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10
Options are derivative securities whose values are a
function of an underlying asset.
The price of an underlying asset for immediate purchase is
15 called the spot price. A wvanilla option on an

(underlying) asset gives the buyer the right, but not the
obligation, to buy (Call) or sell (Put) the underlying
asset at the strike price. Where options are traded the
price-maker prepares a bid price and an offer price. The

20 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. The
difference between the bid and offer prices is referred to
as the bid-offer spread.

25
In the early 1970s Black and Scholes, and Merton,
independently developed an option pricing model that is
still in use today. The BSM model, as 1t is commonly
. known, provides unigue closed form solutions for the price

30 of European vanllla options. BSM found that by
constructing and dynamically maintaining an option
replication portfolio consisting of assets whose prices
are known, they could obtain a precise option price by
exploiting the no-arbitrage condition.

35 '
The BSM model 1s limited in that it only wvalues the
convexity of the option delta with respect to the
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underlyi ng asset price. Qther crucial convexities in the real world are
not priced by BSM nodel s, such as vega and delta convexities to inplied
volatility. While attenpts have been nmade to derive a nodel which
endogenously values 5 all key convexitiesy price-nakers prefer the
pragmatic approach of adjusting the BSMinplied volatility to make the
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strangle is purchased and a zero-delta straddle is sold,
both with the same maturity date, such that the vega of
the strategy starts at zero. A strangle is a trading
15 strategy requiring the simultaneous purchase {or sale) of
a Put option and a Call option, with identical face values
and maturity dates but different strike prices, such that
the delta of ﬁhe strategy is equal to zero. A zero-delta
straddle is a trading strategy requiring the simultaneous
20 purchase (or sale) of a Put option and a Call option, with-
identical face values, maturity dates and strike prices,
such that the delta of the strategy is equal to zeroc. A
risk reversal is a trading strategy in which a Call (Put)
option is purchased and a Put (Call) option is sold, where
25 both have identical deltas, maturity date and face value.

The BSM methodology has begn applied to exotic as well as
vanilla payoffs, to obtain the theoretical value of exotic
options. For example, American binary options are amongst
30 the most heavily traded exotic foreign exchange (FX)
options. This is because in addition to being a popular
product in their own right, they are also a crucial
component of +the popular reverse and regular barrier
options. In contrast to European vanilla options,
35 BAmerican binary options terminate automatically if a touch
level trades and they have discontinuous payoffs. The
most traded American binary options are continuocusly
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option price whpehofnespect to the spot asset price;
aﬁount tﬁat an ogtlgn price will change given a small change in

volatility. In otherwords it is
Option risks are described by a set of partial derivatives

commonly referred to as “the Greeks”. Option Greeks
15 include:
- Delta: the amount that an option price will change
given a small change in the price of the underlying asset.
In otherwords it is the partial derivative of the option
price which respect to the spot asset price; and
20 - Vega: the amount that an option price will change
given a small change in volatility. In otherwords it is
the partial derivative of the option price with respect to
volatility.

25 Just as the BSM methodology must be modified to price vega
and delta convexities of implied volatility for European
vanilla options, the theoretical valuation of exotic
options must also be adjusted to reflect the benefits or
costs of  these additional convexities of implied

30 volatility. The adjustment is internally consistent with
those for European vanilla options, but the size and/or
sign of the adjustment is different.

some of the approaches used in the FX market to-date to

35 wvalue exotic options are as follows:
analytical methods - analogously to their European
vanilla counterparts some exotic FX option price-makers



the partial derivative of the option price with respect to volatility. 25
Just as the BSM net hodol ogy nust be nodified to price veggEpdodsta
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t heoretical valuation of exotic options nust also be adjusted to reflect
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par amet eri si ng iGN GV atPPi Pyias Pbchfe American binary option for a
sample of time and space;

finite difference and finite element methods - in
principle similar to trees but now forming a mesh of

15 possible points in space and time. These methods are
common when parameterising implied volatility as local
volatilities:;

Monte Carlo Simulation - simulations of the

underlying exchange rate process are repeated manifold and
20 a wvalue of the American binary option is obtained for each
exchange rate path. These values are averaged and
discounted. This method is common for stochastic
volatility models and universal volatility models.

25 The analytical method has been widely discredited, even
though it has considerable intuitive appeal, because no
one has been able to value a crucial risk correctly. As a
result, analytical valuation models have hitherto only
crudely approximated market wvalue, owing to over-reliance

30 upon estimation methods and/or arbitrary constants to
weight the convexity adjustments.

International Patent Application No. PCT/IB01/01941 (WO
03/034297) of Superderivatives Inc. and GERSHON describes
35 a process of pricing financial derivatives. The first
problem with WO 03/034297 is that its broadest claims
define known methods. The second problem is that it’s
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accuracy and efficiency.

In accordance with the present invention there is provided
a method of obtaining the market wvalue of an exotic
15 option, comprising the steps of:
providing market and option contract input data;
calculating a theoretical wvalue of the exotic option
from the input data;
calculating a market supplement adjustment to the
20 theoretical value as a function of the expected stopping
time of the exotic option; and
applying the market supplement adjustment to the
theoretical value to produce the market value.

25 Typically the market value is used to calculate bid-offer
prices. Preferably a bid-offer spread is calculated from
the input data. Preferably the bid-offer spread is also a
function of the expected stopping time of the exotic
option. Preferably the bid and offer prices are

30 calculated as a function of the market value and the bid-
offer spread. .

Typically an asymmetric slippage adjustment is calculated.
Preferably the asymmetric slippage adjustment is
35 calculated from the input data and a function of the
expected stopping time of the exotic option. Preferably
the bid and offer prices of the exotic option are



a met hod of obtaining the nmarket value of an exotic 15 option, conprising
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a theoretical value of the exotic option fromthe input data; cal cul ating
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calculating the bid-offer spread from the input data
and a function of the expected stopping time of the exotic
15 option; and

calculating bid and offer prices of the exotic option
as a function of the theoretical value, market supplement

adjustment, and bid-offer spread.

20 Preferably adjusted bid-offer prices are calculated from
an asymmetric slippage adjustment and the previously
calculated bid-offer spread. Preferably the asymmetric
slippage adjustment is calculated from the input data and
a function of the expected stopping time of the exotic

25 option.

Preferably the theoretical value is obtained by applying
the no-arbitrage methods of Black-Scholes and Merton to
exotic payoffs.
30
Preferably 1in calculation of the theoretical value,
whenever the theoretical value of an option is dependent
on the solution of an infinite sum, a finite number of
elements ‘are summed to ensure at least a Ffive digit
35 accuracy.



- 10 calculating a market supplenent adjustnent to the theoretical value
that incorporates the expected stopping tine of the expi iF‘E?QbiO?n;
calculating the bid-offer spread fromthe input data and a function of the
expected stopping tinme of the exotic 15 option; and cal culating bid and
offer prices of the exotic option as a function of the theoretical val ue,
mar ket suppl enent adjustnent, and bid-offer spread. 20 Preferably adjusted
bid-of fer prices are calculated from an asymetric slippage adjustnent and
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10 #ddelta / dvol of the exotic option, and of the relevant

vega neutral butterfly and relevant risk reversal.

Preferably one of the steps of calculating the per unit
price of dvega / dvol is identifying the relevant vega

15 neutral butterfly. Preferably the wvega neutral butterfly
is Iidentified using a term to maturity equal to the
expected stopping time of the exotic option and a minimum
delta.

20 Preferably the minimum deltaz of the relevant vega neutral
butterfly is chosen to match the delta of the touch
level(s) at the expected stopping time. Preferably when
there are two asymmetric touch levels, the minimum
absolute delta is selected for the vega neutral butterfly.

25
Preferably the price per unit of vega convexity to implied

volatility is calculated from the zeta of the vega neutral
butterfly and its dvega / dvol. Zeta(fly) is the
different between the market wvalue and the theoretical

30 wvalue of the relevant vega neutral butterfly.

Preferably one of the steps of calculating the per unit
price of ddelta / dvol is identifying the relevant risk
reversal. Preferably the risk reversal is identified

35 using a term to maturity equal to the expected stopping
time of the exotic option and the minimum delta.
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butterfly. Preferably the vega neutral butterfly is identified using a term
to maturity equal to the expected stoppirg8tirnme of the exotic option and a
m nimum delta. 20 Preferably the mninumdelta of the rel evant vega
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relevant risk reversal.

Preferably the market weight adjustment is calculated Ffrom
15 the expected stopping time of the exotic option and the
nominal duration of the exotic option.

Preferably the market supplement adjustment is calculated

from a wvega convexity value and a delta convexity wvalue.
20 Preferably the vega convexity wvalue is calculated from

dvega / 8vol, the market weight adjustment, the per unit

price of vega convexity and the touch probability.

Preferably the delta convexity value is calculated from

ddelita / dvol, the market weight adjustment, the per unit
25 price of delta convexity and the touch probability.

Preferably a mid-market value is calculated from the
theoretical value and the value of the market supplement
adjustment.

30
Preferably the bid-offer spread is calculated such that it
is independent of arbitrary constants and dependent only

on the input data.



Preferably the price per unit of delta convexity to inplied volatility is
calculated fromthe zeta of the risk 10 reversal and itg3gggstoggy 2vol .
Zeta(RR) is the different between the market value and the theoretical
value of the relevant risk reversal. Preferably the market weight
adjustnment is calculated from 15 the expected stopping tine of the exotic
option and the nom nal duration of the exotie option. Preferably the
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Preferably the Static Spread Adjustment includes a
contribution from the expected 1life of the option.
Preferably the Dynamic Spread Adjustment includes a

15 contribution from the expected life of the option.

Preferably the bid-offer spread is supplemented by an
asymmetric slippage component which has static and dynamic
components.

20
Preferably bid and offer prices are calculated from the

mid-market value and the supplemented bid-offer spread.

Preferably the methods described above are computer
25 dimplemented.

According to another aspect of the present invention there
is provided a system for calculating a market value of an
exotic option comprising:
30 input means for receiving market and option contract
input data:; ,
means for calculating a theoretical wvalue of an
exotic option from the input data;
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conprising: 30 input naRARS £her J@‘l@lﬁbn&h@rﬂ@kéndslﬂﬁﬂe%@nﬁorHid’ijsttmeh@pUt

dat a; neans for caI ul a the Y an otlcotlonfrom
t he i nput da% % %éﬁﬁgetlcago g f%lfocg% &Ihgt f“ﬁﬁ %t e

suppl enent adj ust man'outpott hﬁeeamlseof@rl caltppstieg as-te funttmbaritém g ket
expected stoppiadukime of the exotic option; neans for applying the market
suppl ement adjustnment 5 to the theoretical value to produce the nmarket

val ue; and output nmeans for outputting the cal cul ated market val ue.
According to a fAamcbmdinasgecta offurhbepr esprtti méenthenpresent invention

10 there is provided a system for obtaining bid and offer
prices of an exotic option comprising:
input means for receiving market and option contract
input data;
means for calculating a thecretical value of an
15 exotic option from the input data;
means for calculating a market supplement adjustment
to the theoretical walue that dncorporates the expected
stopping time of the exotic option;
means for calculating a bild-offer spread from the
20 input data as a function of the expected stopping time of
the exotic option;
means for calculating bid and offer prices of the
exotic option as a function of the theoretical value,
market supplement adjustment and bid-offer spread; and
25 output means for outputting the calculated bid and

offer prices.

According to another aspect of the present invention there
is provided a computer program for controlling a computer
30 to perform any one of the above mentioned methods.

