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METHOD AND APPARATUS FOR PRI CI NG SECURI TI ES FI ELD OF
THE | NVENTI ON The invention relates generally to the
wepdososret conputer processing of financial daPer/NER0#000331
particularly, the invention relates to computer
i mpl enent ed techniques for parsinoniously nodelling
the IOM@ }g Uepp A RARGES POR PRECING SECURIFIES! her
rel eva aracteristics of securities issued by, or
referenced to, firns (or other assets) by
i ncorporating ris rem a such that a range of
FIGEPrQY JHE E%@}‘N (gg can be evaluated within a single,
uni fi ed and coherent framework, thereby |eading to
significant reduction in the conmputing resources
The itventiors eclates) gbmepally BADKCRDUND @EUHHE prsEsing @ financial data.

Mo el BF DM igted Pt aiRes iRBfelses iRhdiues for
parSitbndiR{ f'ﬁligdélﬁngﬂﬁ' HER B vals¥abicrddbfef STefitn by B@Sr Rlevant

assets ecurrties. (Asset S Oor securities are
chalefiéristids érsecwrities iskeedbbyacke sefetsoeest b, efimasy ﬁ@ other assets) by

B b SOR g DGt B sSRRED AN cvataed

withWRRS singlee didifilefaadl bolterepsira@bwerk, dbeiclat le‘&(@@g ot Bighificant

financial contracts, real assets, financial assets,
reduptigs inithe eampyting revesirces oFigpwise FeBitgde. Sinilarly

references to securities issued by, or referenced to,

a firmalso refers to securities issued by, or
BACKEROUND OF THRYNMENTIONder [ yi ng asset.) Not only

is the efficacy of many of these nodels in doubt (for

exanple the enpirical performance of the Capital

pr [ 235 Ir#;ah#'m de el i\q}gﬁ%g{ﬁ% %ﬁe ﬁ%:s?(lﬁtg |u§ﬁg g!ﬂ?gr? numerio?}gly different
compmtdr esydelsbarid sysgerns itc anelyso mpdltava@lateeérfﬁm@ﬁstymSeOﬁla@@ts or

t [tipl t
secgifen st LB it dERnFY Tt B APy gpioRpesible Yorms,
indRES (O exBRDRL; %har@é“boﬁ&ﬁ Ebﬂeﬁﬂﬂ@ dfk&nRhR, &t &ftions, put options,

required for the same asset c%/ . For exarrple af t er
futfuies,t $wapst keedi] defhulSetapse othepdenifiatires.c pibgr fpandialt gpntracts, real

t 1,on..Qr. f l.vi.ng
o R Pt SRR LGS e iR 05, D Spges
sedufitibd iRfed ®ymBel@tferenced to, a firm also refers to securities issued by, or

referenced to, any other underlying asset.) Not only is the efficacy of many of these
models in doubt (for example, the empirical performance of the Capital Asset Pricing
Model and the Black-Scholes option pricing model have both been critiqued in
numerous studies), but significant computing resources are also required to run multiple

models.

Furthermore, not only are different models currently used for different types of assets,
but multiple models are often required for the same asset type. For example, after
fitting the Black-Scholes option pricing model to observed option prices, by way of
solving for the implied volatilities, a second model is then typically required to model

the resulting three dimensional implied volatility surface in order to price other options
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the resulting three dinensional inplied volatility
surface in order to price other optionsthat m ght be
wowispen?2on t he sane underlying asset (see, foOPCT/NZ2004/000331
exanpl e, the voIatiIity surface fitting procedure
descrlbed in Dumas, B., Flemng, J. and Waley, RE

tha%ﬁﬁpé ric aﬁ%]ile sts nﬁl%gsgg{@g%d(%gﬁ(@;%%%ﬂ %Lé(/j Gﬁ:ﬁ’I 23% b ERS lﬁee volatility

surfhpe ﬁﬁhlgtmeceda&edesﬁrﬂbddl in DuaaspBe Flemingnhlaad (WShalqsn R.E. Journal

el N Gk IR b 15010 s
F1g§* aﬁ CRe! &Se | Phis® ra‘ﬁﬁﬂl@té |sidoYe %Hﬁél@?ﬂcui@?ﬁioﬁel that could

nate the nee he second
parmmmslgnﬁt apnma\pmgs td mbsemzedr opuket epticss r(pGI explain the Black-

AT ER PSS B D5 P o By TR o
mthr&%ls eﬁt‘iﬁl' §a9?{§§% {Haerelatrde o E@tei e6dvnt 8] aexfeH@&io% in the

are particularly inportant. In the case of equity
possiblity i afi med¢lling essomsrphe, fa@croptogessmgsﬁmeés)lnaa rraaigan@ftradmg

ensiaegt B Rt el A AR R B Shoun

in Figure 2, the Fama-French three factor nodel and
t he Arbltrage Prici n? Theory. Wi le in the case
In thelxase yf)eqlg’é’c%ﬁcmltl@% far graopple.efecks Artsbagss) ms@r@esof godels are

ol SR BR8P el LURCRRA Aot pricpg Mode

shdwWif it Fgro P2, tthe Fﬁh’fat—lﬁ@nﬁp tired fidt@ometielc amd died Arbmage dticing

O A MENE W TR W1 T

apr{lfeﬁalFo\léQ&LIﬂgleeﬁIe' Igﬁhgﬁ 0 f’@@ﬁﬁ‘eo&tﬁ SRR o["?ﬁ’@fedhc?edt f(‘)%'ﬁ model.

urr he risk neutral default
In- ﬂreoiaedo of ﬂmyMeﬂbm mspnmrtheoratle ahodﬂhrdpphddairaalrtsk neutral world, it is

| 3 »
kn B i i e dony e mabna i ot EBpR i oj sl rortd
estitidfes. THEndenY SR0hE Méddl LR eppitdIR ﬂéﬁﬁlr&f td rdp athe Uk attutral

I scount rates, i ncor oratl arls remum or
defpule pirabability estithatesrtel e¢a|l ivyegl f@ét:pmbaglhaps &5 shpwprip dagure 3

h f
iy K KRl Srrg s AgRatr Renif APLHR oIy, ¢

val ue an option has wi dely been considered to be
extrenely difficult, if not inpossible. The risk

Thadfestion m%léﬁmfhen@seasﬁpm%@dau%@ (ISCRHTY, alspt ingRrBOTREe a risk
b t |
AL e BRSPS Sl e e

of Bgu@n geing desealiihtidvboh g esivegdd rifle\adiated 1di6&un6 (Y o value an

who all o for a risk
option has widely been co&? ered to be extremely difficult, if not impossible.

The risk adjusted discounting approach to valuing options was recognised by Nobel
Prize winning economist Samuelson (in Samuelson, P.A. Rational Theory of Watrant
Pricing, Industrial Management Review, 1965, 6(2), 13-32), who allowed for a risk
adjusted rate of return on the underlying asset (o) and a different risk adjusted rate of
return on the option (B) but he did “...nof pretend to give a theory from which one can
deduce the relative values of a and [’ (pp. 19-20).
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adjusted rate of return on the underlying asset (a)

and a different risk adjusted rate of return on the
wo@piosoee2th) but he did " ...not pretend to gi VBCENZ2004/000331

t heoryfrom whi ch one can deduce the rel ative val ues

ofa and b" (pp. 19-20).Econom sts Merton and Schol es

recei ved Nobel Prizes for their work in pricing

options in a risk neutral franmework. The press rel ease
Ecatontikte Mdrtoa anfl Scheles ravaived NobekRrizds dontibeiriveark tiy piiging options

. trying to apply risk premum approach: “The val ue of

in apislspientl FomBUgtor ThE e TekaecHdu dis o e ward noted the
: 1 al WP : e price to the date

d1ffg$ﬁ§éx{1%g{jtﬁ\éﬁ) ist é‘relfg%%’}r?gmﬁrgtural to suppose - as
did earlier researchers - that valuation of an option
requires taki a stance,on whigh risk pgrem.umtg use .
S aha Wi SRS oL e P B D BBt
risl, e?dﬁrﬁéﬁ}& 78 SBare3 e ikl Ilidt o SREBHO Nk iy MekiBre Mtural to
the evaluation of a future ph)};Sl cal investnent project
Wi t bupposer asadid endienraseardkess -(hiivglieationgl apoptivi hequéres taking
difficult, however, in.that the correc [ ] U .
dep@taet R PP e G ey 1 R Bt BB o Bhermine
Wheeas, Aerahiumi t6d8e WPBREalsulatinK prentvaluel in fikleyaluation of a

defined in"theory, it is hard or iInpossible to observe
i n fusatei pysical investment project with uncertain returns. Assigning a risk

http:/J/nobelprize, / '
e e S
of EhelktoRsb@maledbivirlsenk. BRensns tHeestilude kovawds kisk tdvebe strictly

art, to date the focus has been on prici ng exposure to
ecorewiedin eot g bard QrImPaEIlie 1q ebsgrved RECHE) Ck
!/

mar /RIS M Deco .g}njégylﬁlﬁgaqtes? 7)predstitnfier more, the

traditi"onal “vi ew has been that the risk prem um
inmplicit in the expected returns on debttype

securities is related tp factors ch as |iguidi or.. .
Wit oot rendst oL patine; Rg IcE St gk foss, fttfipt Yecthicies is
knBWR 18 VehS b AR ieBelsINR bebh Dk RERRS & Rshire @Feconomy-wide or

Investing in corporate bonds. Mdels that have
statet varimptes degotheettockematkst, GBR/ grewth; wilafricen stet). r Fysheraete, the

d it i ti Lypi cal | ' it
wadianitng brS B bt BE R Bieblan dmp K BB dcitRlms op dobt-
typelieeutitbs i Alated asPActors Ruol AOliquidiR ot arequs tiiedasis elsat afiere is

volatility with discrete time neasures, of return. For

littéex ainastye non-fizersifiable tepidpplarisk xppsuss fromminyeiting 4p sarprEpde bonds.
VBB 1908 e RAYETHEIERABE P AT PRl and ity
securities typically require additional computing resources and/or have been poorly
specified through, for example, mixing instantaneous measures of volatility with
discrete time measures of return. For example, the focus of the prior art in this area has
been on analysis of instantaneous relationships of securities’ risk and return using the
first derivatives of pricing model equations, typically applied under risk neutral pricing
assumptions. As noted by Galai and Masulis (in Galai, D. and Masulis, R.W. The
Option Pricing Model and the Risk Factor of Stock, Journal of Financial Economics,
1976, 3, 53-81) a problem with using instantaneous measures of the volatility of

securities in an option-theoretic model of the firm is that such volatility measures are
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first derivatives of pricing nodel equations,

typically applied under risk neutral pricing
was®anpeons. As noted by Galai and Masul is (i PCTEE2004/000331

D. and Masulis, R W The Option Pricing Mdel and the

Ri sk Factor of Stock, Journal of Financial Econom cs,

- : A ' ‘o saNnt :

not dfonpB, gy i R ARp Y Meplte 87 R pRak, 1R AURcomings of
theqpidref-dr sslvel ingpreforied embodilmentsiafithd invérimn. such

volatility neasures arenot stationary through tine

(i.e. through the life of the "option"). The

| . . . ¢
In SAREAATWRES ke b Blerbhieclbts 10 SnGUE™ beheR R RIAGHork for
andlgsigg Bifeonemttypesf Sedunities)tar askets tadato menehavef reamablsrtk achieve

for, analysing different t s of securiti.es, or
a PEOBIOUN GnASEacaHioNs AMBPETh S BTG M iRdFriayinyhe databases,
' I BUBn AR GESS BaGERUS, @BRL 0ach that results in
m@ﬁ%ﬁ&%@ﬁ ?%Rat%e dat%%asg?, nodel s and conputi ng
resources required by users. LIMTED COPYRI GHTWAI VER A
|0 ' e of this patent docunent
LI&M@M&F&WWCh a cl aimof copyright
protection is made. The copyright owner has no
obj ection to the facsim|le reproducti on by anyone_of

A portiopatfahe digdosire of this patsat ¢esument epmiainpmgtesial gywhich a claim

reserves all. other .ri wha el [ .o
of B RyTIRRL refestg uedts 0% SonYBRhE QA oo b RRIeElE e’ il
reproduBibA® SaﬁfroMf thé phtest doRamehiDdr the paest distlésuee, Gubtessrves all

SUMVARY é: NVENTI OEI.The i nvention relates generally
otheg rights whatsesvei t Incppriichlar the claiwsef Gopyaehtinralgrdom pxtends to the

nogéltfgﬂ?Mé St Bﬁ{ 1&1'tﬁéf"bg§cltng)t1ﬁﬁ h&d innﬂﬂg CidifpR, relates to
conputer 1nplerente chni'ques Tor parsinoniously
nodel ling the price (or value), expected rate of
return_or_other relevant characteristics of securities
SUMMABYYF INVENT N ced to, firms (or other assets)
by incorporating risk premia such that a range of
di fferent securities can be evaluated within a single,
Therinféntidn ankites @eoerally t6 thareffisicnt computebyrocessitiengf financial data.
signi f.icant reduction in, the conputjng resourc .
M Brri LBt o i PO PElatehc i RRP Uet PR Pgchniques for
pafsBRehibisIARRAIERRL th® pAEE(oMvhlueeitbasd/ratdkof detiirfl ok beher relevant
art, although it may be |ess apparent to the Ia%/ll
chpactetistiosnofl pecutities pisped dy. of refseencpditpws firms (or other assets) by

incorporating risk premia such that a range of different securities can be evaluated

within a single, unified and coherent framework, thereby leading to significant

reduction in the computing resources otherwise required.

This technical effect will be readily apparent to one with ordinary skill in the art,
although it may be less apparent to the lay person on initial perusal of the claims
contained herein. Figures 1, 2 and 3 illustrate the plurality of models and data inputs
typically required to analyse the value of equity, debt and option securities issued by, or
referenced to, a single firm using technology known in the art. Figure 4 illustrates how,

when using a preferred embodiment of the invention, less data sources and only a single
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contai ned herein. Figures 1, 2 and 3 illustrate the
plurality of nodels and data inputs typically required

wo eooaned2gse t he val ue of equity, debt and optiBEI/NZ2004/000331
securities issued by, or referenced to, a single firm
usi ng technol ogy known in the art. Figure 4

ol A5 BT BRI 60 SRR it

secBHRHy FEENEGhity2 dEbtraad eptieek)t 0 par si moni ousl y anal yse the
value of the sane three different security types
(eqwty debt and options). The broad concept of the
ion | u
Thg BHERE (BBsbf gt e h¥hiph, ROBR 1R e bioRE sbOTHES BheaZhy. or
refér@ndeﬂ&o safemU6£ ethey asser) Shate eepowie to thie same mﬂerl]ang ceurces of

of these priced risk actors can bhe analy t t he
risly Py pribis GEyc5a BEEF Aok TR COPofe SAHERGY the fim:(or assel)
t I,
BB My RhSoR FRe RSP s BRI P
volptiky o el fims améeﬂylﬂgJ asspisrare prealieded heed a tjproptmional” effect on

volatjlit nd_ot her hi gher nment f th
the @it abq ofer hyahey momelih o F Sxbs sty of B OF e securites
isstdel 2\_? )e&c ?&eﬂe :lcedt {batthe& afnef Hif OF ot hﬁfdeﬂ%ﬁﬁgrdsi(ét)" g with that

ass - Wt hat "proportional" effect

“prapmitlpnaiﬁ eﬁyctdq@mgwnabfs@bsamplylpg iantapproptiate quq:% In partlcular in
ti t he c he ri s

thelirc o e fyion pF kg bR qorglity PEohuSE i’ ghefsuii.Ries isorete

timbel 178 prfc@ of Bk g% &He \fdla‘-tﬁltﬁ tisle pre"nhﬁmY@J @b ishrhé Yor'dliStirm (or asset)
premium is the sane for all firm (or asset) specif]

spesifisusdcntidies. Murewigarin the caseeof deli-ype gedritiey he promlsed yield

urities.the e I y.

sorggh b iR 26 SoBpBPhE R S ol RPHERE AP ER S BoAth gnd an
ex RO ARk ARG biedkaydodiponehi Or premi a) conponent .

For the purpose of the invention described herein

returns can be neasured gross or net of taxes and, if

r
Foxsfﬂgcﬂug[% gg o%%fhet étﬂﬁeﬁ{ﬁ) adgtsé}?)seﬂqieﬁ ?%gltng ﬁgﬁ gg‘é&ia%ﬁ%d gross or net
of ltaxtee raad} ifr peeified Ity theesseryliwdadiesied & canpuet the influersedof other
roces anrmatlon on the volatility and

faCE‘S%rS@FIh?ﬁ %’ﬁng?s IPNYCIGP RGP e securities issued by, or

referenced to, the firmto generate estimtes of the

expected default loss and the expected rate of return
In one tehbodimaht secamputérets. ussd do Imm@ﬁrtmfdnn@tmn @111 ﬂneh golatility and

ool o By fr bt FESHRRL Bl o0 r e RrRaE RE b B Benerace
estithdt6d 0F th®ERpseted défdiilt N6ds and the expected rate of return on the said

securities. Another embodiment of the invention is to incorporate risk premia and the

risk premia relationship into computer implemented option pricing models. A further
embodiment is to incorporate the risk premia and the risk premia relationship into a
computer implemented option-theoretic model of the firm. Various embodiments, for
example for different types of security, are able to be integrated in a parsimonious way
to achieve savings (by comparison with other existing methods and systems) in the

computer resources required to coherently model a diverse range of securities.
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enbodi nent is to incorporate the risk prema and the

risk prema relationship into a conputer inplenented
wo@piosoee2eheoreti c nodel of the firm Various PCT/NZ2004/000331

enbodi nents, for exanple for different types of

security, are able to be integrated in a parsinonious

i [ rison with other

B@@#s#ﬁ%gﬁng?xgyzégn s;l/jslt%rrs; I'n the conputer

resources required to coherently nodel a diverse range

of securities. BRI EF DESCR| PTI . THEDRAW Man
Magy pdwaniagss, fe@@a%w@sapé’ﬁaat%mﬁw%g Ty RRtIQH W%lwﬁﬁn%%‘#if&qm the

tgw,' it pRP RSt dof & BRehtRin WHIcAGs pRvRicl 84 tion with th
fol esc%?% I on g?ﬁﬁt@%entfon whi gw Silgl%prgvi dg?jnnieﬁ fon vt fhe
accomparyihg drawingdintwigiclacconpanyi ng draw ngs i n whi ch:

Figure 1. is flow chart. depicting. the in data .

i npliterehd %@ﬁw%@f‘ ‘GP’& %?F%famﬁcﬁ%&% &PB%H G computer processing
molibls 88 LA ﬂids&&ti%%sﬂtﬁﬂ VRS bty sk Rdora  thogn in the

art; Figure 2 is a flow chart” depicting the main data

i nptilsradds & foputhert depistieg shermaimoliéd mpuots aad computer processing

illustrative.equity valuation anal ysi.s .known in the

mogels 5% o sl oy s P BRI g v m
| NPEitraB ek & AORUSHRN RPRERS e daifiiied ﬁlﬁ)ﬁfs adll computer processing
illustrative debt val uation analysis known in the art;

mofelg of en dlystrative debhwalhation agelysistiopyninoastin dat a

i npyts_and ¢ ut ' . ' .
T B DB SO i
mokibie of Aueshbaimest ablle twvesfigni fIt cantrbadilyeteicppicdiated that the

. range, and amount_ of data inputs required and the )
invenieiels dile o pigificanthperdnge ﬂ@or@ng%an BgropRfdata gpufsyrequired

cal . . ! . .
o BB AL 5Pkl SHERE g, BF SRRABRY (7o ity i
curbdm @ike, dis agjiievnivelfy idnstatedub Eiguagspla 2andS)i N accor dance

vvitlﬁ,a referred. enbodi nent of the invention; FiI%ure 6.
11 IS els 3 oSk yAERERY Of fia PORGET PRRACAYIH R accordance With a

pre?&%daéﬂlmeﬁtldf\ﬂl%vﬁtﬁh,ef erred enmbodi ment of the
Invention; Figure 7 illustrates a flow chart that

des Figupes illusratsp eflow dhastl that) deperdtes sheponsrationaliflow of a preferred

odi of the invention that enploys user
emgggﬂepfrgﬂt%sgm% % additional multi variate equati ons
to Fidurd NellusadRk afRivAchausBst describes the operational flow of a preferred

embodiment of the invention that employs user specified values or additional multi-

variate equations to fit the model being used;

Figure 8 is a graph that depicts the Black-Scholes implied volatilities for call
options on the Dow Jones Industrial Index; and

Figure 9 is a graph that depicts market values for call options on the Dow Jones
Industrial Index, Black-Scholes bption pricing model prices for the said options and

option prices derived from a preferred embodiment of the invention for the said options.
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Figure 8 is a graph that depicts the Bl ack-Schol es
inplied volatilities for call options on the Dow Jones

wo paamen2eal |1 ndex; and Figure 9 is a graph thaeCOyp2m0#/800331
mar ket val ues for call options on.the Dow Jones
I ndustrial Index, Black-Scholes option pricing nodel

[ ' Wﬁ option prices derived
DEEPJE@ %ﬂ“@#ﬁgﬁﬁﬁ odi rrenﬁjgpi{ he invention for the
sai d options. DETAI LED DESCRI PTI ON OF | NVENTI ON The

nmet hod and apparatus conprises a npunber of ste

S
The, meflioddas epRayates coRpLEer 2 nupber af St5ps CHESE Uibds2 gompuer.
I [ [ ' i '

sclO1Fl A58, 108 e 308 6% 45 ERLL, ESETRBGHRLIALY e

unifiéd modelsgAckeybdrketieid thaidhe afeesfentinglppmifiechandenbsrenb approach
reductions jn the amouynt of data range of ey

o S B o 5 B g s e i e

to gﬁaﬁ{/s%r&i?fere%? BiftiRSoPhsRRS e rhese T REIBHIRINET hRASIEL 8fnificant
provide significant savings in ternms of the conputer

saviigs dniteras ofebeicomputoy rasgeces refaired byiusars.e Rhoigilae embodiments

he i nvention are .al so provided. Preferred enbodi nents
of the VEREeT 3§ SBﬁgoY}ae‘f'he invention will now be

described wth reference to Figures 5 to 9. Qher
enbodi nents may be realised and structural or_ | ogical

Preféreadgmsbatimenie and cwplicatione of ithe inysation: filb dome he gdescribed with

wi t hout _departing, fr the, spirit . e
ref?rﬁ’?ﬁ?n% g’rg.upqsn 4° ;g);r_e e ?re?}nl%%dglga?tﬁelﬁ{l},’ %? ﬁgails(r%gea%lt j Srpcforal or
logidaPtigmBed @dy b8 ndadeith ARE distloded nibodniéntengihoet dépltingSrom the

shown I'n Figure 5, used to anal yse financial and

_spigterseapeolshgiestig-ovi ded by the financial markets

and, based upon user input data and conmands, issue
position statenents or reports for use by the user (or
In @t freferred naptsekithentp thes yisteatian) is aaplemiehtedsini s dinangjal instrument
control signals faqr uzij lgy aut onglt ed. syst msdt o effect al
engis i1PPonss shewyy In Figyrehs _,ed decragse MehdAg e spengmic signals
pro¥fied ych% BRadt38 mdRets BEd. [HaS@N ol usBBIb B data dMEcommands, issue
financCi al engine 100 may be a stand-al one conputer
podiderisatementssirgaporisoo upo by thedusen (qrortheti compobente @r systems), as
nong) .one or .nore locally or renotely |ocated o
wefl gpaine Soptol ignalsrfof Usg By aptotehdithriel ovt Rasitiens (e
incRaASs, MRcrbhe, bl%n%@,r@@.? Beld®y the el ithetfhagtialBdikets THddlancial
source 10, riskK analysis unit 12, risk pricing unit _
enging 10Dnmeyitd ai stand-alopntconwhiter diardyare system, incorporated in (or

distributed among) one or more locally or remotely located computer systems.

In a preferred embodiment, financial engine 100 is composed of a plurality of modules:
data source 10, risk analysis unit 12, risk pricing unit 14, financial instrument controller
15, financial modelling unit 16, and user interface device 17. In the illustrated
embodiment, the modules are connected by a single transmission bus 14. (It should be
understood that the illustration of bus 14 is merely representative of the various
connectivity technologies available to those of ordinary skill in the art including

single/multiple, wired, wireless, fibre optic and other transmission mediums.)
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15, financial nodelling unit 16, and user interface
device 17. In the illustrated enbodi nent, the nodul es
wae@soennect ed by a single transm ssion bus 14PCT/NZ2004/000331
shoul d be understood that the illustration of bus 14
is merely representative of the various connectivity
I t I I
In bR MERIRAL B Sphie 0TS 3sBh 10RO 7aE cebel afeal and
ecduohtie datp} signals cbradthar inforaaton stmmmdmngn'@ )Q(h Pata source 10
preferred enbodi nent, datf source 10.is ,use

ma&fr@‘?)ﬂ@’e%@&’é@ﬁéﬁ AR kS OF CROBRAIATE wi WgFlgﬁSaFgﬂ) to a
%tfl?ﬁg 8&a@1fcoc[t{5% oﬁgbé/g Ridfs/sBANek Fhat R6ViAE chiSnt FBHRL data, and
I‘CG one or nobre transni ssion i nks

magralmnaladé ite nwn(mfmmtlomatm\els systen(s).) The infoxmatiotrgcaited by

aut ormt ot at | syst ens/ seryj,ces, t hat ovy de
dafg, oy oEv ot 4o QPG ecf s e, Yot pdReS Ugfpaing on the
pattidhBf 105131%1%'\1{%16@' RYR LAAKySS  unfh €2, Wﬁﬁhniﬁby Q3 1mp1emented

recelve a source 10 1S forwarded to one or nore
usiaf atdomputeln qarogmmmagompe nmqmgeddry esnirabpriopessingamit (CPU) 120,

f t ded.
and, Sorecamene Bt 15554 TocmistlARy 5 i irtouteSs USRS cach
prifeE aK ey (&€ n\Fdl@dht? l@LEeSEdRY sdburity (FERiBet 1kthg amﬂysed Risk

stored in nenory 122, is used to calculate the risk
pnamgrummzsswluoh resspbe implemsnied ISing p COEDUS |Progiatopr algorithm

exéq%%lg}égé l Iotc%ss Clrll%lt g(?lll’l?)ai%b Sa%g%rﬁhr&é' i [r%eﬂﬁﬁ‘?tlﬁ &isNRed to

calciRtectie Hr@d ot Ghduglytn oL AL kkcifier gripeaot each phg@i’ riskhfactor. It will
execut ed by central processi n unl t émng iw
be@pmeer@tqdﬁhaffémamws phodules depigted L cisipe i Figure 5
ijﬂ)?e}‘i%%d Y %Ss'?ﬁ% IF r%&ﬁi?é fok Be %hﬁ%u:@fl aSaCkeREs f@ber of sub-
e appreciate hat the vari ous
IanMules depicted in the financial engine 100 in Figure
5 may be integrated into a single nodule, or be
configured as a greater nunber of subnodul es.

