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' ‘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
20 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 which the deal is executed if the option is exercised. For example, a
foreign exchange (FX) option involves buying or seiling an amount of one currency

25 for an amount of another cuﬁency. 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. '

To facilitate irading of options and other financial instruments, a trader
prepares a bid price and offer price (also called ask price) for a certain option. The

30  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 trader is willing to sell the option. When another trader
is inferested in the option the first trader quotes both the bid and offer prices, not
knowing whether the second trader {s interested in selling or buying. The offer price
is higher than the bid price and the difference between the offer and bid is referred to
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out - of -t he-noney put option is a
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 sirike is
above the forward rate of the underlying asset, and an out-of-the-money put option is a
put option whose strike is below the forward rate of the underlying asset.

25 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 of exotic options had been used in the past but are no longer
in use today. Currenily, the most common exotic options include are “barrier”

30  options, “binary” options, “digital” options, “partial barrier” options (also known as
“window” options), “average” optioﬁs and “quanto” options. Some exotic options can
be described as a complex version of the standard (Vanilla) option. For example,
barrier options are exotic options where the payoff depends on whether the underlying

asset’s price reaches a certain level, hereinafter referred to as “irigger”, during a




put option whose strike is belowthe forward rate of the ugqgr |@g asset .
25 An exotic option, in the context of this application, i e8P ¢ name
referring to any type of option other than a standard Vanilla option.
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option's Z%XpiArs ?st licn%\r;vndn(;f1 tch%'art, the right to exercise an American option prior to expiration
makes American options more ‘expcnsive than corresponding European options.
Generally in this application, the term “Vanilla” refers to a European style Vanilla
option. Buropean Vanilla options are the most commonly traded options; they are
traded both on exchmge§ and over the counter (OTC). The much less common
25 American Vanilla options are traded exclusively OTC, and are difficult to price.
U.S. Patent 5,557,517 (“the °517 patent”) describes a method of pricing
American Vanilla options for trading in a certain exchange. This patent describes a
method of pricing Call and Put American Vanilla options, where the price of the
option depends on a constant margin or commission required by the market maker.
30 The method of the ‘517 patent ignores data that may affect the price of the option,
ekcept for the current price of the underlying asset and, thus, this method can lead to
serious errors, for example, an absurd result of a negative option price. Clearly, this
method does not emulate the way American style Vanilla options are priced in real

markets.
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The original Black Scholes model is designed for calculating theoretical prices
for Vanilla options, However, it should be understood that any reference in this
application to the Black- Scholes model refers to use of any model known in the art
for calculating theoretical prices of options, e.g., 2 Brownian motion model, as

25 applied to any type of option, including exotic options. Furthermore, this application
is general and independent of the way in which the theoretical value of the option is
obtained. It can be derived analytically, numerically, vsing any kind of simulation
method or any other technique available.

For example, U.S, patent 6,061,662 (“the ‘662 patent”) describes a method of

30 evaluating the theoretical price of an option using a Monte Carlo method based on
historical data. The simulation method of the ‘662 patent uses stochastic historjcal
data with a predetermined distribution function in order to evaluate the theoretical
price of options. Examples is the ‘662 patent are used to illustrate that this method
generates results which are very similar to those obtained by applying the Black-
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20 volatilities for different strikes, i.e., instead of using one volatility per asset, a trader

may use different 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 exchange market, where the volatility of a commodity
becomes higher as the commodity’s price moves further away from the ATM strike.

25 The phrase “market price of a derivative” is used herein to distingnish between
the single value produced by some benchmark models, such as the Black-Scholes
model, and the actual bid and offer prices traded in the real market. For example, in
some options, the market bid side may be twice the Black-Scholes model price and
the offer side may be three timnes the Black-Scholes model price.

30" Many exotic options are characterized. by discontinuity of the payout and,
therefore, a discontinuity in some of the risk parameters near the trigger(s). This
discontinuity prevents an oversimplified model such as the Black-Scholes model from
taking into account the difficulty in risk-managing the option. Furthermore, due to

the peculiar profile of some exotic options, there may be significant fransaction costs




It is appreciated by persons skilled in the art that the BII('il k-iﬁa?ol es
nodel is a |imted approxinmation that nay yield results vé SJ]P' rom real
mar ket prices and, thus, corrections to the Bl ack-Schol es nodel mnust

gener al g Bfs4as3ded by traders. In is the foreign exchange, (Fgg Vanilla
market, for exanple, the market trades in volatility Tterns and the
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formula. In fagseeiated ith ap-Bedgingome ¢f thefrisk fackrs sEFging meodghs.a@rh &ch8| es nodel
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a given asset depend |nL% on the strike pricé.” This adjustment is known as

vol atilitys " Seitingto thelf ﬁh@ﬁ@n)wQﬁhﬂgmbbfwaWr@é?ﬁwd@rﬁ lo¥s:  in this

context, is in th?ol&ﬁ?[&(‘?@l”?i&%hﬁébﬁﬁe H%L‘ﬁﬁctua‘t‘iﬁ?&iethé Refurl %aﬁ%eti'oh‘hﬂ of a
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the ATM stri legset. 2@ leﬁéat'ﬁhroﬁél@ leyph ok e velati cilﬁ b%‘)‘éifélfl"‘f‘\/b}t fog @rolatilily ysed” her ei n
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such as the Bl acK-Schol es and the actual bid and offer prices

traded in thdlowgygr, thampdkets traxtsrbaaﬂsiézﬁﬁ velatiljty, thatgeifastsdha meykel exnepfationsr ket bi d
side may Rhe topineSabdifl BvidGdr iR akEs. ﬁmﬁatlmg}&ﬁctﬁfﬁ%arﬁeh&péﬁﬁﬁ%ﬁs i§i de may be

three tines the Bl ack-Schol es nodel price Many exoticC_options are

char act er i zedallsyl fplizd opleitkini Iyordy t?ﬁé’/sﬁléy‘éi@]th%% commqglyévp@ﬁséf aniffa

di sconti nui t Yoofidhs S GIE einpld) & fﬂe%reféﬁreﬁémﬁ@rﬁarﬁ@aﬂhe tBflidivoRgREs 2F - Thi s

di sconti nui t)gél&r[events an oversinplified model such as the Bl ack-Schol es
nodel from Ngmilhpﬁloa&&swym@eaﬁlw ¥sp¢ optiop dptss ARdsQUIBREY 28I Yet he opti on.
Furthernore, ,ghifnibQo usdt§ i RatHith@le 5&”@5 's&r@en@fsucﬁloﬁﬁeREU?ER§ RS there may
be significant transaction cost s Jul'y 2006 WD 03/034297 PCGT/ 1B01/ 01941
associ at eth WiHERERATRLhgton Fitzsenld, efdirediiy ﬁpmsHX dqpsien brekers. Exi sti ng nodel s, such
as the Bl ack- Schplag; el o ﬁBEIEéeﬁta%\)é fe@amrts HR6dhatibSlf heshfed- Many

factors may be taken nto account in cal cul ating option prices and

corrections. vpRalEy orithi respeesdel theesidien Ly badnglicd yolailty gu arfinctipmpl e or
conput abl e val e v\.rh%rer thid iﬁ{ghgrgvc;lﬁlhylﬁr the! W&r(ﬂ&% the Rivkn AAWEvARkilikIR Nnot abl e

factors are defined is a measure of the
fluctuation dfe markety E,Qflﬁiﬁnpléafpli mncwmpaws, aglgte@f theimplisdivelatlithAs af t he | evel

of the vobatigchyn Gafe BkLRAbRE BEShiRYm ifRe VRInBY bf hb WTM strike that looks
like a smile. For equity optioné, as another example, the volatility plot tends to be
monotonous.

Vega is the rate of change in the price of an option or other derivative in
response to changes in volatility, i.e., the partial derivative of the option price with

25  respect to the volatility.

Convexity is the second partial derivative of the price with respect to the
volatility, i.e. the derivative of the Vega with respect to the volatility, denoted
dVega/dVol.

Delta is the rate of change in the price of an option in response to changes in

30 the price of the underlying asset; in other words, it is a partial derivative of the option
price with respect to the spot. For example, a 25 delta call option is defined as
follows: if against buying the option on one unit of the underlying asset, 0.25 unit of
the underlying asset are sold, then for small changes in the underlying option,

assuming all other factors are unchanged, the total change in the price of the option




history, i.e., the standard deviation of the return of the ﬁ@g}t@ %or a
certain past period. However, the markets trade based on e\ v P ity that
reflects the market expectations 10 of the standard deviation in the

future.whhgosusdatility reflecting market expectationgdiss aded inplied
volatility. In order to buy/sell volatility one comonly YPEdes vanilla

options. For exanple, in the forei gn exchange nmarket., the inplied
vol ati | iti es aodthe ARRunibelithd sssedpendhs for many frequently used option dates

and currency pair ' -3 L ButfcBéthcid EXBBic ofticlls with/i @ Screens
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vol atilitys f ovspectizelATior stonll ketionsthe hringicweke ATt stottent ofithe grogshof bpe mar ket .
For exanpl e, sg{ gsrgégiroﬁeg%yhsnﬁ@&;ﬁ%d 2&0.7h %aﬂ%}or&é)ﬁae ifslcSaY Of el | ty as a 20

function of t shows™a mnimumin the vicinity of the ATMstrike
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volatility, i.e.,Z2ihBishAeversal RBis thadifforenastbetvieen thotiinpliedypladldy wf e h 25
respect tg t I 1] | ' [ pvative of
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Wi th respect ctuencheptions aipikef geperaltyoso 2% deltadiPe gebicl \kothe difstence hiebveeme rate of
change in th ri t ' LN he price of
tho. tnder 1 yi it TefE iRy RRL2S B Gl GABRARPS o8 SERIRRSRIR kD 23 0, P12
option pri cdekdRRisrceloplated astfollawse spot. For exanple, a 25 delta call option

. is defined as fol o b agali ' t j unit of the
under | yi ng asset, %%%Ttlm%%d%L%pgéfn%g?gpi?ﬁn%lggygg?sgérhg%s |d, then for
smal | charsgeShe A5 ti¢ta rish doedsalindhare@trizehby a sigwofiViege with respedide spotldtor s are
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val ue (1V) f aVegaMdspbte- noney knock-out/knock-in exotic options with strike

I Gt A A R A TS
opti ons, which usually have the same delta. For example:
© 20 25 delta strangle = 0.5 (implied Vol (25delta call) + implied Vol (25delta put))
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.
Since the at-the-money Vol is always known, it is more common to quote the
butterfly in which one buys'one unit of the strangle and sells 2 units of the ATM
25  option. Like the strangle, butterfly is also quoted in volatility. For example:
25 delta butterfly = 0.5 (implied Vol (25delia call) + implied Vol (25delta put)) —
ATM Vol
The reason it is more common to quote the butterfly is that butterfly provides a
strategy with almost no Vega but significant convexity. Since butterfly and strangle
30 are related through the ATM volatility, which is always known, they may be used
' interchangeably. The 25 delta put and the 25 delta call can be determined based on
the 25 delta RR and the 25 delta strangle.

Gearing, also referred to as Jeverage, is the difference in price between the




5 respectively. For a call option, the intrinsic value is t??’ﬂﬁﬁﬁ%er of
the excess of the asset price over the strike price and zé b t her
words, the intrinsic value of in-the- noney knock out options is the
intrinsic value of a corresponding Vanilla at the barrier, and represents
the | evel of payout discontinuity in the vicinity of the trigger. 254 R sk

Reversal (BRYicioptidheitliteflafRnes dedvegindine/anilblopsh Molnatihd ébs of a 10
call option_.an t option w I.he sane delta (in opposite directions).
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used to prﬁlctgmfsl‘? v Iﬁ%lﬁ%or %H’éphé%é’f‘f’e ‘?@ﬁe QY e(-?lq?%f}ef e\l rage of the
inpli ed voliatd bptioy defendshen @ bpecifio PatameteBUWS the opflbi In peidal, liye Mae the sane
delta. For

. exanpl.e; 20 25 delta strangle = O. i.nplied Vol (25delta call)
+ inplied q}gﬁcu?p%ﬁg’lr?a&a%ﬂﬁ msk #%OQ?“%ET Vigegis ﬁ’ﬁ&’b‘P&f‘? @rWJPra‘E?teri zed by
practi cal | gptive. sl ope of Vega with respect to spot at the current spot, but
a | ot of convexity. . Therefore it is._used to ice convexity. Since the
at - t he- noney Vojlryﬁ{c'sal%p@\‘%ffstrﬁ(tﬂ(?%‘flmiafheipgcenﬁl’”é‘ﬁ’i‘émﬁ’“{&d&ﬁ&b Wahe butterfly
in which oseiobUyes therbéd sidy) bndahe prive aswicpbewandliicab ksl tBe sptibh 5.eQf the ATM 25

option. Like e.strangl butterfl s also quoted in valatility. For
“exanpl e: Z'Ele 8@%{ %E%'U@I%Pﬁ’ Jhere 5?§°(r¥aﬁé)qqag‘6?? Ob Forpesyana! é“eghﬁgf for+ inplied Vol
(25del t a pesdujating BilMffeo pricBhieant @asflbers typillyTRIlE of QETHGL, le@peiitiRh® t he
butterfly is,that, butterf rovi des strategy w th al ppst. no Vega but
si gni fi cant L URe shan gﬁ?ifjﬁ%oégﬁﬂ?ntﬁ’f)ﬁ?f’ %fﬁﬁi‘o‘%lﬂfegﬁglfgm% th%‘ﬁarg‘?['t)é’“f:eel ated through
t he ATM vodretpabti dxperiend, eich s edngidyisd knbavihe rhddeimpdaynt B6o] WS @dders.
i nterchanggably. The. 25.delta put and the 25 delta 1. .can_be determ ned
based on cg)r%%onﬂléqntlyarehﬁ{e%ﬂ? lgfhtéadﬁrg lﬁcé'i‘qe"a‘:og‘fef‘%éﬂ‘deﬁﬁ(‘a’é}ﬁ? %fectal so referred
to as | eveinmfen dnshdvhen dpfidneshetideve friced.i O Bigmmee fontithdilyl Tacduilby 2006 exotic
‘option with the barri.er .and correspondi Vanilla option having the sane
strike. |t ¥RSUf O%emﬁ%fhgg’lqjﬁg?r Sgre@‘iﬁﬁcf“?‘lag‘grftr?"d‘#fng éooaﬁe\ﬂﬁfssl’ﬁeﬂg e expensive
than a coedeepbashilitg tesoipite it bmivns Budtétahd Breossdepddnprsfesdidharli f f erence
bet ween t hy%t gb%ax?orvlv ggprga%dmgyr}gsuﬁfilz E)Ese?gol tﬁee tr:?c{er. 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 not appropriate, the trader needs to change either or both of the bid and offer

prices in order to show the appropriate spread.

SUMMARY OF THE INVENTION

Example embodiments of the present invention provide a method and a

system for calculating option prices (e.g., bid and offer prices) and for providing
automatic trading capabilities, e.g., via global computer network. Specifically, the
-method of the example embodiments enables automatic calculation of the bid and
offer prices of options with accuracy comparable to that of an experienced trader.
Thus the example embodiments also enable traders not only to correctly evaluate the
~price of the option, for example, the mid-market price of the option, but also to

-accurately determine the bid-offer spread of the option.




a financial derivative. In the case of options, the bid/offer dis
expressed either in terns of volatility or in terns of theﬁprf‘lfygéﬁgf t he
option. The bid/offer spread of a given option depends on the specific
paranmeters of the option. In general, the nore difficult it is to manage
the risk of, an option, the w.der .i he bjd/offer spread for_ that option.
Typical Iy h’@lﬁér nqe, (e computetio éﬂféﬁet &Réi 6?4 Q8o Prige 4955 (REYYREGI d |i ke to
‘buy an - optmephdus fetors irdiéor biaderdh@@ntRadint RrPmbE farddct Whikehopliiey woul d |i ke
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exper i ence ™ hRiBITTS 1ST dBNEE Pt HerE e tHeRodr BEY PHEBHE HtPresset ©fof tr ader s.
Fact or s cobupng/sgllingldrizativepon by traders include convexity and RR which

~reflect intuitjon on how an.option shquld be priced. One dil emma commonly
faced by tradeirnsani egarﬂél\‘?ve %mFrﬁetgﬁm;i%fl?aé’rbe?ﬁ&g‘&dmg’WH Wi anpr oy di ng t 0o
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t he trader?m}"ﬁe(g%‘t’ gﬂ;rﬂ%ﬁﬁd‘lﬁ‘i{y pPYides e'%"omff}“a\ff‘%@fs %ﬁdﬁ@’i’ss ¥ed to ensure

~ that the birgikof thermsipr privds irsteap pf ppvidag eheirldWiSprices, A2, theyGhaytdeRB pri ci ng

process, i,e. fiter e trader. deci des, where to place the bid and offer
prices, he?pglﬁfés a%ctaheecfrsm{eggeé%ﬁ ¢ gl W?&aﬂ%}’“%ﬁéher%%fgeﬁﬁﬁmg prkRige; s
~appr opri at @oiding ahyieced Sarfeaitbr calcutoionsa Bipwilagly,ipitetakdrd) @ gf, hadefs, #eeds to change
appr opr i at ALEB L oK R 1 TIRETEY B BB BAt  of ¢ he
‘present i nkagktn each parcwdtide irdivikilhyppd and a system for cal cul ating option
prices (e.g., bid and offer riceﬁc}%S nd for_ providin aut omatic trading
R s i i st e A M
.0 e exanpkes er o nethatatlieyo afgtdofitralidd Gt aablo@dhs Gharkehe DI A an
- offer prices.of O tiﬁ))ns giraéh ag"%‘%{;%f% gog‘g%(%b%e EO t%@i of an experienced
trader. THUS the '%Xa%alr” efibt _ "Sﬂc. 8151389 Cpsh r"é‘“?r[rc?fldopl y to
‘correct |y thereforgabreoption-priping e®defwHidteis @mta?mlrfor cgﬁ[tylﬁ)t&_ m@dete;ﬁla&ghgé m ?f mar ket |
rate et ernine .t he -of fer sprea

price of t ti.on also to acc
of the opt Qg%riglpyé‘lsffdﬁ"g%;e 5 e i @F,Lf‘e‘éi DY ERPPREAII Y ARSI t he bid and
of fer pri opsentifieesseddly thewoldelewitlasmrespuaumg foaaitites o diferent fyper

_ i_nterventi&%HVatj n storsier’r%y _tranhsact t he opti

ive. FOr exanp change the modef))g‘lom orel excﬁarhsge {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 may also be possible in cases where the analogy is not
simple, for example, in weather derivatives. To adapt the model of the example
embodiments to any type of option or option-ike derivative, instead of simply
teplacing the quantities described below with corresponding quantities of a new type
of derivative being computed, the model may be adapted by appropriately modifying
its building blocks, which are described below, to accommodate the new type of
derivative, and computing the price of the derivative based on the new building
blocks. It should be appreciated that different option markets may share similar basic
principle. Thus, although the example embodiments are described below in the
context of the foreign exchange (FX) market, the model may be adapted to other

