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CONTRACTS BACKGROUND OF THE | NVENTI ON Fi nanci al
derivatives, also known as contingent clains, are

speci al types of contracts used by financial risk
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BRI EF SUMVARY OF THE | NVENTI ON Thi s invention rel ates
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facilitate the formation tradi ng and ri sk manage- nent
of derivatives contracts on one or nore underlying. It
provi des a new franmework and significant i.nprovenents
in the followi ng areas: 1. The deconposition of any
derivatives contract into fundanmental building bl ock
structures called basis instruments that are
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of the preferred enbodi nents of the invention. Fig 2
o Thjdsepimes piidodetytierice cofPutonbIrae budicsdgrben Masigaith of derivativos
coragh flows in a BIC. Fig 3 describes the format
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deconposition process, how derivatives contracts and
BICs are iteratively conbined to yield the price of
the derivative contract. Fig 5 describes an enbodi nent
of the present invention in a pricing system Fig 6
shows a screenshot of an enbodi nent of the present
invention inplenmented in an online pricing system
wherein any user specify and nanme their derivatives
contract payout paynment function (paoff function) in a
functional format as well as their BICs in a
functional format and system paraneters such as tine
and space increnents.



Fig 7 shows how BICs functional format is input in an
HTML page. Fig 8 shows how the derivatives contract in
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order confirmation through 17 to the price taker, and
the references of the price taker as well as the
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settlenent. Trade Confirmations are then sent through
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sct to hxt/ch;gc ﬁﬁ(ﬂé‘m ANYE: Lﬁygsftog;ﬁgk sQ [;% tg th”irﬂltud 91n %qkfo: I%crg'rrtg fre ap,n& this would

give 311011“@1 0 Omrﬁc\gl 5_}%#%_1 o] a con;g;l?vc El]fmt 1% v%z)&‘ t(hréW%vl(ntBg]I{‘“t"f uftfgﬁzhérmor(. it decides to

hedge lt%ﬁ)éri,ofué ¥ @t{, GRantyae cxivativesrgnt %hﬁk&{ wdEreath nevggarkepsdor credit derivatives.
price a derivatives contract becones at |east of the

Another gitide featofe oahs' (chaffe.sysBh f@todGkagiglal SYiSice i Wh.d tﬁcrﬁgﬁlMQQ possible states

of the scl5ddAl rEnd6th RBRRABEQbws I; @gqld&i ﬂhpﬂm\é@rrﬂlt% |p§r§)d Y\%{@xﬂ SLI Qﬁlnﬁg co%%tatlonal cost to

rice a dcriva ct b Js] & o ordcr o 7.7 50 an actual g
p adQ; tﬁr«g(Z!&grg t‘i Q.gm Qﬂp% { l%p ::I[ % @( ?SS 11 11 f y}t bw%}]gﬁrtcgﬁ:ssomu dimension

de
rcductlonBrarnlblcﬁransf T mth%s tf’ §Cd16i' l;hb Jéun&érﬁé\ﬁaablcmngv&mh Whﬁ vabzfud é(fnv:ttydm contracts prices as
well as the wepjs gasts PPet“fW}ﬁ‘b iice gfpengt Al ordgignicducait wadboraf goesi sbirvgtual algorithms
would samydndy sganiplied andbyr of gnes th it the grida uimaes cabbinsioad @ Sask Gustruments prices.
infer the price of larger conbinations of basis

3 and 4, {zvﬁght Jrdd qﬁat&mﬁ%fcl’ &Qyitgm@ oﬂpmgcd %/ \ﬁ,ncs,n%t}l y&}ar cr Jnunsbcr 0% In )g(%%alk(frs contain an

inpub mtcrtf mc %y fs 1 am? m ou? ut ]flt(,}l‘ ?% g) )E m] 1ﬁ Eli:dqo c?% )éqsfné elghcg’tg,afé)g pfoﬁ%l?)i for market
makers ‘“dﬁ(ljg fé\rrpmﬁ"l,ltfﬂﬁfjt 3k fnérll«ft Fekr chtaasquqql agPmodck pagngters $0hEtaRrts processed in
31 to yicldthe mpprids apkar'e aofed hﬂblﬁ) eoess pBaEs fhat ardralsk@intly SFRKE RS 348 fukther dotailed in
Fig. 3 and $ho#Qtthatphd B@lcll2AK B6G] paF@eldrs B Ee8tn fﬂ;ﬁlﬂ&rls &8hRGLS, @)uﬂggﬁdy credit risk

model 34ﬂ%dm %1(, q&@ifl@ﬁ%l’o@& fo]:t)ba'rcé lt;rachc 191@&1%1(53,% SQ{ g@% 0? ghc scaluﬁ?gl:(lfnuty functions

34;3 ;I;dd&gddy for d(?lﬁut{ng th(, rané(, % bésa l?ré%trtu{mnts & éortﬁd 3%40, qﬁghm ({g&blil(‘gl ap ﬁfft{l"ﬁ é?ﬁncd in our
ctailo a“éffpélf”r aeldip 31¢P09qu°tsd @ﬁﬂngﬁ%“ FrRt3 4ofh b lpprekstin Biepir ode bnd Trading
Informs lt“ﬂd}’ﬁ’ﬁ%ﬁ & & ipjfendery pfp]gq ngrkef rephig s p@ition i8 althiavtd iok@am e bald. alrades Confirmation
and scttloggy RGN frym Bf @ekodt t6 ih6 karkdRaRks 184dn 39PER] & 196rbd8 formatted for the

stochastic process followed by the underlyings 342,

nodel s of the scaling density functions 343, and

nodel s for delimting the range of basis instrunents

quoted 344 , all this conbined as further defined in

our detalled descrlptlon to yleld in 31 the quoted




WO 03/107137 PCT/US03/19179 6 output interface. All
relevant information storing is done in 33. Wile the
walnaw7mgs of figure 9 only involve a single priceCT/US03/19179

taker, only two market makers and only a single

Exchange System Managenent adm nistrator, it is

fairly obvious this is to case presentation and that

an actual such systemmay involve a |arger nunber of

price takers, market makers and exchange system

managenent personnel. Fig 14. describes an enbodi nent
outprt 1@k Ny PAGS IR ONSOLLOR adiflidsf | Sk maNagement system

description o e risk managenment systemis based

on our deconposition of any derivative in basis
While the qfepmingirfé fguee Satidl vl = prealerrsier PisE o8l i pTish ke apdgelyjagpele Bxchange
System Mowaghntrt advatkistpioo iaibikly tiyiodeths isttycafeupmedniaersandl thainanreink edch system may
involve 1@&§dr SurhbSdf pHUITRIM:S rRfkitGR%ors and BRhIRESstdVARAGRNt personnl.

communi cates with the R sk Managenment or Deci sion
Fig 14. <§ yc%@gan Lmb\écilmcng} tiu, d-lE)c c,nta %ﬁl\%%tgor fmaf r?%k ?nz Lécmcgt_iystcm g 2 Ilﬁ |5n 1

12 in 1 or 36 in 3 or 4. The Aut hentl cation Process
The desqriptiog Bf thogrisly marfySmijons s sygt’cm sPajedh onfouyyfecoBipositiqn & ayyr deddvativy ipgbafRy inslewments md
our metiMA M@ GBRiniSEE Snppar doddioh0 pPBSIlity DMKty EEURSISHMIDrIGObM & ments prices.
The RisPIOG! §§omntuﬁﬁmqlvnh% lellﬁ chOEH 508 BstbLAVRI ih@ B3 face 68 as 5lin

5,11 in %% 9’ g or E hm?d !m ou pu g[tym as o@?nl § 1%&%': lé(gr%r!%t o§ épe}il Allth(,[llﬁl(. ation Process

anot her regue m?: e sent
n 65 s i’fbi?’é"i t 1P He! Frf et “adPsRP gﬁ‘?’%fﬁé“ﬁ?”é’orﬁ?]l“’c‘é’?“’nUsqi“?ﬂj ) Bff which process
them in f4p whith| then[sang 1 regbypial freld clhicpk heinvegte af tedyinstigmenty Hopidnpkylds gother request
may alsogixts@nth 6l heobBrireidd @nrkdt ibisk enipencge prideo riaug ey fovenl:ofdd] abtsindd ieour detailed -
dcscnptl&pmCijctt“ﬂdctﬂaﬂirc&&'m@&i)dréd Mrﬂﬁn & Sy aid 446 € iR A1l rPob@a’a-)hty do\ﬂnjy Gfction in 62,
which to‘é&)ﬂ?tzzl@l@ Ihe WlﬁL nnsgrngcng %g’l{) %btlng %ﬁc vlﬂr@(@ttﬁ pQI@llolR) ﬁ%Qt @){n[;]utg tk%ous pro-forma or

non pro—}/ogn 1urre]por 8 Whlch ]f,lg cttcr Y rchcn«? S_u, rigk. mﬁ f% Fumtlﬁq otf %hc Ipos 611 }% édh goﬁ ax’).mplc value
at risk 9‘1"?1“@"?‘1““‘5‘% g@maltcd ﬁ’ﬁb P’t"ﬁ i leé*s“‘*‘d‘F atq Hﬁ‘é’(’*ﬁl&% PROPHTCFRE F’éF““yFltﬁ‘i“d to the actual
costs of gxilhtphedges-val ue at risk scenarios can be generated

W th exactly market-accurate probability of
Fig 15 LAGEHERNEE n Shb@&Ld ¥ thd RKEH intRidnRBLRCVMR AL REOEHAR) Bk management.

ava| I abl e hedges. Fig 15 & Fig 16 show how an

di rent of the present | nventi on enahl es Val ue

Fig 17 qlﬁlw%%owc\?ﬂﬁf\ﬁf)horxfhglkgcwﬁ égrfgxﬁlfwork }’ﬁFL@tl ).11)1e?(p%shs&%ot%%)yémbmmdcd losses(yl) in
likely s %“B%ﬂo‘t Fsb9b9 et VRRR PR gréidcl.i) Fhatgmay A optroéwkncv@p@ﬁt Pl cymtl ary, an cmbodiment
of our in@xPo SeBlestrisk pabentit &lwhigh unbdunded: l.@sseesip Yis)car 7 aschrialog] With certainty
by cnablSE BR@EI O&ighed Sdn8has thadhRamt Xhl and x12) that may fall

out of t he conf i dence interval. 01 the contrary, an

Fig 18 %horvyp\%%/ corﬁpu cr r;répl(,m H'EI (,d Ilncrt]:IY qn}nl g}gx eu?cggo Ie usce rboml?)gt ation: at%x Bleth(, specification of

BICs andyidig gepoftinp Hﬁéldltwwpﬁ%@?rtuaﬁh?ﬂ y by enabl ing precisely

desi gned contracts to achieve that goal. Fig 18 shows
Fig 19 shy@Wh@Eooppil€ impldfehieneatadmipeichadSo e bapis@dal tighe Erﬁtﬂ&@ﬁciﬁcation of
dmmv@gquqam Q0 Akl TBviRshE SR&GkE. cation of Bl Cs and

the resulting derivatives price conputation. Fig 19

shows how conputer inplenmented nethods may be used to

reduce conputational time in the specification of

derivative contracts and the resulting derivatives

price conmputation. WO 03/107137 PCT/US03/19179 7

DETAI LED DESCRI PTI ON OF THE | NVENTI ON



1 Introduction The present invention introduces the
noti on of basis instrunents as the building blocs for
w@ni/oi7my or hedgi ng any deriva- tive security dePCTES03/19179

in the nost general sense. 1t describes a

deconposition fornmula that precisely shows how any

derivative security is deconposed in these basis

i nstrunments. The inportance of these basis instrunents

tool s cannot be overenphasized. A top-|evel

under standi ng of their relevance may start by asking
DETAILINE® DESOROHIcWORCrHR @$TEQTON t h no apparent bearing

on the issue at hand: 1. Wy nappi ng the human genone

in 2000 was hailed by the nedical research commmnmty
1 In#sodnetiomthe major scientific achievenents of the

century in the field? 2. Wiy was Mendel eiev's (1869)
The presehe @eantiqptidtoduces the dadonpébarioditaumtradyb ehe bfildak elnw it sricke othedging any deriva-
tive sceufigUIREAd inGB@osB GhRALGVEIIE Mt ddstibes GRS Esttign ﬁ)ﬂ‘ﬁill.ﬁﬂﬁ%&jr&ﬁe?y dhbtvs how any
dcrlvatlv@rl‘rslw is E(Qontxja%d En tﬁ&g by Qiu ﬁl&kh@)ﬂﬂ ’f"l‘@ nnu% ﬁlmpc@ %Qsc%l 1@5'&019&11’5% tools cannot

be OVCIME%KIZLA (11 tot L,]/(,ll unal(,rst dnreh}né of t‘in(ar rflhvmcc ma uy st Lrta’t dr Lskgn r%]t?c, tvgv% %fe?ctwimé questions with

tan
“°”m“8?§%ﬁ§%§¢mPaﬁ1FP?ﬂtlng tailor made cures Al t hough in
nost cases, these benefits are yet to be seen,
governnments and private sector have and continue to
L Whiy PRABIERS thn Retep @tgmg i 200 ves eatlefiehyvib medicp] resprech ey eseese of the major
SUME&HGMWQWMWWﬁmWQQQWeﬂﬁh®W7because andelelev s table
hel ped SC|ent sts understand that all phys- ica
2. Whﬁﬁﬁ ¥prgls }%@td“cfaﬁ*m ks rzﬁﬁ%dm&fblqﬁfgl%aeu*&cheﬂ fepgyipng!] achicvement in
chepistriyad phsicd| ear that all desired materials could be
built by doing just such conbi nations. The issue
In answegig |t1r°tﬁé*6‘1‘t°%51°’é6‘isgt¥ﬁf>%% xplyigey thad idriitertion pé He e pariagenao gur DNA will help
understapfpi¢ cagrostt mefifaentis diedsy?fiacilitping fdlesnadhere Sl@stehef fage tasoy,ghese benefits
arc yet tc0eSBe&mBaY 2dbeak stk Bbe addRbnSimb aﬁinl'c&dnaﬁsﬁfcli} R8his codeavor.
developnent of chenical i ndustries who have taken

In the sca)qy % V\g QLF)W ‘sur(,p'.]? 1? E)gcl'ijlﬂl %I),(ndaucv S tx%l Q_lel (61 ﬁu*nltlgs 1 bli,ret and that all phys-

ical m),tt% WSE just qmbﬂlgtfolé? ?f &fsg) ),slcRé,gléné'], &H‘)C(gltn‘]': Fhfar E.’bdhntlll (H%ré%mftbn als could be built by
doing jus srgfpstEIPinEiont A e eifed &t comphiet hiw/e Tl e@sgeigustion most cost ofectively?
In cases wigrruoR clfadtte preedethvebdn Pradihethss led fonthd denddp@indbf chemical industries who
have takdd @fvaM@dcioV 85 oﬁﬂoﬁllﬁntmﬁgﬁmtld thO Whalth Qﬁmldmf; bycﬁgrlfﬂé OQIf ncbdd®or all kinds

of matcrlgsa%h%aréhgﬁﬂ MR ftosc,x@xg H&&:ﬂ"é‘n‘% Jt%g ﬂr cgsscg §o it ztmfac (i nh('checnd products.

