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SECURI TIES FIELD OF THE INVENTION 5 The invention relates generally to the
efficient conputer processing of financial data. Mre particularly, the

i nvention ngbabRmeiz9; computer inplenented techniques foperReseakbdasdous!y
nodelling the price (or value), expected rate of return or other relevant
characteristics of securities issued by, or referenced to, firns (or other

assets) by incor ' | rem i fferent
securities can be%ﬁ%ﬁ&ﬁ@éﬁéﬁ%@nﬁ?i@mgcoher ent
framework, thereby leading to significant reduction in the conputing
resources otherwi se required. BACKGROUND OF THE I NVENTION 15 Currently many
fi nanci al iFIELDtQFiT(I%?WENTﬁOBIstorS use a range of conpletely different
conputer nodels and systens to anal yse and eval uate different types of
assets or securities. (Assets or securities are defined herein in the
broadest p@hsiibientidrerdiates genemally do i, efﬁmcntemmppteepr@hﬁmsqf fivancdal datinverti bl e

i nst rument cal | ut ..opti,ons, faul t
cwape. ot hifortdrabayedne SRR HARS t i SimdReg SfllescRE
financi al %ﬁéﬂoﬁmu’slyﬂhbdeﬂiﬂg&ﬁe pnwhoﬁeaue)pmdd tite6f Retutn oSotttirlralelant
references to securities |ssue

refer ncegﬂH a firmalso refers to
securities Gh@'%‘ﬁ@'@tlb%/ of gecuritigy é?s’é%gﬂ erprefesgnre ttﬂ!e hdey P?‘F’n@s%)sgf ) Not
only is th%m% ynsﬂ ws‘%g Mgf?an g QH Rhiferbiit s@emes(cfaﬂrbeee@arﬁ%s the

enpirical per ASset Pricin Model and the
Bl ack- Sﬁholveﬂ:umrat smglepmdiedgmﬁ)adlerm@wﬁk,bm r leadiggcle signifisanhuner ous

studies), bu ficant.co are also required to run

mil tiple r‘r?f%fg E{ﬁ‘i"ﬁﬁg’}lﬁ%e &%&{Q% Qéjfeéﬁg fferent nodels currently used
for different types of assets, but rrultl pl e nodels are often required for
the sane asset .t Q r 30 fitting the Bl ack-Schol es option
prici ng mo & gﬁw&%@mﬁéﬁs by way of solving for the inplied
volatilities, a second nodel is then typically required to nodel the

resul ting three di rrensr onal ngml ed valatility surface in_order_to price
ot her dft i &wently many financial institutions and investors use a range of completely different

computer models and systems to analyse and evaluate different types of assets or

securities. (Assets or securities are defined herein in the broadest possible terms,
including, for example; shares, bonds, convertible instruments, call options, put options,
fitures, swaps, credit default swaps, other derivatives, other financial contracts, real
20  assets, financial assets, liabilities, indices, commodities etc. Similarly references to
securities issued by, or referenced 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
25 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
; 30 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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In the case of the Merton option-theoretic nodel, pplled in a risk neutral
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typically require e rls probability estimates
to reaHOmorId def aul t probabllltles as shown in Flgure 3 20 and as, for

exanpl e, ed by conmer Cci rvice | der KMV, Th i nvention
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prem um or piediyaised ittBeit Atalysd eltesddodels ﬁﬁﬁd’é thE)Ca?ﬁala&%&thﬁiﬂgQﬂédeQr val ues.
In the case, of option pricing, the calculation_of am%ﬁerlsk adj ust ed

di scount r #hews dn Figue Zathe FamaFransh thige fagterempdeland the Asbifege Pricighe
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approach to valuing options was recognised rize W nning econom st
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known in the art that the resulting probability of default estimates are not “real world”
estimates. Hence a second model is then typically required to “map” the risk neutral
defanlt probability estimates to real world default probabilities, as shown in Figure 3

20  and as, for example, applied by commercial service provider Moodys KMV.

The invention introduces the use of risk adjusted discount rates, incorporating a risk

premium or premia, into the modelling of security or asset prices or values. In the case

of option pricing, the calculation of a single risk adjusted discount rate to value an
25  option has widely been considered 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 Warrant
Pricing, Industrial Management Review, 1965, 6(2), 13-32), who allowed for a risk

30  adjusted rate of return on the underlying asset () and a different risk adjusted rate of
return on the option () but he did “...nof pretend to give a theory from which one can
deduce the relative values of o and §* (pp. 19-20).
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Schol es recei ved Nobel Prizes for their work in pricing options 1n a risk

neutral framework. The press release at the tinme of their award noted the
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‘While the general concept of equating the price of risk across different securities is

known in the art, to da_tte the focus has been on pricing exposure to economy-wide or

state variables (e.g. the stock market, GDP growth, oil prices etc.). Furthermore, the

20 traditional view has been that the risk premium implicit in the expected returns on debt-

type securities is related to factors such as liquidity or taxes, on the basis that there is

little, if any, non-diversifiable residual risk exposure from investing in corporate bonds.

L Models that have attempted to relate the risk/return of the firm’s debt and equity
securities typically require additional computing resources and/or have been poorly

25  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 retumn 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, RW. The

. 30 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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SUMMARY OF INVENTION

The invention relates generally to the efficient computer processing of financial data,
20 More particularly,- the invention relates to computer implemented techniques for

parsimoniously modelling the price (or value), expected rate of return or other relevant

characteristics of securities issued by, or referenced to, 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
25 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
30 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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For the purpose of the invention described herein returns can be measured gross or net
of taxes and, if specified by the user, be adjusted to remove the influence of other
20.  factors, such as changes in interest rates.

In one embodiment a computer is used to process information on the volatility and
correlation of two or more securities issued by, or referenced to, the firm to generate
estimates of the expected default loss and the expected rate of return on the said
25  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
p 30 to achieve savings (by comparison with other existing methods and systems) in the

computer resources required to coherently model a diverse range of securities,

eI
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prema and the risk prema relationship into conputer inplenented option
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nmodel s of agscompatfiingddrhwihg®Ri whidh:val uation anal ysis known in the art; Figure
2 is a flowchart depicting the main data inputs and conputer processing

model s of an il |¥igenedis pdlozyeharydepigiug,iop SRS IAPUS 3od GAMPWIAT PIRESSERE; 10
Figure 3 'Sm?dé%%ghgﬁagg?%@'maﬁ 50 kil thP WS and conput er

processi ng ustrative debt valuati on anal ysi s known in the
art; Figure 4 i sFigukl2owadlvar thadalepictingigye niain datd inputstand icompputer pmckssiogput er

processi ng el . of...a nbodi.ment of dpventiqQp. |t can readily be

appr eci at edmg%j?"ftwn%%?@ng %%aéﬁ?%sg%ogmlﬁgﬁea |y reduce the range
and amoumt of daigure3nie afloweeHat depicify the thatrhdatdinpinsrand compurptprocessibglel s
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i 1§ ust r at edmPdelspianidystptived HalgajtlzonPP"gXﬁl ek di agram of a
conput er appar atgjsyred 8 @ FRWIGRARUPichl] @ AR QS PREY profestine

e
I nvention; Figure 6 illustrates a flow chart that describes t%e oper at i onal

flow of a pmedarofesn embodimentipfriet ingentione Xt reamreadily; bemppreeiated ithattbe r at es a
flow chart 40a6:,898 Ghie 6 SighiifalBFfeide M ankt W4 Yot W Uaf ihfifls required

15 and the number of computer models required (by comparison to those typically in

current use, as collectively iilustrated in Figures 1, 2 and 3);

Figure 5 is a block diagram of a computer apparatus in accordance with a
preferred embodiment of the invention;

Figure 6 illustrates a flow chart that describes the operational flow of a preferred

20  embodiment of the invention;

Figure 7 illustrates a flow chart that 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

25 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 bpﬁon 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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changes may b%mngdigqgngg?ﬁglgﬁ@ft%se gér%g?) | ne?l)tss w t hout deparltirrllg fromthe

spirit or scopfdbedfiventien arpigleanredded. 15 In a preferred embodi ment, the _
inventionyys inplenented in a financial instrunent engine 100, as shown in

Figure 5, used to analyse financial,k and,kecqonom c si.gnal.s rovid by the
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to effect pos
spirit or scope of the invention,

15
In a preferred embodiment, the invention is implemented in a financial instrument
engine 100, as shown in Figure 5, used to analyse financial and economic signals
provided by the financial markets and, based upon user input data and commands, issue
position statements or reports for use by the user (or other components or systems), as

20 well as issuing control signals for use by automated systems to effect positions (c.g.,
increase, decrease, change, etc.) held by the user in the financial markets. The financtal
engine 100 may be a stand-alone computer hardware system, incorporated in (ot
distributed among) one or more locally or remotely located computer systems.

25 In a preferred embodiment, financial engine 100 is composed of a plurality of modules:
data soutce 10, risk analysis unit 12, risk pricing unit 13, financial instrument controller
15, financia! modelling unit 16, and user imterface device 17. In the illustrated
embodiment, the modules are connected by & single transmission bus 14. (It should be
understood that the illustration of bus 14 is merely representative of the various

30 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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I ncrease, deciease, change, etc.) held by the user in the financial markets.
The financial engine 100 nay be a stand-al one conputer hardware system

i ncorporated in (or distributed anmongy one or nore locally or renotely
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retrieval sysingsgamputeripograrhor algorithm exsewed exicaniral pracessing unit (CRLP) 129,

forwarded tQ ;one or e _o he r . ' i cul ar

I nfor mat i on"n&r%‘%ﬁ‘g&h{%ﬁg’é’k{%&ﬁ ugbggﬁ%@%bfgﬁﬁg?gﬁg%%}%ég%éﬁgﬁetﬁen l:Ied usi ng
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exposur e t QPRI 13, TRIGh Tasshe fmplpprnted Bsigg s GGRPET prograsm or plegRtib ol
Security ore@sesd bPeidifl praksshChnitICPRT) 180,Rint Gtoréll Mémdrs, 132hisGldedBy be

i mpl emrent ed using a conputer programor algorithm executed by central
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the firm [ 53?0 b i dtdd iR Bhe ' =14 faactor. It
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modules.

Financial modelling unit 16, which may also be implemented using a computer program
or algorithm (described below) stored in memory 162 and executed by CPU 160,

20  receives information from data source 10, risk analysis unit 12, risk pricing unit 13, and
user interface device 17 to determine the price or value of each security or asset being
analysed and/or such other parameters that are specified by the user. Financial
modelling unit 16 may, for example, interact iteratively with these other units in order to
converge on an acceptable solution. User interface device 17 is used to exchange

25  information between the user and financial 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

30 (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.)



15 may -be integrated into a single nodule, or be configured as a greater
nunmber of sub- nodul es. Financial nodelling unit 16, which may al so be

i npl enented using a conputer program 9or algorithm (described bel ow) stored
in menory Wzﬁggﬁﬁﬁecut ed by CPU 160, 20 receives infpefiRyio@inobdspm data
source 10, risk analysis unit 12, risk pricing unit 13, and user interface
device 17 to determ ne the price or value of each security or asset being
anal ysed and/or such other paranmeters that are specified by the user.
Financial nodelling unit 16 may, for exanple, interact iteratively with
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i nstruri®nt netymrksaﬂdlcennetﬁdtsymcqmmhdselos&larmrbm&mh@rkﬁp@r,tasampm user
e.g., cont, ricin Qsitian or t] or to
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the infor rramemt,sale‘c&oﬁs aaﬁmmﬁﬂahmgnétwaﬂti (BECNS), sodll erﬂai mhaﬂge §yseh@s in

securities, gntlfjcgtlon o) over or er v%lrued securities S|rrul atlng

mar ket rea(@pg ) OBz Qrokers; ol @BWCHCW‘B' etey iYehomks ap ?ﬂﬁyﬁ
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known 10 networ ks and connected s%/lstems such as Iocal e area net wor ks,
e.g., d§ aupdeppsrpanenhcerneetions,ing d@gvgmgtgemmmbr%mtm@mmnhcatlons

Networks,  qafeghaf Gk &plidrlCoustomers ete. Signals may also be transferred between

computers and/or networks using, for example, non-volatile storage devices {e.g. CD,

DVD etc.), in which case the receiving computers and/or networks are still considered
to be part of network 110.)
20
The user can input data or parameters (820 and S30) they specify to the computer
implemented models discussed herein and then fit or solve the models (S22 and 832) for
( unknown parameters of interest. Fitting or solving may involve an exact mathematical
solution, minimisation of an error term or penalty function specified by a user or
25  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 atiributes) and then identifying those securities or assets
that are considered to be over or under valued (i.e. under this mode of operation the
30 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



I nt eriet, "el'ectroni c comuni cations network (ECNs), small order exchange
systens (SOES), on-line brokers, other trading networks, etc. Networks and
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Simlarly, ihetpaS2haid 3. ues to fit a nodel may involve approxr mat e rat her
t han precise solutions. Were necessary, the wuser may use the nodel to
generate specified paraneters for use in fitting the nodel (834) and

conpare t hwwwhhowmpﬁmmﬁhménmbmmem@hﬁme ifivérition 08¢ dtretectipeat i ons 5
(S36), then iterat (or ot her ve% unt t he rmdeS Is.satisfactorily
fitted. 15 Asngaspres obgolatdgy éﬂ@ﬂg’&g"‘t eted Py theser) i priqing 1 art a
range of mafienmtilvanhtel FaAUINGUER noted that for the purpose of fitting such models and
multi-variate equations to curtent (or near current) observed or expected values of these
parameters instantaneous measures of the said parameters can be extracted from said
models and multi-variate equations (S34).
20 .
As will be appreciated by those with ordinary skill in the art the claims of the invention
can be applied as a new standalone model(s) or by way of modelling correction terms,
{ formulae or adjustments to apply to existing models known in the art.

25 In one preferred computer implemented 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

30  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



may be used to fit the nodels of the invention.) Once the nodel is fitted
the financial engine (100) can output a report to the user, for exanple,
user interface device 17, or via netWork 110. The nodel output nmay al so be

used in ef kggtigahsiadi Ng by issuing control 10 signal Spﬁﬁyﬂgg@?ﬂ?h
0

financial instrument controller 15 or the like (step S24 an
trading (or other) systens (represented by network 110) based on the

cal cul ati ons de in steps, S22 and S32. Wil e various..cqnputer, i npl ement ed
enbodi mnteén@g}i‘?% ﬁ\FéH?‘i? r efa Eﬁq%réf & ey @B SF@’E&S@E%“S& ‘%ggti lity
(and ot hergefrgpided tdATRALS m?ﬂ}s@&h iy ar SEMAGAT)hd anpélised Beped®d dbfault and

|

mul ti-variate equations, Is noted that for the purpose of fitting such

nodel s andoss{HRk) ofarothes, dehirtype.caeurity (teavwtited} issusd bye a7 referenced s, thhser ved or
expect ed | uesof .S st aid
oo anet or gk Th8' FolOWRE, mARIBGTC Rl Sncki}S sHfloR S0 SrcTRREA 82 o Fomblfer % €

(S34). 20 ifdplehdntedanodabpr eci ated by those with ordinary skill in the art the

claims of the invention can be applied as a new standal one nodel (s) or by
way of nodelling correction terns, fornulae or adjustnments to apply to
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equals or approximates the expected excess return for security 7 (and similarly for any
other security for which an estimate of the expected excess return is available);
5. designate that one of the },’s relates to the volatility of the expected rate of
return on securities estimated over a discrete time period and is specific to two or more

20  of the securities issued by, or referenced to, the firm;
6. calculate the excess rate of return for all of the other securities being analysed,

( other than j, based at least partly on their expected exposure to each priced risk factor

and the price per unit of risk (the A,’s); and
7. fit or solve the model.

25
Once the mode] has been fitted or solved parameters of interest to the user can then be
included in a report ouiput to the user via, for example, user interface device 17, or via
network 110 (in step S24 or 838). 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,

30 the expected rate of return of each security, the volatility of each seourity, the expected
defanlt loss of debt-type secutities, the probability of default, the expected loss given

defanlt, the price or values or securities, additional calculations based on the calculated

[ETPT



firm ~The foltowing nodelling relationshi ps and/or steps are appliedin a
conputer 5 inplenented nodel: 1. determ ne the expected rate of return on
securityj (rj) by reference to the pnpmsed yield on said security (y,) and
t he expect default loss on said security where: r/=yl; +#0 2.

cal cul ate f‘ﬁBzﬁ%ﬁg’é%‘ed excess return for securityj as eéﬁgﬁé‘é’(‘@“’- r, where
ris therisk free rate of return; 3. calculate the exposure of each

security to ,each prigced risk facto . 4. calcul ate,a.price r.unit of
risk (A ) fda é&wwﬁ%éﬂ*&l&oﬁ%‘id’& 54 AL £55-)s BETEO RIS BT OBOE 5 o f o
tWO O NOI Gyepififelf A4th © Thb SRL@GkeR parafietefsoind pEoing dnfodimatidiemby 4180 Bagked 1o such
that the product of the risk exposures an unit of risk for
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the vol & i | daleplatibnd inadeinptps 822 1S32@nd834.r et urn on securities esti mated over
a discrete tinme period and is specific to two or nore 20 of the securities
i ssued by, or referenced to, the firm 6. calculate the excess rate of
return for gl nofHer thireAbd QbmPaRH inpleMentbE eBodifithy € dhe ifVelifdn tlBadnly . based
at least partly ontheir expected exposure to each priced rjisk factor and
the price piced risk faptoroppprisesethe, volatilify of sefurns, in whigh ease\tbe dellowingiel . 25
Once the no ot f : ' fo the user
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parameters may include the risk exposure of each security to each risk
fdctor, thefops (g abddre mskifreeadte of mkin (7ns:t he priced risk factors, 30 the
expected rate of return of each security, the volatility of each security,
t he expected dei aul;t-rl oss of debt-type securities, the obability of
default, the expéctes, | oss given default, the price or | ues or

securities, additional calculations based on the calculated 12
designate the expected rate of retuwn (r4) on another class, or classes, of security

(k) issued by, or referenced to, the firm as:
15 Iy =T+ 2,0 (3)

3. designate, where security class or classes & are debt securities, the expected
default loss on said securities by combining the promised yield on said securities (y1)
and their expected return () as follows:
EDLy = yy ~ Iy @
20 4, solve or fit the model.

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
25 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
30 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



WD 2005/ 062224 PCT/ N2Z2004/ 000331 data (e.g., positions taken, projected,
predi cted, sinulated, etc.), hedge ratios and other pertinent data. The

cal cul at ed par aneters and pricing infordation may also be used in effecting
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user can thmmﬂdermﬁthémmbeﬂlmme:ﬂmnapmaﬂymﬂmsmmw t he user via, for exanple,

user interface device 17, or via network 110 (in step S24 or 838). The
cal cul ated paraneters and pricing 25 information may al so be used in

effecti ng t ABSthEréférrbd sothiBerGaiplenttnted iegibodinehh 6006 Mavehiidimilisad a hdvel r unent
controller 15 or the. like (step 824 or S38) tq tradjng systens
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i nvention utilises a nove
one of the said securities (which ranks higher in terms of priority upon a liquidation or

default event) to estimate of the expected correlation of retrns between that pair of
15  securities. This provides a method for estimating said correlation for use in portfolio

management decisions or as an additional parameter for fitting other embodiments of

the invention.

Further preferred computer implemented embodiments of the invention with application

20  to particular types or combinations of securities are described below.

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

25 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

30  securities concerned are adjacent to each other in terms of their ranking under a
liquidation or other default event.)
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conput er inplenented enbodi nents of the invention with application 20 to
particultr Thepmmputer gomdritad estimmesodf covariance used imthe inkestion tanchflvetresbe
Prieferred Enbodi nents of..t he Mdel. of the.lnvention.wth | i cat..opn to

Di rect Bt iR oVst st e Reatd Syngam. HEmofiiEE) b Weithind R GRHRRT o 25
|R a prefefﬂiﬁﬁe&é’é}?@ﬁlﬁﬂ%&ﬂ, bﬁafd@&aﬁﬂf@ﬁiﬁi@ﬁpe&sﬁ@aﬁﬂhgh%mmmgomﬁd rrgte of
the covariance of return or two sec ties, issued by, or referenced to,
the same fiVi eSKUy it ﬁﬁ“a’é‘%%&@@gﬂ% te of the expected default

| oss of the security that woul d rank highest under a |iquidation or other
default event. The use of covariance for this purpose is not previously

known i 15 t Ng pabferrell Brphoudimhy of R MOWR] ofihE BiVentibh With! Afplickfon to a Firm
with at Least One Type of Debt Security on Issue

The steps of a preferred form of this embodiment of the computer implemented

invention are as follows:

20
1. Relate the volatility and correlation of returns of securities issued by, or
( referenced to, the firm to the expected default loss of one of the said securities
(security j), wherein the annualised expected default loss on security j (EDLy) is
designated as;
25

EDL, = ln(p g o e N 1) /T 3)

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

30 k  is the class or classes of security issued by, or referenced to, the firm that
rank behind security f in terms of priority upon a liquidation or default event

RS



30 securities concerned are adjacent to each other in ternms of their ranking
under a liquidation or other default event) 14 WD 2005/062224

PCT/ NZ2004/ 000331 I n another preferréfi enbodi mrent of the invention a

conput er geﬂ%rzﬁts‘?ﬂzﬁ gtimate of the covariance of returng1Aizbd¥Roed3sr t folios
or indices can be output for use as a neasure of credit quﬁlty (but not
necessarily as a precise estimate of expected default |oss). For exanple,

t he covariance g orporate bo th.a stock market index can be 5
used as a genera"{v 11"‘1&? %l?r’&Pnf’ﬂ’émﬁsgg)@e?sle&Rnﬁ?mqual ity of the corporate
bond mar ket AS ol ts S@/hRaaRRviGis kbl O, Dol dimaigbaar y Skill n the art
atine series ana{ ysis of such an indicator credit quality would be of
tangi bl e benefitsf qf tHeSBindard @etiatich cfaaees i, phesivem, @cbnoni sts and

regul ators. 10 The conputer generated estinmates of covariance used in the
invention can of pgdutieeochelatiemécetficien of the eatescofyetwinfer jpadikod, using any

nmet hodol ogy or weighting scheme specified by the user or, indeed, be a
forecast5 of covariance estimted using tooI s known to those with ordi nary

skill in the rt rsed @Hpggfm of the
Model of the ?Fg&%%e%% E&%@’% [ c@?‘l’dzd CES W t) ast% Type of
Debt Security orthémhiddq:rmakywrdcmsprdeémmt;e@,)fandmecaﬁmahsal egptrtedi ment  of
the conputer inp i pvention are a 20 1. Relate the
volatility and c‘%ﬁ?ﬁ‘ﬂﬁﬁq W&@fseﬂg‘{%ﬁ%g%@iﬂé@gf’ﬁ \'9@?‘31 ssued by, or

referenced to, tpe. i Lo the expected default |oss of g)e of the said
securities . (secdri ? wherein the annual i sed expected default |oss on

security (EDLL) is de5|gnated as: 25/ | EDL/ =Inl\p +1J/1/T (5 where: |
id the class or classes of the fine's debt or simlay segurltles i ssued by,

or 3. The firm specific price of volatility risk ( A, ) is then dem using the above
parameters and the risk free rate of return (7} as follows:
r,—r
hy =+ ©
c

J

15 4, The expected rate of return on security class or classes & (rz) is then designated
as follows:

r=r+i,o, 8)

5. 'Where security class or classes k are debt securities, the expected default loss on

20 said securities is then designated by combining the promised yield on said
( securities (x) and their expected return (ry) as follows:
EDL, =y, -1, )

6. The user then fits or solves the model or models in order to output estimates of
.25 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:



referenced to, the firmfor which the expected default |oss is being
estimated 30 k is the class or classes of security issued by, or referenced
to, the firmthat rank behind security6j in terns of priority upon a

l'i qui dat i onyQy 0d8dsaalit event 15 WO 2005/ 062224 PCT/ NZ2QQ4/ b0 | S the
time horizon o% |nterest to the user, in years aJ is the standard deviation
of rates of return, per annum on | ak is the standard deviation of rates
of return, per qgﬁgnl on k P,k is the correlation coefflcb t of the rates
of return for |j KP#%%. Determine the annualised expec rate of
return on security j (rj) by reference to the annualised prom sed yield on
said security (y,) and the annualised expected default |oss on said
security, o velkde éﬁﬁkedbpﬂﬁ),se wilbordinaryj skifl m]thfﬁtj:ha(ﬁ): abd@ pj:o@duﬁhmf irm

ecific prj f olat risk th de n above
DTt or o b EPRLRLIO ke iLAne BT SPOOHBR SRS Py CeetBnree, Bp Hatnd Bn 500
The expegt %drﬁlﬁﬁ%dé%tﬁéﬁl@ e @gi%rthé és;ﬂgéta& FisRIbuRbPSSIS ﬂhn(srlh;ueﬂﬁn hen

desi gnat ed =r +a. Where security class or cI asses k
are debt seassetivelues, the expected def ault |l oss on 20 said securities is

t hen desi gnated by conbining the prom sed yield on said securities (yx) and
their expected return (rk) as follows: EDLk = Y k -rk (9) 6. The user then
fits or sol paderrbd mﬂedmantsmﬂehs Mndﬂrd‘ethet Snventipnt Witht iAppliestionf to 25 t he

val ue or \éia)%u S us un amaters In another preferred form
of thlse M‘g{ﬁ "é"%ﬂ't ol i%‘Hlnvention

( In a further preferred embodiment of the invention a computer generated estimate of the
variance of returns for two securities issued by, or referenced to, the same firm, together
with an estimate of the expected default loss of the security that would rank highest
under a liquidation or other defanlt event are combined in a novel way in order to

15  estimate the expected correlation of returns between said pair of securities. The

estimation of correlation by this method 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.)