According to a further aspect of the present invention

there is provided a computer  program comprising

instructions to operate a computer as one of the systems
35 defined above. |



10 there is provided a systemfor obtaining bid and offer prices of an

exotic option conprising: input neans for receiving nathg dopRt i ON

contract input data; means for calculating a theoretical value of an 15

exotic option fromthe input data; neans for cal culating a market

suppl ement adjustnment to the theoretical value that incorporates the

expected stopping tinme of the exotic opt+dt -reans for calculating a

bi d-of fer spread fromthe 20 input data as a function of the expected

st oppi ngfti e ofacddieliayotic thﬂtﬁjf’t,he&e?d]ﬁaécc?r f\.ﬁl @ubatﬁf@d@%td ﬁ:ﬂ@lar&f:n‘cﬁir
rices of the ofic ti unction the t retical val ue

Ir?nr ket suppl eneﬁ'{heé:(%.ugjgneﬁgogﬁd i & ofcpglpug%]? eat ;ac;é%% ®25% ﬁfﬁ?ﬁ' r%ééjﬁ[émf or

out putting the cHIMPIiaLed Bi eOmRHenreorpn eesdeifnest @beyeto anot her

aspect of the present invention there 1is provided a conputer program for

control ling o 0 rm any one of the above nmentioned
nmet hods. Accgrdi Y OF T Méﬁ% of the present invention there is

provi ded a computer program conprising instructions to operate a conputer

as one of the syt @fler3rdleficRedeabovrttdd GRBe290Mmdingl lor AGROTSHdGO @
further aspect af th%i resent_invention . there i,5.provi eddi conput er
readabl e storagé™edium ESmpri &S ge%b%%ﬂﬁﬁlgr“ﬁﬁ&gfﬁﬂ% 9 efpovd. 5
SUMVARY OF THE Rir&gRakGdehadtdebyt wapr ofi duamplbet omky underist zaitimegcef tohe
present inyentigR BEebRpESFLRIOGUTRAL SiW {hikpw be described, in

Figure 1 is a flow chart of a method of pricing an

exotic option according to a preferred embodiment of the
present invention;

Figure 2 is a flow chart of a method of calculating

15 the vega convexity to implied wvolatility adjustment
according to a preferred embodiment of the present
invention;

Figure 3 is a flow chart of a method of calculating
the delta convexity to implied wvolatility adjustment

20 according to a preferred embodiment of the present
invention;

Figure 4 is a flow chart of a method of calculating
the bid-offer spread according to a preferred embodiment
of the present invention;

25 Figure 5 is a diagram showing a comparison between a
highly regarded model, the Universal Volatility Model,
used 1in the art, actual market values and values
calculated by a model created according to a preferred
embodiment of the present invention;

30 Figure 6 1is a dlagram showing a comparison between
differences between the Universal Volatility Model and
actual market values and differences between values
calculated by a model created according to a preferred
embodiment of the present invention and actual market

35 wvalues:;

Figure 7 is a diagram showing a comparison between
values calculated according to a model created according



greater detail, by way of exanple only, with reference to 10 the
acconpanying figures, in which: Figure 1 is a flow charjs;¢fE@ogpihod of
pricing an exotic option according to a preferred enbodi nent of the
present invention; Figure 2 is a flow chart of a method of calculating 15
the vega convexity to inplied volatility adjustnent according to a
preferred enbodi nent of the present inventiZonm; Fi gure 3 is a flow chart of
a method of calculating the delta convexity to inplied volatility

adj ustment 20 deror dprefewred prefetinet tenifodinre tiredfenthe ne@$ebh and a

i nvention; Fi gur@unthetd+drf hoMe£haddy jSd@ége%ﬁa%l@fmaﬁe%gl ating the

bi d-of fer spread accqrdi ng to g preferred enbodi nent ~of the present

i nvention; 25 Fi gure %9P&%a §i d¢r af sHAAG aSBowheg | SHethervweernrerisiaghl y
regarded nodel , hetarebni vierksads Vohatilated “/Bd@(brdiﬁtfegohrht hl@dgﬂ.t ,c%ﬂa@'
mar ket val ueg a ] | cul a no I eat.e cqrdi ng t
preferred eﬁbo&%ﬁgﬁgggg t%g p?esgg‘r%tgflg%r\(g%ti%ﬁ%’o%dnﬁﬂtgurogfcﬁqﬁhse a%cﬁef e
showi ng a conpari’SERthERweRd ¢t f fOIBRELEODetiRsad. t MeeOni védeky \ial attibei ty
Model and act ualarketkevhi/ah ueglaichsdiaf keygcﬂtpﬁfexwdyewtatw?g??heﬁal czlt at ed
by a nodel created agg L ng t.q a.pr I ment of the prese
i%vent i on and act ual ﬁgg{l%t o f% val ngggfféﬁ Gpgmﬁgsaa BG4 FEh &R G
conpari son bet wéei* \3FHeR lcaltetrht eF dhebdildthgst anedl medpkctedatmwpping
accor di ng 280 FEBi®60For- aldnet @oachr epeisRdr€hodp @i riafa tdi Jeresapt of

invention and aiye present invention which explains the remaining

difference between values obtained from the present
invention and the competitor model;
Figure 10 is a diagram showing a comparison between
15 risk neutral touch probabilities and expected stopping
time for a double no touch option for a preferred
embodiment of the present invention which shows why,
unlike the present invention, the competitor model cannot
be used to price all American exotic options;
20 Figure 11 is a schematic block diagram showing a
computing means configured to operate as a preferred
embodiment of a system of the present invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENT

25
The market value of exotic options is almost always
different to the theoretical value, and often by a
substantial amount. Exotic option theoretical values are
obtained by applying the no-arbitrage methods of Black-
30 Scholes and Merton to exotic payoffs. However, it is

common knowledge in the market that the BSM specification
of uncertainty is a very limited approximation of reality.
As a result, models have been developed to price other
factors which are important to the market. At the core of
35 the present invention is a unique weighting scheme for
valuing factors not priced by BSM, which is a function of
the option and the market only. That is, the features of



conpetitor nodel used widely in the market; Figure 8 is a di agram show ng
anot her conparison g between val ues cal cul at ed accor digg Figgs 29g5del
created 5 according to a preferred enbodi ment of the present invention and
a conpetitor nodel used widely in the market, which explains a key

di fference between them Figure 9 is a diagram show ng a conpari son between
ri sk neutral touch probabilities and expeetEdl stopping 10 tinme for a one
touch option for a preferred enbodi nent of the present invention which

expl ai ns the rensiai ogtich f krdenae lmeh\neemﬂ/a&htes;n@bk@& nedlff.é(flﬂﬂtidl@{ pEesent

| nvent fon and N GRIBY dQVeRde! el ULBLE0 de Brdl AANSIAN AR 1

conpari son between neutr al exXpec
stopping tine feATkEdoudFE o tou?hl%pt F@hq‘#%r Hepylet 1Y edschemsodi makrs of

t he present |3v|ef&dzﬁmaﬂm Clthehopbetttra il : fi.@biﬂ'&aﬁ)j eseid tﬂé@ﬁét@&hltwe
conpetitor el,. ¢ £ t I c A e ic optio

Figure 11 |2%a sC sgenq;}% C (%%S%%ﬁg aalrlgn’glls J(:)(\?\,1 ng 2% c%%put?%gt%e G &%er
configured to op¥IRCRCRSSa preferred enbodi rrent of a system of the pr esent
i nvention. DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENT 25 The nmar ket

val ue of exotic n |s y different to the theagret.ical
val ue, and often er%l gubs(t an%? ax\nlgu%tje BXG Sleéltopjtnlvéaﬁltﬂﬁgorpé"t |v(§291esvaét ues

are obtai ned byﬂ%‘iﬁtﬂc&/l A§ t BernochEdininme thet hadsket Bbadke3006chetasiand

Merton to exoti coawnfsls. tHawerehod toi $5 eRBBRNCHNOM £dg8mbHrdNep B ket

h he BSM f f I d
of reality. A6 't el LB S T BRET sl R qrhlmp%ﬁsealﬁ% 1T O

factors which arcteaqrpbretdaﬁtlrtbelt Heelwar-ket . At the core of.

The method 10 of the present invention requires as inputs
15 11 the usual model and market parameters typical of all
option pricing models. For example, an exotic FX option
will require some or all of the following inputs to

produce a unigue price. This 1list is indicative not
exhaustive:
20 o spot exchange rate;
. touch level(s):
. strike price;
. domestic and foreign interest rates;
. expliry date; and
25 e implied volatility surface.

The next step 12 is to calculate the theoretical wvalue of
the exotic option. Theoretical wvalues for exotic options
are well known in the market. Algorithms for valuing
30 exotic options in a Black-Scholes framework have been
published in academic journals. For example, pricing
algorithms for the theoretical value of American binary
and barrier options, which together constitute
approximately 90% of the traded volume in exotic FX
35 options, were published a decade ago. Rubinstein and
Reiner (1991) published pricing formulae for OT options,



35 the present invention is a unique weighting schene for valuing factors
not priced by BSM which is a function of the option 9 ket only.
That is, the features of 23 FEB 2007 13 the option and the State of the
mar ket col lectively and uniquely determ ne the weight of the factors
driving the nmarket price. This unique weighting scheme nakes redundant
the plethora of arbitrary and theoreticald yy4 -basel ess constants which are
a promnent feature of other approaches. Referring to Figure 1, the
present '“Ve”t'(th”Kﬁﬂﬂ%E&oaanﬁeiﬂéﬁh3{&@92‘ QblaiuniNY16 66 NpiketsHyd qirof
exotic 10 options., The nethod_10 i.s enbodied in a conputer program for
controlling a cdﬁﬁﬂf§¥pF&°bﬁgf%ﬁﬁﬂﬁ%%? nmet hod as described further bel ow
The nethod 10 of the present invention requires as inputs 15 11 the usual

nodel and mar ketw@f@{@%&%&%&!%&ﬁk octnfg} |req9ﬁtr'e9ntﬁé' El‘n?ﬂlé@d\%]%tiﬁﬁrty
exanpl e, an exotic FX option W | |re sone or

| owi h
inputs to proddite B%in %ﬁRfﬂﬁ%téeStﬁ? Fi &t F@elﬁﬁp&£¥|§@ fot T ﬂﬁﬁ?ﬁive:
20 spot exchangef ratles pitecusnie Iemsbﬁs;on steqkirgs | cdie duidst iionpdrded

foreign interestydithaSicy SURiLYe RN Rhed MdIALA ULl LiysHGT ace.

The next step 12 1s t, the t eoretlca ue of
option. Theor et ifcHIchigPuEE F%P“é&%ﬁlq? &Btions are well known in the
market. Al gorithms for valuing 30 exotic options in a Bl ack-Schol es

framewor k hiﬁe Qﬁ%&evar the theoretical value of an option is;dependent

on the solution of an infinite sum, a finite number of

elements are summed to ensure five digit accuracy

(0.00001) to conform with market convention. For example,

a double no touch (DNT) option requires the solution of an
15 infinite sum to obtain the theoretical value.

This is crucial, as short-dated DNT optioné, for example,
can require many more than 10 elements to converge
satisfactorily. With option market data from 2002, 30

20 elements were required to achieve five digit accuracy for
a one week EUR / USD DNT option. In fact, for this data,
all options shorter than two months maturity required more
than 10 elements to be sufficiently accurate.

25 The next step 15 is to calculate the wvalue of the Market
Supplement to the Theoretical Value from the Convexity to
Implied Volatility Adjustment 13 and Market Weight
Adjustment 14. The value of the market supplement prices
those factors which are essential to the market but

30 trivial in BSM theory. The weighting scheme of the
present invention is extremely simple and is a function of
both the option contract specifications and the state of
the market. This difference is c¢rucial to the market,
because price-makers (correctly) view arbitrary constants

35 as a significant deficiency in a model used for pricing
and / or risk managing exotic options. |



publ i shed in academ c journals. For exanple, pricing algorithnms for the
theoretical value of American binary and barrier optiong E@ngh t oget her
constitute approximtely 90% of the traded volunme in exotic FX 55 opti ons,
were published a decade ago. Rubinstein and Reiner (1991) published
pricing fornulae for CT options, 23 FEB 2007 - 14 and Kunitono and | keda
(1992) and Hui (1996) published DNT opti-onspkicing fornul ae. The
theoretical value only requires the inplied volatility 5 of the zero-delta

straddl e at the rgxpi rcyorﬁﬁetﬁtyt herdrodehp) pég t h@'o@é@:@?ﬂiyl NueRtbORekiquiikes
the full inplied _volatil Q’ surface, efines i ty as a

ich | ied vol at
function of ter rﬁa&ﬁt}lﬁE?‘i{aa 10 \}Wéﬁgvg}ght%Oﬁﬁfes&sePchEgk}ﬁ?%efoﬁncgr# "opti on
is dependent on the solution of an infinite sum a finite nunber of
el enents are sumed to ensure five digit accuracy (0.00001) to conform

W th market conygpbi eﬁlcEﬁ@ %&6ﬁﬁbeopt@oﬁiQUEbemBQké@PCﬁhéMir@pﬂ:wankey
requires the.sol ution.

