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nore specifically exotic options . BACKGROUND Opti ons
are derivative securities whose Vatues. are a function
of an underlying asset. The price of an underlying
asset for iMPEHOBRtANDUSTSTEC OB PRICENGtEROBPOtOPTIORS
A vanilla option on an (underlying) asset gives the
buyer the right, but not the obligation, to buy (Call)
or BEHLD (Put THE hENVURYEIONi ng asset at the strike
price. Wiere options are traded the price-naker
prepares a bid price and an offer price. The bid price
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purghas ?hefPﬁéh@ﬂaﬁnddéPﬁvQE{@ésprmgfe'Ssﬁgglﬁibgfly exotic
at mhlch he trader is willing to sell the ‘option. Th

di f3RYEMRR: bet ween the bid and offer prices is
referred to as the bid-offer spread. In the early

197 gnd Schol es, and Merton, independently
de option pricing nodel that is still in use
today. The BSM nodel, as it is commonly known,
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Eur opean vani ound T hat by
corsinciet P e hnan dynder Laity awseiEai ni ng an option
replication portfolio consisting of assets whose

prices are known, they could obtain a preC|se option
er@EBU@r%Q%IB?tﬁﬁgupﬁérﬁglﬁﬁb@F§§§e fndinigshiate purchase is

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
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.

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 it is commonly
known, provides unique closed form solutions for the price
of European vanilla options. BSM found that Dby
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.

The BSM model is Ilimited in that it only wvalues the

convexity of the option delta with respect to the



The BSM nodel is limted in that it only values the
convexity of the option delta with respect to

W b@anad®rss yi ng asset price. Qther crucial convEXI/AU2®S5/000944
in the real world are not priced by BSM nodel s, such
as vega and delta convexitiest@i+plied volatility.
Wi | e attenpts have been made to derive a nodel which
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option an tion face values
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1othat the delta of the strategy is equal to zero. A

zero-delta straddle is a trading stra £ requiring, .
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have identical "deltas, maturity date and face val ue,
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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 =zero. 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 been applied to exotic as well as
vanilla payoffs, to obtain.the theoretical value of exotic
options. For example, American binary options are amongst
300 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 American binary options terminate automatically if a touch
level trades and they have discontinuous payoffs. The

most traded American binary options are continuously



the nost heavily traded exotic foreign exchange (FX)
options. This is because in addition to being a

w@oealanospr oduct in their own right, they are BCBEAU2005/000944

cruci al conponent of the popul ar_reverse and regul ar

barrier options. In contrast to Europgan vanilla

options, Anerican binary options term nate
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change | lLatifity t r it..s the partia
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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

- 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.

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

Some of the approaches used in the FX market to-date to
value exotic options are as follows:
analytical methods - analogously to their European

vanilla counterparts some exotic FX option price-makers



volatility. Just as the BSM net hodol ogy nust be
nodified to price vega and delta convexities of
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theoretical valuation of exotic options nust al so be
adjusted to reflect the benefits4or costs of these
addi tional convexities of inplied volatility. The
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volatilities;
Monte Carlo Simulation - simulations of the
underlying exchange rate process are repeated manifold and
20 a value of the American binary option is obtained for each
exchange rate path. These values are averaged and
discounted. This method 1s common for stochastic

volatility models and universal volatility models.

25 The analytical method has been widely discredited, even
though 1t 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 value, 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



volatilities ; Monte Carlo Sinulation - sinulations of
t he underlyi ng exchange rate process are repeated
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obt ai ned for each exchange rate path. These val ues are
averaged and di scounted. This nebhod is common for
stochastic volatility nodels and universal volatility
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val ue and hence is not as accurate as t application
purports it to be. SUMVARY OF THE PRESENT | NVENTI ON
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P calculating a theoretical value 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 Dbid and offer prices of the exotic option are



a nmet hod of obtaining the market val ue of an exotic
option, conprising the steps of: providing nmarket and
W@ pHsomosHNt ract i nput data; cal cul ati ng a t hepeBAUZ®@E/000944
val ue of the exotic option fromthe input data;
cal cul ating a nmarket suppl enent @djustnent to the
theoretical value as a function of the expected
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mar emen nment to the theoretical value
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calculate as.a functjion of e market value and the

bi dof f er® <Pk %%%‘H%P%no%%e??fﬂ%r%? pPaget data;

adj ust rreralmsla:taircgjl at etheolPeetienablualite @as8yEReL Idx»tic option
qﬁaﬂfq% %5 calculated fromthe input data

an he ‘expect ed stopping tinme of the
10exot|c(ﬂﬁlQﬂiatwmgeﬁabhwrkhé bedpahdmehteragiiisemsent to the

th%H@Sﬂéﬂ&é&ﬂ'QQlQée%@d%“fﬂéﬁ%ﬁ?ﬁﬁkgynﬁﬁéo%ﬁ%gc%%% stopping

mar ket val ue, the bjdoffer spre t he asy
sl iy &t I @R P ERUN t he present invention

there i squavidethq aeéhedqobreblaisyng ditrandatl 8hput data
prices of_an exotic_o the steps of:
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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 in 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 five digit
35 accuracy.
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calculating the bid-offer spread fromthe input data

and a function of the expected-stopping tinme of the

exotic option; and calculating bid and offer prices of
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of Bl ack-Schol es and Merton to exotic payoffs.
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whenever_ the theoretical value of an option i
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Preferably the nmarket supplenent adjustnent is

calgmd adothfyf ogha Eanvexit eddhd NPkl @d1v¥ehatdilldt Vehe per unit
Adj ust nent and a Mar ket Wi ght Adjustnent.
price of dvega / dvol Is identifying the relevant vega
neutral butterfly. Preferably the vega neutral butterfly
is identified using a term to maturity equal to the
expected stopping time of the exotic option and a minimum

delta.

Preferably the minimum delta of the relevant vega neutral
butterfly 1s <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.

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

value 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 i1is identified
using a term to maturity equal to the expected stopping

time of the exotic option and the minimum delta.



Preferably the Convexity to Inplied Volatility
Adjustnent is calculated with reference to the dvega /

walymb/oenss ddel ta / dvol of the exotic option, BCTATL005/000944

the rel evant vega neutral butterfly and relevant risk
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expected stopping tinme of the exotic option and the
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Preferably the market supplement adjustment is calculated
from a vega convexity value and a delta convexity value.
Preferably the vega convexity wvalue is calculated from
dvega / dvol, the market weight adjustment, the per unit
price of vega convexity and the touch probability.
Preferably the delta convexity value is calculated from
ddelta / dvol, the market weight adjustment, the per unit
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.

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

on the input data.



absolute delta is selected for the risk reversal.
Preferably the price per unit of delta convexity to
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di fferent between the market val%e-and the theoretical
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unit price of vega convexity and the touch
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i ndependent of arbitrary constants and dependent only
on the input data.Preferably the bid-offer spread is

calcul ate roma Static Spread Adjustpent and a
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Preferably the Static Spread Adjustnent includes a
corR¥¢frialoky f r Bhtdv&yaamigyol SPmad er ABI ysthenbyndmcudes  a
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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 implemented.

According to another aspect of the present invention there
is provided a system for calculating a market wvalue 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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i ncludes a contribution fromddelta / dvol. Preferably
the Static Spread Adjustnent rFn&éPudes a contribution
fromthe expected life of the option. Preferably the

Dynami ¢ gpeadrdd] estimnttiineg wdega akeonikiipbukinentl r&fustment
the expected life of the gﬁtﬁl on. Prefer

aply the
bi Df FBF sPIRAF FSCTupPPettEnt2d By SH° E%ﬁeﬁﬁ cthe expected
sl igpage raepnpione d £ Whee heshaisi statt or@nd dynami ¢
conponents ._ Prefer y. i ri .
cal cul at% s o%gfhea%%ldzlm kgﬁgvzﬁ%@geaiﬁd's?ﬁélgﬁgnt adjustment
supp drfentBedietioidlervaprede Rrederabile i st Horlkue; and

descri b%tgmye =6 COBRYL ebui BRLEARAL efhe ACCOT Ehi - d@ market
anot her aspect of the present 1Tnvention there is

pr AAlR&+ a system for calculating a market val ue of an

exotic option conprising: input neans for receiving

mar ket and option caontract input data; ans_for . .
caIA&ﬁ%‘ﬁﬂrfbg aglphe?)ré{r ©LaPfGRSGF anf e cPHpEFBR tnvention
fr athde ispubrchatdedreanssyotenalfod adthbhgiainar keitd and offer
suppl.enent adj ust ment .t - tggggt' .value as a

func Jicgeﬁ;o??t%{g éexpecc% eogp%sjt oppi N ]fllérrle f the exotic

option; inzans feanappPyi measie imgr Keariseipphredesption contract
adj ygiyeni, ¢, the theoretical value to produce the

mar ket val ue; and out put neans for outputting the
cal cul at"RBEMar KT vfldjeulating a theoretical value of an

exotic option from the input data;

means for calculating a market supplement 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 spread; and

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

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

defined above.