Fu’fdn@?[‘ ﬁioﬁ&lhﬂg didt b NEhiA intaylso B nfle@He@hsife B @omputer program

ement ed using a conmputer programor algorith

or (aigﬂﬁhmb@ldsdjélledvbel@wbswd i ey 18 ah exesniad i LRl 160,

e SR RS RE A0b The  i 12.s

usbin@ifads ﬁeﬁ@éf 17 & ddtein@ing @iecpridens vah ¢ff dack seduritpbt assef being
each security or asset being anal ysed and/or such
analybesk ap@(pamle roéhqrhmralaﬁ@r%%@&uaw sitefied Hy theemser. Financial
anci al ar:
mﬁ)ci Q]mg[ ) ﬁﬁ%\%e tfhll rtlt%xgct'%allt Ve wﬁﬁ?lé?% 3thef i B Grder to

coB @TEE @ CarDd ﬁc@ptab&cﬁﬂﬁ@(ﬂi e (&et idterdace disdce il71tlse rdsed:dao exchange

device 17 is used to _exch
information between the user and nanggl engine 100. Depending on the commands to

be implemented (e.g., price or value calculation, implied risk premium calculation,
implied volatility calculation, hedge ratio calculation, expected default loss calculation,
default probability calculation etc.), the information may include the observed market
price of the underlying asset, model derived values, risk premia, volatility, interest rate
(e.g., risk-free), maturity (e.g., expiration date), strike price, dividend yield, and other
pertinent information. (This information may also be provided by (or output to) data

source 10.)
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i nformati on between the user and financial engine 100.
Dependi ng on the commands to be inplenented (e.g.,
wperioseexaed4 val ue cal cul ation, inplied risk prenmP@INZ2004/000331
calculation, inplied volatility cal cul ati on, hedge
ratio cal cul ati on, expected default |oss cal cul ation,
default probability calculation etc.), the information
may i nclude the observed market price of the
Fitumdait instragenisoatrollemidfahayl exdhanpge infdrmmsion lﬁioskalb Dﬁth'ezmodules in

e i AT} o . i ot S 45) ] ulromens
co ﬁleqtr%eéang@% g%géyt T@&Q raH@trlagng% A Ttﬁé Sisbr (e Bt ARinE A icing,

so be pr or outp data source
voldi)rlﬂ;Frpmnmnainfmmmtmn,rrem) motrt otere thrégghragtveork g as well as

|nforrrat|o from dul es in financi
Previts Aohosb@! BRGB Bises 15 M BRHHAOR ¢l d@gtolling trading or
allt)&d'fﬁaﬂcbiabfuﬂdgslhr WEBAtieS OREAt A B6n BT GRP dF @¥deHlBvalued securities,

statements and reports to the user (e.g., containing
simulatinggnarket| eeiactionisy basgdson iioputi ednslithusi dbrough signaby output to

nefiyorf g, 106¢ BEmBROR AT beirorh 1 Y s BB ety 3F saown

neﬁ%irk§ Md dondedtédsysianOduch bl RIeal drofide breh wadForks) e.g., as a company
securities, identification of over or under val ued

1ntswurv1rmelspnmt¢nne§v¢rkg felacRamunicationo Astvisake dladh nefypuks, the

) W bR S Bl o O oAl svems

(S@EB? Qinylnﬁaf berwbtﬁﬁ{MﬂgSnawdﬂ@pétG eNe&doﬁry ahé ﬁsmfeldﬁh systems
ocal or wi de area network as a_conpany

arg defingdehereipiin thmproadesy dergsnio ws}u@é for SKawBlenirmRATY IS dial
t

o 8y o 56 0 s, i

exteysdl eusers( STkHhers, ocustoniees letook ignal o iy also i ngnsferred between

networ ks, etc. Networks and c nnecte stens are
cofEmIerL A BATHOIRS YSHHE. Bt BHEEI (Bpo ot Sopie, iees 4p-. CD,

DYBAR), §n vﬂﬁ&p&{s@r‘rﬂe fe%eig'mgdéo% HEYL aRl/oP RERRPE Mre still considered
conneCtions, I ncluding mrthrn organi sations, via

to ibapert ofnétaoilebl0ni t h ext ernal users, suppl i ers,
custoners etc. Signals may al so be transferred bet ween
conput ers and/or networks using, for exanple,

THOHkseY QhRtihh e kD bAPEradRVdre €824 and -S30PithdyVEDeifs -th, thb Rromputer
whi ch case the receiving conputers and/ or networks are

implenpentesignedediedisepssasl sseip and th@rl fiter spivk themoodelsrifi22 qad 832) for
m’i‘%@é{}.’ 55&“896?%@ %gerlfgsg{ g‘rﬁhg o? S&%% rﬁWm%%R)e a‘ilhegr%ct mathematical

solution, minimisation of an error term or penalty function specified by a user or

-

optimising for some objective function specified by a user. Furthermore, “fitting” may
involve input of market prices for securities or assets to the computer implemented
models, running the models with other user specified or model derived parameters (e.g.
for expected risk and return attributes) and then identifying those securities or assets
that are considered to be over or under valued (i.e. under this mode of operation the
models would not necessarily be solved to explicitly equate the price of risk for each
priced factor, but rather the method of the invention is applied to identify securities or

assets that have high or low expected risk premia vis-a-vis their risk attributes and are
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i npl enent ed nodel s di scussed herein and then fit or

sol ve the nodels (S22 and S32) for unknown paraneters
wo@Roosnereest. Fitting or solving may invol ve aPCENZ2M04/000331

mat hemati cal solution, mnimsation of an error term

or penalty function specified by a user or optimsing

heé__(%{ %oaxgﬂ@reﬁbci) %‘é?’*’ll}éfplﬂ‘cwﬁ {HeMmaRES! SiBlalpy, ‘%qﬁ‘a?tﬁl"gi; vtalues to fit a

er nor e, ng" may I nvolve input of marke

mqaiel :nmf ﬁn?olgs elpproi)dmate rdﬂl@ﬂﬁ@ﬂtp‘e@i&edscriutiwﬁW}?re necessary, the
i npl ement e el s, rupning.the nodels ot her user

usGE B (P dheomORE SoBRIE S ieH AR (T g i fting & model

(Sflﬁgpﬁﬁlt %?/rluﬂr%ét &8 dwitte usdrNspREffell RHNIRS ) orddtHert MARi-variate equations

ent ose securities or assets that are .
(S thied dteende (ar dibervisersobire) untibthevmodedds gatistactomyl Sitted.hi(4s will

be GBpreted Pk re itk P el Sl e A i » Beg BT FTe Aot dihpiaues
mdY bEERd 18 Ht Fho mdHls bR tRERvERRNNETHRE 18f mbeél ib Mved iheAnancial

I's applied to identify securities or assets that have )
engiing K106 chwautpriersped to theksen, Eori example, useyiinferfangi devided, or via

ttri byt an rehence Gonsi der.ed 1.6- DL i n
e b 38y SR RIS SRTELERIP bR e 5k Bt
sighaiedc. TR u i Yidhiial aRfu@xdniBbetrdl Rk N8 for thaliked(sepl $B4 and S38) to

sol utions. Were necessarg, t he us may_ use t he nodel

er [

tradingdenetharsysipas (repregeried Byraetarosk 110) hased pmthe; qalquigiions made

inggﬁsgﬁgﬁdé '4) and conpare these with user specified
vatrues or other nulti-variate equations (S36), then
iterate (or otherw se solve) until the nodel is

Wl e Gt ol R sered Shpimg o i RHSQROTse disrets time

o Pl G R s

anfl inndtieiasibtecayybtimns( tG9 poedrihaubptite mirpeseartfitting sheh models and

ser,. for exanple, user interface (devige 17 r, via
mulfgEiole CapHOnTIIR CHRERIR (OrgRRah Gy oSS0 ShhsslFd Vs of these
pafinf&s iiAdartAR 0 theR¥urbs 6 tHeOsatd Phrafletett B4RbE cRirfoted from said
through financial instrument controller 15 or the like
mgdelsemdgpultisyadiae3gpatiansi®3di ng (or other) systens
(represented by network 110) based on the cal cul ations
made in steps S22 and S32. Wiile various conputer
Ad Wil ssappresiatedrbp diose iith sallinhieskilh uetheiagthe skirds s£thetigvention
time measures of valatility éand ot her hi ahe,r nonent s
can b appbef #52 pews standalpng modei(®)i B PyrnaepEmadelling correction terms,
[ = Vaf i e hons, -4 i t he
Foffine SR B B Pl evispg oo A IR O
equations to current (or near current) observed or

expect ed val ues of these . . . .
In ong preferred computer imptlemented embodiment of the invention the expected risk

premia on two or more securities issued by, or referenced to, a firm (or other asset) are
related to each other by designating that for each priced risk factor the price per unit of
risk is the same for all such securities. In particular, in the case of the price of the risk
of volatility of expected returns, measured over discrete time, the price of risk (i.e. the
volatility risk premium) is the same for all firm (or asset) specific securities. Moreover,
in the case of debt-type securities the promised yield spread is analysed as an expected

default loss component and an expected risk premium (or premia) component. In this
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par anmet ers i nstantaneous neasures of the said

paraneters can be extracted from said nodel s and
woriosioe222a4 | at e equations (S34). As will be appP@DNa2©¢/000331

by those with ordinary skill in the art the clains of

the invention can be applied as a new standal one
em@ﬂﬁéx#tsﬁmeoéxp%te&"argte%f rRglal fo‘rr?sé‘éﬁﬁrt}e%ﬂ 9&butifikdySissued by, or

ornulae or “adjustnents to apply to ‘existing nodel s

refosdied t, fitaeissanalysedutiisngrareéstimatel of theonealised expected default

I mpl ement ed. enbodi ment of .t he invent.i on.the expecte
loss (R ppE Aethei doWco B SHarsy Sttt S Rd Lot EEehfed to, the

ef i i e Capplb@tifd édinputer

e L e e TR R
implanémed todelpri ce per unit of risk is the sane for all

such securities. In particular, in the case of the

price of the risk of volatility of expected returns,
1. nea&é’ﬂérﬁﬂn@?fﬁ lexP & Bt firktiEh o BRuBlty O@)) 8F réfefiicd fo the

the volatility risk premum is the sane for all firm
profisedaiald oh ssideeirity (5eandrthe pxpectefisiefanltdpss dnsaidyecutiiyavhere:

of debt-type securities the prom sed yield spr(ﬁad i's

analiysed =§ian expected default | oss conmponent “and an

2. PRSI Shu  Bhyf IRABIN 112 here i

Segur curities) issued by, or referenced to,
theélsgﬁeﬁwtriﬁggg%ea r)?/léed utilising an estimte of the

3. gn g&@tﬂl&e theessiposire of ?h&haawrity usse;ch@cpd nsié featoat(imgr

ebt -type, security (secyri.t ssue . OF o
4. 1 ef el@HEE P PCe DI Skt o F%ﬁbﬁ e_ﬁd?% flapiqg () in which
eaclflﬁ%.% W&ﬂ{ﬁg 3\2 ©bPotd SRBrAELIsRA ByE Br bdfe@nSABUER firm and

I'enente 1. determne the éxpected rate of =
suchethat theoprodwt wfi thy Aisk rexposwyesr afde pieasepar omithel pslo fdrssegurity j

e Bt st B SSEBRT Y T Bt o

othEAdE Bt Br WRRhXREGHEE 0B NRAKPeted BEdesd Rfurfi eCaailbble); as
equal for - r where r is the risk free rate of

5. r et designag: thahlovelohttee e telafrssiorthe sfolasiign of dlaq) pxnegtedrate of

each priced rj.sk, factor 4 . '
e B Sl AL gl Ao BRURLAA & BafibSpoREbr o
of B iseduriies tsddd By, or idi@esmdro,fths fitmp or nore securities

i ssued by, or referenced to, the firmand sych that

6. t hecglewaadhe eroesneate PEretwRos Al @f thiathey FcButighbeing ppalysed,
othgl]rc tl{ahsj,kbésga ab fealt’ ﬁa&'t\ff on their expected exposure to each priced risk factor

and the price per unit of risk (the Ay’s); and

7. fit or solve the model.

Once the model has been fitted or solved parameters of interest to the user can then be
included in a report output to the user via, for example, user interface device 17, or via
network 110 (in step S24 or S38). These parameters may include the risk exposure of
each security to each risk factor, the price (per unit of risk) for the priced risk factors,
the expected rate of return of each security, the volatility of each security, the expected
default loss of debt-type securities, the probability of default, the expected loss given

default, the price or values or securities, additional calculations based on the calculated
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equal s or approxi mates the expected excess return for
security/ (and simlarly for any other security for
wokiosieaed esti mat e of the expected excess ret UPCIT/NE2004/000331
avai l abl e); 5. designate that one of the Ims rel ates
to the volatility of the expected rate of return on
da@qe 4!, | fosBionS SileAPH@fbcRIS predictids STnRilfted, &1B.),ARULO FatRA8 @nd other
is specific to two or nore of the securities rssued
pettipeniodata.e The enlculdtedparameiers apdprigingciafarmatior ntayelso be used in
cess rate of return  for all of. the other securit.i
et o G Baping ol e thickeh RS HORrERGH Epyir 15 or
the HIQJ (steP NPArBIEFIPREUAE s s‘tbr@ﬁ 1B$enCichy hdtiofleLt09 basbdh
t he .Qp')re?ce per gzit of ?i%k (t éepl ms); };nd 7. fiﬂt; or n the
calgwlptiens madaindeaps SCRcR32 #nd $4ddel has been fitted or
sol ved paraneters of interest to the user can then be
included in a report output to the user via, for
In exathiet refyged cofipatdr daplaestiar ethbodiddeny o etinoédtiohle only
(in step S24 or S38). These parameters may include the
priggds WSEX§6@9 rcongrisgndhe yalatilityt of refumse in rwhirh fegsq dhe following
iy . . . ¢ . . .
e Bt oo B Ak sfibs bedbplicth o BBl BB st
1. t he degijnadté thetfitnDépecidictprive 08 volatlitylrik (61X Dotk @6latlBfyaifiréturns
| oss of debt-type securities, the probability of
forgqlogylahd tHehiskefiqeaatead rétass(rpasren default, the price or
val ues or securities, additional calculations based on
the calmgulrateddata (e.g., positions taken, projected,
predrcted, sinulated, etc.), hedge ratios and her
perti nent' data. The cal cul at ed paraneters and pri ci ng
2. i nf desipiatotherapeatdEmtdef ramenl (Hroreddotitd ichgs, lof atiksg, df\security
I.SSui Bg con%rol c’I:'i gg‘lal t hrough financial instrunment
(B)dgsmed BY+ @retprengsd o the figeast st ep S24 or S38) to trading
systen represented by network 110) based on e
cal éﬁﬁ?%ﬁg made in steps S22, S32 and S34. Iﬁsl
3. anotdbdgndns, eilets sdubtyngass or clasgeb &mendebd seobicids, Medxpetted
he inventjion the only priced risk, factor conprises
defpl 1qss ogspid; segrrgtes Pactmhining the proraised sield ferh@rl?@qquaw{gk)
[ | fhdhl ' d/or steps are applied in a
m%u%xgéa?%l erréﬁ‘?ggc]foggg’g?: 1. designate the firm
speddij e yprHrge of volatility risk ( Is ), the (4)
volatilit f returns for/ (<j ) and the risk free
4.y at 8olye of é%@lmlﬁ# as: (2)

Again once the model has been fitted or solved parameters of interest to the user can
then be included in a report output to the user via, for example, user interface device 17,
or via network 110 (in step S24 or S38). The calculated parameters and pricing
information may also be used in effecting trading by issuing control signals through
financial instrument controller 15 or the like (step S24 or S38) to trading systems
(represented by network 110) based on the calculations made in steps S22, S32 and S34.

A further preferred computer implemented embodiment of the invention utilises a novel
and original method for using computer generated information on the covariance of

returns for two different securities or assets selected by the user as an estimate of the
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O 1 2. designate the expected rate of return (r ) on

anot her class, or classes, of security (k) issued by,
weeooseébreenced to, the firmas: rk r +l ssk (3)PGI/NZ2004/000331

desi gnate, where security class or classes k are debt

securities, the expected default |oss on said

exp%@féﬂrdl 1ﬁ‘§ 1(%55 §PHH& RfNGe L d38etB)” SMa$ &0 meafird (ﬁngl%éit CGigk. This

securl and their expected return (r
embmdlhmmsof ﬂiBhkveyhon ai]lo“(sét)le axpesteidvdefant fass onraede’om dedurity, or a

t he s been f|tt r solv . .
moseag%m&?én ciPY PHERL G PHE St o bl fom time series
of frﬁlfelduﬁg%ﬂﬁ dr AsdeC BAELs. OWhQﬂétanté@tlfﬁ&% E&pedted defaﬁft loss has been

exanpl e ser 1nterface device 17, or via network 110
derfved fot edelB2#posecBsisy), thiftven thendwl used do penazate oot the gmpected risk

ot SRR PR PO B, R B G i, partcutar
embOGFHHAESN the ARy &M dnCPprotle O kéyand iiliteglab P8R 18249mBlemeaiihg the

to trading systems (Trepresented by netmork 110) based
rengginden of thel ayetadtinventiomin many ckewpyages. S32 and S34. A

further preferred conputer inplenented enbodi nent of

the invention utilises a novel and original nethod for

AnbHel BrefQ AU Ripuikigipireshtddémbotiinennodihe ilvention anh@@ @enovel
of returns for two different securjties or asset

and gtriginab anashod der ysieg | commeresurARc: ubfprrtlﬂmsﬁdh%dfaﬂance of

I f
refifa bt oy el s sl QAR BpcrUnd e BllERR eFulloss on
oné BE@W@@@%K&IM& IlaﬁBSShl(gherandah’is afgariority ywpome liguidation or

re general i ndi cat or cr edi ual jty, to be .
defBSl eHiad) SHEPAELIbh exPro s araieiort iirgs Sepikga hat pair of
| b i SolERli6n 26 rtfoli
Seczlsiﬁg{:t ggl ?er? ?Seg oss&ﬁgosr e\é\g@n o%r |1ved f or1 % re%sie-ltn prg)e oHe
manegamnernt ylecitions ot am ah dditiosaluseaneter §wplitting ethen tenthodiments of
gecIed ri sk prem um conponent of that security's
TAU9Bd yiel d spread and thus these particul ar
enbodlnents of the invention provide a key and

integral part for inplenmenting the renai nder of the
Fugheratferred vempitoninplemenipd embedimentirnfdbe inxpeiarewith application

to geﬂ*glg rtéefﬁesﬁctorr%%fnsb atloHP oF&?%t?e% a?@@é%@hﬂ@d%el% the

nove

Preferred Embodiments of the Model of the Invention with Application to Direct
Estimation of the Expected Default Loss on Debt-Type Securities

In a preferred embodiment of the invention a computer generated estimate of the
covariance of returns for two securities issued by, or referenced to, the same firm can be
output as a direct estimate of the expected default loss of the security that would rank
highest under a liquidation or other default event. The use of covariance for this
purpose is not previously known in the art. (Preferably, but not essentially, the two
securities concerned are adjacent to each other in terms of their ranking under a

liquidation or other default event.)
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and original nmethod for using conputer generated
informati on on the variance of returns for two

walpdobmered securities sel ected by the user andP@Ti§Z2004/000331
expected default | oss on one of the said securities
(mhich ranks higher in ternms of priority upon a

i dat
s I S
coviiatéd bff RfurnsTof twapp@tfotiesorindizbiogh booutpst formate msga arhgire of

correlation for use jn portfolio managenent &3_% q
credit quslitim(babiat mqsﬁwnlya%wfe@rsefeémm wHegehapiault loss). For
d t I
FRSLBERRY e TS SO0, Bha BHEL M6t BSRCE TARES inde pan be
usélidsld goatiabindicatqrad lthecchrbm nkly plequachty afttivb icoipbraseBoraf market. As
securities are descr el ef erred Enbodi
it o DEITEPINBIAN 1 R Bt PROATD TP Lhit 1S AT R0 SPOSY 4GS of such
on B Rk Py 3&0“%43%5%“?‘2@5%?%%@@% S SRIER coumercil
baMﬁwemﬁmnmmsmnbﬁgmhﬁnsgenerated estimate of the
covariance of returns for two securities issued by, or
referenced to, the sanme firmcan be output as a direct
estimate of the expected default |oss of the security
ThE f&ain ‘dfék' behdraak citiBies b sivdahne sed i grtiheshtioh cah B€tourse be
def au t event. The use of covariance for this purpose
calculatedtovpr any bus Ipprirdowing anyimethedalogy o weighting gchemgtspecified
t_essent i all A
by 36 wBERE hdsRul e it Pr SRk R RRBTSIR o R fioun to those
with drilfidiyokill Binthe brtodehas GX{ROHtm&lstlintg. ) | N anot her
preferred enbodi nent of the invention a conputer
generated estimate of the covariance of returns of t wo
portfolios or indices can be output for use as

A Reeferred Foﬁbmhmnt ofjthel Mto;lel(ctfahe ﬂimenﬁ@eé@&lmnpycmomto a Firm
e ult loss). For
W‘@kﬁﬁp?’gt ?jeﬁ?g ‘g'% a ngié%'geor ate bond index with

a stock mar ket |ndex can be used as a general
indicator of the credit risk or _quality of the

Theostprsr af & Brskuradaiua of ats embadimsat 95 pihe cGommuerpimpjpaented
m‘y}gphlgng{?q‘ls@&[ d§k| Il inthe art a tine series analysis

an i ndicator of credit quality would be of
tangi bl e benefit for users such as conmercial banks,

et Rte oo AL A P Hca P PO FRUEET B O

Couns@ref€ed to, the firm to the expected default loss of one of the said securities

(D

€Xe¢

(security f), wherein the annualised expected default loss on security j (EDLy) is

designated as:

EDL, =1n(,0 B \/(eU’ZT —1Xe"” —1)+1) /T )

where:

j  is the class or classes of the firm’s debt or similar securities issued by, or
referenced to, the firm for which the expected default loss is being estimated

k isthe class or classes of security issued by, or referenced to, the firm that
rank behind security j in terms of priority upon a liquidation or default event
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cal cul ated over any time period, using any nethodol ogy
or weighting schene specified by the user or, indeed,

wheoog/oéneecast of covariance estimated using tPOI/NZ2004/000331

known to those with ordinary skill in the art, such as
GARCH nodel ling. A Preferred Enbodi nent of the Mdel

of e. i b bRy [ [ irmwth at

Leat'sT? &@gwgﬁf%ﬁﬁg%ﬁflﬁ{ey&%ﬁ%%ﬁ{ The steps of

a preef &ythestahdurdndeviation of mids odiretemt pafanhitve, eoiput er

i npl enented invention are as follows: 1. Relate the

vol at,i lig thy standard devietiant omatesfof rettun; per aphumeoniki ti es

i ssued by, or referenced to, the firmto the expected
def gquy} is the serrdftiamenefiicienteol 4z wiesof vatinmifor/ and £.
(securityj), wherein the annualised expected default

| oss on security/ (EDLj) is designated as: EDLj
s\n[2pjlest.- \\e re: .l

21 2 Db g adph B lpbpled e ORIV Serrey L )'E5 reference o
Secylid dnin@slided prafisey yield on &fi®sne80(})and teemhialised expected
whi ch the expected default | oss is being estimted A

i s dafauliiless onspidseaquifgsasgiesigaaiod pbyve, ¥888d by, or
referenced bg the firmthat rank behind secur(it yj in
terds of pFPtity upon a liquidation or defaul®eventT
is the tinme horizon of interest to the user, in years

s is the standard devi ation of rates of return, per
3nnuhe fRh spekific prichef sdlatilitgrk ddy ) i thandsignariesingfthe above
return, per annum on k p jk is the correlation
coefphtameters and the risk fizt este of retetnu(rhasffoléwsind k. 2.

Det erm ne the annual i sed expected rate of return on
secu;[i; /~(r ) by reference to the annuali sed om sed
yi el’d ongsaid security (y) and the annualised pect ed
default | dss on said security, as designated above,
where: Tj y 1 - EDL j (6)

4. The expected rate of return on security class or classes k (rx) is then designated
as follows:

r,=r+i.o, ®

5. 'Where security class or classes k are debt securities, the expected default loss on
said securities is then designated by combining the promised yield on said

securities (yx) and their expected return (rx) as follows:

EDL, =y, -1, ®

6. The user then fits or solves the model or models in order to output estimates of

the value or values of previously unknown parameters.

In another preferred form of this embodiment of the computer implemented invention

the expected default loss of security j (in place of step 1. above) is simply designated as:
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3. The firmspecific price of volatility risk ( Is)
i s then designated using the above paraneters and the
w0 p®k/o6n2ee rate of return (r) as follows: r , PCT/NZ2G04/000331
4. The expected rate of return on security class or
classes k (?>)is then designated as follows: rk =r
+l's 8) ». Yhere security class or classes k argy
deb sdchWtVeﬁ, t he expected default |oss on said
securities is then designated by conbining the
prom sed yield on said securities k) and their
It veikljeecippeeciaediby thoss wald ofdidry wkill iBthéart hak the ablve piocelure can
The. user then fits or solves the del of nodels_in
be gpidisd P sh e one et i B es e B frdfRRElsk tgfhame firm
anPfRY IRAAAHY 2 HAKE PIIRAAME RkBectéd\dBRBUNSH oP RS fHt’8 Underlying
formof this enbodi nent of the conputer inplenented
assetwadug.i on the expected default |oss ofsecurity j (in
pl ace of step 1. above) is sinply designated as: EDL p
s (10) It will be appreciated by those will ordinary

Préf€irted EmbdBuRhts b ahet RRrdRD Ofethdy PaRGition WWith D&pplication to
applied to nore than one pair of securities issued by,

Estimationof ¢he €arrelationef asBivm’s Seeurities t hus provi de a
basis for deriving the expected distribution of the
firms underlying asset value. Preferred Enbodi nents

0 he del.of , the Invention Wth Application.to,.
In £5iE PR e Spheebgpr R 1tiie SonRRiyCSasificl frimate of the
vatidned of Wit forif REurtbs esshedlb R trefefentétbtol thé 8tk Bidm@together
conputer generated estimate of the variance of returns

withoan estinate ofithe pepectedsdedanlbloss of the pesueihic Byt pould raak highest

ame ..fjrm. e r 1 W ti f. th ted
b bt O Pt o S LR in L RERER o 10
estiindtertha dxipatted adoteution oft feturns dfettiden £3i@ rdairab securities. The
conbined i n a novel vva¥hi n order to eigi mat e .t he

estangicat o rorslatien & iteis msthaddp pphirepionss srowniytheart (Breferably,
butsl?&uéskédtlﬁﬁy, thB%wo securities concerned are adjacent to each other in terms of

their ranking under a liquidation or other default event.)

In a preferred form of this embodiment of the computer implemented invention the
volatility of a pair of securities issued by, or referenced to, the firm and the expected
default loss on one of the said securities are related to the expected correlation of said

pair of securities (securities j and k), wherein the correlation of the expected returns for

securities j and k (o, ) is designated as:

py =" 1)l -1feet 1) 11)

where:

j  isthe class or classes of the firm’s debt or similar securities issued by, or
referenced to, the firm for which an estimate of the expected default loss is
known

k  1is the class or classes of security issued by, or referenced to, the firm that
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estimation of correlation by this nethod is not

previously known in the art. (Preferably, but not
wez®enei2ad |y, the two securities concerned ar ePEONZ2®OWD00331

to each other in ternms of their ranking under a

i quidation or other default event.) In a preferred

formof ¢

i nventf ?%]f]g?%(??/? c]%iji (el Et?/&rgsf tézi)%r?gll r-o ea{hiunﬁt%irﬁg)grdgﬂult event

i sspeds ki tirae hostt@r effiniectst 1o,th¢ heerfinryeaand t he expect ed

def aul t Ioss on g‘a’e of the sajd securities are rel ated

to Ehes s Hation pfirgias re%?ﬂcpeﬁa?lrunbfondecurl ties

(securities | k), wherein the correlation of the
ex p@'etlérﬂiersé@llﬁaﬁggff VEFLODOL 5atPS QISR RET Rp é)“r’"s

desr at d as where: j is
t hek 6?““@!1%@36@‘?6?}%‘4 fl‘i('f@u]f h’sﬁ?g S%?é‘g‘%y )Or siml ar
securltles i ssued by, or referenced to, the firmfor
whi ch an estimte of the expected default loss is

In AHRENMR pléfeirsd Fhien 6f 86S eRbodihRas 66 thef codfuri itnpldnsehitelinvention
by, or referenced to, the firmthatrank behind

the s@rretdtion] of thet exprstedf repirhe fpr yaid pweuritiasi fandid (8p)ds simply
default event T is the tine horizon of interest to the
designeted asn years s} is the standard deviation of rates
of return, per annum on sk is the standard deviation
of yﬁgesunf getprn, per annum on k j he annual i ¢4
expect ed défault |oss on security j . In another
preferred formof this enbodi nrent of the conputer

A Peltgrind Eabodingnt of dh iaGél oF ké 18Pstien) Witk RiFiGhon to
Angﬁgin?@f,ﬁymas p EDLJ | sJsk (12) A Preferred
nent of the Mbdel of the Invention Wth

Application to Analysing Options The steps of a

Th$ ﬁgf < g ?1 e}gr%feﬁ{/ g trfilxl 3f ‘%fﬁ?oéih el of I?? %B%H{e? rnnglemen‘ced

|on for a ys ng opti ons,
invE@tid0 66 analysing options, are as follows

1. Specify a return process for the value of the underlying asset upon which the option
(or options) is written, using real world (as opposed to “risk neutral world”)
parameters. The return process can include a defined statistical distribution (e.g. the
normal distribution often used in financial models — in which case terminal asset
values are assumed to be lognormally distributed), be based on an empirical
distribution or such other process specified by the user. In statistical terms the
distribution of asset returns from the specified process may include or accord with
user defined attributes such as jumps, skewness and kurtosis. Furthermore, the
return process may be a function of several factors or processes, including, for
example, stochastic volatility, stochastic interest rates and/or incorporate allowance

for taxes and income distributions etc.

2. Specify the pay-off structure for the options written on the underlying asset. The

pay-off structure is related to an exercise threshold, which may be a value, be
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. t¥he @hiscof sach@PHeR &t the hog

1. Specify a return process for the value of the
underlyi ng asset upon which the option (or options) is

wWowrisne224 usi ng real world (as opposed to "ri SRCTNA2A0&D00331

wor | d") paraneters. The return process can include a
defined statistical distribution (e.g. the nornal

di stribution of . | ' [ G848 thie 1B ich
EueelGebi e S SO L8 i BPRE LRlodRAR § the hBadk?

| ognormal |y distributed), be based on an enpiri cal

di stribution or such other process specified by the

user. In statistical terns the distripution pf assgt
e I iexanplge depending upon

SR ek bPeRketkapgaapich s | o

Furthernore, the return process

y..be a function of i .
(e Rgeey Biend Ratho st oo ateh, P AR A asses
stochastic interest rates and/or incorporate allowance
for ThegpsstsiaolpfiiBras Grtor iy bmotids Mo Endanfl  he
pay-of f structure for the optjgnsg witten_.on the
(bR ishgr sststical eneptyroRATSIEA pFbiES of Tigiest g he gser of
an rei h i y a . co-
benodel (?ﬁetg)%aﬁtﬁe%r glé gtshg \A@%C{e%gly?ilge %gsty Q{O\Iﬁe%%éprle’o rS ket%ness’
endekgenessskirtosis) eo-kurtesis, jBnp @sk)estc.l. and 2. above the
foll owi ng can be defined (for exanple, depending upon
(DETEO Bat sty artfiort Euvarimtbel of dapeatédsetuing betweknpairs af pptions
(a) The exg}%lct ed nean pay-off of each option witten
on written paighe yndadyRgestet’ (b) The expected vol atility
of each option witten on the underlying asset; (hc) .

Aoy The goreslatinraanidéon enyaripaseeespentedsteiigrns ppipvgen each option and
att ibuaeiy.of Inferest to the user of each option

wr i PEERCEY PR &S derlying asset (for exanple;

skewness, coskewness, kurtosis, co-kurtosis, junp

risk) etc.; (d) The correlation and/or covariance of

expected returns between pairs g%%ﬁ%@?gﬁinﬁ%&tﬁ??ele?@d to the

Ce%é@é'técﬁoﬁﬁe OF (i Bgﬁ&? g $heteHa B8 1RejRADIARGRSPBY hQliscatitt rate
t underlying asSet. 4. The val ue of each option at )
t(beetpegicd mate@f oétutt espeafic tuithef optivne rAsst thiesvakusl aftteeiundsrlying

E?g f’eqt (e?)ép@gtlpeqqgtiqvgallgl gu teofgé}e taphegl]'tog 2@{] ’lﬁ’?&?%: igt D%:&0% Yhe Vafie of the

underlying asset at the end of the period of interest by a discount rate (or expected

rate of return) specific to the underlying asset.

. The discount rate for each of the options and the underlying asset comprises the sum

of a risk free rate of return and a risk premium for each risk factor that is being
priced in the model (for example, in a basic implementation the only priced risk
factor would be the volatility, i.e. standard deviation, of expected returns measured
over a discrete time period). For each option and the underlying asset each risk
premium (for each priced risk factor) is the product of the said option’s or the
underlying asset’s, as the case may be, exposure or sensitivity to that risk factor and

a price for that risk factor. In the case of the volatility of expected returns (and any
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(or expected rate of return) specific to that option.