9 gl nite sgmi g@t ge theoretl cal
value. This Ps PRIEEET l%% EHbF? G8FeFORT o 8 BP caf®
require many nompgithan lBeilendmvelve copvesmidy s&Pi si@l@l-’b@@l WOJthlﬂl@pitl on

mar ket dat a fror@v%(_igg)z 30,20 q{ nt gr¥er exd QUi red t ogashi evesfdve dingit

accuracy for 0 week_ EU uSD tion. Infact for, thiss dat al |

options shorter 4 Fﬁgﬁa Zoaﬁ%‘ﬁ‘t hs matTBNiTty TGS ed T6re @ ?%ﬁ%gjﬁr@ en%ﬁ‘?s

be sufficiently daegar 4t @voRSsadhstmext dsepheBni &ntbioated at Fhchereakse of

the Market ;guppls erregaeﬁeléame Thegr et paal /3 ey dar om Lheeonveasidy Lone

| npl i ed VO|atI|IWé Jaustment 13 and |¥a lét Wi g 1 1&15 ggntm aTh

val ue of the markRELibppFenERteiiasss to dvega 7 Bvo1 elta / évo
and references to vega neutral (‘VN’) butterfly with risk

reversal (*RR’) and is shown in Figure 3.

15 Referring to Figure 2, the wvega convexity to implied
volatility of the exotic option is computed at 23, It can

be computed analytically or numerically from the market
and option contract dinputs 11, without affecting the
performance of the method. ' '

20
The relevant vega neutral butterfly is identified at 26.
This is identified using a term to maturity equal to the
expected stopping time of the exotic option 24. The
expected stopping time for most Bmerican exotic options

25 +traded in the market is considerably shorter than their

nominal duration.

The delta of the equivalent wvega neutral butterfly is
chosen at 25 to match the delta of the touch level(s) at

30 the expected stopping time. If there are two asymmetric
touch levels, the minimum absolute delta is selected for
the vega neutral butterfly.

The dvega / dvol of the VN butterfly is calculated at 27
35 and the zeta of the VN butterfly is calculated at 28. The
zeta of the vega convexity to implied volatility is the



"~ those factors which are essential to the market but 3.0 trivial in BSM
~theory. The weighting scheme of the present inventionJdsreg pegyly sinple
and is a function of both the option contract specifications and the state
of the market. This difference is crucial to the market, because
price-makers (correctly) view arbitrary constants 35 as a significant
deficiency in a nodel used for pricing anhde/ -or risk managi ng exotic
options. 23 FEB 2007 - 15 The Convexity to Inplied Volatility Adjustnent

is calculated @tlf;r%reﬁb@gbtet&%eeﬁoq;%serﬁaﬂéetﬁ«géx_t@es 2nd@Nend +YERRIaGI Ng
exotic options to.mark theiaret 5COI’]V€ItIf§T¥V\hI

c
cl assi cal BSM n&eftd&or g)}:h&o§§ ﬁgtantpﬂag% PR rR)'b nveﬁr}tvetf(?re'
inplied volatilithg zetel pf &ahd tvegy apavixbiN resaByega theB\iolpaatid ofadékt a /

8vol . The procesg;ifi@r QU%HE' Eﬁ{d;_bil:geci hgo184892y/ sA¥BL-AMbASEARM I BurDRewR i N
Figure 2. The process Is 1dentical for 8delta / 8vol, except . that one

substitutes Pef &PBAddE PBl%EV'/%'ga / avol with 8delta / 8vol, and references
to vega neutral ('VN) butterfly with risk reversal (' RR') and is shown in

Figure 3. 15 Rehigrr bag a1 Fi b & Zor S SAYEQRMFXEL i1 1P Skt s oy

volatility of the exotic optiaon I s conpute corrpute
anal ytically or lﬁuﬁé??’ééﬂ‘?ﬂ fAlorh™t RE ﬁﬁ”(%‘t’s and opt| on contract inputs 11,
wi t hout affecting the performance of the nmethod. 20 The rel evant vega

neutral “butjgrf g ig idgntifiedeal ngvexl-lv;? £ LifalludRMdiblkeds UpL NB-AVERAE 1 0
maturity equal to the expected Stoppin e exotl Cc ‘opbiréya/%1 The

expected stopping tine for nost Anerican exotic options
Therefore, the per unit price of wvega convexity reflects
the delta and term of the relevant vega neutral butterfly
and is appropriate for the touch level(s) and the expected
15 stopping time of the exotic option.

Referring to Figure 3, the delta convexity to implied
volatility of the exotic option i1s computed at 31 from the
market and option contract inputs 11.

20
The relevant risk reversal is identified at 34 using a
term to maturity equal to the expected stopping time of
the exotic option 32.

25 The delta of the equivalent risk reversal is chosen at 33
fo match the delta of the touch level(s) at the expected
stopping time. If there are two asymmetric touch levels,
the minimum absolute delta is selected for the risk
reversal. ‘

30
The ddelta / dvel of the risk reversal is calculated at 35
and the zeta of the risk reversal is calculated at 36.

The per unit price of delta convexity to implied
35 wolatility is calculated at 37 as follows:



25 traded in the market is considerably shorter than their nom nal
duration. The delta of the equivalent vega neutral buttesfpg izgo-,chosen at
25 to match the delta of the touch level(s) at 30 the expected stopping
time. If there are two asymetric touch levels, the m nimum absol ute delta
is selected for the vega neutral butterfly. The 8vega / 8vol of the VN
butterfly is calculated at 27 35 and the zeta of the VN butterfly is
calcul ated at 28. The zeta of the vega convexity to inplied volatility is
the 23 FEB 2007 _ 16 difference between the market val ue and the rrzeta
theoretical valf§é GrteFPetelahte (oY et rat Bl et L et 7191 e, 5y ahe
zeta of the vega convexity neasures the inpact of the smle of the i1nplied
volatility surface on traded Eurgpean 5 vanilla prjces. The _per unit price

p ) , o b
of vega convexi thet FStaplAfedtipl d811a t§Pnvissityl &A abriigd swladitdtyods: 10
Per Unit Price aheVegdl tifmreexid y botwayl | ethd/ol atairikety= wANRley Zedwd  the
8vega/ 8vol Ehert?itegﬁgti&$'f P&fa 1WA QE'CGEh]%f V_f&fe ex'rgkékrefﬂe%%aﬂhe
delta and termof the relevant vega neutral butterfly and Is appropriate
for the touch | &Reresyrand thke a8Fectedtia 5del b piady VerAtY ofteRRBr 8% ofthe
option. ReferriAagpkotFioFurthes, skdve del thecampeXtly vodattipitedsuyohssi bint y

of the exotic opti [ t, 31 t he. rk ti ract
inputs 11. 20 Tﬁggaragfje@%%?&%%%%r%vlel%sg qzl?LEsHli .gﬁ?ﬁg?i eg%%?an%é}%%siaglg gg%lerm
to maturity equlif tBethéskxpereetrktishmrpgoprrietef for hehexetudh dgmiedrs32.

10 and the expected stopping time of the exotic option.

The value of the adjustment for dvega / dvel and
ddeita / dvol produced at 13 in Figure 1 from 30 and 38 in
Figures 2 and 3 is provided as an input to step 15.

15
The Market Weight Adjustment is calculated at 14.

Bmerican exotic options can disappear prior to expiry.

The probability of their touch level(s) being hit can be
20 computed from well known algorithms. One method (Wystup)

for obtaining the market price of exotic options 1is to

welght convexities to implied wvolatility by the touch

probability. This method is a reascnable approximation

for some exotics, and an extremely poor approximation of
25 others.

The present invention weights the 48vega / dvol and
ddelta / dvol of the exotic option by the expected
stopping time of the exotic option. Algorithms for the

30 éxpected stopping time for single and double touch levels
are readily available. For example: Taleb (1997) and
Shevchenko ({20603).

The present invention recognises that the expected
35 stopping time 1is the correct variable by which exotic
convexities to implied velatility ought to be weighted.



25 The delta of the equivalent risk reversal is chosen at 33 to match the
delta of the touch Ievel (s) at the expected stopping 34 geg bpoyhere are
two asymmetric touch |evels, the mninmm absolute delta 1s selected for
the risk reversal. 30 The adelta / 8vol of the risk reversal is calcul ated
at 35 and the zeta of the risk reversal is calculated at 36. The per unit
price of delta convexity to inplied 35 vwoll&iHity is calculated at 37 as
follows: 23 FEB 2007 17 Per Unit Price of Delta Convexity to Inplied

Vol atility= RRZeta adelta/ovol The zeta of the delta convexity to inplied
volatility is tie didffieteneeghetagpiztibacmokes valdifaard bBerdllows:

t heoretical value of the relevant risk reversal. Therefore, the zeta of
the delta convexity nmeasures the inpact of the skew of the inplied
volatility surface on traded Europea ! j j T l4.a:and
term of the ri %#@@@@mti@j&meH%%&%tgpgizﬁnTﬁé oF the ﬂ},‘%t% def1h
the expected stopping tinme of the exotic GPtTon e oy Alutio X Option

adj ust nment f 8r avega / avol and adelta / avol produced at 13 in Figure 1
from 30 and 38 if¥ FhQUELSe PN dsBopSind QMindeth BfordRhilBY AR rii18R 45 byl5
The Market Weight Adjustnent is calculated at 14. American exotic options
can di sappear prilth FPEkppFPLIEHEYpr hEH 15RY BTk ei Yol dic nadByaiant
being hit can bepmRQ GrEudt ed fEOMyE! pikrewhAlaRr it NImuhed o
(Wstup) for obtaining the market price of exotic options is to welght
convexities to ith# ie#@te6l aPF19Ry by the touch

10

MWA = Expect.ed Stoppinf_:; Time x Touch Probability
Nominal Duration

Both expected stopping time and touch probability are
those derived in a risk neutral world.

15
Having calculated the size of the convexities to implied
volatility for the exotic option, their price per unit,
and the market weight adjustment, it is possible to wvalue
the adjustment at 15 as follows:

20

Vega Convexity Value (VCV) is calculated.

VCV = Exotic Option dvega/ dvol x MWA x per unit price of vega convexity

Delta Convexity Value (DCV) is calculated.

25  DCV = Exotic Option ddelta / dvol x MWA x per unit price of delta convexity

The value of the market supplement (MS) then becomes 15:

MS =VCV + DCV
30



probability. This nethod is a reasonabl e approxi mation for sone exotics,
and an extrenely poor approximation of 25 others. The pf E@?E bgventlon
wei ghts the avega / avol and adelta / avol of the exotic option by the
expected stopping time of the exotic option. Al gorithmns for t he 30
expected stopping tinme for single and double touch levels are readily
avai | abl e. For exanple: Taleb (1997) and- Ssevchenko (2003). The present
invention recognises that the expected 35 stopping time is the correct
vari abl e by whi @t eket iiswporsaubxitd esote |trﬁ§ilt| el v o VeV IEIII!@' 8GY¥htcao be

wei ghted. 23 FE rket ggy 445 C gt ed
as follows: Ek Qég ght §%ﬁgusfgzﬁ¥8 eg égtop g f}ne of ?%&Héxotic
Option hbninalcmwmammem1stl¢$eHEk¢$ﬁcStpteowfSﬂkfH@h@eéxpected st oppi ng
.time algorithmis normalised by the touch probability, then the market

wei ght adjustnent (MM) needs to be nultiplied by the touch probability of
the exotic opti orxvibg I\x’h@lc&»ﬂ.[aéetiedzl'& opprhket Tismppkefentc,h Phobalgid-mayrket

Nomi nal Duration _Both ecte ti and .t ouc ility,are
those derived i n%a% s ed? %8%95 Cﬁ%l l@af@ﬁi % ?he S|%§ 6f the
convexities to ifglllioed: volatlllty for the exotlc option, their price per
unit, and the market weight adjustnent, it is possible to value the

adj ustment at 15 as foll ows: :

MV =TV + MS
10 where TV is the Theoretical Value.

Since MS can be positive, negative or zero, it follows
that the mid-market walue of the -exotic option can be
greater, lesser, or the same as the theoretical value.
15
It is essential for the medium- to long-term viability of
an exotic option price-making desk that bid - offer
spreads reflect the slze and type of risk in the option
market at the time a price is made. For this to be the
20 case, bid - offer spreads must be independent of arbitrary
constants and dependent only on the state of the market.
Bid - offer spreads obtained using the present invention

exhibit these crucial qualities.

25 The bid - offer spread is calculated at 19 from a Static
Spread Adjustment 17 and a Dynamic Spread Adjustment 18 in

Figure 1 as shown in the schematic diagram of Figure 4.