hem can be |ikened to [ ent| Ication o
gene as the unit elenment in the expression of each
I financipl dgivgyiyotydsk Hgnagaeonts ey fdgtiifipeionob e hisis insigumigep prgle chifestoristics of cach one
of them qamyeliferod o tbf idatificaj@s fholbec gethesit clemeng vt epreypioD bt cach living being de-
scriptive AW haO]l ad ﬂﬁ@mﬁiﬂ@}yﬁg M doSible B@csa QAR of ﬁl@w]C% itﬁlﬂm@ﬂ&g? Ks¥hcQfom and the

mvcntory%lr lll preame) Qig(,ng)ly Ylﬁrﬂleb&(lcfc&%ﬁbl@ﬂ@kﬂp%%mﬁ @Mm% is 9&5 ous to dcscr}bmg the genctic
ormul a. descr.i

compolsltlén gf C?E 80%1{)1(. Pvm(% b.()l{.l% o:cc 1df:1§11}i:ai ]ﬁ p%?ms ar Bl'emlsiir)lr Our dgcmgpeo%tménormuh could be
cquivalen t‘ﬁ é)gv%ha%’ﬂlf 1tf)1imé aomriosrll mﬂ ﬁ%e élsscr&}){.,( Jeﬁ,gm g/{n(itlyzr '»OB( Ihquld or gas

deconposition fornmula could be equivalent to
These angddzg@V drd integdet! Bercatec 0d1the inoMRasds the @Rp@dd ifaGho( aSeiviye Bublished literature
will help PRERY thdlatioh el ae0kdd, |iquid or gas. These
analogies are intended to reIate to the inportance of
i nnovation. A surve publ i

0]
Pubhahedl lit(tr étFréfﬁg‘]“ rcw ]fltl to I]?éfrnﬁlobatmdt%%cn} %ﬂ?ﬁ\’fa’fi lﬁ‘ﬁ’ antht ﬁ)gtrlbutlons of Kenneth
Arrow (1958.Jfe¢! PepmeR pod Pabil Pehied 1959 tNebd P 495d)- riset|oyd Petrasvlefingd what are
now called Grr@@ePdorvin prigitivlsea@righs TA® Ofr@ADchred BSIE S8R @s thabsE ¢lonRfit® intwWh&h all other
contmgchélkﬂﬁrf dodlbd RERSpatd K8 Ehrhe,tnglc ec&«fnﬁo%ﬁgﬂ, l\%&g’pcnmgkct Rﬁlﬂ Wifh multiple possible

etath) Al’l%xz %lbr@lnsgcugﬁ& Q'ch %m% Q(,C%Hl 4%%%%" $1'>1@ Bm cnd of hc lpfrgog §%)g1vcn statc oceurs and
woring g SR BL b HEE P LN ity R PR B g, hon a cloim

state prices) as the basis elenents in which all other
conti'ngent clains could be deconposed into in a single
security, single future period market (but with
mul ti pl e possible




states). Arrow Debreu securities are sinply securities
that pay $1 at the end of the period if a given state
we@oexuwrs37zand nothing if any other state occurs. PET/US03/19179
there is one Arrow Debreu security for all possible
future states, then a claimW 03/107137
PCT/ US03/ 19179 8 contingent on future states can he
deconposed into such securities. To sec how this
happens, one can observe that if f is a function
defined on E, set of all possible states the variables
contingeft @aiRturt &tkis calvBe ddeBostdito kitch Mkdkicsl WedE hdwyrhis hapbdd), ofe ch dbserve that if £
is a fun(&l&]) deHacd én 5 ‘%t%} lll(plig'ulblb Stheoas M%]%]Jk%ﬁm rv@ﬂfa@%ﬁcﬂ:&% thlcnﬁ,lty
function taking the value 1 if Sis equal to s and the
value 0 if S is equal y. ot her value. The ‘
application whi cﬂ tof{?qgc&é 6f1fs at a future tlms T (1)
where 1%%?%}31)%51:%111‘3 tin flljlgc%o tlkugttgc va]flhlel?%U ﬁ;u St{) Is g},}’]g?{}g;r Ill@(?()l 1? .%g cqu\zﬁ‘tlo any other value.
contract is an hononorphi smof group if state prices
The appiigadort gliento ggh Payxd.» fhinrcttime T thatach fupdipiaf off § Skchaydautarigble known only at
T, assocflch €k B@rchitr AIREMOKckeontfaktiiS: m(halﬂonhﬁ)h&ﬁ%ﬂgrinﬁb if e PlebsGlcNGedd fixed. In the
re 1d1tlorl:alarmc Mtrcﬁ );Sgc%tfgﬁlévgnsthg @mq bt:' Q% 1g lch% 89 %rﬁgl 9113: &Eccta&&nﬁ Dud t]L, )%count factor

whi represents
B(tq, 7‘0) WthE rc&rcsi s ¢ t, Hllué. elt‘i‘ % alﬁll]l% su,urliiy ptlymr%el V\flt% cer; a% %mc ¥ have:

( St | L ; 3 ¢ 531__)
e B SR e A R gl o
eri od narket since every contingent claim
- *mx? 9&?5 CUSPE GFY FRESEABR S 1y Sedt. F PRASEGY HER e il have
payoff tkaxt c)‘ga‘w ghtbepdigdly ovaifterhs thpg thwspeliicdiey 9f yS'fIqu ffenidatiity (Lygemonstrates the
Arrow-Delgevargsul tHatl mng teprdingegfelaBt, Fhich cag alfwfyShé fescribeigmtal fingtichlf) can be obtained as a
sum of fQkS Emmﬁtsrpa)t]@ﬁ & B&e ¢, sy, QWe ke h @k 1688 Wi s hl@kro &RYy other value is taken, with

§ spa mm&qm vlrh@lg gﬁ%@ of:\l Lﬁ!: 3 133/\4%%1} t‘&{@& ti@lc V}@Z& p}ﬁhcq ﬁ&gift!mb&)qgcmn ?SlIIlpl(., cxample.
flunction , can be obtained as a sum of

securities 1at timne toif St, is uaI to
Lot Bt £ e Faf e 6 MG SEMGIPT Hny GERbR GRS 1A ST st St
dard Tinhoy |Qstyber f» 2091=1g ropyomptivg n fottthne thafiow Bork Xmdes GYL) villihae wS thadith Bascball
World Sp0s sgaiddt ¥hd SdeenadlianfondiBekd NL) kothe Sndf dirichBy ol Sbvahter ithi B01. If this cvent
oceurs t&Qﬂ@?&tdcﬂ Wit ReSh mﬂ%t ﬁ%.mh‘%n Mcnlnﬁ} N§v 5 R0 S @th%mﬁcevﬂ%cwc nothing.

There a,r% y t%z p(gsgl-gﬁlout(%% AWEE??‘E rolg 1@?{: n}gxtce ISt ngt _el,chg s, A&J‘J Wmmnlgf vem 1 be realized

UI‘C ase St er an-

on wiGERRIGY o in ) Fa Y P REGHHL Tt B ’li"h‘a"t‘m‘t itiqqgh et bots can be
purchasedoyoE Yailpy Ii‘éié@d( A TR e DB dedonbireth e 97 BBage b AP

Wrld Series against the Arizona D anondbacks (NL) at
So, the NN eaned eicRfy Hehie axd&)‘cMLbM%ameﬁ t]:ést%hhtc %%&Q lnd WefdedoRiiS. Levs supposc there

is markeEbER s of 96:/ W/ $ool !ﬂ% tTJch 1K§ 1:l(]%l'](Q ]?rch )\MA, tL ab Eh%w Wxﬁl{cﬁ&ﬂl \%Igll aﬁ& a 60% chance

QM ot herw se
that thcr%relzonxl\gémrﬁlolfaﬁke w[]I wxlyﬁ—h’réyfe are onI y tV\D pOSSI bl e

outcomes/states With probability TO,1 state 1 of
Since thqngtreipndy, twe hatiblg stptoAEor yijc ftfiony gickai 4t [timp &, thera kdrpiggonlyamedAndwtpbren sccurity
to be dedotitD sktiatol vihys i Bl aSchidfi@c RarRf, 1.0 adntfnExhiciNAI MbhoR Binigedctbilns € mere lincar
combmatﬁc@%flulgﬁcqts M al gf%mﬁ%&%mtﬁcﬁ a_ﬁlgs r%ﬁﬂllng %Lrlt@ﬁ 1Btett Sg b can be

pur chased Using daily fed fluids rates reported by

federal reserve, we obtain B(tO, t7) = 0.9994. So,

Sinece B(fOHé) ‘W‘%Wé‘em%ﬂ“‘&tlﬁr glcpﬁgfxccplgltsdﬁyl%rtihbw bécﬁsrr@;a CJ%%CIH,W'T“TZY is redundant
since: in this state space and we denote it . Let's suppose

there is mar ket conaegg@eug;_or-p q,;g/tezlz/ 2001 that there is (3)
ance th he NY Yankee will w n

S 51 G4 o KA G0 AP P2l 3 Ao MIBEICS i 1T hxtioplon 11/05/01
by sclling en H(R7/2} a bl tigkod fof fi&r & 9WA-ES0EHIG/adtling S1F98 ittt endsdersicis: thoum cqual to
$0.9994 it @l a@biin@ payying the k@ fund@tratt. iTMBedtifEhe ki@ @adie R tAShcDitkdf willRhire worthless

on 11/05A01 10 WaDER eI SBEM B It m the deposit paying the fod funds rate; if however, the Yankees win,
the $1 taken from the deposit account will be used to pay the holder of the bet ticket sold on 10/27/01. As such the



to be described to have what is called a conplete
market, i.e. one in which all other contingent clains
wa@nxlotm7e | i near conbi nations of el enents of theCEHU803/19179

of primtive securities. Tl s remaining security is

1{State 2} Since B(to,t7) is traded in the market,

i.e. deposit accounts paying the fed funds rate eX|st

1{state 21 is redundant since: 1{State 2} = 1- |

State 11 (3) Since $1 can he safely replicated on

11/05/01 with $ 0.9994 on 10/27/01, this allows a
position padiad dx&tly &Mv&l&@-{olt)%g(aftlck@{b zy]n;g/ 0ad A ;]05 / DY 1153 BlaknbA¥8acVin and zero otherwise.

10/ 27/ 01 a bet ticket for $ 0.4 0.9994= $O 39976 addi ng

$0.59964 to it and depositing the sume
Let’s SUPRQHC Ié)gg}ﬁlt Whh)éc %cflgmtléc sbc&j%tp ay 3 gsﬁg Ltttﬁré, qu. gﬁccfthcﬁcoegc cfngttgo possible states,
J is a binopyg@edeap) funckien D Aratielhac K& aikth, /2 EhdSted)- Uplekige Awpy flecomposition, we
postulatc@bed haldngwr dehitag @ Scewdin pakibt OB/, D& tigo #:t i@ tivadmeso Woyits df, — f2) identical lottery
tickets payBE VA whnshnd p@tsosdepas {cuﬂaﬂﬂoﬁgact:dﬂﬁ sl hURESight fod fund rate of
interest. fn@(,tu? ’1t 1L mﬂ‘é’%“(ﬁE if sttxtla% OLYQ‘D th §nd’¥[a[}m $ { ]he f% :l‘or‘il@lﬁvﬁhcfwgnqm tickets and

accou ‘used t
adding to Eg t}ﬁzeﬂ’{) Wllt%dﬁ ev%n fgnélrl%c qbchlrcil(ﬁOQtﬂcﬁ) t, o G u.Eis )érhm e}?
ons e oA 3 PP USHE PASPEFGD 00 BUET AR f Segiclsp greouns. T
the cquivgepad withl tenderitagvad eppririgraging f(EKet tipaly isrpgid®dedon 11/ 05/ 01 i f
t he Di amondbacks win and zero ot herw se. Let's
The pmbﬁme Q38 %fi vh@fmmmhm&h@m%fahyﬁftl&\@ &gwg Iof Yo 9@% Ny those carly

) possi.bl e
works were b(,lfn%gzmccrfd 1tt1n%as hccn <§ ncq? gctcnlg %h(,sc)/er%ow Dc?rluy ‘ﬁ(.ll}'l\lpl(a a;;l\%nmltnic éccuntlw ina

m111t1—porfnﬁ,1nmkft W(hgrf Hafuré f)),y b(f 12 m;L “f‘“’(“gt“aihféé )m zklwlﬁaonfxﬂoemﬁnpt&w
deconposition, we postulate that hol ding the

In the catl@ 17V Q Blavig SGElEUNbicY prp@ysoT) god MirSh , (Wobaltpribd 19€7) tnddel t8e assumption that the

dynamic @q&!juﬁﬁl Bied . D 1%1&%}{ Llfﬂgmr QJ thatof %a))d.l ﬁtg%ﬂ)ttjs&@]hcd Ia@ctoin@:ﬁy Brownian motion with

a conste mﬁ; Ip’?r%ﬁtbg (,B (¥ lchn g'ol"il‘tlhltj ’I‘ﬂy t‘ﬁﬁsnﬁn\r@([]gthﬁ ntos!vaqars %nogf %9 afc‘gﬁé §c lcs-Merton

formula. %311\& e xg(f t%m mﬁ? ggplgé%n?gcvf 1% étéH a stxmrfqgn Lgls @1\/? %Elgn éuntc,rﬁ o w#.\ch to replicate
any contiggend claimion gg @ﬁ?rgfmatvmtldlb(, t}éﬁ@ici—l)é@ét‘lqc‘}fegl adk, S(L]fo}ﬁ, mdﬁ\?atonfsbqwcd that a dynamic
hedging shrabegyrvgult e nvhmiareangy tiskdkelf § cawiged detdlingigp doiiort (aatoy bhe cBitingent claim)
and buyifgZhdAntidAGkh QMR iR bduhl €0 BHE TilABival PO Biid: oRBCH UM with QRRQE €S underlying
(also m]lcldﬁclm Lct}:r@n tl) the kotmlﬁlg‘,ﬂ@\é 9&11(1@21 a@nguzx HQQ}%EHLI%} oxtofRE otr tﬁg%r\ﬁeaﬁc argument
gmshﬁﬁ hing f the lottery ticket and ends up only wt
?VMAthdramn fromthe secure deposit account. Thus
the equi val ence with the derivatives security paying f
Let’s supgogy thy urderlytng fpfows 7 difigsiempiogeneed. The problem we faced to
begin wwth was that, since the end of the fifties and
beglnnlng of the S|%%ré§&w%@ﬁ”tﬁ&§ﬁmearly wor ks mere (4)
Thon it aﬁ |oqeereg tle hg; been done tofextend S i
o °%r9?“6 DB €Y P’? P RS B RP LY BTt b °B*§‘m?"ﬁ“ yrumetion ot the
value of thq pderlyige fjsbdmnigm & tsclfe r 85 thékes, ihy ssenayainjvie dierpitipliens a function
oﬂ$amwwmmmMMCnmkhmgmqﬂeﬁkﬁmma@d@ﬂﬁ@suﬂbmhonSkmMMwmhgwaarIy
1970"s, Black,, choles ﬁ;g Q&l e 1997) .and Merton

10WCVCr éta.tc 2 occurs,

( Nobel pr|#e= (B WHoﬂsihd dW:he (5)
dynam c of se urltles owed a pattern simlar to
can be rewfifgpn, wibe @) &t ochastic process called a geonetric
Browni an noti on \Mtgé a cggséént péigneter called the
volatility. Theygthds;de gd “hat howadays known 6
as the Bl ack ScholcéSNbrtéh 2f??nad§2 What made this ©)
which meppyelel appeal ing was that if its assunption hold, the
basi s instrunment fronhxblch to repllcaée any :
CoptLNg@Nt. G aixe, o ar/unde|yi p } d,Ae, 4 HE ) Aryp(as 7
underlying itself. é §E Scholeg+ﬁg% Kﬁr}oﬁy homeg ) ©
or : that a dynam c hedging strategy woul d be
i nstant aneously ri sk ;iée if it conzisaed o;ﬁzelllng
an(HPL Lo £ o) -3y =0h hell (g ankinge ailm (7, )*AW'() ®)
the J%derlylng in quaﬁFﬁtles equ§f<ﬁb @hé de?f atlvg®
of the price of the option with respect to the '
under | yi ng