. option and option-like markets with appropriate changes, as will be apparent to those
skilled in the at. |




based on the automatically generated bid and offer prices. 13;&4 ??Z)(al ng the
model of the exanple enmbodinents with real tine market data,’*th fodel
generates real time nmarket prices for derivatives and, therefore, the
nodel may automate the process of buying/selling derivatives. In an

exanpl e enbodi nent, the nodel may be used in conjunction wth an online
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execute deal s automatically wi.thout prior automation of a bank on each
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‘transact i ofFUAPPUITH Gatef O cprrectiansg pist & eotaafewrigys. sashsehwhiskimaydy in the art

that diffec@futdda®d ifseRefAlof B8R IE oGP Bpifn! eI AR tﬂgglgyﬁ in that they
are controll ed by anal ogous market conditions, forward rates,
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option or @pkbleAmtideeoftepluMblyl ofuildine bRad 1Bt dyehde: rili@RkREhRe the
guantities glgicrl bed bel ow with corresponding quantities of a new type of
derivati ve" PR 8nput ed, the nodel nmay be adapted by appropriately

modi fying -its huidniughdblakss spiad Chseddi sSESGHdiRImBEhOMmpliRd acconmodat e
“the newty#)?e of .derivative, an corrputi(r;g the price of the derivative

based on tPEEFEUTRG {9 EACH Forreptigr Kesulting in godifferens igr of ithet wéfdinBat  di ff er ent
option markedks, aayscEbl Ricw. Sbhabr RS the wBEhtY Gap b€ timd ASendgt tRQUgh the

exanpl e e%%frrents are described belowin the context of the foreign
exchange ( treipicad may ghenrRsampriss ape funstin efisqmes brsmaplue gt then and

| OE't: Fnél i k@ei%fﬁémc%&ﬁn&,hlsﬁh@mﬁ@&&rﬁts%t SRHEANe WshW. Fbr BenpRP@EeNt to those
SKI ed | the art.
r]base value may be determined as the 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 example embodiments, 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.
Fipally, 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 volatility for each strike value and for each delta
value in a predefined set. An analogous system and method may be used to compute
- the bid and offer prices for Vanilla options in addition to exotic options and other

complex derivatives,
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11 July 2006 An exanpl e enbodi ment cal cul ates bid and offe IﬁrigﬁﬁGOf an
exotic option based on a corrected theoretical value (CTV) of option
and a bid/offer spread. The CTV may be conputed based on a plurality of
bui | di ng bl ocks, as described below For exanple, the CTV may be
cal cul ated based the theoretical value of the exotic option, a set of
corrections, and a set of meaﬁhts each of which may be conputed based on
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addi ti onal c?et gl I?&% dgfl neyt he option. éA vvaecl ﬁqcﬁ;% conput ed for each

correct i onderiygtiyes gparkef js eypected do W@ﬁtﬂw?’rﬁwl(ﬂ)éﬁﬂbﬁ@g dlépéhéréfmnne The
corrected ¥, co%(ﬁ%ﬂ@@%?ﬁ&ﬁgmteg c{:ég{eg'sl@m%s e%:%eﬁc@l dﬁhﬁ‘]frget%;g(e nB§et price, may
be conputed as a function of and tThe wei corrections, or using
any ot her CEFS{UHE do ff@ﬁ@tﬁr%umg éprﬁntmew Thisd, @mebw ey GOIHPIBENS t hat MRy
reflect r'&kﬁfuﬁésﬂ%ﬁhﬁfé camat@stmeha@&tmswﬁﬁvg%rmyéa@h&ﬁ&amgleoffer spread,
a second set of weights nag be conputed corresponding to each correction,
resul ting Teguizedde fisabprlypith ﬁﬂ,(ﬁl]?ﬁdlaﬂflg fheccp@gicngidpifor 1parkset gcesgaydescr i bed

bel ow.  SoNMBydpartds! a@fdehlhﬁnﬂ\@dcﬁ BiRr BRY ok b deReRHRY o nblRavebi d/ Of fer
spread may then be conputed as a function of sone base val ue and the

wei ght ed cBPPaasddEes. ysi ng the 'second set of respective weights. For

exanpl e, the bAS@rii@l Wea BN BRcUSH B PABH BPentiBif (irdiOhlGliefRr €ad of a
Vanilla option corresponding to the subject exotic option. The weights

appl i ed t ocoRuteE Bispdeats Acesting mefqdsompraing e stspapforecivingfiysidapitar e general |y

different §fDe0rielRni@E &Y ﬁuﬁﬁﬂldfﬁgfaﬁl&eﬁhﬁﬁmﬁgaﬂ @ﬁfoh%%nhmeﬂ%iﬂg TV. In
alternative exanpl e enbodi nents, the bid/of ferwprea e conputing

usi ng any ¥bfiefecdting sgnoad f@ﬂhé%ﬁormsmaldmgupew pl lféifOflﬂHrfﬁlﬂllﬂ@k%l ocks that

may refl eclonbitiskSreREROO! sﬁh%ﬁdéﬂyﬁ@ agéaﬁ c@xﬁﬁﬁtﬁl@a cbirOdd! tHeoréu@al%ﬁQUt ing the bid
and offer: rlces t he. nodel may I ncl ude utatlono volatility smle

adj ust ment TR sé%@a?ﬁﬂoé bagpd; gigatalessh prL L SP’éi‘ t andegseendelpitndptajol atility
sm | e adj %{ﬁéﬂﬁg h BiddtiRf sHGkioredy 'bﬁtﬁwleoas@&hat(’}eds% MRakiakieng MRy be

generated by conmputing the volatility for each strike value and for each
delta val {§e°n nlnautpf}a@déqmw@eggblépnmmlae@éfe@p@y@f &t epiign heseiod may be

used to CofdldRonbdiQl BV haPBR RIS sREACE BRvidRE aY 3itbhtl cBrr@Pbadis0 | N addi ti on
to exot ic options and other conplex derivatives.
the bid prize and/or the offer price of said option.
In some example embodiments, computing the bid price and/or the offer
price includes computing a corrected theoretical value (CTV) of the option as a first
function of at least some of the building blocks, computing a bid/offer spread of the

option as a second function
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10 11 July 2006 It should be appreciated that the benefit qufiqiﬁgial

mar kets from having an accurate nodel to price derivatives are ‘enornous.
First, the accurate nodel of the exanple enbodi nents may enabl e | ess
experienced users of derivatives to price them accurately. Second, by
virtue of having an accurate pricing nodel, the derivatives market is
expected to, becone no | iguid. Not being able to determne _the correct
price of d%fr*itgeéfti SgBs Oétﬁég?lw%ql?%énﬂéw&% bighpricg PREeT HaREFs and  causes

users to r gfidedifthefopOon BaSEdH tBEE Bkl ToSind TRIbIFoffes YWrERNThY/plufdBRY _
corporatlogé _%%g Lgﬁg%, for exanple, cannot establish credit lines with
vis-a-vis SaHdgeR & igplade atdeast puscbuilding blopk sglgeted ffannths gHB. By havi ng
an accur at mchidg lcoivekityT ik edveRall RES, shffYeearkind VRS blofk, BFRYindaaL W th each
ot her on a rgin basis, even if they do not have nutual credit |ines.
Accordi ng Yo% first aspect of the present invention, there is provided a
conput er based Uar@mpy s@@aﬁihegfdrtp&mgcmeﬁ@a /o AEofSdr @RS &ifan I ecei vi ng
first input ., data corresponding.to plurality of paranmeters defining an
option on Qﬁmﬁﬁﬁew1VW#ﬁym%§§%$;m?éE ofh wgludisg dFrEvingp st dvh 988r r espondi ng
to a- pl uratdricypoaliing W & @Niral R I0F ParanRRAJEdIINMRShE Bhtdnl R@eivRgSREGdunder | yi ng
asset ;. conggti a cornggted thegretical value (TV) of said option based
on at 1 eastPPAPR Gredgrding foraspluafly Leupe marst congiions relatigeiniteng a

bi d/ of f er wpleednl ket SBingutinglai ON based on at | east part of said first and
second input data; conputing a bid price and/or an offer price of said
option based on said corrected:TV and said bid/offer spread; providing an
out put corresponding to the bid prize and/or the offer price of said
option. In sonme exanple enbodi ments, conputing the bid price and/or the
offer price includes conputing a corrected theoretical value (CTV) of the
option as a first function of at |east sonme of the building bl ocks,
‘conmputing a bid/offer spread of the option as a second function 11 July
2006 of at |east sone of the building blocks, and conputing the bid price
and/or the offer price of the option based on the corrected TV and the
bid/offer spread. The plurality of building blocks nmay include at | east
one building block selected fromthe group including convexity, risk
reversal (RR), shift, gearing, Vega profile, and intrinsic value. There
may be a nethod for providing a bid price and/or an offer price of an

iia




option on an underlying asset, the nmethod including receivHHg.B;(ﬁ% i nput
data corresponding to a plurality of parameters defining t u[él n,
recei ving second input data corresponding to a plurality of current market
conditions relating to the wunderlying asset, conputing a 1la 11 July 2006
corrected theoretical value (CTV) of the option based on the first and
second input data, conputing a bid/offer spread of the option based on the

first and SeESiT henystieal value & i ontign Rasedl @n i fret aad dgcond ipuiof fer price
~of the opt 4an LBABAtheQbillBBeSBrAE6H BE optibY 130 ok e MkALA1 §c%£d ﬁ@{uead, and
provi di ng an out put corresponding to the bid price and/or the offer price

of the opt ¥k compitmeaibidiprics and/eranoffar piisp etthe eptionthesed oa dhersorrpatedent i on, t here

i's providedvand 1RARES @rUsrehd bndhroVitA: 38 oftp Hrrbpb g0 Wi R0 fer price
of an option _on an_ underlying asset conprising a server receiving first

i nput dat a2 tecpnprissgl the oafions| ural ity of parameters defining said option

and providing apcQiRsto éi%élﬁiséaﬁéaﬁbﬂﬁe pfegbnﬁin%ﬁioﬁ,rth&@j@ﬁ}%&’ An offer price
of said option, the server further receivi ntg secon I nput data
cor r espondPRAgYs far prayiding eybidforice apdlpr amwiiRiepriecoptier joapHen Blaat i ng to said

under | yi nguagaghs a@adco%ppi@ﬁg%ss%%p reBaPRE iRk Shutidd cSRlsfordifE G, Whi ch
conmputes, Dbased on at least part of said first and second i nput data, a
correct ed PHESYALnammetrsy drdning eaitppign andipgovidieg showpry carespendisef er spread of

sai d opti Ofa BdPridthinGbr AdtdBrice 2 MPUMRE, hOASRA ARfReSRL i ¥ciad bi d/ of fer
spread, the bid price and/or the offer PI’I ce of said option. According to

a third aspedtdaBicoprwoptiagiomn plpmli of cerent magkeleconditiprsgviatiegitogaidc onput er

based dat auileAfs 2489 iR LhAEcERRPLER A RE sad 8BSerQfwhidhe&Ripwledd first input
dat a correspondi n? to a EI ur alﬁl?teé of paraneters defining an option on an
under | yi ngPasebnt leastpart ot sablinglon sepondhigput datas acossetebbipuspiitehvglueo a plurality

of current (@mhksit saidc Ot 4naNS blaRlRE kiead O SA1 dpdtdend WHRG RAaget: conputing
a plurality of building blocks based on at |east part of said first and
second i nptAmPdige.abasesh o ek T vwd Sid/affar gprsast, (thei big) pripg andkes thepliRy a function
of a fact oprideef aieshtib® a ri sk associated with said option; conputing a bid
price and/or an offer E)r ice of said option as a function of at |east sone
of said buil di ndcHTEREY; 2 Hitd PPy ol higPressntoivtion. cBete ds poiidehg to the bid
price andédputenBased dd prdéds§ify AEhaBlothpARhd M8 stedotlrbeelbthy ikt
data corresponding to a plurality of parameters defining an option on an underlying
asset; receiving second input data corresponding to a plurality of current market
conditions relating to said underlying asset; computing a plurality of building blocks
based on at least part of 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 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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I n sone exanple enbodi ments, in conputing the bid price anq/;'r %gr price
of the option, the processor conputes a corrected t heor et i'ddMX~8%e (C1TV)
of the option as a first function of at |east sonme of the building bl ocks,
a bid/offer spread of the option as a second function of at |east sone of
the buil ding bl ocks, wherein the processor conputes the bid price and/or
offer price of the option based on the corrected TV and the bid/offer
spread. Th& semercapmply cbodimérity imepniphidakibe higypricn endicteotlat price@$ theone bui | di ng
bl ock sele [ i L Ereul rsal (RR),
G;Stﬁ)‘fL tilé @r&ésﬂﬁ C fﬂ%ﬂ%,a cg%n]aplt% QA L fdléV ) 05‘% oP@p\ﬁeas 3

shift, gearing, gga prof’i Intrinsic val ue.” Accofding to a fourth
aspect of ﬁﬁbg‘ﬁﬁtw at Iegstgomej of the bufiding bloekspz bidiofferspesad ofthpeaptmnus f or

PrOVE 0 g 8 blldondl oA Wk o bl e RlaER Alek 100 AP, RRGN under | i ng

asset, the apparatus conpri SIOg(g a server recelving frrst’in
fr

~ correspondfawputes the bisl rrica padier offfr sier afithe eption dedell o i comdcttd dptandn and
- Providing @B bidRcPibhead Ofte BREAN DG ockl aPlobiif 2040 AR e Pri e of

said option, the séerver _ . i ving second I nput data Correspondi ng
"to a pl ur ablpekselspted fromdha cromr iRduding eonwixity ois revetsalt (RRg shifi, geafink, under | yi ng

asset; andygerHNESaPhideses ated with said server, which conputes a
plurality of building bl ocks based on said first and second input data, at

| east one of saf\eFoplitg @ianigush owry obdierpyesanifinyratiom theed isarovidedsn one fact or
rel ated t OaRafiug l?o@%ﬁ)@fﬁ'ir@@%fid"‘pﬁ& sl APLHON pri@nGr M'ogébgf i Lper conputes
u

the bid price and/or the offer price of said option as nction of at
| east sone §erlEng @ssehhe @PPAsAME EeMRRFising2a stvey mopivingOBrs\\DPOB 884297

PCTI | BOL/ Odo2ddpoRiithER PHERER : : invention wll
be under st oodgpgnd %pop_r eci attfe)-gir %’ﬁé@%ﬁ%@%ﬁ%ﬁﬁ?ﬁ%@%gﬁr%&ﬁ% alc]iet ailed

descri pti ot ceryspemdingrted bichprisgiondat aropfiartreice alesint onsinn, thakesyerin 5

conj unct i ofrtMértrBectite ﬁg&ﬁrmﬂ{?)ﬁhﬂ%ogésiﬁ%%oﬁ%sto O}rﬂmﬁiﬁhéf b il | S @ Tlow

chart illustrating an overview o iod f pri'cing optirons in
accor danc eCORfiEiprsaslatip dveifernderying prectp ek e ntocenere ashdred Fitlysaid 2A- 2D ar e
sequenti al sefvleﬂ\e&h@ﬂ%ﬁhﬁu@%ﬁﬁﬁ?%@uﬂdiﬂgé B1bRE ﬁ?stefi Bg z%%iﬂ%) %%g{slaéoﬁﬁn for

calculating bid/offer prices of forelgn exchange ons in accordance
© with lo arif@Hidatai stdsast ose of yaid hyilding hiocksrhringtai forption nfit lag.ong fictora schemat i ¢

- block di agemaith lauskrRlcedRd ity IePbar acd WGk 8 @Bt L3Ptel the bid

price and/or the offer price of said option as a function of at least some of said

building blocks.
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accordance with an enbodi nent. of the present invention. atll:}E\‘Aﬁthg
DESCRI PTI ON OF A PREFERRED EMBODI MENT A preferred enbodi ne y 20 pr esent
invention is described in the context of a nodel for calculating the

mar ket ly rket price) of a foreign exchange (F opti on.

shoul d g g’gﬁ?ﬁ?. ated, however, that nodels in accor?g fcﬂ%%ﬁkﬁ t he

i nvention nmay be applied to ot her financial markets, and the invention is
not limted 20 to foreign exchange options or exotic options. One skilled

inthe art may apply t ﬁﬁMﬁrﬁF?ﬁEﬁﬁmSOp“ ons, e.g., stock
options, or other option-TiTKe Tinancral ~i1nstrunments % options on
futures, or com"rdalemm@ltm@mtlnmmﬂa'@sl@derstﬂshﬂdnmcsafethﬁl #&omghs ons on

i que to-a SligldelRd dhfadlr TRYCRE GRRIRRL M heiBatl el il 20 bed
herein beISOMOMMWIMWPWHﬁH@WW@r om a corrected theoretical
value (TV) of an ' 42 ad F ormdiliat for BRLHON-

Comput ati ons for I? eé g(r)l? ?g%t“yeg&ﬁ@u ng’%geé} er gprené ap[{):'r9 deérjl vatives
(partial der ioptions in@scordsngeovithan embodimels pf the preseafdvgption; eadi | y avail able in
the market. The C&RQEa&é‘s%%&égﬁi b et QR o BPMeiin M WERIe {11 00T
is cancelled by settin zero, trigger is bel ow the asset
rate, or to ifafcalaiteting b&d‘@ﬁ’r piigss of fowexp@n@dﬁxkopm%mﬁ%@anﬁwg) and the
change i nt hﬁn&ﬁl%fdhﬁe‘ﬁté}fth en\(glg@moh%aead of trying to assess
probabilities e nodel presente erei n enabl es assessnent of the risk
managenent  cost g 3tlhescbpmatrgﬂwloahdlammtﬂhemimpew@mﬁbwwmwwéll by a trader
in trading t aAck-Schol es nodel, which is a
pr obabi | i st i Q&"ﬁgﬁ‘{e%‘t}’ﬁ‘é&g?g?‘g%{ﬁﬁ%miﬁt%@%oOG VO 03/ 034297
PCT/ 1 B01/ 01941 of the present invention is based on determ ni ng what
corrections nust be added to the theoretical value of an option in order

to conpensate for the risk of the option in the trading book, e.g., the
option potst f ol i o DEFAIBEDDESGRIPEKEON @k PREFERREB\EMBED NTsel ected to

- achi eve the goal s, Elfe felBf eriimlett it r@s&ﬁﬁﬂv@rﬁmﬁ%c@&n@éﬂ&%e%@n@h@?ks 5 The

nodel of the present 1 nvention take Into account many factors that the
Bl ack- Schol es mmdelefor w@ulamthe oatket valuecimerkst prise) of r fereigslesehanget BX) r ansact i on

oost of re- Beddlin EAuRRBbEbR iR hoSASHLLARANISHS B ! he

re- hedgi ng eSSt exoti ¢ "option na expressed in terns
of the convekiventiop asy b@ﬁpmlhétocqﬂler Ginancigymarfiets; iandytha mveﬂ@ﬂeﬂ)wemlttﬂ@/ i.e., a

positive £ONYexi & dxbhahfioptibRUF bxdtRtiond SRRl AMER Hay apply the

present invention to other options, e.g., stock options, or other option-like financial

instruments, e.g., options on fitures, 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,

25 In the embodiment described herein below, bid/offer prices are computed from
a 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
factots include, for example, gearing (where the trigger is cancelled by setting it to

30  zero, when the trigger is below the asset rate, or to infinity, when the trigger is above
the asset rate) and the change in 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 probabilistic model, the approach
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10 noney by selling volatility (e.g., selling ATM options) en .t
volatility is higher and buying volatility when it is | omé&f}uﬁﬁztoﬂgut
taking a position. The shift of the trigger represents the probability of
an opti near the trigger at a tine close to rity of the
opti on, %Ogm%?%h point the re-hedging cost is the modt &@@ﬁg‘ﬂve and,

thus, the option is nost risky. 15 Since the trader is typically delta
hedged at  a oK Hyakesonttinventimtis baskd oms ddtérminingfwhat cdirectidns owst bepidedrio shoul d
erove the dehd feehilA% I ofaP i bRl b Alifenfhe for b AL BDHanfIACK L N
under | yi ng asset en e nar rises or se e un té@ng asset when
t he mar ket déh,eltradmgboﬁkl;le'ghﬂwmWORﬁQb@wnbnmeomkebmﬁiear dhe lkarfagterer i zed by a
growi ng delt [ ion. As the tine
of rraturlty ge%%d;tggg%éhgmetgxﬂ; 3 }%eﬁmr %%dgga%gy lglgf?‘%the trigger may
rise drastﬁ cal | y, Therrdodeh ef the presaat ipfventipe talsgst into racean Iew§aqt¢1€thﬂﬁ ®k near the
trigger. %T&H'sghdﬁ& Iﬂ&fe?%n%rgég gt I?a%to%ﬁttarﬁiolfelatetdqg ggﬁ Bloft QF feECLiON IS

al ways p05|t|ve and thus n be proper gaug express the risk.
The gearing reddingcFer exanple, as@eméeldescmbeéhpmmhd@d@gmgcqswﬂ&a&gﬁc option

because the Q)E'gxg%\{ﬁlc DF@ 1033{ | ngres\fé\écll ih teﬁﬂﬂﬁe%%m’&ﬁ %@t C{ﬂ%ﬂe%?ﬂﬂ By he

correspondi ng not knoc Ically, the
shorter the p‘tlilg)mbﬂgmvmﬂer,epowefdgvmg?ﬂﬁysntheqwerb@ktbﬁﬂdémmmfor time