Contribution of Vega to the Bid - Offer Spread

30 Vega makes a static and dynamic contribution to the size

of the bid - offer spread. Just as the expected stopping



20 Vega Convexity Value (VCV) is calculated. VCV = Exotic Option Svega /
avol x MM x per unit price of vega convexity Delta Conaveggt yoiypl ue (DCV)
i's calculated. 25 DCV = Exotic Option 8delta/ Ovol x MM x per unit price of
delta convexity - ' The value of the market supplenment (MS) then becones
15: MsS=VCVv+DCV 30 23 FEB 2007 - 19 It is inportant to note that M5, VCV
and DCV can be positive, negative or zerogo depending on the option
characteristics and the state of the market. 5 Having cal cul ated the narket
suppl ement, t hetime- hardeicialalfioe EWiging Amerises bdngpyi eptigngal £l b3 ed

at 16 as f0||0m§ﬂ%g%§$%ﬁ?¥§1 %grmggifﬁégﬁﬁn the %€§§§é%aln d_#gggg Since M5

can be p05|t|ve Zéro rket val ue of
the exotic option can be greater | esser, or the sane as the theoretical

I 15 It tial th I
gio??c optlonIETﬁézg%ﬁi? rsﬁmgﬁgﬁg 1n£%¥ﬁ%9%£§gﬁe§§%aggfb%%?eéﬁe Si ze

and type of gisktinotde fAliows: narket at the tinme a price is made. For
this to be the 20 case, bid - offer spreads nust be independent of
arbitrary constants and dependent only on the state of the nmarket. Bid -

of fer spreads obtained usi nExhBeddt TimBvention exhibit these crucial
qual ities. 25 TR ¥ega BY ers%gﬁﬂéggg%%gérculated at 19 froma Static

That is, the theoretical vega of the BAmerican binary
10 option is weighted by the proportional expected life of
the option.

The Implied Volatility Spread for a Zero Delta Straddle
(IVStraddle) is collected at 40. The implied wvolatility
15 spread for zero delta straddles in the FX option market is
a function of maturity. For example, the implied
volatility spread for a three month straddle may be 0.20%,
but a one week straddle may be 0.70%; For the purposes of
calculating the bid - offer spread of an Bmerican binary
20 option, the zero delta straddle of interest is the
maturity which matches the expected stopping time of the

American binary option.

The static vega contribution (SVC) to the bid - offer

25 spread is calculated at 41 in Figure 4 as follows:
SVC =|VAB x IVStraddle]

The algorithm is an absolute value, because each
30 contribution effectively requires a hedge which incurs a

cost. In this respect, netting of risk is a price




Spread Adjustment 17 and a Dynam c Spread Adjustnent 18 in Figure 1 as
shown in the schematic diagramof Figure 4. Contributipfrelg¥ggg to the
Bid - Ofer Spread 30 Vega makes a static and dynam c contrl%uti on to the
size of the bid - offer spread. Just as the expected stopping 23 FEB 2007
-20 time is crucial for pricing Anerican binary options, it is also
essential for calculating the appropriate gpread. The vega of the Anerican
bi nary option (VAB) is calculated 5 at 39 as follows: VAB = Vega TV X
Expect ed St oppi peTpPrenomNonfil DufBreah Theroneion-he Hifeor el tyegheof
t he Anerican bipat L Ofgl } B I [N I :

life of the op%gﬁht%geggﬁ%l ?Edﬁ{‘%ﬁg@?ﬁ%rpép@ég o 1 aDe%fg?ggbgg
Straddl e (I VSt caddfmctioncobfecrrd tdte 48aneThasi e etcositat pEi tBpropgan
spread for zero . st.raddl Lh. t he i O r i u i f
maturity. For efg%ltlg? ]tirﬁggi ﬁ%ﬁ?l:é éﬂ/oﬁi%rﬁ%‘f rs{1 r%gaﬁzﬁteorépatﬁtoﬁr e%g)hlrl‘f%%tcﬁ

st raddl e may5he spe20% cs band dlmnestagekost tizeldiaeketty be 0. 70% For the
purposes of calculating the bid - offer spread of an Anerican binary 20
option, the zero delta straddle of interest is the maturity which matches
t he expected st ghpi niynkmie ofegehecorAmdbutaonbi(PECy apknownledixes sthat cavega

contribution (SYQ).to,the._bid : offer 25 spread is, calcylated at 41 in
Figure 4 as fol F@%?&?egvﬁoéa%%ﬁt& F%@??%%’dl g‘f’ J?’Pl% glogegrigi emY%g%noébgéFute
val ue, because gaehicdd aeimarbubpahcaffectihial yeféqutress a dwdgeedhi bi

I heurs a Cf&t. alvggctahj’sa'cl;'oef,pevcwﬁicl?eg.tsl nc%v%]::egil %kello%.a p{‘écgvoid double-

counting, DVC is set equal to zero.

The +total vega contribution (TVC) to the bid - offer
spread of the BAmerican binary option is the sum of the

15 static and dynamic components, as follows:

IVC =8VC+DVC

The Contribution of dvega / dvel to the Bid — Offer Spread
20 1is calculated at 45. dvega / 9vol makes a static and
dynamic contribution to the size of the bid - offer spread

of the American binary option.

The step at 42 is to calculate the dvega / 8vol of the
25 BAmerican Binary Option (DVAB). The évega / 8vol of the
American Dbinary option 1is weighted by the expected

stopping time, and is calculated at 42 as follows:

Expected Stopping Time
Nominal Duration

DVAB = American Binary dvega/ovol x

30



23 FEB 2007 21 phenonenon, not a spread phenonenon. As a result, the
wei ghted vega of the Anmerican binary option is a mltip£pg¥ 2hpaction of,
or the sanme as the 'cost' of European vanilla vega exposure, dependi ng
upon the option contract 5 specifics and the state of the market. The
dynam c vega contribution (DVC) acknow edges that as inplied volatility
changes, so too does the vega of the Anmerggan binary option. This effect
is captured by 10 8vega / avol, which is covered below. To avoi d doubl e-
counting, DVC i §heetsteguadt t 63 zéso.toTheatmtlaltey dgee corers b(tdwH (F8/Crheo

the bid - offer Elqﬁaf% hpary i i e tk 15
static and dyna%ezgggﬁgo%éﬁ%@égﬁ% O&E?Q‘?’VC ﬁ%vg%&%a%ﬁetsgg%gli%u? |§on
of 8vega / avol the trhéuBity- wbi€er mSpreasl tRO espeatedl atedping 46ingvefa /
8vol - makes a static.,and. _dynam o] j but i t h | ze. of e bid -

of fer spread of% -h@g' %r%‘r:‘l—’%aﬁg%lgﬁgrglg%%%y’oné.wdrhghést§%§% ﬁg Fégt gﬁgg ¢l at e
the 8vega / avodebtatde tIR5 tAmehi dameBislary Option (DVAB). The 8vega / avol
of the American binary option is weighted by the expected stopping tineg,
and is calculated at 42 as follows: DVAB = American Binary 8vegal/r?vol x

Expect ed St oppi Ti ) had i 30, 23 : 1 . The at
43 is to cal cul 2?‘8 F%S‘%’gg}‘é&/l%\% %%)fﬁ{gﬁié QF&%I %@‘Eﬁ g%?‘ryoalnaéﬁell(-['%vgg%gﬁal e).
The rel evant st ob@ngtkei sRelévamnt Whirapghhi chIVetcoesldlhe exTdet ednplopgdi ng
time of volatility spread for the relevant strangle is collected

10 from the market and stored in tabular form, or other form

as the case may be.

At step 45 the Static é8vega / dvol Contribution (SDVAB)
and Dynamic dvega / avol Contribution (DDVAB) is
15 calculated. The static @vega / 8veol contribution to the

bid - offer spread is calculated at 45 as follows:

SDVAB=—~£Eg§——x&wMgkﬂ@uxﬂ%humﬂé

DVStrangle

20 The d8vega / 8vol of the American binary option and the
dvega / 8vol of the strangle both change when implied
volatility changes. The dynamic contribution to the
spread accounts for this variation is also calculated at

45 as follows:

25

DVAB+A
pDVAB |
" | DVStrangle +'¥

x StrangleVega x IVStrangle|— SDVAB



the American binary option, and the delta is the mninmnum 5 delta of the
touch level(s). The step at 44 is to collect the Inpli %yglqakbblﬂy Spr ead
of the Relevant Strangle (lIVStrangle). The inplied volatility spread for
the relevant strangle is collected 10 fromthe market and stored in tabul ar
form or other form as the case may be. At step 45 the Static 8vega / avol
Contri bution (SDVAB) and Dynam c 8vega /- agolL Contribution (DDVAB) is 15
cal cul ated. The static 8vega / 8vol contribution to the bid - offer spread
i s cal cul ated atithézeasiAf dddows: =SBVABhe |rBYABLivSt rdnrgige¥egin x AYstrigagl e

DVStrangl e 20 The 8vega /,avpl of. the Anerican bi nar pition and_ the .8vega
/ avol of the s?’rlé‘ﬁﬁlye Pyt hSERERGE vﬁgﬁg‘? nﬁla?"éoop Q%Lfa?cfl%)Yy ach(glg%ré? The
dynami c contri bulpoRetiovbetisiyyead accounts for this variation is also
calculated at 45 as follows: 25 DDVAB =1 DVAB+ A x Strangle Vega x

| VStrangle) - SDVAB DVStrangle + Y 23 FEB 2007 - 23 Were A and Ware
the respectiye ghangesalln cAferiwatonbidFapyregad /shang{Evamgacd tReobigaused

by a change in inplied volatility. 5 The total contribution OIL 8veg%h/
Bvol (TDVAB) t o°fh&ThiIRTHF i st eABSHCHN RABRFRafPbiAar TOBBLELRS ~ the
conpletes the eaheuhation at 4D aasrbolbwys: TDVAB = SDVAB+DDVAB 10 The
Contribution of Bdelta / avol to the Bid - Ofer
TDVAB = SDVAB + DDVAB
10
The Contribution of addelta / dvol to the Bid - Offer
Spread is calculated at 46, 47, 48 and 49, The total
contribution of é8delta / dvol (TDDAB) to the bid - offer
spread of the American binary option is calculated in the
15 same way as Jdvega / dvol, except, references to
dvega / dvol are replaced with ddelta / 8vol, and

references to strangles are replaced with risk reversals.

The bid~offer spread (BOSpread) of the American binary
20 option is the sum of each of the contributions and is

calculated at 50 as follows:

BOSpread =TVC +TDVAB+TDDAB

25 The bid price and offer price can be calculated from the
mid-market value and the BOSpread. It is preferred, but
not essential, to factor in discontinuity risk via
asymmetric slippage. Slippage is calculated separately at
20 {(in Figure 1) as it is asymmetric. BAn American binary

30 option hitherto dynamically delta hedged will be exposed
to spot rate changes if the touch level trades, because

the option’s delta Jlmmediately becomes zero. In theory,



Spread is calculated at 46, 47, 48 and 49. The total contribution of
8delta / 8vol (TDDAB) to the bid - offer spread of the4AFEH sgg7bi nary
option is calculated in the 15 same way as 8vega / Bvol, except, references
to Bvega / Bvol are replaced with Bdelta / Bvol, and references to
strangles are replaced with risk reversals. The bid-offer spread
(BOSpread) of the Anerican binary 20 optiopgis the sum of each of the
contributions and is calculated at 50 as follows: BOSpread = TVC + TDVAB +
TDDAB 25 The bi dhpr peécarmakéf ennpinde ahh 08 thecueapedirng odelte hedge

m d- mar ket val ue,and the BESp [ rLeferre u o] ntialk, to
factor in di scoﬁFi nq%iet yt?l?cgf \i/fg‘Zgl aégm%ta?ﬁggslllnpg%%% tsgf)?p%ngggé?é tn
~ cal cul at ed sepapatetiycat e@h (EmerBicgor bitjrusoptions asyihmetodest MayAwnesi can

bi nary 30 option_hitherto dynam.cally, d dwll d spot
rate changes if “FRe PFSGeRe) é&gﬁlﬁﬁ 43 %lééga@%gggt rﬁie%é:é’%l?gﬂ&iép%)%ﬁe’t aSItJQh
i mredi at el y becanes zer ds unltikedyyih28 EEB 2p067 d2dtas heaprbeeemaketed

unwi nds all of the remnmini | ta _hedge .at the touch | evel t radj in
the spot market PrPATSPractd efj&eever?o}l{ﬁgri caRe inaryéf)lrﬁplagr?s ﬁg%(ﬁw%mdgél?
payouts can pregdéeetsdgnicbstantirspotredel dteerdi aoebhding t icke, spoth Belbat it

is unlikely that all spot deltas can be execyted recisely.at _the tguch

| evel . Slippagel&PPowdts ¢t SBRbc %8n WG EEs Fli}?éhrpg%l &ﬁgﬁhu&\ﬁvﬁgrng ?ﬁ%
spot delta hedggymtetrypstetiat €rvar $@et R hehdtoush prévetlmafdre’ s anyimet ry
stens fromthe fact that a price-npker's _main 10 concern is,being_short

(1 ong) spotl@el F9BCEH a1fj HHPY (E‘ET’?’F ng)-°Re keetp.c’%Fo SH&HpL8: rhEBLYer of
a one touch opti(@a1indPhGRRGCer Red ékaipie:

The buyer of a one touch option is more concerned than a
seéller if the touch level trades in the spot market, from
15 a delta unwind perspective. When the American binary
option terminates its delta becomes zero, leaving the
remaining spot delta exposure short in a rising market (up
OT) or long in a falling market (down OT). This proeblem
is not as. acute for a OT seller, as the spot delta unwind
20 is against the direction of the market, not contributing
to it. Conversely, it is the seller of a double —no -

touch option which incurs the brunt of slippage costs.