20 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 / and £), wherein the correlation of the expected returns for

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

25

I ) (1)

where:

J  is the 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
30 known

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



t he- expected-default | oss of securityj (in place of step 1. above) is sinply
designated as: 16 WD 2005/062224 PCT/ NZ2004/ 000331 EDLJ -pkc/ck (10) It
will be appreciated by those will ordimary skill in the art that the above
procedure c lied to nore than one pair of securities issued by, or
ref erenced ﬁ&m?ﬁ%%gzgrre firm 5 and thus provide a basi sPCfTéqzzﬁ‘EfoP'{??hg t he
expected distribution of the firmis underlying asset value. Preferred
Enmbodi ments of the Mddel of the Invention Wth Application to Estimation of
the Correl ation of ramkfehind sec8atyyrif tems ofi@iority upon@rliqwidatipn ex defaulievertbodi nent
of the invention a, . . af e L.o@t. the wvariance of returns
for two securit?eslsﬁggﬁééﬁéﬁﬁgb?%%}‘gﬁée T%?Q{I%e sane firm together

w th an esti mat ¢ 0fs thd\stadapbddvintion of rateks bf tetrs, pef arinluen, sagurity that woul d
rank highest under a liquidation or other default event are conbined in a
novel way in or @gr istthe dttndasd devistien bfmmtes eprebtm pecaunuel, aakon of returns
between said pair of securities. The estimation of correlation by this

net hod i not prERd oths kynualissdrexpestedifiefault loss pPpdPRYbl y, but not
essentially, the two securities concerned are adjacent to each other in
terms of their ranking under a liquidation or other default event.) 20 In a
preferred f]ﬂtraﬂatﬂér aér@feﬁ?@ ERR bR entodinift 6PHR Yofui-PRhSIERBMEH ivartRAt | on t he
volatility of a pair of securities issued by, or referenced to, the firm and
t he expect dhk cotedlationt of thes expected getufnst for saidi ssowiies (i anded (a9 sedimplyd to the
expected correlation of said pair of securities (securities j and k),

wher ei n t halegignatesi ast i on of the expected returns for securities j and k
(Eﬂ'k) is designated as: 25 Pk =(eEDL'T -1y a)T -1 a T -1 (11) where: j is
the clads or cl gsseERE, /ohe, firm s debt or sinilar securiti() issued by, or
referenced to, the firmfor which an estimate of the expected default | oss
i's

A Preferréd Embodiment of the Model of the Invention With Application to
Analysing Options

15 The steps of a preferred form of this embodiment of the computer implemented
invention, for 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 wotld (as opposed to “risk neutral world”)
parameters. The retiun process can include a defined statistical distribution (e.g. the \
20 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
25 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
30 pay-off structure is related to an exercise threshold, which may be a value, be



30 known k is thhe class or classes of security issued by, or referenced-to,
the firmthat 17 WD 2005/062224 PCT/ NZ2004/ 000331 rank behi nd security j in
terns of priority upon a liquidation ot default event T is the tine horizon
of interest to the user, in years al is the standard deviation of rates of
return, per “Shiti%28 | 6k is the standard deviation of P¢ERNEA00410033L¢
per annum on k 5 EDLJ the annualised expected default |oss on security j.
In another preferred formof this enbodi mrent of the conputer inplenented

i nvention t hmodsiled et aprocessapedifie tsxipenseeor eeendegenoysdp thepnedebecurities | and
k (p,k) is sinply designated as: 10 pik =EDLj /6wk (12) A Preferred

Enbodi nent of the Mddel of the Invention Wth Application to Analysing
Options 15 The steps of a preferred formof this enbodi mrent of the conputer
i npl enent ed, Gn:g@nt mﬁm. dbove afe]?ﬂouﬁwhxg catpbf defineddfor casmple) dwgu%oﬁpeci fy a
return process for the val ue under | yi ng_asset upon ich the option
(or options) ﬁecwvlﬁ%h,fatﬁ%m elré'é&"%@%?@ 3?9]8 posed to "risk neutral

worl d") paraneters. The return process can include a defjined statistical '
di stribdtion (2 I§e exnestedanean PAELLNT §achiopten WHiteY qodhe YMg a5Sehanci al  model s
- in which case termnal asset ( values are assuned to be | ognormally

di stribut ed), %ﬂbmﬁdﬁobﬁh@rﬁfiewmWﬁ?‘??’b@?l”%%ﬂcymgsﬁ*}% ot her process

specified by the user. In statistical terns the distribution of asset
returns from (chényhighief statistisabmemeniswy statisticel pstrigptes o intereskite the userdf def i ned
attributes such lL4ems, ske El.'b’ﬁt{ S . ] e.25 return
process may be ﬁuhﬁ@on 0 '\le\iztrﬁ%ﬁﬁga tcégggf (%Ofg%:}%%?géqu?m%gdfgng for
ex(arrpl e, st ochaskewmesskattasis, bo-kusoshs hmytrisk) étnt er est rates and/ or incorporate
all owance for taxes and incone distributions etc. 2. Specify the pay-off
struct uge f or(d) Mae emirélativn awd/drtenariance bfexpactedt tepimgbatweent paiffiof options

written on the underlying asset;

-

(e) The correlation-and/or covariance of expected returns between each option and
the underlying asset.

15 4. The value of each option at the beginning of the period of interest is related to the
expected value of that option at the end of the period of interest by a discount rate
(or expected rate of return) specific to that option. And the value of the underlying
asset at the beginning of the period of interest is related to the value of the
underlying asset at the end of the period of interest by a discount rate (or expected
( 20 rate of return) specific to the underlying asset.

5. 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

25 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



30 pay=-off structure is related to an-exerci se threshold, which may be a
val ue, be 18 WD 2005/062224 PCT/ NZ2004/ 000331 nodel | ed as a process
specified by the user or be endogenoud9 o the nodel. 3. Gven 1. and 2.
above the fgld Qw an be defined (for exanple, dependi

conpl exity ofdt\ﬁ%elm%%%el, by closed-formfornula): 5 (a) #ﬁ%ﬁ%ﬁ%&lﬁgg mean
pay-of f of each option witten on the underlying asset; (b) The expected

volatility of each option witten on the underlying asset; (Cf) Any hi gher
statistical nivgher sabstiosimements tarcof measwad Exdissrotp eer e pricaptiondh Hehr - of
each option wjjt [ ssqt s.ﬁ%r%; .1CO-
skewness, kurtdgiscifg‘?{mg% %E%’?%g?fgf Lljylj@'#go%i%g)théeﬁjgﬁir 1 ?upﬁg%ﬁgﬁgtion
and/ or covari aptiensdre exiggesct ed returns between pairs of options witten on
t he underlying asset; (e) The correlation and/or covari ance of expected
returns between each option and the underlying asset. 15 4. The val ue of
each option at the beginning of the period of interest is related to the
expect eds vainigs ihpleftafbrnd phlly @he dikk fabtr Brpdica, tHehelapitity afdac optivh an@stthby a

discount rate (or expected rate of return) specific,to i‘?at optiaon. And the
val ue of t hendeglyimg aspety cxpedted refwme,ypeagwrgd r?ﬁ?rn‘g‘s‘g?tetq%ﬁ-p moee spmpleX erest i s

related to Eﬁk@i&ééﬁdb@ o?ﬁletﬂ@de% Hﬁ@ﬁ%&w&gﬁmsk%asﬁ%@meefma @t 0d of

interest by "a discount rate (or expecte 20 rate of ret.ur’n) specific to the
under | yi ng petdimited3p); Thesvrgss duuienis, ptherhigher sietistisalohomends, dwnpso velatilityl of he

under | yi ng sgt. conprjses. Sy . a bl.sk free rate of return and a risk
prem umfor%@ﬁ@WTlP{é%s#%%t%sﬁ(%gfmqs“?‘%gi %J‘“%Sri ced in the nodel (for
exanple,,in a basic inplenentation the only priced risk 25 factor woul d be

t hie vol ?;19| lity, i.e. standard deviation, of expected returns neasured over

a discrete tjnme petio For each opiiqn and the underlyi.ng. ass each ri sk
premium (fo %H#"?ntb?’\ %ﬁﬂ“r&?ﬁ‘ e(ft%&ieisﬁ?"fvﬁén ﬁl?eo?f?]c?‘m f'y fl}?ec‘ﬁpéﬁaﬁkﬁsﬁ ion's or
the under!| pigifig Mesdel arfd the Arbiiege Pricin 56 whith Datter i dels biobuileiatmatkéty t o that

risk factor and a price for that risk factor. In the case of the volatilit
of expect edwg@t g@qﬁsgf Kkt a’{-@e tlatter models are not based on underlying asset specific y

measures of total risk, but rather are implemented by only pricing the systematic or

15 market correlated element of risk or risks.

6. Given the framework described above, the model can be solved (S22 or 8$32) 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

20 for each option written on the same underlying asset and for that underlying asset.
{ 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.(¢)
25 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 (834 and §36).

7. Parameters of interest to the user are then output from the computer (524 or S38),
30 these may include (but are not limited to) one or more of:



19 WD20057062224 PCT/ NZ2004/ 000331 hi gher statistical nonents thereof),
nmeasured in discrete tinme, the price of each such risk factor is the sane
for all options and the underlying ass#t upon which said options are
witten. 5 I ..gpl est formonly one risk factor is I th
volatility g{‘bieog%%é%gfi on and of the underlying asset' s‘p‘f.iﬂg@g?‘é"ﬁwgét urns,
nmeasured over discrete tinme. In nore conplex specifications of the nodel
one or nore additional, risk facgll;ors are pr% ed, jincludin tSlbut not limted
to); skewness,  hribegrise opVpluF ofjogs OF Drepf Hiej opiion 1 the WRderlymgs| atifity
of wvolatility, infenest rate risk factors, liquidity and size. 10 The
invention differs 1Fsro’m ot her nodels known in the art, such as the Capital
Asset Pricing i j Gl T Y, L nodel s

i nclude a mar ke{\@ dt\?l\ngcfgﬂ %rtéldtg%tégp p?@g&rﬁg P{a?%éer Hﬁ%e?%&gg% gn%?ggggseed on
under | yi ng asset swpeleflying asseteasures of total risk, but rather are

i npl emented by only pricing the systematic or 15 market correl ated el enent
of risksor risks) e etpeced volatilifyr(andéowdighet apaentsof indyest ¢g thehseryoflele can be
sol ved (S22 or 832) for e Qr nore unkno ar aneters using standard

mat hemat i cal t ool s.”‘??f€°?g’ﬁ83mtaaﬂﬁr9§j§%‘é‘f%ﬁn§ﬁsﬁ%i ple in 4. and 5. above
provi des conditions the nodel _should satisfy 20 for, each option witten on
t he sane underlﬁn@eﬁgﬂemquf&mf’%?reﬁﬁ%rﬂ’ww e | too nany nodel

i nput parameters_are unknown, to be able to satisfactorily solve ' the nodel,
then one manner € nthpprobpbilityof sKerFigsistd of unknown i nput parameters can be
solved is by specifying additional conditjons, such that one or nore of the
nodel outputs (F cayesbetyses speciied snetrigssdarivatives and/ordedgaraies.t he nodel set out
inl 3. (gh to 3.(e) 25 above) are set to equal observed or expected val ues
provi ded by the user for those statistical attributes and/or additional

- | : S " )
par amet or s & iRy EioRifenDiCle Flbaet o e LVAMGH Wb, AbFUUROTW, |
out put fr orRridisg 8 Expapean CalOipthm @38 Non-ddGdenidPyimgStoelncl ude (but are not
limted to) one or nore of.

A simple example application of a preferred embodiment of the invention is presented
15  for pricing a European call option on a non-dividend paying stock. The terminal stock

price distribution is assumed, in this example, to follow the lognormal distribution (i.e.

stock returns are assumed to be normally distributed). The assumptions conventionally

made by those with ordinary skill in the art when applying a simple version of an option

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

Defining:

C

is the value of the call option at time n

S, isthe value of the stock (the underlying asset upon which the option is written)
attime »
25 X  isthe exercise price of the option
T  isthe time to maturity (the expiry date) of the option, in years

ry is the rate of return on the stock, per annum



20 - ‘WD 2005/ 062224 PCT/ NZ2004/ 000331 a) the price or value of one or nore of
the options and/or of the underlying asset; b) the expected rate of return
on one or nore of the options and/or 2f the underlying asset; 5 c) the
expect ed vqkﬁg&kb§%}£and/or hi gher nonents of interest pEriRsowswsy of one
or nore of thé options and/or of the underlying asset; d) the risk prem um
for one or nore of the priced risk factors; e) the probability of exercise;

and f) any other .user ifl i i i ves and/ or hedge rati os.
10 A Pref erreggEnlgg'?ﬁrﬁ%%?gég'#nﬁgéﬂ%ggﬁﬁg?’%ﬁdgﬁ%venti on Wth Application to

Pricing a European Call Option on a Non-dividend Paying Stock A sinple

exanpl e applicati a pr r m mt of the invention is presented
15 for prici ng‘?la“@gt?@%pé’gﬁ'pré ]f&%"gf‘.j}% gjsg? on-di vi dend payi ng stock. The
termni stock price distribution'is assuned, in this exanple, to follow the
| ognormal distribuytion£i.e. stock returns are assuned to be normally
di stributed). dEh?edla's@J%ti ons conventionally nade by those with ordinary
skill in the art when applying a sinple version of an option pricing nodel
are made (e.g.N{)igtle anfilaiveprobabilitysf the smmlank dopmal alistfilatienovidh dnotdj s 20
exanpl e enbodi ment. Defining: C. is the value of the call option at tine n
Sn is th& val ue cﬁfsthm@mtﬁm% (the underlying asset upon which the option is
witten) at tinme n 25 X is the exercise price of the option T is the tine
to maturity (the ietheinisk frearaty obfetwm@engmbmn, in years rs is the rate of
return on the stock, per annum 21

o is the standard deviation of rates of return on the stock, per annum

( o is the standard deviation of rates of return on the call option, per annum.

10  Attime T the expected values of the stock (S;) and the call option (C; ) are given as:
S, =8,e™" (13)

Cp =S8, N(d,)- XN(d,)= C,e™" (14)

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

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

( Cy = S,e" ¥ N(d, )~ Xe ™" N(d,) (15)

This is the option pricing model of Samuelson (1965), but Samuelson did not derive a
relationship between r; and 7.

20

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



WO~ 20051062224 -PCTI NZ2004/ 000331 rcis the rate of return on the 1l call
option, per annum d, =([h1(5/)+rbT]/as @J+(1/ ZAcse) d2=d,-asJ N(.) is the
currul ative probability of the standar@2normal distribution with d, or d2 5
as the upp |, is therisk free rate of return, p DS, 1S the
standard d&‘/’Pazb(lmc())%\né? rates of return on the stock, per %ﬁm&bg}g&ﬁil t he
standard deviation of rates of return on the call option, per annum 10 At
time T the expected, val ues of_ the stock (‘§T and.the call option (Cr) are
given as: ib¥ is phged iry the paserof-onengome) onaly 2%‘3—-3 uesT Hawegverrihe priceeRt val ue

of the call i ) £ L] I : :

di scount ed %ggéf]?% é@tgok]t%a%/hgﬁfjéghl%%{%&g (&ﬁéﬁ%ﬂ%%?@%ﬁ%ﬁ%}{% (rc ).
Hence: Co 5 ' - i 12 ord 3h $hd ' igi ng
model  of sﬁ%ﬁ‘%%% eh%%é?y’gg&'ﬁ%ﬁ ZPuriiiond Thhd daod SV RIDRS | D

bet ween rs iamtasured O@r Bidscrstectiveperide of 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 return for each
security issued, referenced to, or being a claimon the same underlying
asset is pinothisr ¢xanpdd only dnberiski fabtonisspriced, bdimag thecwnlatility (i.€T s gtamdayd be nor e

th i sk, fact WO 2005/.062224 PCT/ NZ2004/ 00331 that, i iced i
Lhe case of SION. ket She SHPRELSY ENBS G cash EPULY, PEHEFA,0 v haspre e “lni ¢
of risk (A ericfloHeRG the Biliowihl &dndltichdialttis exdilpie, S siebified aiMbe bivideldflthe

securities that, are referenced to the same under| yi ng asset. Furthernore,
in the casan®entgBl atility risk, this is measured over a discrete tine

period. 5
( 10 4, =0"r 7T (16)
Og O¢
In this example o, and o are specified consistent with the model of the invention,
over the discrete time period 7. Equation (16) can be rearranged as:
15
re=r+(y-r)2< an
Os

Huang, Srivastava and Raatz (in Huang, T., Srivastava, V. and Raatz, S, Portfolio
Optimisation with Options in the Foreign Exchange Market, Derivatives Use, Trading
20 & 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:

= J]n[slz‘”(da)ecgr - 25, XN(dy)+ X 2""’(‘3"2)] /F (18)

cf

25  where the additional term is:



In thi's exanpl'e only one risk factor is priced, being the volatility (i.e.
the standard deviation, ar) of the expected returns for each secur
nmeasured over a discrete time period23Hence the follow ng condition, in

this exanplgowgpeResi fied in the nodel of the inventip@-g@%wa@ﬁ

_rc-r (16)
t he nodel

as ac In this exanple os and o-c are specified consiste
of the invention, over the discrete tinme period T. Equat

can be rearranged as: A5 rc r+(rs -r) cc (17) as Huang, Srivastava
Raatz (in Huaﬁisg‘-,'dff‘t?'s i vastava, V. and Raatz, S. Portfolio Optim
with Options in the Foreign Exchange Market, Derivatives Use, Tradi
Regul ation, 2001, 7(1), 55-72) provide a real world, discrete tine

f or

T AR ERSR RS Gt Bt oGP 1 (13) AR Fen B pclf,

on their

expected r
-2z N(dj)
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PCT/ NZ2Q04/,0003 d35 + as. -J47T . i yat es or val ues for
as equati oﬁssso?‘fé)%? Proylsly qﬁerpaesﬁ%‘faﬂ?éﬁﬁg%g% §&/021§Td°g%ol | owi ng whi ch eq
(17) can be solved to determine rc, then finally equation (15) ).

solved to provide the present value of the call option (CO As can b

appreci ated by one with ordinary skill in the art the equatiaons of the type

presented dsows heapptssiated\hyr enegwith erdiraga Al dn theoart Hie\aguptinns of thetrpe
gi ven observ eﬂrgecﬁ%?ﬁ? gan‘_'il%gh\?er}teﬁ,r £of &t t0°RfveGbr PO/ | B8n Yskived

sane under Ipﬁs

(
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25

traded option prices for one or more options written on the same underlying asset. The

user can, of course, allow for the estimates of r; and/or o to be time varying and/or

allow for more complex processes in modelling the price behaviour of the underlying
asset, including use of empirical distributions.

Figure 8 is a graph that depicts the Black-Scholes option pricing model implied
volatilities for exchange traded call options written on the Dow Jones Industrial
Average stock market index on 22 Jannary 2003. The options all had a life of one
month, but different exercise (or strike) prices. Despite the Black-Scholes option
pricing model being based on the premise of a single volatility input being applicable in
such circumstances, the volatilities implied by market option prices and inverting the
Black-Scholes model clearly differ across the different strike prices. The so called

“yolatility smile” problem is evident.

Figure 9 is a grapb 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
minimiged the pricing errors (depicted on the graph by a solid line). It can be seen from

ity,

rs -r
nt with
ion (16)
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10 user—can;—of course, “allow for the estinmates of rs and/or ‘a3 to be tine
varying and/or allow for nore conplex processes in nodelling the price
behavi our of the underlying asset, iRdluding use of enpirical

distributiopns. Figure 8 is a graph that depicts the Bl agk: tion

pri ci ng nmod&® %OPF()‘{%?@& 15 volatilities for exchange tra?éaﬁ?%ﬁclﬁgoa i ons
witten on the Dow Jones Industrial Average stock market index on 22
January 2003. The options all had a life of one nonth, but different

exerci se (orFigure Skibyt iprthis examube thei Black-Hehokis ppkcsprieing modelt under prines di-ng nodel
bei ng based th rem 0 [Wols) v@l at 1ty 4 nput I .gable in
such ci rcurrstg%ﬂlc%%f 8?@@8\%?5{%6???%5&?#;%% b‘%ﬁ}' é/r'F’éfr‘} Egt V(J)%eﬁ:d%ga g%?ééiéeg and
inverting t henbddinRinaok tifc nvbstionnprdeides h amuchycloset ffie rto abserees miarket pfifear ent
strike prices. Tme so.calJed "volatility smle" problemis evident. Figure -
9 is a grapRcrHh! eREPIE®® e narket prices for the options anal ysed in
Figure 8 (depicted on the graph by synbols) plotted agai nst exercise price.
The Bl ack- Schol es 25 option pricing nodel was then fitted agai nst these
prices, by finding the single index volatility input that mnimsed the

pricing err ok Prefesyidc Embodiment cofgthepMogdel of thefayentipn (With Applicatien (ted

enbodi nent . i I . fit i pri ces,
by finding 'Ei{lré&ﬁs? ﬁgﬁéﬁi’tﬁ%@y a@%ﬁgb?ﬁﬁnyhﬁ@ﬂ?ﬁ%ﬂﬁa ?@%ﬁﬁaﬁgﬁﬁ% t hat

m ni m sed t (BkepmessiRigk errors (depicted on the graph by a solid line). It can
be seen from 24 WD 2005/062224 PCTI NZ2004/000331 Figure 9 that in this
exanpl e the Bl ack-Schol es option pricing nodel under prices in- the-noney

options and _qver prices. out-of-the-noney . optians. ereas a preferred
rboa el oibe bl PSR ShicHeoD e Brelbrig efpbpsi i ol oy 3gn BHEY e k e
prices acr @yherd dnlye¥slaslitf isRid ﬁﬂéed?:fs_ éxténided & rREdEpHeRlp 9E 3kevilesd Hek. Model  of
the Invention Wth Application to ricing a European Call Option on a

Non- di vi dendVhesg iskeymessheRk )An driryd the egpectdaafse of retyrgiontthe seek andifhecallyanpl e
application o%ﬁoﬁb&:%ﬁlfefe”ed enbodi nent of the invention given above

fg =r+2,05 + A Skg 19
15 fo=r+A,00+ AgSke . (20)

The use can specify the basis upon which Sk and any other 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-a-vis a

standard statistical distribution etc.). Based on Huang, Srivastava and Raatz’s (2001)
20  formula the real wotld, discrete time skewness of a call option’s pay offs (Skc, ) is:

Ske, = Ejc:)-Elc, |

= S}N(d, )" - 387 XN (d, e +38,X°N(d,)- X°N(d,)~[$,N(d; )- XN (a, )]
(21)
where the additional term is:
25 dy =ty + 35T

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



(where only volatility risk is priced) is extended to include pricing of
skewness risk. Were skewness (Sk) is priced the expected rates of return
on the stock and the call option becdlfe: rs =r + Aas +AskSks (19) 15 rc
r + Aac + Agloebsidszh The use can specify the basis upor, WhiShaskossnd any
ot her nonents are neasured (for exanple, if a non-Ilinear pricing
relationship is to be nodelled, if the nonents are to be standardised with
respect to standard deviation, be expressed i XCess terns _vis-a-vis a
standard st¥atues{oron| ang; gy rqqg%ﬂqnszl%h @43’.(f§6?§€22§rf’aﬁ fgiveds, Tocontins and

ffg? on s plfil 8 madel Vtfes b Bl tof ol B e By 6 il 59 ?3%?-:'
ton s P | . T
(d3) Cg ??%%ﬁ&\é‘gdﬁa%ﬂlﬁgég g}rbé Soivkd ﬁc)erméﬁsigd%h% md®ilo oweskﬁ gﬁh@e@;ﬂﬂht i ona

termis: 2 This s araneter can t
st andar di s exdicesefypodding duifivient obsavationsrereaaailehle toastisfilciosibyl selye for( the

specified b he user) for use Lng.eguatio 20 se n esti es or 25
WD 500506 IumERt kEdw FranEEs) Ff)@?“&&%“ﬂ&"“r_ qiR 2 q%%‘;@h('i:%), (14),
(18) and ( Zdived apraeide MeiRitlie &Qh&@yntqpﬁuﬁ(cg). tAd dagl belappieBiaRl by 3hs'@@har e then
required for A and Ask. These may, for exanple, be provided by the user,

<()r be Zol veﬁd:ﬁ'f?y sﬁ]diﬁHiet)drﬂ@ehbtﬁferfm@ebfsystemh)lfe%l}aﬁdni(faadbedh\?ﬂéd an;ofqadi c?as f

provi di ng s | ci ent opservations are ayai e to satjsfactori sol ve for

Lhe 5 numbah CEereih YRR o PIASE 1R CEHTBH1E theo RN, F1 506 (RTP JHCBTVILRATERTIEN ( 20)

equation (J(@chia.ivgﬁ@wﬁgitétﬁn{’f’f?‘bl dg taggjoyg%ye of the call option (Co ). As
e

can be appreci at y one W drdfnary sKill in the art the above form of
system qof equations can be inverted or solved in different ways, in order
td estilfate the value of one or nore unknown parameters (such as, wthout

limtation THoSe withSordindry S60/iArthé\lt will appkébiate that the concepts presented in
preferred embodiments of the invention, as applied to option analysis, can be applied to

put options as well as call options, more complex options, different types of distribution
etc. For relatively simple types of option and/or the assumption of a particular
15  statistical distribution for the underlying asset, the model of the invention , as applied to
option analysis, can be readily implemented on a computer using closed-form-type
model formulae. More complex options and/or distribution types (including empirical
distributions) may require use of other mathematical tools and/or modelling approaches,
of which a wide range are known to those with ordinary skill in the art. For example,
20  without limitation, other tools that might be used to implement any embodiment of the
invention using a computer include the binomial model, the irinomial model, the finite
difference method, analytical approximations, the certainty equivalent approach and

Monte Carlo simulation.

25  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.

30



Those-with ordinary skill in the art will appreciate that the concepts
presented in preferred enbodinments of the invention, as applied to option
anal ysis, can be applied to put opti@is as well as call options, nore
conplex optjons, different types of distribution etc. E I vely sinple
types of opfvloo’tffbsé\%a?zér the assunption of a particular 1%’%5‘9%%2{0{'032’:
distribution for the underlying asset, the nodel of the invention , as
applied to qgtion anal ysis, can be readily inplenmented on_a conputer using

cl osed- f or At Prsderred Embodiment ofcthe Model of the Lavepfion AYith Appligation to 23 put i on
types (incl gplizaf.18¥Pkdt FaleFilht i ons) may require use of other

mat henaticam!tﬁggl S a%@g?&%ggﬁgi r?gﬂapproaches, of which a wi de range are
known to those with ordinary skill in the art. For exanple, 20 w thout

limtation, -pther tools th ] O e ed .inpl Nt eqhodi nent of
the i nventtfrg?lsﬁﬁg‘?l a&’#ﬁ'ﬁeﬁu?@’%ﬁﬁfﬁgﬁ? W&%oﬁgﬁfﬁnﬁﬁ%ﬁ@,{mtﬂﬁg A oni al
model , the fdeiifid in d chhpiteriapldimbiddptiarikoreiic fbdd RPhe firmatd arfsllowdie

certainty equival ent approach and nte Carlo sinmulation. 25 Those with

ordinary ski| Ispbéifyt Betifd pibdss 18 8@ VARRT GBS ik dlsets MisingPFdaD Worl@X(RENS| ONS
and nodifications made under the risk neutral option pricing approach (for
exanpl e, but ®pposed it “risll newfral rveasldll} parameters. o The) reiumapracess githdnoladscks, asset

price junps, Y kgt @mﬂ gl}g.gﬁﬁ c ily be

i ncor por at ed ?%ﬁ%éag%%%cﬁe%@%@nt Keeg ﬁﬂ@gﬁiﬁon. %)0%18375 é‘gg‘g 24

PCT/ NZ2004/ 00Gfaadcial AmBdals) e be dasednimw dn nempiirical  didtbutionledr swth tofter Iproeest i on Wt h
Applicatjon to_ar t Lon- Theor et.i c del ,of..the Firm The ste of, a
preferri enb&ﬂ?c%qt%oﬁmtuﬁ@i @%ﬁft}c e%srthﬁrgéﬂ uﬁﬁog]@‘ﬁ?trgﬁlﬁnsg%?ﬂ’ttee 5
sdcurities in sectfidptb@hs AP ivNmetueet duBhédMtritaRe 5ot & jiRpS skedndsbiend i rm are
as follows: 1. Specify a return process for the _value the firms assets,
usi ng real worNHOSS g9, the refurnsprogess gnay| be g fungtion i seyeral faclors ehe et urn

process can i ngludes aincl@hines é&ﬁ&i@%ﬁéﬁé%ﬂ%ﬁj@f%&ﬂaﬁ@-iﬂt&&hwrml
return distribution often Used in “financial nodel’s), be based on an
enpi ri cal di stand/buincernomste allowancs fordaxes pedbinceme distributions.

15

2. Specify the pay-off structure for the securities issued by the firm and for any other
potential claims on or referenced to the firm’s assets, as specified by the user.
Without loss of generality the securities or potential claims can include common
equity (being the residual claim over the firm’s assets), one or more classes of debt
20 security, taxes, bankruptcy costs, firm value lost upon default etc. The pay-off
structure is related to a default barrier, which 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;

30 (b) The expected volatility of each security issued against or referenced to, or claim



10 specified by the user. In statistical terns the distribution of asset
returns fromthe specified process nmay include user defined attributes such
as junps, skewness and kurtosis. Furt2iernore, the return process may be a
function of wgeM factors or processes, including, f

stochastic vol atﬁ.slrl |52t2§ stochastic interest rates and/or mcoggé &3?1

al l owance for taxes and incone distributions. 15 2. Specify the pay-off
structure for the securities issued by the firmand for any other potenti al
claims on or repertbnbBsesethe firm s assets, as specified by the user.