Quant |1 & o ReE B e B o el e e

ur-a

d- mar ket
price and t hendpeying vaatiligpwhendit is h&y@tmwhm takmgtmp@lt@nb“am shifhef theepar at e

cal cul ati ons yaf ggrljléérg% %%@gﬁﬁﬂﬁﬁg&éﬁ? ﬁ%grthgﬁgﬁ Jat 1 BSe cﬂ!&% adj usted

m d- mar ket pri average) between the
“bid price andhetthaugy oéthespiiare at whichipoin thesrededging\cost it the nBiRsRerSYhol es  model

provi des one ferred to as theoretical md-nmarket price
or theoreti cg valtﬂ%? Ig§ %ogﬁmfcgdj usted m d-market price provided by the

present Invent i ofinceethe taster is gepicdiiidedts hedgedadf alkstontemut event, theeselBir a€& - Schol es

' [ Th 7 ted

Irc1)1r Llcﬁar ke'ltjsptrkpcgctla{-]og* (]p}lhd %&rﬁléiégﬁtgvaﬁ%(gﬁ%ﬂ%%g% ﬁ% &B@ 51%94%} eg"“%lz :s t he
corrected t héaskehé tmllerl!ﬂ% weet (T the mlatke%tiﬁeeutbrdelﬂleg thp pndeelying easett\?ﬂm since the
final outputs plgd Iagchg&g%—thet ?Jol:lyo nd'&d ¢ Pﬁacttéé‘ﬁ % %ro the bid

and offer prices, cusse use o ce as a
ref erence poidglta flispontibyityniowerds epitahien &f [thwmmpnonAwéheemyle fQSrmitt@mWenl ence and

- ey be r eﬂll a%ﬁ&oé&){esf){hg q{elt@feq{eﬁélﬂé Yool fidaP 118 "Widger may rise drastically, and the

price of the option reflects the risk near the trigger. It should be noted that the shift of

the trigger correction is always positive and thus needs to be properly gauged fo

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

25 - Vanilla option if it is not knocked out. Typically, the shorter the option, the more re-
hedging is required to account for time decay. 7

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

30 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

meodel provides one 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
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points, for exanple, a higher or |ower value corresponding H fg@ﬁ knomn
function of to the md-market price. The use of m d- narket g? g
reference for the conputations is preferred sinply because eX|st|ng

t heor etywpabpdipgel s for calculating prices of optiongersbfiRifis the Bl ack
Schol es nodel, are typically intended for 10 calculatlng theoretlcal

m d- mar ket values The bid/ offer spread, conputed accordipg to the

preferred enBBvefbmid-makeriss pEthe meesont dvertioamayaljocheafeined B #dihedgi ng

transaction eaedcfed MbRitdcRitvalud (CT9).0Ph be hfiftediidd tha)@inkd o kinatised for
corrections in the calculation of the bid/offer spread be simlar to

t hose used t QuipHp efithgmodelwpislly-maerided fio the jusss %‘éﬁ‘ﬁlﬁ’%ﬂfﬁé’ﬁﬁyﬁrﬁ‘éﬁ Al d 15 nar ket

price and t halsmsﬁuci%fefo%r th§ @2 Hidhakd: SHad 89 rdffeddd Boifil FokthOmodeNsf tRPt i ON.
However, the buildin | ocks are used with different relative weights in

the two cdl cmva@fioar@ergy s reomvenigase and gy be paslagelstysothes AT RRP oSt cel out "

cal cul ating ?Bﬁtsaﬂi’ é&éﬁlﬁﬂ dMiglrer SR VallY dofiBsporRiitie to MR IGaWRfuh&ioABf MBY have a
cumul ative effect in calculating the bid/offer spread as sgpatgate

i ndependent fRedifi Fg-Bakelspiggaihy Mey @fa%d‘fnﬁ’é‘e%ﬁ‘i“@aﬁﬁ a Jgfeyspo % an

overvi ew of . thepnsRhe s pRdrRIRRGIBBiuse E}@J’fﬁ EHe&thcIaDmEdi&b folcaldalatingt age 110
t he npdel cal cu?at es a theoretical value using a conbl#g on of known

al gorithms, &rigps ofpeptiens, Shehy piethis| Bleagk- %@H’S’I‘ é‘?d?}oéﬁl typ‘ﬁ? ly oiign I assuming

that spotip URHENIAREG heBreBEPMRI-ANKAViRN pattern. This initial TV may be
conputed in an anal éltlcal met hod or using nunerical calculations, as are

known in the art.Thenbidiofier rpreed, cumyfedsackordivg tp dhe pederied embodimamy| ary

enbodi nent b%ﬁ%u@ ¢hel ﬁskltﬁat@s 1EIRIITRY ye- R AR S tidn Lokt Snthilkd WS the Yopticadl  pri ci ng
derivatives in cases where the underlyl ng asset is_assunmed to follow a

Browni an not T8abyildingbineksused fer soprectionssin thepplgulption of the pidrofiergregymay gy i ne| ude

expiration dgtgimikt 8 ho®f ukd® Qa%ula%nthe @m&mark@ﬂﬁﬁdé HRbHuse iﬁﬂl@ﬂié thid. bi nary,
European digital, etc., strike (wh ID i cab barrier(s), spot, forward

rate to 3§ d&wrkebpgce apd therbid/effey Sﬂfﬁd apeniglated 7 ?hﬁtf‘is%ﬁffé}%f’@m el"?ft erest rates

of currenci ege b‘hﬁldﬁ%%@ks abd Aoed WiE dTRARB! relALE Weight€ Sn &@%@@ildu&ﬁﬁnsand wei ght s
to apply to the TV enerate the adjusted m d-market (grlce al so

referred to Fey @ianlpé?s%W@@feé@mvn@ﬁwwlMﬂt”tqﬂcgla@sge%ﬁ FeddBi¥odi ment, t he

bui I di ng bl ogleacet Bﬁée“%’c, e @Mﬁé(tehﬁ{s mby Rdve of EHBRLER effdcﬂﬁ]rdal&ﬁhtﬁaf\/tﬁé ue,
gearing, shift, and Vega. The corresponding corrections ma 5 11 July 2006

VO 03/ 034297 bidofier Bwqaﬂ@wmrat@ éependeat hedeing ety that ipgreass e é&%ﬁdo n, risk
reversal gorrecti ﬁf'wa# ¥ bk Bedrfiew 8 HE prefirfel ChibOdiment, referring to Fig.1, at

stage 110 the model calculates a theoretical value (TV) using a combination of known

- algorithms, e.g., 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-

25 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 process). The inputs for the TV

may include expiration date, class of the option, e.g., knock out, knock in, binary,

European digital, etc., sirike (when applicable), barrier(s), spot, forward rate to

30 delivery, volatility for the expiration date, and interest rates of currencies. Af stage

112, the model calculates corrections and weights to apply to the TV fo generate the
adjusted mid-market price, also referred to herein as corrected TV (CTV).

| In this exemplary embodiment, the building blocks include convexity, risk

reversal, intrinsic value, gearing, shift, and Vega. The corresponding corrections may
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gearing correction, shift correction, and Vega profile corr ﬁﬁﬂhgﬁ 6
descri bed below. Weights are cal cul ated for each correctl 8 sone of
the weights may be tine dependent. At stage 114, the corrections and
corres ights are applied to the 5 TV to gen corrected TV.
At staggaﬁ?ggz?ﬁe nodel cal cul ates the bid/offer sp?ga @hﬁonblnlng t he
di fferent building blocks of the bid/offer spread, e.qg., sone, base val ue,
the Vanilla @1&@/@? yde conyEHtY SerTecHpy rrﬁhwmﬂ cotestions inginsigvalle EBFFERY | ons and

wei ghts, song \eme%ﬁom'ahﬂla&r&c PRALERAERA s dabbdaitely, MY be
di fferent from ghe wel‘ghts used o co ute the corrected TV. Finally, at

stage 118, t Yecigityara palculaedsfor each porrestian Vé%eéﬁ WBI eV BB W8 rect ed TV

and the bi d/ QtfeRfiend %@tﬂ& 105, QNd BRectiBNs anll BstrdiRfGIng weidhts B apied ﬁiih@ﬂbodl ment
is denonstrated as applied to in-the-none barri er optlon§ ééwa of

exanmpl e. 15 JNot9 sfn%te élwmoareqtealt“é\ﬂ Atsiaze 13ptthe 8RR SplFvigesethe the

i nvention T8 Yoy 105 BRRhbRhe 1R Rffer® bilfiing HIRRs OF thé Bid/ofter s@fea@[étgl @ﬂmél ke
fi nanci al der| vati've known in the art.” 15 Reference is nad ‘fl gs. 2A-2D,

t aken sequentopsgl valpe, thi Vaglla blﬁléffﬂt speeafs| apd the) yagieysrcgloulatyd ﬁ‘ﬁﬁ%‘a‘s conput i ng
adj usted m dRhkelomRlof %o@ﬁgigﬁk AbPhd Bihe RERRA, ardRehichtha b%'ﬂ@ffd?@nf er prices

of a forei gn exchange (F lon, in accordance with an rrent of the
@FF@

i nvention. ~ AdtogHbeweigtis yspgjio GQ’AP“WHHEC‘PTWH&@ &V Binally, at stage Ll i ndi cat ed

at bl ock {2 B%Jﬁfc@é%é/cdnﬁﬁ&&lﬂ&n PR Yrrched iV anamtmd@&eabﬂr@d@fovtda@bﬁubJ ect
option 20 or the relevant market. Option details < nclude information

derived fromtheneodeh| Ehepreferrerppmbodimenios dpmengirpted pesnplivd 19 dnHAGMPEY condit i ons,

as vell as dehkl el bpivgof EEmAB! TiORould b&hpdcRed ket R dpPropfatpar anet er s,
whi ch nmay be spec(?g‘le ﬂ %?%e usg“rg Na?uket 15(:§\'3(r)nd|t|ons |né)Fud mar ket

i nformati on wchepgesy Ehgcipyanian Bay e prpliad to gyt ofker Jyis) EQPUSHHPS %lon"%&% wel | as

mar ket i nf or ggkicpNddhRhive Rednlih hela®, t he subject option. Exanples of market
25 condi tions include spot, volatilit forward rate and i nte est rates.

Paraneter¥ i ncl uRforerigris madeni| Rigs. 342Dk taken senpegeallyy abish sehematiGally ex pi r at i on

date(s). The;parAEhehsd fof@)‘t‘np%@chd vl MEEmARetiptl& il bididtel Preadfand he type of
option, an identification of underlyln asset, e.g., the currencies

bei ng exchan®istandapfder qurieesr of ﬁﬁ@?%ﬁ#@ﬁn%e@x {OREON, i @ocgRieIG Wit aR exanpl e,

to conpute t Qﬁlb&fn'n&ﬁ o@fthGQanﬂﬂloWsl%qutiﬁ D0tthOMputs ke BDcHdildion details
may al so include t date on which the trig IS actlvated and the date

on whi ch the mdaqa@ge?bl% 13 peedarablininelude mpgy sigai %F@F detgile e the subirgt Rtighs, e. g.
the currept of ﬁ{e‘? 16kt ﬁﬁk&%ptfoﬂﬁ%ﬁsdinélﬁfe%fon@dﬁ% i Rred\ b R Rlcvinkt Yy, may be

obtai ned from ornmation available 1n the market, as is known in the art.
The mar ket |madfemf¢r@ﬁ 19 berenb@ﬁywkqﬁnwﬁlg@% gs welhas detetls deBAE FSQREMY tr aded in

the market angetdyelor ndddih GEDahrfRrersd which may be specified by the user. Market
' conditions include market information that describes or relates to the subject option,
as well as market information not specific to the subject option. Examples of market

25  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 option. For example, to compute the price of a window kmock-out option, the

30  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 and their prices are
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11 July 2006 WO 03/034297 PCT/1B01/ 01941 avail able in di ffﬁ]rlgn]ty fﬁ ms. For
exanpl e, the inputs may be based on information taken fro glyed of
mar ket data provided by conpani es such as REUTERS, Bl oonberg, Tel erate,

etc., / rectly frombrokers, e.g., over the tg| _Block 14
06 o3 3457 ?9?&%%?%%

I ndi cat es e conputation of the theoretical value ( option 5
being priced. The algorithmfor conputing the TV may be based on

Bl ack- Schol esvailble i differant fomweFe asamle,sthd mgute fran e bysed on finferpgtiens or

si nul ati on MEAGOHSA5:@REok NS il phhfiod o coliPaiRuck 48 GEUTER, exarml e,
when conputi ng doubl € kKnock-ou options, the onputation may involve

summ ng over Biaofbergt Relesae, ietes andfro disctly frowd beokers etgh @virdlatelephopsser gence of such
infinite series, dif J$; I L G : v difsdopli@ T O

el ements of such Liéht'écrléllzsugﬁ %%% ﬁleeféﬁgﬁet?hgf%g&g‘%@c%%'{?m{ optoipoln, which is
simlar te keingpricodit Thopigonihmifort computing s Tamey kerbssedonBlagkddslespe current

spot |evel apd. o d %1]ﬁ$$m- I I 0 e series, but
yi el ds accepgg.%l e ?dgggi)@@%één a%ﬁr?l y the %ﬁg%l'%yo?&&&&e%edﬁ?gko t he series
or less are Hwrmrtedn s@wrabasuionerampleevkamcemp@ingidgublolmockspy oRtions, thhdi cat es t he
cal cul ation Lk mﬁﬁ% bl Ly Ladenated nVal thd tf 25 delta
call and put ?&?ﬁé@ggzﬁagéﬁ@,mil.&e. t g&gﬁqn&%s&%e%r_ \/\/Er]‘fq-’(:huet he delta for the
given -vol at i bonvergénse 26 syebripfinite. seffere iti inepneally \sufligiont tor pothetfhig 95 delta
call and put lvedndi 3 i A% delta
butterfl yB (S{J@gnrt\%&es)qa{ %ﬁ‘%&ﬁ&féﬁﬁgﬂ%%cc{é’?@%ﬁg°‘|%§’Bﬂ‘ﬁ’ B@IOFh%ese two val ues
that nmay be binckowieaptibn dnt hasHwo harrkest (opoaldve thsnauremsspaelerdl speéd@ne n t he
background s e v, : . | e
(butterfly) g‘?ﬁé‘l’)&%&@gﬁi S??‘e“é‘%ﬁ%@%“%‘?ﬁ%%ﬁ%ﬁﬁ@? g‘gﬁ@%é%%ts‘gé vt hose

i nputs are r eulsihk firshteaieleabiteoff theserieseir lesyanommnsd! | ne sources, as is the case

for the ATM vol af 4 i IANEH : aderivatives
of Vega i ncl udi ﬁ%‘{t{ %xeé’regég’%]n\ﬁ}gﬁ }f.%g 2o Shto ﬂéeif@gdl%gﬁg ttlgeaéggégﬂgﬁ%r{ de%@he%ﬁg{g fl ope of
Vega overisspeud wlatitityddebtedi &Y el of 25 Helta 28l andput; teapectively, ivelthe siketfee price per
convexity an ' i b BSH sed to
gauge the cogr&l(}1 gfsllf)h%ﬁdgﬁaﬁgor gmg%ﬁ\?gﬁﬁgﬁelgﬂg? 5} ﬁg%ﬁ" ?gﬂ%gtvlagt#@)‘%&e%%npari ng the
prem um (i . edsltatchlpaniruteyy bef deritral dSctlyetanethe 25 delig RR and 2§ dddtapmiéarilum of  the

25 delta str @sﬁ%llg?e).vﬁlé& 1%%60\5%5?1‘%%1@ Eé’fthés@ﬁvo%aﬁl.@ tg%/{%%'ag(ﬁggﬂ%&l fdye price of a

unit of convexity enote convexit nparing the price
bei ng pai d f ¢r nRfkedconditionsn ARRneiosaisin AENacketendrengtion sheye, ¢l 22clit e t he price

of one unjt 9\&' aﬁy ?%t‘yltg nple ﬁ?tﬁ\l&/@l&lj@g &%ﬂ?&n‘wf Tl (RSB markde afdYuStest @0€ Of the

conput ation, ere ]
for those inputs are readily available from well known online sources, as is the case
for the ATM volatility.

Block 20 indicates the calculation of derivatives of Vega including the

=

convexity of the 25 delta strangle, the slope of Vega over spot of the 25 delta risk

25 reversal, as well as the price per convexity and price per risk reversal. These
quantities may be used to gauge the coi‘responding derivatives of the gxotic 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

30  delta RR versus ATM, the model may calculate the price of one unit 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.
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- indicate

25 delta are conmputed. Next, the strikes and volatility val Lllgs f@éﬁot her
values of delta, wthin a preset range, nay be conputed. Bl B]R'
i ndicates the calculation of Vega fromthe TV used in the conputation

i ndi cat ock 20. 17 11 July 2006 WD 03/034297 P 1941 As
ﬁ@@%‘“?ﬁock 24, the strikes and volatility forp%é%‘ﬁ%?ta are
y

conputed and may be calculated directly or arranged in nenory, e.dg., in
the form of a | ooksingicattdst bleck 24pthe stikesrapdh eddatiligt for edch dellarccompiiiedat i on. The
tabl e genera | Nl o b ' i el w B St bigsANd
volatility s%‘ﬁﬂﬁ%%@@%figp%ﬂ?? 15&@}6#&2& %e@gﬁ’ '}s%\l’relﬁ@ééi}g r.na%D be lIlp:cj)loked up in
the table. Thiblealfeyoreferdnng fatar iy dire camputation. hiThe |tehbk senerated hndicates [tBey  ref erred
to as volati|] ' Jausd L1S | ingekah biveelaw fol | ow ng
the descri le%i)réln%l ‘It):egwn%gtﬂlﬁn%ﬁtg%;eld B‘?I%l{gﬁaf%?%ggv%r }I%gs. ‘%ﬁe novel

vol atility smiay&e lcalijduptinthettables c Beeralgonthnfon cweratiag tbis lagkwn tabltealp esent

| nvention is ngfeqld g { Gt smiﬁ%g?a% | Qe dRfibed 4 ikt %&W,?%wir@%@?sc” bed
herein; rather, thrs novel” mechanismhas a to general applicability and may
al so be used désadiive nefesrnipptifgothe diid ahdioffgr priess.ni the nevek ealatihipy swilof Vanil | a
options. Refegri 1.0 ' : LS 1Al ©

~cal cul ated fgéﬁ%uﬂ%tq%%%%gjka?cc%%lf%ﬁﬁhg%Fﬁ%}l{:gﬁ%&aﬂ% %lﬁépﬁ 35. The
corrections apmputhtionplekotic eptipescasidesstiyed hergin; fadiet, Signovel grechamisshasir r ect i on at
bl ock 38;ri I t | | i e nfal ue

correcti olrtl) a?éﬁfag\égﬁl%%lmgce%??ﬁa 'agégrhr%e%stg'{l %ﬁ%ﬂéﬁﬂgiﬁﬂ %; shift 1correct I on

at bl ock 42; markdt prisgal Yandedptionsor recti on at bl ock 36. It shoul d be noted by
one skilled int t oA ogh t car ARSI B uRedYSask i 0 the
conput ati on of thlg&ergﬁo% ?fyevg?oe%g%"gﬂﬁgeﬁcgﬁlgf%lgﬁeisggggead, gﬁd gﬁ%m | arly not

al | of the coartiatdrioptian, by indiesdedrnb blotk2. Tbe donsstions arg denptysy engetvelyal uabl e
results for rti.C : Wele ol ' sy hktfae exenpl ary
enbodi nment dgss(?:oﬁif)%g'# herXI e E&lﬁéégo%%m?gg ic%’rﬁ’egﬁga*seg‘%%il oms?lorl(z_%)&%onv’exi ty
correcti o =indmsiceselug worrechon atbjoClo M rdring porrgetign atiblokk p&vkifisatrectiel rect i on =
(dVega/ dSpot ) * ' I LA c i =d hAhd NSi ¢ val ue
(d) Gearing é%?lgéﬂc%%g@&e%#%{l}g%ﬁcg@ %\)%%!)I({(L)%ﬁ c? éh%tl?ibg'ﬁgtg \Aﬁerei n Ratio is
a function dekilewdiaribe ah ttahalditandl coixstionsaray Tog(Wsechinl theyonprtgtionrsf(thsot i ¢), for

\e/z( an : & a;" 1 ch %é)?%m aﬁgg{d@ffmss%ﬁd, LYY AT ol ) dr ¥cErtibns JidtbPhendin | f
S ' need be used to produce valuable results for a particular option. The corrections used
20 in the exemplary embodiment described herein may be defined as follows:
{a) Convexity correction = convexity * Price(Convexity)
{b) Risk reversal correction = (dVepa/dSpot)* Price(RR)
(¢) Intrinsic value correction = intrinsic value
(d) Gearing correction = (TV(Vanilla)-TV({exotic))*Ratio
25 wherein Ratio is a function dependent on the ratio between TV(Vanilla) and
TV{(exotic), for example, as follows: ‘
Ratio= sqrt [(TV(Vanilla)/TV{exotic))/8.5] if V(Vanilla)/TV(exotic)<=8.3
and Ratio=exp(~(TV(Vanilla)/TV{exotic)-8.5)/80) otherwise.
(e) Shift correction is a function of the change in the TV when the barrier is
30 shifted and the change in TV when the expiration is shifted. The following
| formula rhay be used:
Shift= abs(TV{(exotic with barrier B and expiration t) - TV(exotic with barrier B’
and expiration t))
wherein [B’-KYB’ =1.05% |B-K|/B and t’=t+1day.

