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CF,. The term “option” in the context of the present application is defined broadly as

any financial instrament having option-like properties, ¢.g., any financial derivative
including an option or an option-like component. This category of financial
15 instruments may include any type of option or option-like financial instrument,
relating fo some underlying asset. Assets as used in this application include anything
of value; tangible or non-tangible, financial or non-financial. For example, as nsed
‘herein, options range from a simple Vanilla option on a single stock and up to
complex convertible bonds whose convertibility depends on some key, e.g., the
20 weather,

" The price of an asset for immediate (e.g., 2 business days) delivery is called
the spot price. For an asset sold in an option contract, the strike price is the agreed
upon price at which the deal is executed if the option is exercised. For example, a
foreign exchange (FX) option involves buying or seiling an amount'of one currency

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

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

30  bid price is the price at which the trader is willing to purchase the option and the offer

 price is the price at which the trader is willing to sell the option. When another trader
is inferested in the option the first trader quotes both the bid and offer prices, not
knowing whether the second trader {s interested in selling or buying. The offer price
is higher than the bid price and the difference between the offer and bid is referred to
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LT - only the cost of the option itself. However, if the strike is lower than the spot, the

holder may exercise the right to buy the currency at the strike price making a profit
10 equal to the difference between the spot and the strike prices.

A forward rate is the future exchange rate of an asset at a given future day on
which the exchange transaction is performed based on an option contract. The
forward rate is calculated based on a current rate of the asset, a current interest rate
prevailing in the market, expected dividends (for stocks), cost of carry (for

15 commodities), and other parameters depending on the underlying asset of the option.

An at-the-money forward option (ATM) is an option whose strike is equal to the
forward rate of the asset. In this application, at-the-money forward options are
generically referred to as at-the-money options, as is the common terminology in the
foreign exchange (FX) and other financial markets. An in-the-money cail option is a

20  call option whose strike is below the forward rate of the underlying asset, and an in-
the-money put option is a put option whose strike is above the forward rate of the
underlying asset. An out-of--the-money call option is a call option whose sirike is
above the forward rate of the underlying asset, and an out-of-the-money put option is a
put option whose strike is below the forward rate of the underlying asset.

25 An exotic option, in the context of this application, is a generic name referring
to any type of option other than a standard Vanilla option. While certain types of
exotic options have been extensively and frequently traded over the years, and are still
traded today, other types of exotic options had been used in the past but are no longer
in use today. Currenily, the most common exotic options include are “barrier”

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

asset’s price reaches a certain level, hereinafter referred to as “irigger”, during a
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%]; fiselgnoeliliiig f Se’art?%g right to exercise an American option prior to expiration
makes American options more ‘expcnsive than corresponding European options.
Generally in this application, the term “Vanilla” refers to a European style Vanilla
option. Buropean Vanilla options are the most commonly traded options; they are
traded both on exchmge§ and over the counter (OTC). The much less common
25 American Vanilla options are traded exclusively OTC, and are difficult to price.
U.S. Patent 5,557,517 (“the °517 patent”) describes a method of pricing
American Vanilla options for trading in a certain exchange. This patent describes a
method of pricing Call and Put American Vanilla options, where the price of the
option depends on a constant margin or commission required by the market maker.
30 The method of the ‘517 patent ignores data that may affect the price of the option,
ekcept for the current price of the underlying asset and, thus, this method can lead to
serious errors, for example, an absurd result of a negative option price. Clearly, this
method does not emulate the way American style Vanilla options are priced in real

markets.
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for calculating theoretical prices of options, e.g., 2 Brownian motion model, as

25 applied to any type of option, including exotic options. Furthermore, this application

is general and independent of the way in which the theoretical value of the option is

obtained. It can be derived analytically, numerically, vsing any kind of simulation
method or any other technique available.

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

30 evaluating the theoretical price of an option using a Monte Carlo method based on

historical data. The simulation method of the ‘662 patent uses stochastic historjcal

data with a predetermined distribution function in order to evaluate the theoretical

price of options. Examples is the ‘662 patent are used to illustrate that this method

generates results which are very similar to those obtained by applying the Black-
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adjustment is known as volatility “smile” adjustment. The origin of the term “smile”,

in this context, is in the foreign exchange market, where the volatility of a commodity
becomes higher as the commodity’s price moves further away from the ATM strike.

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

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

the peculiar profile of some exotic options, there may be significant fransaction costs
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exotic opti o mamiet: Fasrenanile, f?h?@%ﬂ.’ipﬂptl@&t 1 plat of t@e geﬁeﬂaplaelﬁﬂaf Adependent

of the vay, i Ryiahif tﬁé‘&n ehﬁ%seﬁ hfiou 3 446 vidnity GPth@E!{I'I\@ BrikeSthatQbdiai ned. |t

can be derlve ana ytlc y, nunerically, using any kind of sinulation
' like a smile. For equ1ty options, as another example, the volatility plot tends to be

monotonous.

Vega is the rate of change in the price of an option or other derivative in

response to changes in volatility, i.e., the partial derivative of the option price with
25  respect to the volatility.

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

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

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

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




met hod or any ot her technique avail able. For exanple, eghé 061, 662
("the 662 patent") describes a nmethod of 30 eval uati ng t le P tical
price of an option using a Mont e Carl o met hod based on historical data.
The si roabhfAset hod of the "662 patent uses stochagiigelisdprical data
with a predetermned distribution function in order to evafua e the
theoretical price of options. Exanples is the 662 .patent are used to
i'llustrate taadihe Bi28 unibotibressehamavlht es results which are very simlar to
those obtai ned by, apgl.y) ForBl 26k oyt inodiibiRARG: LR HRAY R

PCT/ 1 B01/ 01941 80{1 es r?%gm ° glnﬁﬁke}l 01%:Jons Unt ortunéattely, met hods
based on hi ststike &apndduigger (o llm@r)aB:elS d@‘ineﬂ@ii NAREK/Boln-tB¢-monexthnpek- f i nanci al
market s, evenuigbal ReoidhPaR G eehbER & RERls UBbURIRROfpEXEP! &, one
of the nost inportant ‘paraneters used for valuation options’is the

vol ati | ity ofrespértivelndisr lawilh gptivasthe intrigsic yalu & the a@@tgrmféherwessomw the rate
of the underl bifeVRdrd ggyml fcNake bRl Nanci al

mar ket s use 6%@5 %??? tthes%%}i%ﬁ%&zeﬂg ueeforr St’% VO Satl fty of the

under | yi ng asenaes knooktiut kptishs énthel dinsiceralugr of e eqriespionging IVGYFH 3 plethpj stori cal
data. I'n markgh; glt Iﬁlgﬂg?rte%eﬁtrs We?evel"d?hé}}ohﬂdlsrcéfntﬁlﬁ‘lt}qj‘l%%cuﬁ@%fﬂhggl gk& as "inplied

vol atility", erentrated from "historica VO|atI|It% For
exanpl e, the i rrpl PRbiRivbReeisti RR) isdheidifferondsebetnisen thiigplisd volotilithaha t he

N stort Caly Vbbbl iy O Ll BRI AL oo 66 TR JPAENT such as

risk of war, nan I'S appreciated by
persons ski l Icm:dem:n optivas satket geacraliyhse BF daie-RS; ndiichds thgdé"ferm@ l&fwelell mt ed

approxi matio r ri ces and,
t hus, corr ec{ﬁil on%il?wfﬁtmgg{) %Se%lﬁhtc?l }s{ﬁ{oxc?hflg 235?@9‘%% na? ézgdded by
traders. In idsltd RiR isfealcalntghasfilddvange (FX) Vanill a market, for exanpl e, the
ket Crades L Rl Do o U B AR P S aguget O prico 13
commonl y sef dhe 25 delirisy ravimsal Bl chelctSzhd byes slomsdd [Vegeswith ngspiesi do stotbuhr ong

volatility :M a[éhcaﬁ]%n\gﬁc Mm%ﬂ%e 1?% ¢t I?I%exjéfogé(;%t LEH prlcégle%c"ggr to adjust

the price, anl rket; ers use rent atilities
for differentdVsgadskas, i.e., i nstead of usi ng one vol atili ty per asset, a
~trader may use d ren atility val ues ven pendi ng on
the strike price. b%.? %d ﬁlgta@?‘% 9@8&%‘ t’\/‘g(l‘gt ca%l%ﬁ& qg

adj ust nment . mhm@ugyma@fthdmeﬂﬁmmms;mnbh in this context, is in the

el 90 SAnaSE B Sehie S Gty L s Bud TSR TS0 o
The phrase " mhe ke telfrstirtigzleon curdlerizeddy ipvaeticall nol slegt dféfega witl ®spetsdi ngui sh
_bet ween spot at the current spot, but a lot of convexity. Therefore it is used to price convexity.
Since the at-the-money Vol is always known, it is more common to quote the
butterfly in which one buys'one unit of the strangle and sells 2 units of the ATM
25  option. Like the strangle, butterfly is also quoted in volatility. For example:
25 delta butterfly = 0.5 (implied Vol (25delia call) + implied Vol (25delta put)) —
ATM Vol
The reason it is more common to quote the butterfly is that butterfly provides a
strategy with almost no Vega but significant convexity. Since butterfly and strangle
30 are related through the ATM volatility, which is always known, they may be used
' interchangeably. The 25 delta put and the 25 delta call can be determined based on
the 25 delta RR and the 25 delta strangle.

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




t he single value produced by sonme benchmark nodels, such ag th@ 00

Bl ack- Schol es npdel, and the actual bid and offer prices trlaIB 02 |ﬁ t he
real market. For exanple, in sone options, the nmarket bid side nay be

tw ce the Bl ack-Schol es nodel price and the offer side nmay be three tines
t he Bl ack- Schol es nodel price. 30 Many exotic options are characterized by

di sconti nuetofic @btid@itlp g VdfrieAnd, a cdrRBFRHRE O/anMla SpB&ORHINBURd ¥arden SOne of the
ri sk par anet%’.grs[h@%a[d t he tdgi g'?eé,(%%. Thi s, (?i scontinuity prevents an

oversi npl i F{'&4 uid R pgted, dat 3, & apdlla Rt s AYS TR CReREHS tRBIRI ng i nt o
account t heorebspdntiitg kekoficioptionl Sk- managi ng the option. Furthernore, due to
the peculiar prgfjle of so tic options, . there y he significant
transaction cos gi/q\{fee’i r"ﬁ%ll{}gﬁg%%r%tﬁ%eﬁgﬁ‘?@#@@ﬁ A PP 9%9° Associ at ed

Wi t h re- hed@inagiab derivaiic. Inhke Eass b dpaiohs) (. bidfXTes bprbdl iBRdsSed cil&h as the

Bl ack- Schol es no

el.,..conpl etely_ignare ch risk factors. Nany factors may
be taken i H‘ttsmgcoggﬁlh?m?' HP’&WE’& |°£F‘%ﬂi’5‘°%‘b@ﬁ%ﬂ’“ﬁ?-i 15@“’29{ T SRrEAdr @t i ons.

(Fact or i sginaecbtior dependdosnohel bpecifis pammetsaiticl dpabh. n éneRQRIhak! € value 5
“relating t he.supject option.) Some of the notaple factors are defined as
fol | ows: \fgllffétctulﬁlltilf rganggs thy o 50%“3@5’&}@%‘” “Fﬂﬁbfcl?‘if?efﬁi’&?ﬁdcfﬁr%ﬁt the return
real i zed oopt@n. asset. An indication of the level of the volatility can be

obtained by the, volatilit hi st qr i..e., the standard deviation of the
return of the as%af yh er%‘ryctgl_"‘[’%‘é‘ﬁﬁgg’ﬁé’f‘cepaél‘”&‘{fg.they o W& ar ket s trade
based on aoptioh éitel, kliethyd sideptndrted prive bswhibtethepwdad liRxpegltths optios ik of the

standard dgviagtion.in the future. The volatility reflectin rket
“expect at i o%g org st e&'l(? nﬁqu%gewl%afﬁ?eln}ap Flof fe Pnaié‘legl?a? gl | volatility
one conmonéajcuiatinglbisl/offanplides, andpb itadas tiplialle Xy ph entuitith, ehgeriea®i gn exchange

mar ket, the |j ATM Vani |l | a_opt.i ons_f or,

plied volatilities of. many

frequent | ymﬁoslg;gg(%patnfgjﬂ% ﬂﬁzﬁc&rs 8&3’ WIPP Mg hawithey affeet thearkqt 26F% t o users in
real -tinme, and. @st, cxpérinsc waihSs sansiderad tdRERIERSst Bhppamiesd of trd&ersl ELERATE,
Cantor Fit rald, or di.rectly from EX option brokers. Vaolatility smle, as
di scussed %2%%\586?0%an{ léegecfﬁpoﬁ‘]’é’ tbagﬁlﬁ\ﬂl%'f PR F?Fg?ﬁe"éfua\/‘iﬁ’hﬁi‘i lity with
respect t ontult@nsdnr hdee an iopton, shivtild benfide@ dONOHitdninkd Eomasnl@ fAcbd® i on of t he
stri ke, ere the inplied volatilit 0 he ATM strike is the given ATM
“vol atili \tAC“’"}dﬁrS ¥ E‘%“’5@9&@%‘*."“@8&“&%&%%‘?“&4 [3?-%6%‘?%%&%? B‘;S‘Fiao%%fiag a plot of the
i'mplied voldickd the ybilitg teacorPett inthé biitonOiarkitend tsidoksidefed @Srofsdidnal, "um i n t he
vicinity ofet Ohear,?\TM stridke t hat .| FOkS hi ke, a_smle, For equity options, as
anot her e an%loél, Tha SKig a{’f‘a}ylrFﬁ”b imh1O8eS fodfigtader I el orine i BECeS Vega i s t he
~rate of chapgeidenrddae npsditc ensafe tiud thR[bid/effer Ofrelt ib Bfprébeibie VEHid M Qadt N

of the pricing process, i.e., after the trader decides where to place the bid and offer

prices, he/she needs to consider whether the resultant spread is appropriate. If the
-spread is not appropriate, the trader needs to change either or both of the bid and offer

prices in order to show the appropriate spread.

SUMMARY OF THE INVENTION

Example embodiments of the present invention provide a method and a

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

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




response to changes in volatility, i.e., the parti al derivaltli VFHZ@B t he
option price with 25 respect to the volatility. Convexity isI Y gecond
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 i.n the price of an qQption in response to

changes inpu%r’tﬂlécepﬁhfccé’ﬁgf‘m‘(‘%Ogﬁbfgrhfdy?ﬁgOggrséﬁgesi HWErMRETds, it is a

partial dermsahduydacafrs hriéor aptirdntervpitioeinvéstols Mme PaGAct b tHehptisRot .  For

exanpl e, a, 25 delta cal.l option is defjned as ol | ows: if ai nst buyi ng

the option B8R GHE° ﬁqnfat%afnytgﬂ?mfﬁﬁl&é‘ﬁ“gf’ ff PRSPy regd ?%thﬁm"field‘? glf’t he

under | yi ngexaspkt crstodinsalsdwith Feahtime masiceldbta Clhangasl gdiehlze reander! yi ng opti on,
assum ng all . other factors are unchanged, e total change in the price of

the opti on™ PRI g?b@@"%%é?‘{a%&?ﬁ‘*f‘*&%r?’?%‘gﬂ% Fgampaty e AORSSSPI5 unit of

t he asset buyingrsallihg ddrivhtivensi ¢ val ue (1V) for in-the-noney

~knock-out/ knock:-in exot.ic lons. wt strike and trigger (or barrier)
B, is defined a% Eﬁn\?éfrglﬁf?lgg&linﬁ&ttﬁ%ﬂ?gﬂévym‘?d‘é -md‘H’E‘JFRCt'i’t?g%’-“ihﬁgopti ons are

- al so ref er oidle tradiag syleme waarchynascKnotinsdciomskmayboOplcbRes at the pASRECt i vel y. For

a call optig i,S the ater. of the excess of the

“asset pri c%rogl\t}%dﬁ Qfﬁllgnnt%ﬁppE‘g&%‘%gfc}grggﬂﬁs’ze&ﬂ%{“?ﬁ BRkgE > e intrinsic

- val ue of i tmadehiethermmielyprices tlsteadidf mptitling ShdirSovithgrides)tifel, MisdyaGnayadene of a

corresponding Vanilla at th rrier nd represents the. ]evel of payout
di scont i nu‘li’%“y““i & rﬁ%eh‘%c’d\‘??%?“ﬁ’ia@ ‘%‘?f 1iiE 2pd F‘B’g"’éﬂ}e Q%%Fﬁ“%’i?tegzi’ 8 (RR) is the
~di ffer enceavoingeeyndeli dori foqhier ealcukolond. Sintilayly, Pricétaketd) egalhbdeepf ased and a put
option with the sane delta (i osite directions). Traders_.in the
currency olg?l}ag%néeng PRt m&”eﬁ’geef'%la ﬁ%?suaé‘éo%cad I“Elg‘oﬁlf, ohAHERALoL of e i f f er ence
‘bet ween thwek bmpch gehseoibaindividugllpf a 25 delta call option and a 25 delta
put option. Th 25 delta RRis calculated as follows: 25 delta RR =

i npl i ed Vol (2§lf &e‘i‘ﬁpé"”‘c‘é‘g"ﬁ'f’? porsops kil i eﬁ@&é‘lﬂi%%?%aws‘i ast9le 25 delta

ri sk revermakets srecdeasraityt araoget hythat théyope cofitrdlieddywinklbgdesRekd t o spot but

'-:pract_icall convexity.,at the curren ot herefore it is used to price
the sl ope %Bé}g‘%“asr %%-pféw@gaiewf%%’;ﬁa%&i Si""? Hiids 330 8o OLREY-i | i ed

vol ati | i t ythetfotehen a@tioh-patidg triodelpatich is whitable fisorltype dTavet mbhgesiane del ta. For

exanpl e: 20 25 del t ngl,e = 0. i,mpl.ied Vol (2bdelta.call) + inplied

Vol (25del e%“%‘%?’t%" aa”ﬁ%e"@%%ﬁ %‘”’Ss"? P‘éﬂ‘&n‘ge"yi 2pProprftedy figrehapgingibe b actical Iy

no slope cfuaiigga uswidtty the apdelt witlo cortepminddl quligitielst £ Aitfes@Otypelogt a | ot of

- convexi ty 'degxha irvg'\.f 2f gxa{rr;[piel, t% cﬂgn%g tﬁeomcpc{el gg'\m (fo?"(g}aneégcthige {FX) options to

.stock options, one would use the dividend rate of the stock in place of one of the
interest rates used in the case of a pair of currencies.

