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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 selling an amount of one currency

25  for an amount of another currency. The spot price is the current exchange rate
between the two currencies on the open market. The strike price is the agreed upon
exchange rate of the currency if the option is exercised.

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

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 interested in the option the first trader quotes both the bid and offer prices, not
knowing whether the second trader is 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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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. Currently, the most common exotic options include are “barrier”

30  options, “binary” options, “digital” options, “partial barrier” options (also known as
“window” options), “average” options 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 “trigger”, during a
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Generally in this application, the term “Vanilla” refers to a European style Vanilla

option. European Vanilla options are the most commonly traded options; they are
traded both on exchangeé 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,
except 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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pat ent 6, 06]20662e1(1w’ianhe 662 patent”) describes a net hod of
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., a 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, using 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 historical
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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real market. Fo l’adﬁKtﬁféﬁﬂ i€ kndwin as volatility “smile” adjustment. The origin of the term ¢ smlle

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 distinguish 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 times 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 transaction costs
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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



Convexity is the second partial derivative of the price with respect to the
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currency options marke
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inplied Vol (25 delta ca nplied Vol (25 delta 5 The 25 delta
risk reversal is char%cde@ﬁgl{?edll‘m}leé\@i@ééie c%gﬁmeﬁwa@éﬂéﬁp‘{t spot but

practically d]Vegg[(fqg\ég)&'eﬁey I Q(tre{/é}%l %h%ﬁ%rlﬁag% a sl&}R ro@mga?w‘tﬁ réspectd ot Butprice

the sl ope spot Strangle is the avera the implie

volatility of t ipectedlly m@w@etymﬁtthe cupkeiic $Pok s i BITPRpTeni je User do §&ﬁf‘ethaeﬁktpa For
exanpl e: 20 25 %&I%@, %J['angle: .5 (inplied Vol (25delta call) + inplied
Vol (25delta put e 25 delta strangl e is characterized by practically
no slope of Vega witbsngapege i the aspoge aft tht repliadrvodaiitys pbthe chiliandthedt, of

Vol 15 &l ways. kbt whil BvigRcuB AN TS bEe the | o
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 AT™M
25 option. Like the strangle, butterfly is also quoted in volatility. For example:
25 delta butterfly = 0.5 (implied Vol (25delta 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 leverage, is the difference in price between 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

vol ati |l itwo Bms4mxanpl e: 25 delta butterfly = 0.5 (inpliedcriBo(/2Bdel t a
call) + inplied Vol (25de|ta put)) - ATM Vol The reason it is nore common
to quote the butterfl

hat butterf]| ovi.de strat ed nost
no Vega but si gifHs CBRkM ng\\ﬂé%("ﬁ}er aé“idrﬂ:ér% Pdpg nélhadom OPan gtﬁ%%a%{zfr
rel ated throughgtine ATMouR! R hdtéd that Whiaahlal Gptiah Wayisvals avene exﬂmsdvmn@e used
i nterchangeably. The 25 delta put and the 25 delta call can be determ ned

based on the 2®ugsrndingRxetisPPiifR 25 delta strangle. Gearing, also referred

to as |everage, is thg, #fHRl@n¢Re iiffeRntEBRENMREBIdpHEe and b B3 /plBAAA!
PCT/ 1B01/ 01941 exotic optl on with the barrier and a coyrespon 481%}?Van| Il a

option having t fieangiahgerivatiyd. kethe Icﬁsesqf@ﬂ‘ll‘dlsb@e Ris{odter sprgad 1§ SRYRTSP hthon is
al vays nore exPeRs! ¥evdibdfty 3r if RERESPRIGE of Rl dfioRPTBid oBiorligaéddcst pr ead

is the difference between price and the offer price of
financial deri veivéneptionrdepérals oagke ekecifiptrmsters qafethﬁpam@r fip gengfl, etg?:l moge

expressed eit he? Sf;i it if §% %aﬁg \ﬁ?é ﬁgk'df'aﬁx 2n, {1 ﬁlﬁgr@th@fbld}’&f?er Bprbs&BroPthat e

option. The bid Fert Sprea grven opflon depends on the specific
parameters of tb;ﬁloﬁptlon I n general the nore difficult it is to nanage

the risk of an opti SPXWV“?&%%?G atlcuff té){hg{pﬁ}fcé %vgﬁ%ﬁl@gwfoﬁfg 11138 by bdpml on.

10 Typi cal | Y%t rader Ice a woul d I'i ke to
buy an option {ptiod. (1eIﬂhebbllsﬁﬂe$a1dﬁheﬁnﬂaﬁhﬁlchﬂhayevcalﬂdhkﬂtohellme}bp’wnﬂl e |ike

to sell the optlon si de

mat hemat i cal or 1€ tS%QF cﬁﬁﬁenﬂ%tt 8§ref Y Pr’a%‘gli‘%tlcla i Xomé}n@/:og?l%%h@l f((?res

and so trader S EMBl1&alg! Bidlogiel pdes, aﬁidusot 1r2033rs @pﬂnﬂtyl f@y’nbs intiritivo) mpnlgmclhangl ng
the factors of an option to see how y affect ; E@”ﬁ ﬁ%

past experi encelnvalyingrhaagipg theifariors f"bolﬁ}éonttﬂée %Vt’ l?epﬁ? ¥ S P
traders. Fagtopg GAMMDI¥NdL el lblré@ﬁmdéyedt foethS nhd3€ inistetaniomnvE X trgdeﬂ;nd RR
which reflect intbition on how an option shoul d be E){rlce

comonl y faced E9ct0r§ reanarosly welindwpen e tradss gichyds oprye %FB‘gE‘Rnglfgdeﬁeé’
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part of the pr| % ng trader deci des where to pl ace
t he bid and 2f f get too narrow a spread may result in losses to the trader. In determining what prices

to provide, traders need to ensure that the bid/offer spread is appropriate. This is part
of the pricing process, i.e., after the trader decides where to place the bid and offer
prices, he/she needs to consider whether the resultant spread is appropriate. If the
spread is not appropriate, the trader needs to change either or both of the bid and offer

25  prices in order to show the appropriate spread.

SUMMARY OF THE INVENTION
The present invention provides a method and a system for calculating option
prices (e.g., bid and offer prices) and for providing automatic trading capabilities, e.g.,
30 via global computer network. Specifically, the method of the present invention
enables automatic calculation of the bid and offer prices of options with accuracy
comparable to that of an experienced trader. Thus the invention also enables 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.



prices, he/she needs to consider whether the resultant spread is
appropriate. If the spread is not appropriate, the trader needs to change
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control | ed by apalsaaaySe sBFoRlrd r&@) Helrb®stes, Stoblk dividehiPardl dodls S carty)tasd est
rates, stock dividends and costs of carry, and therefore,
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i nterchangi ng t quantities used. e nodel” with corres
quantities ab aquaintifier esed tyythe noddel sithi cparesppading gramidgsef @, differeehiageft he

model from for eid«gr?va & %P gfan{p@,()co 81%1&69{% ndel from foreign exchange (FX) options to

stock options, one would use the dividend rate of the stock in place of one of the

interest rates used in the case of a pair of currencies.
Such adaptation is also possible in cases where the analogy is not simple, for
25  example, in weather derivatives. To adapt the model of the invention to any type of
option or option-like derivative, instead of simply replacing the quantities described
below with corresponding quantities of a new type of derivative being computed, the
model may be adapted by appropriately modifying its building blocks, which are
described below, to accommodate the new type of derivative, and computing the price
30 of the derivative based on the new building blocks. It should be appreciated that
different option markets share similar basic principle. Thus, although the invention is
described below in the context of the foreign exchange (FX) market, the model of the
invention may be adapted to other option and option-like markets with appropriate

changes, as will be apparent to those skilled in the art.
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corresponding to the subject exotic option. The weights applied to the corrections to
determine the bid/offer spread are generally different from the weights applied to the
corrections for the TV. In alternative embodiments of the invention, the bid/offer

25  spread may be computing using any other suitable function of a plurality of building
blocks that may reflect risks associated with the option.

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

30 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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ot her on a margi asi s, even i.f they.do not g_i Lot b bt I n
accor dance Wt hpﬁfﬁq‘@%g&‘i“ﬁ‘é‘ﬁfnagﬁﬁt f?@}ltfoﬁ\sléﬂ?tfngir}%ﬁﬁeeg}égeﬁ ntc"Y(fidus *or rg\b}l@ggfia a
met hod for proviRkdigy &f tiildingbiccks el arthafirsoirfdesecqndiinmit ddta,cehleapononf thar an
underlying asset, the t had i ncl udi ng. recei ving,first input
correspondi ng t Builing blogky by ’bﬁ’roan‘gtaefasc%aé?]ia%iir{& L HE %%?%lag%f%@tgc%? vi ng
second i nput dajz&0 Eérﬁ@m@cai B8 ptice @ndl& apl dffed biite/ofothe optigneasta fuactioatof at
conditions relating to the underlying asset, .conput] ng a Igoltﬂgr al i h}/ 0(2
bui | di ng bl ocks lessisemedH thhbuiidineshlodqand uedne Ap GHPHRIATSRI I8 A *He of
the building b'pﬂﬁé@ncp&] M offel PGt dofe Qbtich. f RCidale drfc@irshtd 6f the linvehtion,
associated wth'the option, conputing a bid price and/or an offer pLjce of
the option as acbmpéingotheolid grice 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 of at
least some of the building blocks, and computing the bid price and/or the offer price
25  of the option based on the corrected TV and the bid/offer spread. The plurality of
building blocks may include at least one building block selected from the group
including convexity, risk reversal (RR), shift, gearing, Vega profile, and intrinsic
value.
Further, in accordance with an embodiment of the invention, there is provided
30 amethod for providing a bid price and/or an offer price of an option on an underlying
asset, the method including receiving first input data corresponding to a plurality of

parameters defining the option, receiving second input data corresponding to a

plurality of current market conditions relating to the underlying asset, computing a
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| east some of the building blocks, and providing an output corresponding to
the bid 20 price and/or the offer price of the option. In sone enbodinents
of the i nwenisioos97 conputing the bid price and/or the of f ecTaBorencl udes
conputing a corrected theoretical value (CTV) of the option as a first

function of at |east sone .of the i di | ogk o) | | er
spread of the oiﬁr‘ieﬁtﬁd Oﬁ?tlgz?alc‘@ﬂ‘a f(l(ajwc)t %&ﬂgﬁqwgfb aque(%ls@mlsﬁ %é&%ﬁ%?e c’?ﬁcg{r@w | di ng
EI ocgs, a{lﬁ conmﬂa,lcaglgﬁﬂmg Dbid/opfet s@eained/ths oftiva tafddem the ifice a8& sabnd lpubpt i on
ased on e corrected TV and the bji d/ of fer read. Th I i

bui I di ng bl ocks%ihyOrRE e @Pﬂff‘e%nﬁ’{or&ﬂ@&g‘iﬁr? 8i°ﬁ8‘ebﬂp88‘§b%3‘1!‘lé‘gthigtcfx’frg%?ﬁ the
group i ncl udi ngvcan\iexbitibffef ipidad] aaessaliing RR)outpahedriespadmgitothe i geice

prof! | e, a_nd intrinsic value. Further, in accordance with an enbodi nent of
the inventiof, wérdhgaffespecs ofdhe ori9na net hod for providing a bid price

and/ or an of fer pricgqffiordily,ORt dcosrdMbe Nt BA@MbYdiREGnt 85 8R! invénfien MRird g
including receiving first input data corresponding to a, pl

; a OI' 1 € It f
par amet ers def i pioviged ey f@rproviding p\pidwricec@dion al AHEH Prl'fﬁtér&‘g(?%'i‘%’s%bﬂﬂi ng

to a plurality of j6Hcreaty MBEKelaeONEELEARS A" Sl Retvig! HBstURGAE | g
asset, conputi n% aer?fﬁ 5% 05%834 S97 PCT/I18817101541 cgrregct e%l ?ﬁgor eti cal

val ue (CTV) of d}:dfr?spxpldingrto b abealitoef rakeanetars definingihes entionand aroyitdinggatogtput
conmputing a hid/offer read, .of i o st nd
Cnpat dat . SoorRgTE G skl indl) hOTHARRD G Bfichy B AR LTRED
based on the coreceieingdecchY igntldith eorspéndinggp agprditsl of qureenp matkicticangitions

out put corresponding.tg th i.d price 5 . J [
option. Additi off "}q“g,m ?Ihe %@8‘54”8%5%58@ W @Jr;}gées%’o%?ﬁ%%c{ glgtht ée&?‘ﬁ\gev}/lléllagn
there is provi éafipessyplumiity off bupiding ibthickg basediod ther firsearsine¢@d isput dbtaerat pri ce

of an option on_an underlyi sset,.the system.i di .

Ceceiving f1 st kamsaE i st FBapakimeAqurdon SR I Rar R HEh by

g ﬁL} ni ng nt QﬁSOPMSQ@a@@ Glffitﬁ {ﬂ%vépﬁbitfﬂ,gmanwmﬁﬁ ﬁiﬂﬂherl&n@]?fes ﬂﬁpﬁdhﬂiimnﬂmr ehehiffdr pri ce
er price of the option, the server ot s i Vi d

bt datacor r BPAGIRGPIE 45 pIFARREY sbiwemertl e PRI GRS TDASe

rel ating to theHpoBmbits B9 tRSHGntioRANH BmPhiMEEHS Old prd@Sadion togfr piidenoft the
server, which conputes a plurality of building bl ocks ba dfon the first

and second i npuPptéRas the prrcessprepPUER @ coreqiertheriptical Yajie (ol )go s qpgon asa

function of at ('glgs@?&ncﬂ of AGLRS sdnfd cﬁ{tﬁéjbdirgi@ HlbkK alidRse0gal @4 thel dpkiok he

option, and whi urther conputes the bid price and/or the offer price of

the option a9 aaf ametondfunstionof plelsatt semerel g1 huflding placks, ein BePIOPHE o e
g?bf ﬂ | rents of  t he lBVEE blaYice hil/GUFRY bliddhrilleoghbhl bi¥el 6 1R\ShH8¢ePTVaha Pr i ce
the bid/offer spread. The plurality of building blocks may include at least one building
block selected from the group including convexity, risk reversal (RR), shift, gearing,
Vega profile, and intrinsic value.
25 Further, in accordance with an embodiment of the invention, there is provided
a system for providing a bid price and/or an offer price of an option on an underlying
asset, the system including a server receiving first input data corresponding to a
plurality of parameters defining the option and providing an output corresponding to a
bid price and/or an offer price of the option, the server further receiving second input
30 data corresponding to a plurality of current market conditions relating to the
underlying asset, and a processor, associated with the server, which computes, based
on the first and second input data, a corrected theoretical value (CTV) of the option

and a bid/offer spread of the option , and which further computes, based on the CTV
and bid/offer spread, the bid price and/or the offer price of the option.
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option, the processor conputes a corrected theoretical value (CTV) of the
option as a first function of at |east sone of the building blocks, a

bi d/ of f er wepismaezoof the option 20 as a second function of miriBessty4sonme of
the building blocks, wherein the processor conputes the bid price and/or
offer price of the option based on the corrected TV and the bid/offer
spread. The plurality of building blocks may include at |east one building
blhp]?'f sel ected f ri)/m t he g][ yﬁluEFﬂj%s(m'mIoNNEﬂiHE/DRmiWK\lGSver sal (RR),
shift, gearing, ega profile, and jntrinsic yalye. 25 Further, in
accordance with an FERSARrRvesfion W@%W@ﬁrﬁ%% ?n‘f?Pé’Fee“*F %?rg\%la'e%oméhesyst em
for providing apRbfing defafle® B RpticAOIA hreferBl ie@Bodineofotpt iirventinn, eaken in
underlying asset, the systemincluding a seryer receiving first input data
correspondi ng t@mammynuw@hﬂ@ymﬁmW@@ﬂ F@PgsﬁéﬂPﬂan the option and
providing an out put ﬁgﬁ% 8SRONGFioRIcHaR Musthkifle R FRrvaRd b9l MBthed fi&r pidihgce of
the option, the serve urther receiving second i nput 3Q data corresponding
to a plurality eftioouinraseardenge kith ag enbedimen$f he|PESFHETE8 e  under | yi ng
asset, and a processgi, H3sg9 il R w RGeS &hMREticaM I RBr ARBRH bRSrithaRs ed

! GledL
on the first and seco%d |npute§é$%, a corrected theoretical value (CTV) of
the option andfoa chicalatide we/offpr prings of fordign exshanze (FXheptigas dhaqegidepierwith

conput es, based on .t he V hi.d/ offer_spread, the bid price and/or the
of fer pri cel(?)f %rh%n‘bf)ﬁfl?%éf@&bgﬁgm@g CT/ 1B01/ 01941 pBRI EF
DESCRI PTI O(;I OF TH]IcE :JR@W NaScHmetip bisk diagianyidinstiating wisystenb ér pridieg spiéwd and
appreci ated nore ly fromthe . follow ng detail description of a
preferred_enbodP%Eﬁ?n%#WQHﬁ??4#%3%?¢ﬁf%%%ﬁ%ﬁ§9ﬁm“§gbonjunction with the
acconpanyi ng draw ngs of which: Figure 1 is a flow chart illustrating an
overview of a nethod for pricing options in accordance with an embodi nent
of the present invention; Figs. 2A-2D are sequential flow charts
2]9hfegf‘te: Cﬁ' |e1¥C'hL| UStIﬁ%%&IﬂE?!DEdCQ_@PMbN‘OI&WPEEFERREﬂ EMBODIMENEr prices
X nge optian i '
t he pr esgnt i nv_en_tg i Preéﬁ@%ﬁnﬁlﬁ@;qg%gfgﬁgé‘ﬁ%%gﬁv%%{?g&‘iegﬂﬁ’gﬂﬁrgﬁggﬁqe EOF in ng
P osent 1 nvent i o o5 e A P T RREDy ENBCD) NENT 7
preferred enbod isxréimoptj@n._tlhélopldé@eapprepiﬁw@nhqwerp thatjwedsls Heppopy %Olﬁg”ElﬂN’gth‘EA ext
of a model for calculal ﬁbgﬂ}p'ﬂ?c% {Bgtﬁ[fcf)ézltfgl\c/l iMEndiBE 8l 1R he@YioRfs ot figtiei gn

exchange (FX) exotic optio e appreci ated, however, that
nodel s i n acoor dafocagmetchatgeeptions or exotic options. One skilled in the art may apply the

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

instruments, e.g., options on futures, or commodities, or non-asset instruments, such
as options on weather, etc., with variation as may be necessary to adapt for factors
unique to a given financial instrument.