Therefore, the bid, of the OT is reduced, and the offer of
25 the DNT is increased, to compensate for slippage risk.
The methodology of the present invention gives the user
the ability to price ‘normal’ slippage as well as

‘extraordinary’ slippage.

30 . The method requires the slippage factor and size of the

discontinuity level to be determined.



seller if the touch level trades in the spot market, from 15 a delta

unwi nd perspective. Wien the Anerican binary option teryy Fﬁ'Be?Obt?s delta
beconmes zero, |eaving the renaining spot delta exposure sho I'n a rising
market (up OT) or long in a falling market (down OT). This problem is not
as. acute for a OT seller, as the spot delta unwnd 20 is against the
direction of the market, not contributing 26o-it. Conversely, it is the
seller of a double -no - touch option which incurs the brunt of slippage
costs. Theref ofde theehi gpesifing P9 sslépkrrel, fafdorhel 6iH'er of £he

DNT is increasegmigg_ﬁggp nsgat e fiQs %LipB?Q@érEﬁkAmgIEE@HEEHBQQbOF%mQBnthe

present invention gives the user the ability to price normal'"s |ppa%e as
wel | as extraohdirgar g’ tbippagesved0 Tse dbt hed higui reksk hezadig ppdde

factor and size i sconti nui I 0:he rng . B;2007
- 25 The user s?%félgigp?’é%‘gjf??‘g Sfi ;ra%éa%éeﬁ fg%‘?%lrg(lgpc)%glgf r%{@%}“i%g-%kécg’gi s
asked to pribe astamdripank®thar ytlopt ivser wivdde ainoiedse evidie | ssiippradsi gh

ri sk zone (high entrati of fou l.s | e Vi Chpi i 5
actual market), fta%ggééer \;q\ﬁc%%lncrlésgsé%%%&gyisp%%ge t%?i acétlél’or.t"‘h}érd n&a‘tlﬂ?;s
general |y acceptcath bs 28 mmch panild? ddmlek, ak?%ilch as 10% (Tal eb, 1997).
The size of the discontinuity ('SD ) is the size of the 10 spot delta to
be unwound when the touch | evel trades. Traditionally, popular interbank
exotic FX Opti omheofdiwer eof clie udasesnitirarisivzel 'SD/Y) he oditsoonsineai by lohe

T S P ool L BB SR SEphE LoDl R R
Aneri can bi nary Teptiebspaliy,s prular interbank exotic FX option software
calculates the size of the discentinuity by assuming that
the exotic option approaches the touch level one day prior
to its (nominal} expiration. This is the worst case
15 scenario. For American binary options, this naive
approach systematically overstates slippage risk because
in every practical instance the expected stopping time of
the American binary option will be shorter than its
nominal duratien. In the present invention, overstatement
20 is avoided by making the slippage risk a function of the
discontinuity at the expected stopping time of the exotic
option. Comment : the deleted para refers to the other,

less preferred approach, which is why I have deleted it.

25 The discontinuities at the expected stopping time is
calculated by using forward interest rates and forward
implied volatilities defined by the spot term structures
of interest rates and the spot implied volatility surface.
The size of the discontinuity is the difference in the

30 spot delta of the American binary option between the
expected stopping time and one day prior, when the spot

level changes (sm) by the minimum of one day wvolatility



approach systematically overstates slippage risk because in every
practical instance the expected stopping tine of the FEERBoRbNary
option will be shorter than its nom nal duration. t he present

i nvention, overstatenent 20 is avoi ded by making the sllppage risk a
function of the discontinuity at the expected stopping tinme of the exotic
option. Comment: the deleted para refers t@sthe other, |ess preferred
approach, which is why I have deleted it. 25 The discontinuities at the
expect ed st oppi Ngdwi} menids theatitstanea dptwesenngheospat drite erresttheattesichnd
forward inplie I| e b ot, Ler tructures of
interest rates ghﬁggﬁ% £% gké$&%£%@6lg |I|l‘)i&surR’%’é’repS§ "The size of the
discontinuity is the dlfference in the 30 spot delta of the Anerican binary
option between the expected stopping tinme and one day prior, when the spot
| evel changes (sjy,-hy ‘#he gini mum of one day volatility 23 FEB 2007 26
(odv) and the distanﬁﬁcn@&meen the spot rate and the touch Ilevel(s), to
exactly on, the touch level(s): odv = vfrd x S bizdays 5 sin =mn J HL -
SI, I HU- SP, odv ) where vfwd is forward inplied volatility, Sis the
spot exchange rate 0, evel and U and L stand for 10 upper
and | ower respectivV ”@ Iadgqﬁﬁ difg:is t he nunber of business days to the
expected stopping time; then SD, = Deltafi,, Al HL. smT-(tom -1)J-Delt%AB

, T-tes,J | [HL U 15 SDest is the;size of the discontinuity at the expected
where vfwd 1s forward implied volatility, 8§ is the spot

exchange rate, H is the touch level and U and L stand for
10 upper and lower respectively, and bizdays is the number of

business days to the expected stopping time; then

SD,,

= |Delta,,; (H L Lsm,T — (tmI - 1)] - Deltan, (H it th
v v

15 8D.s is the size of the discontinuity at the expected
stopping time, using forward interest rates and forward

volatilities.

Therefore, the static asymmetric slippage (SAS) then

20 becomes:

SAS = (SD,, x P, xSF)+H,
v

When there are two touch levels, as for DNT options, the
25 discontlnuity is calculated for the touch level with the

greatest touch probability.

Since slippage becomes more pronounced as expected

stopping time approaches the nominal duration of the



stopping time, using forward interest rates and forward volatilities.
Therefore, the static asymmetric slippage (SAS) then iﬁi& Qg 7 SAS =
(sbl,., xP,,, xSF)_HL U | Wen there are two touch le DNT
options, the 25 discontinuity is calculated for the touch Ievel mnth t he
greatest touch probability. Since slippage becones nore pronounced as
expected stopping tine approaches the nemaral duration of the 23 FEB 2007
27 Anerican binary option, dynam c asymmetric slippage (DAS) calcul ates
t he extension effusgiicehn Rinesyabption,vdvasnté tysyroetedsestébpagopaR) ti rre
5 SDI =DeZt aVAB] 0 b die{
Pte, x SF) =HL] J‘%&éﬁ L@%ST#elgt%%tﬁdség?%t%??%% :'a pplagjfc# SEQ\SY] lel(%(E)E
10 AS = SAS+DAS o eadpesttrdt etoppideddmpr ef erred manner of deternlnlng the
slippage risk is for it to be a function of the 15 discontinuities of both
the expected stopping tinme of the exotic option and the (nom nal)
expiration. The sizejof thg discontinuity i§ the differenceyjn the value
of the Anmeriscansig, zmw@@&fah4h@@meé @ng Qﬁpqmﬁgg, roppi-y ]tine (and

nom nal expiration) gnd onel day prior “When t hanges from
basi s point away, to exactly on, the

e spot eve

DAS = [(SD;, x P, xSF)+H, } SAS
[

The total asymmetric slippage (AS) then becomes:
10 ‘
AS = S84S5 + DAS

An alternate but less preferred manner of determining the
slippage risk is for it to be a function of the
15 discontinuities of both the expected stopping time of the
exotic option and the (nominal)} expiration. The size of
the discontinuity is the difference in the value of the
American Binary Option between the expected stopping time
(and nominal expiration) and one day prior when the spot
20 level changes from basis point away, to exactly on, the

touch level;

= Wyan [HL +0.000L,T — (7 —1)] ovas LT — rm)'
v

SD, =

W[HL 0.000L,T - (T - 1)} Viyup (2T - T)l

u
25

where EST is the expected stopping time, T is the expiry
date, H is the touch level, and U and L stand for upper



touch | evel; SDEST = ViVAE HL 0.0001,T- (tST -1 VIr,AE (H, T -tEST U
VTT, , B(HT- TU SD44v1s[ HL 0.0001, T-(T-1))- 25 where EST iz FE% Qgezct ed
stopping time, T is the expiry date, His the touch |evel, and L
stand for upper 23 FEB 2007 28 and |ower, respectively. SDEST is the

m nimum and SDT is the maxi mum di scontinuity forecast as at the trade
date. The weighting schene unique to the- @gesent invention 5 utilises the
fraction of the Anerican binary option's expected stopping tinme (EST) to
nom nal durati orerfd\D)ower, estspratévehe- ri §Resof 18 hthe oneiwEeuratich@odst i me
later (EXT) th t C s i.0B; = X : NEST
D, The size of q{i}]eeqngaégén@r@t ??%C%fﬁggia%g’ %‘og%c?}?hen te((:t%!r%elség&e 4dee.

AS=SDI TxP, cHxSF 15 where SDEXT is the size of the discontinuity for the
date EST+EXT, d PTCH is.the ri.sk neutral touch .probability. ;. Sli e
can al so be dec?)]ﬂbeos &lgh{%%ﬁgt aﬁcfhcemaendﬂéfiﬁg?ﬁ ctL'jO co&ﬁongg?é%ﬁ?hoﬂ%eﬁﬁ%g
sonmewhat dif ber aerttilderse tleet Hraz2@iipnecedli nheanahysican | biaapyi cepieindrs
strongly believes that a.touch level w]l . .trade on or before th pect ed
Stopping e, | (RS RATPPLORATOR JBRge o2 Medan by ereoBy SR OF
above is superfldagtisnatEhertef orisk t be  thieniyauwshs | dquuagd ntyo demedpplei dohtiex

that which is 25(E%(t1:[)”ttr)1lé¥1agfqg etx%etc eedt% ggplig(\g/eil:iéer:adl ng at the expected

EST
10 EX’T-(ND-—EST)x[ "RIFJ

The size of the asymmetric slippage {‘*AS’} then becomes:

AS = 8Dy % Py X SF

15
where SDgyr is the size of the discontinuity for the date
EST4+EXT, and Pyey is the risk neutral touch probability.
Slippage can also be decomposed into static and dynamic
components, though in a somewhat different sense to the
20 preceding analysis. If a price-maker strongly believes

that a touch level will trade on or before the expected
stopping time, then the additional slippage estimated by
the extension above 1is superfluous. Therefore, the
minimum slippage to be applied is that which is
25 attributable to the touch level trading at the expected

stopping time (dynamic component).

Intermediate bid (IBid) and offer (IOffer) prices for the
Rmerican binary option are calculated as part of step 21

30 as follows:



stopping time (dynam c conponent). Intermediate bid (I1Bid) and offer

(IO fer) prices for the Anerican binary option are cal part of
step 21 30 as follows: 3s 23 FEB 2007 29 1Bid = ﬁuié%%fgggf 2 IOfer
= W + BOSpread 2 |If the asymmetric slippage is not used the Internediate
5 bid and offer prices are final. In this event step 20 is omtted. If
asymetric slippage is used, the final bidzand offer prices are calcul ated
to conplete step 21 by adjusting 10 either the bid or offer to reflect the
asymmetric slippage. Theposgenadof steps 20 and 21 is interchangeable. In

t he event step FHidsr urs—obejore step 20, step 20 included applying the AS
to IBid or IOfer as appropriate. 15 For exanple, a one touch (OTI) option:
OrBid = W - Oi@&e Oﬁprreu«d AS 2 OTrOfer = W + BOSpread = | Offer
20 And for a dodBlg- n@th Ouchz(DNT) option: DNTBid = M/ - BOSpread =IBid 2
DNTOFfer = MW + BOS~read + AS = | Offer+AS 25

If the asymmetric slippage is not used the Intermediate

5 bid and offer prices are final. In this event step 20 is

omitted.