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

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




Since the at-the-noney Vol is always known, it is nore co ote the
butterfly in which one buys one unit of the strangle and ggqr}é&y%ogﬁits of
the ATM 25 option. Like the strangle, butterfly is also quoted in
volatility. For exanple: 25 delta butterfly = 0.5 (inplied Vol (25delta
call) + inplied Vol (25delta put)) - ATM Vol The reason it is nore comon
to quote the butterfly is that butterfly provides a strategy wth al npbst
‘no Vega but si gAPFRERE e@mﬂtﬁlwl@?%fiwf@ém%ﬁ of el cxstie apfegne 30 are

rel ated thbmbntafwrr&w &r@fchl daiv. (C W?Gfltﬂe%pﬁéﬁ'\ﬁiasa KR, sptdgy May be used
i nter chang&ﬁ % The 25 delta put and del ta call can be det erm ned
based on C3Y ?%CW%&aﬁqﬁ‘emZ“SPH@IhEYaOfslwléwgIb(‘?Ck-‘G@aldPﬂngedal so referred
to as | evebd@e. Forexdhife, dhd EBV ARG AlchhIE 82R8 IERMERE vhhebeint 2006 exotic
option with the harrier and a corresponding Vanilla option having the same
strike. |t e PEHE KhOEGoTHHISaandan st of Wiiehts saghsofahish snardice expensi ve

than a COEdr@ﬁlﬂﬁﬂﬁ!;dag)n%@étioﬁ o? Rl @H@us%&fﬂl?gf tRé oﬁﬂfnqg&udu% bl fference
between the bid price and the offe ri ce of financial deri'vative. In

the case oPPYRYIIHE: clapieof] HP%IPU?OPé@% Pealnack e binass Japren digilel, in terms of

vol atilityeto, sh[ket(ﬁhéiisapﬁficabi&ﬁ bRiTieC @), Q(ﬁrw%ﬂ%at@% H&Very aﬁat@ft)dfopfl{eer spread of
a dlven optl on endi on t e Sp eclf paraneters O t eOptlon I n

general , t irgtifinedateyjang jinterpst rptes P%"%“‘Hﬁnéfg’é notfd thatsmare eoEPEPt i on, t he

wi der is tbetboptonlhaf reqifcadditbail dbthi! 1o defthd @B optTaﬁpAc\@élém nlayaders try to
calculate the {)rlce at which they would |ike to buy an option (i.e., the

bid side) EHPUedonTark gomaetghiSerT onal ofhs| rightsmay be G®E dependenbpt i on (i .

the of fer Fhe@rectTV AL ﬁéfen%@ﬁﬂ%r@ﬁ@sﬂﬁ@a&]ﬁétmtm&rﬁét ke, n2gIREL at i onal

met hods for cal cul %Erlgng ?]T{,tg/offer prlces and so traders typically rely on
intuition, “SPHElAha 1 ohiBE IV rigd Ay ‘ijl‘toﬁ’éc“%"&&t%l“%‘nﬁ)fmya‘ﬁ ®ption to see
how t hey aduiisne ﬁinbt(iimnﬁrzkﬂbraﬁtry' SFDuildiAd BloB@Sthat SXel &0 Fifks aMdcaleai s consi dered
to be the m)s%‘ ng)ﬂrtant tool of traders. Factors commonly relied upon by
traders i ntYE R BHvexity and RR which reflect intuition on how an option

shoul d be pri ceTh cidipprethé BRIBEL QRN sécérﬁcs@ﬂofb;ymgr&m%%écdﬁpuiww wi de the

~bid/offer sg{read shoul d be. Providing too wide a spread reduces the

ability t o™ CsHgadine Oneflché"o‘b"ffflf”brf§s“ﬁ’é‘gk%ta ‘%ﬁ‘éfmitsfu’é%lﬁ%loﬁ&ee‘ﬂméﬁgr of essi onal ,

yet too nalﬂdsdkﬂyaadeaﬁEéﬂCbemy S6@R8 Ut 411 bithd REERS mhaf bt BRe bR The det ermi ning
what prices royi de, traders need to ensure that the bid/ offer spread

i s approprgpie r trrd may then e cogipuie @s B functinn of paspcelase Vﬁlu%aﬁd @ter the
~trader decwdgﬁed/%ﬁ’fe&lcil@ WRingGke febdhdieCoragheQfvE eighif F&eé(am?ﬁ/ #be needs to
consi der vnget her the resultant spread is appropriate. If the spread is not

appr opri at®se REC tPRyLF Jrisaned psc anbid/ofer Berpachof ot\enidle emtienbi d and of f er

corresponding to the subject exotic option. The weights applied to the corrections to

determine the bid/offer spread are generally different from the weights applied to the
corrections for the TV. In alternative example embodiments, the bid/offer spread
may be computing using any other suitable function of a plurality of building blocks

. that may reflect risks associated with the option.
Fipally, in computing the bid and offer prices, the model may include
computation of volatility smile adjustment, for example, using a look-up table
~representing volatility smile adjustment in a predefined range. Such a look-up table
‘ may be generated by computing the volatility for each strike value and for each delta
value in a predefined set. An analogous system and method may be used to compute
- the bid and offer prices for Vanilla options in addition to exotic options and other

complex derivatives,
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prices in order to show the appropriate spread. SUMVARY OZITE‘EII ENTI ON
Exanpl e enbodi nents of the present invention provide a netho arid - a system
for calculating option prices (e.g., bid and offer prices) and for
providing automatic trading capabilities, e.g., via global conputer
network. Specifically, the nethod of the exanple enbodi nents enabl es

automatic calcul ation of the bid and offer prices of options wth accuracy
‘conparabl e to t Kabowd bagprecisisd ithahihe denefibthelinanciatmpcketstonelainglae enbodi ment s
al so_enabl GodufaAfbd APbridHevdii%csCAL EfrhbYe. FYA! HELEu AP moRl P ficO! the
option, for exanple, the md-market price of the option, but also to

accur at el y “¥EIk AnbRAIMENS B sebleclesssgrperigtcest usetieolofstivasives B ariceJul y 2006
Further, Saeeaddifuehorebal bomiffe b Gahhe! ANskofhbShriogl fiSidges not invol ve
anor phous factors and/or trader intervention, |nv.estorgs may transact on the
options ba¥BELGH MaRket i spisiedite Afcrye gere Hierid dNds being Alble &5f detrmipei ces. By
feedi ng t heerRd8d ke bPRerivBd RIS A IR RIS d bR miK-ABaRr ket dat a,

t he nodel generates real tine market prices 13r derivatives and,

t her ef or e, AR HHA4P robaip fsom vvieg deriviévepr Buws sursntly, uppy mepperetionsng _
derivat i vegnd fufldsafdr S8R nfTRAMHIR A4 8 WwiRIRLs- F1BMDERSRMalen CONj UNCti on
with an online trading systemwhereby on-line transactions may be executed
at the pri t@uiredgp 6% el WB) bakre Bydeeng an pequinginodelfpovar@pceseany. | market
mekers andiRaphifes mEYdeal %@HBacRotheP 6n TRERLIn BAGC @Fenl i He§AH Hof nOVi ding their
own prices, i.e., they my sell options at the nodel generated offer price
and buy at M@ Gigldincyyener ated bid price avoiding any need for further

cal cul ati ons. Shﬂﬂohﬁﬁdé Yo a Birdt GEseb@BLHS  pr&eft invddBO) GhGe 1@PBGleq qRNAGEMENT
groups, may execute deals automatically without prior autonmation of a bank

on each tréAPater basRd faypioteating method qonpgisige fe stepsrfcgeaing@rsisiort skilled in

the art thada Eﬂrfef;;%'hgiﬁ% td é’@ﬁﬁli@fof perambiers RIHEL n tn IR AR LALYingNal ogous in
that they are controlled by anal ogous market  conditions, e.%ég, forward
ma

rates, int&Pgsiecsigipgsecond gRt daty pereserndipg do corlvsligfof ey therefore,

an opti On'&fnﬂiﬁhﬁlgreﬁﬂﬁ%tlo s‘é\f@iuﬁﬁbrfﬁﬁg%kgeﬁ %Qllnﬁ.ltfngra BR&tddtR&Rkaaamet market is
general ly-al so adaptable to other types of markets, by appropriately

i nt er changiig ¥heid epiignthasadean #sleest Bprt 1 esaidplrst ang segondoinpEsitadi ng

quant i ti escopfpuinglh blaRARPEprédRE sRf ophly ba¥at J)nvﬁ-lealgp}?(arte&i’a.sgiﬁlfﬁst 4@ change the
nodel from foreign exchange (FX) options to stock options, one would use

the di vi detfePdainguigiats; pammstingx bidprise ardéoran offieprise of sréd otisndassdt rates used
in the casg @fd RuBAd TV hndHd RIS Spreads 53vANR RN SR RoR Yoo be POssi bl e
in cases where the anal ogy is not
- the bid prize and/or the offer price of said option.
In some example embodiments, computing the bid price and/or the offer
price includes computing a corrected theoretical value (CTV) of the option as a first
function of at least some of the building blocks, computing a bid/offer spread of the

option as a second function
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sinmple, for exanple, in weather derivatives. To adapt the gq {b the
exanpl e enbodi nents to any type of option or option-I|ike der 9% 've,
instead of sinply replacing the quantities described beIOM/mnth
correspondi ng quantities of a new type of derivative being conmputed, the
nodel may be adapted by appropriately nmodifying its building blocks, which
are descrlpﬁ% bel ow, #8_ﬁcconnndate the new type of derivative, and
conput i ng Pk 1535tsere gt the Railding: hlocksj apd comising Big bidwericn aud/erfhs 8’ bl ocks. It

shoul d be p@@r&ﬂieaipe&h lsa@s'ﬁtondhé Epreeidl TV%H%bek&E&edﬂaThéﬁl&faﬂt simlar basic
principle. 1%@! %L}E%? exanpl e enbodi nrents are descrlbed bel ow in
the cont et Pwifiog ’é‘ ! &N %“e(llﬂ}b‘mgrﬁtofi]éfeleqqqé&%ﬁ‘élgr%y be adapt ed
to other pphiiag caR@xiOR skl ReviisKERRYY e, SgeWufgh {sleﬁrel atEineiheiges, as will
be apparent to those skilled in the art. 11 July 2006 An exanple

embodi ment V&% cul ates bid and of f er prices of an exotic option based on a

corrected theor 'Eiﬁdr@ﬁthy y@h HRthoLIo)proididgebi@ phicomdensh e ipeéodifar spread.
The CTV may be co fg based on a pIurallty of buil ding bl ocks, as

descri bed X%@Pdt}t YaEseEt indnetheg malydigg recgtvem SbdPLRA t he

t heor et i caboriegiouéingfio tahmualeyeifiparaﬁetersoﬂbfmg&ﬁt optionC @dcEOfi @fnd and a set of
wei ghts, each of which ted based on sel ection of the various
details ofm?WéPHﬁPFEWO?ﬁggﬁ Wﬁmfﬁ SHBent magkeh Fditiophrelpting o BPass of the
option (knaglkrlying assdsombutinga bi nary, European digital, etc.), strike (when
applicable), barrier (s), forward rate to delivery, voIatiIity for the
expiration date, and interest rates of currencies. It is noted that a nore
conplex exotic option nmay require additional details to define the option.
A wei ght may be conputed for each correction. Sone or all of the weights
may be tine dependent. The corrected TV, also referred to herein as the
adj usted m d-nmarket price, may be conputed as a function of the TV and the
‘wei ghted corrections, or using any other suitable function of a plurality
of building blocks that may reflect risks associated wth the option. To
conpute the bid/offer spread, a second set of weights nmay be conputed
corresponding to each correction, resulting in a different function of the
bui l di ng bl ocks, as described bel ow. Sone or all of the weights may be

ti me dependent. The bid/offer spread may then be conputed as a function of
sone base value and the weighted corrections, using the second set of
respective weights. For exanple, the base value nay be determ ned as the
bi d/ of fer spread of a Vanilla option corresponding to the subject exotic
option. The weights applied to the corrections to determ ne the bid/ offer
spread are generally different fromthe weights applied to the

iia




corrections for the TV. In alternative exanpl e enbodi nents, tJhE/%'Og/ of fer
spread may be conputing using any other suitable function lt}f U rality
of building blocks that nmay reflect risks associated with the option.
Finally, in conputing the bid and offer prices, the nodel may include
conputation of volatility smle adjustnent, for exanple, using a | ook-up
table representing volatility smle adjustnent in a predefined range. Such
"a | ook-up remicksd thegetipd V@]éﬁé@'g‘()efé thyoptioprpenci ay thetfasteoll sedond inputf or  each
-strike val Yga aRgphiely LAGBTEISbIA oMbt Rich badtd RE Geh NG s8Bhd m‘éﬁ anal ogous
system and net hod may be used to conpute the bid and offer prices for
Vani | | a opfifterempyingadid priss apdorameiferprisp of bp eptipndasstien the couentidex

deri vati vegv sh8 trklidbtrt sBARE ahd prsRamb dn Qﬁp@t%fr@sﬁbﬁtfi&qo Akiq bike benefit to
financial markets from having an accurate nodel to price derivatives are
enor mous. PRYhe affgepiicefithgBtigrpdel of the exanpl e enbodi ments may enabl e

| ess experience gcwg(ﬁﬁé 1o sed&ld axgggc{ ¥E§e Bﬁselrﬁf ingﬁntiohynﬁgf-b ?scﬁ%@éd%y . Sec on d, by

virtue of having an accurate pricing nodel, the derivatives market is
expect ed t BPPIEESHET PEYVEliNG §uid) prinprendien Ay ofbI erieoolier epfimen ahe correct
price of dedeMthk ¥RS: ChPRkRE aSefveNEc GRS RAL MY B WBE&EInaBKELS and causes
users to refrain from usi n‘% derivatives. Third, currently, nmany

cor por at | oRlgralityof peygrgtsTs ¢ AIng RgifePEon e prIdiesaraentpus Isorseseeniding] i nes with

Vi s-a-vis eachd pidehdensh e pride?@Widl §5tioch Ohd&er QMY Mdiiind @Bk By having
an accurate nodel for market prices, any two parties may deal with each
other on alREr@frropspradingipayplpmlity 9f gurrnt matketeopditions relatde torsaidi t | i nes.

Accordi ng ke fég bsskt; 380 CHroQEsok, NBsRIRACHh LAY SBYVEORhidhNQhiules Provided a
conputer b sedyl ata processing nethod conprising the steps of . receiving

first inpubasedrn st leaympre shtithinignd secandinpy dptas acogectethihesreiical @ligef i ni ng an
option on @rwneeshld/bfidn AASLbid/IRE ShiddNgr SEF OPhn RRY tvrstat ArkQ' r espondi ng
to a plurality of current market conditions relafting to said underlying
asset; confily besedory eid 64 Viand Siddetfer gpreada theebid privg ansfordbg effespt i on based
on at | easpridariaiddptisgi d first and second input data; conputing a

bi d/ of fer spread of said option based on at_ | east Eart‘ of said first and
second i nput daferordighisut iy aret @f gie rreserinaretion these fiv proyideé e of sai d

option bas@ghpuRibfad SitLHbERGAEMNI @RRrisiRk the Riepl G febdiviaPfiRAglpuPr ovi di ng an
output corresponding to the bid prize and/or the offer price of said
option. | nd&orREcEeadng o LBl Al Rrrameters deliningigp emionionan padeslsingnd/ or t he

of fer prigege @Gdiﬁﬂ?%ec%ﬁdmiﬁu B4a BorrlpdrBfb e atﬂfﬁtg{ilﬁté%e%%&ﬁet( CTV) of the

option as a first _function of at |east Sone © e buil di ng bl ocks,
conput i ng condifiops yelating tg 5@1@ ypfeglying pgset; computing a plurality of building blocks
based on at least part of said first and second input data, at least one of said building

“blocks being a function of a factor related to a risk associated with said option;
computing a bid price and/or an offer price of said option as a function of at least
- some of said building blocks; and providing an output corresponding to the bid price

and/or the offer price of said option,
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option as a second function 11 July 2006 of at |east sone ofdlpe ggl | di ng
bl ocks, and conputing the bid price and/or the offer pri cd kx40 option
based on the corrected TV and the bid/offer spread. The plurality of
bui | di ng bl ocks may include at |east one building block selected fromthe
group including convexity, risk reversal (RR), shift, gearing, Vega
profile, and intrinsic value. There may be a nethod for providing a bid
price and/ Brsogis sfmple cyypidiments, inngpmpoting the bisipring andietefleyprivg odtiset , t he
method | NChilN8le HRCRL clihudslathurt M heoflBhA va O ICRPRI AR 2 PIurality
t he opt econ I'n daf

of paraneters _defining ption, receiving s p a
cor r espondfifsyfupgion obpiieast ome o thedyildingblopksr & bitl/ offonsgicad oftse pwloat i ng to t he
under | yi Ngads§@bnd FRIRHE HdeR Ineltiliidi { etical value
(CTV) of t%e o} t][il on based oﬁ %#e&f(?fr set]wallprqgég)g(g%%g‘r}{e%%utlﬁgp%g{ég({r conputing a
* bi d/ of f er eqEkes thefbid mice aptoroffetaise of thaonptien bhded on thagdrested GNnlnput  dat a,
- conputing @eBiafheRf dpfead AL HRF)R b B ' i d on the
corrected 'T'V and tphe bi d%%%fhg)p) g%;%{fﬁ %%%%a%{ngl&?%t%&gﬁ@%@tﬁ% t

" cor r espondPlagk selscied Eopitee geynciacludirgigoprexithierishfréversal(RRg shifif gaating, opt i on.
Accor di ng {8sa3rSREANFinARReGhiof the present invention, there is provided an
apparatus for providing a bid price and/or an offer price of an option on
an under | yi ng ag9etingiormpiopsh pgee of dievseserldpeinim gherd isprovidepan dat a
correspondiggratu® Br pRivIER! A thid Bﬁceogﬁcﬁ&eﬁﬂa!bgeldﬁfciéenbpﬂl gt'lch prtakxon and
providing an output corréesponding to a bid price and/or an offer price of
sai d opti o‘H@de‘tlﬁﬁﬁg Sesely dhe fappardiey coraEingi dgeret oFdivingniyist ingat dateor r espondi ng
to a pluraldeipofding W h PREalfRbK Birah QBRI dehiRR £i§|0?ﬁ6rp§1d5ﬁovﬁﬁh€anunde” yi ng
asset; and a processor, associated wth sali gl server, which conputes, based
on at ‘| eastUifyhrerrespondingdo pibidpricgragd/seenefderipnipe pf whid eption, thoserert ed
theor et i cafyriN! BivirdEMandOfipi Abd BRLHOANE Aokl f of said
option, and whi chlfurthenr_ Igzorrpqtces,gp ased oaﬁplggggo%%ﬁgﬁnﬁﬁabl [ of fer
spread, t Hergifinspiclatieg nwidowndetiding psselr andop peasessdr, subpdatewitbseid Accor ding to
a third aspgaet, “@ﬁchtchﬁplﬂésef]ﬁgxtag%frb‘fﬁﬁﬁdi@ blo%@@gsst@% !02 sag{ A%t 48do@ng COMPUL €1

based data processi ng net ho nprisin p receiving first input

t he
dat a corr S8R Seferi 1qad oge pf widdivildipg bﬁocbgqem@tfém%iom ef 4t dgaptpnafactypt i on on an

under | yi NGelaR8 56t risk &k Mel ileGRNGh AP WALAAERE &?@%Qitﬂlgoiao a plurality
of current market conditions relating to said underlying asset; conputing
a pl ural i tRiicefndion theioffgr pricscadssaidteptien app famctior 2 @t fsasttsowé of sdidl first and
second i npyiddabReksat | east one of said building

12a




bl ocks being a function of a factor rel ated to‘ a risk asso iaJt d%ﬁith said
option; conputing a bid price and/or an offer price of saild B@ 8% as a
function of at |east some of said building blocks; and providing an out put
corres o the bid price and/or the offer pri option. 12
11 Jul 5@9006 Str? sone exanpl e enbodi nents, in conputi %g E%Oé%gd“g price and/ or
offer price of the option, the processor conputes a corrected theoreti cal
value (CTV) of the option as a first function of at |east some of the

bui | di ng bl ocks, a bid/ Raﬁﬂm a second function of
at | east sone of t he bui |n cksgﬁv%erel n the processor conputes the
bid price and/or 'Bzfefpmsenpmvm@ommlw@ndmtp@wnéamm@dmm@ﬁ@ﬁﬁp@dh%d TV and
the bid/ Offe'folléﬁﬁl?adgtall-ﬁh&su?hH(?ﬂfaf ﬁc@éﬁﬂoﬁfﬂéﬂﬁ @Jﬂ@iﬁ%ﬁﬂﬁ&i thiidgpde at | east
one buil ding ecte rom he group I ncluding convexity, risk

rever sal (5RR)DQthmhilﬁntwlthQWPmng:anym&fywmg@ﬁ"iWh@h and intrinsic val ue.