And the val ue of the underlying asset at the beginning
w@booshe22peri od of interest is related to the vRACTINZ2I04/000331

the underlying asset at the end of the period of

interest by a discount rate (or expected rate of

et o SR ol ikt By B R ARG ope, Yo B of cach such

wikteFalcior NG 1186 S@he TOMMRH iopisns bied shemueferlging sdsetf wsm waldh said
of return and a risk premumfor each risk factor that

i aptions ag vpiitie®ed i n the nodel (for exanple, in a basic
i mpl enmentation the only priced risk factor would be
the volatility, i.e. standard devi ation, of expected
returns nmeasured over a discrete tinme period). For
In Residgt fem ang ohdieisk fudeot liyprivgd aths eblatitityhofreaslk opti@nindrof the

for each prlcedc{|sk factor) th 0product f the
Iying peseB R expesite Ff‘ém@ﬁ’d’é‘fv‘f‘%}l?‘?dg ves pdhes® ke mgBeromplex
sp%ﬁﬂ’“dpaﬁgns 5748 e G¥SHSletd Mitf‘o}ialtr%ktfgﬁbrsra!rééré&g? Ilﬁfudmg (but

a price ort at ris actor. In the ca
now/lbméted td)f skeohesx katosis) other highsr {tm&ﬁcdrmbmgﬂl‘t&,rjumps volatlhty of
no fs t neasured in discrete

tatistical ere
Voféflﬂﬁ’ lfttWSStﬁ?ﬁeé@ ‘T‘Ct%régllﬁ &EJ%al’rdlsézf? factor is the sane

for all options and the underlying asset upon which
said options are witten. In its sinplest formonly
one risk factor is priced, the volatility of each

The rinV@nhioaﬁﬁff@lTS from emD@qhh bnews én the @%pg@h@é the Gapial Asset
%&‘g ﬁf‘ﬁgfﬁ g_g?sl%r eet ﬁnm (&1& %{crﬁm%g A dpgfé S 1nclufle a market-

mﬂé %ﬂc&&fﬂﬁﬂé are Rfcﬂeﬁ Qﬁbdelsﬂ ﬁﬂeuﬂ(btnbjasé@ Win naderlyiny bedt specific
to); skewness, kurtosis, other (gher tati st

messen ok totpliple, buf grther pre plemenieiby 19 Sypﬂplﬁglet}cl%§t/sfematlc or
m%lﬁét AR e‘f’e%%é?nhlkg}’ﬁl@ésty and size. The invention

ers tromo S known in the art, such as
the Capital Asset Pricing Mddel and the Arbltrage
Pricing Theory whi ch Iatter nodel s incI ude a
ri.s

o L BB Sbo e S BRI 808 ) o on

r bﬁfﬁor@MﬂmB%%Emﬁét@rs'd@ﬁig@@ﬂbﬁﬂm@ﬂﬁeﬁﬁﬁ%l Réd1S.1 Mee FitRlamental
systematic or ‘market correlated elenent of risk or

r valiagiongpringiple in fth@ndri cebevd provires spndiianshievieodel ghould satisfy
teani ORiPe Ry 88 A S bRy bl Bl P dsgiine ssse.
Tifaob wgRedeR input parameters are unknown, to be able to satisfactorily solve
the model, then one manner in which the plurality of unknown input parameters can
be solved is by specifying additional conditions, such that one or more of the model
outputs (for example, the statistical attributes of the model set out in 3.(a) to 3.(e)
above) are set to equal observed or expected values provided by the user for those
statistical attributes and/or additional multi-variate equations are specified, to be

solved for the unknown parameters (S34 and S36).

7. Parameters of interest to the user are then output from the computer (S24 or S38),

these may include (but are not limited to) one or more of:
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valuation principle in 4. and 5. above provides

condi tions the nodel should satisfy for each option
waowispen?2on t he sane underlying asset and for PEENZ2004/000331

underlying asset. If too many nodel input paraneters

are unknown, to be able to satisfactorily solve the

MoAg! i Eﬁ@e ?P CallBYRSne! g AbHeCEF thBpBLIY 8hd/bY oPthe underlying

unkriown” f'nput paraneters can be solved is by

speci fagderg addi ti onal conditions, such that one or

nore of the nodel outputs (for exanple, the

st apy Fhé e@pechidt fatd uf estuaf oh hmenddmbores of tlaubptions3ar(ddr of the

to 3.(e) above) are set to equal observed or expected

val uesmdedyihgewsety the user for those statistical

attributes and/or additional nulti-variate equations

ar ec)s ibe efpeettd vobutility @ofliee Higher momentis ol iaresitartherbies) ef one

(S34 and S36 7. .Par anet er.s, of iriterest to the user

are t%@%ﬁ?t@?@?‘%‘?ﬁ?ﬁ&r&ﬁ%@u PIYBgASEE S38) ) these

may i ncl ude (but agre not |imted t.o% oﬂg or nore of:a)

t hedprthe Bsleprequiym dorme gg gnqgp offiepriged g1 faﬁ{?ﬁ’ons

and/ or of the underlying asset; b) the expected rate

of eketthe probabibifyeofsxereiseeanst t he options and/or of the

underlying asset; c) the expected volatility (and/or

hi gferanyothen userapedifiedmetsics tdsrivhiéves sad/pr bedgemetiasr nore

of the options and/or of the underlying asset; d) the

risk premumfor one or nore of the priced risk

A BrvlerveilsEmboganeti of thecMplel o 8¢ Favsivion” i 1 oilsagen t
Pr"'F% ipﬁurqﬁ)e%%aﬁf Aggﬁoﬁﬂhgq*l&?-mvi@énd Payin®delckof the

entl o Ication to Pricing a European Call
Option on a Non-dividend Paying Stock A sinple exanple
application of a preferred enbodi nent of the invention

A disphy esepledpdlieatir o4 pgfarduernbatimentadf] the vieotiomis presented
non- di vidend payj ng, stock. The.term nal stoc rice

for g & BRTOBRa] LSRR & - one e etooko THB Paimal stock

pri&h&is{rﬁ‘%ﬂgﬁ ssithéd, ri11 S bRAnple, - foRbR ke Ioghbinid ddt€bution (i.c.
assurmed to be normal Iy di st(lbut ed). The "assunptions

stoclo ratemts ianmaskiuyedrioles yrntaHy siistuibuted)o Hierrasumpsians (conyentionally

maElQ %y r(}se %&norgi%g}}ygkﬂg inathg IaIle xifheenva%{)l%fﬁﬁ)gna sol}cnp?enve?ﬁ{)ﬁ 8Pan option

pricing model are made (e.g. there are no taxes, no transaction costs etc.) in this

ol

example embodiment.
Defining:

C. is the value of the call option at time »

n

S

n

is the value of the stock (the underlying asset upon which the option is written)

at time #
X  isthe exercise price of the option
T  is the time to maturity (the expiry date) of the option, in years

is the rate of return on the stock, per annum
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pricing nodel are made (e.g. there are no taxes, no

transaction costs etc.) in this exanple enbodi nent.
wedosnenzegd Cn is the value of the call option BET/NZ2®4/000331

Sn is the value of the stock (the underlying asset

upon which the option is witten) at time n Xis the

exer cik $ie fid cfre®in dhthe@pll iopfion] pefarirugn time to maturity

(the expiry date) of the option, in years rs is the

rate of ret rn o he tock, per annunrc is the rate

ofg, & ms'}z(n (JQP(FQ— annum d2=d - ss -JT

NQ' | at vé ob fty/of the standard

nor mal dlstributlon vvlth dl or d2 as the upper limt

is,the risk=free rate of return, per annumss is the

stlandard. iation of rates of return on the stock,

per annum sc is the standard deviation of rates of

r (Urib tiercunidatbal proloubilito S tRestar@RRLARIAl dfsirBRtidh Mth 4, or d,

expected val ues of the stock (S7) and the call option'

( C7- )asdheuppeymitas: St =SQersT (13) & =StN(d )-

XN(d2) =CoercT (14) The present value of the call

opt i asthe@k)frdegatelof rétunmeper analme of the call option

di scounted back to present value using a risk adjusted

X N A b o R PR ot e o1

Sanuel 965 but anuelson did not derive a

r 8lcatl$ gﬁ“r&ﬁ%“&‘éie\)vé@ﬂn pErafgspfreturn ommihe eglt eption; aeranppm.
return for a security is defined as the expected rate
of return in excess of the risk free rate of return.

Under the nodel of the invention the excess rate of
Attt T thd @dpe€iag Malserefthé Yokls 6 %e)%ndrtﬁé @dlﬁgﬁf&ﬁ (£9) al'given as:
i's

being a claimon the sane underlying a
Sy =Sge™ (13)
o =STN(d1)—XN(d2)=C0e'0T (14)

The present value of the call option (C,) is the time T value of the call option

discounted back to present value using a risk adjusted discount rate (r.). Hence:

Cy = Soe" " N(d, ) - Xe ™" N(d,) (15)

This is the option pricing model of Samuelson (1965), but Samuelson did not derive a

relationship between 7y and 7.

The excess rate of return for a security is defined as the expected rate of return in excess
of the risk free rate of return. Under the model of the invention the excess rate of return
for each security issued, referenced to, or being a claim on the same underlying asset is

proportional to the riskiness of that security. There may be more than one risk factor
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proportional to the riskiness of that security. There
may be nore than one risk factorthat is priced in the

w@e ams/06220ne, some or all of the securities. HOUBNER004/000331
the price per unit of risk ( m, for each priced risk
factor (m,is the same for all securities that are

thelftﬁg 5@%&%&%@1&% SRTRoMP 46 Hlﬂfﬁ?% ge;aﬁﬁes. %%@%F@&gqﬁce per

e case o atrlity risk, S nmeasure
unit oFirikr €1 9, forreacip pribabiski fablor $mpXanin eannfoy allnRciirifds that are
factor 1s priced, being the volatility (i.e. the
refeteanethtoothd @mhatunderlyisg dssef Runthesmqrecindghe cast wf welakitity risk, this
. each security, neasured over a discrete tine period.
is pgpeed ot ey H@e&sﬂa& ion, in this exanple, is
specified in the nodel of the invention: s 'k L =!cZL
(16) s s s clIn this exanple ss and sc are specified
consi stent with the nodel of the invention, over the
In dhis cexatople bnly qrer fisld factorHy yaicednbging the solatility (i.e. the standard
rearrange S: rec, =r+(rs - r).- (17) s Huang, . .
detiihag S5 B ekt ropi fp el sobtd et SEREver a discgptg time
peftedt Hence th%’%l‘l(fvﬁh%go@ﬁbﬁﬂiﬁ ik etanipib, s SPiRRSinithe fd8el of the
_ Foreign Exchange Market, Derivatives Use, Trading &
mRagonrat i on, 2001, 7(1), 55-72) provide a real world,
discrete tine fornmula for neasuring the volatility
(ﬁnd RQigher, renents) of an option ( sc ). Bas&290n “
t hel™ ;orﬁu%a the annualised volatility (i.e. andard
devi at1%n of “expected returns) of a vanilla cal
option is given as: = |n SNJd - SrXN)+ XMd 2)] L
(1g) where the additional termis:d3 =di +ss r Based on
estimates or values for rs and ss equations (13), (14)
In glnd exadplecan e gpl aredpecHind enmsistpntvwithhthe guertel ofi thelinyention,
can be solved tq determne rc , then finally equation
overythy disgreioiipedetiod by Hdpaion(he) pdsaearrapgedias: of t he
call option (CO ). As can be appreciated by one with
ordinary skill in the art the equations of the type

2 =r+(rs-r)%c— a7
S

Huang, Srivastava and Raatz (in Huang, T., Srivastava, V. and Raatz, S. Portfolio
Optimisation with Options in the Foreign Exchange Market, Derivatives Use, Trading
& Regulation, 2001, 7(1), 55-72) provide a real world, discrete time formula for

measuring the volatility (and higher moments) of an option (o,). Based on their

formula the annualised volatility (i.e. standard deviation of expected returns) of a vanilla

call option is given as:

o = \/,n[S?N(da)e"gT — 28, XN(d,)+ XZN(dg)] /T a5

C7

where the additional term is:
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presented above can be inverted, for exanple, to solve
for rs and/or ss given observed traded option prices
WO 2005062201 nore options witten on the sane uPCENE3G0w@00331
asset. The user can, of course, allow for the
estimates of rs and/or ss to be tine varying and/or
S%Lp fopéﬁnre conpl ex processes in nodelling the
i i our of the underlying asset, including use
of enpirical distributions. Figure 8 is a graph that
depi cts the Bl ack-Schol es option pricing nodel inplied

Bassf qi?ié{i%tatiﬁ? 35%%%@%5 L}% o gs %ﬁ%ﬁ%{?@ﬂl %1» o a%@?@[cifaﬁ%g gglved.
: . T i . ,
Pl v Hoth S e b <400 QeRaind e e g battEn (15)

) spite th | ack- Schol es ,optj;an..prising nodel being
is s9IxeR 4o B‘}?V@éﬁ%?ré"ﬁ?fg Yatgp SR theitall BRHGh{ G I T ¢ y i nput
bei ng applicable in such circunstances, the
volatilities inplied by market option prices and
inverting the Bl ack-Schol es nodel clearly differ
Asaahdsappheigied beronatwitt viduerpskitlein. thdtaet the egabtiand of the type
"volatility smle" problemis evident. Figure 9 js a
pregenipthabavatcar bp inseEod far Frama typql¥Ror 7o ranglies G givem gbserved
anal ysed jn Figure 8 (depicted.on th raph .
traé%mog)prﬁ%gr@ae 85 ks phugns iR Pt 3§ fdditying asset. The
| ack- e i b Ll d t ;i :
s B, o R TR Ol R o T S8 & TR Gl yRfing andlor
allyR 181 ok YorhPek torddagdes i ModBRg th&Prif beadihue (of @i underlying
depicted on the graph by a broken line). A preferred
assetyiiodidremusesi entpiri¢ah disiritivbanssas t hen fitted agai nst
the same market prices, by finding the single index
volatility and index risk prem uminputs that
m nimsed the pricing errors (depicted on the graph by
Figure d iid al pragh . thht degiets bibe SBlack-Selaiés gptien Prichet miodel implied
this exanple the Bl ack-Schol es option pric'ngfgndel .
volatitiies por exchapgg H@deMyOﬂHPP offeticih @nother Dgw deues Industrial

A@%@S%ﬁ%{%ﬁ%ﬁpt R ©NFanMLHIEES FhP0pli6h] 8 had a life of one

e invention provides a nmuch closer fit
mdnoh,obe ediffertntexkretse plor cskeaqurivsss dDéspir gheiBlackpBelmdes. option

Pripieogs PRCS PRG QgbPPEElsrpL e SediBE PGSt peble in
such NeQmtiaticee e PamiiRbesSthafied Bytmmiket bptibrSkeovaasd iffréing the

Black-Scholes model clearly differ across the different strike prices. The so called

“yolatility smile” problem is evident.

Figure 9 is a graph that depicts the market prices for the options analysed in Figure 8
(depicted on the graph by symbols) plotted against exercise price. The Black-Scholes
option pricing model was then fitted against these prices, by finding the single index
volatility input that minimised the pricing errors (depicted on the graph by a broken
line). A preferred embodiment of the invention was then fitted against the same market
prices, by finding the single index volatility and index risk premium inputs that

minimised the pricing errors (depicted on the graph by a solid line). It can be seen from
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The sinple exanple application of a preferred

enbodi nent of the invention given above (where only
weei0ao6d2e4y risk is priced) is extended to i ncPCNZ2004/000331

pricing of skewness risk. Were skewness (Sk) is

priced the expected rates of return on the stock and

408 kPR 5k 0t PR i
thepaomeyhoptionSland naleanyiced lbet-ofbsrndry adions.asWhetta$ fa0preferred

exanple, i f a non-linear pricing relatjonshipis to be
¢ Bigof the inygn vides 1% Htuég rdossr K dar ehseeigd inarket prices

ad’r@s%%ﬁ%&%e%ﬁ@@sqard devi ati on, be expressed in excess
terms

VIiS-a-VvisS a standard statistical distribution
etc.). Based on Huang, Srivastava and Raatz's (2001)
formula the real world, discrete tinme skewness of a

| iqQn' f Zc 07 is: SkCr = -
AR BE Rl o 3T ek oo Dol piction 1
PR Nl 5, NI AR S S
SkevarsdsiRilksed, expressed in excess terns and/ or

annual i sed etc. (as specified by the user) for use in
equation (20). Based on estimates orvalues for rs and
s .equati on 13),.(14), (18).and (21) can be sol ved.
The st ouela %ﬁpﬂéﬁé PR Gperisich o the gYyepiieqgivenjabove
iRt Dy SRR il I B enleRll P IRRL R PR O hss sk
Whbreskewuiessr (49 ds puiced thepeipeetsd (ateouf thitury @ufhii stodknind the call
Qbs%%vatLons are available to satisfactorily solve for
OR1YP8 MEMB%Er of unknown paraneters). Fol |l owi ng sol ution
of equation (20) equation (15) is solved to provide
t He =V dl'u@s vflskthe cal | option (CO ). As can be(19)
appreci ated by one with ordinary skill in the art the
abgwe +Higs g af, S8yst em of equations can be inve(2®d or
solved in different ways, in order to estimate the

TR aR sp i 1R bABR Epoh WK PHART 'oBie? moments are measured (for

example, if a non-linear pricing relationship is to be modelled, if the moments are to be
standardised with respect to standard deviation, be expressed in excess terms vis-3-vis a
standard statistical distribution etc.). Based on Huang, Srivastava and Raatz’s (2001)

formula the real world, discrete time skewness of a call option’s pay offs (Sk, ) is:
Ske, = Elci|-#lc, T

= S;N(dzt )ekéT - 3ST2)QV(d3 )eagT + 3STX2N(dl)— X3N(d2)— [STN(dl)“ XN(dz )]3
(21)
where the additional term is:

d4 =d3 +0'5\/F

This skewness parameter can then be standardised, expressed in excess terms and/or

annualised etc. (as specified by the user) for use in equation (20). Based on estimates or
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(such as, without limtation, rs , ss, |Is and/or Is k
). Those with ordinary skill in the art w ||

wappseei2at e that the concepts presented in preP@&r/Nezho4/000331
enbodi nents of the invention, as applied to option
anal ysis, can be applied to put options as well as

vahgq%l F ?wgt?lpﬁ nﬁe{tﬁ),gg?f%e fg?f @tS (%ﬁl éaBeJee%tlvetdy PE5 Bhtinue

t] dlor t f t
4P TR 0 0L PR ik, coppi
provi*a9§ lbgotile t8&, 'oE\S@ @bllveav f@r B ﬁ&ﬁ@ e dnbde! 89 bb&ived traded option

cah be readily inplemented on a conputer
pnuml(pgawdmg esdfﬁamimqbymam&re fayeilahlado spbyfacteiypsadye for the

d/ di
o T B 0L B B SRR
sol‘&éﬁoﬂog)rgﬂgé Be vREEl tho BalBBRERRCNSS  APEan Y &ﬂi)r@hé’!é(ﬂ?y one with

are known to those Wwth ordinary skill in the

ordﬁ{ahh s fin EREAFPINE abdid foRH lof sy dtérh dff eQuiations baf bd dEbsed bHedolved
t be used to inplenment any enbodi nent of the

in dlﬁfemmt lwam‘s,uml QrgeratOcQSmteeﬂlel euefeOIt%‘éf BPFFowkio WRgRAsmeters
the tr,] no nodel fi i fference nethod,

(sughas, yithon %ﬂi%’x(m%' %’samp ¥eértainty equival ent
approach and Monte Carlo sinmulation. Those with
ordinary skill inthe art will also appreciate that

t he variqus ex nS| nd..nodi fi.cat.i on .
Thpsicvihesedfent Ak By feont pchimg- e bt el Rapeldfteied in
pre?éﬁed%ﬁbddhﬁbﬂt@ of e 1n\fe%ﬁbﬁ| ra@%pﬁk@dﬁo&ﬁatﬁh%hﬁl?ﬁﬁ, qaﬁ)ble ragphed to

stocks, asset price junps, stochastic yolatili

putcaptivos aswelbes orbopsions, mersieorpleR Anfions dlfn‘?%rsmﬁ%l?%ﬁ {Qfglistribution

di.nen € ol t
etcEn%'gai g@ﬁyelg fSl%’lﬁlg bg%p of &%{t‘)ﬁl dggf:‘r’%%r ggs%{}‘\{pﬁﬁn of a particular
stafifal Gistribation foralie xletlging Bhstrthe nodbbaelfahe pivettien Fisrapplied to

The steps of a preferr enbodi ment of the .inventi
optiqyr analufissssangbe sgndil &ri&lpie@i!ﬁntt‘ifl 8B & FPPPYET UFng B%‘FBQ&?‘&?‘WPC

mOfigﬂ' Tl 'ée%@t%tc'o 1DGRIBE lafid AP Qitrittioh fpds | (fdhudisgy étﬁpmcal

ecity a return process for the val ue of
dlstritmubng)rmay ®gsiet 8se afoithey matiaimatioal tdols asd/oppdelding gpproaches,
k neutral world anet The Lur,
of wiieh Bidifenge HSYR ©RARFat I aidingre sk it e £5F Brample
mﬁhﬁgt mgtmin loftel! Edbl.@lﬁlai fiigh bl @BePid Bibl&aed ank einmaﬁﬁemlof the
based on an enpirical distribution or such
inventien uging eesmputer include the binomial model, the trinomial model, the finite
difference method, analytical approximations, the certainty equivalent approach and

Monte Carlo simulation.

Those with ordinary skill in the art will also appreciate that the various extensions and
modifications made under the risk neutral option pricing approach (for example, but not
limited to, features such as dividend paying stocks, asset price jumps, stochastic
volatility, compound options etc.) can readily be incorporated into embodiments of the

invention.
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specified by the user. In statistical terns the
di stribution of asset returns fromthe specified
wee@soex24may i ncl ude user defined attributes SPCINER04/000331
junps, skewness and kurtosis. Furthernore, the return
process may be a function of several factors or
Pﬁ'?ﬁ?ﬁ:ﬁeﬁmﬂoﬂ nhé’xﬁt' 8¥%the o der 8 LInveh A aWﬁthCApphcalmon to an
atility, s astic interest rates and/ or
OptivmeThesratie Méoded ofitledifmr t axes and i ncone
di stributions. 2. Specify the pay-off structure for
the securities issued by the firmand for any other
ThB %GR phdféhdl e@BoMiineh b HRMEEentich fdaeanmyrsmgsaebt and equity
asséts, as specified by the user. Wthout l'oss
seqyeities wa computer isgdeméntédeaption-thearetie inadelwif éhenﬁmm as follows:
i ncl ude comon equity (being the residual claimover
1. t$1&cffyrmauﬂsp1®bss)s foottlee ealuawfahe|fasse aswefs, deing real world (as

securﬂg aﬁ(es Qank St Cy costs, ﬁll rmval ue | ost
Qurigk apptralry % yRagaTRetens, | Lpe refupns progesst e fnglude a
adéfﬁlfealgtétlskcl@aﬂr éh@ﬁub ] Q@g"ﬁﬁeﬁmvﬁ{\ﬂﬁ didBbIRACbH&H used in

as a process specl Pl ed user or be endogenous t
tﬁwnm&iehode‘rd)e bp dyesed op @y empirtoakrdjsttipgiondef audht othef process

cipetiiel i BS Yoo THobtsBRa e e b e g from the

fpe@ﬁ\é& rbrc;cess?lﬁﬂy 3ncladRoyRr HBEnddOAth kI hucR As Hlﬁnﬂe kkdvtbss and
or exanpl e, dependi ng upon the conplexity of the

rﬂgn‘tsm b‘ixmﬂm@em thsr refvrn mredeay ma(Yabe ertfmcéwpecﬁtseuernleﬁﬁtors or

-off. of ecurlt I SS aga t or, reference
EBboghes, Pt fAEe, R ekdntey SOUBEAP SRRy ThiobERAL ARERSt rates
Vatldadriihédryorafe stlatanselot tixtyaidsiab@tle aBaibusibnar
referenced to, or clainon, the firms assets; (c) Any
higher statistical nonents or statistical attributes
interest to the user of each security issued

a t
2 Q@etﬂ‘é 0 B SNSRIy Boe Roni S0 e Fr il for an other
cpoténtial addims ¢ruop refeskeet to Jhe firhh’sThmsets,0as epaificdnby the user.
ovar.i ance.of , expected r et rns. bet ween pajrs of
S BEPh B S BGRIRhF BRELES ob PoloRal St Sty BRLR Gmmmon
CoiityR boRg ierebidu GaidSSRE She i8N’ s BRIt Oéﬂeeéﬁhb&rblasses of debt
and/ or covariance of expected returns bet ween each

seeewriiyt yaxes.s basdrengen aetts, o #plae dagteupanodefault elcai be may-off
spcruc;uré qg 212R3H % c?quul{ Bgmgl)'( p\%tcﬁ may be a value, be modelled as a

process specified by the user or be endogenous to the model. The pay-off, or

~—+

recovery upon default, of default risky securities issued by the firm may be specified

by the user or be endogenous to the model.

3. Given 1. and 2. above the following can be defined (for example, depending upon

the complexity of the model, by closed-form formula):

(a) The expected mean pay-off of each security issued against or referenced to, or

claim on, the firm’s assets;

(b) The expected volatility of each security issued against or referenced to, or claim
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returns on the firms assets. 4. The val ue of each
security (or claimover the firns assets) at the

whegsnea2eg of the period of interest is rel at eBCT/NZ200¢/000331

expected value of that claimsecurity at the end of
the period of interest by a discount rate (or expected

rate aof return), specific to that claimsecurity. 5.
Theo%i%?cﬁ)@h§a§5)§fse for each of the firms securities

i he . f i sk f . f
(55 i, e Ak oL omentse e BhEpeh oF R B Bipr of
in Lhe sgaﬂﬁ%' it a SR Sefetelicdt 12Dk ClaiInCB Hrals Sddets (for

the only priced risk factor would be the volatility,

i . ecxantphs dkewhedg\dosskewness dfurtogiseet-bartesis, inmrisieets Or ed

over a discrete tine period). For each security each

(d) Skhepropmielativh f and/enabvaidnce dof iexkediat trotuyns detween pairs of
product of the security' s exposure sensitiyity to .
t hatecyritiee ipseq agans ang/Opfefirehaedto.cndior FlalRs pi fedfmy ssets:
the case of the volatility of expected returns (anﬂ )
@hyThe ghaelaiomand/or cavarifnpe of £xperded H¥Yns thedvesn; eachggecurity

o BLR 8 TR A L e s

ri sienfracb®theifinPs hsed, the volatility of each
security's expected returns, neasured over discrete
time. In nore conplex specifications of the nodel one
or nore additional risk factors are priced, including

. UL of dath $8&GiitPYor GHBVERS She ibh{sOBbdts) RihEhediBAL bf the

statistica nonent’s, ] unps, |1 nt erest rat e_ ri Sk_
fpecibd 0§ intéresfiis dilatyd ntheskpestethenlys dltbat daindsashrityi afjthe end of

5 o S BRI B OB L o

tdhmldebiityPut not necessarily the sane as for the
price for each such risk factor when neasured across
the firms total underlying assets. The nodel of the
invention differs fromother known nodels as the

. |'Bitet discomperitd forteach of the frets sequyitisp eehpiises the sum o e risk free

latilit i,sk,. d.t I itV i
Ve 41 eyt o s B 1Rt FRE A RL W ndise BRfedtn the
rhédel YR RxABAR U bad Bxgﬁerh&ftatﬁdrfﬂﬁb%nl dedatkah@or woald be
i nventor has establishe with the nodel of the

i the @nlatibity, i.ehstandand dpvipt(i,@, 9 expesited returns measured over a discrete
time period). For each security each risk premium (for each priced risk factor) is the

product of the security’s exposure or sensitivity to that risk factor and a price for
that risk factor. In the case of the volatility of expected returns (and any higher
statistical moments thereof), the price of each such risk factor is the same for all

firm specific securities.

In its simplest form only one risk factor is priced, the volatility of each security’s
expected returns, measured over discrete time. In more complex specifications of
the model one or more additional risk factors are priced, including (but not limited
to); skewness, kurtosis, other higher statistical moments, jumps, interest rate risk

factors, liquidity and size.
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of volatility risk in an option-theoretic nodel of the
firmis generally greater for individual securities

wWo bas/oer224 s for the firms assets in total. HePCBNZ2004/000331

equating this price of risk across all of the firms

securities, as opposed to equating it to the price of

risk for the firms assets in total, enables the nodel

to be fitted properly to real world data. The
vent,i o rs from.oth nodel s

a he pige °%§a$qh gs B?tP%\Fe%‘?ﬁ *%‘F.‘Zﬁ}f"i‘i‘amﬁxtﬁ1 T’XPSH@Htfﬁm (e.g.

A(Iélhﬁl&tg??s 1RE Is&inB Forl BRATHeurt)ligsled %&ttﬁé ﬁﬁﬁdﬁhtsndt%l:éégﬁﬂy the

a mar wi de price of risk: The latter nodel s are not
beesehschor fherpmics fercdath sucheriskufpeior when pieasured mrpssbh@ firm’s total

o s T SRa pRgeLoe e R O HEERY b o B A VR ApBcels as
f MR R4t HRE SbcBRBVDecifib pric® e lvoladilityesks abaderd value each

s

(S22 or %%2 for one or nore unknown paraneters usin

smmj@r issueétb‘beﬁm ﬁma,l ist tho|seme Tsethe rigafenthe velatilitittignwhen
nC|%L J (% ? ove provi des conditions the

n@ﬁ@ur %%ﬁat% @?%P ?%F €dach security the firmhas on

i ssue (including eqU|ty) If too many nodel i nput

paraneters are unknown, to be able to satisfactorily

sol ve the podel, then one man whi ch

pihe tvertpr bas egiablehed, PHB ke 5133%4@&’61& ’él"%‘%ﬂ?nb Eﬂag Hreuaigeipgr unit
?%f v ?tl;ﬂ'lt&yﬁ a'Q‘F b ﬁ(ﬂf‘ﬂl!eofé?? hddePBE ’tl|1es HER 1% RRherQfM gater for

utputs (Tor exa
striviidual sadurititd thab ittie fordlie fitne's axseis| mmml diknce eqiatipg this price

Lo e SR el e SRR RS e laPhe FRBR v orris
af&rrth@ BHRS e%@é’cé o t RS0 bhdudnathe Mddel 10/8& k8 pespéallyi t818al world

are specified, to be solved for the unknown paraneters
(&34. and 836) 7. Paraneters of interest to the user
are then output fromthe conputer (S24 or S38), these
may i nclude (but are not limted to) one or nore of:
a) the price or value of one or nore of the securities

aflfﬁé @tvehtiéh hlsé differt Goal othss@basls fhowhén expactsach aatie Capital

return on one or. nore of the securities, and/or t
f A|S$ﬁ’[ Ericipgyiodel epgd she Arbeltrage Prlc?ng Theory, which latter modeﬂ include

a market-wide price of risk. The latter models are not based on firm specific
measures of total risk, but rather are implemented by only pricing the systematic or

market correlated element of firm risk.