If asymmetric slippage is used, the final bid and offer
prices are calculated to complete step 21 by adjusting
10 either the bid or offer to reflect the asymmetric
-slippage. The order of steps 20 and 21 is
interchangeable. In the event step 21 occurs before step

20, step 20 included applying the AS to IBid or IOffer as

appropriate.
i5
For example, a one touch (OT) option:
OTBid = My 20 _ 45 - IBid— 4S
orofer = My + E927¢%_ 1080
20
And for a double-no-touch (DNT} option:
DNTBid = MV — &&Z"fﬁ = IBid
DNTOfer = My + B9 | 45— 10fer + 4S
25

The bid and offer values are output to a trader to make

use of as a guide to their Exotic option trading.



The bid and offer values are output to a trader to nmake use of as a guide
to their Exotic option trading. 23 FEB 2007 -30 Referrf' ngEg)nggure 11 a
system typically enbodied in the formof a conputer 0 or performng
the met hod described above is shown. The computer includes an input means
usually in the formof a typical input nmeans of a 5 conputer, that is a
keyboard and/ or nouse and a data input means-in the formof a network
connection, floppy disk drive or sone other transportable nmenory neans; a
m cropr ocessor Referabngutpuligirmsil] @6 sysfpieatyyieml bhenqosigdofinathesual
display unit; a ry 1 j.ca 1010 t f rando Ss
menory and/ or aggfgkngg?vé. g$ﬁghg§%pu%gq'105#%pé$§?%§&§ﬁ'ert?%e §%§§§§| of
a conputer progeanrin€d habvovg imsshawtd onBhd orommritarolinalgdeke anogapati on

of the processor _104. '%/BE&%?I Ly the GRuter ap{g@gﬁglﬂ%}%ﬁj@g@gd& nto

the main m::rmrymSiEthéJL croprocessor in exec roma disk
drive. Al thbdughonpheer podest afs Gpereaticamdarpdiet | mdusmvaiicd a iede iskikl ed

in the art. The input .102 receives t:he npdel nd mar ket. para 20
ot onad oy BEARY" G RhEC Bt e TRAENL APC HRALELL AR ARROSES Bad
on a di sk drivedafivehe oeonpuiner ariheny thenspovidete bymamdtpppyednsk or

TDLE LY oo e PR SR A SRRt LS00 L)
slippage factor £dif uged voseal ddidsgtieystept20and aFigusey L08theygdally
eceived by PUL 402 12,5 LSS IS end0 oI5 IIOTN 0% 21 0
of the nethod The computer 100 operates under the control of a computer
program 110 having instructions for controlling the
operation of the processor 104. Typically the computer
program 110 is loaded into the main memory of the
15 microprocessor in executable chunks from a disk drive.
Although other modes of operation are well known to those

skilled in the art.

The input 102 receives the model and market parameters 112
20 mentioned in step 11 of Figure 1. These parameters may
often be resident on a disk drive of the computer or may
be provided by a floppy disk or more typically will be
provided through a computer network. Additionally the
user may optionally enter parameters including the user
25 specified slippage factor 114 used to calculate step 20 in

Figure 1.

The data received by input 102 is stored in the memory
108. The memory 108 is also used to temporarily store
30 working data and the result data at the end of the method
10. The result data is provided to the output 106, this
will include the market value bid and offer prices 116.

The output 106 may also provide a graphical representation



10. The result data is provided to the output 106, this wll include the
mar ket val ue bid and offer prices 116. The output 106 ﬁFEﬁ ﬁgoprovi de a
graphi cal representation 23 FEB 2007 31 118 of these output results and
ot her nodel or market paraneters or information as is desired. It is
typical for the conputer programat 110 to be loaded 5 into conputer by
installing software into the conputer wunrden ts operating system

Typically the conmputer programis installed froma conputer readable
storage nedi umddig chf withiesef t@unutk eresiel tfsor andf afhroppsdadi sRr megisdct

di sk, DVD, hardp@ﬁﬁetgkésgrrﬂ%oﬁ&a‘?ﬁi ﬁOaEX@’P&erirE?f relative performance
i i e mar ket

of the present i'nvention vis-a- Vis h i's outlined bel ow. For DNT
options the nmarket values of the present invention are conpared to the 15

Uni versal Vol atidl.t. |..an C I [ | bl § d i n
an:jthéhee (200|21J)t|. L‘%orl}{?’gcg%t ?8%5?Hgt%e u&%dégogg%& Q?m%lﬁ%? k{ﬁ;s]tlduag}e%
(2003) is chésenras tbhenpuerkebybenctiedl kng Westfigwar2008)te sthseddrmadege of

Hakal a and Wst u 'es (2 gZ, . a2t7:?3 cIaiS@e'%nhat tti,isii $18 "traeder(;stUl rul e
of thumb prici ng™&hod™: V\ﬁggﬁ et E € 8mon GERESTH (HE mei K" The
Li pton and M CGheeog2@f2)isnputstddtadi sfread se usedpdiosr t rea@ibbpt ioneaze as
DT opt one. 25 TR Gpt TS [ tor Shid NEfed He20B25™ pPeont IEREY! GIHFNM ng
i nput data for dowpeetnmabsh, DND,0Mardndisls) NEl Fsispeim,r ate.of 0.8750: Table
1: EUR / USE.)O7 March 2002
EXAMPLE
The relative performance of the present invention wvis-a-
vis the market 1is outlined below. For DNT options the
market values of the present invention are compared to the
15 Universal Volatility Model and actual market wvalues
published in Lipton and McGhee (2002). For OT options,
the ‘trader rule’ model of Wystup (2003) is chosen as the
market benchmark. Wystup (2003) is used because of Hakala
and Wystup’s (2002, p. 279} claim that this is a “trader’'s
20 rule of thumb pricing method”, which suggests common usage
in the market. The Lipton and McGhee (2002) input data is
also used for the OT options so as to illustrate the
market supplement adjustment for OT options compared to

DNT options.

25 DNT Options
Lipton and McGhee (2002) present the following input data
for three month DNT options using a spot rate of 0.8750:

Table 1: EUR / USD 7 March 2002

Neutr
T\ A 10C 25C 1 25p i0pP EUR UsD
a

Iwk [10.55 |9.50 8.75 8.50 8.75 3.27 1.78




Neut r

1.78 23 FEB 2007

32

T\ o loc 25C 25P | op EUR USD al

10.42 9.50 9.05 9.20 9.88 3.49 2.12

2.65 24no*

10.92 9.98 9. 55*
. appears to have the data for

Neut r a

12no*

| wk 10.55 9.50 8.75 8.50 8.75 3.27
Im)97388583383588332§8E@gooam)986
8.98 8.50 8.58 9.14 3.41 1.94 3np 10.02 9.10 8.65 8.75 9.39
10.72 9.80 9. 35*
9.68 10.38 4.27 3.68 * The table in Ri sk
and a5P-reversed for these

3.41 1.95 ©6no
9.50 10.18 3.75

maturities. This does not affect the analysis which follows, because it
is based on a {hmee nmpstA3mat8rBby. | 8-Fhe pénEbrnuPe%?of BhéBpre§§EE
kggggglgzdve{ﬁiigéyﬁalgHgﬁkeE?l?gugﬁgQ%b;% Fgu}ng't4p gg?¥er0%§ggc
betven bot 1 pdsbs afdolbe gSTEal fac BB, {9 gt ey ed] 04t Fsate ¢
Nodel* or "TM | SBPour $405 14nd SeoRnoot Rat | Re2pr eLant® njantdon] &bt cbe.
were extrenel y[gbRas® (Qpagbualy,parke¢b,.perkCes . H0r sigslb3ags0ss2aehr oad
range of theoretical Values (2.5%<{TV - 4¥ 5% n_almpst _all instances,
the present in¢émetonld- B?|(§s9§ere9né?§ @gcé?at=19h§% { Re2dini yér 88
volatility modet——ftm additiorr, resent I nvention s rTCes are als
obt ai ned much nore efsths, téW—ﬁgltno Rixek 2@rgeant eftoc iR athendater f feFency
of the present invengiof-a1 QnddONSversed for these maturities. This
does not affect the analysis which follows, because
it is based on a three month maturity.
5
The performance of the present invention versus the
universal wvolatility model of Lipton and McGhee (2002) and
the actual market, is shown in Figure 5. The difference
between both models and the actual market is highlighted
10 in Figure 6. The output data produced by the present
invention is labelled as “Trader Model” or “TM"”.
Figures 5 and 6 show that the present invention’s prices
were extremely close to actual market prices for DNTs
15 across a broad range of theoretical values
(2.5% £ TV £ 47.5%). In almost all instances, the present
invention’s prices were more accurate than the universal
volatility model. In addition, the present invention’s
prices are also obtained much more easily, owing to the
20 greater computational efficiency of the present invention.
0T Options
Using the same data as table 1, the present invention’s
market values for OT options with a touch level above the
spot rate (‘up’ OT options) were calculated. fup’ OT
25 options (rather than ‘down’} were chosen by way of example

only. The results for up OT options are presented in



Using the same data as table 1, the present invention's narket values for
Or options with a touch level above the spot rate ('upgg Ep@bbgns) wer e
calculated. 'Up' OT 25 options (rather than "down') were chosen by way of
exanple only. The results for up OI options are presented in 23 FEB 2007
- 33 Figures 7, 8 and 9. Figure 7 shows the relative performance of the
present invention's nodel conpared to WsBBp-(2003). 5 Figures 8 and 9
explain the difference between the present invention's nodel and the

mar ket. Figure Figiows tfie presedt Pnvent Fdause nbdegharia hdde t erahaidde

Strike structutgscLop.hhe per gl bcasts ofBXedan/ o BxglofndonBdebhark

8vol . The small 7 variation i ns between e present Tnvention's
nodel and the mdvleetipi $2@&P)lai ned by the difference between the risk
neutral (no) touch probability and the expected stopping tinme of the Or
(as a percent of nomnal duration). Figure 9 shows that the expected
stopping ting faigures(F asd |esxptlildm tthe disketénos tetategndhet guelsent

probability for ,the range 2. .5%<_ TV .< 65 0% . As a_result,. the sup ment
BT e 1 bes ot AmterhE0HEs | Bpds) sy Eh‘?aﬁ“gé‘é‘,ﬁeitéadi Fe7E6%a" ogm%?ws(%#’gher)
price when the suegkatentinvenposhtsve modedat iwihou20 Toemwenoasdr atse nifrg t he

Wstup (2003) nethod, does t tend to DNT options,. Figure 10, shows how
t he expected sl‘%ﬁb‘icﬁt}r?? rrgf%frorg%ﬁﬁ Rspt i dF%]lé s %rar bga?@ toa‘f‘#(e) ralngk
neutral (no) toyelipaopabi-bity. Thee spizababidribyioh thet hamaiess Hdeswegn
touched gives no information on when th%%ﬁ%ﬁ mk%l be to chd, mhigh.is
particul arl ¥0i nfy&et RFCSEBE  THEPREHY the® A (R SRRET T SR8 use
the market supphenemnd, dinretéesd , detwadhustiangrior thitaddi t eeal touch
probability and the expected stopping time of the OT (as a
percent of nominal duration). Figure ¢ shows that the
expected stopping time for the OT is less than the risk
15 neutral (no) touch  probability for the range
2.5% £ TV £ 65.0%. As a result, the supplement will be
less than the market over this range, leading to a lower

(higher) price when the supplement is positive (negative).

20 To demonstrate why the Wystup {(2003) method does not
extend to DNT options, Figure 10 shows how the expected
stopping time for DNT optlons differs markedly to the risk
neutral (no) touch probability. The probability of the
barriers being touched gives no information on when they

25 will be touched, which is particularly important for
valuing the market supplement. This is because the market
supplement, in effect, is adjusting for the additional
hedging costs expected over the 1life of the BAmerican
binary option.