According to a fagy #@1%9‘3@% Qﬁarttllﬂﬁstla v&ﬁé@@?& b HethdaeF §néu§g provi ded an
apparatus for provrdin Id price an an of price of an option on
an under | yi n@ms@@@cordmvaﬁbpaﬁmbmn%ﬁﬁmEPW}Flhveéfé?ﬂver receiving first

i nput data corr %%u@zghﬂgmstsg Wt ‘ﬂBﬁlchér% sQfemP R B Slafnd Rl digkifgh sai d option

and providin t put cor esponding to a :)Id price and/or an offer price
of said opti calmnetmgémdé@fer prfiags pﬁ@rexmé}avger@& eRfionyiin; aggpudaneratidh

cor respongi ”Qnéﬂboﬁu&h%ﬂ ééerﬁhv&ﬂfoﬁedﬂﬁ mar ket conditions relating to said
under |l yi ng asset; an ocessor associated with said server, which
conmput es a pI uralﬁlgﬁls)ﬁSClbemdtldlbhgkdhﬁmsfl%@@éﬂaéﬁt%ﬁoﬂprfcmgﬁn%@l second

i nput dat a, s being a function of at

| east one fact o#d%%?gl‘g?%ﬂogﬁ%nﬁﬁ%%%?g%}%@ vvlth sai d option, and which
further conputes the bid price and/or the offer price of said option as a
function of at |east sonme of said building blocks. 12a 11 July 2006 WO

03/ 034297 PCTI | BO1/ 01941 BRI EF DESCRI PTI ON OF THE DRAW NGS The present

i nventioniswi | | b PREFAREDRERCRIRTIQN 0Fcs PREFEERREPEMBOPIMENEM t he fol | owi ng
getal led descr! DA BRraks GuRUE(G drat FEBAMNORRL kiR i INCARLRE Laken o

5 conjunction w th e acconpanyl ng draw ure is a flow

chart ill ust laanqddgfoamwiaanglﬁlewad&t %ﬂlwdnmkdt irise) Qv foieieg ﬂxdpﬂgedﬁg) in
_accordance Wt b 3 SR PR apREcibBE nBRERE Blat hBYEth 2O rdance with the

invention may be applied to other financial markets, and the invention is not limited

20  to foreign exchange options or exotic options. One skilled in the art may apply the
present invention to other options, e.g., stock options, or other option-like financial
instruments, e.g., options on fitures, or commodities, or non-asset instruments, such

- as options on weather, etc., with variation as may be necessary to adapt for factors
unique to a given financial instrument,

25 In the embodiment described herein below, bid/offer prices are computed from
a corrected theoretical value (TV) of an option and the bid/offer spread for that
option. Computations for the corrected TV and bid/offer spread apply derivatives
(partial derivatives up to second order) to factors readily available in the market. The
factots include, for example, gearing (where the trigger is cancelled by setting it to

30  zero, when the trigger is below the asset rate, or to infinity, when the trigger is above
the asset rate) and the change in the profile of the Vega. Instead of trying to assess
 probabilities, the model presented herein enables assessment of the risk management
cost of the option and of the compensation required by a trader in trading the option.
In contrast to the Black-Scholes model, which is a probabilistic model, the approach
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- cost of re-

Fi gs. 2A-2D are sequential flow charts schematically illust r?[tié’
algorithm for calculating bid/ offer prices of foreign excHa %ﬁ&)
options in accordance with 1o an enbodi mrent of the present invention; and
Fig. 3j matic block diagramillustrating a s pr|C|ng
optionswi%n@m%‘g%grdance wi th an enbodi nent. of the pré’?erﬁ{3 i"ﬁvéntlon
DETAI LED DESCRI PTI ON OF A PREFERRED EMBODI MENT A preferred enbodi ment of
t he present iofithsrmrésont ireniieds bisbddn determpingondat eortectivis nastrhgdddedfior
cal cul ati ng toa e8! e nge (FX)

s %@i‘cﬁﬁ val(@ ob'in éﬁﬁgﬁpr hlec}r%ep dd &ﬁ%elﬁgte:ﬁ)r r?sﬁ{%? %

exotic optlon ouI be appreci a wever nodels i n accordance
with the |nmnadmgquyesemapptim@dﬂbbomnhnmemad@hml@r rﬂwk@tfsctorand t he

invention is sElQétﬁitbQ&lﬁe%gﬂ%%oélé)?ﬁtﬁerrﬁédgﬁaz%%é‘f'éi?é&%a%lhzﬁ%ﬁlo&d& exotic options.
One skilled in the art my “apply present 1nventidn to other options,
e.g., stock opti of merdel of thepresist inyentivi lebsesfintazaoeduatl madyrfactorehetthe, e. g.
options on fuj %*Ehm&rm&félﬁ?&hst 'egr, fach}s HANARRR tb 'ﬁéﬁg&&ﬂﬁ%&oﬁeuc“ as

OptIOI’]S on V\Ba ner iat1on as my be necessary to adapt for

factors uni q:a@ngoF@r egmnalea irf the madé¢l desciibed herginpthe re-ipdgingcastad therNrgeli nent
descri bed hery fo r- rrected
t heoreti cal vgthg ep‘?{f‘V?ﬁ "?ha?b% %rtﬁ{;sgér? dzliﬁgﬁ (ﬁ{ﬂ% cﬁgJQRﬁ&thfsfg{r%e &f% t hat

option. Conpuiavieg dleng ¢anvexithid.cc o PPsitive cenvnity amidie badst bidkes tasiprqamearappl y

derivatives n(o%@)y %&Elmgqolﬁﬁﬁt& (%/ gcseﬂﬁ E«Wﬁﬁ@ﬁﬁ eﬁi@fe)vo}aﬁlll %ﬁ@ie? readily

available 1n tor I nc or exa aring (where
the trigger iasd bmwl@dht)bvhqelt 6§ lower, witheyt Sringes BOSltmhe'ﬁiet&htﬁ ?fr gger is

bel ow t he asggl, @%r@sen@'ihe ol ek b Blnd s 6 BT L mabiusy Lhe asset
ty

rate) and th e 1n the profi tead o ying to

~assess  probdlsim mgfﬂbmflqmdfe‘whlﬁirmmeer&hM|Wsteﬁthblﬂ@gtm@éls@rrent of the

ri sk manage on and of the conpensation required by a

trader in trgl |rt1hélgt(:% Opgtp)ﬁs%%SHRﬁl contrast to the Bl ack-Schol es nodel,

whi ch is & probab¥ihdeghs wadanid éipicatihdelta ppigerh etr Ki@ck-gut Budng; tieogler whe 03/ 034297

- PCT/1B01/ 019 f \V t what

corrections ?r&u&sct%'ogﬁa 8% @ﬁﬁ%mb tﬁp@]gg?%d | cazFl&\S/[g ogsre]tro @%rggg{ Pﬂ% in order

t o conpensat dadkghe widerlyingissas wherhthe oyptkeioises o sellingthe nodtilyige bsgiwher. g. , t he

option portf Hg% £ ted to

achi eve the gﬁoea{j?arﬁéepe&%estqﬁ el séﬁa e re%??t%gg?%%ggéﬁ%%ﬁngéﬁb ks. 5 The

nodel of t he dplfeediserntinnityelowandn exgitetion ohthe altlomunés eenyime aaftoaterity hat t he

Bl ack- Schg e r ransacti on
2 “Roatts, WIRHE Mol cod A6 06 Tififhaf S FRVENRE aldub 200

r e- hedgi ng -coste Qj‘fthetdptionﬁegepts the rxsk near the trigger. It should be noted that the shift of

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

express the risk. The gearing reflects some aspects of the time decay of the exotic

option because the price of the option will converge to the price of the corresponding

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

In accordance with an embodiment of the present invention, two quantities are

- calculated separately, namely, the adjusted mid-market price and the bid/offer spread.

According to this embodiment, separate calculations are used for computing the two

30 quantities. The adjusted mid-market price is defined as the middle (i.e. the average)

between the bid price and the offer price. As discussed above, the Black-Scholes

meodel provides one price that may be referred to as theoretical mid-market price or

theoretical value (TV)., The adjusted mid-market price provided by the present

invention may be regarded as an adjustment to the Black-Scholes price. Thus the
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of the exotic option may be expressed in ternms of the convgiijt Zﬁﬁgt of the
option. By having a long convexity, i.e., a positive conv "tﬂé t he
trader book, a trader can earn 10 noney by selling volatility (e.g.,

sel 1'i nowH 8RR, ons) when the volatility is higher ' volatility
when it is lower, without taking a position. The shi ?’?‘itfc')#)dmh%g trigger

represents the probabl lity of an option being near the trlgger at a tine
close to thedindedimidparket prise obibe ivesrent drvesyijon oy ok refiged ©-83dByi ng cost s

the most expeasdcit thediicall R, (CTVS PRAGRN bé SppiBitdied ihak Kincel the Simace t he
trader is typi callﬁ delta hedged at a knock-out event, the seller of a

knock- out opPrBHs ehthgmpdeletybip 1Ytlilﬁ%“4?é[t‘iﬁlct‘1‘é‘fég9é the bid and offen ies: £% ade, e. g.

by buying  bagkustda®eldAHaE bisbioR BidRaR: p a&a&eﬁmE&ﬁ@foﬂwﬁm@%ﬁﬁ@I ling the
underlyi ng asset when "the market decllnes | n-t he-nmoney knock out options

are char act eivertipnigyerely dorsapvepiency and may be rpkesdnil; 9T eERBRUSIEESET r at i on of
the option. ASinkher éﬁaﬂiﬁlcoef higRE sHdvheY vaAGt RRBY § son{eh@oﬂﬁfuh@mﬁ ef hedgi ng

cost near the trig may rise drastically |ce? Héhe option
reflects theft |ﬂ%°k%ﬁlﬁf ?"n@"‘ier Thgyape of fm%%{kpfdp%@ ?'Poﬁ °’E°'H‘E§t F 8 shift of

the trigger . cahfir@iochoR pi-a?crﬁh\éﬁiﬁﬁ/ eSS b @in Rdorfefidas moGRiSr &aabutaangor operly
gauged to express the risk léearlng refl ects sone, as ts of the tine

‘decay of t he PESt §fcoptigps isBk bse@& wkt Prdoles |n'é9€eloﬁfet%°ﬂb’t‘? od\for | conver ge

to the pricce Abulithg tiepreli@RADGARY vaisVani | | a option |f it is not knocked
out. Typically, the shorter the option, the nore re- d%@pc% IS required to

account for tine ﬁ@ch‘ﬂff’ﬁ%%@"éoﬁw&‘é W?fﬁm&ﬁoéhi)@mf%ﬁte P present

i nvention, t Qe dikigs ISarEﬁted &aﬂem@{g@&n@@ﬂaﬁr@&@kﬁ&mkﬁmhyspnotnhe adj ust ed
m d- mar ket price and the bid/offer spread. According to this enbodinent,

separat e cal db¢ h‘!ﬂd&ﬁé’b&k%&%@w&‘ﬁmﬁﬁﬁﬁﬁﬁlﬁ'ﬂaﬁoﬁé‘fW\B or FFAhEM i es. The

adj ust ed m dpEBiNRE @ fHoGLused tcded‘wu&ecdthasnlmﬁrkm fie@ebduseoth iR @Mer age)
between the bid price and the offer price. di scussed, abgve, the

Bl ack- Sch¥fl e#arkehprage a3d i beﬁé@feb %eﬁﬂrar%rélateﬁéq thﬁé‘ﬁk plthe gptiony Ve as

theoretical peCsuiiBink Slocky dr& Bse@ 'iwthtdthePern?Fe'léﬁ% w¥ights 6 the Wro caldditiasll ust ed
m d-market price provided by the present _invention may be regarded as an

adj ust ment t §ox pramBlen Sk somefEses derph Mg “canpRl Put’ rfél"&]&tmﬁlth?l afwst@fde’é V\O

03/034297 -PCH480 0] Bkl thd dhrS otk ShyndVe akhnuRiveC 8HeRf inldaRu i nvention
may al so be referred to as the corrected theoretical value CTV) It

shoul d be appidaffeatrserd enspparats jndepsndepichedginggosts gigt inerease the srepd- nodel |

typi cal | yyprovi degly gy Tobﬁu ttiew Of fhe phferitl EnBBdlmeH:f Rfenitiyi t6¢83.1,a6  di scussed
bel ow, the use of md mar ket grlce as a reference point for t he nodel of

the 5 i nvent pge Hfrths modebralcalsissethpaetical valvg (HBysBHg 2 pEphinatieiofglowt her
arbitrary rebghRReS e.g., based on the Black-Scholes model, or any model assuming that spot

undergoes a Brownian motion pattern, This initial TV may be computed in an

analytical method or using numerical calculations, as are known in the art. The Black-

25 Scholes model is used in an exemplary embodiment because it is a common

benchmark in the industry for pricing derivatives in cases where the underlying asset

is assumed to follow a Brownian motion (a stochastic process). The inputs for the TV

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

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

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

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

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

reversal, intrinsic value, gearing, shift, and Vega. The corresponding corrections may
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points, for exanple, a higher or |ower value correspondi ng & fg@ﬁ knomn
function of to the md-market price. The use of nid-narkeg gP %
reference for the conputations is preferred sinply because existing

t heor etyygabpdimdel s for calculating prices of optiong. the Bl ack
Schol es J are typically intended for 10 calcul%tlégﬁtheoretlcal

m d- mar ket values The bid/ offer spread, conputed according to the
preferred enﬂ@ﬁ“mbﬁch“ﬁ@WW@@F§m%ﬁ@kFW@ﬁﬂﬁﬂﬁPW¢b“WEF§W@HG?Hwﬁ@mhedglng
transaction GEghs GiklcAdd, §8f Lok, MV@E‘ proﬁ%rr@&ioﬁ s RescRbeapkpwiised for

corrections |n t e calcltlation of th e d/of fer sp r'ead may be simlar to
those used t dVegtcur stlelainiconsagh perraetian W%@n}ﬁ&%@s‘@m%%aﬁ PMRT d 15 mar ket

price and thege @Jnﬁ)]}kft ﬁﬁ IFM Qﬁé%oﬁ&&oﬁ@in@%&gesﬁdﬂdﬁl Qrefghts Kre plfeh‘ﬁ) f@ption.
However, the | di ng | ocks are used with different e _weights in

the two cdl CG]Va‘EOl gepasate thegorrestadnhY eAt §tage d dbnihc Hogad °ﬁlé‘ﬁl'#§5 % 1 hcel out”

cal culating f (ﬁﬂddéﬁlbﬁ.ﬂl @Beﬂhifféfaft IBQﬁdn@t')Hl&cﬁs ofoté bidlobrer sfp@aze elg§lsbe MY have a
cunul ative effect “in cal cul ati read as separ te

i ndependent  fhewdiehg tbodeslly Wé@%gfrféﬁé‘é% tth?e"aélﬁ‘%séé@“at? B CHBIPANRDS an

overvi ew of tf hers%fn%f%ﬁcﬁmgm Iﬁ%ﬁ%aﬂrﬁ@& e;memgaﬁdewﬁfdhgnaylbe dﬁferenﬁtage 110
the npdel cal cul ates a theoretical val ue using a cor@ H@ n of known

al gori thms, &g the Weightemsedhtorprapity tie Rasetpd Es Wﬁ'c%PtStaé‘?”& assum ng

that spotyy UREErHRES SR EENA HERbIQRIAAL 418 i bui'/’d?ffe‘i sﬂréhutptcﬁzideif ¥y may be
conputed 1 n an anal ﬁtlcal net hod or using nuneriscal cal Clﬁ_l ations, as are

known in t he ther model Ehepprafsredembodinsnicis dﬁ'ﬁ@f@FatP% agangtied 7 HCANDEN| ar y

enbodi nent  begRlSEtibls, by wiy 608BRPle, PERGINBE KpprddistddShdr NelthSdpptopfids pri ci ng
derivatives in cases where the underl}/l ng asset |s assumned, t? follow a

Browni an not icheesa thet ipysrtien may pe applisd Jo anyhether et o apen oheptipylkémy i ncl ude
expiration dahgciafhdRaivekndwien MRRON, €. g knock out, knock in, binary,
‘European digital, etc., strike (when a icable), barrjer(s), spot, forward
rate to 38 del i veRsferensg|inmpde ﬁoflﬁsoﬁAtzﬁ’eE@Rﬂoi‘eﬂaﬂtnP@H’ Which Sc}lﬁ%n‘iaﬁﬁl erest rates
of currenci egpystifte £me@6d fordofpu ﬁﬂkﬁad @hl&lﬂﬁtﬁéﬂpﬁé&ﬁd SRfoieLdptadan@nd wei ght's
to apply to the TV to generate justed m d-nmarket price, also
referred to it agdnofds RE’G‘FSr elct é@emvemm)% (FKh OPWPI’S iy geaqiseagey WiBh B di nent , t he

bui | di ng bl O%Kl%OdllﬂE‘ll‘t ‘6@%601%\5% A% shévS i Fib.EME 1B nputh Mrlthd8didulatish ue,
gearing, shift, c%a The correspondi hg corrections may 15 11 July 2006

WO 03/ 034297 urd@weri Btﬂ‘ﬁ 119 prefarabbninglude rasug Slﬁ@ﬁ?@k flgtails opthe @MQGB?PHOHI i sk

reversal gori, ra&anf ﬂirlfiét "Sption WG 6k A0n derfie@ iibmdhSRISALEL i On, shift
correction, an | e correction, as described bel gw. Wi ghts are

cal cul ated f @mrl@aﬁferteé fto besain asmankes cenddigns apwell anleintls dafniag HePrie: i me

referred to herein as parameters, which may be specified by the user. Market

conditions include market information that describes or relates to the subject option,
as well as market information not specific to the subject option. Examples of market
25  conditions include spot, volatility, forward rate, and interest rates. Parameters
.include, for example, strike, trigger value(s), and expiration date(s). The parameters
may also include an identification of the type of option, an identification of the
underlying asset, e.g., the currencies being exchanged, and other information defining
the option. For example, to compute the price of a window kmock-out option, the
30  option details may also include the date on which the trigger is activated and the date
on which the trigger is deactivated. Values for market conditions, e.g., the current
interest rates, forward rates, and the ATM volatility, may be obtained from
information available in the market, as is known in the art. The market information is

based on assets that are continuously traded in the market and their prices are
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dependent. At stage 114, the corrections and correspondi ng lﬁlg%ﬁ are
applied to the 5 TV to generate the corrected TV. At stage B & nodel
calculates the bid/offer spread by conbining the different building blocks
of the yj r spread, e.g., sone base value, the ' i d/ of fer
spread,‘pgﬂé{%‘%ﬁ various cal cul ated correcti ons and \Kgiilg%[{l@?wgorre of which
wei ghts may be tine dependent, and which nmay be different fromthe weights
useg to co?/rpma@alﬂm'el diff?rpmdblg& B‘w.exa?mlpialtheyi,npés mgy &g baspd gn nfpranatioy and 10g
offer prices t dothes Hmfekker spread
provi ded by ta?%ngﬁ%g%%&?ﬂfe&gﬁﬂg#g%@%véﬁgg% %ﬁ%ssut&ermnst rated as applied
t 0 i n-t he- noBpmbirgrTelegmte, oiot, irslfns dirgsily fiam brokeraeagmoie tha telemieri| d be
appreciated that i) @RBIQH! Bhfuath3EE oo MELVALATY) At Bloe app! i ed
to any other type of option orfpop |on-I1;§ e ?lhnanm al @éﬁggsvha&:sve known in
the art. 35 Refigprizat cTheslgmiiin forsofpyfing AV may hediaged on ¢holgs Py, whi ch
schematical |y, . r : PR ldds LEhk Hlodn mr ket price
and bi d/ offe%lmsﬂ%ljrr}é%hgscgl%sgtﬁgo@%ﬁg;féﬁugggpr| clgtgﬂtﬂ oS(ra‘ﬁei? gr? exchange (FX)
option, in ateertddmewnemasds, fanexasmsonherecampeing dpeble knpelrpytentionagheshown i n
Fig. 2A, the_] : : CabfilhPbvel tfinkd i eat 6Redd:, MleOknd sPr ef erably

I ncl ude mnyc%%ﬁl ?%‘% tlﬁ‘gglteas?l's ogfa&'teﬁgnﬁsnggjgég%? pptei or’n 20 or tﬁe rel evant
mar ket. Opt i oenvetgensé lo§ suchcinfieits seri¢so itniatgeuprelly spitigisnt tor wwm thadirstdfrey ant

mar ket, refe s LIRS leh iOSmg ki | S
defining @he%‘%&%ﬁﬁa{%‘% ?%cf%ﬁ%r%%giggﬂgg%g a(tﬁlé\r@,c \}\,hi ch may be

speci fi ed by kudek-ousention i kasttwo danigist fonmnabove tHeuherentespRiclevel b OBt i on t hat
descri bes or a ' tLan, 1253 JURIHE Glhed N Or Mati on
not I sgeci fi ;:bﬁg‘bd)ﬂfeEﬁ?%%sﬁzeci%ﬁﬁ%%fﬁgﬁldﬁéc?ét etZS cogd?t [ otns

I ncl ude spot pnly enelpmefioe Ti§: ; erest rates. Paraneters

 nl ude, or eXagmpling RIbke o tif AIGHY R HGIk mARLLEHM JiHld dikedlal (s) . The
paranmeters my al so fhclude ancidentitication of .tll"lle_type of option, an

i denti fi ct i eml wiatitityddencied 8Y¢13)iofid5 delte sall and pyt, respeiiivedi t-¢- diectrikes i ng

exchanged, awmﬁ)h{é%h% ﬂ\%ﬁ%%ﬁ Eﬂ%tg]@ 535 Bkcent. A ﬂ‘j{?}ﬂgﬁ gglat(li;lg% ofespl e, to

conpute the price out “opt1on, I on details may
al so i ncl uded¢lhealtl atdepubmayby derivediiirestlyi fepryethe 25 dedte RR\and 38 deliaduitidy date on
whi ch the trigger i /. - r ot ol e.g., the
current int ésggnée)'r a?%gl,%q‘%dcl)cra%grﬁ% ]Ir'p}até? {)aféﬁ %Ir‘\‘& ﬁaﬁg{tﬁﬁk}fa\?glgg?t%ﬁhﬂr&,m may be

obt ai ned f r othe nanlfet corelitionn As/medtiahkden ithe batkgrovad kestion d@vff,éhq(%déhﬂ inthe art.