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
factors 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

13



invention may be applied to other financial markets, and the invention is
not limted 20 to foreign exchange options or exotic options. One skilled
in the arwowsy3adply the present invention to other opti atI/iBel/g# st ock
options, or other option-like financial instrunents, e.g., options on

futures, or co ities, .or non-asset 1Instrunen . i
wather. otc. . T EhPUSHItSToORTRS oy BLoneplUEEMfe, SHEHiont TPty a8 o
uni que to a gi v@e thdorawsl wluci ofah opi@Nih.ordd td corhpeasaerfoo dienisitof desentioh éd

herei n bel ow, bjid/offer prices are co ed fr a.correct t.h tjcal
value (TV) of aﬁe&ﬁ@ﬁnsh°§ha-gtaﬁ‘é@ WHgR 8‘?‘?#8[30 Eﬁrbggg‘l‘ PEKSLREE o eikg?eﬁg(:?oré -
(COWp;Jt a][ | gns. f Ofe_lécﬂﬂ t@@él{iﬁ/éttﬁéjgo-ﬂg 0&&% rﬂiﬂcﬁfs@feff refers cceadudgipg Yloder i vat i ves
partial derivatives up to second order) to factors readily available i

the market. The factlsr@ods]of gepresept ing ftales b‘@%?i"i‘?@g}‘(‘ﬂﬁé’r %th’lf?etﬁ%‘rtﬁﬁbgr

is cancel | ed bypggkistiied toded igoret6.8, RN thah fretréla@das trafsab@InOswst bereasset
rate, or to infinity, when the trigger is above, K the asset rate%thaqjd t he
e Vega

change in the phesigingeFerexpmplesiagee mP%ﬁéﬁHb?ﬁhe{@%ﬁitWet}@d%@g geto
probabilities, Bﬂﬁ? @ycﬂfc' ogasﬁﬁﬁyb@%(ﬂ?@sg&ﬂ il 1&RABE &S caRRLRPEBNLT B oftha. By Sk
management cost of the option and of the conpensation required by a trader
in E) r gd: ng the byptingmlong Fenvesift k.as? pQ&liIVPWen‘BPiéX&RLt@%H@ﬂeébocﬁbagﬁqer\ﬁm%ﬁﬁni s a
probabi i sti gzTelolcYol: 3 0 . 194 he
present i nvelgt r%%géysb%geglé% gﬁﬁgﬁgf%‘i it né hgﬁ)%égl@ggg{lgﬁg%ﬁ%?ﬁ%e&%hgged to
E Ee t h;a_or etical anrfhbmge'n%molatﬂi@mheorit isnlowed evithoot tlsimgenpesitiont dhe skié ofi thk of

e option in e tradin 00K, .6..g. . L L0,
mar ket maker. Th@g?erﬁplfeée{‘?sot?es prds’% ﬂé togélrl ? gtloac%lﬁng\r}lggﬁé{r? glloag agﬁéﬁ(%cégeﬁgdel S
are referred totiesniuidycifnie bitoakat. wikcihentthel ed-haigingirestps dsemost iengeasive on
takes into accog{g{’trrag% fatct Qrs th the Bl ack-Schol es nodel ignores,
e.g., factors t s ?@ﬂ‘éﬂmf’%r? %nsaction cost of re- hedging. For
teﬁarml ei_ I n‘ﬂs[l_e m)defiing@ﬁl@ ftiab@ds ’t}?fc@ilﬁdelfahﬁdge‘a; inedgiovirotosenipthe tsblter YEga  of

e exotic option nmay be expressed in ternms qQf {he convexi cost ,of. the
option. By havkeskepuf Splipcqud gemove the g?lfa lﬁaﬁ%gli % pioR %%H@ci% Fﬁy%?' PUYHE
trader book, a bEAARE uhidRlyBR 8sel AhEPME Ynddet $i6ds! dr RElliMO ttuntérying & when
selling ATM options) when the volatility is higher and buyi volatility
when it is | owefhe markeiglselineak imieanqaey keqokout fﬂ%@n% mef¢af6?te’¥4?a%yﬁ$ﬁ‘&‘8%
represents the Bél@dbﬂghé)ﬂtfnﬁitﬁfto@zﬁdé) RkphitfioR &dtN@e "GAibn ! NAs tthé GBRY oftmadurity e
close to the maturity of the option, at which point the re-hedging cost is
the nost expénsipmoachns the Heltn, rethedging cosh meirsthenirageer mex yise fepstigaliycand,the
trader is typical. . Al - 1 treafaca
knock-out opti ogllé%%uﬁéjg@gﬁgg%%gﬁg Sélﬁegnﬁgﬁ&g% %@éél%gl{déa eEnIB%g ?ﬁ% J?hgélg?t Og . 9.,
by buyi ng the trigger correction is always positive and thus needs to Be properly gauged to

express the risk. The gearing reflects some aspects of the time decay of the exotic
option because the price of the option will converge to the price of the corresponding

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.

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
model 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

14



back the underlying asset when the market rises or selling the underlying
asset when the nmarket declines. In-the-noney knock out options are

char act er woeus/by29a growi ng delta discontinuity towards exdwmdi/on4pf the
option. As the tinme of maturity 20 approaches, the delta re-hedgi ng cost

near the trigger,. rise drastic . . j fi. t t]

reflects the ri% &ﬁé’a @Wg&f’fprécgee? th%{gj reg%gd{“%%g%rpﬁlgfggg t ea{%?%r%g tg %lgfﬂ%e of
the trigger coré@eticdnhésetialvaylae g6IV).i i eshanld Yehapprovedadsthat ssepheo del y
gauged to express the risk,  The gearing reflects so aspe . the time
decay of the exdtPHso B’tein&‘?iiebé%pdf?gl§ PE%‘%SHP &he Pr taﬁeetrﬁgé’fcfg%fﬁef&);lg%shgser ge
to the price of gikdiRsedWeloRs BRIGE BOMRSMMAdtIpric@asPiefepence point for the maddekafabk ed
out. Typically, the shorter_ the option, the nore re- hedqi is required to
account for 1i ni@veptioaynerply o cUMWeElFIcE A Y D r@ﬁﬁﬁgi%ﬁggﬁngvﬂ@ . g%&‘é%t
invention, two gGuaRtil besph, 8 h%g‘ﬁ@:l $ Wi ©61us BRAsFinaing to Raneknowntietiadpfist ed
m d- mar ket price and the bid/offer spread. . Accordin t

. ) . %to hi.s enbefg)di nt,
separat e cal cul 8t thsnidrmarkgs aics. o Fhe §po Of i Ig-RAket BIFC38° GuiETICP 97 Bihe

adj usted m d- magkehBlh6 R prefeded Ll BRadsBe i@iil%jﬂheoréﬂioaemoﬁag favRlcalthg
bet ween the bid Jg{rﬁl;uce and I%rhg offlglr%g/pri?:g. f&s I scussed above, the

Bl ack- Schol es  piiets| ofpepsipnelesichras the i Black Saltolesagpodel, arer tpically dyjended for
o e eca! ) SedIBIKEL (RAtaRa o RbERLEECR] value (TV). The ad] usted

m d- mar ket price provi present invention nmay be regarded as an
adj ust ment to the Bl Bok-bistdftdr esprqadi cempuldrgcqonding 1d the podrogl smpodiment,

PCT/ 1B01/ 01941 pust ed.m d-.marke i . e i (o al so
be referred to E@dejftﬁihe %%‘r%%tc &t gt? %teogll;e'e}{%lg%lgé tr%%?ﬁ@ n(%%)tefl{ap%/@@h%ﬁ Ig%ﬁ%%

appr eci at ed t hatThe Buikiie Glbeks fabadabr comattpns & thé cdlhdatipndé the bid/plfer apiegd mryvi ded
to the user, are the bid and offer prices. as, discusse | se of
m d- mar ket pri cBS SEniler rtgfﬂgcfsg r’r’é%J goof’eﬁ?ulq%%fﬂet RId-makey b%‘e %g&g%:gﬁhvgﬁﬁl f(‘)in
merely for qenvannenehcand thayidadicr eftalcad rdytedtohihe riak bt theampyion.éleverace

poi nts, for exanple, a higher or | ower _yalue rrespondi to s .known
function of tothenilding blogks ate ed 8"\2% eRtdE ag © Wfﬁgﬁﬁ? %%ttwﬁrclagcgﬁggnsa
reference for tRg ecAPMItiRlbAPTades td8Rly @dncel 1Y alt@RiEitg ehecad)Btddngid-

t heoretical nodels for calculating prices of options, %uch as the Bﬁlhack
Schol es rodel , #weket pre d1ukyihe saneh aEs 18y haygpa CHPRlgHYS tt“?'lé%?‘@f‘tfn@a ©

m d- mar ket val uggy Qb f£kte HRESRGent ROUFRLBEs BRERERRRGNE Prdaie
preferred enbodigﬁléor{?e?gpl?ef Isecl%s %he ri slé1 that 1s ?el ated to rsep- hedqj nag
r

transaction 200sts enBsiwaydofi an eveavieptof dhe. prefered sEPPAMSEt BfpRiRg todiel,
CRLLELLon® " G ) LN OA et DL g g cobrng mbs b <o
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., strike (when applicable), barrier(s), spot, forward rate to
30  delivery, volatility for the expiration date, and interest rates of currencies. At stage
112, the model calculates corrections and weights to apply to the TV to generate the
adjusted mid-market price, also referred to herein as corrected TV (CTV).

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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15 market price and the bid/offer spread are related to the risk of the
option. However, the building blocks are used with different relative
wei ghts i wadse3szmo cal cul ati ons. For exanple, in sone casEg/mBer/m4mnay
"cancel out" calculating the adj usted m d mar ket price, but, the sane
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separate’ i ndepeﬁlﬁlém%'l'ﬁ@c‘faf“ﬁé%%g) es?tl?rhé]ts ?Ygli‘sglacso g@et]i]g lsnﬁlr?ﬂsggm Jogéa\{f\)gﬁ/ of
an overvi ew of gekaemgrceﬁr@nb@dhﬁfmﬂcmmnd Vegaeprbﬁlngzotrectiéngas descrived belowge 110
t he nodel cal cul t a theoretical value (T ati o f _known
al gorithms, e.gh 25 °6]ﬁ“1f“i‘?é g 6381%‘3%‘1‘?8% @1%&&11% %Fﬁ elg &laaly%agtsum ng
that s pgt und eﬂﬁﬁﬁcfenﬁ Aﬁrsfh\gﬁll ﬁﬂh tHdEQi‘otreﬁoﬁ@ﬁﬁdQ:l’oﬁesthdllﬁg Weightsaalre dApylieditp the
comput e in an _anal ytical nethod or n rica i

known in theSar€V torengipigcthe serresiadol ¥s g%q H%ﬂl?s@adcﬁ %H % él(?)ﬁ)‘glg{(@fs
embodi ment becaygead By domthnik: %mmera%ﬁﬂmg Klobits dfhiBe biathfet Epreddpe.gpEome Ng
derivatives in cases Wnere the underl asset is assurred to foll ow a

Br owni an not i onb4s& Vgiuécﬁés\’ﬁndlapblé/@g%rséprea nnd; the yedoys salcplagedegrrections apd | yde
expiration date,, fglhés o t{rvhﬁ kp\?é\%egmﬁ bg tlmemﬁé}llﬂeﬂuﬁnd WK kal Be dﬂfe?eif Y,
|

Eur opean dlgltal etc. n applicable), barrier(s) E ,. forward
rate to 30 delifremyhe W@llglatsmqutty céropute the cesgsiadak Y. oRinaldy, et St%ﬁﬁ‘dlﬁrf ebidsnd r at es

of currenci elﬁ heA{? ;%rﬁg§are %&%Putec{'ﬁ d;!on%@clec?’f'{/ h@ %heoc%/Bﬁ&I dRAS pRNMetBY ght s

to apply to ener a usted md-nmarket price, also
referred to her dlemnaielc&me@mfembd'réxm‘t(@m@nt ig @mdnstsated(efnpmmesl te b BEIHEAY , t he

bul i ng bl ocks gl Uqggs ) el 01 1 AR RAlpordckdd 131 ng%pm

gearing, shift corres Cortaetions

03/ 034297 PCT/ lBﬁbb/géthHelmvbﬁtem mapcbudeplmdrmemytoyhewypeecf Dpimp ari gitiondier sal
correction, int r| n5| e correcg}eog{, gearing correction, shift
correction, and@¥ip H?rb VeknogiBiealn  as described bel ow. Weights are

cal cul ated figr each pefefeed [sQﬁadM‘t@rIElg§QEK82]thakémeseqﬁélﬂbﬂ)s wiEigh memamuy
dependent. At stage 114, the correctio nd ,correspon ar
applied to the Sluﬁwatﬁén&éb?élf%cé’mtﬂ"}%n%%# stduidmagket R lc%?‘ﬁlagd/’fﬂ %"gSp{eﬁ%’ H’gdel
cal cul ates the Bidhqf heer pﬁ&rseﬁda e 2R NdXcRinBe (FK? tibif, €ih eqtorbiatick divittg abl ocks
of the bid/offer spread, ., sone base val ue, e Vanl I{.Oa bi d/ ?’Eﬂﬂoﬁh

i ch

spread, and the ephpdimgst @fa!hé anvenien. sy fhawhiip Ade. a%*%l the, apyis; 197 thesale
wei ghts may be tlﬁcﬂ% 1IER BINEE nﬁ re?e%jo l_jI/"trycﬁlae mRYy Sieniflbdot @8I of the Qjdehéptioi ght s

used to conpute t corrected , at stage 118, the bid and 10
of fer pricesoar er thermplevad niatksin QM@H&@‘F’dﬂé @tcé’de Trforgpatiop eripidgfrosm ther releyi ad

provided by the, ni?eqerlxafe}‘rlé]ﬁ) RE&h &4 %&%PJZPQ?MEEEQWW asd@éﬂ?ﬂ%kﬁﬁﬁgqle%%n@ipp' ied

to in-the-noney tions
appreciated t hatrefem:d to alp;europs wammeters, Wthh may be specnﬁed 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 knock-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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changes, the invention nay be applied to any other type of option or
option-like financial derivative known in the art. 15 Reference is made to