(al so called delta) according to the fornula they
cal cul ated. Under a nost general extension of their
wowd/l7137he argunment goes as follows: Let's suppPSEUSI3E9179

underlying follows a diffudPon process, i.e. dSt = la
(St, t) dt + o (St, t) dW (4) Then if one considers
a contingent claimon the security S whose price at
any tine t can be obtained as a function of the value
of the underlying S at tinet andt itself, i.e. f
(St, t), then, if also assune f is twce

thatis: di fferentiable as a function of St and differentiable
as a function of t t hen one can apply the well known

I Ch [¢ 1 2 (2,
(seb [Gerast o9 Teadt bttt s Bl (eie” b)) |
Arfetwrl tten, u3| ng (4) as: 2 adf =dSdSt + O (6) which
Formula (B 8H3Ss that 2 pothfol(oSBﬁb‘i@:tng of ¢ ﬁongtpos'itmf\tn)thc:dcflva(n%tcoxﬂ?ra&)whd%xaﬁm (s&ua.l to f(St)

at any time Elou£ﬂ§ w1thF) shdrt igtlgﬁ ih & ﬁ 1191-1‘!-% o?f tl(c%dcrls/lﬁg) is %%ﬁy‘z) fu.A%sn of % c, tﬁus risk-free.
s 16 ‘5“3’;‘1 %ﬂﬁé%{'ﬁig of B %fﬁié’i%“ 10t hat is: 2l ( t

+1z a2(F; t,)82f ) Q) J E (f (St+ot = St. | Q) - f

(St = F t) @ﬂ%}s— (cz»;tsf)_ % s dnf(r;) =ILEAGEB tnD At = O (©)
Since S; l%(gys 3 <11v(151§ri(d6.)t a ratc nar{u]g]i ra('g cLSSI].QlC({ Eo be consta{ltqtgzcngtccs L dglg é—RIt fﬁg’j‘; dt should be

qubtr‘““figo%&]tﬁalm‘ 1‘6“#“ (&) )Ommétfma@ "‘tl“t“‘ms t coupled with a short
posi tion iEA;)S[ uni ts, of thg L}gderl yi ng |sc)fs§l ely a
[ S

function o (St Hfsk—gfsr Qry(t) h(u&)r—td houl d earn (10)
|3< e o return rat) SO|f %6né writes
In the ca'i,ff é’t] pthIf ﬁ(l‘flck aé )an mxtggxgtahgﬁt Ofavtt §f
Rt(St)r,~(t)dt (9) Since St pays a dividend at a rate
narred r., (t) asﬁ(ﬂn‘é’ﬁ—ﬁdl(ﬁﬁffcbﬂm:am BEt ween t and (11)
If it were assumdl fhat tE(, S.nfig iyin% %%)t )V a?’goéilxltcgm orwa_l?ﬁy%c%gog %{tiltefg)n%ftarato nk_}r%émtu 7 and volatility

rmdnodr(rfgton(, oyligwc rf(t) LSt) = rd(t) (f(f: St) - ass (10)

OCall(S:, K,t,T) + 10252 O*Call(Sy, K,t,T) OCall(S:, K,1,T)
ot 2 7t B52 0S;
(12) and (10) were obtained by Black, Scholes & Merton. Recognizing in (12) an equation reducible to the heat cquation

(12)

) (Call(S’t, K, t,T)— S

well known in Physics, they were able to derive the celebrated elosed form formula carrying their name:

Call(S,,K,0,T) = Sy N(do + ovT) — Ke~"TN(do)

with dy = LO‘J(Sn/Ijz/-r-T(,_a )T

(13)
In obtaining this result, the following assumptions were made:
(i) It was possible to trade in continuous time.

(i) Market on the underlying was perfectly frictionless; by frictionless we mean no transaction costs, no bid/ask
spreads, no restrictions on trade (legal or otherwise) such as margin requirements or short sale restrictions, and no

taxes. There is infinite liquidity.

(iii) The dynamic of the underlying follows a gecomctric Brownian motion with constant risk-free rate of return and

constant volatility.

Assumption (4) has proven impossible to realize in practice because of physical limitations and the importance of trans-
action costs; derivatives portfolio managers tend to rebalance their portfolio to adjust the sensitivity of their portfolio

to spot changes once or twice a day.

Assumption (44) is just not truc in practice and virtually all data scrics for underlyings traded in open markets display
skew and cxcess kurtosis incompatible with the geometric Brownian motion asswmption of (#4). The failure of portfolio

insurance in the 1987 stock market plunge, and to some extent the "normal” assumptions behind the failure of TTCM



In the case of a Call Option struck at K and maturing
at T, it is knowmm that f (ST, T) = Call (ST, KT, T) =
W@ Bo71¥) + (11) If it were assuned that the undeeT/ysosg9179
foll owed a geonetric Brownildn notion with constant
risk-free rate r and volatility and no drift, one
~woul d have: (DCaii (&KT) 1 2 202Call (St,K t.,T)
OCall(St,K;tT) at + cr 'St aSt =T (Caii (SKtT) - St ast
) (12) (12) and (10) were obtained by Bl ack, Scholcs
& Morton. Recognizing in (12) an equation reducible to

in 1998 Eh’)ﬁ rt\r@ﬁtbha@ %@Ar}g ﬂsucﬁAQsLl B)h&g Pll;%%%? )91? ﬂcv%sp%x (}@P ct on the stability of

e cel ebr

the U.S. %gancnl SHetcn% H é_\c ICSIH%D&EWPC&%?CF at sml and]- crm. st%tﬁfcz d)blm_phtd\yo])mtlhty quotes
in vanilla oqj“eéns-m qufts N(ddté‘) m?rq:agc)i hqlml‘spf ﬁf wll L-opE@ﬁ ecgéq 1]](’ q,ocrq‘lqpmug 01) afmqglel by Dupire,
Derman M}I{@bﬂ%ablmqtm;g([%h[ﬁ%) rTdis erotle] istbhred frofht ewvnptjorads ungital @ii®s (Call/Puts) for
all matuids @ndBekas arc {hb bash bociSs PRSHid R IInE;L d 618EBscduBat QA RLHVAURM Sments, path

dcpcndm;tl opﬁot I.&léﬂt )nc Mﬁfrgie t.[‘hlp ﬁlocich @th n%{g tﬁ/cblj&gu:ﬂ% ﬂpﬁc Loeb‘ %ECL ¥'111d ated by cmpirical

tests [21&) kntcf'mt practe’cbon(a7 pr1¥<kp zgh dﬁpm(g% optlom w1 crns fi)rc%%:i]\ég 1gc§nvtxr1téglg to the stochas-

T
ety /upqodjaly ofgPlagi Brip Ry st Erpd&o ﬁ%‘r‘bii P Pttt rle ABI-sA @pse analysis of the
Dupire-LppyepnfK axj diiubingtqinstnqdpl oif woopestionglpcdbrahlom it fgpiteturcFrags ghalj qgrrespond to the reality,
shows thhtidfdeing Bheik inﬁﬁ.d] vebiuttl Ve cqﬁ.li/aild'ni)to Tlilﬁlg ﬁMﬂMﬁttﬁn &@fn dnlBwn would be determined by ns
cqui ltlonuwﬂ:%ﬁd a)ﬂr H}%lrfcglol QWBmA Jlgm“’ﬁ)ﬁ Bﬂ he I%HCQM"G@E&JEQLJ tQJ]rcMAJILJQ sn-ns cquations.

The mong odclL %Kd gn p?‘xctlé’can S vgfgmrgel!:)alélkr to mgl cxtcngin mod?]s 1th oissonian jumps or
“g fag t%

ven |
o) G b 5 PG o RS B8, Tt g 1

shown thainfdie forrestiupye petiere ef thrbe rpdeinge fupiomprlly eorgtigont witrthapadbpoywedin the data.
Stochastjo oplbtflied helclrprhil @rcsbett@nbhutjony e@ial ante ddagitbn Pefidifeab D & Sundaram,
arc fond @ 1adjtdlgbatdr h&o@ﬁiﬁbﬁ&st jLstuLLMﬁdafbth’@@%rﬁas QQ)@Inf&QLci it &w%mhs there arc a
wide r'mgch@rﬂgﬁ&o&ﬂ %pmgrcct &%(ﬁr@cs q, Qﬁ){cc Bﬁ%@é&ﬂ@? g I 19 Qv P;g(!uI: lc 1L %ndllqy&?d winner for all

c1rcum%t‘mc<a I1“1; ?n c?fggc d, modaln 91&. cruztuﬂk dlttlgnagf}}%cb é%/to ngxgcré{ﬁ? 3?1%1 n‘d derivatives

rohfcr ati
o iy R B e BbEFOL Mo M T cns o e ptions
financial Beggppntsa e AipicphAqesiingStandids Goard (FASE) ntidacef @i Juar B, W60 [30] mandatory
complianOwitH YSI 103, thd ISt a&&&ﬁtlﬂgﬂultm &BBHves tOderaBEick €384, PR4POG R non-standard

derivativéAdbalaec 3@&? Lrﬁ)égr@ﬁtvc%tﬁ&% on qutcmﬁ%sxufm Inln‘}?@ %111&% ellg ks @(Qu&tlg(?m FAS 133,
can be a tlﬁhi!mlé llc, ( uc 1c1\</$]191 1t %Z r(l:))g[t/ Leréqg’c llcﬁgf st m<hr mtaon of mark-to-market
8 g ty h unpti ons

mcthods hc bl lﬁglfcgﬂlt f“é‘]n ]ffss a%élgiéalt aft$?EH dmlécrnfnéfertugb H(dt PR losscs went unnoticed
over a cogtl(azﬁ p/qaptdyc g fraphrpaatp e k-t ko efiity Flcrg%ﬁgts eppitioTih Ehoromistercd ¢f ﬁgomposltlon
in basis 1&@}@)@@%&1}@ €he jexistch@BF o @brkeriar [tigscang ib@fumnst fsuetdoiblfby the present inven-
tion, solvk BAR lptoBieln Q) Bfdithvt ). BHBEQS:c, FHAB l%a%drcs a0RLH.00S b(ﬂﬂcroiﬁ@ctdsm hedges and

their pro@tngd ﬁo@e(PkcﬂFJgﬁo@t%@Q tLuJ g’clﬂ&rcﬁotn}{ dggsw\{ %{%Jm (%C&%Eclm nno§ ng qal q‘gtcmcn’cs only

when it cl_a\,u E(. 8 0\¥n thatpnge g% o%sgg %at g'ﬁ'ﬁ c)§s¥1ﬂgola§1,r[yin§ mb)é é(‘é a 8%/hof ti’féhk of fluctuations
o the valyg %fd’i*fb’ﬁdﬁfﬁmﬁ h“éttl" AT R0 pfueieiss (el It Phipasg this §9% velyfe pmong the wide
choice of preppiple ppdelsPameh apilicitks SV PR 4434HeA o TP 008/0TXIT7H KAl @8 oficfod i many model
dependeniMapredacibdi® apdrisE éhe @fucalThe Sd4tase QUL Ak & b lihsW@8ents would conclusively ad-

dress thn' it FHHE rhﬁl%hoch@hbs b)dgfgﬁlﬂlg %Emugﬁ's t%%rocmwongqi)promm xtlonq to physically
realizable rﬁgn%mgn% uc Io ’éh% (,J{T?(,acc of H(IIB 1c, 10n cos%s I g‘l {ngs K%gln &aPoQﬁ(% ghantification

of this : ).ppro;qm ],th]l show th 1t cven if lognorm al 1ssumpt10n9 W(,rc truc, thc approximation crror may be of signif-

icant magnitude for some payoff types, further reducing the effectivencss of all the models surveyed for hedging purposecs.
Morcover, in obtaining the PDE (12) or (10), two important assumptions were made which arc not always truc in
practice:

e It was assumed that the derivatives contract could be put in the form f£(S;, )

e It was assumed that the asset followed a diffusion process, thus we could apply It’s lemma.



tests ([24]). In fact, practitioners price path

dependent options wth concerns for the Vega-convexity
waeloE1res7t he stochas- ticity /uncertainty of vol ap¢T/U808/19179

in a manner that cannot belteflected in Dupirc & al,

([25])). A close analysis of the

Dupi r c- Dor man- Kani - Rubi nstein nodel, if we position

the problemin finite future states that correspond to

the reality, shows that accepting their nodel would

be equi valent to stating that a system of sn unknown

In practi(é,h‘g)f Fl mgg?g)gtfﬂg rcg](osn g\;,ndg}(/ tu%%tcfxf%q§g:p:ngcncsua1\é\4 1%@2 g)tx gsyfu%ébfor all times t.
A.dd.ltlon%ué, lspsize mth@mtlﬁbﬁnpé%fc‘q‘lprﬁ@togiﬁan an @@ualfl? Mfor caq}h)é\,w ﬁﬁ'grftivcs contract
- under thgdif@ipcrecesaaelrsion) Sedl citemsipr gagicingiéalancthotromn go boygt adiik att@nated. The
approachdféht@xthePioh B.GhémEab& atdbl the Hﬁilﬁ&%ﬁﬂloﬁi Roay &BRSIHQhIs difficulty. Sce for example
the PDE%Q&h@ﬁtRlogcrs\épf)ﬂSf o|2]| W@ rdlfﬂls% pleccQs a@sq{nﬁg)n I@Xn xh/cqf {ﬁ qmsth§Ql]y more diffi-

cult to o‘r@airg]x g_' (ﬁl lt)lc ng Cyr.!j mu{f‘ t}.L? rc%olg]t tc})_?rc,cs orqudntc-%a% comput §{0¥5Cior ﬁ)rm%@fpurpo%s More

sisenty G e AP e A RREEPT e 8 &bﬁ%ﬂr PRt BRE T s e pricing

of derivatiyp eqairagis Or fnvenien dgeptegpble o8y Weskrmeptiproof yistogtriidhjrl ymwdner} micing derivatives.
which fare better than junp nodels in data description

The curr@ &}Qfo%lﬁg nLlQLgll;@ﬁm &sl{%ﬂ@ﬁ’(fi‘iﬁcﬁ%f de@hGved 10%(‘1&11@ tiJCQﬁg)kt‘I@thC portfolio. The

Greeks ¢ 1rg Eh% %Es?t[‘wt{fsno‘%g th%(}:hg H)% ruﬁ?nm&uca Url 1|n1%| Sqt 1 scgﬂr%igi\%éygv%ﬁ tes r(i(,t éo variations

in the assgf Igﬁ(é 3%8 g q(&)rutlﬁ.ﬁrr E’g)f @ g);ﬁ ématéogs CBhCI' %sbtl Iglé(‘e Vega is thc qcr%ltlwty of the
portfolio By vagfions & Bl Schlae-Maftqngypticd el TheeiissiprAewstivia ta g Higher ordor son-
sitivity p@hrheterGilsp oyt neesamdafhenor & gehed,abds@p stofcgbhresemddptadtching first and
sccond orfl@ SerfdtR@ bAArtBEH tol thOR@us Shidufode Ui tibi8So, t“ﬂl‘mtlmﬁklicitly assumed is that the sensi-

tivity of p'ZlQElﬁolﬁ gfgllg}g@tgvgs tg t%?l% %?II;IJ§¥§ %I polgn%mw&llﬁ%; dc%%gglr 1?-% é !fo% thﬁ g].j)st accurate hedges.