The mar kej, i ko ' s t&ﬂﬁt %ﬁﬁg - : oSy traded in
the mar ke%0 a%a@:ﬂ? Jriéﬁ%rl cglse ar gglfgg}i u‘%dﬁleéglg%e %85%?%%‘2297 P&T/ | BO1/ 01941
avai | abl e i nfatitichemeuts afeaeadiy afgablefemyicl knavreorling snuscepmry ittbe ¢85 ed on
I nformation for the ATM volatility.

Block 20 indicates the calculation of derivatives of Vega including the

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

25 reversal, as well as the price per convexity and price per risk reversal. These
quantities may be used to gauge the coi‘responding derivatives of the gxotic option.
By comparing the premium (i.e., the price) of the 25 delta strangle to the premium of
the 25 delta strangle with ATM volatility, the model may compute the price of a unit
of convexity, denoted “Price(convexity)”. By comparing the price being paid for 25

30  delta RR versus ATM, the model may calculate the price of one unit of dVega/dSpot,
also denoted “Price(RR)”. At this stage of the computation, all the relevant values for
25 delta are computed. Next, the strikes and volatility values for other values of delta,
within a preset range, may be computed. Block 22 indicates the calculation of Vega
from the TV used in the computation indicated by block 20.
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- based on

taken from screens of market data provided by conpani es sugh ERS,
Bl oonberg, Telerate, etc., and/or directly from brokers, e.Clé.J}a‘ﬁ’ﬁEgt he
t el ephone. Bl ock 14 indicates the conputation of the theoretical value (TV)

of the @Bl 972 being priced. The algorithmfor co TV may be
El[;g%ﬁchhol es or simlar nodels consisti nggg#hg(ﬁ’gwfi c formul as

or sinulation nethods as are known in the art. In sone cases, for exanple,
when conputing dobsindicaeiet klodu24, thestribesend vélilitefongagh delie o¢ campiedvol ve

sunmi ng_over o bl Gichfal Bcctl) BEAE illimbf, & BCinieSlom SONNSLGPNCE Of such
infinite series, it 1s generalfy sufficrent to Sumthe first ten to

el ements of tilsh ferfermee Rtar ineapimputation o (b dabin gekiatsdtindigster ke which is
similar 1o KGR B Rh LBl 05D PBE e SalBPr fBAMPaiRE CUT rent

spot | evel one el ow),” 1nvolves sunm ng over an infinite series, but
yi el ds acGepimapbelooksiuiptis thetable. Birel ajgorithen for generatiegthisileokwiptableotlsa he series
or less are gymr AL Iy Dpeldd 38k wh thrdi cates the
cal cul ation o t"lgo gﬁ‘?@é@%nﬁ% ag]ﬁ%ﬁé%qgﬁfscﬁ?éé 1? %t%lg‘?ee o V,o.lvé'n)% of 25 delta
cal | and put fdescdissiveceli sasippting the bid laed offert priessf ofbe pivekvolathiy geile a for the
given volati gty I RRLCEN LR £ Loehd Yo ot g &2 delta
~call and put Eﬁ%%m%@ chiegpl ved&d%cpgg%ﬁﬁ/w}r?éhn?\ ﬁﬁ%ng&%}glbéa RR _ar11d 25 delta
butterfly (someegionpf expliopitionssasidensilesdthenging tyguer, Hpunovelmeehsaise bosfo val ues
that may he [ sl t ale g BSotiBhLd BReRigi n the
backgr oun Sggt{eﬁ%%ﬁég%@?atnggﬁiﬁgﬁg gg}%ﬁgﬁg}’% %Iel tag strangl e
(butterfly) aadetmieanotiVanilkoplionsthe options market and quotes for those
inputs are readil ' : r_%nh] d j QULERS forafe | S the case
for the ATM vol at%@ﬁ@é L@Fg@l}(& | %%F%%c?%v%ﬁﬂg&i%ﬁ%ati on o?r derivatives
of Vega i ncl paifiswertoption, esindieatidtay blogk 32 dhg Sorerstions amtdenniey) wspeetiyelys| ope of
Vega over SPgl sl N akisIEhiudd $iccRl ANCISaka cASecil ki (a0 PTi Ce per
convexity and price per ris Teversal. '?hese quantities may be used to
gauge t heiscointdsjpomtie ngratton atdiock 48 godring leerragtion 4t dlogh B4;6kift comigtiohnpar i ng t he
premum (i.e r 0 : t4¢an Piegheim of  the
25 delta str%%lbg(eﬁ?tah&?ﬁﬂ lf’/‘"S?‘gfcf’%é%‘gﬂti %C%rrstr)Ggelgﬂ %Sﬁ’/ﬂé’g%gtﬁt e?t he price of a
unit of convkilléd i, thelah dabatiditoni catwtmsexdytbe)used iBythe enmpateiiongofithe price

being paid f . m%% OBM s Gigb et € the price
of one unit g%w%%ggyglag@%@@f&gﬁ%ﬁﬁg%@T%nbgﬂ‘rﬁl ce RRr)r . ,g\t this stage of the
" conput at i on, nedd betuked to ploduca veluable resalis fooa parid@ilay eptics. Fhecosrerioniwed Next, the
strikes apd volat| i v for, . : dekhiGws: W thin a preset
range, malai}J b\én ti]:]%%#ﬁu }e%y eﬁogﬁntéggcpﬁ%@g{ﬂn é@#ﬁ?e@&aeﬁcﬁoaﬁson of Vega from
the TV used in {HE€onwnimtoatiton =icomexgt*dticComesith 20. 17 11 July 2006 WO
03/034297 {b) Risk reversal correction = (dVepa/dSpot)* Price(RR)

(¢) Intrinsic value correction = intrinsic value

(d) Gearing correction = (TV(Vanilla)-TV({exotic))*Ratio

25 wherein Ratio is a function dependent on the ratio between TV(Vanilla) and

TV{(exotic), for example, as follows: ‘

Ratio= sqrt [(TV(Vanilla)/TV{exotic))/8.5] if V(Vanilla)/TV(exotic)<=8.3

and Ratio=exp(~(TV(Vanilla)/TV{exotic)-8.5)/80) otherwise.

(e) Shift correction is a function of the change in the TV when the barrier is

30 shifted and the change in TV when the expiration is shifted. The following
| formula rhay be used:

Shift= abs(TV{(exotic with barrier B and expiration t) - TV(exotic with barrier B’
and expiration t))
wherein [B’-KYB’ =1.05% |B-K|/B and t’=t+1day.
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PCT/1 BO1101941 As indicated at block 24, the strikes and vcll ?’Hﬁ’l ' éﬁ for
each delta are conputed and nmay be cal culated directly or 3 r#é) in
menory, e.g., in the formof a |ook-up table, for reference later in the
conput akp e table generated indicates the relaty] i et ween the
strike angg\%%ati lity so that the volatility for a gitP\?g)rE\Eds]{(}?gﬁ e 5 may be
| ooked up in the table. The algorithmfor generating this |ook-up table,
also referred {fbVes Rreflladniesiiop issfuhasion df the balkevier, of the Veesefitharzatiq n det ai |
bel ow, follow n | pd A f i i rices.
1 1 66 B hO Gpc® e, £ O RHcha Sok BEintd! Fh ofdaes P
The novel vol ati %093'ng e adtjhuglgorfeen%:’ rrecb:l‘{?a?mg%mglﬁ acg?:%gnce with the
present inventi owreconryuentifienthe slkpe of the Yeprasat ention pf s enot- dheYegons, as
descri bed hereip, : ' I SHLRASdiBediR 298085 Eh
Hrgﬁ[e%ﬂ&?wnstngdgﬁegﬁ edES %’éﬁﬁ'yﬁg iffertff asPeiiS5Bhe

applicability a may al so use |ngf or obtaining the md-

- market prisce of shipmofitheVegp pioGlesnanilyl Brofilehdrefibe, and Prifide3. 2B, the corrections
and wei ghts are cal ; L bGtth aha BRE bR hRgh gat ed at

bl ock 32. The cor?é?%%%gggl%g&%%%#ee , lIr:e pect?ve%y, gas ol IQ?)WS: convexity
“correction at bl ockthggxotieppileny ever sal correction at block 44; 15 intrinsic
val ue correction at .k 20 9e35L0AR) & Lovaka(PAfiekedd strigdi ft
correction at bl ocﬁm}%?ksgﬁgg(\)/ega p?tg?i IC(ZEC rrigy(j:'-ti%arq@at bl ock 36. It shoul d
be noted by one skK)V&dga(Yeoilkhavidstike Bat addi tional corrections may be used
| n the copput ati 0. pliht shAHEELPpllhif e Retl AihELoRPEFRA widnd Sim | arl y

not all of the corrections listed herein” need use produce val uabl e
results for a parti foolesampispthresnVanitlieontionsr it stales Ky &ann, apd) B, gt $08e exenpl ary

enbodi ment descri beg . hergidy,; ' fBlid-045 is $etbrS@NMEXi ty
correction = convexﬁ%uii/{__g*ﬁér}? ce%%ﬁv@%ﬁt@@' ?ﬁ'e%hs?k rgvlger sal ctgfr ection =
(dVegal/ dSpot ) * Pri clepimy for(maynbers tpy ign end 1, viar whick dhe &dpWbg c4uatiak i nsi ¢ val ue

(d) Gearing correctgaggheﬁt(%ﬁl%]}/cﬁpé,ih%,@,Sljn_M(a%&@ b BRti 0 25 wherein Ratio is
0

a function dependent on e ra etween TV(Vanifla) and TV(exotic), for

exanpl e, Hs fol | owsVegfexotis=atsgett X} £INVogatVanilly) with/stake & Y ypog 23] i
V(Vani 11 a)/ TV(exot | ghgegﬁvéﬁua%% ﬁ%&éﬂ@}&%ﬁ kY6 ﬂféﬁkdv%ﬂiﬁér Wig¥@ikd ) - 8. 5)/ 80)

otherwi se. (e) Shif rrection is unction’'o e change in the TV when
the barrier is 30 Bhatfpotd) and the change in TV when the expiration is

ST ee e o1 ot T Bl Syl 37 1= et o
t')) wherein | B - Kl Bis noled@5t (VieBa(gtdtic ahspot BHs equakly zerg Because the option
20 terminates at spot B.
In the above equations, Vega(Vanilla with strike K, at spot X) refers to the
calculation of the Vega of the vanilla option at spot X using the volatility
which corresponds to the strike through the Volatility Smile, i.e., find

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

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

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

i9




11 July 2006 WD 03/034297 PCT/1B01/01941 (f) Vega Profile 3 & |%n s a
function of the behavior of the Vega of the exotic option 0% ction of
the spot, e.g., in several spot points. The Vega Profile correction

quant i fyw@3shilesshape of the Vega as a function of theg,s gﬁ)&ml;’?e Vega
profile corrections may be calculated in 3 steps, providing fferent

aspect's of the 5 shape of the Vega profile, nanely, Profile 1, Profile2,

and Profile3. 1. TojsPrajilec = smingyams t(flF @lcb)f"(otllﬁ%*Pé@fé‘%lr"Q 6’%?‘?%‘?@9)1@ B as the

trigger (barrierpy e3<d di@&gﬁ)f&ﬂ&p{; btﬂé?msgr ofilel=Sm | e(K) + Sm|e(B) *
(Vega(exotic)- Vega? Vanr'| strik K)) / Vega(Vanilla wth strike B)

10 2. Profile2 i @héfemé’mhﬁfé!f thgprqal@blilty@étquﬁgnath@tr%aﬂwo fimet- exotic option

with, for exanpig, végamle\é%ﬁedtﬂoﬁmgp&b@wobmﬂeb aSollédes K, Kmin, and B, at
spot points, 8, Smn and B, respectivel éﬁ)The rqﬁ)llcatlon IS ferformd by
(q

| ooki ng fdr nunbéﬁegﬁfstﬁlqwf&ﬁ%Pnr— e Prefile3diCherped At on i s

satisfied (at thggs Bﬁic Pg,ﬁlém@rﬁwgkg hggbarrier, B): 15 Vega(exotic
at spot X) = *Ve Vanl a wth stfike K at spot X) + qg*Vega(Vanilla

with strike Km n, mPfng@COUQGTIQHTQVb@ﬂ(SVam lla with strike B, at spot X)
wherein X = S, Snﬁl'ﬂns éﬁ%dﬁentsﬁlgﬂé‘?HB\ﬁ‘lﬁingblobﬂodn%spﬂﬁﬁlﬁéjtoremtcoﬁééﬁ&@( exotic at

spot B) is equal to zero because the option termnates at spot B. In

t he above eqmqa'@ﬁby bigeks3¢¢4niThe h“lwngﬂ? oslsrangk ethpe vajjies needed t5()""‘!“%‘?‘:"&5 to the

~calculatign @gfe doh&iMRIRe Bised B/ Mhes HaaBitch #bidks 3894 oPFESIA) Usihe
volatility which corresponds to the strike through the Volatility Smle,

i e, fmd Septios(neyameterrernds mprkett eadiassat iGomeyinisl defiaydess 4YrgE¥Velvani 11 a with
strike K& 251’)‘19:%@31’%:&1!%’ 1sY9@-@ererge Wk Qf‘ihle 18 quged Ehﬂse{n@ﬂﬁ? ViniBd) GptidAdM

volatility) + anilla with strike K

and vol at i | | eylties by i et Qi by TahYPER/Veh & e B AT ol Vi gt e
Lhr e CqUaL] G0g b AR WHYRS IS REASARE el Vel o 2

Pr of i Ie21*Sm Sm |l e(Knn)  + | e3=
Smi | e( Kmi H) * thlta wbwt (Vapillm pptweg@alﬂ(amiﬁdmthe enld @W%@Ya@‘ée@ﬂfﬁm ilel,
Profile2 and Probkligd rillhevERl! OWRg Jhk BiheditRite BoiweaPPhiv@trigger
| value and the strike, normalized by the trigger valve. Gearing is the difference in
price between the exotic option with the given trigger and a corresponding Vanilla
option with the same strike. TV{exofic) is the theoretical value of the original exotic
20  option as calculated by the Black-Scholes model. T¥{Vanilla) is the theoretical value
of the corresponding Vanilla option, i.e. the option with the same parameters except
for the triggers. Ratio(TV(exotic)/TV(Vanilla)) is the ratio between TV(exotic) and
TV(Vanilla) subject to a cut-off when the ratio exceeds a predetermined value; for
example, a value between 6 and 12.
- 25 The gearing correction is proportional to the difference and ratio between the
theoretical values of the exotic option and a Vanilla option with the same parameters.
For each exotic option with a strike, there is a corresponding Vanilla option. For
example, a knock-out option has a trigger or barrier. A Vanilla option corresponding
to this exotic option will have the same maturity time, spot, sirike, etc. but no barrier.
30 Since adding a knock out barrier limits the validity of the option, e.g., it is possible
that the exotic option knocks out (i.¢., terminates) while the corresponding Vanilla
option ends up in the money, the exotic option would generally be less expensive than
the corresponding Vanilla option. The gearing correction depends on the ratio and
difference between the TV of the Vanilla option and the TV of the exotic option.

20




19 11 July 2006 WO 03/034297 PCT/1BOL/ 01941 Total Profile = n]é(%
((1-Ptouch)*(0.115*Prof i | el +0.55*Profil e2),0) if Prof | | e346 July 2406

Total Profile O otherwi se. wherein Ptouch(t) is the probabl lity of

t ouchi to igger prior totime t. The Vega Profi tion may then
be obtgﬁﬁ%gﬁ%é&%olloms 5 Vega Profile correction = Spﬁﬁ 5¥gtaIProfiIe,
Profile3) + (l-exp(3lU2*t) Mninun(Total Proflle, Proflle3) if Profil e3<0,
and Vega Profil e Trshificecmostion i0a Gnbtimaf o valuest the shaaebisdiVhahm the here i s a
bui l ding blo I RiptLOTRYshat ocks 34-44.
The bU|Id|ng%éﬁgpiéﬁgﬁgqg?ﬁ%}&gn 3%§Wﬁ§%gqg; u&ﬁ%;@ﬁ lo tﬁz corrections
are based on coﬁmtmalfmsommrhﬂ adexampls) dmkmam@moﬁfthesq gvo 2@uesusi ng opti on
paraneters a SRy d¥aggd dVol .

Pri ce(OonvexP\t(?t ';ﬁgth egﬁgévﬁé’%‘!'a“ggﬁ?}é‘ a o&&hﬁ%&%a g{ Fgggrgféluandgput Vani | | a
options rmul momputﬁbeImﬁmmbmggW$ltbat thednidisia et ipjncreped hyagatan/ol of the
25 delta str r | Shotry, ithd ce(RR) i's

t he average %g%{‘? %égfgﬁ%@ %@l (%ege%gﬂﬁ% e S%%Fgé\%g%/ {ﬂa options nmultiplied
by the RR andecand/meedmbybmmgate@denﬁmg)thctemraw bhe ferexmnme opedayy sal .
Intrinsic val, GoTPetNas: %gggﬁﬂlgajgﬁl nd the
strike, norna#‘er%m E}Ettﬁééﬁ%g ger val g@&&gaﬁﬁgtﬂi he C?I ffsergra]lce I n
price bet weerofthheheemvaiaalu@ﬁ\awfwhetomtmmrcgtw@mgqs|ug@érm%ﬂdvahw@@¢ respondi ng
Vanilla qptign wth the same strike. TV(exotic) is the theoretical value
of the origin exotic 20 option as calcul ated by the Bl ack-Schol es nodel .
TV(Vanilla) is tHhBhetViessmeafile adrreotitnrequires chatretetizing dwpseftle abthweed | a opti on,
i.e. the optigp w&[g h L p%gﬂlgﬁgs

Rati o( TV(exoti¢C) ko ﬁﬁ %BB? SB@H %ﬁ%&?&g{%&t@%ggw\/\}engﬁg'l’ foexét |ﬂcg and

TV(Vani | | &) §Q1b}7vslgtfa¢tqrs d/eealf&m)f deﬁniffﬁ\e&nd milefKevint e ¥agp Bmpy @dfb? er m ned

val ue; for D& iffahivARe @@r rection is
proportional %@?ﬁﬁe&%%&ﬂéﬁg@?% rat [ g&&ﬂ léfg%l%éstﬁ ?eoret ?cal val ues of
t he exoti® oplegdninather avordanSrhinds thp miiwimumi of khet Yrsa S the eps@tm?ﬁ@rewgh For each
exotic optio | H{Eﬁf Modilel pm@pt i on.  For
exanpl e, a kg% C'H&tﬁe%g % 2 g@ﬁeﬁreg%é}ﬂﬁw %%EQQWIA Vzlaﬁr?l’ ITa option

cor r espondi n§mile@mniit) is tlmxm:lecadmmnentnlw th adjespaert (o8 theoprise phe Yerilly ti e,

spot, strike, r r t barrier
linits the vapﬁoélf Yvrdpy%trd%]q(e&%pl[ﬁﬁﬁ may%gco%ﬁﬁfeﬂ uﬂﬂh@%]ﬁw@@&tﬁh&f' the exotic
optiion knocks out (i. 6m1n=tKmmﬁ{amngWmﬂ@teD/E@HwﬁpﬁéS@@ndl ng Vanilla

option engs up,d 51 (IRARY tal e Bivait Bt SHin WP dnIRAER Bhdsy De | ess

expenS|ve t han

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

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

Once the above-described corrections are compufed, 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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the corresponding Vanilla option. The gearing correction d?iﬁgl 52Iq§n t he
ratio and difference between the TV of the Vanilla option 6TV of
the exotic option. 20 11 July 2006 WO 03/034297 PCT/1B01/01941 The shift
correct function of two values: the change | the trigger
is shi f"tvg?‘]slbﬁzngg t he change in TV when the expiration Fg%o\éﬁfgqed The shift
correction function may be, for exanple, the maxi num of these two val ues.
Al t ernat i vel ynaturity. f Thectforo the mesights archesnerally ilorechioadiustier thasneeific ritlhe f i r st
val ue may beg s&%%%z?%rb%ﬂivo%{‘&cﬁ&%é&h&%ﬁs so that the intrinsic val ue
is increased’ certarn ercen ercent, and determ ning the
resul t ant change Thwmdwaﬁwforﬁﬂ@ng‘geewﬁdﬁomm@tnﬂviﬁfe%wﬂy shifting
the expirati % fiyenti o2 fs ﬂ:"gﬁéeﬁ’on% ﬂ%f'uon bg'aﬁ ﬂ?ehﬁfs%d?'rﬂ%gelg Benghange in TV.
The shift correction | measure of nsitivit he theoretical
val ue (TVp ofthetBiecI@‘iﬂmmmp@ql orderestimdie fgamotiphilityraf reachi erfar\ﬁa@tdevebnd 10
-expiration. r af aetsrdkzihigst he profile
\éﬁggtgggﬁéﬁt* % FRLE ﬁ%élf?fﬂ e PbALRRy F34 361480 s

of the Vega Wll%h r racterization may invol ve,
for exanpl e, gtieeallyhighérdhen it m@wc@by th@@lack(%hvlﬁaformrézga?hle iewp pE theynd

Sm | e(Kmn). Y/ Adin @ spot,

Smi n, which pr Oglucfaéshgﬁlggyndlfzmﬁﬂr%te% glgmg?lﬂlt@ﬁ %&h&% bg@h&é?%\?\o%s Sminis
t he m ni mum (Mvelt Tkis tpe of adfustmert neay be pertioparlyonlugiile whenrcelglp}@@g prigpsohe spot .

