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15 The term “option” in the context of the present application is defined broadly as any
financial instrument having option-like properties, e.g., any financial derivative including an
option or an option-like component. This category of financial instruments may include any
type of option or option-like financial instrument, relating to some underlying asset. Assets
as used in this application include anything of value; tangible or non-tangible, financial or
20 non-financial. For example, as used herein, options range from a simple Vanilla option on a
single stock and up to complex convertible bonds whose convertibility depends on some key,
e.g., the weather.
The price of an asset for immediate (e.g., 2 business days) delivery is called the spot
price. For an asset sold in an option contract, the strike price is the agreed upon price at
25  which the deal is executed if the option is exercised. For example, a foreign exchange (FX)
option involves buying or selling an amount of one currency for an amount of another
currency. The spot price is the current exchange rate between the two currencies on the open
market. The strike price is the agreed upon exchange rate of the currency if the option is
exercised.
30 To facilitate trading of options and other financial instruments, a trader prepares a bid

price and offer price (also called ask price) for a certain option. The bid price is the price at

which the trader is willing to purchase the option and the offer price is the price at which the
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any rate of the asset. In this application, at-the-money forward options are generically referred to

20  as at-the-money options, as is the common terminology in the foreign exchange (FX) and
other financial markets. An in-the-money call option is a call option whose strike is below the
forward rate of the underlying asset, and an in-the-money put option is a put option whose
strike is above the forward rate of the underlying asset. An out-of--the-money call option is a
call option whose strike is above the forward rate of the underlying asset, and an out-of-the-

25 money put option is a put option whose strike is below the forward rate of the underlying
asset.

An exotic option, in the context of this application, is a generic name referring to any
type of option other than a standard Vanilla option. While certain types of exotic options have
been extensively and frequently traded over the years, and are still traded today, other types

30  of exotic options had been used in the past but are no longer in use today. Currently, the most
common exotic options include are “barrier” options, “binary” options, “digital” options,

“partial barrier” options (also known as “window” options), “average™ options and “quanto”
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exch angetO( lpsy()of any model known in the art for calculatmg theoretical prices of options, e.g., a
20 Brownian motion model, as applied to any type of option, including exotic options.
It is appreciated by persons skilled in the art that the Black-Scholes model is a limited
approximation that may yield results very far from real market prices and, thus, corrections to
the Black-Scholes model must generally be added by traders. In the foreign exchange (FX)
Vanilla market, for example, the market trades in volatility terms and the translation to option
25  price is performed through use of the Black-Scholes formula. In fact, traders commonly refer
to using the Black-Scholes model as “using the wrong volatility with the wrong model to get
the right price”.
In order to adjust the price, in the Vanilla market, traders use different volatilities for
different strikes, i.e., instead of using one volatility per asset, a trader may use different
30 volatility values for a given asset depending on the strike price. This adjustment is known as

volatility “smile” adjustment. The origin of the term “smile”, in this context, is in the foreign
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standard deviation of the return of the assets for a certain past period. However, the markets
20  trade based on a volatility that reflects the market expectations of the standard deviation in
the future. The volatility reflecting market expectations is called implied volatility. In order
to buy/sell volatility one commonly trades Vanilla options. For example, in the foreign
exchange market, the implied volatilities of ATM Vanilla options for many frequently used
option dates and currency pairs are available to users in real-time, e.g., via screens such as

25 REUTERS, Bloomberg, TELERATE, CantorFitzgerald, or directly from FX option brokers.
Volatility smile, as discussed above, relates to the behavior of the implied volatility
with respect to the strike, i.e., the implied volatility as a function of the strike, where the
implied volatility for the ATM strike is the given ATM volatility in the market. For example,
for currency options, a plot of the implied volatility as a function of the strike shows a
30 minimum in the vicinity of the ATM strike that looks like a smile. For equity options, as

another example, the volatility plot tends to be monotonous.
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254 Risk Reversal (RR) is the difference between the implied volatility of a call

option and a put option with the same delta (in opposite directions). Traders in the currency
20  options market generally use 25 delta RR, which is the difference between the implied
volatility of a 25 delta call option and a 25 delta put option. Thus, 25 delta RR is calculated
as follows:
25 delta RR = implied Vol (25 delta call) - implied Vol (25 delta put)
The 25 delta risk reversal is characterized by a slope of Vega with respect to spot but
25  practically no convexity at the current spot. Therefore it is used to price the slope
dVega/dspot.
254 Strangle is the average of the implied volatility of the call and the put, which
usually have the same delta. For example:
25 delta strangle = 0.5 (implied Vol (25delta call) + implied Vol (25delta put))
30  The 25 delta strangle is characterized by practically no slope of Vega with respect to spot at

the current spot, but a lot of convexity. Therefore it is used to price convexity.
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(i.e., the bid side) and the price at which they would like to sell the option (i.e., the offer

side). Currently, there are no mathematical or computational methods for calculating
20 bid/offer prices, and so traders typically rely on intuition, experiments involving changing the
factors of an option to see how they affect the market price, and past experience, which is
considered to be the most important tool of traders. Factors commonly relied upon by traders
include convexity and RR which reflect intuition on how an option should be priced. One
dilemma commonly faced by traders is how wide the bid/offer spread should be. Providing
25 too wide a spread reduces the ability to compete in the options market and is considered
unprofessional, yet too narrow a spread may result in losses to the trader. In determining
what prices to provide, traders need to ensure that the bid/offer spread is appropriate. This is
part of the pricing process, i.e., after the trader decides where to place the bid and offer
prices, he/she needs to consider whether the resultant spread is appropriate. If the spread is
30 not appropriate, the trader needs to change either or both of the bid and offer prices in order

to show the appropriate spread.
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Similarly, price-takers, e.g., hedgers, asset management groups, may execute deals
20  automatically without prior automation of a bank on each transaction individually.

It is appreciated by persons skilled in the art that different types of asset markets are
generally analogous in that they are controlled by analogous market conditions, e.g., forward
rates, interest rates, stock dividends and costs of carry, and therefore, an option-pricing model
which is suitable for one type of asset market is generally also adaptable to other types of

25 markets, by appropriately interchanging the quantities used by the model with corresponding
quantities of a different type of derivative. For exémple, to change the model from foreign
exchange (FX) options to stock options, one would use the dividend rate of the stock in place
of one of the interest rates used in the case of a pair of currencies.

Such adaptation is also possible in cases where the analogy is not simple, for example,

30  in weather derivatives. To adapt the model of the invention to any type of option or option-
like derivative, instead of simply replacing the quantities described below with corresponding

quantities of a new type of derivative being computed, the model may be adapted by



mar ket data, the nodel generates real tine market prices for derivatives
and, therefore, the nodel automates the process of buying/selling
derivati wea01/8n3an enbodi nent of the present invention, ther/wedel22éds used
in conjunction with an 15 online trading system whereby on-1line
transactions are executed at the prices provided by the nodel. Liquidity
providers, e.g., market makers and banks, may trade at the nodel prices
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plurality of building blocks that may reflect risks associated with the option.

20 To compute the bid/offer spread, a second set of weights may be computed
corresponding to each correction, resulting in a different function of the building blocks, as
described below. Some or all of the weights may be time dependent. The bid/offer spread
may then be computed as a function of some base value and the weighted corrections, using
the second set of respective weights. For example, the base value may be determined as the

25  bid/offer spread of a Vanilla option corresponding to the subject exotic option. The weights
applied to the corrections to determine the bid/offer spread are generally different from the
weights applied to the corrections for the TV. In alternative embodiments of the invention,
the bid/offer spread may be computing using any other suitable function of a plurality of
building blocks that may reflect risks associated with the option.

30 Finally, in computing the bid and offer prices, the model may include computation of
volatility smile adjustment, for example, using a look-up table representing volatility smile

adjustment in a predefined range. Such a look-up table may be generated by computing the



option based on a corrected theoretical value (CTV) of the option and a

bi d/ of fer spread. The CTV may be conputed based on a plurality of building
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corrected TV and the bid/offer spread. The plurality of building blocks may include at least
one building block selected from the group including convexity, risk reversal (RR), shift,
gearing, Vega profile, and intrinsic value.

20 Further, in accordance with an embodiment of the invention, there is provided a
method for providing a bid price and/or an offer price of an option on an underlying asset, the
method including receiving first input data corresponding to a plurality of parameters
defining the option, receiving second input data corresponding to a plurality of current market
conditions relating to the underlying asset, computing a corrected theoretical value (CTV) of

25  the option based on the first and second input data, computing a bid/offer spread of the option
based on the first and second input data, computing a bid price and/or an offer price of the

option based on the corrected TV and the bid/offer spread, and providing an output



In accordance with an enbodi nent of the invention there is thus provided a
method 5 for providing a bid price and/or an offer price of an option on
an under Iwongs@sset ,” t he net hod including receiving firspCciuputizeat a
corresponding to a plurality of paraneters defining the option, receiving
second input data corresponding to a plurality of current market conditions
relating to the underlying asset, conputing a plurality of building bl ocks
based on the first and second input data, at |east one of the building

bl ocks being a function of a factor related 10 to a risk associated with

t he opt i ¢HeSROBABELT the bisd msice apd/prcte efifr/psiee affthe pptin. price of the option as a
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corresponding to the bi'd price and/or the offer price of the option.
Addi t i ongibdryected TheaggiRhidanee (@TVofahe epismcisneiidst fihctidhcofiankasgtsome offirre i s

provided a systemfor providing a bid price and/or an offer price of an
opti oh obvildingurerss, a/hifigiiasspetad of ithe optios gsé eeeondh Binadimef a4 lesirsome of gwei vi ng
first in u%fdin%%ﬁc%l{g,%hreseslg ‘812 %irorg:gss:[)roco(;j}onl)A{elsJ [chael bllé %)/ric%fan%g gt[tmc;rtp%rcg of the option
based on the corrected TV and the bid/offer spread. The plurality of building blocks may
include at least one building block selected from the group including convexity, risk reversal
(RR), shift, gearing, Vega profile, and intrinsic value.
20 Further, in accordance with an embodiment of the invention, there is provided a
system for providing a bid price and/or an offer price of an option on an underlying asset, the
system including a server receiving first input data corresponding to a plurality of parameters
defining the option and providing an output corresponding to a bid price and/or an offer price
of the option, the server further receiving second input data corresponding to a plurality of
25 current market conditions relating to the underlying asset, and a processor, associated with

the server, which computes, based on the first and second input data, a corrected theoretical

value (CTV) of the option and a bid/offer spread of the option , and which further computes,

10



defining the option and providing an output corresponding to a bid price
and/or an offer price of the option, the server further receiving second
i nput datveoeosmesponding to a plurality of current narkePCTORGIR2@NS
relating to the underlying asset, and a processor, associated with the
server, which conputes a plurality of building blocks based on the first
and second input 10 data, at |east one of the building blocks being a
function of at |east one factor related to a risk associated with the
option, and which further conputes the bid price and/or the offer price of
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the underlying asset, and a processor, associat the server, which
conput esacdeelenet With atmemlfqdiment gfilie pesseménventipt data, a corrected theoreti cal
value (CTV) of the option and a bid/offer spread of the option, and which
further conputes, 10 WO 01/80131 PCT/US01/ 12264 based on the CTV and
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be applied to other financial markets, and the invention is not limited to foreign exchange
20  options or exotic options. One skilled in the art may apply the present invention to other
options, e.g., stock options, or other option-like financial instruments, e.g., options on futures,
or commodities, or non-asset instruments, such as options on weather, etc., with variation as
may be necessary to adapt for factors unique to a given financial instrument.
In the embodiment described herein below, bid/offer prices are computed from a
25  corrected theoretical value (TV) of an option and the bid/offer spread for that option.
Computations for the corrected TV and bid/offer spread apply derivatives (partial derivatives
up to second order) to factors readily available in the market. The factors include, for
example, gearing (where the trigger is cancelled by setting it to zero, when the trigger is
below the asset rate, or to infinity, when the trigger is above the asset rate) and the change in
30  the profile of the Vega. Instead of trying to assess probabilities, the model presented herein
enables assessment of the risk management cost of the option and of the compensation

required by a trader in trading the option. In contrast to the Black-Scholes model, which is a
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accordance wth an enbodi nent of the present invention; Figs. 2A-2D are
sequential flow charts schematically illustrating an algorithmfor 10

cal cul at iwgobsdsof fer prices of foreign exchange (FX) optpPonsSéwm2aeicor dance
with an enbodi rent of the present invention; and Fig. 3 is a schematic

bl ock diagramillustrating a systemfor pricing options in accordance with
an enbodi nent of the present invention. 15 DETAILED DESCRI PTION OF A
PREFERRED EMBODI MENT A preferred enbodi nrent of the present invention is
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b| ocks. towards expiration of the option. As the time of maturity approaches, the delta re-hedging
cost near the trigger may rise drastically, and the price of the option reflects the risk near the
20  trigger. It should be noted that the shift of the trigger correction is always positive and thus
needs to be properly gauged to express the risk. The gearing reflects some aspects of the time
decay of the exotic option because the price of the option will converge to the price of the
corresponding Vanilla option if it is not knocked out. Typically, the shorter the option, the
more re-hedging is required to account for time decay.
25 In accordance with an embodiment of the present invention, two quantities are
calculated separately, namely, the adjusted mid-market price and the bid/offer spread.
According to this embodiment, separate calculations are used for computing the two
quantities. The adjusted mid-market price is defined as the middle (i.e. the average) between
the bid price and the offer price. As discussed above, the Black-Scholes model provides one
30  price that may be referred to as theoretical mid-market price or theoretical value (TV). The
adjusted mid-market price provided by the present invention may be regarded as an