According to a further aspect of the present invention
there is provided a systemfor obtaining bid and offer
wW@ei06o8006§ an exotic option conprising: input PEBERABF2(06000944
recei ving market and option contract input data; neans
for calculating a theoretical -vdllue of an exotic
option fromthe input data; neans for cal culating a
MarAk&do SUDRy erNt aadfwstient akk@ckhte dhealtrs i pakseakueinvention
tha% |ncorforat es the exgect ed st o]Epi ng <{li nﬁ of the i
exothe opt 1on: PReaheed ord caf ¥R Rt $hg BRI Wb f eftorage medium
spreatbfioing he coppbtdatorasramfancdedimed dhbeve.
expected stopping tine of the exotic option; neans for
calculating bid and offer prices of the exotic option
Sas SUNNARY Oh BfEtheAGRAES eti cal val ue, market
suppl enent adj ustnent and bi d-offer spread; and out put
means for outputting the cal cul ated bid and offer
priEesOTARE o8I MF X0 Undt P BSpebPdBF StRBIpPEs&Xt the present
i nvm%rgﬁdﬂnepeeEar@éavie&Mdafn@@mutﬁlJpr@@?aﬁﬁf Qfebscribed, in
controlling.a conputer to performany one_ of t. above
eI GHEE nAChOt!  AYCOI I tSFaP LY ¢ ABY YasddD g erence to
10t hetlpr essrdmpanvein ¢ ohi¢ghes e, | 5n prloiclded a conput er
pfogfam@? dshng d ngt %?LBW 0 8§e%at1§ BhEPBE Yricing an
as one o e systens defined above. ccordelng to a
f ura¥refiaspeeionf adroysHiexentoi Avantsiarierer empgdiment of the

pr qyided @ conput e5n f eadabl e storage nedi um conpri sing

a conputer 1E)r ogram as d%fi ned. above. SUMMARY OF THE )
DI AGRAVE 1gure "2 1s a flow chart of a method of calculating

15 the wvega convexity to implied volatility 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 volatility 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 in the art, actual market values and values
calculated by a model created according to a preferred
embodiment of the present invention;

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

35 wvalues;

Figure 7 1is a diagram showing a comparison between

values calculated according to a model created according
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with reference to the acconpanyi ng figures, in which:

Figure 1 is a flow chart of a-méthod of pricing an

exotic option according to a preferred enbodi nent of

t heCpr esemte fienvet | @mbodH eme 3fi $ha fﬂ>mrs@htar inokn@ion and a

VO|%@€ 't?(?]!‘ %(?éi @Sé@%lgg%corpvgﬁ(l tl}{ ]E]? t n-p| i ed

adj ust ment accor terfed
enbodi ne?ﬁglblfe t tfe preeseént diiageami oﬁhOFrngr ea3otliem comparison

f I oyehadd ‘QEl%e@EtBgﬂcgﬁagéhcuééébﬂﬁlng el ta odel created

convexrt to inplied vol atil dj ust nent accor

St o FPHET edRrb8di mIRTITahe PreeEHRR By eAE] orrhe present
Fi grur\&erﬂtllcmaafr{cbwa?hafdm;%tﬁtdf@t heshof cadcul afidkly in  the

th i.d-.of fer, rea accordin referred

en‘grbg:kneetrft Cisrge ﬁ’r sseht ¢ H?/%ﬁ ‘%olﬁf TN PSERey them;

di agr am%lrmwmg% JcﬁonpardJsaUJrahret mbemaghragl;bympeﬁaedﬁd between
nmodel g t I?leeul't!'}' \iEr %%ILICF{Ol ﬁ/gggg o a%%%et%teed stopping

art, . act ual et va es ca
modeme riek edl ABBOLAUSE tqpralcm ef ey r@dpeﬁrﬁe@mermemrodlment of

t heny esgpbskAventiBisn i Gur eyfikg aé&ﬁﬁgfﬂgSh@ﬂ%ngf%malnlng
en di fferences between the Uni versal

bet
Vo{%%rﬁqs]%}nq%d SL¥EPRct YA UREr kOhAINRSS afgom  the  present

di fifrereartcies keidvadie nies: icad € Watead by a nodel
rref erred enbadi nent of the

or o2t od AGh 19 18 DELELLE0 SN Bl on necueen
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;
Figure 11 1is a schematic block diagram showing a
computing means configured to operate as a preferred

embodiment of a system of the present invention.

DETATLED DESCRIPTION OF PREFERRED EMBODIMENT

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-
Scholes and Merton to exotic payoffs. However, it 1is
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
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



val ues; Figure 7 is a diagram showi ng a conpari son
bet ween val ues cal cul ated according to a nodel created
wa@ewoendiossyt o a preferred enbodi nent of the preRBERAU2005/000944
i nvention and a conpetitor nodel used widely in the
market; Figure 8 is a di agram—siewing anot her
conpari son between val ues cal cul ated according to a
nodehe copatied amodr dheg dtmte poéf ethreednenketi nentleaftively and
th [ s d a titor d _
i dAFS ALY gorEPRe Wif vERHRE] SE i Bt PR g ving the
betwaeet hepriFiegur e 9Thdsa dirdgiuem shewdhging scheme makes
Conpai s@Ih bet ween £isknoeut rak toHeh probabiliti Seoretically
and expected stopping time for a one touch option for
Sa frateteed eAbdarREAt YO hhe LS e eREOMhPeRti disakizeh of other
exp@bnsadhes I emai ni ng di fference between val ues
obtained fromthe present invention and the conpetitor
nodel ; Figure 10 is a diagram show ng a conpari son
betRefrrisk neutFajuteudh priobabirkistneés amderxpect @dtovides a
SUOPRINg 11 Toh,2 daubliging toueh QaLhan T de of exotic
preferred enbodinent 0 fhe present invention Which
10showgt diys - unChRe Metdqsy elsents | eivlepdied, inh@ computer program
CONRSL | 1N #BEE] 1 €@NNOT  DEMMSEL, L O P | S8 Ad I ATBRL CBRethod  as
exotic options; Figure 11 is a schematic bl ock di agram
shdif HoF P Dt Frer "e&heW configured to operate as a
preferred enbodi nent of a system of the present
i nyention TALLLE SCRI PTI OF PREFERRED . .
E l\}ﬁ?\ﬁh%elh'ar et “ Rl RSB bx ot VB 6pPPof§gig res as inputs
15al okt thkwaysuall f hedemt amal therkbdeometdacalterad ueypanal of all
of 1 é?%l §%g?hgmﬂéaefyﬁmn%orE@%ﬁﬁbf&ﬁ'§W exotic FX option

t heoretica s are

will require some or all of the following inputs to
produce a unique price. This list 1s indicative not
exhaustive:

20 o spot exchange rate;
. touch level (s);
. strike price;
. domestic and foreign interest rates;
. expiry date; and

25 o implied volatility surface.

The next step 12 is to calculate the theoretical value of
the exotic option. Theoretical values for exotic options
are well known in the market. Algorithms for wvaluing
30 exotic options 1in 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,



obt ai ned by applying the no-arbitrage nethods of
Bl ack- Schol es and Merton to exotic payoffs. However,
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specification of uncertainty is a very limted
approximation of reality. As a tésdlt, nodels have
been devel oped to price other factors which are

| MRQYd aflin { ok eanar médaAizlgbg cang ofit he opresetblished DNT
|nvent|on IS a unlgue hting scheme for val uing

QRIS R it “which is a function of the
optlon and the narket onIy That is, the features

of t he i on and [ e oII t vel o

angh}]fn?%be?lg,e%le% ermaneu n% Eggug?i Fh > mg)C_L ef'Volatility
dﬂqﬁrmpeheemarweﬂtpnsﬂ¥adﬂﬁ%;@hlqh@\ﬂﬁgﬁnyn@agehewge model
makes r@l‘?émdg%s%'a% pligfhona Rf %é&hdi@éy apHe full = implied

theoretically basel ess constants ch are a_prom ne

f eatdred il tof henr Bppe oatlhésh dﬁé?flélﬁﬁ rﬂg}n%l%lgwéa’illlty as a

t e iR dNVastih Qihraides a method 10 for
obtai ning the market price of exotic options. The

nmet hod 10 is enbodied in a conputer program for
c onitheaidvdny aheoﬁﬁmk&@ummakﬂﬁaﬂmatbé et hogt asn is dependent

descr'?ﬁg f“rﬁﬂ%_rpe gmxauts ?%h?gg %Qﬂ@f gh éﬁﬁﬁ%@nhumber of

i nVent ron requires as é usudl
markemeyarametees twmm of o al engptrieon ?)W%l ngigit accuracy

node] o dwr e%@”@&ﬁfoﬁﬂ £Xehi faEXePbaReWtlibn €qUWd®e example,
sonme or all the followi ng inputs to produce a

um%mﬁ?%ﬁl%enoTFPéchléPN?é PHHF@BtF@@uﬁéﬁse%ﬁ§u§ﬂkﬂ¥10n of an
spatn exchangeu at € ; obtOUc e Heviled 9t i el rvdeudri ce;

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
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.

The next step 15 is to calculate the value 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
trivial in BSM theory. The weilghting 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 crucial to the market,
because price-makers (correctly) view arbitrary constants
as a significant deficiency in a model used for pricing

and / or risk managing exotic options.



domestic and foreign interest rates; expiry date; and
inplied volatility surface. The next step 12 is to
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Theoretical values for exotic options are well known
in the market. Al gorithnms for-vaburng exotic options
in a Black-Schol es franmework have been published in

acagem cchayenaky. Fos exadplidg Privelngiakg9r i thapusdhent is
t he theor eti cal ue of Anerican binary :}Sﬁ barrie

op G t dub e b Gt IS ST (34 kT g Domgand 3-

of the traded voI ume in exotic FX options, were

publ i shed a decade ago. Rubinstein and Rei ner (1991)

hed
P L PGS By ARl T OREL RS, AT L0 o ey
pr iasime ¥idgrimd aehiThe tthﬁeocr?bw%acl:al/alB@éﬂ orpihodelegesdoes not

A1l i ed wolati |J_r¥@/olq;e t r&)rﬁféﬁiﬂﬁl ty stihadddiey atvolatility
th expl ry date, the nodel of the present invention

reqiclds theidil | §HRY | eERRl athiay s aced Vedd ch 9vol  and

djelfgtméi npldwas vol a: |hlr_[rna/t aprlagcfdﬁg:tl doof  t@ran @ty in the
elta eve e theoretjcal, va

GofRat O het COMATGIE of S apbPie | ipe E18 e 8- Pr#fee process

nunber ofdeelteinedit s afeer suriréel to ersurk fiveexakmit that  one

accHnaay tl(uoc Q000d4c £, SODT OB MY B%T?H%%tl CANEYEOs / vol,

For examnpl e e no tOUC Ion requir
t hersbl e feoreteantioniviatiat exssifimalo bb‘ﬁ&’h bh@terfly with risk

theqrgiical valge. T sid ssitdmeial Fasushort - dated DNT

options, for exanple, can require many nore than 10
el enents to converge satisfactorily. Wth option
margeete Watray f rm 20Qire302, the vega 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 inputs 11, without affecting the

performance of the method.

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 American exotic options
traded in the market is considerably shorter than their

nominal duration.

The delta of the equivalent vega neutral butterfly is
chosen at 25 to 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 vega neutral butterfly.