Fi gs. 2A-90o3teakmn sequentially, which schematically ill wstw@soeom4net hod
for conputing adjusted m d mar ket pri ce and bid/offer spread, and bid and
offer prices of a,forei n I C

enmbodi nent of t‘ﬁ’é‘ﬂ?bi(i‘?/gh il %’é %IH&%% 1§p&ts {"%g%lgr?q%{as%f lﬁ&r{ﬁ

cal cul ation i ndk&at6eh actred@ls fokmarketpdaﬁ qmabdlegi bmebmﬂmwmm;chsangEUTEBSI
details of the subject gption 20 qr the rel evant market, details
i ncl ude i nfor naﬁ"Bﬁb‘EféfT‘i}%fatef‘?t‘brﬁ“flf?éd‘rr%"ltggré’m brolets: e OV t%\g eggm}eo her ei n

as market conditi onszjo@s1Rlicatesthe @bdpltaidhetiiy tﬁ@réthﬁl (Zlaﬂ)ﬂid @w) of thefoptiored t o
herein as paraneters, ich may be specified by the '\@?fggé 1

condi tions i hcl briee prisekelhs #Heithmdoaempring e d r“i“tyel%e drqé’l hgles A

subj ect option, s1mﬁ?r ﬁ’i@&éls &'ﬁs@fﬁfglﬁﬁtandlﬂicoﬂbﬁﬁilhsocﬂ siilatfdaaéthdds ab BretkAews itbj ect
option. Exanples of market 25 conditions include spot, vol atlllty f orwar d
rate, and interdstrtr dneeme Pasesfer ewmple fhpweRnpuige deybiednesk-out pptioas. tis | gger
val ue(s), and ey {ANRERES serBBYhAever, Idu6 [ty dRe it
identification &E{uﬁ*bﬂ %ﬁﬁrﬁgggtﬁu;gﬁﬁné;g [ deﬁtl flseéatl on of the underlying
asset, e.g., t heorwergcrmaccpfewcbenﬁtgtemubmn'gédgenalrﬂﬂy sufisient ¢ svpehe distdet i ni ng
the option. For exa t Akiiar@pt i On,
the 30 opti dh dgEAPTEohaharEs TolsRuhe®, FIOGR Boaboll AQH, WAPL: il tp
activated and t kgocilaue Opﬁb’h bwhllfala tivhevatridrg (ere dboval dzcelrieat epbt 1l ged ohor

mar ket conditio the current rest r nd
The AT vor st i 1 pe oyt SGntite S 11 D §Pks it FRies aPREK el
market, as is Kpgiyhel fitstit€elamints ditthe mekatlesnslafa)sunmiadon is based on assets

that are continuously traded in t h

03/ 034297 PCT/ 1501P911f9%‘1ng ra& eai g{%ﬁc}c}cggéﬁ "t?r cal‘if‘ ﬁ“’gxg%l}sgﬂk
inputs may Qe basediANity HeRsEBREVAM) of2a kel ¢l par, espstiofly Tarl theistrited for
provi ded by conpani es such as REUTERS, Blo rrber Tel e{i%t PI’%?’ P a?ﬂ/ or
directly from br@kaike deltagor the givien pplatility i hhpgieent: ghgéli{lp Yeriilipgefhe

computation of Hhe, &1enl i rﬁ%J bch?eer@d iy BHmtthe2 DasHaaR all T5edeng bpttdreed.
The al gorithm for computing may be” based on_ Bl ack- SCFF ol es or

simlar nodel s Ctrsglex Biﬂgkdfi lraimteﬂtﬂil%mplﬁroﬁ{hegstwﬁr"aﬁﬁeﬁ{hab‘?% YRGS are
known in the ayf, m% etsc%%tlgﬁss e&s mbonEX HME Backbhiftid GOdRHILOE, HRUBI Rt

knock-out option conputation may I nvol ve sunmm ng_ over infinite
series; however RPchmd%cdehmsraﬁlabt(bUt@d}Wéreg?@m@dﬁfeS inibp OPtiFDE Hlafket g quetes i t

i's generally suffl i ent S.
For “exarpl o, a GOUBTE RRLORE ARG R hE G Bt RSP IR oo P RETLE
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 cofresponding derivatives of the exotic option.

By comparing the premium (i.e., the price) of the 25 delta strangle to the premium of

the 25 delta strangle with ATM volatility, the model may compute the price of a unit

of convexity, denoted “Price(convexity)”. By comparing the price being paid for 25

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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knock-out option but has two barriers (one above the current spot |evel and
one below), involves summ ng over an infinite series, but yields

accept abl wom®aakmws when only the first ten elenents of tirEm®Boi/e®4Dr | ess
are sumed. Continuing reference to Fig. 2A, block 16 indicates the

calculation of the strjkes vI | it V lta
call and put, r espechs pdicgred f‘t%éoc §?tF1}( e fggﬂl&lm c%a(:?ﬁélta)daeﬁ: 6églet he
gi ven vol atili tapdirsay2se @@fu@a@é&du@ﬂ[ﬁoﬂ dhpedin\nodnadry,| d.4. ylnahe fane 025 loakkalpt a
call and put may be derived d| rectly fromthe zﬁﬂfuflbiﬁa ggd %atgsetﬁe
butterfly (st riablg ©r. refraeg latgr I“ht‘;he SHRRYALRR: | ab6T STITESE W6 Val Ues
that may be obtg|meekhiy RvednBe BRI @hd CO1BMtY is6 Misat tiRSvITRNIY Giredgivan difilke
background section above, the 25 delta 20 RR nd 25 deltﬁﬂﬁlstran

(butterfly) aremawheineked exsinithe s opis SRR AN SRR 5 Bk {’le’tﬂ%ose

inputs are readlky.a¥gh} g{ﬁh@h@ sﬁ’iﬂk LibtmK RO Wb &1 8aMI BESW, ﬁﬁoﬂvﬁlgtﬂﬁte case
for the ATMvol atility. ock |catesthe cal cul ation_of erlva,lves

of Vega i ncl udi degerifition @fon«mmltmg fb¢ hidhang ffes| Rrigesst r Higghevel (vABIEY oG
Vega over spot O us%gnt%gec% 1{1(11:& 1{1'a%gorfl£1§e Fftihethe EHI'GSCI%SIHW‘JUIOHQ§ nbBmiEd fda per

convexity and pr rrsk reversa hese quantities may be used to
gauge t he corre&mmnhtmg oflexdtic apfianssasatescrihed ksxain; rethemp thivrpvel IBgehaisp 4rS g t he

th I t -th
55 el 1. st Ahng A ROMRIPAT Py S 8 St ARy (F LRI Mic 17 o

unit of convexinaket stévrelf &dnillPoptiméconvexi ty)". By conparing the price

being paid for 25 30 lta RR v T l, price
of one unit of dVegafgeHpe nowy tP(saFrdg é?nﬁfel\%)m %cinceg%[k%e@% 6[%1 ﬂwlﬁgfg&gﬁ%f t he
conput ation, al barhaﬂaﬁ@ueﬂ aB tindicakddes blook 32. 21Bh<£iﬁirteat1<ms arec«tanpued erehpecmiawly, t he
strikes and volatility values for ot her v‘g( ?ﬁ S% ag wthin a, ppeset
range, may be cahiRioEE: cEVEER 9preLtiol dable PP RTBR lc?fl e\/ega 't om
the TV used in {fg, ?@W&He@ﬁbn‘dﬂ@l&@ﬂ@dgebﬂné)&&félﬁu&ﬂat blotk\A0; 3ft 0342830

PCT/ 1801/01941 As 1 ndicated at block 24, 3) f( kes[ ahrﬁl)ﬁiﬂ vgl at I?thty for
each delta are eoblpek 4% @ﬁldv@a&ypra’%leccgrremoataé 1Qf P8¢ t 1K, Shopldy be Aotae §Y oR°
menory, €.g. gkﬂlgﬁ of @F TOhatthdaRBlal WerredtRBS thay RuséE frethe f&@ﬁplhtaﬁcﬁll’ ofithe t he
conput ation. The e generated indicates the relationshi E’P?(E“& n.the

strike and vol apoﬂrqcteyl Boandbid/offerespiead.and pimilarly gpt all of theesqrrest Mhe
| ooked up in thg taQl g, ‘mﬁ (ﬁllcg%lh&m%ﬁf f&ec{%!di]g fidH. STHeQOledtiBnd wHoll €,
J

also referred t0o as VO smle ustnent, is described in detail
bel ow, fol | @i ndn 1lhbexemtﬂwremﬂ)odlmant(ﬂesmbnfbhﬂblngnab’i’i’é defigpdgs dolioMBer pri ces.

The movel vol at 1111 g by kiR TRBh RS AL SCoh s dance with the
(b) Risk reversal correction = (dVega/dSpot)* Price(RR)
(c) 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)<=8.5
and Ratio=exp(-(TV(Vanilla)/TV(exotic)-8.5)/80) otherwise.
(¢) 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 may be used:
Shift= abs(TV(exotic with barrier B and expiration t) - TV(exotic with barrier B’
and expiration t’))
wherein [B’-K|/B’ =1.05* |B-K|/B and t’=t+1day.
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conput ation of exotic options, as described herein; rather, this novel
nmechani sm has a 1o general applicability and may al so be used independently
for obtai wiong/sk7m d- market price of Vanilla options. Ref@rmsongompw t o
Fig. 2B, the corrections and weights are calculated for the particular

option, as indicat at block 32.. The correcti,o g :
respectively, as &))d}’%\/@?’&&‘}ﬂ%%‘?f’w ac@??tggtoltf6%@?%%@2%%%9rb Fie cr s sal
correction at bl ockptibfhaskSfunetioni dfshe spoal g, moseveral spoh paintsbToe KegOProfiar i n
correction at block 34; shift_correctio bl ock 42: apd Vega £l )
i . ] : [ e

correction at bl ocforsgtion quaghet g‘@pﬁBFgﬁ%aﬁﬁg%@lﬁf’? Pgﬂwisﬂ tﬁge g? % { hat
addi tional correct @ik JoR¥ctils afBe tdlculdiel iaGrEpps, dkdvidingdiffeleat aspaty edhieed TV
and bid/offer spread, and simlarly not all_of t? corrections |isted
herein needsbe us#upe of the Jagrrolial nemsise Prabdels P9 lfe@ra“é“)ﬁ%&lﬁf'cul ar option.
be def ned s ol Tovd: COaF e E v £y o (oned) Of T2

. : - ( exity correction = convexity *

(Prl)cle(go_nve?(l ty)I (b) theskoticeapiip®al correction = (dVegal/ dSpot)* Price(RR)

c) Intrinsic value co 18R iEh N Klndsias L8hc) SR8k (vagille Mithe&tikOn =
(TV(Vanilla)-TV(exoti c%o?ﬁl%at ?%E%d% wher (_adlBg Rgﬁég(ei S c%%%n('é’??onggeper:dent on
}ngi (r)at ;grPet \(/v_e}ia/?VTV_( YK&)/IV?;?O@n&aWW(@@tB)C), for exanple, as follows:

= ani,l La o ' i 8.5
and Rt | omexb(- ( TV van Ts? S FE Rl fird F itlsddng e PRl LG B R b
ggir][;aggl gzdl tsha fﬁncti dor ax_ﬁlt_mplaetlméma\zigﬁllal nptidne Wity siwikes K,Hemisaprd By af spot 30
e change in en t expirati S i | { oW n
formul a may be used: _SR?IP{S’—-ga gtlﬂ‘\?ng%’t fecpe\?ﬁﬁ”ll)?ggﬂrer fegp&%fogﬁa p-e‘gf({g?ééaat i|>}8n t?
I-BT\Ié\(J Exot :j C Wt hI 3ar ri @gokBlg formumdupip,at, iand 1t 'fr) whickrtbe Hollding k@iatien i95*

- and t'=t+lday. 18 03/034297, PCT/ 1B01/ 01941, Vega Profile
correction is a functi 8ﬁ‘sg¥g)@aﬁ °SRP RG> lflﬁgé%g Smglf’gt)%]e egoti c option
orrection quantifies e Chmme ot ﬁi””@f’a?g?mgw“t Con of -t he spat. Th

> i ] S a ct.{,on .t he. spat . e
Vega profile correcti8ﬁ¥e%?é\}a%]éa\¥5¢§tm‘%§%gﬂn’iaﬁs@t gsye i K gﬁ“f er ent
aspects of the 5 shapengtstpm-:X)\/ega profile, nanely, Prof?jllt(g I, Profile2,

and Profile3. 1. Using K as the strike of the exotic option and
trigger (barrier) of  wherein X=S, Smin, and B, sequentially. P B as the

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(K), then find the volatility VolK such thatTV(vanilla with strike K,

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

The numbers p, q, and r, are obtained by solving the three equations with
three unknowns above. Accordingly:
30 Profile2=p*Smile(K) + q* Smile(Kmin) + r*Smile(B)
3. Profile3= Smile(Kmin)*Ratio(Vega (Smin)/Vega (Kmin))
After calculated Profilel, Profile2 and Profile3, the following formula may be
applied:
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t he exotic option: Profilel=Smle(K) + Smle(B) *

(Vega(exotic)-Vega(Vanilla with strike K)) / Vega(Vanilla with strike B)
10 2. Prowid @d3im7determ ned by replicating the Vega of tTaBo1/A®4DPLI ON
with, for exanple, three Vanilla options with strikes K, Kmn, and B, at

spot ~ points, S, Snﬁ“%ca@go%lghﬁrﬁ§ uflglﬁli m:-ﬁétﬂuctf: O.i%o‘:l)yoﬁﬁ‘élgg.rﬁi“ﬁoﬁﬁﬂ,@r fed by

| ooking for nunmbers OW ng equation’i’s
satisfied (at the spwfilgedniml, TomPSfile+ Gottletwlie. barrier, B): 15 Vega(exotic

at spot X) = p*Vega(Vanjlla wth strike.. t o] 0 LY/ ani |l a
with strike Knin, a h%rB’(S‘tPt%C% I ﬂ\?é’é%%?@&ﬁf (ffﬁ%m%ﬁlghheﬁlgﬁgé’ﬁogsg%{e\{é pot X)
Wne[elB ;1 X =S, ISmt nTh@Van?roﬁlé@bk@ét’EbﬂinlaYtheh1be bbtained edfotltvag: ( Vega( exoti c at
spo is equal to_zero bhecause the optio r i nat t s s 1N
the above eqlati ons Y &fail£RIPIRI R Mﬁ’a@f‘m?]@%%()%‘get’ %1503@?33%&?%?@?&52*50* t he
cal cul ation of the VagimuRl(Téeromd) Prdfc)ptiomedt, 8Ot X using the
volatility which corresponds to the strike through the Volatility Sm e,

i.e., find Snile(KYVesaRrefilerGoggctione Qothemvisei ty VolK such that TV(vanilla

with strike K 25 v %gli'k Linbdai{Odekhers i %Mﬁﬁﬂfé H186kWokbBspdhdin & dhclnBistedTidh
volatility) + Smle(K), then, using Vol K find Vega (Vanilla with strike K
and vol atility inVisht)l bYfbockudrbét.s The byjldingriogks apg @t%éfb‘faéﬁ%é’ﬂe%gl IS EIRUG t he

t hree equati pons,w ' - . .

brof i 1 eocp+ S 1 EFigpectsht B8 MM v e iR ER B A Pig. 24, sing

gm _el( Krzn n) ;Rgt blfio?ielgﬁalﬁfﬂﬁ ][a)lslﬂ Ivmghet(qonaiﬁpr)s. Af Eevexigl isudledingd| apddfepydVal.
ez an r A t . i | i .