Wthout loss of generality the securities or potential clains can include
conmmon equi t(§) Abgihigher Betistical moments prstatisgoad attribiates of infesesh tosthe ster afne or

nore cl asses of Kk val ue | ost
upon default et Sgcilstﬁe'ﬁgﬁisﬁgﬁéé&é{s ﬁiéﬁe?eenc%)cg{&r éﬂu%ﬁ"‘?o a e% uﬁs (gdarri er,
whi ch may be a eedmde; shewmss eblskevress, kurtqsispenclaatosisgainpiriskl etey); t he user or be

endogenous to the nodel. The pay-off, or recovery upon default, of default
ri sky securi t(ff)e Thé scmethtioy idalmf ccwmmys bﬁesmtadf ratains byetivben paigy ofr be

endogenous to the npdel en 1. ve the f ||OWI can be
defined (for ex S‘E{%‘ﬁ‘i a‘lﬁ%‘ﬁﬁ"fﬂﬁﬂ%’g 'iya&‘ﬁ?'Fsd’Pﬂﬂﬁgr%ﬁ

cl osed-form f qrnul a) (a) The expected nean y-of f of eac @gecurlty |ssued
agai nst or réPelbncamelgtion gpd/orcroyariangs of teﬁEﬂcf“’Idr‘i?F@sa betwesn ¢ -‘{eﬁljnt!l‘he

expect ed ol at | il Bhis8AGNeARBHLS to o %aaﬁ%n%@ﬁﬂﬁ*saege@ﬁd%sef@em ,

claim27 WD 200 NZ2004 331 on, the firms assets; (c) Any
hi gher stati sti cemsomtbatfiemizrassatsat i stical attributes of interest to the user
of . each security issued against or referenced to, or claimon the firms
asket s X or exanple; skewness, co-skewness, kurtosis, co-kurtosis, junp
risk etc.); 5 (d) The correlation and/or covariance of expected returns

bet ween pai4. sTie vahseafleach iaccem'itys(sneldinagm st firanisl Assets)y atftbe beghmring of thand/ or

clains on the f'l g mfmtere§ i related to the expected value of that claim/security at the end of
the penod of interest by a discount rate (or expected rate of return) specific to that
claim/security.
15

5. The discount rate for each of the firm’s securities 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

20 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 facior is the same for all
firm specific securities.

25

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
30 factors, liquidity and size.



(e) The correlation and/or covariance of expected returns between each
security issued against or referenced to, or clains on the firms assets and
the expected returns on the firms as¥ets. ( 10 4. The val ue of each
security (or. claimover the firms assets) at the beginning of the period
of interestwlosmﬁlséq‘%’tzéd to the expected value of that cl d?q#?ég(lﬂ”f’?si}l at the
end of the period of interest by a discount rate (or expected rate of
return) specific to that clainmsecurity. 15 5. The discount rate for each
of the firms securities conprises the sumof a risk free rate of return
and a risk premiumfor each risk factor that is being priced in the nodel
(for exanple, The miceafst eachnyikle feotdratelated tchéheomboments i afeckpedtek rétarmt @rg. woul d be

the volatility, . i,e..siandard devj atian,. of .expect.ed turns ne ed over a
di screte 20 t  Yolatilizy PO SARG OTSRACH ST rﬁswdz’éﬁﬁ? 'ﬁpgkﬂ'grngfr{‘?ﬁﬁs@%@%%ach :
priced risk faghehd for thelpiiRe fotlcash'aich ik tHafor Whe! riehstirdl RIRP tHeFRMA total
sensitivity to that risk factor and a price for that risk factor. In the

case of #he vomdalying sssedy. Thepmede of the igrentiop dirafomnthes kpows medels as ca
nonment s thereq{lél

i f ' f Atk al |
firmspecific segﬁérrir}'ﬁ?"g@ﬁ%gﬁlsﬁa?@ sﬁ%l%%?&g?%hgﬁﬁ@&b‘#é&ﬁ@f%@{ or is
priced, the vabakity issyeddsy theclirng de dhe sapiesas e qeice dok thetvelatitity rislawhered over
discrete tine. In re c ex specifjcations of the nodel one or nore
addi ti onal rié&eaf‘!!éa)%‘ Sg’ﬁ%ﬂ‘? as ‘lﬁcl uding (but not limted to);
skewness, kurtosis, other higher statistical nonents, junps, interest rate
risk 30 factors, liquidity and size. 28 WD 2005/062224 PCT/ NZ2004/ 000331

The pri for each risk facto elated tq ¢t nonent s of expected r.eturn
(el g. 3& at | |ﬁ’€§*}"°¥t§r é@ﬁlﬁ%‘e@s&?ﬂ _fil&ﬁ“‘g‘&'c‘% W?ﬂé@&et_ﬁﬂtﬁﬁe PEEE but not
necessarily thg vy &k ihOn c%ﬂﬁ?nﬂﬁéo?&icﬁﬁédc?%f BheSHE id géiérah?(‘gtr&ier%xen

measured across the firm s total i ]
individual securities than it is for the firm’s assets in total. Hence equating this price

of risk across all of the firm’s securities, as opposed to equating it to the price of risk
for the firm’s assets in total, enables the model to be fitted properly to real world
15 data.

The invention also differs from other models known in the art, such as the Capital
Asset Pricing Model and the Arbitrage Pricing Theory, which Iatter models include
a market-wide price of risk. The lafter models are not based on firm specific
20 measures of total risk, but rather are implemented by only pricing the systematic or
( market correlated element of firm risk.

6. Given the framework described above, the model can be solved (S22 or S§32) for one

or more unknown paiamete:s using standard mathematical tools. The fundamental

25 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

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



5 underlying assets. The nodel of the invention differs from other known
nodels as the latter specify that the security specific price for
volatility risk, used to value each 29ecurity issued by the firm is the
same as thgohiGRaher the volatility risk when measur egdraeneasedkhe firnms
total assets. ( 10 The inventor has established, wth the nodel of the
invention, that the price per unit of volatility risk in an

option-theoretic el _of the firmis generall reater for individual

e 1 osCt b i porgl oy obdetd Vister BRlaR0 ¥, B 3R Hse stebistieal s i
price of ri skribGlesdl/d additibndl Aeuld-viddts eatotsiate Hacified tobPaBaA thiohequat i ng
it tothe price of risk for_the firms assets in total, enables the nodel

to be fitted WP@@@W@“W%)- 15 data. The invention also differs

from ot her nodels known in the art, such as the Capital Asset Pricing Mdel
and the Arbitrage Pricing Theory, which latter nodels include a market-w de
price of risk. The latter nodels are not based on firmspecific 20 neasures

of totaP ri7skPardseters of nteresd te theriserre theacbutpyt &umythe computer (534 oz $38)enatic or
mar ket correl l, t.af fi ] i t he franework descri bed
8 R Bl e p

above, the node or one or nore unknown
paraneters usin t apndar d he ical to The.fu ». 20, yal uation
principle in 4. g‘)arsﬁibe gﬁjwa%roﬁﬁep?gc%edéésﬁag%n% tﬁ? S%CQ%Pﬁgewé ?ﬁ%lflta atisfy
for each securityadess; firmhas on issue (including equity). If too many
nodel input paranmeters are unknown, to be able to satisfactorily solve the

nodel , then oneb) MR expéctedirardofabiutéh fHleltrahdré Wf b sebMiAey M d/oR e firlig anet er s
can be solved is by, specifying additional conditions, such that one or nore

ofy t he IRodel out pGQ“%laéﬁeBﬁi 30 exanple, the statistical attributes of the
nodel set out in 3.(a) to 3.(e) above) are set 29 WD 20051062224
PCT/ NZ2004/ 000391 theeexperted veladldy (and/as othey bicheranoments, e infarest fajtke ussy) t he user

for those stati st ioggﬁe ordhdre B?%%Q&uﬁﬁéyaﬂﬂlo?ﬂﬂiﬁrﬁxmd leL.i -variate equations

are specified, to be solved the unknown paraneters (S34 and S36). 5 7.

ggg?met ers of i g @lefik phétnitihSrol G or McFe SARE PR Bk £liopn the conputer (S24 or

¢) the probability of default;
15 f) the promised yield on one or more of the debt-type securities;
g) the expected default loss on one or more of the debt-type securities;
b) 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.

20 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

25  debt on issue, being zero coupon debt all maturing on the same date and ranking equally
on liquidation of the firn. 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.

[



these may include (but are not limted to) one or nore of. a) the price or
val ue of one or nore of the securities and/or the firnms total assets; b)
the expected rate of return on one or 3fore of the securities and/or the
firms 10 tﬁbsﬂg?ﬁgts; c) the expected volatility (anqjc%z%(ﬂﬁﬁosyli gher
nmonents of Interest to the user) of one or nore of the securities and/or
the firms total assets; d) the risk premumfor one or nore of the priced
risk factors; . e) the probability of default; 15 f) the prom sed yield on
one or nor eDsfininge debt-type securities; g) the expected default |oss on one
or nore of the debt-type securities; h) the expected | oss given default on
one or nore ofSyt Héﬂnéﬁimwﬁgﬁ(%%ﬂﬁﬁ)teﬁ'@gwﬂh‘aﬁ%ﬁt&%r user specified
metrics, derivatives and/or hedge ratios. 20 A Preferred Enbodi nent of the

Model of the Ipvegiiomi dfihd\Bith (@8 funddlying @sets) @iy, Thebisixh@piBel of the

Firmwith a Sifdgle (ass of Debt on Isstue In asinple exanple application of

a preferred enbodjalgnf tieffirtdie tHersundfiiervalues afthe fiphisalebt (B andbequity ()del of t he

firm the firmis assunmed to have only a single class of 25 debt on issue,
bei ng zeso coypors @eblaceldiugwi e ifing’salebi (B, whitke iskahenahd beandihglg zagual | y on
l'iquidation of the firm The firm.is agsumed to ,&Iay no di vidends and the
ot her assunpti orfOUBGHRAEH: 3t SHERTY (ifathe “HFEREEEE Wi t h ordinary skill in the
art when applying a sinple version of an optiop-theoretic nodel are made
(e.g. there afe risthedimeto maurity (thesxpiry date) af hestingy’s debt; or the user sslegied o
enbodi nent. 30 %@9&@’0@% PCT/ Nz2004/ 000331 Defining: S" is the value
of the (common) equity of the firmat tinmne nV, is the value of the firm
(the underlying asset L R ' ipple the value of the firmis
t he sum of the’gv eegg%lg?{eﬁ“ghglgp%ﬁghdse%@t%@ég”G"equi ty (S) 5 Xis the face
value of the firms debt (B), which is assuned to be a single zero-

10 rg is the rate of return on the firm’s equity, per annum

ry isthe rate of return on the firm’s debt, per annum

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

d, .-_([h(r%( )+r,,T] /o',, JF]+(1/2)(a,, JT)

d,=d, -0, T
15 N() is the cumulative probability of the standard normal distribution with d, or d,
as the upper limit
( - ¥ jsthe risk free rate of return, per annum
P

o, is the standard deviation of rates of retun on the firm’s assets, per annum
o, isthe standard deviation of rates of return on the firm’s debt, per annum
20 oy 1s the standard deviation of rates of return on the firm’s equity, per ammum

P, isthe correlation coefficient of the two variables j and .

Then the value of the equity of the firm (5) 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).

T,



coupon bond, at maturity (i.e. the "exercise price") Tis the time to
maturity (the expiry date) of the firms debt, or the user selected tine
horizon, in years rr is the rate of rgturn on the firnm s assets, per annum
10 rs is t'{ﬁo?@%ﬁ 94 return on the firms equity, per apemuRz200goobmithe rate
of return on e ?II‘MS debt, per annumy is the promsed yield on the
firms debt, per annum d, S¥%X) +rTl /or.rl +(1/2Xu if) d2=d,-Q~J J 15
N(.) is the F=VARY jok i ) ¢ i iy fon with
dl or d2 aéf. gﬁ%ﬁg%pﬁge%%egiogﬁeﬁﬁe@?gf(s%gzgﬁrtg?{gﬂl?)?%reg{tj %r‘?,dngg?éannum 6r
i s the stanfandeqal (@l aeghlna@t €s of return on the firms assets, per annum
B is the standard deviation of rates of return on the firm s debt, per
annum 20 vs i u_b?emgtandard devi ation of rates of return on the firms
equity, per anmdiie®pjk is the correlation coefficient of22)he two vari abl es j
and k. Then the value of the equity of the firm (S) can be viewed as the

val ue of a calj Optho ?dvgd Lrarn,sr assets (V), exerciggpble at tinme T by
payi ng of f theéTf ag vgll'(ﬁ@]]% e’gt Bpgutstandi ng at that t(i?gma (A). 31 W
20051062224 PCTI Nz20041000 33) At time T the expected values of the fore's
asset's (VT ), SVl <XNih)=0a7 and the firms equifdM(sr) are given as:
VT =Voe' yT (22) BT =VT[I-N(di)]+XWd2)-Boer"T (23) 5 ST

=VTN( di ) - XNA@ yrtaaeT The(piohisdiandint &1 the fifhm s hisbp(¥) 8 giesh aanount of the firms
debt (A) is given as: X =Boer (25) Substituting equations (21) and (24) into
equati ons (22)){@_-@{')3(”'23) and rearranging results (25)

Substituting equations (21) and (24) into equations (22) and (23) and reatranging results

m:

10 " =]n[VoeryT[1—N(dlB)]+ BoeyTN(dz)]/{, 26)
ry =1n(VoewN(d1);BoeﬂN(d2 ))/T @n
0

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 refurn
for each security issued by the firm is proportional to the riskiness of that security.
15  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 (A, ), for each priced risk factor (m), is the same for all securities

issued by, or referenced to, the firm.,
20

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:



-n:-10--r-In-VoerrT tl-N(d, )] +Boe' "N(d2)1/T (26) | B) O r
| Nn~VoeNTN(di ) Boe' IN(d2)I/T (27) s= SO /1l The excess rate of return for a
security is defined as the expected rale of return in excess of the risk

free rate of r , Under the nodel of the invention therR¥e66modzat e of
w%é@%{hl"rgg%uri ty issued by the firmis proportional to the

return for
ri skiness of that security. 15 There may be nore than one risk factor that
is priced in the case of one, some or all of the securities issued by the
fine (for exapplgs & Lifqi’dity prenmium- that might be @g)function of the
total value of “type, of smcurity on issue or actively traded). However, the
price per unit of risk (A), for each priced risk factor (n), is the sane
for all seqnrit ioeaupth %95 B, arlspdof{eR@RAR!With iHdSnddel, Brerllc liboleht o
exanpl e only one r18K T&Ctor Si's p?lce , being the volatility (i.e. the
standard dpydgio@T. @) of the expected returns for each security neasured
over a discrete tine period. Hence the follow ng condition, in this
exanple, is specified in the nodel of the invention: 32 WD 2005/062224
PCT/ Nz2004/ 000331 ~o0=r8-r-rs-r (28) 4'8 a'S In this exanple 0'8 and as are
speci fi gd qopsiis; ] : ' ' ' T. 5
Conbi ni %g equat@%%g&?a%ygggﬁ%dgg%tﬁt(g% ZS?E%rig%/iﬁ)aﬂggh%ﬁgﬁéﬂgIﬁlfgxdﬁg&equat I on
for prici ndor ¢stimating thewxpastpdretarns o) pisdhis examaple,thesfingt’y delit and ¢quily.exanpl e, the
firms debt and” equity: (Voe"T [I-N(dl)]+Boe' TN(d2) I/ T-r Inl

yoew N(d, gfvo MR {d, Y+ 8,eBN (Y, )j%_r m[V"ew N(d,)-BneﬂN(dz)) /T_r

B, So
(. 0'3 0-8

(29)

10 The difference between the promised yield on a firm’s debt and the risk free rate of
return available for an equivalent maturity is the “credit spread” (= y—r). Under the
model of the invention only a proportion of the credit spread is attributed to the
expected default loss, the latter being the product of the probability of the firm being in
default at time 7 and the loss given default. That proportion is equal to y—r;. The

15 remainder of the credit spread, in this simple example, is a risk premium to reward an
investor in the firm’s debt for the volatility of the expected returns from that debt, in this

case that risk premium is equalto r, —r,

Under the model of the invention the following condition is not specified and need not
20  hold true after equation (28) is satisfied:

ry —r
Oy

1=

(2

(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.



a8 68 (29)y—10-The difference between the prom-sed yield on a firm s debt
and the risk free rate of return available for an equivalent maturity is
the "credit spread” (=y-r). Under the33nodel of the invention only a
proportion edit spread is attributed to the e , ult |oss,
the latter %Iejizh%%ts%?product of the probability of the ?’??@n%g@ﬁﬂ@f’?‘n
default at time T and the |oss given default. That proportion is equal to vy

- r8 . The 15 remai nder of the credit spread, in this sinple exanple, is a
ri sk prem uExampleeMetibdsnfori Fifiieg ar Preferrsd Embodimedtiof ther Model ebithe i | ity of

t he expect rerurns,.fromthat. d | ' .Sk ' S
equal to r _vepﬁoww&tglﬂqu&aﬁ%g zﬁgppp Q—T?:E{)/:Zeﬁi ﬁ@ﬁﬁg hgﬁ%olﬁ %m}"ﬁg‘elg%ﬁg tionis
not specifi ThaOle ARG oWAInpVditble t rue after equation (28) is satisfied:
S, =r, -r (30) 6v Equation (29) specifies that the price of volatility
risk for the firmis given by the excess return on the firmper unit of
firmrisk, as has been prqposed in théa prigr art. 33 WO 2005/ 062224

PCT/ Nz20D4/ rdbe examnpissiiven aboye phersforrgd embedimay of the ipyeatipn withappligil®ht  of t he
Model of t oAV =Ta) AT Ta LY ARhd 88k Wikked 7 2 tebdiic r&h b | of the
Firm Wth arnedb\ﬁ%g\eg%gg%ﬁnom 'lﬁ%uvg%Va?i a‘gregz Sh?dr?otxgggag%n%ls%wgfven
above of a {(whefea medhemmtiozllynfeadible fsolutien existehwhern one toff thepippincedriables it 0 an
option-theoretic el o he f.ir cre.V =. S5 + B, equation (29) can be
solved (wh ogngiﬁﬁg%{’?%%uyngg&ngb ; %@Mﬁ% O8xi sts) where one of the

i nput variables is unknown. This can be done using standard mat hemati cal
tools. ( 10 Were nore than one input variable is unknown nore than one

feasi bl e so| yti on exi st, unless additional .conditjons are, inposed on
o rrodEh W Bsrecitore i, it RNt AT o AHREER SIS S S0R FERBIAIESAGRR on | o
i mposed f or g 8@Cihiad diditiRR borditoA W imPE¥ell on RS haddt. e Typekllytih S6leing GRubdi t i ons
t hat can be |niposed i ncl .ude mat chi ng observed or . .

problems an additional condition is imposed for each additional unkmown input

variable, Additional conditions that can be imposed include matching observed or

otherwise estimated (outside of the model) values for various parameters, as provided

—

15 by the user, with model implied values (specified either instantaneously or over discrete
time) for those same parameters (S34 and $36). In this simple example, model implied
values for the parameters oy, o and / or p,y 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

20  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 “knmown” time series of firm values is
available then model implied values (specified either instantaneously or over discrete

25  time) for the parameters g, , 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
30 (standard deviation) of the firm’s debt and equity returns are given by the following



ot herwi-se—estiated (outside of the nodel) values for various paraneters, as
provided 15 by the user, with nodel inplied values (specified either

i nst ant aneously or over discrete tin¥® for those sane paraneters (S34 and
S36). In twémﬁgl&mﬁ exanpl e, nodel inplied values forpdrrez2p@red¥ei ers as,
as and / or pas can be estimated and the nodel fitted or solved to equate
these with "known" estinmates for the sanme paraneters. Furthernore,

addi ti onal nu‘éi -variate equations can be defined relating the paraneters of
interest add™@¥#then be simultaneously or iteratively solved with the
nmodel . In addition,Vfor exanple, if the nodel (in the formillustrated in
this exanpl e) 4 S belng-s0f;\ i npl enented in such a y that a "known"
time series of #f iJrJ"nBygl ues[li ?ﬁ(dmai | abl e t hen nodel i rer?yZd val ues
(specified either instantaneously or over discrete 25 tinme) for the
paranmeters a., prs ﬂd /[ or prs can be estimted and the nodel solved to
equate these i thrthee™RGMGL) esti mates for the sane pa@aheters. Exanple
Cal cul ation of Vol afilities and Correl ations Under the nodel of the
invention, in the above exanple, the instantaneous volatility 30 (standard
devi at i on) Ipfs ot that equaticlabyittaswhecsimilarity tetbut met the same weg reqhytiobkh 1ol | owi ng

34 WD 2005/ 24 PCT/ NZ2004/ 000331 fornulae: .6B-a' yvB LO >R)' 1V(d~~]
(31) 0 “as @8? sﬁeé‘P‘f’Wg'méﬁe &8(1&%1"(%0?;“'(’?’}%@ H&B@MW@@H‘A‘%’* %’L@‘evvith some
simlarity ghReon-iNebrefi ncdBieof SR A SThe @QukHbh Sinsilat H1(32) Matib Endvavih (e £t known in
the art in the context of the risk neutral specification of the

opti on-t he@nétthat ispsemetispest peedfas an adyitional copdigian dpnsqley theoriglomeutralat j s

known in t . I. ' €l i L ition to
sl ve t he Apeitiation SEfbef Gion Bt BITRORP L HRSHTRNER ALY ARMERHE' | T e
firm wher e unkmmwmput vari ables are unknown, is: 10 as =6v s N(dl) (33) O

10 O =0y %’-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:



Under-the mpdel -of -the invention, in the above exanple, the discrete tine
period volatility of the firms debt and equity returns (neasured over
period T) and the pair- w se correl atisons and covari ances between the two
securities Jrmvalue are given by the follow : 35 WO
200510622236@20#}&@%‘04/ 000331 a = 4V {i-N(ds)~ aT +x2Al§t%rlz€lfh§%r%%§h) BT )IT
"s 1b[ VIN(ds) e- 2VTXN(dJ) +XZN(d2) /T (35) ST J /Il Pas = X - BT (36) BT e-P
-1 4T Pv3 -VT[1-N(d3)]e2T +XN(dl)-BT (37) BT a'T -1 elr -1 pvs - VIN(d3)e4dT
-(d1)-ST 5 ST (e*'|-{#eRAL #q 3+Wfngroa65 (39) a'vB =PvB(TF6B (40)
4Yvs = PPSCvaw (=4 4@—%&@&!&73&!&-% al term not viously defined,
is: d; =d, + 6v4Ty(42) This 8mbodi ment #f the invention provi des a
framework for calculating the: 1. expected return on debt and equity

securities and on 7 expected volatility on the
expected return o on thgﬁ)firms t ot al
assets; 3. exfect ](5‘ correlation and/ or covari gpce betwe&n’pairs of
securities issued'by the same firm 4. expected correlation and/ or
covariance between each security issued by the firmand 20 the firms total

val ue; X-B,
= : (36)
e e

7 fi- N, ) + XN(d,)- B,
P = P : ;
B,.\/(e""r -1)e™ —1

G7

- VN (da)eo%r ~ XN (dl)‘“ST

Pys
ST\/(eU’Z’T —l)(eagr —1)
5 (38)

O = Pps030g (39
Oy = POy (40)
Ops = PrsCyCs “n

10  Whete the additional term, not previously defined, is:

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

This embodiment of the invention provides a framework for calculating the:
1. expected return on debt and equity securities and on the firm’s total assets;

15 2. expected volatility on the expected refurn on debt and equity securities and on the
firm’s total assets;

3. expected correlation and/or covariance between pairs of securities issued by the
same firm;

4, expected correlation and/or covariance between each security issued by the firm and
20 the firm’s total value;

[FeNE.



36 WD 2005/ 062224 PCT/ NZ2004/ 000331 5. value of debt and equity
securities; 6. real world probability of a firmdefaulting;, 7. expected
recovery on securities in default (or ¥xpected |oss given default); 8.

expect ed defobsige®Ba: S 9. optimal capital structure ofpcNzrbdfloedsd 10.
yield at which a firmcan be expected to issue debt securities. In the

conput er inplenented nodel of the invention the price for priced risk

factors relati the volatility (and any higher nonments that are priced)
of expected® ré'PE‘Pﬁég?“ga“‘iﬁﬁ‘?Wée‘g’é‘ﬁéﬂfor two or nore securities issued by the

firm but not necessar the same as for the price for such risk factor(s)
when neasur &d rea ?’F@g‘ﬂ ﬂs%@'h ddmlingng assets. Nor need the price for
such risk factor(s) be the sane as for securities |ssued by ref erenced
to, other f ¥ Epected rppaypryransgousitiss i defmit{orsrpedied Ingsiyendgie '-!llfé Inventlon with
Application to Fitt |n? Option-Theoretic Mdels of the Firm One conputer

i npl enment ed8.erewptt auliflosshe nodel of the invention provides novel and
original methods for fitting or solving the famly of option-theoretic

nmodel s of tHe opiimalfdapimlisyruguaeef afitmpandddi ti onal paranmeters from the nodel,
estimated over a discrete tinme period and then solving the nodel so that

t hese par anid.gield stondth & film esn bpexpediedd idsye ddbhsecudties, where sai d paraneters
i nclude one or nore of: (a) the volatility of the returns of the common
equity issued by the firm or of securities referenced thereto; 25 (b) t he

latilit f,th t f debt J L
ref erenced P CRPHF cBmiEd Bdiitos erbon B i Rt 556 e

(f‘” i ties fehiting e thé voRkilify(afd SRCIEghe: Qsomeﬁﬁ@h&thfdﬁncé&b)oﬂdiﬁedﬁ&ﬁ%sﬁs of t he

urns of one Or nore securltles I ssued hy,_or _referenced,_tq,
the same for two or more securities issued by the firm, but not necessarily the same as

for the price for such risk factor(s) when measured across the firm’s underlying assets.
Nor need the price for such risk factor(s) be the same as for securities issued by, or
referenced to, other firms.

15  Preferred Embodiments of the Model of the Invention with Application to Fitting
Option-Theoretic Models of the Firm

One computer implemented embodiment of the model of the invention provides novel
and original methods for fitting or solving the family of option-theoretic models of the
( 20 firm by generating 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;

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

securities referenced thereto;

25 (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 retums of one or more securities issued by, or referenced to,



WO 2005/ 062224--PCT/ NZ2004/ 000331 the firm (e) the higher statistical
nonents of the returns of one or nore securities issued by, or referenced
to, the firm (f) the expected correl3dtion or covariance between the returns
of a pair of securi%i es 5 issued by, or referenced topcih@adoloddssiand/ or (g)
t he expect%’&zewolﬁaz tion or covariance between the returns of a security

I ssued by, or referenced to, the firmand the returns of the total firm
The preferred etgbo,di ments of the invention, as applied to an
option-theoreti®Bef®el of 10 the firm allow for the debt and equity
securities issued by a fjrmto be, efficientl anal ysed in, a,single conputer
i mpl enent ed %d@?hg&rﬁﬁqﬁ% ' B%?PJWPSFPSFSW%%BX AP °6fss'llﬁ%g:fyerred
Enbodi ments of ¢ herMidealto RE fitlte | nvention 15 The various preferred

enbodi nents of the 1 nvention disclosed herein can be inplenented in

coMbI NAL | 0N, (¢ 3 Sueliofl B PAIARA 2 3V afimhdel beioeh the/ R \BY £hir SRPRIrRed © 2

range of securitres that share a common source of underlying firmor asset
risk, wth conismgdbntor adfersmoed hydhe firnt; ped/oonput er resources ot herwi se

requi red. For exanple, 20 preferred enbodi nents of the invention applied to
t he anal ysi s(g)fthelehpected dorejatidny or ewanianice betsveem thebreturnst afgr sevemty issned pr ef er r ed
enbodi nents of the inpventjon applied.to the nal.ysis of options witten
over said debt %Ynﬁrrégfﬁ?“tc ©ethy iaﬁg‘fhelrﬁmﬂlﬁgfﬁﬂﬂg?%fm enbodi ment the firm
specific price of risk for each priced risk factor is equated across
different nodels. In another preferred enbodi nent the distribution process

for the 25 firm s ynderlyin ssets i.s anal ysed in a,single,co ter

i mpl enent _e@'h ﬁﬂ'%f’qi@ﬁmggﬁhed?"%@’%? _ to %B‘?ﬂ‘ﬁ'ﬁ@ Eﬂﬁ‘f‘g&g@guri ties
tliat aF '&%Uﬁﬂl,_ BlowOfor iRl SR REE Sqhify sdchifltids! fs8ed (Y o ifin® 1ONBLCERIenty asset s)
are analysed in'that single model ( t;xgure 4) such'that all of these

secur i t i esandwedinadinglaenmpwierdoplementedrofdelr  each priced risk factor. As will

be appreciated by those with ordinary skill in the art this latter
enbodi ment in particular, 30

Combination, Extension and Modification of Preferred Embodiments of the Model
of the Invention
15

The various preferred embodiments of the invention disclosed herein can be
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,
( 20  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
25  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,

30



638 WD 2005/ 062224 PCT/ NZ2004/ 000331 has the potential to significantly
reduce the conputing resources that would otherwi se be required to anal yse
the different types of security. In idBlenmenting preferred enbodi nents of

t he i nvent i\?ﬂ:ﬁtﬁ%sﬁﬁi ced risk factors need not 5 only wehAtASekBodsiie

statistical nonents of the expected returns of the assets or securities
bei ng anal ysed. OQther risk factors and user specified adjustnents may
i ncl ude Ii%g;di ty premuns, size prenmuns, tax adjustments and so forth.