Vega (Kmp) kg, RY/ t I Ayl if I8kt

Sm | e( Km n) |s t h nsoie g?%e%ﬁ'tellet%%%”&&vwa%&ﬁ%?reygt 1of the price of a
Vanilla opt rtmlnth\metthTar,strl ke Kmin. Kmin may be conputed using the

fol | ow ng equation s § ICReeRAt Spot

rate) 20 Thus, Km nFqﬁrs%?ﬁleﬁsss@@IEhgl%lﬁdé? k)%?ée djl@ \gﬁéor&v\gég rate of Smn at
current inteKaetk putapsions) Tise weightst Wsed dor e cornputasion jo theneojretfed d¥s er i ned by
finding, in 0 I t Ai@tility for the
conmput ed stri grein €A<déb&testﬂ?eb+'§e 311111%9%@( f&%?gjé?tg?e(? E§ dgertsons skilled in
the art tisat tmaiemﬂ@nwzrahtlfm‘womﬁctlom@) Wisgareps Hilp¥e  with respect to the spot
may al so be perfo& gp.s‘#xgg rj‘?f-Pﬁ:Uélf(%'*%’ﬁa arret ers for 25 exanple, in

certain cases, ins one stri'ke va .g., Kmn), as described
above, nore than wmemﬁﬂﬁ?hdlﬁlueftﬁbfyZmdbs% 1/&)51;3{31 olberdtce t he Vega

profile. Once the\nﬁg@‘é%?‘?%eh%&teﬁﬁys 6,95/ 15B8% BliRrhAMDsOAI bukdiy ar e added

to the TV, either rec or wt restricti using tinme dependent
wei ghts as destsi bed |W1=1cuﬂmr\asd,ambl ow, producing the total corrected TV.

The wei gh5 s of t gagsr g ?fngszssg}ldqﬁn_qr ﬁ'JeMser eflect the risk involved in
each corraction. or eX ﬁ):)

Ch = 0.6* IT* sqri(t) * exp(-t*T1/2))*(1-Ptouch(t/L))

wherein L is as defined above.

Ce=0

Cd = 0.045* minimum(1, 4.5* exp(-12t) +exp(-1))

25 Ce=10,135*+0.1125 if t<1, and 0.2475 otherwise
' Cf = (0.5+exp(-2* II*)*(1- exp(-2* IT*H)) |
wherein Ptouch(t) is the probability of touching the trigger prior to time t, denoted in

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

the spot range, whereas the Vega Profile correction is a global correction, ie., the
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corrections, e.g., the gearing correction, have an enhanced influsnce cl ose
to the nmaturity of the option, but very small influence whé fuly7g thion IS
far frommturity. Qher corrections, e.g., the convexity correction, have
| ess 01;}1,?8’}%&47uence close to the 21 11 July 2006 WD 03/ 034297

PCT/ | B Y84 et urity. Therefore the weights are g&@GEMBIHNY94 4i|ored to
adjust for the specific risk versus tine-to-maturity behavior of each of

't he correcti @usectidihiakeziito Yetbiua nhef Vega aflthi erptiveptihi ied relativelyctidosppt t 0 t he TV,

in accordance with the inventio i S [ b n [ i.zation by
the i nvent or & fnA FEHR g gﬁt@ﬁ@ﬁgfan?’ P%gc’fté*l%ﬁ?%ﬁeﬁg élesgprrtg?jg'ﬁﬁ%ﬁ%er esti mate
t he probabi | ialrgadpftaktepaiatoi sgowmt fimrths Risk Rewnhl sdvectioni me the avatewity ty is | ong.

In reality, the probability for, a far, knock qut,.s al | i gher than
that antici p§?‘§e&8 y&e ﬁrécﬁgg’él&%g?r&sd“lﬁl&aw %Toul?ﬁfquq‘%gbzﬁ Fx%’ipﬁt he reason
for the decayfthd vatmsif tiefprdfideis flateinetied tniekdmhld aneerttio Vianilla pption, thenthnd a certain
| evel . This e,of. ad] ust nent be particul.arly val uabl

cal cul ating b%g%g?h{?fm#%cﬁm Blﬁ'%t#%%% accg'ﬂ'f %%ﬂ%ia@é?@ﬂgﬁ?%ﬁgg@ﬁﬁ%e t he
buyer recei vesd,aheeefort addding shedRitk Révetshlecompoibn atd(aivestyt dogedian covdd , For t he
class of in-the:noney knock out. optjons | so _cal | Reyear Knock out
opt one)  t he " Bt S06He el BL R e P ishRar BB A Ry wher i
Ca denot es t hie RisRevdglannetivn wel e Codvexityoorreation mreninéa )in th€ds ekt es t he 15
ti me- depende ight f rrection (b etc.. .are as fol - Ca=0. 61*
(- 0. - 1 + ey 08, s o, 3RO e e e, of oo 48Ry 70,01
L=1+(t- 1/ 12) Profild dckreciidneshoald dnclids higheSorderSde(iPied dmml shotlt eethdve-the 5) ) /

25Del ta butterfly if. 25Delta bytterfl >=0,55. ot ise: . and 20 LT =
Sesart (o) i t eyl e Bt fosonfied ptgplty vigh g Tiskeon Gl Gl a® 20 L1
/2))*( 1- Pt ouclofiteXity rorreofivent Ehind,Lin i ssme sasele fthenGebrinp @orectiGe w thedbhift 0. 045*

m ni mum( 1, 4.5* exp(-12t) +exp(- .25 = 0.135*%t+0. 1 if..1<l, and

0. 2475 ot her \Rfrgegﬁﬁoéay(qy%@éﬁcpcmg’fﬂge% f'sli]ﬂ(l%%i!ﬂ eé')%%% s Iﬁaea”h’?# ?g%er\'/\ﬁhel&r ein

Pt ouch(t) 1si S niap@appen patidulaily in the vicite bf thespol) evhtre boi eltesgedreetionotend ne t,
denoted in ears (E.g. for one year t=1.) As indicated at bl ocks 46 and

50, foll owi nd® PHY™ &&mput ati on of the corrections
' Taking the above considerations into account, the following mechanism may

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

d- Gearing correction

[}

e- Shift correction

25 f-

Vega Profile correction

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

2. Combining Correction] with the Convexity correction:
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30 and weights for a given option, the corrected TV (CTV), b
adj usted m d-nmarket price, nay be conputed using all the 6|1C]Ek’$20 ¢ n
conbi ning the building blocks of the invention, several issues should be

addr ess the Ri sk Reversal correction and t [

03fos et -
correctlﬁ@n }gre | ocal in the sense that they relate tﬁﬂggﬁégﬁ vicinity of
t he spot range, whereas the Vega Profile correction is a global correction,
i.e., the 22 I Codvekify @008iov\® @8 CoBetHN <6, thed: PCT/ | BO1/ 01941 correction t akes

into account he Me gﬂg{(ﬁf_ st’/bi? £5% 'L%w@ﬁ’tb‘fttmls'f‘ynrtf%-f%dat' vely wi de spot area.

In a certain area o rarige uantified value of the
profile is al réaﬁ@ummﬁﬁ%ﬁt-ydlﬂéwm dtherwibee Ri sk Reversal correction and

t he convexit % @?p 10 duplications

shoul d be av?eﬁgﬁé@ﬁ&mlﬁﬁqf%?@ ﬁ#ﬁéua ue Zdo/heﬁﬁfe £|onrﬁof| le is determ ned

to resenblse a céﬁg}@utofffaﬂls%H&Atipﬂflziﬁli’«/llmdmrwm Vega Profile correction may

take into acGgQ t@% :E't?R J@a*gﬁ}\}t%ﬁant of that Vanilla and, therefore,
sa

adding the R's correction‘and Convexity correction could result
i n doubl e codﬁtqmgcmWRﬂm?émWGﬁtOffﬁhm | e adj ust ment nmechani sm used. Second,

the Ri sk Revepsal |on an vexity £ | inear |nthe
25 Delta RR%gcnd Bl%?l cﬁ' %M@t o] ’rem)l\cl(?% é&ﬁkﬂ:ﬁ]l n([aarl ty in these
factors, the WﬁgatOffé@Hﬁgh@uﬁf(tbebQW@mﬁ(ﬂ&)ul d incl ude hi gher order
derivativgs 6%'%1%%& %n%&fﬁ}?é’(f’anfi@@g&h&ﬁ% iheh PrétiieHa@a0=2S it is conbined

properly WI th ever sa rrection an nvexity correction.
Third, in sodeCoursrity, cotrpabioteand ﬁgﬂ@b@rﬂé&t‘fh@ﬁr@ﬂ@l"aﬂhle—lsm ft correction may

overl ap the S [~ di p near the trigger. This 15
nmay happen parti¢ C]foh@ lf/’ﬁil nisrt0 Fé\/%IO\éI %}%r%ngﬁi t%cgpot where both these

corrections tend to maxinze. Taking the above considerations into
Bl ocks, " wher & n BAP P8 CHREABR M P BB Sal e ARl oy ocoss, the
f ol | owi ngiscorSeidtshifioh i Caf e<087%Tshift-PiF CEtrrv®f9%,)andor recti on Ri sk Rever sal
correction Int %Lﬂ?ﬁ—i(ee%?d.d‘i%)ib%%%ﬁfem&. Gearing correction Shift correction
Set Fgearing=0 if Cd*d=<0.07%, Fgearing=1 if Cd*d >=0.09%, and
Fgearing=(Cd*d-0.07%)/0.02% otherwise.
Feombine(t) = 0 if t=<0.019, Fcombine() = (1-0.019)/(0.0641) if 0.019=<t<=1/12,
20 Fcombine(t) = 1 if 1/12=<t=<0.41 , Fcombine(t) = 1-(t-0.41)/(0.59) if 0.41=< t<=1,
and Fcombine(t) = 0 otherwise.
Correction3 = Correction2+ Ce*e + Cd*d — Ptouch * (Ce*e + Cd*d - (0.16%+0.05%
* minimum (t,1))* Fshift * Fgearing * Fcombine(t)
Finally, Total Correction=Correction3, and:
.25 CTV =TV+ Total Correction
wherein TV is the theoretical value.
Refetring now to Fig. 2C, the bid/offer spread may be computed based on the
same set of corrections along with a different set of weights, some of which may be
time dependent. These new weights may be functions of the underlying cotrections.
30  Using the newly calculated weights, the corrections are summed, yielding the bid-
offer spread. Block 52 indicates computing the new weights, blocks 54-64 indicate the
corrections for computing the sum, block 66 indicates summing of the weighted
corrections, and block 68 indicated computing the bid/offer spread.
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Vega Profile correction 1. Conmbining the R sk Reversal correcti with the
Vega profile correction: |If Rlsk Reversal correction=0 and 1W§§%oflle
correction=0 then Correction) Co*b+Cf*f 30 O herw se

Correct (-3/2* 11*t) * LLT* maxi mum( Cb*b, Cf*f ni mun( Cb*b

O *f) Wﬁ’&?’g BN LT="4t it t<0. 25, and LLTm(l ot her wif gi’m‘&”‘”“’ébngu( ni ng
Correction) with the Convexity correction: 23 11 July 2006 WO 03/ 034297
PCT/ 1 BO /01941 | fTHeosid/efeértspreabofi the tiotin oﬁticanndamqppmbaisomﬂ th@ bidfoffain: set

LowCut OF f (t) % t<=1/1 t Y f . Of =

B0t 1) 1 3wyt ‘oirkpeing Volicn & A2 Kk bt Ao

g)ghCuft tOc ]Ic?{a f@;%adfd:f:ah pﬁTﬁ$ \c;(ﬁﬁdﬂlpgh@@ﬁﬁenﬂﬂ%ﬂﬁ%r(thanﬂamEijma_mapom rwi se. Set
nvexi a X0 , th

ot Brof 11 o Rl Br bl Ry B Thfoh of MonlPY U Ehy b, GroabROGU S 1) - then

and Conect 1 bnlo0. then Pr gt LLEFac gh o L bR m"’“‘"@“m“"‘““”ae“ ("

>
Correction 125‘ q’FhémF'ﬁr S filacfn o{rh %TVO%eﬁsé{gﬁdl%%\é%{rl&r%%fﬁﬁ% rgfé}r%ir)gfl I Zgact or
* Correcti onpmbodich@d. X shabbhtwi appngaﬁbrlmweveartﬂatwthch suitakle Sefofs maHbe ect i on and

o et 005 SRHT BARR o ot Bot BN Bl Fprbia il dhbilhdeif bk, 11
Cd* d=<0. 07% vilge fori mg:bidlaffer@pi‘émﬂ cak@lag@/n awdrdaﬁgewh ﬂngﬂre\@grkm @h07% / 0. 02%

ot herwi se, Fcaonbi.ne 0. 064 f
O 0T 0mct 10y STk bt e sy Ooge ws S Rofilsdo i cobrzelbaTAZMS (D, 0341)
1-(t-0. 41) | ( Qesofihedi Heloby, 4ﬁmﬁenemﬁﬂnldmahbciﬁonmbm®(ed forihﬂ)bldfpﬁ@r%egb

Correction3 = Correcti o
(0. 16%-0. 05 ORPHAHEH, kascd ‘P” 113@9‘1’ gﬁ“ﬁiﬂse@ é&g’ar ad"é“‘fﬁ i I%é’fltrﬁ Final Iy,
Total Corr ecttypesa-’i(ﬁercm_ecmnmnss appliel to 6 cﬁﬁhﬁtm@ﬁ\ﬂf ﬂTmbléﬂoff@mpreed;taffbn

indicated in Fig. 2C as follows: convexity correction at block 58; risk reversal

15  correction at block 64; intrinsic value correction at block 60; gearing correction at
block 54; shift correction at block 62; and Vega Profile correction (also refetred to as
“Vega correction” for short) at block 56.
Since the bid/offer spread is related to the risk/transaction cost of re-hedging,
the corrections have similar properties as those used for the adjusted mid-market
- 20 price. However the different corrections are added in the bid/offer spread calculation
with absolute values because the transaction costs involved in re-hedging the different
parameters are generally independent. For example, an option may have a positive
convexity, which lowers the price, and a negative risk reversal, which raises the price,
causing an over-all small change in the CTV. However, hedging the convexity is
25  independent of hedging the risk reversal and, therefore, these two corrections result in
 a wider bid/offer spread. In this regard, the “double counting” considerations
discussed above should be taken into account in calculating the Total Correction. The
- weights applied to the corrections are denoted Sa, Sb, Sc, Sd, Se, and Sf, respectively.
These weights are calculated as follows:
.30 Sa=1/1.55
‘ Sb=0.2
‘Sc = minimum(1,(1-TV(exotic)/TV(Vanilla))/C.15)
Sd=0.018 * exp(-t)
Se = 0.45%exp(-1.6t)
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wherein TV is the theoretical value. Referring nowto Fig._ 2C

bi d/ of fer spread may be conputed based on the sane set oflcélﬂlVg@Qq ons
along with a different set of weights, sone of which may be tine

depend e new. weights may be functions of the _underlying

correct érqgla-ﬂ%% Using the newWy cal cul ated wei ghts, ?ﬁ@“‘é"d’r"}%tu ons are
summed, yielding the bid- offer spread. Block 52 indicates conputing the
new wei ghts, bl ock&f-&@l?— 64 indicate the corrections for corrputi ng the sum
bl ock 66 indi gatesy § inlvifioNSh YLD wfeetﬁésfa/ hpck 68

i ndi cated conput| n% g&dt}? fYer 0s regﬁ 24 11 Jul y 20 03/ 034297
PCT/ | BO1/ 0194 puilfing bﬁc@/wbeporgmeéamwmpﬂea#ﬂhmc opt i on may depend al so on
the bid/offery ﬁerceﬁféxﬁcoﬁ&%o&far g&ae&m@ bagmaea%ﬁécaomtmmsu ReveRlf CUrrent
mar ket conditions. The  spread of an exotic option per Vega iIs generally
wi der t hanS5t hearregiion: 458 V@sﬁr PeSlsoreeatign. Whigh ¢ambined gerrestionnis icempiigd a8 f act or  of

about 1.5 * (¥e %@s?B?Jv@%uﬁ%&&rb@lHT‘@E@oﬂ&n&*ﬂe 5 ATM Vanilla), or higher.
Therefore, the 5 rea e ATM Vanilla option may be used as a
base val ue i nThWeSHﬁadl'oSf*e#bs@mrmnﬁd‘rﬁﬁﬁtahﬁ)dﬂn@m cAsr &%) r ed

enbodi nent. | (0105 |l e factors
may be used ?‘ﬁé% dlatgsl gﬁn(?%pdgg&t}tﬁg?geaémw&% n(\)}E?;hnallt&t H ?g?%ﬁvgﬁgspr ead in
formul ating t prareplipse and, ghey ¥egap Praffie deireption fhave sppesifel %@F:ci;heat $of in

accor dancggyw Lﬂ(ddﬁ@cﬂoﬂﬂ%%mpabsé%fﬂﬂ_g@@ﬁ#wl ng factors may be the sane as
those used for conputing t corrected TV, as described bel ow, or

di fferent bui 2difagcombie kibe n?b;ﬁ praregfinadanidofhet graring @oresthiey ta fallgwing

conput ati on, Pgé@gerpg}eggﬁe&)rl nci pl es di scussed above, to adapt for
particular option types. The corrections, wgggl ied to the computation of

‘the bid/ of f er StifiFémd e Eae 0.1 5eand a Sli§Trim = 1§% s 041 &1) dhewis onvexi ty
correction atghlf 8sd¥d S SaeVEL § 496, LandC Sk 0.88% +0k@ gg*g [ nt rinsic
val ue correction gi‘mgl ock 60; gear?ngocorregtl gil’; at %o E g shi

correcti oriSat 0.88%k koteawisand Vega Profile correction (al so ref erred to as

"Vega correct s0pyg LOgy 3NOF 8g ( Féahfa&l%(t + 5551@& g]t?%faﬁ%gji%fd*@pread i s

related to the risk/ ransactl n cost re-h t he corrections have
sim|ar - propeFeombinedy*dhBepmbips@l* G@ﬁnﬂgﬁﬁn/&@j usted m d-market 20 price.