. Given the framework described above, the model can be solved (S22 or S32) for one

or more unknown parameters using standard mathematical tools. The fundamental
valuation principle in 4. and 5. above provides conditions the model should satisfy
for each security the firm has on issue (including equity). If too many model input
parameters are unknown, to be able to satisfactorily solve the model, then one
manner in which the plurality of unknown input parameters can be solved is by
specifying additional conditions, such that one or more of the model outputs (for

example, the statistical attributes of the model set out in 3.(a) to 3.(¢) above) are set



5

10

15

20

25

c) the expected volatility (and/or other higher

nmonments of interest to the user) of one or nore of the
w@ewsneees and/or the firms total assets; d)PCTNZ2008k00331

prem um for one or nore of the priced risk factors; e)

the probability of default; f) the prom sed yield on

0 h - UL Gl es: tche . ..
on el TGRS g ERd VRS G thoie, Wer Jobfhopg sutisical
s ettribhited @el/orkaditioaalanpléictagictel sqssticgis\aemi,péeffﬁdl ﬂoh&rso%a for the
or nore of the d -t securities; i) any other user
sB%@W%?tPﬁséggiadg&Qtives and/ or hedge ratios. A
Preferred Enbodi mrent of the Model of the Invention

Wth Application to an Option-Theoreti cMbdel of the

Firmwith a Single Cass of Debt on Issue In a sinple
7. eRemapieterapbiniterastitotheotisea agr thbe pugpiit éwhothienntputd (524 or S38),

ipvention to option:thepretic nodel of the firm

tﬂ}gsef ]Flfl}{rchimlgggﬁtﬁﬁ‘an?tg“ﬂﬁ?ﬁgt%ﬂ‘f‘ey"rdnglier?& e class of

debt .on issue, being_zero coupon debt all maturing on

t he 2 aths e VUG 3 RAH Gr drnia(of\the sequiigias @ad/ob theofirm’s total

the figdpi.The firmis assumed to pay no dividends and
t he other assunptions conventionally nmade by those

ver & oRESRBENE IS b lolirh 8 o br ABGE PP KRS A PSS s

t her e taitat apetst axes, no transaction costs etc.) in this
exanpl e enbodi ment. Defining: S nis the value of the

(co eRfettdd velbtikigahd/biMdBbr Ei?ﬂ@r HoBnts $f 'i'lﬂ@ﬁegtado UYfte user)
of the firm (the underlying assets) at tinme n. In this
exanpl ef angeoryrgre of the sperwitics and/psthe fiemautotadssetse  val ues

of the firms debt (B) and equity (S) X is the face

val @@ e rishpreniinm for dedbor rade, of e @ived sish$sotored to be a
singl e zerocouponbond, at maturity (i.e. the

" exej cths ppobiabitity offdéfsult;he tine to maturity (the expiry
date) of the firmis debt, or the user selected tine

hor ify ofe pidinig€edyisld oh dre drMeors 8F MeAeb-GhEutified; he
firms assets, per annumrs is the rafe of return on

the g | theleRpREdl de¥aulbssHHBHB or more of the debt-type securities;
h) the expected loss given default on one or more of the debt-type securities;

i) any other user specified metrics, derivatives and/or hedge ratios.

A Preferred Embodiment of the Model of the Invention With Application to an
Option-Theoretic Model of the Firm with a Single Class of Debt on Issue

In a simple example application of a preferred embodiment of the invention to an
option-theoretic model of the firm, the firm is assumed to have only a single class of
debt on issue, being zero coupon debt all maturing on the same date and ranking equally
on liquidation of the firm. The firm is assumed to pay no dividends and the other
assumptions conventionally made by those with ordinary skill in the art when applying
a simple version of an option-theoretic model are made (e.g. there are no taxes, no

transaction costs etc.) in this example embodiment.



rBis the rate of return on the firnm s debt, per annum
y is the promsed yield on the firms debt, per annum

WO 30506224 [| 2isv 4t) d2 d - svt N Qis the cupti/Az200¢000331
probability of the standard normal distribution with d
x or d 2 as the upper limt r is the risk free rate of

D .n, per annumsv is the standard devi ati on of
rates of return on the firms assets, per annumsB is
t he standard viation of rat of _return on the
f rml?iﬁé( ?OE@(S%HHWPEEQ@%G’@%MEP‘EHN ation of
rates of return on the firm s equity, per annum p Jk
i ¥ t hetheorniwr! éft the firmo@id mmdedpingafssdtf)ent ttimme wadn dliik esathple the
and L Then the value of the equity of the firm(S) can
be vivelmedf the firheisvlad sum of the vebies ofithe ifism’ sodebt 6B dnidreqiiy (S)
assets (V), exercisable at tine T by paying off the
f_¥ce iy e frceofalake bf theirat’ s ddbin@),awhithad agsimed ¢ocpe Atsingle zero-
time T the expected, . values of the fj] r,gs assets (V7.),
the rcPyrpndbopdpat masyity (hedhe HeerdseRrieedquity (S7.) are
given as: B7 =Vt [| - N(d )]+XN(d2)=Boer t (23) St
=Tt Nisithe timeoopytastettherexpivy) datgypiabe firms dpbher pheovies selected
anmoun he .fi s debt (X)is given as: X =Bt .
(25) tiébelcnﬁs,otnfzf)ﬁ’tl};xggquuations (21) and (24) into
equations (2 and 3). ahd rearranging results in: r,
- I es%egat%g ;equon(t%e 1TR’s @558fS, PHARWess rate of
return for a security is defined as the expected rate

Of I 64 the Ratk Bf BX@aD thé fith® eqiisy per &dwhat e of return.
Under the nodel of the invention the excess rate of

.n. f h ' ' d by the fi '
ofopdt 0 Gt PG the Bl s38EE e e sceur' 1.

y  is the promised yield on the firm’s debt, per annum

d, = ([m(V%() +r,,T}/a,, \/T)+ /2l NT)

d,=d, -, T

N() is the cumulative probability of the standard normal distribution with d, or d,

as the upper limit
r  isthe risk free rate of return, per annum

o, isthe standard deviation of rates of return on the firm’s assets, per annum
o, isthe standard deviation of rates of return on the firm’s debt, per annum
o isthe standard deviation of rates of return on the firm’s equity, per annum
P 1s the correlation coefficient of the two variables j and £.

Then the value of the equity of the firm (S) can be viewed as the value of a call option
on the firm’s assets (V), exercisable at time T by paying off the face value of debt
outstanding at that time (X).
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There may be nore than one risk factor that is priced
in the case of one, sone or all of the securities
wo s@ameek2by the firm (for exanple, a |iquidity PCENZ2NOWO00331
that m ght be a function of the total value of type of
security on issue or actively traded). However, the
APiine el BRY expBétbd 9hlutd 8K tHel fm’ sfa§§et89@lzr) Bld Qs deBK E)BT) and the
factor (m,is the same for all securifies issued Y,
firen’s eqiieyr €510k gioen dd2e firm In this exanple only one
risk factor is priced, being the volatility (i.e. the
Zﬁ_dﬁrg,fdew ation, s) of the expected returns for
&N '9Ecurity measured over a discrete tinme pezd)od.
Hence the follow ng condition, in this exanple, is
specliifkd A h L rBIheinvention:rB-r S -
%_f/li N(a‘%]fg; g Z_bofg In this exanple sB 8%1%
are spec ed consistent with the nodel, over the

dlSsﬁEtM(dlbﬁéﬂ\ﬁdg)%Soe'ﬁ Combi ni ng equat| ons (28) and
(27) into (28) provides the foll ow ng equation for
Cc f), in
A R Gl Blol, G RS G bR o)
N( L} BAN(d ) L r J VoertNJd)- Boe NJd)) /t y s s (29)
1ff er ence between the prom sed yield on €irms
debt and the risk free rate of return available for an
Subsfititiag equations (1) and (29) irtte etatiods (223 pné 8) apdyearranding results
in,Under the nodel of the invention only a proportion of
the credit spread is attributed to the expected
default loss, the |latter being the product of the
pr obilé)ll’def” [lefN tch¥l+ Byt &Ny fn default at time T and
SS given dgg auT . That |pfoportion is eqi#® to y
- rB. Yhe remai ndér of the ct/edit spread, in this
nple exanple, is a risk premumto reward an

| nvestfu’ei’VﬁN(dlg —fp gt 13/ for the volatility of the

Hebt, in this case@hat

ri sk prem um i s %qual

The excess rate of return for a security is defined as the expected rate of return in excess
of the risk free rate of return. Under the model of the invention the excess rate of return
for each security issued by the firm is proportional to the riskiness of that security.
There may be more than one risk factor that is priced in the case of one, some or all of
the securities issued by the firm (for example, a liquidity premium — that might be a
function of the total value of type of security on issue or actively traded). However, the

price per unit of risk (4,,), for each priced risk factor (), is the same for all securities

issued by, or referenced to, the firm.

In this example only one risk factor is priced, being the volatility (i.e. the standard
deviation, o) of the expected returns for each security measured over a discrete time
period. Hence the following condition, in this example, is specified in the model of the

invention:;
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Under the nodel of the invention the follow ng

condition is not specified and need not hold true
w@tdosnerguati on (28) is satisfied: rv - r K =-PCBSY20¥000331

Equation (29) specifies that the price of volatility

risk for the firmis given by the excess return on the

firmper, unit_pf firmrisk, as has been proposed in

t Hg =pifor=aft—Exanpl e Methods for Fitting a P(2&erred

Enbodi fent ofsthe Mbdel of the Invention with

Application to an Option-Theoretic Mdel of the Firm
In ik kxMapr FhamdQee ddnkpeeified cipuistedBiithe nddel, bQer the discrete

exanpl e given above of a preferred enbodi nent of the
timeperivdi Hn Wit h application to an option-theoretic

nodel of the firm where V =S +B , equation (29) can

be solved (where a mathenmatically feasible solution

exi sts) where one of the input variables is unknown.
Cobtlisi [ : ; e _ ..

e e b ST PO R <iloR forpricng
(onastimating theeexpedsedbretizhsiof) oin this pxanples the diminésdebt and equity:

addi tional conditions are inposed on the nodel.

TyVi F wi h adgli, i
n(Voarmgl@aMgan );| 1350 wg) ?%f_ P EC@:_ M, zadﬂ'e ﬂﬂ@;&l/m St

var i abl e.Biddi t i onal JEondi tions that cdn be i npoged

i ncl ude mag¢hi ng observed or otherw se gstimated

(out si de of "the nmodel) val ues for variou$ paraneters,

as provided by the user, with nodel inplied v@byes

(specified either instantaneously or over discrete

tinme) for those same paraneters (S34 and S36). In this
Thsidiff¢renexbetplen thwogtemisedpyitldcony alfitass Uekt dddethe risk free rate of

aranmgters sB, ss and / or p BS can be estimted and

retymeaviaafle for an eqpivglenignaturty is the)lieredit spread® (% vhr). Under the

K . estimates. for the sane.paraneters. . .
mod§l"8f e dPienion MY GioPRuion: o B SREt Sprked israribaedslp the
exptetodnigaultsloss, kmaﬁéiﬂaeﬁfgrtﬁg?}&fuét of the %&{aﬁﬂf% 8the! il being in

be sinultaneously or iteratively solved with the
defgulgef timen? andlithe ons given defealtpl Bhat ipfoporiiomisdglal(tonythe. The

formillustrgted in thjs exanple) is being solved or
TeRApE et SpigR la_tbwlmﬂmexarnm@nm_msk prAmig@rtpgeward an
inv@tof o't Yigth UGRbE for A JIARIE of 6 :%(E&q@d rebdfd d#r(zlgrtlgllélgﬁt? in this

(specified either instantaheous or over
case that risk premium is equal to 7, — 7.

Under the model of the invention the following condition is not specified and need not

hold true after equation (28) is satisfied:

Vy, —r
Ay =L
= (30)

Equation (29) specifies that the price of volatility risk for the firm is given by the excess

return on the firm per unit of firm risk, as has been proposed in the prior art.
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time) for the paraneters sv, p]/s and / or / can be
estimated and the nodel solved to equate these with

wao b@s/oknown” estimates for the same par anmet er SPCENZMOU/@00331
Cal cul ation of Volatilitiesand Correl ati ons Under the
nodel of the invention, in the above exanple, the

I nstant aneaus_ vol at.ility t an d,devi atio of . t
Exafl Vst ot EQne, AT e Bamgind 0 i Moda of the
In{@ltdVWiE Q5 pth@iBh to aR Option-Théoretid(ddddl of 3¢ Fin,5With More

tN(dx) (32) 1t is noted that equations wth sone
Thoin®heaUnkpowo Input Vavablehe sane as, equations (31) and

(32) are known in the art in the context of the risk

neutral specification of the option-theoretic nodel of

mtﬂ%:eqx{q'gﬁ)ig gi;lgrgﬂgal g%&%%‘é@%%&%@@&h«%gﬁgﬂﬁgﬂ \l;nr‘lﬁ \Qgplication
to 8 @gﬁ#&%'m% qﬂé&d O tHeFirRP Witrd re= Bk &glafi&@ ¥299 can be solved
[ ic nmodel o he

spe i cation of the optlon-theoret
(wherena wiachematieally fgasiblev solitadnl exstay wherekompwi, thesinpatsvarmbles is

1 3) Under the del of the j.nyention, in the
mEéWL ‘Eﬁ%ﬁﬁ‘?ge S?Ir?eusm ?‘@F@P‘iﬂ?‘hémﬁﬁ?axg%ﬁ%| atility of
the firms debt and equity returns (nmeasured over

period T) and the pairw se correl ations and
covari ances between the two securities and the firm

Whett weorta thargprecinphly vatiabler il unkup g mere thanpenofeasiple. sojytipn may
ex%ly, r#n%ei%%( aéd}lflg@ céﬁ'cfigpr?s a\ég %gos%d t()n'the2 Mo%l(y( df?pfcéﬂ?n? golx:ring such

problems an additional condition is imposed for each additional unknown input

variable. Additional conditions that can be imposed include matching observed or
otherwise estimated (outside of the model) values for various parameters, as provided
by the user, with model implied values (specified either instantaneously or over discrete
time) for those same parameters (S34 and S36). In this simple example, model implied
values for the parameters o, o and/ or pg can be estimated and the model fitted or
solved to equate these with “known” estimates for the same parameters. Furthermore,
additional multi-variate equations can be defined relating the parameters of interest and

then be simultaneously or iteratively solved with the model.

In addition, for example, if the model (in the form illustrated in this example) is being
solved or implemented in such a way that a “known” time series of firm values is

available then model implied values (specified either instantaneously or over discrete

time) for the parameters o, p,; and/or p,,can be estimated and the model solved to

equate these with the “known” estimates for the same parameters.

Example Calculation of Volatilities and Correlations

Under the model of the invention, in the above example, the instantaneous volatility

(standard deviation) of the firm’s debt and equity returns are given by the following



10

P BS = (36) VB (37) Bt VIN(d 3 )e T Pvs - XN(dl)- St

(38) PBS s Bs S (39) s VB ~ PvBs v s B (40) =Pvss vs
w@2@0d40922Mer e the additional term not previ ouBCENZ2004/000331

defined, is: d dx svt (42) This enbodi nent of the

i nvention provides a framework for calculating the: 1.
fofifigst €d return on debt and equity securities and on

the firmis total assets; 2. expected volatility on the

expected,return on debt and equity securities and on

t ij;-lr,%vﬂse('tfﬂat)%[l_gs(geﬂs; 3. expected correl at tﬂg

and/ or djvari ance bet'ween pairs of securities I ssued

by the sane firm 4. expected correlation and/or

covari agee between each security issued by the firm

any gLl S M@l val ue; 5. val ue of debt ap)equity

securitres; 6. real world probability of a firm

defaulting; 7. expected recovery on securities in

It ericaed that equaAne ehRckonRSEmilbMBNtod Biesbtthe sBme %gpﬁ%%{jn&s (31)

gef ult loss; 9. optinmal capital structure of

and (32N ere knoxymyingthedit dmh the eontentcafnthp giskxmeatab dpecifidation@f the
)’ rjt i h r.inpl.e t ed .npdel of

opf BB RER AT i b ekf 1 E LB R TRy G PLBRG RS e ar

and ethait ingometitmbe wsed alsi 4d taddifionsl asditieIRE sORRITRRY $isk neutral

t hat .are i ced f expected returns is
specﬁéllcatlon of ptfle optlc))n-scileoretlgzJ model of the firm where two input variables are

unknown, is:

v

Og =0y EO‘N(dl) (33)
0

Under the model of the invention, in the above example, the discrete time period

volatility of the firm’s debt and equity returns (measured over period T) and the pair-

wise correlations and covariances between the two securities and the firm value are

given by the following formulae:
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the sane for two or nore securities issued by the
firm but not necessarily the sane as for the price

w0 o005membd ri sk factor(s) when neasured across PEENZ2004/000331

firms underlying assets. Nor need the price for such
risk factor(s) be the same as for securities issued

by, or Preferred

Enbodi |mé w1 oV (e Foder>6fd,) he | nvention with

ABpI T IWTTW[I_OH feoreticMdel sGH the
Firm conput er iTpl ement ed//enbodi nent of the nodel

of the invention provides novel and original methods

for fi ption-theoretic
el T ional p neters

frém H% nodel , estingted over a di ?ete tingi eriod

and then sol ving the rmodel so that these paraneters

equal val ues specified by the user, where said

paraneters.thByde one or nore of: (a) the vol iIity
58 Re_T common equity issued by(

flrm BrV6t e ﬁrlf‘ s referenced thereto; (b) the
volatility of the returns of one or nore debt

secur it fes (24 ryrepferenced to, the firm (c)
tvg; & l.eévsggﬂb@ QWN@) ..§T of one or nore se@ities
i ssued byaB Q/I(e ‘tef-efesficed) to, the firm (d) the
kurtosis o{ the returns ‘°of one or nore securities

i ssued by, ou referenced to,the firm (e) the higher
st at | $%.vdl)e WreANgd Ot She returns of one or nore
s€@euTitie 55U referenced to, the firm (f)
t he exm.}aE@aV co;K@‘I"%t_llan or covari ance between the
returns a pailk of sécurities issued by, or
referenced to, the firm and/or (g) the expecge&
Conf el opasor covari ance between the returns(3) a
security issued by, or referenced to, the firmand the
r ChuFEBs@fo he total firm The preferred emboth®ents
of the invention, as applied to an option-theoretic
nfdef AfotFe firm allow for the debt and equfdly
securities issued by a firmto be efficiently

Where the additional term, not previously defined, is:

d,=d, +o,T (42)

This embodiment of the invention provides a framework for calculating the:

1.

2.

expected return on debt and equity securities and on the firm’s total assets;

expected volatility on the expected return on debt and equity securities and on the

firm’s total assets;

expected correlation and/or covariance between pairs of securities issued by the

same firm;

expected correlation and/or covariance between each security issued by the firm and

the firm’s total value;
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anal ysed in a single conputer inplenmented nodel.
Conmbi nati on, Extension and Mdification of Preferred
wepdsmezent s of the Model of the Inventi on TheP@UENZ2M0$/000331
preferred enbodi nents of the invention disclosed
herein can be inplenented in conbination, so as to
parsi Lous fit _9or.solve coherent nodels to a range
3. ongee%??@sé/o{uhtgtse%%aﬂeg, a common source of underlying
firmor asset,.risk,.wth consequential savings in the
6. Abved probabilitc s fih defarling;s equired. For exanpl e,
preferred enbodi nents of the invention appli eg to the
7. agxpegied tecovery oBscelHics diy fefpuls fargxpegiedslossgl vep default);
integrated with preferred enbodi nents of the invention
8. agnplected defoult lass:anal ysis of options witten over said
debt and equity securities. In one preferred
9. esptizakl eepital tirectbierafadraciahd c price of risk for each
priced risk factor is equated across different nodels.
10! VicRN® iWhedh Pfigh esd bslegrbreditaBbie ddbesatugtied. but i on
process for the firmis underlying assets is anal ysed
in a single conputer inplenmented nodel and then all of
the options, debt and equity securities that are
In itlsss cexupudyr; inaplemenited emasisdi of the imiventiony the (nsicefps priced risk factors

ader | yi . I d in.that.sj | .
el o te S51oB B orh afY BiePemt Rt P anChriioldh Ep T apiymns i
th e Ok itW6 0Pindr Skcuiries @361 By theatind, ibakndtagdcedsarikSthe same as

will be appreciated by those with ordinary skill in

for the paice ferriush rigk fegtorénpwlanmaeasuradracess thecfirm)s undsrlying assets.
Q ' 1 0esi gni T e e ' :
NGB SBh RG] SRS IR, fsnd b o
refehdcet] fof ehenfirmisypes of security. In inplenenting
preferred enbodi nents of the invention the priced risk
factors need not only relate to the statistica
nonments of the expected returns of the assets or

Preferved Embodinaenty of the Yaudel ofthecknvention mith Appligatipn tocFitting

Ostri)oenc-jl‘flie&%ti@ij[&ftlm include liquidity prem uns,
BHYE prem uns, TuX 2 justnments and so forth. Those
" with ordinary skill in the art will also appreciate

that the vari ous extensions and nodifications nmade to

ri sk neutral inplenentations. of the optian-theoreti.
O RN iiRlerh ot GRRORE 7506 a1l OF Py o ffovides novel
anflloPisiAl BIEHHOAS FACHitRE b8 sOINeMe thRB10Y 6F betiRPREIHB M ek of the

the invention. Exanples of such extensions, wthout )
firkii by geneiating additional parameters from the model, estimated over a discrete time

period, and then solving the model so that these parameters equal values specified by

the user, where said parameters include one or more of:

(a) the volatility of the returns of the common equity issued by the firm, or of

securities referenced thereto;

(b) the volatility of the returns of one or more debt securities issued by, or

referenced to, the firm;

(c) the skewness of the returns of one or more securities issued by, or referenced to,

the firm;

(d) the kurtosis of the returns of one or more securities issued by, or referenced to,
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include: 1. The possibility of early default (Bl ack,

F. and Cox, J.C. Valuing Corporate Securities: Some
wkEtdosnez20f Bond | ndenture Provisions, Journal POf/NZ2004/000331

Fi nance, 1976, 31 (2), 351-367); 2. Inconplete

information - uncertain firmasset value (Duffie, D.

and theafyd®, D. Term Structures of Credit Spreads Wth

| nconpl et’e Accounting Information, Econonetrica, 2001,

g%c ert aﬁﬁ %’ ?@é%afl Hgoellirl %ﬁ%?@ﬁ %tglrﬂsp Tf?r engtg ggqre Jeugities issued by,

(G esexfirenced.to,Ghe fiehat ed Defaults, |nconplete

Information and the Term Structure of Credit Spreads,

@)Sﬂﬁf :petted corrblats 6kt cd#ﬁhéltﬁ:%ﬂieﬁ&’eeﬁ%é féﬂurng 80 L )pair¥decurities
. The possibility of early default

i umtﬁsmcfb}{;l@r tefergaendttopthp @mpmﬁt‘@ss (Zhou C. The Term

Structure of Credit Spreads Wth Junp Ri sk, Journal of

Ban Ikhm@(p&ctscﬂ warrelatio? 00 lovﬁﬁnéd&éﬁwe&@ﬂﬁr&ﬁﬂ*ﬁé of &.security issued

Sol bl e t t firmasset val ue
géﬁ’;@' ?&Wnﬁffggoﬁ’@ﬁa F%WF‘F obthetotal figai ng at set
a val ue other than the face val ue of debt (Modys KW
approach). It will also be appreciated that although
vari ous fornul ae descri bed herein express sone
The prefereedsmbaskimants of ﬂmmlvgémnbaasmmeé el optbori-theofetic odel of
[ n b ne r nat e b se
the, A BIGD 260 e o "R SRt s oor clficiently
andiysed inl b Bigizle, coalpulbe igblehitatddnieddli on has been descrl bed
in detail with reference to particular preferred
enbodi ments, persons possessing ordinary skill in the
art to which this invention pertains will appreciate
hﬁﬁﬁ ancenent.s
Co afgﬁfm‘mde sith d‘%lﬂdt &gﬂlﬂ;ér]at%!lorl]lc& gﬁf‘ﬁ?‘ﬁg@)ﬁ)ﬁn{le 15 85] e Model
ofﬁmdpﬁemou he cl ai s that f ol I ow. CLAIMS: 1. A conputer
i npl enented nethod for relating a price or value of a
plurality of securities associated with an underlying
asset, the rate of return on said securities and the
The i wdsicast priefiiticds effbodimehtss @FUEHe i8FentibRe di¥BILEQH herein can be

conprising the steps of:
implemented in Combination, so as to parsimoniously fit or solve coherent models to a

range of securities that share a common source of underlying firm or asset risk, with
consequential savings in the computer resources otherwise required. For example,
preferred embodiments of the invention applied to the analysis of debt and equity
securities can be integrated with preferred embodiments of the invention applied to the
analysis of options written over said debt and equity securities. In one preferred
embodiment the firm specific price of risk for each priced risk factor is equated across
different models. In another preferred embodiment the distribution process for the
firm’s underlying assets is analysed in a single computer implemented model and then
all of the options, debt and equity securities that are issued by, or referenced to, the firm
(or its underlying assets) are analysed in that single model (Figure 4) such that all of
these securities share the same price of risk for each priced risk factor. As will be

appreciated by those with ordinary skill in the art this latter embodiment, in particular,
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determining a risk premumincorporated in the rate of
return for each security; designating that a priced

WO p®k/062es or i ncorporated in the risk prem umPOT/NEZOW000331
security is the volatility of returns, neasured over
di screte tine, and that the price per unit of this

bad {13 ol SFieGeR ARy Sl i BBl uftioy MG sPE othervise
bef @&W&ﬂ%e&l@écﬁﬁewﬁﬁﬁﬁp%opﬁctﬁﬁ@n the risk prem ums
eterm ned for each security. 2. The conputer

|rrpl enmented nethod of claim1, wherein at | east one of
said plurality of securities is a debt-type

n A RGO, PRSI K B s

onlydehitd foythe gtems’d@ﬂ adrherto 65 thewxpedted tetamnsl o tlid %ets or securities
prem um co ﬁg% of said yield, spread. 3.

he
beiggipelyesd. i fagtryrandiegr specifies; adjustments m@é,rrmclude liquidity

[ e conput er
pre‘fﬁiﬂﬁfe S% %Q%Mf?‘%nﬁgl?tﬁta&dé? urHEher conpri si ng
provi di ng as output to a user paraneters of the fitted
nodel . 5. The conputer inplenented nethod of claiml,

hggcip ooy Eafinthayt Sl wa andnog e de iy gensions and
m@m@éa%ﬁﬂmuaé td Sdknsbudal ﬁﬁﬂéﬂﬁ&h&u&fs dffige SptRRAChESteETRMbL of the

| oss of another, debt pe security (security./)
firins cae draagily obe rlef:@’pem@% lntg riske prenigm tihelusiwe hepfion-theoretic

urt her co I‘ISI the term
el R aBtiRoby ERbiBes o6 aiE] EREhTof? it Aifiarion,
indidym sed yield on said security ( ) and the expected
default loss (EDLj ) on said security where: Ty 3 -

1. EDL Tg2l ﬁdgtlaiut? gfteaﬁy %msmséwm 4n@r C&@1 XC S evhlluirdeY Corporate
as equal tor where r iS the risk free rate of

Seewitiasn Somp diffests @ngomb Indeptise Peovasions dhumsel of Finaneey 1976, 31

ced risk factor (m; calculating a price per
(Z)U%{l?’g)f;) risk (I ) for each priced risk factor (nmin

is.the sane, for two, or e rities
2.0 Shkgrale SitopBRisly BRS e, Sih @Rt SR SGHR i iy ndo, D.
Tehﬁe S%@Q&k%t Rt ckdidt rsp%ac@,x RPRNT BRohPlets €AUEdvnYihg AMEormation,
the prices per unit of risk
Econometrica, 2001, 69 (3), 633-664);

3. Incomplete information - uncertain default barrier and/or firm asset value
(Giesecke, K. Correlated Defaults, Incomplete Information and the Term Structure of
Credit Spreads, Dissertation, Humboldt University Berlin, 2001); and

4. The possibility of early default and a jump-diffusion asset price process (Zhou,
C. The Term Structure of Credit Spreads With Jump Risk, Journal of Banking &
Finance, 2001, 25 (11), 2015-2040).