Those wi t h hes dherpatentiskiq significantl reduce the somputing Eespirees thateweuld ptherdse/ar | ous
ext ensi ons “-“L(E:j a%ie | érgﬁtstj' ,]Fgg i Sk neutral inplenmentations of
the opti on-btgﬁg%re }(2 elmeg?&t he | (r?)%s‘;ccg%ﬁ'r eadily be incorporated into

ri sk premi uminclusive option-theoretic enbodinments of the invention.
Exanpl es of such extensions, without [imtation, include: 1. The

possibility of earl|ly defaul E 4] , | I ate 15

Securiti es:}inggﬂﬁm@#%qrgﬁgf& E%E&a‘ﬁ'%‘ﬁsﬂft&?emq’%%?]%‘%@@lég?%%@% i nance,

19|76, ?gu f ]go_%ly rel?aielD to?»%l)ftatié’s}ical mmenisT eifehsd sxpedtatbichens fof é?agﬁe&egrmcdugﬁw V\?Sﬁet

val ue e, D._an ndoQ . erm Strugciuyres o edi t reads, Wt

| nconpl et e bREABAYSSHYy Qﬁmﬁ#&%%ﬁ,mdﬂﬁ%ﬁmﬁeaiagwﬁﬁamd@% ﬁq"e Y. 664); 20

3. Inconpl ?&%ﬂﬁo%ﬂ&ms ﬂﬂ%ﬁ%&éﬂcﬂts%&%‘fo%par rier and/or firm asset
secke, ' K. 2

value (G rrel ated faults, Inconplete Information and the
Term Structure of Credit Spreads, Dissertation, Humboldt University Berlin,
2001); and 4. The possibility of early default and a junp-diffusion asset

price proc . : : ' ' unp

Rio(sk, Jour%%s%%vﬂggﬁkl né S@%ﬁ%my %ﬁitﬁgﬂfgif;vaﬁ%%% Ehdé

Sdl vi nd0f ormadifitsionsmbdetotrisk akutial implamsntations lofi the (optionttheotetivv mmdplraf eh) . 6.

Dot aul € bl e1eaBol i o Shoofpotdted %nfd 1k pAuh"EuchdfE YhotSmEletl®
embodiments of the invention. Examples of such extensions, without limitation,
include:

1. The possibility of early default (Black, F. and Cox, J.C. Valuing Corporate
15  Securities: Some Effects of Bond Indenture Provisions, Journal of Finance, 1976, 31
(2), 351-367);

2. Incomplete information - uncertain firm asset value (Duffie, D. and Lando, D.
Term Structures of Credit Spreads With Incomplete Accounting Information,
Econometrica, 2001, 69 (3), 633-664);

20 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 Betlin, 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 &
25  Finance, 2001, 25 (11), 2015-2040).

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

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



39 WO 2005/ 062224 PCT/ NZ2004/000331 1t will "al'so be appreciated that

al t hough various fornul ae described herein express sone paraneters on an
annual i sed basi s, enbodi nents of the i3vention can be inplenented using

al ternati vewbas@msia§ nmeasuring time (such as days, weekgrRiz20iRbdbs) - 5
Accordi ngly, although the invention has been described in detail wth
reference to particular preferred enbodi nents, persons possessing ordi nary

skill in the art to which this_invention gertai ns will appreciate that

various nod wilkalse bnappresistedthat alfheughaiarapiiommplee deseribadderpiniexprgss sase
departing f I rl . i ; CLAI V5:
1A computtSRietf o8l crhudlBt) SR mBdihlfts of & Tyerkicar 8 o flomied
plurality ommgwemaﬁvéWewswmﬂwﬁm(mchm&rﬁevm@maEQI, the rate of
return on said securities and 5 the risk attributes of said securities, the
met hod conprising the steps of: determning a risk premumincorporated in
the rate of return for each security; designating that a priced risk factor
i ncor porsat ekccordidghe, alitokglp tiesrinvoatfoarhasdshn desribed ty dewmilt with vefeighdel iot y of
returns, neasured over discrete tinme, and that the price per unit . of this
i sk f act oraricular prefered guaockes, pors s PoStes iR ontegy Sl i fheaeido Rk 10
defini ng a {RAfiveRtIAP Pefthil® Wil RpprEdIate St Ivafouse niddiftaaMMsD Schasde¥esa the risk
prem uns determned for each security. 2. The conputer inplenented nethod of
claim 1, weshaicamgnts mayshe wade withoyhdeparting from theyspirit and soenet afdbe lgims

debt -t ype itﬂatélﬂuﬁnt, and further conprising analysing a yield 15 spread
associated WM th the debt-type instrunent and identifying a default |oss
component and a risk prem um conponent of said yield spread. 3. The conputer
i npl enented nethod of claim1, further conprising fitting the nodel. 20 4.
The conputer inplenented method of claim3, further conprising providing as




output to a user paraneters of the fitted nodel. 5. The conputer inplenented
nmet hod of claim1, wherein the rate of return for a 25 security (or
securities) issued by, or referenced t4 a firmis analysed utilising an
estimate of the expected default |oss of another, debt-type security
(security j) issued by, or referenced to, the firrn t he net hod further
conprising the steps of. determning the rate of return on security j (rj)
by reference to the promsed yield on said security (yj) and the expected
default |loss (EDL1) on said security where: 30 r, =vyj -EDL, calculating the
excess ret uChAIMIS: said security j as equal torj - r, wherer is the risk
free rate of return; 41 calculating the exposure of each security to each
priced risk factor (m; <calculating a price per unit of risk (),,,) for
each pri cedlri skA tempuwer ifnpjemented/imetiod daraklating a pricei o vialue of arphurdloy of wo or nore
securities ISS b wi fer t nd e product
of the risk>&x] L‘begur%’g tf% @e@uﬁ%@gnga&cf & %ra%r?#c%@mp%"r sschPsec&n*}}%E ? (P

equal s the memlsmn’oateapfsafdxecmmhetmeﬂpqd camprigngthé stegsyfif or any ot her
security for whi . e i

desi gnati ng thatfcp:nelngﬁgeatsri?lé”%?iﬁ%@ c?’lfpgﬁ?ﬁfyi ?’g}% éfér%tn?' 1§l'et%gﬁa%eﬁ'ﬂ’%‘ol atility of
the rate of retdcslgnaﬁng:ﬂmamrlbecbsske&ctomtmﬂ)rﬂedam &edlslspreameniforrmclperl od and

is speC|f|c to.seclriti ref.er r 10

cal cul ati ng ?H%ty ‘S@ svéfa{r?g ﬁ%étu ?Jover fl'ls"%?%ﬁ%é ottﬁgetr s 'ce ties bei ng
anal ysed, odiheftthis Fisiofagtor mamesdmatorhw&tmqwoitthqsaeﬂewtmes,aad(posur e to each
priced n sk fact rlG I actor;
fitting Phe nod ‘frﬁmﬁ% %?%\l/icgﬁnh%&ngg%ﬁk%te%e@ég 5é1%§8§h?‘§)a€e§sn%e¢§ﬁﬂ{ i nt erest
fromthe fi ptesibosoliimined for €ach Fermrityonput er i npl enent ed net hod of cl ai m 5,
wherein the only priced risk factor conprises the volatility of returns and
is inplenmented by: designating the relationship between the firmspecific
price of voRati | Theycompyter implemented method of claim 1, wherein at least one of said

plurality of securities is a debt-type instrument, and further comprising analysing a yield
15 spread associated with the debt-type instrument and identifying a default loss

component and a risk premium component of said yield spread.

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

20
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
25  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 ;) issued by,
or referenced to, the firm, the method further comprising the steps of:
determining the rate of return on secutity j (r;) by reference to the promised yield
on said security ();) and the expected default loss (EDL)) on said security where:
30 r,=y,—EDL,

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

risk free rate of return;



(2, ), the rate of retufrn for'j (r, ), the volatility of returns for j (ci)
and the risk free rate 20 of return (r) as: rr -r Q designating the rate
of return (rk) on another class, or cl4dsses, of security (k) issued by, or
referenced to, the firmas: rk =r+ t.0k 25 designating, where security
class or classes k are debt-type securities, the expected default |oss
(EDLL) on said securities by conbining the prom sed yield on said
securities (yk) and their rate of return (rk) as follows: EDLk =Yk -rk
fitting the nodel ; d 30 providing as qufput. to a.uyser ameters of

i nt er est fromth@#ﬁ%@eﬁwwoﬁefghw %W@P#ﬁ‘é?@@@ed met hod of
measuring the creidbulating 8 lpricf pea nnid sfBxdk, (A4 ) for eacke priced risk faetdr S Wwhich st eps of :
receiving data.representative of the said asset and data represeniative of
anot her asg%"‘?;x'"é ﬁ‘gfﬁ?ﬁﬁ °g°rdP°rF87?3WﬁSﬁs§“°§a°yegrtrF%éet°8°dg‘f” tﬁggn% ri ance of
the two asseich;thafit proricesfahe risk exposures draeatity hand ehecghices pérsiit of ritkhe sai d
asset corresponding to the said .estipmate of . covariance., The conput er

i npl emented eﬁ@'&ﬁ%ﬁgﬁfsséft&‘?‘rﬁr SCUTRES @?‘ﬂg?‘:‘%r&%mﬁ'soélﬁ@é{?@%ﬁ'ﬁﬂéé%ri ties

I ssued by, estiniatf dtisaexedds teturn istagaiiblee fi ne and using said covariance out put
as a neasure of ,credjt .risk the security that ranks highest in priority
upon a | i qui dat i &% 8 40at o0f g%‘?/@?ff&“é?&g("}édﬂﬁtﬁi @rtger ‘ﬁ‘ﬁ?‘gﬁgf’fﬁﬁmﬁ"et hod of

estimati ng bhetuto v sdcarited estimatel averbdisdrets e pdriodad iy spedifiStol sequidies by, or

referenced to he s fi,rm rein the first security ranks higher in
priority upbsﬁ'iegttﬁy’i ?jﬁ?%?‘i%?’g}%@f ault event, the method conprising the
steps ab: calculating 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;
fitting the model; and
providing as output to a user parameters of interest from the fitted model.
15
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
(A, ), the rate of return for f (7, ), the volatility of returns for j (o, ) and the risk free rate

20 of retumn (r) as:

2 =rj-r

L'd

oy

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

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

EDL, =y, —r,
fitting the model; and
30 providing as output to a user parameters of interest from the fitted model.



receiving data representative of the first security; determ ning or
receiving an estimate of the expected default loss of said first 20
security; and generating a neasure of #he covariance of the two said
securities corresponding to the expected default loss of the first said
security. 10. The computer inplenented nmethod of any one of clainms 7 to 9,
wherein the 25 annualised expected default loss (EDLj) on one of the said
securities, security j, is designated as: EDL,=In(pk -1+1)/T where: \\ 30
j is the class or classes of the fine's debt-type or sim.lar securities

| ssued by, b1 rePEPRRESEPImet mefior of mepsitipg R el i PP asetidiaul ¢ [ oss
i's being eskthtd &shpriking thetskeps 6f: ass or cl asses of security issued by, or
referenced to, the firmthat rank 4 behi nd sqe‘ﬁ;?garl%é? i.n tfemﬁ. of priority
upon a | i qui dat iTEf5IVHI8 L rEpresentaliis of the jald qspt ag BEFRBHYOPL 4AYET est to the
user, in yeas&; aj is the standard deviation of rates of return, per annum
of j ak_is the standard deviation of rates of, return, per annum of kK 5P
ik is the correldﬁ'teFB‘ng(?éfeF?‘X‘i“Eﬁ’Eesé'fnafei‘?g §P@§W°$@Fﬁ‘?"ﬁasﬁﬁ?'a}1 and k; the
nodel is fitted gefdislingamianireothe tredinfiskl of #e shid @sbet doeredpohdifghortagiald are out put
to a user. 11. The conputer inplenented nmethod of any one of clains 7 to 9,
wher ei n theeSt‘E’Gtez?gFﬂfﬁP%gd expected default |loss (EDLj) on one of the said
securities, security j, is designated as: EDL, =Pjkajak where: 15 Pik is
the correlation coefficient of the rates_of.refurn for, securities j and Kk,
a, is the sg'anda QPP ?‘Bﬂelﬁ}?“t‘?‘gf”&‘g‘ﬁpfrc&‘ﬁﬁmw*ﬁ@m henR 2859 &curity | ak
i s the gbaneirlics @viedibyOst réfereneddas, th safne fidh And Wi saidridvariande cugutiss ty K

a measure of credit risk of the security that ranks highest in priority upon a liquidation

or default event.

9. A computer implemented method of estimating the covariance of returns of two
15  securities issued by, or referenced to, the same firm wherein the first security ranks
higher in priority upon a liquidation or default event, the method comprising the steps
of:
receiving data representative of the first security;
determining or receiving an estimate of the expected default loss of said first
20  security; and
generating a measure of the covariance of the two said securities corresponding

to the expected default loss of the first said security.
10.  The computer implemented method of any one of claims 7 to 9, wherein the

25 annualised expected default loss (EDL)) on one of the said securities, security j, is

designated as:

EDL, = ln( e —1e 1)+ 1) /T

where;

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



the nodel is fitted; and parameters of interest fromthe fitted nodel are
output to a user. 20 12. The conputer inplenented nethod of claim?7,
wherein the two assets are portfoliosddr indices in respect of different
types of security and using said covariance output as a neasure of credit
risk. 25 13. A conputer inplenented nethod for estimating the correlation of
returns of two securities issued by, or referenced to, a firm the nethod
conprising the steps of: receiving data representative of the two

secur Ui es; det eryt il Ul (PRSI deR0RY RS IRLGUR o B cheoS Of each of
e

the said securities erm ning recel Vi ng an estinate of the

expected defaupt lmlgﬁm,@fhoﬁ%#oqglh otﬁ?ﬁsgr ﬁl%ceglrl t| es; and generating a

nmeasure of the corre ion tvvo securitres by relatlngthe sai d

f d default | 5 14.
The conput or |l g Aeaie IOVRSE b F o B Ep e BRERES 71 O T el at Ton (. )

of the returns for the two said securities, j and k. is designated as: p/k
=EDLj T11? r -aJlis °|8‘amiafddef@“mé?rétesgﬁe'}m‘pﬁeﬂampﬁés or classes of the
firms debt or simlar securities issued by, or referenced to, the firmfor
whi ch thé expeg} eislthdebmelitionlcoetficiem obithe rayesef tatumtegandd;i s t he cl ass or

cl asses of security issued by, or referenced to, the firmthat rank behind
securityj in hLps BdePs fied;QpAty upon a liquidation or default event 15 Tis
the tine horizon of interest to the user, in years of is the standard

devi ati on of rParEstesyof intergst fromhe ‘&‘t‘?ﬁ‘%ﬂ#"’é@ﬂm"tm@‘f‘%’ the standard deviation
of rates of return, per annum of k EDLJ the annualised expected default

| oss on securityj; ) , \
i1, yJ['he computer implemented method of any one of claims 7 to 9, wherein the
10  annualised expected default loss (EDL;) on one of the said securities, security j, is
designated as:

EDL,=p,0,0,
where:

15 P isthe correlation coefficient of the rates of return for securities j and k;
o, is the standard deviation of rates of return, per annum, of security j

o, is the standard deviation of rates of return, per annum, of security &

the model is fitted; and

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

12.  The computer implemented method of claim 7, wherein the two assets are
portfolios or indices in respect of different types of security and using said covariance

output as a measure of credit risk.

25 13, A computer implemented method for estimating the correlation of returns of
two securities issued by, or referenced to, a firm, the method comprising the steps of:
receiving data representative of the two securities;
determining or receiving an estimate of the variance of each of the said

securities;



the nodel is fitted; and 20 paraneters of interest fromthe fitted nodel are
output to a user. 15. The conputer inplenented nethod of claim 13, wherein
the correlation (p k) of the returns #ér tw said securities j and k, is
designated as: Pik = EDLL w vk ; 25 where: EDLj the annualised expected
default loss on securityj; v, is the standard deviation of rates of return,
per annum of j ok is the standard deviation of rates of return, per annum
of k 45 the nodel is fitted; and paraneters of interest fromthe fitted

nodel are output ,to the user. .16. The copputer | ted . nmeth of claim
T oher et none. of fiee o dfivingn SRR Goec P EIRIS SR B8R0y Fur't ner
conpri si ng tshid sachidiess; mid: specifying the real world distribution process that
the returns on the underlyin set _are ected ta foll al cyl ati ng the
expected real woBf§ Y %ﬁ%ﬁ“&tﬁ?co{rﬁ%{‘%ﬁ%nmﬂé‘f%ﬂ es By ﬁg%,&e si‘gl cul ati ng
t he expect edstimass, of shriancoand ttbesdidabtimate aff estpaotel defatilt weer nonents of 10

interest of the option, at the tinme the option is expected to be exercised;
usi ng théS af oresai d paraneters to calculate the expected real world pay off

from the option,. disco i k Lo .present, val ue .(as af .th hgsen
eval uation gt e) T %c@%&giépé#qqgn%?%rwet&lﬁg °?3§'F 15101%5,&\; Frﬁla ﬂge ?W%t'é%fpdéto d di scount
rate, where gdkfindsifstthiholsaitl Sebufiti&C LA, is dRigh@bLas NCl udes a ri sk prem um for
t he expected standard devi ati on (nmeasured over discrete tine) of the

expected option pay off, for such other higher nonents of interest to the
user and adjustnents for ctors specified by a user, such that
the price per ulit=ETififsk, fiqe™eath risk factor, is equated for two or
nore assets or securities selected fromthe options being eval uated, the
under|yiWg adwwet and any other securities 20 of interest referenced

t hereto; and

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

rank behind security ; in terms of priority upon a liquidation or default event
15 T is the time horizon of interest to the user, in years
o, is the standard deviation of rates of retumn, per annum, of j
o, 1is the standard deviation of rates of return, per annum, of &
EDL; the annualised expected default loss on security j;

the model is fitted; and

20 parameters of interest from the fitted model are output to a user.

15.  The computer implemented method of claim 13, wherein the correlation ( o5 ) of
the returns for two said securities j and £, is designated as:

pu=EDL, [o,0,;

25 where:

EDL, the annualised expected default loss on security /;
o; is the standard deviation of rates of return, per annum, of f

o, isthe standard deviation of rates of return, per annum, of k&



providing as output to a user paraneters of interest fromthe fitted nodel.
17. The conputer inplenmented nmethod of claim1l, wherein one or nore of the
securities is an option, the nethod fufiher conprising the steps of 25
specifying the real world distribution process that the returns on the
underlying asset, upon which the option is contingent, are expected to
follow, using initial guesses for the values of the distribution
parameters; calculating the expected real world probability of the option

bei ng exerci S§fls modeitt q*ﬂeg.t'gg t he expected nean, standard devi ation and
ot her hi gher non%lﬂts so ’3% i nterest of the option, at the tinme the option

i s expected t marmetexeafdntetest fromsthefittedreodst ase ewputdp thepseret ers to cal cul ate the
expected real world pay off from each option; discounting back to present
value (as at the chosen evaluation date) the expected 46 pay offs from each
option usind6a r Thk compuies timglemiented method of claisp elg ivihiersin onecorcmorspefi be,  where
said risk aqgj - | ' s @l m um for the expected
standardlg dgé%ﬁgﬁ%g%g{o@?ﬁgﬁ%é%gﬁfélgﬁ%gt&?%%&{bé%ﬁp??ﬁfor such ot her hi gher
moment s of i nt er epstifytieg the eal word dbnﬂu@nﬁmwmﬁﬂshﬁmmwmh@eﬂﬁagt ors

specified bxlss@taﬂé%[ ctedltolidi@t the price per 5 unit of risk, for each risk
factor, is equate pFor two or nore assets or securities selected fromthe

options bei ng evedlenatiog thetekpected deat worldprobabiity ofthelopsing beingexercisediuri ti es of
i nterest referen . tQ: . i kng the
nodel paraneter gag batélg?h%net F?c'te{dﬁ]gé&n%g{’rﬁlﬁgﬂ?ﬁ‘t%ggw%ﬁ@aﬁ%gli \cé\;ﬂ{lsérng as
out put t1 a interest opthe apticnestshegimg the optionds dxpestadithbe ¢xercised nodel . 18. The

comput er i P! erme ilechy T8 N0M4 Blrafb@sb dfeufe ik BT real Widd 10 BOIF 1 ST NG the

step of using the estimte ues for the rat return, ndard
devi ati on, dhgmption;hi gher noments of interest and any other factors specified

by a user for thgiasa6ls sk to]ﬁzleéeﬂn%&iuet(% ﬁ&ﬂfgc%oé% eValhation QhiBfthe PR 5NS

contingent on the sane or simlar assets. . e conputer” I npl'enent ed
net hod of clfegmnihe optigiewsinga gsk adiystedphtcpens ratey whsta widd rigkipdiysteddisconptiel of t he
firm thg mehDagkifdds thRLk GRERIH S the! iPediERinddtd 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 two or more assets or securities

selected from the options being evaluated, the underlying asset and any other securities

20  of interest referenced thereto; and

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

17.  The computer implemented method of claim 1, wherein one or more of the
securities is an option, the method further comprising the steps of;

25 specifying the real world distribution process that the retuns on the underlying
asset, upon which the option is contingent, are expected to follow, using initial guesses
for the values of the distribution parameters;

calculating the expected real world probabi!ity of the option being exercised;
calculating the expected mean, standard deviation and other higher moments of

30 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
each option;

discounting back to present value (as at the chosen evaluation date) the expected



determining a plurality of input paraneters, the paranmeters including a risk
20 premumin the rate of return for each security issued by, or referenced
to, the firm defining relationships #&tween said paranmeters; fitting the
nodel ; and providing as output to a user paraneters of interest fromthe
fitted nodel. 25 20. The conputer inplenented nethod of claim19, further
conprising the steps of specifying the real world distribution process that
the returns on the firms assets are expected to follow, specifying a

default point r esentin he val f t firm s asset ich the firm
I s expect edpzfyooiﬁsgé%'ﬁl%?; ‘ﬂ%"%a l%?é#?ﬁ%u?t J;‘%%cfﬁlétcr?é’cfp?céa t%v\e%%l} i ﬁ;ﬁ‘obabi lity
of the def awhtre paid risk dslpisted divedunt rataihcudea b risigpréinimnefopthe txmkeied standast andar d

devi ation and. ot het .hi gher .nopent s i nt,erest..qf the securiti bei ng
anal ysed, nAOHRGR Ph R APEsa SRR b, O o P S ider MORSEFF st he P i s
assets and theesctafidadiistrpmisibr angtotiehfactorsrspecifiediby amsef suclntherrtbspricegeér usi ng t he
af oresai d par, ters to,c u] at.e the expected real world.pay off. of the
Secur i 85 BU g ven gk Gtop ey KBTS bERots Ao B pecliBRYr& At g back
to present fainuthe (opdomt beigeevahnamdnthe umbierbingomssa aind )any foehee spantitiedof pay of fs
of each securit el ngddtinag ysed using a risk adjusted discount rate, where
said 5 risPEd TETES Sunt rate includes a risk prem um for the expected
standard devi at i iemting thehshoex pacesodbypearyiog fthef model plramster waludsyuntil ahie such ot her
hi gher nonent lof t’ terest to t he user and adjustnents for any ot her
factors spegﬁ"?ésaﬁt?g’aél user, such that the price per unit of risk, for each
such ri 49R f act orproviding st tof aorsert paranetersnfireers® fromithe fiedingsleled by, or
referenced to, the firm 10 fitting the nodel; and providing as output to a
user paraneters of interest fromthe fitted nodel. 21. The conputer
i mpl enent ed18ret Hie cofmputetimpleb2nted nethaid of @6im fdortdedm 1€ ofapghérsbmprisinghe st eps
O ot Toner ! B2 Ul HPLAoh Vo P bE ROYR IR kR SRR Gher

higher moments of interest and any other factors specified by a user for the asset as

15 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
20  premium in the rate of return for each security issued by, or referenced to, the firm;
defining relationships between said parameters;
fitting the model; and

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

25 20,  The computer implemented method of claim 19, firther comprising the steps of:
specifying the real world distribution process that the returns on the firm’s assets
are expected to follow;
specifying a default point representing the value of the firm’s assets at which the
firm is expected to default;
30 calculating the expected real world probability of the default point being met;
calculating the expected mean, standard deviation and other higher moments of
interest of the securities being analysed, having regard to the distribution process

modelled for the firm’s assets and the default point, at the time horizon of interest;



some or all of the variables used in the nodels of claim119 or claim20; and
solving all of the multi-variate equations and the said nodel to cal cul ate
the remaining unknown variables in th equations and the nodel. 20 22. The
conmput er i nplenented nethod of claim21l, wherein at | east one of the
unknown inputs included in one or nore additional nulti-variate equations
conprises or represents a statistical nonent of one of the securities

i ssued by, or referenced to the firm 25 23. The conputer inplenented

met hod of claim2l ei I gast one o t he inp i ncluded in
one or nore addluf"l{‘%ﬂ’gla?ﬁf’f‘@ W‘e °3g“t\'§ﬁ?{h8 e@S‘#ﬁP{]‘gﬂd%&?"& 28? esents the
correl ati onseb@itisebeing dnalyse atrtlnbsnrméhmzmadafrinta&stsecurl ties issued by, or
referenced to, the fi.ne Th thod f cIa|m21
wherein at | eastiSSREAg bﬂ%%’ prﬁ???h‘&iﬂ?(\(i’sﬁ%glescﬁ?sﬁ%ﬁ’gﬁ %S%HE

addi ti onal payldffs-of aichatmrigohehig analysed msipg as:ebadjustedrtmnbmwe,avhcfeesadovari ance
betvveen he retuspeiﬁof a

i.r .of sec rltles | ued erenced t o,
the fi ne gk adpasted dhscoupy 18?‘111(;%'% p%‘?é/d ﬁtﬁ'id?ﬁd @¥Werei n at
| east one oéf thdexpettek payveff frovp uliesserurity, tfotesdch mhenﬁg}ﬁf moDHexts aﬂdtetesomal
mul ti-variate equ |on rises o ts t 0, ation between the
returns of g@bﬁ?aqt eg}%gg" a't‘girré’?t% éﬁeéﬁéggyﬂﬁser %&ltﬁ%t%elrfnrﬁeg?{d t he
returns of ﬁxhﬁoftrﬁk,&br dath sach Atk fah"tbe isqgred fot tviongrinenesicerdtiesdsindbypdr cl ai m 21,
wherei n at l}?&]@ést netp%{' t he unknown inputs included in one or nore

addi ti onal "equations conprises or 10 represents the
covari amge bet wdntingithemodd;undis of a security issued by, or referenced to,

the firmand the re .urns total fir i mpl ement ed
rothod of i ai et 8 oufht g e et oF et ot e TR Mol o7 v uced i n
one or nore additlonal nultl-varlate equati ons conprlses or 15 represents
t he expecte

a m of1 de‘fug | t §fclTh 8 or”ﬁ ?Q flu I egentmed nmet hod of
claim 21, erel 51? F JPPSHEMS tll'l'e Rowrt* ¢ G one or
nore addititeaatkpsnfl ti-variate equations corrprl ses or

15 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 madel.

20 22. 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 a statistical moment of one of the securities issued by, or referenced to the

firm.

25 23.  The computer impiemented method of claim 21, wherein at least one of the
unknown inputs included in one or more additional multi-variate equations comptises or
represents the correlation between the returns of a pair of securities issued by, or

referenced to, the firm.