adjustment to the Black-Scholes price. Thus the adjusted mid-market price of the present
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5 The nodel of the present invention takes into account many factors that
the Bl ack- Schol es nodel ignores, e.g., factors that are related to
transact ivomovsmssl of re-hedgi ng. For exanple, in the nodepCcO®serizbed
herein, the re-hedging cost of the Vega of the exotic option my be
expressed in terns of the convexity cost of the option. By having a | ong
convexity, i.e., a positive convexity in the trader book, a trader can
earn noney by selling volatility (e.g., 1o selling ATM options) when the
vol ati | i inyent®nhhghelso dedefirgd ng av theatdriectey thdoeddicalt valge (G It shouldhigut

taking a position. The shift of the tri r.represents the probability of
an opti ot Bt gincs T8 frp GRES 8 g nlRe DROLE PSRl TREHT 9 B 1 he
oEt i on, hafa anbioffbr ektas Hﬁegsﬁﬁi' lkeadgs_ itheguse ﬁ)@ﬁﬁd—hlgrkteh@idéﬁ§ E_r@f&]f@lﬁ(fbs%dﬂiﬁtf&nﬁ, daed
t hus, t optjon_is nost risky. _Since the trader 1s typically delta hedged,
at & knotbg el 84 R imepfien BETLfor spmEnetsciad sy %fepléﬁqq BhodfrotiPirapenove
the del t ariede@oints, for kaipll,a8gtef 8BweByvallie:coR¥spBhithd¥d sBARCKnbi funbitger | yi ng

asset when the narRet rises or selling the undéerlying asset when the narket
decl i nesOf tpfheRid-mykehpriepddr usrQf raidmaskes PHscas eleaeeior the goBputations i ng
del ta di seanth Gidhy bechBRLQn Ltk ABddH fof ol QcesdT obths subffaOf
naturityﬁgpprgacﬁ%%?a%ﬁ%@del%g%ré—hedggﬁmichg?mﬁeg?.?ﬁe_Pﬁ?gger n%y rise
dr ast i catheyplackrghelpempddl.gee ypicelleinigpdaddor atculaging theortical inddematkat valtes. 20
trigger. It . d Egh i f f L o[l 0N is

al ways posi t?f\}%%a{g/gﬁtg%%géaﬁh%% ?‘%ﬂ%%a%%%g% ?I”%gfﬁ‘ﬁgé‘é’gg‘gﬁ‘gﬁtpieggg& tﬂ%e risk.
The gear iisigthata$ redatedtogeiiredgisgeatsaction codieerttdiles in e optyorofTHelbailding blocksopt i on

because rice of the opti.on w C. rge to the pr.ic f the

o o ol 8 dgfEorns b B BRkbiRRon'Se the SIBHEL Hieah b B8 oBES B Rlre Pt 0,
shorter tdieilaptheamd-nidileet privy ecase bet!ﬂglierrgidi-rﬁark&@ﬁbe’ ad thobidototupicatiare t i me
decay. 25.1n, accordance wi.th _.an enbqdi nent t he present_.j.nvention, two
coandi £y @ SRS ol S SPORE e ploks e B0 bR ot
price andeich® ihitdé alvb anlcaRti@ad. FacsamgieNth t@nd bisss &HROdh&EMdancel @par at e

cal cul atigns are used for, conputing the two quantities. The adjusted

mi d- ar kECEH g dhq adietad midgmasetiriec: it diessaiop (ms 1 haves ayBYlathEtakeeh  the
bid price anchiding 18 bRICIRF sfiBad ASsePhBfeUinsQHnRRPNSIgidoNDsBl 1Bk KncPedRO s nodel
provi des one 30 price that nay be referred to as theoretical m d-market
price orS¥¢doretical value (TV). The adjusted nid-nmarket price provided by
the present igyeal LP BRYILE of GRaHEEH i | URER Fi1, P Sage 110
Bl ack- Schol es@}yri%e. Thus‘ll'tpﬁe0 a ja%ste%cpﬂlnd- mar Ket p?fgce o%) ’taEea%er esent 12
WO 01/ 80thg m alyniutgsiaxtheretical value (TV) using a combination of known algorithms, e.g.,

20  based on the Black-Scholes model, or any model assuming that spot undergoes a Brownian

motion pattern. This initial TV may be computed in an analytical method or using numerical
calculations, as are known in the art. The Black-Scholes model is used in an exemplary
embodiment because it is a common benchmark in the industry for pricing derivatives in
cases where the underlying asset is assumed to follow a Brownian motion (a stochastic

25 process). The inputs for the TV may include expiration date, class of the option, e.g., knock
out, knock in, binary, European digital, etc., strike (when applicable), barrier(s), spot, forward
rate to delivery, volatility for the expiration date, and interest rates of currencies. At stage
112, the model calculates corrections and weights to apply to the TV to generate the adjusted
mid-market price, also referred to herein as corrected TV (CTV).

30 In this exemplary embodiment, the building blocks include convexity, risk reversal,
intrinsic value, gearing, shift, and Vega. The corresponding corrections may then include

convexity correction, risk reversal correction, intrinsic value correction, gearing correction,
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invention may also be referred to as the corrected theoretical value (CTV).
It should be appreciated that, since the frmal outputs of the nodel,

typi cal | w@poosiiged to the user, are the bid and offer prPcEESIIER26H Scussed
bel ow, the use of m d-market price as a reference point for the nodel of
the invention nmerely for conveni ence and nmay be replaced by other arbitrary
5 reference points, for exanple, a higher or |ower value corresponding to
some known function of to the md-market price. The use of m d-market
price asshft rcexfrmuemmdf‘mgatchﬁeamﬂpast ddstritied bebow. Wegles la&dcaisdumnédyfobemuse
existing theoretjcal nodels for calculati rices, of ch as the
Bl ok SOHGRERUT AR sork 8PS atedi 9o Hs Bhmach PRt o S RGP SRy Ca

m d- mar keatd oo&hspeﬁdmg helgbtsdifr@ziﬁpﬁéd ﬁ)ﬁheaﬁ,to gonvpité B caBERETTVIOAE Bagdehigs,

preferre od| ref s th isk that is relatedto r e- hedgi ng
tr ansact?‘Bﬁ‘ng éli‘el IEQF ? fr StpﬁeégéﬁtcP’mamﬁﬁ]ée e NG 68k the YRR for

corregti Elﬂ@)ffef\sﬂréhﬁ &l 166l hAidud Ralehlafed Sord bR 1@ Fweidi£ a6in&BY whRh SeBhtar to
those used to cal cul ate the njd- narket price because both the m d- narket

pri ce an®ay hetigiedlepsndent, agt @b}dh% berdeﬁf%rsrécfr%thewmht%kseéfto eerapr@ptheon.
However , c&}a@te@w dii gy D ét%@élﬁr %m&%wﬁ& pHkds a?é(??rﬁpufeﬁlfﬂﬁﬁ M€ cotfh Nt s in

the two cal cul ati ons. exanple, 1 n sone cases cancel out" 15

cal cul at THgartdhéheab]dOﬁfeéchmad pravided byrtheemodalt , Thé @refemel @mbﬂcbmlmftywhave a
cunul at i C S

i ndependgﬁ&%&%%% ?\S 4 gg‘?go lt’llf{tﬁ% c}i E‘agrslge%J %@BJ’ ?gr@agdpﬁg?ﬁg/ay?g% gfrcliebover Vi ew
of the p@@f@ralt@dhzénwmhi apmouriater@ﬂaeges,l thglrlvmti‘eingnayjbe agplissittagey dther typdef nodel
cal cul at usi. n%?a conbi nati on of known

al gorit h&élog ot gp%nq %%amlag dgrwat@lﬁe “BIMCR ceWOI es nodel, or any nodel
assum ng t hatRﬁ'q&erteeumﬂadegDQEgSaZBIZﬁMmkar\seqmnnﬁHy, Mtcheéhbmaﬁbdlsf iil\ﬁﬁtlﬁieal] TV may

e T S TR R e S T

enbodi Welﬁtﬁceb&ﬂ’ad,lif@reigh mh@lg@ogmrbﬂﬁeﬂcmraéd@rdaﬂcet Rethi i embbdmeR oPfiieCi NY
derivatives in ses  where underl yin laﬂﬁset is assuned to follow a

Br owfi anmmt%n‘\% owp i Figstas éhez@p P i disgpleuiptian Indjsaied at Rpcls Repraterallyy
i ncl ude g¥REE afahpﬁgﬁiﬁwn defas 51 Mk sﬁlﬂé‘ct% fibrPh th@raevanmg«kkt OpHbn akeck in,

bi nary, European digital, etc., strik when applicable), barrier(s), spot,

f orwar d nf &fiﬁ‘emtqumaté@q deatved fromth relevany rrraéiet ﬁwr@ﬁtp ibergin a@rquzréat éona@zmsau nt er est

rates of ;Ciytn %@Cdef‘aﬁs d%’ﬁnﬁ% 8€ optdil refelt€d T B€leirC gzgla%fe; B%S and
enérate the ag ust rice, also

wei ghts to agg
r ef er r edspeeifi bjetm usey. b@rlﬁeéecn@dlown(cmﬂwnar@@ mfcprntahprsth@kéqmms yr waidbesdi ment

the by lg' AL sgtjg&képtfoﬂ,c Ey%llcﬁ%g&étt }flforfn'aﬁ& Elgt\/%{e@% 'to the subject option.

Examples of market conditions include spot, volatility, forward rate, and interest rates.
Parameters include, for example, strike, trigger value(s), and expiration date(s). The
parameters may also include an identification of the type of option, an identification of the
underlying asset, e.g., the currencies being exchanged, and other information defining the
25 option. For example, to compute the price of a window knock-out option, the option details
may also include the date on which the trigger is activated and the date on which the trigger is
deactivated. Values for market conditions, e.g., the current interest rates, forward rates, and
the ATM volatility, may be obtained from information available in the market, as is known in
the art. The market information is based on assets that are continuously traded in the market
30 and their prices are available in different forms. For example, the inputs may be based on
information taken from screens of market data provided by companies such as REUTERS,

Bloomberg, Telerate, etc., and/or directly from brokers, e.g., over the telephone.
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intrinsic value, gearing, shift, and Vega. The correspondi ng corrections
may then include convexity correction, risk reversal correction, intrinsic
val ue coweot/smsy gearing correction, 13 WO 01/80131 PCTPUBDS$#1122€@4 shift
correction, and Vega correction, as described bel ow. Wights are cal cul ated
for each <correction where sone of the weights may be tinme dependent. At
stage 114, the corrections and corresponding weights are applied to the TV
to generate the corrected TV. At stage 116, the nodel cal cul ates the

bi d/ of f er sprBiack by indivatei Iﬂiem@ntphmtmmnﬁthbdsaereﬁazilwalueﬂg) of ﬂlhepﬁfanlbelnh@ 5

bi d/ of fer.spr var| | at ed .correc d wel, s, sone
of which? vvelggh g al%gh%gef etﬁ%é&uma% SWdCW Hﬂ?{g%éﬁg?sf‘f’ T from
t he wei gﬂflbdbly&mdlsﬂiﬁg cfomplytie fdrhﬁlas aohrcdabeal inlie afti Makdye caaks, Sdragemplés, t he

bid and oEfe rices e co ut ed fromgthe corrected., T and t he i d/ of fer
spread p¥ “(5'9 tdr‘i’él Oh\*h%pt‘ﬁfl%f § COYPUARIITAR ARV SYEABA PGt ed as

appl i €d fn6nitd) sdriee- wwyr s & Bl RARNSgenbY oMith GhGiBNARRLE it iktgesdinYy d be 10
appreciated that, with appropriate changes, the invention nay gbe applied to

any ot hetuffigien t@fsumoﬁbﬁuﬁfﬁ SR edsmrennal] kR serigsaRen eNample, jayeaub wt in the
art. Refgi@nCRhibl is"@d8arttd 1hb@Sout %ﬁno%%ut ha’ﬂskt% b%ﬁ& ééﬁdvx the V@(}

schematlcallylllustratea nmet hod nput i ng J ust ed et price
and bi d/ 67¢l@nd opg eelawy), an@lvss Qu@m!lg@ﬁ’ﬁre%n mf;mtecsese&abufamlé$ @chmaldmdsalme (FX)

opti on, 4,V @&%Qﬁ?& n"él n Cﬁ[@ﬁggéﬁnéssg%lshﬁﬁe 5 invention. As shown in

Fig. 2A e I'nputs o atronn at block 12 preferably
i ncl e rranﬂ}ommgmgfmfcme et R4, block hé isliditeahe ogtilaivnoof thhistriked andant

mar ket . S 1 [ t| an der ant
mar ket , %?g%ﬁ%t% hzcr)le ﬁﬁa%ge rcnli c %oﬁefp e(%‘? Y lss‘L%tﬂ{eS @r WEI[CE\{