5. Solving for unobservable total firm asset value (Moodys KMV approach).

6. Default barrier being at set a value other than the face value of debt (Moodys
KMYV approach).



equal s the excess return for securityj , and simlarly
for any other security for which an estimte of the
wewese2eet urn i s avail abl e; designating that PCENZ2004/000331
the priced risk factors relates to the volatility of
the rate of return on securities estinmated over a
discrete tine [ and, i s.specific t.0o securities
It WiCHenib e gpprosetpo ol dtagh b Eri SR Bhp A HeEEE herbirgprasg some
paaifefts oh dhnRfialised Bhdls, baithett of A RvBRIonS@MUSd fnhf8mented
bei ng anal ysed, other than j , based at |east partly
usiog altbreitivesbasesior eepgiringdimepsueleas ddysikweaks o moais).t he
price per unit of risk for each risk factor; fitting
the nodel; and providing as output to a user
paranmeters of interest fromthe fitted nodel. 6. The ‘
AcCSIARINIRT altHoRLR TR i@entiBh A Bebn Glesdribed, inviiesitiwith heference to
only priced risk factor conprises the,volatjljﬂ& of .
paitistlar peefenrrl esbodipeniseprreansppsseging grliparygkilhia the art to which

.re onshj t LA 4 T dece. of
thi iR el VR g BRE NEFol PmBEERIR, chpnges and
enhdieemontaindy be/matle méthutindepariing frem)thaspirit had stape dfrthe claims
rate of return (r)as: r - r designating the rate of
that &ll’h (r ) on anot her class, or classes, of security
(k) issued by, or referenced to, the firmas: rk
=r +| ssk desi gnati ng, where security class or classes k
are debt-type securities, the default |oss on said
securities by conmbining the prom sed yield on said
securities (y ) and their rate of return ( ) as
follows: EDLk =yk - rk fitting the nodel; and
providing as output to a user paraneters of interest
fromthe fitted nodel.7. A conputer inplenented nethod
of estimating the covariance of returns for two assets
and using said covariance output as a neasure of
credit risk of one of the assets.
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8. The conputer inplenented nmethod of claim7, wherein
the two assets are securities issued by, or referenced
wao oospbe26anme firm and using said covari ance ORPCPNZ20@%/000331
a nmeasure of credit risk of the security that ranks
hi ghest in priority upon a |liquidation or default
event. 9. A conputer inplenented nethod of estimting
CItABMSxpected default |oss of a security and using said
estimate of expected default |oss as a neasure of the
covari ance of returns for that security and anot her
secur : :
L e el e Hlelated IncliSPH ARG 8 prcORr AR 00 Puratity of
seampities assbtigteiddeith an vodertidfigasset, eherate of esturfhen saddperueities and

I npl enent ed .net hod .af ope .of cl.ai 7.to 9,

the B IOt & RSP Lt TERepeBoR doBBSBRE 98 oL | )
on aeﬁnﬁfmﬁgﬂa?ﬁﬁé%%ﬁﬁﬁ widokhRsted BEMethielofireturn fr each security;
desi gnat ed as: y=lr{pJ{e s't - \\e - I)ﬁg;( T
whedesigjating thitea priesskrigh fasioaduemsparttedha the rigk premium for each

debt:type or..sinklar securiti,.es I ssue or .
sedfife B ST PhistireS R ediheh AR Db, Bl gt g rice per
undt @F thid SsIPRICRY iSihE saBé &8 tvo 08 niod€oftha $sidGecigltRssed Of
security issued by, or referenced to, the firmthat .
r anKefieihg rdmedeluedmiising, detarigpresenting iskatiopshipso hetyyeen the risk
L i.aui [ r f event T is the time horizon of
prqngﬁ%;??{er@%eﬁﬁg@%g@?%&gl ‘'years s} is the standard
deviation of rates of return, per annum ofj sk is the

standard deviation of rates of return, per., annum of k .
2.p | Ithej compyiercigmlenepted methndk of ekagﬁtﬂowgﬁrﬁé Faleas qoe of said
r of, '- . Iﬁ! I]%!! ol rﬁﬂ? . -
pl%r%hyr?? Sérégg{nefgco’améﬁbﬁyb? ilt t eg erlr%’g'g{j are Sﬁt gﬁ?ﬁ? 0 a Sifg 8 yield
spieaer assddiated hwithotheutdebt-typp| insteurhed aed hidentifyingny default loss
of cl ai 7.10 9, wherein thg aanuelléi sed, expect ed
coppppught pnqd g Lisk preppipmcogypogent of parfl yield spragadse ey i t i es,

security j , is

3. The computer implemented method of claim 1, further comprising fitting the

model.

4., The computer implemented method of claim 3, further comprising providing as

output to a user parameters of the fitted model.

5. The computer implemented method of claim 1, wherein the rate of return for a
security (or securities) issued by, or referenced to, a firm is analysed utilising an
estimate of the expected default loss of another, debt-type security (security j) issued by,
or referenced to, the firm, the method further comprising the steps of:

determining the rate of return on security j (r;) by reference to the promised yield
on said security () and the expected default loss (£DL;) on said security where:

r,=y;—EDL,

calculating the excess return for said security j as equal to r; —#, where r is the

risk free rate of return;



10

15

20

25

30

designated as: EDL j = P b s j s the nodel is fitted;

and paraneters of interest fromthe fitted nodel are
wWo@p062220 a user. 12. The conputer inpl ement eRCTNZLIOE000331

of claim7, wherein the two assets are portfolios or

indices in respect of different types of security and

us! Atoflifl AR AABHARCr QUth Bl 39 AR BLEEHOl B PHE

t he c@l@ﬁlﬁﬁh@h ippice pbr teit of Ask (X)) foreachaeiced trisk sfaatss@e)cin Whlch
Y, referenced to, a firmby relating {he s(?
ea @ﬁh@ sasne 05 tWe s e ss@mewéaecb%%? tenged {0, ghe firm and

sucfaCE Bt Bk SOGUrbd Kol B B o unie of risk
equabsrthetextess muhﬁnﬁmisemnmy,lmd sirhilarlyafomaiP otheh e¢nirity fdpevhich an
correl tiong Jk aég‘greturnsfor thetvvo sfaid
estypag Pf&le€§°95 ‘%l‘]nkls ayail ignated as: T Pjk =EDLj T/
es> demgrg?‘uég that off %Ff@he bridedl diREraChASRI4Ms tS'tHé%@l%hﬂtfy dfiBe rate

or simlar securities issued by, or
of r@nimrommeeuhuas estitmatetli aver & discuote timetpesiodrped i dcifiefiasédurities

ei ng .est ted kK is the class or classes of
158%‘@%? f??@%%él&% ‘referenced to, the firmthat
ran %al@@&hﬁ@ﬂﬁ%&aégswté off Rethu@l fOP alP bf el oMidr ls¥cudiiRE béing analysed,
liquidation or default event T is the tine horizon of

othien sbased atHeastipartly omthpiragxpepure 4o reheh priegdgrskdfactor and the
.devi atLo turn, per annum of/ sk is the

oS I T a8 R ik Aol Pr e S e e o

EDLjﬁttnghaﬁﬁjdal asdgd expect ed defaul t Ioss on
security/; the nodel is fitted; and paraneters of

i nt @ravading poPHtPHo RiUSERR ABRIETS Of irterssi fivm thofitied wadel.

6. The computer implemented method of claim 5, wherein the only priced risk
factor comprises the volatility of returns and is implemented by:

designating the relationship between the firm specific price of volatility risk
(4, ), the rate of return for j (r,), the volatility of returns for j (o, ) and the risk free rate

of return (7) as:

7’1. -r

A =

° o
j

designating the rate of return (r) on another class, or classes, of security (k)
issued by, or referenced to, the firm as:

1, =r+4,0,

designating, where security class or classes & are debt-type securities, the default
loss on said securities by combining the promised yield on said securities (y;) and their
rate of return (ry) as follows:

EDL, =y, —r,

fitting the model; and

providing as output to a user parameters of interest from the fitted model.
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15. The conputer inplenented nethod of claim 13,

wherein the correlation ( pJk ) of the returns for two
wa200d/oexeurities / and k, is designated as: theCTNABI04/000331

is fitted; and paranmeters of interest fromthe fitted

nodel are output to the user. 16. The conputer

i npl.enented.net hod, af claim1,. wherein one_or of
7. | neASeif iggterens o it enbtRE e AR oG for o
ass€8'3Rd !uﬁh? Gaill BSvﬁriaﬁ@éo@cEﬁt sRARedsMid S chdiit fiskadf 0@ o the assets.
di stribution process that the returns on the

underlying asset are expected to follow, calculating

t he.expect ed r.ea r L Bt f . O |
8. ber A omuies dfmioiidd aBRE B it 2 rh BBl o assets are
secBfiffissd Y bick@encat do,ahé SAmd fifh @hd WBIAE B4id oo ariance output as
interest of the option, at the time the option is

a meppare tof grady tisk afytbe secymty thak ranls highesip et upon a liquidation

[ s to calcul ate the expected real world pay
Or%ﬁ?ﬁfg%ﬁ£the option; discounting back to present val ue

(as at the chosen evaluation date) the pay off from
the option using a risk adjusted djscount rate, ere
9. sai & somputergimpleraenied Sesadh of s¥EnaiiRg) the SEpeeied g@‘éﬁt loss of a

o viati '

o R R s

of fetuirns Weththat keenrity gt anotiresetwityfissued dyest referentrel o5 die same
and adj ustnents for any other .factars specified by a

fry uhTela B TeFetecty i DabeF iipiot Ui Loqugfag t defauls

evdnt Sk factor, is equated for all of the options being

eval uated, for the underlying asset and for any other
securities of interest referenced thereto; providing

as tput to a user raneters of int st fromgth .
1047 e Shsmuter SapiepatagRghod o iamy et dite] RO dfherein the
antfilafibdd dxpodRRar RIUIOREs QEDIDN 6n Ohe LITEths @aIdr bdcufified, Seditity j, is

option, the nmethod further conprising the steps of:
designatsdiapi ng the real world distribution process that

the returns on the underlying asset, upon which the

option is contingent, are expected to follow, using

initial uera es of the distribution
pED&mEﬁlé?@jk "colfgt’ my)the/Expect ed real world
probabil rty of the option Peing exercised,

where:

j  isthe class or classes of the firm’s debt-type or similar securities issued by, or

referenced to, the firm for which the expected default loss is being estimated

k  isthe class or classes of security issued by, or referenced to, the firm that rank

behind security j in terms of priority upon a liquidation or default event
T  isthe time horizon of interest to the user, in years

o, is the standard deviation of rates of return, per annum, of j
o, 1isthe standard deviation of rates of return, per annum, of &

P is the correlation coefficient of the rates of return for j and £;
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cal cul ating the expected nean, standard devi ati on and
ot her higher nonents of interest of the option, at the
WO povs/062224 opti on i s expected to be exercised; PSI/NB200ie00331
af oresaid paraneters to calculate the expected rea
wor |l d pay off from each option; discounting back to
PifeSH e(l:]Ysaﬂiﬁ’e?l' at the chosen evaluation date) the
expected pay offs fromeach option using a risk
aparasictets off intpesb fromathe fisipé edddeLart Qupactd D@det.on, Where
said risk adjusted discount rate includes a risk
prem um for the expected standard devi ation of the
exp e i .. ah .
15 EP PRl R BfoRtd media §F Sy ShESE R0 6T RlhSin the
anfraalised experted defadltdyssa(EBE) ,onsowd of filed sditd Gepuritivs, B&irity j, is
unit of risk, for each risk factor, is equated for all
degigngted a$nt i ons bei ng eval uated, for the underlying
asset and for any other securities of interest
referenced thereto; iterating the above process, by
va@#DL ng ptfeeogodel  paranmeter values, until the nodel is
fitted; and providing as output to a user paraneters
ofheimddet esfittdd; amd t he fitted nodel. 18. The conputer
I mpl enent e ﬂEtEﬁd og %Ia$n1 6 or claim17, further
cB e IpfEest ey the fiffed medekate Quipihi Ay al ues f or
the rate of return, standard devi ati on, other higher
noments of interest and any other factors specified by
12a uskhe ¢mnputereiraglsmentsd metbod afoclpini e wliersial the teiohassets are
opt.i ons .cantingent on.the same or .simlar assets., 19. .
polfeR R idiEte Prigrtiint iferdl FonS o Seftinespad S3RE S posariance
outifift bs @RRhERS ofbre@ptiklent heoretic nodel of the firm the
net hod further conprising the steps of: determning a
plurality of input paraneters, the paraneters
i nclyudi I ' i of .retu faor
13; nort Shibufty fipleaRhRd HESR b Eulilifthe (Blflliop BF goturns for
twoedetwitivg is@ledtbyorshiefeserioed we,en fia By pelaan@ ey said icofreRfon to
t he nodel ; and provi itﬂg as output to, a user
copfishgeasateresiifipiss @S thy marac e said sesaatics ! thprexpected

deERIMUSSF oh8Bf IFRANRHIIRIR0d Of claim 19, further

conprising the steps of: specifying the real world
di stribution process that the returns on the firnis
assets

14.  The computer implemented method of claim 13, wherein the correlation ( p i) of

the returns for the two said securities, j and %, is designated as:

pj =EDL jT/ \/(e"sz —1)[e"ﬁ —1)

where:

J  isthe class or classes of the firm’s debt or similar securities issued by, or

referenced to, the firm for which the expected default loss is being estimated

k  is the class or classes of security issued by, or referenced to, the firm that

rank behind security j in terms of priority upon a liquidation or default event

T is the time horizon of interest to the user, in years
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are expected to follow, specifying a default point

representing the value of the firnis assets at which
wao b@soexea i s expected to default; cal cul ati ng PEENZ2004/000331

expected real world probability of the default point

bei ng nmet; cal cul ati ng the expected nean, standard

devi ati,on and . other. hi ghgr nonents of interest of the

Secth e SHRARY EriaoL BEfateTa] Frigy B4 P She

di stribution process nodelled for the firms assets

and o hés ke smntldrdpleviation af ratdseftrétom, herannom, of &

interest; using the aforesaid paraneters to cal cul ate

t he p Ravul ecurities

bei r%%' é%%@?@gfﬁﬁé&éﬁl me ﬁlfggsl %%&g?ty?ht erest ;

di scount i ng hack to present value (as at the chosen

thrfqu}jig

etbﬁmﬂﬁlﬁi i@)dthe expected pay offs of each

j ' j j J d di scount
S e e L b, T Udes
a risk premumfor the expected standard devi ati on of

the _expected pay, off fromthe, securjty, for, such, other
15h gHEF SroweirT Sndlementedradbod of IR L otissi tusiousiahan s of
for an t her..factors.s i.fiLed by .a user, such that
the et fog SV vl shertse / fkle s ISTEnBleddst i i sk fact or
i's equatghrf Oy s wo or nore securities issued by, or
ref ér'énced t/o,” the firm fitting the nodel; and

Pthe YadHe N ffedOaidout to a user paranmeters of interest
fromthe fitted nodel. 21. The conputer inplenented

niegrproetersfofdntgrast fromdhe Efted model are outpuidp taaWsst-i si ng t he

steps of: defining additional nulti-variate equations

representing rel ati onshi ps between sonme or all of the
16var iThe| @gnpiserdiniplethbgtedratthed of chdimi In Wheroin oedbrmute of the

and solving all of the nulti-variate equatjons and the
SeQUEHHES HllePtion: ts FRsghost lrtherecomupmsing tﬁa StEPkown

var isgllif%nd thetrbf woRisRIbHAA Srdde: MBORE réfms the underlyi

conﬁg%ééﬁ'ﬁlléng\eernen‘?ed mgt woczl1 0 rcI aim 21, rwhersei n gtun crying
asdetarstexpededfo folewunknown i nputs included in one or

nor e addi.ti gnal [ti-vari.ate.e tipons co i.Ses or.
" e gLl RO S GO BREBcbies
sechichlaBifig tESsgRRY m@h, §teARE® a6da8kidPadd&her higher moments of

interest of the option, at the time the option is expected to be exercised;

using the aforesaid parameters to calculate the expected real world pay off from
the option;

discounting back to present value (as at the chosen evaluation date) the pay off
from the option using a risk adjusted discount rate, where said risk adjusted discount
rate includes a risk premium for the expected standard deviation (measured over
discrete time) of the expected option pay off, for such other higher moments of interest
to the user and adjustments for any other factors specified by a user, such that the price
per unit of risk, for each risk factor, is equated for all of the options being evaluated, for
the underlying asset and for any other securities of interest referenced thereto;

providing as output to a user parameters of interest from the fitted model.
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firm 23. The conputer inplenented nethod of claim 21,
wherein at | east one of the unknown inputs included in
wo@p®soe22e0r e addi tional mnulti-variate equati onBCT/NZ2004/000331
conprises or represents the correlati on between the

returns of a pair of securities issued by, or

referenced to,. the fi.r ., The, conpu i enent ed
17500 58 R penentid gtiod, oF BlaiS T o BACOF MR of the
secHBIEBOWAN| IpBiBh,Sthé Biethidefrthér RafriRdingThE Seprslt t i onal

mul ti-variate equations conprises or represents the

cov apdcifiying the e avorichdisiributiom prasessathpiathe refprnseanythe undeslying

o B 56580 o 5p LA Pl Pt s

forl tB@SAluey 6 thé dishebudibli Pamimeidtput s i ncl uded in one or
nore additional nulti-variate_equati ons conprises or

r eprcalselating theexpegtedreat werld peabgbidity effbe prtion bring exogcised;

secyfq . e e o .
S Bt O SR g 40 A LA o
intéx;mi cﬁh Imenélﬁﬂmmthe tnefthe bpt}idndia (ljxpebttelrte iba ea¢rcisedst one

of the unknown jnputs included in one or nore

addveing kb aferaseid Raametets te sulgviatsihe expRstaddeal wprld pay off from
cadlEiRaeNt s the covariance between the returns of a

security issued by, or referenced to, the firmand the

r et disosuriingtbaek topmberftivalue (&7at thithehosempnalwation date) the expected

[ emented nethod .of cl.aim.2 erein at | east on .
pas OB 1D et R B8 o Fi aded ISRt Gt sppghS to S8Kh option,
wiatdiaid R9eAd;idEd HisVétnk &6 iRUKRSE h PBR pAdiiBA fBE theQkpected standard

represents the expected probability of default.  28.

deviptiore ofrfhet axipettagh loptiem paxi offe faraychy biher Aigher monygnts ef interest to

oS BRI ot B e

unRIof SRk, S Edch riskeadish ecéREidddBsallof e ogetbdibdingdevatuated, for the
ebt-type security issued_ by, or referenced to, the

debt by, ¢
undertying gsyet apdorynpuibersepyriics ok Hitagstaplicrragedhertiali m 21,
wher.gj t f [ i.pcl i 1:
one kgl S5t PRESRL th VB RUREP Bk VRS Lt e
malehpritedsamar represents the expected default | oss on a

debt-tyge security issued by, or..reference
provi

. 0,
ing as output to a user parameters of interest from the I‘ltted model.

18.  The computer implemented method of claim 16 or claim 17, further comprising
the step of using the estimated values for the rate of return, standard deviation, other
higher moments of interest and any other factors specified by a user for the asset as

input to price or value other options contingent on the same or similar assets.

19.  The computer implemented method of claim 1, wherein a user applies an option-
theoretic model of the firm, the method further comprising the steps of:

determining a plurality of input parameters, the parameters including a risk
premium in the rate of return for each security issued by, or referenced to, the firm;

defining relationships between said parameters;
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the firm 30. The conputer inplenmented nethod of claim

19 or claim20, further conprising the steps of
w@emene22.1g one or nore paraneters fromthe noRET/NZ2ZNH4/000331

solving the nodel so that the said paraneters equa

val ues specified by a user, where one of the said

par ane IRSRT:| atistical nonent of the returns of

oneﬁgntgteth%mggglfj?ﬁi es issued by, or referenced to, the

fi rproviling deutputitp atuser pasgrhetom of ddenesttivon thef fittddanodel.9

or claim 20, further conprising the steps of

generating one or nore paraneters fromthe nodel and

sol ]?Egg ' PRE® Rhishi@ .
2QvalE§§g%%§§? [ &%§Rg¢5§§¥@qﬁﬁ§?2qgne OEF%%%@%ald ESK?SOﬁ

par speeifging thesrebhword distdiattionrprixessiheinthe ngtums tourths finh’ sassets

pai r o(g se%rjti es issued by, or referenced to, the
aregexpeRtedsty TORQN: conput er i npl ement ed met hod of cl ai m 19

or . ’ L ; )

gen G ZITTnE el AL CPRBOTLTE: Ll S PRI s assots at which the
firm dd aripegted beedefadél so that the said paraneters equal

I L fied . f 1 d.
bar SHigHENE the sEpre S Vet it efterpdf il bepe et
pai Ealahat%@rﬂleie&b&ﬁed et tdhardOdevifiof -0 Gatkr tghel Rfoments of
firm 33. The conputer inplenmented nethod of claim 19

intggestcofathe s@urities bhisg awlyseils haigng egasd dpsthefdistribution process

t Lhg. one._Qqr I [al rs_f t . .and.,

mof ] L M s 250 Frc bR TED A o P dBuRr Bt s

val ysifig gRefodecbhd pinitdts & caloulité the@rPeddd iAEwBHd Pay off of the
paraneters is the correl ation hetween the returns of a

secyaties baige anakyseds 3 he type parizanfdaigresty, the firmand the

ret ' . !

ot Hsnfihg A fodfient LR B gy e SRR bR G TR Rfected
pay bEpsf edchgeaeitpbeing amnlysed using e riskadjusted rdiscbuntrmatehevhere said
. model d solving the nodel so.,that the said -
risi adharved deout e Tocidhedh Sueiiun 1oy Sppeed ipdael drstion
of e xPEctSRbAY BATRITR IR Seclity! A& BEN BfteR RpRePRIWRER dfMBterest to

returns of "a security issued by, or referenced to, the

thefuisemansiradjustraente farrany offer favtors spesificdi by ues sudththat the price per
um'? gfﬁﬁt& &{)rc%ﬁ:ﬁ :sﬁg ﬁ%{egc{g%t ilé] %gua%d f%lr WO 01:'L rgno?e,r se%{lgjcierrs] igs%?ed by, or

referenced to, the firm;

fitting the model; and

providing as output to a user parameters of interest from the fitted model.

21.  The computer implemented method of claim 19 or claim 20, further comprising
the steps of:

defining additional multi-variate equations representing relationships between
some or all of the variables used in the models of claim 19 or claim 20; and

solving all of the multi-variate equations and the said model to calculate the

remaining unknown variables in the equations and the model.
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the steps of generating one or nore paraneters from
t he nodel and solving the nodel so that the said
wearaneres s equal val ues specified by a user, RIENE200#e00331
of the said paraneters is the expected probability of
default. 36. The conputer inplenmented nethod of claim
19, . or cl aim 20 ¢ S h
2. o bp aeriyiesarl e RS S 21 BRHAR R Bast e of the
unkeftYinpéitstih@uddadalons or ved additormbiniltpaurdate bquatiopgemhprises or
val ues specified by a user, where, one o& t he sgid d
represgnisrrestatisticakmomentebeng afithesseuries assugd b3y Pt redsrenped to the
g debt -type security issued by, or referenced to, the
irm 37. The conputer inplenented nmethod of claim 19
or claim 20, further conprising the steps of

generating one Qr nore para ers fyomthe el ,and
23, S0 g eI rmETed MR ar SR HardIRER L Igi5h 4pe of the
Y& Lbd 'ﬁé&%‘i B aiddte bogatidAs Bomprises or
M%O%%P’%ﬁg&@écﬁ%e&éfgﬁggd%e ault loss gnﬁ%.debt-t(?%e
repr&Raty theycdrcdating batween thefretnew cefda trajr ofheccutities 188¢ , Or
The conput er inplenmented nethod of any one of clains
referencerl tgy the f9M- any one of claims 19 to 37, wherein the

value for, or the additional nulti-variate equation
for solving for, the default | oss on a security is

24. d ]Eer]l“heecbmmnm} mp;]demntgd theshasb P elaém 3 lapvheneintas deapbone ot the
ims 7, 8 or.10, 39. .
o e S Ol Fond o8By i 8 SRS Forgpies o

‘reprt@:ﬂégtﬁﬂfe BfvatiaRtdThethReh Ah fetuiieseh pdihef weduditied dsspedrby, or

additional multi-variate equation for solving for,

refetdmeed to, thel fim.on bet ween a pair of securities is

derived from applying the conmputer inplenmented nethod

of any one of clains 13 to 15.40. The conputer
25. i nptiRTEshRderihflotientd ansthohef efaiml 2i, whet€intay 187t one of the

wherein the values for, or 3.he ddi t.i onal . .
unkpoiw ingpgs ingluded B @ie; @ Arore ghdiligng] mptipvgiate uatjons gorgprises or
repﬂ’ege%nlf{ the c%h%%ﬁ@ﬁ Pedfthahd &i@umgbt‘ﬁrseairﬂfl‘ &lsudPBR YrSeffenced to,

nte an er relev

r est any ot ant factors specified by a
the fisranfl die rehenoof thetaaldirot he securities are derived

from applying the conmputer inplenented nmethod of
clains 16 or claim1l7. 41. The conputer inplenented

26. et ARd cQhp@BY iRPRmRhted | AEHBd b cladh D1, Whkreh@rieadt one of the

unknown inputs included in one or more additional multi-variate equations comprises or

represents the covariance between the returns of a security issued by, or referenced to,

the firm and the returns of the total firm.

27.  The computer implemented method of claim 21, wherein at least one of the
unknown inputs included in one or more additional multi-variate equations comprises or

represents the expected probability of default.

28.  The computer implemented method of claim 21, wherein at least one of the

unknown inputs included in one or more additional multi-variate equations comprises or
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the real world distribution process that the returns
on the firm (or underlying asset) are expected to
wo edosoee2e6 nodel | ed as a specified stati sti cal PCT/NZ2004/000331
di stribution, wherein the nmean, standard devi ati on and
ot her hi gher nonments of interest of the portions of

that di.stributi.on rel.evant .to a secuyi are estinmat.e
remiEieRl Bt SKEEAy E VR G fiftaou ot JEPafrbe SHCw TP RY By, or
refSRAE&IIOIBHel RS appropriate for the specified

statistical distribution process. 42. The conputer

i npl emrented net hod of claim41l, wherein the real world

29} o WSt R R R 57 Sbincls, ol 15 Bl of e

unkgovwi fpdey ifEludel it die bk b8 ad ABenal ReulE-eBRALE @Guations comprises or
i npl emented net hod of claim42, wherein the firm has,

repgesents the expastedadelmg/losg on grslebt-typsiseryridy issuggksbipfor Fefergneed to,
the on debt on issue and the nodel is fitted such
at: where: Sn is the value of the equity of the firm
at tine n Vnis the value of the firnis assets at tine
n and the valye of the firm s assets is the sumof the,.

30y | Jbs compuies implemegtedapethodpf elatmn deor clpip 3P, I gqqaprising
the A5 df%{sﬂ aﬁlfx%Bllfl;'eoJ rh&'g‘p%ra?]%t? rs 63 the gl élrﬁll %ﬁ?ﬁ%ﬁ% th&Hel so

e a single zerocoupon-bo at maturity ser
that ethe cdaetl phrametdrsordgpalnyalues ypmiftady by sa tuber, rvéteee ohe of the said

return.on the.firms assets, per annu s the .
PASSHHTS it Sl ties PQrhat P A LorbiBnf O Y Spnippiiios issee] by, or
refgiamédfg’{hejﬁrfﬂ_/ZS)(Vr) d2 =di - sv VN Qis the

curmul ative probability of the standard nornal

distribution with dx or d2 as the upper limt r is the
31" 's kI'hferc(z’;r%.prll%‘etr ?mlg{err{e%%e%rmnéthgc? of 8B or claim 20, further comprising
the steps of generating one or more parameters from the model and solving the model so
that the said parameters equal values specified by a user, where one of the said
parameters is the correlation Between the returns of a pair of securities issued by, or

referenced to, the firm.

32.  The computer implemented method of claim 19 or claim 20, further comprising
the steps of generating one or more parameters from the model and solving the model so
that the said parameters equal values specified by a user, where one of the said
parameters is the covariance between the returns of a pair of securities issued by, or

referenced to, the firm.

33.  The computer implemented method of claim 19 or claim 20, further comprising
the steps of generating one or more parameters from the model and solving the model so
that the said parameters equal values specified by a user, where one of the said
parameters is the correlation between the returns of a security issued by, or referenced

to, the firm and the returns of the total firm.
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sv is the standard deviation of rates of return on the

firms assets, per annum sB is the standard devi ati on
wW@boosa6xe4 of return on the firm s debt, per anPCINZ300#/800331

the standard deviation of rates of return on the

firms equity, per annum 44. A conputer inplenented

341y e et PR SRR B g OF clHn 45 ar 1R 0 A2 fhsF gomprising
thf?tégs'mgégr%:hgrgﬁﬁgﬂhé BEmBRARkam &Sk IHF R 81 1RYRY aidl SUIHRE | feAnodel so

, and solving the nodel so that the sai
thasathanswiid meraugiess eqbliaslugpepedifiet byya asers evherd Hne Tofethe said

comput er i npl enent ed, net hod of cl ai m 44, wherein one
Pt 18 et e oo i g of e Sedtity JrRGRE bBy Siffprenced
to[tBE GFASnA khORAAS oMM Botalffirhe securities issued by, or

referenced to, the firm 46. The conputer inplenented

nmet hod of claim44, wherein one of the said paraneters

. B LD F IS S P s
thd fepLoMRubRTing BR¢ 6MMbieqsardmdteredro thelndddsl 4kt soMifg ienodel so

one of the sard paraneters is _the covariance between .
thathiher said) ataragters gspipl values spepified by 2 Jseredvhsye ase of the said

: e i I d-
oS R o oAy of Retmhll® £ OTPC S o par et or's

is the correlation between the returns of a security
i ssued by, or ,referenced%élo the firmand the returns

36of t e qomippterrimpigmaytedmethod o claim 19 o5 ckatprile furthet pepgprising

: . : Lot
Ll & Pl 5 6 B ritier it SiohPil DRI Slint Bfrifiel s
thdtytheosaid glaesmastersdequal values fspeaifieth byt dheiseretwhians onf dththe said

total f.ir 50. ' The conputer,. inpl emented nethod of a
aialye 1 ARDE S EEH SHTISBR EPEIRE Sacbriy lpged by, or
refRSIcBd B, ierder mul a for cal cul ating additional

paranmet ers, being instantaneous volatility, for

calibration with the nodel conprise: sB =sv Ys.e t [I
37. N(’l(ﬁelc?olmputer implemented method of claim 19 or claim 20, further comprising

the steps of generating one or more parameters from the model and solving the model so
that the said parameters equal values specified by-a user, where one of the said
parameters is the expected default loss on a debt-type security issued by, or referenced

to, the firm.

38.  The computer implemented method of any one of claims 2, 5 or 6 or any one of
claims 19 to 37, wherein the value for, or the additional multi-variate equation for
solving for, the default loss on a security is derived from applying the computer

implemented method of any one of claims 7, 8 or 10.

39.  The computer implemented method of any one of claims 2, 5 or 6 or any one of
claims 19 to 37, wherein the value for, or the additional multi-variate equation for
solving for, the correlation between a pair of securities is derived from applying the

computer implemented method of any one of claims 13 to 15.
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B nss =sv- Nd) 51. The conputer inplenmented nethod
of any one of clains 19 to 22, clains 30 to 34, or

w@b@sne2224 to 49, wherein the formula for cal cCBCENZ2ZG4/000331

addi ti onal paraneters, being discrete tinme volatility,
correlation and covari ance, for calibration with the
nodel conprise: Vt 2 [I - N(d 3)y t +X 2N{d 2 ) s' B,
=Ilnl1lT 2 Bti 3- 2)+2 2), In X- Bt PBS=BT

4d.e TThe <\:61ﬁ1§uter M&lélhentea_ method! o N)Hé)@f claidd 19 Yt G‘vh@rem the
st - S z pBS s B S s VB = PvBs vs

vajuagssfos; Farstbe \addlélomem@ltlrma@d@qwtmsafor sehing Bor, the :rdte-lcsfvreturn
St?ﬂq%f%ﬂ?‘{laé{%%, eé{h%rahgperleg}olg{%ggc?gﬁ%e% Véarllyu %ther r&evant factors
specified by a user for one or more of the securities are derived from applying the

computer implemented method of claims 16 or claim 17.

41.  The computer implemented method of any one of claims 16, 17 or 20, wherein
the real world distribution process that the returns on the firm (or underlying asset) are
expected to follow is modelled as a specified statistical distribution, wherein the mean,
standard deviation and other higher moments of interest of the portions of that
distribution relevant to a security are estimated using closed-form type formula
solutions or numerical approximations appropriate for the specified statistical

distribution process.