The dvega / dvol of the VN butterfly is calculated at 27
and the zeta of the VN butterfly is calculated at 28. The

zeta of the vega convexity to implied volatility is the



el ements were required to achieve five digit accuracy
for a one week EUR / USD DNT option. In fact, for this
wa@lad0a/00@F8 opti ons shorter than two nont hs matBECT/AY2005/000944
required nore than 10 el enents to be sufficiently
accurate. The next step 15 is-tadocal cul ate the val ue
of the Market Supplenent to the Theoretical Value from
}VQQ%(in)ﬂ’é/ﬁé@hc%é/ bgthz@@ni eﬂhé/okr@itﬂt]]ddtt yxlré\ﬂh@?tmh ttﬂ;ékaﬂdeoretical
rket Wi Adj ust ment_ 14. The valu e r ket
supfst n?gp&P8e§e§1§6’§@tf actot sn%€ﬁﬂfag8té§§£gt?’i‘al fheretore,
t heclmar keta bof thievivelgad cB8MtheoryeaTheesetbt impact of the
scheme, of th r L 3N [ N 'y _si
AT FhncpP O RET gy KBTRE 2D S EREE, b (i Euzopean
Sspewfilht iwnsceshd the state of the market. This
difference is crucial to the market, because
pri ce-makers (correctly) view arbitrary constants as a L
si gMtd i Raht LRk | BF éRRyOn VE IR0 FONVESEd Yf &1° priRl iRyt arelatility
| ofs rdSkclPeE Ng: exdta € opticons: The Convexity to
Inplied Volatility Adjustnent is calculated at 13
usi ng the processes of Figures 2 and 3 . Wen prici NG/NFlyzeta
l0exardrc Uapt iFriset @f vepkelgnviekéte @r empwekdplatility=s —————
convexiti es which the classical BSM nethodol ogy does?vega/dvol
not price. Both involve convexity to inplied
vol atility (vol%3 , and they are known as dvega / dvol
and G IS, dVBP. Phfe PRbteBSiFf6r YuahtdtyichgVerety reflects
dvege / ddves adpusterentof stisdowsléenaftguega? neuth®l butterfly
process,is_identical for ddelta / dval cept__t hat
oG TEbbe | PRR R F ST 67 eheBs LG G08GH Aood S ARUddg pected
15/ ctoippiang reierehcdse texoeya orutoml (LVN )
butterfly with risk reversal (LRR ) and is shown in
PG A oMY T EOGuE FE0URS o1 VEORVERTEE I LY implied
volatility of the exotic option is computed at 31 from the
market and option contract inputs 11.
20
The relevant risk reversal 1is 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 / dvol 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 wvolatility is calculated at 37 as follows:



volatility of the exotic option is conputed at 23. It
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The Market Weight Adjustment is calculated at 14.

DMmerican exotic options can disappear prior to expiry.
The probability of their touch level(s) being hit can be
computed from well known algorithms. One method (Wystup)
for obtaining the market price of exotic options 1is to
weight convexities to implied volatility by the touch
probability. This method is a reasonable approximation
for some exotics, and an extremely poor approximation of

others.

The ©present invention weights the dvega / dvol and
ddelta / d9vol of the exotic option by the expected
stopping time of the exotic option. Algorithms for the
expected stopping time for single énd double touch levels
are readily available. For example: Taleb (1997) and
Shevchenko (2003).

The ©present invention recognises that the expected
stopping time is the correct variable by which exotic

convexities to implied volatility ought to be weighted.



the delta and termof the rel evant vega neutral

butterfly and is appropriate for the touch |evel (s)
wapaehbmwsexpect ed stopping tine of the exotic BPEI/ATZNS/000944

Referring to Figure 3 , the delta convexity to inplied

volatility of the exotic optionlBs—conputed at 31 from

the market and option contract inputs 11. The rel evant

risk reversal is identified at 34 using a termto

matd tya el wé Dl hea @xpeehetl ST Opps NngaléwBa0édthe follows:

exotic option 32 . The delta of the equivalent risk

reversal is chosen at 33 to match the delta of the

s s b s moretab s SiRACrSl SPRbOR WiRe df e mxotic option
absolute delta is sel ected fo¥onihelrPuletrionepEdhe Fhetic Option
5ddelta / dvol of the risk reversal is cal cuI ated at 35
and_the zeta of th sk reversal cal cyl ated at 36

e bernan T ERI R oPtBEPEED caExiTh Co Tl faq oriLised by
vol@atd | kb¥chs ;&%B&Hl@!ﬁ@&/ at + Bdnag Heol howee RRGRLANREradjustment
Unit Price of Delta ConveX|ty to Inplied Volatility=
Sde(ME)Svoeedhe trete ofiul hépdekta byorvexi tpueh ippsidadd 1ity of
volatilit s th i fference between the nmarket val ue

an al?%ee% %locre |€a$ val ue of the relevant risk
1oreversal. Therefore, the zeta of the delta convexity

neasures the inpact of the skew of the inplied

Vol @i |4 PRSP R IPFaHP Furopaan. sl liay opt i on

prices. TheNdeital &ugatéem of the risk reversal is

appropriate for the touch level (s) and the expected

stopping time of the exotic option.

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 value
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



The val ue of the adjustnent for dvega / dvol and

ddelta / dvol produced at 13 in Figure 1 from 30 and
wQ@osn0desgures 2 and 3 is provided as an i nput PEDAB2BE000944
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Si %Igioand_ doubl e touch levels are readily avail abl e.

Fo anpi'e: Taleb (1997) and Shevchenko (2003) . The

present invention recognises that the expected

stopping tinme is the correct variable by which exotic

con&xs €V esMSo inplied volatility ought to be

wei ght ed. t ' . agj Nt 14 is cal cul ated
105 “g%ﬁ%omng épeﬂgeﬁy%%;gpjicﬁagﬂ %ﬁnew})'f t he Exotic
Option Market Wi ght Ad]Justnent = - - - Nom nal

Duration of the otic tjon If the expected stoppi
{1 e R0l RL i s Rorkiaf | SHEF by PERE TEGOHO br GBaA | Ly, Tollows

t hen dthe cmar kgt qweh gt adidisidrest: (M) feadsstegk8@on can be
mul tiplied by the touch probability of the exotic
optdmmgter, Iesser, or the same as the theoretical wvalue.
15
It is essential for the medium- to long-term viability of
an exotic option price-making desk that bid - offer
spreads reflect the size 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



Expected Stopping Tine , , , ,., MM = - - - x Touch
Probabi lity Nom nal Duration Both expected stopping

WO ove/0a0088 t ouch probability are those derived PCI/aU2G0SK00944
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neutral world. Having cal cul ated the size of the

convexities to inplied volati4ial for the exotic

option, their price per unit, and the market weight
adtmmén&stcnmcuai[ﬁﬂﬁﬂﬁﬁkﬁﬁﬂg\ﬁmqnﬂqaﬂab&ﬁ%@ynﬁﬁtlﬁﬁsr it is

B A A e

unit price of vega convexity Delta Convexity Value
(DCV) i s calculated. DCV = Exotic Option ddelta
dvahexm S W tATRT @ Tb O A TR o WAﬁifhel§aPaéculated

h k Lement (M5 ) then becones 15 : M =
%823% %E%E%%%ortant to note that M5, VCV and DCV

can be positive, negative or zero, depending on the

option characterjstics_and th state of the market.
Hax Qg —opddauig éﬁifﬁﬁiﬁ%ﬁﬂéﬁ_ﬁﬂﬁplenent t he

- mar ket value (MéminafDuaBorexot i ¢ option is
calculated at 16 as follows : MV TV +Ms5 where TV is
the Theoretical Value. Since M5 can be positive,

negakive;gr zene, tﬁeé@ét@@@ltrﬁégahexm1dﬂﬂﬁfbﬁbrWﬁdME binary
of the exofic option can be greater, |esser, or th

sanetagnt s { Wedrbtical by akhe. BEoparsaamt | gRORGHechelife of
b 0 Iong termviability of an exotic option

pri &- feKi ﬁg ‘desk that bid - offer spreads reflect the

size and type of risk in the option

The Implied Volatility Spread for a Zero Delta Straddle
(IVStraddle) is collected at 40. The implied volatility
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 American binary
option, the =zero delta straddle of interest 1s the
maturity which matches the expected stopping time of the

American binary option.

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

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

The algorithm 1is an absolute wvalue, because each
contribution effectively requires a hedge which incurs a

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



market at the tinme a price is nmade. For this to be the
case, bid - offer spreads nust be independent of
w@e@snoem@sy constants and dependent only on thePGL/AU2006000944
the market. Bid - offer spreads obtained using the
present invention exhibit theseZtrucial qualities. The
bid - offer spread is calculated at 19 froma Static
SpipdEthoAdinest,neRet 12 apdraaby ramtorSi@ad Adpesttnehesult, the
18 in Figure 1 as_sh [ chenmnt.i i . of .
s e TR TR ool SR G PO @ multiple
SpreadfYegaioakest a sirat tice ancmely nagi ctloont ciolsit’ i oaft Guropean
the size of the bid - offer spread. Just as the
expédtidd st 6pRR n§EPREVES / ¢ ASERRAINGr YR higS ARBILiORn contract
5 bi R 100 ONSd ithd S0 £S3e inlrifar. cal cul ating
the appropriate spread. The vega of the Anerican
bi nary option (VAB) is calculated at 39 as foll ows:

LT-L T- .t VAB = Vega TV X- ect ed pi ng Ti
I\blfrru'Lf‘r‘?al AYRFEEF oY atc?%%(rﬁgtjt%réor@&?@alac\%{erb%wrﬁequehse that as
Amgriaardi faryt 0Pt t9n dhsnarisght €6 Byot heops opaet ivegd of the

expected life of the option. The Inplied Volatility
SpAEEF e a 2eYas el RE iStY-addl Ehdsvsietd®fite) i captured by

1000'5%%/ &, 40 ﬂgchwpﬂ%:(q%y(ek@a! 6w Pread, f94oid double-

zero ta straddles 1nt option nmarket Is a

f uneturan maf, MAtQUrig ysetFargwexlany eernde i npli ed
volatility spread for a three nonth straddl e may be
0.20% but a one week straddle may be 0.70% For the

purpRses ffacalddat i ihoddibr offay) Spreacid aid - offer
Anerican binary option, the zero delta straddl e of
i ntsgrresd | oft Hhiaabuer i ganhilsiast che§iPhe depebeeum of the

15St Qsocpa{tnl% ta{anF aanaE Xe components, as follows:

Ve =SVC +DVC

The Contribution of dvega / dvol to the Bid - Offer Spread
20 is calculated at 45. dvega / dvol 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 / dvol of the
25 American Binary Option (DVAB). The dvega / dvol of the
American binary option 1is weighted by the expected

stopping time, and is calculated at 42 as follows:

Expected Stopping Time
Nominal Duration

DVAB = American Binary dvega/0vol x

30



Anerican binary option. The static vega contribution
(SVC) to the bid - offer spread is calculated at 41 in

wo-e@ana0ds as foll ows: SVC = VABXx | VStraddl e ThRCT/AU2005/000944
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algorithmis an absol ute val ue, because each
contribution effectively requirrég a hedge which incurs
a cost. In this respect, netting of risk is a

pr iTdephaherersdn, 4Aotisa Epr &wd BBA. dyagay / dvol of the
result, the ' ‘ Arerd.can.. bj -
ottt SETENRL YBURRapble) ST LR TR Rk stranale is
t heaHecosdtupi t Fuwbpean wantidesa vhga exppadede, stopping time of
dependi ng upon the option contract specif] and th .

st & oM hECHAr Ref 2 ?h@Hﬁﬁﬂﬂﬁca@%ggggoééiﬁﬁn+6nt%e minimum
( D¥eh e kowhpdges, dhateas {4yl i ed vol atility changes,

so too does the vega of the Anerican binary option.