def i ni ngdetlﬂaefoxape givan volefility ie2h5 parcdne e rimpﬁedpmlamﬂﬁ@t &ffthe 25\Vdeledcattayid lpﬁt
specified by the us rket ¢ Lt de mar ket infaroation that
descri be? 36¥ Sﬁl‘éﬁ{d cgrefgyw? 2§u‘?dﬁl clﬁ{] 8?)4 Eg ﬁultaagu %sé'?nﬂér %gqclk fy

i nf or mat in@iatedtheSMRE iof thesd t@votdameg thai ey bOPBthiBeY frodXiaMhiRst RhdifBhiK s

condi tions |nclud latility, forward rate, and interest rates.
Par afbt ePent 1°H‘84 g ls’?"g‘gm@?cgﬁ%ﬁp@ a@%/’?’l t{lf‘e% @f‘r“iadi:}%?n%ﬁ drdte strangle(Guigsty) at i on

dat e('s) . ard BEmmpaitiadBtBs SptiRY mAH&P atd Gilottd %ﬁﬂos{e Ghtd dré eAITPBVaRhbIE REmt Ype of
option, an_jdentification of the wunderlying asset, e.g., the currencies

bei ng exveihMpm onkiRgi sy tserasiisihe Fasafordhe AEM Ylawlitt he 25 option. For exanple,
to conpute thﬁomo:ﬁld%teétﬁ@ &@qutlmgplser%ﬁvegr&w an{cnfa d&% (g}hvgﬁgget)#esonmy

al so include the date on he trig 'S aC|vate
whi ch t hige £f defépetirapgle, the slope of Vega over spot of the 25 delta risk reversal, as well as the
20  price per convexity and price per risk reversal. These quantities may be used to gauge the
corresponding derivatives of the exotic option. By comparing the premium (i.e., the price) of
the 25 delta strangle to the premium of the 25 delta strangle with ATM volatility, the model
may compute the price of a unit of convexity, denoted “Price(convexity)”. By comparing the
price being paid for 25 delta RR versus ATM, the model may calculate the price of one unit
25 of dVega/dSpot, also denoted “Price(RR)”. At this stage of the computation, all the relevant
values for 25 delta are computed. Next, the strikes and volatility values for other values of
delta, within a preset range, may be computed. Block 22 indicates the calculation of Vega

from the TV used in the computation indicated by block 20.

As indicated at block 24, the strikes and volatility for each delta are computed and
30 may be arranged in memory, e.g., in the form of a look-up table, for reference later in the

computation. The table generated indicates the relationship between the strike and volatility

so that the volatility for a given strike may be looked up in the table. The algorithm for
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deactivated. Values for market conditions, e.g., the current interest
rates, forward rates, and the ATMvolatility, may be obtained from

i nfor mat ivomoasEBi abl € in the market, as is known in the ReT/USTE264ar ket
information is based on assets that are continuously traded in the market
30 and their prices are available in different forns. For exanple, the

i nputs may be based on information taken from screens of narket data

provi ded by conpani es such as REUTERS, Bl oonberg, Telerate, etc., and/or
di r ect | y gbuesatingribik dsck-upetable, alsy sfertedeo e belptitn €mild 4d\M@nRdd, %0de3dribed in

PCT/ US01/,12264, Bl .ack .14 i ndi cates the conputation of the thegretical val ue
(TV) of £ dSlermoroaying tst TeeGiioR ok PO KoM C BT Icty CREne 9! ray be
based on vBlaky-siilbalj@smeht Gédibhiah in fR6RbhiEeGRMShEplestat Rledaliyddt Gmited nul as
as are known in the art. In _sone cases, for exanple, en conputing double

wh
knock- out® BHRPBHEN FlHrode optitnar fofPstrlpdingtrdl veihe HHE ReVOPRchagisThPaite
seri es; @&W%?plidﬂbﬁﬁt}l Adths f185be SOMURESRAGRYhr @di'aﬁfﬁn% Bfel Ml RarREMphigs, 1t 1S
generally sufficient to sumthe first ten eP]emants of such series. For
exampl e, AVaylpptimpock- out option, which is simlar to knock-out option

but has two b ] : Y : W) ,
i nvol ves sumﬂ'ﬁﬁfs}rgl\rgzlf (@2@?%? Pn?lte tg&geéfrﬁ?%ia?latt‘)ﬁ?g% %t aé? }c:fg&g%:t(e:cg%g g%lrbeé‘m{regiggl ts

when onl yriidie apjlpdicatebat bloglhBat sThef cartestignsrare slewnted, gspectivelys asnfeltbws10

Cont i nui fer o,.H . Lndi.cat e calcul atiagn of the
stri kes. ayeSiEieBRiiioh ik 88, i 3yl cbBRER b sh s Ve
respedt i veirgetion aehlodkvd); gearingesrréadion whblotk 34 ehiftdetrbaiohat bloble42yiané Vega
volatility is 25 .per t,, Jhe inplied volatility of the 25 delta call and
put may" réecggl? fltvbg%‘:kgﬁ?e%tﬂi“ﬂﬁq fPeglfﬂt?cﬁbé' s S@Ll?‘{ Qt%ﬁ%%pﬁlgﬁﬁ’é‘f‘ CQUBTHOREr £ 1 y

( E tr _ang:jﬁa)ay bBIu@ﬁ:kin]tBe ﬁd)rﬂpﬂtﬂ:ﬁbgl_&ﬂ _tﬂieh@mieﬁdﬂgl_“;/CﬁndtHikﬁéﬂ‘erts}ifba&,adﬁld%gnﬂéli:l@tnoﬂaé be
obt ai ne r t he mar ket ndi tions. ntioned in t ackgr oun
section 3@8@@,6 GopgCtays gléﬁeg IR %1‘?’?8%25‘5%‘1%155%{0? é(ﬁlt}fﬁge tess gﬁ'?‘l%ﬁwu]&? e
conmodi t oftgon. IMHeRErr&d¥Hohd fised HRtHis RkeraflhyGHbb&mehOdestRE BelePHEFbAdLinb£adi | y

avail abl e ;rom well known online sources, as is the case for the ATM

vol at?l i 85°U8V¥ck 20 indicates the cal cul ation of derivatives of Vega

i ncluding t G&Wicbﬂe&icon=tclaﬁve%§yé?hEé{C§ﬁ\fe§ﬁﬂ| e, the slope of Vega over
spot of the 25 delta risk reversal, as well as 'the 20 price per convexity

and price pép Rislsiverea) eprsegtion THEbesadSaeli RriceRRlay be used to gauge the
(e he S o el e’ (0 (e prom um of the 26 del ta
strangl e wi*(d GxENhgedreection T gearing éRati( &V (exotic)/TV(Vanilla))
20 (e) Shift correction = a function of the change in the TV when the barrier is shifted and
the change in TV when the expiration is shifted.
(f) Vega correction = Smile(Kmin)*Ratio(Vega (Smin)/Vega (Kmin))
In this embodiment, there is a building block corresponding to each correction
indicated by blocks 34-44. The building blocks and other values needed to compute the
25 corrections are based on the values determined at blocks 16-24 of Fig. 2A, using option
parameters and market conditions. Convexity is defined as dVega/dVol. Price(Convexity) is
the average Vega of the 25 delta call and put Vanilla options multiplied by the butterfly and
divided by the dVega/dVol of the 25 delta strangle. Risk Reversal is defined as dVega/dSpot.
Price(RR) is the average Vega of the 25 delta call and put Vanilla options multiplied by the
30 RR and divided by dVega/dSpot of the 25 delta Risk Reversal. Intrinsic value is the distance

between a given trigger value and the strike, normalized by the trigger value. Gearing is the

difference in price between the exotic option with the given trigger and a corresponding
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may conmpute the price of a unit of convexity, denoted "Price(convexity)".
By conparing the price being paid for 25 delta RR versus ATM the nodel
may cal cwwabesdibe price of one unit 25 of dVega/ dSpot, al BOT/dsonioteck
"Price(RR)". At this stage of the conputation, all the relevant values for
25 delta are conmputed. Next, the strikes and volatility values for other
values of delta, within a preset range, nmay be conputed. Bl ock 22

i ndi cates the calculation of Vega fromthe TV used in the conputation

i ndi cat eWakijla bptakwRDtheAsmb bigike. arEdxrale) BliRcthectbtical haus b thk 6SgiaaGxmed atility

for each delta are c ut e n 0 y be arranged in nepory, e.g., in the
form of 8pt}°6‘cﬂ§-°glﬁ“]f“§alr€§,thef ﬁp&@w& ﬁ‘@e]l' e a'ﬂﬂa tlﬁg“e_té?ﬂ%lﬁ’?]a‘fai’h@rﬂf. he table
gener at egortedpinamiztaniieopiith,alel BB SHHidA WIRLHE e fafandtérs Keoepi®r thOkdlchdsi ty SO

that the volatility for a given strike may be | ooked up in the table. The
al gorit RV CaioE i eabies heptiodetyesy 2%%%@@?1@%%”{1/&@@1@9 subjasble-aup.

tabl es abaodf Gh&Itheiibx@ady @&étérln‘idéd%ﬁh%,%ﬂgdaﬁi?feﬁﬁl el')e%w%%%ca{ atig.d In
detail below, follow ng the description of° conputing the bid and offer
prices. The nbigegearipg| eariectiony iss prapertiqngl Ltet e ndiffessadea And wation befweor dlence wi t h

th j: L i L Lt 160 120 | ptlLons, as
e 1 EINSIME 48 Al T BB e Gl X0 P
appl i cabedchtexotn dpiivay with siosthike, tlseeel i mdepespoleintg Yarfilla optidmaiFior axpniphe a

m d- mar k I .of Vani lla aqptions. ferri now to Fi Q. t he
correcti IO%IEIOSC E’aﬁ’lﬁgg tlo?lg]%atsga !tar%ggglb 8]lp(£%atf At e‘épﬁﬁ’ lg R&%ﬁa‘?otrriemngﬁng Q é@? (%?Hcas
i ndi aat edptih villbevke tB2 sarfduaatarityrtiaed, spon sirke petel ®npicshrrigreSipeciddinglajnocks

foll : it ti t block 38; ri.sk . correction at
bl ock. 440Ut HEyiE (G velidicy oF s Gngch iy 1 mstiBR il the @i SRHRLRORKY | on at

bl ock 34butgii.f terngiféite Gitiile TheddordebfRaking Xanidlh dptiRGAds 6PTIBE MohdY, Be cRbiRck 36.
It should be noted by one skilled in the art that _additiagnal_ corrections

may be uSRIPYWPULEENERBHY Gt K65 Rewtvertha thosqrissrading\Y aaHig gptien. oFecgeatdns ead,

and si m bafdeo@pendd! dn 1€ rdiidQng QlffeBibé B&vedd B TV SaL&VAnNEBFtiREnHSIR] tO
produce val uable results for a particular option. The corrections used in

the éxenplafiheswpiiontioRt described herein may be defined 15 as fol | ows:
(2) Convexit W&%{ﬁeari£aon=§%%ﬂ&%% Lo \'/%rhge@. EORMEX Y VY wilcRIncigier fiever sal
correction = (dVega/ dSpot)* Price(RR) (c) IntrinSic value correction =
i ntrinsi ehifjed, ged the change in TV when the expiration is shifted. The shift correction function
may be, for example, the maximum of these two values. Alternatively the function may be
the sum of these two values. The first value may be computed by shifting the trigger so that
20  the intrinsic value is increased by a certain percentage, e.g., 5 percent, and determining the
resultant change in the TV. The second value may be computed by shifting the expiration by,
for example, one day, and determining the change in TV. The shift correction is a measure of
the sensitivity of the theoretical value (TV) of the option price to changes in the trigger value
and expiration.
25 The Vega correction requires characterizing the profile of the Vega with respect to the
spot. Such characterization may involve, for example, the following factors: Vega (Smin);
Vega (Kmin); and Smile(Kmin). Vega (Smin) is the Vega of the barrier option at a spot,
Smin, which produces the minimum value of Vega. In other words, Smin is the minimum of
the Vega of the exotic option with respect to the spot. Vega (Kmin) is the Vega of the
30  Vanilla option with strike, Kmin. Smile(Kmin) is the smile adjustment, i.e., the adjustment of
the price of a Vanilla option, with a strike Kmin. Kmin may be computed using the following

equation:
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(d) Gearing correction = gearing / Ratio(TV(exotic)/TV(Vanilla)) 20 (e)
Shift correction = a function of the change in the TV when the barrier is
shi fted amao1/8hie1 change in TV when the expiration is shifredus{iipzsdega
correction = Smle(Kmn)*Ratio(Vega (Snmn)/Vega (Kmn)) In this enbodinent,
there is a building block corresponding to each correction indicated by
bl ocks 34-44. The buil ding bl ocks and ot her val ues needed to conpute the
25 corrections are based on the values determ ned at bl ocks 16-24 of Fig.
2A, using option parsmiat-eKsiah Guirenit Feiwatdrgh)i(tuerat spoonwgxi ty i s defined as
dVega/ dVg] . Pri.ce(Convexit s .the average Vega of. the 25 delta call and
put Vani ﬂ“g 1 5&1%6 %‘i.‘llfett:hfﬁy el %@Y‘Yaﬁ‘ér%ﬁ?ﬂ’?’fi Iaﬁl&éWBt Migrest G by t he
dVega/ dVol of Theheol@Fitfelrthe %Eﬁcﬁflﬁlla? be RietdtmiRY &fySAhdihS idahé Net-@Stable,

e Vega of the 25 delta_call and put

dVéga/ngot. g;hﬁg%RR st e,avera%  he

vani | 1 a 8§n i i B8 yRiiRe s ohemoRbtedi sfiltfe d-<b it g B/ WPt Dot t he
25 dekt aafprédiat e3s¥ns slildd inRd &t W dABrabSrifafBn OF Bt ARES profdd WRER P! Ven
trigger value and the strike, normalized by the trigger value. Gearing is

the dif{ethesed may e be perdarined wsing ethex siitable gramsiersy fohexampley iy egitaity i gger

and a copdsespardi Bﬂus_ir(%ﬁon rﬁ(ﬁlvglq;g%%,%{n ,ISAQ \Jilg%cﬁggcg?boyﬁ,%érle fhaﬁehé[ Qi th the

sane strike. TV(exoti Is the th etic e original exotic

opti on a¥elesmevibaused thippraxén@p thekege bisfidss nodel . TV(Vanilla) is the
theoreti cal V@Méethé)gl{otvg-%esc?igéc{ ?o?x%gtrf'oq]'ts & (%6%{})%'(1%%9 Lrleoa'aded tothe ’H),eei'%grt hon
cep or the triggers.