42.  The computer implemented method of claim 41, wherein the real world
statistical distribution process that the returns on the firm (or underlying asset) are

expected to follow is the normal distribution.

43.  The computer implemented method of claim 42, wherein the firm has, or is

treated as having, only a single class of zero coupon debt on issue and the model is

fitted such that:

m[VoeryT [1 - N(dl )]"‘ BoeyTN(dz )J/T _y ln(Voe"’TN(dl)— Bo?yTN(dz )J/T .
B, Sy

Op Oy

where:

S, is the value of the equity of the firm at time n

hn

is the value of the firm’s assets at time » and the value of the firm’s assets is
the sum of the values of the firm’s debt (B) and equity (S)

X  isthe face value of the firm’s debt (B), which is assumed to be a single zero-
coupon bond, at maturity

7

n

T  isthe user selected time horizon, in years
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an underlying asset, the rate of return on said
securities and the risk attributes of said securities,

W0 b@®s5my22e£m conpri Si ng: a conput er -readabl e nePOT/NZ20@4/000331
risk analysis unit operative to designate that a
priced risk factor incorporated in the risk prem um

f ity it | t
s (DR frrem%eiﬂil? 1 s, P cng oni
ODer ALY 5: ke RLATGH e ga'd @y RPim | ncorporated in

e ra or each seé rity, and designate

t hat n of t |skfactor is the
sd{mLE EV/@-FWT}% fﬁﬂ () s‘a securi ties; a
fina del I #/ng unit operative to define a nodel

conprisingdata representing rel ati onshi ps between the
rdsﬁd@r'é’m determ ned for each security andstore

| WM GE burlah EEPRRMA bt SR MG F et 4, or d,

wi t hagthesipper 18t The comput er syst em of claimb52,

erel eas 0 id urality of securities
i's a'® %Fskbﬁerq f’i’et 111}%3% Lgnt he risk pricing unit
| &, WthOSn@RE dadibtich 6Orafth dF ¥ét@ndntheifn SRR J per anmim
asSociated with the debt- type instrunent and identify

acgefsahé stahded devinthanefates ofl returmi onkh fienisudebt; pepamant
of said yield spread. 54. The conputer system of claim
505 itthe standard deviptiemef rates wbokbininjonghe fifm’siequity,rien apnum.
operative to fit the nodel. 55. The conputer system of
claimb54, wherein the user interface is further
opera t r
40P FHBO LRSI AEA SR AN] RUE arbife U8 SpHORIRERAR Mol of a
ﬁrmhmmpmsnmm thes tstepatoef grinetatiag eonpe ot mbrd gfapamhdters oﬁ'exmofhe model,

estRfted Bhrarirosete e Rerfad andsqiRE by s it 1S i byy@meters

eqﬁaqtg,glu@gsﬂegﬁ;éarbyfaqisela security (or securities) i ssued
by, or referenced to, a firm

45.  The computer implemented method of claim 44, wherein one of the said
parameters is a statistical moment of the returns of one or more of the securities issued

by, or referenced to, the firm.

46.  The computer implemented method of claim 44, wherein one of the said
parameters is the correlation between the returns of a pair of securities issued by, or

referenced to, the firm.

47.  The computer implemented method of claim 44, wherein one of the said
parameters is the covariance between the returns of a pair of securities issued by, or

referenced to, the firm.

48.  The computer implemented method of claim 44, wherein one of the said
parameters is the correlation between the returns of a security issued by, or referenced

to, the firm and the returns of the total firm.
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the financial nodelling unit is further operative to
determne the rate of return on security/ (rj) by

WO edosenzee to the prom sed yield on said securP@ENEZ3003/000331
and the expected default |loss (EDLj on said security
where r} =y - EDLj ; the risk pricing unit is further
operative to calculate the excess return for said
securityj as equal tor - r , wherer is the risk free

49.rat ?h@fcohfﬁuwrnnnﬁlaﬁeﬁtbé kingthell Yo Slat#i44, | whdriht BRI of the said
operative'to calcul ate the exposure of each security

parame‘&:m:is thc icoetiantes ketivaen the ©@hirns of@ sedusiky jssued by onméferenced

eratl culate a price per unit of
esée“f( Cf’ﬁ"Fs ﬁ}ﬁtio%éﬁnﬂsk factor (m) in which
each | is the sane for two or nore securities issued
by, or referenced to, the firmand such that the

50.pr odbe computeh mlplpskn@dpo@hmdsgf g orreelielhinys Ehip 2% elaim 30 or

S i t. of rlsk exc t

clafit 37 1) 35, Shiis” o 1, etk REoh Myl beine
ms%ta@abom&aﬂitﬁ&bﬁcﬁi‘brdtﬂﬁ vﬁﬂpﬁf@snddal tdrfprise: avai | abl e;

the risk anaIyS|s unit is further operative to

des naVe gh@p n $5 the priced risk factors rel ates

%5 {1 é’go Fatil i yﬁg 1he rate of return on securities

estimated over a discretetine period and is specific

to secuyat eS| Sed by, or referenced to, the firm

t Fie =rdrs 6r|C|A®d nit is further operative to

cal cul at® the excess rate of return for all of the

ot her securities being anal ysed, other than j , based

at least partly on their exposure to each priced risk
51fac frhc camgluteh i;nxdnein@etefjenethnd of @fy onesif dlaimsdQadh 22; elaims 30 to

n01a da

St 1 4% P popiragderle Kttt docithpd Bospmetyrs, being

distrétd Higde ‘)Bl%ﬁtyl \e@rreRitiBh Oiiddeovasiafie, Fut chidbratiots ith the model
par anet ers of interest fromthe fitted nodel. 57. The

compngut er system of claim56, wherein the only risk
factor conpri ses the
vol at || [ vy [lof N{g)lrfs: XCe(ds) 5K pricing unit is
Ve J20 designa % he relati onship
bet ween\the firm Specific prite of volatility risk (/I
.), the rate of return for/ ( r ), the volatility of
returns for/ (sj ) and the risk free rate of return
(r) as: r , -r
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S j the risk pricing unit is further operative to

designate the rate of return ( ) on another class, or
webk@s®ex24 of security (Jc)issued by, or referePCBENZ2004/000331
the firmas: rk =r+lssk ; the risk analysis unit is

further operative to designate , where security class
or classes k are debt-type securities_ the default

yPel 2
( ) a$ hollows: EDLk*=zyk -

rk

| oss gn Wimds)geﬁrigﬁ@egv )@gﬁqv@liz ?/}h(reatpgog} scregt -
; the//ffinanci al

nodel ling unit is further operative to fit the nodel;

28

flf?ggﬁm%% _ﬁgu%ﬁngaraneters of interest fromthe

the useX -iBterface is further operative to provi de

ystem for measuring credit risk,

the S ri.Si nput er - r eadabl e nenory; and
ra ei‘s“n}xfg‘? | tT Jbgfgfl(ﬁa v& to estimate the covari ance

used as a

et urng ﬁ@/ger"g’t W?Lagsei wherein said covariance is
sure &f or d|t ri sk of one of the

asset The c ter syst em of claimb58, wherein
?ﬁi&dﬁ)‘?nn l

Srur t her operative to anal yse,

as the ctywol two securities issued by, or
refer encé to s firm wherein said covariance
Oy puty |§ gsed as a measure of credit risk of the
securlty fhat ranks hi ghest hi priority upon a

Egaid o, or default event. 60. A system for

esti mati ng The covariance of securiti es, the system
CoppEigialgrs a conput er-readabl e menory; a processing
unit operative to estinate the expected default | oss
of a security, wherein said estimte of expected

le?JtﬁH'aHd*lBﬁaﬁtﬁﬁlfésed as a neasure of the covariance of

returns

or that security and another security issued

by, _Q{.;r&[fd—encedto the sane firmwherein the first
securlty ranks higher in priority upon a |iquidation
or default event. 61. The conmputer system of any one

52° f 951 sa}lfsgésm ?oSr rtel%tigg ) pvr\iigee of value of a plurality of securiti¢s associated with

an underlying asset, the rate of return on said securities and the risk attributes of said

securities, the system comprising:

a computer-readable memory;

a risk analysis unit operative to designate that a priced risk factor incorporated in

the risk premium for each security is the volatility of returns, measured over discrete

time;

a risk pricing unit operative to:

determine a risk premium incorporated in the rate of return for each
security; and

designate that the price per unit of this risk factor is the same for two or
more of the said securities;

a financial modelling unit operative to define a model comprising data

representing relationships between the risk premiums determined for each security and
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the financial nodelling unit is further operative to
desi gnate the annual i sed expected default |oss (EDL] )
worosne220f the said securities, security/, as:PEDNZ200#000331
- y* - 1)+l) t where: / is the class or classes of the
firms debt-type or simlar securities issued by, or
referen&gd to, the fir Elor whi ch the expected defaul t
aple

St(FS&“P% &H&@&H‘%ﬁ% BN Tass or classes of
secUf hdel intS It AePibe o?ér_aﬁ\%c 1B8leRElRde rfornidiRnfita hdeat
rank behind security/ in ternms of priority upon a
'iquidation or default event T is the tine horizon of
i nterest to the user,.in rs,.sj.is,the standar .

ey L5 ComBHST SYERn ot PRel % WhRtei i iRt 84 3L Red, ity of

seSUrdRd Ak & dedtitppd MtdehBta@d thé risRipHcg BEK iQHMBr Bbrative to
A pjk is the correlation coefficient of the rates of

anplyse pryi¢ldrspreaddaskociaterd withthe debittyne éstumegt and identfy a default
furth tive to. fit |; th
oo AR Kb bR PSP PAET or« o

interest fromthe fitted nodel to a user. 62. The
conput er system of any one of clains 58 to 60, wherein
54 he Fherpomaivisr sietg) afickimpd; Whersirythe financia paedellingainitgs further

op%%?iivg?@hfth%%‘?ocﬁfmual i sed expected default [oss (EDLj )
on one of the said securities, securityj , as: the

financial nodelling unit is further operative to fit

t he del; and the user, interface is further operative
>} 0 erﬁﬂ“%‘é‘?%?ﬁ@?’é‘r% cimme MESTETT g HseHaterfage @Mﬁg@peratwe
tofﬁﬁom@%eélﬁptﬁ%o a 18§ o 58 bf AR nRdet! 8l m 58,

erein the processing unit Is further operative to
anal yse, as the two assets, portfolios or indices in

espect of different.types,of. security, erein said
St ov e SRR Gbei S RoPEeG o pimele b B exgiercch defantt
loSsYStt AibkHep! d Bdelcliityt (Beeusi®f f)akstel By, 6f retBeHEdd loSthe firm, is
t he system conpri si ng:
utilised in analysing the rate of return for a security (or securities) issued by, or

referenced to, a firm;
the financial modelling unit is further operative to determine the rate of return
on security j (r;) by reference to the promised yield on said security (y;) and the expected

default loss (EDL;) on said security whete r, =y, — EDL ;

the risk pricing unit is further operative to calculate the excess return for said

security j as equal to 7, —r, where 7 is the risk free rate of return;

the risk analysis unit is further operative to calculate the exposure of each
security to each priced risk factor (m);

the risk pricing unit is further operative to calculate a price per unit of risk (A,,)
for each priced risk factor (m) in which each A, is the same for two or more securities
issued by, or referenced to, the firm and such that the product of the risk exposures for
security j and the prices per unit of risk equals the excess return for security j, and
similarly for any other security for which an estimate of the excess return is available;

the risk analysis unit is further operative to designate that one of the priced risk

factors relates to the volatility of the rate of return on securities estimated over a discrete
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a conputer-readable nenory; a processing unit
operative to estimate the correlation of returns for

wo mseexes i ties i ssued by, or referenced to, apPET/NE2d0y/000331
relating the said correlation to conputer generated
estimtes of the variance of the said securities and

mieglge&fo)é tésesdpggl Ldeul 381 %ed%&gﬁefe&%hceﬁ X Qhesijrm,

e COﬁpU em o

whertkd fislt précing m%sﬁm@eﬂapetraﬁx& tb wak:hlate b ekedsk Yae bPreturn for
desi gnate the correlatiaon Jchp of thereturnsfor

allt mﬂmmh@aﬁeeumlhqmg é%alyseéna 1 thea j, bpsedonj legst partly on their
exﬁ&%ﬁ 1o éaclll néé?lens%l fActor Md dtﬁ% gﬁéeg?er tto?‘f‘isf‘( it grgtag‘h H?gfac%r

UrItIeS I ssue refrerence

firnhd ﬁﬁamﬁﬂ stodelieg exhécfuediet@iopatlve to 66 theirsodet;i ang
estimatedk is the class or, classes of security issued
by, the useeirderéace dnfupther epraativiertaPrayade asWPYS éhp Hepr parameters of

mtg‘%?au+l%‘¥ﬂeﬁ@?&‘$5&a of priority upon a liquidation or

even IS the time horizon of interest to the
user in years sy is the standard deviation of rates

57of r,@@ur m eF é}(sggrg %rtnﬁ]éqm gﬁnwh?regétﬂg o%%ﬁ?s?q%%ord Sr\{clze tlln (t)l?e said

| oss on security/; fit the
syﬁo&gglahfpan tﬁé?@lﬁﬁﬁg AL RHI!

; out put raneters of interest fromthe
fit tleriskopheding unidisdssher @ératiVhaeo desigateghe sglaiomnhipfbetween the

cl ai m 64, . wh n.the ces is. furthe
firgymegiic\ice & Ve&ﬁl@hgﬁlg (8 tﬁ%fq%%f)g{qﬂaﬁ for p(% )) thgrvolaglity of

returns for two said securjties/ and k, as: rJk =EDLJ
retueng feig (0 0)iapd theariskfra ratep{aetyn BLas: par anet er s of

interest fromthe fitted nodel to the user. 67. The
con‘p/yter’; 5Ystem of claim52, wherein one or nore of
t he S’eCUHII es being

the risk pricing unit is further operative to designate the rate of return (r) on
another class, or classes, of security (k) issued by, or referenced to, the firm as:

r,=r+i,0,.;

the risk analysis unit is further operative to designate , where security class or
classes k are debt-type securities, the default loss on said securities by combining the
promised yield on said securities (y;) and their rate of return (ry) as follows:

EDL, =y, —1;

the financial modelling unit is further operative to fit the model; and

the user interface is further operative to provide as output to a user parameters of

interest from the fitted model.

58. A system for measuring credit risk, the system comprising:
a computer-readable memory; and
a processing unit operative to estimate the covariance of returns for two assets,

wherein said covariance is used as a measure of credit risk of one of the assets.
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anal ysed by the said systemis an option; the
financial nodelling unit is further operative to
W@ p®si62224 he real world distribution process tPEl/NZ®4/000331
returns on the underlying asset are expected to
follow, the financial nodelling unit is further
oper@t.i p : o
9T ohab! fredta SRt SM ol FHTERLSR: WD il is forther
opamtice nganudyde, asthewatdhivo agets atwossectintiesalssuetl dtye of neferenced to,

expected nean of,.the option t the tine the tion.is
theo3BRtian Werne aideoyramtse optnut 1S USed gk aieasue of Credtgisikof the
seg% g}{%greagﬁﬁlﬁ%hgérf% fRoréy upbh @itliﬁtufdlaﬁoﬁbﬁd@ﬁﬂﬁe\@ﬁﬂ! ation

s of erest of the option, at
the tinme the option is expected to be exercised; the

financi al delling unit is furfher.operative to use
60; o AnFisteu S AP E Pe A g P U Ao 6 U gR GO miTsing:

r ealy dRfgutbrRédableimdh&in t he option; the risk pricing

unit 1s further operative to discount back to present

val weprpeessiagtung erisorive to\estimatei the eapecedd défaulplpps oiffa security,

wiigral st R 28 oKl B eDiE] & MRt AL e Fopuigpee of
retifi8Tot!fhaf SecutifearkidiReic dediirity haticl BIE\or aéfeRACcEIRAMY Rthe firm

over discrete tinme) of the expected optjion pay off,
wheggin sheclirsoremesity fpmlisdiighes ieprigrity uppm e dfeidatiqrporn degaulisqyjent.
and adjustnents for any other factors specified by a
user, such that the price per unit of risk, for each
611 i sk Heaoinlter bystedn b hgtodensf cidilns 68 té 6@ wiidions bei ng
eval uated, for the under]ying asset and for any other

s thefinappiakmegdelling whibist OPEIHERH!Y her et o; and t he

UGS o2t Bk fadfrsalissd Ekﬂetc{%ﬁrde@e&@ 1BLd @E -Porppﬂé/ bfjﬁﬁasﬁid securities,
out put to a user parameters of Interést from fhe

f sdcbeity yrasdel . 68. The conputer system of claim52,

wherein one or nore of the securities being anal ysed

by the said systemis an option; the financi al

nodel | i ng it 'JZT p tive to specify the
r eal EQby Edn|dp s1tel Dutll a‘F’prrl bEsd that the returns on
t he underlying asset, upon ch the option is

C g&%ngent, are expected to follow, using initia
guesses for the values of the distribution
j  isthe class or classes of the firm’s debt-type or similar securities issued by,

or referenced to, the firm for which the expected default loss is being

estimated

k  1isthe class or classes of security issued by, or referenced to, the firm that

rank behind security j in terms of priority upon a liquidation or default event
T is the time horizon of interest to the user, in years

o, isthe standard deviation of rates of return, per annum, of j
o, is the standard deviation of rates of return, per annum, of £

p ;. is the correlation coefficient of the rates of return for j and £;

the financial modelling unit is further operative to fit the model; and
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paraneters; the financial nodelling unit is further

operative to calculate the expected real world
w@embaka2ki ty of the option being exercised; theCT/Ngk04/000331

pricing unit is further operative to calculate the

expected nmean of the option, at the tinme the optionis

expected to be exercised; the risk analysi.s unit.is

1L Db UG RFS (WIS GPEEG o uP Y PRTClors OF InteraR L ghe fitted
modBtoQhief, hi gher nmonents of interest of the option, at

the tine the option is expected to be exercised; the

financial nodelling unit is further operative to use

t he aforesaid paraneters to l,cul a t expect .
62, eI BRGORP sy ToR PF G BBt ToeionoS ey ERRGP fie fipancia
modBllfng! whif 1 ft@br 8p@ERd WP désPorfdtes BRUAinubRse dxpedte®@ R MHult loss

value (as at the chosen eval uation date) the expected

(EBBy onhe of thespidaetnriiss.i seemrifgjg: a ri sk adj ust ed
di scount rate specific to each option, where said risk
adj usted discount rate includes a risk premumfor the
exprcted standard deviation of the expected option pay
of f, for*sich other higher nmonents of interest to the
URE FinAFal afbden RS F@thed Byer@intad fftdled @bgelsarici fi ed
g£ a user, such that the price per unit of risk, for
¢ bisariinterfhegcis durther opexgtivg tojoutpit parameders woff intersst fzers the fitted
ej ng eval uated, for the underlying asset and for any
n“%?k@%@@fﬁrities of interest referenced thereto; the
financial nodelling unit is further operative to
iterate the above process, by varying the nodel ., .
63par dhet emprery systemy il platop S8ypwhereing e prasgssingnynit g further
C r : : r
opdfifte {PENLEIE hE I ELLR pRRBEA dr B0 ARl iferont types
of fdcutind whetkih saidBovafiaecedio oprd ara mystemictedit iskm 67 or
68, wherein the financial nodelling, risk analysis and
risk pricing units are further operative to use the
648t iR Yaleftad tht Bsrddidh Gfsebitiésthe 8% @bMprising:
devi at’i on, other higher nonents of interest and any
ot hercohputepreadgblemiefpass; by a user for the asset,

derived as.output fromsaid.clai as._input to pric
or \?aP‘i?éestﬂnrgePB%p?HeSa%é’e B oty g el ng%tt Bpttfns“for two
sectirifies AEuABIHL 0B referenced to, a firm by relating the said correlation to computer

generated estimates of the variance of the said securities and the expected default loss of

one of the said securities.

65. The computer system of claim 64, wherein the processing unit is further
operative to:

designate the correlation ( pj ) of the returns for the two said securities, j and £, as:

py =EDL jT/ \/(e"fT —1)(e"57 —1]

where:
j  isthe class or classes of the firm’s debt or similar securities issued by, or

referenced to, the firm for which the expected default loss is being estimated



70. The conputer system of claim52, wherein the user
applies an option-theoretic nodel of the firm the

wo covanei22d nodel ling unit is further operativeP@DNZ2004/000331
determine a plurality of input paraneters, the
pararreters incI uding a risk premumin the rate of

retyrn,f ecur i i ssue ef er de.to
thelf i o e ool FevortEh AF Pt SRR S fin that
oper at & Heﬁmﬁesééﬁ} ﬁit@ﬁh@&éﬂﬂ BFYE BRuidaic¢h or default event
paranmeters; the fi ﬁ%%m al el({i)?}r,]g uni t |s further

ope “Vtﬁertlﬁq MHokizb 8ffﬁ'?e‘?§§tt ﬁ@qlsér [ interface is
further® operatlve provi de5s B to a user

par anet e s of tere f fitt d m)del 71. The
coniit & %9@?‘% li‘ﬁ ?ﬁrr @S OE\WM% PRI anci al

nodel ling unit is further operative to spemﬁﬁ/ t he
r ealo, wixrthe sdhddrd idbvitiionmofomtes ef ssturhapertahpumeefil ns on
the firms assets are expected to follow, the

fi naml e mﬁatéea R@pdeRidtdebslifbést dec@R§yat i ve to
speci {/ a def ault point representing the value of the

at which the firmis expected to
dJ{%“ff?ﬁmﬁS@' K845 i nancial nodelling unit is further

oﬁﬁgﬂﬁnét&s@hrﬁéﬂe&tﬁorﬁ b midagréRYid £adervor | d
1ty of the default point being net; the risk
pri cCi ng unit is further operative to cal cul ate t he

661 opditl (UMRAE QLT HUEPEh o oRRgEin el PRy ol Fother

optglé forl s assets and the default point, at the tinme
hori zon of interest; the risk analysis unit is further
ofesicantevthe cerratian ( e lthrregranids fo saidisequrigas sand £, 2
ot her hi gher nmonents of interest of the securities
bei N §§eﬂ0khaving regard to the distribution
process nPdeIIed for the firms assets and the default
pht g modelpRd i e horizon of interest: the financial

I GRRA t he

g@%?@?%?gmﬁgkgﬁgﬁg%gf%gﬁgglculg%gﬁfﬁgﬁggggbted rea
morld pay of f of the securities being anal ysed, at the

nefh%ocr()lrrlzp%?erosgfstem oefrc‘:falm 52, wherein one or more of the securities being

analysed by the said system is an option;
the financial modelling unit is further operative to specify the real world distribution
process that the returns on the underlying asset are expected to follow;

the financial modelling unit is further operative to calculate the expected real
world probability of the option being exercised;

the risk pricing unit is further operative to calculate the expected mean of the
option, at the time the option is expected to be exercised,;

the risk analysis unit is further operative to calculate the standard deviation and
other higher moments of interest of the option, at the time the option is expected to be
exercised;

the financial modelling unit is further operative to use the aforesaid parameters
to calculate the expected real world pay off from the option;

the risk pricing unit is further operative to discount back to present value (as at
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the risk pricing unit is further operative to discount
back to present value (as at the chosen eval uation
wal2aaepe2be expected pay of fs of each security BPEI/NG2004/000331
anal ysed using a risk adjusted discount rate, where
said risk adjusted discount rate includes a risk
r..th ed standard devi ation of the

prem um f expect . .
th, By A on dpte] FW% Srom et gptiop gfsing i Fisk pfisted discount
n o . .
P S RIS S aL AP TR
stadriard dedetiqre (measintedodver idideretd dime af lthe expectddséptiomcpayr off, for

sulcgfog}%g ﬂ‘f&’gr {T{%rme{ﬂﬁmﬁ‘rqs%%{ fq,@g glgé{gﬁlb? dsﬁ%%gg qu}yr?'élyo&:glpqr factors
sple@iffol by tPhiseBRRER e $hd Pridd I{)e_rtu!ﬂﬁ JTRER! Fordth HOE ARG is equated

interface is further operative to provide as outputf to
fon allsef theaontiensebsingfevalmtededor theomdehlyingi sdsetd anddat any other
72.. .Th%.congutgr SFY' Fhem of ¢claims 70 or claim71,
SCRHIATES; O PR S IeELFRe ‘i KOG i ng unit is further
Oper @k Y ihteifadlerk Hiehe @Pérbti RNl prowllé hs ¥@phtAb@ user parameters of
_equations representing relationships between sone or
inggrest pnx the fifiad mwidees used in the financial nodelling
unit in the said clains; and solve all of the
multi-variate equations and the nodel used in the said
681 ai Tike cdmapuéd Gistedt 6f tlagn 52/ héteittorienkNavR ofathé 3bdueiSies being
in the equations and the nodel. 73. The conputer

anglpsed by Bic saldgygtennts apRBHELEN t he financial nodel | ing

uni tep] Lye to dncl . tepl

of e Tl hoRRELE Wit S bl oHARI0S 1 spsBEF Ml world
distwibtifieny processethaicpha trétans an the ahtladyinghssegropoh wiiclode ftion is

the securities is d by, qr..referenced to the Lo
CONHIPGRTHPTe ?’H&’C@Sﬁ%g‘fﬁ’r“@ g dnifigh guepsgs firtbe Vlies f the disgibution
pdchB@Bki al nmodel ling unit is further operative to

i nclude as at |east one of the unknown inputs in one

or ribe dinaddalt modellingmuhitiis Vantheatopemtjuato calsulateethe expected real

correl at.i.on tween the returns of a pair of
Wgri(iﬁliro:b%?lkg' qt?ﬁﬁgﬁt1Welr%%egegqs§ enced tg, the firm 75.

The @Mk tpeicingySHe® Mithe! Ghatatike, toWARIBIE tHe@detR@REdad! of the

model ling unit is further operative to include as at
ontieasat thydme they apsion Ak erappted fpba exerqisedne or nore

addi g | Ji-var i ' C i e . ..

pet s PR Ryt bk e SRUBHER0 Bat i R 3B Ggviation and
other higher moments of interest of the option, at the time the option is expected to be

exercised;
the financial modelling unit is further operative to use the aforesaid parameters
to calculate the expected real world pay off from each option;
| the risk pricing unit is further operative to discount back to present value (as at
the chosen evaluation date) the expected pay offs from each option using a risk adjusted
discount rate specific to each option, where said risk adjusted discount rate includes a
risk premium for the expected standard deviation of the expected option pay off, for
such other higher moments of interest to the user and adjustments for any other factors
specified by a user, such that the price per unit of risk, for each risk factor, is equated

for all of the options being evaluated, for the underlying asset and for any other
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by, or referenced to, the firm 76. The conputer

systemof claim 72, wherein the financial nodelling
waieos/062224 urt her operative to include as at | eBGI/N&RI®4/000331

of the unknown inputs in one or nore additional

mul ti-variate equations the correlation between the

ret.urns, of ecur | sued by, or referenced to, the
°F"P1% %ﬁﬂﬁ‘ ‘I’?gr %rﬁlﬂﬁelqgﬂ?fftsthe total firm 77. The
CONMUY Ffianeih® hﬁﬂbl‘lﬁl% Gt iffifdher WpEaivd1td Adatei the@ 866w process, by

nodelling unit is further operative to include as at
vatlygesthe oraelgfararheterivabtuswintil ibemeodelis Gtied; sad nor e

addi t i onal | ti i_ate tio

o0 WRRT e b RS ST PR B Poramotrs o
mtéﬁgtqf&ﬂq%jﬁﬁéa,méd&? firmand the returns of the total

firm 78. The conputer system of claim 72, wherein the

fi nanci al m)delllng unit is further operative to
|ncI de as ) u ] .
oo ot YR o el B AR s Bl i, i

anaﬂ?,iﬁg ahe eisP hEbiaB unitk vireofurthed apdritivertd. usEhl@e mhmnﬂédéf/alues for the
system of claim 72, wherein the financgjal [1in

ratg of tetyrs, ﬂmdarfbde%@na@m@ngbenm@n%éoggﬁea?st|a@ iy gifer factors
ls
spfbfied B, IR E AR Bk Ve BB TR o Q@R imput o price or
vakie fodhér bptichsaotitigent yptheSemt ok kiynilas assed. by, or
referenced to, the firm 80. The conputer system of
claim72, wherein the financial nodelling unit is
70f ur t’['?l@ Hl%ﬁfe?ts&s}f&nto? il 32 Qy1RSeiR thd @ﬁ?tapﬁﬁb% £ optfdB-theoretic
unknown puts’in one or ndre additionalhulti-variate
mcelqhaﬁhelﬁﬂnt he expected default |oss on a debt-type

sec or. .referenced.to he £irm

The thes i BF HEelMbi Bt iE Rl SB8Cl efifpine hufliogof imput
pataifotdrs, "8 Glatdm &Bd St luBEhgUA irfsk | etk R rth® R&e adfi Meurh Cfor each

generate one or nore paraneters fromthe nodel and

seqity issedsebyrrotiesfereuset hartthe fisnsai d paraneters equal
val f Uk :
par AHCARRER e it S et UBERHO0Fo BhruleRlafBhihing between
saidRradetérse Securities issued by, or referenced to, the
firm 82. The conputer  system of clal 70 or_claim 71,
whertes Aingneial modelliag ynit %%@Pn RgTaiye to fik it the gradelyand
ope rt?é %s\rég 1@&@%@ AefAhEr REatRE tIPFR iR YR IS a (5@ Patalifoters of
1nterest from the fitted model.