[30]) for accounting for derlvatlves positions in
For examplp, 9B popld take p ptrdthis HE%*) 4"R@ % nanci al Accounti ng

St andar ds Board (FASB) i ntroduced on June 15, 2000

[ 38 *’ﬁﬁhﬁéﬁ(*‘bﬁ . ®onpl | ance wi th FAS 133, the |atest

acc lﬂéﬁfs”—#ér“’—m@é&—"rl%ﬁﬂ%%lﬂ@ , @refge- 15 b RoE r L1984-

Re;p@srignngfngn-mangﬁro%,fo@swwﬁts ol Halapce sheets

a%ﬁg%w V8 S P&k Q0L REQIE, S tk% ement s at e
ue as is requested I AS " 133, can be a

and then gee jropld ﬁ‘gl"’lé‘ﬁ a‘qa}; eﬁ(gfect éﬂj]@c fopI{Sgck wgfld Py qmprt@)pq atehing tthrerslpe ab the initial
point as 3l edbcts aarsdoidvedet ackiviefs. strafigapeive ahd oy @fdependent on the model used to
infor the WnKmEch RRIskRiticd pARIAQE dditibhaiiyn e gﬁfnbr){@tabl\/{r%'ﬁ&f k8lcd BRE the Taylor

CXpE msmn 1secg" ﬁ]guzrt a noxgcir 1QmeN, l!nflJ'u[ L%ta(,nglts p%%gr}h, icliﬁy A5 gﬂ]y non—hm ar & F}J/ -off options such

as bxrrlcr oPtlons g’rcfcrr (.n% cgmcin% aogorl)l%” IC]jIBOrVi).tla(.) é‘y S 1Is grgb %i}slzvéﬁ its
deri vat | ves posi tions. The existence of deconposi tion

The idea pfrysifpegndisselompgt qr gpveritedordimcbritingeof dxivatveneoenef todhindtdiebe fa@ptive field of

rescarch il @GR RGSicd. B tofLHFRIN SocenBB puFREE PRGSHcDIceMBMN 1A, Geman, Yor, Bakshi

[48], [13]. Qfo@&@rnlty iﬁl\ﬁg &mm‘pﬁ@n@ ofé,%ﬁg}(ﬁs L}Q@hcﬁé’l&b{n% l!llrlajltﬁtlglgt)ll 3@&1 nlantgngalc prop-
crtics of twyndcrﬁ%n% au at;)suhcc af IIllCrO rla um% F]ﬁeccg% thcsc a]p}i)rf ch?hm 1(1];)% |onl3é mu% é&ﬁ <;<,1‘S<, aceuracy

ebtained oppyisis BEPTH Th g estigte eGP B S H oephpse i hedging
purposcs wing thegripciof b ((Aredteristiopticrme Hergitopilypomisihemn 11, [48hir ilpgance)
shown that this P& offsets that of an existing

Our mvcrﬁ&d@ﬁclﬂ%luﬁgmﬂl ﬂy @ft)m |tl§.ax§}tro ﬁlQ:Q/QnQJItloﬂ(H%l Lrh!, §11§Jr Qift pfx}ch % lﬂlﬁtf LD BRE we focus
on sdcctlﬁgrl‘c mti}{ rcpl1c Ltllﬂe %"315 1nts’crunu,ntL<.J Hm‘ne Eths cﬂ)gv as goselﬁc to w%at tﬁl.st% O%H‘b/mark“t ic. spot,

forwards/ 83?‘13 énda%llf °pf1?1“é \‘}\ﬁ‘d&t%m”& [afef 1@6“‘6‘?“%@3% F‘ﬁ‘ﬁréd ﬁ’b&f’é]lpghtm'ﬂ tractability. In
the prior Pf pappre: SheapBP Ealcisemiy WOSORPUANS BT mpiRorpficaUS e RDBIR 181 67 IR Always cco-
nomically Abstiguble. @rrecundnt fdi@rcrmnyh frBdelositid epgadents tapoE BREHRS bds® and obtain
pricing byBekEHeBSprdiBon S SUS: olckd@s &xm&ksﬂ%ﬁm@fclc@ Jﬁaﬁc&% of Y ccBSe Sationale of

the approJuBsftEoBsu %Rﬁo&m‘é@ﬁ't&% 39)918 Lchlcsl o\fme L% ﬁqg to no 1v1 ).lly m%cr or 1m}§y ﬁm ﬁrécc of basis

Finally, all those nodels, by assum ng conti nuous-
processes are only approximations to physically
real i zabl e phenonena, due to the existence of
transaction costs. In fact, Bertsims, Kogan & Lo's
[6] quantlflcatlon of thls apprOX|nat|on show t hat

"

(14)
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practice: It was assuned that the derivatives
contract could be put in the formf (St, t) It was
w@asswTed that the asset followed a diffusion proP€EES03/19179
thus we could apply It's | @dma. WO 03/ 107137
PCT/ US03/ 19179 12 In practice, for many inportant
cases, the derivatives contract's price cannot be
obtained as f (St, t) for all tinmes t. Additionally,
extensive mathematical finesse is required to derive
an appl i cabl e PDE for each new derivatives contract
i ffusion process assunption. Such extensive
et hods can not be not readily autonated.
The approach to obtain the PDE for the Average rate
In their gypplestfeam | inpoikb gtk tmp@ii@iﬂ ccpp@yuy,@x@ﬁp(bdi ofny)dtnhhtgjf tdle Haip ipyipfumynts we introduce
could beS@evalkb@f deanp halitioh bethP RS- T0RP blivetvcisuwBpger s & Tal ay
[52] . When no diffusion process assurrpti on is made it
An agreerrw7z§c%9ﬁz}; gq Bﬁla %ﬁlqoa ?otfru kétnaf ?)e 70e %19 O&PTtlﬁ é‘stm/a Jror('me and $10, 000,71 2 zf
state 2 oRHE R4t 0 conput at i ons for pricing purposes. Mre
significantly, it is difficult using those nethods to
When etjindieg 8 tranthirbi@wertods, bNCOripoLaine wildCl:0 w8 bdrddotntl iddmd 15 SURE at time by
1<k <|7J§] atlJHf@"y BECh DY pn(@&l()d@ﬁ’ﬂlalt Ve whW. I act 51 se%rof ] E‘r)(i@n'ka’u@irhg the states

- of wmm%oog%szg_p L«ﬁtzr?@csl}’ughﬂ% ([(p QIHQIOI(IQE tng(ff m cro-structural

I'ssues en pricing derivatives. *The current approach
for managi ng the risk of a portfol io of derivatives is
How far b‘lgp tHé'H’équ]ﬁ t}tcﬁélc@s@@k &r leqbcs tt]h‘édlbrd)fl ol ipte consfgrabionyrith dpepd on his views of
how pastgrvatstafiret Beklsliibeduf fitescevofs. t he portfolio to different
mar ket variables. Delta is the sensitivity with

Our cx n:ﬁ}ﬁcsc@ %tmth @m&ﬁﬁ 'W%Ilcl @:ﬁ& caﬂ 143 J;(nQo ArBE hlu@{ ﬂccbﬁ com v&u?thc World Scrices,
Se ations

a tecam nccgss té)twmrp]t?lllr é)%e po@w{%r scven fém%i'] éﬁc Si;écﬁ)s?%htslpr{(il Ehc g'lr?m W?I]‘L scﬂlcdul(,dt )f%
to variations in |ts Bl ack- Schol es- I\/Erton [ rrpl i ed
volatility. Thetd bp?mo[ e %qgsi L ‘ﬂo&}’lo 0 tinme. Higher
order sen- sitivi ty —parafeters al-so c,\i st, with
non- st andar d nam“:s.ml‘i $%9Ft§l7 nei*ng strat egi es are
ai med at mat chi nd ®ive 31 San@<t Bdcokiowr der deri vati ves
of portfolios to |tthecyarTugos: pgdrnamenerss|. | n doi ng so,
what is inplicitl y;,lgssum@gj deSaitihat vhhe Isensi- tivity
of portfolios of at herT—paraneters is
pol ynom al and of Qﬁ’é‘g%’/f %V‘EE &oiliﬁﬁh.h r the nost
accurate hedges. %ﬂ?%;«%‘hﬁ%f & Mulld t ake a
portfolio Il (St, $pmand SwiNees 11 (Bizow, |a, r) ™ H(so,
to, (To, ro)+ r)ll(So,to,a0,ro) P711(So,to,ao,ro)
~)11(So,to,ao0,ro) 8l (Boctowvaed®) ( as ' O r f)a >
8r. ),(S-Sol t-tO (T-(T(1,r-TO (14) +t(S-So,t-to, (Y

We call X, tHQsdelrabt R )pkdesaPe: akiBy thE Ok Q)chp(d%r afte e onll of ¢ cadhQnme won bir] the NY Yankees (AL)

and the \gxlIc @&h‘g‘m&'okg UCh XwaSJ‘ i d'I_llg lx% ty aif ag?n%csxl b%tntaqft C%].}/M{Lc WIH win tfn. ogamc, of the

dny botor SIS Fibat f?lh‘alfh the @gr}dr BEP ABOGE B H(S, t, ') would be

a portfolio matching the value at the initial point

as well as the first and second order sensitivities.

In reality howemgl., £hg.-hedge-issx.dependent on the 15

nodel used toWEBan e}r %é géglgnégﬁcgpond? e specified 1o
which sheyg thajride &pndec Veeld |3Ffibpﬁ§1ﬂly Yt ig 4‘?@ lp@WﬁmﬁF% derygdjye eprirarhey thhrealizations
of the stoghestic p@ekssf.¥: 0bat’t v@pcieydt o roplex PR Sindhet HS 00f inthM@edid v@ikive arc bets on cach
individuaBeid BRCYataARE: 68Md BRd of BinseLoaus QQJIQxbh(ﬁﬁlﬁESTe@Q@&ﬂ @hdd¥rd Time) but

paid for anfmm IQ,BJLcy{:h(anQxc Ldttﬂzﬁ‘a:[t aRe¥is tutturQ]n.B Lx%&ﬁ?‘ thRG amps arc played, cstimates of the

probabilitics of victory in the subscquent games change.

mstrumcn{] rﬂm tr 1:{13 ing

olio




as barrier options. Preferred enbodi nents of our
i nnovation address this problemas well. The idea of
wa@si/rgiasi s el enents or spanning for the prici npCDUS03/19179
derivatives continues to thi#s date to be an active
field of research in Financial Econom cs. For
exanpl es of recently published approaches see Madan,
Carr, Ceman, Yor, Bakshi [48], [13]. However, by
maki ng assunptions of continuous tine hedging,
brownian filtrations or sem -martingale prop- erties
1.1 MN¥tatibgs underlyi ng and absence of mcro structural
ef fects, these approaches not only limt the possible
For i = g6 gearde y: = obhal:ned L¥ar-. §ri ety pur poses, but they
T (XEL R .£X3) ARdel= X sk +whem, one-wpul d attenpt to use

fe I%pl —resH| 1 &.fofjxhedgi ng purposes using the sel ected
¢ ’+L Tg EChajragtTerl)stlc function or Hermte polynom als

as in [47], [48] for instance) Qur inventi on differs
For any dgba Rt P30t Pehstiheosp g saERas iRkt Foned) i K R Fino pricc at the
time #; of¥hi epntragh payipapeif S BY) phidndftact t hat we focus on

selecting exactly replicating basis instrunments that

We qupp@&,% 2@ Scakl S L 6B vsP ABB LB LBinilyQr WRALe Mr&tmcg M FNRmBBEKET and that this
probabﬂ]&r 1@ mcr%lqgl }iy 10‘; %g‘@@ {cg '{ulfcl w)gg % he(. nmg n?mc 1@ a homg n.%glt. #cgrcagdﬁ by 10% after cach

ement

game 105& e)trﬁsra(t 15Eh|c BE antc l;s m&s étkhoinf t\v als? ﬁsquntcﬁ]@t Eﬂ,cT bPartélwf_n% 6 éﬁxé{?ﬂ g:q probability of
winning fhq gemgiging grnss FraR és ionPicicftypistty agsdist itons f or

mat hematical tractability that are not al ways eco-

nomcally justifiable. A recurrent feature of such

deconposition approaches is to seek Hil bertian bases

and obtaisy =poicing by taking the projection on a few

elenents of the basis wthout clear justification of

the econofic rationale of the appr oxi mati ons.

Fur t her nos e=i A4 tRose;_appnoaehes, xpne has first to

non-triviallygintar..os inply the price of basis WO

03/107137 PCT/US03/ 19179 13 instrunents fromtraded

i nstrumerfts™ (- eheh *&ifpl est formin a two state,

two periods econemspd@ preferred embodi rrent of the

basis instru n C coul d U|valently
defi ned ?Ttn aggpg?b\rl:@tl)oﬁtthgg,%fr’%ﬁéﬁ?} % tilve

Now we BE6ME ohy2-Bfes nAﬁl-}Qngegﬁpf 'ﬂlttnﬁkntt chﬁﬁtlctno to buy at time tl
alottery ticket at the price $10, 000. r1,1 if state
1 occurs and $10, 000.,r1,2 if state 2 occurs at tine
t1l. Wen extending to n arbltrary periods, a basis

1.2 Defigitigfhrent woul d be: an agreenent at time to to buy at

In az smg%' Eccsb(g'ﬁ two (.T;:!it(.s an Oc)nl}“fﬂt]—p‘!/\%)( %tme 1¥k¥ /{If e<t7‘,b_a ti(ﬁ{l]vvltlprcécrcnsecc currency X9,

so that Yygis ?ﬂ‘“%“&“?ll h}d‘FltlﬁTtﬁ‘lF?@angﬁéﬁnﬂ"ﬁt es of winning or |osing
|ottery tickets bought between tine to and tine t5_ 1.
An Agredd@wy He@tonitid @rtick) @ 2hd 8 t@Eryctd@fat trkes endtstipilefihSthd ciSr:Or
| osses the seller will take into consideration will
* At depends dnll hivs? thi ewsmto (X, how.pastZ e¥ant s.ab felot titmhe, Q shall pay 6 the
quintid¢elnickhpodxpf,) fwt ure events. Qur exanple of the 97th
basebal | Wbrld Series can be used to further
or illustrate the concept. To win the Wrld Series, a
team needs to win four of possibly seven ganes. For
* Attilmet: Q74 bhol payi Sty ahdue J@(afﬂes, Xae) @ rEgadulXed) astat @aere Q shall pay 3 the
quinatye Mecat kon) < @nme 1 Sat, COct 27 Arizona Gane 2 Sim
Cct 28 Arizona

When  pays 3 the quantity N (Xz,, ..., Xs,_,) , it is an extension on what is commonly know as a forward rate agreement

and will be referred to here as & zeroth order basis instrument in the reforence currency X7.



