggl ﬂonl; ' og !(,‘H g'aﬁé{ f[ %Ifflg 3 §H§tgzsé lei.sus the

broad nmar ket . i nes nov
| Togputhctishald t(hcanpasng ahief 0b §f aﬁd rpeﬂﬁ)hbsh ¥ reéORGE03s EHresholds

| unmet j n idity in tipes of crises: Elasticity
TR el e eeor ortialSom 6e\ioR 4 R chare sl Tos
ahrekhdlds éé‘ld'&ﬁne@fbyélﬁb B9S8R s ridk phedergitegxt ernal factor
such as price or a broad narﬁ I ndex. For exanple, an

asset with elastic liquidity characteristics mould

m%@y %czllés%i' \gl'hfeg fé)rrhn +sg§ 1nFtC n e%v&?atgy sta{] 310 usggn%novel

hand, an asset wth astlc
|sica1|rgu igclzandbnt h:bpfﬂlﬁmgeupmf ttind eis&agedlﬂ i stdtistic | dn@UinGhedtdr risk

S 2 R, L o S St s o

Chpnbii] @remilinGat dlicointC Ofek® valbledTBRSIAIAIRM o 8achedsOGidsihg the
he wor st peak to trough fal

met od described above and based on nvestor’s risk preferences. Then the geometric

mean of omegas of all assets is calculated and all asset omega scaled by this mean.

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

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

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

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

two sets of measures of liquidity: a standard measure and measures for crisis times.

36



10

15

20

25

30

in vol ume traded over the tine taken for this decline
in liquidity. RDE 323 incorporates both Elasticity of
Liquidity TMand Velocity of Liquidity TMinto 30 the
obj ective function by nmeans of option prem uns Rlnteb01.032
di scounts that have been scaled for an average

nmeasure of liquidity and velocity for the assets
considered in the portfolio. 37 huntebd . 032

Laul di f..assets such as hedge funds Wth assets
s ug_taﬁl‘d VYPEIIS | ¢ i s difficult to quantify

| Farpuubliidly traded des (e edockal) Gy @idins tdAaR giReific@fin Lehfs of average

se ritie% data i s abstracted fromthe investor an
HRIBERY ESF g (oo rﬁé“%ﬂﬁ@_ Yy Y wascaandgewest mapket
sufife oadedsas RPcBES ofl @681 MRS vhhe, RaAMEUAAR fhof IH Uchdy,
q¥ I he hed%e fund portfolio fromthe percentage of

I
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PRDE 304 L&s 2R84 88 &9Bn RRAEL th @B Se dp hfarn‘fi‘éﬁgﬁrg Bf Ruidity for an
average and | owest trading volune, days to [iqu dare
75557 das roovlesant datorp disetssed ahove.afdtie anpdelois ladlinear multi-factor
| it inedsidnth el Bhi belftidi i ! ;
hedge % und man aeger .rgﬁ'l'lﬁ%&%\?%(!rl%ésg&ltllﬂa%?%r? Sffogt%mt %egﬁed fsmg

rej comipgnanhom Bntisbft Entiedfetodlsie an option premni um

or 10 di scount based and the option prem um or
di scount is used as an additive adjustnent to the
real option value. Adjustnents for the length of tine

R %dih%%a?u%en avai | abl e RDE 323 applies

re%ra%%iTQ%rjnﬂﬁﬁ uns and di scounts to the objective

fihectandard tiquidity msisurcldan be inefo@ive N ginks S crisis WheR theRSHS be
avai | abl e rem umor_ discount is based

has been. l.e. Th

&R QR AR o@neitis the ot maiel BOR 18 deaettwariavslgnagsures
SIfGiquidit@ thap bigtcifRAIAr AddR@s @ cdrcdh dfipldmmeting YBRS in HRRD of
i ncreasing steadily through 7-8 years and then

9% eni ng out slowy as "years since inception"

i ncrease even further. Another way of dealing with
assets for which long-terminformation is not

Fdasticiy o Liguidity ek the sesppnsivepess obthe tvesypoof liquiidity dflaatsset

' . bust . R 71 h .
il T e Y R AR p—

séasi¢ Hquidityychafactanisties sotld hesetvk liuidite inr tebasrof srifis. @n the other
t i.ch.are recel v b e investpor are of cour

T30 R RS P MR B Pl A

tdaxingla liRadityr eyenchr om t ax- exenpt 25 assets, from

tax-deferred assets, and returns in the forms of

di vi dends, long-term gains, and short-termgains are

- Daldity Of TAGUIGIES Tis itk JpBaYwiiRNAlch Fuidiy {Sifctel Bs Refction of

time during a liquidity crisis. A measure of the velocity is the worst peak to trough fall

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

RDE 323 incorporates both Elasticity of Liquidity ™ and Velocity of Liquidity ™ into
the objective function by means of option premiums or discounts that have been

scaled for an average measure of liquidity and velocity for the assets considered in the

portfolio.
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323, the expected returns and covari ance of the assets

are cal cul ated post-tax assumng tax efficiency for

the asset and tax criteria of the account considered.