03/ 034207 PCT/ 1RG4 BTIRD) 1o it DL ?l\;ee%{é%?ﬁt% En%ﬁ?lpae““a% ptWaniifh Yelons

((1- Pt ouch) * (0. AbfpRe® by el brfireFh* RilodivilaRy G dVega/BNVof of ©820, delimdtrangle.

o ol RS S AL bRl Pt ddhe s
be obtai ned 13s {&ld QNSind pulvegallPogtonk eutipliee by ierRR abbudivided by cifVak#dyot | e,
Profiles) + (1- g%( gl(e %Igud%;cé }{isY{ Reversal. Intrinsic value is the distance between a given trigger
value and the strike, normalized by the trigger value. Gearing is the difference in
price between the exotic option with the given trigger and a corresponding Vanilla
option with the same strike. T¥(exotic) is the theoretical value of the original exotic
20  option as calculated by the Black-Scholes model. TV(Vanillg) 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, strike, 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.e., 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.

20



M ni mum( Total Profile, Profile3) if Profile3<0, and Vega Profile Correction
= 0 otherwise. In this enbodinent, there is a building block correspondi ng
to each cwa@aBidn i ndicated by bl ocks 34-44. The buil di ryThiBovék®4aNd

ot her val ues needed to conpute 10 the corrections are based on the val ues

determ ned at bl ocks_ 16-24 of Fig. 2 usi i r ket
condi tions. Convexi tsveiséu %Weﬁg%ijggsa @%boéllo o?%fug‘g’r]'itg%a%@én\%e@ty niq%'rt he
aver age Vega ofrighe i@ 3hidel,t audctht Ichand ipdV Waen theaexpipsticnnis shified.t ibkisbift by
the butterfly and divided by the dVega/dVol of the.25 delta stran Ri sk
Reversal is deff9&gtions f%l\?@@%/”é@’p(??’. ?cgr F’@@’(I’EQ)&F ??’??Bu@vg 5%56 \}ggag% “t he 25
15 delta call agferRsiveNant fndti@hioRsthetin bpihkedwbyalube TRRfigsnthlek maygee by
dVega/ dSpot of the 25 delta Ri sk Reversal. Intrinsjc value is the distance
bet ween a gi VencamiuiRdery shifting thefrigesrise that FIP%’él,tr‘“ﬁ‘Br‘f?t\aHei 15 AW By Ne? EF Y er

val ue. Gearing jgcdibigedi bl or 6B6&Ht MAd Rid&miletheaeslbiecBxgd i thepTVomhei t h
the given trigger and a corresponding Vanilla option with the sane strike.
TV(exotic) is tseeonchesduccmpy b compyied by shiffing dhg gipHationee e8P P %o as

cal cul ated by t 5;@ cgke?@agn%%pg ng&%?%dp\l’.: THVhMaBirkeb@n i & nidasuré bERE Skigiaty val ue
| |

of the correspo ption, i.e. the option with the sane

par anet er s excegpf the flmgoratiodl vahieg@d) of tRaantion PriceRbRRges TVIhgAHEgTr y3e pad ¢ he
ratio betvvegg Té/ ex ct)ic) and TV(Vanilla) subject to a cut-off when the
rati o excee a“Pr'édet er mi ned val ue, for exanpl e, a val ue between 6 and
12. 25 The gearing cDhher ¥ega pmofilescoprectior teijaireal charactetieing itfef proBlecad thaYegat i o
between the thegretical ,val ues of, the exotic.. iQn. ac\Vanj ion
with the sane p%@n@f@? to %iL—eofpcga(,SHChefg rﬁééeréz%{llg)rg?lﬁ%nyﬁ]@g’e’sﬁ{i %lea,Hp%ﬁce)[?ée is a
correspondi ng Veglowhtey fapioiso egd=Gnin) £ Xeguplkenin)a akh§reHe(&utin) o pleigo (Sthia} issthe

trigger or barrier. Vani lla qption corgespondin t hi s. e i ion
will have the sdfé? Préfhﬁra[?aﬂfrtoip : ats?)&’o?’ @P}ni’ Qvél,lclhéﬁgqucgsu{hen@m%néﬁ :VglP .9%?30
Since addi _nglsa KI@%& klrpér;]thexbxacﬁrﬂé,egmihiigﬁhte&ﬁmﬂ@éﬂaf thdi Vegaaff thehexotipoptiom wé&g: I
it is possible that the exotic option knocks out (i.e.,.ter t .while
t he correspondi FR§Paghf the éPOt-oﬁfF_g%q&é‘H}j’é ﬂEPp\(??%? qfﬁ@r\ﬁ%‘hlky?puf’ﬂ& “E_)?ﬁﬁﬁegﬁ%‘&'i on
woul d gener al | y shacligsi) $¥RE i adfub@ient, iR tROsd@ERGNLINE: Madd of @ Vapillaon.
The gearing correction depends on the ratio and_  difference between the TV

of the Vanilla epidnprithadirika&miy Epinmay kecempated psingihe foltpWgs el 297

PCT/ 1B01/ 01941 The shi ftg gorrggk dréht BorfwdRElatedeupbnd bt @) ues: the
change in TV when the trngger Iléﬂs:l shi ?ted,oand tﬁg(bchang‘g@ti n, TV when the

expiration i29 sfhfs &hin fethe sitiké that yieldy aforvard rateplcRmiaet pyienpitergshiatedy anpl e,
the maximum of t heseTﬁmol\ﬁ@llityeo?f' the option may be determined by finding, in the look-up
table, denoted by block 30, the volatility for the computed strike, 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 to the 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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Alternatively the function may be the sumof these two values. The first
val ue may be 5 conputed by shifting the trigger so that the intrinsic val ue
is increav@bsmpsm7certain percentage, e.g., 5 percent, arrCTd@0Eom™ini ng t he
resultant change in the TV. The second val ue may be conputed by shifting

the expiration by for ex r.m n TV.
The shift corretgfu |1§he§gfﬁ}(§afgﬂwglgg?s %%eng@ﬂg |ta(1 e% 9 agjougtg{ %u g%?(g?l i 1%:al
value (TV) of tb&s@nﬁﬁeota-r@atum@bemmhaaﬂmﬁofmeumctmmsgger val ue and 10

expiration. The Vega profil em%c%é g{%tl on, uires c El}%cg\t;rl Zi the profile

of the Vega with rebisgaetivy Bﬁwelé CUREHAE: lgﬁcc ;?n?en‘iv/o ve,

for exanpl e, thﬁle ﬁ‘l&énh&wmgarﬁ @as@a % thée@ahz(aﬁm nyﬂle\fﬁ@ato&mm«bdeamwh as
Sm | e(Kmn). g‘@ Smn) ist Vega of

Smin, which pro §°kr$@°}ﬁ5 @%H‘i‘ﬁ&ﬁﬁ@n%t %PWgﬁ’éhtymogetCh %F dgc’s‘q%‘ﬁ‘il nis

the m ni num of %vﬁ@n YR8t OhatuRe ?SXQE% CInORLIEGN tHY frBbabiles Fe€ b fbﬂkﬁd”bﬁ &fpas .
Vega (Kmn) is the Ve%a of the VanilTla option with strike

Smle(Knin) is ginsrallyihighentipruthenasficipated by the Black-sghelet ﬁ?ﬁwela &hl%lﬁé%ﬁté% of a
Vanilla opti Onrea% % @hesagc 8f @'stnof Bt TR Xy iR QinSO PP b Bl b RErtain

fol |l owi ng equati on: current Forward rate)/(current spot
rate) 20 Thus, KvelhThis tym@fsdjustmenttm@tb%aé cyltarly valpehimwhen eplelaging Bress oAt

current i nterest‘?lb %,, Opém% voI {1bﬂs'\£}¥rf§tfhe%{3’}% Ee@%fgggwa ﬁgﬁémbﬁ yoRGERIRRd by

findi ng, inPhe enote volatility for the
conputed stri kexoulch@thd«sarmr It shoul d be appreciated by persons skilled in

the art that character {‘jlilﬁe? 1§1le}h¢f mbPe}pHPng 0 151& éﬁwgﬁfedtﬁevgﬁg spot

may al so be perforned par ane exa
certain cases, ims&leadt G]f)tldth) e omg}sst, meldefovahdja)r(qmtglop mhn)corra@ectiaéfcru bed

D et T ey Mo B 360 BB T e R

to the TV, ‘?'tmlﬁfe—débélﬁl%ﬁﬂ\yelg{tf(\ﬁﬁcbhec&ﬁﬁ‘éb)fﬁstﬁrb@ifo(]llﬁ's usi ng time dependent

wei ghts as described in dg‘t * K }?{iﬁ& Q’%éé]{]e total corrected TV.
The wei ghts of the c&ArdtRl E( %6 tbe(ﬁé)rt%ﬂc ef the risk involved in

each correction. Forgxaml-e; rsome -afirihe @ﬂdLﬁl@i(t-Qmﬁ)*lﬁ/lgothem gearing
correction, have an enhanced i nfluence cl ose to the : ﬁ Ef t he

option, but very smaM= (hit0EkaDelpdytiere-OspY %Hel%b‘f‘t%ﬁr Bferdly

QG her correctiong,se. ., eXihy correction, have less of an

i nfl uence cl ose to fhe 2%@%034297 PCT/1B01/ 01941 maturity. Therefore
t he wei ghts are genel&H 3#*sqit) dited2% endbifubethewiiset he specific risk versus

time-to-maturity beh%%l_o(;ﬁpﬁ* E‘?T&B &p{-@?ﬂﬁ?ﬂ-@ﬁ)ﬁélﬁﬂﬁn
wherein L is as defined above.
Cc=0
Cd = 0.045* minimum(1, 4.5* exp(-12t) +exp(-1))
25 Ce=0.135*%t+0.1125 if t<1, and 0.2475 otherwise
" Cf = (0.5+exp(-2* IT*t))*(1- exp(-2* IT*t))
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, i.e., the
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The notivation for adding weighted corrections to the TV, in accordance
with the invention, is partly based on the realization by the inventors

t hat nodewo suwsivas 5 the Bl ack- Schol es nodel under esti matGa/mBaE01941
probability of reaching a far spot Ievel when ti me to maturity is long. In
reality, the probabi.l f.or far ener.al | ' . 1 t hat
antici pated by ?WCQ%EKCSSBW&%@'WH’F O?%Pﬁ Ofig IpHON tlg e Eggy%(}fs%ﬁpf or
the decay of nogta.qh atdaﬁalh&eéawme/\spbhrahgemam of ﬂﬁtquantﬁ;edmguematla mefile s n
level . This type of adjustnent val uabl e

| ar en .
cal cul ating pri glegdpfta ‘%éci%ﬂg %‘n %V‘?rsaiycor%ﬁﬂ oA &%elc%nveﬁlg buyer

receives a cert giR:RsYMdlvidelvelsh @nd Iﬂﬁ:"refo&Odifﬁﬁ&a‘-’elohMOtﬂarbéla%lded:Edir dsh@ple] ass
of in-the-noney knock out options, (also called Reverse E?Iéul% (()Egtl ons)

t he wei ghts 8iseif theoyalyeef thwrﬁﬁleaw ﬁe&mmedttﬁé%@al?lﬁéae@anwm
denotes the timg: ga gwmwdngmy faRE uﬁ@a&c%sﬁﬂ 188 Skl adfoBm@anet @st Vhella 15
we

ti me- dependent or correction (b), are as follows: Ca = 0.61 *
exp(-0.4*t)* (lamk dmxfrf(ntel pgding WLers%@veéﬁahcmrrectzoq gud Sqnvekity) oqryectiom gopdd 4

L=1+(t-1/12)* 1 Saﬁt 0 @B%V}!togﬁ%n&\/\f %v%f@xe%n(ﬂ% @&#ﬁ@enph%&kﬁhfsm/usgd .Beddnd

25Del ta butterf ot herwi se: and 20 LT =
2*sqrt(t) if t <€he2{Esk Rav:brda]’cdrre@tlbleand ﬂ;e Coygxity @omgection areslgpepy ltn)ths 25 Delta

exp(-t*I1/2))*

0 045 mini M KX dshutisse ) spYOELE Pyt BF 1HEMDGF R0 ¥R-IBE VP, 2
and 0. 2475 ot hePWﬁSSee coﬁctlén (sEmﬂic’téncheZﬁghek ‘otde) *defivatiyep fnd shduld te)n)omﬁla@ ein
denot ed | n yealubiiR,gs g adhis GBFRpIoRH Vi AP TUaCh b sel PokicBy bnd
50, follow ng tu\anmrfpwoabmﬁ '(Ffurd ha ek asds ﬂmsGea’iElgaamdeWmngdntdsthﬁ cthifa

gi ven option, the caorrected T

may be conput ed CFESCHEN By OYHp ﬂ?ecfE‘R\%“ﬁefiﬁlsk BWBP fd ﬁ‘g‘éna}sfi’tg%ﬁtﬂeilrgp‘?q%!g% fot lgr Io? =

the inventign, ;50¥epRh ﬁaﬁﬁ:l&ﬁﬁy shpuhvitidie ddr 9es Wﬂerelﬁoﬂﬁﬂhesetcbﬁedﬁoﬂktend
Reversal correction and™ the Convexity correction are local in the sense

that they rel at & maxip¥@@. near vicinity of the spot range, whereas the Vega
Profile correction igyg,glRbBbveCQnbi8GhticR inth abeount BR folewiOnR3nheAr My

PCT/ 1B01/ 01941
be used 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
¢- 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* II*t) * LLT * maximum(Cb*b, Cf*f) + minimum(Cb*b, Cf*f)
wherein LLT= 4*t ift<0.25, and LLT=1 otherwise.

2. Combining Correctionl with the Convexity correction:
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correction takes into account the Vega of the exotic option in a relatively
w de spot area. In a certain area of the spot range, part of the

quanti fi edvovaloae9of the profile is already taken into acaumiBoi/mothe Ri sk
Reversal correction and the convexity correction and vice versa and,

t her ef ore, dupl cations should oi ded. exanple, 5 if the val ue of
the profile is ﬁ(? ROREETE 1@e§8?f€¢@e§8%$atﬁ1ﬁn Vani |l a option, then the
Vega Profile CO§eEE6xK/C@tﬂ)fﬂBY= oalfa<+ 1Mt D LawColOTE =t 596 iSmil) andadj ust nent of t hat

Vanilla and, therefore S eve rsal correction and Convexity
correction coul d L%‘%Wp 8%’6%5}2”({% fz/ ‘?rW 5§i ew of the snile

adj ust ment ”EChQé'ﬂI—ﬁgﬂ(‘SJlﬁ@fft)S@g?%n‘th<—I/lE ng@lcuamerzsw itofr&dt i on and the
Convexity correction ar a 1o RR and butterfly. In

addition to ¥enovi HighCH Té)ffrﬂé‘)éﬁzt/y (4 H@%E’s’ é%rt"’bgfes the Vega Profile

correction shouggdoggé,gﬁ?ﬁatmghgﬁa/qr btider i vati ves and shoul d remove the
linearity, as long as 1f 1s conbined properly with the R sk Reversal

Correction and IfC&awexityRatiosrlosciuiQf®) .ty d, i n some cases, the Gearing
correction and the prloffieFa&Q{]r ecti Or}nmurﬁml ap t h@-(ﬁ&""{‘@&ﬁvfeklﬁd{aﬁbSk

i nvol ved in ending up near e trigger. This 15 may happen parti cul arIy in
the vicinity of Loxhéut%ﬁt))/(PMQléOffﬁl-hLQW%é@ffﬁﬁ)rect| ons tend to maxim ze.

Faking the 3pove CONALAPLALRS 0L eARRGNRly, wbhBrinat 3 echani sm ay

be used to onblne eréin bl ock are added
one by one. Foff Cbm&xwmsmnwlaed Colréction I, tilomP@cﬁthF@ﬁgralre defined: 20 a-

Convexity corre o Intrinsic val ue
correction E%lﬁﬁx r(i%rrg‘?opéct |r8ﬁlel§ac Oéhl%;otrregtg)orn?gct iSH 25 f- Vega Profile
correction 1 Conbi ning the Ri sk Reversal correctlon with the Vega profile

correction: |If R sk Re er corre 0 an rofi.l e correction<=0
t hen Correctlof‘i) 0@9“‘\1{)“ e@?‘o@(}”l%th‘ég@ﬂs‘:@” iopa ﬂﬁh(% eaé%((or@ftkqplll*t) *

LLT * maxi myg Cbetmshi@Lbﬁf)Ce*emmomrr(sﬁsﬂ*b;f@kéf»%o 098henéi n LLT= 4*t if
t<0. 25, and LLT1 ot herw se ing Correction) with the Convexity
correction: 23 WOFgigesed. Oﬁéﬂ) ﬂéé’fﬁﬂ‘@‘&i

Set Fgearing=0 if Cd*d=<0.07%, Fgearing=1 if Cd*d >=0.09%, and
Fgearing=(Cd*d-0.07%)/0.02% otherwise.