This effect is captured by dvega / dvol, which is
covered bel ow. To avoid doubl ecounting, DVC is set
equile tstgerat Fheisotal ceédactonhei Bopildred Medpttid ity Spread

th id.- of d.of th ' bi ti . .
L RACIEN T O e T T
f ol pw: 1 TG, =sSVEadt ¥z Thige CorlitivRiuti odt eingivedas/ collected

Svol to the Bid - Ofer Spread is calculated at 45.
dvegery ol naakes anst &ttiog eshd -yl £2 € oheFRbuPropther form

toatshethsé zceasog r&]%ggg_d - offer spread of the Anerican

bi nary option. step at 42 is to calculate the

dvega / dvol of the American Binary Option (DVAB)

The dvega / dvol of the American binary option is

weizght edeby 4hetexpest £6ist eppigeg A o1 agentsibution (SDVAB)

cal cul ated at 42 as foll ows: , , ,
and Dynamic dvega / dvol Contribution (DDVAB) is
calculated. The static dvega / dvol contribution to the

bid - offer spread is calculated at 45 as follows:

SDVAB = __DVAB x StrangleVega x IVStrangle

DVStrangle

The dvega / dvol of the BAmerican binary option and the
dvega / dvol of the strangle both change when implied
volatility changes. The dynamic contribution to the
spread accounts for this variation 1s also calculated at

45 as follows:

DDVAB_| DVAB+A
|DVSZ7*angle +¥

x StrangleVega x IVStrangle| — SDVAB



n ., Expected Stopping Tinme DVAB = Anerican
Bi nary Svega/ dvol x- - Nom nal DurationThe step at 43

WO 2006000088 cul ate the dvega / dvol of the Rel evBeil/AU2005/000944

10

15

20

25

30

Strangle (DVStrangle) . The relevant strangle is the

mat urity which matches the expez3ed stopping time of

the Anmerican binary option, and the delta is the

m Whewem dal tandf ¥ hereouthel ev%%@?lvqrhec@@iﬁ%\t igy American

IR:PtéL{O}g%Sfl ls«%ﬁéntgsf r}% egv\ellgrle;’lt la'.}ztﬁﬁ S&g‘?ggdd()fbyt hg change in

vok abil Hietdy v@gﬁaaqlft@r the rel evant st rangl eis
collected fromthe market and stored in tabular form
or other formas the case may be. At step 45 the

St a,i.c %\é;%%]a dorfvo &&r&{'@yta@ Bsféspvé%lan%%ﬁ@nke the bid-

dvega / Contrl ution (DDVAB) is calcul ated
st affife rdvegeead dwd mntAmehruma@n bbnahe loipdionof ¢empletes the
d iis calculated at 45 .as foll ows: DVAB SDVAB = X

Fé‘ﬁ&lué\?étglg)? Arstraiyl &S angl e The dvega / dvol

of the Anmerican binary option and the dvega / dvol of
the strangl e both change when inplied volatility

chdByesB =THY AyhdtR A Zont ri bution to the spread

accounts for this variation is also calculated at 45
as follows: DVAB+ L DDVAB = x Strangl eVegax | VStrangl e
- SDWAB DR\sitaingltei onYWhef e &dahta Y/ aéeolhetpespiet i Bid - Offer

change n Anme
caf §%@Sé|5i, isc @e{;;c"g‘;” DI Ry ang styanel gy dvega Jodvol ppe poran

contribution of ddelta / dvol (TDDAB) to the bid - offer
spread of the American binary option is calculated in the
same way as dvega / dvol, except, references to
dvega / dvol are replaced with ddelta / dvol, and

references to strangles are replaced with risk reversals.

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

calculated at 50 as follows:

BOSpread =TVC + TDVAB +TDDAB

The bid price and offer price can be calculated from the
mid-market wvalue 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. An American binary
option hitherto dynamically delta hedged will be exposed
to spot rate changes if the touch level trades, because

the option’s delta immediately becomes =zero. In theory,



inplied volatility. The total contribution of dvega /
dvol (TDVAB) to the bidoffer spread of an Anerican

wh2mwangoospt i on conpl etes the cal cul ati on at 45PEEAU2005/000944

10

15

20

25

30

foll ows: TDVAB = SDVAB +DDVAB The Contri bution of

ddelta / dvol to the Bid - Ofe24d Spread i s cal cul ated

at 46, 47, 48 and 49. The total contribution of ddelta

| duel p{mmst)ak@tﬁéwamés adflf e?f sphead W lhglg delta hedge

ATELL e Pl oh oBLLan gy cebouigbed i nche SAR Wakier.  1n

as® vega / except, erenc s to vega / dvo
arpréemha@edemdﬂwAhhﬂienﬁ hhmﬂryauptleﬁ&remtbsmpdest payouts

strangl es are repl aced h risk reversals,.
bi §28f fRFOIPT@ad 1OBES 615@:5‘5? oot hge %Jaﬁc%?‘hb?k}ltles' such

opLiaR i the %HEHQEl%andﬁ d1e spBtridutdiaeNscandoks executed
calculated at 50 as foll ows: BOSpread =TVC +TDVAB

+TDDABlFHéyb|@ﬁmwtﬁﬁzﬂﬁpwﬁherl©v¢be canSbéreapeul atdgws for
fromth

pr@ﬁ&? %&Onbug St fﬁc&f é?ddH% BSE%E%@QngItthé spot delta

essen
dl%@@@@rthﬁrt@&tWﬁhE§yWﬁEbél&hﬁnppagetd%¢MDa@®el The
i s cal cul ated separately at 20 (in Flgure 1 as it

asy‘tﬁmﬁeltéy ARCRRBr iTCAH bFR&r a5t | B hi thePtbce- ~makeZ’s main
dy nam ek yl%elg@l dggd M |l 18848XP9sed tR1SRQE kAt e rising

changes |f the touch | evel trades because the
optﬁadi&n@élm@ﬁhﬁmsdlékeIWX@emdﬁﬁs zero. In theory,the
price-maker unwi nds all of the renmaining delta hedge
at the touch level by trading in the spot market. In

Pr agld G&uy &Y eBrAREIdLAN: B BRI YpeRbhons Wdite NBERSérned than a
payout s can produce significant spot delta

di seddeimuit ite Sguaht Raveilt tirades kel Yhe hapok market, from
Sp%t QSHEQS 8@9198 %&§§§g§%¥lve. 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 problem
is not as acute for a OT seller, as the spot delta unwind
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
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.

The method requires the slippage factor and size of the

discontinuity level to be determined.



precisely at the touch |evel. Slippage allows for

execution costs incurred when unwi nding the spot delta
whedgeomss a spot rate worse than the touch | evRCT/ATH®5/000944

asymmetry stenms fromthe fact that a price-nmaker' s

mai n concern is being short (toRAf)-spot deltas in a

rising (falling) market. For exanple: The buyer of a

on&heouelsespt EBACLE1ABr etRoncerHtRdhafasted | &r SEf ) - If a

t he t.ouch l.evel .tr | nethe . s r f : :
do e A et S paet b, EOnGH The Aert S B nagynary option
optih@rd eram nadwesh i t sedel t ai becbnmesazehaghl eaniiskkg tdwee  (high
remai ni ng spot delta exposure short , in ri sing market
(UFBPSBAGRE i Afa ?%lﬁ)?'n&erizﬁg'l?etl?dd%rPﬁ) 1cHiLy in the

5Pr Rlemmi s Motkas) acutge f onsarOTysehl eAncasakle P! slippage
delta unwind is against the direction of the market,

notfasommnr.i but'Negmed i t 1s Cosnersdily, 3jecertedhease|d%erand panic
of a double -no,- touch optjiQ [ incurs the brunt
of &' ppage’ &ot i aST%ﬂ’ Ael,&%'ﬁ@ﬁhd

ge cost's. "Ther ef or . of the OT is
reduced, and the offer of the DNT is increased, to

compensate for_ slippage risk. The nethodol ogy of the
pr tsiperti ohqyi F&SCPRELOEAF YL He Satbﬂl i%g t&epritee of the

1olna d%llitgpa@@ 352 WahlcasdlexhERondidaryucsl | PRRGE. trades.

The "'met hod requires the slippage factor and size of

t h& midsicamtriaiulist,y pewelat oibeevetek neretiThéXus@mtion software
speci.fies .the slippage factaor (,SF ). . 1f a price-nmaker.
O A B e AT RS CAIP B har Y Bt B WREr g piiting that

t ougfe |8uedid Sopiién hhgbrosske20otke( BogBhcareent ioald @ay prior
of touch levels in_close vicinity in the actual
martcet its t KBouseplni | exphErBHSR: t he T1iisppage FhEt OFOTst case

15Nbgg%ﬂagfbgener§gky %ﬂéﬁ¥5§%fﬁbfﬁéﬁ@d 8§958ns, 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 duration. 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 1s the difference in the

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

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



can be as nmuch as 10% (Tal eb, 1997) . The size of the
discontinuity (ISD ) is the size of the spot delta to

wheooanewsnd when the touch | evel trades. Tradi PCDAERI0F/000944
popul ar i nterbank exotic FX option software cal cul ates
the size of the discontinuity-b#6assunm ng that the

exotic option approaches the touch | evel one day prior
to (ady)( rord nEhg @kpraree opetThes thet Bpokorstecassl the touch

scenari-o, . \For Anggi bi_par ' , ' aj ve
apSLregféec (Ss)ystteorra |acé;ﬁ%l|17y dor?/e rts eg?ge%]'ps ilpép‘gggg( gr1)i sk
because in every practical instance the expected
stopping tinme of the American binary option will be

shorter than itg nom nal duration. In the present

i NV ng@a%agﬁ tatement is avoi ded by making the

sli ppage ri a function of the discontinuity at the
sexpected stopping tinme of the exotic option. Comment:

the deleted para refers to the other, |less preferred

appmoachin(#hi-cS), | Hs wklyodv) have del eted it. The

di scontinuities at the expected stopping tine is

cal cul ated by using forward interest rates and forward

inmplied volatilities defined by the spot.ter .