71.  The computer system of claim 70, wherein:
the financial modelling unit is further operative to specify the real world distribution
process that the returns on the firm’s assets are expected to follow;

the financial modelling unit is further operative to specify a default point
representing the value of the firm’s assets at which the firm is expected to default;

the financial modelling unit is further operative to calculate the expected real
world probability of the default point being met;

the risk pricing unit is further operative to calculate the expected mean of the

securities being analysed, having regard to the distribution process modelled for the
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the nodel so that the said paraneters equal val ues
specified by a user, where one of the said paraneters

WO g006ke22e0rrel ati on between the returns of a peCT/NZE2004/000331
securities issued by, or referenced to, the firm 83.
The conputer systemof claim70 or claim71, wherein

t he fi.nancj,al | Li uni.t i.s.. erative to

s RospttD BRG1E o fplat e hrig SISO 2 10
sol Vi fifleaniiied uiipistfhabertdpRragiat do palcalartibe Stapdhtdldeviation and
val ues specified by a user, where gne of the said

othsa higher somants efhiatesest af therreeutifias\ieing aadysedthaving regard to the

.pair. of securitj [ b <L h .
iR SESH Pddefis KO HE el s offend FAFVEDAAM Bk he time
hoither 6f iatekdre fi nancial nodelling unit is further

operative to generate_one or nore paraneters fromthe

nodéhe fnancipd madelling ypsigis futheropgrative 4o ysg ep?é?rﬁ??é‘i ppigmeters
i | .
to Gl Gme it USRRATEL it i G BE le soMIRIGE 1B Hatvb8 ot the time
hofiforpofiatudgst;t y i ssued by, or referenced to, the firm
and the returns of the total .firm. 85. The conputer
systheiigh prgig Wtk ds irther gpstative © 508 Dack 40 presshicyalye (@s at
. " . ]
th BSe bDhilh dale] e UipREttd BRFDAY of EachilBRRg belng G sQ using
a tiskatdjubied shscdumtaratayevters seiguask adiusted disveuntf faged insjudgs a risk

er, .wh h j t ks th .
orsigioa ol e SueEStmea EelipR8F BF 2Pbet Pr O frug dhp scouity
foP¥uchObth&Ch@h&NF8heh. oft ferdsk tontEN dsdr AT bt ffolt A other

total firm86. The conputer system of claim 70 or

factprgispecifigd bih e uesrnsuchéhatitheypa¢caper raptteifiriskglon aagh sush risk factor,

f i . :
is odtpleihe SREGAROX et GRS BEIALS, 3R fblenliiiE, AERANE. °1°
par apetigdmif awdklliiahtrds Spdei dpeestiveyo &it tRanodehimatde one

of the said paraneters is the expected probability of
def 4hg wser grierfapgds BethetRRsratEipde @FAVAde 25 QAL FQ2 Yper Pregmpters of

intye’stﬁ’{}}ﬁrtﬁé wid§oddinanci al nmodel ling unit is further
operative ;

0 generate one or nore paraneters fromthe
nodel and solve the nodel so that the said paraneters

equal, val ues specified.b user ere on th .
T25a s sompbies g of Riaigy Al Bl 7ds W Ehadmatiiel mpdelling
un?_igﬁﬁ{lfe{.gma%qg{ity i ssued by, or referenced to, the

irm

define additional multi-variate equations representing relationships between

fooad

some or all of the variables used in the financial modelling unit in the said claims; and
solve all of the multi-variate equations and the model used in the said claims, to

calculate the remaining unknown variables in the equations and the model.

73.  The computer system of claim 72, wherein the financial modelling unit is further
operative to include as at least one of the unknown inputs in one or more additional
multi-variate equations a statistical moment of one of the securities issued by, or

referenced to the firm.



10

15

20

25

30

88. The conputer systemof claim70 or claim71,

wherein the financial nodelling unit is further
wWop@sati2ee t o generate one or nore paraneters PCDNZ200¢000331

nodel and solve the nodel so that the said paraneters

equal val ues specified by a user, where one of the

743 SRR 80 55y UE bl B35 BR es fe

opefr%t'i\;@ toSRcludB s GO RRE Bie §f’§{eeuml&lﬁwﬁﬁﬁ%ﬁ§1% Qhe G 3hét8 additional
56 or 57 or any one of clains 70 to 88, wherein the
mufti-vantede aduatiodsthei cogrelatipn betveen thewsturop ef aphiv of securities issued
b deriyve th(f v&llgge for, or the additional multi-variate
Y4 GHEICHRCT Qr e R ng for, the default loss on a

security from applying the conputer system of any one

of clains 58, 59, 61 or 62. 90. The conputer system of

75.any Theeoroputet syistem &f3laign7% wisrin theginaneinbmedelling pais isAyrther

t0.88, wherein the finangi.al Ll.ing unit is further.
opssfiater ETHE el i b OF IR, rekRBFh igps R by o df gt@fionat
mulfithhdiaty 8iAols BRURhiddhct Getwieh thetdras of & Peir of securities issued
correlation between a pair of securities from applying
byt gefersnpert tor theyfimem of any one of claims 64 to 66. 91.
The conputer system of any one of clains 70 to 88,
wherein the financial nodelling unit is further
76.0peThé corapiiter Setenyef dliitm Vawlrseih die, fimhciahmodelting toin i further
mul tivari ate equati ons for sol vi}r;vg,for, .the rate of

opergiVe to, nstugdn e lenst prg Phhe wiknapirngps MoRe ff Jyp additional

muiltmf%riﬁé teqRRfbnd e 951@&5’[%611?[%1&%@5}} tlfe%ﬁﬂﬁss?ﬁg%eél&igf Gshya By, or

user for ‘one or nbre o e securities fromt
referenqedttes the fishenml die retvansofdlie taldira. m 68. 92. The
conmput er system of any one of clains 67, 68 or 71,
wherein the financial nodelling unit is further
77.0PeTRE c¥Bphier SREA of dind BRWHORSGA EhettirtintiaDhol€l0n® (A1 BSMHrther
that the returns on the firm (or underlying asset) are
opeatpesc toethctude fag| dt deash anes of phec wnsinpets 9 jopg|or more additional

Lstribution erein the a t L.ak

ol SR S kPPt hEP e ROPRLO S50 B Fpl By, or
refédandeddb Sthe ifibmtan @ the henestithd tdl feecurity are esti nmated

usi ng cl osed-formtype formula solutions or nunerical

approxi mati ons appropriate for the specified

tatisti . ! . | -
753, 2o R0 RAARRSE pen P RO i s e
opéthiive fosinklude erat dgest aheé v theounkndeh ihjrets rieane worhale additional

atistical, distribution process. that the returns on
m éfé(anate equations fhe expected probability o?’de ault.

79.  The computer system of claim 72, wherein the financial modelling unit is further
operative to include as at least one of the unknown inputs in one or more additional
multi-variate equations the expected loss given default on a debt-type security issued

by, or referenced to, the firm.

80.  The computer system of claim 72, wherein the financial modelling unit is further

operative to include as at least one of the unknown inputs in one or more additional



10

15

20

25

30

firm (or underlying asset) are expected to follow as

the normal distribution. 94. The conputer system of
web@sne234 wherein the firmhas, or is treatedP@FNZ2004/000331

havi ng, only a single class of zero coupon debt on

I ssue and the financial nodelling unit is further

e oo Ao PRBp R At R M et sepurfydpued by, o

3m§§&%€?ﬁ¢@?Yﬁﬁye of the equity of the firmat tine n Vn
'S e value of the firmis assets at tinme n and the

vzﬁl u;e of thg Lirms assets is the sunof the val ues of

the firms t (B d ity {SL. X is the f .val .
Slof (e SOPPHE SULDR QAN i SevLaL, whiiels Be iSiiigpfelling
unﬁ% PRSP %p&i‘aﬁ% tAberl@Bltd bhd ¥r Fokd pArdReksEirometh GAcRE hitBsolve

orizon, nyears'rv is the rate of return on the
thd modélsodbat dhe said patametens squakvalhes speeificd byl yi userd vare; gne of the

se et gt Bfgis ] P oL e geibiofiofielof nckpitsh isgupd b

or Pdfefef€eatb e &, nor mal distribution with d or d2 as
the upper Iimt r is the risk free rate of return, per

annum sv i s the standard deviation of rates of return

on e firm s asset r [ , : :
S0, B S REE e DR 1AL bR B3R ppodting
un@B RIS opSratihe 1 paeeas dnéley imdid pirankterafiem the nieleliamd solve
on the firms equity, per apnum 95., ystem f qr
theymorsli seghairthe prid paametsss %qanVﬂﬂ%Se?Pe@ﬁeQ%Viarwnt re one of the

saf¥pukdiEs Pk i%%)ﬂgl:atign ?&Wgéﬁ file TEBARHH2SITREMuritRs issued by, or

prrocessrng un operative to generate one or nore
refeegnaedtoetie firhom t he sai d

83.  The computer system of claim 70 or claim 71, wherein the financial modelling
unit is further operative to generate one or more parameters from the model and solve
the model so that the said parameters equal values specified by a user, where one of the
said parameters is the covariance between the returns of a pair of securities issued by, or

referenced to, the firm.

84.  The computer system of claim 70 or claim 71, wherein the financial modelling
unit is further operative to generate one or more parameters from the model and solve
the model so that the said parameters equal values specified by a user, where one of the
said parameters is the correlation between the returns of a security issued by, or

referenced to, the firm and the returns of the total firm.

85.  The computer system of claim 70 or claim 71, wherein the financial modelling
unit is further operative to generate one or more parameters from the model and solve
the model so that the said parameters equal values specified by a user, where one of the
said parameters is the covariance between the returns of a security issued by, or

referenced to, the firm and the returns of the total firm.
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option-theoretic nodel, estimted over a discrete tine
peri od, and solve the nodel so that the said
wearaneres s equal val ues specified by a user. BGI/NZ2®4/000331
conput er system of claim95, wherein the processing
unit is further operative to use as one of the said
paraneters a statistical nonent of the returns of one
or nore of the securities issued by, or referenced to,
84.he Tid Bmpfer sTRENCOHNTNLEYT0 DY Slafiil 7] whbRiMMHR%in MBI floBelling
the processing’unit Is further operative to use as one
ungff is tfheshes aipdrapiaie dorgemmrate tone oc mrare pataimstery fowethe médel and solve

o Grodrli Bt B S el St Vet SRTG0 Y s ey one of he
safd Pirih&ers iyile@péttdd roBAKEE ST dBMuMNi t s further

operative to use as one of the said paraneters the
covari ance between the returns of a pair of securities

i ssugd b r. refer ed L the fir 99, . T . .
Vromp eyl ieh & i 68 or il dir Worgit b eapigymodelling
unitis turdtifer fopeiakies 16 peicaath \vle of mbF€ paGnRies fbont 1he M&iell and solve

paraneters the correlation between the returns of a
the model; soythatdhe said pgramsters equal spluesispesified by arusernveheee enpeof the

f. e I T 0 f
sl MECh Ol ARl § OUBLRE s U I by, o
refepeticed toy thetfiomise as one of the said paraneters the

covari ance between the returns of a security issued

by, or referenced to, the firmand the returns of the

ot fi onp .
58, o o it Fyotery AR B iR 78 Blec il g Bkl modclling
untithie fprtler @petatige tn géneirate fone bh aroro pamaictevefrbm the enodel and solve

fornmul a for.cal.cul ati ng additi.onal par ters, hein
o e e g€ S Py S 1 Be Yo B viseh Wik one of the
safiD ffbmeRA & HRF BRibeRicaOMIRIIB 16: orf aSdebittYpe sduE) isk@d by, or
The conputer system of any one of clains 70 to 73,
refgremicedtogthetfom85, or clainms 92 to 100, wherein the
processing unit is further operative to use formula
for calculating additional parameters, being discrete
89t I MeEThéQodtpluter tsysterfi @f a@} ahé 6fclaints $3)\8r0r 3TGR an§ @he of claims 70

to 88, wherein the financial modelling unit is further operative to derive the value for, or

the additional multi-variate equation for solving for, the default loss on a security from

applying the computer system of any one of claims 58, 59, 61 or 62.

90.  The computer system of any one of claims 53, 56 or 57 or any one of claims 70
to 88, wherein the financial modelling unit is further operative to derive the value for, or
the additional multi-variate equation for solving for, the correlation between a pair of

securities from applying the computer system of any one of claims 64 to 66.

91.  The computer system of any one of claims 70 to 88, wherein the financial
modelling unit is further operative to derive the values for, or the additional multi-

variate equations for solving for, the rate of return, standard deviation, other higher
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calibration wwth the nodel, said fornula conprising:

Vi 2[1 - N(d3)y T 2 d2) / XJj,V (d y t - 2Vt XN{dx) +X
WQ@No0d862226s, = Ini X - Br PBS = - -1) _ Vt [PCF/NZ2004/000331

NJd3)y vT + XNJd1) - Bt Bt4{est - \\eslt - \) _ VtNd

yt - XNJd ) - St Std4{est - \\est - |) s VB~P s v s

B s vs_=Pvss vs s ere the additional,termis: ds di
RaGhy Gt atsies LSS LS S PR ek P Tor 618 o more of
theCRERE & X Betottuer isPstbh e tiagh $7foR claRB 68O M ng a

method relating a price or value of a plurality of

securities associated wth an underlying asset, the
r at

92511 1 soBBF e Ry e etai 578 10 1 i fnancial

modelling unit is further operative to model the real world distribution process that the

returns on the firm (or underlying asset) are expected to follow as a specified statistical
distribution, wherein the mean, standard deviation and other higher moments of interest
of the portions of that distribution relevant to a security are estimated using closed-form
type formula solutions or numerical approximations appropriate for the specified

statistical distribution process.

93.  The computer system of claim 92, wherein the financial modelling unit is further
operative to model the real world statistical distribution process that the returns on the

firm (or underlying asset) are expected to follow as the normal distribution.

94,  The computer system of claim 93, wherein the firm has, or is treated as having,
only a single class of zero coupon debt on issue and the financial modelling unit is

further operative to fit the model such that:

ln(Voe”’T[l—N(dl)]+BoeyTN(dz)] /T_r' ln(Voe"’TN(dl)—BoeyTN(dz)] /T_r

B, Sy
O3 B Oy
where:
S, is the value of the equity of the firm at time #

V. 1isthe value of the firm’s assets at time » and the value of the firm’s assets is
the sum of the values of the firm’s debt (B) and equity (S)

X  isthe face value of the firm’s debt (B), which is assumed to be a single zero-
coupon bond, at maturity

T  isthe user selected time horizon, in years

r,  is the rate of return on the firm’s assets, per annum

y  isthe promised yield on the firm’s debt, per annum

d, = ([111(1’%()”,,1*} / o, \/—fj+(1/2)(0',, JT)
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determining a risk premumincorporated in the rate of
return for each security; designating that a priced

WO p®k/062es or i ncorporated in the risk prem umPOT/NEZOW000331
security is the volatility of returns, neasured over
di screte tine, and that the price per unit of this
risk factor4s the sanme for two or nore of the said
s€eqditi®syland defi ni ng a nodel conprising data

QRO e i ive ReqbaB LT oy apgard nppgal diStibich Wi d, or d,
conpuas the-uppadhimite medi um of cl ai m 103, wherein at
| east. pne. of. sai.d rality of securities is a
dgbt R @‘ﬁé“?r%eﬁfﬁﬁ@ﬂ#‘“gnaﬂ%ﬁf‘?ﬂer conpri sing
CeNP s Bl ttmasridaiiRtibn of FaukldfeRard 61 the FidinySdsBéls, ey heduin
spread associated with the debt-typeinstrunent and
I egntis fheist@darddiefatibh of 286 dfesmana@nthe dirth’ ©debt, Per annum
prem um conponent of said yield spread. 105. The
c oypus the-standaidisleriatien ofiratesfof cétaimonl B8 firfoly ¢quély, per annum.
conprising conputer - executable instructions to fit
the nodel. 106. The conputer-readabl e medi um of claim
105,54 f I I S I} .2C I
95 sttt FREof SRS 08, EFREHELRAECHLEN, B o fi, the systom
cofaptisiad: nodel . 107. The conput er-readabl e nedi um of
cl aim103, fur%gisr cor@ri si ng conput er execut abl e
i ns QBRI EP eIy

png an estimate of the expected
def gublocdRis @it SRRRI 1o E8REd YRE of BEHE Ihdhn{ed&E Ydnt Yne said
i) iulgsa.edﬁ%y, o?ﬁ?efergn%zlgato, U?e fir In © sal
optinardthesiaiiy mhdely etienatdd oetrur disérete time petiod,tand(sotve the model so
urities) jssued b or referenced to, a firm said
tnd) S5 ] B Al e b e REABRG: 1ot e of 1 oturn on
securityj (rj) by reference to the prom sed yield on

said security (yj) and the expected default |oss
96¢ EDITIe evmpupd ssdemr ok glajine?s: Whprein jthe pEpjesging unit is further

opg%!ltjig%J 'tc{a%éejna%otn?%f ?%:%?cg pe?rgflhé{e&e{e Qfa’?ic%'afmﬁﬁl%ﬁtr éftetlﬂ% %etaﬁls of one

ree ra

or hedrél bithe Gadweiticaissugl Byher efgesdedeoahefieh. security to
each priced risk factor (m; calculating a price per
unit of risk (Im for each priced risk factor (nm in

97WNi Cipe computer system of claim 95, wherein the processing unit is further
operative to use as one of the said parameters the correlation between the returns of a

pair of securities issued by, or referenced to, the firm.

98.  The computer system of claim 95, wherein the processing unit is further
operative to use as one of the said parameters the covariance between the returns of a

pair of securities issued by, or referenced to, the firm.

99.  The computer system of claim 95, wherein the processing unit is further
operative to use as one of the said parameters the correlation between the returns of a

security issued by, or referenced to, the firm and the returns of the total firm.
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each Imis the same for two or nore securities issued
by, or referenced to, the firmand such that the
wee@dne22of the risk exposures for security/ apdI/NA204/000331
prices per unit of risk equals the excess return for
security/, and simlarly for any other security for
[ an esti mate of e e ss, retur,n i s avail abl e,
100} f AV h ST Hfofiain, o P RSEERy [ PROSE e Uit 15 further
opdr&tidl ©Sude histdie ofh@bdill iphdanRbers AR Evafiaftle Behedn theReturns of a
securities estimted over a discrete tinme period and
secugitysismeidfbiyc ot wiwenced ite, ithesfiing gndbithe pgturns of thef totad ficmd t o,
the firm calculating the excess rate of return for
all of the other securities being anal ysed, other
101.hamrhe cBAPEMr BYstéBTtanP Bk lof cRiAmb 70I t BXRRSMIEl $10cISREN92 1o
priced risk factor and the price per unit of risk for
10@ awhereinsthef processing unii isgfurther aperetive dmasgpfowmuda der ealculating

tpyt to user. par ers of . i.nferest fromthe
ad Rl persindlrt” BB R0k el MbRdED FattrRitn, Atgy the model,
sai€ Feridtlal €bfnp -ein the only risk factor priced in
accordagpe with the conputer-executable instructions
I s the vol gthlrinty eturns and the said
d%ﬁﬁﬁ%éﬁfgxecubébwgiaLstructions: desi gnate the
relation%hip between the firmspecific price of
volatilyty [Jﬁkéé ls ), the rate of return for/ ( r ),
t%e=V54§TF?ﬁfyA7 Dreturns fory (s ) and the risk free
rate of "teturn (r) as: r , - r Is = s j designate the
rate of return (r*)on another class, or classes, of
security (k) issued by, or referenced to, the firm as:
102.k The ebwphted exstagmaf eny wheokclgionu7( toy7%; | cdams &l tol84s erelaims

52§, BAfE witeetn B EaBr e it bt mreimaBApfealoutaring
addEif6M] | gakfBetérs) baiRG difieéte 1 SoRiilitygtdekRlafion &9 covariance, for

fol | ows:
calibration with the model, said formula comprising:

o _ \/h{vg [I—N(d3)B‘fT + X*N(d, )J /T
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EDLk =yk - rk fit the nodel; and provide as output to

a user paraneters of interest fromthe fitted nodel.
wao®s/oéeonput er readabl e medi um havi ng PCT/NZ2004/000331

conput er - execut abl e instructions for estimating the

covariance of returns for two assets, wherein said

covari ance is used as a nmeasure of credit risk of one

of th NeFTQL w2y (@ abl e nedi um of
C%iqﬁmg??ms)e TQ. o7 heN (RIPWeV(, § Lo
accorlance with the nput er - execut.dbl e i nstructions
are securities issued by, or referenced to, the sane
firm_ and s&rdBcovariance output is used as a neasure
ofoB&:r‘el(f;il\y(ﬁggySbilo ‘Z’Ttﬂf security that ranks highest in
priori®aN\por ‘&€ I'i qui dation or default event.111. A
comput ei re da)ﬁlaer medi um havi ng conput er - execut abl e

i V;a;% ] df)r” es tATer t he expected default |oss
0 Secut, tf ozwhey etm id estinmate of expected

def aul t I?§J@|s Uiled a’éﬂg measure of the covariance of
retur ry that rity and anot her security issued
bz, g%ﬁé&&enc‘eﬁ%ﬁﬂ e same firmwherein the first
seCurity r\ﬂgﬂﬁs_ﬁig&@er_ﬂn priority upon a |iquidation
or def alﬁTt eventt 112.7 The conput er - readabl e nedi um of
agy ang gfsclainms 109 to 111, wherein the

corfput éf - x&cut abl e instructions: designate the
agnhualj xpected default [oss (EDLj) on one of the
sai d sfjé’%ﬁlsrjol-?el es, security/, as: EDL1 = { P * - ij |
weer eploj®, the class or classes of the firnis
debt-type or simlar securities issued by, or
referenced to, the firmfor which the expected default

Wﬂe?g&le!a?di%h&QergﬁLsi' mated k is the class or classes of
Se

Curity 1ssue y, or referenced to, the firmthat
r gnk pehiznd7security/ in terms of priority upon a
liquidation or default event T is the tinme horizon of
interest to the user, in years

103. A computer-readable medium having computer-executable instructions for
performing a method relating a price or value of a plurality of securities associated with
an underlying asset, the rate of return on said securities and the risk attributes of said
securities, the method comprising:

determining a risk premium incorporated in the rate of return for each security;

designating that a priced risk factor incorporated in the risk premium for each
security is the volatility of returns, measured over discrete time, and that the price per
unit of this risk factor is the same for two or more of the said securities; and

defining a model comprising data representing relationships between the risk

premiums determined for each security.

104. The computer-readable medium of claim 103, wherein at least one of said
plurality of securities is a debt-type instrument, and further comprising computer-

executable instructions for analysing a yield spread associated with the debt-type
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J is the standard deviation of rates of return, per
annum of/ s k is the standard devi ati on of rates of

wo edoanez22per annum of Jk is the correl ati on PCT/NZ2004/000331
coefficient of the rates of return for/ and k; fit the
nodel ; and output paranmeters of interest fromthe

. fitt d I. 113. The conputer-readabl e
e S Ehee 580 oo ens S 4 i emponent of
smgqmﬂag@@mfxecutable instructions: designate the

annual i sed expected default |loss [EBLj) on one of the
sai dsecurities, security j , as: EDL | pijj sk fit

he deI i de .as opt put arapeters
103, TR i RiitaleBtL Sl A Bt 163, B e B Somputer -
ex€MEbIE REtiRRAR] Bt Medigdde), of cl ai m 107, vvherel n the two
assets anal ysed with the conputer-executable
i nstructions are portfolios or indices in respect of
108 " FBES ot RS Sa Bb1e BRI A0S T08! £O%RT L AMGROH Rt uter-

exmrabllﬂ iestructiadaty eutpmdd uliibéiépétdﬂﬂst&@ BPHegTite@186d4) . abl e
instructions for estimating the correlation of returns

for two securities issued by, or referenced to, a firm

| at ener at ed
1077, {18k Roilirde MEa Il of i 103, CATRME EbmBEREE HoRbuter-
ex¢cuabtexpsiciatidns éranilisingassestimatenef thé ekpetediodedault loss of another,
securities. 116, Jghe comput er - r eadabl e nedi um of claim

deBifxpe JRTuHE; (ReuRiy § &V> @ aeteennaed . M Rrmaniaopising the rate
of mn%ﬁﬁ %e&ﬂﬁy ¢oF §e%hﬁﬁé s(lecpg)lé or rgferétﬁgd Eglﬁuﬁlfnlﬁ’- sfagc{ analysis

he two said securities and _
compremg j is the class or cl asses of the firms debt or

71 v Ao B s B R 60 acP b By FHBEnES B mepised yield
on eitl lsme}d?)ﬂ and thd&pebidd de@ilt %s@%EBEJ) Bh sSiAGEEHY wherked

by, or renced to, the firmt
r;=y;—EDL,

calculating the excess return for said security j as equal to r; —r , where r is the

risk free rate of return;

calculating the exposure of each security to each priced risk factor (m);

calculating a price per unit of risk (),,) for each priced risk factor (m) in which
each A, is the same for two or more securities issued by, or referenced to, the firm and
such that the product of the risk exposures for security j and the prices per unit of risk
equals the excess return for security j, and similarly for any other security for which an
estimate of the excess return is available;

designating that one of the priced risk factors relates to the volatility of the rate
of return on securities estimated over a discrete time period and is specific to securities
issued by, or referenced to, the firm;

caloulating the excess rate of return for all of the other securities being analysed,
other than j, based at least partly on their exposure to each priced risk factor and the

price per unit of risk for each risk factor;
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rank behind securityj in ternms of priority upon a
'iquidation or default event T is the tine horizon of

WO niosexe4 t o the user, in years sj is the stanpEr/Nz2004/000331
devi ation of rates of return, per annum of/ sk is the
standard deviation of rates of return, per annum of k

t.he ann%%%lsgd expected default |oss on

secJﬁFP%ﬂwFP? He%Mvodel ; and out put paraneters of

i nt \Z for
0t SR RAE e i bonaztetom B ftel Bl

conputer executable i nstructions: deS|gnate t he

10§ cfefioudhhuds bt sheaisniptefyi 187, whfretn¥e Sty sk fpggor priced
in BB Hancd %ﬂpﬂfe%hlpa@é&%@me ﬁfstrh@ﬁcﬁfs% thef \v&mﬁtp ®f returns and

fitted nodel to the user. 118. The conputer-readabl e
thersaid gempéter xdcmablednstwetions: n one or nore of the

f’ﬁgtﬂfﬂéf&l?% ﬁ@eeﬁeﬁa%gn%ﬁ%%eﬁm Hisitmspegaitprice of Volattty Hek (4, ),
o G o ek g Do s RS 5% 1027 PGy L hE S e rate of

und&yl%lng asset are expected to follow, calculate the
& f%d real world probability of the option being
exerci sed,—,cal cul ate the expected nean, standard
devi &f Fefi—and ot her hi gher nmonments of interest of the
option, &, the tine the option is expected to be

exerci sed; use t e aforesaid ters to cal cul at .
the ’ﬁ@@? & I}a@aﬂ é%r%yma I £1a850F F,]@SSGf_,t ?gﬁcunty ?k) issued

bydbls&géfgﬁcem&l@hgﬁm%@sent val ue (as at the chosen
éval uation date) the pay off fromthe option using a

ri skradiudfed di scount rate, where said risk adjusted
di scount rate includes a risk prem umfor the expected
st arfgaigtatdevhere sepuriphelassior sthsspsdrarel dehgrtypessecimitigs, the default

lo%%oerpes%%dj eeglfﬁt?eﬁt tcgg{l]m?\gé{ {l}%grbm{s%(rl yfc’e&‘c? Qn ge{l secuntlgsh 8/k) and their
rate of return (7;) as follows:
EDL, =y, -1,

fit the model; and

provide as output to a user parameters of interest from the fitted model.

109. A computer readable medium having computer-executable instructions for
estimating the covariance of returns for two assets, wherein said covariance is used as a

measure of credit risk of one of the assets.

110. The computer-readable medium of claim 109, wherein the two assets analysed in
accordance with the computer-executable instructions are securities issued by, or
referenced to, the same firm, and said covariance output is used as a measure of credit

risk of the security that ranks highest in priority upon a liquidation or default event.
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user and adjustnments for any other factors specified
by a user, such that the price per unit of risk, for
we@amh/oei2ek factor, is equated for all of the optT/NA04/000331
bei ng eval uated, for the underlying asset and for any
other securities of interest referenced thereto; and
rovi de as out to a.use araneters of interest
11F7 o cRBIDRISE TR AR SR ohavhi, XCBHNIE eer LIS phgiuctions for

f | | e
est Mhefexpbdbdradfiait w\éa;e%fe%m Be«%ﬁ‘i?}k%héf@ih said ebtiiRate ofbeixgected

securities belng anal yse th the conputer-executa
defanlé tlosscisi waed dssa aneasipe iofrthavdvatiance ofpetusns Evethat sdulueity and

i nst ructj ons: i f | Id distributi ,
angiier S8ty ARieA N on teferiold &, e e bt el B fing sppurity
ran¥® hidhet AErRR 8o $liGRMIAIefaritRexpect ed to

foll'ow, using initial guesses for the values of the
di stribution paranmeters; cal culate the expected real

r probapi | i ty,.0f the option bei exerci sed. .
125 the BRR R e R mid aoS e GBI & RORI Ly perein te
copiter-etcaiable iARRAbAs: Of i nterest of the option, at the

tinme the option is expected to be exercised; use the

adesicasigi the panushiseeexpeeted dafavliilatsd Bilie) ex pee pbthersaid securities,

ay off fromeach option; discount back to
Sec\r%gls]gﬁg value (as at the chosen eval uation date) the

expected pay offs fromeach option using a risk

adj usted discount rate specific to each option, where

Sgi i ac{{ e djrs_clg ate includes a risk

p??r%?l]'rr]?lf’gi‘" (‘Jﬁ? eg Sect’e l@ﬁﬁr’;dard devi ation of the

expected option pay off, for such other higher nonents

obhdreit erest to the user and adjustnents for any ot her

factors ified b user,, h that .th ri ce per

ni 4o tHF SRS grasid ot o5 e SEE b P i stfef e b
of t heoPRiFdrented b8 tROfiAY fruieklthefRXbedt@Bdermaledsy isieing
asset and for any other securities of interest

ref er epdptedher et o; iterate the above process, by

varyi ng the nodel paraneter values, until the nodel is
fit ktedjs thedlagy @dlateesad sewripyiisstal by, os mferpageditet the firmfthat
interest.fromthe fitted nodel. 120. The .. .

conput SRk beRdsPE A ROY gfsﬂ%fﬁ']?( heia %ﬁq‘&lfl%\t?‘m o flgfault event
wherei n the cqnput er-executabl e instructions use the

est { matdhe fmeosizen,pf ipjeeest in e gpery AT,

9/ is the standard deviation of rates of return, per annum, of j
Ok isthe standard deviation of rates of return, per annum, of &

Pt is the correlation coefficient of the rates of return for jand k;

fit the model; and

output parameters of interest from the fitted model to a user.