18




and Rati o=exp(-(TV(Vanilla)/TV(exotic)-8.5)/80) otherw se. iﬁh ?:Bb%t
correction is a function of the change in the TV when the B o s 30
shifted and the change in TV when the expiration is shifted. The follow ng
f or mul used: Shift= abs(TV(exotic with barri Xpiration t)
- TV( e%??%m}va\??h barrier B and expiration t')) Me?gr&(ﬁ@%—“ﬁl B' =1.05*
1B-KIB and t' =t+l day. 18 11 July 2006 WO 03/034297 PCT/1B01/01941 (f) Vega
Profile correct (fNegadPrefilé enmettion s sofunation ofibnbalipger of fheVigga afdhpexetic t he exotic
option as a funglian,qf &, inlsByeRP Yk BbinSPRle VABL Bictite The Vega
Profile cor rectsﬁgﬂc?%%a%aﬁlnécl ?i} gfgtﬂ% F%)(ES%%’D% Sof6 thlgoegelaa as \ngf unction of the
spot. The Vega cqreofidn quagifics the shape of ey etreasadietipn petle net- Ihe Vegs, provi di ng
different aspec f t; 68 ditiGrent BEPERL Yendrof il e 1,
Profile2, and P}’%Pﬁcg%&%imliﬁg?%gﬁ%%eg@ﬁg @%?P‘Eel go ' tﬁne exotic option and B
~as the trisgger ¢liape ofithy Yego profilermamshyoPioflebFrofie?; arpdadfiledel =Smi | e(K) +
Smle(B) * (Vega(egxgt:lEw- Vanj L bboa bhd K6s tH sgad¥anilla with
strike B) 10 2. P?O?Hl%% a%/g*{ggtélt}{ég?f#%]gx&%yﬁ't}oe%ﬁ? ca’?i ng %hre(\gVegrg of the
~exotic option with,thepxoticeptionpl e, three Vanilla options with strikes K,

krin, and B, at  spobaRRigHifec 8 ngﬁm(géaqge@&ﬁg@o;mgwmaywiﬂmé epl i cat i on

is perfornmed by | o0king ners p, or which the follow ng
equation is satisfKpdVega(Vaoilla withotikpB)nts, S, Snmin and the barrier, B): 15
Vega(exotjc at spat 7 id feblicid 4 b Koti@bptRRWithX) +

g* Vega( Vair?i lla w ?hpé%ﬂrelzl?gde ?ngiﬁé&/ t*eéié%%%wﬁ%*w%%vém‘? | a VlVI th strike

B, at spot X) wher efon exemplesthrgnyamillagoption, withesitieen &, Kmiy, and B, pkspAbt ed t hat
(Vega(exotic at spoj,.B) d ePRlRBId:AG APbdr@ined2t t €r m nat es
at spot B. In the a %u\?_lé %?ﬁ?%é’qﬁg‘g&gﬂ?ﬁaﬁhﬁh sﬁ ke ?K, S_&at spot X)
refers to the cal clebking dor nomberb@, egad offor which kg fAllawiap tHEAHCRES spot X

using the volatility.mhi o L gke through the
USing, the volat !l Uil oS pESRY) It a R BaR B g

15 " Vega(exotic at spot X) = p¥Vega(Vanilla with strike K, at spot X) +
q*Vega(Vanilla with strike Kmin, at spot X) + r*Vega(Vanilla with strike
B, at spot X)

wherein X = S, Smin, and B, sequentially.

It is noted that (Vega(exotic at spot B) is equal to zero because the option
20 terminates at spot B.

In the above equations, Vega(Vanilla with strike K, at spot X) refers to the

calculation of the Vega of the vanilla option at spot X using the volatility

which corresponds to the strike through the Volatility Smile, i.e., find

Smile(X), then find the volatility VoIK such thatTV(vanilla with strike X,

25 - volatility VolK) = TV(Vanilla with strike K and ATM volatility) +
Smile(K), then, using VoK, find Vega (Vanilla with strike Krand volatility
VoIK)

The numbers p, q, and r, are obtained by solving the three equations with
three unknowns above. Accordingly:
30 Profile2=p*Smile(X) + q* Smile(Kmin) + r*Smile(B)
3. Profile3= Smile(Kmin)*Ratio{Vega (Smin)/Vega (Kmin))
Afier calculated Profilel, Profile2 and Profile3, the following formula may be
applied:
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Smle(K), then find the volatility VO K such thatTV(vaniIIgtlvjzi‘tl‘%Q?grike K,
25 volatility VolK) = TV(Vanilla with strike k and ATM vol at'i'Pth
Smle(K), then, using VolK, find Vega (Vanilla with strike K and volatility

VoI K) ﬁ%o@/ﬂﬁ?ﬁrs p, d, and r, are obtained by solvi %gghﬂﬁ E%ﬁee equatlons

ree unknowns above. Accordingly: 30 Profile2
Smle(Kmn) + r*Smle(B) 3. Profile3= SmlegKmn*Ratlo( %(Smn)/Vega
(Knin)) After cafletalP Progipionue) (RO ] 5iFaotiplop S Efilend) b | owi ng

formula may be applhes: an&?ot%ﬁ'wh‘}ﬁ Ogtgg@ SO 03/034297 PCT/ 1 BO1/ 01941
Total Profile = m nimum ( Pt ouch) go 115*Profil el +0. 55*Profile2),0) if

Prof || e3<0, and YberainPioys (ﬂ)esthmohsbl jraffoyehing theirigees PHrdEme t) is the

probability of tw&mg@@rdflibecoheaﬁﬂ% ﬂemob%aﬁleahmusws The Vega Profile
correction may then be obtained ¥ Profile correction =

Maxi mun( Tét al Pr oNVegackroffie egrieption)= Mm@nu@@ﬁ(a@rqﬁé%tl’yo%lﬁ m(hﬁﬁ?(?ﬂ-{% Dbrofile,
Proflle3) if Pr OMﬁﬁﬁnﬁ?lg) % 1@5 Airdties@h@ction = 0 otherwise. In this
In

enbodi ment, there I1s a ock corr espondi ng to each correction
i ndi cated by bl oé’ﬂ&ﬁ&ﬁﬁlﬁ@m@h@l‘b@lpﬁ@ww& bl ocks and ot her val ues needed to

compute 1o the ogiieaiiind i 1aoRMIAR bofookRlRndietandhaatont bl ocks

16-24 of Fig. 2A, using option parameters and market conditions. Convexity

i s defined aindipoisgay 34-4py Wh@b@%é@kwd pther yalue esledfa cOBHHE of the 25

~delta cal o ang BHEMANd baRedddH thePhues Bbtbrdinh iEBlolRY 1808 oPBE LR, fubig and di vi ded
by the dVega/dVol of the 25 delta strangle. Risk Reversal is_defined as

dVega/ dSpot . omigcragaRiers and; markejycondidansye gamisting ifedefined; a5 daep/dVela) | and put
Vanilla opti ?’Pée(ﬁbﬁv&:&zt?) is&hb Q%rggsl%gﬂ%pmé Zg'db’l'téj@cﬁil m&mﬁnym of the 25

delta Ri sk Reversal ntrinsic valUe Is di stance between a_  gi ven

trigger val gultiphef bhibe b@Wﬂ’ééaﬂdrbelﬁlﬁélﬁth@deﬁﬁa/ﬂH@l ‘lfrw‘g%;%@elt@éﬁw € Gearing is
e 0111 oA LR AR AR oC I RIPB OB gs Ycker g xon 11 gger

and a correspon Vani optTon wth e sanme strik 11/gexotlc) is the

theoreticHl delfarall @nd P &aniflp gptnm maliphid by Rpendbdivided Wafl‘éee R by the
Bl ack- Schol eg¢ fRY8 lieiia RYISMB brsdl 2 Ynrbimic VaBre i 16OHiSEAE BLtwkd] 4/Gven trigger

value and the strike, normalized by the trigger valve. Gearing is the difference in

price between the exotic option with the given trigger and a corresponding Vanilla

option with the same strike. TV{exofic) is the theoretical value of the original exotic

20  option as calculated by the Black-Scholes model. T¥{Vanilla) is the theoretical value

of the corresponding Vanilla option, i.e. the option with the same parameters except

for the triggers. Ratio(TV(exotic)/TV(Vanilla)) is the ratio between TV(exotic) and

TV(Vanilla) subject to a cut-off when the ratio exceeds a predetermined value; for

example, a value between 6 and 12.

- 25 The gearing correction is proportional to the difference and ratio between the

theoretical values of the exotic option and a Vanilla option with the same parameters.

For each exotic option with a strike, there is a corresponding Vanilla option. For

example, a knock-out option has a trigger or barrier. A Vanilla option corresponding

to this exotic option will have the same maturity time, spot, sirike, etc. but no barrier.

30 Since adding a knock out barrier limits the validity of the option, e.g., it is possible

that the exotic option knocks out (i.¢., terminates) while the corresponding Vanilla

option ends up in the money, the exotic option would generally be less expensive than

the corresponding Vanilla option. The gearing correction depends on the ratio and
difference between the TV of the Vanilla option and the TV of the exotic option.
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of the corresponding Vanilla option, i.e. the option with th?
parameters except for the triggers. Ratio(TV(exotic)/TV( vahi Pﬁ’%ﬁl s the
rati o between TV(exotic) and TV(Vanilla) subject to a cut-off when the
ratio &S predet erm ned val ue; for exanple, ween 6 and
12. 25% @iaf’. ng correction is proportional to the P@F#@ isﬁie and ratio
between the theoretical values of the exotic option and a Vanilla option
with the sane par'ﬂivfﬂhﬂ’r@rrecﬂ'egrls eambtlcmoéthvmﬂbﬁcwgmméwswh@%e there is a
corr espondi ng( éni's sl’n% @%ﬂi . in DY Sthe @x&ﬁ%kmgfﬁhe@p’fﬁeoéﬁlﬁ"as a
trigger or i'on corresporidi ng his exotic option
will have theomtlm HRettotion wythenéqr epuple, sher magimuet of thesg ™o vRlEssri er . 30

Si nce adding on, e.g.

it Is possi bI‘Aﬁ‘t Ilﬁ?ﬁ?u‘%ptﬁﬁﬁnexoﬁ gt’%%% %ﬂdﬁn&éﬁ% sa‘}(iidt]}gé ?‘){e ﬁlfsﬁmg}n?ﬁp%%t es) whi | e
the corr espordipugedandbiftieg tho piggersodimd thelipirinsic valte inmsespsed e cesan i ¢ opti on
woul d gener al Lxc&%t I g%s g}é ﬁ,slin\ﬁed&e&ﬁ'ﬂm t e S QARE .dj%ﬁhlr\ﬂe Yanirhd a option.
The gearing corre d s on the rdatiro an erence between the TV
of the Vani | seonpvalenmat QOh@uﬂ’d/bbShlﬁlb@ﬂJéﬁmﬂa@mbb% |f@rr¢xalmée, Pie dayk y 2006 WD
03/ 034297 PCJ, St “hg}gf wo val ues:
the change i nAJT%Q%%I%:h# C-EQ“%F Tt%%ﬁﬂgﬁclﬁ {oflln is3 ngeaé Eﬂﬁg&sgl%lt% TV when

t he expi r at i ofitheghesretital wetue (HO 0§ ﬁlefOPfIOIt:RrFGF ét@ha@gﬁsflluﬁét‘fll%ﬂ apd  for

exanpl e, # @}é{ m of these two values. Alternatively the function maybe
the sumo val ues. The first value may be 5 conPut ed by shifting
the trigger so t h'HIe Yépe profile porspitonuraquires pi@fﬂﬁﬁ&@&ﬁ@(ﬁfﬁhﬁ}e ar theMeaa n

percent age, per gen u e in the
. e secail] regRolf B8 po Mt SR Ao pby b o Ry For
exanpl e, one fadlying faﬂets d@ge(&n"m Hegat(KeingTeah Gesile(Rmipy. Swif) ixtheorrect i on
i's a measure I (viM} o®f the
option price t% Bﬂﬁ%%glg& é}itg}ﬁ{;éa%’%rsé% ger vaqk%gls 16 &a&e\‘@(ﬂ&ﬁrﬁavt | oni3 The Vega
profile ctrrdegi.oln Qt@qmortbssmlhair the muminping ﬂtﬂh&%ﬁéﬂiel egotpfoptipleWile ga Wi t h

respect to t t I h
fol | ow ng fag‘% }&gg %e@upl’\@%p%ﬁﬁ ggigz\%%m%m%f%%lrﬁ e l%ﬂ(lﬁi\r;gg: (tSmen)
i s the Vega SofilefRmenkbiartie ewilecidiustowntate.aths pdjestmeiiof thwmice qu ?J etillees the

m ni mum val us t?on i?hv Kihfd, ]%Mﬂ ay\tﬁg&?%puté%lpgfk\/fglﬂ%tr%e Pafiih of the Vega

of the exotic opt on w respec IS the Vega of
the Vanilla option w Shinst Kinke', (cMrthorward rate)/(current spot rate)

20  Thus, Kmin is the sirike that yields a forward rate of Smin at current interest rates.

The volatility of the option may be determined by finding, in the look-up
table, denoted by block 30, the volatility for the computed striké, i.e. Kmin. It should
be appreciated by persons skilled in the art that characterization of the Vega profile
with respect to the spot may also be performed using other suitable parameters, for

- 25  example, in certain cases, instead of using one strike value (e.g., Kmin), as described
above, more than one strike value may be used to approximate the Vega profile.

Once the above-described corrections are computed, they are added tothe TV,
either directly or with some restrictions, using time dependent weights as described in
detail below, producing the total corrected TV. The weights of the corrections

30  generally reflect the risk involved in each correction, For example, some of the
corrections, e.g., the gearing correction, have an enhanced influence close to the
maturity of the option, but very small influence when the option is far from maturity.

Other corrections, e.g., the convexity correction, have less of an influence close to the
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Smle(Kmn) is the smle adjustnent, i.e., the adjustnent 3f ]tllg%[oﬁrice of a
Vanilla option, with a strike Kmin. Kmin my be conputed il @

foll owi ng equation: Smin = Kmin * (current Forward rate)/(current spot
rate) Kmnis the strike that yields a for f Smn at
currenf‘g?-rb;%}%ra?éggt rates. The volatility of the opti\gﬁarir%}&)q}'ﬁg%id)et erm ned by
finding, in the look-up table, denoted by block 30, the volatility for the
conput ed st r imabyity. . Brerefore the weightslaougederalbetatigest o cidiistder hyspeeifisdfis skilled in
the art that gharact, -rn{aﬁz?ih’b%ﬁ‘a{vﬁ:frof‘éﬁ@h REgbid e wth respect to the spot
may al so be pertormnmed using other suitable paraneters, for 25 exanple, in
certain cases, i nBteeudivafondwiaddnpeigied dorectivnd toghe(1d/, i accqiangg Witths descri bed
above, more A, B gall okl ol S TBiRRn 3 E hAnBRREA KOS Guch e Vega

profile. Oncet scribed correctibdns are conputed, they are added
to the TV5 dictBlack-Sthelec mbdel gndevgstitate therprobakilityi of reaghisg 2 fisaef levehe dependent
‘weights as d ks [ - A I g}dﬁé- tehie, ERt@bckCAlNigct ed TV.
The wei ghts g@&% ?&l%ggr@a&rﬁfgﬁgh%gﬁg@%g}w rel%m?%ct tlﬁe_l'?él)csk ir%vol ved in
each cor r ect igomrallpbighentizamtiabanticipated wyfthe Bleck-Ssbelesiomidn his is pgrt of thte geari ng

correction, p@‘g@ @ptq%{yglga%ﬁ?%gjﬁ{;gefl ty\i%%fgmcdvﬂp%ﬂé R ﬁl&ﬁﬂt?’ 'B?JoH&i Liyd the

option, but ver ma the option Is far fromnmaturity.
Ct her cor r ecévoinThis typg of adjusimenioway g Parjicwslyvaloatlowhenisalpdating psces Pl an

i nfluence;cl age it.0u+ %}:ﬁ:iogsl \7vle ?1 %‘iﬁ’ﬁ“ﬁ*’h&%% l}%?%éﬁ@s%ﬁaiﬁ’ﬁ%ﬁt%é G941

maturity. Therefore the ts are gen y tallored’to adjust for the
speci fic ri shouchesithelbsrrier,me-t o- mat urity behavi or of each of the corrections.

The moti vation for AqdhnguehohiRdnGal IGGA 88 Dpfichs! (180 Biied! Revdisgor dance

with the invention, is partly base e reallzation by the inventors
that nodel s Kmotk aw opSonsheheB|veeightsSeshd [farstheroeraputation &f dhet sonaeted (Ve
probability eaghi : Level: frbRn t tddhdidsYihé S 1 Ong. In
reality, thegﬁls%?gg?ﬁ%gfgg%?&%é@@%mﬁﬁoﬁ igﬁgﬁ(t?rn?os glelrg tally hisgher t han t hat
antici patsd imnctdepeniinhwkiglsdbrobrestibrofoingtoa arcFhiolowss part of the reason for

t he decay of nost~of ) W i f1o- mat urity beyond a certain
Gt afestent Ty

| evel . This type o J us rticularly val uabl e when
cal cul ating pri cewshafinio? iftohd~ Mish!2 gpd Loh€t-1V/12)812/11 opeivases where t he

ci'255 of 1t he. mindy hs Rt} oidrdEoRPRbe AUERGRT IRIBMENAL. ok out
options) the>wsght s Uéelbtlicorise; ml conput ati on of the corrected TV,
| 20 LT = 2%sqrt(f) ift<0.25, and LT=1 otherwise.
Ch = 0.6* IT* sqri(t) * exp(-t*T1/2))*(1-Ptouch(t/L))
wherein L is as defined above.
Ce=0
Cd = 0.045* minimum(1, 4.5* exp(-12t) +exp(-1)) '
25 Ce=10,135*+0.1125 if t<1, and 0.2475 otherwise
' Cf = (0.5+exp(-2* II*)*(1- exp(-2* IT*H)) |
wherein Ptouch(t) is the probability of touching the trigger prior to time t, denoted in

years (E.g. for one year t=1.)
As indicated at blocks 46 and 50, following the computation of the corrections
30  and weights for a given option, the corrected TV (CTV), i.e., the adjusted mid-market
price, may be computed using all the blocks. In combining the building blocks of the
invention, several issues should be addressed. First, the Risk Reversal correction and
| the Convexity correction are local in the sense that they relate to the near vicinity of

the spot range, whereas the Vega Profile correction is a global correction, ie., the
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wherein Ca denotes the tinme-dependent weight for correction (al), Cb denot es
the 15 time-dependent weight for correction (b), etc., ar d 1duly280% ows:
Ca=0. 61* exp(-0.4*t)* (1-Ptouch(t/L) * WLT wherein L= 2 if t>l, L=1if
t<1/12 0%8{3 =71+(t-1/ 12)* 12/ 11 otherwi se; W= (0.5+0.5*(25Delta

but t er f17- ’?}3/ 25Del ta butterfly if 25Delta butter FOYBULEYE gy

otherwi se; and 20 LT = 2*sqrt(t) if t<0.25, and LT=1 otherwise. Cb = 0.6*
'11* sqrt(t) ‘comecti¢n fakds ift@ hgchuit il Vega lof thedeXgtic opdiey iianrelhtively wide shef i ned above.