w th the sane paraneters ex
Rat i af TVdigecdy ioc With ¢ rmistrictidys, usng tivee dependenbetighie as dastabedtih dtaihbelow,

TV(Vanil | a) subject 10 a -of f _when e rati 0 excee a_predet.er m ned
vatver t BPEE Sbel Sosfeta Tl Mo wHaRE, of WA ek S SEER R ReBR AR s
proport i mnelved dn teheh @dbfré@iorncBoraathnipdd, | sombesfvieNncdrivetiontsheqy, ethe cbrivgal ues of
the exotic option and @PXa Llha ogtlon w,th the sgne garangters. FOL each
exotic optIGH WY & § - inflpcace cloge o the Matwy o ithigoRieR: Ptaeapimadh. For
exanpl e, influertcBORlenOtHe @fHoh OB @S0 Mblugger Oier RRkktRIns, dgVam bbive@BE i ON

corresponding to this exotic 10 option will have the sane maturity tine,
spot 1 st Feriestions thave dess tfoamiiflupnge cleserfpethe qeatwtya kKhaelere thsuveighis orer

limts thaeddlitslioksd @fadhRerRMld PRoifi€ rifk verbids dide-RRASARE AL 5@0@??2 c

option knocks out (i.e., termnates) while the correspondi ng Van
option eﬁ@§0®%ﬁmﬁithe noney, the exotic option would generally be |ess

e e o HRLGALE ST B LUl o 1R 95, L B2 01
and t he invention, is partly based on the realization by the inventors that models such as the Black-

20 Scholes model underestimate the probability of reaching a far spot level when time to
maturity is long. In reality, the probability for a far knock out is generally higher than that
anticipated by the Black-Scholes formula. This is part of the reason for the decay of most of
the factors with time to maturity beyond a certain level. This type of adjustment may be
particularly valuable when calculating prices of “one touch” options, i.e., options where the

25  buyer receives a certain payout if the spot touches the barrier,

For the class of in-the-money knock out options, the weights used for the
computation of the corrected TV, wherein Ca denotes the time-dependent weight for
correction (a), Cb denotes the time-dependent weight for correction (b), etc., are as follows:

. Ca=exp(-0.5)*exp(-t/(2ID))*sqrt(t)*Ptouch(t/2)

30 Cb = (4/ I1? ) *Ptouch(t)

Cc=10
Cd =0.48* exp(-2t/ II)
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15 TV of the exotic option. The shift correction is a function of two

val ues: the change in TV when the trigger is shifted, and the change in TV
when t he veapi/s@si on is shifted. The shift correction funce¢Dwsomegedbe, f or
exanpl e, the maxi mum of these two values. Alternatively the function nmay be
the sum of these two values. The first value may be conputed by shifting
the trigger so that 20 the intrinsic value is increased by a certain
percentage, e.g., 5 percent, and determning the resultant change in the
TV. The seconCe ¥ akp(e).5ymyxpd® conputed by shifting the expiration by, for
exanpl e, one gfl_y /®Bd determ ning the change in TV. The shift correction is
a neasure of 1’1@ ensitivity of the theoretical value (TV) of the option

price towa&angesuch®) e frobagdey oftahdigrg tmfggeminbatoit@ﬁet 25 The Vega
correction re wres chaa@ cterizing the profile of the Vega with rescgect to
Pl el

the spot. ef alcblapts 4 s> Grefgliowins the COWWat@%a?ﬁ)‘lh% COREfEORH PRDOW Nng
factoss: WM@H@ f&r&f’@ﬁén opti¥BGfle CotrEcRN TV EM 4. %&‘H@ljﬁ%ted Mﬁﬂﬁaﬁ(&rﬂrﬁb hey t he

Vega of the barrier option at a spot, S n,” whi ch produces t'he m i num
val ue of bagagEPutades &l%Ys: wor ds, Smin is the mininumof the Vega of the

exotic option with YES@'P@L‘IE@F@@I%+€Q%_CCV@{%*&M%)_CP§‘ the Vega of the 30

Vanl Il a oEtlon Wth strike, Kmn. Smle(Kmn) is the smle adjustnent,
.e., theheeinukY iethe t@roretrpﬁe/ablm &, of d.ee, Warthf pleghoparfegtignsppitdCa Ghy, Ccke Kmi n.

Km n my??’g“zaﬁﬁgfmﬁgt@ﬁ%gﬁ ‘@%V(e‘é%ﬂﬁrsl owi ng equation: 17 WD 01/80131

PCT/ USO1 rent Forward rate)/(current spot rate)
Thus,10 Km n i sR¢theeing tnoivkie F[ig@C yhedlidisffer fporadamnay heactommfed?‘aaserd catthe sanieent

i nt erest rates. The vglatilit t he i.on t ned. by. fi ndi ng,
in the | SSIILPTCEETE, am}?e%t%‘e% dgtéer%’ltosgﬁggdv elghltl a%eWﬁltc{)n P b H% onput ed
strike, dependelﬁm lThei;et neshortigtts neay te thﬁxpfoﬁcbﬁﬂledlnﬂl@tlyﬁl%r malcﬁikl Usiad then t he
art that c i.zat i nof t he. Ve roflle t to ot may
al so be %%’WS% off Sy %lﬂ??e‘f‘or@gi'qné%fe hf’??? Arpicad: qﬁﬂc ertain
cases, i fsindRaiedtorbigiting R WS EbIS b\mkysn 6¢ nﬁmatemm wnecﬁ&lsct@f&%rﬂ phgsk above,
nor e than one %E?él ke . val ue may be used to approxi mate the Vega prof| | e.

Once 1 het's158%e %éﬁ.ls@aatwmm Ohéheareiskigtserresdons, ey biack GAdererted t he

TV, eit hgdmpuhilg tHerB®birsr ngea(yvl th sone restrictions, using tine dependent
wei ghts as ‘described in detail bel ow,
The bid/offer spread of the exotic optlon may depend also on the bid/offer spread of

the corresponding Vanilla option in the current market conditions. The spread of an exotic
option per Vega is generally wider than that of the corresponding Vanilla, for example, by a
20  factor of about 1.5 * (Vega of the exotic)/(Vega of the ATM Vanilla), or higher. Therefore,
the bid/offer spread of the ATM Vanilla option may be used as a base value in the bid/offer
spread computation of the preferred embodiment. It should be appreciated, however, that
other suitable factors may be used in addition to or instead of the Vanilla bid/offer spread in
formulating the base value for the bid/offer spread calculation in accordance with the
25  invention. The remaining factors may be the same as those used for computing the corrected
TV, as described below, or different building blocks may be used for the bid/offer spread
computation, based on the principles discussed above, to adapt for particular option types.
The corrections, as applied to the computation of the bid/offer spread, are indicated in Fig. 2C
as follows: convexity correction at block 58; risk reversal correction at block 64; intrinsic
30  value correction at block 60; gearing correction at block 54; shift correction at block 62; and

Vega correction at block 56.
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producing the total corrected TV. The weights of the corrections generally
reflect the risk involved in each correction. For exanple, sone of the
correcti ov@p1/gnigt , the gearing correction, have an enhaneeduserfi2aence
close to the maturity of the option, but very small influence when the
option is far frommaturity. OQher corrections, e.g., the convexity 15
correction, have |less of an influence close to the maturity. Therefore the
wei ghts are generally tailored to adjust for the specific risk versus

ti me-to- mat ur$ihge thetAd/bfier ieadds helakd té kie ﬁﬂdtf@@dcti@ﬂﬂ%ost'ﬂgee-ﬁadgmgattﬁwn for
addi ng wei ghted.corrections to the TV, i.n accar ce W the __invention,
o bart | SR R der SRR Aoy FRoShT TS R e e no t he
Bl ack- 2fhe Sffertmscomectens Wrdatdes i ﬂﬁtwd/bﬂ‘& s@f&b@bﬁcﬁﬂaﬁoﬁ @ith laBsdite Rglues T ar

spot level whepn tinme o maturi i.S eality, the probablllty for a
far knocReBHE the trgasaghon qotsHp %’P ip H%. gl‘l%tﬂ“e ?%I}t pateEgtey arp iggnerally

Bl acks ScigbRaddr® rodleRampl®lisf dpBoPahy hi¥e 4 RiRitive 3eBRx AR wHidhEloWES Wk RfcemOSt  Of
t he factors with tine to maturity beyond a certain 'evel . This type of

adj ust mefRd #rasgaRee rigaiorereal Whick rdjses dipriceudrEpng an everznll smgllmhprgsdn g " one
touch” 0piriOMRywelerS heddR HRNGn Wtrzels 19% er?c?;np 14 ﬁ?dé@cﬁfhvﬁ& @V&?{(teﬁh n payout

if the spot touches the barrier or t ass o e- none nock out

optl ons, thereborpehesh two orergtionsrresulién a pidep bidatffeo spredd. (The W}t@@pb‘tﬂ tp¥he wher ei n
Ca denot n [ t t he

{1 - depenIeT ot T ot & o Bf resEREVAT e Pl SRABAEE

exp(10. 5%#@Hm@st/(2ll)) sgrt(t)*Ptouch(t/Z) 30 Cb = (4/ 112 )*Ptouch(t) Cc

= 10 Cd = 0. §(§X EE(( 18 WO 01/80131 PCT/ US01/ 12264 Ce =

exp(-0. 5) exé% ? P 3/4)2 wherein Ptouch(t) is the probability of

touchi ng the Sr+Qgeexppst) or to time t. As indicated at bl ocks 46 and 50,

follow ng the cogputation of the corrections and 5 weights for a given

opti on, the cSirécted TV (CTV), i.e., the adjusted m d-market price, may

be conputed asd £ 0lskouwprT)

15 Se = exp(-2t/ IT)

Sf=0.1

The formula for the bid/offer spread follows (abs denotes absolute value):

Bid/offer spread = 1.5%Vega of the exotic*VanillaATM_Bid/Offer spread (in Vols) +
abs(Sa*a) + abs(Sb*b) + abs(Sc*c) + abs(Sd*d) + abs(Se*e) + abs(Sf*f)

20 Reference is now made to Fig. 2D. After computing the bid/offer spread, the bid and
the offer prices are computed, as indicated at block 70, by subtracting and adding,
respectively, one half (0.5) of the bid/offer spread to the average price calculated. Hence, as
denoted at block 72, the bid is the adjusted mid-market price (CTV) minus half the spread,
and the offer is the adjusted mid-market price (CTV) plus half the spread, as indicated at

25  block 74.