However the difffrs &Wmﬁﬁ%&/&ﬁﬁ‘ Lf added in the bid/offer spread
calculation with a o ute val ues because the transaction costs involved in

r e- hedgi ng t hBingllyfWexabtaiix par ameters are general |y i ndependent. For
exanpl e, 3p ORfif Wdh Qzﬁﬁ@g}'l X s QX\!’aEM}aS;Yf’EHd((kALFOV‘BrS the price,

and a negative ri s reve rce using an over- al |
- smal | change mpxinhe (@MWM%I&?@H@KI@E@HBN YarilaSpread(¥), 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 subtractlng and
* . adding, respectively, one half (0.5) of the bid/offer spread to the average. price
calculated, Hence, as depoted at block 72, the bid is the adjusted mid-market price
(CTV) minus half the spread, and the offer is the adjusted mid-market price (CTV)

30  plus half the spread, as indicated at block 74. !
As discussed above with reference to calculating the smile adjustment for
~Vanilla options and the generation of the look-up table at block 24 (Fig. 2A), the
algorithm for computation of the volatility smile adjustment for Vanilla options has

general applicability, as is demonstrated below in the context of calculating the
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25 i ndependent of hedging the risk reversal and, therefore, these t
corrections result in a wider bid/ offer spread. In this rébéFMZOWhe
"doubl e counting” considerations discussed above should be taken into
account_in calculatlng the Total Correction. The weights applied to the
correct YBA¥'4?E denoted Sa, Sb, Sc, Sd, Se, and Sl rggﬁ@@Fmgg These
wei ghts are calculated as follows: 30 Sa= 1/1.55 Sb=0.2 Sc =

m ni mun( 1, ( 1 -HidvsRex Srdag }'dr-{ﬁé(%ﬁlalobt@n) ferdfore, th&ﬁl’esenﬁnﬁbhﬁorfalﬂb)imﬂﬁdbs) Se =

0.45*exp(-1.6t) 25 11 July 03/034297 P 10 In an
embodi ment of“1 ?‘ﬁ@oq FR‘?é’H‘EIP%)ﬁ[anSIﬁ op s rof ARy &ﬁ é‘r‘tﬁ%’b‘; spr ead,

the buil di ngdfabmeksis ¥RYulRe] &oRbHhE atiliy o meusmeme;ammj Namﬁa 1. The
convexity correction is adg&g to the %Bngl ned qQrr on of %}‘8 Rlsk
Reversal = 5 ©gfiensagd 2epelta sel apd at 9sfigns; | |“bﬁa° F%We?f%l
correction i SmA@MRsLRd V@ w @uﬁ@e lapme mtsal)reﬁcermmdm (et al
Correction. Thus,, Spread +Sa

(Sc*c, 0.1% °°Wé‘?yéf|¥l3g"é90@° P%ﬂd‘?’é‘? lﬁ%géﬁ%?@% ?]ﬂ"é(pnf;% Ws‘ﬁld%ﬁp? t?emnot ed that

~if the Risk Revesdty dVégMdslﬁdtli@lﬂxeqj’adlaI H&inﬁ@@ffPfed.fdghenthm‘spmtdﬁbm have
opposi te signs, the

) + Sb*Cb*b).
2. To conbi nébq hénds ?gt'"j dgﬂ# }Se@? Iaﬁ‘ﬁ”f“ﬁvé tﬁ?l 1§ 8‘%& g qﬂ til?
foll owi ng pagh ers are defi ned ShiftTrim=e if a =< 0. 15%and
ShiftTrim= 0.15%70.5 0.159% .otherw s ri ngTri.m dif Sd*d =<
0.08% an¥ Geari ngT? F‘ Ctﬂalofé@}@ré rived aﬁl‘e‘l‘?Ggi%B@O/g“gﬂlh @Vﬁ?g%g Spread2 =
Spreadl + Se*ind {olatiigOsH3l fuhtinkntancmcﬁczemmaﬁdrﬂy indAeidéltaTRisloReversaid* ( (i -

Fconbi ne(t))*d+ F Add st andar d I
51 0/ of o )sprheédneca‘s’tp i 1P bR s o OB R0, .

exp(-1. it)) afootphedsd Zche* Vénitility! S, Giﬁlchcéordﬁhce*wﬂﬁ&l(e m»mt(ov,egaus\wt * ATM
exoti ¢ opti PN ABHE PR 2R PHEag Bds s Rk et Hegtpdr “apr cad of
the Vani |l ia qRiyi /80 et thyltRe otadBikes for which market volatility may be obtained, or
even two pairs of strikes, for which the total premium in the market is known. Since
the model of the invention applies an iteration method, the 25delta butterfly and
25delta Risk Reversal can be deduced from the data. For example, in some markets,
e.g. cﬁrrency options, the 25delta butterfly is traded in the market with strikes that
20 . correspond to the same volatility for both the call and the put options. In such case,
the model can obtain the “true” 25delta butterfly by iteration, so that the total
premium of the two strikes coincides with their smile. As another example, the ATM
- volatility and the 25 delta RR and butterfly for equity derivatives may be inferred
from the price of three options that are traded in the exchange for the same expiration
25 date. This versatility exemplifies the general applicability of the model of the present
invention.
As discussed above, the 25delta butterfly and 25delta Risk Reversal factors are
defined or calculated as follows:
25delta butterfly = 0.5*(implied Vol(25delta call) + implied Vol(25delta puf)) ~ ATM
30 Vol.
25delta risk reversal = implied Vol(25delta call) - implied Vol(25delta put)
The volatilities of the 25delta options may be calculated from these two
factors. Using multiple iterations, the entire volatility smile may be calculated, e.g., a
look-up-table may be constructed linking strikes to corresponding deltas and volatility
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strike as the exotic option and VegaATMis the Vega of the ATM Vanill a
option. 25 Reference is now nade to Fig. 2D. After conputi hbllilﬁg()(lﬁ d/ of fer
spread, the bid and the offer prices are conputed, as indicated at bl ock
70, by subtracting and adding, respectively, one half O.SL? of the

bi d/ of fEPI¥PHPEd to the average: price calcul ated. BEREWIIRA qenoted at
bl ock 72, the bid is the adjusted m d-market price (CTV) mnus half the

spread, and Jaigs Ofidi8L, siaftink W&h @eiveIsfilRFloftn di-teuronty gptibs ehictCEWOWIB0 pl us hal f

t he spread, as jndicated at bl ock 74ﬂ, Asrﬁgl SC sseq apoxwgbgef erence to

cal cul ati ng ‘Yohsilides for the e Aleyarioysofitfergil A BpbT Y an gener ation of

:Ee Io;ak;ylo_%ogﬁh@g[lg;m@{é@gg?aﬁb?ﬁrgy an\a}&)szcl‘le]'td]@kr?!eg;akiﬂnmw@fstdbmrut ation of
e volatili sm | e adjustment for Van options ha

appl i cabi | i tyolatility-delia iimigne adgmay poyinstey in e R '@6‘%@82 Phay ¥R ng the

2?7 26 11 Jul ye2Q al¥arihd{ 034297 PCT/ 1 BOL/ 01941 bid/offer spread for the

Vanilla option. Therefore, the pr ssnt, i nvention al Soutéd%?alrtkﬁg%\ﬁtp a net hod

for pricing Vani |Thas,815tsm8ﬁ§dﬁrss?enaﬁy A Qpiens gy e SRR ST ET P Ty smil e

de ulslt ment i ge qaiog%ﬂggfg ﬁils;f Q@rﬂeftalt'lﬁswgbﬁﬁdl;l 13 &f;ltafsn‘aﬂ[g_}_aﬁt(b?ﬁeélywbhw (dATM
anilla option_an ta call and put options.. sed in

cal cul ati ng Yakeilifseati foryard gptes anq frigr gf“&?ﬂep@gﬁ&orl%{?egéf %@%%E@ PJlfé .e., risk

_ &ev_ers?! ), a@%ﬁyﬁgﬂf&\@yi@w@m folb@ingenpd: y) . Vegati s the parti a![_ "
erivative o e option. va rice) w SPEC valatility.

dVega/ dSp8t i s 1t fer p&eR Q?Imdﬁﬁif&‘gtﬂ%‘e\/s?ﬂﬁf O{tﬁﬁiﬁe%ga \S/t\fa%‘%e'r%?gé%ltg *to the

tSEOt : alndt.gl\/_e?a/ V?Jgn i_?SprEJéékg_ﬁﬁéd i!ﬂ]%le, f@gr,isw);atljevthe ab ctcl(;efimtdigé vmiatélity,r es pgpt. to
e volatility. wo addj tjgna a%tors erive ﬂ{omq{?ﬁ%l condi tions,

5

used in cal cul ati AbfaingthEor dheyRR angd fheciirepeles, AFrepsedRe 1S Bty del ta
butterfly and 25dehisfity sk Reversal, both measured in units of volatility.

It should be noted that for the pur LoQki t hm.§. he

Vol atility Sm PRe Caloylatetboiolianing el ‘f‘ﬁg%ﬁf‘%ﬁ’?ﬁ)ﬁ‘%&"?@%‘@{’ ol mpor t ant
ity o o
obt ai ned, or eveﬁfi?‘?%RbﬁFrcé%lf‘tei:ﬁP?*ktE% 2§ %Slf‘am%ﬁl@ﬁ aP%egtdSItaa#ﬁbren‘i umin the

mar ket is known. gishgsedabde. nodel of the invention applies an iteration

net hod, the 25delta butterfly and 5del ta Ri sk Reversal deduced

from the dat a. 3Fcﬁa1‘é9@éﬁ‘rﬁld€9,’mi){ ﬁre%%q‘eg?wfaggﬂ ogf.’rg‘% @W%n‘g@p%g ions, the

25del ta butterfl y_vbl_‘a‘til'it&,f’d}%tt)dirﬁlﬁtﬂ&ﬁsaﬁalpﬁ&tfow:ﬁehmﬁtolf bétmaxitylasthe 2eicecor r espond

to the sazrge vol at Iftlarloglg ur]:ito orf 25 gélta s%ret]ngle.c lgt*lp!eat%{i]sd caEcG atit?nuitor t?lg EV%%Spolt.n such case,
4. Adjust the implied volatility of the D1 strikes to fulfill the same price for a

unit of convexity as for the 25 delta butterfly, and the same for a unit of

dVega/dSpot as for the 25 delta risk reversal.
Calculate new strikes corresponding to delta D1 with the volatility m step 4,
Repeat steps 3-5 sequentially until convergence is achieved.
Set the last volatility obtained as the jmplied volatility for D1 strikes.
Repeat steps 1-7 for other deltas to create a look-up-table of strikes and their

implied volatility.

9. For strikes positioned between those in the look-up-table, use interpolation

30 based on the values of the fook-up-table. It should be noted that the smile

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

25

el

option or a put option.
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the nodel can obtain the "true" 25delta butterfly by |terat|on so that the
total premumof the two strikes coincides with their smi k&S K§0@®other
exanple, the ATM volatility and the 25 delta RR and butterfly for equity
derivatives may be inferred fromthe price of three o%tlons that are
traded YR %¥42%xchange for the sane expiration 25 dafETBOP4ersatility
exenplifies the general applicability of the nodel of the present

i nvention. As di mm&ﬂam@mmdmmmmmnmm inyena'mdcaggﬁéﬂe@a Ri sk

R | f b fly =
05+ (1 mpl i ocogeysSmitAlrs BisER e, BuplroRiinfpasiag, s osl ) ¥

25del ta ri skforiewersal = inpli ed Vol (25delta call) - i rrpl i ed Vol (25delta
put) The volatilities of the 25delta options may he cal cul ated fromthese
two factors. UsiFoga grmntstqkb& 1=at1®lﬂwtdeb¢1 1. Elnﬁéhwlierl‘é_l\F%ThéttK 4R tsnil e may be
calcul ated, e.g., Iggg IQQfﬁpﬁ%f% Seteiniiiddr@lust ri kes to
correspongl ng del f Iggheasn vol at bdeﬁa&%xg éo Oﬁ \‘7\0 03/ 0 4297

PCT/ | BO1/ 01941 vakges0, usethsel cbttwmplwg vmatllﬁYtOh ingd framthg RY ag¢ thy

at- the-money optigh, 1@4"1%% 35 408N volel gtfml m&xﬁﬁmﬁ@uﬂaﬁa utison at
various different “dePta e., é corrput ed using the 25
delta butterfly adetadst d@attlwmummm& al). Oéamseswﬂéﬁ AT ipplied

volatility-delta ﬂ?ﬁﬁh: y be included in the |ook-up-table for
easy reference k’ yﬁﬁy% g?gorlthm Thus, the smle adjustnent for
puts: 25

Vanlllaotlonsma uted ar
delta ri SIE rever s%?i ? P?&%@R}é’g%(%%ﬁ?gfaf@e* f);%gd\;Weﬂg %’li%&l lity; spot;
~forward rate; anddvsgaﬁnsgatoﬂ aDe SRR @ried(BRY; i witeraid oPriceiéoovdxdy)i mfl the smle

adj ust ment . ude_the fol| 10 1, F Ita, DI,
Find the strikes SRR of cobnel bR it fe oy e o 28 BARE 42112

predet er m ned val UReus&d@bove30, use the 25 delta inplied volatility,
obtained fromthe RR and the strangles; otherw se use the ATMinplied
volatility. 2. d31 hvagia/ddfOlks pEmiRewild ATM angl e*
Price(convexi ty) ancgia?etgdg & gl%lks‘%%’tfd?o RR) * Psrllgce 2% wherein
Price(comsexity) amldtlhtPrhya’G(um tl@rsgmgamgﬁom@dmﬁpéﬁﬁnf/ﬁ%ty HYFES st rangl e
and 25 delta RR 45 onfllSdtSs itk SRAE: Rebear B GithliGh @r dloEVdgeRISRLe Um for D

strangl e over its premum w t

.':T

1—/

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

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

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

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

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

30.  bid/offer spread may be as follows: '
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volatility, by requiring the sane price for one unit of convexity as the
price 20 for one unit of 25 delta strangle. Repeat this céﬂéﬂyg%p@n for
the dVega/dSpot. 4. Adjust the inplied volatility of the DI strikes to
fulfill _the same price for a wunit of convexity as for the 25 delta

butt er fY) 984¥7t he sane for a unit of dVega/dSpot afCTEBOUORAL 25 delta risk
reversal. 5. Calculate new strikes corresponding to delta DI with the
volatility in sl.apmleflate tREhiGoffdReprestof teeyI3V Gption snmgsie painta (g )uise in

Corsr 1, R B bl g 3 1o

volatility f other deltas to create a
| ook- up-t abl be afproxiniatddesingiihel fdllowing forinmde! i ed vol atility. 9. For strikes

positioned between t h%g%@%@?%g%g%wp@%%ﬁ?ﬁ%&%%&? ool ation 30 based

on the values of the | . e note at the smle
adj ust ments f or 2 Qlonke the smileadjusted vodsilienfoagivenfstrih . Kakculptaghespdd on is a

call. optiong,or a_put L0 Qﬁt%]i EHARALAE i€8pbid BO1/ 01941
In an al terng?{??ge%%dggﬁpﬁ%kﬁgf’d%%ée]d#g#%@%’%f \ﬁp‘%géﬁ%[. |n\}ept ion can be
used to cal tislAEN SSikel|(eAghlusiunien the forwasd raked and ke the piyif the strike ot based on
a |l-ook-up-tabl.e. .as J ; . FQr LAV | Ml ahe delta D .
Find the strig?ggwﬁflAT%\{I)g{nkg}tﬁlzré%ﬁEﬁ%t&@A asrﬁg(eﬁ]%é_%%reir%ﬂre@ﬁ%f the D1 delta

- strangl e. |f obhe dadtabthevalioppomre detthe delin elthe/pit gptionds 7gro, 30, use the 25 delta

et ta cal P vol ati gt ol A 16, e 30H ph b oA Bl Lol i 11y
for mini mun Epﬂégd(K)=VJsgaAﬂ‘M’*s&TMMﬁgity@idX®Eﬂeﬂwﬂd GO ity for bo£ h
el Tonso L v Bt G ot e
Pri ce( convexiG@yltasid= 1R.66&KRR)S* 4V etV anednim@mil@a0Db delta strangle
Strangl e over! TEURSro Il WA AR * ol bR R0 2 0T 88 POCT T e
pri ce f orison&(Detias TG 06 (ivea(- 130006/ aniileTHK) ¢ enakiprumgPratlafhl.®)of 25 del ta
Tpi 1 ad vol ath PrEysr e R el S MARROERR 000t L e 2T it
of convexi ty liathe fitgve tdpencdfialethe BV ismeasurtd in pergendage heitssane for a unit of
4, Calculate the bid price and offer price as follows:
Bid-Price(X) = max(Price(K)-0.5*Spread(K), min(Price(K),1bp))
20 Offer-Price(K)=Bid-Price(K)+Spread(K)
wherein Price(K) denotes the middle price in basis points (bp) of the option being
priced.
5. Pind Volatility-Bid and -Volatility-Offer that correspond fo Bid-Price(K) and
Offer-Price(K). These volatilities are the bid and offer volatilities.
25 Reference is now made to Fig. 3, which schematically illustrates a system for
pricing financial derivatives in accordance with an embodiment of the invention. As
- described in detail above, the system includes a database 218 for storiﬁg information
received from a user 200, iricluding details of an option to be priced, as well as real
time data 214, such as market conditions from sources as are known in the art.
30  Market conditions may include, for example, a current spot price for the underlying
asset (or other value) subject of the option. The information received from the user
and the real time market conditions are processed by an application server 212, which
may include any combination of hardware andfor software known in the art for

processing and handling information received from various sources. Application
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dVega/ dSpot as for the 25 delta risk reversal. 20 5. Cal cul at

of strike Kwith the volatility obtained for stike Kin sﬂbﬂﬁﬁgg&%mgt?
the strike K_2, so that K and K_2 are the strikes of the D2 delta strangle
with the \60-I atility for K1 in step 4. 6. Repeat steps 3-5 sequentially
until thE%WHHRIi1ity of strike K converges. 7. sSet PhEMMP4olatility
obtained as the inplied volatility for strike K. 25 The conputation

present ed abgwer $10r s ohe@eritilyl ssbciatd wifir  achtrhlies, ayankmawn indigpit ¢Aish ity as is

deroret 2 20 DL 1S AU RS0 Bkl CRIRAL BBl 1 spread

( ation"may i nclude the
bi d/ of f er spgeaf21y istds®ciatEdIwithl Bit/Offet proceasmr 26 Whiohuexdonfes e mathod The mar ket

dat a i nput .1 ncl ude, bot.h Dbi n Jod el od i
For “comput i ripied Seod® Bitharsss EdiPcyG ol B b uonkee & 807 1 am
WO 03/ 03429 7afyGhinbiBitioh @f Bekdwdre aircoftwrelatowe lthe/agfohpablef F¥4BHNST t he ATM

option in basis pgjnt - bp" | ., o | | rresponding to 1/100 of
percent of tﬁ‘%aléﬁgilﬁ‘?feﬁ&wg‘ﬁ)ﬁgﬁv‘fvgﬂrgt&?ﬂ tPE{é%flg%L-a'so Ee app?oxi nat ed ugi ng
thle I_o: I I(:)WI) ng f(z)mhﬁdnnamnﬁdﬁfdbi 200\iepreferablyeceiyedityod wely seeigr H&desof
~volatility).. . Cal cul at.e t.he,.sni.l e ' X0l Abdal dcbvdn 3 I ven
strike, K (ﬁﬁ?ﬁ%@? ﬁ%.v@é?htlﬁadapﬂeg%o %‘%ﬁ#‘gg%)tggv s%t%éﬂgit ri keﬁ%mgegot ed delta
(e K, I b%’ t?ﬁl ﬁ\ﬂwéthO%algl, thef Intetret, Stara dommiusication weden, e iskPRVSiE thg &t r oughl y
equa 0 e_forward rate). and. 1t ake ' M ' I

Strike. A8 aﬂ‘%‘l’??rﬁﬁaé{ rcf’mfﬂﬁém%ﬁ‘mtéﬁ? ‘cifiévgfzsﬁg’ Laethéslflrel teﬁfzc#lh% F%?\on?ﬁeolvuﬁnheoﬁTM
the delta of cinlifates alr lanp pltosnitshicluseh intetibéet kaviog atcommppicatiyp 09pm ¥ zero. 10 3.