Gane 3 Tuc, Oct 30 NY Yankees Ganme 4 Wed, Cct 31 NY
Yankees Gane 5 Thu, Nov 1 NY Yankees Gane 6 Sat, Nov
wW@oara7evna Gane 7 Sim Nov 4 Arizona Table 1. R&¥/U803/19179

Series We call Xt the stochastic process taking the
value 1 the day after the end of each gane won by the
NY Yankees (AL) and the value O otherw se. As such Xt
is for t being a day after a gane a bet that the
Yankee will win the gane of the day before. State 1
that AL wins the World Series is thus such that: 1

When Q \’}Il\)ﬁ’% %ttﬁJ %ﬁmﬁtltyl%]"(:'} X %?'ﬁ t 18 arr Lx(:o)ﬁll(ln’ cxtwhgt’ is Comn?SLl )x(n(,(ivlé)'m Arrow-Debren

I es Vi ory bet
sceurity and mﬁlro{a\(l}v IC é)rrc aitoanra as a Zﬁla otr (,rd 1F1<; n\:ll\stg ml\e/né msn n ufnélé:)f on t he

reaI i zations of the st ochastl C process Xt. Let's
suppose that to replicate this contract the only
1.3 Présdsitisients we have are bets on each individual gane
and that those bets are taken at time to =Cct 27, 2001
In a singlstproc@ANREST (s erh0 Sedidaed Tt Sut < ipai § Hfore kfethe following
relationsiy@r | od before the gane settlenent date. It is natural
to expect that as ganmes are played, estimtes of the
probabilities of victory in the subsequent ganes
change. WO 03/107137 PCF/ L&QS/ 3(93[79 14 1.1 Notations

For i = 0..6 we note: ig = P "4 (Xt,+1:1IXt;,
And for P& 4 nSO t hat "Ti,i+l (Xt,+1 |.Kt:; ..; Xtn) =
T| 1+l = Xt }1T| + (1 - Xt:+1)(1 - iri) i.c:

J1 +| (m{( XL, ﬂf)_l,:){ﬂf Xy, rXt;I,Ha)(az,jl’lw,{ ), thf,_llo)leofrf*:-any
derl vative contract on the stochastic process Xt
If we appprayiia ’ﬂ)gnua‘f\’ortdi Samics t:x?hnf)le,(tc)(:ta!pl_ﬂ;}tp(th,c ))ri%t 19 of ;e ALtwotldh erigy vickow balt we have:
the tinme ti of the contract paying t7 f (Xt1..Xt,) at
time t7. W suppose each team has a 60% vs. 40%

probability of vvinﬂ(i |tsf|rft7rmtchinits hone
stadi um and that t 6rb b Fti%¢ i ncreased by 10%
and usinggthit FednuB AGNwigadER: (V8) fre bifiait Hy@obAIRNY ofGABIR atid Shoaford10A®e @M Elarkd: where bets

on the AIMEES: PABRS: RY pdQ¥Akd vemd 686 Buy 9RTELL: RS In Af mtﬁwﬁ 4098 ot Buce value scll-
ing basis H&Anc%r@matl e i%llt vgtory bc ()9 Ege&% g&bé%c vfgu(, a3 *Sulz‘llggsw nct p.r tﬁt & Q %ﬁof%hc face value.

nni ng

r emal ni ng ganes [ f any [ s zero. These transl ate
The cxarrg)icgéqy‘a BCEh th C?n?ﬁ)b@f brmpénst;ur@:ntq_ and hpz this @no&xtrcrn is msc foy phging and hedging
any derivit{v@ scBurity] ) thooddebl § Rnelfe-probdég, ajo stﬁ@r(l ot D malBizperiods market in a way that is an

innovation on the Arrow-Debreu primitive securitics. To infor conditional probabilitics of possible future oceurrences

from basis instruments prices, our new method is to use the relationship

1
1-—1

Prob(X;, = 1| Xy, ..., Xp,_,) =

1—-1

T

In the more general casc of a multi-processes, multi-states, multi-periods market, in another exmbodiment of the inven-

tion, we will present beolow the more general innovation that applics.

While in a two statc process, vanilla options and Arrow-Debreu primitive securities coincide, when the number of states
increascs, the two types of contracts become different, yet the two, with bonds and forwards added to options, remain
cquivalent through a bijective transformation. We choose to present our basis nstruments below as extensions on
vanilla Europcan options forwards and cash instrunments instead of the academic Arrow-Debreu sceuritics as this basis,
is more cconomically sensible and computationally allows a faster convergence to the desired payoff for most derivatives
instruments using the lower order basis instruments and making the decomposition around the forward value around
which probabilitics of occurrences are clustered. This is also of critical importance to relate to the shortcomings of
the Black Scholes Merton derivatives hedging approach. Formula (14) shows that ab any trading time, a derivatives
position would be hedged through cash and underlying or forwards in amounts cqual to the sensitivity of the option

to its underlying (or delta), but unlike Merton, there arc complementary terms ropresenting a spamming of calls and



-, Tx = (0.2Xt, - 0.1) + Sri-1 Fori=4 and 6: /ri =
((0.2Xt -0.1) + it _1) x 2{i-s<L ._1IXt,<4} + 1
w@n3/B¥B7=1 Xt. } Now we introduce our 2-states PCT/US03/19179

mul ti-periods basis instruents definition. 1.2

Definition In a single process (Xt), two states (1 and

0), multi-periodss market Ito <ti <t,t 1<t.,,}

with reference currency X, so that X is equivalent to

1, a basis instrument is defined as: An Agreenent

between two parties, /3 and S2 contracted at tine to
put opticant sdppypiods atriahig thdradondedetifagive; (or ghtnmb)i afghetfinantial de@vagifeadith respect to the
undcrlyirj@ayorﬁzastrﬂ@n‘tﬁﬁﬂ)(l]l{)tha\fb'(béﬁl Lnown befoft in altvo QeriodBdadd, Bbelfor. axamplt]16], appendix),

howevor thcsl foﬁﬂﬁjas @ch Bécﬁ'?rmtcﬂted xg'!h t\%ch]ﬁllpért )B@Mmt/ag’ont Q)grcd ﬂU@ernllvtLtYm
N( Xt 1, VXt -1) . or At tinme ti-1, 13 shall pay

S2 the amount N(Xt,,...,Xt: 1 (r)7Bl;1- 1(Xt,1:
o It 1%' ?1% g')chaﬁl&g Cﬁt)vattj\lcsn?rnhﬂal (19 }/figax i{mcgély of %hc 1H§<hlyll;1g ashy ‘%%icé Yiffcrentiable

LVLN(J e 911]6qtant1alktrc<}u;i§rg 10 ﬁmlmbTr 0 rgﬁ l%,)élfrgvﬁ%vc Wgﬁh g\%‘l uI?li;? ggean %c applied. It is
a‘*‘b’éﬁ?ﬁ?ﬁhgﬁ Hhateink ‘&@“‘ataf%P \%alf* goines agreenent  and will be

ot B RA DEEE Pl A el 88 B PEk B bl soma
A"T’SD%‘é‘n 0 pays 13 the quantity N(Xt,,...,Xtq 1), it is
an extensi on on what is commonly know as an

secyrit nd will be referred to here as
2 G&%% Dﬁ s e R e e e eney X .
We supp scivv(, arc m! )qufn—l!:ll )lgs Iccgno%ys dtﬂg-l—?trﬁ([n?gcpe‘go 3 7&&) 1 J V\D SE ihiosu\:/\és scen appro-

priate. Shg'bnél bef h(élvqngcrnl tB\Rﬁ ﬁggls thfd é(rs(atuirrﬁlﬁg Pﬂscﬁ gnd t&ﬂm m.groﬂyxfrfcscnts & t of cash in the
reference ARy gpd 9 < 9™ aze rﬁky upferlyings w(td}gpfalues)(@ uits of ,S)(Ivary ]g:rog_s) time; s, the default unit
of any gieXtudogberXir quadtity @) afdr Yoot is 4o Arpbigludy, g is simplf iomel’ 0) e€)

“"Ti-"T If we apply this to our Wrld Series exanple,

Eyn rcprgs&tsccﬁc &-Hll lﬂtltglyﬂlg%cog&ﬂy%&w@% to an gf egaLE]c_}]ij‘L'cntWL[ JXQI mc_,gg[ ?gﬁ of contracts whose

values is Xc %icorégnlt c r(. 12%}:15(’)11 ﬁfachc m-Fl Es 6061 s gf (t ljly E "t }H)tW& 7‘&(1 we
S rofers Bppespofye of tb“rlﬁ‘B%]Eﬁ% oy o tigsp LB rS9B it ther eyt pudefied) ot time i as
opposed fo ghegpbyimaetkeitrenghie tle phremder vaw sirhielizAl bwfict ory exi sts, a
risk free arbitrage would be to buy a ticket betting
Fl is an ﬁlﬁtraﬁhy c}ﬁbs@ﬁ QY onLL 1141@01437195 Sltahf?m(f 1aCI§ géﬁ@r xll-fgr tﬁoqiolfcl'opﬂl&lg tp@%a‘ﬁc here, this

value wﬂlt ‘?ittr %‘ﬂﬁn ttor Hrde\&u(. or% 1(. m:gur}:t 7a Ext t\lll ctor the Val c,ab A8. 3% of
Y ¢ A*her "o Lt or°

ace va realizin JS% of the
face val ue.

S = (S.;) ié;%{”; S (St) %§1<m F= (F ) iz"]i”’: gj (Sl) 1<i<m F-'7 = (Fj;) 1<i<m

X+ is the maxlmum of the real value X and zero, or Moa(X,0). If f is a function defined on [a,b], then the real

quantitics noted as f J(z)dz and 3]: (z;) arc subordinated to the definition of a finite sct Iy = zp=a < w1 < <zy=b
o that f f(x)dx is by definition cqual to: Z Fl@) % (w41 — ;) and &L = 91 () is by definition cqual to %, s may

be cqual to the infinity and will be truncatuf to a finitc number only upon proof that the remaining terms are negligible
within the approximation bounds sought. In gencral for the developments to be made here, Ix will tend to represent
the actual range of values an underlying can take or any bijective transformation of this range. Since increments of an
underlying valuc for all types of underlyings to be considered arc disercte (that is there is a minimum increment valuc

called the basis point), the cardinal of I, is always finitc or denumerable ;

of
Er

f Ff(z)dz may also be formally noted as f flz)dz|z,. d—f(:c.b) may also be formally noted as &£ ()|, For any z € I,

thcr(, existsa g <n

Multiple derivations or integration signs for functions of several variables simply mean that the operation is itcrated on
) b* !

the specified variable in the integration or derivation symbols. [ .. [ f(z?, .., 2%)dz dz® may also be formally noted as
ok ol



The exanpl e above presents the concept of basis
i nstrunments and how this innovation is used for
w@nid/oirmy and hedgi ng any derivative security i nP€NES03/19179
case of a single process, tiwo states (1 and 0),
mul ti-periods market in a way that is an innovation
on the Arrow Debreu primtive securities. To infer
condi tional probabilities of possible future
occurrences frombasis instrunents prices, our new
nethod IS to use the relationship B; Prob(Xt, =
b bII 67g_ﬁtt 1) =B9 Ti-1 In the nore general case

ﬂt a Itl’“ r-cesses, nulti-states mul ti-periods

“"f Forer (PR K2 Y may nso&)ﬂﬂ)td"hﬁi b d sz”ﬂ)‘[e Jdnpven tion, we

e du? .. O 'Ll’

Thc ll’ldmtlt)lll Pr ?S%QtttlcQngzggm\fvl1L§h§L JIE%@ Vglg{lﬁl[ @lbofd{ﬁ[ﬂcgy Q&tvgpp )Ertﬁ%}x is cvident in the

context orrleg‘J sle m§ If %I%Ec of P is qul]\.{\?) g t?}n (*, rlg/f Ieﬁanuo% \(;La,.ﬂlcﬁ_dls Y %éﬁo@sﬁw and z_

is by dcftnl,tilén ﬁuhﬁfe’r S+ éﬂtbéflggltloq hcf,teé'slé(éicﬁnftﬁ% T \IKE —tDyrp é@sbydlpﬁmtlon ;.
contracts becone different, yet the two, with bonds

If pis a aepidsignly) war A9 >adldedy) t=0- aptd 0 Rg, (v)=eEai)Nif p eQUTMabeRkion Tyign(p) I8 used in

the result H[s@rﬂtglh)d@w b=l= b&@&,ﬂ Mv@ qlt 15@ﬁ$fd%lﬁ[atmﬁ &Gﬂltmtv&&(%%@o &llqm]ltloﬁ which is truc by

definitiol rF@ )ﬁ{ggct 9%&111 gl §lmr Drsﬁ,!::tr)y r}ent > Q 2] Owc dctine t%c hmctlon ?Af a8 n‘é{j&— lifze A,

an options . forwards and cas
tale) = Xﬁﬁ’ e%i? ORI G ABHIEHCETRPr bl IDNBF B R EE b et
this basis, is nore econonically sensible and
The key g wbl@tonodvadibod i@ bl owseniainfeaigh @ wilonetigedesed olo Rethe ntroduction of
functiondH Sehlln@dh a0 fnah kst 10D S b6 [l ck‘;@&ﬁﬂé%&ymchtﬁ&h( HRR S, MSbdfcts in a way
that has bRGichiQWBLn.Or der basis instruments and meking the
deconp05|t|on around the forward val ue around which
probabilities of occurrences are clustered. This is
also of critical inportance to relate to the
3 Badier$cAmivns HEﬁniﬂgnBéﬁ&k b § Merton derivatives
hedgi ng approach. Formul a oms that at any
In order &d Iﬁcd(b 09 dtﬂnﬁﬁm méke d&&lﬂ\‘f@&r& s\’x@@ chs Lpl%llmt:]l 8 WOM It}.g ]Q@s JEL@IQJQ&‘A as used in a

prcfcrrcdtcglr)é?iﬂ&nt ocf?ﬁt})rcgcgtqu%&(%g a,nd ;%tlon lc For tﬁl%&gmrcl n amounts

equal to the sensitivit e opt toits
underlying (or delta), but unl i ke Nbrton there are

(1) A BRiORRIeBR WoRfay: (BRY) (¥B, &R ESEALLA RIS HAND B'Qtl&’tmr&:@ lmL yor 3 and scller Q
and WO 03/107137 PCT/US03/ 19179 16 put options in

(2) The gyfigsiimrof ‘i‘—’e‘ﬁn@nteﬂtfallnplt*@ thrpralase cond derl vative (or garma)

nanci e ct. to
9{1(, 0{:01'111 act. %ﬁrccmch(? oy, W£1Chl’lé§é§ﬁ(f )[t ﬁrélc}t tfn? (Wé\?’éhtb Elg ﬁblﬁ(ﬁlawn both sides of
Héﬁﬁ?@ Wﬁ‘ﬁ“?ﬂﬁmperlod case, (see for exanple [16],
. am&&dixﬁ(b aymen) @WEY it e KEwiandmut &S Havier ey RERBENE 86 contract as
Wk Blnrcxt[)/@mblmtﬂ 1@9!&1} (IJf |t}ma£r§:tﬂcﬁ ﬁl;?'{n?ﬂ%%@ Q:llér B 0 Whount in units of basis currency

derivat Lois assume e derivatives
%?ﬁfhéﬂ“%mvﬁfﬁ(ﬁﬁmaafunctlon of the underlying asset

* The confifogbexrity fiftere fowa by returignie mittvh et e, whsh s Ste dait 4t ahidythe party identified
mebhuohtig: 4shig: sllenD esupds witk ak pdri frehddgfcinwat tiy\,fﬁﬁngttﬁ)c wadt @hm amount in

g o Rfd Bl @ L @B & APH ltﬁc%@acrm‘ igrnf SrthcBlBfc.BRsimed t hat
the asset val ues state space is continuous. The

This facilftgespielf@ampi®n dEBICateithc@ Olhdhgpattias :ad Sin hgl@lem@BE8 Bifa,systod@r computer program
product. peri od setting and thus nmerely presents variations
deMmgyound Awrom#Debreu 2 General notations and

de i u a sets
At basis métrumcﬁ o0 1‘ tﬁyﬁ\! (?_1 pp%ggﬁl n @ ?( SK'S éyl,< tJ ]i as g,c:ltrzity contrmg cntered into
b timo ty bOEW,CLDc“HHaé,%ﬁ opde glkp %fﬁbt“t?»t ot
e At time #;, 8 shall pay Q a premium payment amount such as ,
Bgn,ti,tj (ﬁa Q: N) (7:1; e :7:1\‘:)7 (61; Y §k)7 (Kl, e -.-Z;{k.): (jl) tUe :jp)) (Sly s St1>S£
) , . . .
=N (Sl; Y Sf;‘) ®B;n,t,~,tj ((7'17 o azk); (517 Tty 6k), (Kl; e 7Kk)7 (.717 e 7.7'1))) (‘5’1; Tt Stz)‘sf

units of underlying currency S¢.



priate. S, taken by convention to be So is the base
currency asset and thus nerely represents the unit of
weastn7131 the reference currency and S1, ..., S PCT/HB®/19179
ri sky underlyings whose vall8ies in units of So vary
across tine; so, the default unit of any given nunber
or quantity is So and when there is no anbiguity, So
is sinply one. Eo,,, represents the mtl underlyings
econony between to and t.,,. represents an exchange
system of contracts whose values is dependent on the
realization of the mtl underlyings of econony Eo,,,
. Atbté’t‘%eézr?htu Nhy PO Pagmeptamoual such Ehe val ue of the
underlwg Ssx{it gihmsgq s.refen 0. ik € v
of the ungerlfun ‘G~ af" t(lﬁf K§a? g(hgkg’segq G‘%?lhe%sé’e
uiipheftupdedting @hrareffdad thert hecalid rtlarmtlerdcnww' Ue:tlsrylﬁrmtpplzawn such that:

by Sz o jta ﬁ,lgqutp arglg ar&w chomr,t vaI 9% tgt -

unde 13 t| (e t] ' the
deve tfe(nték) otn be.. rhao[gé ’f)n@te ‘tR?{é \f‘ét e Wik St endse =
etPYe torward val ue %hesthaturltytj at tinme tj_i,

or the va|ue, of 1S = (Si9m8i<i<rn S = SE F -
AN 1<N?2fr‘1((§ gy fJ(" i)>(F' JJ "'\ A I<i<rra -
~F' " 3B Ao FI ) ILSs:l - ApeEL<i- B - 149 6Sie- Bs)Bn - Zi Rn X+
3 thx r‘g{a})gg mim.of . the real value X and zero, or Max(X,
Where JV.)J)" i's "2 f URCY iiothe dehionetithont therpunb}party feing t he

BE, 1., (0SBIN, (i QAT - 1 69S(FR0L ex) @8, - T, ) bidk o) Wxsa@MEnshibm. ( Xi )
are subordl nated to the definition of afinite set l.