During optim zation, the post-tax inputs are .usﬁgnt.'eﬁg)l.on

the objective function and in the 30 constrain

sensrtrvrty of an asset can be gauged by the foll ow ng
ase] eduwels reported by funds/ managers:

3 | Turn i zed Re.tu ns Tot al
%"‘Eu&%ee‘? 9‘("& B s ot mB: el caspiepdibed
Gabcrvs sirco mgpsil ﬁ tm éecﬁhﬁéstda'tﬁerﬁ Bbdaapedbmshe Misstor and comf)osne
5 Dividends, D=Di vi dendYi e

i S5 TS ROy ek I et v RDBs 05 ceteaings the

caergel Rfidiydofdinei KARE FuRe portfolio | fron@ A%k blcentage of 11qu1d and
respe veI .. These rates can be custom zed for each
cf“iag‘ﬁ 'Iﬁ %%Elotbﬁthe% fugd pertioljedpaseantage petitions as a fraction of

t I 0 A
| erigadid it tFaHH{g[W?IJn’H T paers RS0 HHE o,
i ad apgyofher hrrtedly}r qureammwhwlmro |feom thb hiethgs furfld manager.
t tio .

| O eRle NRARDIEOTBRRBED il Br? (el 3kt s remium o
ddWQﬂéﬂ@ﬁS@ﬁ arglothe pptem pegrniumt endisonrtiessed 8%af additive adjustment

1te§1r iGAP2i ns and dividends and 38% f or
ort- m cap gains, the tax-nodified 15 returns

vvoul d be 91 % of the reported returns. The relative

t e mana n be essed by the
‘qa’xue?f')mcJr e%e)ﬁe'fggﬁ dve Y14 ei rhgs %QVQWI%;FETaX Et ci encv =

| RPEI32T rpilits reﬂ))lﬁlmyﬁirémiuhj)shﬁ& distcoidtb ﬂl)da]otpgﬁvdb@r)r}tlon |_?_cf ad]_ust

2 thetl nanager consr ered above ax
Er% g 1%%@1/ %’Eﬁ B *ﬁéﬂt a% beepavaliaple. hihepremivm gidisgeunt is based

erxrprhe SpeapsimRAn@ptidieoithastétiand ieNGYmOlaldodeeGle out flat till
ggrease wth i ncreases in the fraction of long-term

C

YEHP- et IREreasing yradi e irpus 4§ weats and thangfipitening out slowly as

“years since inception” increase even further. Another way of dealing with assets for
which long-term information is not available is to make scenarios for the portfolio that

contains them and apply robust RDE 327 to the portfolio as described above.

Adjustments for the tax sensitivity of an asset

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

During optimization, the post-tax inputs are used in the objective function and in the

constraints.

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

reported by funds/managers:
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turnover also increases the asset's tax efficiency.
This can be explained by the fact 25 that as turnover
decreases, the percentage of the gains that are
realized as long-term gains increases. A sinpl Slintebo1 032
nmeasure of tax sensitivity has been devised for

i nvest nent managenent applications. In this neasure,

r épmoteed returns are assuned to be nade up of realized
30 capital gains_(long-termand short-term, incone
(di vi dends), i i 39 hunt ebd . 032
gai ns. Po5teiRppared(Raglizad e Unoaahiceddy deducting t he
respective taxes on long and short- term capital gains
and divi dends fromthe reporteg refthslermiapialigns

DGR Perln SHORMerh T2pIBARI at € the i Sbar AiittupirelEeds t o

determne tax efficiency with the asset. 5

Custoni zable Cient Tax Rates The tax rates for each
client/account can be custom.ze rding to whet her
t R&idegdsount i s tax-exen‘p??ﬁri?lg&?@ée%?red or otherwi se.
State tax and alternative mninum tax rates can be

i nposed via specifying the long-term short-term and
dl-+ti Berfex raiss on dengsternTvepgainashoutem eapegaihe mdisidends be
calp%g;e the post-tax returns and covariance 10 for

t Hé° assétrsspectiviche Theretrdted ¢an be Quitdminad oo EactieHiditiahy hdtQunt as

a sat ' ri-sk.RDE 3, of fer he user three.npdes of
s BmRf heia! (TR kPG SR Guih Fapiecas heprenbYos

the risk as, guantifij@edr oiirg (-0 1-he—gelfct;e ds

to calcul ate tajgatrea[lﬂ %gggf)t ?[o%(va Lgs. THe &%EE?H DIl
are: 1. Flat Risk: The flat risk assunes a uniform

r Folexfuaply, if 1furonerefoe boras rhagenist 30e6 adotht ko 6F los-term to

an .- _2* Standar vj ati.on: er conmonly used
TORE e’ G $A ROk B divdend R hn ngh ABBRe it 8% for
neag tamnu gdind @ diviGersls aRtiPgve il eNdrittch BaPfaitd) et BLMbESied
20, di strl(ﬂsjtéqn ?n an asset. Statistically, there is a
SEEUROLA by 170 8F the FPOFE K5IHASS- f al | i ng bel ow thi s
neasure (assumng a normal distribution of returns for
the ass_etz 3. Wrst 1-year rolling return: This is a
cOsElal g yeifciancyiat be ginggeecan belasseassd by ithet taxtefficiency factor
| M¥ESEivBPLY N an asset. It neasures risk as the worst
l-year rolling return fen the asset since i