Cc=0 Cd = 0.045* mini.oum( 1,.4.5* exp(- +e =1 = .

0. 195+ (50, 11354 P 4SSN Bk 5 o3 oG bt ke (SR Vit o e ARy )1 1.
exp(-2* |1 *t ajreadin ettleh ninidt ansodnf ti) ths RisheR¢veniladnriettion afd theuwhverily t he tri gger
prior to tine t, .denqted in r . for .on ear..t.=l.) As.indicated at
bl ooks. 46 andossto BArEEro s Rtanb il oRuf ok SRodrdby e 30 00

wei ghts far afthe v offifeippofile s ldetemtnedactesanblé\d defdiv)Vanilla eptjons then thelj ust ed

m d- mar ket i C be co ed usin | I the .bl.ocks ...l ofbi ni ng the
buil ding bl olegs Eiefilemedtian el s ,mt%%%‘g‘éﬁ'eisg’é@e“‘%'“?ﬁ‘%|°§ el VESIEPL 0L 0
First, the Riask tiieafare saltling drer Rick Rewrrsalndrredtioe aicb@asrxityyconentior ctuldn are | ocal

in the sense that th rel.ate t.o t near_vigcinjt . range,
wher oas. ¢ e RO THIGRY Bl o iy b e SR s tsodliom lf, B8l TR,
July 2006 WOtRRiEERABréalsotéxtibCTnd BOCHHEEY lcorarive afeilipeartimthe 25 Deliw account

t he Vega of e exoti tign in a relatively.w.de s |n a certain
area of t e 330w Sy Bidites % Raboingne Pl WhRsE BosntS Yegt ) & F<

al ready t akerPrdfild corgettonushbulil rindhikie igihsk orfiavderisativescandr shotld cemewadhe¢ he
convexity corre

tion and.vice.,versa and,..theregfare | i ions shoul d be
oo St Eor MabrBhL pOlond B 14 Gl BRpRR it P T K Smnsdl{ Rk SRR S ©
resenbl e a cdbohkity Yarectidna Thipd, i iorspmé kasas, tihe Gedving aoPeatibn lasd therShétt i on may
take into accounf. the Sm | adj ust t. of that .Vanilla r ef ore,
addi ng the Ricgrﬁecm?‘ysoggﬁagzl?cr et eﬁﬁgﬁﬂm&?ﬂ\%@ﬂilﬁ R tehg% ?kg%r' %@%I d

15 may happen particularly in the vicinity of the spot, where both these corrections tend

to maximize.
Taking the above considerations into account, the following mechanism may
~ beused to combine the building blocks, wherein building block are added one by one.
For this process, the following corrections are defined:
© 20 a- Convexity correction
b- Risk Reversal correction
c- Intrinsic value correction

d- Gearing correction

[}

e- Shift correction

25 f-

Vega Profile correction

1. Combining the Risk Reversal correction with the Vega profile correction:
If Risk Reversal correction>=(0 and Vega profile correction<=0 then
Correctionl = Cb*b+ Cf*f
30  Otherwise
Correctionl=exp(-3/2* IT*f) * LLT * maximum(Cb*b, Cf¥f) + minimum(Cb*b, Cf*1)
wherein LLT= 4%t if t<0.25, and LLT=1 otherwise.

2. Combining Correction] with the Convexity correction:
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result in double counting, in view of the smle adjustnent :Ii {1%@ gm used.
Second, the Ri sk Reversal correction and the Convexity corlt dBWi<R0 ar e
linear in the 25 Delta RR and butterfly. In addition to renoving the

l'i near i {y dsi %p,ese factors, the Vega Profile correcltj;%&t}) Id i ncl ude
g

hi gher or er erivatives and should remove the Iinea 4Ilong as it is
conbi ned properly with the Ri sk Reversal Correction and Convexity
correction. Tflentfexit)ncosr@cpﬁenﬁmté&mcﬁml@,a;hdnng correction and the Shift

correction n%[tf‘%%%{l(ﬁﬁgt_%e/n@&a%ﬁ tlb'f@kls"'/" VSEL in ending up near the

trigger. This arti’cu eV|C|n|ty of the spot, where
both these corréoWC@@ﬁ%@hd?%f(@lM@il%lz@enﬁaﬁkl ng the above consi derations

into account g [:f@/\d_ ‘ S orrbl ne the buil ding
bl ocks, wher el liﬁgh lﬁ(gl (s E?o &g?@ a@cﬁﬂ?{tgﬂ d;/sggtgtl or this process, the
fol | owi ng Scorreéilghﬁuﬁ)fﬁ?é%@éﬂ%ﬁbﬂﬂ)?@/mwewm y correction Risk Reversal
correction Ig&édﬂ%{“ﬁ%ﬁﬁ’%@ﬁw@@ CGearing correction Shift correction

Vega Profile correc the Ri sk Reversal correction with the
Vega profi | e IE droneexityRatio> LowCROHK) .feener sal correcti on=0 and Vega profile

%Sﬁ Fecti onl &un( BPOMEE | O ntnles | o AOFQSEiRats Lo
Cf *f) yvhereimwgufﬂﬁ(W@ghﬂum)QEW@ﬁéff(DDT =1 ot herwise. 2. Combi ni ng
Correctio %EP?JB@ %Q&%ﬁéd%d@&'} RG> Qhen%’?&éFaQtHH’ 2006 WO 03/ 034297

19 nvexit y

PCT/ 1 BA/ correction< rrectionl <0, then: set
LowCut OF f (t) IECesxekity qorrection?) and Opdreti@fif0,thenPyefilgFactot =l. and LowCut OF f =

i P LSRR GHEL) 165 11112
4, Combining Correction2 with the Shift correction and the Gearing correction:
15 Set Fshift=0 if Ce*e=<0.07%, Fshift=1 if Ce*e>=0.09%, and
Fshift=(Ce*e-0.07%)/0.02% otherwise.
Set Fgearing=0 if Cd*d=<0.07%, Fgearing=1 if Cd*d >=0.09%, and
Fgearing=(Cd*d-0.07%)/0.02% otherwise.
Feombine(t) = 0 if t=<0.019, Fcombine() = (1-0.019)/(0.0641) if 0.019=<t<=1/12,
20 Fcombine(t) = 1 if 1/12=<t=<0.41 , Fcombine(t) = 1-(t-0.41)/(0.59) if 0.41=< t<=1,
and Fcombine(t) = 0 otherwise.
Correction3 = Correction2+ Ce*e + Cd*d — Ptouch * (Ce*e + Cd*d - (0.16%+0.05%
* minimum (t,1))* Fshift * Fgearing * Fcombine(t)
Finally, Total Correction=Correction3, and:
.25 CTV =TV+ Total Correction
wherein TV is the theoretical value.

Refetring now to Fig. 2C, the bid/offer spread may be computed based on the
same set of corrections along with a different set of weights, some of which may be
time dependent. These new weights may be functions of the underlying cotrections.

30  Using the newly calculated weights, the corrections are summed, yielding the bid-
offer spread. Block 52 indicates computing the new weights, blocks 54-64 indicate the
corrections for computing the sum, block 66 indicates summing of the weighted
corrections, and block 68 indicated computing the bid/offer spread.

24




5 H ghCut O f =18%+29% (t -1/ 12)*12/ 11 otherw se. Set Convexit Ralti = Ca*a
| TV(exotic). |If ConvexityRatio> LowCutOff(t) , then set Pr 6“‘4‘ e‘élzﬁ(&q or =
ann(? 5, 1-0. 5*]£Convexi tyRatio LowCutOFf(t))/(H ghCutOFf(t) -

o] t .10 If Convexity correction<O and Conectionl >0, then
Profil &3&’%&%&9:71. I f Convexity correction>0 and Cor?gg‘{l?%ﬁ19fL0, t hen
Profil eFactor =1. Finally, Correction2= ProfileFactor * Correction) + a*Ca
4. Combi ni ng Coné€liei Wdraffan spinad bifthShiotit opthonr ezt lapendaaish enhibe biditeng

correction: 15 Set Fshift=Q. if *e=<0. 079 izl L Cerex=0.09% and

B £ o Cor o T8 o SRt atink e Sply ATHE clinehl e, bngfiieCaR, 007

Egeﬁtr) i ng(:éL) i Epr(é)‘zdfc;f angﬁbgﬁggﬁonweﬁf@@néraiy:ﬁimﬂh@wﬁw orePvedager wi se.

conbi ne = 0.0 f.t-<0. Ec L ne = -0 O\ '

Q 019=<t <=1/ Y2HIa " B erﬁ%? tf$°%£ 055"."#‘{ i‘? fz@ig*’f %Q%‘?ﬁﬁ&‘?)’@g%ﬁ%%(t) =

é;) (t- Oi _4_1)5g ( ATBAV anifla)Dordigher. Thsrdfore, thertid/etiondpiaad of the ATH! Banilraptiere. _
rrection3 = rreciiong+ *e. + ¥ ch * [(Le* x

(0. 169%-0. 05%“1_34(’:%&‘}%? n?ﬁ?s?(‘:’%ﬁ*nﬁgﬁ}‘f‘iﬁe; E@f‘é’%a@fnﬁa éaiéc%otﬁr%%??‘g Final Iy,

Tot al Oﬁr r ec einbmiaGentr B chaubht®, apareciated, 26weEY, that Tther Tujeble fictory max bon  wherein

TV is the theoretical val e I LG . ' ffer spread

may be corrpuf"%‘ﬁ'(ﬁl %g‘g@ notﬁotjﬁ'gea%sotgﬁn% \éag?lagfdﬁéffg?rs;grg i%ﬁosgn glatgﬁéﬁ’é vml%(ﬂ a P

di ff-ﬁr ent setgaloé fovethe Mhidioffes epreadofalontatioh inregeoidence t withethe dpvenichanifhe These new.

wei ghts npy be functions o h nder | vin 0 ' j t he new

cal cul ate V\é‘?nlfl’ﬂ]%g,tta‘f‘tﬂ'@H%%frber’%Sg%ngenag%é’rs%ﬁsggn@e%&sﬁdgiﬁ%i%ﬁg&?ﬁgw blg%- of fer d

spread. Bl ocKebbddrigiongbe sifienttliling blobles maevbenssed) fiarshe bif/ofkspBad 64 i ndi cat e

the correcti f ti ng. I Wele ' f th
ot gt od © cortBRTRhSSa d habnfs Skl B, BhauRn BRI 00 O the
tsEr_ead. 24 11yp_5u|1§he2>6ﬂ§ntiﬂl§, g@ﬁl?ﬂd@@:7th9@ﬁmpmibb®fghblbiﬂoﬁertﬁpc¢ﬁd}faffﬂer spread of
- the exotic option,nay.. ) L.df:0f 1 .
Snd{?gﬁfllwéﬁ%gﬁgs fo%o%%’. c%ﬂve&?f écnlltr&{lgg 2 bloclc BS el‘?s‘li lgifcréahe

correspondin oh 1n the cu mar ket  conditions. The
' 15  correction at block 64; intrinsic value correction at block 60; gearing correction at

block 54; shift correction at block 62; and Vega Profile correction (also refetred to as

“Vega correction” for short) at block 56.
Since the bid/offer spread is related to the risk/transaction cost of re-hedging,
the corrections have similar properties as those used for the adjusted mid-market
- 20 price. However the different corrections are added in the bid/offer spread calculation
with absolute values because the transaction costs involved in re-hedging the different
parameters are generally independent. For example, an option may have a positive
convexity, which lowers the price, and a negative risk reversal, which raises the price,
causing an over-all small change in the CTV. However, hedging the convexity is
25  independent of hedging the risk reversal and, therefore, these two corrections result in
 a wider bid/offer spread. In this regard, the “double counting” considerations
discussed above should be taken into account in calculating the Total Correction. The
- weights applied to the corrections are denoted Sa, Sb, Sc, Sd, Se, and Sf, respectively.
These weights are calculated as follows:
.30 Sa=1/1.55
‘ Sb=0.2
‘Sc = minimum(1,(1-TV(exotic)/TV(Vanilla))/C.15)
Sd=0.018 * exp(-t)
Se = 0.45%exp(-1.6t)
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spread of an exotic option per Vega is generally w der than that of the
corresponding Vanilla, for exanple, by a factor of about 11 duly Q%Qa of
the exotic)/(Vega of the 5 ATM Vanilla), or higher. Therefore, the

bi d/ of f d of the ATM Vanilla option may be u base val ue in
t he bi d‘ﬁéfﬂﬁlg{“%gpr ead conputation of the preferred %ﬁwﬁb&@ﬁt It should be
appreci ated, however, that other suitable factors may be wused in addition
to or instead of tH&Wanilla bid/ offer spread in formulating the base

val ue for thenpwéreﬁofdﬁﬁenémﬁ@ﬂw&%&%%}degﬂ, SellbuRfeCRE ﬁ?dmeﬁ%m tiae

invention. The 10 remaining factors m e same as those used for
conput i ng theb@@mgé@pbﬂnwec%bmqﬂe@@me@@m MPWS or different building

bl ocks may bel”ﬁf‘e%ﬁ\@h tchﬁeéabﬁi{sqﬁcieﬁrm B emedfc&m%@sﬁwmsmé@galon the
principles discussed ove, to apt particular option types. The
correctiong, earesakigs améd/ eg Profils C@E‘@ﬁﬁ‘ﬂ@,a«vhldhccmbﬂleﬁ gonpsictigrois feeippdk aSad, ar e
indicated in Flissed RS Wik %@%ﬁt&%%{r&éﬁ ogOrrection at block 58; risk

reversal 15 correction at. 4: intrinsic value correction at bl ock

60; gearing c&hyse¥meaghs §F * abg(Contetignt) +aitfebs@ormisimmmScts: 0.Bhbck 62; and Vega
Profile corre ” f hort) at
bl ock 56. Si ng‘g{el?%e(aggl d/ %ét%&ea?&ﬂ&?g&éﬁb Ii’tzsh?%l?/gtg%Q@%ﬁfﬁ%ﬂe?ﬁs&]}%&rgﬁls action
cost of re-heegicaigpn a@dﬁéhecéfleg%@ﬁfémsmﬁ%@nshaﬁ?ICWPOSH?OWM thes s *t hose used
for the adjushiRtbdiediodBhb@nes ASPCrEE- syeeyayer the different corrections
are added in the bid/offer spread cal cuI ation with absol ute val ues because
“the transact i énTeowmbing e |shiddcarseiian- ansld diengpatinge cefrertion diy ollewigneters are

general |y i ndgpsndeni s idigba.€xanpl e, an option may have a positive
convexi ty, Whlﬁc{gh | owers the price, and a negative risk reversal, which

‘rai ses the prP8Trimcaiss T b apdle PhifTHim SRl SP60 54 g 8. 15%) etheswisTv. ' However
hedgi ng the c I iggeeRe At . f A er sal and
therefore, th ggéefﬁ WO cg?;dg?tflsgns rgg‘tﬁ{]’tarﬁ da%%r%g:bg?){j?g?f e(grd}gpre d. In
this rega_rlél, 0.A80) guilwise. countl ng" consi derations discussed above shoul d
be taken intoggeLouwtdfy £8l hl'Bﬁe@b‘%J@E%ﬁbnE@ﬁQ&h*rﬂﬂﬁ'@ae((l Wei ght's

applied to the corrections ar not Sd, Se, and 'Sl
" respectivel y. Feorpés®)det ij@uaft)a* GeriogTri/58 as fol I ows: 30 Sa= 1/1.55

Sh=0.2 Sc = pruTae i TV(Vanilla))/0.15) Sd = 0.018 *
exp(-t) Se = is’npngSd*ex gﬂﬁ&gﬁﬁgﬁgﬁ%ﬁiy 2006
Finally we obtam '

20 - Bid/offer spread = (0.7+0.42* exp(-1.1t)) ¥ Spread2 + VanillaSpread ( K) +
maximum (VegaATM * ATM Volatility Bid/Offer spread- VanillaSpread(K), O) *
minimum (1, Vega of the exotic option/VegaATM)
wherein VanillaSpread ( K) is the bid/offer spread of the Vanilla option with the same
strike as the exotic option and VegaATM is the Vega of the ATM Vanilla option.

25 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 subtractlng and

* . adding, respectively, one half (0.5) of the bid/offer spread to the average. price
calculated, Hence, as depoted 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)

30  plus half the spread, as indicated at 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 calculaﬁpg the
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WO 03/ 034297 PCT/1001/01941 Sf=0.2 1In an enbodi nent of the invention, in
order to calculate the Bid/Oifer spread, the building bl oék&uligd0be
conbined in three steps, as follows. 1. The convexity correction is added
to the conbined correction of the Risk Reversal 5 correction and Vega
Profi | eYRIMP¥EYi on, which conbined correction is conpGT@PIQY4 §j scussed
above with reference to Total Correction. Thus, Spreadl= Sf *

abs( Cor ect i onidrorRaspiead it (1R) Vahiloplidil Mhér&iofeCthe Prededd invelian sddorinchales” denot es
absolute value. |t should be noted that if the Ri sk,rl?ev‘glrﬁ%lf - orrection
and the Vega 2Prgfhed Br guring Mentlp RUAS 18 Ay S gﬁ"ﬁ]&ns, § Heft o)

abs( Cor ect i opkhsthegosRsicaisd §bhGhE omtidp vEhah Bt-The-Mohey (OTM) Nenilihe shi ft
correction and_the geari ng, cqorrect.ion e fol

t |.oWi ng. .paraneters are
dofi ned: Shi foptes i 2513elta palkand Bt ppiies; érhﬂpa%*ﬂﬁ'SPfGFH? Fﬁl&lﬁgﬁ_@@g@?@%e ~ 0.15%
ot ?g(rj vm;jse.515@glﬂg isigg;[([ei H%g_a’ Swdga/agposctggzj, ?ﬁks Qeﬁ&%dl), aﬁtg &Mdftgm'h'np 0.( 0;3()3/&0. 5
* *d - . 08 ot herw se,, Spr.ea = rea +, Se* ((1-Fc ine(t))*e +
Fcombi ne(t) *"0@‘??“6‘[())'13?[‘?%)‘5- e Bﬂ“?‘%ﬂlvaﬁﬁ%ﬁ’ﬂ}%&("f’? yal +(p|‘38?;r?%{hr{55(p? é%%t‘)
- Ggari ngTri-m %vﬁﬁﬁ&dww r i théaaitlal &rBﬁtﬁ»&(@fﬂﬁr‘Vegﬁ)mdespethd'ihé ly we
obtain: 20 Bid/offer_spread, = (0.740.42* .exp(-;1,it))..* Sprea +
" Vani | | aSpr eadPqt pyd dvegﬁ‘éyglrﬁf %\?éﬁ'ﬁ%‘?‘fﬂw‘v T‘%I%Waﬁg‘ri‘ I)"%lqureﬁ’f%?f/ t&‘dtﬁaer spr ead-
Vani | | aSpr eadpldility0) m ni mum (1, Vega of the exotic option/VegaATM
wherein VanillaSpread, (K) is the hi ffer spread of the Vanil.la option
with the ¥ame st Fgad nﬂlhé"t%ri’dj(efl&e%/otg?"? Bﬁrkﬁ‘ﬁ‘é?n%g&‘ﬁﬁ‘f%ﬂ iy °ﬁ%£at’%ga of the
-AIM L/ag} | }? U VMl iﬁ%ﬁﬁﬁ@gﬁqnﬂme?w??dwﬂmﬂ Iﬁdclﬂxﬂlismexersalg onmput i ng
t he bid/offer spread,, the, and t of f.er pri.c re conmpu , as
i ndi cat ed at bgiboBsaseel mﬁ?lt%&%‘fqlf’é@ i rifyshoplg be ﬁ?ﬂaﬁ@;@ Ofn%/) ﬁ%ﬁ}e one hal f
(0.5) of the Jnicgihaf Ferine MoRitiyt Smild)an axesr@ége: withithe investloayitabedt Hence, as
denoted at block 72, the bid, i e adj ust L d-ymarket pri.ce CTV) m nus
hal f the sprdBgortaghatithe.ingyts be g?dén% h‘&‘e@j ﬁ?&@%@rﬁ%"?&@ %P"i Il(l:l’e‘1£ (CTV) 30
pl us hal f 1§ hanSniIead of &5 tivd iheairads Rk which eleriédvolabititydiigtesbaihedlbove W t h
reference to cal cul ati r}g the sm| adtjéuEtrrent gfar VanIIa options and the
gener ati on ofevem@o|nakRlFikes fir avhich thy tofa} progiumpn 8“.3 mgaket isdgpawn. rithmfor
conput ati on Gfe hidGei \oP iRt inkdntivn Efpiibead dirbticnBdiliod] e 8délial busterdptandns has