Fcombine(t) = 0 if t=<0.019, Fcombine(t) = (t-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.

Referring 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 corrections.

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.
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| f Convexity correction<O and Correctionl <0, then: set LowCutOif(t) = 8%if
t<=1/12, LowCutOFf =15%if t>1, and LowCutOf = 8% +79%6(t-1/12)* 12/11

ot herw sewBsto3koghCut O f (t) = 18%if t<=1/12, Hi ghCut O f pe12B94/0f94t >1, and
5 HghCutOf = 18% +2% (t-1/12)* 12/11 otherw se. Set ConvexityRatio = Ca*a

/ TV(exotic). |If Co t|o>L tO‘f t e =
maxi mun(0.5 , 1-0. 5%‘?1% Fit SHE 3 (‘{pg"?{’ia?’)él&”ﬁﬁfﬁgj&gli ?&’Hg‘r
LowCut OF f (t))) . sptdddl df tﬁerwﬁxspbydm:g)wlaﬁmaldpn&o ira e @mrementaﬂ@h cclmmons hEle
ProfileFactor =1. 1f Convexit.

ect, >0 d
Profil eFact or =%¥rea ﬁfﬁamﬂc B ?B@t\??‘?ﬁllsl-gegf’%}l?ln Cﬁf ?:gilﬁ rcorr?sltp {’n & a*Ca
4. Conbi ni ng Covh@ns,ifen 3xdﬁi;ﬂéﬂ hefaSlat bf abut nect I(Viégaadsfdhé oty eV dgagf the
correction: 15 Set Fshift= Ce* e=<0, ogy (nghl ft= |h 09(1/8 and
Fani 1= Cov 5 0. §T5h VonUmm iRt il TeEosabe Rl fepeed pf b4 Tdd SGmgapion
Fgearing=l if CiidpeiRed 90 rafdvalidfaihk ﬂﬁld?é@&*%r&d&%ﬁﬁ)ﬁﬁu&x?% e hrefeirse.
Fconmbine(t) = 0 1T t=<0.019, Fconmbine(t) = (t 019)./(0..064

0. 019=<t <=1/ 12, embglimewydi sheyle be appregiated, hoyeyer, thap o r sui #)S?tﬂﬁ(‘{lﬁy be
1-(t-0.41)/(0. SQS)ed it 28040 c}rﬁmjcead o@'ﬁ% ‘F&Ql@lblﬂ)%ﬁ%}) sprea@ 1ﬁtf<|31ﬁfu¥§t1§§ the base

Correction3 = Co rrect|0n€n - Ptouch * (Ce*e + Cd
(0. 16%*+0. 05% * vatuen foruiine (hld/oﬁm Spr@éhwlctulatlo;xg@aacmréame Pﬁl&hﬁlenwﬁr)ﬂom RBE 1y,

Total Corr eﬁ{) | o) C(i)rﬂ & ﬁ%{o?ﬂgayRﬁer}Qe sanfeasfoée uséﬁvfor-ggﬂ%htn@ﬁﬁé @(ﬁf'e'cfaﬂ TWherein

TV is the théor &l ferring nowto Fi d/ of fer spread
may be comput edddma]slmdl T, e d1ﬁamft laldtimgfblwrdss m&theowsd dorothg bw/qffﬁr gpread

di ff t t of ht
ki gt o may be. PURGETNS0tRE PR prERfe) At oot AT Elhonta 1088 CO

cal culjat Eld WEI g{é}tpss dltHaecoﬁ:mtlmetasoa@hed ¢o ﬂwnmmaputaylpelajithg bidfdTepispreadfdrer
spr ead. oc L ndi_cat ng th ht
; gndf a‘pdC]B t ﬁﬁnyst %)ll g/&nfo%ggygélvkgml gtloris at %io%ﬁkﬁ ‘Ef%k qgvér%f“ cate

thg correction i ndicates sunm
wei ght ed cQgr egértdilon afBEclD bmclhtrﬁ&cmaﬁnem@treammmmk reg; gmlngwdfreﬁtm rat

spread. 24 WO Ogl/oglggf% gs,glftpgrrr/e%t?cglle{t %il 1?%2 and Vega Profile correction (also referred 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))/0.15)
Sd=0.018 * exp(-t)
Se = 0.45%exp(-1.6t)
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The bid/offer spread of the exotic option may depend al so on the bid/offer
spread of the corresponding Vanilla option in the current market

condi t i onwO 0Bwa4293pr ead of an exotic option per Vega is gecariabi/giowi der
than that of the corresponding Vanilla, for exanple, by a factor of about
1.5 * (Vega of the exgtif)/(Vega of the 5 ATM Vanilla), or higher.
Therefore, the bid/offer spread of the ATM Vanilla option nay be used as a
base val ue in the dni ehlidinent of theaidventiopuinatriesrio shlculpte the HidPfiedispread, the

enbodi nent. It 5@3@ n%b?o%kf‘x%?y gec&%b?%dd@g*&;/sﬁggs tstﬁ?lf ol her suitable factors

may be wused in a ion to or instea A 1A bi df of fer spread in
formul ati ng the bdke com&ktmecdrmctmm adﬂed/tmﬂfee:omsbmeéaorr@abm of tt Rask Raversal
accordance with the inventdon. e 1o remaj

fhose used for cOMEH T L HEAdsP P ESPBerRs: ~aih danBine siathn lpofua i
di fferent buil di digubleoaks/cmyh heeretiech Tasl Cdiectiond/ of fer spread

conput ation, based Rinci pl es di scusse glgve,.to apt. far

particul ar optio “S{é,}’ﬁ?g? %e a@ﬂﬁf’@%‘?‘%ﬁf&a’g%ﬁ iR &?fegioolr(@ut ation of
the bid/ offer spwaadin ‘@b’ ddnbetk GBoAAe WiludiTPshodfd BSndted AW th€ Rk ERGvENal
correction at block 58; rlsk reversal 15 correction at, .block 64; intrinsic

val ue correcti oncoRiectiAno@Rd ghe Yestr ibfile ofrgetiono vk oPBpLiieK signs. bRg 1§f *

correction ag, bl gg O@%ml(ﬁnpbe\(&g@sAﬂs@fftdfefpgm@@eb) on (also referred to as
"Vega correction” for short) at block 56. Since the bid/offer spread is

related to the r3 s"ﬁptmﬂ%f&ciheoﬁhl@ogqﬂeé‘ﬂow andh gy gearing cpisectionr et flawingay e
simlar properti ed for the adjusted m d-market 20 price.
However the di fflgd?aerﬁ%e cgl%r ec{trl?%lons are added in the bid/offer spread

cal cul ati on w t hShafyEai it eif v kWS Yomda 88t Trie= 0118386t (eon- 1688 theiwisw| ved i n

re-hedging the %éarﬁrfﬂh - OARATPSAEP-20 854056 ?@%&ini%ﬁﬂﬁg%ﬂﬁ@”ﬂtoﬁﬁied*gr—i ce

exanpl e, an option positive coh ch Towers™t :
and a negati ve r@@&%) emahemaade whi ch rai ses the pri ce, causing an over-afl

smal | change in V, L I;,:e LY gl n ent
of hedging the r$ dgv%?'rgg\lf&a ((]t %bf%r@ thecsoélrl \M&)Xcosr%%fégr |)0€1§8r fsiult
in a wder bi d/Efofr&)ﬁne&}))r“&aCEcohiblrieh)*SGBﬁi]@ﬂ"dm/Sd)e "doubl e counting"

consi derati ons fl ussa debO\{l (Qo | d be,taken into account in cal cul ating
the Total Correc stapflgd VRGOS 5PEAY to the corrections are denoted
Sa, Sb, Sc, Sd, 8gall o%m respectl vely. These weights are cal culated as
follows: 30 Sa = 1/

mi ni mum( 1, (| 267/ %%&ffeéimq@ﬁ/&ﬂm‘%i )’~>m§ 14l8)) * Spyead?  YpnilipSpread (K1 1) e =
0.45%exp(-1.6t) maximum (VegaATM * ATM Volatility Bid/Offer spread- VanillaSpread(K), 0) *

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 subtracting and
adding, respectively, one half (0.5) of the bid/offer spread to the average price
calculated. Hence, as denoted at block 72, the bid is the adjusted mid-market price
(CTV) minus half the spread, and the offer is the adjusted mid-market price (CTV)

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. 24), the
algorithm for computation of the volatility smile adjustment for Vanilla options has

general applicability, as is demonstrated below in the context of calculating the
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25 WD 03/034297 PCT/1B01/01941 Sf = 0.2 In an enbodi nent of the invention,
in order to calculate the Bid/Ofer spread, the building blocks may be
conbi ned wo @3hBed7steps, as follows. 1. The convexity cor reEaviBonoivgl added
to the conbined correction of the Risk Reversal 5 correction and Vega

Profile correctjon, whi i ne . [ ' '
Prof e cor st ap o £oRB e, ok LechL ol 3uCOTRYL Bty s HESF
Ste)fl f) tC(e)r r ggt [ ?)n![ ) rﬁetlﬁ@d ’forﬁ%}ﬁﬁlﬂg) Vf!:rgﬂ%mpﬂbﬁm fdoS(a’Esz, gi&;ll%ike.vwmedolatﬂigbshile

S sol ute val ue. shou e noted that i Ri sk R |
correction and pdEstyeRalspalpiaed @%‘Prt@%tvpﬁﬁllﬁaﬂ)féa%ﬁﬁ%gg%m%?g(ﬁ@m{ ﬁ%HHQSf 10
abs(Correctionl ) t%%ﬁ@%D@lpaS&aﬁfaﬁ@%ﬁtf optiewy; AhetFctord useliGn CA16WIATNG thdreolahitf t
correction and the gearing correc

ion, the follow t

deL i ned: Shi §t Temile Snelufl Vega< d(}’.egag%%d(i-%ig%kngmPSgDo%%oaﬂr%?gg@é’?f&& 15%
ot herw se. Cearl] AN 4 P=STa %' KRN RN e %t : } %
+0.5 * (Sd*d - %@ﬂ%’-‘r@g%’eg@? Rtk b i“é?%ﬁ?%‘,i%gf gés%ruglgg?@?ﬁs%dswﬁh espe 4556

(F ( 1-ng_com()| ?e( t ) Jieevolatitit iiiegasdSppt +is diei artil idggivativephithe Megaprtssisst o) the g+
conbi ne(t) * 1 NG 3. i i )
Finally we obtgg :t’ 3 &%@&%r“é@?%&@f?ﬁ? gﬂga%gy?g*thée%e?h gMIﬂ{ ;nj%b?‘&ggre%éajdz +
Vani | | aSpread ( Kplatilitymaxi num (VegaATM * ATM Vol atility Bid/ Ofer spread-

Vani | | d(K), * i i | i
ot ol VS sbor chvp o Tt 500 ut NnE GpbipaR A So AT

wher ei n Vani'f| aSprea rosprea aniT1a option
with the sane sie vd&ilag shhie agiuament ingitdeo?sdahal biviegByATnd R3delth Riskeleyerstl t he

ATM Vani | | a option. 25 Reference.is now e Fi Q. ) NPt L N
the bid/offer s pPlyeaspygd in ypifs %fn‘é??attwg" og:‘isg?m%r%f: élggdetll%ae? f?:lﬁgr}rl%g)P rggg as e
I( ng5 )cat fedt ﬁt B! g/l:é@]{i];ﬁlg‘l fbwttfeugbraanﬁyih&gﬂanﬁi acdtiang, withsthe ciniantiby,, itoimendhal f

. o] e bid/offer spread to t ver a ri cal.culat ed ne
denot ed at bl ockmportang H@Pﬂxedn%s P‘ﬁ@g@gf EE‘F%@Y %ﬁlﬁﬁ%ﬁé@&b‘k‘e‘@gal.(@%ﬁp i ﬁzs
hal f the sprgady,fnfkdtireorahf @ho bhert ked dorushigtimaiket Valatkiey may be ebtaiadd/jor 30
plus half the spréad, as indicated at bl ock 74. As discussed above with

. . b
reference to calegen Bid prys oheirikes fas vadghise i Pragrm iy ghe mpr eto‘b?l‘% S8 t he
generation of the |Qgk- HPmb dNAGH aﬁili@@ in 2 rdtioh Imeti) thd DSdelta butterfly and

75delta 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 put)) - 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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al gorithm for conputation of the volatility smle adjustnent for Vanilla
options has general applicability, as is denonstrated bel ow in the context
of cal cul wa asgp3sdee 26 WO 03/ 034297 PCT/ 1B01/ 01941 bi d/ ofHcaviBspowad f or
the Vanilla option. Therefore, the present invention also includes a

met hod for prici nilla optians faor.an i ven stri . : 4ty
snmile adjust néfﬁglg?'\s{'ai?fﬁf*’cﬁ?rr%‘?ge‘ﬁ&f &’8 H?Olf“ﬁlzty\¥?’6?“a%t§ﬁ? E‘%B%{‘%gﬁlkﬁlé%ﬁé-ﬁﬁhﬁr]]ﬂéy
(ATM Vanilla opkilifés Ardne5fnt@ waibls diffdreputielpt(.onsot dile ATAEx wex based in

calculating the volatility 5 smle ing¢lude,Veqga,.dVeqal dS i L0 sk
reversal ), and “QWaHSEA 4sBe the 2.5e431ta %B‘{fﬁ‘ﬁ %9(1?46%/5) geq%éﬁg r?‘grsfl ﬁe%%%hr %gfsmker
derivative of tf3e.aRtddY ¥ MigR dnbmhaee idlided e sedosk-tptabletfor aasy etférkicey .

dVega/ dSpot is the partial derivative of the Vega with respect to the
spot, and dVfegdttenisithe dgarifemparti al derivative of the Vega with respect to

the volatility. 10-u0 qcdhild ARRimdhARs Wasilla dptidné oy fioemmpaik stutiagndit | ons,
used in calculating the volatility smle adjustnent |nclue2de%
@%li lity.

butterfly and 2beldblicavifg dnputRevdF slalta risl srvisrsale 23 utdd ﬁtr_ﬁn%‘?ﬁ teyfly);
It shoul d be no‘;O?aqiiﬁwggskotf Q%fwgltaeragy {aﬁ(p?ﬁeerggt rhiB€  TAL Aot alchfaging the

Vol atility Smle, cordance w invention, 1t is not inportant

t hat the input ssnike adhdehanambyiinchidé the fellpvipsHst a Ri sk Reversal . The i nput
15 may al so be of apy tug ot ' Wi b DTREkE bkt D t/lesBY be
obt ai ned, of® eve '?y\%a Yernngg%’ é%’l‘ﬂl ggej gtﬁféefs whﬁch tﬁe to%i_{aél premumin the
market is known. Sinden 4 pedapoishedfalihe.g.n¥&nasedhe 2P eltasimakied velp@ity.on

nmet hod, the 25delta bﬁ%%éffjr%ﬁgegﬁ%zﬁgﬂ}ée?‘é%ﬁgﬁgi gﬁ&%s%a\hsectﬂ@ A8/ qllggﬁgaed

fromthe data. For ef currency options, the
25delta butterfly isvbrgagd in the market with strikes that 20 correspond

to the sane volatility for both the | | d.t.h t ki . case,
t he model can obt & nCa%{%ate fl}etf%uo"?%élﬁtj%éa/ %ﬁ@toéﬁl}eﬁgf)%&angl? e?gpei%or?,k’&s%&lfgﬁat t he
total premum of th@vreggdgo{idfespa;o@mm derfceR)h wheedin SHride@onvasitgnendher
exanple, the ATM volatrlity and the %% d&l@t%Sf dRI? agd ut t rgssl %( l{aoiiReEH"i ty
derivatives may be i ArieeREa arg cRlfylptRe Hom P TEB5t10ne That ar &
traded in the exchangﬁﬁcﬁgggdgﬂ&ee_sane expiration 25 date. This versatility

exenplifies the general applicability of the nodel of the presen
i nvention. As di séusSdaulaipovessirehgrepBie fprnDb rRglf OfeTafit PP RIS
051 mpi 1 ed vor (25ae LS BaT F R L A ool
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 in step 4.
25 Repeat steps 3-5 sequentially until convergence is achieved.