As discussed above with reference to calculating the smile adjustment for Vanilla
options and the generation of the look-up table at block 24 (Fig. 2A), the algorithm for
computation of the volatility smile adjustment for Vanilla options has general applicability,
as is demonstrated below in the context of calculating the bid/offer spread for the Vanilla

30  option. Therefore, the present invention also includes a method for pricing Vanilla options
for any given strike. The volatility smile adjustment is calculated from the volatility of an

At-The-Money (ATM) Vanilla option and 25Delta call and put options. The factors used in

20



CTV = TV+ Ca*a+Cb*b+Cc*c+Cd*d+Ce*e+Cf *f wherein TV is the theoretical
value; a, b, ¢, d, e, and f are the corrections; and Ca, Cb, Cc, Cd, Ce,
and Cf ameovhsoisespective weights. 10 Referring now to Fi BCT/2S)1/02bet
bi d/ of fer spread may be conmputed based on the same set of corrections
along with a different set of weights, sone of which nmay be tine
dependent. These new wei ghts may be functions of the underlying
corrections. Using the newy calculated weights, the corrections are
sumed, yaledlatingg teheohtilityobhile BpneadegB d¥iega/88hot n@e.¢ afisks r@@ﬁﬂw ki) the
new wei ght.s | gcks 54- 64 |cat the rcections for c u t he
cum b1 oar e A S o6d To e AP GATLHOLOF PR G CPHHE BRbck. 68
i ndi cat egesp& bepiit Ivﬁllgtﬂlitbed\higd/dsﬁcftelk tifelyaradl derﬂaﬁvd)éﬂih@%ﬁwﬁlpfeﬁﬁbdt ®fthd he
exotic opt| on rr%y a?& al so on the bid/offer spread of the corresponding
A8 \élemh

Vani | | a pftisgd d F eftiakAstivalive o5 g een ih reppgst iphe ¥ela@ityan exoti ¢

Opti 08 per VegdolRGRAAT Ablok, WeARld HoANmbel cSHdiddds £R4TRSARAMAG tvani | | a,
for example, by a 20 factor of about 1.5 * (Vega of the exotic)/(Vega of

the ATM V&lﬁ’iﬂlltb’a?mleo@dJHP@%fr inciyder 25dghte  buttenily mddﬁé‘ﬁeﬂférR@br%@GrSélﬁ toHe ATM
Vani | 1 a gpbh oy lmﬁmx}mﬂg@ s«gﬁo&g&@d X@Jvl*!echés@ £} we%ﬁﬁédedr calShl tgélg%
de e owever,

conputation of the preferr I ment shou be appreci at
that ot f@lowsui table factors may be used |n addltlon to or i nstead of the

Vani | | a b]izgc{J ?&L EﬁierﬁyPL%%dghqueJ 951(%;1?1&4 At gﬁpﬂﬁ%ﬁoup?&eﬁlﬁ pffﬁ); Wi PLa/ of fer

spread ca atironn ance I nven remal ni ng
fact dos naydeberishevesaie 1mpl1¢d1‘6d625dslmzbaﬂb{mmrlmchb](ngiettmwt):or rected TV, as

aprend - computty hifles RS zsdhll' btk Pt & DSt e o BaBupt Tor
parti cul &kingpiiltipie itgfaesns, thehuaticovalitity anits map bapﬂbulﬁdd tng tehbol@@ﬁm!ﬂ@t i on of
re indjcated in conyexity

the bid/offer spread

correcti B’ﬁlyj?s ‘E?F‘ﬁt&%t%ﬁnl?‘?gsf{“ ?v@r%oglesl’@Bii‘g%éét??nangt Ogé}t’é velges. | ﬁf’rﬂenm c 30
val ue cokheRivwith f iy 5pan Qletﬁé-hﬂﬂe}ﬁ OFtidRC thn laum@dv@%la%hessturftﬁe
correction at blqock 62; and. Vega correction at block 56. 19 WD 01/80131

PCT/ U801 PRED6% Varpysdiffensat dsltay Ges @pt QY dddv) may by aerwt%dousmethe 25 delta

ri sk/trapg@sty omi 2P&d1aq sk rr@vel’!ﬁﬁg'EB&l sek bfestﬁseer Vﬁﬁilitﬁﬁ&taﬁ@\iﬁlqﬁé Md By be
properties as those used for the adjusted rice. However the

di f f er enfnckied Bidhe lopk-uprieblefn eay referenee lbﬁe@ﬂ(ﬂi@f '«égorsﬂmﬁead cal cul ation with
absol ute val Uggys the smile adjustment for Vanilla options may be computed starting with the

following inputs: 25 delta risk reversal; 25 delta strangles (butterfly); ATM volatility; spot;
20  forward rate; and interest rates. The algorithm for calculating the smile adjustment may be as
follow:
1. For a given delta, D1, find the strikes of the D1 delta strangle. If D1 is less than a
predetermined value, e.g., 30, use the 25 delta implied volatility, obtained from the
RR and the strangles; otherwise use the ATM implied volatility.

25 2. Calculate the following: dVega/dVol of the DI strangle* Price(convexity) and
dVega/dSpot of D1 (RR)* Price(RR); wherein Price(convexity) and Price(RR) are
calculated from the 25 delta strangle and 25 delta RR, as discussed above.

3. Calculate a desired premium for D1 strangle over its premium with ATM volatility,
by requiring the same price for one unit of convexity as the price for one unit of 25

30 delta strangle. Repeat this calculation for the dVega/dSpot.
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because the transaction costs involved in re-hedging the different
paraneters are generally 5 independent. For exanple, an option may have a
positi ve wonvexdty, which lowers the price, and a negatiper/usskize@ver sal ,
whi ch raises the price, causing an over-all small change in the CTV.
However, hedging the convexity is independent of hedging the risk reversal
and, therefore, these two corrections result in a w der bid/offer spread.
The weights applied to the corrections are denoted Sa, Sb, Sc, Sd, Se, and
Sf, respecti vadjyst tHhigdicdeoititiy drtke Dal serikeate eulfill theassinfeqirico s a Gat of
0.8*exp(-2t) Sb = 0.5*exp(t Sc=2 Sd = 2.5*e -Ht) 5? = exp(-2t/
iy S 20 1 oomeip vt Hersfbia s, g s S hA P SYERE Hafor oo
absol ut e val ueje 25Rictih aiflf RFersglf ead = 1. 5*Vega of the exotic*Vanill aATM

Bid/ Ofer spread (in Vols) + abs(Sa*a)_ +_abs(Sb*b) + abs(Sc*c) + abs(Sd*d)
+ abs( Se* ey CHPIISAY Firises WREPHOBHES B e Yty s_%ta bt ter

conpus i NG tsherdposlisRbt 815 seiicaaslly dnibcdiiveeaitd is dhRyaf f er prices are conputed,
as indicated at bl ock 70, b%/ subtracting and addin respectively, one
hal f (0.5) 7ofSet He last wolafilite p %ﬁ@@&ﬂh@mlwéval@@hiaé@rlghte@ca| cul ated. Hence,
as denot eq ajerliQfks 125 fol Bieidttal & drdife Aok 1%{%-?% Bl R iHB1CTY)

m nus hal f theeptsapr.ﬁcsj, gnd fhe gf?’er I's tﬁe ggjgouste msgl- mar Lrét ﬁBrdlcl-e
(CTV) plus halvblatiliy. spread, as indicated at 25 block 74. As di scussed

above withgr I . ' { ' ' i{la
options ang t 02 Sg@%@%@f og%h §?‘L‘{3§1ﬂe %GOIEEE%{%O%'EIP'Z‘%A%%%‘%Tg%t{p@%go(n é%géd @A) , the
al gondt hm f or theceripustodttho okfupttitde. o klatid bd yotsdriblatthedinikt adipstmdno for\iani | | a
options has general.a enonst.rated bel ow i.n the context

of cal cul at i g R & BIPEr<ak s B P BRBSURAEH 350 ERERER e of or e
the present iTheamninpofatiad fesdntedl dbaesfontheidiofirfspieadhdsqiengalvpli¢ablitppd i ons
(o oY BRSNS ol auL b o, sl vat gLl s cal gt ! o
and put ggion®nSrhe Tinputf e ik SobpEtib magtlinclude the bid/offer spread of the ATM
15 volatility, as is known in the art. The market data input may include both bid and offer ATM
volatilities. The algorithm for computing the bid/offer spread may be as follows:

1. Calculate the bid/offer spread of the ATM option in basis points (“bp”), i.e., in units
corresponding to 1/100 of a percent of the quantity being traded. This may also be
approximated using the following formula:

20 Spread ATM = Vega(ATM)*(bid/offer spread of volatility).

2. Calculate the smile adjusted volatility for a given strike, K. Calculate the delta that
corresponds to strike K, denoted delta (K), by taking the call if the strike is above the forward
rate and take the put if the strike is below the forward rate.

3. Calculate the bid offer spread for strike K in basis points (bp), as follows:

25 Spread(K) = max[2bp,exp(-abs(delta(K)-delta(ATM))/(3*100*pi))*Spread(ATM)]
4. Calculate the bid price and offer price as follows:
Bid-Price(K) = max(Price(K)-0.5*Spread(K), min(Price(K),1bp))
Offer-Price(K)=Bid-Price(K)+Spread(K)
wherein Price(K) denotes the middle price in basis points (bp) of the option being priced.
30 5. Find Volatility-Bid and Volatility-Offer that correspond to Bid-Price(K) and Offer-

Price(K). These volatilities are the bid and offer volatilities.
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WO 01/80131 PCT/ USO01/ 12264 calculating the volatility smle include Vega,
dVega/ dSpot (i.e., risk reversal), and dVega/dVol (i.e., convexity). Vega
is the pavoobnsoigeri vati ve of the option value (price) wthCT/USEPREE4 tO t he
volatility. dVega/dSpot is the partial derivative of the Vega with respect
to the spot, and dVega/dVol is the partial derivative of the Vega with
respect to the volatility. 5 Two additional factors, derived from narket
conditions, used in calculating the volatility smle adjustnent include
25del t a but t erdfbr¢ncriel n@baelde @ R’gsk, vRgsedcEahaticany NustRasddye@mi r piidgs of
volatili%é%ﬁAf di scussed abqve, ese f ctors re defiped or cal cul ated as
ol ¢ ¢ b

fol | ows %F“ﬁHY?Seleﬁcfjor 15 3”1 %’&n% Sy mvenfioga s yesetipeh I} ed
Vol ( 25dehéta1 o3 )the Ak n\dabludeslacha?a@dﬁl 418 fidl sidfink @VBHSAon TedeVRY FBR aMRk( 25del t a
call) - Iled VoI 25delta put) The volatilities of the 25delta options

may be c &ﬂc}ﬂd&ﬁ i50f peeriion kR be Bideedr 3, well asirer) tims dafand 14, such psmpdkgs | t he

entlrs Velidoht iiond Birbes Y alClufollC Abofh. Sdker SntifiBhs iy, BRY be
constructed linking strikes to correspondi ng deltas and at il val ues.

Hence, &l aguipntispethaiop dprathe npdoplyms asget mth@evainﬁeeybmttqfdhﬁ o nch is

known, vej Arintah ezacecf%?&ng% BBt dngrﬂi;]e?eil\éﬁﬁdée@t tdeﬁkﬁl%ﬁ% gl%'c%s@le;dst( et

not only A uted usin utter
ri sk revar smllca@acshrvslelI%Mhmhrm%emvlgﬂmriyl dombir(;llabm af hadwume qué/oamitwam/ be

i ncl Udedkﬁo'@vnt c;cgglng, Jr@r ha%?ﬁ%g {n? oF ?ecm@%c? frgmnvé[r{%gs I i t hm

Thus, the smP"ﬂmIe |ons e ed’s %%lng

Wt hie heApplwatlmNsengerl Ziauns sprefEﬁblyedst;cmlatedsWﬁh avmnﬁallle:r 251sdlaiotwa intthaag) es

(butterfly). ATIM.volatilit and i nt rat es.

The. ar gorHERAPRO B bhpiabiives bR eberines et it Shaf et B Rbmmat, °3

For a gi severde?d isassddlated whkl B'ﬁdieff‘éﬁ Iﬁlbkd%@rQM thhlkecifdstiBe BlethafgbRribéd D1 is
use the 25 delta inplied

| ess tha edet erm ned val ue, ..

vol atili &PVG &E’ﬁi&? k£8°9 fodiigt ki -Z%ﬁhaﬁgd/{)ﬁfér RPFERRRY Y- Ingpdeenyicembinaion he ATM
inplied yohaadwdré hd/or2bfidrarddaobmliRHR drh@phnt bPMeBstinsANE HBLEHNRL d&oribdie D1
strangl e* Price(convexity) and dVEga/dgpot of D1 (RR)* Price(RR); wherein

Pri cé{ cofRes Mith yefaisacepp iFass(#RPPare cal cul ated fromthe 25 delta strangl e

and 25 del ta FR in@smaliGe 4SetkeRD0Y & pl%feregﬁ‘}!' CLRLE bR RSl k§JePF @My for D1
strangle over its premumwth ATMvolatility, by requiring the sane price

for one kifvin igrthe ariywhich s adaptoddo spmgunicaie vofhea glepal epmnpBiication network
202, e.g., the Internet, via a communication modem, as is known in the art. The user may

communicate with web server 210 via the Internet 202 using a personal computer, or any

20  other suitable user interface having a communication modem for establishing connection with
the Internet 202, as is known in the art. In other embodiments of the invention, user 200 may
communicate with web server 202 directly, for example, using a direct telephone connection
or a secure socket layer (SSL) connection, as is known in the art. In an alternative
embodiment of the invention, user 200 is connected directly to application server 212, for

25  example, via a local area network (LAN), or via any other local communication network
known in the art.