I- T)"‘.(T - D)[RLS (1 — iI. )"‘ (ll“t;r.s )(1 — is )]+D(1 — iD )]
T

For the hypothetical manager considered above, Tax Efficiency would be 0.3. As can
be seen from the expression above, the tax efficiency of an asset increases with
increases in the fraction of long-term capital gains in the realized returns. Less
turnover also increases the asset’s tax efficiency. This can be explained by the fact

that as turnover decreases, the percentage of the gains that are realized as long-term

gains increases.

o A simpler measure of tax sensitivity has been devised for investment management

30

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

capital gains (long-term and short-term), income (dividends), and unrealized capital
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| mpl enentation details of a preferred enbodi nment:
FIGS. 11-12 The inproved asset allocation systemis

i npl enented with a GU created using Mcrosoft Visual
Basic, Mcrosoft COM and NET conpliant conponenis teb01.032
Excel Automation for report generation, a Matl 'Hi
optim zation engi ne for nunerical 30 conputations and

OdingYPEAti:ORNBLERO Fdund B deductifP the trepadive exds SdonSahY SHort-
dat abase. f.or dta storage, FIG 11 is a functional
f 1

bIeBR KARIRLEH R Ylﬂ?i’%@ré’é‘ the sapriod et | BiF 253 ol is used
18Q8socldtahe blshation fdedsd 1 dMchhing ¥ le@Bichl P Witk iR Addeg ual
basi c progranms 1105. Data describing assets,
portfolios, and paraneters for optim zations, as well

a@u;taﬁ.zam@@ubﬁtsfagfaatege optimizations, is witten to
rea rom at abase in SQL server 40

hil]hﬁ e oates Jor easacqbeetfv@cqmovan bhichtormized pecohkimmto whéther the
fl [

B R A LRSS DR SR A D

ptay gatesreant baaimposet ffxarsnecufymgcthcrﬂmigaemm rshort-tera qmﬁeﬁﬁdafrﬂdax

e fro h suite
SRR R0 s M i L Rt B g crarine
Diat ticlassesfin tHegpoBfllioser ver dat abase: FIG 12 FIG 12
shows the tables in rel ational database 1201 in SQL
Server 1107. For purposes of the present discussion,

tbﬁrzdrﬁﬂr@ﬁmfzt@jzhghﬂbﬁef’ﬁﬂjk groups: account tables

ont a| a single table, account table
1%’3& 3%@5” §95EaMeamades i GREpING:iha Fefup! amesset. RDE 323
a6 Wk Shd Ak WhisehtiASS&olde0sahd QlecRidl hideZ@tdaRbfte BE Geal
made. Report tables 1206, which contain infornmation
QB Halites. phheandss atéports.  Asset tables 1211, which
CPNFRIt R I t
CRTEBRgE Al 7\ AL Al 1P B0 (BT R0 n
opt PitRlei ons 15 of portfolios of assets by RDE 323
The l_e Il
TR GHo8 Wb edldl IR LBGPUSE Al St e i
opt investagiiman psset is disl recan hAAds twitaahe stmdard geattakiom of tha ravdrns
RDE I on
) und%%%uhénegﬁga%pgas? ti gﬂflgﬁ:%ﬂ nther ?ﬁ (s Pbagﬂsﬁé ﬁ)gsihe rer%ums

obj ect

‘applalles ehoev diis mereaﬁmmﬁmglambsmﬂ dlstrfbﬁtlorommma'bﬂ thiasset)

lﬁg ?IV? rstl %ggé "1"2“;'}1“& %thlrl} 2%&1sr 3 atc%nst;err]vean%g Ce%&r?}gte oth ehe risk

associated with investing in an asset. It measures risk as the worst 1-year rolling

return on the asset since its inception.

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

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

results of the optimizations, is written to and read from the database in SQL server
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the constraints to the run. Beginning with accounts
table 1205, there is one entry in accounts table 1205
for each account; of the information included in the
entry for an account, the identifier for the ntQ% 1,032
and the tax status information for the account P

25 the nost interest in the present context. The entry

Haek khd emmna &e thitRerdieAUdtimputatibAXare Peffsihde8@ by dplifization
account’' ? g ternlcapltalggglns tax rate, and its

spging HgP %Sg if dhusgan Haplemetationt of RRES#3. t B¢ @Eogrgms] that
3rfbAR RS cohdpklatiORS & & ??eférh’ﬁ é}ﬁlﬁﬁﬁrﬁent Thersmihe B/Emﬂ? program

here is assets table 1217, which has an entry ft
At Awpilbledrom TheMaW ek dpra¥dtickdd. i n RDE 323.
Information in the entry which is of interest in the
present context |ncludes the identifier for the asset,
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iffor : r. 0
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and, t he IVId RDE 323 keeps differ