= X0 = @tot f)(l71:< ﬁc)&xla" _(Skb(Kla ka(;)jh Jl’ rsl’f(&)
that f f () defin (i

% ra('( EyiE %ﬂ
The SCt&ﬂ)fhllﬁ“r”:’)‘mt@ﬁqmm15&1"% %’é %glljalefltg thgnl ngl n|r t§ and

wll be truncated to a finite nunber only upon proof
When the pgyouttrpencpiewmion ismrgtht forms ar ¢ negl i gi bI e wthin the

T R O P IR S

, then wef @ i€ SeMMenddd l0@ti@Cbikal Baiangein@ft CsdtdESy@N: Wadeidy| H¥hturally imply the
preminnCafbul BKG: Or any bijective transformation of this
range. Si nce increnents of an underlying value for

al [Pigapp @t o (rindlsh [y nds: Eo - beibbinsi det €d--are) i scr et e
(t (515t REPSEi.s, (6L mi mifhm i e emenk,)Val - ue,)) cal-|- 6&1)5"

The EOFBEMﬁJuShLRQ‘.b ﬂtﬂﬁtntc gehﬁ_m @Eﬂ} pﬁ@cnt Qicntgon' Otlhgt p%Jthﬁatt AL tgcd to create
a BIC-Hakis. CSI J&%?tr [?)9 n% ! F%tcndc ?IQ‘CZV) ]g)lgrctn?(Xm% B%bls Ibs%u)fmng Hq]ltm% Payout or EADF-

not e

BICP, tﬁtb%l andggFouflcr ( A8 fcrrin CForgbx}: Bﬁ;ﬁ)} llIECIl%/ gontra@*’z@)@ oraEFG‘Ft g]?,ethc Extended
Hormite Bglynonipl Bpripat Bagis| Infytyinenf Gpnirad griovtat: ESWEBEEP | Alt tagye Batmabpre cquivalent and
from 2 cgipgpirsctfobenc ki @ teinghs safof GeaBdr shd Mabt @RlieS thSdugiM BhcdBaRformation. In a
preferred ddhBddidhd€ot HRGFcithi i@BntioS a kol @Jz}ﬁ%l@sd)f 00 lincRKralbormation are disclosed in a matricidal

form.

The scaling density function translates how the offer and demand for cach basis instrument in turn affects the level of
prices. This phenomenon is also known in securitics markets as slippage. For 0 <p < k+1, K, is a priori a function of
(Stl; DY St,‘)‘

N (8;,;---,S,) is called the notional of the contract.
N (S 2 86) 8 BE o (i1, +-,88), (01, -+, 06), (K, Kids (1, -+ ) (St - +,5,,)8? is the premium or price
of the contract.
k is the order of the basis instrument. When % = 0, the basis instrument is simply noted as Bﬁ,,t,-,t,- (N) and when
in addition,

v (Bﬁ,,ti,tj ((Gias- - i), (81, v+ 5 68), (K1, -+, K, (jl,"‘,jp))) (N (8157, 8:)) =

N (8135 50) By gy (G, 1), (01,5 08), (B, -+ K3), (1, 5p)) (S15+ -, S



the specified variable in the integration or

derivation synbols. f .. f f (xI, .., xk)dxldxk may
wabsw7is formally noted as, ak al WO 03/ 107137 PCT/US03/19179

PCT/ US03/19179 17 r k b" 19 ... f f (xI; ..,

xh")dx!l... dxkl rs.l > ,rz.k ak al .'k (I"IlI, ", ~ f)

may al so be fUTnlrl1l1ly ntCO rLS Yet 8x- (:C21, ..,

:Cu,)Ir,rl ; ~ra:n. The indication on the integral my

be om tted when the subordinated intervals partition
is evident in the context or irrelevant. If x el enent

, the basip fnstrdment igsivegpuaked ta@ B}, .- then x+ is by definition xj+1,
X++ is by definition xj+2 and x- is by definition

When thg(im,s;l lnstlufm(,ﬁt prmcsﬂz f éocs 1'10‘!9! d%yndqg f(é’lnl t !;t(?'?s 1@“th Ldb(.?(for zcrbt% m{&%’r b(Bs"is instruments,

the notatgon o% {]]n TiC 1rq] tth sémc as ﬂat of _‘f_h(, b ASTS ms%rlub(}{\t contrac nit on XJ
I8 “a’ 't &af | ( pi (

9 St gn(p) i f < 0,

In currcn§ anrrlfttsp)for mo<(: W(ﬂ)ma <1rsf © ﬁ a.atc@wncmvéastné ﬁ’\?@ﬁf i d;'(]— 5]5) ,> ,0 (n,uy is called the
bid/offerisgroads @ prapticaltiyglenpeagiidntpuppses érd ederiye bowdimas ob@t mem irtvgmion, may be
defined affUiagi inbh @SlidtdeRplich in&ﬁlcraﬂxaﬁxﬂld‘aif Mi]&iplb&h}%ﬁ&ﬂcﬁnfﬁi&n drd¥ovided further below.

quantiti es which is true by definition. For any set A
Reeent p'xthn(%s #ch aqdrm%d%i Krob il ff 1§n 13§a?< ina,rga?. El?ul(fllcy EXGR) cori xit {) )jl dcc%r@mc cfrdcr— atching

systoms nB:t.t(,nt“ r‘dat'&g t% d‘dléF]IVﬁE‘EChUV aS §6 |1\@aI4] Q(Eaﬂdihtcfo&rﬁn (,t]iOﬁ]C Tllgiptatlon of cur-
rent opcms\xrgb@ or@lpmﬁéj@:@ Mangqu{r teegrpding pigpuresTh élschgyl Appthchpatent, U.S. Pat. No.
5,806,048 glatth EoOS creh@SCdt iofp@and muttn ﬁln@ Hesend scturid@ fd provitic ashamvbd lquidity and im-
proved a\taﬁxbfhkjfrot RBHmadat ﬁéclnﬁgq)rlgﬁé QW5 ptent, rﬂ&vclrcp b Qe @JnELQLBIa@fm clectronic derivatives

cxchangc ‘ir(!qggg’ thggra.(gxt?o%ld r%mg gr r%phc:{%tng ? tfoho %pprcja&%g Iﬁnt%gslzm Fh(. financial deriva-

tives. SIElg)ﬁ £ P . lﬁx 5,7 r?)ﬁogcis aj élgct )In%l Enfyin% gl maﬁﬁla%] f)lﬁ/as b§s and scllers’ offers,

but outsifdip gcor&%ééurql%ﬁr% ddré‘l“?"ﬁ‘l eihoree ahigh Noiestthorrsitipl edghgror goplicating port-

folio appnymk endtvitoutleblpining fhomiumorf the eomegPritzle@iling wlitvalBrough such a market process.
characteristic features of the Basis instrunents as

U.S. Pat. %eg 845@66@11(1 0k q:fane rl\foeéj09§&§ %gﬂlémﬁtordglf In:&(!ﬂgl Md%ﬁl% rclldcr book algorithms, which

can be a.lgp ?LI'IL d&cctlvn%/ cm}?Té/C({l in ag'%lonap %rlqcsin% mortpr cxchfnﬁ 1_'Ll]E tr clc(ﬁé&i): 1mAplcmcntatlon,

however, pHRB I AEEes 41 B B PR lfl%\blcwﬁlﬁl@gwﬁ&ﬁ@a Nsugv@mcwé chifiep is contom-
plated toggsplicpitrugigre fof FjiciTpecloghechic mpttviriy maohe ergrthl. Eeerdr e tlisclosed techniques appear
to cnhan@QiRPdity 38 e tlprBeof dRtiRIirge ilheat@Rtbhae ot @RIR ity selatkify; proferences, for
example, br aﬁ"éﬁtu@ r}‘;rléc%u(tnh@ ddlﬁd:n@ Clﬁ‘t&) ml kﬁmtltohﬁmphﬂlg{nnﬂ/ & |t(.gbjﬂ$ Sad qu,c at which a
trade has%@(ln t&ﬁ&;&t%? 1sogllcg) Dbp th% Iccgl§r§rt§r gﬁrcfcrru? (,n%)gg] m(,n‘l?ﬁt thcar(,gcmaigvcr%lon is to provide

neones S5l ool R Bl RO 4 RSB P HHTT B o tho sy
and in cf{cﬁ élllélérﬁ?brt%l(!bdggr a wgde th &cyﬁ@]imr 1@éﬁbrhple§1dwntl/fqr q;ﬁ[usrcmwsryc tgfdcmand. In
fact, oncdthescaigy @esiie Fctioy hp dgeh pgviddd éor siebabsieinstSnegiarogimetsl Miierd iho need for further

trader intokdntin A28 thD @SdcSor GAFELGRIEY knd¢h AW br@ Sl € dR Rt PR fcidi BSwhich price the
transactimQM@at - The contract expiry date al so known as
rraturlty tj, with tj >t; , whichis the date at which
arty identified 1in the contract as the seller Sl

What is ‘E% {) e tsonrar prbtiber R ghiaetientonbytrayt figtiemnature of the

premium b@y@ms%qlgm alm'daﬁmlgﬁpf thqycontract and the introduction of the date 4; as scparatc and posterior
to fp. While it is truc that in most OTC contracts there is a contract date and a scttlement date different from the
contract date, the difference - with assuming as is done for modeling purposes that the contract date and the premiwm
payment date arc the same, is minimal and it is straightforward to make the adjustment. So, cach of the dates #; and

t; may actually be coupled scttlement dates a fow days later.

The premium is expressed as a function of the valucs of the fluctuating variables between time #g and time #; . Enabling
this cxtension is what makes possible the most critical scctions of this invention. Morcover, the payment at time
is oxpressed as units of a specific basis sct of functions of the fluctuating variables at time #; with scaling units being
functions of the fluctuating variables between time #p and time #;. The choice of the specific functions is made so that

the sclected basis set is a mathematical basis of the vectorial space of functions of the fluctuating variables at time #;



units of basis currency defined as one of the generic
formfurther detailed below This facilitates the
wo a¥/matizon of Bl Cs between trading parties and cREIT/D803/19179

i npl enented in a system or 2¢onputer program product.
Definition 1: A basis instrument Bt ut . t; (13, 52

N (il, . 1k), (rSi, , 8a), (K1, , KK), (ji)

, J],)) is a security-contract entered into at tine

to between a buyer 13 and a seller St stipulating

that: At tirre ti, O shaII pay S2 a prem um paynent

with the qcirg?zr uuRk I?o;lj ngl lo th%tsa(t ? sﬁa&uc 131 f) takcnlﬂy§%m,tm)‘u.§cff tl)c HN% :'cl“lhg v‘mgifc). between time
ty and t1m<, f (‘Om a Bi" rmltspacot jl] b <€ e ¢ (.qmvalcnt once ofe haﬁ been sclcctcd any other basis would
be (,qmv;pld;@) ”co(thqt onc. As gk()il’llf( t(q claimed skkoy pf(t}lq inventjop )s)n(;tSlt;c,r_ld_cd t’ogwmtcd to the specific
choice mbldtl HorSin Gdr illustehird lylirm@s,o)wr TatCty om6mpaWsQ3d5ib0 £dBflent. In the specific case of
the illustpgrcj dem% ll%lcy %u, bzls& is :;égctctiitm at, P olose” Qs "i30|1 ] to R¥m fnLtrxﬁlcnts actually traded

ST ;
in the m%%é Lﬁ% ]; R A%? %rwl{r{?ﬁgum %ncp uropgg I(l]%K: 1_51s Oé tputi Thc§otlon§tf 110%0 is mecant
in partlctllfmr g tltc, scnsq témt if t;bc (,fmlarl%tljcfomfj th jﬁcl(i(ofdﬁ){l {ugnbb:f; ]UH a‘)@?ﬂr yii ty ~then we would

cocovor clagpil bl Fmosdfebphvsr Gassan el folehr e Wi =i bt yould havo he
known ofctnipbtt dpens,iagd @prniglp péroCatingtly gadehin O @ tmarketSt 10 idgitg thi,(p6} ckprams proference
for hedgifd pubBsck, Z\Je?al’éckj)ﬁ?r’vc Clidiihg apbiddtos where *.lﬁk)n?]% fs s@kied to be hﬂjcﬁi_)lﬂ with respect to a
defined sg 1§'r prodlrct and mcgy k)% (M:n{)@gtx%m 'Lppme §¥ {:r cmg l}n)r%tzgl' A J ( ( 1

ip)(Sl' Sti )S = 'jk), FCk))N
The flmcg Ltlm, of the Biuimumfand( ‘céc e(cﬂﬁu%j RRits Bt“?ﬁwfliﬂ fqr J‘thc (df,rfvptlon of the decomposition formula
from whi,cl:ﬂ-ﬂh() },)'1(‘.119 f_t_lj,tr_u_m_cqtq-@)n{c(th(m|u,scflr_lnup rx:kl)c)lgnig instrpdRings A- | ) , (f ilo...

fik); (KL, ..., KkK)-,U> ..ijp))(Si;...,St:)S Wiere No o
3.1 M&ht;,@@of %&lgmesthe of the counter party selling
Btp,ti, ci, N (i1li . , 1.7 (fil,

As scen @kve ):hcrc(aK]yarlous ways Kkl)pp]y]élg BICs depending grp’ghy stpmﬂu@rof <ta@1 ;twh]eblcs@ jc@nputational
considerdribiarns18 @hd vight pldkr o dvir,thd ot Wk show here an ckd&pie of Bk to move betwedh EOFBICP

format, lﬁ)A)DBIéi{'Emrmad', or EF’JﬁkﬁI’CP(ﬂoldlat J J p)) (Sl ;o T St: )
'V = 10 Bto,t,,t) ((11, ... |k) (fit, ... flx:%], (KI',

. The set
S é)éllgesn)c Hgst{vV%%nnEeoﬁBlgg%{J')é%taéﬁEADm F%%T BI C -Basi s.