30

The present invention has several advantages:

¢ It is extremely simple.



hedgi ng costs expected over the life of the Anerican binary option. 30 The
present invention has several advantages: It is.extreRpEpEpSh e. 23

FEB- 2007 -34 The nomi nal duration of the American binary opti only

i ndi cates the sign of the supplenment to theoretical value. The quantum
(both size and <cost) is defined by the expected stopping tine. 5
“Therefore, the present invention ensures-that—- hedgi ng costs of Anerican
binary options reflect not only the termand strike structure of inplied
volatility, but alsq@ tfe tesmmnd Eiddiiens toruaihe ameeﬁcame@an/arﬁvebtaad

8delta / 3vol. These key 10 convexities can yary c n5|derabl bot h
spatially and t enpor &MY UdidiGatRa cBP?ec?l%%sto ﬁ%%%ﬁ?mﬁg cr &8 al ,

especi al |y when hi ghl yeh&qmmaldatili vea ned ket swﬁuctqmtt;hte ﬂptlsmmaahet
require prices to be calculated within very fine 15 tolerances.

provi des new i nformati P to pPi efilesr sPhhiths  S¥Ractessi SEoRMLH | FrlBF’l cing

and hedgi ng ghese at dpdRSso@ANJIHUS diltglehdMenNhentNEn Pr 8680kesi NY¥ARAEI ON
guantifies not only the separate effects 20 of the smle and skew on the

val ue of the supplenmédoing apsestrRE AMREigancIMTaMUL PRRIIS TEHESCEhi s
i s essential given trmhéﬁrQHQ¥AEﬁé'E@9m QHH'%@%HkEYSQEuEB@§@ bBSHEWIBRYS.

The inpact of tine is so critical, that Taleb (1 p. 305) 25 déescri bes
Anerican binary opti orige g 8 |,0|}§)31t0ralso the term and strlke structure
’ of évega / dvol and éddelta / dvol. These key
10 convexities can vary considerably both spatially
and ‘temporally. Using the correct cost of

convexity 1s crucial, especially when highly

competitive markets such as the FX option market

require prices to be calculated within wvery fine
15 tolerances.

¢ Tt provides new information to price-makers which
will assist them in pricing and hedging these at
times, dangerous instruments. The present
invention quantifies not only the separate effects

20 of the smile and =skew on the value of the
supplement, but alsco the crucial contribution of
time. This is essential given the strong American
optionality of these instruments. The impact of
time is so critical, that Taleb (1997, p. 305)

25 describes American binary options as “options on
time rather than options on the asset”.

e It prices consistently with the implied volatility
surface, without requiring additicnal intermediate
"calibration (for example, the calculation of local

30 volatilities, jump or stochastic volatility

parameters, and/or implied probability



time rather than options on the asset”. It prices consistently with the
inplied volatility surface, wi thout requiring additiorﬁFFqg?wdiate
calibration (for exanple, the calculation of local 30 volatilitres, junp or
stochastic volatility paraneters, and/or inplied probability 23 FEB 2007

- 35 distributions). In addition, cross-sectional fitting to exotic
markets is not necessary. It is conputatigrpally efficient. Conputationally
expensive enpirical estimation and nunerical 5 approximtion such as
trees, finite differentistaniduvbinne) Carl o $nnulaadichonr e notossesestaopal

Expected stopping tiqE@aﬁ?%%%Bngk8t$99mﬂ%%ﬁkeiga§§%ﬁ% %g%%ﬁ?ganalytical

cl osed-form sol uti ons. present inventton a flect,

wher ever possi bl e, ot g agkualorpeRavionsiDf BEECErsmKer S Gdindutetiophi b
mar ket. The present inventiqn nmakes [t is easy to Erice t he i npact , of

time, as well as the iHEREYIIE t hE"PEH T anGSEEBRFORT t heP¥T ze TYReFRERL
mar ket supplgnent to Ilfdheanekieal swahuaswWithBed, Neunistki @ifbdebncdhhfdi s a
cruci al devel opnent, as many traders responsible for price-nmaking and book
running in the exotic MoRIGHGaEC FafReETIRT 2 MFdSIEGRFFFYs ( FrePeekyd

wi thout  under st andi ngs#di ihigMtidds0nS 0fs ihhe ck@naaseumnti ®asrypes BAvahi ch
they are based. To hedge, traders need to know the true underlying risk
exposures. In this regdyYtigader SLapRAITPFhEPPELRNEND how it changes is
as inportant as the price itself. 25 The present invention al so supports

frequent intra-day scenario analysis. Since American binary option greeks
10 The present invention attempts to reflect, wherever

possible, the actual behaviour of price-makers in the
option market. The present invention makes it is easy to
price - the impact of time, as well as the impact of the
smile and skew on the size of the market supplement to

15 theoretical wvalue with a heuristic model. This is a
crucial development, as many traders responsible for
price-making and book running in the exotic FX option
market rely on nodel outputs {(prices) without
understanding the limitations of the key assumptions upon

20 which they are based. To hedge, traders need to know the
| true underlying risk exposures. In this regard,
understanding the price and how it changes is as important

as the price itself.

25 The present invention also supports frequent intra-day
scenario analysis. Since 2American binary option greeks
are unstable in mnmultiple dimensioﬁs, frequent scenario
analysis 1is essential to understanding and hedging the
true underlying risk of large, global exotic option books

30 in practice. Frequent intra-day scenario analysis is much
more difficult and expensive in models dependent upon
complex empirical estimation and numerical approximation

routines.



are unstable in nmultiple dinmensions, frequent scenario analysis is
essential to understanding and hedging the true underlys pgg hply7of | arge,
gl obal exotic option books 30 in practice. Frequent intra-day scenario
analysis is nuch nore difficult and expensive in nodel s dependent upon
conplex enpirical estimation and nunerical approxi mation routines. 23 FEB
2007 36 The present invention does not -swefer from problens previously
attributed to the discredited analytical mnethod, as it is dependent only
upon the option contract 5 specifications and the state of the market.
Therefore, the qLsed¥ent hobnd eGidat Valyes shige£r el bl diat

others' omt, resulti'ng in inprovenents in bot accuracy and efficiency.
10 Modi fi cati onrevdougivat iedgikst@dul dobe Hspar éhtcrasiities sialwidcal
addressee are intgadad tao fall;wihin {he Sgal ‘%J the R Nt dpusntd.on.
Wil e the nethogglogy’oﬁ'tﬁé ﬁkese éﬁnven?%bﬁﬁa 5¥1es tozﬁ%g exé?}c g
options in génersgecitfheapieher pad dipoditadt ofletbei bedkeh. t hiBherefore,
application, by N i.fi LC Lnary .F
obti on. & noe” i1 S P fuddon | Sor SRR Gad el Ehe P ERUBHAE TR
and different rdneket sthehe’ examl,e shoultimpt e dopspdenenta i20 ioidht on
the scale or scaqpe.of this,appli ion. Accordingly such nodifications and
variations as woul gggy %%%a%%gﬁéig?éi'person skilled in the art are
intended to fall within the scope of the present invention; the nature 25

of which is,|nt gg_.to be determ ned_by the_foregoin description d
appended C|%PWB%% %#E§t§%%% and varlaE?bns as wogﬂd ge apparegt go %%e
skilled addressee are intended to fall within the scope of

the present invention.

While the methodology of the present invention applies to
15 e=xotic options in genéral, the preferred embodiment

described in this application, by way of example only, is

specific to American binary FX options. Since it is easy

to apply the methodology to different products and

different markets, the example should not be considered a
20 limit on the scale or scope of this application.

Accordingly such modifications and variations as would be
apparent to a person skilled in the art are intended to
fall within the scope of the present invention, the nature

25 of which is intended to be determined by the foregoing
description and appended claims.



37 CLAIMS: 1. A conmputer inplenented nethod of obt ai ni ng the market
-~ .value of an exotic option, conprising the steps of: FE@E?@ mar ket and
option contract input data; calculating a theoreti caI val ue o Zhe exotic
option fromthe input data; calculating a market suppl enent adjustnent to
the theoretical value as a function of the expected 10 stopping tinme of
the exotic option; and applying the market supplenent adjustnent to the
t heoretical value to produce the nmarket value. 2. A nethod according to
claim1, wherein the market 15 value is uSed to calcul ate bid-offer
prices. 3. A mt%@cordi ng to claim2, wherein a bid-offer spread is
cal cul ated from fput data. 20 4. A nethod according to claim 3,
wherein the bid-offer spread is also a function of the expected stopping
time of 2; he gxotjl cf?p;t |dampu5erAlmmt@@cw&ma be @b@amfhg Wher @kpxat bid
price and an o L] exot coptlon are cul at ed s a
function of the mar kg{a @al ég %hc?x[c%w BPE oF f e?onépprrlgéalg g*‘ ¢ RN S
accordi ng to>claim 4, whePEPHiGing @agkpteandoptridrasobttast pined ditahe
exotic option are cal cul ab e B idgf L@cttmar@h&@@ ranket ofal tige ERBtic

bi d-of fer spread and gﬁyg}@é I’tlh% Oggagataadj ustnment. 35 7. A nethod
according to clai m6 Wher el TTTE'[I’IC slippage adjustnent is
calculated fromthe i nputcﬁh@‘&aZ:}nBEE- 20G7Fke3g supplement adjustment to

the theoretical value as a function of the expected
10 stopping time of the exotic option; and
applyving the market supplement adjustment to the
theoretical value to produce the market value.

2. A method according to claim 1, wherein the market

15 value is used to calculate bid-offer prices.
3. A method according to claim 2, wherein a bid-offer

spread is calculated from the input data.

20 4. A method according to claim 3, wherein the bid-offer
gspread is also a function of the expected stopping
time of the exotic option.

5. A method according to claim 4, wherein a hbhid price

25 and an offer price of the exotic option are

calculated as a function of the market value and the
bid-offer spread.

6. A method according toe claim 4, wherein a bid price

30 and an offer ;}rice of the exotic option are

calculated as a function of the market wvalue, the

bid-offer spread and an asymmetric slippage
adjustment.

35 7, A method according to claim 6, wherein the asymmetric
slippage adjustment is calculated from the input data



and a function of the expected stopping tinme of the exotic option. 8. A
conputer inplenented nmethod of obtaining bid and 5 of larppg 5§§70f an
exotic option, conprising the steps of: providing market and option
contract input data; calculating a theoretical value of the exotic option
fromthe input data; 10 cal culating a market supplenent adjustnent to the
theoretical value that incorporates the expected stopping tinme of the
exotic option; calculating the bid-offer spread fromthe input data and a

function of the expected stopping tine of P5 "t he exotic option; and
e exotic option as a function of the

Loul ati bi d : Tof t X |
P oot aal ol ua o {}e{apgflﬁégﬁéo n?PaHP%sFﬁBﬁ‘f? AnTCPRRENS fteimes meddie 20

theoretical value, market )
9. A nethod accor di nge¥et¥d #iRhi®n.wherein adj usted bid- offer prices are

calculated froman asymetric slippage adjustnent and the cal cul ated

bid-offer spread. 25,10, A nethod according to claim?9, wherein_the
asymetric sli pgégesﬁdgarsn?‘rlm%f igr 23‘?%’31?%?&%?% Phe GBSt H1dafida
function of the expeREEit pprag tdheaof edmicexopttonpt icwmprifidd. the

met hod according to cdtigny &s.wherein the theoretical value is obtained by
ods of Bl ack-Scholes and Merton to _exotic

appl ying the no- arbitrag rg%tig _
payoffs. 35 12. A method &CCSParRY P RATaPRALPPEWPR r SR RIEN ATRIE ( FrEa s
theoretical value of an optileulatingpendsorenithe wolust i oft sheares:iafiicni te

sum a finite nunber oftion from the input data;

10 - calculating a market supplement adjustment to
the theoretical value that incorporates the expected
stopping time of the exotic option;

calculating the bid-offer spread from the input
data and a function of the expected stopping time of

15 the exotic option; and

calculating bid and offer prices of the exotic
option as a function of the theoretical value, market
supplement adjustment, and bid-offer spread.

20 9. A method according to claim 8, wherein adjusted bid-
offer prices are calculated from an asymmetric
slippage adjustment and the calculated bid-offer
gpread.

25 10. A method according to claim ¢, wherein the asymmetric
slippage adjustment is calculated from the input data
and a function of the expected stopping time of the
exotic option.

20 11. A method according to claim 8, wherein the
theoretical value is obtained by applying the no-
arbitrage methods of Black-Scholes and Merton to
exotic payoffs.