The real time data 214 may be received directly by application server 212 using any
direct connection means as are known in the art. Alternatively, the real time data may be
received from sources available on the global computer communication network, using web

30 server 210. After computing a bid price and an offer price for the option requested by the
user, application server 212 may communicate the computed bid/offer prices to user 200 via

web-server 210, as is known in the art, in a format convenient for presentation to the user.
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30 delta strangle. Repeat this calculation for the dVega/dSpot. 21 WO
01/80131 PCT/USO01/ 12264 4. Adjust the inplied volatility of the Dl strikes
to ful fi Wovohsnisane price for a unit of convexity as for péEURGdERda
butterfly, and the sanme for a unit of dVega/ dSpot as for the 25 delta risk
reversal. 5. Calculate new strikes corresponding to delta D1 with the
volatility in step 4. 5 6. Repeat steps 3-5 sequentially until convergence
is achieved. 7. Set the last volatility obtained as the inplied volatility
for D1 strike%abl8.1 Belpeathsisefiseel exantpdes d)éﬂikﬁfstrzdmgt aﬁ)hbahoﬁr efat epraferred

| ook-up-table of strikes and th I|e F ri kes
bost 11 oneROBTFRRGRT [koBRerti fodreputet ppors st Tefietr i HgAaEPon S ed on
10 the vakigseOire thagdl @Dkrf(btﬁrahélbfaﬁen ﬁ’bmsifd&h@lﬂeﬂﬁaﬂg@te@dtld blﬁlontﬂ’i&{esﬁbﬂ e
adj ust e t f ke is indep ent of_ whether the OptIOH%IS a

cal | opt HgRe @Ffergnfpc?htevsgﬁleqséﬂﬁés PR e%wﬁ&ﬁag% BHIF @é@ﬁa@a ThsRrekerpproyl

bi d/ ofsf efheSRABAE dBROIIBRNS RN fRBPWhER el dulnbedst daysSto 4 ﬁEe%QreQ.y Th@e
follow ng algorithmfor conmputing the bid/offer spread for Vanill

opt i ons. TepRANINg Fpuitst igeludls, the detils of e @iionsmipr PWHL%I@PP% bea@lﬁ’@fsf Sélﬁh 8bread of

the ATM %§1I<¥0|6ﬁ& ol IchiY. batFer! 85 KRAWE nlld?két REndfidns ryé@arﬁr%lf ﬁ =) rg' rngtt may
I ncl ude both d and ‘offer’ ATM volatilities. The algorit fo mput i ng

t he bi d/ dériverd, agdeselatiity, Hedelts RRo 126 va@ blmerfmablumnam@mheaﬂm the gV efrthg pr ead

2; 1‘6860 ¢ -ggétf&g&rpltﬁg dnﬂ tﬁe??\’soﬁﬂé P&rfes;g )Vatnhl C%) d10111 nﬁxldﬂllaf Bid aﬁ? %ffgrﬁlg‘%ggl ng to

appr oRi rréﬁd:re?ﬁhblﬁs] ag taltm yife ] hammhq o‘fmmarrkdt maka@ (lﬁpkeesa)d’liﬂ'd\n‘falr price” entries in

Vega( AT /offer read of .vpolatility). 2. Calcul ate the sm | dj ust ed
vorati 11 PR of sl R RREE or e Bldorh hees s Rl bR el Plishe
strike Kmadiasotrhdfaﬁierhmaet(ﬂ@cs ré;yesblakthegnetrlkm peied of thd oftled. Finallikehé sidahdve the

f d rate and th f the strik bel ow t he f d rate. 3.
Cal oul at STEhE BRI BppBitiens, VUE A ElekeH FBAGETL0! Al PP e

fol | ows: prdaentiil £ @ Boktom of the table, denoted “model price”. These prices are generated from

max|[ 2bp, ex abs(del ta(K)-del ta( AT 3*100* pi ) ) * Spr ead( AT 4.
Cal E:ulpgt éhetp é?é“sfﬁ énﬂrm%r e%mfewéwe”«% %fgerégreﬁﬁ ?Sd%eémbeﬁ@ beye; hﬁmwdent

max( Pri ceol) Tididr Spf @aeioddl of @Eé}(rggehﬁ%éﬁ)mﬂ BH8Yilles a correct bid/offer spread and a
correct adjusted mid-market price for the exemplary options computed. It is also evident from
Table 1 that the TV calculated based on the Black-Scholes model does not yield correct
results.

20 Referring to Example 1 in Table 1, the option traded on February 12, 1999, has an
expiration date of June 14, 1999, i.e., 122 days after trading. Table 1 also presents additional
details of the option as discussed above. For example, the spot price for the underlying asset
of the option of Example 1 is 114.40, the volatility for this option is 17.35, the forward for
this option is —1.86, the theoretical value (TV) calculated based on the Black-Scholes model

25 is 0.38, and the corresponding Vanilla option price and bid/offer spread are 2.7 and 0.25,
respectively. Table 1 also presents bid and offer prices for the option of Example 1, provided
by 6 different market makers, which may be averaged to yield “fair” bid and offer prices of
0.38 and 0.64, respectively. As further shown in Table 1, the bid and offer “model” prices for
the option of Example 1 are 0.38 and 0.64, respectively, which values are identical to the

30  “fair” bid and offer prices, respectively. From analyzing Table 1, one skilled in the art will
conclude that the results obtained from the model of the present invention for the option of

Example 1 are remarkably close (essentially identical) to the average fair prices of the same

24



Ofer-Price(K)=Bid-Price(K)+Spread(K) wherein Price(K) denotes the m ddle
price in basis points (bp) of the option being priced. 30 5. Find

Vol ati |l i tweBi/gh1and Vol atility-Ofer that correspond to Bi BePuseieREg4 and
Ofer- Price(K). These volatilities are the bid and offer volatilities.
WO 01/ 80131 PCT/ USOL/ 12264 Reference is now made to Fig. 3, which
schematically illustrates a systemfor pricing financial derivatives in

accordance with an enbodi nent of the invention. As described in detail
above, tonsiosySmaanly, dvinuatedyzingdhe ddtaobE2n®lds@randt3oniTablei lnpog skiliddgm theecei ved
froma r. Il as
real ti “na;rte 111 ﬁ’gg@ffw@%%ﬁé glgo%g%ﬁéés %&chél?]% 18%dr?s&flzrxg%ﬁgg%rdé%gg%ns%zjfﬁe@eknown
in the aqrpttlons{\,hﬁlﬁo@mpd;@rﬂjmdl Dars spesyanitinldy idebatical orthe eveaags! ‘fair pricesT pEtheses pot
price for the underlying asset (or other value) subject of the option. The
|nforrrat|p5n received fromthe user and the real tine narket conditions are

22

processed by an application server Ziie 1which may i nclude any conbi ngtion
of har dware—and/lor software known—i-n—the-art for proG essi-nag—and--handhi ng
i nformakion received f4om vERRRS! sourlces. \EJ’.‘SmRB&i i catji on serwele 212 s
pr ef er aplpkrasReei1at €d Wglfsoa control T g3 @8 1S [KNown i|ig.8d% art], whi gh
control Wﬁfﬁﬁe—g{g@i’mj o, T T TeTent pagip,of tjne systlem
Appl i cal CH ey 1 VET 2172 [j_ggs\ﬁq rated v Brofofer @36&0?ML 216—whi|ch
execut e Cﬁrr'e?lcx thod—des ‘JB&H‘? | bove V‘Lﬁmarcl efrce—t JE s yen 3 2Bb—THe
Bid/ O f FaCesSSor—a— el tde any carh-hatot——of—Hh e aelof
sof t war BLPISRRE o ¢ he AdetERdl dBam Mg |k pe gl AR describdd 15
above W E’FplrraE(PrbDﬂﬁr‘p 'rr 1&‘JHQ'§§2A ?Q Th@'ﬁ?\‘f‘ mtion frwﬁpﬁ"&%gr 200 i s
pr ef er apMygnthetodixpaationy (4 web sefver 21010 as is | known [t the arlt, whi dhis
adapt ed ' B3 s GOPTHALERT €. \yz‘,n a girobal coggguni caton metiygek—— 202, €. g.| the
Lgmﬂle Spo¥! & d COTTUTTI Gy T T T U'.EIH ST litz:lﬁvt R ﬁzrﬂlsgﬁ T ?S;?;; my
conput e O%E.ﬁggnf 20—6t .”el —StH-t-apl-e—user 07 terfgee—hawH mgccp H-catHon
nmodem f or’Q@’@dﬂh! shingleubhect LonwitH 9999 | niler net ﬂﬁg;lg's sl knowa i n
the art S i B0 o ¢ he__i_n]_\@q_t_i_o_n,,__us_er AddS08y  donmmuni dat e
with we lﬁ/cgtaUpr 202 diqd&éilly  flor exandt®l using a dirld tel eghone
connect j Barries(triggedcur ¢ 12368&et | aver (|9510 conrlecti on.| 198.00s krown in |t he
art. | n| ZnDelfatRislnat i ve | -@d¥odi nment of [t-Ad i nvention, udkr 200 ils conndcted
di rect | yReversappl i cati o server 212, fdr

25 Delta Butterfly 0.75 0.25 0.55

Class RKO RKO RKO

TV (exotic) 0.38 0.655 1.64

TV (Vanilla) 2.7 547 2.565

Vanilla Bid/Offer 0.25 0.25 0.25

spread (Vol)

Number of prices 6 5 5

6 market makers Bid Offer Bid Offer Bid Offer

1 0.38 0.70 73 99 129 154

2 0.38 0.65 75 91 124 151.5

3 0.36 0.66 75 95 122 152

4 0.38 0.58 73 98 120 150

5 0.40 0.60 76 89 125 150

6 0.39 0.64

Fair Price (Bid/Offer) | 0.38 0.64 75 .94 1.24 1.51

Model Price 0.38 0.64 75 .94 1.24 1.51

(Bid/Offer)
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25 exanple, via a |local area network (LAN), or via any other |ocal

comuni cation network known in the art. The real tine data 214 nay be
recei ved o negtiBy by application server 212 using any di PeTAUS@ON2&Ct | on
means as are known in the art. Alternatively, the real tine data may be
recei ved from sources avail able on the gl obal conmputer communi cation
networ k, using web 30 server 210. After conputing a bid price and an offer
price for the option requested by the wuser, application server 212 may
comuni cat e t Waile thepubedintsinty/ob feanveptiorcshown ondideseritxdMerdimare fidly-cspabler 210,

as is kn j.0: ' £Qr [ o) r ' to the
user. 23 Q%h%%ng @%ﬁgﬁﬂk %‘gg’ll} %éggi““%‘qr‘[a%%g ltl'%?%lg%eo‘{/r\l/lﬁs%ﬁgﬁmegl @% %&%g&é’ xanpl es
denonst r sttowmgnd dederibet foo purpdsea ofitlesteative onlp aixbutit fiemurbest dfdiniitatient i on, as
descri bed..above .w t.h referen t.0 Fi gs. 2A-2D. These . ex s are based on
ot or mt CUR gt Pl bR BRETerbB i e B e T P BT BRL PR " (i ee

di f f es entvithiattesspirfitaad dadpe 91 the e@fiticrare he spdcifitalld addessalyv THerdfdre, thabl e. The
br okers provide th urity date.af the option from which the nunber of
days to ﬁﬁ?ﬁFWf?aﬁgaﬁﬂggﬁ¥&ﬁ?%$ﬁauﬁ#@ﬁﬁining i nputs include the details of
the option, for exanple, option paranmeters such as strike , put or call,
barrier, as well as market conditions relevant to the trade, e.g., spot,
forward, ATMvolatility, 25 delta RR, 25 delta butterfly, current interest
rates, the TV of the exotic option, and the TV of the correspondi ng
Vanilla option. Actual bid and offer prices 10 for Table 1 are taken froma
nunber of market makers (brokers). The "fair price" entries in Table 1
represent the average of the bid/offer prices presented by the different
mar ket mekers. The fair market price represents the nmarket price of the
option. Finally, the bid and offer prices calculated in accordance with a
preferred enbodi nent of the invention are presented at the bottom of the
tabl e, denoted "nodel price". These prices are generated from 15 the

adj usted m d-market prices and the bid/offer spreads as described above. It
is evident fromTable 1 that the nodel of the present invention provides a
correct bid/offer spread and a correct adjusted m d-market price for the
exenpl ary options conmputed. It is also evident from Table 1 that the TV
cal cul at ed based on the Bl ack-Schol es nodel does not yield correct

results. 20 Referring to Exanple 1 in Table 1, the option traded on
February 12, 1999, has an
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expiration date of June 14, 1999, i.e., 122 days after trading. Table 1

al so presents additional details of the option as discussed above. For
exanpl e, wner/sqpoet price for the underlying asset of the PETUSH/R64EXANDI €
1is 114.40, the volatility for this option is 17.35, the forward for this
option is -1.86, the theoretical value (TV) cal cul ated based on the

Bl ack- Schol es nodel 25 is 0.38, and the corresponding Vanilla option price
and bid/offer spread are 2.7 and 0.25, respectively. Table 1 also presents
bid and offer prices for the opti orCeAIMSanple 1, provided by 6 different
mar ket makers, which may be averaged to yield "fair" bid and offer prices
of 0.38 and 0.64, respectively. As further shown in Table 1, the bid and
of fer "nodel " prices for the ption of Exanple 1 are Q.38 and 0. 64,
respectively, lwhi chimgthot] & rapvidinga idineis ancorian SSpPrioe 4 A0 OB AR of 1 er

prices, From ng Table 1, one skilled in the art wll
concludeuyﬁﬂfﬁéﬁ%mréo% “%n'%?gl fronlthe nDdeI of the present invention

for the option of r.Exanphf: hp@d: bRRhY oGl P81 B8 BERhLREs¥rhident | cal )
to the average faf? prﬁ%és b thgcsﬂﬁg fyﬁtﬁ%%}ng ? PCT/GSOi11§264
option. &idoptanl y, from anal yzing the data of Exanples 2 and 3 in Table 1,

one skilled in the art will appreciate that the "nodel prices" conputed in
accordance with t heceivingseconshinpu data kerrespprdingte a@lurﬂitﬁnf)dzmnlzmaﬂw 3 are
substantial ly identical % tg; average "fair prices" of these options.