We have the following result, cstablishing the correspondence between basis instruments prices and unit underlying-
conditional probabilitics that extend and generalize the Breeden-Litzenberger formula ([10])in a multi-periods, multi-

underlyings sctting:

Prob(S; =K;/Si—1;...;5) =
i (xz,-K2 ) (16)

= . %)

= s Om N B, 4o (L, ,m), (8., 60), (KR _pu o KT 0)) (S50 -+ 8im1)
N ®Bt0 By 1.8

This formula shows that with the price of basis instruments non-nccessarily lincarly dependent on the notional, the

conditional probabilitics arc also dependent on the on the notional amount.

In a discrete environment we further obtain matricial relationships. We show here how to transform conditional Arrow-

Dcbreu state-prices into Basis instruments prices & recovering Arrow-Debreu state-prices from Basis instruments prices.
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The scaling density function translates how the offer

;.u% or%%cé‘ ﬂoﬁs 'hi%

n%trumsnt in turn affects

phénonenon is al so known in
F°”<ég?éur‘|]ﬂe ’r?ﬁf"gét%’ b sﬂt(ﬁﬁba&e For 0 <p <k + 1. If,
is a priori a function of (Sty; , Sti) N (St,; ,
Proposi§bn) is called the notional of the contract. N (Si,,;
C. Sti) Bt,,t,, tj (ill . 1)) (S Sti) SO
Wch‘mtﬁnl;mtﬂygup}(rg(mtgm or price of the contract. k is the
order of the basis instrunent. Wien k = 0, the basis

with:

instrunent issinpky. ppp@dﬂaﬁd&zgﬂlm 11,, B(N) and when

in addition, tp(Btot| ((ill ). (fil, (K,
.. KB). (71, ... 7))) (N(51 Cstit ) L.
N(Sl: ..., %é} Bto, ti SK L KK), (1,
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the basis instrunent re{] ﬁz)atq«tl ]q P' end on
(Si; , Sty) as is the" CHse st é">(’ft H<'“6 f basis

i nstrunents,

that of the basis inst r(wrent contract.
; Cpis a stepvvlse

mar ket sT:'f 0. /nost -

i ncreasi ng func

the Hhird/ipfier s

in a
may

pur poses,
i nventi on,

T;?:jl,ti (k’j) -

2113:‘_11,7‘;1- (07 .7)

T2, 4)

E

ti gt

pr&f-er
be

6l+1

rt_lt (l+2)'—'$f_1f(l+l)

the notation of the price is the sane as

I n current

“cp(N) > 0 and is called
ert 68 eibodinent ot

on
he ~greséht

forallI+1<k<0;1<k<h-1
k-1
! ~ 1
Tty 1,t; (k + 1) Tt (k) Ttiy s (k) Tty 1t ( - 1)
o it
J

+ : +
L1k (k+1)— Lyt (k)

Lti 1yt (l")_rf 1,15("—1);

TR (1)5‘;} (51
Lty ,b: (1)~ Tt 1t (0) LTI (1) - Ty g, )
1 5‘9
— +
T, _y,:(0) — T,y 0. (—1) Tyt (1) — Tt;_1,2:(0)
-1 1
n 63‘ N 5j )
Ty 1t (0) = @s,_y,2(—1) Tiygyts (1) - L1t (0)’
. Ti; 1,6 (0) 63}'L (5J2
Tri_1,t (1) — @8,_,,1:(0) Ty 1,ti (2) - T,y (1)

ral x&%p x%céprlcc vt,céor as Pay,_, ;.



defined and input in an inplicit or explicit manner.
Exanples of an inplied input or definition are
w@ipwrded further bel ow. Recent patents have adeeBEESEBA9179
the problem of financial ma2ket liquidity in the
context of an electronic order-matching systens .
Patents relating to derivatives, such as U S. Pat. No.
4,903, 201, disclose an electronic adaptation of cur-
rent open-outcry or order matching exchanges for the
trading of futures is disclosed. Another patent, U S.
Pat. No. 5,806,048, relates to the creation of
open-end nutual fd 3 i i provi de
enhanced |iquidity ‘ahd i m P dved-avai | Foi'thity of
rlﬁaw(ves

|M0HmUonaHeﬂ+m%$ian%- owever,
does not cont enpl afters eheetPonficrd

exchange i G quires the traditional hedging or
replrcatrng pgrtfoﬁrw @pptoach:to 2%3ﬁthe§02ﬁng £frel)
financial deriva- tives. Shilarly, US. Pat. No.
5,794, 207 proposegﬂan-eket%hgni@ -Pans of snat ching
buyers'’ Q|ds and seIIer&~1offers but outside the
scope ofw-ariél ect pom B dRTTMACTyes exchange whi ch
requires the traditional hedglng or replicating port-
with 9 £ O MG Bt e hoatd WPTABUY "expl ai ning the nature of
the econom c price equilibria achieved through such a
Multi-dimemkiedal pa@cess. U. S. Pat. No. 5, 845,266 and U. S. Pat.
No. 6,098, 051 inplenent order-natching and limt order
We mdl(,(p P 9 d ity n%cr% to Hlan sig Ilb 111111(,111:% gogsxlcrcxg m% naply 1{ m tl%f(qf t% %‘rt)t u% Elcéxeslss instruments or
tho st ‘“‘r}ﬁléﬁ“ P%%‘l "é“&‘f‘? %‘ﬁrn&mr P ErREse] %rr*d Parfbfwer\%fm ﬁrﬂr Hpayeprog-1 dimensional
matriccsseryves to save on transportation and tel ecommi nication
charges. No fundanental change is contem plated to
Writing th®dokagibssisd figet € for which an el ectronic network nay
To obt: mp P (7?8 §)e nt;ﬁngfc b éﬁ)ﬁg quy thn)? dgdoi%f;os&g? ﬁth b%anltgl%gn%s nQ Qr(, )‘T’n‘mg the case of
momentstol ehssnggm iquidit he expense of ?acrng Tar ar ge
|n?orna nal burdens on the traders (by soliciting
preferences, for exanple, over an entire
After thaﬁi),r haped g lj@nztsriutnytiqj@hz&ﬁ@b BGr @) beamalyipyin ithgt depddegt vagables, make polynomial
interpolatiG bifc@dnd tsylccBS thnckth@ing Yaed onMc'bﬁ&ioﬁBciﬂMhice Bor@xandpleBél8he derivatives at
the provifl@$oi@€€N transacted or is "filled." On the contrary, a
preferred enbodi nent of the present invention is to
calin Aunctions a
12 Qhlefenct B R P BRRE Y 1INEE ' Re Gata o
Let’s sct (YR FSLDP bioedilityepdch e systen1 and in effect elimnates
the need for a trader to continually update their bids
and/or offer responsiy {E } In fact, once the
scaling density functlén 4s" beéﬁ provi ded for al
Lob’s call Baigi Sndopshlidieith Saleonter AetciyractcRer @ndtsn For Ba@ded o1
further trader intervention and the trader or market
maker knows very precis&tly £ Be“Each quantity
transacted at which price the transaction concl uded.
What is different between this type of contract and
Let’s obtat dighe tiatp@rsbabifitiosl @ wa titat 88200 B Fadb 8o ihss, td@nflduagh it @lbratively the
values 0, AL MMe- OF ad Reobtapr €M um as expressed in the definition
of the contract and the introduction of the date ti as
separatex@nd=poswepegr+p¢p tg,,Wiile it is true that
nos C cop ts gnere LS, a contrggt (late and a
ttlene dét Fé&t%ent ftom THe Pcdntract date, the
dlfference - mrth assum ng as is done for nodeling
PUBRASES Jl;,ﬁal E{e--CORY L ach-cdate apd.the, pr elr'n gm(n_l)s 1
paynent date are the sane, is m ni mal and
straightforward to nmake the adjustnent. So, each of
the dates ti and tj may actually be coupl ed
settlenent dates a few days later. The premumis
expressed as a function of the values of the
fluctuating vari ables between tine to and tine ti
Enabllng thIS extensron 'S mhat nakes possrble the

g, I 1 o, o o " L, .




functions of the fluctuating variables between tine to
and tinme ti. The choice of the specific functions is

woesi7sy that the selected basis set is a nat hepet/Usesi19179

basis of the vectorial spaég& of functions of the

fluctuating variables at time t,j WO 03/107137

PCT/ US03/ 19179 20 with the scalar units belonging to

the set of values (i.e. ) taken by functions of the

fluctuating vari ables between tinme to and tinme ti.

Since in a vectorial space all bases are equival ent,
This s ONC€ one has been sel ected, any other basis would be

equi val eny to {hat pne/ As;a result the c d\scope

of the in en&qggdls naot |@L§nded tomge limjted tjo the

specific [ cholce mfle herein foi il°lustrafilve’

pur poses, | but rathef tjo enconpass its pos itbl e

equi val ent E@A“THE specifT®) "tase oftHe I\ mstyative
Where @bahi fiitd | on above, the basis is selected to be as

"cl ose" as possible to kngwippstrunments actual ly

traded in the markets, that is bonds,

(17)

And wefegprrggagndds fof M teOieedsrompdd Matrxo e amayraid. [ve acte &k;its coofficepiif Bue v and row v, so

we have i : Mot +etrtoPStcl ose” is meant in particular in the
sense that if the scal ar set becones the field of rea

As i BSe PAPRE DS A oplaly p-t €N we would recover
TeTe assu:al\V thg g?ﬁﬁ?d%V%ﬁtures and European vanilla
caIIs or puts. V%en tj - ti =1 day, we would have the

known over ni ght opti ons, =%ﬁdfdﬁérn|ght repos connDnIy
A qlmplg ﬁlagtﬁi(if 40“1:18-'— (I:( r’}?ﬁ lél?s%l? tcla (H tod]91 rqggc S pA]ynbmlvlke terx l.tlo fcérmul a.

preference dgi ng purp%ses over alternative

exi sting approaches where the basis is selected to be
Let Po(Ri 4 @yt GrPeietrRlyromishe deere 8 —d doffet hed scal ar product ,

and nerely has conput.ational ..appeal. for pricing

pur poses. The ﬂﬂh&Fldﬂargﬁgfufﬁreﬁﬁjﬁelmfén1un1and t he

scaling units is essemtial for the=terivation of the

deconposition formula fromwhich the basis

instrunents derive their useful ness as hedgi ng

We can fdisd With ¥R b Shicieds 3f tMehipdsions,,s uRl, ¥ Mg (131 GSAS 1S8R of dimension .

above there are various ways of supplying Bl Cs

e havdldERER Ng onr-t h St EMchUr e f ila

Z\Ch;c}eg ut)lat (i%f’)n = 12'8?1& der a{l "’6‘?1‘ or '“m%‘ﬁ““ﬁ arédr

11 Suhi “ﬁVéW‘fﬂéq%f%%Tl“V£+§H6W”Héf@ bﬂ exanpl e of how to
nove between EOFBICP fgarmat, EADBICP format or
EFTFBICP formt. 3.1.1 Zofwdbpaidence between EOFBI CP
format and EADBICP forn&t W have the foll owi ng

This sayp exaqily tthat dstMb). i(Todrbfmg thcheuipo i (&8 pomtErciEbetwaen: basi s
instrunments prices and unit underlying- conditiona
probabilities that extend and-gé&€nefalize the
Breeden- Li tzenberger formula ([1Q)in a nultl-perlods

Applicattyn bot umertmdenduptings setting: Pr ob (S1 = IKilSi-1; .
SO 777 xi -Ka' j=1 22 e 1lnr. 1lire\ (16) 'N-B
A simplc, ()§011tQIII\LI~(BStoR/£ {gignj)bl%n( 11 glvcn ‘in éﬁt ?I.) (I ;I ": I o I i~| Thi's fornul a

for k—o&hmvvs that with the price of basis i nstrument s
for RQN-RgCessarily linearly dependent on the notional,
PEuISLeP (u)~exp(2i\pi S[u-11).pCu-1)
end
end
for k=n-2:0
for u=k+1:n-1
p=p(u)/( exp(2i\pi S{u-11)-exp(8lu-k-21) )

end



condi tional probabilities are al so dependent on the on
the notional amount. In a discrete environnment we

w0 03/1the37 obtain matricial rel ationshi ps. W showd¢BUg803/19179
how to transform conditi ond# Arrow Dobrcu
state-prices into Basis instrunents prices &
recovering Arrow Debreu state-prices fromBasis -
instrunments prices. WO 03/107137 PCT/ US03/19179 21 W
define the conditionnal basis instrunents prices
vectore as Bt,-, ,t, and the conditionnal state-price

for YGCLOr as Pal,_,t,: BO o ti-l,t=Pao (h) Bo (1, h -
@‘anﬁt" Ly (h- 1) Be Pai _1,t; (1) Bt: I|,tx =
PRREP Y PP Bt 1,t<(-1,0) Pai _1,tj(0) Boi 1,ti (-1,+

end 1) Pa,i _1,ta (1 - 1) Bt Pat.-1,t, (1) For k > h,

ed B 1,ti (1, k) =0 and for k > h, Patti_1,ti (1, k) =

i e o 72 54 gt P VA PR g P B Mothomtin
recipes i Potgtord Bditigt$511 ¢ =Tt. 1it., Pa.t,._1 to and
#incl'udeF’.z;},tuPril_]J,.t,l,Tt_: 11,ti Btt_I,ti wut(g) Tth-|,1ti EE ;g =
voi v-:-m.r outbe' i e ! doul e:Xt':-n’t’ ’ t=-1,1, > —
: %éx%d. P |”,”t’:d(%b;‘-‘§[i>t’t°§<g, E"Pk%i}{j Sk.}1{k<h.}1{0<k.} =+
a1 "%ta 1,ta(k) - xt 1,t=(7)1 1{t:>~}1{1"}1{a:<0}; 1 +1
orves Ve RITERLL YT R TR ST F 1) - xt=-1,ti (1) 6t+2
the vectgp NI 1 (20 K- s 2o Tty il pulpds optpute 1) xta 1,ti (1 + 1)
e - xtc_1,tt (1) 5I+1 xti-l,t: (1 +2) - xt + 1}' for
ims ighl | +1 <k <0; 1 <k < h- 1
double b,s,t,xx;

double *c;

c=dvector(1,n);

if (o == 1) p[1]=EX[1];

else {
for (i=1;i<=m;i++) c[i]=0.0; Initialize array.
cln] = -M[1]; Coefficients of the master polynomial
for (i=2;i<=m;i++) { are found by recursiom.
xx = -x[i];
for (j=(u+1-i);j<=(-1);3++) clj] += xx*c[j+1];
cfnl += xx;
¥
for (i=1l;i<=n;i++) { Each subfactor in turn
xx=M[i];
t=b=1.0;
s=EX[n];
for (k=n;k>=2;k--) { is synthetically divided,
b=c k] +xx¥b;
s += EX[k-1]#b; matrix-multiplied by the right-hand side,
t=xx%t+b;
}
plil=s/t; and supplied with a denominator.
+
}
free_dvector(c,1,n);
¥
{

int n; dimension of the matrix
double* M,EX,p;
M=dvector(l,n); coefficient of the Vandermonde Matrix