30 24, 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 covariance between the returns of a pair of securities issued by, or

referenced to, the firm.



represents the expected | oss given default on a debt-type security issued
by, or 20 referenced to, the firm 29. The conputer inplenented nethod of
claim 21, wherein at | east one of the 48inknown inputs included in one or
nore additional nmulti-variate equations conprises or represents the
expected default |loss on a debt-type security issued by, or referenced to,
25 the firm 30. The conputer inplenented nmethod of claim 19 or claim 20,
further conprising the steps of generating one or nore paraneters fromthe
nodel and solving the nodel so that the said paranmeters equal val ues
specified by a user, where one of the said 30 paraneters is a statistical
moment of tB® r ekhercompoter anpleroéntedrmetbet of tline1,i wiensinl ableastome afdhier enced t o,
the firm 3 : ' . Qf, I M. im 20,
further co rr%?klng‘lgﬁ bn(bﬁg%?@éd g-{{}eﬁ% §P§@% gg%l{e@%r ‘lgﬁlé'g{)aﬂ%l’ gélll{%ﬁér% ecgg'gg%e%{ner s from

t he nodel argresaitsvthe gorreiatiombetsieersthe retiras off tsecwrity dsswedrbyyrett wfeteneefdtal val ues
specified b QR e said paraneters is the correlation
bet ween Sheﬁfﬂﬁimgwsg%ir 3 Igllie’guri ties issued by, or referenced to,
the firm 5 32. The conputer inplenented nethod of claim19 or claim 20,
further co i Si o kD0 I r fromthe
nodel and sngé'vi ngﬁt%ggﬁ%%giﬁég&gﬁﬁgﬁécﬂy Qg?ngﬂga%ﬂnﬁgflseggqﬁgﬁ tf\% ues

speci fi ed bynknows épptsviebided wrone of mora edditiind] myltirvariate equstions comprisporar i ance
between the returns of a pair of securities issued by, or 10 referenced to,
the firm 33. The conputer inplenmented nmethod of claim19 or claim 20,

f urt her l@onympresintsgthe tdwarizrice petwotn the raturns ofregseomity imsueddiyeomprafesameedetos from t he
nodel and s j hlmg the said paraneters equal val ues
specified b@kgﬁﬁggéggr er%kgﬁﬂmg¥l e said 15 paraneters is the correl ation
between the returns of a security issued by, or referenced to, the firmand

0% or CLI 200 g dofpfler irhfiherie By GPERI 9, WAERL# TP RAR oA Of ol ai m

19 or claim 20, rising ]
unknown inputs included in one or more additional multi-variate equations comprises or

i5  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
represents the expected loss given default on a debi-type security issued by, or

20 referenced to, the firm.

29.  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 default loss on a debt-type security issued by, or referenced to,
25  the firm,

30.  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
30  parameters is a statistical moment of the returns of one of the securities issued by, or

referenced to, the firm.

31.  The computer implemented method of claim 19 or claim 20, further comprising



the steps of genéerating one or nore paraneters fromthe nodel and sol ving
the nodel so 20 that the said paraneters equal val ues specified by a user
where one of the said parameters is th# covariance between the returns of a
security issued by, or referenced to, the fine and the returns of the total
firm 35. The conputer inplenented nethod of claim19 or claim 20, further
conprising 25 the steps of generating one or nore paraneters fromthe nodel
and solving the nodel so that the said paranmeters equal val ues specified by

a user, whepe one of the said araneters is the expected probability of
efaul 1. 301 of drastntle Ot SrmRE RPde Tt Frmdbepoosl AREFHEE ¥ Bl 2o
further conywi thengid Bdrarhéters Sqgeqlsvables gpeeifiedtbyng wsere wherenarecofpthe asaidt ers from

t he nodel and sqlving the del ,so .that the said paraneters ual val ues
speci 1 ed byranelgs * BcaflBicdeni e Sy o i PR R i BBect o | oss
gi ven def auteferemedtogkbbfimb.ype security issued by, or referenced to, the
tine. 50, 37. The conputer inplenented nethod of claim19 or claim 20,
further gonprisi ng the steps of generating one or nore paraneters fromthe
nodel and s&l.vi rithetchapuredielplesented rethod hfcisian 19 @alamn cfughe goaprisigl ues

specified by a us ere one of the said ar ters.i s, the expected
dofaul t 1 osteSPEstgen e Sn Bindte pefierdE i T ROAT RGP et fSuef T L ¢
38. The conthat ér saidparamettrs ceqnalt vubets apecified ipne ér, otharenene2of themaidé or any
one of clains 19 to,.37.  wherein the value faor, .or.the..additiqnal

mul ti - vari aPE eGHALT tcl)'ﬁ ¢ %aflag‘ffgt’esoe{l/i%?\egre#ucr)“rs,()ftahpea“ é’fsﬁﬁ‘i?{“gﬁd%%‘}sedg’ﬁ’ % securi ty
is derivad fefoenceptol the fign.t he conputer inplenmented nethod of any one of
claims 7, 8 or 10. 39. The conputer inplenented nmethod of any one of clains
2, 5o0r 6 or any one of <clains 19 to 37, wherein the value for, or the

addi ti onal A%l t iTheaomputer iegleatented nfethod ofl Gaisnl Worretpith @0, futthee caoprisgigat | on

bet , ¢ hale . . ) )
pl oment o6 gteRoR Efertinl oS My Birniilts HRARRIY YSolE oIS

i mpl enent ed thaethizowido paramsters ngualf vableaispeified yoa 3iser, whereeone ofhtne sadll ues for,
or the gddi b o0GLrs Wi bortelitoR bEweBH AL kRl 51 scR@ty i3k 8! or kfifenbdt € Of

return,

to, the firm and the returns of the total firm.

34.  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
20  that the said parameters equal values specified by a user, where one of the said
parameters is the covariance between the retumns of a security issued by, or referenced

to, the firm and the returns of the total firm,

35.  The computer implemented method of claim 19 or claim 20, further comprising
25 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 probability of default.

36.  The computer implemented method of claim 19 or claim 20, further comprising
30 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
parametets is the expected loss given default on a debt-type security issued by, or

referenced to, the firm,



20 standard devi ation, other higher nonments of interest and any ot her

rel evant factors specified by a user for one or nore of the securities are
derived fromapplying the conputer ingl enented nethod of clains 16 or claim
17. 41. The conputer inplenmented nethod of any one of clainms 16, 17 or 20,
wherein 25 the real world distribution process that the returns on the firm
(or underlying asset) are expected to followis nodelled as a specified
statistical distribution, wherein the nean, standard deviation and ot her

hi gher nonents of interest of the portions of that distribution relevant to
a security e estimated using cl.osed-fqrmtype formnul sol uti,Qns or

nuneri cal appr ox [ogper fep pethod 9 CI’?"ﬂbﬁg?f ’Pi%d%g{‘ﬁt"f’??‘i‘%’éﬂ 30

di stri buti otheRf nerdtihg oR66r HEEParaMbters FOMARERbRIaniBb G (R medepiom 41,
wherein the regl wprld statistical distribution prqcess that the returns on
the firm (thahﬂHe?aF‘{/P?fgmﬁ efapalyyalues 1sp et éd‘sf'g“f 1o 8% Pk thent#idior nal

di stribuki OBararitéters T91hie € défahlMRELETEDNdbl tyB b2 0ty Gdsudd Y, OF Aferendbter €i n t he

fine has, or is _treated as having, only a single class of zero coupon debt
on issue ani>te&Mpdel is 5 fitted such that: 7 |

(Voe' I'l -N(d1l) J+Boey7N(d2i )A __ CvoenT N(d,~-BuerrN ~az ~ )IT - r InT - r In
Bo So where; is the val ue of tHﬁegﬁguity of the firmat tine W is the

S, .
val ue of thedf i r Hhecomputes implgmenied method ofianyfine of¢laims 35 5 ORG oF #9Y,0Ne Ohsset s s

10I t he ?Umhelﬁx}rﬁshﬁ tbagua%ceaén memﬁme;] f&,sordﬁé)hdcﬁt?nalaﬁgltﬁﬁﬁh&)éqlﬁa‘ﬁ)on>f‘01i s the face
val ue of the firnis defht , ich is assune o be a,single zero- coupon
bond, at!OnafRlying fory thes H‘Ffﬁ‘é‘ 1@% (PR PP IS ¢ eﬁﬁedh%?‘?‘zﬁ?ﬁg“ﬁgntbﬁéﬁwmﬂ . is the
rate of ret yhpleddhtddifetiddoThsy dieoEtBimsPeB cadiUM 15 y is the prom sed yield

on the firms debt, per annum
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
15  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.

40.  The computer implemented method of any one of claims 19 to 37, wherein the
values for, or the additional multi-variate equations for solving for, the rate of return,
20 standard deviation, other higher moments of interest and any other relevant 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
25  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

30  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



d =IlLtnmwWt-+-7r; T 1a . f)+(1/2/1,. J) dr=d,-a,.J 1 11 N(.) is the
cunul ative probability of the standard normal distribution with d, or d, as
the upper linmt 20 r is the risk free Jlate of return, per annuma,, is the
standard deviation of rates of return on the firnmls assets, per annum an is
t he standard deviation of rates of return on the firms debt, per annumc
is the standard devi ation of rates of return on the firms equity, per
annum 25 44. A conputer inplenmented nethod for applying an option-theoretic
nodel of a firmc ri.sing the, steps of generating one or nore risk

par anet er s Wﬁi‘ﬁdttﬂg"%dﬁp‘?gm??ﬁ‘ﬁtﬁg Bover a discrete tine period, and
solving the nodel so that the said paraneters equal values specified by a
user. 30 45, The, conputer, i npl enent ed Qd | aim. 4 erein one of the
said risk 58 pg-rh‘éﬁg BYter V’g’rf%“eé‘ggt’?%ng%} cq%ngth%&pq%ﬂi}rg}mﬂq;ngr Bf one or
more of thewsR@Ukihklifg dnbsal Shigleltyass Of zei® taipom delil dndssué asd thermodebis46. The

conput er in?l %trrewgtgg met hod of claim 44, wherein one of the said risk
paramate?s IHEASUCR 18y r el ati on between the returns of a pair of securities

i ssued by, or ,ﬂ-le_r &gg 7 firm A4fy Fh )R Wi i enment ed net hod
of claim 441nC’ér = gcﬁ”?tﬁyl%/ﬂ—rl slhEM%%?é#e?—g@?—s covari ance
bet ween the returns of fa pair_of ecuritiks issuedeby, or eferenced to,
the firm 48. The conputey inplenented nmethod of clai m 44, wherein one of
the said risk paraneters is the correlation between the returns of a
security i s¥bee by, or referenced 15 to, the fine and the returns of the
total firm 4% ThGe CARNHIR eqlifPhERERHEA ifRY,N0d of claim 44, wherein one of
the said risk “paraneters is the covariance between the returns of a
security issuét] bythe adlue efftier femtemsetsad fime rend the walaeef thd iy’ eassetns of t he tot al

firm 2@ the sum of the values of the firm’s debt (B) and equity (S)

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

T  is the user selected time horizon, in years

r.  isthe rate of return on the firm's assets, per annum

15 y  is the promised yield on the firm’s debt, per annum
d, = ([ln("%[) +r,.T] / o NT )+(1/2)(a,. JT)
dy =d, o, T

N() is the cumulative probability of the standard normal distribution with 4, or d,
as the upper limit

20 r  js the risk free rate of return, per annum
o,. is the standard deviation of rates of return on the firm’s assets, per annun
o, is the standard deviation of rates of return on the firm’s debt, per annum

o, is the standard deviation of rates of return on the firm’s equity, per annum.

25 44. A computer implemented method for applying an option-theoretic model of a
firm comprising the steps of generating one or more risk parameters from the model,
estimated over a discrete time period, and solving the model so that the said parameters

equal values specified by a user.

30 45. The computer implemented method of claim 44, wherein one of the said risk



50. The conputer inplenented nethod of any one of clains 19 to 22, claim 30
or clains 41 to 49, wherein the fornula for cal cul ating additional
paraneters, being instantaneous volatjlity, for calibration with the nodel
conprise: [1 OB _L TI. ef)rfl_N(di)] Bo 25 a =Qelmc. "N(du) n where:
S,, is the value of the equity of the firmat time nV,, is the value of the
firms assets at tine n and the value of the firmls assets is the sum of
the values of the firms debt (B) and equity (S) 30 X is the face val ue of

the firms %E@ﬁnm@@i%a Y Bal n?eﬁis%’lgﬁgre{ugnstlﬁ' offe 5 G Of &'sQcuriBOLBREd bond,  at

maturity 53 I's the user select time horizon, in years r,- Is the rate
of return omyidueeferenced to. thedioms, per annum d, =([in(" )+r,.T]/a,.,r J
1+(1/211x," I1f) d, =d, -\a,. vT 5 N(.) is the cunulative probability of the
standard normal distribution with d, or d, as the upper limt r is the risk
free rate of return, per annumr$ is the rate of return on the firms

equity, Rer gnnug, jy}%azil?@ﬁﬁgl*l& 8&5@5#61&9&‘4,%&& ﬁx?c?fitﬂﬁgéid fRer annum 10

a,. is the standard ) rates of return on the firms assets, per
annum aA | pamheterstiathdanotreldtion batwvenn thé retuanseef o pair of secyritiss isshed ¥y, ori s debt
per annum I dard deviation of rates of return on the firms
equity, perq‘gﬁﬂﬁﬁcﬁhngﬁttﬁjﬂé conputer inplenented nethod of any one of clains
19 to 22, clainms 30 to 15 34, or clains 41 to 49, wherein the fornula for

cal cul ating 49.ddi ﬁ‘ﬂ@é@ﬁpuﬁ?ﬁrﬁﬁ%ﬁﬁéi mBESA 8¢ claim 44, wherein one of the said risk

10 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 risk
parameters is the correlation between the returns of a security issued by, or referenced
15  to, the firm and the returns of the total firm.

49,  The computer implemented method of claim 44, wherein one of the said risk
parameters is the covariance between the returns of a security issued by, or referenced
to, the firm and the returns of the total firm.

20
50.  The computer implemented method of any one of claims 19 to 22, claim 30 or
claims 41 to 49, wherein the formula for calculating additional parameters, being
instantaneous volatility, for calibration with the model comprise:

V Foore
o =o~,.B—“e{' oy [l-N(d,)]
0

25 oy =0, Z—“e""-'-"”' N(d,)

0

S, is the value of the equity of the firm at thme n
V, isthe value of the firm's assets at time r and the value of the firm’s assets is
the sum of the values of the firm’s debt (B) and equity (S)

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



discrete tinme volatility, correlation and covariance, for calibration with
the nodel conprise: |/T, ad- In(VT[1-N(dn)F2'r+x2N(d=) B7 J 54

Nn(VIFN(d3)e'''r -2V...XN(d,)+X N(d,) 83 S,. )IT X-Br Pws = B7. e ' -1
a''. PI-8f r(I-N(d3)kff?r +XN(d1)-Br = Br ejr -1 ea"' -1 Y,.Nd3)e""'
-XN(d,)-Sr Pis =S V(e aft -lie 1) 5 aaa = Pncanas aye =Piwaraw where:
10 S,, is the value of the equity of the firmat tine n B" is the value of

the debt of the firmat time n V' is the value of the firm s assets at tine
n and the val of .t he fll‘c{d%{nﬁ sets js the sumof the values of the firnms
debt (B) and dquitte Py selecied tipglopizon,inyearsio "ot the firm's debt (B), which is

assuned to bera ssmg{a&dfeemoﬁ%mﬂpmwmpdm maturity T is the user
selected time horizon, years

([1,,( /Y)”, ] /a,. T)+(1/2)(a,.ﬁ)

d, =d,—o . NT

5 N() is the cumutative probability of the standard normal distribution with d, or 4,
as the upper limit

! is the risk free rate of return, per anhum
ry s the rate of return on the firm’s equity, per annum
ry is the rate of return on the firm’s debt, per annum
10 o, is the standard deviation of rates of return on the firm’s assets, per annum
o, is the standard deviation of rates of return on the firm’s debt, per annum

o is the standard deviation of rates of return on the firm’s equity, per annum.

51.  The computer implemented method of any one of claims 19 to 22, claims 30 to
15 34, or claims 41 to 49, wherein the formula for calculating additional parameters, being
discrete time volatility, correlation and covariance, for calibration with the model

comprise:

- Vil - Nk + X*N(d,)
R




r,. is the'rate of retfurnon the firms assets, per annum d, =1 [In(V/
)+r,.T]/o . ~J+(1/2X0.. .~FT-) d, =d, -a,. -FT 20 d,=d,+a, N() is the
currul ative probability of the standard3fhormal distribution with d, or d, as
the upper Iimt r is the risk free rate of return, per annumrc is the rate
of return on the firms equity, per annum 25 r8 is the rate of return on
the firms debt, per annum55 Cr. is the standard deviation of rates of
return on the firms assets, per annum ve is the standard devi ati on of
rates of return o i is the standard devi ati on of
rates of return on {H o +pén(dn pg., is the correlation
coefficient of’st ates of retgtn for B and]5 5 p,,, is the correlation
coefficient of th ates of return for V and’B;, p,.s is the correlation
coefficient of the ratgs pf return for V and S 52. A systemfor relating a

price or valudhﬂFiﬁlﬁjﬁaﬂrjﬁFjﬁ securities associated wth an underlying
asset, the rate ofB; Urnipen sdid securities and the risk attributes of said
10 securities, the system,conprising: a conputer-readable nenory; a risk
analysis unit ,9 g?&ﬁT@gﬁﬂ%sgégﬁﬁﬁﬁréBthat a priced risk factor incorporated
in the risk ;f? rﬁUm_,_f;Qﬂ%eeragpIesiec_q ity is the volatility of returns,
measured over discrete 'tinme;*15 a’risk pricing unit operative to: deternine
a risk prem um ingoypphated vy ybe rate of return for each security; and
desi gnate thatot A e f this risk factor is the same for two or
nore of the said seéhgkﬁfeﬁjfﬁb-a financial nmodelling unit operative to
defi ne a_nodel coqprising dat a

5 Oys = PpeT30s

Ty = PrgTr 0y

Ty =P 0y

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

B 1is the value of the debt of the firm at time n

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

T  isthe user selected time horizon, in years

¥. 1is the rate of return on the firm’s assets, per annum

d, =([ln(y%()+r,.'f] /a-,. JT J+(1/2)(a,. JT)

d, =d, —a,.ﬁ
20 d,=d +o,. T

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

¥ is the risk free rate of return, per annum

r is the rate of return on the firm’s equity, per annum

25 ry is the rate of return on the firm’s debt, per annum



representing rel ationships between the risk prem uns determ ned for each
security and store the nodel in the conputer-readable nenory; and a user
interface device operative to exchange3$nformation with a user. 25 53. The
comput er system of claim52, wherein at |east one of said plurality of
securities is a debt-type instrunent, and the risk pricing unit is further
operative to analyse a yield spread associated wth the debt-type
instrument and identify a default |oss conponent and a risk prem um

conponent of sai ?{Eﬁ’iﬁgl d, spread. 30 54. The conputer system of claim 52,

wherein the fifra Javiatign of fptes ofetiin onghe firmyassels, PFANEYN S | t t he nodel .
56 55. The co I . I el £, 1 jnterface is
further operat%ggﬁegé%rﬁ%@%ggb%{%%ﬁa 0 gnﬁés%rm %gerbgﬁgagirl@of the fitted

nmodel . 56. Thergashdis@iidasd/ dvsibwbdf réfefofiretde, onWikelirdi’ Sequity,@8i dnfidhe of t he
expected default 5 loss of another, debt-type security (securityj) issued
by, or referenesgds thg comalationiceqfficiens of e ratgsofretirmfaaPeng §i ng the rate of return

f it i ] i, b f dto, fi th
i nanc b modephi Be Ggoe SRRy e et eI AP ne tne rate of

return on secyr i helcokdidtion RYeffiGib0PME BudsQf ftn R Pindgd yiel d on said
security (yj) ahd the expected 10 default loss (EDLj) on said security

where rj =y, - EDLj ; the risk pricing unit is further operative to

calculate t ex b QR ChlM:] i [, Where r
is the ri sk@?'r eegggst?eéﬁ g) %lginggrﬂr ? lgvarhlﬁg?gughg%i%?%%ﬁm ?jilsgéc 6%‘?11& operative
to cal cul at enuhderlzing @ssey theohtead a¢turngmcsaidi sequriticos @ulcthe sk gidutes gksaidact or (rn);
15 the rjssk i -urt her operative to calculate a price per unit
of r'sk187~,8é,%, “S?‘%?Wé‘a%"h*%ﬁ“%é risk factor (m in which each k. is the
same for two or awsmwputeeradabld memoryssued by, or referenced to, the firm and

such that the pr : ,hﬁec | . i | e prices
per unit of ri §k9g§&§?lg&§ e g@g&@?@g@éﬁ%ﬁaé}%é%egﬁggwﬁ% alﬁglggglhrn larly for
any ot her sdéeisktpyentiom foheach seqyritysistheayadatidity efiretuensc measured overrdisesteavai | abl e;
20 the riskﬁg{ggl ysis unit is further operative to designate that one of the

priced risk
15 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;
20 a financial modelling unit operative to define a model comprising data
representing relationships between the risk premiums determined for each security and
store the model in the computer-readable memory; and

a user interface device operative to exchange information with a user.

25 53.  The computer system of claim 52, wherein at least one of said plurality of
securities is a debt-type instrument, and the risk pricing unit is further operative to
analyse a yield spread associated with the debt-type instrument and identify a default

loss component and a risk premium component of said yield spread.

30 54.  The computer system of claim 52, wherein the financial modelling unit is further

operative to fit the model.



factors relates to the volatility of the rate of return on securities
estimated over a discrete tine period and is specific to securities issued
by, or referenced to, the firm the ridk pricing unit is further operative
to calculate the excess rate of return for all of the other securities
bei ng anal ysed, other than j, based at |east partly on their 25 exposure to
each priced risk factor and the price per unit of risk for each risk factor;
the financial nodelling unit is further operative to fit the nodel; and the
user interface is further operative to provide as output to a user

paraneters o | TeEPRRYCRyHpm oh laim §4, sdersidhs useriptedace iyRutheraRpater system of
claimb56, WRsH&Vidk dsBEtpRItb ¥ uldr phramereds OF the Hiiedelodeh the said system conpri ses
the volatility of returns; the risk pricing unit is further operative to
designate the relationship between the 57 firmspecific price of volatility

risk (A), she rafe@ombuteliydie dflait 507 whereih RE evtDhatd bt thé ¥xpeéted B&hul Ns for |
(a,) and_the risk free rate of return_ ( -r the risk pricing unit is

. (r), as; r,
further épelost phanothgr, de@rtmem%ém%ﬁdw%% PR TgferRnced o, thy Hbither cl ass,
or classes, yfifse® ¢ hdlsing( the rafRSeCRRY for0h sbREB QR CREhr#ies) ibgd oy B as: rk
=r+Z, ak; the risk analysis unit is further operative to designate, where
security cl Eé‘%""@?dmc??a%@gs. k are debt-type securities, the expected default
| oss (ED4) on sahdfisReil hddeRing hit isTRRl Biendive RleRERAE 8RGarY bakfnOi sai d
securities (yk) and their rate of returq$érk)kfs 10 foll ows: EDLk =Yk -rk
the financi EUl¥dén) gtegmes to be promised yickhen siq reuty Opk andthiceXpefdd ; and t he
user intgrf aggud 19ssiBDE gﬁsaqmﬁeﬁhy%ergq_p_ryowmﬁas output to a user .
parameters of interest fromthe fitted mddel. 15 58. A system for neasuring
the credit risk thé rispcgeinit isHertiey spamive aorpalcate tie exdese eanipntfer saideadabl e

nmenory; and a processing unit erativ 0:
y security j as equal tg ry-r, wl?é)re r l% the rﬁk%'ee rate of retum;

the risk analysis unit is further operative to calculate the exposure of each
security to each priced risk factor (m),

15 the risk pricing unit is further operative to calculate a price per wnit of risk (A.)
for each priced risk factor (in) 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 ; 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;

20 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
time period and is specific to securities issued by, or referenced to, the firm;

the risk pricing unit is further operative to calculate the excess rate of return for
all of the other securities being analysed, other than j, based at least partly on their

25  exposure to each priced risk factor and the price per unit of risk for each risk factor;

the financial modelling unit is further operative to fit the model; and
the user interface is further operative to provide as output to & user parameters of
interest from the fitted model.

30 57.  The computer system of claim 56, wherein the only risk factor priced in the said
system comprises the volatility of returns;

the risk pricing unit is further operative to designate the relationship between the



recei ve data representative of the said asset and data representative of
anot her asset; 20 determne or receive an estimate of the covariance of the
two assets; and generate a neasure of5the credit risk of the said asset
corresponding to the said estimate of covariance. 59. The conputer system
of claim58, wherein the processing unit is further 25 operative to

anal yse, as the said two assets, two securities issued by. or referenced to,
the sane firm wherein said covariance output is used as a neasure of credit

risk of the_ security that ranks highest in priorjty upon a_|l]quidation or
def aul t evefiim Smﬁcﬂng?%qa%@‘&“&(tﬁ?d&ﬁ&?fﬁ b {rahdle Wit ofr ns of two
securities, the te C rising a conputer-readable nmenory and a
processi ng [fﬁ']“fstﬁ%«i%?ﬂ&?%&%é@?ﬁ%ﬁ@%emesent ative of the first
security, wherein the first security ranks 58 higher in priority upon a

liquidation or defavt—-event; determine or receive an estimte of the
expected default |1os€;0f said first security; and generate a neasure of the

covariance of t t sai d ities. .corresponding. t 5 the expected
default | oss of q?%%%ﬁ“?%gm%%ﬁ set%!ﬁﬁe?%hy?{o o eg\’%%lr?pogtree“rlmz?)g?nem of any one
of cl ai n8 Séhother €aks, onkinsses, of sectfity (£)iisseeddiyadr refiedadet itoy thedfinmtasi s f ur t her
operative to 10 desigpate the annualised expected default |oss (EDL) on one
of the said secu’i*ﬁri*'e’g',a*’securi ty j, as: EDLJ =hilp,,, af -1 aT-1

Hjjjl/ T  where:dmpidankl§sid Gift is hther dPrafivead 38%matk , MiGte bdcimiyladedit - t ype or
simlar securities issued by, or referenced to, the firmfor which the
expect ed deflatgesk qrodebt-fype prehries, the expasededefaultilass ( BRL,Jon said spcurities §¥ es of

SEe LY | o Sl S G o Bl G nd secur it
10 follows:
EDL, =y, —r,;
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.

15
58. A system for measuring the credit risk of an asset, the systemn comprising:
a computer-readable memory; and a processing unit operative to:
receive data representative of the said asset and data representative of another
asset;
20 determine or receive an estimate of the covariance of the two assets; and

generate a measure of the credit risk of the said asset corresponding to the said

estimate of covariance,

59. The computer system of claim 58, wherein the processing unit is further
25  operative to analyse, as the said two assets, two securities issued by, or referenced to,
the same firm, wherein 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.