25delta Risk Reversal can be deduced from the data. For example, in some markets,
e.g. cﬁrrency options, the 25delta butterfly is traded in the market with strikes that
20 . correspond to the same volatility for both the call and the put options. In such case,
the model can obtain the “true” 25delta butterfly by iteration, so that the total
premium of the two strikes coincides with their smile. As another example, the ATM
- volatility and the 25 delta RR and butterfly for equity derivatives may be inferred
from the price of three options that are traded in the exchange for the same expiration
25 date. This versatility exemplifies the general applicability of the model of the present
invention.
As discussed above, the 25delta butterfly and 25delta Risk Reversal factors are
defined or calculated as follows:
25delta butterfly = 0.5*(implied Vol(25delta call) + implied Vol(25delta puf)) ~ ATM
30 Vol.
25delta risk reversal = implied Vol(25delta call) - implied Vol(25delta put)
The volatilities of the 25delta options may be calculated from these two
factors. Using multiple iterations, the entire volatility smile may be calculated, e.g., a
look-up-table may be constructed linking strikes to corresponding deltas and volatility
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general applicability, as is denpnstrated below in the context of
calculating the 2? 26 11 July 2006 WO 03/034297 PCT/ | BOL/ 01bJualy BOQH of f er
spread for the Vanilla option. Therefore, the present invention also
includes a nethod for pricing Vanilla options for an iven strike. The
vol ati IVOYP38¥¥¥e adjustment is calculated fromthe \‘/’él”gﬁql’l{'lgf“y of an

At - The- Money (ATM Vanilla option and 25Delta call and put options. The

L«\’ﬂ/g tgg/r 3332 ted‘(a?dg% Cﬂénreeg %&h@ Gich BR lvz)ﬂedilaﬁ iaﬂagfayth5/:rmﬂéﬂ aptibm ehishl& ke,
( (i.e., risk reversal), a Vegal/ dvol (i,e Xity). V
is the partivatiliss; frifieeptien o Yf’éw‘&pf‘lw&‘éfFflt\ﬁgEﬁe&f‘pP?t((:o&}y %\n%%%g\égect y% 0 te %2
;/gl ?Llel [ L)F;btg}{g)g%& g%{gf\g%ld&uiagm?agﬁ MIr?_tSfie]:td m&@:veﬂ;?bf Eachect\dEefeikani t h r espect
, an ) . al, der.ivatjv awth

respect to t¥nbtiligiodelis s unidye a‘{]G”aV\I}E “Egﬂf"{ ’inéli"FglPOI?"ﬁjgtta%lF g?r%%sgﬁ%g%g? rom nar ket
condi tions, pged tdhigmiteat! ating the volatility smle adjustment -include
25del ta butterfl ﬁ? and 25delta R sk Reversal, bqth reasu i Bunits of
volatility. It sHS s@eﬁ@llﬁ%@ﬂnqnhg’f %fa pﬁgnsmygagggmg%edt ng‘ﬂlga gorithm for
o Lant b il . ant 2ad6l LA m g Reve
7 _ _ the inputs be ta butterfly.and 2 Ri
The input 15vaklitys see @8”364 rale; 7ad Jirrest qus é@‘?%ﬁl}g@gﬁi’fr‘o og\?é%% C ﬁ{rgkeR;aversal .
_ ;/glt g]u :olrte?/n H?nﬁﬁile%aj[uﬁmeﬁﬂmk tol@éthe%ﬂlbﬁ*iﬁg\gﬁpspai rs of strikes, for which the

_ _ e mar i own. .Sin h Aed.nvent i
applies df itelafbh Ser ﬁ%‘é", Df’rﬁé‘gi@o@‘k{e&"%ﬁf Pércﬁ}t%ﬁge'qgg%ﬁe% \Igl skI o
Reversal can be dggyGegledefepfitntd Gatanleq,, 36puscetkar?pldelta implisd velatiily.kets, e.g.
currency options, the 25delta butaerfl i.s traded | ntﬁh flg With
strikes that 20 cebtigehBem hoREHE 4% %‘fsaf’éiif’ﬁwtlsﬁ or eb%?ﬂ%ﬁe call and the
Eﬂ%tce)lro}: )c/)nzy iltnesu@;mgﬁse, t}]he rrﬁdel can obtain the "true" 25delta

tter b) ration, so at the m f the 1. trik
coi nci des wi t h2t rfealqulatethg @!l"%g'ﬁ& roi ‘g“iﬂé“n‘g{ ,a"n%i%uepr&?{\%%\?%ﬁg?@l ir!tye:md t he
i ce of Thr e oty B D e oxeanoa. (ot Lpesane
. e_ex

expi ration 25 dat g.fl"eﬁﬁf{)sarﬁé?'@‘élﬁtﬁﬁ g tg?(éﬁﬁifﬂitaf prEege %ggggrﬁigéaa ’:%s;?ingabi lity
of the nodel of tRRuREAIBHRE. | nvention. As di scussed above, the 25delta

butterfly and 25delta Ri sk Reversal _f i
foll ows: 3. Calculate a desire prem?um for%glt gtga?lglg 'over igselgrlaiﬁﬁgl Witn Sﬁfvf:“' ated as

_ volatility, by requiring the same price for one unit of convexity as the price
20 for one unit of 25 delta strangle. Repeat this calculation for the dVega/dSpot.
4. Adjust the implied volatility of the D1 strikes to fulfill the same price for a
unit of convexity as for the 25 delta butterfly, and the same for a unit of
dVega/dSpot as for the 25 delta risk reversal.
Calculate new strikes corresponding to delta D1 with the volatility m step 4,
Repeat steps 3-5 sequentially until convergence is achieved.
Set the last volatility obtained as the jmplied volatility for D1 strikes.
Repeat steps 1-7 for other deltas to create a look-up-table of strikes and their
implied volatility.
9. For strikes positioned between those in the look-up-table, use interpolation
30 based on the values of the fook-up-table. It should be noted that the smile

adjustment for a given strike is independent of whether the option is a call

25

el

option or a put option.
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25delta butterfly = 0.5*(inplied Vol (25delta call) + inplied Vol (25delta
put)) - ATM 30 Vol. 25delta risk reversal = inplied Vol (iB&@Vtz OQaII) -
i nplied Vol (25delta put) The volatilities of the 25delta options may be
calculated fromthese two factors. Using multiple iterations, the entire
vol ati IVPY¥H e may be calculated, e.g., a | ook-upPCEEFAORRL pe
constructed linking strikes to corresponding deltas and volatility 27 | |
July 2006 WO 03/ 03428mREtenBaiin &, Skimatisddod the prdeaut imyentioragan bpsedi t h t he

volatility of an at-tDhe: e tiop, .. Whi ch i Q)-abiel dst 1 €s for the
option at va‘i°i°g]ﬁ'é1at8§?’ft]‘é¢£‘f%{%“%%ﬁ)ﬂcgid}r\écm,y’ el gté’ﬁf]"g\eﬁ”rf\?)"yn%y be conput ed
usi ng the 25ftHekd:a butterfly and 25 delta risk reversal. Each set of
strike- volatility-delta is unique and nmay be included in the | ook-up-table

for easy ref er éndera Svinstibe Ki eelouhte deltyyBi i Ruskthe stiliedS_1spibadiindd ddj ust nent
for Vanilla optio - te RO i W fnhddomi i nputs: 25
p Q,]%}ﬂ%é—;kgs:?f?}%rm%ﬁgstﬁggﬁ(ﬁﬁgls%foaaﬂré'ﬂé‘te uBlg inp

delta risk reversi str%%g' bgtterfl%); ATM vol atility; spot;
forward rate; andeignB@russther2dtdsia imlisd yolgakty ohtgined FomdpcRRAF M5 the” smile

adj ust ment may | nglie, bend o Lowl 88 oiARS i Agbnufa(ka) ahy g8 Bel ta, DI,

find the strikes delta strangle. . 1s I'ess t_ha{aa
predet er mi ned val deta mi golatiligofor minimun@ K 51) dethernyiseniseitegA T imphigd; ¢ y

obtained fromthe . angl es; otherw se use the ATMinplied
volatility. 2. %W@gflgfgr%%ﬂ%ﬁ'l ow ng: dVega/ dVol of the D strangl e*

Price(convexity) and 1 egal/ dSpo * Pri s rein

Pri ce(corfexity) Coﬁlféllatf’ljg‘? %L(‘("%F%ggpﬁ}dég %%%E%@?%n’?@%@%mg ta strangle
~and 25 delta RR, @¥epaflispstUsS el qRRYe Price(RER | wherait e Peicaef@svaxisy) prdeni um for Dl
strangle over its_premumw t JM vol atilit Lk Nt sanme price
for one unit of CBHQFZ%)[ e é%l‘“lqﬁ@ %AP%E" a%&effao%(ﬁagﬁg aﬁu‘??? d(%#a g’%’ elta

strangl e. Repeat thtwsedabsel ation for the dVega/ dSpot. 4. Adjust the

inplied volatility of the DI strikes to fulfill the same price for a wunit

of convexity ag f@aﬁcuLagbeiéésggﬁnreﬁiﬁpE&rqu Lt}ﬁngza%derti&g&ﬁiaﬁ it AAMuNi t of

dVega/ dSpot as “for t | ta risk reversal. 5. | cul atﬁl new strikes
corresponding to deltiliy,Bly requiriig thecsame prgs for enp Yoy o peryyexity as the price

for one unit of 25 delta strangle. Repeat this calculation for the dVega/dSpot.

4. Adjust the implied volatility of the D1 strikes to fulfill the same price for a
unit of convexity as for the 25delta butterfly, and the same for a unit of
dVega/dSpot as for the 25 delta risk reversal.

20 5. Calculate new Delta D2 of sirike K with the volatility obtained for stike X in
step 4. Calculate the strike K. 2, so that K and K_2 are the strikes of the D2
delta strangle with the volatility for K_1 in step 4.

6. Repeat steps 3-5 sequentially until the volatility of strike K converges.

7. Set the last volatility obtained as the implied volatility for strike K.

25 The computation presented above for the bid/offer spread has general
applicability as is demonstrated by the following algorithm for computing the
bid/offer spread for Vanilla options. The input for this computation may include the
bid/offer spread of the ATM volatility, as is known in the art. The market data input
may include both bid and offer ATM volatilities. The algorithm for computing the

30.  bid/offer spread may be as follows: '
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25 6. Repeat steps 3-5 sequentially until convergence is achieved. 7. Set
the last volatility obtained as the inplied volatility for Ipuly2fPhes. 8.
Repeat steps 1-7 for other deltas to create a | ook-up-table of strikes and
their inplied volatitity. 9. For strikes positioned between those in the
| ook- up¥YPIHPU?7yse interpol ation 30 based on the vaPGEaB@1Hhe

| ook-up-table. It should be noted that the smle adjustnment for a given
strike i's i ndepenhintatedhe hidieffirepreadrd thep{TM pptiog inbasia peints Gpp™).d- Br a put

option. 28 11 July 2006 4 PSEL 1L B0 Pis Aby gEnat i ve

enbodi nent , f"ﬂé °ﬂ%?sﬁ%3m8m’g‘gd"g§£§§%?t o%g%ﬁ%%%ﬁ#a%ég ussed Btto cal cul ate

Smi | eAdj ust nmbaippfoaimatddivkieg Ke fhllowingligrmula: e. , not based on a | ook-up-tabl e,

as follows: 1. For a Qiyv (A : Find the strike

K| so that K and K—lsgﬁea‘ggléﬁt %eﬁgpﬁwg@d%?éﬁgaﬁ%\@%ﬁ )'stran le. If D is

bel ow a predet e.rfiamthieviad mele adivsied vabailityfarn given sile, de Calgulptaiei volatility

obtained fromthe RR and_ th A N e tSein ol > fledhd iSable Vol atility

for maxi muny ,a%ff)%p%% 9 Wéke% dg%é%’?%itﬁﬁ?’ H\y&a%rfgltﬁﬁag%ftor_ nlﬁ% r%‘l“?.rmr_'r?( K, K I).

Ot her wi se, usie AT SATR(fongily eqhal todbeaforvward gateh ond toke the putrif fhegtrikeds 2.

Cal cul ate the foll ow.ng.. Nol ! : 3 65wl dehgonvexi ty)
and dVegal dgf}%‘?’khngwg?ﬁ%}‘&ggéﬁ%@(ﬁ%% ereils;thf?%ﬁ%eﬁrc%r%vexi ty) and

- Price(RR) ar efihaldialofithechlifoption aish@dele of theput pptiondd a6rocand 25 delta RR, as

di scussed abo'veR]léﬂ%&%tﬁﬁi%%r%rgﬁ%gs@&eﬂgﬁwgﬁg | asFIARYl e over its

I
prem um wlh AT 0 requiring rice for one unit
of convexi ty Spsad(ke= PedadEM oA T VolalilitytBid/Offespreed t G(1ddtrangl e. Repeat this

cal cul ation f%érﬁ'f"?fﬁP%eﬁg=g§ﬁ5§‘tﬁ?§>=ﬁ9j ust the inplied volatility of the

DI strikes t& P e for a unit of convexity as for the
25del t a but t €(bélts, TR -1LHE* xpEE * (Bmile TVK) + naximuy@galeF3PVt as for the 25

delta risk re u 5 ) —SdoidekgaKk Wi th the
volatility oﬁﬁlgeﬁagg)?%?" alsl% p&@”&ﬁﬁéﬁsﬁggﬁﬁéﬁiﬁwgﬁ%’@tdri ke K 2, so
that K ang KGIDateTVe.S(lrixke00t (ahilla DXK) detaximusy(BmiefKe00i t h t he
volatility Tof p)ty-Dos bERVANIIATV(K) + maximum(Smile(K),0) =<0.001%.

In the above exponentials the TV is measured in percentage units.

4, Calculate the bid price and offer price as follows:
Bid-Price(X) = max(Price(K)-0.5*Spread(K), min(Price(K),1bp))
20 Offer-Price(K)=Bid-Price(K)+Spread(K)
wherein Price(K) denotes the middle price in basis points (bp) of the option being
priced.
5. Pind Volatility-Bid and -Volatility-Offer that correspond fo Bid-Price(K) and
Offer-Price(K). These volatilities are the bid and offer volatilities.
25 Reference is now made to Fig. 3, which schematically illustrates a system for
pricing financial derivatives in accordance with an embodiment of the invention. As
- described in detail above, the system includes a database 218 for storiﬁg information
received from a user 200, iricluding details of an option to be priced, as well as real
time data 214, such as market conditions from sources as are known in the art.
30  Market conditions may include, for example, a current spot price for the underlying
asset (or other value) subject of the option. The information received from the user
and the real time market conditions are processed by an application server 212, which
may include any combination of hardware and/or sofiware known in the art for

processing and handling information received from various sources. Application
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6. Repeat steps 3-5 sequentially until the volatility of strike K
converges. 7. Set the last volatility obtained as the i rrpi”é‘&y\%@@iti lity
for strike K. 25 The conputation presented above for the bid/offer spread
has gener all- aggpl icability as is denpnstrated by the follow ng al gorithm
for conpdft§® he bid/offer spread for Vanilla optiBﬁWWﬂg“?nput for this
conputation nmay include the bid/offer spread of the ATMvolatility, as is
known in t heseet 212Ti6 @refa@abiy hssebtdtal wittpaitontmiey, dsric kaaa ibdierarbivdlicing of fer ATM

volatilities. The algorithmifor c Uty j f : d

as foll ows: %@“ﬁi“@uﬁ%?/“h%s &ﬁoﬁ%ﬁg’géfﬁ%@% %@%%’% %ﬁﬂh&a;tfb gﬁ?at ga %/hl;e

21) (r:I/ of fer d;pgcQ?ﬂzrm; ifgag@cilﬁtEMmtBimfmnpmmsw 2foivhick egechips fhe method  in  units
respondi n er cent J ' | : [

o o be appisirLeee Hik Rk B byt B0 pocashilpladed. This oy

Vg_ga( :[AT(I;/p 5( lbarg(olel_ﬁlfaieat%oamf nadwat andddrabitware ownsn the atsppableof eXeeHBEs i | e

adjusted volatilit r Lven Strik . Cal t h

corr esponds &‘ alg?r}tﬁrﬂ%geﬁr%agﬁbgyeeg& 3#6 egc?tﬁyfgg%ﬁ%ﬂéﬁi ﬁgt t ﬁedggf? i 1E hﬁle

strike i s above Thbefdmhlidat frdnkase 200ugpreferablyueskivedbyt hwel §F@atld: #¥at e) and

‘take the put.if the strike.is  be : o iqader, the ATM
strike is thikapw Wetﬁ‘? B VhHGh a(?aﬁégg\é%u%%%@l%gh %e@?agﬁﬁﬁl%ﬁ?ac{ﬂl opt i oﬁ and
the del ta of ndth&kpod, e@nttheolnteitst, XieracomidnigatioCaloder,zes ds kmawn i te 8ff er spr ead

for strike I N basi I nt I , K45 *
Vol atilith or t@frféa'rfcg%}%é%agﬁ?f@r %%{J %\%&Wﬁv&%}egﬁl%%dg%?g?r@%aém ¢ AT
Ra/l t f'il( IK) _T_\:/(7 Zmﬁu@gl dr any ?Sﬂii):r:s”mtﬂ}lcﬁagaf ingepihce]Brving a communication modem for

anilla + L, mum( Smi. : ' I =< 70 '
Tt mun Sm | BRI ungt pob G el RPref i dig gk bR T 0D, ¢
Sr \r::)r:: IrTL;a;(T\Slgn Kl)zrgbogﬂﬁaﬁtsmﬂ;ﬂ:éiﬁ%dgitgﬁ) m?y P90 irfay Remmaiedfe-withovieh SeV¥ad(il | aTV( K)
nmeasured in B’é‘fﬁ‘gérfg%é@mﬁ% pne ﬁflﬂeegfe%gfoél? E%E%tﬁﬁl%g B%?%ugﬁéog%% I%Sﬁ-‘r\e/rl [S)ri ce as
TR o Rt yetp byl s A A AR TR
i ce in basPEeBiee o Purtet aal o pinde AL G eARAO S [he m ddl €

local area network (LAN), or via any other local communication petwork known in

the. art.

The real time data 214 may be received directly by application server 212
20 using any direct connection means as are known in the art. Aliernatively, the real time
data may be received from sources available on the global computer communication
network, using web server 210. After computing a bid price and an offer price for the
option requested by the user, application server 212 may commumnicate the computed
~ bid/offer prices to user 200 via web-server 210, as is known in the art, in a format

25  convenient for presentation to the user.

Table 1 below shows three examples demonstrating application of a preferred
embodiment of the invention, as described above with reference fo Figs.2A-2D.
These examples are based on information taken from foreign exchange exotic option
brokers on three different dates. The dates appear on the trade date row of the table.