Tabl e 1 ESM4H{oPErelatipg IosAiuaslepiyingA3seli 3 | nterest Rate 1 6.19% 3. 10% 6. 09%

Interest Rate 2 0. %%é%ﬁ 18(,/0 ({% t%z f{? orgHJ:’al %]ﬁé/ of.:llsal Cp?)tl%gk)ase(i?rllz léa;cti)y bsg rfgo' | ar

Currency 2 Japan ye a an Jan- 00
15- Jyp- 9&mm§%ﬁ~&%&hﬂ“ Date 14- Jun 99 16 Nov 00 15-Dec-99 Months to
Expiration 4 10 6 Days to Expiration 122 303 183 Spot 114.40 1.01 120.35
Volatility 17.35 XOmpbtidga Wd/offer spread of said option based on said first and second

input data;
computing a bid price and/or an offer price of said option based on said
corrected TV and said bid/offer spread;
15 providing an output corresponding to the bid price and/or the offer price of

said option.

2. A method according to claim 1 wherein said first input data comprises an
indication of at least one parameter selected from the group including a type of said option,

20  an expiration date of said option, and a trigger for said option.

3. A method according to claim 1 or claim 2 wherein said second input data
comprises an indication of at least one market condition selected from the group including a
spot value, an interest rate, a volatility, an at-the-money volatility, a 25 delta risk reversal, a

25 25 delta butterfly, and a 25 delta strangle.
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Forward -1.86 0.006 -3.15 Strike 116.00 1.00 115.00 Put/Call Call Call
Put Barrier (trigger) 126.00 1.10 100.00 25 Delta Risk -0.375 -0.4 0.1
Rever sal waolelisa Butterfly 0.75 0.25 0.55 C ass RKO RKCPERROSOITIN2¢4ex0t i C)
0.38 0.655 1.64 TV (Vanilla) 2.7 5.47 2.565 Vanilla Bid/Ofer 0.25 0.25
0.25 spread (Vol) Nunber of prices 6 55 6 market makers Bid Ofer Bid
Ofer Bid Ofer 1 0.38 0.70 73 99 129 154 2 0.38 0.65 75 91 124 151.5 3
0.36 0.66 75 95 122 152 4 0.38 0.58 73 98 120 150 5 0.40 0.60 76 89 125
150 6 0.39 0,64 Fair Prlce Bid/ Ofer) 0.38 0.64 .75 .94 1.24 1.51 Model
Price 0.38 0.84 . 7smetigd gccoyding tg pny E”%rl%ﬂn@xlf%‘i"l}ef@nﬂ? S0 B £PEDE g said

PCT/USOl&%%%@ﬁﬂKMﬂ%LQB% ]HE%%EHEQ&E ?. t he |nvent|on shomp apd descri bed

herein are capa 1 évin e results desired, it is to be

under st ood t hat tf&aﬁlguﬁrgmﬂe&&%ﬁvquﬁv%%ld @J%i@%a@ﬂ@n Qﬁ%&& ?Qﬁ@ksafar
purposes of illustration only and not for purposes of limtation O her

vari at i ofist amil sebmdfigputndatachndet ai | s that occur to those skilled in the art
and that are . . )
5 correcting said TV based on at least part of said first and second data to yield

said corrected TV.

5. A method according to claim 4 wherein the step of correcting said TV
comprises the steps of:
10 computing a plurality of TV corrections based on at least part of said first and
second input data; and

applying said plurality of TV corrections to said TV.

6. A method according to claim 5 wherein at least one of said plurality of TV

15 corrections is a function of at least one factor related to a risk associated with said option.

7. A method according to claim 6 wherein said plurality of TV corrections
comprise at least one correction selected from the group including a convexity correction, a
risk reversal correction, a shift correction, a gearing correction, a Vega correction, and an

20  intrinsic value correction.
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5 within the spirit and scope of the invention are not specifically
addressed. Therefore, the inventionis limted only by the appended

clai ns. 260WHB@Q3r 80131 PCT/ US01/ 12264 CLAIMS 1. A net hodr€Duserneéddi ng a
bid price and/or an offer price of an option on an underlying asset,
conprising the steps of 5 receiving first input data corresponding to a
plurality of paraneters defining said option; receiving second input data
corresponding to a plurality of current market conditions relating to said
underlying asset; conputing a corrected theoretical value of said option
based on sai &firdt mggad acpordénecte gely efrbaims §at veherels s tapred applyingisaad T¥r spread
of said gptipn Qas%grgn sai.d H{rg% and second input data; conputing a bid
pri ce antFSFUAN WRIHEl Y 5PRREse fesIiPibpt i on based on said corrected TV and

id bid/off " I.di ! bi d
oo 0 o 9T P A oY Gl B RO L G

claim 1 whed & & 1681 phri dfls&ill firdd BRY sed@ddag@npri ses an indication of at |east
one paraneter selected fromthe group including a type of said option, 20

an expiration dat enutfiplgiag cachpt saxit T Vandeaions bythe nssbointed dVicoapttioan. 3. A
met hod acqudLn% to claim1 or claim2 wherein said second input data
conpr i se¥elgh Yiglding serrespongdingayeighiedktV sorecchapsked conditi on sel ected fromthe

group including a ot .val u interest rat a volatility, an
at - t he- noney vol atafi‘?lﬁg%la,ge’ﬁgfeﬁg&tcgr@%@sEO grjg\eyal a 25 25 delta
butterfly, and a 25 delta strangle. 27 WO 01/80131 PCT/US01/ 12264 4. A
nmet hod according to any of clains 1-3 wherein the step of conputing said

corrected thepret ix@abth¥@hdebrdedBiafif 8 whidRirS4t@RSt &k 'of said TV correction

10 weights is time dependent.

10. A method according to any of claims 1-9 wherein the step of computing said
bid/offer spread comprises the steps of:
computing a base value for the bid/offer spread using at least part of said first
15 and second input data; and
correcting said base value using at least part of said first and second data to

yield said bid/offer spread.

11. A method according to claim 10 wherein the step of correcting said base value
20  comprises the steps of:
computing a plurality of bid/offer spread corrections based on at least part of
said first and second input data; and

applying said plurality of bid/offer spread corrections to said base value.
25 12. A method according to claim 11 wherein at least one of said plurality of

bid/offer spread corrections is a function of at least one factor related to a risk involved in

said option.
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conputing a theoretical value (TV) of said option based on at |east part of
said first and second input data; and 5 correcting said TV based on at

| east pamwooi/gmai d first and second data to yield said cper/@stied2iv. 5. A
met hod according to claim4 wherein the step of correcting said TV
conprises the steps of: 10 conputing a plurality of TV corrections based on
at least part of said first and second input data; and applying said
plurality of TV corrections to said TV. 6. A nethod according to claim5
wherein at | east one of said plurality of TV 15 corrections is a function
of at |east one factor related to a risk associated wth said option. 7. A
met ho.d accor df3ng t&mgt!h"élh g&c@r o &lal Sl%%ax%#nugaﬂf él%l%litgfof Ei\é/o(if'e'i r}% f4 Ons
conprise at |'éadst one correction selécte rom-the group I Ner I'ng a
convexi t YorfeRfisrBebinBiise o leaktionk core3tAbS Hlect R the GRoup Inchiidd conPdxitgct i on, a
gearing correction, a Vega correction, and an O intrinsic val ue

correct i cmrec2éh, YWk 2¥¢r84) t8ctedHGH,/ B0t 2R M geaBing forrmetib) d/ ege carediiorg ahd any of
clainms 5-7 wherein the step of applying said TV corrections to said TV
conpr?segmﬁﬁ@‘ﬁbéﬁgﬂ%*mnconputing a TV correction wei ght associated with
each of said TV corrections based on at |east part of said first and
second data; 5 nultiplying each of said TV corrections by the associated TV

correction i ghty yi ' > i By r i ; and
2ddi ng. sai d vy ansie G0 a8 Al bERPRRTMAC PGB eR L BRIRERLLERG, 107
cl ai m 8 whRke éraal cheetonPPadbaseAiathe tYmpRLS Bfelstps of: 10 Wei ghts is tine
dependent. 10. A nethod according to any of clains 1-9 wherein the step of
conputing said bicdihpitingra Wg¢/pBadpradponetan whightstoepspooding tosapludi sagl a base
value for. the bid/offer spread using at |east part of said first 15 and
secon® i Pigieiferizpred caseptions;

multiplying each of said bid/offer spread corrections by the corresponding
bid/offer spread correction weight yielding weighted bid/offer spread corrections; and

adding said weighted bid/offer spread corrections to said base value.

15 15. A method according to claim 14 wherein at least one of said bid/offer spread

correction weights is time dependent.

16. A method according to any of claims 1-15 wherein said underlying asset

comprises a financial asset.

20
17. A method according to claim 16 wherein said option is a foreign exchange
(FX) option.
18. A method according to claim 17 wherein said FX option is a Vanilla option.
25

19. A method according to any of claims 1-16 wherein said option comprises an

option-like financial derivative.
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correcting said base value using at |east part of said first and second
data to vyield said bid/offer spread. 11. A nethod according to claim10
wher ei n tweossw@Epl of correcting said base value 20 conpriBeBUSOIEI2864eps of :
conputing a plurality of bid/offer spread corrections based on at |east
part of said first and second input data; and applying said plurality of
bi d/ of fer spread corrections to said base value. 25 12. A nethod accordi ng
to claim1l wherein at |east one of said plurality of bid/offer spread
corrections is, a functiqn of at |east one fgctor related to a. risk involved
in said opti%ﬁ. 2%%081"?"8’6‘%%&_1‘0%/0 §s1lob/60r 19 pderepn spdd RS9 4%%or di ng t o
claim 126%1@0?{1&} said plurality of bid/offer spread corrections conprise at
| east onée correction selected fromthe group including convexity
correction, risk reversal correction, shift correction, gearing correction,
Vega correction, and 5 intrinsic value correction. 14. A nmethod according
to any of clakim 11A y3tanhér @ravididpea sitl @riceodndap ph yifarprivabflan &jtidh oh ber spread
corrections to said base value conprises the steps of: conputing a

bi d/ of f epndgplyg@ssebeqnaeisingh wei ght corresponding to each of said 10

bi d/ of fer spread corrections; | ti ing each. of sajd bid/offer spread
correcti onspby t hé S(‘?Bvrefé‘?ﬁ%ﬁéi% 1 Fé)%"b‘? Fp%&ngaﬁa%’faﬂ@c‘% iPATFRE Y ht

yi el di ng  u&j; i g/ dBRLER i : . j kg wei ght ed
b1 at of 1 oo MBS ool o8] pShidRR o RRickeGL AT o A pyBE o BHE: 20 O i g
to cl ai mid yhgiibhon thd eAst fuPher redeiviid ctiddhmf b coPspalingtOhr €ct i on
weights Is tinme dependent. 16. A nethod according to any of clainms 1-15
wher ei n phirditueitherteyti mgka semditions oehptiingde saiduideriging iasdet; asdet . 20 17. A net hod
according to claim 16 wherein said option is a foreign exchange (FX)
opt i dh. a processor, associated with said server, which computes, based on said first

and second input data, a corrected theoretical value (CTV) of said option and a bid/offer

spread of said option, and which further computes, based on said CTV and bid/offer spread,

the bid price and/or the offer price of said option.

15 22. A system according to claim 21 wherein said first data comprises an indication
of at least one parameters selected from the group including a type of said option, an

expiration date of said option, and a trigger for said option.

23. A system according to claim 21 or claim 22 wherein said second data
20  comprises an indication of at least one market condition selected from the group including a
spot value, an interest rate, a volatility, an at the money volatility, a 25 delta risk reversal, a

25 delta butterfly, and a 25 delta strangle.
24. A system according to any of claims 21-23 wherein, in computing said CTV,

25 said processor computes a theoretical value (TV) of said option and corrects said TV, based

on at least part of said first and second data, to yield said CTV.
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18. A nmethod according to claim17 wherein said FX option is a Vanilla
option. 25 19. A nethod according to any of clains 1-16 wherein said

opti on cov@pi/gmEst an option-like financial derivative. 30P¢DUSAYROU31

PCT/ USO01/ 12264 20. A method according to any of clainms 1-17 or 19 wherein
said option is an exotic option. 21. A systemfor providing a bid price
and/or an offer price of an option on an 5 underlying asset conprising: a
server receiving first input data corresponding to a plurality of

E?aagffggsangﬁf'n %E%a'dcgg&gggdeP Wﬁ”ﬁgbﬂ%ﬂgﬂ?ﬁﬁgggt corre gging to a
[ ecel ving, paeOAthri B LA AR SARPORLLAGS b eaongh%s@garwfsgfdfﬁwamnt mar ket

condltlons atln erlying asse rocessor

associ at s%dorvﬂ 1hf5l.1t${aﬂa@n§ epplRs saidplufalityCIMPUs R ctidid &eghidnvsai d first and
second input data, a corrected theoretical value (CTV) of said option and a
bid/offer spread of said optlon and whi ch further conputes, based on said
CTV and bid/of fer spread, the bid price and/or the offer price of said
optioh. 15 226-A SbiEm a&e@émarf%@am&%wbﬁrwzn eqih ereefisaid godeqtiopsis adat a
conpri se ion east. one ers selected fromthe group
i ncl udi né’n‘é ?\f’gélj[ %?SL[ 45 %cgbfe?%# toé‘ﬁmké%ﬁ?&g‘i gﬁsﬂg%toc?f said option, and a
trigger for said option. 23. A system according to claim?21 or cl ai m 22
wherein said second data 20 conprises an indication of at |east one narket
condi tion selx@ct edy §ysRM 4c86-dBik @81ElainZd WEkiréig s@d pRipdity ¥El W eerrdflonsnt er est

rate, a volatility, an at the noney volatility, a 25 delta risk reversal, a
25 del t acdytrisepffleast omernapriaciRB sdletted frsmrtbngbep inflddinda syrsierity areotiah, ag t o any
of clainmg 21-23 wherein, in conputing said CTV, 25 said Processor conput es
a thébdr e’t“?kchYer%F‘HE@C‘(lqiw shit cORPEHonp? EGHNGPRITCEHIT @ Mega eatregtinyandalsed  on at

| east par& of SF irst and second data, to yield said CTV. 31 WD 01/80131
PCT/ USO 1],11 E]ﬁ]g Ala ue COI’I‘eCthI‘l

28. A system according to any of claims 25-27 wherein, in applying said TV
corrections to said TV, said processor computes a TV correction weight for each of said TV
15 corrections, multiplies each of said TV corrections by its TV correction weight to yield a

corresponding weighted TV correction, and adds said weighted TV corrections to said TV.