60. A system for estimating the covariance of returns of two securities, the system
30  comprising a computer-readable memory and a processing unit operative to:

receive data representative of the first security, wherein the first security ranks



20 T is the tine horizon of interest to the user, in years o is the standard
devi ation of rates of return, per annum of j vk is the standard deviation
of rates of return, per annum of k P& is the correlation coefficient of
the rates of return for j and k, the financial nodelling unit is further
operative to fit the nodel; and 25 the user interface is further operative
to output paraneters of interest fromthe fitted npbdel to a user. 62. The
conmput er system of any one of clains 58 to 60, wherein the financial

nodel |1 N9 URbier irSpriokifyf {poh 2 RRGEAIL YRddrAIdeSignat e the annual i sed expected
default loss™ 30 (EDLj) on one of the said securities. security j, as: 59
EDLJ = P,, k (yaldetgraipg or recejvejan eshmateoef, te axpestedcdpiault losepf sed fithle rates of
return for securddiigsald and k; 5 vj is the standard deviation of rates of
return, per annum Of securitty j Qk_is the standard devi ation of rates of
return, per annugeferde ageawyrq efjthqcovaninace ofithmivosridervaities qogretpanding ® f ur t her
operative tmcgiﬁectg@%fmlqggs;of&@%gﬁdmwj nterface is further operative to
out put parameters of interest fromthe fitted nodel to a user. 10 63. The
conmput er system of claim58, wherein the processing unit is further
operative to analyse, as the two assets, portfolios or indices in respect of
different types of security, wherein said covariance is used as a neasure
of credit rﬁgk. Ths computex syspere efany ope elldimp$§ 9 §0 Weerdisr r el ati on of returns of

two securitiegpe fidificia hRldBilthg RP GirdkWpeRtiGAgPUt €r - r eadabl e menory and a
processing unit operative to0;. recelve data representative of the two

securitil@s; ddesdgnateribe gmuslised rxpsctethdeianty lpgst(EDED op pee ofdhs saibiscwitisach of the
said securitiggutydelser m ne or receive an estimte of the expected default
| oss of one of theé“said 20 securities; and

EDL, =ln(p_,k J[e“f"" —lXe’ﬁ —1)+1] /T

where:

15 Jj  is the 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  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

20 T  is the time horizon of interest to the user, in years
o; isthe standard deviation of rates of return, per annum, of
g, is the standard deviation of rates of return, per annum, of k¥
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
25 the user interface is further operative to output parameters of interest from the fitted

model to a user.

62.  The computer system of any one of claims 58 to 60, wherein the financiat
modelling unit is further operative to designate the annualised expected default loss

30 (EDL)) on one of the said securities, security f, as:



generate a neasureof the-correlation of the two securities by relating the
said estimates of variance and the said estimte of expected default | oss.
65. The conputer systemof claim64, wh2rein the processing unit is further
25 operative to: designate the correlation (pjk) of the returns for the two
said securities, Jj and k, as: PA = EDL T/ ~e}r-tXe=r-') where: /~ 30 %is
the class or classes of the firms debt or simlar securities issued by, or
60 referenced to, the firmfor which the expected default |oss is being
estimated k is the class or classes of security issued by, or referenced to,
the firmthat rank behind security j in terns of priority upon a

| i qui dati on or;mit;f@i&j&vent Tis the tinme horizon of interest to the user,
in years 5 0 is‘'the standard deviation of rates of return, per annum of |

X is the stanteed deviation of rates of return, per annum of k EDLJ the
annual i sed expected default |o0ss. on securjt and out put

. fit the npdel;
paraneters of i rfleldd% ofFahes $08 TCPE@&herfﬁ'ﬂ%%/fr{’%méjmtﬁwtwsflﬁsé‘a. The conput er

system of claim®64, wherein the processing unit is further operative to:
desi gnat ® t he corr isithe standard dpvidticnfof tates of eetwum, psr fnowm; ofsesieiiyd securities j and
k, as: pp = EDLJ /0., ; 15 where: EDL1 the annualised expected default

| oss on securityy] is thRe stdndlartil¥Bvigtoavd adidd of R¥irA lpePindh, dfabRff return, per
annum of | QK is the standard deviation of rates of return, per annum of

kK fit the mgglrm, AR molefbd Biffis AAHEBpbAGL 8% B BRGSMal rom the fitted nodel

to the user.
the user interface is further operative to output parameters of interest from the fitted

modef to a user.

10
63. The computer system of claim 58, wherein the processing unit is further
operative to analyse, as the two assets, portfolios or indices in respect of different types

of security, wherein said covariance is used as a measure of credit risk.

15 64. A system for estimating the correlation of returns of two securities, the system
comprising a computer-readable meimory and a processing unit operative to:
receive data representative of the two securities;
determine or receive an estimate of the variance of each of the said securities;
determine or receive an estimate of the expected default loss of one of the said
20  securities; and
generate a measure of the correlation of the two securities by relating the said

estimates of variance and the said estimate of expected defauit loss.

65. The computer system of claim 64, wherein the processing unit is further
25  operative to:

designate the correlation ( p;, ) of the returns for the two said securities, / and £, as:

oy =EDL;T / J[e"fT - 1Ie"57 - 1)

where:

30 J  is the class or classcs of the firm’s debt or similar securities issued by, or



67. The conmputer system of claim52, wherein one or nore of the securities
being analysed by the said systemis an option; the financial nodelling
unit is further operative to specify téte real world distribution 25 process
that the returns on the underlying asset are expected to follow, the
financial nodelling unit is further operative to calculate the expected real
wor |l d probability of the option being exercised; the risk pricing unit is
further operative to calculate the expected nean of the option, at the tine
the option is expegfdcédioBe firefo? WhRH the@ipecic QefolhlblossAl BliNSéstimbed t 1S
further operative to calculate the standard devi ati on and ot her higher
moment s of i nt egessk tifcldshor dusies ONsecarity ishid by, e rdfétencediol e finfi tidkpect ed to be

exercised; the financjal nodeJlj.ng unit js further ,operatjye,to use the

af oresai d par amet {’%‘"’tdo“e%!"éﬁ“’e’d%?“@s? OBy jReR %gq‘}"g“?ff’“m#ﬂhﬁé?“ of f from
the option; the_ris ricging uni.t is further operative to discount back to
present val ue (gg EEmRFﬂém%ﬁggghmgﬁiﬁhﬁfFﬁﬁ‘ﬁ& the pay off fromthe
option using a risk adjust di,scoun ate, where said risk adjusted

di scount® rate iﬁ@|ﬁd@?hﬁa?ﬁgﬁ“%F%ﬁfﬁ%?Pﬁ?hw%gﬂ @%4H  standard deviation
(nmeasured over discrete tine) .of the exPected option an off, for 10 such

ot her hi gher norfenisshestandsrd dpvdationopraten af g peranu®ofi&t nents for any ot her
factors specified by a user, such that the price per unit of risk, for each
risk factor, is Eoguthe annualised expgeieddefanless anaesumtydr securities selected from

the options being evaluated, the wunderlying asset and any other securities
of interest ré&fheswddrhntlhereto; and the user interface is further operative

to provide asoﬁﬁ%%%&yﬁ@nﬁﬁ' ﬁgﬁ%gﬁgﬁﬁggyﬁéﬁ%&awLnterest fromthe fitted

nodel . 68. The uter system erern one or nore of the
securitl®es being analysed by the said systemis an option; the financial

del I'i it g f [ t is t ]
(rjr?st(:ari Ibﬂtgl (L;éng' pr g?;’%scgﬁl%’ﬁg{ sfﬁgegﬁ ?%‘f{cﬁa?nr}séhdf]ﬂ%ﬁéég ﬁlﬁedgl(rsf:fl n uﬁ@é‘é?ﬁmﬁ%on whi ch

t he opticn1dgmaﬁwdntingept, are expected to follow, wusing initial guesses for
the values of dés&ﬁatg kh%tcEﬁQkﬁ&nC('} i« ) of the returns for two said securities j and £, as:

Py =EDL;[o,0,;

15 where:

EDL,; the annualised expected default loss on security J;
a; is the standard deviation of rates of return, per annum, of

oy is the standard deviation of rates of return, per annum, of &

fit the model; and
20 output parameters of interest from the fitted model to the user.

67.  The computer system of claim 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
25  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;




paraneters; the financial nodelling unit is further operative to calculate
the expected real world probability of the option being exercised; 25 the
risk pricing unit is further operativeblko cal cul ate the expected nean of the
option, at the tinme the option is expected to be exercised; the risk
analysis unit is further operative to cal cul ate the standard devi ation and
ot her higher nonents of interest of the option, at the tinme the option is
expected to be exercised; 30 the financial nodelling unit is further
operative to use the aforesai.d ranmeters. to calcul ate .the expegted real
world pay off f%%ﬁﬂsg%ﬂysésp'ﬂ“o'ﬁﬁgﬁﬁ%" fagﬁe Br“?@}ﬂﬂtﬁ tﬁ%ﬁt’f“di“g W’l‘ﬂ&nﬁoperat i ve
t o di scountothshightrompmasesttintérestsf theoshtiad, at the einelths eption inexpadtedo ldat e) t he
expect ed pay offs fromeach option using a risk adjusted 62 discount rate
speci fic to™E%ER%option, where said risk adjusted discount rate includes a
ri sk prem um f orhet firanéixpesieRitlg Shid iofrthkr dparhtiieite Dseathe hfofesaid paaineersopt i on pay
off, for_ such qther higher ts interest to the user and adjustnents
for any dt %F%ﬁ@ﬁ%@%ﬁg&%@wgfm CORNPBh that the price per unit of
ri sk, for each mnhestiskfpgicing it isSfufthidd @perative td BiscduniDbadk toPreeneahirt(ss ar
securities selected fromth tio bei ng eval uated,, the derlying asset
and any ot hbF SRBELTYAPEE O baredt BvB Al iRk bk B0yt RRiR i o

nmodel | i ng usate] whére fshifl tridk adjagted distoust fak indledeaaarisk peensibavior peegpated by
varying the nudel, parangter values, untjl 't nodel js fitted,.and the user
o o face | SR s G BrearEoyeS st e o8 T Pipeied Eptigh BB AT, B et o & of
10 i nt en@st sukli offert Kighef inbinests 6Diderest @Ihe Ustcand @jastinefits $orshe orhed factb’i m 67 or
68, wherein th i nanci al delling, risk . apalysi i sk priging units
Sre furt her PEpRLE § e queholBa g b et iitor Ry ot Shch o ffon 3f aile "Cet vt
standard defét &ivd @n mopd Bs3éts o gheFitiesDseiuoted fvim thet @itiem beiiyl eahiated] ther factors

15 specified by.a user for the asset ..derived as . qutput from said clains, as
Foput Lo pr et e B ol s THES AU MBS RRE B et same or i m | ar
assets. 70. The tieospihterfacs ysfurtheroperathveiteprbvide asvarpdi 10 atuser pamenetessyfl | es an

opt i on-{fieop el Crom the fitted model.

68.  The computer system of claim 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
20  distribution process that the returns on the underlying asset, upon which the option is
contingent, are expected to follow, using initial guesses for the values of the distribution
parameters;
the financial modelling unit is further operative to calculate the expected real
world probability of the option being exercised;
25 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;
30 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 ofts from each option using a risk adjusted



nodel of the firm 20 the financial nodelling unit is further operative to
determne a plurality of input paraneters, the paraneters including a risk
premumin the rate of return for eachg2security issued by, or referenced
to, the firm the financial nodelling unit is further operative to define
rel ati onshi ps between said paranmeters; 25 the financial nodelling unit is
further operative to fit the nodel; and the user interface is further
operative to provide as output to a user paraneters of interest fromthe
fitted nodel,

. 71. The ¢ uter systemof .claim70.. wherein:. t he financi al
nodel | i ng uﬁ‘F“t"“ﬂ%}sratﬁfP?cllfch%C)eﬁ‘gt} (é‘fﬁl%\’}’ew'feée %ab‘grc‘ls‘f %/JIF%S df’sg%qn?%er PEYESA 1 i buti on
process t hatisk premivedt fornise expettéresthndandl deviatiqeofthe kepeetep) @pti@dpdyocoff,dbd ow; t he
financi al nodel |,i nit is fucther. operative to s | fv a.default point
representi nﬂ“’ﬁ ﬁh“:&ﬁgﬁ% nbof"eflﬁeolff'}t?“?ﬁt L t§§ %t gngﬁdjweg'ﬁcﬁf’h%‘yﬁqeﬁ%@mex pected to
def aul t; 63spetified by aame) such thatithe [pticegpan mhit of sskf for teldy risk faotar isvequdted cal cul at e
the expected real world obabi | it f the default L.nt bei t; the risk
pricing uni foritgro 1% PR9TE rass%%e?’aﬁefwgle%/agﬁcéﬁdcﬁ?%ﬁée P%@ngiﬁ%%teg%u#%ia of the
securities bDelerigingasttyndahy diizer sergritles @hincbrdsorefebenca théretbput i on process
nodel | ed for the firms.assets.apd,the defaul.t point, at the tinme horizon
of interest: thdl§ 15153!?'“ ﬂ%}f)?@f@ Wi Pu,rtgerfqux?“ e?lo tﬁ?&a‘b? glovF procst Yl at e t he
st andard devirgibg the neodel pacimeest vilieghatil thie mpdélds fitted] ader est of the securities
bei ng anal ysed, having reqgar o the. distributign process nmodell ed for the
Frrnts acset s arfl PRETIsERaTF ek dppatigo pioia? o oty B8 £ SEF Pty o et ' 10
t he finaoci alter¢sofi@h therfiytedmotleli s f urt her operative to use the aforesaid
paranmeters to calculate the expected real world pay off of the securities

bei ng anal ysed, at the tine horizon of interest; the risk pricing unit is
further opef@ati VEhetcompiter systetn dfaddimted qro8sehdreiu aheufinaheial mbddellingeriskhosen

eval uati on dat g 406 PYRER GsARYnlthl pBl R S B Wildalod il P3R! YSed usi ng
rate of return, standard deviation, other higher moments of interest and any other factors
15  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.

70.  The computer system of claim 52, wherein the user applies an option-theoretic
model of the firm;

20 the financial modelling unit is further operative to 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;

the financial modelling unit is further operative to define relationships between
said parameters;

25 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.

71.  The computer system of claim 70. wherein:
30  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 financtal modeiling 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;



15 a risk adjusted discount rate, where said risk adjusted discount rate

I ncludes a risk premumfor the expected standard devi ati on of the expected
pay off fromthe security, for such d¥her higher nonents of interest to the
user and adjustnents for any other factors specified by a user, such that
the price per unit of risk, for each such risk factor, is equated for two
or nore securities issued by, or referenced to, the firm 20 the financial
nmodel ling unit is further operative to fit the nodel; and the user interface

is further oper qd §fankigt ﬂb&’éﬂiﬂl%ﬁt%s%lﬁ%p&ﬁw@t&éﬁéulﬁ@% Bé‘d’te%l b1 interest
fromthe fitted nodel. 72. The uter systemof claims 70 or claim71,

wher ei n theW?ri"fﬂﬁ‘?,ﬂibdlty?ﬁiE%@qfﬂmm@ pgets i s further operative to: define

addi tional mul tigke/Add fricingSHAS AR B?‘e?&’tﬁé%‘&di%té &E%&ﬂ)é&fé&hﬁé&ﬁ of@leween sone
or all of the variables used in the nanci al delling unit in the said

cl ai ms; andsecwisiey being [anglysed nhaving) regard, i therdistrghytion progess sppdelledeford®el used in
Lhe sai dscl S seliPundifl S ik ok STRUMAA oFBlgun var 2l s i e

equations and t he nodel he conput er stemof claim72, wherein the

financi al nodel Ithewiskuanpkysis ynit ig fugher OPWF s galalateghe sandardedexistion andeast one of
the unknown,dGiidier mem@m@opmtew@m@@ucame%ng aaﬁl,tsea \bﬂﬁhQP qYefel ONS a

statistical nmonent of one of the securities i1Ssued , referenced to
the finn. 7distritrefioncrsersen wpdellod derrthe firm's Apseis7and tbm@f@}lhpqmea& thp dime; a

nmodel |'i ng Ufddzoh St ihidfebther operative to include as at |east one of the
unknown inputs 1n one or nore additional 5 nulti-variate equations the
correl adfon bet wiacfinanpial medellingginiifis firtherjoperativedta ugg the pfosespid parametersy or

referenced fo%a:cﬁubﬁ thd ExBEcthﬁeaimd%ﬁ'Qﬂtothe S0califdveing ﬁﬁaﬁj(s@il G2ihe\iRr €1 N the

financial nodelling unit is further” operative to include as at |east one of
t he unknomhqfﬁ%?fsmﬁeﬁ%ne or nore additional 10 rnulti-variate equatlons t he

covariance bet Wn&%c{r%tlﬂft%ﬁﬁhe&p&ﬁﬁk 18 disesimt!bdck 't@ﬁreéeﬁﬁvb% aP,  OF
referenced to, the f he conmputer _system of _claim 72, ere| n the

financi al nisEshgspgyalyation date) theraxpected pay offs of each security being analysed

15 a risk adjusted discount rate, where said risk adjusted discount rate includes a risk
premium for the expected standard deviation of the expected pay off from the security,
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 such risk factor,
is equated for two or more securities issued by, or referenced to, the firm;

20 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,

72.  The computer system of claims 70 or claim 71, wherein the financial modelling
25  unit is further operative to:
define additional multi-variate equations representing relationships between
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,
30
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 issned by, or



operative to include as at | east one of the unknown inputs in one of nhore
additional 65 nulti-variate equations the correlation between the returns

of a security issued by, or referencedto, the firmand the returns of the
total firm 77. The conputer systemof claim 72, wherein the financial
nodelling unit is further 5 operative to include as at |east one of the
unknown inputs in one or nore additional multi-variate equations the
covariance between the returns of a security issued by, or referenced to,
the firm a”ﬂ’ef#@ﬁ: el 4L BinOf the total fine. 78. The conputer systemof claim
72, wherein the financial nodelling unit is further 10 operative to include
as at | east one of the unknown inputs in one or nore additional

mul ti-vari atg eq i 1] 4 Of it is Edthed N€

conput er sys—ll?'em_ g@%ﬁ@?ﬁﬁemg%ﬁz’%g&?ﬁqﬁgﬁ%ﬁg? I%%gie“la?:";ﬁlblsum tJi s further
operative t opérativeitoancludezas af beggitone of thefunkapsvnuinfute v onengrumnere jadditienal or nor e
addi tiongl 1o | & j | ARG . s ault on a
debt-typg secur?%f‘élesq\sﬁ%{edggh%ﬁg%@wpe ere%@gd togaﬁé’?ﬁg. ﬁ@sﬁﬁi conput er
syst em of clbyi arweferenagf &, thedinmhe financial nodelling unit is further
operative to include as at | east one of the unknown inputs in one or nore
additional 20 multi-variate equations the expected default |oss on a
debt -t ype sdur i The dopputetisysipm afclaim &2, evhensindbee fimanciallneodellinghunigis furtiee  conput er
system of _cloalieQo Gholfde s febst NS fle kil pADG] e SFIHGHE lailiffonghin L 1 S
further operative to generate one or nore paraheters fromthe nodel and

sol ve 2% t meltirwatiste egpations theichvarigadedbepiveernthe retwrns efppdir ofsbewsifessiped fi ed by a
user, where {ehdag 1S i arameters is a statistical nonent of the
returns of gﬁgﬁgglfﬁe gggﬁ??@ies i ssued by, or referenced to, the firm 82.
The conputer systemof claim 70 or claim71, wherein the financial nodelling
SO unit is frt Nehe QRERAL L ot A 91, Anbrofilfe MantR foddtha Tl Rlfef Om the
nodel and solve teh_e %efy\ésg] that. ifhe saﬁa par%mt ers e ue}f_ val ues

speci fi ed byperatitgde inclydepsat leas opg ofithpunkeewriinpiiy inene ermore gdditamakor r el at i on
between the returns of a pair of securities issued by, or 66



referenced to, the firm- 83. The conputer systemof claim70 or claim71,
wherein the financial nodelling wunit is further operative to generate one
or nore paraneters fromthe nodel and 6dlve 5 the nodel so that the said
paranmeters equal values specified by a user, where one of the said
paranmeters is the covariance between the returns of a pair of securities

i ssued by, or referenced to, the firm 84. The conputer systemof claim70
or claim7l, wherein the financial nodelling 10 unit is further operative
to generate one or. nore. paraneters fromtgg nodel .and splyve the nodel so
that the saFﬂ‘ﬂbmwt? g gPreiationcketugsn the FRIPSIRE aSepIRyY IssYad e Obne of t he
sai d par aneteférencedtd, the fit andthaidhans Jfaieerfindle returns of a security issued
by, or referenced to, the firmand the returns of the total firm 15 85.
The conputer systemof claim70 or claim71, wherein the financial nodelling

unidt ils fur Uﬂer ’umd lﬁbﬁ&ﬁsﬁﬁt&n@ﬁ&ﬁiﬁﬁ?@w@&@imﬁe ﬁﬂaﬁcﬁalwdlamiﬁg lﬁﬁisisfﬁirﬂﬁi_tpe (rjmgel

and solve the podel that, the sajd paraneters equal val ues,.specified by a

ser - whar o OBEINBIIS igelide 63 aieneh ot ot e SOV BPALD e SB0TH GRUIBERA ¢ e

o the total frrm 2t The copitar Syatom of aiam 10 or clam 7L

[ : u [ [ :

wher ei n the“f'ffrﬁ%fgaf°a8‘°%ﬂﬂéi¢‘?‘ﬁﬂﬂ'ﬂﬁ%‘?ftmeltgt\éf her operative to generate one

or nore paraneters fromthe nodel and solve the nodel so that the said

par anet ers ual ,.val ues specifi.ed, by, a, user, er.e one.of the ai d

paraneters 'S t hEheéB?B’EB‘F'eﬁﬂﬁ?‘(?BQBWP?(%’Y’hﬂ?‘"&léef% "ﬁ_"f@e'é'?gu’*l*h‘éﬁtra’ﬁbu_t er.

system af ClopériivéQo Gichule ab @ €dst onbiof tcunkdisvnl infAN I éile o¥askat laddigonalini t i s

sol ve tho. rirals saHsen b ewane: B ehEbEhua val ues speci Tied by a

user, where one of the said paraneters is the expected |oss given default

comput or - syem B Ealiet 545 ki 7 v et reoce Bhe il artiGhie i ng

unit is furbpestivene imlideas taolegse paé af the afknon iAPLinpaeasTahae additianal t he nodel

and sol v
5

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
20  multi-variate equations the expected default loss on a debt-type security issued by, or

referenced to, the firm,

81.  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
25  the model so that the said parameters equal values specified by a user, where one of the
said parameters is a statistical moment of the returns of one of the securities issued by,

or referenced to, the tirm.
82.  The computer system of claim 70 or claim 71, wherein the financial modelling
30 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 pair of securities issued by, or



67 the nodel so that the said paranmeters equal values specified by a user,
where one of the said paraneters is the expected default |loss on a
debt-type security issued by, or refes@enced to, the firm 5 89. The
conput er system of any one of clains 53, 56 or 57 or any one of clainms 70

to 88, wherein the financial nodelling unit is further operative to derive
the value for, or the additional multi-variate equation for solving for,
the default | oss on a security from applying the conputer system of any one
of clainms 58, 59, 61 or 62. 10 90. The conputer system of any one of clains
53, 56 or STiEMee). heEMyf clains 70 to 88, wherein the financial nodelling
unit is further operative to derive the value for, or the additional

mul ti-variate eqyation for solving for, the correlatigon between a pair of

securities $¥omBSPRPHE Wiembiain &0 oxslaimeth, whersinthe, frangiel wpdgliing 64 to 66.
15 91. The GRNR tirfer SPesdtREtPEentidle dAB@r RbreChatdntBery foth heSRodalass #itve t he

financial nodelling unit is further operative to derive the values for, or
the addi$i othamodelisp that the said paraweters eauah valyes spesified by g usgy whesgieneofthe of ret urn,

standar d deyi@lardbterOis AR cotdrBRGT betwBRATEIR kéturdf off 4 a0 Sdeudid iRRRA WL fer rel evant
factors specified by a_user for one or nore of ~the securities fromthe

conput er sy&fasncettodhafiim67 or claim 68. 20 92. The conputer system of any
one of clains 67, 68 or 71, wherein the financial nodelling unit is further

operative to nodel the real world distribution pr,ocgs\/sj that the, returns on
the firm (o4 und@eicomprjeraysien of glaim 4§ pedaizg’ly yhereim the\fnancial wpdelling; o

stati st ijgal unitis FirthePbiickARe td\BRERiebnk BE MR Aranteledd Fath hedifdeR hadddvand ot her
hi gher nonents of interest 25 of the‘ﬁgortlons of that distribution rel evant

to a securi 5 medel spdhat thesaid PRIEMPTETS SRS Erlues apeifieq Pip @ Upesr RO S i ons or
nuneri cal apfy QxramBbds 08 Shed BEEdoh BebvckR lthd RLurSPBE laf deBiity Sésadd 84, sral
di stribution process, 30 93. The conputer systemof clalm92, wherein the

financi al nisGEREsdig: thfiem and thesepumsof ths il fivPy e t 0 nodel the real world
statistical distribution process that the returns on the firm(or

ey DO S et A e it of tf2im J0 o claite 71 Vherom the finacial modalling”"™

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.

20
86.  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 expected probability of default.

25
87.  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 expected loss given default on a debt-type security issued by, or

30 referenced to, the firm.

88.  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



68 94. The conputer systemof claim93, wherein the firmhas, or is treated
as having, only a single class of zero coupon debt on issue and the
financial nodelling unit is further opérative to fit the nodel such that: r
Inl Ven"[1-N(dJ)]+BeyrN(da)I/T -r Inl Ve Nd,)-Be'"7N(d,)I/1.-r 5 BO =S CA
where: S,, is the value of the equity of the firmat tinme n V' is the val ue
of the firms assets at tinme n and the value of the firms assets is the
sum of the values of the firms debt (B) and equity (S) 10 X is the face

value of the firn s debht ssune, be a single r 0- coupon

bond. at e 55 PERE pd bbbl aleF BRRERD Py 3 neh i £ e 7o Pre

rate of retsﬂmpﬁmétére if itheeexpearsd defaylt s oA debt-type i securine iggualnbgead yi el d on

theflrmsd um 15 d, =(LIne | V/ J+r, . T]/v,.1 )+(1/2X Q . VT-)
Rfepedio; i

d2 =d, b cumul ati ve probability of t he standard nor mal
distribution W th d or d2 as the upper limt r is the risk free rate of

return, nn t he standard d rate turn on the
firms a se§9a ;ﬂF %%Sysg‘f‘? :grytngo ?lﬁﬁagr{d{% 3?3’5 ?’8’n°"81°??l return
on the firnossdelitrein the finakfalifodellirg wnltés mmdpﬁra:tndwd@ivemv@ﬁxemms of return

on the firnjs ui t e nnum 9
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conput er - r egphirgehd EEPLLT sydtefil P aRySaiepPclhifs 58,896 éri6ze t 0 generate one or
nore risk paraneters fromthe said option-theoretic nodel, estinmated over a
di screte time period, and solve the nodel so

10 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.

15 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 retum, standard deviation, other higher
moments of interest and any other relevant factors specified by a user for one or more of
the securities from the computer system of claim 67 or claim 68.

20
92.  The computer system of any one of claims 67, 68 or 71, wherein the financial
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

25  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.

30
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.



that the said paranmeters equal values specified by a user. 30 69 96. The
conputer system of claim95, wherein the processing unit is further
operative to use as one of the said rigk paraneters a statistical nonment of
the returns of one or nore of the securities issued by, or referenced to,
the firm 5 97. The conputer system of claim95, wherein the processing unit
is further operative to use as one of the said risk paraneters the
correlation between the returns of a pair of securities issued by, or
referenced to, the firm 98. The conputer system of claim 95, wherein the

processi ng it s further 10_.operative to use as one of the said risk
Daranters the. G SPTRHECYBED R R fh Wigteli e D hassois Sostes SOBK0R ¢ | o
i ssued by, eily haimplecslsn bftzero doipons debfion RSue dddethe Gimitiat modvilihe Whiols cl ai m 95,

wherein the, ’OcessLng %n%t ia further operative to use as one of the said
ri sk par amefuser opfrativedp fLihg mogel sillen the returns of 15 a security i ssued

by, or refer Jrae I, he reyyrns the,t ffirm 100. The
conmput er sysdi M&%QM%/%—W% M%Eﬁmg(dﬂ%t her
operativg to luse as ondhof the said ri sk paraneters the covariance between
the returns of a securigy issued by, or referencedsfo, the firmand the

returns of the total firm 20 101. The conputer system of any one of clains
70 to 73, cWh§ea 81 or clainms 92 to 100, wherein the processing unit is

further operatg veg &9@@%&%{&1@{@?#@&%@%&“ ng additional paraneters,

=¥

bei ng i nstant affeous vo il or calibration with the nodel, said
fonnul a conpriigi nothe ¥adusds tirviinm’ Sasigtdat kiphirahd e dalue of thOfian’sasséeis(n -rJ7 N(di ~
0 where: the sum of the values of the firm’s debt (8) and equity (S)

10 X  is 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

1 is the rate of return on the firm’s assets, per annum

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

15 d, =[[1.{V%( )+r,.T:| /a,.ﬁJ+(1/z)(a,.JF)

d, =d, ~o, NT

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

20 o, isthe standard deviation of rates of return on the firm’s assets, per annum
o, is the standard deviation of rates of return on the firm’s debt, per annum

o, is the standard deviation of rates of return on the firm’s equity, per annum,

95. A system for applying an option-theoretic model of a firm, the system
25 comprising:

a computer-readable memory;

a processing unit operative to generate one or more risk parameters from the said
option-theoretic model, estimated over a discrete time period, and solve the model so
that the said parameters equal values specified by a user.