30  The brokers provide the maturity date of the option from which the number of days to
maturity is measured. The remaining inputs include the details of the option, for
example, option parameters such as strike , put or call, barrier, as well as market
conditions relevant to the trade, e.g., spof, forward, ATM volatility, 25 delta RR, 25
delta butterfly, current interest rates, the TV of the exotic option, and the TV of the
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5. Find Volatility-Bid and Volatility-Ofer that correspond to Bi d- Pri ce(K)

‘and O fer-Price(K). These volatilities are the bid and ofib?uiiap%l lities.

25 Reference is now nade to Fig. 3, which schematically illustrates a

system for pricing financial derivatives in accordance with an enbodi nent

of the YRJ¥¥%¥n. As described in detail above, thePSTAM%hel udes a

dat abase 218 for storing information received froma user 200, including

details of ammmonmﬁngﬁmoppon cmlualuﬂanﬂabfferasc$§qlTablpllmtd@@§0@14 such as
mar ket conditions f ce \W s Mﬂﬂget

condi tions n&Y m?n(?? {fﬂ"gim% e roﬁérf)a’[“h r r en%ﬁtr%ggltﬁmrellééges

under | ying- as&:%é of the bid/dfier pxmls lpm)senmdthyethet dl&ErenthearbqjtmabﬁS Thﬁefailfnf ormation

received fromthe user a t e QNS4 afs Processed

by an" appl | cAPEPEROEoRs 5o HgpfeE e gre HRfoLT i thd bilina 78 PLL

har dwar e andpities sﬂéﬁlm m dcmrdamoe with Iaq:r@fertedfﬁmb()dlplﬂm:@fstb¢ fyerdiad atandl i ng

information rece var 0 « DR 1y Iy 2006 WO

03/ 034297 P@FT%@/% Vef %’[@ %&&‘?defera[):pg@easgglg%g?&% JGIH;

controller, gmeratedlﬁmmmhe adjusteﬂmuamarket\mmshnd the iy affess spagads @ﬁq@ﬁb%"m zes t he
oper ation of different t Ji¥&ra 212 i's

28500t at ed wPttecfies eyeBtas pbie LG BYBbATLe APBlekaPlaon RETNRL: C

described abmcw\blﬂfnffereﬂ’pmaéamba taprofti agiste® idarkFthpsioifel/ o ¢xempleocessor may

i nclude 5 any _conbi na on'lel he art
capabl e of e%%tg’ﬂ? ?Ot‘fﬁ’u&flﬁgls%o 8‘?‘#89 ﬁ@&gg%geg{r% @9@%\(@@%@% g\éraef erence to
Figs. 2A-2D. BIEbbSeh@ieemmﬂ&Iﬂmsnbﬂymﬁmmtr@&m is preferably received by a web
server 210, as | Ci9Me4gi cate with a
gl obal communi catIlée ngr\qgétv\g}]%leg %ble Mgp%tbﬁ ﬁg@d%ng&b}u\%ya comuni cat i on
modem  as i Shisnavexplration higtea tune1 1, TW@ uts,etzzrmys @fmmgdmmﬁaélevh al$p web server
210 via the Inte Si.n ob,per suitable
user interfal®® eﬁ&\ﬂ% Oﬁgg%an%%%t%a p?lglﬁgérqm uss%?%’we:lior; | ng connect| on
with the snt pﬁaefor ﬂieﬂnded;mg sssétbtha optmntdﬁ@xmnlellimlléﬂﬂéhe Vcéﬂﬁlb‘éfcfpfrrents of the
invention, user r Wik y, for
exanpl e, usi ﬁlés af’ FS ho%gﬁrgglﬁnﬁéﬁl on1§€ tgeefélg%%r%%l sgc | ayer 15

( SSL) Connecbalaﬂiatecbimsetdswhhmﬂhck-ﬁ%chbhemaddl is 0.38, aml the mremdmeV@n%m ment of
the inventi on, User conn Cads! erver 212,
for exanple, %P ?’Jﬁg’éﬂm eF gpée 29’}18[?98 Zikébép%c&vgl\}(?gﬁgﬂlnl ﬁéop ar 1 ocal
.comuni cat i obidngidvedfek pHees \fr the optiolnewf Exarhple 1, provided by 6 di ferent market

20 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

“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

25  option of Example 1 are remarkably close (essentially identical) to the average fair
prices of the same option. Similarly, from analyzing the data of Examples 2 and 3 in
Table 1, one skilled in the art will appreciate that the “model _prices” computed in
accordance with the invention for the options of Examples 2 and 3 are substantially
identical to the average “fair prices” of these options.
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t he real

200 vi a web- server

time data 214 may be received directly by application server 212
20 using any direct connection neans as are known in the a 06
Al ternatively,

July 20

time data may be received from sources avail abl e
net wor k,

&onputer conmuni cati on
d price and an offer price for t he
application server

usi ng_web server 210. After

opTFHBHAY LSt ed by t he

212 may conmuni cate the conputed bid/offer
210, as is known in the art,

ng application of a pref errg&ble : _ _

nmbodi nent of the invention,

in a for

prices
25

xampl es

as

mat

descri bed apove W th Teferfencegdampkilgs. 2 2D.Exaniplege exanplékmmﬂe3based on
informati onl.taken from f orleign nyrhnnm:\ X0l i-c—-option v'nglsnrr\ a—thr ee
di fferent daﬁ@%ﬁﬂﬁﬁéldates‘%%ﬁbar on the| #1%e ddte row 8" %Fhe fable. 30
The brokers eagﬁghﬁhe Tgnedy date of [glgoptijon fropo.ykch tthe nunmber
of days to urity is ndasured [The rehnining ilnputs {nclude tthe—-details
of the optl)ﬁvﬂ¢mwl exanphélsé@k¢cn paraw@@érs sych as Qgﬁr%gl put or
call, barri vet cComdr Ty gSdill avant t pJa ehrade, e.g.
spot, forwa Smnﬁﬁ V0|atl|lta§?%k delta 25 delta k)nE%§¥|\, current
interest ra @smenme TV of [tladeesdt]i c opt | biandAd |t he TV B¥lun®8 41 11 July
2006 WO 03/ 93429+ P”T/IBCH’““G4“ gor-resppych vamta pphilee Actual bid
and offer p Exugtion ot n ) d W® aken 1 SN 00 Tber of “ratket |mker s
(brokers). ThRnthé @iBxpidtioae]'4 entrigs in Tahle 1 rgpresenf6the average of
t he bid/offfﬁ_pLLeesf y-—Hhe—dHHEerent—arket—ppkers— e fair
mar ket pri céPP¥SR BGETD ¢ Hl2 r ket price % t he cption.‘E nal I y.| the bid
and of fer SIREtCES calcul,;ﬁd49n gccordangeiw th |a pref=tﬂEﬁ enmjodi nent of
the inventi( € ebott-bmof thae—table poteg—rode
price". The$¥oltilittes are d fron1ﬂ%2§adjusted anr rket| prices and
the bid/off¢ 4 ggloe aboVEpobd 1S levidenf-siysom Tgble 1 that
the nodel of the present ihventia provi les .a. cdrrect bid/offerspread and
a correct adBtrikeed mi d- narkﬁﬁﬂbrlce for ih@“exenplary 10154 ong| conput ed.
It is also ¢y § T that thepgycatcarated paged on [the
Bl ack- Schol 5 nodel does nbot. vield corre¢t” resultls Reféerring ta Exanple 1
in Tabl e 1, |Bhaiegtrigger)t rg?dnmn Hebruary11@, 1999, haj IQ{H’Oexpl ration date
of June 14, e rs—atter—tgri g Tabte I ghS0— priesents
additional d § 8? t he oBF?%n as dISCWgE%d above. Fo} exanpl e, the spot

Reversal

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.:

3 0.36 0.66 75 935 122 152

4 0.38 0.58 73 93 120 150

5 0.40 0.60 76 89 125 150
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15 price for the underlying asset of the option of Exarrple 1 is 114.40, the
volatility for this option is 17.35, the forward for this bbilygﬂoqs -1. 86,
the theoretical value (TV) calculated based on the Bl ack-Schol es nodel is
0.38, an the correspond| ng Vanilla option price and bjd/offer spread are
2.7 andVB.998 4 espectively. Table 1 also presents bEGUEH¥ er prices for
the option of Exanple 1, provided by 6 different market 20 makers. which

may be averfged to yireld "ffedor” bijd.cdnd pffer prijces of |0.38 and 0. 64,
respecti vel y—~As—furt-her—showr—n-{Fable——the—bitt—and—pf-fer—mmdet™ pri ces
for the oplion of Exanpleg 1 are 0.38 and 0.64, respectlvely_ _which val ues
ar e i dent i c4Fait ricel@@id/Oea) [0.35i d qribdof f prSpri ces 4 espptet vel y.| 1Blom

anal yzi ng Tgble—t—enre—skijtaa—+rt atr w1 tFudgygiratthgsiesul ts
obt ai ned fr pMPHE Hdel of | $9fe pr esdeb;j‘t i h/2ntion 18%% thal'g optigr?lof
Exanpl e 1 af gidgiomeinkably c ose (eslsentially identlcal) o the aJerage fair
prices of t optt-oh-l-Si-F-tary—t-oFarety 2 rg—tie—dataof ‘Exarrpl es 2
and 3 in Table 1, one skilled in the art will -appreciate that the "nodel

prices" conput ed ' cordance. Wt hons of
Exanpl es 2 and 3 & Q@“@&BSP%’%%‘EI% b l]t;fegfftl calﬁﬁtt:%p@?{ié&gégael?g%gﬂéfal r prices"
of these opt haoste B6deBD ﬁribeliailt;atlﬁ@(itﬁe MOmaE.08nR the eomat Bortploddhel Table 1

Exanpl e 1Exa e 3 1n kbl eflis Rat e
20. 1999. 17% %F‘%@ﬂgﬂ‘f %ieég R 551 e@%&%s ﬁ?‘eﬁaﬁ@eséﬂ‘j{f?c%ﬁ%@t g2cJ apan yeSnJ apan yen
Trade Dat elzamma@galoﬁdslstupm%t Aeca@® dexlpigr @itwromg Drges causes substantial

Expi at 1 on123385Hb SRR B bt SR E A AT ABAR e o

derivatives market is expected to become more liquid. Not bemg able to determine the

correct price of derivatives creates strong dependency on market makers and causes
users to refrain from using derivatives. By increasing the use of derivatives,
10 corporations and other hedgers can better hedge their cash flows. Third, currently,
many corporations and funds, for example, cannot establish credit iines vis-&-vis each
other and are required to deal only with banks, Setting up credit lines is a complicated
task and requires a lot of information about the company requesting the credit line.
Many small companies, for example, cannot establish credit lines and are thus
15 prevented from using derivatives for their hedges. By having an accurate model for
market prices any two parties can deal with each other on a margin basis, even if they
do not have mutual credit lines. For example, such patties can set a margin on the
price of the derivative, as is used in exchanges, that includes the current loss for the
seller relative to the current market price. Thus if one of the counter parties defaults
20  during the life of the option, the other one can unwind the derivative with another

party at no loss.

The following example illustrates an exemplary margin system. Assuming that

the value calculated by the model of the present invention for the market price of a
given derivative at a given time, t, is P(t). The price P(t} may be the middle between

25 the bid price and the offer price, or the offer price, or any other agreed upon function
of the bid price and/or the offer price. The premium paid at the execution of the deal

is P(0). The margin amount, in money terms, is denoted M. In this example, at time, t,

the seller of the derivative must have in his margin account for the buyer of the
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For war d- 1. 860. 006- 3. 15 Stri kell16.001. 00115. 00 Put/ Cal | Cal | Cal| Put Barri

\ . . . er
(trigger)126.001. 10100.00 25 Delta Ri sk -0.375-0.40.1 Rever§dWy2800e| ¢ a
Butterfly0.750.250.55 C assRKORKORI CO TV (exotic)0. 380. 6551. 64 TV

(Vanill é%g&sﬁgﬁn 565 Vanilla Bid/ Ofer 0.250.250.25 §§{5§0?@179§V°' ) Nunmber of

prices6 ket makersBi dOFferBi dOferBi doffel 10F b9129154

20. 380. 657591124151. : 30. 360. 667595122152 40. 380. 587398120150

50. 400. 607 68Q#edilb the Idlowinghmoynt2006 WO 03/ 034297 PCT/ | BO1/ 01941 60. 390. 64
Fair Price (Bid/ Ofer)0.380.64.75.941. 241. 51 Model Price

0. 380. 64. 75.ﬁﬁ%§@iﬁ(;)_}((§§5dk0‘fer) It should be appreciated that the

32??5; i '\t/gsf | p:ngl ar mar ke'ltzs f [ om having an accurate nodel to price
enabl es | es s%&%%%g%ngggfw S éei{rri‘? oF g’??@%y irtt\%tetﬁ}D Eig Elzealg_re%pan[]iﬁ*advhﬁwent Lol
Thi s and is designed to protect the buyer against abrupt moxsres illo thg Enlaﬁcgt. %( cgnngls%%%u rately.
5 proportional to the bid/offer price of the option, at time t..If at some point in time the
- margin account reaches zero, then the buyer of the derivative may have the right fo

close his/her position with the seller and buy the option from a third party.

" As a result, in the above example, the market will be open to many more users,
" e.g., corporations, funds, private investors, and other derivatives users, who can save
10 - considerable amounts of money compared to their situation today. For example, such
users would be able to deal at better prices with a variety of corporations and would
not be limited to deal only with the community of market maker. e.g., banks or
specialized brokers, with whom they have succeeded to establish credit lines. It
should be appreciated that such development would increase the liquidity of

15 derivatives dramatically.
While the embodiments of the invention shown and described herein are fully

capable of achieving the results desired, it is to be understood that these embodiments

have been shown and described for purposes of illustration only and not for purposes

of limitation. Other variations ifi the form and details that occur to those skilled in the
20  art and that are within the spitit and scope of the invention are not specifically

addressed. Therefore, the invention is limited only by the appended claims.
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5 advantage alone is inportant because dealing at wong prices causes
substantial financial |osses. Second, by virtue of havingléﬁmaé@ ate
pricing nodel, the derivatives market is expected to becone nore |iquid.
Not being able to determne the <correct price of derivatives creates
strong dependency on market makers and causes users to refrain from using
derivatives. By increasing the use of derivatives, 10 corporations and

ot her hedgers can better hedge thejixmggsh flows. Third, currently, many
corporations and funds, for exanple, cannot establish credit |ines
vis-a-vis each other and are required to deal only with banks. Setting up

credit lines isia comphhgad®esed RS rodRising BAMbA finRisi®theQfepd 3 OF ML ON about
t he conpany requesting the _credit line. Many snmall conpanies, for exanple,

| t ! any .
cannot establish crd@Fevirg fekingy dalg caresprdingsto srRivalify e§PFRBHETES| ng

~derivati vegefihdg ah Bstioh of @6l GRR:lyiBYadid@vi Ng an accurate nodel for narket
prices any two parties _can deal with each other on a margin basis, even if
they do not have nfEtFAingFesend; inpyt data coprgipording i) deblu@lify ot suFet es can set a

mar gi N on thiiRet cPiditidds Rfath e @RhIRkingQsseBS 1S used in exchanges, that
includes the current loss for the 'seller relative to the current market

price. Thus if one JPMPHESAFIREE heargticelyale{E) af aidoptenPrssgofhe |ife of

‘the opti ot ldakt@a@bhld fARen€ ModdNipundatdi:ne derivative with another party at
no |l oss. The follow ng exanple jllustrates an exenplary margin system
Assuning that the ﬁF’Blétlflgaﬂ%%P%?féﬂre%Ofi%%%\’aS on aﬁrpé’gé’ﬁt i nvention
for the makidairstphd &eodfingt dga;ven derivative at a given.tinme, t, is P(t).
The price P(t) may be the m'd_glle, bet ween 25 the bid price and the offer
price, or the of fer SSPPHEE ind grce HERE A gifsrawge obwH MiAebIsshon of the bid
pri-ce and/sgid chhectdd T eindRhideRYoffEh@raem um paid at the execution of the deal
is P(O). The margin ampunt, in noney terns, is denoted M_In_this exanple,

at time, t, the selATRfdpg an pRPY SPIFRPARG thils bif gtiee Jod/oRthe ofsF gi n account
for the buyyRsofhiddpgor34 11 July 2006 WO 03/034297 PCT/1BO /01941
derivative the follow ng amount: Mt)=nmax(0, P(t)-P(0)) +X wherein X can be
any positive anpunt-on ich the two sjdes agreeé@ugon in advance and is

desi gned to prdtect 4 HEERRS Bsoulgigi 19s £lath rly ey, s st Weutnditket . X can

- al so be ZoppoRe ik indikaiontod af 168t dHePa@intRF selicied Bofifthd f6uPBdlhidiiga at time t.If
‘at some paqint in.time the margin account reaches zero, then the buyer of
Che der i vAYRARL SHAQPIRELAS ERERPT (i olrogid optiofs 800t EEeRE for S PRSI wi t h ¢ he
seller and buy the option froma third party.
: : 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
incll.iding 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.

4, A method according to any of claims 1-3 wherein the step of
computing said corrected theoretical value comprises the steps of:
computing a theoretical value (TV) of said option based on at least
. part of said first and second input data; and
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
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As a result, in the above exanple, the market will be open_to many nore
users, e.g., corporations, funds, private investors, and 6EW§V28é?ivatives
‘users, who can save 10 considerable anounts of noney conpared to their
situation today. For exanple, such users would be able to deal at better
prices with a variety of corporations and would not be limted to deal
only with the community of market nmeker. e.g., banks or specialized
brokers, Wdnlprivhem sdpeyr have succeeded to establish credit lines. It

shoul d be appreciated that such devel ogpnent would increase the liquidity of
15 derivatives TFRHERS TRIAY offfY sorpastons htsdionshicast pprt iR gaif A¥¥nt i on shown
and descrigﬁqaggdg%mcﬁﬁgﬂﬁulIy capabl e of achieving the results desired,
it is to be understood that these enbodi nents have been shown and
described for pPpBesdidghrality kY earreeipnpinspiddYd not for purposes of
limtation. QGher variations in the formand details that occur to those
skilled in the 20 art and _that_are within the spirit and scope of the

invention are bt spe&etiod agcpidingg glaig S adpereinyib st opeof pidPAlENnt i on i s
limted ondtyriddordebons RREVASEn 6 &i18MHt ond Faclok relatbd/ 0 2QRR albOhdPwin A conput er
based data processing nethod conprising the steps of: receiving first

i nput dat S2KSPHY¥Eponding to a plurality of parameters defining an option
on an underlying asset; receiving second input data corresponding to a
plurality of current market conditions relating to said underlying asset;
conputing a corftect et PRIy atcpidie (kg Orvpesi wif elusity 9 bhsed on  at

| east partcofbetad dorhprisstat B 38COREctIoNRUkctoPEBm 160 BRMb | iRdudndh d/ of f er
spread of said option based on at |east part of said first and second

i nput dat £OMFHPOTRGR Bi BkpFovergalaprarestiona i diift eforigetiote 2088 BEd opt i on
based on ®akdiosdr vae Pefilclidredidn Al dn BigdsRhRE csRe@ad; providing an out put
corresponding to the bid price and/or the offer price of said option. 2. A
met hod according to claim1 wherein said first input data conprises an

i ndication of at | east one parameter selected fromthe group including a
type of said option, an expiration date of said option, and a trigger for
said option. 3. A nethod according to claiml or claim2 wherein said
second i nput
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data conprises an indication of at |east one market condition selected from
the group including a spot value, an interest rate, a vol at fyly e ,6 an
at-the-noney volatility, a 25 delta risk reversal, a 25 delta butterfly,
and a 25 delta strangle. 4. A nethod according to any of clainms 1-3 wherein
the step of conputing said corrected theoretical value conprises the steps
of . conputing a theoretical value (TV) of said option based on at | east

part of said fig st aNdhRREONLoldRUL ARt cARd £ordiRedit M §8) dr TV based on
at least part of said first and second data to yield said corrected TV. 5.