Set the last volatility obtained as the implied volatility for D1 strikes.

o N o W

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 look-up-table. It should be noted that the smile

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

option or a put option.
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25delta risk reversal = inplied Vol (25delta call) - inplied Vol (25delta

put) The volatilities of the 25delta options may be cal cul ated fromthese

two factwoso3/ode9ong nultiple iterations, the entire vol at iHdBosmodke may be

gglr(r:glsggﬁg_, e. g ita | ook- up- ta:ol e may be constructed |linking strikes to
ing deltas and vol.atilit

val ues. Hence, star ?I? E)Wh V§ Fabag d}/ entﬁlilélget%é Qﬁﬁgg%sgggv#gﬁéﬁ%%gg

whi ch i's knownto cateliak ShiﬂbA&ﬁstfmnt fomlkemdlmntbau e motibased oiaflgakruneblacist as

(i.e., not only may be conputed using the 25 delta butterfly and 25
gel ta Irl der eveng"aWI\Q Eﬁch set of strike- volatility-delta is uni qﬁe and may
e included int ok-u tarn

al gori thm Thus, fhlépog?‘rgllv us’tcr"r\‘gzrlil1 a?efédta@g iﬁjﬁgl%(;estr%lléoﬁn‘? Sﬁélildtkeéngg%éut ed

St arti Ing w.( Eht t t hfel f)ﬁ)ﬂeltlmmtnﬂg:s bﬁmam deB5 smmgtealfrmsﬂs bpleweqmacﬂeter@meééﬂhla

rangl es utterfly

rates. The al gorit hrrf’wgmé cHi°% tg? g% ‘#fb )t(fﬂ%h le Ih%; %&%ﬁmﬁtﬁtﬁl %1%38} nﬂ(f ﬁ{ggst he
foll ow ng steps: 10 ranbRE, ik. GhevBNdeled ¢adl vd])inhtjf :fmdnammumﬂﬁ&é)sam the?8 D1

delta st I I f D1 I h
t he ZSSd:aﬁtn g |errpl i edd ‘?)%ﬂslé‘ttle"lzfafll}tty fab&llgﬁqﬁ@gfkﬂe—qu}ﬁ%w\@ ﬁ% by hAgﬂ\gtn%glnguse

ot herwi se use the AT%hmg,lf@rd,othvsgh@gl lity. 2. Calculate the follow ng:
dVega/ dVol of the Dl strangle* Price(convexity) and 15 dVega/dSpot of D1

(RR) * Prlce RR) ; 0 d
from the 25:tel { 2o R T SEG Y eb gl o5 oo SERED) AL pRuY) Al
Ca: C;J| ?t? a ge3| red @vega/dSpof @f D1 s(tRBahg{re:eCRIér Wheselrpré?ﬂcaﬁwwetiﬁ}’)Am
volatility, by requi e Sane n h
price 20 for one uni f‘c%gkgﬁred&ar LQ‘RECi Egﬂlgﬁlg ﬁgg%{eéa t;ap gIL sa%gzﬁs eefélhrgﬁ%?la% ore
the dVega/dSpot. 4. Agpwsséddtaee.inplied volatility of the D strikes to
fulfill the sane prlce for a wunit of convexity as for the 25 delta

butterfly, and theg sane,for, s1:t' | re&fmm dyep Sanat o@ér lftst)ﬁre;ﬂf@n Zamdgirhe ri sk

reversal. 5. Calcalate new sir corresponding to delta DI with the
volatility iinstep 4. voREliy, bﬁmqemmgstheeqamea)r@e Sescpe it Hf lcgnvgnity #s 1be pYies gence

is achieved. 7. Set t e lLast 25! c?rlta #r néle ?h% p@% @R ufall6n foTRlel B Y@k 11ty

for DL strikes. é]Fugltg eltas to create a
| ook-up-tabl e of strlkes and their_ inpli
4. Adjust the implied volatility of the D1 strﬁces to %}iﬁll 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 strike K with the volatility obtained for stike K 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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9. For strikes positioned between those in the |ook-up-table, use
interpolation 30 based on the values of the | ook-up-table. It should be
not ed t hawads@3serl e adjustnment for a given strike is i ndegamdeot4nDf
whet her the opti on is acall option or a put option. 28 WO 03/ 034297

et o o, t AR Bl offer SRR TI (T o pOusl R €281

i nvention can be use 0 ca ustment for ectly
i.e., not basedmds cméspmdmgaouawn@f aasrcemtmfrtw:mntybﬁmgt@dyl Vais mayrdlige” K,

cal cul ate delt that Kand K-1 5 are the
strikes of the 1ap8ré)f‘{néaq%‘{‘isg’ﬁ%$ %Oh??’mé%orﬁﬁlabel ow a predeternined val ue,
e.g., 30, use the 25 del tSpreaal]ArTMelVegh(zAtIM)rkcbyd/@ﬂﬁ&rapmetﬁoifvdmlltyhe RR and the

strangles i.e. the tili for.m

del ta put volatil |%3§*2$°d‘? ﬁ(“iliu Olat&%fé’lr\%g%v n)s(tlﬁlse’q‘(f ﬁ%ﬁ@ﬁ?ﬁ M

;/glaatD '1 i :y folr tmtpdarrégﬁoh&sas strnlc@K)Zderﬁ@édCdglta(IQ) bynakmgummmgme degas/awm of
strangl e* Price convexty a/. dSpo (RR ., P RR

wherei n Pri ce( chaved tpykeliers Wr‘?ql’}g(tﬁlg}e é’garé f‘ ghre % the“ geﬁ t?a

strangl e and 25,4g} iR A Adke. Ak 8 G818, MOATRA stBke @ahe:uhmmafhwﬁsmmm

premumfor DI strangle over its prem umw t 15 volatility, b
requiring the sefree ia@étm@allaw@nu%ndtth%‘ﬁel@@ﬁa@a% oPtio i§ F8E0- pr | cey fo?/ one

unit of 25 delta siranghg thB%RF&fE ﬁﬁ@ktﬁk@ﬁtﬁ%sf intd (b9), d¥RUaHESPOL . 4.
Adj ust the |rrpl i ed G:ﬂePatlc T ;B}!e stri keé to1 ;ﬁ»n Tb?)’t he sarrepprl ce

for a unit of &lvrmdéﬁ)fyes%“ﬂ\if" ATM%@M%Id&ﬁfqréPEP@* Géﬂ%itatjﬁg)sane for a

unit of dVega/dsp be a—#d,sk reversal. 20 5. Cal cul ate new
Delta D2 of stri r&k(%ﬁe{]é’ﬂé ﬁz éi’ﬁ%ﬁ) WB’tal ned for stike Kin step 4.

Cal cul ate the sG(die, RVE;1- 9@45%&0( m*e(ﬁdnlkaﬁ\/(&)émm@n@nfsnve@éKbQ)))t he D2
delta strangle w F)h %@? ) at %m 'v'aﬁpﬁa‘gf?gg%ah uth §Rﬂe‘h<) @y)>9€@@1% afeps 3-5

sequential |y unt'i vol'a nverg 7. Set the |ast
volatility abt aG(]Be:ltaa”SVH](es’f(mkp(eUOO’b(\éamllalTWK}bmaSMIMQmKeGQS))The

appricabi |11y ab pergshon pd LA -Ri bR SRR TR Coput i ng

the bid/offer ﬁpth@alsbvfa@kpo\daxﬁtlalldtae Tptis massurcd e pérogmittge fioits.t hi s conput ati on
may include the bi d/offer ad Ofdtoﬁer ATM v ll t| I|ty, as is known in the

art. The market dafaCalApue the'bid price an price as 1
Bid-Price(K) = 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. Find Volatility-Bid and Volatility-Offer that correspond to 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 storing information
received from a user 200, including 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 software known in the art for

processing and handling information received from various sources. Application
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may include both bid and offer ATMvolatilities. The algorithmfor
conputing the 30 bid/offer spread may be as follows: 29 WO 03/034297

PCT/ 1BO1/ 0towsi34297 Cal cul ate the bid/offer spread of the AMdTByi/oNdin basis
points ("bp"), i.e., in units correspondi ng to 1/100 of a percent of the
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maxi mum( Sm | e( % and Del t TV) = 0. *
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maxi mum( Smi | e( :% \%sgrg néagc(gx?rgnﬁ%té %gcfx Beb ah0Me 16 ¥RARERkdradt 202 tigingld/pédrSonal

1
msasuredln?)e atethe bid price and offer ice as
BOY)

fol |l ows: Bi d- Préeaafusr, o airamétﬁkm wefy us):r mg@@é@(zmg a GepHEYvGaEen fode 20
Ofer-P K B P
price i I’nl gg_; )S f)slé Hffgll C%%Sulegg hgtﬂ(()!ﬁ%: In 'E%'O@ Esr ﬁ&ﬁﬁd@n (ﬁ?@ﬁét Etg thethei ddl e

eing priced )
Vol atility-Bid afbodifabms Iolfltheyn{%fﬁtmn mhmt20©ana3esgnmdmp@e Bwth Wﬁb SEVRY) 2¢hd

TR S W i R B ki, 2

]Bef erence i s no e USt rates a system
or pricingsfi pungi@hnstabn,val isvesvninaeosdaince vﬂtdzrhlatam eniodiviane of the t he

invention. As described in detail t he t
218 for stori nginvestipnpaser 8¢ lsr"@‘&‘@rck‘?gglr? ﬁ?ﬁplﬂé fon%%'erl néﬁﬁg}l(aqn %te‘%{;?lsg of

an option to bejprj £6fnet@or\@/AN)asr Vigahy ofhbimBeslabmnidhitationndtwark kmawhét
conditions fromsources as are known in the art. 30 Market conditions may

i nclude, for ex#lwpgite, a current spot price for the underlying
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. Alternatively, 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 communicate 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 to 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 sirike , put or call, barrier, as well as market
conditions relevant to the trade, e.g., spot, 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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asset (or other value) subject of the option. The information received from
the user and the real time market conditions are processed by an
applicati wo®asyor 212, which may include any conbi nati orrcafiBoarodwAr €
and/or software known in the art for processing and handling information
received fromvarious..so o A?pl ' ' Q35D F4BRA RETAIBREIM01941
server 212 is prere P%‘P%%’%‘g@%g?é éf‘%\ﬁlhﬂa%ngﬁ%}rlﬁl er, as is “known in the
art, which contmotter afdakyincdkesr(bobes) ke Hhie prtd”entriss iTgblel wpresgpthes of
the system Applicati S r 212 is. associat Wi Ll fer Ty pgessor
216 which execUA"E&et ﬁgﬂ'ﬁ:’elfl%égr ]%fécs?éplreﬁeenged;}%g{\;% d\?vlffl rﬁﬁtrrg?rg%tg{r}cg fo Fi tgis.
2A-2D. The Bi d/ghker priveaegpsseats theynaklet Ipricke obtharpptionnifiimdyi tha bid anhptorar e
and/ or software kno in the art. capable of _.executin th l. i

descri bed abbvePrifes \IQQP‘élf“éaé%@%cof%nﬁp&étL aZWPffBF’g‘FH%’O?h 8% ?rﬁ%hl%oln %n?l%%gﬁeser
200 is preferablsehRaeit\ie toytord delde Sebly,edendb, “neslel pscknoWhese npriche aeer t |,
which is adapted to comrunicate with a

| obal c ication . networ. 02,
e.g., the | nt ergragratedifromythe amstad E%Q'F‘@ﬂ‘%%é@ﬁ?mg@g}é@/ 9&%555?{6?‘13 & ﬁ%scgg?d.z 10
The user may cogryei fial vidint RoMEDLRET MRF the Libd¥i &F thé Brebent @ivegiondRdvidisiang a
personal conputer, or any other suitable user interface i

. havi.ng a
conmuni cat i on nesaesai bidfoffer sareas) anglra P@Teéb?ﬂi‘é%‘idi BH-RAERE PIRS gﬁfhgr‘?fg’[np]fﬁ'z, as
I s known inj heﬂﬁ‘foh e Bis a1SOREnE BN STaBfe 11hR tha'YeRhicORted Bagd oBUR: May
comuni cate Wt vve% server 202 directly, for exanple, using a direct
t el ephone conneBlatloficlmiesanaslebdacenefoistecorregreruliss (SSL) connection, as is
known in the art. "h&“ni%%%%ﬁ?%ﬁaélﬁ B! TR %Rifo?ttxlaﬁed b ¥&RbArpN2, BBer 200

t
is connected directly 1o Ion server 21 or exanple, via a _ |ocal
area networ k (LiN)an edpirviien daty obthtrer 14, 3899, iconi?rdapaefieriradinend e Undsth i n

the. art. The real ting.data, 21 . [ ecey. [ t [C&t ON
server 212 20 BP9 %loﬁ'fﬂr%eiatl Scogﬁ%eegrt’ }Ogna%réé%n%eggﬁ(g&éb%nw&glt_l%?h%BBrt :
Al ternatively, phe foete untéemyingdata ofithe dpeion etExangde 1 ihdsiOuheeslatiiti forbl e

on the global cgnputer .c jcatio net wor.k, .usj VR, fter
conputing a bidt ?@@néﬁgm%‘?? a@rﬁofzﬁusf %ﬁtlopﬁse_l'g%tt}ll\%ﬁw?%g%agsvf léé?gyﬁt he
user, applicati glcEfby Bised b7 tHEEBacloNTHoMEs GiRddel is [0e3 8¢ amtht edrrespomtfing Venillpr i ces
to user 200 via web-server 210

as is known in_the art. in.a.fornat 5
conveni ent for présgNicaendpidofer Freadass 29?ﬁ%b‘25’fe?8%bwysh‘§%1@%? & esg%érrpl es
denonstrating appl i@ hrRks frRhEbAtdEst Eefmeilpikided byhe diffesentiate; as
descri bed above with reference to Figs.2A-2D. ,%’heqse exangl €% 338red%36§1ed on
i nf or mat i on 20 ak &xake¢m.orhielhmay @ﬁa@ﬂﬂ%%@@e@x&q ibpid ffer prices of .58 and V.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 aﬁd 3 are substantially
identical to the average “fair prices” of these options.