Cal cul ate the bi.d.offer i i i i
follows: _Sstéag’ @%agli\%ﬁ;g*ﬁlg‘r}%?%: i{??i i 'Esgk%?@%b?glran ;gir g‘gg}); g(SDeI ta
Ty _ }A,:wer ei Neiffddehdng, of Tt} iventionDedet A0KKyay PomuB(iexd with wel)seven2®45+ exp( - 15+
ot mun S | B0 Somleo sy ¢ et epbnodf chfbln L8R CHREIAST L O, ©
( \r:g)r(l: HJ ﬁ{féﬁn _lesést) mgiemmq<gﬂ%siol?(3m)l, ilﬁ)t)lc) aitf TnDel aléepidfivec pbedirae nwéﬁlfq | aTV( K)
] , =<0. 0 dn,.t ' [

][rgials (L)I \rNgd :Sndﬂ{gfg%ﬁzﬁ?w&% Hi Cf’g‘?ecgﬁ‘.i d%ﬂ%@%ﬁ@gwoﬁesg%ggﬁlg’%ﬂc%%%%%{grI ;ri ce as

- Bi 51 ok i gt :
Ofer-Price( Eﬁh%zg% Pri cewggnr‘gﬁgdﬁgﬁr T posmgRfion ARPRIERY . 1 bp)) - 20

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

25  convenient for presentation to the user.

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

30  The brokers provide the maturity date of the option from which the number of days to
maturity is measured. The remaining inputs include the details of the option, for
example, option parameters such as strike , put or call, barrier, as well as market
conditions relevant to the trade, e.g., spof, forward, ATM volatility, 25 delta RR, 25
delta butterfly, current interest rates, the TV of the exotic option, and the TV of the
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‘wherein Price(K) denotes the mddle price in basis points ib%% of the
option being priced. 5. Find Volatility-Bid and Volatilit 1 #4ly P08 hat
correspond to Bid-Price(K) and Ofer-Price(K). These volatilities are the
bid and offer volatilities. 25 Reference is now nmade to Fi@. 3, which
schemat VOA32Y| | ustrates a systemfor pricing finaRETBOIREH vatives in
accordance with an enbodi nent of the invention. As “described in detail
above, the systespumding Vadisoption aciphiie a@d & prices forTablg Liareftdepdionon  recei ved
froma user 200. ingcluding detaijl f, 4 Oh: 1Rk h&eh 1S wel | as
real time daPERigimA %Hﬁlﬁ‘o‘@h@tﬁ&%@lﬂén% e%glmﬂggurr es as_are known in
the art. 30 Mardgeof thervdd/effep peicesmyssinted |bydls difforenteqarkgsmenkers, dbe fagnt spot
price for the underlying .asse r .ot e SHYI 6eLiaQha bikg option. The
i nf or mati on F‘grg%ti Rf{e"a)‘?ﬁf%ﬁ%‘%ﬁ‘ %aélgee?pn%nﬁ%g F g’aI)F“tﬁlﬁ'ﬁetﬁér:rgr ket conditions are
pr ocessed sby piddes agpllatedhin moordances with 2 Referwddi extbodimeyt ¢frib¢ indentigmgrec onbi nat i on
of hardware and/ or. ftvare k i L soPl sShigs grd handl i ng

i nf or mati on P"&egl%\c}eag%er ﬁ@n{o{}la?ﬁg'\éws}absl%udtre%g%f %SF?%%% gﬁ%SObils'J uly 2006 WO
03/ 034297 PCgnkREH fOTOHM adheed erid-Daketipsicesrapd the diVoffenspsesds astdewribict h a
controller, as is.known i a j : SYRAGHLQNi zes the
oper ation of gbd’lv?'fgﬂse V\t{ﬁéﬁgai?]%rlgs?%jflc{ﬁ%t %@?%%Ofﬁg%fe?égggﬁﬁo gervesr 212 is
associ‘at ed wedrtecBbidibfHerf spreap ok essmrt @jsediiidmagicnrice der thhexempleriod

descri bed above with refer : | ' Sloncocessor nay
i ncl ude 5%an{PBHETH: {3:3' = gjgg %éeg'tv\gérng%%{)rl\% or s%f?\%%lraggédnqg\%m nthe art
capabl e of eBtckBiholps miotke dads gotryididwreedeseltsi bed above with reference to
Figs. 2A-2D. The {nf or mation frao | fer recgjgyed by a web
server 210, as ilge??{ﬂ%ﬁr;ﬁ ﬁxﬁm]?lﬁel 'Wgé\htlﬁ%gpqog ugggp@e%%%%ryco’mmn’l cate with a
gl obal commuhascat éxpiration elateaf w20, 1999gi.c., (Hedaynelar fading.viabled démruni cati on
modem as is_known .in t art .10 Th : Nh&ANE M bt Web server
210 via the P’i’?feé‘%gflm%fg%ﬁ%ll[snogf ﬂ}f oé?ggﬁégéus%gé%%gﬁf or any _o%pher sui t abl e
user i nt ersf apgcerfaviha gnderlgiogramsstiof i ioptionrod Beamiflot is H448.6hs widtility feonnect i on

with the Internet. 202 S.LS. kn ' ne .art o | L Q@Hr{mnts of the
i nventi on, f'ug]ésro%{ﬁ 5y C%ﬁ%ﬁ?@%reﬁ%o#l%vgbﬁ'g%r@e@ %%%al %lmraeqt y, for
exanpl e, usi egculateli aeet ont thé BabioSuholeomndet isi (538, and the swrespoadinp¥dlla | ayer 15
(SSL) connection, .as iS§. wn i litonel . al t th¥er&ahodi ment  of
the inventi SFCIPEES a”fg’&b%r Epé??ﬁé’}@? (?aaaEl 8}()?28,(:1{3?;;3&[‘%35%%[&?0& ﬁ)(gn server 212,
for exanpl e, bidi mdavffet pricds farthe optivhwdExarblé\N) progided, by 6aiifferet irarket ocal
communi cafi on NSt ALK d) DAAvertbed b Ye1d Al bid and offer prices of 0.38 and 0.64,

respectively. As further shown in Table 1, the bid and offer “model” prices for the

option of Example 1 are 0.38 and 0.64, respectively, which values are identical to the

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

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

time data 214 may be received directly by applicatiaon se(r)g/er 212

20 using any direct connection neans as are known in the a July 20

Alternatively, the real tine data may be received from sources avail abl e
on the ‘gl %é){g conmput er communi cation network, using web server 210. After
conput i g %4 price and an offer price for the opfCEHMBHAMESt ed by the
user, application server 212 may comruni cate the conputed bid/ offer prices
to user 200 via web-server 210, as is known in the art, in a format 25
conveni ent memn%%he—%—#zb%bﬁwﬁmﬁm—ee—exanpl es
denonstrati pg application of a pref errérﬁble nbodi nent of the_invention, as

descri bed a

pove W th reter

ENC ezl

fel10S .

- 2D.Exanhplege ex

anpl &alaplﬁ based on

informati onl.taken from f orleign nyrhnnm:\ X0l i-c—-option v'nglsnrr\ a—thr ee
di fferent dpinéesest Rl dat es 6alﬁﬁear on the| #1%e ddte row 8" %Fhe fable. 30
The brokers eéé{ﬂgeﬁhe Tgnedy date of [glgoptijon fropo.ykch tthe nunmber
of days to urity is ndasured [The rehnining ilnputs {nclude tthe—-details
of the opti )ﬁmrefngyl exanpl-eUSé?ﬂﬁrcn para@\!fers sych as >Ttltsr‘@l put or
call, barri vet cComdr Ty gSdill avant t pJa 3hl’clde, e.g.,
spot, forwa Sumﬁ‘ vol at| I |t a.ﬁ?@s delta 25 delta bt péﬁl\/ current
interest ra Eﬁdendite TV of [tladeesdt]i c opt | biandAd |t he TV B¥lun®8 41 11 July
2006 WO 03/ 93429+ P""'/ HBEeH 61943 aorresppngh Vet a ppihEleg Actual bid
and offer p Exugtion ot n ) d W® aken 1 SN 00 Tber of “ratket |mker s
(brokers). ThRnthé @iBxpidtioae]'4 entrigs in Taltﬂe 1 repr esenf6the average of
t he bi d/offfr-_p:-i-ces—‘ y-—Hhe—dHHEerent—arket—ppkers— e fair
mar ket pri céPP¥SR BGETD ¢ Hl2 r ket price % t he cpti on. E nal I y.| the bid
and of fer 5IRp§iCes cal cule ﬁqj;49n gccordangceiw t h |a pref =1206$ enmjodi nent of
the inventi( € ebott-bmof thae—table roteg—rodel
price". The$¥oltilittes are d from W]Zg adj usted 0y b’f rket| prices and
the bid/off¢ 4 QF | bed abovép.obd 15 levi denj-3msom Tdbl e 1 that
the nodel of the present ihventia provi les .a. cdrrect bid/offerspread and
a correct adBtrikeed m d- mar k1é601br| de for H’a@“exerrpl ary 10154 ong conput ed.
It is also ¢y that—theTEyical cyrated baged on [the
Bl ack- Schol nodel does nbot. vield corre¢t” resultls Reférri ng td Exanple 1
in Table 1, hm@mtriggér)tr d.06n Hebruary11@, 1999, haj IQ{H’Oexpl ration date
of June 14, €= days—aftter—tfgpig—Tjaute I[ghs0™ prigsents
addi tional ¢ 'B{g?%n as di scwgds%ad above. Fo} exanpl e, the spot
15 price foi asset |of the|option of Example 1 is [114.40, the
volatility flor—t-hi-s—agptiepis—37-35—+thef .ward—f—or—t-irrﬁg—vp‘t‘i—orn—'rs - 1. 86,
t he theoreti QQPGW'{E@EWTV) 075" 025 =33

Class RKO RKO RKO

TV (exotic) 0.38 0.655 1.64

TV (Vanilla) 2.7 547 2.565

| Vanilla Bid/Offer 0.25 0.25 0.25

spread (Vol)

Number of prices 6 5 5

6 market makers Bid Offer Bid Offer Bid Offer

1 0.38 ‘0.70 73 99 129 154

2 0.38 :0.65 75 91 124 151.:

3 0.36 0.66 75 935 122 152

4 0.38 0.58 73 93 120 150

5 0.40 0.60 76 89 125 150
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cal cul ated based on the Bl ack-Schol es nodel is 0.38, and the_correspondi ng
Vanilla option price and bid/offer spread are 2.7 and O. 2kl J‘ﬂé%‘?—ﬁ:t I vel y.
Table 1 also presents bid and offer prices for the option of Exanple 1,
provi ded bg- 6 _different market 20 nmakers, which may be averagged to yield
"fair" BPEAHE of fer prices of 0.38 and 0.64, respefCTARIIRhs fyrther
shown in Table 1, the bid and offer "nodel" prices for the option of
Exanple 1 afe 0.38 and 0. 4.3 espgdtddvel y, whi ch |val uesjare identical to
the "fair" |bid-andofferprieess—respeetHvety—Hromanptyzimmg—iabte 1, one
skilled in {he art will clonclude jthat the resultls obtalned fromthe nodel
of the pres¢Riir Prive BiiGERNT [0038 he 2D.6dpti pASof Exgnil e 1| &P% renmgdiabl y

cl ose (essept e Feal ) to—theave e—far g T TE f—th e
option. SimMALTIo%  om an 'iﬁzi ng {H4 gal ggof Exer'r%#)es 2T'%ﬁd 3 ir}%qTabl e 1,
one skilledjmidOfenart wl{ appreciate that the “inodel prices" gonputed in
accordance W-th—the—i-hvent ) Fre—epit+onrs—of—Eranptres—2—amd—3—are
substantially identical to the average "fair prices" of these options. 30

32 11 July 2006 03/,034297 .PCT/ | BO1 ey mpl e
2Exanpl e 3 Int er\é\&hoh@%«g aﬁ%?ﬂﬁ%é?tgg%egn ﬁg@%ﬁ@k%ﬁ%%m % Currency
1U. S dol | ar EkkcSratecinbdehto fEice rdericyived hapenormymn. JEirst theyacaurfie sepdelrsfites) 2- Feb- 99-
15-Jun-99 an; 00 Expitation - - - 5 i [ hs to
Bupi rat i ona 13800y Epf TR Tast il 447 REa

Vol ati|ityl7a86ifge At 5 ponmt Becbuss6aldgos vrdfz Biges leasitsheantah115. 00
Put/cal | Gall %z!mlcgij tios?easr %lec?o%d Byr Iv%%l%rc))f‘l Ragiin%ogn k0% %ﬁcing model, the

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

=

anefaor lt ha ~on P |
A~ ] LA L] C

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

party at no loss.

The following example illustrates an exemplary margin system. Assuming that

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

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

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

the seller of the derivative must have in his margin account for the buyer of the
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25 Delta Risk -0.375-0.40.1 Reversal 25 Delta Butterfly0.750.250Q0.55
O assRKORKORI CO TV (exoti c)0.380. 6551. 64 TV (Vanill a)2. 75. A75g808/anj | | a
Bi d/ O fer 0.250.250.25 spread (Vol) Nunber of prices655 6 market
maker sB i dOfferBi dOFfel 10.380.707399129154 20Q. . 657591124151. :
30. 360%&%&2&952152 40. 380. 587398120150 50. 400. 607688‘@%‘?‘%8?93‘ 11 July 2006
WD 03/ 034297 PCT/ 1 B01/ 01941 60.390.64 Fair Price
(Bi d/ O f er) Oded@flive the Tdlo9dhik.adint51 Model Price 0.380.64.75.941. 241,51
(Bid/Ofer) It should be appreciated that the benefit to financial markets
from havi ng gp-=BeEUP@RoyPRel to price derivatives are enormous. First,
the accurate nodel of the  invention enables | ess experienced users of
derivatives t ri,ce r TR $hewa G4, Qncal i R®ahcs | Nport ant

£ &R
because dealvlgeégué?{%\%rné%%{p r%lglg‘seésaﬂ%og%?gg subst ant i al financial |osses.
Second, by vindfsdesighediapioteet therbusieraainst ebrint mevesdn e garket. Xisan alipdei vat i ves
mar ket is expected t.0 le P atite tD@bNGmBaBbifk ih Bme@leer m ne the
correct p?i C o%ofu%grt?\‘?%?nﬁé\?&e%r r"reea‘iotfkeﬂse tdr%’o?lg de.pe_ndencg%ron mar ket makers and
causes usermarin acefuntieachEy zem, theh thy tumeriof deidpuwativispay Fave 8418040t he use of

e At ves bR piolsbh AR R Whe il By REGARA Rofidffiakstr Nedge their cash

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

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

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

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

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

addressed. Therefore, the invention is limited only by the appended claims.
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many corporations and funds, for exanple, cannot establish credit lines
vVis-a-vis each other and are required to deal only with bahgaly Q@Qtlng up
credit lines is a conplicated task and requires a |lot of information about
t he conpany- requesting the credit line. Many snmall conpanies, for exanple,
cannot establish credit lines and are thus is prevented from using
derivatives for their hedges. By having an accurate nodel for market
prices any two parties can deal wiRmggch other on a nmargin basis, even if
they do not have nmutual credit |1Tnes. For exanple, such parties can set a
margin on the price of the derivative, as is used in exchanges, that

includes the CUfrentAL:&ﬁ}ﬁJtér(BEseabﬁapl%@éshﬁém@ﬁb@édn’ﬁﬁlsﬁl HelhRpSdr rent  mar ket
price. Thus if one of the counter parties defaults 2 durln the life of

‘the option, the ot hefcoyiee %WHHH\HPH&OFFF@O%‘?& 9@ Alvralitiiof PrgRdether party at

~no | oss. Tcteﬁmﬁlglah@puoﬂgngfg@mhﬁngglsls&strat es an exenplary margin system
Assum ng that the value cal cul ated by the nodel of the present i nvention

for the market pri cegiving ssgPRAcRPYY Sptp\catrespanding 19 "’gPI\F@WYtq FETeNE s P(t).

The pri ce i coRliidaS rddig 9 ddluadBBgaeR:; 25 the bid price and the of fer
price, or the offer price, or any other agreed upon function of the bid

price and/or the off“Qanbﬁ“igc?é‘m?‘ﬁ‘?Sl‘b‘foé‘fﬁcﬁtﬁﬁab‘amv)a‘tfstlﬁépté’ﬂéﬁﬁ@P’bn of the deal

is P(0). Tdﬂﬁ:aﬁ‘@ﬁ@bfhaﬁurmgt%dsdcéhdr{w&aﬁ .erns, is denoted M In this exanple,
at time, t, the seller of th(% derivative nmust have in his margin account
for the buyer of thecogﬁutiflg atif/tter prsad g sois o brredegt leaetnet 264 1

derivati veaidiestfagd teatMdngpuaamant = Mt) =max(0, P(t)- P(O)) +X wherein X can be
any positive anount-on which the twg sides agree_ upon in advance and is

desi gned to protect PHEUHEA BHcs Rdier é‘b?%tpnﬁ%%sé“q ptipmbasghpket . X can

al so be 5aidrc6ﬁéljtddl'[unﬂ{dshlabtdi]tﬂ‘fengﬁéaaffer price of the option, at tinme t.If
at sone point in tine the marql n account reaches zero, then the buyer of

the derivative may HEQEIRGHE PHRH corgsPondingda thy @ﬁﬁ@?”ﬁ’é@?ﬁedﬁfeﬁm th the

sel | er andrigelyf dafdiopa@t.i on froma third party. As a result, in the above
exanple, the market will be open to nmany nore users, e. g , corporations,
funds, pri vatenionvestors and ot her derivatives an save 1i0

us
consi der abl e arfount &* dPehfshasPousigpisr s J pherei §?‘$Lﬁi§tl B‘H“tt y. For

cexanpl e, SumBrises aii MdidBitnGf BfleRdR ph@meRidelicd Botithe grBtErJ iBgedid4 h a variety
of cor porat| ogFalgnd woul d . not be%tlﬁl mted to, deal ? Sg/i with the community

of market YRH& artgn, anexpigatioplate iORH9D &l aFigRes PR MMhom t hey have

succeeded to establish credit lines. It should be appreC| ated that such
devel opnent wow. d i ncmehseadchdinkit®ielbigh I o Bdim Rowidedin st dcved igpuamat i cal | y.

data comprises an indication of at least one market condition selected from the group
incltlding a spot value, an interest rate, a volatility, an at-the-money volatility, a 25

delta risk reversal, a 25 delta butterfly, and a 25 delta strangle.

4, A method according to any of claims 1-3 wherein the step of
computing said corrected theoretical value comprises the steps of:
computing a theoretical value (TV) of said option based on at least
. part of said first and second input data; and
correcting said TV based on at least part of said first and second data
to yield said corrected TV.