St P G051 PR AL S THE Spott Vgt 1 B £he spot
volatdddrige stHfacar ihearsd zen thevd seontt A YL i$tand for
the difference in the spot delta of the Anerican

10bi erpe o pbdnl Yea et R gt eand thobdas tirethmdumber of
' h
o A S S s S R e R et e

bet ween the spot rate and the touch level (s), to
exactly on, the touch level (s): j bizday s where viwd
is forward inplfied volatility,) Sis the spot exghange
r at ﬂ?est H: th@B [tfébl ¢|’Sﬂ1, E\Térest a'd}j *JDQMV,J,B ﬁ[ﬁﬁd’ %Dj

U

U

15 SDest 15 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:(SDestXRchXSF)+HL

U

When there are two touch levels, as for DNT options, the
25 discontinuity 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



upper and | ower respectively, and bizdays is the
nunber of business days to the expected stopping tineg;

W0 b@n/00858= Del ta, TVAB HL sm T-(t est -1) - Del PCITYBB0E/000944
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> - test u U SDest is the size of the discontinuity at
t he expected stopping tinme, usigf forward interest
rates and forward volatilities. Therefore, the static

asAHRE RN P 1 PPAY R ShE), t RErRBbe oregIneasic s5bekage (DAS)
foraﬁﬁf é_g Ltllﬂev%}@{]%ﬁ@f&? & Lo Wo%oéw? ufé{fisl?avc‘olatlllty

|ons, scontinurty 1s ca ated
th&ntomxﬁeé@w@lsvaplm@etgneatest touch probability.
Si nce slippage becones nore pronounced as expected
stopping tinme approaches the nom nal duration of
theAneri an binary option, dynanij asynmetric slip ge

«Cca atste 1 Sl on e ec % f.al
Dt 139/%()??’*’ x%ég’t ThT st p<p1°~ﬁg;“ﬂ‘ Delfl s |Lt7;

H. smT L(t esl¥s”0M -1) - DAS =/Dest X P\SE)- L AS
The total asymretric slippage (AS) then becones: AS =
SAS + DAS An alternate but |ess preferred manner of
deternin{ng t he slippage}risk is for it to be a

f unpyisan (g’[D tiaev dt SEpnH nui gies of both the expected
st oppi ng tine of the exQti c option and the (nom nal)
expiration. The size of the discontinuity is the

di fference in the value of the

The total asymmetric slippage (AS) then becomes:

AS = SAS + DAS

An alternate but less preferred manner of determining the
slippage risk is for it to Dbe a function of the
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
level changes from basis point away, to exactly on, the

touch level;

SDgsr =Vryup [HL £0.0001,7 - (tEST - 1)] ~Vivas (H,T —lggr

u

SD; = Vg [HL iO.OOOLT“‘(T“l)J'—VTVAB (H=T—T

U

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



Anerican Binary Option between the expected stopping
time (and nom nal expiration) and one day prior when
wao b@esposs | evel changes from basi s poi nt away, PEDAU2005/000944
exactly on, the touch level; SDr = VIVAB HL 0. 000
1, T-(T-1) - VIVAB (H, T - T )-u<®here EST is the
expected stopping time, T is the expiry date, His the
t odH | ks T, akESPReaREve Lyt and Beor h‘bp%hﬁnﬂ‘lpérwelfnr and SDr is
respec m <PES L T e t
rraﬁrru&nﬁ \c/i(elsn%:{lontl nuélotﬂ&f%%gc JJ'fgas ast@F%s S<it:Eradlge d%i%ede date.
The wei ghting schene unique to the present invention
utilises the fraction of the Anerican nary o
xRS e SHBpTRy. (TTERES T LB horhthalifur RASHFT Dy A vent son
5t01ﬁ§1tllr%se e r'f&%&flohheoEOUEHeOC&Héfiﬁﬂn3%@1‘&2&1‘@ option’s
later (EXT) than the expected stopping tine:
=( NESTe | stppphegsitzécof (EHk) a§9m’ﬁ@t1fr31rtalsl<ﬂ‘pba@e0n (ND) to

| A t.h S
ghé*??% enFEgcgpgconglnuTFE ?8 Phqugﬁggﬁg% gg%gt&ﬁe later

and(HXfI0H tirsard hehe i stoaetdd aétdpmo’tg priodabi lity.
Slippage can al so be deconposed into static and
dynam ¢ conponents, though in a sonewhat different
sense to the precedi nal ysis. If a price-nmaker

10st r pxgl Lmﬁﬂ@sith touch level will trade on or
bef ore the expect S¥Bppi ng time, then the additiona
slippage estimated by the extension above is
superfluous. Therefore, the m'ninum slippage to be
appiiedsi £ tdmtt whi £dyrine Bt 1d | Utk g t 0 Adve) toweh becomes:
| evel trading at the expected stopping tinme (dynam c
conponent)

AS = SDpyp X Proyy X SF

15
where SDgxr 18 the size of the discontinuity for the date
EST+EXT, and Pry 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
BMmerican binary option are calculated as part of step 21

30 as follows:



Internmediate bid (IBid) and offer (IOfer) prices for
the Anmerican binary option are cal cul ated as part of
waee@p/o@bsas foll ows: BOSpread | Bld =W-- 2 BOSpPEHAU2005/000944
IOffer =W + If the asymmetric slippage is not used
the Internediate bid and offer p?ices are final. In
this event step 20 is omtted. If asymetric slippage
lgﬁﬁp heB@ﬂmabdbld and offer prices are cal cul ated
€ Step 21 by adjusting either the bid or
offer to reflect the asymmetric slippage. The order of
steﬁ%.zg d BOSpreailnt er changeabl e. In the event step
rdlhdtore »rstep 20, step 20 included applying
the ASto IBid or |OfFfer as appropriate. For exanpl e,
a one touch (OT) option: OIBid =MV- - AS =IBid-AS 2

T e R L0 e, S 0P hmacie

5 Pr pad AL ot fieriddS The hidaand aff erhisal eresnaretep 20 is

output to a trader to nmake use of as a guide to their
Ex 8HLE test-i on trading. Referring to Figure 11 a system
typically enbodied in the

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

interchangeable. In the event step 21 occurs before step

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

appropriate.
15
For example, a one touch (OT) option:
OTBid = M — B399 _ 45 _ 1Bid - 4S
oroger = My + 29574 _ 10
20
And for a double-no-touch (DNT) option:
DNTBid = MV - &ngﬂ — IBid
DNTOffer = My + 29709 | 45 10ffer + 4S
25

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

use of as a guide to their Exotic option trading.



formof a conmputer 100, for perform ng the nethod
descri bed above is shown. The conputer includes an
w0 p@enotesans usually in the formof a typical POPAU2005/000944
nmeans of a conputer, that is a keyboard and/ or nouse
and a data input means in the-faPnrof a network
connection, floppy disk drive or sone other , ,
t r Refeamiae écmeﬁwyr@rehhsé aYffeRopEyPesssly16Hbogdded in the
ou means 106 Leal lydm t or i sua
disp%§§ J%?t;&ango§¥ﬁg%%ryﬁf%§, ?@%lcaﬁ%gﬁ?%m¥hg f%P% method
of dearddmeat cassvareror ghawd/. or Ehali skmpetoe. ithéudes an input
comput er 100 oserates under the control ,of _a .conputer
pr SGRAR 1489RAY nd ™ (YT utPFBnE Tt 6t E¥REFDE | Rhgicans of a
5 OPIA AR Of dihs: pfocespeynddia dnaleal hyubBeatemut®ita input
progran111d is loaded into the main nenory of the
m oeeprocéssdiheé nfexmcwrable —oEWMREX f comne diisie dr fyeppy disk
Al t haugh ot her des erati r LI 0 )
th §€“§?il?5d it he gégngthFﬁggtr%S Fecéﬁ%@gr heeanss @
moeglc rand derdeir pro 4reaer sutb2tmemdronetl0én syppcdlly in the
of Figure 1 . These paraneters nmay often be reshg nt ,
on TRTH AE it i Veset ! t RSREABULRT-Cor 2Ry 2bESPREYi ddd rbyFypically
102 TL0PRYe diESkOl AL S AUR! §BEEY s Widddn & RIQY Heds disk drive.
t hrough a conputer network. Additionall'y the user nay
optlihenatdypent er 1par apetrets si neldedi nghe heowsepl of a computer
speci fied sljppage factor .114 used to calcul ate step,.
2033?%5%%rei€8. $ﬁ318§ta3'§%i%éif?ﬁ?in%%% 16§n%§0811ng the

st ¥rd-ddi diheoreraiy p08cedbermerpry 108/dicaAl1so dsed computer
to tenporarllf store working data and the result data
at paegTaw of1Q helvret horda®d. FRECOre§hipt data | emory of the

15pr%@d%%%fé%éggbpuﬁﬁpte%QQutgﬂhé 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



will include the market value bid and offer prices
116. The output 106 may al so provide a graphica
w0 e@oee®st at i on118 of these output results andP@I/ABR005/000944
nodel or nmarket paraneters or information as is
desired. It is typical for the &dnputer programat 110
to be |l oaded into conputer by installing software_into

t hel onpdt ekhafflerofiRUbp&eatiltg sysfetgHi dadel t A8 market

CoMUL i LRI | ARl Lo upommt o et

ge nedi um whi c ten take t ormof a
floppy disk, conpact disk, DVD, hard disk, flash ram

etc.. EXAMPLE, The rel ative performance of th t
| Vit - YR CAL VST RBSHEPRBETFE BECOrABY Hel oW e Loaded