A el e TR, RS S 36810 GRS pegodns FH61E 1205, which
depedinginfimuiat it ithe dc@FUneS A lathichMssks 8Rdcaidn éptimizations
benchnmark. \Wen the entry is an asset, the extra

i nf YEMFon is contained in investnent table 5 1215.
ThergpdrSta@bs PIL‘}E T Whib cdod et aatiod ﬂ&ld ﬂﬁ)aie%v Gach
conmbi nati on of asset and account. ry is a
tre ndbsstiaklies 1 hd, t!ktch aontzif @ssattelatel :n@nnainmaamled in

t ﬁgﬁ {zkfabs }1 t q glﬂ'ﬁlg \é\@litégl 1&%}%& r%l? %?q tgp%mlza%ons

reIaﬁamﬂﬂheoﬁ$$ﬂtbyHDEh€3current return information
r tae { tet ¢ Thi s, |nfornat|gn is |oaded from
A Rl ke bt POPBY {epqrknee inde preset g atgsesst bles 1211
Hid ppligizatich raacdblesp2ni zati on by RDE 323. Optim zation
run tables 1221 The chief table here is RDERun table
1223. There is an entry in RDERun table 1223 for each

GRich BptEaizhth b 6f Rbﬁt_v,zb asmbReRdr AR oY oRaEeRd3s2Rd Thetun
deleted fromthe (gstent The information in an
1

REERA P tigyas ‘&Jﬁ"PY/@ ff%}} gn j4id 2ppligs Ny 95 aBore constraints o the
| aMidatibie athiey 1208 0T7M8L L $29 M refaliGhd H&oaﬁdth@%adﬁ& ts and

for the run. The identification information’inclu

dbe ponstitintsite the HRBegiamiag avitheace@mts tlle 1295, thete iseing eatsy in
a@&u’nget%l f] & fo E% ve%&ﬁ.ﬁ{ %E%edlnfgﬁngt?&loﬂg'lhdédqgltﬁe E;]H%?Efor an
or .

for thec i ent e run was ar ane
iagedunt ghet identifiot fooWicregtry and the tax status information for the account is of

the most interest in the present context. The entry specifies whether the account is tax

deferred, the account’s long term capital gains tax rate, and its short term capital gains

tax rate.

Asset tables 1211

Tables 1211 describe the assets. The main table here is assets table 1217, which has
an entry for each kind of asset or benchmark used in RDE 323. Information in the
entry which is of interest in the present context includes the identifier for the asset,

information that affects the reliability of information about the asset, and information
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20 Paraneters for defining the optimzation,

including the start date and end date for - the

hi stori cal data about the assets, the anticipated rate
for risk-free investnments, and the investnent hunteb01.032
horizon.. The node by which the risk is to be ™mntebtl.
guanti fi ed; The mnimumreturn desired for the

Phtdrathi thedRercedtage Bﬁﬂhg @16@&5 #fehdl hdist doftle ¥ Edhg@erm and short-
confi dence, val ue i s desired The optim zation net hod

(P gaing A fis) Buidsndeingqme RIE 823 sespe diifesndnfornaien for an
Qdibrly iy, Rkt W1 1217T&]Serfcf?ﬂ orl WhQhLBE de sefn%rantaﬁﬁt BPQbenchlﬁgrk

nu er of nultlp e asse constraln for the run,
Olhet thei oty ip 48 @gschrihe lewutrs éformmmtion jis Rontedimslr i lpelnmtmfalt table
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i aCRIDEMEDens theadniry Als e benchalatke the 226 indyrratomss oomtarhecbl in

PP ARERAGERBUATE ilon RRECK R R SR o Rl

dalgetl2bd, fomhpt chienttlse astsat toathe leyrrém rmilhlt infir@ati@s e tthe asset.
gl s, t,ab 1227, finall ns an entr

IR RORREL i B, SR ek e Bl et o Ay 4213

goidr e qaali bptinikalon s REIE 31%at bel ongs to the portfolio

optim zed by the run, the entry indicates the initial

wei ght of the asset in the portfolio 5 being optim zed

i@ttnhﬁmowun@ﬁys gonstraints for the m ni rum and
in the

mum wei ght s ermtted for the asset
E@WWF fagledEreny R&fﬁﬂﬂﬁ]%ﬁ 1228n dlheredis e pgat in YDE R tabls 223
1 Br edcRRpRAIATGH R B APbidH RER RYRDES2E URd nWH%‘iEtf;d om the
dat abase _schema 1201 is studied’in conjunction wt

tpEeies ciepinfmstigs ip v RIERyma tbile sntry sfalls jintoe pfaodasses:
19@ntl&i@ﬁ%ﬁtlhﬁﬂn%ﬂ%§1(¥ﬁpﬁg L@ al!lcpgt DatRotbrs 303the TIE The 1dgntt1t|';]cat}on

descri pti ons e Op Imz 1 ONn operatlons
d@@mat{@mu iehedes in identifesf nportes af datm@)r tdemrsy,raaweliss the idertidier