113. The computer-readable medium of any one of claims 109 to 111, wherein the
computer-executable instructions:

designate the annualised expected default loss (EDL;) on one of the said
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standard devi ati on, other higher nonents of interest
and any other factors specified by a user for the
wa@asz®ene22eeri ved as out put fromsaid cl ai ns, asPCTINA2008/000331
price or value other options contingent on the sane or
simlar assets. 121. The conputer-readabl e nedi um of
cl.aim 103, wherein a user applies an optiontheoretic
SCCHFHEY SeUENHE 35 r m and t he conput er - execut abl e
instructions: determne a plurality of input
paraneters, the paraneters including a risk premumin
t he rateEﬁE}ey?quyn each security issued by, or
referenced to, the firm define relationships between
sai fit flermodlleanel; fit the nodel; and provide as out put
to a user paraneters of interest fr the fitted
o dBTOVGES Pt Lo e BRTISIARS B WUHER 9P B fifedrindh
wherei n the conput er-executabl e instructions: specify

the real world distribution process that the returns
114n The chbmpntes-remslgble snediemep{pdaime D7, ovlieotih dbg twp essefsyanalysed

.default point re senting the val of the f.irnms
wilfE U SomPogRPeroPhE R Rise Bo RISt fadipds! i respeot of
diffedért B f bt RriB} RRICRTcIvaBincaiuthit By wea s b infersieb of BRdit risk.
def aul't point being nmet; calculate the expected nean,
standard devi ati on and ot her hi gher nonents of

interest of the cur.iidj | Ng._ana Vi .
11308 b ior BB, Hhf i Qo BRRSA Rt Rfptions for
estih4tifgth@ s&edlsticnel retuensof i fecpatied issued byher deferenced to, a firm

hori zon of .interest; use the aforesaid parangters . to

by selpting Hieesaidhsorgslafion Ocompter goppigtedogptigrates ¥t the wariance of the
. it i i e ' of
sl S B B8 S ROl ol g AR RELERR, e
chosen eval uation date) the expected pay offs of each
security being anal ysed using a risk adjusted di scount
116.at &he \tbipatesadadable Shcdidh WS chindi1Scotsiein fie&opatendescutable
o arisk premumfor the expected standard devi ation of
nsgrHell@®hect ed pay off fromthe security, for such other
' i nt t FHSt t .
PSRRI (D0 B8 o NS P2, B0 o
the price per

pj =EDL;T / \/(e"sz —1j(e""fT ~1)

where:

j  isthe class or classes of the firm’s debt or similar securities issued by, or

referenced to, the firm for which the expected default loss is being estimated

k  1isthe class or classes of security issued by, or referenced to, the firm that

rank behind security j in terms of priority upon a liquidation or default event
T is the time horizon of interest to the user, in years
is the standard deviation of rates of return, per annum, of

gj

o, is the standard deviation of rates of return, per annum, of £

EDL; the annualised expected default loss on security f;
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unit of risk, for each such risk factor, is equated
for two or nore securities issued by, or referenced
wo ogospbe24irm fit the nodel; and provi de as ORPCPNZ200¢/000331
a user paraneters of interest fromthe fitted nodel.
123. The conputer-readabl e nedi um of claim 121 or 122,

erein the conputerexecutable instructions: define
ﬁgﬁﬁmﬂ_aﬁ‘gl ti-variate equations representing
F Ghiphi RRHUBSE P RIVREGRTR Medahbddfto hlgervar i abl es

used I'n the nodels in clainms 121 or 122; and sol ve all
of the nulti-variate equations and the said nodel to

1k ghem P RBD Rt A, S, TR e Segreevocntable

indiRisme: of claim 123, wherein the conputer-executable
instructions include as at |east one of the unknown
i depignate the oereelatiome o) efdbe ratenafaniveisaidsesurities / and £, as:
equations a statistical nonment of one of the
secupj i BBLj gE@d by, or referenced to the firm 125.
The conputer-readable nmediumin claim 123, wherein the
beedut abl e instructions include as at | east

Cc
?m&ﬁtp\l?? Rla.trel}ﬁet%'l@ PR ki HMh éﬁ‘tté?irlﬁoc]%fl t&ﬂfe%géxddi tional

arrate equations the correlation between the
returns of a pair of securities issued by, or

referenced to, t firm, 126, The cqnpyter.-readabl e
Ngedi BCfml@%t%ITWP(Q YR of ¢lgun c@ﬁ‘p Li@Fe-l’éx‘l%’@u?raﬁ}%e of the

sebubftles BEinb ARAysAGH ! ’ﬁae%%ggﬁté_r-%ﬁﬁutéﬂl'@irﬁﬁuétfb%s YK GWMdn, and the

Inputs 1A one or nore additional multi-variate
sailopeatputmsxeduabdoinsirictinne: bet ween the returns of a pair

of secugrifies jssued,.by. or referepnc to, the firm .

Vo7 Dl Bsrivet 3Pt g i aicr BRE theiprhsn the tndertying
as¥i efeixBedibBtoCrolTpwt er - execut abl e i nstructi ons i ncl ude

as at [east one of the unknown inputs in one or nore

addicelcslatd thagrpactedaeplaverlepiohehibysofitheoptinmy being ¢xsrreised;

e SR B Rl BN B8 e Bl s o
infetastvof th2 Sptiok) at ihe time the opierialkkpecimito baeaéretded] m 123,

vvheruesé I:c]he:t Qf%re%giﬁppuatlrft{létgée'cg uctaﬁ:?lia?e the expected real world pay off from
the option;

discount back to present value (as at the chosen evaluation date) the pay off from

the option using a risk adjusted discount rate, where said risk adjusted discount rate
includes a risk premium for the expected standard deviation (measured over discrete
time) of the expected option pay off, for such other higher moments of {interest to the
user and adjustments for any other factors specified by a user, such that the price per
unit of risk, for each risk factor, is equated for all of the options being evaluated, for the
underlying asset and for any other securities of interest referenced thereto; and

provide as output to a user parameters of interest from the fitted model.

119. The computer-readable medium of claim 103, wherein one or more of the
securities being analysed with the computer-executable instructions is an option and the

computer-executable instructions:
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instructions include as at | east one of the unknown
inputs in one or nore additional nmulti-variate

weowshéxes t he covari ance between the returns BET/NZ2004/000331
security issued by, or referenced to, the firmand the
returns of the total firm 129. The conputer-readabl e
medi um of . cl aim 123,.. wherei n t he ter- executabl e )
gty s maridisien esess ST TERERuK daupiderlying
LNRHS S whith 3RS oo R @nBREknt, | 498 8tpettélith THIBW, Alsthg initial guesses

assequ tr?ons t he 1g_gi(pgact ed probabi l ipty of default. g130. su

for Tieevahaasfi ther disteihutadn parameietsm of cl ai m 123, wherein the

ter- t ab i nst t.i [ | ud t |
o eCpuTgtR B PGSR oo BOE BropeBiiRy bF fieipBoR Ree eafidinoc:
MUl e AL RS Bx Sl eAS idiRlaRX B8R AP 6thel WRiher moments of
default on a debt-type 'security issued by, or

interest of theaption,mt thehiégme themptisn is aipecled ipbe exereiseiabl e
medi um, of .claim 123, wherei.n.the, conput er - execut.abl e
bt g e bmaimetels B farpuad ing RRBR sl MGy St from
cach®pHbg; i n one or nore additional multi-variate
equations the expected default |oss on a debt-t

secdis¢aupt baekytedpisyent graluecis ek theethosen eyaleationy %tégfgg expected
Th ter- i f l €| ai :
pay; 38 SHEPACE, ol 8 R0 PR el AP A0 ot L o option

wheenReidaik dnstedrdistdust R acaley Srifk promilne fobnitie lexperted standard
solve the nodel so, that the said ptgr aneters equal .,
devatianeaf e sxpectedionsipnapayself, fopsusheo et IREUEHS f interest to

theglﬁéera%?tatahﬁuﬁe%t@f&taﬁ& bfife} ﬁﬂo&?@{/@?ﬁ%rdq;ly e{ﬁ‘s%r, rsﬁél?ﬁﬁ?th@{pgige per

€ Securities Issue ef erénced to,
unit bf rizk, T@3eacH hisk fempisexuated fetilleofithaoptions foemigaivaiud@d, for the

r.claim122.  wherein the conputer-executable
undlstie R BT SHE PIIE SEIBLET ORBIEEe b SRRtCrbSF b ¢ he
NMdglagntheSRHOVE ﬁrb@esg,ggﬁlva?y%é hed nid#el patachdRd’ PIIBdsEufitil the

equal val ues specifi y a user, where one of the
mogeliisl fifad;aamdt ers is the correl ation between the returns

e P e Dutp e et R s L RBH Bk

121 or claim 12, wherein the conputer-executable
i nstructions generate one or_ nore E)ar aneters fromthe

12¢rod&he seenpsirveadehle msdaim sof ehiim 1he aplgimal etbersin the
coﬁﬂﬂ@-e%@hﬂﬁ% ﬁr@&ﬁétf&ngduééyﬂfé USifhated NRERsORE the rate of return,

standard deviation, other higher moments of interest and any other factors specified by a
user for the asset, derived as output from said claims, as input to price or value other

options contingent on the same or similar assets.

121.  The computer-readable medium of claim 103, wherein a user applies an option-
theoretic model of the firm and the computer-executable instructions:

determine a plurality of input parameters, the parameters including a risk
premium in the rate of return for each security issued by, or referenced to, the firm;

define relationships between said parameters;

fit the model; and

provide as output to a user parameters of interest from the fitted model.
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of the said paraneters is the covariance between the
returns of a pair of securities issued by, or
wo edosenzeed to, the firm 135. The conput er - r eBdENZ2004/000331
medi um of claim 121 or claim 122, wherein the
conmput er - execut abl e i nstructi ons generate one or nore
paraneters fromthe nodel and sol ve the nodel so that
the said paraneters equal val ues specified by a user,
128hergheQidpnieriBR1abR HleMBAPHRIISRS 125 Wiktteif M &lrifit@ executable
_ between the returns of a security i'ssued by, or
msytefctipmniced to, the firmand the returns of the tota

firm 136, The comput er.-readabl e i,um of cl ai 1,

or " Gpati the 7o, FEAE HlsEoR G eres T B tum o the Hois asset
ani@gk&@g&@gﬂ§wgenerate one or nore paraneters fromthe

nodel and sol ve the nodel so that the said paraneters

equabesity udsfagliaointirepressntiag dbe valuatofithe Gnatfassdte abwhith the
araneters iS.the covariance between the returns of a
é@ﬁ???%xﬁg§%§ﬂﬂby, or referenced to, the firmand the

r et waleslagd the Bepdceddatkalfweéd prbBdbilifh6r tBe Hﬁdﬁlegoiheaéiﬁ@hﬁt;

nmedi um of claim 121 or claim 122, wherein the

compatcalatethecerpagipd mess: pigadard rsvigtine rad ethachigher moements of

0
D t I n | v e dels.. hat
DRLPIEL Seb il WA B S able LT il process
maotleHed foanke fifm’shssetsadnd thadefawlt pomit, a$ tHeltBnEkatohod interest;
probabiIiHy of, default. 138. The conputer-readabl e

I

me divSerhsr a eqegzplﬁqpﬂqne&rs do Sﬁlﬁ}ﬂﬂ@t,he whReciidrrephworld pay off of the
se&ﬂﬂ‘ﬂybﬁﬁg %@?é&ﬁ?ﬁltﬁe Jciﬁ‘%t LHZhA BPRedERer ate one or nore

par anet ers om t he nodel and solve the nodel so that

t he dissbuntpmck e pesssnteplad (asadtubs chgseni dvaledtidyy date) ther expected

where one of the said paraneters.is jhe expected | oss A
pay 05 07 GRFLFPITIE PR A Being aciik adjuadiinpupl ratey phere said
risfrcrgglﬁﬁféﬂccﬁﬁofl@tg rateNBcllliésm lrﬂlg’ Brentill® ©F m:%é(t:tﬁg 308848 deviation

lumof claim 121 or claim 122, wherei
of ghemprpeeted pre offt Ephdhe seenritys tfosish gdirertagher omenants abineerest to
er.s. . fram.t he del. and sol.ve. 1t he nodel, so . that.
P SR} FiTma b Dy SR O REClEL RS nER Sigh B tasbrice per
unitiof kigk oL efth sublerislatadtad i aqBated Sorl throldhendd¥ BE&MHEEs issued by, or
default | oss on a debt-type security issued by, or
referopesdifc®g 8, the firm  140. The conputer-readabl e

medigd MohodYapgne of clainms 104, 107 or 108 or any one

b

X

ins

provide as output to a user parameters of interest from the fitted model.

123, The computer-readable medium of claim 121 or 122, wherein the computer-
executable instructions:

define additional multi-variate equations representing relationships between
some or all of the variables used in the models in claims 121 or 122; and

solve all of the multi-variate equations and the said model to calculate the

remaining unknown variables in the equations and the model.

124.  The computer-readable medium of claim 123, wherein the computer-executable

instructions include as at least one of the unknown inputs in one or more additional
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of clains 121 to 139, wherein the conputer-executable

i nstructions derive the value for, or the additional
woredosioeazas i at e equation for solving for, the deE¢ENE2004/000331

| oss on a security from applying the

conput er - execut abl e i nstructions contained in the

onput er - r eadabl e m of a one of ..clains .109
YR e RO p e CrlinePL bt R B 1 R cheodhypy. o
refoRR8céd toGhafipm, 104, 107 or 108 or any one of clains 121

to 139, wherein the conputer-executable instructions
derive the value for, or the additional mul ti-variate

12%2??&18]%831&)0 r?a[déléfgqgécg i hgah%l? gv %e?;? H}getoy@\@%ter-executable

insG@BisHseihcide ab a8t bs bf Wi LD wWaORHpatsaCbreNort Mbre add1t10na1
conput er -readabl e nedi um of any one of clains 115 t

mujti-yatiafp equations dhpeareslationheiwean the asturnsei appjr erﬁ@cmtles issued
t 1&% wherei n the conput er-execut abl e
byﬁér%%’r ucjcig%Floé%aeerl Ve the values for, or the additional
mul ti-variate equations for solvi ng for, the rate of
return, standard devi ation, other_ hi her nonent s of

126.nt dhe spmpHier-ssadablerasdivm of wlpim 123 pesin heomputergyeeutable
1nst SiorlsGhclRBE a8'at 'f&rsf"gﬂﬁ’ge of R 6t fnﬁﬁts @odﬂeacg‘pl!n&en%ldltmnal

e conput er-executa I nstructions*cont al ne
muttli)-lvpuate reqnata hheecovard anoe etwednathewdtiths @f aqiah ofi stdiftities issued
The r-readabl e nedi um of any one of clains
by4¥§e&%?§agFﬁ%§ﬂ%m%here|n conput er - execut abl e
instructions nodel the real world distribution process
that the returns on the firm (or underlying asset) are

1278 x pd be edmputer-véddable asediurs pé clainel® 3s wriest thealomputer-executable

i strihuti n th st and rd devi ati on and
insEp G AR o5 hasrebonst Of HGHIkap Mot RS IpGRE| 0B Additional
mult@hrigte %hﬁathiﬂ;s 1RO chREIBNAN betiv@er® IS ftirhs WF Ar Ro@Y 15@1%@ by, or

usi n cI osed-formtype formula solutions or nunerical

refespocsipihe fismand the sprnnefhe trtalifire. speci fi ed
statistical distribution process. 144. The
conmput er - r eadabl e nedi um of claim 143, wherein the

12&0onfie eomeutecudadbble neddim e claimsl 26pdatreinhe rcemlpuideketutable
. stati st.i cal distribution_ process that the returns on
insfrigtqns ipelpds 28 dhidsest Prfgohtiscinkngpa 1aRwe dk opetas. meye) asigitional

mm.valheﬁe gﬁ&fﬁigis g]héggm%eeoﬂetw%{éﬁ theTféﬁuﬁ gguts%uﬁtgm@é By, or

medi um o erein
referenctddd, the finaand ghe whirys of the mgdtleﬁmi ass of zero coupon

debt on issue and the conputer-executable
129.  The computer-readable medium of claim 123, wherein the computer-executable

instructions include as at least one of the unknown inputs in one or more additional

multi-variate equations the expected probability of default.

130.  The computer-readable medium of claim 123, wherein the computer-executable
instructions include as at least one of the unknown inputs in one or more additional
multi-variate equations the expected loss given default on a debt-type security issued

by, or referenced to, the firm.
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instructions fit the nodel such that: 'V [I- N)] BO N
(V Nd1)- BNd2 1/In T - r t _r Bn Bs s where: Snis

wo b@swed2ee of the equity of the firmat tine nPORNEZR04/000331
the value of the firmis assets at tinme n and the val ue
of the firms assets is the sumof the values of the

irm.s debt (B equi t ). X IS the .face val ue of
13§heriher%ﬁg’%%a)?a‘?a§% mvgxﬁ“e#%‘ ‘iala_g Letherein 36 cprephigg xocutable
ingtRICAGRURRTdB Rt [Bhst 'BRE WFithy ufikhdiwi MpulSBI ofEbe RloRd additional
time horizon, in yearsrv is the rate of return on the
mylfirvatigteaspietions the rexpentednigfanls lodseonpa debtsippe yéomtity ssued by, or
he f] rr}s ebt, per annumJV(.) is the cunul ative
rettﬁe&B%CHOP HefiIBt t he standard normal distribution with d
or d2 as the upper limt is the risk free rate of
return, per annumsg. is the standard deviation of .
132at ddheoromputar-readable haedivmriof clsioeti2] perclaimmUidls Biliesein the
h t.andar eviation of rates of return onthe
copBfisF S L. Gl one o6 e ook RabesES Lo i rppdel and
solvatiesmotelr st tHatthe Baill pardndtets Sq@f Waluds sPRifimtiusekXRhere one
A computer readabl e medi um havi ng conput er - execut abl e

of jthe; s3id Rarampeiersos etptivical memenkef feriraterng msiopezof the securities
: L. oN- i dgl, of a firm said nethod
lssggan%ﬂ%?%g%?ﬁéed@fg%s Of generating one or nore

paraneters fromthe nodel, estinated over a discrete

[ peri od, and _sqlving the nmpdel so that the said
13%a?§%st erarygiraedable (ediume of olaim P laoncim 132, wheeein the

001:}1 THRHESLufBRABRI Bt TRE iﬁg:%r% éﬁ%?r%%ré%m&g 5RnP R Rbdel and

e sald paranmeters armalyse
solve tipumedelssogbatt the kaid ipastetars equed vaRiessisdciidddtyi £ aser, where one

of ﬂgmssagit(pq%%pétg% i% gl%egc{og%‘l‘ag]gn?)g&vel%ﬁ éhnﬁp re og o eltq gai1§ g S%E:brgtliegsslssued .

by, or referenced to, the firm.

134. The computer-readable medium of claim 121 or claim 12, wherein the
computer-executable instructions generate one or more parameters from the model and
solve the model so that the said parameters equal values specified by a user, where one
of the said parameters is the covariance between the returns of a pair of securities issued

by, or referenced to, the firm.

135.  The computer-readable medium of claim 121 or claim 122, wherein the
computer-executable instructions generate one or more parameters from the model and
solve the model so that the said parameters equal values specified by a user, where one
of the said parameters is the correlation between the returns of a security issued by, or

referenced to, the firm and the returns of the total firm.

136. The computer-readable medium of claim 121 or claim 122, wherein the
computer-executable instructions generate one or more parameters from the model and

solve the model so that the said parameters equal values specified by a user, where one
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148. The conputer-readabl e nedi um of cl ai m 146,
wherein one of the said paraneters anal ysed by the
W@ vpaere4 execut abl e instructions is the corr ePEI/N&zN04/000331
between the returns of a pair of securities issued by,
or referenced to, the firm 149. The conputer-readabl e

diumof claim]146, wherein one of the said L
of Ji¢ st brotetits 3 0 dorg e beotRn Bs uitas o asperity issued by, or
refeRSHcEdI 0, HHREml snd 1AE r&OMAIJr ARCStPBIMeen the returns of
a pair of securities issued by, or referenced to, the
firm 150. The conputer-readable nedlun1of cl ai m 146,

ergin one of t sai d ters sed by the )
130 oot e ue et AfcrEts et dfmtioh Sthercin the
BRUWRRRENEbIE ridtrit o éxﬁféudﬂ tdf m&%%&nkat Hom th 1
COr ef erenced to, helflsr%nand tt?e ret urns ofertsheom eIPOde and

sopvierthe mpgal, soTthat th@ fpid tharamaerd shhal vabigs a1|m0¢ﬁe(§1d1:3§aa uf]elAﬁhere one
he d e t he
Of\é\%ﬁgpaﬁ }gr ngtgl%ul? Qﬁ eé(%gé‘ltg(ll B{ﬂi’?ﬁh’g rji's dﬁ% eyi ovar iyan ce

between the returns of a security issued by, or
referenced to, the firmand the returns of the total
81 r rﬁhels@npqtﬁrereeéqlhim@pdm@a@émlamréaﬂum oflaiginy}23navhefein the

oA 8o A Rk S B gt e ot

sofvetiimadélao thatl thel bt Ipﬂ@inﬁdﬂ?ls [iL0:1] l&hlgeﬁﬁmﬁleﬁﬂ@ha ?@dr Nghere one
i nst a taneous volatility, for, calibration wt he

of ﬁlgd%lpcp pargmgtersis the §XRestsk foss giyen defauly oa g qlebj:-tmdse\;l}ntﬁ issued
153e &y r eadabl e medi um of any one of clains

b e R T 0 o 156 o1 ol ai my 243 to 151

wherein the conputer-executable i nstructions use
bei ng

ddi I
1307 e eorbruE ety 1Ry Sncat G 18 andy A hambaein the

coﬁ@ﬁteﬁ@kécﬁfa@lé 19511'1!8‘[{035 g@ﬁer&@ &Rk or 2itE pfa.l%ﬁf&blr?ﬂom the model and
conprising: v )y +x N(d2y <
solve the model so that the sa1 parameters equal values spe01ﬁed by a user, where one

of the said parameters is the expected default loss on a debt-type security issued by, or

referenced to, the firm.

140.  The computer-readable medium of any one of claims 104, 107 or 108 or any one
of claims 121 to 139, wherein the computer-executable instructions derive the value for,
or the additional multi-variate equation for solving for, the default loss on a security
from applying the computer-executable instructions contained in the computer-readable

medium of any one of claims 109, 110, 112 or 113.

141.  The computer-readable medium of any one of claims 104, 107 or 108 or any one
of claims 121 to 139, wherein the computer-executable instructions derive the value for,
or the additional multi-variate equation for solving for, the correlation between a pair of
securities is derived from applying the computer-executable instructions contained in

the computer-readable medium of any one of claims 115 to 117.
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Bj}2Vvt 2N{d 3y t - 2V XNJd1)+X 2NJd2) = In| ! t S X -

BPBSB- 1 - 1) WVt [l - Nd3)yr XN( ) - Br Pm= Bt
W@ 20050082224 - 1) _ V NJd3 s t - XNJd1) - S Pvs -PET/NZ2004/000331
v-; St4[est - I\essT - 1) s BS=PBSs Bs Ss VB = PvB

S VSsS Bs vs =Pvss vs s where the additional termis:
d dl sv t 154. A conputer-readabl e pedi um havi

n
142t ol conwutesicadablegnedium of @ enseoislamss 21oto &%%, Whesein the
| a t : : fete I ' S
cofff Db Rl R BTSRRI v
equations for solving for, the rate of return, standard deviation, other higher moments of
interest and any other relevant factors specified by a user for one or more of the
securities from applying the computer-executable instructions "contained in the

computer-readable medium of claim 118 or claim 119.

143. The computer-readable medium of any one of claims 118, 119 or 122, wherein
computer-executable instructions model the real world distribution process that the
returns on the firm (or underlying asset) are expected to follow as a specified statistical
distribution, wherein the mean, standard deviation and other higher moments of interest
of the portions of that distribution relevant to a security are estimated using closed-form
type formula solutions or numerical approximations appropriate for the specified

statistical distribution process.

144. The computer-readable medium of claim 143, wherein the computer-executable
instructions model the real world statistical distribution process that the returns on the

firm (or underlying asset) are expected to follow as the normal distribution.

145. The computer-readable medium of claim 144, wherein the firm has, or is treated
as having, only a single class of zero coupon debt on issue and the computer-executable

instructions fit the model such that:

ln[Voe"’T[l—N(dl)]-l—BoeyTN(dz)J /T_r_ln(Voe'VTN(dl)—BoeyTN(dz)] /T_r

B, Sy

Oy Oy

where:

S is the value of the equity of the firm at time »

n

V. isthe value of the firm’s assets at time » and the value of the firm’s assets is
the sum of the values of the firm’s debt (B) and equity (S)

X s the face value of the firm’s debt (B), which is assumed to be a single zero-
coupon bond, at maturity

T  isthe user selected time horizon, in years
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the system of any one of clainms 52 to 102. 156. A
conput er -readabl e nedi um havi ng stored thereon the
W@i0pM62284 om executi ng the conput er - execut abl ePCT/NZ2004/000331
i nstructions of any one of clains 103 to 153. 157. A
conput er - r eadabl e nedi um havi ng stored thereon an

order, to buy or sell  securities, or otherw se enter
iﬁftolﬁhﬁré refn Zﬁﬂsffggté’d)eﬁm%st in part on

59 10b el RT RIAGEER B SRR i ' or e

t her epn der tp b or sell curities, or
OWQ@TW er, Tl m%i&-ﬁéﬁ)&'@ﬁ;ontract, based at

| east\Li ™~ par1 on-Jdthe ouwput fromoperating the system
of an oneelgf claims 52 to 102. 159. A

c@’n‘p?%leTO'v ddabl e nedi um havi ng stored thereon an
order. to buy or sell _ securities, or otherw se enter
N it R e PR OF s aor norsaG R b, or
t he owtimmuprer mitexecuti ng the conput er - execut abl e

i pst r.ugjtrei osggaeof ta%e ne of claims 103 to 153. 160. A
corrpdf T R ?Fa%n}’f‘&l stored thereon a

r @GO MEERARndMNd deRidliol oPFat&dflre@BEHH tHel fRfn’s Nsetd! 18 aiinSh
enter into a financial contract, based at |east in
part iotheGtinduid devintioh b€ rawesosfasitrobn theyiraneds, [ ahditin 1
to 51. 161. A conputer-readabl e nedi um havi ng stored

t lrgr éothestandawldenmtian o6 ratescofletyroen thel firméeequifyt pasnnan.
ot herw se enter into a financial contract, based at

| east in part on the output fromoperating the system

148f aqy. t& rGlaRbESmedi % - i '

Conpur srud eI in 1oVe Sigpul pieauatle ipsmctons for

perfennimgeadatthod tboafply amr opiidr-theerstici mivdel, obn fitrhesaid smethod
ent.er iﬂto a f%nanci al contract, based a}mllne st i

COB’QF‘ngrf ¢ KePs 9 'gmerzftw%(%rc@ﬂ%%armgters e moldgl, estimated

ovEP BT Rt QIR géﬁ&i Qinti NSIVIRE HAORD IO st BlaCsaf pilafef®s equal
103 to 153. 163. The conputer-readabl e medi um gf any

valyige spfcifgdddiyaused3 to 162, wherein the
comput er - r eadabl e nedi um i ncl udes one or nore
non-vol atil e storage devices. 164. The

14G0NIHee compaRabdadabiedimedival mylapne 106, Ghaidie die3 of Othe said
162, wherein the conputer-readabl e mediumincludes a
Papiery analysedlyathei qomruter-executable instructions is a statistical moment of

the returns of one or more of the securities issued by, or referenced to, the firm.

148. The computer-readable medium of claim 146, wherein one of the said
parameters analysed by the computer-executable instructions is the correlation between

the returns of a pair of securities issued by, or referenced to, the firm.

149. The computer-readable medium of claim 146, wherein one of the said
parameters analysed by the computer-executable instructions is the covariance between

the returns of a pair of securities issued by, or referenced to, the firm.

150. The computer-readable medium of claim 146, wherein one of the said

parameters analysed by the computer-executable instructions is the correlation between
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the returns of a security issued by, or referenced to, the firm and the returns of the total
firm,

151.  The computer-readable medium of claim 146, wherein one of the said
parameters analysed by the computer-executable instructions is the covariance between
the returns of a security issued by, or referenced to, the firm and the returns of the total

firm.

152.  The computer-readable medium of any one of claims 121 to 124, claim 132 or
claims 143 to 151, wherein the computer-executable instructions use formula for
calculating additional parameters, being instantaneous volatility, for calibration with the
model, said formula comprising:

Vo s
°'B=O'VEO"3(V B)T[I-N(dl)]

0

oy =0, ?’—e("’"rS)TN(dl)

0

153.  The computer-readable medium of any one of claims 121 to 124, claims 132 to
136, or claims 143 to 151, wherein the computer-executable instructions use formula for
calculating additional parameters, being discrete time volatility, .correlation and .

covariance, for calibration with the model, said formula comprising:

B,

,_ \/ln[ 72— N, b + N, )J /T
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- X -B,
> B, \/ (e"gT -IXe"gT —1)
o Vell=Nd )k + xv(d,)- B,
” Byl —1)e 1)
— VTN(ds)edgT —‘va(dl)_ST

SN e ey

5 Ops = PpsT3p0yg

Oy = PypOyOp

Oys = PysOy0s

where the additional term is:

10 d,=d, +o,T

154. A computer-readable medium having stored thereon the output from the process

of any one of claims 1 to 51.

15 155. A computer-readable medium having stored thereon the output from operating

the system of any one of claims 52 to 102.

156. A computer-readable medium having stored thereon the output from executing
the computer-executable instructions of any one of claims 103 to 153.

20
157. A computer-readable medium having stored thereon an order to buy or sell
securities, or otherwise enter into a financial contract, based at least in part on output

from the process of any one of claims 1 to 51.
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158. A computer-readable medium having stored thereon an order to buy or sell
securities, or otherwise enter into a financial contract, based at least in part on the output

from operating the system of any one of claims 52 to 102.

159. A computer-readable medium having stored thereon an order to buy or sell
securities, or otherwise enter into a financial contract, based at least in part on the output

from executing the computer-executable instructions of any one of claims 103 to 153.

160. A computer-readable medium having stored thereon a recommendation to buy or
sell securities, or otherwise enter into a financial contract, based at least in part on

output from the process of any one of claims 1 to 51.

161. A computer-readable medium having stored thereon a recommendation to buy or
sell securities, or otherwise enter into a financial contract, based at least in part on the

output from operating the system of any one of claims 52 to 102.

162. A computer-readable medium having stored thereon a recommendation to buy or
sell securities, or otherwise enter into a financial contract, based at least in part on the
output from executing the computer-executable instructions of any one of claims 103 to
153.

163. The computer-readable medium of any one of claims 103 to 162, wherein the

computer-readable medium includes one or more non-volatile storage devices.

164. The computer-readable medium of any one of claims 103 to 162, wherein the

computer-readable medium includes a propagated data signal.