5DNT; 008 | @sdute rmapket _if@té@gﬁix?/é; ther fBsent nitdvephEOncomputer
are conpared to the Universal Volatility Mdel and
actwademmarkes vapresatpopl i siedemn Li ptlopigmed IGide computer

(2002) ..._ For. OT . igns, ;t rader ' d
Iy Sti23b03) 1 STHGIR hs TERE na ker BERR e goduble  storage
W siapi (r 0Q8) chs wisleld betanseatk Hakal doand Mfystuflcppy disk,
(2002, p . 279) claimthat this is a "trader's rule of
t hUFRIRFS tei S Fret NG | Pavi (P g gt & cofimretSage in
1ot he market. The Lipton and McGhee (2002) input data is
al so used for the OT options so as to illustrate the
marBREAMBLppl enent adj ustnment for OT options conpared

to options. DNT Options Lipton and M Ghee .(2002). N
o o ZBhaCRE) N TIE daba 6 WFFSe hodvR hton vis—a-
OPt}ONS tUSI N Bk SPOL sf abie: DEindH 8B200knD 9Fé2 &P 8ptions the

.33 8 .35 8 .83 3.38 1.92 2np 9.86 8.98 8 .50 8 .58 9
14 ket (valugspofothe pregest. gnvgntiong argg cpmppred to the

151'%ﬁﬁversal 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 10P EUR USD
a

1wk 10.55 | 9.50 8.75 8.50 8.75 3.27 1.78




bro 10.42 9.50 9 .05 9 .20 9 .88 3.49 2.12 12no*
9.80 9 .35 9 .50 10 .18 3.75 2.65 24no*

10. 92

9.98 9

10. 72

WO 356000068 10 .38 4.27 3.68 The table in R sk BODaER®5/000944

51 evel

to have the data for
these maturities.

Neut r al

and 25P reversed for
Thi s does not3affect the analysis

which follows, because it is based an three nmonth

matlooi ty. | THhE3 pef BoBRanded 0¥3 t hp8pBBsentd -iSdvent  oA8 1.92

Vv etssus—the—univetr satbgvotat i tyrgodet—of; Lrptonzaps

l\/t:(%ﬁ‘é’e (20%;%6an1|%t' g acﬁjaffd marEé?,g i 9 9s,'IL%Lozlwn i%‘w 1.94

Fiigeice 5 | 10he2 d bf.eoences bes weep.heth [moadel s aBd4athe | 1.95

actual rket isihighlighted inlFigurel6 Thel out put

dateemopr odut@dt by £RE0pr ds2rft5 i ni8rEPon |i% 88be| Bedidas | 2- 12
rager—Nogets 5ot Rt Fi Esr g apd—t-show that=the

pH é@g\%’t* [ F@(Zn?% 01'9'§|dpri c%gé%mer sgéﬁg(pr erre]fdy}ic os?e’l' ?Eé 2.65

acualoxmer ket opr | cessf or| PNIS* arposs a |lwas range7of | 3.68

theoretical values (2 5%< TV <147 5% | |n alnpst al

i nstances ppiher phesentn | M@ | 8Bpe8rBr 1 €6S HARIL BBEE data for

accurate than the universal vol a]tol ity nodel. In

addi t i oNeuthre lprassbn? SP nvereirsrds fipr dewess enatygpities. This

obt ai ned_nuch_ nor L Vi OW .L.he .gr eat

conput a%iogﬁaln%ifflgéfl%gﬁ%gy % etﬁgg%&géén%}%nc\%en?{%%.owa’ because

Opt i ons 1Ysiirg balke ds ame adathareas noalihe rbturtihg .pr esent
invention's market values for OT options with a touch

above the spot
cal cul at ed.

rate (Lup' OT options) were
"Up' OT options (rather than Mown'

wer e

chdden meukgrinasanpf e Bhgy. PTRESREsULPYSPEAoap @PTSUS
OpL) ans.. ALg R?elsaecr}ﬁleﬂ# NELGH €8s 71,3 pBoANdnd MG §2002) and
shoWs the Fel ative pert or mance of the present

i nwerd | petusl medekeconpar eshdwn in Figure 5. The difference

between both models and the actual market is highlighted

10 The output data produced by the present

in Figure 6.

invention is labelled as “Trader Model” or “TM”.

Figures 5 and 6 show that the present invention’s prices
extremely close to actual market prices for DNTs

of

were

broad theoretical values

47.5%) .

15 across

(2.5% £ TV

a range

<

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.

OT Options

Using the same data as table 1, the present invention’s
options with a touch level above the

IUp’

market wvalues for OT

spot rate (‘up’ OT options) were calculated.

25 options (rather than ‘down’) were chosen by way of example

only. The results for up OT options are presented in

oT



Wstup (2003) . Figures 8 and 9 explain the difference
bet ween the present invention's nodel and the market.

WO-2@ana03s shows the present invention's nodel BET/ATR05/000944

10

20

25

30

termand strike structures for the per unit costs of
dvega / dvol and ddelta / dvot.33Fhe small variation
that remai ns between the present invention s nodel
anditgvearar Kbt 18 erpFai fed by ¥heuerffer sRe¥spetfi€en relative

the risk neutral -( t and
ex BSOS B, 7. Le G1CTRE. OF (00 4 porcdit ap compared to
nomiyizadugdugaataon) . F| gure 9 shows that the expected
stopping time for the OT is less than the risk neutral

(no) touch probability for the range 2 .5% TV 65.

0% ? |d 9t%%%'ﬂ@@nﬁlﬁékegée'%é%w%gﬁntth*ée present
mar ket over this range, leading to a | ower (higher)

prlla:neraﬂterort’me sopplenend itheponptrikes - (ne@&tqwree) 7 T@hOWS the

d t wh 003 h .
SeTRIGY gD S SRR OBt serire

expeghet slappifg t the fpérDNﬁlﬁptbOQSsdidfer$Vega / dvol and
markedly to the risk neutral_(no) touch probability

Thé@ qaldivabl 14%34L of {The baPRtbr é’aﬁélaﬁ@OPoJ&}?&j 6?%%“1%0 between
| Nt 9rd f@ o2 Tﬁ98n£§8¥o§”hbd%§ ﬁ%%ﬁgt'ﬁs explained

artlc y T nporfant r valuing the nar
sum})j em:het dil'ﬁfsresc&aedmnsxeeeme‘u’r&rketh&uppéetreaiL {mo) touch

o FECHEP I (718 | 1% GrOTHe el PRRRS1 i Bt PR OT (as 2

The, dJyesant oEan%lﬁiI%l has,seveysl. advardagess  shiowsS that the
extrenely si nP . The nom nal duration of the Anerican
]

bi rapedd optePPyng ndildst eBox h&hsi iF ofst Aess than the risk
Su%%d%?%ﬁ to (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).

To demonstrate why the Wystup (2003) method does not
extend to DNT options, Figure 10 shows how the expected
stopping time for DNT options differs markedly to the risk
neutral (no) touch probability. The probability of the
barriers being touched gives no information on when they
will be touched, which 1s particularly important for
valuing the market supplement. This is because the market
supplement, in effect, 1is adjusting for the additional
hedging costs expected over the life of the American

binary option.

The present invention has several advantages:

e It is extremely simple.



theoretical value. The quantum (both size and cost) is

defined by the expected stopping tine. Therefore, the
w@e@seomss nvent i on ensures that hedgi ng costs BPET/AU2005/000944

Anmeri can binary options reflect not only the term and

strike structure of inplied veladitity, but also the

termand strike structure of dvega / dvol and ddelta /

dvol . Theswmkeyxmanybxdtteslcanofaﬁ#uzohmédbcablpibath option

spatially and tenpor al qihng t he correc cost of
convexi ty Fs Yer Qﬂca¥%%ec ¥ I ySWhen fi ghl? supplement to

conmpeti ti v@ el 1SUGR1a% .t he Tcopiiom-iRl Kedoth size and
require prices to be calculated within very fine

tol erancesostt provilesne@winf Ghwat PsReebed stopping  time.
5prlce nak%%efmﬁégéy“llhgssg§%s%g%ml Jgﬂ€“ﬂ9 aﬁgsures that

hedgi ng t hese dan§&rous i nst T Unen

present i meenRfiimn guabki fos AreiriEny bhﬁasgpampﬁfons reflect
effects of the smle and skew on the value of the
suppl emenfOHRNAY sEPEheCTcRRI SoRtHOUT O B R i RE. implied

This is e%%ﬁﬁﬁf?ht%}vqghﬁh§l§5r%®% ANBIT C2Rd strike structure

optionality of ese instrunents. The inpact of tine
is so critfcaldvedmt/ Tareb (4997, dgelt80B)ddederi beFhese key

Ameri can bi nar ions _as "options on.ti rat.her .

10¢ han optléﬁglé%“&ﬁg Sas§&f™ . va?Y p??%%%d%ﬁgg}%téﬁﬁﬁl spatially
wWith the iane i edempbaiilyty surdatey mhﬁoutcdﬁmtttrl ngost of
addi tional internmediate calibration (for exanple

th
cal cul ati swroredidenl 8l ateritial, | @fpesiadt. Schugefe  highly
V°|at'||t3/ompet1tlve markets such as the FX option market

require prices to be calculated within very £fine
15 tolerances.

e It 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 wvalue of the
supplement, but also the crucial contribution of
time. This is essential given the strong American
optionality of these instruments. The impact of
time 1s 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 additional intermediate
"calibration (for example, the calculation of local

30 volatilities, Jump or stochastic volatility

parameters, and/or implied probability



parameters, and/or inplied probabilitydistributions)
In addition, cross-sectional fitting to exotic markets

WO g00a0000secessary. It is conmputationally effiPBCBEAU2005/000944
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Comput ational |y expensive enpirical estinmation and

nurer i cal approxi mati on such as3brees, finite
difference and Monte Carlo simulation are not _
necessar y diBkpédudd ostsoppi ng tTmes FdHiisidiyl e &F@Pss-sectional
doubl e bar.r.i er. ve l.vtical,, .cl gsed-fo
soIutions£l$%§%€?§§%ﬁ$£ﬁﬁ%%h%?gﬁt§tg§ngfg F?ﬁ%%ﬁ%ﬁ%ﬁ

wherevey RBessibl &orddif: Actdil11Rehayiroul cat . Computationally
price-makers in the option market. The present

i nvent i oneppkasivie i s cawsyricglpri estimetiigpact agid  numerical
time, as well i of t i K

tho &i 20 SPPERETRE RSl COBHT oRant TCBrhebr ot Sal gabagnoe and
W th a heupingtel Camdel s infistien aate ucbal ndeeekapgent Expected

as many traders responsi ble for price-nakin nd. book
runni ng i §TORP1ELtEEX 6PFi SATHRPKER e@?gBﬁenBaéFlers have

out puts (RHGER) M1t heut, JRderstandiing itdxe .| i m tati ons
of the key assunptions upon which they are based. To
hedge, traders need to know the true underlying risk

oAt GRERUERT | s LAESRBOP: ARl CAUHe pfY colPPagrF, | Whereves

Thedy=agaRrt, | ket keruallsopbsHppoetis feequenicénhsikeddy in the
scenario analysis. Since American binary option greeks

ar@pﬁﬁﬂﬁﬂﬂ%¥k¢Fnu!Fhﬁl@r&ﬁﬁ@ﬁﬁ%ﬁ¥§HWQQRuﬂﬁ%e%péﬁasﬁoeasy to
B ol 51 g TPtk OF IATGE. O ofal oot i o oprhapcs of the
boaks lien pndctdles: Eneduent siner afdayhscemaried supplement to
an%ﬁ%%f%ﬂf%a CIgralue with a heuristic model. This 1is a
crucial development, as many traders responsible for
price-making and book running in the exotic FX option
market rely on model outputs (prices) without
understanding the limitations of the key assumptions upon
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.