9Bt 'tl{g' é%tﬁqg ﬁ%@(ﬁlﬁ?ﬁ??ﬁn?mé' {" V&n hen? fI P‘T%E’c@%e riin was made.

apparent to those s
I@wmraglbbéeﬂm@llwemgm 1101 oper at es and how a user

def di ff t f
BTG R oY e Runrion o et e g lrrr
15 1he hisaeichMatd sdounbic|akiels, te dnficipsed raé fRTBRI: i 8ments,

rglfglmzeth ortfolio to obtain a weighting of
the §ee'f’§eslt'ﬂ°“t‘ ZﬁBrtfollo that is made according to

teh eTHABbdARWIREL B HMER to be quantified;
e The minimum return desired for the portfolio
* The range of returns for which a confidence value is desired;
* The optimization method (i.c., the objective function to be employed in the
optimization);
e Tax rate information for the run;
» the number of multiple asset constraints for the run;

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

One or more RDEMMConstraintAssets entries in RDEMMConstraintAssets table

1225 may be associated with each RDERun entry. Fach RDEMMConstraintAssets
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of the assets as constrained by a total return
reliability constraint. The optim zation nay be done
usi ng either standard optim zation techni ques or

robust optim zation techniques. A user of systﬁﬁ1%@ﬁé
may with equal ease nake various adjustnents to Piox 32
obj ective function used to conpute the real option

Vaitllyen‘éla&fs th\RDERGA £Bky & SncASISLES of BOriTRY Rl SPpHUBInRAiple
ﬁ%a?gﬁgn1zatlon to nan% constraints in addition to
t 1

FRunsassefs fable| 1248 finely, contins aam entnCderc Baski exet-run
28omidifatibR! €604 PeHiERLAh %ﬁd Reafichinf !159& HADelh sc oocﬁt? 9011&18110

those skilled 1n the relevant technol ogies

neRtiEnizgdcby Be runp e iepigy dicates deduitisleveight of ateuagwt gyti;c portfolio
; ; ot .
R L R

teermfitsdifertbnesoeisn dfe M‘]ﬂ“’d’mmmln@eﬂv&d theeweighioef the asset in
%ﬁkg LQF @%&hﬁﬁ‘ dhd i Il be i nmediately apparent to
t hoSe i

i el evant technol ogi es that the 30
principles of the |nvent|ons di scl osed herein nay be

[ han cl osed  herein
- 5, b Bt Tand 36 Sl RBGP PR T g Hgeerpions of the
pgrapidcap uss inéridche foriimpueipl 1ﬂfbnﬁ&)bnbiﬁtol RIDE 808, rth@ dedcﬂptlons of

y different wa ampl e, rinc
e 8P%@@8‘%?P§rﬁﬁl°ﬁwn%&ﬁfiﬁé&ﬂ%ﬂ%\?ﬁ[ e 4k b Bresasgraints on
Othb eptimbatiod bf@Ahalit a8 ek SmmeEfdfeiW@fpareﬁhﬁ) hSENQiHER the
fclos herein may be used w th objective functions,

Eﬁ’lozjgﬁzhow:aﬁ@trr b0 tapegies @ﬁ«bh% paseriof gystem 1101 may
féél@i@}t HSHNS difBdpsht RS OBLIBIMsSetd, Qnatyrh@le&kﬂs &t fo df‘ ﬁg IpBHfEﬂ:lB 12082 ding

whi ch are different fromthose disclose el n
vielthe MKy relipbilityeriahe w5 of assets. abdi sty Oetumzmﬂmqrtﬁ@irqmmtmn a
a\?fﬁgﬂlnf f it seld 0 metbﬁlvftf&fbetﬁatqé ﬁ&&eoa%g&dﬂg?éaﬂxg rea'f' %}ﬂn Wilues
ifferent actdal 1 nplenmentations reso
acpfl awsPioas symstrained bhattotehisbrp caliabidityt ¢mstﬁanm |Thc| qphmszatlon
S Be ol 654 0 LB GRISES) D TRt BEy P
deghngpies sbms@rhﬁtsyslm 1 Htlcegs with eqdnda cBt Olake a:mtbu@ atljustments to

L T TN T

izmpl rea];emlstaisul;g-ﬁct olﬁe blbtemmﬁmum)cma@l tonEBdint® fin &&(ﬁf}@iﬂlo the total
ry f%oft é% de in which the conputation and
genet ZUHonY P Y RE  user interface 10 was done by a
erver in the World Wde Wb that had access to
‘%@Lal data stored in the server or el sewhere in
HPand in which the user enployed a Wb browser

l'rhehfoseg@rngh@émﬂ?éa Deschpish agd didbibRatibanSLr kfled in the relevant
technologies how to make and use the improved resource allocation system in which

the inventions disclosed herein are embodied and has also disclosed the best mode

- presently known to the inventors of making the improved resource allocation system.