30
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brokers on three different dates.

t he table.

whi ch t hewouwsimes#29of days to

The dates appear on the trade date row of
30 The brokers provide the maturity date of the option from

maturity i s nmeasured. The rermimiBagoiomput s

include the details of the option, for exanple, option paraneters such as
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aver age of thealgtercf/% gt%; pri c«=§' present ed by [t he different m'-rl(n'% nmakers.
The fair mar keIhtem’sﬁR:z&eEepr es¢nb.89%he |mar ket |§riS% of |the opt % Final 1y,
the bid and offer pr-ees—eaterlateainmaccqrdance Wit a p qjgrdg
enbodi nent of qifgrepw(%ntl on ar?’sﬁ?@ gnted at e bot tlom of tlhe table
denot ed "nodel ®iteaby 2 These prigagserie gendrasatblitr gm t he edpmtyenl
m d- mar ket prilkces and the bidloffer sgre ds des%rihcd abdy
evi dent from THbede Ratehat t he | AdEEP-98f| the prleSeatPnventi on p1§J9P335 a
correct bid/of m and Gri681 adj ustledgadod™r ket pr{iigepdc99 tihe
exenplary 10 o Wohs coér[rl[put ed. 1%? I|{s | so evildent fraom Tabhle |l that tHe TV
cal cul at ed baseMoﬁmstdEcplrallcacL4Schol es| nodel |ddes not lyiel d ddrrect
results. Referpingto—Exanpt H—TFabe——tihgroptTomtTade g_Fepbryary
12, 1999, has Qi‘ﬁé?(ﬁ?‘?‘%ﬁnlo n (;lg.% of ?rune 14, 3?3 i.le., 124 days aftler
tradi ng. Table gp(ﬁl SO0 presentlgiadel tijonal detrdl s of |the opt|il@A.38s
di scussed abovp.” For exanple_ lthe spot! 15 prilcefor— ; ot—of
the option of _Yalﬁblll@ 1is 114 148> the vol atifi%% for | this dption is
17. 35, the for rwatl thirs—opt g F1.86, [[heod heorletical valige (TV)
cal cul ated basg c{t‘)he Bl ack-|Schol es del il 0.38, and the lcorrespondi
Vanilla opti o1sﬁmece and bi d/|dfl6.66 spread arel.® 7 and 0. 25, r]elér%'ctl viel y.
Tabl e 1 al so pfesents—bidang—otfer—prtees— n.llt: uﬁﬁurn of anpt e [T,
provi ded by 6 ﬂ)‘f‘tk@;lent mar ket makef s, whi c?u may be| avera to vield
"fair" bid and g&;,ﬁ{r(gr,gggg)s of 13688 angd 0. 64,] 1.1espect|vely 0f00r t her
shown in Table the bhird of fer "npdel” prieces—for-the i-ofir—of
Example 1 are )%@elémﬁlsb. 64, re@é@%ti vely, wh| O val ues are ipéntical fo
the "fair" bi jR@\%E‘iis pffer pridges, respectivelly. Fromapalyzing Table 1} one
skilled in the will concllude thatlthe rekults obthined fFomthe wpde
of the present izmbehath]tﬁrﬂy)r te725 option of | &Ranple [L are r ¥a? kabl y
cl ose (essenti %1! Ly—-dentt+cat) the—ayerage | prices of [RRoSane
option. Sinilal**from anal ym% t he data of | Exanples|2 and B in
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 95 122 152
4 0.38 0.58 73 98 120 150
5 0.40 0.60 76 89 125 150
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Tabl e 1,
conputed in

and 3 ar ewsuisaBavi al |y

one skilled in the art will

appreci ate that the "nodel prices”

i denti cal

accordance with the invention for the options of Exanples 2
to the average "fair pracaasol/of4t hese

options. 30 32 WD 03/034297 PCT/ 1B01/ 01941 Table 1 Exanple 1 Exanple 2
Exampl e 3 | nterest—Rate—31—6 .’““69” 0% 609%mnterestRat e 270 19% 6. 18%
0.17% Curren 1 US doIIar lgé U S égwlar Currency 2 Japgn ven U $
gzlgaL ggp?g yen TradenEate 12- Feb 99 18- Jar]- 00 15-Jyn-99 Ekpiratior Dat e
-.U-. - o Aths Expi o4 1,6 !
Expiration 122 EPYTS@L&EB% {0550 3 00450 |58 ' o atli Tty E AT
12.5 Forward Flio&8 Peicd06 - 3. 19.38Stri Kep.g4l6. dQ74. 00 115990 Rut24Cal | (dlil
Cal | Put Barrler trigger) 126,00 1. 10 100.do 25 Dellta RisH -0.375 -l0. 4
0.1 Reversal PBidRfER Butterflly 0.75 |0.25 0.[55 C ass RKO RI|CO RKO TV
(exotic) 0.38 655t 64— Tv(Vvanirttay 2.7 o.47 2.56b Vanilla Bid/Ofer

0.25 0.25 0.25
Ofer
151."

10

15

20

25

Bid Ofer

spread (Vol) Nunber of prices 6 5 56 nmarket nmakers Bid
d 106fld belaghrdBiedd (8 K bR il Bfiddnbial AatkeBTrdth Bavingbard 1

accurate model to price derivatives are enormous. First, the accurate model of the
invention enables less experienced users of derivatives to price them accurately. This
advantage alone is important because dealing at wrong prices causes substantial
financial losses. Second, by virtue of having an accurate pricing model, the

derivatives market is expected to become more liquid. Not being 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,

corporations and other hedgers can better hedge their cash flows. Third, currently,
many corporations and funds, for example, cannot establish credit lines vis-a-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
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 parties 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
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
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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3 0.36 0.66 75 95 122 152 4 0.38 0.58 73 98 120 150 5 0.40 0.60 76 89 125
150 33 WD 03/034297 PCT/ 1B01/01941 6 0.39 0.64 Fair Price (Bid/Ofer)

0. 38 0. 64worB/03@971. 24 1.51 Model Price 0.38 0.64 .75 .94Ch/iB41/01951.
(Bid/Ofer) It should be appreciated that the benefit to financial markets
from having an , accur del to _ri ce derivatives are enornous. First,
the accurate nﬂﬁré‘fatléf?ﬂ'leﬁ%ﬁnwl%%rﬂ?q in enabl es | ess experienced users of ~
derivatives to price themaccurately. This 5 advantage al one is inportant
because deal i ngM@FEmar@EnP(tpPODesX causes substantial financial | osses.
Second, by virtue of having an accurate pricing nodel, the derivatives

mar ket is expecjiRebid X Jaf®e ARy paitirelaguitchn Wdth tbetwrgmdézsl agracolpdie ineddyinge t he

correct price of derivatjves creates str.o endenc I rs and
causes USers taBd psesfesignssl tPrp(ﬂWqE% ﬁ?@‘yﬂélrg‘?l{}sggp %y %r{?g?l{e]dg{sg?r%g%nhz% E’ge of

derivatives r Gk TRANA Piol tRBid A ﬁﬁdaejf ieaspgss, Sﬁt (e tHEbt sametpemgm mmethe cash
flows. Thi rcf urrently, rmany cor | ons for annot

establ i sh cr edimarginraseoupt eaghegizerog eolf‘WErr argtﬂﬁ dﬁrﬂvé‘%?%aﬁ?’ [hgﬁ g ht only

W th banks. Setf{ng;d t}és‘ﬁﬂi twﬂcHtH@&llblSarﬁ b Rl opGéd B6im atthiskpaatyd reqw res a
| ot of information abou e conpany requesting the credit line. Mny

smal | conpani es, fora&xamm ﬁlth&@dibﬂ@&xaﬂ&ilé;lbielrﬁdﬂkatmmbé opennemamndoreers,hus 15
prevented fromusing derivatives for. their he(glgeéﬁ havi n an ag(ég\;ér ate
model for  mar keg. rpaaionafyndsysivaiginyesrsead SRAHKCSSEER BIHEP 5B a

mar gin basi g, oﬁgldérfablg B %untsSlor ﬂ&{eﬁ RV BarBMoURdir GtuibinttoddynBar. exfrﬁple exenpl e,

such parties can set a margin on t price, of thedrlvatlvelgf 1@ used
i n exchanges, tusats viquld tpldéaléhbqﬁéhﬁﬂqe&g’ﬁhﬁd?mttﬁé cosRArFtAs png Wet e
the current marke ; H{ﬁt&?to dEQH%l ﬁuﬁ’&% oBhniuhigy &Hhu}k@tfmdk@f blaGailef@ul t S 20

during the i fe'G e other one can unw nd the (iierlvatlve W th
another party @bclmhzeﬂtbsﬁmsﬂmh Wb‘bm(ﬂWWthQawaWGﬂ@ tp lesteilish stedk 1ags- Bxenpl ary

Targin SyStem AsSuTLg thaty ADGeALURRGRLAHA il dlyBgelr of Lhe

pr esent i nvent i BR rrce iven derivative at a gi ven
tinme, t, iSlP(tdenvItl’\&sldfanfaﬂcﬂIyt) may be the mddl e between 25 the bid price

and the of fer pri Cedwgpe%hg élgllﬁn Ip gin ﬁno%r&){ox% Qﬁde@&(})%ﬁﬂeﬂ:‘ﬂ%% fupction

of the bid price an rem um pal t he execution
of the deal capable of achieving the results des1red 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 in the form and details that occur to those skilled in the
20  art and that are within the spirit and scope of the invention are not specifically

addressed. Therefore, the invention is limited only by the appended claims.

35



is P(O). The margin anount, in noney terns, is denoted M In this exanple,
at tinme, t, the seller of the derivative nust have in his margi n account
for the bwwers/eiwrthe 34 WO 03/034297 PCT/1B01/01941 der inAviBeE0OME

foll owi ng amount: Mt)=nmax(0, P(t)-P(O) +X wherein X can be any positive
anount on which the two sides agree upqrj—_l'égggdvance and is designed to
protect the buyer agai nst abrupt noves market. X can also be 5
proportional to the bid/offer price of the option, at time t. -1f at sone
point in tinme the rgin,accpu reaches .zero t f 1
derivative may havg%t he ﬁlﬁﬂgo‘f%r Preyigeie ar]ﬁlcgl?rhdgra%p:@gﬂ @geﬁ*g\&,imkf{ fa?‘ r?B{‘Q‘gl | er
and buy the optdnem uhieWiss dskitfcdmpasihythe Aepeoft esul t, in the above exanpl e,

the market will be open to nmany nore users, e.g.,. corporatians. funds,
private investors, and of9Fengdstinpuf @aéasc‘ﬁ’?&c’?,dgﬁlﬁ%a Bléﬁa%?’ac\)/f araﬂfteréj

consi der abl e arRihtng s&il opBdey conpared to their situation today. For
exanpl e, such users would be able to deal at better i vari ety

( rices. wi,th a
of corporations and woul HECCW@ESB@HTIPW‘E tf ogethed m%f"f?%/pwatﬁﬁl qftﬁgrr%mmni ty
of mar ket ”akefmarﬁetgsondi’aérﬁlﬁ{élaﬁ{gto%ﬂeﬁh&uyzlﬁdsgaf;oker s, with whomthey have
succeeded to establish credit Itnes. It should be apBrecl ted that such

devel opnent woul d i ncr easempyiag l2icaiieaisd theassticalvaljieqf i ppien Seidal I y.

Wi l e the embodinen t P&t ddpventi on shown and described herein are fully
capabl e of géghid%w ng%%‘%fgdr sults desired, it is to be understogod that these

embodi ments have been skomputimgad bitbefferispreat! ¢fseidpptippbased o said figsandat i on
only and not for SSta: of limtation. G her variations in the form and

r.no
details that octu n%tlgptﬁhos’e skilled in the 20 art and that are within the

spirit and scope of the icomputinigarbidypricerand/osqpeasicl pried dfisaiddtifienskaser on said

Therefore, the inventi i,s .limted only by the appended clains. 35 WO
03/ 034297 PCT/ 1W?tﬁagﬁand&g?aﬁé>fﬁe.rs%ea%t hod for providing a bid price

and/ or an ofifer price of pegvidis dnosutpud torsespandihgrtd thierbid présend/octhepfersi ng t he

steps of: 5 receiyvi g,fi rst input data corresponding to a plurality of

par anet ers defPrl‘ﬁer?g A4 PPt i on; receiving second input data corresponding

to a plurality of current market conditions relating to said underlying

asset ; . . L . .
2. A method according to claim 1 wherein said first input data comprises

an indication of at least one parameter selected from the group including a type of

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

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

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

30  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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conputing a corrected theoretical value of said option based on said 10
first and second input data; conputing a bid/offer spread of said option
based on wa @/oB#wst and second input data; computing a birtTpBOTe9and/ or an
offer price of said option based on said corrected TV and said bid/offer
spread; 15 providi nge (t)ut Ryt corresponding to.the bid price and/or the
offer price of 8R! Sg%isi??ﬁ.o 2. A method according to claim1 wherein said
first input data conpri sesmpwingiaptliraiy BNV obrrationsdmstd mres lqasimartef eaid

sel ected fromthe group includin type of 20 said option, an expiration
date of said opé]IF‘cﬂ%gsg‘%BdaipP?‘%j g?daf or said option. 3. A nethod according
to claim1 or claim2 whepgiifig sad plusdigTdV eprettiondad said THpri ses an

i ndi cation of at |east one nmarket condition selected fromthe group
including a spot value, an interest rate, a volatility, an at-the-noney
volatility, a 25 25 gelta fifkd 4R¥AMTA clain 2 Whehelnt A 1dasttdne of bayd plariityeof25
delta strangle. 4. A nmethod accordi n? to any of cl imsé%-3 wher ei.n t%e step
of conputing sBY domestiprsis aduncheneiat feasfiong Ficts relgadio sk apsogiated 2 said.
conputing a the(%rtlgh_i cal value (TV) of said option based on at |east part

30 of said first and second input data; and correcting said TV based on at
| east part of said first and second data to yield said corrected TV. 5. A
met hod accordi ng to <l ai Ly i wd TV 36 WO
03/ 034297 PET/ 1B01/ oﬁ941%§8“%‘?§°§2@1@%§°l§?§§;‘% E%e?piaf)@nlﬁﬁ‘la?ﬁgﬁg'vg| urality of
TV correcti ons dmsedbnsmomprideatsastpae corpttienaietotetfiost the arpup éeBiigianput  dat a;
and applying said plurality of .TV I o TV : A net hod
according to cl %ﬂnﬁg’%%’v\cﬁrer?cet%ﬁ’ i ree%g al goﬁlteeb@ '8 té@g%gfrgcr@{’l at%/eégl?g TV
corrections is eorfesti®i, bdegProfite dosasttonpand ahatingic valliedosgetian. a ri sk
associated with said option. 10 7. A nethod according to claim®6 wherein
said plurality of TV <corrections conprise at |east one correction selected
fromthe grqup including a
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convexity correction, a risk reversal correction, a shift correction, a
gearing correction, a Vega Profile correction, and an intrinsic val ue
correcti owo @&H3&897WO 03/ 034297 PCT/ 1B01/ 01941 8. A net hocrcauisor/diong t o any
of clainms 5-7 wherein the step of applying said TV corrections to said TV
conprises the steps _of. go ting a. TV corr L on el gk " ith
each of said TV cofrect %dﬂ%ﬂ%aascg%fgglﬁ%a%nylOéfggaﬁrh%ggwg%mstg?géﬁﬁ Eghng\ém
second data; 5 sndTV pdrydctignsaasdid oV comiptsebVhecstaps o€t i ons by t he associated TV
correction weight yielding corre ndi ng wei.ght ed .TV.corregt| m—and

addi ng sai d wei ghted TV &‘%PP‘E’&‘EF sCige Qé]i‘?ﬁel%.assﬁ9la9gdﬁ% ﬁ% dafg%;:%;r ing to
clai m 8 wher ei nyogbecilddd Bhise® B atlbas partof bMid fikq a6dsdcemd davd) wei ghts is tine
dependent. 10. A nethod according fo_an ‘(}f cl ai 1-9 wherejn,the step of
conputing sa d bid/ of fer mé:‘ﬂi%ﬁ%%hﬁf?aé%g CRREDPRYY 1B 20 { Y ng a base
val ue for the bigeoidnSleiSRyRAInSIREodlink dRfEhteRaM codfectich’s; #di d first and
second input data; and corfecting said base val ue usi at | east part of
said first and second dadding sidveigkied BV $oppdions Pspidshf-ead. 11. A net hod
according to claim 10 wherein the step of correcting said 20 base val ue
conprises the steps of: conputing a plurality of bid/offer spread
corrections based orf.at lemsthod greprdingfto glaing 8 hesein af iepstwe A% h¥ut dat a;
and applying said plural.ity. (o] er spread corrections to said base
val ue. 25 1%9 Acorrr%?%%ld‘g%g}%%lrsgilfmﬁa’gdepén(a%{itéi m 11 wherein at |east one of said
plurality of bid/offer spread corrections is a function of at |east one

factor related to a risk , inyolved in sal -1 OR. hod
according to claim 18- \whé} BFRO %ﬁ"ardbf} t(r)341??50?%#19Ei%‘%%f%%he%gﬁgad
corrections compnmeingbaid Bisffeospeecad@pmerites dre sepb et ed from the group
including convexity correction, risk. reversal rrectd '

it R B DRl s of

correction, gearing corr &P 1 on, trinsic
val ue corregi Ogid 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
20  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.
25
12. A method according to claim 11 wherein at least one of said plurality
of bid/offer spread corrections is a ﬁnction of at least one factor related to a risk
involved in said option.
30 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, shift correction, gearing correction,

Vega profile correction, and intrinsic value correction.
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38 WD 03/034297 PCT/ 1B01/01941 14. A nethod according to any of claim
11-13 wherein the step of applying said bid/ offer spread corrections to
sai d basewoal3us4monpri ses the steps of: conputing a bi d/ cfdraBospEMend
correction weight corresponding to each of said bid/offer spread

corrections; 5 multiplying each of said bidfoffer_ r ions by the
correspondi ng bi d/ of fer s‘g%@agé‘ifﬂdzl%ﬁtf’sn ?/\f/facl agnﬁlﬁlyll%g{’h ?eglglg \%gl{eg(éged
bi d/ of f er spr eaghplyifs sa@Chitl/ofsr; spesad catiebiings t6 aiid beveivglut eainiyiiseé the Steps alpr ead

corrections to said base value. 1 5. A method according to.claim.14
wherein at |east one of $§ utH}g&‘/tlﬂ&Pé?r SPISAY EATFCHY) PVRE ﬁ°8ﬁg%?c5?§§)ﬁacsh tine
dependent. 16. §fJartdi@dffacpndidaectionsany of clains 1-15 wherein said
underlying asset conprises a financial,  as . 15 17. A met hod according to
claim 16 whefein said optmlgﬁplylggga¢&f§?1@ﬁld?02£?&FR{??&&O?(T?%OH%EX‘?1 n. 18. A

met hod accor di NgytendHdfieMid/bruh@ral Bosdtien Fighfiélang wWeightedai/difa sprafd
option. 19. A nethod according to any of clainms 1-16 wherein said option

conpri ses an opedresstionskends i nanci al derivative. 20. A nethod according to

any of claims 1-17 or 19_a§ﬁﬁ%§éi&‘w§%h§d@@éf@?s.@adc%ﬁe@[bn@&piaid%a@@idlwﬁ- 21. A
system for providing a bid price and/or an offer price of an option on an

underlying asset conprising: a server receiving first input data

correspondi ng t0 a plur al{ hsah 30, 8A BTRKANS ELiiAsSAL 4 oY baRsand

provi di ng an out put corresponding to price and/or an offer price of
sai d option, thepreaioperctionrvidights is éimeidepandersecond i nput data correspondi ng
to a plurality of current nmarket conditions relating to said underlying
asset; and a processor, associated with said server, which conputes, based
on 39 WD 03/034297 RCT/ 1B&ittHdd adcbrdisgiocny bf deimanel Ssewosinl sdidpderlgiaga, a
corrected theoretical val ue (dCT\{) 01; sai d option
asset comprises a financialasset.
15
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

20  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

25  an exotic option.