The present invention also supports frequent intra-day
scenario analysis. Since American binary option greeks
are unstable in multiple dimensions, frequent scenario
analysis is essential to understanding and hedging the
true underlying risk of large, global exotic option books
in practice. Frequent intra-day scenario analysis is much
more difficult and expensive 1in models dependent upon
complex empirical estimation and numerical approximation

routines.



nore difficult and expensive in nodels dependent upon
conpl ex enpirical estimation and nunerica

W@ pEsoxiossat i on routi nes. The present invention BOBEAUZDE/000944
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10

15

20

25

suffer from problens previously attributed to the

di scredited anal ytical nethod; 8§ it is dependent only
upon the option contract specifications and the state
of the market. Therefore, the present invention

coryf .“'ﬁré’é"ér&‘t‘?s 1heeGrughal gbbsk that %U}f%re%'d *fdm problems

resulting rn inprovenents in both accuracy an
ef fomodweinoys 1 Modieticcabudresl ando varttat | od$ssasedotked beanalytical

apparent to the skilled addressee.are intended to . fal

o Bl e aRopt of® t HEPRPUSRh: SPriderith. FoR| PLisd contract
netdidol ok ofortheapresend kayeat ion appl ingsrkdx eXOtTerefore,
options in general, the preferred enbodi nent descri bed

i n e spappentativrenbicnayrosirestdnpl Babaey, e crucial risk

spegific t rican .bin ians. S it ] :
eagty eo aopp y the %ﬁ’ody%sglgf%%p%i f nfgr elﬂﬂ%&é uecléés in  both
anthabdferenindes ket sietdye. exanpl e shoul d not be

considered a limt on the scale or scope of this
appl i cation. Accordingly such nodifications and

vanaii ONs, @ Wub g be AnRaTeMs 19s awBﬁfL%lO'beSké$b§9ehE to the
the art are intended to fall within the scope of the

pr eseintlehvaddforsee heraatorendedwhpchialld wdttérigedhtep scope of
betzeternineq:py thqﬁ%%{egoing description and

app yoed 1% s’ LA 1 . A nmethod of obtaining the

mar ket val ue of an exotic option, conprising the steps

of : providing market and option contract input data;

cali@ul I | blge amehbodetlpgal ofaltee oprepenexonvention applies to

exotic options in general, 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

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
of which is intended to be determined by the foregoing

description and appended claims.



option fromthe input data; calculating a market
suppl enment adjustnent to the theoretical value as a

wo eovendss of t he expected stopping tine of thePERAURW®S/000944
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35

option; and applying the market supplenent adjustnent

to the theoretical value to prodice the market val ue.

2 . Anethod according to claiml1 , wherein the market
valgrevingsused to cal cul ate bid-offer prices. 3 . A

nmethod according to claim2 , wherein a bid-offer

spread is calculated fromthe input data. 4 . A nethod

acclor di rig methbdi w3 gbtwdierimiqh the madkeftf eralspr ead ia®r exotic

al so a f%@g{éﬁ)n @gm%asﬁﬁ%eg%%g%?%ggpéﬁg time of the

exotic o ng to claim4 ,
wherein a bi dEPRTEEBHIRRKYE fard ppRpickomfCcemeraslot jrput data;

option are calLitatod g @fanébkeeleglt hgs 1T0s K@If  the exotic
val ue and the bid-offer s rea A nmet hod accordi ng

to clai MRAEIOHHEFIR FRE bt ‘?:aet%hd an offer price of
t he exotic optdlodukdteioal c:aul awae@teas auppheienn oédj)lhetment to

mar ket Vqﬁdjug%ggﬁ lcagfﬁﬁ¥1ﬁ§read a@%u13; A3V DR Ly ea expected

sl i ppage fiod%accor ng t0 cI arm

6 , whersioppireg asimenet iths|¢ppaye aufustmemdis
cal cul at ed fr%&@gﬁ%@% Hﬁkﬂé@dsﬁ %&Eh@n f'utsQ?nent to the

expected sto e exoti & option.
met hod dfh W%ﬁﬂrﬁ Hane FFRFUGR | e’ I@r%mt e%w%
option, conpr|5|ng the steps of: providing market and

i on ntr in ;
Opt on cp t % 8EOQ§R§Q to claim 1, wherein the market

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.

4. A method according to claim 3, wherein the bid-offer
spread is also a function of the expected stopping

time of the exotic option.

5. A method according to claim 4, wherein a bid price
and an offer ©price of the exotic option are
calculated as a function of the market wvalue and the
bid-offer spread.

6. A method according to claim 4, wherein a bid price
and an offer price of the exotic option are

calculated as a function of the market wvalue, the

bid-offer spread and an asymmetric slippage
adjustment.
7. A method according to claim 6, wherein the asymmetric

slippage adjustment is calculated from the input data



calculating a theoretical value of the exotic option

fromthe input data; calculating a nmarket suppl enent
wa@eajoaseaeent to the theoretical val ue that i ncoP@DAHRM®S/000944

t he expected stopping tine of the exotic option;

cal culating the bid-offer spread8fromthe input data

and a function of the expected stopping tinme of the ,

exotic opid oa, fandtdancwattng bik@eanddofdespmingesing of the

the exotic to.pti on_as a function of the theoretical

val ue, maTRet® stppt@hent adj ustment, and bi d-of f er

spread. 9 . A nethod according to claim8 , wherein

adjSU.St e% bl&n%%ﬁlfo%lr Bfi C a?irrﬁi.r?gal % Idat ggdf r & prices of an
asynmmet ri c slippage adjustnent’ and the cal cul at eé’
5bi d- of f @xapreRtien, AomRRHolRE coreli Hegekd @faim 9 |

wherein the asyspei{nS 4+ RPAGhADMSII®dohtSract input data;
cal culated fromthe input data and nction of th

af e ,
expect ed st oppiHgt3 e df & hEh%QB?F?:C%gt i'Ghue 1 ofp the exotic
met hod ageoish nfrdmw thai At s ein the theoretical
val ue i s obtained appl yi ng_t he,noarbi trage, met hods
of Bl ack soharaLouhAE AT B Rt RE s P RhBR ERPEE T8 tment o

10met hod ddoortdhagrebichai malie vilertei hnobhepeveteshéhe expected

theoreti%p%ﬁjl#ﬁ?ﬂgeagfog{é o&??lnclgt I on t he

sol ution Infite sum a nunber '
of el enent s areakeinhedin® BRsulddarfifesstsrreadefygpyi ithe input

accur acyga 3. aAd "Bt G ARG HMOthO ekpbBt8d, sWehHend time of

the nark§ﬁe exotic option; and
15 calculating bid and offer prices of the exotic
option as a function of the theoretical value, market

supplement adjustment, and bid-offer spread.

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

spread.

10. A method according to claim 9, wherein the asymmetric
25 slippage adjustment is calculated from the input data
and a function of the expected stopping time of the

exotic option.

11. A method according to claim 8, wherein the
30 theoretical value 1s obtained by applying the no-
arbitrage methods of Black-Scholes and Merton to

exotic payoffs.

12. A method according to claim 11, wherein whenever the
35 theoretical value of an option is dependent on the

solution of an infinite sum, a finite number of



suppl enent adjustnent is a function of the input data

only. 14. A nmethod according to claim8 , wherein the
wWorenokme000stippl enent adj ust nent i s cal cul at ed f rBer/av2005/000944

Convexity to Inplied Volatility Adjustnment and a

Mar ket Wei ght Adj ustnent. 15.-A3fethod according to

claim 14, wherein the Convexity to Inplied Volatility

Adj ust menterich 1Al £ akadmelt R J efesereeato Idhestdveg@iibe digit

dvol and ddelta / dvol of the exotic option, and of

t he rel &&Mrdega neutral butterfly and rel evant risk

reversal 16. A met hod according to claim15, wherein

he 0 ers un e

dv &a /r%v%lle dien'i?g# Jﬁ@ %g Erﬂg e@an vgélggnel& efle market
5butterf|sppp1thme4u’qreatdmdsm@m dimgat busrhienief wher @input data

the vega pigutral butterfly is identified using a term

to maturltspequal to the expected stopping time of the

exotic option and a mninmumdelta. 18. A nethod

acqqr.di ng h@tﬁb@lnéégor&D@%eE% tBEaﬂhni$UnM@%&banfthe market

the rel evant. ve utterfl IS .C torm 51

the del CHRLATA QRO FEVERT (3F AAYTH AbipactBan & Convexity
10stoppi ngd i Tepli®d Roiethadtgcdaridistgneind Al mal8larket Weight

vvherelnAvgwen th re are two asymmetric touch |evels,

the m ni 03e) ute delta is selected for the vega
neutral butterfly 20. A method according to claim 17,

@a'qﬁrﬁ%$ﬁd&ea@§5r&fh& o6 vegdamconvexiy<i® the Convexity

i mpli'ed vol ati | is calculated fromthe zeta of the
vega neag}aﬁmplled Volatility Adjustment 1is calculated with
15 reference to the dvega / dvol and ddelta / 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 of calculating the ©per unit price of

dvega / dvol is identifying the relevant vega neutral
butterfly.