35 12. A method according to claim 11, wherein whenever the
theoretical value of an option is dependent on the
solution of an infinite sum, a finite number of



23 FEB 2007 39 elenents are sumed to ensure at least a five digit

accuracy. 13. A nethod according to claim8, wherein t I 5
suppl ement adjustnment is a function of the input data t%nF?&%QWA met hod

according to claim8, wherein the market supplenent adjustnent is
calculated froma Convexity 10 to Inplied Volatility Adjustnment and a

Mar ket Weight Adjustnent. 15. A nethod according to claim 14, wherein the
Convexity to Inplied Volatility Adjustmentgis calculated with 15
reference to the 8vega / Oval and 8delta / aal of the exotic option, and
of the rel evant vega I tt I d.r a riisk.reversal . .16, A
nmet hod according to c%%ﬁl?g, a\j\!%ersg{mtﬁ‘eglng%o n[%%gg % s]teea%é; oa‘feélé"lec&lgf‘f:ng
the per unit price off“2N&§-/ Oval is identifying the relevant vega
neutral butterfly. 17. A nethod according to claim 16, wherein the vega
25 neutral butteffly i Syl i £ ing.a termto [l al_t he
expected stop in{;é'ti rzrﬂe %%gt?i% %ggf‘?}%ﬁ pf?orfelgﬁgl ag'mnﬁlilgnﬁ%%el%gg. %geg
met hod accordi ng to AURPARTENt WAEIeFHIa e i B durctiondeft bhefingvwe datevant

vega neutral butterfloplys chosen to match the delta of the touch |evel (s)
at the expected stopping tinme. 19. A nethod according to claim 18, wherein
when there 35 are two asymmetric touch |levels, the m ninmum absolute delta

is selected for the Pedietisist rafcprdtng f£9. c3gipE®.20@erein the market

supplement adjustment is calculated from a Convexity
10 to Implied Volatility Adjustment and a Market Weight
Adjustment.

15. A method according toc claim 14, wherein the Convexity

to Implied Volatility Adjustment is calculated with

15 reference to the dvega / dvol and 8delta / dvol of

the exotic option, and of the relevant vega neutral
butterfly and relevant risk reversal.

16. A method according to claim 15, wherein one of the

20 steps o©of <calculating the per unit price of
dvega / 8vel is identifying the relevant vega neutral
butterfly.

17. A wmethod according to claim 16, wherein the vega
25 neutral butterfly is identified using a term to
maturity equal to the expected stopping time of the

exotic option and a minimum delta.

18. A method according to claim 17, wherein the minimum
30 delta of the relevant vega neutral butterfly is
chosen to match the delta of the touch level(s) at

the expected stopping time.

192. A wmethod according to claim 18, wherein when there
35 - are two asymmetric touch levels, the minimum absolute
delta is selected for the vega neutral butterfly.



40 20, A nethod according to claim 17, wherein the price per unit of vega
convexity to inplied volatility is calculated fromt h?azpkggﬁo-}he vega
neutral butterfly and its 2vega / 3vol. 5 21. A nethod according to claim
15, wherein one of the steps of calculating the per unit price of 3delta
/ 8vol is identifying the relevant risk reversal. 10 22. A nethod
according to claim?2l, wherein the risk reversal is identified using a
termto maturity equal to the expected s_toatboi_ng time of the exotic option

and the mnimumdelta. 15 23. A nethod according to claim 22, wherein the
m ni num delta ofyqt heyequiyake Lak reversal is_ chgsen to match the
delta of the touch Ieveﬁ%sg(égtg%%%éd;? e% eﬁiaﬁnﬂo%ﬁﬂ NPT HE PG PAE°A BR¥ hod
according to clai m 23"W%kheref n ¥i¥8n chBYEXitar e towoinsyhe@t riclatddéhy| elrel s,
the mini mum absol ute cdbttibatdei setesi edefOr idia risk reMer stbga 25nd8e rd)

met hod according to cjai : ' he price per unit of delta
convexity to Lnplied vﬁ%%%% \ghﬁggkga%‘é?ﬁ%t)eg‘ﬁp{%m the zeta of the risk
reversal and Pts 8delta / dvol. 30 26. A nethod accor di ng to claim 14,

wherein the Market. Viti gbthdd] ustoraing sceakeuint €d, f rAPNE ReP®RUhe |
stopping tine of the sxotd ¢ gpti o&l%qagi\ggnorérhgal ped#ragllngg ofprtiré% exgg I C

option. ddelta / dvol is identifying the relevant risk
reversal.
10
22. A method according to claim 21, wherein the risk
reversal is identified using a term to maturity equal
to the expected stopping time of the exotic option
and the minimum delta.
15
23. A method according to c¢laim 22, wherein the minimum
delta of the equivalent risk reversal is chosen to
match the delta of the touch level(s) at the expected
stopping time.
20

24. A wmethod according to claim 232, wherein when there
are two asymmetric touch levels, the minimum absolute
delta is selected for the risk reversal. '

25 25. A method according to claim 22, wherein the price per
unit of delta convexity to implied volatility is
calculatgd from the zeta of the risk reversal and its
ddelta / dvol.

30 26. A method according to claim 14, wherein the Market

Weight Adjustment is calculated from the expected

- stopping time of the exotic option and the nominal
duration of the exotic option. )

35 27. A wmethod according to claim 26, wherein the market
supplement adjustment is calculated from a vega
convexity value and a delta convexity value.



35 27. A net hod

val ue. 23 FEB 2007 41 28. A nethod according to claim?2

vega convexity
adj ustnent, the

probability. 29.

convexity val ue
adj ustment, the

probability. 30.

according to claim2-6; wherein the market suppl enent
adjustnent is calculated froma vega convexity vaIue.qﬁpEEEagbbgiconvexity

erein the

value is calculated from8vega / 8vol, the nmarket weight

per unit price of vega 5 convexity and the touch
A nmethod according to claim27, wherein the delta

is calculated fromadelta. /4,8vol, the market' weight

per unit price of delta 10 convexity and the touch
A nmet hod according to claim9, wherein a m d-nmarket

val ue

is calculated frgmthe theoretical value and _the value of the narket
suppl enent adj ustfient?® ISP RGRAMUEPIacEDr FlFG™ P aWREUSIRNERE ivedie
bi d-of fer spread is caboutigtyedrsdueh itshataliduliagelindepanderiyaof daesbi tmmsy

constants and dependerﬁgr}gggdyvg&%tgg_dé@gwngn?gt 2 Zg?gtzglaﬁf p%{‘ﬂggsc?g&%rog ng

to claim?9, erein the bi

prea cal CUl a m

Spread Adj ustment antP Btanfedsphe syl rokeRilitPreferably the Static

Spread Adj ust nment

according to.clabi 3 N i ju . ud
contribu?ion fro%?IS%z gg?ﬁgeofkgg6§§§§ }Onggﬁﬁﬁgaég%rg%%ggég gﬁ%im

wherein the Dynam c

10

15

20

25

30

. 35

cé%vex1ty value is calculated from ddelta / dvol,

includes a 25 contribution fromvega. 33. A nethod

9

the

market’ weight adjustment, the per unit price of delta

convexity and the touch probability.

30. A method according to claim 9, wherein a mid-market

value is calculated from the theoretical wvalue
the value of the market supplement adjustment.

and

31. A method according to claim 9, wherein the bid-offer
spread is calculated such that it is independent of
arbitrary constants and dependent only on the input

data.

32. A method according to claim 9, wherein the bid -
offer spread is calculated from a Static Spread
Adjustment and a Dynamic Spread Adjustment.
Preferably the Static Spread Adjustment includes a

contribution from vega.

33. A method according to c¢laim 32, wherein the Static

Spread Adjustment includes a contribution

dvega / 8vol.

from

34. A method according to claim 32, wherein the Dynamic

Spread Adjustment includes a contribution
dvega / @vol,

from

35. A method according to claim 32, wherein the Static

Spread Adjustment dincludes a contribution
ddelta / dvol.

from



Spread Adjustnment includes a contribution from 8vega / 8vol. 35 35. A

met hod according to claim 32, wherein the Static Spregg ﬁggpﬁgg?nt
includes a contribution from Sdelta / 8vol. 23 FEB 20 . A net hod

according to claim 32, wherein the Dynam c Spread Adjustnent includes a
contribution from 8delta / 8vol. 5 37. A nmethod according to claim 32,
wherein the Static Spread Adjustnent includes a contribution fromthe
expected life of the option. 10 38. A nethgd according to claim32, wherein
the Dynami c Spread Adjustnent includes a contribution fromthe expected
life of the option. 39. A nethod according to claim9, wherein the
bid-offer 15 spread is suppl enented by an asymmetric slippage conponent
whi ch has static*8nd de‘h%‘ﬁfoé GRS . t U C L Metdho dMERSTYI TP YT m
30, wherein bid and dfrerd prAdgjestaretcalindlatied frmom ¢dret mildxtimnk etfreal ue

and 20 the suppl enended Qi d-9fEer spread. 41. A systemfor calculating a
mar ket - val ue of an exotic option conprising: input neans for receiving
mar ket and odfion 25 contract input data; nmeans for calculating a

t heoreti cal val u#7of rametdidt | acaptdiony froncldbn i ApUt wiketrainmedes Jtartic

calculating a narketg%gggheg@@hstﬁgbgsyﬁﬁghg%g gbecggggigaégﬁ%n¥g5yet%§ a

function of 30 the expected Stoppihg tine of the exotic op
expected life of Tthe option.

10 38. A method according to claim 32, wherein the Dynamic
Spread Adjustment includes a contribution £from the
expected life of the option.

39. A wmethod according to claim 9, wherein the bid-offer
15 spread is supplemented by an asymmetric slippage
component which has static and dynamic components.

40. A method according to claim 30, wherein bid and offer
prices are calculated from the mid-market value and
20 the supplemented bid-offer spread.

41. A system for calculating a market value of an exotic
option compriging:
input means for receiving market and option
25 contract input data;
means for calculating a theoretical value of an
exotic option from the input data;
means for calculating a wmarket supplement
adjustment to the theoretical value as a function of
30 the expected stopping time of the exotic option;
means for applying the market supplement
adjustment to the theoretical value to produce the
market value; and
output means for outputting the calculated
35 . market value. ' o



means for applying the market supplenent adjustnent to the theoretical

val ue to produce the

mar ket val ue; and output means foya piPyhhkng the

calculated 35 market value. 23 FEB 2007, 43 42. A systemifor obtaining
bid and offer prices of an exotic option conprising: input neans for
recei ving market and option contract input data; 5 means for calculating a

t heoretical value of an

exotic option fromthe input data; neans for

cal cul ating a market supplenent adjustnmenisto the theoretical val ue that
t he expected stopping tinme of the exotic option; 10 neans for

cal cul ating a bigzof fer sppeand sbeompthigihgpwhiadald ass@ed upeiéon of hhe

I ncor por at es

expect ed- st oppi ng
of fer prices of

tiég% Qf thg.exotic qpt.ion; neans for calculating bid and

t he €X0 Jic_:cogp POn"A®*L@q¢ti on of the theoretical 15
val ue, market suppl enment a@pust npegansandayi dre¢eeving pmeadietandndutqpitioneans

for outputting the calgithatedibpde @nd offer prices. 20 43. A conputer

program f or

A conput er proogram for canr _ .
claim8. 25 45. A coffeteFr prPbyrrnranmpbesingut ndatraucti ons to operate

ntrolling a_co

f h hads .of claim 1, 44.
BRI ERG, Sohekfi s, hiprsrieind han bl 2B

a

mea

conputer as the systens Ofheshdi MFd3. calculating a market supplement
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15

20

25
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35

43.

44,

45,

46,

47.

48.

adjustment to the theoretical value that incorporates
the expected stopping time of the exotic option;

means for calculating a bid-offer spread from
the input data as a function of the expected stopping
time of the exotic option;

means for calculating bid and offer prices of
the exotic option as a function of the theoretical
value, market supplement adjustment and bid offer
gpread; and

output means for outputting the calculated bid

and offer prices.

A computer program for controlling a computer to
perform the methods of claim 1.

A computer program for controlling a computer to
perform the methods of c¢laim 8.

A computer program comprising instructions to operate
a computer as the gystems of claim 43.

A computer program comprising instructions to operate
a computer asg the systems of claim 44.

A computer readable storage medium comprising a

computer program as defined in claim 45.

A computer readable storage medium comprising a
computer program as defined in claim 46.



46. A conputer program conprising instructions to operate 30 a conputer as
the systems of claima44. 47. A conputer readable storags erg ggpgonpri sing
a conputer programas defined in claim45. 35 48. A conputer readable
storage nedi um conprising a conputer programas defined in claim46. 23
FEB 2007 44 49. A conputer readable storage nedium conprising a conputer
program as defined in claim47. 50. A conputer readabl e storage nedi um
conprising a 5 conputer program as defined4n claim48.

49. A computer readable storage medium comprising a
computer program ag defined in claim 47.

50. A computer readable storage medium comprising a '
5 computer program as defined in claim 48,