29. A system according to claim 28 wherein at least one of said TV correction

weights is time dependent.

20
30. A system according to any of claims 21-29 wherein, in computing said
bid/offer spread, said processor computes a base value for the bid/offer spread and corrects
said base value, based on at least part of said first and second data, to yield said bid/offer
spread.
25
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25. A system according to claim23 or claim24 wherein, in correcting said
TV, said processor conputes a plurality of TV corrections based on at | east
part of saddy8iiBst and second input data and applies sai BCpUUSetzd2eddy of TV
corrections to said TV. 5 26. A system according to claim 25 wherein at

| east one of said corrections is a function of at |east one factor rel ated
to a risk associated with said option. 27. A system according to claim 26
wherein said plurality of TV corrections conprise at |east one correction

selected from.the group including a convexity correction, a 10 risk
reversal cor ;gécti &?ysﬁg‘sﬁ‘ff:‘?rfim&é? %@‘E"t f%‘ﬁ},’ereamg‘ éi?‘ir‘??&nééar‘ﬁ?g%sﬁi%ll"}?’ sgidyega

correcti i LRSI .00, cording to
e L I o R b A T el
sai d progigs$erF spradRYErERions 1h¥adPaselahieon wei ght for each of said TV 15
corrections, nultiplies each of said TV corrections by its TV correction
wei ght to yield a corresponding weighted TV correction, and adds said

wei ghted TV corrections to said TV. 29. A systemaccording to claim 28
wherefn at | edst oheysem apgprdingvo elainy Blcvhesein ahlspsy hnsof seidthidfeifersprendient . 20

30. A system.according t of cl ai 1-29. wherein, in cqnputing said
bi d/ of f efUEHIUSE 2 g’&?@"’b‘&&@@& gpe %8%%?% g apigk ésseﬁf‘taéwftg Fa‘g ﬁg'ﬂ%} d/ of f er
spread and corrects said base value, based on at |east part of said first
and second data, to yield said bid/offer spread. 25 32 WD 01/80131

PCT/ US01/ 12268, 3] syhtehiyRb&tin@eselhiel SWOwheeif sal Pludfity\bEsi8lofter dpfeagOr r ect i ng
sai d base val ue, said processor conputes a plurality of bid/offer spread

corr ect | omsciégnd capptiseas leastiode pdrractidn telectefl froi tté gfolip inchplirdconeexitgct i ons t o
sai d base value. 5 32. A systemaccording to claim31 wherein at |east one
of saf d BIErEms afiskisversy coentionc shifheoriesticn, # gersink eprrestionta Yegast one f act or
related to a.risk associate i said option. 33. A systemaccording to

with,
cl ai m 32°FEPW ARSI /BRI VAP FOTSHOY o/ of fer spread corrections conprise at
| east one correction selected fromthe group including a convexity

34. A system according to any of claims 31-33 wherein, in applying said bid/offer
spread corrections to said base value, said processor computes a bid/offer spread correction
15 weight for each of said bid/offer spread corrections, multiplies each of said bid/offer spread
corrections by its bid/offer spread correction weight to yield a corresponding weighted
bid/offer spread correction, and adds said weighted bid/offer spread corrections to said base

value.

20 35. A system according to claim 34 wherein at least one of said bid/offer spread

correction weights is time dependent.

36. A system according to any of claims 21-35 wherein said underlying asset
comprises a financial asset.
25
37. A system according to claim 36 wherein said option is a foreign exchange

(FX) option.
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10 correction, a risk reversal correction, a shift correction, a gearing
correction, a Vega correction, and an intrinsic value correction. 34. A
system aocoondsmgi to any of clainms 31-33 wherein, in applypogusaid2di d/ of fer
spread corrections to said base val ue, said processor conputes a bid/offer
spread correction 15 weight for each of said bid/offer spread corrections,
multiplies each of said bid/offer spread corrections by its bid/offer
spread correction weight to yield a corresponding wei ghted bid/offer
spread correction, and adds said wei Jbid/offer_spread corrections to
said base value. oUS%H acgordipg fo.platg o‘?’g‘?rﬂﬁ sy optiosy I SpHQRHE ’ﬁ‘lét | east
one of said bld/offer spread correction weights is tine dependent. 36. A
system according to any of clains 21-35 wherein said underlying asset
conprises a financial asset. 25 37. A systemaccording to claim 36 wherein
said option is a foreign exchange (FX) option. 33 WD 01/80131

PCT/ US01/ 12268. 3&\ systesystadingtcatydifeiitho? ic3@wher8i sk @peomcodgiridesaqat i on FX
option is a Vanilla_ _option. 39. A systemaccording to any of clains 21-36
wher ef n eptioa-likpfinencial deppvati¥es an 5 option-1ike financial derivative. 40. A
system according to any of clainms 21-37 or 39 wherein said option is an
exotic option. 10 41. A nmethod for providing a bid price and/or an offer
price of an tio . r : of :
e s S A e A e T
deflnlng@mﬁanggptlon recei ving second |nput data corresponding to a
plurality of current market 15 conditions relating to said underlying
asset; computing a plurality of building blocks based on said first and
secog? i nput

41. A method for providing a bid price and/or an offer price of an option on an
underlying asset, comprising the steps of:
receiving first input data corresponding to a plurality of parameters defining
said option;
receiving second input data corresponding to a plurality of current market
15 conditions relating to said underlying asset;
computing a plurality of building blocks based on said first and second input
data, at least one of said building blocks being a function of a factor related to a risk
associated with said option;
computing a bid price and/or an offer price of said option as a function of at
20  least some of said building blocks; and
providing an output corresponding to the bid price and/or the offer price of

said option.
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data, at |east one of said building blocks being a function of a factor
related to a risk associated with said option; conputing a bid price
and/ or aweobi/sn3price of said option as a function of at peDUk@zRRé4sone of
sai d buil ding blocks; and providing an output corresponding to the bid
price and/or the offer price of said option. 34 WD 01/80131 PCT/ USO1/ 12264
42. A nethod according to claim41l wherein the step of conputing said bid
price and/or said offer price conprises t he steps of : conputing a
corrected thegretical value of sa tion as a fiyst functlon of at | east

sone of said Huil &Wﬁhﬁﬁéﬁ%’é‘hngsmélﬁi%ﬂﬁ)wﬁﬁre&l e Serypk ormpepngestd Bif PESH d opt i on
as a Sec%ﬂﬁn %h%?%m%%o gﬂ%?ﬁ%5“3.§ﬁe of said building blocks; and

conmputi ng sai of fer price of said option based on

said corrected T¥oapghimal c%n}abtgd ﬁ%é@ﬁca?peﬂﬁ'@ﬁ sailQpfich adh ﬂ%@ ﬂﬁ&loﬁ%?gtr ding to

claim4l further conprising the steps of: conputing a plurality o

corr ect i bas sthas efkatibulding®érks;one or sald plurality of building bIocks
conmputing a plurality of weights corresponding to each of said pIurallty of
correttions; 15 ceappwingg bdbterspreadpf syl afion ey ¢ sasondbhisctindledleaht pl ural ity

of weights yiel luraljty of weighted corrections; and conputing
sai d bld“ﬁﬂ %@aﬂ ﬁ@Png T#ICG as a function of said plurality of

wei ghted —correct 'c8 utnfgi aldd%1 f?ﬂ% fsa?cf:&?e{ ghgego sgldco ab&eﬁ%ﬁ% T in at

| east one of said melg S 1S epen A fret hod

accordlngnk@waqxugmsgbqhﬂ§m§%lﬁmﬂ4 wherein said pIurallty of buil di ng
bl ocks conprises at |east one bui I ding bl ock selected fromthe group

i ncl udi ng convexity, 25 risk reversal, shift, gearing, Vega profile, and
intrinsic val ue.
10 43. A method according to claim 41 further comprising the steps of:
computing a plurality of corrections based on at least one or said plurality of building
blocks;
computing a plurality of weights corresponding to each of said plurality of
corrections;
15 combining said plurality of corrections and said plurality of weights yielding a
plurality of weighted corrections; and

computing said bid price and/or offer price as a function of said plurality of weighted

corrections.

20 44. A method according to claim 43 wherein at least one of said plurality of

weights is time dependent.
45. A method according to any of claims 41 - 44 wherein said plurality of building

blocks comprises at least one building block selected from the group including convexity,

25  risk reversal, shift, gearing, Vega profile, and inirinsic value.
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35 WD 01/80131 PCT/ US01/ 12264 46. A nethod according to any of clains
41-45 wherein said underlying asset conprises a financial asset. 47. A
system f ovopr/guaddi ng a bid price and/or an offer price of PaNVUSEI206# ONn an
5 underlying asset conprising: a server receiving first input data
corresponding to a plurality of paraneters defining said option and
provi di ng an output corresponding to a bid price and/or an offer price of
said option, the server further receiving second input data correspondi ng

toa plurali of , current rket copditiaons _relating,to said underlying
asset; and 10L§ p#%ﬁ@gggﬁqm @8¥8§3WFFﬁ1§éi L SR UndRHY BS A hput es a

pluralit . k| Qi ocks based on said first and second i nput data, at
| east onémglﬂfggdh%ﬁlﬁﬁﬁﬁb bl ocks being a function of at |east one factor

related to a risk associated with said option, and which further computes
the bid price and/or the offer price of said option as a function of at

| east sone of7.saiAlsystent i pgvhlingeksd pide ah8/or An sffstpeice ataoiptibmgn 80 cl ai m 47
wherein, in conputing the bid price and/or offer price of said option,
sai d pr obedsslging agsgpismsisgcorrected theoretical value of said option as a
first function of at |east. so of said building bl ock bi d/ of fer spread
of said option as & STSEEEFHANE ik PBHI coenoadiR ippirabl S APHTERTY di ng

bl ocks, -%?ﬁ i Pl i or offer
price ofagg? O%ﬁﬁ@ﬁﬁE%%@ﬁ%gﬁﬁgg?ﬁ%@g&?@%@%@ﬁ%%nﬁ%gbggﬁﬁﬁﬁﬁﬁ% oéfer spr ead.

49. A sy Fﬁi@rﬂf@ﬁﬁ @bfidr) helserved fitharddce WY s8édhd Sdhuél dith 0683pdide4b hher conput es
a plurality of corrections based on at | east one or said plurality of

bui | di ngplotaditskst;cusrensnarigdt iconditidns rBingeo spid sndedyingspetnaidig t o each of said
plurality of corrections; a plurality of weighted corrections based on said
plurdlity of corr SdUPGEHEOLARWCRE Vit saidspives, whchcamgpesa Plymditsefi d bid price
and/or off.er price.as.a function of said plurality of weighted corrections.
36 w0 01PuBneb i piRs B 18385 28 Reot o Bt Bl 50 8Pt 68iher ef n
at | east b8hEa AlncBEH & st dhé EttoPlelated to a risk associated with said option, and which

further computes the bid price and/or the offer price of said option as a function of at least

some of said building blocks.

15
48. A system according to claim 47 wherein, in computing the bid price and/or

offer price of said option, said processor computes a corrected theoretical value of said option

as a first function of at least some of said building blocks, a bid/offer spread of said option as

a second function of at least some of said building blocks, and wherein the processor

20 computes the bid price and/or offer price of said option based on said corrected TV and said

bid/offer spread.

49. A system according to claim 47 wherein said processor further computes a

plurality of corrections based on at least one or said plurality of building blocks; a plurality of

25  weights corresponding to each of said plurality of corrections; a plurality of weighted
corrections based on said plurality of corrections and said plurality of weights; and said bid

price and/or offer price as a function of said plurality of weighted corrections.
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weights is tine dependent. 51. A systemaccording to any of clains 47 - 50
wherein said plurality of building 5 blocks conprises at |east one
bui | di ng iob ovBo13El ect ed from t he group includi ng convexi t pCT/USVIER264ever sal
shift, gearing, Vega profile, and intrinsic value. 52. A system accordi ng
to any of clainms 47-51 wherein said underlying asset conprises a financial
asset. 10 37

50. A system according to claim 49 wherein at least one of said plurality of

weights is time dependent.

51. A system according to any of claims 47 - 50 wherein said plurality of building
5 blocks comprises at least one building block selected from the group including convexity,

risk reversal, shift, gearing, Vega profile, and intrinsic value.

52. A system according to any of claims 47-51 wherein said underlying asset
comprises a financial asset.

10
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