17. A method according to claim 16, wherein the vega
25 neutral butterfly is identified wusing 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.

19. A method according to claim 18, wherein when there
35 are two asymmetric touch levels, the minimum absolute

delta is selected for the vega neutral butterfly.



butterfly and its dvega / dvol. 21. A nethod according
to claim 15, wherein one of the steps of cal culating

wo b@epenosginit price of ddelta / dvol is identiPgi/ay2a05000944
rel evant risk reversal . 22. A nethod according to
claim 21, wherein the risk reveé¢@at is identified
using a termto maturity equal to the expected
st opRi NG, i Rf ddieexiald ccOPElLmand, t heeFeDhMYMe price per
delta. 23.. A nethod according.to cIaianZ,,mhereiq thi. ,
mi ni num“@éitt a odf Wﬁ@aeqﬁqﬂﬁégﬁFyfigﬁ r dvEriegd j yotatility s
cRosen tdalr%tlehetdhe flebha ahet hezdtauichoFevedhg s) vatta neutral
t he expec opRi_ng .ti_me. . t-hod according to
clain1ZSF&%ﬁéiéﬁﬁaﬂﬁgﬁ&fﬂg?ggé?éﬁfﬁgudsynnetric tguch

Slevels, the mninmum absolute delta is selected for the

sk rewersaln gSacloreiigd asceiding i, C{abPL242, one of the
wherein the price per unit of delta convexity to ,
i npl i ed k6Pt i | PEy | G2 EGREATERSd 6 t ReTzet ANbdE tHRrice  of
risk rewefeSala andds ddel t aidertbiodyidp. Aheet hpgllevant risk
accordln%ito cl.aim 14, wherein the Market Wi ght
Adj ust mERYSEE3al cul ated fromthe expected stopping

10tinme of the exotic option and the nom nal duration of

t he .exotjc_optign._2 . et hod di to Lm 2 :

whggéin h@eﬁéPaeta%%%ﬁﬁ% npgédﬁﬁégﬁﬁn?grs %%%gépgtg%he risk
froma wegensedvedd tidend Ui ethduainel & ateonyéri maturity equal
val ue. 2§, At hod, RGCOY dé?@p#?m&' &Ml 7o r WelLi BxbPec option

vega convexity value is cal culated fromdvega / dvol

t he and the minimum delta.
15
23. A method according to claim 22, wherein the minimum
delta of the equivalent risk reversal 1is chosen to
match the delta of the touch level(s) at the expected
stopping time.
20

24. A method according to claim 23, 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 dimplied volatility is
calculated 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 method according to claim 26, wherein the market
supplement adjustment 1s calculated from a vega

convexity value and a delta convexity value.



mar ket wei ght adjustnent, the per unit price of vega

convexity and the touch probability. 29. A nethod
w@ewendiosgy to claim27, wherein the delta convEXi/AY2005/000944

value is calculated fromddelta / dvol, the market

.wei ght adjustnent, the per uniélprice of delta

convexity and the touch probability. 30. A nethod

according to claim9 , wherein a md-market value is

calcul ated fromthe thegretical value and the val ue of

t he Srmar Ket m?GglﬁldenﬁﬁFoﬁ 08t nfEht .Cal?ll.m AagEt hggerein the vega

acForﬁ|u%?vaﬂﬁyrwéﬂuemher@aiddﬁaﬂﬂdﬁf&émr3$agead Pyol, the

cal cul ated ,such th it LS.l en t o jtr

constanﬁgugﬁ%:d@%@%d%n%dgﬁﬁ§ﬁgﬁgfhg%%n J%;ggﬁgﬁ_sgégerf veaa
5met hod aswporediiny tand Itdiemt@uchwrraiabiliechi d - of fer

spread is calculated froma Static Spread Adjustnent

and a Dynam c Spread Adjustnent. Preferably the Static

SpRdad Adj BSLREAt FPRPEGERY a tCONELRbUL iDhy f MERLPdga. the delta

23- Ad%diﬁﬁétﬁ%?r@éﬂiﬂe tDs Cbélﬂhﬁate&mgﬁf@inp a’fd&dtﬁt at iafvol, the

prea stmrent, i.ncludes a contrjbution from dvega

ol - R IOE HocH SAMPor e B B2 GReFelithe of delta
10 Dynam ¢ cSprvead. tAdjarst nerd dwcsthudesolaaleidnttry buti on from

dvega / dvol. 35. A nethod according to claim 32,

wherein the Static Spread Adjustnent includes a .
cor®0r.i bt i bAthpdmaddelndany dval c38imA SretWerlr @kl oPdilHgl-market

to clai 33, Wher ey &hes DypamronSpEgad AHHEERML value and
includes a contribution from ,
the value of the market supplement adjustment.

15

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.

20
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
25 contribution from vega.

33. A  method according to claim 32, wherein the Static
Spread Adjustment includes a contribution from
dvega / dvol.

30

34. A method according to claim 32, wherein the Dynamic
Spread Adjustment dincludes a contribution from

dvega / dvol.

35 35. A method according to claim 32, wherein the Static
Spread Adjustment includes a contribution from
ddelta / dvol.



ddelta / dvol. 37. A nmethod according to claim 32,
wherein the Static Spread Adjustnent includes a

w@ewsoddosg i on fromthe expected |ife of the opeCDAD2B8000944

A nmet hod according to claim 32, wherein the Dynam c

Spread Adjustnent includes a cotribution fromthe

expected life of the option. 39. A nethod according to

claim9 , wherein the bid-offer spread is suppl enented

b as I.C; Sl i opponegnt. which h .at i .
a%d?%yna%(nn@%tgéﬁ%onée%(?@%%. gg %gt 164 %%to?vgl‘%ﬁéafl 0 the Dynamic
cl ai m 30Spwpedei mdijubtarantof f éncpridess are cantulidgdon  from
from theygLdryayket,oyal ue and the suppl emented

bi d-of fer spread. 41. A nethod according to claim1 ,

Swherein the method is conputer inplemented. 42. A

10

15

20

25

30

35

net3wd agcaredihng tacebadihd tomergim Bre MphéLEihSthe Static

comput er_. i npl nted.. 43.. A,systemfor calculating a

ma:rEet v%?%%acgf 4?”@2:6[{61% obplgng@Bnp?iﬁqﬁﬁ?rﬁ%ﬁﬁhon from the
means f oexpeceedi hgfemokethandoiopthon contract i nput

data; neans for calculating a theoretical value of an

exotic option fromthe input data; means for

cal 3 at® nfeiheer letcaipigientnt cadjiostIent wherehs the Dynamic

theor et ig@tey@l URI-ASRdHNCEEEDL8Est he @PRGI®Fition from the
stopping tine of the exotic option;neans for applying

the mar KPSTUpRT ehbh® b tRe it 1¢®™- t he theoreti cal
val ue to produce the market val ue; and

39. A method according to.claim 9, wherein the bid-offer
spread 1s 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 wvalue and

the supplemented bid-offer spread.

41. A method according to claim 1, wherein the method is

computer implemented.

42. A method according to claim 8, wherein the method is

computer implemented.

43. A system for calculating a market value of an exotic

option comprising:

input means for receiving market and option
contract input data;

means for calculating a theoretical wvalue of an
exotic option from the input data;

means for calculating a market supplement
adjustment to the theoretical value as a function of

the expected stopping time of the exotic option;



out put nmeans for outputting the cal cul ated market

value. 44. A systemfor obtaining bid and offer prices
W@Rooan0m@zOt i ¢ opti on conprising: input neans fPRPECT/AU2005/000944

recei ving market and option contract input data; neans

for calculating a theoretical-vlA ue of an exotic

option fromthe input data; neans for cal culating a

mar ket suppl geBRk adFyst negdplipidde theor elnaadetval y&pplement
that incaorporates the xggc sto tine ogPth

Le i ng e
exot i ¢ GHOPHTeREansO f GHical GEPATT G h DALt &P broduce the
spread finemethealngut atat a as a function of the

expect ed stogg%%%tti of th@ogxogﬁﬁ¥ﬂ§£%§%ﬁ neals fQf culated

cal cul ati ng and o ?%ﬁsprlces of i c option
5as a fumetrket oRltlee t heoretical val ue, market

suppl enment adjustnent and bid offer spread; and out put

nmeans for outputting the cal culated bid and offer

pr kdes. P453yaCemnpinter OBEBgPARY T Bk oAPPoI PFiRF aPTices of an
conput eexb@ iRei@int kemprtikadsg :of claiml . 46. A

conmputer programfor contrqlling a computer _t erfar ,
the methods of*P&tai MEES 47°%A %8&8&W&ngrgﬁggﬁﬁ ld" option

10 conpri siceg tinasttr detpudnslatt@ ;oper at e a conputer as the
systems pf Cl@éggu%ofscafb89§9¥ﬁ§rapr ARG 1§40 of an
Instructions to operate a conputer as the systens O
cl ai m 44xotALs option from the input data;
means for —calculating a market supplement
adjustment to the theoretical value that incorporates
15 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
20 the exotic option as a function of the theoretical
value, market supplement adjustment and bid offer
spread; and
output means for outputting the calculated bid

and offer prices.

25
45. A computer program for controlling a computer to
perform the methods of claim 1.
46. A computer program for controlling a computer to
30 perform the methods of claim 8.

47. A computer program comprising instructions to operate

a computer as the systems of claim 43.

35 48. A computer program comprising instructions to operate

a computer as the systems of claim 44.



10

49. A conputer readabl e storage nedi um conprising a
conputer programas defined in claim45. 50. A
W@ 0vp/00®rs r eadabl e st orage nedi um conpri si ng aPCDAPRA081000944
program as defined in claim46. 51. A conputer
readabl e storage nmedi um conpr+séfég-a conputer program
as defined in claim47. 52. A conputer readable
st algage AMeidHPRQIPT | 5d AWh1SL £ ONPHG £1gPr OBEAMIAS comprising
defined in claimA48.

50.

51.

52.

computer program as defined in claim 45.

A computer readable storage medium

computer program as defined in claim 46.

A computer readable storage medium

computer program as defined in claim 47.

A computer readable storage medium

computer program as defined in claim 48.

comprising

comprising

comprising