5. A method according to claim 4 wherein the step of correcting said TV
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Wil e the enbodi ments of the invention shown and described _herein are fully
capabl e of achieving the results desired, it is to be undeﬂégﬂﬁaogﬁat t hese
~enbodi nrents have been shown and descri bed for purposes of illustration
only and not for purposes of limtation. Oher 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,, sdstveppt o is limted only by the appended clainms. 35 11 July
2006 CLAIMS 1. A conputer based data processing nethod conprising the steps
of :  recei vi ng $HPYtng hptaligafal ¢ 69rresdQns hased pntad logst pri oA R3E firhf  par amet er s
defini ng amd@Rbh®RpRiia@andnder|ying asset; receiving second input data
corresponding to a_pluralit¥ of current nmarket conditions relating to said

under | yi ng assePPlyEgipdplumpitaeidor seeetians tofadridt i cal value (TV) of said
option based on at least part of said first and second i nput data;
conputing a bid/offer spread of said option based on at |east part of said
first and secor i npitnethat accordingda clainy - ayhpichr 4b kgt enapfridyPIAltST f er price of
sai d opti ogf hasRfeiis isSAAuALH6R bf £8¢8Chnt Yactt delftad @ disHa0bEigkd SRR ead; _
provi di ng an out put corresponding to the bid price and/or the offer price
of said opfldRiOD A nethod according to claim1 wherein said first input
data conprises an indication of at |east one paraneter selected fromthe
group including a type of said option, an expiratjon date of said option,
and a trigger for sagdnﬁ%ﬂiﬂﬁ@ﬂgﬁ & RletonSd vaeEdr tihgedite2dihY 1 or claim 2

wher ei N sadotte@RED BENPriRP UL leadlaind BRBRIOoh S88cta frbMthe 3fdup NndMhdidf a | €ast one
mar ket condition selected fromthe group including a spot val ue, an

interest reQREXity GpEPction) prisk Eayersil. coECtiRsn Sy SWE) coreptiony 2 geasiBe gelta ri sk
reversal , qmréhiof& Veéka PRIficdotkdtion AAd af indnsebfud cdife@digl €. 4. A nmethod
according to any of clains 1-3 wherein the step of conputing said
corrected theoretical value conprises the steps of. conputing a theoretical
value (TV) of said option based:on at |east part of said first and second
i nput data; and correcting said TV based on at |east part of said first and
second data  to yield said corrected TV. 5. A nethod according to claim4
wherein the step of correcting said TV
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36 11 July 2006 conprises the steps of conputing a plurality of TV
corrections based on at |least part of said first and SeCOIliﬁJ‘idMBQIQ(; dat a;
and applying said plurality of TV corrections to said TV. 6. A nethod
according to claim5 wherein at |east one of said plurality of TV
corrections is a function of at |east one factor related to a risk
associated with said option. 7. A nethod according to claim®6 wherein said

plurality of T\ corg Qﬁéﬁd&n&c&g{@rﬂosﬁya&f LgERt5-9Neher&P LG} @R Sel ect ed
fromthe group including a convexity correction, a risk reversal

correct i orfPPgTIE IV CorEcsions t9raid 3V sampiissytheslsPy et i on, a Vega Profile

correction, and an 'cﬁﬁlbhtB%'aPTV%bﬂﬂ&u&Q% ?Rt@s&&ateéhtlﬂea%ﬁlsa%@ﬂﬁ 8. A nmethod
according to any of clains 5-7 wherein the step of applying said TV

correcti orfé’rfﬁ‘élogsat?aéed'lf’\‘? a&k‘iﬁ%??%@s“@ﬁ@“é’@‘bﬁﬁﬁonéidmconputl ng a TV correction

wei ght associ at ed WignhifxeR @fn %ﬁlstT”M/ &ﬂEJti%ﬁé 'b9rlﬁe hawegie@mat | east part
of said first and second data; nultip gveach of said TV corrections by

t he assom%F%O?WelgEW?I%EFWS%ﬂBﬁWe ‘@11 ferecHPisedkondi ng wei ghted TV

corrections; and adciuagggmq\?\%ﬁhmv@&&yoﬁ%g&pfvpns to said TV. 9. A
met hod accordl ng to clarm8 erein at |l east one of said TV correction

wei ghts is tinme dependent. 10. A nethod according to any of clains 1-9

wherein the step of A eRUtd-R8diigid chRint8ofiedin SPI8AGINE QFRLIHSBS the steps of
conmputing a base value for the bid/offer spread using at |east part of

“said fi rstCOHPﬁﬁ‘O%é’E’gwalﬁtH‘ﬂﬁﬂePﬁ‘élF‘& and correcting said base val ue using at
| east part of said first and second data to yield said bid/offer spread.
11. A method according to claim 10 wherein the step of correcting said

base val ue conpfi se<* ffdhod: asardige : to it laieps o %I“(}}e‘éﬂlfi the ¥8P Bf d/ of f er
spread corcbﬂigﬁth@rggidbﬂ&gﬂr gjﬂeaafcomﬂ)%ﬂhe g}gt;stofof said first and second i nput
data; and applying said plurality of bid/offer (E)read corrections to said
base val ue. computing a base value for the bid/offer spread using at least part of
said first and second input data; and
correcting said base value using at least part of said first and second

data to yield said bid/offer spread.

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

value.

12. A method according to claim 11 wherein at least one of said
plurality of bid/offer spread corrections is a function of at least one factor related to a

risk involved in said option.

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

Vega profile correction, and intrinsic value correction.
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12. A nmethod according to claim1l wherein at |east one of said lurality
of bid/offer spread corrections is a function of at | east éhémﬂég&ér
related to a- risk involved in said option. 13. A nethod according to claim
12 wherein said plurality of bid/offer spread corrections conprise at
| east one correction selected fromthe group including convexity
correction, risk reversal correction, shift correction, gearing correction,
Vega profile cojq ecthQRemAnlcdrBiht i ahF o/ Abite 1 £ON 5 Gffelethe 38p Lt July 2006
14. A nmethod according to any of claim 11 - 13 wherein the step of
appl yi ng sapphyingsaidbid efer spspad sarrectipisde sdidbase vauasemyrippg she sieas ofe conpri ses the
steps of conputing adyiptfif h hid/sres &BRaE Rb&HbA Weighe csdspdn@ing &gPONdi ng to
each of said bid/offer spread corrections; nultiplying each of said
bi d/ of f er <aph elsaidbidefEs sprepdsongetiore  correspondi ng bi d/ of fer spread
correction wei ght ylxﬁhlﬁblyﬂ Welcg hbe daild | SlaREEe spref @8flectio® bgCihbons; and
addi ng said wei ghted bid o?fer spread corrections to said base value. 15. A
net hod accEFrEPepding bigiofeniptead apregchiomweight) vidhding weighted bideffar sbped/ of f er spread
correcti on ekt Snd s time dependent. 16. A nethod according to any of
clainms 1-15 wherein said underlying asset conprises a financial asset. 17.
A met hod ‘accor di ng t%ld@gawﬁwwh%bﬁ@ffﬁr@sﬁaéc@mcv@ﬁtq sidpasgaiegn  exchange
(FX) option. 18. A nethod according to claim 17 wherein said FX option is a
Vanilla option. 19. A nethod according to any of clains 1-16 wherein said
~option conpriss anddpetheshageprdings fonglaie) df wWesreiy &t it onepof Aidret hod

-accor di ng #i@ofpRid rdbdth whight iOimd &pehienei N said option is an exotic
option. 21. An apparatus-for providing a bid price and/or an offer price of
an option on an underlying asset conprising a server receiving first input
data correspong Ng A Gnefhollaboflidd % «8) oPALRYEL S Whedlgh kN DReAGLE Option and
providing an output corresponding to a bid price and/or an offer price of
sai d opt i Gi§Set eRPrBeAdEanciglgpseher recei vi ng second i nput data correspondi ng
to a plurality of current market conditions relating to said underlying

asset; and a processor, associated wth said server, which conputes, based
-on at least p ark’- of A method according to claim 16 wherein said option is a foreign

exchange (FX) option.

18. A method according to claim 17 wherein said FX option is a Vanilla
option.

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

comprises an option-like financial derivative.

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

is an exotic option.

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

_conditions relating to said underlying asset; and a processor, associated with said

~ server, which computes, based on at Ieast part of
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39 11 July 2006 said first and second input data, a corrected theoretical
value (CTV) of said option and a bid/offer spread of sai dlbﬁ‘tﬂﬁ’@H?fj and

whi ch further conputes, based on said CTV and bid/offer spread, the bid
price and/or the offer price of said option. 22. An apparatus according to

claim 21l whergi aid first data conprises an indicatjon of at |east one
par amet er s ({eﬁrég?récfe‘foﬂlgmp%‘éatﬁ Iao‘iﬁ’ffe‘ifgir]o@F‘g‘ftfcﬁ Val%fqgig?Pt/ﬁéd OH°Bai d opti on,
an expi r at afdna bidlofer0§pradiod ssiptopith, add vhivht Riitlgy @bmbudes, Baed on @@tli on. 23. An
appar at us ordi. o claim?21l or clai wherein said second data
conpri ses i ‘g‘%’lgéfftlﬂcf’ﬁre C?ﬂ%?tb“il%%?&m ?féﬂ] K RECCOI i PRUSH sel ected from the
group consisting of a spot value, an interest rate, a volatility, an at

t he noney vol at2l.i t yAn aapp@studedct@ading ste tlainerXawherain? saidlefirtta dmat t erfl y, and
a 25 del ta st %aer%gllne. .2t4. ,%nt aratus acco dg ngt an%/ of cltai ms 21-23
wherein, i FPESRSNAGEIES ,““’s%'ﬁ‘f“‘&wge DESEEd 01831?'&)% B8 ieor et i cal

val ue (TV)ofod typeiofl said ppticon am kaxpicten daé of sad dpiiod, akbs ethganfoataiieast part of
said first %@9 second data, to yield said CTV. 25. An apparatus according
to claim2®6F claim24 wherein, in correcti ng said TV, said processor
conputes a plurality of TV corrections based on at |east part of said
first and secon?B.i npim ampatatus acrdrdiggpbickin 3 hoklpmP2 athetein safd s®ddndcorr ect i ons

Lo sai d Ty 20 Ak IRRAIAHDACER] Hellohek SIATARMNELEND iy | €@ST One of

said corrections is a function o east one ctor re eﬂ to a risk
‘associ at eceonsistngdé i dpot oplue,cm . int2rést ke, sayybailist, as attbe moukynglatititychai m 26

wher ei n_saishl HiALIdHL @5 T tHALRGSHE 898 «GATRELRE at | east fone correction
sel ected fromthe group consisting o convexi ff’ correction, a risk
reversal correction, a shift correction, a gearing correction, a Vega

profile correctddn, Amdresatintacdonding toainye of claiee t2163. whgeinAnappar at us
~according t.o,,88% 9fiq erd @@idﬁ;?dcgz_sof"’@&ﬁ 2 HRoRRRY %lﬂ%T?ﬂ'o{d 4y corrections
Sai d proces 0 I ght £

to said TV, . Sor mput es correction or each of

sai d TV comtiee pidogestectpredid TNl based emathleast parhoisaifViirgtomd eesondAgaldg its TV
correction weightr{,0 yield a corresponding wei ghted TV correction, and adds
sai d vveigﬁ dz%lj'v 40 11 July 2006 corrections to said TV.

25. An apparatus according to claim 23 or claim 24 wherein, in
correcting said TV, said processor computes a plurality of TV corrections based on
at least part of said first and second input data and applies said plurality of TV

corrections to said TV.

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

option,

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

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

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

- correction weight to yield a corresponding weighted TV correction, and adds said
weighted TV
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29. An apparatus according to claim28 wherein at |east one_ of said TV
correction weights is tinme dependent. 30. An apparat us accéHﬁﬂM&O?Q) any of
clainms 21-29 wherein, in conputing said bid/offer spread, said processor
conputes a base value for the bid/offer spread and corrects said base

val ue, based on at |east part of said first and second data, to yield said
bi d/ of fer spread. 31. An apparatus according to claim30 wherein, in
correcti ngosktnbRsgd TVval ue, said processor conputes a plurality of

bi d/ of fer spread corrections and applies said plurality of bid/offer
spread corrections to said base value. 32. An apparatus according to claim
31 wherein at |Imast QONgpRfans abdrdik)) @/cRiirh 08 whBERH 169 0he6E anpvi s a function
of at least one factor related to a risk associated wth said option. 33.
An appar atWEeHr Jetbids Hee dapardsnta2 wherein said plurality of bid/ of fer
spread corrections conprise at | east one correction selected fromthe group
consisting of a convexity correction, a risk reversal correction, a shift
correction, a ear iy aBpeEtaceRding ey pt staime 2P 8&eedn,Mand an

i Ntrinsic dalpbenCOid BRI sprddd, A AHBRAIRLEBPAGC b dalh® f@he Of Cl ai s
31-33 wherein, in applying said bid/offer spread corrections to said base
val ue, saitd/pifEersahindcorpRlt Bid base Kilvp SRed P atJeashEPTCYir RWdIF R wei ght f or
each of salegbnBidsth b {RId saiRbaPstE YréRct ions, multiplies each of said

bi d/ of fer spread corrections by its bid/offer spread correction weight to
yield a correspondi ng wei ghted bid/offer spread correction, and adds said

wei ght ed bi d/ offier Siﬂfé\‘/}\‘%&aﬁl@Eé’c@fﬁ‘iﬂgQH§lain93§@fh&eiﬁ?i_ﬁ%ox\f&:!tig§sai@@ase An appar at us
according to claim 34 erein at |l east one of said bid/offer spread

corr ect i or¥a{Hi&; YHPEFEOR Sormputse pRlerbint of bid{offer spyeadyronentignsygd applieappar at us
accor di Ng shid pARMitPSf vid/Sird¥Bprédd BaeMiBS Bisthd Bakalusinder 1 yi ng asset conprises a
financial asset. 37. An apparatus according to claim 36 wherein said option

is a foreign exchange (FX) option. 38. An apparatus according to claim 37

wherein said ophi on AnXaRtat hocdring t0/8Rinh BR wRtciPR- 1e29 ond\Bf ghpar at us
according to any of clains 21-36 erein said option conprises an

opti on- | i Ked/ehfessarend corrstions 4if ja fnction of s leastoencalapier alatest MY Agik o any of
clai ms 21-a3sbeiafed 3RhWHELMIA. Said option is an exotic option.

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

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

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

weighted bid/offer spread corrections to said base value,

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

bid/offer spread correction weights is time dependent.
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41. A conputer based data processing nethod conprising the steps of:
receiving first input data corresponding to a plurality of Ibé‘ﬂéﬁr@@?@rs
defining an option on an underlying asset; receiving second input data
corresponding to a plurality of current market conditions relating to said
under | ying asset; conputing a plurality of building blocks based on at
| east part of said first and second input data, at |east one of said
bui | di ng bl ockszdei nfin daphiafel | RMbrdiff 18 FPCEOEIfR! 2184 JiRredy shigk associ at ed
with said optiagn; conputing a bid price and/or an offer price of said
option as ¥deHyingissERomprisst a figageipl 28%he of said buil di ng bl ocks; and
provi di ng an output corresponding to the bid price and/or the offer price
of said option._42 11 July 2006 42. A nmethod according to claim4l wherein
“the step of conPluti ngh 8BRAFUSFEEPrEng elaim 3p srherel sgidaptien isgrfprsignconpri ses t he
steps of ! &@pRLE (MY opti&Pr rected theoretical value of said option as a first
function of at |east sone of said building blocks; conputing a bid/offer
spread of said option as a second function of at |east sone of said
bui | di ng bl ocks3g. andag apfRktist@ectdhd i imPr7 wirdn Hi®bptRairk Qfifogr price of
said option based on said corrected TV and said bi dll)offer spread. 43. A
met hod acc’éﬁariaﬂ‘gaf’?}mél aim4l further conprising the steps of: conputing a
plurality of corrections based on at |east one or said plurality of
bui | di ng bl ocks; conmputing a plurality of weights corresponding to each of
said pluralityf %P@@ﬁ“@ﬁ%‘f“‘@’éﬁﬂ?iaﬁy R clams LI piourhersit $aibePtienr r ect i ons and
sai d pl UI’%d]{pﬁsdgfanﬂ%icgh{k@ﬁnﬁicﬁl@ﬁﬁﬂgi@_ plurality of weighted corrections;
and conputing said bid price and/or offer price as a function of said
plurality of weighted corrections. 44. A nmethod according to claim43
‘Wherein at | easfo. oneaphppamh@ acqrdifi@lol dny Pkiangd B3 Bl ® WhdfBindg@pendent . 45, A
met hod according to any of clains 41 - 44 wherein said plurality of
bui | di ng HIPGERS 4R EHRICOBEY: at | east one building bl ock sel ected fromthe
group consisting of convexity, .risk reversal, shift, gearing, Vega
profile, and infrinsjc ) ..
1. A computer based data processing method comprising the steps of:

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

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

computing a plurality of building blocks based on at least part of
said first and second input data, at least one of said building blocks being a function
of a factor related to a risk associated with said option;

computing a bid price and/or an offer price of said option as a
function of at least some of said building blocks; and

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

price of said option.
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value. 46. A nethod according to any of clains 41-45 wherein _said
underlying asset conprises a financial asset. 47. An appaﬂéﬁ@@ng?
providing a bid price and/or an offer price of an option on an underlying
asset, the apparatus conprising a server receiving first input data
corresponding to a plurality of paraneters defining said option and
providing an output corresponding to a bid price 43 11 July 2006 and/or an
offer price of gaid ARIIRA acdoRBagS@BIKER 41 WhtREIhd 8§FINbARtRgeaAd | nput data
corresponding to a plurality of current market conditions relating to said
under | yi ngPld Rdesand/onsif offeppiresemprises hesEps dt ed with sai d server, which

conputes a-pluralityconhtiklh lcdhegedothesikicad 3968 0P Baid 3pthal 4 $tarand second
i nput data, at I?ast one of said_ building blocks being a function of at
rO

| east one fagtogof pideasisere piraid hujldipg Blogksci ated with said option, and which

further conputes thecdaipttiffd 6i8/oBBOpRdad b ©ai®bftRh aPk s&Bn®functididt option as a
function of at |east sgone of said building blocks. 48. An apparatus

accor di ng ttéragsgipplepdddiag Yocksiandonputing the bid price and/or offer

price of said, op_tiO@mpa@igokaﬁmgﬁ%wgpﬁmf%p&e@Edi@sﬁtf‘eﬁbaJeHe_or etical
val ue of said option as a first function of at |east sonme of said building

" bl ocks, a $$HdgPregtedshy andgaigpidioffegsmieadi on as a second function of at | east
sonme of said building blocks, and wherein the processor conputes the bid
price and/or offer price .of said optiagon based on said corrected TV and

sai d bid/offer rea‘%l.meﬁ'@‘fl a‘iﬁﬁrdg’;%%ucg’ﬁ"%l Setder@mpesiisthe ptersAta7 wherein sai d

processor further compufimsa Fluﬁli@r@ﬂéoﬁ-ﬁéctﬂfns Gkl filat RS JABSeE@N at | east
one or salq f.ur%tﬁjﬁ Esgl ding blocks; a plurality of weights
co_rrespond?‘r‘fgltﬁ’& dfnesocksaj g pl urality of corrections; a plurality of

wei ghted correcti onscob@efd £pheditd ob|wighd botreBpondiaf 6 Ghé0BS sadd said
plurality ‘ff wei ghts; and said bid price and/or offer price as a function
of said ﬁ'ﬁfﬁlétP’P SPIGFUSRET ght ed corrections. 50. An apparatus according to
claim49 wherein at doedsingQad pdfralFRbelcoribithabid Hidf iy ehdsights tine _
dependent . iﬁ An aq% aratus according to any of clains 47 - 50 wherein said
pl ural ity %¥9B&apPYF B"Bcl“’(? ted eFRSHOSe¥dat | east one buil ding bl ock sel ected

fromthe group consiosbidig QAfd K@PRXahder b koric® et SMcios BF kdia geari ng,
Vega profi intrynsic, value. 52. An apparatus according to any of

le, and i )
cl ai ms 47-@1“%8?@?1&“ Gogrections.

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

plurality of weights is time dependent.

45, A method according to any of claims 41 - 44 wherein said plurality
of building blocks comprises at least one building block selected from the group
consisting of convexity, risk reversal, shift, gearing, Vega profile, and intrinsic

value,

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

asset comprises a financial asset.

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

output corresponding to a bid price
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: - i i al t. 44
under |l ying asset conprises a financial asse 11 July 2006

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 a plurality
of 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.

48. An apparatus 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 on said corrected TV and said bid/offer spread.

49. An apparatus according to claim 47 wherein said processor further
computes a plurality of corrections based on at least one or said plurality of building
blocks; a plurality of weights corresponding to each of said plurality of corrections; a
plurality of weighted corrections based on said plurality of corrections and said
plurality of weights; and said bid price and/or offer price as a function of said

plurality of weighted corrections.

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

plurality of weights is time dependent.

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

value.

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

.underlying asset comprises a financial asset.

44