A met hod APEEREsHE TV sorPdions ta st dVermpissathssieps ff correcting said TV 36 11

Jul'y 2006 conpri ses dhgutilo@P BV @brr&QPHELR Gs@ciled Wit dadh &fsailiecor recti ons
based on at |east part of said first and second input data; and applying

sai d pl ur SOFESopt baysd qugt eatt prbpfsaiddiry gpdpeqopd dgfa; A et hod according to claim

5 wherein at |east oRgtRlingadash BF léﬁiﬁ"l:‘\t’)’con@(ftioﬂ-s_\/b?ocﬁé asdtiaRe 1w a function
of at least one factor related to a risk associated wwth said option. 7. A

net hod ac COFERtRE weighioridding sorimranding weightgd pVgemsdtieys: ¢gd TV correcti ons

conprise at |east onR@dingid K6EheNTS LIS tf La@imyhe group including a
convexity correction, a risk reversal correction, a shift correction, a

gearing correction, a Vega Profile correction, and an intrinsic val ue

correction. 37 9ll JW WnedddGicrdifis RELIARE 8 aptefdid N Bhadt Qnay s@fl ™ ai N5 5-7
wherein the step of . applying said TV corrections to said TV conprises the

~ steps of : CORHOR MRS ISTIIEPIEeRt on wei ght associated with each of said TV
corrections based on at least part of said first and second dat a;
mul ti plying each of said TV corrections by the associated TV _correction

~wei ght yi el di nd%cor restsiidi #§OHEE JAtBY oRFIREs rled (TS thentiemalii ng sai d
wei ght ed TYmp@ing8&iH biisttet §r&@ictmdriées Be stépsdt hod according to claim38
wherein at | east one of said TV caqrrection weights is tine dependent.

' computing a base value for the bid/offer spread using at least part of

said first 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 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.

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.

13. A method according to claim 12 wherein said plurality of bid/offer
spread corrections comprise at least one correction selected from the group including
convexity correction, risk reversal correction, shifi correction, gearing correction,

. Vega profile correction, and intrinsic value correction,
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10. A nethod according to any of clains 1-9 wherein the steg of conputing
said bid/offer spread conprises the steps of conputing a bdsduy200@ for the
bi d/ of fer spread using at |east part of said first and second i nput data;
and correcting said base value using at |east part of said first and second
data to yield said bid/offer spread. 11. A nethod according to claim 10
wherein the step of correcting said base value conprises the steps of:

computing a plural ity plnddl Qe %o R 68HaiGPIT €G48 WARRIPAS QR at | east
part of said first and second input data; and applyin salg@pl urality of
bi d/ of f er pphEwsaidbid/er prsend cppecsansdo pad basq ¥lugecomprises letephefdd according to

claim 1,1 vx/ner ein at éo%ﬁaﬁﬁngoﬁ‘%id?&fféasbﬁad RbiEcabh Rxhéigﬁf c&}ééﬁdﬁﬁifngrto spr ead
corrections is a function of at |east one factor related to a risk

i nvol ved i §#clsef saiddyid/offw spread comeqigrshod according to claim 12 wherein said
plurality of bid/ of fggyipisREeadnCor 88t hi@RFCpRLd I6mratiohsedgtmone correction
selected fromthe group incCluding convexity correction, risk reversal

corr ect | ortorstopding bidfoffer spenad copesstomycighyvideing waighted/bigetisr wrdale correcti on,
and intringiecbadl;Weg correction. 38 11 July 2006 14. A nethod according to
any of claim1l - 13 wherein the step of applying said bid/offer spread
corrections to said 445 s3id pgighted pigiofisespraa sorscidons tofeidpiyiieng a bi d/ of f er
spread correction weight corresponding to each of said bid/ offer spread
corrections; nultiplying each of said bid/offer spread corrections by the

* correspondi ng bi%d/ of d erclgsk acsardéngr toeelein A4 vishegiie ay ileastd pafg ofvsdight ed

-bi d/ of f er @bE@Upre&Pldn@bion MRhts3 e gideRGnsal d wei ghted bid/ of fer spread
corrections to said base value. 15. A nethod according to claim 14 wherein

at least one of said bid/offer spread correction weights is tine

dependent. 16. . netheduRe afdofinlolaly 8N¥aidls 1C1PhR@eid sat@ udleByigg N sai d
underlying asset_ conprises a financial asset. 17. A nethod according to

claim16 VASEF eqmprissy ifl@fsei s ‘a foreign

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.

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

comprises an option-like financial derivative.

20. A method according to any of claims 1-17 or 19 wherein said option

is an exotic option.

21. An apparatus_for providing a bid price and/or an offer price of an
option on an underlying asset comprising a server receiving first input data
corresponding to a plurality of parameters defining said option and providing an
output corresponding to a bid price and/or an offer price of said option, the server
further receiving second input data corresponding to a plurality of current market
_conditions relating to said underlying asset; and a processor, associated with said

~ server, which computes, based on at Ieast part of
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exchange (FX) option. 18. A nethod according to claim 17 wherein said FX
option is a Vanilla option. 19. A nethod according to any & Telya00& 1- 16
wherein said option conprises an option-like financial derivative. 20. A
met hod according to any of clains 1-17 or 19 wherein said option is an

exotic optio 1.. An apparatus-for vidin bi rpce, and/ or an offer
price of asf?ldq%rﬁ‘[z?ngrfe‘é?ﬁg “h&f’&féral ‘S‘?frﬁ‘i‘jg‘{i ‘E‘Eti"égY?%Fi @?XS Ogsaéde?m’é’f‘ recei vi ng
first i npuinddabid/offe0spied PORAIE RYtid aad phithaiticey cohpal dased oh saidef i ni ng sai d
option and ovidi an tput correspondi.ng.to_.a.bid price and/or an

of fer pri cg%@igpjé%gﬁpfeﬁcﬁ%e%?g ?ﬁgﬁgfjfelrﬁ’éeorféad ?Rﬂoﬁg second input data
corresponding to a plurality of current market conditions relating to said
under | yi ng asse?2. anén aappsranesecirdingswochnai e whthins adidl firstedmer , whi ch
conput es, &%S%des%.ad%c !.ea L. part eof 39 11 July.2006 said fi.srtst and second

i nput dat a > & corT SET B HELIEY PREF=ATNIGRSS OBHEE CPYiOR  and a
bi-d/ of f er ofia Bad ob5aid aptibnopi kexpiratiam dateviof edid opridnhedd £ oigpet fs sailased on sai d
CTV and bi(()j/tiolflfer spread, the bid price and/or the offer price of said
option. 22%P"R% apparatus according to claim 21 wherein said first data
conprises an indication of at |east one paraneters selected fromthe group
consi sting of 23 tyfeapphragigpactoninig tornlainall exqlimR ivdaretheshid sefondai d opti on,
.and. atr | Ogel cohﬁ)ﬁse%%’laﬂldicgt?otnl ?giale%{%ne'%q'ar@e? Q&‘[d%oﬂ%elg}ge%q{o%!{ i g{o pCI aim 21 or
claim 22 whereln said second -data conprises an'indication®of at |east one
mar ket conwinsistong of elspd tvelde,fan anteredt eratgr aovndatilico as atsthe mgnayf vodatiipot val ue, an
interest r V. il ; t tility, a 25 delta risk
reversal , %t(%gagselﬁrtggz hf?ég?l}a%ﬂﬁ%% aggﬁgggg%tséﬂgﬁ angl e. 24. An appar at us
according to any of clains 21-23 wherein, in conputing said CTV, said
processor conpuides aAn hrepareits cadording ve {iFVpf claimaiZd-23opherom, dnd corrects

said TV, baspdsonsdt cre2shia %glf ffes! 4 GRb S6E Qneh dataq to vield
said CTV. 2%1% K%n%appar af'us1 coordi ﬁ%ﬁllt) oesc% al rﬁ_eg or ¢lai )m g% wherein, in
correct i ngersian endragrregis pald pVobassb on atclorsppareef saidpfirsirantl istopndflatT\focorrect i ons
based on f}éldkaﬁ‘é‘ {anart of said first and second i nput data and applies
said plurdlity of TV
25. An apparatus according to claim 23 or claim 24 wherein, in
correcting said TV, said processor computes a plurality of TV corrections based on
at least part of said first and seco_nd input data and applies said plurality of TV

corrections to said TV.

26. An apparatus according to claim 25 wherein at least one of said
corrections is a function of at least one factor related to a risk associated with said

option,

27. An apparatus according to claim 26 wherein said plurality of TV
corrections comprise at least one correction selected from the group consisting of
convexity correction, a risk reversal correction, a shift correction, a gearing

correction, a Vega profile correction, and an intrinsic value correction.

- 28 An apparatus according to any of claims 25-27 wherein, in applying
said TV corrections to said TV, said processor computes a TV correction weight for
cach of said TV corrections, multiplies each of said TV corrections by its TV

- correction weight to yield a corresponding weighted TV correction, and adds said
weighted TV
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corrections to said TV. 26. An apparatus according to claim25 wherein at

| east one of said corrections is a function of at |east ondJel¥EP% related
to a risk associated with said option. 27. An apparatus according to claim
26 wherein said plurality of TV corrections conprise at |east one
correction selected fromthe group consisting of convexity correction, a
risk reversal correction, a shift correction, a gearing correction, a Vega
profil e cofhR&ioh®dsaidfi an intrinsic value correction. 28. An apparatus
according to any of clainms 25-27 wherein, in applying said TV corrections
to said TV, said processor conmputes a TV correction weight for each of

sai d TV correctigons, AiphiaRk b&r@@CH cBim 38 kilerl 46 RESRE bORRIPY 1ts TV
correction weight to yield a corresponding weighted TV correction, and adds
said wei diPFEgioTyeights Istimedeperyionts corrections to said TV. 29. An apparat us
according.to claim 28 wherein at |east one of said TV correction weights
is tinme dependent. 30. An apparatus according to any of clains 21-29
wherein, in cofput ity Bearefuhiagrasding o spweal claimy #1pPoddes®r Bonput es a
base val uechitidghsuid Biaref fspicad RaRETARG: CORPRE! § 1Bl Jaikass el ue, based on
at least part _of said first and second data, to yield said bid/offer
spread. 311d/afferspisad apdirerreci ssichipasg valer, bpsad AR aideashareefFaid fyst@pd r ect i ng sai d
base -vaIu@ﬂmaaMQt@?@gggag&mgﬁygy&@§ a plurality of bid/offer spread
corrections and applies said plurality of bid/offer spread corrections to
sai d base value. 32. An apparatus according to claim31 wherein at | east

one of said biz/ of f@{apgaaﬁadcc@ﬁmgasuaﬁ@%kﬁgr@injiﬁresﬁ&cgﬁ ofid Bdse | east one
factor related to a ris assocjated with said option. %3. An appar at us

accor di ng ‘eitecridinressongoawaicha st hiditfer joread compciions 3ud @PRliSE ead

correct i ongideAIRIy SEIESdr8medd QnecteRs bash bRk vagtected fromthe group
consi st ng or a conveX|ty correction, ari sk reversal correcti on, a shift

correction, a gearing correction, a Vega profile correction, and an

i ntrinsic val ugacor rachimfius 3eordife 3P PRLAS HWHafehP e ohd ofBd Of cl ai ms
31-33 wherein, in applying said brd/offer spread corrections to said base

val ue, sai %ﬁfqgéggzg FO%HWt’ésa function of at least one factor related to a risk

associated with said option.

i3, An apparatus according to claim 32 wherein said plurality of
bid/offer spread corrections comprise at least one correction selected from the group
consisting of a convexity correction, a risk reversal correction, a shift correction, a

gearing correction, a Vega profile correction, and an intrinsic value correction.

34, An apparatus 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 weight for cach 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,

- 35, An apparatus according to claim 34 wherein at least one of said

bid/offer spread correction weights is time dependent.

41




bi d/ of fer spread correction weight for each of said bid/offer spread
corrections, nultiplies each of said bid/offer spread corﬂééﬂygﬁgsby its
bi d/ of fer spread correction weight to yield a correspondi ng wei ght ed

bi d/ of fer spread correction, and adds said weighted bid/offer spread
corrections to said base value. 35. An apparatus according to claim 34
wherein at | east one of said bid/offer spread correction weights is tine
dependent. 41 135 Jul %n 200636 acARdiRPRET A US 2Bl 8189 J1RrdXai@f cl ai ms

21- 35 wherein said underlying asset conprises a financial asset. 37. An
appar at us HEEBYRE 8L CoMRFssF HimsCipkisteki n said option is a foreign exchange
(FX) option. 38. An apparatus according to claim 37 wherein said option FX
option is a Vanilla option. 39. An apparatus according to any of clains

' 21-36 wherein s¥-d ofh PRIRTSGRFGRBY ciiim 3phsisin seldeoptiomhig adpraignder i vat i ve.
40. An appedchdnds (RO&RtsH ng to any of clains 21-37 or 39 wherein said
option is an exotic option. 41. A conputer based data processing nethod
conprising the steps of: receiving first input data corresponding to a
plurality of pa}&i@tﬁﬁﬁléra%.fsla@éd?&ngl% &Q&'ﬁﬂv%@@ai&'ﬁﬁﬁ:ﬁ'lﬁ fdioasset ;

recei ving secg&ﬁ i nput data corresponding to a plurality of current market
condi t i ons'SAPEfR AP0 sai d underlying asset; conmputing a plurality of
bui | di ng bl ocks based on at |east part of said first and second i nput
data, at |east gne of said building blocks being a function  of a factor
related to a risk asS®apPIrasy agFofdin ‘Qia&YBEPIP’&H;Zl%ﬁﬂl?Eq%&ldaoﬂﬁoﬂ pri ce and/ or
an of fer pronpaseRtn SRicH- 1R Fin@RiaBGrRativeunct i on of at | east some of said
bui | di ng bl ocks; and providing an output corresponding to the bid price
and/or the offer price of said option. 42 11 July 2006 42. A method

.according to clam 4Anﬂﬂiiﬁfaﬁis&céo?&n§io%?fbffcﬁﬁ@yﬂ—ﬁﬁ& BPivEkreiRisgld pri ce and/ or

said offer price conprises the steps o
OpE)mn 1Cs an exor'H(): option. P

41. A computer based data processing method comprising the steps of:

receiving first input data corresponding to a plurality of parameters
defining an option on an underlying asset;

receiving second input data corresponding to a plurality of current
market conditions relating to said underlying asset;

computing a plurality of building blocks based on at least part of
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 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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conmputing a corrected theoretical value of said option as a_first function
of at | east sone of said building blocks; conputing a bid/ éif‘%‘ﬂQB@ ead of
said option as a second function of at | east some of said buil di ng bl ocks;
and conputing said bid price and/or said offer price of said option based
on said corrected TV and said bid/offer spread. 43. A nethod according to
claim4l further conprising the steps of: conputing a plurality of

corrections basgd onAaﬁetﬂoaasaor&agemQ[auﬁau QVheﬁinQB@JtéﬁM'ogﬁlpthﬁglsﬂﬂng bl ocks;
conputing a.plurality of weights corresgon ing to each of said pl urallty

of cor rectli"gﬁgceaég/ﬁb?aﬁﬁQfﬁrg%e&oﬁplﬂﬁeéﬂ’iets o¥ corrections and said plurality

of weights. vyieldi ngeomppting &lchirdctdl ekt oslus 8f 588 bhRASas AMgktconmputi ng
said bid jEjlpce and/or offer price as a function of said plurality of

wei ght ed cpoRef ghieast S&ﬁ‘eo‘%?al'?é%“ﬂ%ghk?élﬁr ding to claima43 wherein at |east

one of said pluralidimpafing¥ehightter dpfeali oAl SRRAES BecoftPrundidiBirhod accor di ng
to any of claims 41 - 44 wherein said plurality of building blocks

conpri ses %tleaFtéa@Fofﬁ%ibb‘ﬂihP%ﬂPlHﬂ“iﬂnéck sel ected fromthe group consisting

of convexity, risk rowpusm saidWid picc 88 daliffeVpSR P 5 bitRn baed i ntrinsic
val ue. 46. A nethod acco to_ any of clainms 41-45 wherein said

In
~under | yi ngonségis‘@fm%@r{wF’E’é%ldgld(‘iff?éﬁﬂf?aé} asset. 47. An apparatus for
providing a bid price and/or an offer price of an option on an underlying
asset, the appa at us, conprising a server receiving first input data

corresponding tT a pheded asporging el b futhgeromprises e sePsebt i on and

providing an out pUtcoﬁ@ﬁtﬁ@Saoﬁllﬂﬂih@goft&n%ctanb%ﬂ%ﬁ aftfeask Jond Wk ¥2id006 and/ or an
of fer pri ce of s HﬂopSb the server further receiving second input data
“1][51}“6 y

corresponcﬁ 1“@’8 of current market conditions relating to said

under | yi ng asset; apghpatif HGRGARY of FERSOE Gérﬂ,gpdﬁﬂiﬁ‘@ t8 @th S£EMEr, Which
conput es lE_)rl ura!él %é of building bl ocks ba on said first and second

i nput dat Fughype R of said

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.

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
consisting of convexity, risk reversal, shift, gearing, Vega profile, and intrinsic

value,

46. A method according to any of claims 41-45 whereéin said underlying

asset comprises a financial asset.

47 An apparatus for providing a bid price and/or an offer price of an
option on an underlying asset, the apparatus comprising: a server receiving first input -
- data corresponding to a plurality of parameters defining said option and providing an

output corresponding to a bid price
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‘bui I di ng bl ocks being a function of at |east one factor related to a risk
associated wth said option, and which further conputes tHéJBb’@OBﬁ ce
and/or the offer price of said option as a function of at |east sone of
sai d building blocks. 48. An apparatus according to claim47 wherein, in
conputing the bid price and/or offer price of said, option, said processor
conputes a corrected theoretical value of said option as a first function

of at | easind&®nR offfr SRk Gr bl Io?tiidﬁgtheme%zkﬁmhé B M@Tsfé&fnd%ﬂlﬁﬁﬁﬂa of said

C
option as a second function of at |east sone of sali building bl ocks, and
wher ei n t h&THRGRERE 92 RIgAWY o8 surmbmprket gopdisiens splafingrto s#i¢ apdepyinge  of sai d
option basget-anadsai d corrected TV and said bid/offer spread. 49. An
apparatus according to claim47 wherein said processor further conputes a
plurality of correctd BRESIRAEYCBId atith said servesnwhigh cappuges 3 RiFality t v of

bui I di ng &l akiss bick bHsad bl Yai@Tirstehd Bicond aphesROAdidad dne £ash of said
plurality of correctigons; a _plura of weighted corrections based on

o lit
sai d pl ur af4ifipe blockpbeing figgeo ?fc?téﬁséonepffi‘i}?@elafeﬁl pf ngkiagieeidted and sai d bid
price and/with @id gftioR4n8 ¥hath fartier Botpudd (R bi8 Bhiék anBlob il ey piitle opei ght ed
corrections,, 5Q. Ag\ﬁgrf _argtt us according.to.claim49 wherein at | east one of
said pl ursigoelonss afuichnn o 4 leagtsope ofspafudding blecks. An apparatus according to
any of clains 47 - 50 wherein said plurality of building blocks conprises

at | east one buJ | di ng bl ock sel ected fromthe roup consisting of

.9 .
convexity, risk¥rev %pr‘raglﬁiaﬁo,r %@r‘ilﬁ’&,“\fé‘&&mﬁ;r‘%F?mE{tm&W 1t?“iil_t rinsic
val ue. 52.prid8 aApRATofet! Prids GO didnBptiod, MY $bceSsori OBpdtds alcomelegi N sai d
under | yi ng asset Cf)npr i sgs a finapcial asset. 44 ) o

_ heoretical 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 computes the bid price and/or offer price

of said option based on said corrected TV and said bid/offer spread.

49. An apparatus 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 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.

50. An apparatus according to claim 49 wherein at least one of said

plurality of weights is time dependent.

51. An apparatus according to any of claims 47 - 50 wherein said
plurality of building blocks comprises at least one building block selected from the
group consisting of convexity, risk reversal, shift, gearing, Vega profile, and intrinsic

value.

52. An apparatus according to any of claims 47-51 wherein said

.underlying asset comprises a financial asset.
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