It will be immediately apparent to those skilled in the relevant technologies that the
principles of the inventions disclosed herein may be used in ways other than disclosed
herein and that resource allocation systems incorporating the principles of the
invention may be implemented in many different ways. For example, the principles
disclosed herein may be used to allocate resources other than financial assets,

Further, the techniques disclosed herein may be used with objective functions,
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For all of the foregoing reasons, the Detailed
Description is to be regarded as being in 15 all
respects exenplary and not restrictive, and the

breadth of the invention disclosed hereinis tB 9%01 032
determ ned not fromthe Detail ed Description, ¢
rather fromthe clains as interpreted with the full

bccemﬂmms pmrmbtdb@dn{ae/ fiildfomna bed djustwents M ahe 10Bje6ivdl fBSlions
1.1. A nethod of analyzi ng a set

St 44 é}ﬁl eb te’% l%

oPhish e Uilerenteom dhose Sisclasest higrein,; asyvedk aSORET ggharios for robust
hogiin@ipdton whitletasd Qfepdk drdnPlthd Bfesadis@issd Herdih © Fmall many
plurality being stored in storage accessible to 3
plidcrasaiua implemenfations Hoesopoaplipeiting Srﬁ@n%tl@bmcorporate the
Pgt rfc‘i]:fléEES’f {He 150&1t19f1é39f‘s§1%%d ﬁ’efrelﬁ I’E%F 6L g, | ?&Huﬁlact is actually
i ndicating assets sel ected and

aksquired ig a org deyi the datai anil mmoqre@mn it his arstlesngtth@store and can
héx%(:lgg 'S Iﬁig]légpﬁt %ﬁ&g@e n}ngggag AP I%? h'et YnatBhtical
peaugionds e Fde skangde, mnmnmkmmﬂtmn rofi thml Ire:sameei aﬂ@cranblh @ystem

SR epeitd pE i i B LSl G B8 isiraf ier iitce
usasdpnt g ahsestoinithe M&irkirWBietWeI:dﬂihﬂ{am aB&s@topfiraaibl datd ored

rises t g.the mJI
BREA<PGT of PFsptiEreoh TRoWeb pd itiftiee dfer eralos S Ebiigomser
Sindéx @hei PE td inRrdet @hRMelskdvigr, t hat each of the sel ected
assets wll provide the desired 6 mninmmreturn; and
7 determning the probability that at |east one of the

SEdregtof the&&%@élﬁ% Wabdns rlﬁ& Defilby BX&CQEI:JJH@ tdjﬁegﬂegﬁged as being in
mnimumreturn fromthe probability that each of the

sH| Eehests exomplayetnd ngf Festrighse jaaé ﬂlﬂﬁéﬂ@é@ﬁ thel mention disclosed
I gdrdih Ns tol b detyﬂxﬁnéﬁe B&oﬁiorﬁ he fﬁéfatllgd MG om gutvi‘gtﬁéle 10m- the
2 in the step of using the nultivariat

dflaimsiap intarargted it thy @gépmaldthtrymniﬁad by &e @awm i@‘fvs t he

sel ected assets will provide the desired return is
determ ned using the real 4 option values of the
a®dat is claimed ispA net hod of optimzing a set of assets,
historic returns data for the assets being
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2 stored in storage accessible to a processor and 3
the met hod conprising the steps perforned in the
processor of 4 receiving inputs indicating a set of
scenarios for the set of assets, each scenario .5 b04.0
havi ng val ues which are used in optinizing the S&tet§-032
assets and which vary 6 stochastically between two
extrenes and a probability of occurrence for the
scenario; 7 anpd 45 huntebd . 032 8 deterninin
wki Grinehos of yaaiseérss! Phasthescissied digume Pty sidhercof, histori
VWRhirhs 688 Fo BleURsdd of thel PBraB8t b2 @SRALA slto?a%oﬁécggsﬁ)fedto a
over the set of scenarios. 1°5. f%e nmet hod o
oPOF§#YiaRg set forth in claim4 wherein: 2 the

; f : .St he
e A uB rcp R fhePh RRELA S 1S 4 e
val uesresshiviag innués wdisatingnassps iselectéch fpr ahe s¢thamdnfoarach asset, a
r 5 covariance. 1 6. The nethod of
o%%?ﬁ?%@ﬁg“@E?“Pbrth in claim4 wherein: 2 a scenario
i Nt heusggttholistooe returnodatnmydeeanine a pesbdbilicy thitert least one of the

LA e 1300 B RS e ) s

ckmi m 4 wherein: 2 a scenario in the set of scenarios
may include certajn.assets in the set of assets 3
whi ch G¥RY mgdﬁwf)b@ﬂaﬂe% ated. 1 8. The nethod of
optim zing set forth in claim4 wherein: 2 a scenario