30




S" is the value of theequity of the firmat tine n V' is the value of the
firms assets at tine n and the value of the firms assets is 30 the sum of
the values of the firms debt (B) and é8uity (S) X is the face value of the
firms debt (B), which is assuned to be a single zero 70 coupon bond, at
maturity T is the user selected tine horizon, in years r,. is the rate of
return on the firms assets, per annum d, =L V~/+rv.TJ/arVT | J+(u2Xar-JT-)
5d=d-a%T N.) is the cumulative probability of the standard nor mal

distri but [ 056vv| t,Hle con9pute tgl% &haf“&?g%r mm t{‘ﬁepr?cc% e r| qw gr rate of

return, per “annumr; 1'S rate o per annum
10 r" is theparaive tcotise raebneraf thnatcfmkfpianam'etersdaedmn,anabmomanmmm retunns of he

standard deyi atri 0 cﬁ)tfthés%%fngfigg eg%u,rogfegé}ﬁt nt°t+l|18 s assets, per annum ad is

the standar §" CIDEVI i on 0 M m s debt per annum as
I's the standard deviation of rates of return on the firms equity, per

annum 15 1 T e co ter S one clains 81
F0'8h o8 offi meiieoSRN Ghatbor dhitl SR IVAARE B dincisle, St i e
operative t opaaiyetoousmas enefofthecsaidcisk paramepers aitbctiotrelatial bepeeea thetresums 01b6I ng

discrete tine.volatil.t. rreI tion ovariance, for calibration with
t he nodel , sga“‘lrsS‘F“ii‘HFsa'g%‘S‘ifrﬁi gé"“c%&mn‘g‘iﬁ"?v 21 -N(dr)] Z'° +X=N(d2
----- T B71 6s =1 V,'N(d3)e42 -2V, . XN(d, ) +X' N(d2) /T ~~I11Il Sr )

98. The computer system of claim 95, wherein the processing unit is further
10  operative to use as one of the said risk 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 risk parameters the correlation between the returns of

15  asecurity issued by, or referenced to, the firm and the returns of the total firm.

100. The computer system of claim 95, wherein the processing unit is further
operative to use as one of the said risk parameters the covariance between the returns of
a security issued by, or referenced to, the firm and the returns of the total firm.
20

101. The computer system of any one of claims 70 to 73, claim 81 or claims 92 to
100, wherein the processing unit is further operative to use formula for calculating
additional parameters, being instantaneous volatility, for calibration with the model,
said formula comprising:

25 Cy=0, -I—;‘-’-e("”’“)r[l - N(d, )]

=0 T:’E_e("i"'".\')?' N(dt)

1

is the value of the equity of the firm at time »

V. is the value of the firm’s assets at tirne 7 and the value of the firm’s assets is
30 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-



X-Br Pxs =B3. e' -W[1-N(d3)~'"3r +XN(di)-B,. Prx Br e--1¢e'r- - |
V,N(d3)e'3r -XN(d,)-S,. PF, _ Sr e-1 esr-1 5 Qas =PasC,6s O*'m -PnJ6r6B
bas =Pi ~6r6s where: 10 S" is the val u® of the equity of the firmat tine n
BB is the value of the debt of the firmat tinme n V' is the value of the
firms assets at tinme n and the value of the firms assets is the sum of
the values of the firms debt (B) and equity (S) X is the face value of the
firms debt (B), which is assuned to be a single zero- 15 coupon bond, at

maturity T is theoweahosdkagitestyt i "8 horizon, in years r,. is the rate of
return on the firmns ass?ts, er. agnnum d, =Ir | Ine |l Vxo I+r,.Td/a,. IT
(+#(1/2 j6 ~) Td, dtthe user selecfed tispe hogzanynyeats |+ N() s the cumul ative

probabi lity ofg t h£ths tatefaetdmvarthefims ssbdtd, Bettab@mm Wi th d, or d, as the upper
limt r is the risk free rate of return, per annumr . is the rate of return

on the firnls V. m i stthe rate of return on the firms
debt, per anndfh%([f“f %?F’rﬂférﬂiwﬂ%ﬁ)

5 d, =d, -0, 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
ry  isthe rate of return on the firm’s equity, per annum
10 r, is the rate of return on the firm’s debt, 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, Iis the standard deviation of rates of return on the firm’s equity, per annum.

15 102. The computer system of any one of claims 70 to 73, claims 81 to 85, or claims
92 to 100, wherein the processing unit is further operative to use formula for calculating
additional parameters, being discrete time volatility, correlation and covariance, for

calibration with the model, said formula comprising:

o= o Ll 2 X))




72 a,, is the standard deviation of rates of return on the firms assets,
per annum all is the standard devi ation of rates of return on the firnls
debt, per annum Qv is the standard de¥iation of rates of return on the
firms equity, per annum pas is the correlation coefficient of the rates
of return for Band S; 5 p,.. is the correlation coefficient of the rates of
return for Vand B; As is the correlation coefficient of the rates of
return for V and S; 103. A conputer-readabl e medi um havi ng
conput er - execut abl e £ } a nethod relating a price
or value of a plura Vﬁy(dgﬂe“geezif,_.@{(é,shaﬁ’s‘t(d;ﬁt with 10 an underlying

€0

asset, the rat eturn on saigd securities jgnd the risk attributes of said
securities, the t hod conprising: determ ni a risk prem umincorporated
in the rate of return upngaph security; designating that a priced risk

factor incorpohaF#%;RﬁﬁthgﬁrskLpreniun1for each security is the volatility
of returns, neasur everlMi'sctbte tinme, and that the price per 15 unit of
this risk factor is the sane for tﬁo or nore of the said securities; and
defining a nnqgl=ﬁ69nrN%% "ah#¥{ddpBesenting rel ati onshi ps between the risk
prem uns det errf ned fgrﬁg&cnl purjity. 104. The conputer-readabl e nmedi um of
claim 103, wherein at 1&tast ohe of ‘said 20 plurality of securities is a
debt -t ype instrunqnWﬁiA-’ ¢ Tonprising conmput er - execut abl e

i nstructions fmg =atse : c—spread associated with the debt-type

i nstrument and i dentS; ¥ Ng bul t | oss conponent and a risk prem um
conponent. of said yield spread. 25 105. The conputer-readabl e nmedi um of
claim 103, furddé&rPs®sy i sing conputer - executable instructions to fit the
nodel . 106. The gﬁﬁgygpr-readable medi um of claim 105, further conprising
comput er - execufabl™® idstructions to output to a user parameters of the

fitted nodel . 0=/ .ohe conputer-readabl e nmedi um of claim 103, further
conpri sing conmputer 73

where:

10 S, is the value of the equity of the firm at time »

n

B is the value of the debt of the firm at time #

n

¥, 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-
15 coupon bond, at maturity

T is the user selected time horizon, in years

#-  isthe rate of return on the firm’s assets, per annum

" {[m(% ).H.,.r] /a,.ﬁ)+(1/z)(a,.ﬁ)

20 d,=d, +o,NT

N() is the cumulative probability of the standard normat distribution with d, or d,
as the upper limit
ris the risk free rate of return, per annum

ry  is the rate of return on the firm’s equity, per annum

25 ry  is the rate of return on the firm’s debt, per annum



executabl e instructions for utilising an estinmate of the expected default

| oss of another, debt-type security (security j) issued by, or referenced
to, the firm in analysing the rate of2return for a security (or
securities) issued by, or referenced to, a firm said analysis conprising:
5 determining the rate of return on security j (rj) by reference to the
prom sed yield on said security (yj) and the expected default | oss (EDLj)
on said security where: rj yj - EDL, calculating the excess return for
said securityj as equal, to r the risk free rate of return;

10 cal cul ati ngrt Fehestandaddevi %W°“@£Eﬂ“§gm??ﬁ‘?§"8§@¥eﬁr?eééﬂmﬂ sk factor
(rn); calculati ) priced risk
factor (m In%&hﬂﬂﬁ@m@%@ﬁ%@ﬂ%$n§ﬁkﬁ%ﬂﬁgﬁgﬁF &éfﬁgsé?gt ?gﬁgﬂkurltles i ssued
by, or refer eme@kth@staﬂdhﬁdévmtﬁnnandatessxﬁﬁelmrhhﬁthemha siequidy pér anfuni.he ri sk
exposures for securityj and the prices unit of risk equals the excess
return for sedur F%@?wﬂ&hﬁf’%ﬁ’%ﬁwt‘}ﬁhwe&ﬁﬁ/fe@ﬂﬁéﬂgﬁ’&%ri ty for which an 15
estimate_of the excess v, . desi g that one of the
priced risk fdet & e?"é‘iegf%’%mteg{cfeﬁ'g %ﬁrgff?frf flf"g? Eate of return on
securities estj, n%ﬁéc&eéﬁﬁo@cdémn?&ﬁhéﬂaﬁ?oﬂ@mr pagh §:s specific to
securities isSued by, or referenced to, the firm calculatlng t he excess
rate of return for all of the other securities being analysed, 20 other
than j, basggd at e -k QuhdReD ilkkiies: Frsk factor
and the prﬁge 6%f£ E&maé?ﬁrls g& g%% rlsﬂfgécggr fft??ng thé nodel ; and
provi |ng apet unmaanm 0 iog apricaersabe of »pluf égmﬂl¢&#ﬁ%= ted node

di o thod, relati be of & plualityeat ifi intedmitht ed nodel .
25 108. jJhe, L 3l OB BUE o Rk b Qhid CdefidBe LRI me R kBl 2 B YV 11 SK
factor prlced cordance W t he conput er-executable i1 nstructions is
t he volat|Iﬁxwﬂmﬁth%mmebmﬁmdﬁﬂzhe sai d conput er-execut abl e i nstructions:
desi gnate the r%leﬁltn'llﬁi'ﬁégha( ﬂ‘@%ﬂﬁ?ﬂcérﬂﬁ‘at@d gnrﬁlesrgﬁ%'ffénﬁn?c{ r'ehch s@cfun\:spl atility
risk (A), the rate of return H , the volati réturns for j
(o ) and the ri Sksignatieg that prged rgb mrummorayedag :the risk premmm for cach

security is the volatility of returns, measured over discrete time, and that the price per

15  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
20  plurality of securities is a debt-type instrument, and further comprising computer-
executable instructions for analysing a yield spread associated with the debt-type
instrurnent and identifying a default loss component and a risk premium component of

said vield spread.

25 105. The computer-readable medium of claim 103, further comprising computer -

executable instructions to fit the model.
106. The computer-readable medium of claim 105, further comprising computer-
executable instructions to output to a user parameters of the fitted model.

30

107.  The computer-readable medium of claim 103, further comprising computer-



r, -r @ 74 designate the rate of return (rk) on another class, or

cl asses, of security (k) issued by, or referenced to, the firmas: rk
=r+.1, ak designate, where security clafs or classes k are debt-type
securities, the expected 5 default |oss (EDLk) on said securities by
conbining the promsed yield on said securities (yk) and their rate of
return (rk) as follows: EDLk =Yk -rk fit the nodel; and provide as out put
to a user paranmeters of interest fromthe fitted nodel. 10 109. A

conput er - r eagaRhife FBRicHbAsBY Ml i ARRMMRte SRS bitpRebEddfiiit 1b34Of afiilerf OF
errorm ng et hod Q neasurl n e Cr It IS an asset, . the netho

per f S hod qf F!%‘ d K %f h hod
conpri si ng H4bistyPe seepaty fpecunty £ VL ermefff tos top figp; 1p anaglysing e ©ig ¢ asset
and data repf R orhisViriBf (o BRUNRYS) istd 3§ S@trefertBéedrtol 4 ird) sflfl ahdl@s®d Vi Ng an
estimate of the covariance of the two assets; and generating a neasure of

the credit PI8SPE the said asset corresponding to the said estimte of
covari ange. 20 IdbfermihlHg tie¥ate W Rturhi 6R SkR1MitS / () Uiy veTererice € b PRoAfiRd yisfger ei n t he

two assets analysed, in_ accordanc ith the_conputer-executable instructions
are securi t PREI] ity Oyyn g‘l"“xﬁ’eéﬁegflgﬁ‘éblﬂsst@?@ R SALSEERTY PRF™and sai d
covariance outpuf 4 uggfl as a measure of credit risk of the security that
ranks hi ghest in"prifority’ upon a liquidation or default event. 25 111. A

conput er - r eadabl Qlciatiig it BRéssGuROPsHdiena e Laslcqlidl @0 kNSt [ witsrd O13Shef OF
perform ng a method of estimating the covariance of returns of two
securiti es, riskigee rteofustirconpri si ng t he steps of. receiving data

represenpative Ofychfing tHeSkpotfif8k bdok sec§'iELddn plia sk BhiopGRYUT 1 LY ranks

calculating 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
15  estimate of the excess retum 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;
calculating the excess rate of return for all of the other securities being analysed,
20  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;
fitting the model; and

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

25 108. The computer-readable medium of claim 107, wherein the only risk factor priced
in accordance with the computer-executable instructions is the volatility of returns and
the said computer-executable instructions:

designate the relationship between the firm specitic price of volatility risk ( 4, ),
the rate of return for j (7, ), the volatility of returns for j { o, ) and the risk free rate of

30  return () as:




hi gher in priority upon a 1iquidation or default event; 30 determ ning or
receiving an estimate of the expected default loss of said first security;
and generating a nmeasure of the covari &ce of the two said securities
corresponding 75 to the expected default |oss of the first said security.
112. The conputer-readabl e nmedi um of any one of clainms 109 to 111, wherein
the 5 conputer-executable instructions: designate the annualised expected
default loss (EDLj) on one of the said securities, security j, as: EDLJ
=lnl 111 pfk a'r,-1 a;r -1 +1J/ T 10 where: j is the ¢lass .cl asses of the
(it s debt - typolcoBats e i SRR rA PREiofesiaty 5iasset of FENDy CAESHS ot he
firmfor whigbhrtdi@esprcinetiniad:ault [oss is being estimated k is the class
or classes of security issued by, or referenced to, the firmthat 15 rank
behi nd security f ﬁ”n‘"geé%rrs of priority upon a liquidation or default event
Tis the time hogl. ' . M yatnd ol S st andard
devi ati on of rat(%ggg#e’%@%S%&%Zéasggrn%%gesgéﬁ de%@?és%%%@%tt%n%‘g%gﬁdevi ation
of rates5of defailtioss ( Bidy ) ansaidsecwditiekby dombiningtthepromisediialdioasaidoef f i ci ent  of
the rates of return for j and k; 20 fit the nodel; and output parameters of
i nterest fr &wiets O nddbricraigef retwn Eops &llows:13. The conput er - readabl e nedi um
of any one of cl apgs.109,t0 I'11, wherein the conputer-executable

i nstructions: 25 desi ghat'e the annual i sed expected default |oss (EDL1) on
one of the said fitsecmodel;iagd, security j, as: EDL, =Pi kClk where:

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

10
109. A computer-readable medium having computer-executable instructions for
performing a method of measuring the credit risk of an asset, the method comprising the
steps of:
receiving data representative of the said asset and data representative of ancther
15  asset;

determining or receiving an estimate of the covariance of the two assets; and
generating a measure of the credit risk of the said asset corresponding to the said

estimate of covariance.

20 110. 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.

25 111. A computer-readable medium having computer-executable instructions for
performing a method of estimating the covariance of returns of two securities, the
method comprising the steps of:

receiving data representative of the first security, wherein the first security ranks
higher in priority upon a liquidation or default event;

30 determining or receiving an estimate of the expected default loss of said first

security; and



76 Pi. is the correlation coefficient of the rates of return for~“Securities
j] and k; Q is the standard deviation of rates of return, per annum of
security j 6k is the standard deviati of® of rates of return, per annum of
security k fit the nodel; and 5 provide as output to a user paraneters of
interest fromthe fitted nodel. 114. The conputer-readabl e medi um of claim
107, wherein the two assets anal ysed wth the conputer-executable
instructions are portfolios or indices in respect of different types of

security a”%tﬁﬂxﬂe&%%@ﬁiuﬁ'i‘o%?oﬂﬂéﬁ&%saﬁd%e&lﬁl as a neasure of credit risk. 10
eada

115. A conputer- e nedl um havi ng coifput er - execut abl e i nstructions for
performng a nethod of estimating the correlation of returns of two
securities issued by, or referenced to, a firm the nmethod conprising the
steps of: receiving-data representative of the two securities; 15

det erm ni nglk% rdesomputer-rgedabletedivme obényt dng of slainan £Q9 tof 11dawhercih thehe sai d

securities; "&@“F‘%gj‘&wﬁammﬁ&$ﬁ%w ng an estimte of the expected default

| oss of one o sald securities; and generating a neasure of the
correl ati on ofdesignatetthpannoalised expested fefaudl lassi (FQLD lor onapliithe 34d essuiitieat es of
vari ance ang=&§§.§gid estimate of expected default |oss. 116. The

conput er-readabt & “rredi um of cl ai m 115, wherein the conputer-executable
instructions: designate the correlation (pjk) of the returns for the two

said securities, j apd S5 [k = EDLI T/ (elr r -tJ where: J | is
the class or (ﬂl@lg&dﬁfp}ﬁ%ﬁ@—ﬂleﬁﬁ-ﬁid%ﬁ or simlar securities issued by, or
referenced to, the fkrmfor which the’expected default |loss is being

esti mat qg where:

Jj  isthe class or classes of the firm’s debt-type or similar securities issued by,
or referenced to, the firm for which the expected defauit loss is being
estimated

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

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

T is the time horizon of interest fo the user, in years
9, is the standard deviation of rates of return, per annum, of j

%% is the standard deviation of rates of return, per annum, of k

Pi ig the correlation coefticient of the rates of return for j and k;

20 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
compufer-executable instructions:
25 designate the annualised expected default loss (EDL;) on one of the said

securities, security 7, as:

EDL, =p,0,0,

where:



30 k is the class or classes of security issued by, or referenced to, the"
firmthat 77 rank behind security j in terns of priority upon a |iquidation
or default event T is the tinme horizon7®f interest to the user, in years a7
is the standard deviation of rates of return, per annum ofj ak is the
standard deviation of rates of return, per annum of k 5 EDLj the
annual i sed expected default |oss on security j; fit the nodel; and out put
paranmeters of interest fromthe fitted nodel to a user. 117. The

conput er - r eadabl i ., C| aj j -executable 10

i nstructions: dést lgréﬁggt%%ﬁéo%%}r%tdgeﬁ&%e%ga%rg?’int}}ﬁre&?‘g?%%]ﬁ%d%r two said
securities j and k, as: Pik = EDL j /oak where: EDLJ the annualised

expect ed def aul to,1 ke gandaddgyiptiop of ratesf pgturn,ex gpaumy of seralFiy devi at i on of
rates of return, per annum of j ak is the standard deviation of rates of
return, per annwy isahe standhididetitbon ol eitds;of fentn, et gnnimpefisesuEitysd s of i nterest
fromthe fitted nodel to the user. 20 118. The conputer-readabl e nedi um of
claim 103, whet@kmhoRélCafdr Nore of the securities being analysed with the
conmput er - executabl e instructions is an_option, and the said

conput er 3 exec QroNislE as PRyt tq 2 vsepprsameicsbef iptorestfeont e fittedypedsl-di st ri but i on
process that the returns on the underlying asset are expected to follow, 25
cal cul ate the expected real world probability of the option bein% exer ci sed,;

cal cul at e t Hé- exibe computerrseiablermgiian of daim HY, whersin dhotipassets gabFedonent s of

interest of wiMahORbmpPiter-ectdbfe insiBetiolf afP bbrBiblidsS ol XaRes afl repedtCofexer ci sed;
use the aforesaid paraneters to, calculate the expected rez%l wor |l d pay off

from the O?j{fprsw;types of security and said covariance output is used as a measure ot credit risk.
10
115. A computer-readable medium having computer-executable instructions for
performing a method of estimating the correlation of returns of two securities issued by,
or referenced to, a firm, the method comprising the steps of:
receiving data representative of the two securities;
15 determining or receiving an estimate of the variance of each of the said °

securities;

determining or receiving an estimate of the expected default loss of one of the
said securities; and

generating a measure of the correlation of the two securities by relating the said

20  estimates of variance and the said estimate of expected default loss.

116. The computer-readable medium of claim 115, wherein the computer-executable
instructions:

designate the correlation ( py ) of the returns for the two said securities, j and £, as:

Py = EDLJ,T/ J(e"fr _1Iea.=r -1)
where:

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

25

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

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



78 di-scount—-back—to—present—vatue (as at the chosen eval uation date) the
pay off fromthe option using a risk adjusted discount rate, where said risk
adj usted discount rate includes a risK prem umfor the expected standard
devi ation (neasured over discrete tinme) of the expected option pay off, for
such ot her higher noments of interest to the 5 user and adjustnents for any
other factors specified by a user, such that the price per wunit of risk,
for each risk factor, is equated for two or nore assets or securities

selected fromthe optiqns being, eval uated. the under]yin set and any

ot her securities ofé“ﬁi%ﬁ]?"é‘fsﬁg'f“ti’g\“é?@ﬁag@@#e‘?@?Bﬁq‘é’ﬁﬂl%%g‘?@‘°é’§“tout put to a

Comput or -1 eadabi’e. i G Byt 8RS R A Bhe or more of the

securities being_ an e ith the.conputer-exe blee instructions is an

option and the ‘{j&ﬁ%{%?@&‘?@%ﬂ‘f“&%% “é’gfeﬁt ip5rn4(s;n:%'§’p°efgi fy the real world

di stribution process that the returns on the underlying 15 asset, upon

whi ch the opti orfk & thosiendargayiation of ratssof pstumpy PERANEN fE using initi al

guesses for the values of the distribution paraneters; calculate the

expect ed3real woFdigthsepmmbisediexgectsd default logsongeruBli/ng exerci sed; cal cul ate

t he expected nean, standard devi ati on and ot her higher nonments of interest

of the opti onfitt niodel; éndmre t he option is expected to be exercised; 20 use

t he aforesaid para I e X real world pay off from
? %t d)ulg?a%nn %ﬁsciﬂ?tgr%% %%IénatL ﬁiliera?no%elgg grugc?

each option; resent val ue (as t he chosen eval uation
date) the expected pay offs fromeach option using a risk adjusted di scount

rate specif t [ i:d ' ' Uil at e

i ncludes a ;ﬁsko%r%g%mﬂlrﬂn%%?&%’ﬁéx%%@% dgdé[qsltlg’n §r§l§'§%§§5ﬁgl't§ﬁ9‘gn o%e t he

expect ed0 opinstourtt off, for such other higher noments of interest to the
p p sy g

user and adju ﬁg ﬂgﬁg j o f 1 Dy: r, such that
the price per%L |{E§%%°%h§fsaﬁ,n¢‘}(ﬁl}%gglfg rli@réﬁ%ﬁ%ﬂs{e&ﬁ%@%aﬁ%@é&% for two or

nore assets or sggurgﬁﬂjggjos‘e.l ected fromthe options being eval uated, the
under|yi ng asset ‘and arfy other securities of

where:

EDL; the annualised expected default loss on security j;

15 o;

; is the standard deviation of rates of return, per annum, of j

oy is the standard deviation of rates of retumn, per annum, of £

fit the model; and
output parameters of interest from the fitted model to the user.

20 118. 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
said computer-executable instructions:

specify the real world distribution process that the returns on the underlying
asset are expected to follow;

25 calculate the expected real world probability of the option being exercised;

calculate the expected mean, standard deviation and other higher moments of
interest of the option, at the time the option is expected to be exercised;
use the aforesaid parameters to calculate the expected real world pay off from

the option;



Interest referenced thereto; 30 iterate the above process, by varying the
nodel paraneter values, until the nodel is fitted; and provide as output to
a user paranmeters of interest fromthe78itted nodel. 79 120. The
conput er -r eadabl e medi um of claim 118 or claim 119, wherein the
conput er - execut abl e i nstructions use the estimated values for the rate of
return, standard deviation, other higher nonents of interest and any ot her
factors specified by a wuser for the asset, derived as output from said

el . h . . h
Similar assets. dgpuphdded ‘E%%?‘é#%%°ﬁ°%?%%ﬁg g Ml Cein e
user appl i etheaptiopuiioga riSh@(hmd dlsmu%tateoWhemsaﬂlmhaéjmded Idiscount rate

conput er - exgaihabl g F-i gﬁtgr?:fdrocﬂé mg%@t&? Stdhdafd @ev&['ﬁﬁﬁe ?lJP%a{se Qﬁé&eteoar anet ers,

the paraneters inc remumin urn for each
security i sgmebloitm exnectpébmoanw@fﬁ fo,r sudheotlier higher ldemmsaofrlatemtsi ortbhi ps

par amet cpe. U An B ok b, Wi BEIGy spdlida B 2000 00 R bk Re? 2200 €

medi um of clusik nf dﬂlform!mk factohds wmdlf@nwenemuteames or seewtitiesstledes: specify

Lhe rea Worbfl fe SphbRUbd RIBRES hel Bl HACuh oy Und Bl TlP aSSel e
Fol eClTy a efau o

are expecte oW, S repr dsen Fe%Val ue of
the firm s aswed efatncwhihetofdrdd 20 firmis expected to def auI t; calculate

cal cul Bte & he onnairet ouBhtBadber chnflen kP Bl Bt tehiodl: 00 T ren s of

i nt erestl0of the securities being anal ysed, having regard to the distribution

process . 04R} ! Ofhef Qinghlitrdahitll SARRCHE 0B 141 ELR N Y ordhe Lhe L1 me

hori zon of interest pardame 0 ca culate the
expect ed r ea¢cunifins|being agelystd with thelsempatercaxequtablegndbeuitings isrpmloptiendandghe t he ti ne

horizon of .0k Gh&Skecutable instructions:
specify the real world distribution process that the returns on the underlying

15  asset, upon which the option is contingent, are expected to follow, using initial guesses
for the values of the distribution parameters;
calculate the expected real world probability of the option being exercised;
calculate the expected mean, standard deviation and other higher moments of
interest of the option, at the time the option is expected to be exercised;
20 use the aforesaid parameters to calculate the expected real world pay off from
each option;
discount back to present value (as at the chosen evaluvation 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
25  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 two or more assets or securities selected
from the options being evaluated, the underlying asset and any other securities of
interest referenced thereto;
30 iterate the above process, by varying the model parameter values, umtil the
model is fitted; and

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



di scount "back to present value (as at the chosen eval uation date) the
expected pay offs of each security being anal ysed using a risk adjusted

di scount rate, where said risk adjusté¥ discount rate includes a risk
prem um for the expected standard deviation 30 of the expected pay off from
the security, for such other higher nonments of interest to the user and

adj ustnents for any other factors specified by a user, such that the price
per unit of risk, for each such risk factor, is equated for two or nore
securities igsu b tQ, fhe,fd rm |t .fhe del; and
provi de as lcl)tfﬁpﬁﬁlet gdmﬁ Eeg'é%ag%'g% gﬂrr%?’g? sogoﬁlat‘“{ﬂn{ {edr §§t°l ronglf h%ﬁe{eil? tq%d nodel . -
123. The conpupusr-<keatiblel mstustionsnuef the | extimated values T@2thewtater of metthe conput er -

5 executabl g_i .l ons. ' | gl L ' tjons
representi ngta?delf&a(ie?l%hé% P%'gr @@%@Wgﬂgéﬁéggr ag{f%%#m%%{e&o\?}a%eglg e lised in the
nmodel s i n chser i thdssely detive@d asondpus difomesasll dlaimf, dshinpuntd pricevaavalae ethequat i ons
and t he gai 4 e I ni ng unknown variables in the
equat i on§ aﬁ@‘%&ﬂ@n&g@@f&dt@gkﬁfrgﬁﬁlg%sgé?n%ut er -readabl e nedi um of cl aim 123,
wherein the conputer-executable instructions include as at |east one of the
unknown i np I A._one L1 onal. | ti-varia uat i ons a
statistical lf?r‘t'sjmen © cgppng%%&g#a%{eﬁggg}ené8?0?{1?1(313'&' i ‘g]%eﬁeédaﬁﬁg%pﬁgs 5 EFer enced to
the firm 18&orelitneodedofxht Hm aehitiatinputvedreomrblainstnationsi23, wherein the

conput er - execut a .in I, Qps | ncl s.al | o} t.he ,unknown

I nputs in one oré%rkfcg?“élea%éw@{%%? m%l&#?ngt@fr éﬁeepaeréﬁgt?ﬁsoﬁgmﬁh% acg?kr el ation
bet ween 10he preeiiwm instheifatezof pedim farfeachsecurityt issued bys surfbren2éd tioythe Gmmir ef er enced t o,
the firm 126. T - Hﬁgl of claim 123, wherein the

conput er - execut a gg%ﬁﬁﬁfﬁﬁﬁﬁﬁgﬁén%ﬁ u g&%% at | east one of the unknown

i nputs in one orfitrthemodelidind i onal nulti-variate equations the covariance

bet ween the r et Up5al; dipRfo'a Bl pRaRHelstok fRerdsB Rt he fRRd BbaelO” T ef erenced to,

the firm

15 122. The computer-readable medium of claim 121, wherein the computer-executable
instructions:
specify the real world distribution process that the returns on the firm’s assets
are expected to follow;
specify a default point representing the value of the firm’s assets at which the
20 firm is expected to default;
calculate the expected real world probability of the default point being met;
calculate the expected mean, standard deviation and other higher moments of
interest of the securities being analysed, having regard to the distribution process
modelled for the firm’s assets and the default point, at the time horizon of interest;
25 use the aforesaid parameters to calculate the expected real world pay off of the
securities being analysed, at the time horizon of interest;
discount back to present value (as at the chosen evaluation date) the expected
pay offs of each security being analysed using a risk adjusted discount rate, where said
risk adjusted discount rate includes a risk premium for the expected standard deviation
30 of the expected pay off from the security, 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 such risk factor, is equated for two or more securities issued by, or

referenced to, the firm;



127. The conputer-readabl e nmedi um of claim 123, wherein the

conput er -executable instructions include as at |east one of the unknown
inputs in one or nore additional nult8@variate equations the correlation
between the returns of a security issued by, or 30 referenced to, the firm
and the returns of the total finn. 128. The conputer-readabl e nedi um of
claim 123, wherein the conputer-executable instructions include as at |east
one of the unknown inputs in one or nore additional 81 nmulti-variate
equations the co%zﬁ ‘ﬁ?f ‘gtween the returns of a security issued by, or
referenced to, GPG:ARY the returns of the total firm 129. The

conput er - r eadabl govitiehiswipof to @lusériparhididters\oi itepésnfrori eheding tiodel: execut able 5
instructions include as at | east one of the unknown inputs in one or nore
additional nulti-variate equations the expected probability of default.