21. A system 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
30  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

39



and a bid/offer spread of said option, and which further conputes, based on
said CTV and bid/offer spread, the bid price and/or the offer price of

sai d opti w0o03m32A7 A system according to claim2l wherei naiiaof/imwgt dat a
conprises an indication of at |east one paraneters selected fromthe group

including a ty.psgichr 158k Se %@ﬁk&r&ataag c@ﬁ@téﬂhé&&icgla\ta‘ﬁleofc | & s886h%dh and a
trigger for sai’d option. 23. A systemaccording to clarm 21 or claim 22
wherein said sendadidieffa spréal ofoaldroptes ashwhichl firthet ermptesghas¢deaisiddabY mar ket

condition selected.fromthe group .inc i n .. an interest
rate, a vol ati |"‘in§$}d/ rggreqq,'gxeﬁ% ri/ce\%(#/gl?t:hf?%fgr,pégggg%?dd%? % risk reversal,
a 25 delta butterfly, and a 25 delta strangle. 24. A system according to

any of clainms 21-23 erein, in conputi i 15 i d_processor
conputes a theoreti 3%“ vglséi%te?"?%or géoaoﬁlacglmégt“(%ﬁe“bﬁg %/fgtr(?ag%?osnp prfs%gsla TV,
based on at | eggdicihlof of le@abit fatdnsterasulbctedd@ndithe gioap iodudyrge tepesafisdidCTV.
25. A system according to cl gi m ﬁg’ﬂgfr cl ai H] 24 wherei.n, tl n correcting said
TV, said proces®yrn.@8ppiaden qatpp QRPN A PIgESF 18 41 8RN ased on at | east
part of 20 said first and second input data and applies said plurality of
TV corrections to said TV. 26. A system accordjng éo cl ai m 25 rein at

| east one of said c@Br ect FEM apeording (Aflaimd oselaun 27 wheremsaid sp 13, | at ed

to arisk ags Pgdog{pﬁges%ﬁlmiia?ibg oPRYN bne 2Rridf corlitRY SERORAEERAME gguf 0 cl ai m

26 wherein sai urality V corrections_conprise at |east one
correction sel dotlading p opat vilue,gn duiprestnase. poiotailiey, andgilerprsy vobitiliget Pon, a

risk reversal coik 6ol 9Bt Shidd LEALREGHIAMs dBaRARY correction, a Vega

profile correction, Intrinsic value correction. 30 28. A system
according to any of clainms 25-27 wherein, in applying said TV corrections

to said TV, said pr Oﬁesls Irggft%%g}gggrgiﬁgg(}égg gffgl%[f@cfli-ﬁ'\’vl‘f@éiﬂhh Cﬁrgﬁ?tﬁg%%d/ of

said TV corrections,” ru i es eac correcti ons
correction 1sei@hy, datl prb@kgbr acmaputesesthemeticalyvalvei (FM) etisaid\option petedrgats and

TV, 20 A Syst HGEVERRg T RCieA ol 940 (PR e MRETET R o 1
correction weights is tinme dependent. 5
25. A system 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
20  said first and second input data and applies said plurality of TV corrections to said

TV.

26. A system 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.

25
27. A system according to claim 26 wherein said plurality of TV
corrections comprise at least one correction selected from the group including a
convexity correction, a risk reversal correction, a shift correction, a gearing
correction, a Vega profile correction, and an intrinsic value correction.
30

28. A system according to any of claims 25-27 wherein, in applying said
TV corrections to said TV, said processor.computes a TV correction weight for each
of said TV 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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30. A system according to any of clains 21-29 wherein, in conputing said

bi d/ of fer spread, said processor conputes a base value for the bid/offer
spread andO @3oB4®Ct s sai d base val ue, based on at | east padr/isbi/emud first
and second data, to yield said bid/offer spread. 10 31.. A system according
to claim30 wherei LN co cting said base value, said processor
conputes a pl urcgfrle?‘%}m(s)&’%ll d—;ﬁ'ffer spread corrections and applies said 15
plurality of bid/offer spread corrections to said base value. 32. A system
according to claim wherein at | eas n f I: I f : ead
corrections is a fu%éti o% SPCRETESE %oo(%aé%f%c‘?}%?éu?%‘Pgﬁﬁletogrsgdffﬁék

associ at ed wi t heorrsetiosh vaqagliton tin2@eBddedk syst em according to claim 32 wherein
said plurality of bid/offer spread corrections conprise at |east one
correction selected fromthe group including a convexity correction, a

ri sk reversal corregpi ona gstehisdkéorgiag kesmlyioddlaing X2 WingeinCiocompitingsaida Vega
profile correction, and an intrinsic value correction. ?@4 Ads tem
according to angid/gffergpamapzsaishipracssspn EQmRpYLCS 3 43s W&%ﬁrgeg o T 0T er
spread correcti Qpgci i Bhd VARS SaVedl dhtit Ieadipdrt BT SEEESOindGesmIdIdes, @ yixld/ of f er
spread correction weight for each of said bid/offer spread corrections,

mul tiplies eactaidfidedeispiiad/ of f er spread corrections by its bid/offer
spread corregtion weight to 30 yield a correspondi ng wei ghted bid/ offer
spread correction, and adds said weighted bid/offer spread corrections to
sai d base value. 35. A systemaccording to claim34 wherein at |east one of
said bid/offer spread correction weights is tine dependent. 41 WD

03/ 034297 PCT/1B01/01941 36. A system according to any of clainms 21-35
wherei n said underl yilng ‘agset acompingsedaim 30 wheteinah carsersing sdd base valugy st em
according to claim 36 wherein sai.d opti ' (ol )
option. 38. A Svéc{n}érﬂ%egéo&gpl&pﬁasgg}u{:aﬁ ionf1% W f\?ﬁ%g?r%?c{]&g%%o ng)é{}?%%ﬁ%(s(ag%“ on is

a Vanilla optiploraliyObfI/offersysadnrrciiansd s base salye.of cl ai ms 21- 36 wherein
said option

32. A system according to claim 31 wherein at least one of said bid/offer

spread corrections is a function of at least one factor related to a risk associated with

said option.

20
33. A system according to claim 32 wherein said plurality of bid/offer
spread corrections comprise at least one correction selected from the group including
a convexity correction, a risk reversal correction, a shift correction, a gearing
correction, a Vega profile correction, and an intrinsic value correction.
25

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

30 yield a corresponding Weighted bid/offer spread correction, and adds said weighted

bid/offer spread corrections to said base value.

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

spread correction weights is time dependent.
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conprises an option-like financial derivative. 40. A systemaccording to
any of clains 21-37 or 39 wherein said option is an exotic option. 15 41.
A et hod wWaro3pseerdi ng a bid price and/or an offer price GfCtTaBopDpypn on
an underlying asset, conprising the steps of receiving first input data
corresponding to a plurality of paraneters defining said option; 20

recei ving second i nput data corresponding to a plurality of current nmarket
conditions relating360 sa §stemdecdringp @sDEtlpintsipdit wiregein sgidl underlying of

bui I di ng bl ocks based gn s first and second input data, at |east one of

i d
sai d buil ding b"}SBeéﬁ%mBrésieﬁﬁ%ﬁa‘?cﬁ?ﬁéisFton of a factor related to a risk
associated with said option; 25 conputing a bid price and/or an offer price

of said option as a function of at.|east. sQ of. sai d bui.l di.ng bl ocks; and
provi di ng an® out put or r s8N AETHGE {HEUBY FERSUREP R AL BB er  price
of said option.e3fardd MO eok34297 PCT/1B01/ 01941 42. A nethod according
to claim4l wherein the step of conputi rig sald hid . price d/ or .said offer
price conprises the 3 epd BFtemasAYENE fRyCEMY ViR g H%tgpéﬁ{@g‘on\}%a[ ue of
said option as @ﬁﬂﬁgﬁtmnfuncti on of at |east sone of said building blocks;
5 conputing a bid/offer spread of said option as a second function of at

| east sonme of said building blocks; and conputing said bid price and/or

said offer i ce of id i ' r said
By dlof for spy ead. 10013, e ARE sPy oF linC RS Rt BB or i si ng
the steps of: cuomgises angppgiopllibe fhancipl ddrivetdver ect i ons based on at | east one
or said plurality of " building blocks; conputing a plurality of weights
corresponding to each of said plurality of corrections; 15 conbining said
plurality of correct4lons Asdtespicdondingt@briytof climsli-gihers3 Sywherein prid eption is

an exotic option.

15

41. A method for providing a bid price and/or an offer price of an option

on an underlying asset, comprising the steps of:
receiving first input data corresponding to a plurality of parameters
defining said option;
20 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 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;

25 computing a bid price and/or an offer price of said option as a function
of at least some of said building bl‘ocks; and

providing an output corresponding to the bid price apd/or the offer

price of said option.

30
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plurality of weighted corrections; and conputing said bid price and/or
offer price as a function of said plurality of weighted corrections. 20
44. A nmet Wadb3dasenrdi ng to claim 43 wherein at | east one ofpPcaaiBdi/piour al ity
of weights is tinme dependent. 45. A nethod according to any of clains 41 -

44 wherein said plurahity A%ethﬂiégcggjdﬁg t&;@%@] ﬁ%’c{?&ﬁiﬂ?ees?e a(}f.cl)lﬁﬁ‘lﬁf’niggiig

bui I di ng bl ock sel ected fromt rou ng convexity,
reversal, shift bi¢pred and/or vadaffermpoics camprisesthe stepsiafsi ¢ val ue.  46. A net hod

according to any of clai 41- i i rleyi. . as onprises a
financi al ~asset. 30 47. ZE %n;}éité%a?@rﬁgcgerdggﬁsogéltﬁawég%iOggéﬁ&?%%0%5?13% I(J:F)Sr(E an offer
price of an opt ifoncton of atrleashsbare ofisaid baiddieg blockspr i si ng: a server receiving

first input data corresponding.to ural i of ar anet er s .def.i ni sai d

option and prsgvi di ng an oﬁ?rﬁﬂ‘gmgStb?aé‘gt%ﬁwf’#galftsﬁldé?pg?rbasﬁrsieﬁ%ﬁﬁﬁfftlwpaq

03/ 034297 PCT/ 1Bedkt &6hAK saiddeiidifig Bloclef 4@ price of said option, the server

further receiving second input, dat, corresponding to.a plural [ty of
éﬂqéa%f:don

current market conditions®? ‘E‘Ptgﬁﬂgpig%‘ﬁ?ﬁfl daid|offeppyiceod sud opt

processor, assoGhrit@eebd TVaad chi®BidMEEs sppdadch conputes a plurality of 5
bui I di ng bl ocks based on said first and second input data, at |east one of

said building blocks being a function of at |east one factor related to a
ri sk associajed wi thggai dAlﬁamc%coraagta/miﬁmfMthé}%mgﬁﬁﬁ%lﬁh%%tew@f: bid price
and/or the offer price of said option as a function of at |east sone of
sai d buil di ng bl ocks computiyg a plurghity g eareesidens dpsed on et lepsions armaidtduralit of j n
conmputing the biggs %% cx@nd/or offer price of said option, said processor
conputes a corrected theoretical value of said option as a first function
of at |east sone of sanputingia mialy lof weights cerrdspetidirfefte rachayfisaid dluodlitseff d
option as a secopd.fipgtion of at |east some of said building blocks, and
wherein the processor conputes the bid price and/or offer price of said
opti on based1s15 on sabwbinomrseidtphotaliy/oferdrestiing atd shidfliuabitysgvetits yiddinga
syst em accor di nglj trgidoﬁi m §t76 V\Qeerc%i n. sad' d processor further conputes a
plurality of COI’I’I%CPP,O & sgﬁ "OHat> fast one or said plurality of

bui l ding bl ocks; a pbmpatngtsyiddid prve ghd/sr after pasadiumgioh of aaid plupdlitgaf d

lurality of corrections;
P y Weelg(g:hteé) correct?'ons.

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

of weights is time dependent.

45. A method according to any of claims 41 - 44 wherein said plurality of
building blocks comprises at least one building block selected from the group

25  including convexity, risk reversal, shift, gearing, Vega profile, and intrinsic value.

46. A method according to any of claims 41-45 wherein said underlying
asset comprises a financial asset.
30
47. A system 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
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20 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
functi on w0 ®a3e97plurality of weighted corrections. 50. Ac@ysvemaccordi ng
to claim49 wherein at |east one of said plurality of weights is tine

dependent. 25 51. A system accor.ding to an f clains.47 - 50 rein said
plurality of b&Rd/&i aﬁgﬁ% Bt &Y t?‘?e@e é‘?r¥ Tagger Bfi‘r‘glvmgisf“&ﬂnﬁ&p\é\l?ga&

sel ected from t Bgrdpsiding tb Aplialitef cpBMaxdrket condisdhs relwaiosakaid afdeflying
gearing, Vega profile, and intrinsic value. 30 52. A systemaccording to

any of clains 4?$5ﬁmvkerein said underlying asset conprises a financial
asset. 44 a processor, associated with said server, which computes a plurality of

5  building blocks based on said first and second input data, at least one of said building
blocks being a function of at least one factor related to a risk associated with said
option, and which further computes the bid price and/or the offer price of said option

as a function of at least some of said building blocks.

10 48. A system according to claim 47 wherein, in computing the bid price
and/or offer price of said option, said processor computes a corrected theoretical value
of said option as a first function of at least some of said building blocks, a bid/offer
spread of said option as a second function of at least some of said building blocks, and
wherein the processor computes the bid price and/or offer price of said option‘based

15 on said corrected TV and said bid/offer spread.

49. A system according to claim 47 wherein said processor further
computes a plurality of corrections based on at least one or said plurality of building
blocks; a plurality of weights corresponding to each of said plurality of corrections; a

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

weights is time dependent.

25
51. A system according to any of claims 47 - 50 wherein said plurality of
building blocks comprises at least one building block selected from the group
including convexity, risk reversal, shift, gearing, Vega profile, and intrinsic value.
30 52. A system according to any of claims 47-51 wherein said underlying

asset comprises a financial asset.
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