[ he set of scenarios may correspond to outliers in
tﬂe{‘f?ﬁ@?tg?q%eéfor&s’np@%ﬂN@'e’@%ﬂ a. 1 9. The method of

opt i mgé Bgp %ﬁﬁsiﬁ@fh‘é miQtJiicheﬁHE‘t&dEthﬁiH@E gﬁ%‘gﬁ[l%ﬁda risd&he

step of: 2 receiving inputs indicating additi
c¥Fi$tofai nts to which the set of assets 3 being

OPti Mafid e MUl &Rl A Bisthibulibe 3t B8R AurlebPHI 1640 1o
wei ghts of the assets, determning the weights
stsgradne the prohabiigditiat erchl ofctha selected aissets iwillOproidertlieh debired

ofhimBhfGiiluhday Set of assets froma plurality thereof
and optimzing the 2 weights of the assets in the

set, hieteroming thetruolabilithatiat holcassmetaf thes¢leptal assesl wild not
S}Brg{ziag %he desired minimum return from the probability that each of the selected

assets will provide the desired minimum return.

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

option values of the assets.

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

receiving inputs indicating a set of scenarios for the set of assets, each scenario
having values which are used in optimizing the set of assets and which vary

stochastically between two extremes and a probability of occurrence for the scenario;

and
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3 accessible to a processor and 4 the nethod

conprising the steps perfornmed in the processor of 5

1) selecting a set of assets on the basis of a
probability that at | east one of the assets

selected set will not provide the desired n1n|nhﬂW%01032
return indicated for the 7 asset; and 46 2)

opt i mdéteﬁgllﬁﬂgewlﬁﬁh@ RF theQksck @ (BS §e$ts§ch| tRattthe woRt-E&E §ohuc of
od set forth in claim10 wherein: the

11. Th
p‘ﬁBEﬁiBff‘ﬁS?@ Igqphimized overde sehplscetariche  assets will not
provide the desired mninmumreturn is determ ned using
t he real tion values for the assets. 12. The net hod
s%tT}fedP‘fthO‘F of ptimizng @t {drierlaim épheninzi ng t he wei ghts
of th Q I
or t R MR R SO S8 B bR AR o it vate
Wh@Féﬁnﬂioptinizing t he meights of the assets is done
usi ng a n, he od set . rth'
cl ai mtfl‘g V\E'e? %&h eh‘i‘reg m éf m"% i tﬂ%ﬁn e&ﬁt né he
oweariange.set of user - speC|f|ed scenari os, each scenarlo
havi ng val ues which are used in optin12|ng the set of
assets and which vary stochastically between two
eﬁctTl&mhMo@tlmﬁﬁlﬁg)@bfdrﬂhtllycleiﬁn pomeremence for t he
scenari 0. The hod set forth in claim1l
wher ei?c® r@ﬁ‘f’ll?nﬂfl Sﬁbo Shetafigs GAY EOoTERsPengdo g?s‘"éftgn‘ia%re“{%‘h@ta
Sfabfhe @tsefsGn theGaFhEisnt that the probability that the
set of assets yields a desired mninmumreturn is
greater than a user-specified value a. 16. The nethod

- SEtTHeGhdthod ﬁcft@hﬁ‘ﬂlﬂ?ﬁg]s%t Mﬁﬁx?&l%m 38Rt m zation is

done subj ect lurality of constraints (L. n), a
const raaﬁc?ﬁa“@ in gl fffyspﬁwgrl@may nhladpeastobtisiats ip thehat of dagets

S@hiclPre hiphBElRrelikdll ds a desired mninumreturn that is
greater than a user-specified value ai. 17.. The nethod

set forth in claim15 wherein: optimzing the weights

A, AR Dplifizidd\Ce R il JaJOPGpEELN0 T ODuS!

opti m zati on thin claim17
wher elarﬁcenaaﬁ% ihdimet b GF sc@B4ios 8na31) coapipond 10 owplitraén vieihdddrical
%u ssets in the selected set. 1 11. The nethod

tt M in claim 10 wherein:

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

subject to the additional constraints.

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

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

accessible to a processor and '

the method comprising the steps performed in the processor of:

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

asset; and
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2 the probability that at |east one of the assets wl|

not provide the desired 3 mninmumreturn is

determi ned using the real option values for the

assets. 1 12. The nethod set forth in claim10

wherein: 2 optimzing the weights of the assets is

done using the real option values for the 3 assets.

13. The nmethod set forth in claim210 wherein:

opt)riptimixing the weidhthdfhoisséth & ths Selt@ed stdone usi ng

robust optimzation. 1 14. The nethod set forth in

claim 13 wherein: 2 the robust optimzation optim zes
11. OVETheAm&Bbd St fHHEIe fir ARBE 1§ Wibdreht YRAPIoBSili§ARM at Feast one of the

scenari o having values which are used in optim zing )
assgtild @pt B‘TOVH’§§8? desinied npipinewm ety isAetarminied sisingathe yeal option

extrenes and a probability of occurrence

‘mhggﬁwﬁﬁgwéggnario. 1 15. The method set forth in claim

10 wherein: 2 optimzing the weights of the assets is

dong subject to _.a. constraint that _.the robabil |t .
12. 8 et her SPiRiac R [uhirsinn Stiubibing e Merahan bt degs i
donk %sigp @Riredl dptial valuesotihehssepeci fied value a. 0 1 16.