130. The conpit eﬂmrmabl‘-fbam thedioh ofl oidism 122 3r 12D whérsintthe computer-
corrputer-executaﬁ instructions include as at | east one of the unknown

i nputs iR ofEFCYRPILINSEUCHER ¢ i onal 10 nul ti-variate equations the expected

| oss gi ven def aLdeﬁnemd&udﬁbtmﬁlﬁmﬁﬁedenbus repfes@ting ylatianshipefbess@aiced to, the

firm 131. The co e dabl e of cla 1 erein the
conput er - exé%‘é'ﬂﬂg%‘ g“?‘ﬁ%ﬂ’ff@t‘? 05% wgﬁ’eaﬁ? one of the unknown

ijn]putls iln one orsomeragl aﬂmetmmﬂa.lanatauhﬁanowsaandame s&ﬂuﬂbde]?nﬁ c‘albﬂgltexnect ﬁd .
efault | oss on a t-type sec ] Ssu r referenced to, the firm
132. The cofffift %/ aW\E‘H‘i“ e8 t'(?f‘%l‘?“ﬁud]ﬁ%édﬁ? claim 122, wherein the 20
conput engexecut abI e instructions generate one or nore paraneters fromthe
nodel and solve the nodel so that the said paraneters equal val ues
specified by a user, where one of the said paraneters is a statistical
noment of t W24, r eThercompikr-eadabizl médian Bﬁﬂalhi 123 o@hertin gedmpyter-edecutstler enced t o,

t he fine. 25 133. Th g ngéitler-read d| umof, claim121 &Ji.cl im1l22,
wher ei n t he MSEUGHgRs wplude as ol I5ast ang ?l 3’H§“ hErUELTINEC 8

par anet er s tubihvdrae éqnﬁiﬁ:lns awﬁtanmedlwﬁomém ofnilelof Ihe tdvaiditidshissusdiibg, par anet er s
equal vqlsue ésrgncgégotg a user, where one

125. The computer-readable medium in claim 123, wherein the computer-executable
instructions include as at lcast one of the unknown inputs in one or more additional
multi-variate equations the correlation between the returns of a pair of securities issued

20 by, or referenced to, the finn.

126. 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 covariance between the returns of a pair of securities issued

25 by, or referenced to, the firm.

127. 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 correlation between the returns of a security issued by, or

30 referenced to, the firm and the returns of the total firm.

128. 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



of the said paraneters is the correlation between the returns of a pair of
securities issued by, or referenced to, the firm 30 134. The
conput er -readabl e nmedi um of claim 121 & claim 12, wherein the
conput er - execut abl e i nstructions generate one or nore paraneters fromthe
nodel and solve the nodel so that the said paranmeters equal val ues
specified by a user, where one 82 of the said paraneters is the covari ance
between the returns of a pair of securities issued by, or referenced to,
the f1rm 1Ry vibigeCRURISHE e SOAARLbRRAD HE Rlunf! & debidlty Moudd! &), B 122
wherein the conput’er - execut abl e 1 nstructi ons generate” one or’ nore

par anet ers fefesencedite, the fioh andilie reswhaof thettetalfiiel so that the said paraneters
equal val ues specified by a user, where one of the said paranmeters is the
correlation between the returns of a security issued by, or referenced to,
the fine and2% heThecompnier-tepdableemediim pf ¢laimni23,1 gherein theHompetenensewably eadabl e
medium 0 ChidhiPibfslinghuaf bhiTeds? Gne Y156 ShibhoWASnpOIRPHe S iRt GUliAHaf
instructions generate one oOr nore paraneters om t he nodel an sol ve the
nmodel so t hawlti-yesiategquptiony therexpeeted proeebilityefidefwltspeci fi ed by a user, where
one of the said paraneters is the covariance between the returns of a
security issued by, or referenced to, the firmand the returns of the total
firm 15 137130.ThEhecoomputerreadabledndsiium pbeléimm23f whdrein thelcemputer-exeentahle 22,
wherein the; e ' el t ; nor e

par amet or o AT SRR ARhE iR AR R o MRS et er s
equal vdBues specified by a user, where one of the said paraneters is the

expected pr TN AY : g A um of
claim121 o?rp’c {é#ﬁelefg%m\aﬁfé@gxkec%ﬁ%% or‘r:rr)llljat&ga}l ﬁgﬁ%ﬁf‘? gm&%ns ?fjctl ons
gener at e on&y.or raferensegts thefirar s from t he nodel and  sol ve the nodel so that

the said paraneters equal values specified by a user, where one of the said

paranmeters is the expected | oss given default on a debt-type security issued
131, The computer-readable medium of claim 123, wherein the computer-executable

15 instructions include as at least one of the unknown inputs in one or more additional
multi-variate equations the expected default Joss on a debt-type security issued by, or

referenced to, the firm.

132. The computer-readable medium of claim 121 or claim 122, wherein the
20 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 a statistical moment of the returns of one of the securities

issued by, or referenced to, the firm.

25 133, The computer-readable medium of claim 121 or claim 122, wherein the
computer-executable instructions generate one or more parameters from the modet 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 pair of securities issued
by, or referenced to, the firm.

30
134. The computer-readable medium of claim 121 or claim 12, wherein the
computer-executable instructions generate one or more parameters from the mode! and

solve the model so that the said parameters equal values specified by a user, where one




25 by, or referenced to, the fmim. 139. The conputer-readabl e nmedi um of claim
121 or claim 122, wherein the conputer-executable instructions generate one
or nore paraneters fromthe nodel and 82sol ve the nodel so that the said
paranmeters equal values specified by a user, where one 30 of the said
paranmeters is the expected default | oss on a debt-type security issued by,
or referenced to, the firm 140. The conputer-readabl e nedi um of any one of
clainms 104, 107 or 108 or any one 83 of clains 121 to 139, wherein the
conput er - ex j i r . di tional

mul ti-varia equ %f%‘{nl e%{)lry&tseo %ag&fﬂg‘\i(&eé E‘g%&by&laﬁﬁ’ c‘))gge%grrl\&%?s%?url ty from
appl yi ng t hiey, oomeferenesd-texthefismabl e i nstructions contained in the
conput er -readabl e nedi um of any one of clains 109,110, 112 or 113. 5 141.
The conputer-readabl e medi um of anyone of clainms 104, 107 or 108 or anyone
of claims 1B35.t dht 3@mputrercedablet medsompftckim elddc ot ahine 1235 twhersini thes der i ve
the valu t t ng for,

t he corrgl a?d’mc?mege’fetcagblgﬂg rﬁéh%&a#en secthll4 é‘% I'S erl%&gﬂieﬁé%&g%n pl yi ng t he
conput er - exsdvstthdunedsl s thatthe samdmarmerapmhvalues spe0ifieth by e unquLwvleare engadabl e

medi um of a n ble medi um of
any one of @ﬂéig)sﬁiﬁdg%fﬁ%tak @égb\?ﬁia%&wmﬁén%%g er-exec%f algelaq’?ié]structl ons
derive the xefdrenesd tbahg i andibe nat!:dnstqfﬂxqacbtalrfmmu -varl ate equations for
solving for, the rate of return, standard deviation, other higher noments of
15 interest and any other relevant factors specified by a user for one or
mor e of 19 hel3éseclhei @dtmtef-re@dab&ppteyliung of Iekrirg okdupe claim el@dt athexsin ket r uct i ons

t ai ned i i m4119. 143.
'(I:'ﬁg ?ogpe)ut Ier - gea'a um o?ga Jﬁ‘jg/ra%ﬁogk g{}ng{ éﬁl’aﬁ{e%% rﬁ&ﬁ&% wher ei n
20 comput er soéveabmmadﬂl & thntstiw srid pasarseters eqlal values seesified by b aiseti where enet i on
process thage th@?mc%fya‘?%hl{t%}gm% Jclgvidcéﬂlt(w?é DRIy S e ARRSS ue"&rlryg gxpected to

foll ow as a specl kS distrib ution, wherernt standard
devi at i on arefereveércto, th@@mandmm@@fheutﬁdé'mst of the portions of t hat

distribykion relevant to a security are estimted using closed-form

137. 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 expected probability of default.
20

138. 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 expected loss given default on a debi-type security issued

25 by, or referenced to, the firm.

139. 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
30  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




type fornulra solutionsS or nunerical approximati ons appropriate for the
specified 25 statistical distribution process. 144. The conputer-readabl e
medi um of cl aim 143, wherein the conpu8®r-executable instructions nodel the
real world statistical distribution process that the returns on the firm
(or underlying asset) are expected to follow as the normal distribution. 30
145. The conput er-readabl e nedi um of claim 144, wherein the firmhas, or is
treated as having, only a single class of zero coupon debt on issue and the

conput er - ex [ [ L dor I ' | Voe"T

[i-Nai)l +é’§§%fﬂ%§ﬂ-ﬁ)“1w’? el ‘@cﬁ“‘%ﬁk’{&f L%@‘%ﬁ}f‘&%ﬁg%#@?é ‘B%gék" B, on as
where: S" drgha idditioaklueultifvatidte equption for eblvingefof, ithendeddulit losseoma Secwtityi s t he

val ue of t fine'.s t Ll .t he e qf | assets is
{heoum of (arbeRpay T 82 3Fh A oxbosBie i onk Bt e PSRBT S
val ue of t heediini of sxydebof ddins 18thi bh, 12 oabiSuned to be a single zero- coupon
bond, at.maturity T is the user selected tine horizon, in years 10 r,. is

the rate of return on the firm s assets, per annum vy istheprom sed yield on
the firm s débt Thoecommuarueadatde meditddK iny+ong off ¢laians104;(107 @r-t08lor pny aé=d, - a, . '
N(.) is the,c | A i | 0 LSt rsbution with
d, or d2 ﬂ-f‘:l’;é‘@ilﬁ ﬂzél % Ede:} WFI?%'# éo\él’p gIe{ h%%?tﬁlggﬂg%go%a{egg%q:g &%?{ﬁog, per annum
a,, is the ctizedditidnad ewltavirate eghatioa fesolyingifer the norolatioh detfreermd mitadset s, per

annum CB is _the st LAl r . irms debt,
per annum 5 %u"lhgs fsh%ﬂg%ﬁ%’g%b@}élg iqg ?‘Iomrf[ "ge%'%%ac?%gle g‘#s%é{‘ﬁ? ﬁzﬁca)%m{ lé firms
equi ty, 1perthacommuer-readable medium of any one of claims 115 to 117.

142, The computer-readable medium of any one of claims 121 to 139, wherein the
computer-executable instructions derive the values for, or the additional multi-variate
equations for solving for, the rate of return, standard deviation, other higher moments of
15 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
20 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

25  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.

30
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 tit the model such that;



20 146. A conputer-readabl e nmedi um having conput er - execut abl e i nstructions
for performng a nethod to apply an option-theoretic nodel of a firm said
met hod conprising the steps of generaB4ng one or nore risk paraneters from
the nodel, estimated over a discrete tinme period, and solving the nodel so
that the said paraneters 25 equal values specified by a user. 147. The
conput er -readabl e nedi um of cl ai m 146, wherein one of the said risk

par anmet ers anal ysed by the conputer-executable instructions is a statisti cal
nonent of the returns of one or nore of the securities issued by, or
referenced to, the firm 30 85 148. The conputer-readabl e medi um of claim

146, wherein gngrr@f_ j T3] ar anef gr,s* Yaedr
conput er - ex ui"—abi(ﬂe 107? 33,8 Néha/éet-he m%ﬁ’%ﬁﬁ%ﬁﬁeﬂéﬂhﬁtm returns of
I ced to

a pair of securities is€ued by, off refere Phe fine//5 _149. The
conput er -r eadabl e medi unr,of claim 146, wherein one @f the said risk
paraneters apal ysed by the conputer-executable instructions is the
covari ance BWB¥een the returns of a pair of securities issued by, or

referenced to,s t Remé L4108 of b ehatly of tREfiPITRHES! - r eadabl e medi um of cl ai m 146,
wherein one of “the said risk parameters anal ysed by the conputer-executabl e

i nstructfons il5 tidtbe eadne afitlst firorhs dssdtave eime ntahd the eglue ofthofimds sssatsiisi ty | ssued
by, or referenceghdsam dFiiR valuedd AR EdbElRY hitFeqiity {She total first. 15 151.

The conput er-readabl e nedi um of . cl aj 46, .wherein one of, the said risk
parameters andl yé%tgeggei’ e Hf"esr‘ieg]&ébmbé"gﬁ%asﬁ‘f?éetdﬁﬁg??Sﬂ%leFPé°‘t he
covariance betwe&R'PORRE% BYBHWLEYof a security issued by, or referenced to,
the firm and tThe isthé wenselefedtine hbttom| in ykdrs St . 20 152. The conput er -r eadabl e

medi um any one_ of cl ai 121 to 124, claim 132 or clains 143 to 151,
wher ei n?{)he cJ’r"rpd%tg Eag??E%QPé’ﬁﬁ'&%ﬁ%ePrB%S“'ﬂ‘é‘b fornula for calcul ating
addi ti onal parangd@é sromel P MThAMMPN@BY perd@hah i | i ty, for calibration with

t he
d, = ([m(”%,}r r,.T] /a‘. Jf) + (/2o VT)

d,=d,~o.NT

N() is the cumulative probability of the standard normal distribution with d, or 4,
15 as the upper limit

¥ {s the risk free rate of return, per annum

o, isthe standard deviation of rates of return on the firm’s assets, per annum

oy is the standard deviation of rates of return on the firm’s debt, per annum

o is the standard deviation of rates of return on the firm’s equity, per annum.

20

146. A computer-readable medium having computer-executable instructions for
performing a method to apply an option-theoretic model of a firm, said method
comprising the steps of generating one or more risk parameters from the model,
estimated over a discrete time peried, and solving the mode! so that the said parameters

25  equal values specified by a user.

147. The computer-readable medium of claim 146, wherein one of the said risk
parameters analysed by the computer-executable instructions is a statistical moment of
the returns of one or more of the securities issued by, or referenced to, the firm.

30



nodel~,” sai-d-fornmul-a-conprising: 0 e=6, LO ekeN(di)] BO 25 v,. =Q. S
e(t,.-"<)rN(di) O where: 5,, is the value of the equity of the firm at
time n1;, is the value of the firnls $ssets at time n and the value of the
fine's assets is the sumof the values of the firmis debt (B) and equity
(S) 30 Xis the face value of the firms debt (B), which is assuned to be a
single zero- coupon bond, at maturity 86 T is the user selected tine
horizon, in years rr is the rate of return on the firnm s assets, per annum
di=([in(" /o Jotrrdl/ar T J | [2/%cr ff) . d =dl -armJ 5 .)_is.the

cuml at s ve. Hbn ek Pirpieepdib B, of deimrid® o€l e pohelEe i o g as
the upper | pdrirhetérs msalysédbby ths komhpter-exaduaablefinsumttions js thecorfelutionbétweéns t he rate
of return op the firms uity, .per,.annum _ry.is.t rate of return on the
firms debt {,}‘eﬁ%’m ?frr?l.?ﬁi’ g%ﬁwt}/?ésg?ﬁrqé’ys?é?‘ffg‘?%dt?emegﬁnt)n of rates of return
on the firms assets, per annum as is the standard deviation of rates of
return op the firms debt, per annum a, is the standard devi ation of rates
of return on the firms equity, per annum 153. The conputer-readabl e nmedi um
of any one 049. cl'Hien®mbuibr-teadabBdmeditnai ¢tcldim2146) whifeinl dfe, oD theCdanil fizk 143 to
151, wherein the conput {}# xecutable in }r.u tions.%ﬁe for.rruls for

cal cul at i ngPHHBIE? se% TApUer-gYETURG AN AN 15 PR ECVIBINGE PEIVESR,

corr el at i onthefdumEsRaaairdf Se@urities issadlbyuradferancedd, thetfim@. nodel , said fornul a
conprising: a,_ [Yy[1-N(cz3)k; T +X N(d)I/,

10 150. The computer-readable medium of claim 146, wherein one of the said risk
parameters analysed by the computer-executable instructions is the correlation between
the returns of a security issued by, or referenced to, the firm and the returns of the total
firm,

15 151, The computer-readable medium of claim 146, wherein one of the said risk
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.

20 152, 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 toort
0‘,,=O',.B—°e(’ l'}I[l“*"v(‘ﬂ)]

0

25 o, =0, —?—e"""’-"TN(d,)

0

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

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



B, J 87 Q = 4V2N(d3C1lT XN+X2,) IT ST ) PBS =X - B,. BT a"r -1"e"'"'" VT
[1-N(d3)]e' T +XN(d,)-Bt. A-81 - 5B 4r -1 T -1 VINd2~e' -XN(d,)-S?.
Pas= S7 ejT -1 e' -1 5 xs = PBS6BQ8@Cu, =PI Bo~f'6B 61S = As CrCY where:
10 S,, is the value of the equity of the firmat tine n BB is the value of
the debt of the firmat tine n V' is the value of the firmls assets at tine
n and the value of the firnls assets is the sumof the values of the firms
debt (B) and equity (S) X is the face value of the fine's debt (B), which is

assunmed to bepa %‘tﬂ%ﬁré&%@&nﬂn@hfiﬂéﬂ% gﬂpd at maturity T is the user

selected time horlzon I n is t e rate of return on the firms
assets, per annumﬂleratezﬂf@tlhrnlonwzﬁm%rasseﬁ]mn,annum +(1/2Xv,. 7) d2 =d, -o-,. -
J 20 d,:d,+a,.,r

d, =([]n("%{ )+r,,r] /a,. J’T"]+(1/2)(a,. JT)

dz =dl .-O-IJT

5 N(.) is the cumulative probability of the standard normal distribution with d, or d,
as the upper limit

r  is the risk free rate of return, per anmum

#, isthe rate of return on the firm’s equity, per annum
r, isthe rate of return on the firm’s debt, per annum

10 o, is the standard deviation of rates of return on the finm’s assets, per annum
o, is the standard deviation of rates of return on the firm’s debt, per annum

o, is the standard deviation of rates of return on the firm’s equity, per annum.

153. The computer-readable medium of any one of claims 121 to 124, claims 132 to
15 136, or claims 143 to 151, wherein the computer-executable instructions use formula for
calculating additional pararneters, being discrete time volatility, correlation and

covariance, for calibration with the model, said formula comprising;

_ﬂ\/ [V [i-N(d, )];: + XN, )]/




N(. ) I s~the currut-at i-ve-probabi ity of the standard normal distribution with
d, or d, as the upper limt is the risk free rate of return, per annumrr
is the rate of return on the fine's edfity, per annum 25 rB is the rate of
return on the firms debt, per annum- - -- - ------ ------- 88 o0i. is the
standard deviation of rates of return on the firmls assets, per annum aB is
the standard deviation of rates of return on the firms debt, per annum ov
is the standard deviation of rates of return on the firms equity, per
annum pae is the correlation coefficient of the rates of return for B and

S; 5p.His the CEWWEqul ﬁfcqwﬁjyg#?pkﬂgﬂ%qlz%rates of return for V and B

p,, is the copfgel of return for V and S; 154.
A conputer-inple ed net hod f relating a/iprice or value of a plurality
of securities associate mnth an underlying asset, the rate of return on
said securitigg 4 . isk attributes of said securities,
substantially as F -d¢s€rifjed with reference to acconpanying Figures 4
to 9. 155. A conputer-inplemented nethod of estimating the expected default
loss of 15 secur¥ify- Aﬂd@kﬂéntxmkayhﬂw herein described with reference to
acconpanyi ng Pugures 4 Uiy Os 3 A conputer-inplenmented nmethod for
estimating the correIBaf\f(eon o)@ref‘d ns for two securities issued by, or with
reference to, a fir yhst tg}? L’}; as herein described 20 with reference
t o acconpanyi g £ A conmputer-inpl emented met hod for
appl ying an op i on- k! prietif cﬂndﬁ of a firm substantially as herein
described with referente to accoﬁ‘panyl ng Figures 4 to 9. 25 158. A system
for relating a,pripe@,0r value of a plurality of securities associated with
an underlying asset, the rate of return on said securities and the risk
attributes of 9saT &2%€eurities, substantially as herein described with
reference to g.cc__ogpg_ngi ng Figures 4 to 9.

=) |2 Sl )

where:
10 S, is the value of the equity of the firm at time n
B, isthe value of the debt 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

A

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-
15 coupon bond, at maturity

T  isthe user selected time horizon, in years

r-  isthe rate of return on the firm’s assets, per annum

- [[m("%,) + r,.r] /a,. T )+(1/2)(a,. JT)

d,=d,-o.JT
20 dy=d, +o, T

N(} is the cumulative probability of the standard normal distribution with d, or d,
as the upper limit

¥ is the risk free rate of return, per annum

ry  is the rate of return on the fima’s equity, per anhum

25 ry  is the rate of return on the firm’s debt, per annum



30 1597 ATsystemfor measuring credit risk, substantially as herein
described with reference to acconpanying Figures 4 to 9. - - ---- - - ----
89 160. A systemfor estimating the c8%ariance of securities, substantially
as herein described with reference to acconpanying Figures 4 to 9. 161. A
system for estimating the correlation of securities, substantially as herein
5 described with reference to acconpanying Figures 4 to 9. 162. A systemfor
applying an option-theoretic nodel of a firm substantially as herein

described with reference to acconpanyi.ng Fi gyr 4 to 9. 10 163. A

conput er-readgblés‘ﬁ%ﬂ?'ﬁiﬁﬁdﬁﬁvgifﬂm%ﬁy&f ! Qgg'ﬁ?%ﬂlsésﬁeﬁsﬁefﬁ'&“%ns f or
performing a pet Rl éielalaldfiafortliiil o fotltfbihe P debib@ bidy OF securi ti es
associated witf "an underlying assef, tehe rate of return on said securities
and the risk att idthestaslaglfdesiatiah of seeswf rdture sn the dloaisaquitya péryamasn.her ei n
described with reference to acconpanying Figures 4 to 15 9. 164. A

conput er - r ead#la @%‘éﬂqﬁ}?ﬂ%‘?ﬂeﬁ-&lﬁgﬂﬁéﬁ@ s pfeetarm fapP and §ist r ucti ons for

estimatipg the covaria f t asset s, substantially as herein
doscr bet wi i Prer ol el Ang Rl MEPRRE B4 89”50 165,

conput er - r eadgpl & tiEEHrRbiddeltiticnPIMEY @Bles 6¢aHL APV @nd NSt ructions for _
estimating the ‘expected default |oss of a security, substantially as herein
described with reference to acconpanying Figures 4 to 9. 25 166. A

conput er - r eagabl [ﬁ%q; yad HaMididh RARgaUs I I i for
estimating t?%é ({g?r .aet ?Hg)ﬁ o% returns %{aﬁl@%ﬂﬁ%ﬁh&%&pkh&s@gﬂsby, or

ref erenced touritigs isseointedswiisanaumderhiingasset, theaple phretheser aiskadeunitiehandef er ence to
acconmpaiy! Nge F&l&éé{n%&teéaés?id%eculiﬁgs; ¥1@stglﬁ§g}’£sq{e¥éif@eg§me§ w'i’iﬁijéﬁ cB@y! ng

conput er - executabl e I nstructions for pertormng a nethod to apply an
opt i on-t heotceerhpanpivg Elguest 420 9.i rm substantially as herein described with
reference to acconpanying Figures 4 to 9.

155. A computer-implemented method of estimating the expected default loss of
15  security, substantially as herein described with reference to accompanying Figures 4 to
9.

156. A computer-implemented method for estimating the correlation of returns for
two securities issued by, or with reference to, a firm, substantially as herein described

20  with reference to accompanying Figures 4 to 9.

157. A computer-implemented method for applying an option-theoretic model of a

firm, substantially as herein described with reference to accompanying Figures 4 to 9.

25 158. A system 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 risk attributes of said
securities, substantially as herein described with reference to accompanying Figures 4 to
9.

30 159. A system for measuring credit risk, substantially as herein described with

reference to accompanying Figures 4 to 9.
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160. A system for estimating the covariance of securities, substantially as herein

described with reference to accompanying Figures 4 to 9.

161. A system for estimating the correlation of securities, substantially as herein

described with reference to accompanying Figures 4 to 9.

162. A system for applying an option-theoretic model of a firm, substantially as

herein described with reference to accompanying Figures 4 to 9.

163. 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, substantially as herein described with reference to accompanying Figures 4 to
9.

164. A computer-readable medium having computer-executable instructions for
estimating the covariance of returns for two assets, substantially as herein described

with reference to accompanying Figures 4 to 9,

165. A computer-readable medium having computer-executable instructions for
estimating the expected default {oss of a security, substantially as herein described with

reference to accompanying Figures 4 to 9.

166. A computer-readable medium having computer-executable instructions for
estimating the correlation of returns for two securities issued by, or referenced to, a firm

substantially as herein described with reference to accompanying Figures 4 te 9.

167. A computer-readable medium having computer-executable instructions for
performing a method to apply an option-theoretic model of a firm, substantiaily as

herein described with reference to accompanying Figures 4 to 5.