The nmethod set forth in claim15 wherein: 2 the
. optimzation is done subject to a plurality of

cO I ), C ] <3 € .
L ot R e fop e e R el bpidizg (0 SRlghl 1l BRbis i
dongusing eebusf apitimizatiost urn 4 that is greater than a

user-specified value a,. 1 17. The nmethod set forth in

claim#C5 wherein: 2 optim zing the weights of the
14. as skicanéthod §ve fee inl SaiforlewhiEting tHe @St optBnization optimizes over

optim zation. /1 18. The nmethod set forth in claim17 o
a Sgihat ISt spegificd cenpigsngidiodeesatio thgving velues ahishygre used in

optiMIShEHIL sk B€ afRishad WiER D&Y é.té&laﬁﬁggy %Qﬁe@ﬁ ?\lpo t@{{/ﬁ'%r?es and a

recefrving an input indicati'fng one of” a plura
probsbiliy of oesuframstiooths s¢awariconputi ng the real option

val ues for the assets; and in the step of optim zing

the weights of the assets, the optim zation is done

15. usiTig rhéthod sullif@e Rctlal) BCwhateint bGhizen @8 welts of the assets is
gﬁu#ality. 28. The nmethod_set forth in claim
don ubigstio g

: )t 12 :
0”3 Fonstant thab they propebility thagthensst épgwtssyiglds ardrsired
minB3HA rSturn! 16 grea ek ﬁﬁh'a‘(@cr&?@&hb@@alh@a.ad] usted by
assigning a prem um or di scount to the
16.  The method set forth in claim 15 wherein: the optimization is done subject to a

plurality of constraints (/..»), a constraint c; specifying that the probability that the set of

assets yields a desired minimum return that is greater than a user-specified value a;.

- 17. The method set forth in claim 15 wherein: optimizing the weights of the assets in

the set is done using robust optimization.

18. The method set forth in claim 17 wherein:
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real option value of one or nore of the assets. 29.

The nmethod set forth in claim28 wherein: the
obj ective function is adjusted to take non- nor metunteb01.032

returns for the asset into account. 30. The nethod set

g B G Rt Dy, Lt o

asset into account. 31. The nethod set forth in claim
28 wherein; the objective function is adjusted to
Ha Q@Eﬂ%ﬁ&h%%ﬁm}mcglalml%tht into account 32 The

met h erein;

¢ unc??% ?(%bsagfg (# e%étn%%ekgf\'?lhe anssiﬁ g‘frﬁle B¢ ﬁ'le desired
naisEetm hasmbie detemmeﬁai@iag thé'eal asie@dUAtues 36 thd BﬁeﬁEt hod

set forth in claim12 wherein: the nethod further

includes the step of: receiving an input indicating

18N fndhdd é&g{ - t(%(l ‘%ﬁeg .quantifying the risk of

an asset; opt| m zing the weights
of t heptinszeg the wdights pf ila %@éts &rdong usiap éhe 1481 didiohR&lues for the
aissrégsi cated node of the plurality. 49

13. The method set forth in claim 10 wherein:

optimizing the weights of the assets is done using robust optimization.

14. The method set forth in claim 13 wherein:
the robust optimization optimizes over a set of user-specified scenarios, each
scenario having values which are used in optimizing the set of assets and which vary

stochastically between two extremes and a probability of occurrence for the scenario.

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

user-specified value a.

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

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

optimization.

18. The method set forth in claim 17 wherein:
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27.  The method set forth in claim 12 wherein: the method further includes the step of:
receiving an input indicating one of a plurality of objective functions for computing the
real option values for the assets; and in the step of optimizing the weights of the assets,

the optimization is done using the indicated objective function of the plurality.

28.  The method set forth in claim 12 wherein: in the step of optimizing the weights of
the assets, the objective function is adjusted by assigning a premium or a discount to the

real option value of one or more of the assets.

29.  The method set forth in claim 28 wherein: the objective function is adjusted to

take non-normal returns for the asset into account.

30.  The method set forth in claim 28 wherein: the objective function is adjusted to

take liquidity characteristics of the asset into account.

31, The method set forth in claim 28 wherein: the objective function is adjusted to

take tax sensitivity of an asset into account.

32.  The method set forth in claim 28 wherein: the objective function is adjusted to

take the length of time an asset has been available into account.

33.  The method set forth in claim 12 wherein: the method further includes the step of:
receiving an input indicating one of a plurality of modes of quantifying the risk of an
asset; and in the step of optimizing the weights of the assets, the optimization is done

using the indicated mode of the plurality.
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