EX=dvector(1,n); input of Laplace values



(5x+1 1 xtt 1,tt (k + 1) - xt:-1,t, (k) xt,_1,t, (k)
- xt=_1,t, (k - 1) (5k (5k-1 + + J «xt;-1,ta (k + 1)
wo oxto713r, ti (k) xt.e_1,tj (k) - xt,_1,t (k - 1) PCT/KBQ3/19179
-1,ti Me4 (5 xte-l,t= (1)28 xti-I,ti (0) xti-I,ti (1)
- xti-1,t: (0) _ 1 61Q «xt;_I,tt (0) - xt;-I,ti (-1) +
xtt _1,t: (1) - xte-1,t: (0) S~ 1 fii +xti_1,te (0) -
xt:-1,ti (-1) xt:-1,te (1) - xti-1,t= (0)" xti-I,ti
(0) xh 61 Tta 11,t (2, 7) _ - a .t;-1,t2 (1) - xt;
-71,te (0) + xt;-1,t{ (2) J xt;-1,t, (1) WD 03/107137
o (BCTALS03L10179 22 ~j1 Xta t,t; (1) - "t:-,t: (0) +
M[u]x;,t@;\plté[ugg - xt;,_1,t, (1) «xt,-1,t; (1) - .et -1,tf
EX[

t
N B N - xti _1,ti (0O)i Tt-t. (h- 1; 1
g P(}\p (tg):![)(h - 1) - .x _1,ti (h- 2) + xt:-1,¢t;

[“](?15) Xt ; 1,t| (h- 1) 6h-2 +J xta-1,ti (h - 1) -
-1t(h-2) Tti-1 h 1 1,t, (h, J) =xte ( :
Vande’(‘ﬁf" 2%t -1,t, (h - 17‘1”‘P““W°’[‘Flffli’eﬂr°hab‘fl‘ilﬁs n=rnand 8
0 for any other value of n. Milti-dinmensional Case
V\é indice T and its inverse to the basis instrunents
Regular spyg idifbritudioa ftstaihly it in tinmes to obtain the basis
instrunments or
If we supposc that the Sj arc regular distributed, for example: Si' = Sy -+ kA. We have for the cocficient of our

Vandermonde matrix:
My = eZivr(u-—l)S’,,_l — (:,2i7r('u—1)5'nein(u——l)(a)———l)A

If we define D = diag(1, e2750 ..., e27(n=1)50) g0 that Dy, = Su,e™® D%, And let’s have the squarc matrix W defined

by Wy, = w®D0=1) with w = 274, We have:

W=| 1 .. oe-D-1)  lu-l)n-1)
1 ... we-De-1y o e-1)n—1)

The u-th row and v-th colwnn term of the product of D and W is given by:
k(3 .
(DW>7W = Z'Duka,v = sz(u_l)snw(u_l)(v_1> = My,
k=1
'So we have M = DW. If we take further the unit step A as A = ,—lL s0 that w is a n-root of unity let’s note W its

conjugate. Let’s compute the term (W W)m, of row 1 and column ¥ of the product of these two matrix

(WW)U'U = ZI'V'u.kW};'u
k=1

n
— Z w1 (r=1)5(b—1)(v—1)
k=1

n
— Zw(u-—1)(!.‘,——1)0)——(1\7—1)(1)—1) a8 W= l/u)
k=1

"
— Z w(fu-—u)(k—l)
k=1
n

= Z(wu—v)k—l

k=1

0 #f u=w
W™ 0 i #vag (W)t = (W) =1

1—we—v

= OyuuT

And we obtain:
WW =nld and W1 = EW
7



the states prices of the desired di nension. The

conponents of B and Pa in the representation above are
worpd1diatensi onal  matrices. Witing the conpressPORUS03/19179

algorithm To obtain Pi(n 261), a sinple transform nay

hel p by deconposing in the basis instrunents and

treating the case of nonents or baskets separately.

After that, based on the assunption that the Pi (i) my

be analytic in the dependent variables, nake

pol ynom al interpolation by arcs and sel ecting the
So. next points based on a conditi on being net (for
' exanpl es on the derivati vqs t he previous point).

3.1.2 Correspondence be ern,,vfééfBICP f ormat and

with D~ FARBLER- 461 MRtein0k) S set (52 F, p) the probability
space Q,~ =180 31, ,S,, 1} Let's call X the
andom variable with values in P. The characteristic .
That gmfs Gre¥ fo GRRyfe ts(z sit %c—rﬂléor; Pdd- ld% only ’)’DEJp(‘)I('((Glzs But 'r_ftcéfl $ee th)%i) the matrlx M~* that
is obtaingdgip thy npybyixepf fhe Fpirier sansfogmp of P byakit ictsp st fisghe h HepteFourier Transform
Algoritighe tve st dcaagutcoiic @bduftt X. To do that, we sinple assign to
z, iteratively the values 0,2-,r..... 2(n - 1) ir an
we obtain' (1"x(0) =R=M1%= pﬁﬁ@%ﬁm +p. 1 x(2-,) =
) Eé?Z' EOr 2i 1r SO +plc2itrSl +. ~ch_1~2i-,rS"-
in only Q{flag(n >z"€ﬁra1 %) o5) = E(e2i-,r(re-1)X) = p0C2-i7 (n-1)So
+p1e2|1r(ve 1H)S1 + ... +p,n_ e2ia(’ rt 1)Sn-1 WO
If we hav@8¢1§t@k71ﬂ_1@170f PGS0 BAAD A FDvheR 3c wihiAg =iS8— Sy Hht thatlverOrhe following property:
E((,2ivrX) 2iwsn 2ixrS,,-y Pi  E+(~ 2ia(n.-1)X)
Il (e2tiarSo)-a-1 (e o1k Bn~11) 2 pn- 1 11 \\ V\here

Lot’s set %ﬁ@éﬂ:ﬁ&hag ‘l\?gtér‘?’* _ﬁig‘f’t S éctﬁ)é\n %inke [0 IV%R"“) cre glészt% ltdlst c?ngnon multiple.

coefficent of Iine a and row v, so we have here :
Then we o4, igtroducg 2 irégnlrutivislos (S ke, AS) e fikoll @hcldbates Shendivavaarag@y &f previous result
as we kndv} how@o Wapktc tHQ m@sbﬁgasja]ﬁics M the &@ractERiste fMeddBXt any point.

3.2 Incorporation of offer and demand sensitivities in the pricing, risk management and

trading of derivatives contracts

A preferred cmbodiment of the present invention solves onc issue that must be addressed in the determination of basis
instruments price. The problem is that basis instruments prices fluctuations in response to offer and demand sensitivitics
must be such that no arbitrage opportuniby is created. This is tested by making surc that state prices are positive and

the sum of implicd probabilitics of all states is one.

Although in the definition above the scaling density function is defined in an explicit form, in many practical applica-
tions, to take into account the non arbitrage requircment the scaling density function will be formulated in an implicd
manner. It is an embodiment of the present invention to achicve this by introducing what we define below as weighting

functions
Implied Definition: Weighting Functions Definitions

Let’s define a discrete probability space E = (Q, B, P) with @ = 1, ,n; we define a weighting function defined on Q x R
as W{i,n;) such that:

W(i,n;
oo W)

ST Wi, n;)

i=1

T
with W(i,n;) > 0 and ), W(i,n;) > 0 to prevent negative or infinite probabilitics that would crcate arbitrage oppor-
i=1

tanitics.



A sinple nethod of solution of (17) is closely related
to Lagrange's polynom al interpolation fornmula. Let
wep3/(R)37 'V E [0, n - 1], he the polynom al of degr/E80319179
- 1 defined by: n-1 X e2isre&.,, 1'(X) _ c2-i7rSy,
e2iws,, W can define with the coefficients of the
interpolation k e [1, n], rn E[1, n] a square matrix
A of dinmension'n. 2ivrS 2iw,54 (k-1) EIl W have p"
(n, ) = huv = ~~; =1 A"+1, kr = ~k=1 Av+1lkMk,,u+l for u
and v in [0, n- 1]. Since 6,z" = fiu} 1,v+l we can
Excamplds@R WaGSHy Fukuiatd 1) + 1 by uand v in [1, n]: AVKMA u
= fIUV k=1 This says exactly that A = M1. Therefore,
e sol ution, of Q, = AEX so we have: ( 2i
To mt“’d(“f% “13 R edirhgiebpsh ¢ f‘fllo‘lfng %ﬁ’ﬁf“iloé‘atl on to nuneri cal
conput gf J,Q nmf sinple algorit hm to solve the problemis

Iven

g( U) pw)d féne z(éar% P{Jroé pfmln(j )p -, T;éﬂwbasaproblbalmef
kzn. 2 Of fgpartiind ”h«;_n ff’(rU”f SH¢ trpe s Zivp

S[ u- 1] YitesspBledrdier] fumpers € tyaeh NG BBIHOTH3T —=—

PCT/ US03/ 19179 24 "for u=k:n-2 p(u)=p(u) %i@("" +1) end

end There exists a sequence of numbers w!™, such that for cachd, M=
E LU"‘ ,,/u
ki3
and for any givenvalueof Y w, thew!" areuniquely determined for eachi
k=1
Proof :
' M wm M Z w}
p 4—*; lim. = Z I'T i—l
(3 Z wm niﬂ Ty 2 ,wm ,,}r::. i=1 g El w;:; ni

.

7L ( Z u)i}”) k3

3 wpnlt = AL We assume forins tance : kX: w? | =mn,
=1

=  Pi
b=t =08
M
P P ) s oM
T
L. — ppy ity \E=1 i v aaTTl _Im‘ e — ’_‘1’”
thus : pM = w™n Z—yﬂ ; wit = E w )= n
I\.El Vi (,21 'n",j‘ 21 n”")

Thus for cxample, in a market where a first sct of state pricespM for any first unit of Arrow Debrou seeurity is postulated,
a weighting fonction may be defined as

pl\

W(?:, ‘7),7:) — nm (Z wrn) Tl’l — 1)
655
k=1

to reflect the fact that after state prices react ot state price responsive to offer and demand in a manner similar to the

distribution of payouts in a parimutucl game.

In a preferred embodiment of the present invention, weighting functions may be used to simply define scaling density
functions of basis instruments by first transforming the input weighting functions into conditional state-prices vector
and then, using after multiplication by a matrix T, the vector of basis instruments prices responsive to inventory, offer

and demand for cach basis instrument.

3.3 Incorporation of credit risk in the pricing, risk management and trading of deriva-

tives contracts

Another cnbodiment of the present invention is its ability to include most accuratcly credit risk scusitivitics in the

pricing risk management and trading of financial derivatives.

Credit rigk in this sctting is the risk that a Counterparty may not honor their financial commitments in full on due date

and at duc time.



This algortithnms requires 5n2/2 flops. An
i npl ementation of the algorithmthat yields P can be
wo a3irod1i7n Mat hematical  recipes in C, Second Edi p¢DOS03/19179
[551 #include "nrutil.h" veé8d vander(double M],
doubl e p[], double EX[], int n) Solves the
Vander nonde |inear system |[|nput consists of the
vectors M1..n] and EX[1..n]; the vector p[i..n] is
output. { int i,j,k; double b,s,t,xx; double *c;
“c=dvector(1,n); if (n =1) p[1l]=EX[1]; else { for
A countbrbartd td ﬁﬁ:ﬁi/’]itn‘r'c"i)m&&im&;n:tgpugﬂy dsdnbsl +8d rhsE EhaBltd Bdhter St Wil go bankrupt or not be
ablc to mM 1H obhg%ﬁt tt a%rlcc{qnx}:o% th{cs Jlggg iﬁ{?l%g & rthcgigl! \MmmoﬁLmt for

pi o+t are found by recursion. xx = -x [i] ;

f (n+1-|) j<=(n-1);j++) c[j] += xx* CEJ IJ c [n]
Margin gpcpnrklgtcnh}c.rcdft Sf)mtof]%ianidgthﬁr (fmltr,p)tu({l d(Eé@hwlgc@brfaa 4 (@f—t ¥i ¢ qugprprily employed
to managodedifpfivks and insijgangc, c@unterpgrbiEddeditmipk. In dograst(tk HR P4 >MER $RE7:727 H1, USand US Pat.
No. 6 385‘21’21:]1181'5 ia@aﬂlf(.lrryd ibvdiadys thcbﬁ&n{ iﬁ\}cnti&i)(forhvmbmgsanﬂ' Tedging purposcs, credit risk in
dcrlvatlm }ﬁsag-t]on‘hs rc[g@&{ch Xal T tl:plyglg, luﬁi@rly% Wiuht,evaiulu glh:LL <Eﬁmgfn§ 'rcq,ﬁncc currency and

coun’ccr;)amr]]:tl?‘FI ﬂug{la’cc bc,tv&F(J: 7 O]andc" { ttHls has t‘g gcn&?of nat only famlﬂtata g addressing the concern of other

methodologics, but better still, enable derivatives trading on said credit risks.

More specifically, to take this notion into account, for cach contract between two partios Q and 3, we define the stochas-

tic variable Sf A e [0, 1] as the porcentage of a unit notional liability of N to 4 that counterparty  meets at time #.

In the context presented here, Sf A can simply be viewed as a new underlying, so that a commitment of 8 is accurately
understood as risk free units of underlying '.S’f’”. So, by multiplying the payoff f of any derivative contract by and by
defining its scaling density function, the credit risk of the transaction is automatically included.

So a market will fully price credit risk for all types of payoffs if basis instruments for all stochastic variables Sf “ trade
for all 8 and Q. A reduction in the number of necessary variables could be achicved by introducing a default free
referential countorparty ref that would be the opposite side in all transactions; in this sctting, the variables of interest
would be SP7¢F | with ref fixed, or simply ¢ , with an indexation of 3 such that 8 € {0,---,m}.

sf
’“ —5= follows a beta distribuiion with density

b . KB =1 0q _ Ab(8,8;)—1 o :, . )
fa(ﬁ,ti),l(ﬁ,tz) (z) = Beta(a(/g,lti)}?g)([j,ti)) ,0 < x < 1,fHBtNB) (0) = 0 4f |z] > 1

where 3 is the classical Beta Function

In a preferred embodiment of the present invention, the beta family has the additional advantage of casily computed
T
moments so that the moment gencrating function of f° () is MGf*" (n,a,b) = LH (TL(%ZL) and as a result calibration

of the credit risk model is facilitated on a varicty of input data types.

8

5t
In an cmbodiment of the present invention, the ratios ——5%}1 may be taken to be independent from one another, the

beta distribution may depend upon the realized value of other inputs, where said other inputs may include different

underlyings.

In yect another embodiment of the present invention the credit risk limit of a given counterparty can inferred by sctbing
& maximum responsive to the difference between the value of the counterparty lability not inclusive of credit risk and

the value of said liability inclusive of credit risk



} free-dvector(c,1,n); } { int n; dinmension of the
matri x double* M EX p; M=dvector(1,n); coefficient of
wWa b#10vaatder nonde Matrix EX=dvector (i, n); input BET/US03/19179

Lapl ace val ues WO 03/1071329 PCT/ US03/ 19179 25 for

(int u=l;u<=n;u++){ MJ[u]=exp(2i\pi S [u-1]) ;

EX[ u] =val ued E[ exp(2i\pi (u-1)X]; p[u]=0.0; }

vander (M EX, p, n); conputation of the probabilities.

Regul ar space distribution of states If we suppose

that the Sk are regular distributed, for exanple: Sk'
4 Gensfal CqotragbsHadeéifitionshe coeffici ent of our

Vandernondc matrix: Maw = r2i',r(u-1)S"-1 =
We defiges é_{{J,Un: (1)2 9010211]@{ Qc.n]{')t(vv sgg})r@y 1cf)ru\mmg{ e fepiyact PDntered) pngg{t]_tlmc typ and paying
f (51, -e81")-s, Sk .-, §7) it df (hdetlyink) cBOducySH ot Biat txDp exchangeFor the payment of a premium
at time 61: y This mrgr( gGIle]f)ﬂS(Qﬁmb%ﬂqnclu@& bat hQMtequn:@ to GdHh & 1nnﬁkt8rl33( p}y)V7 paragraph 6-

11 and q‘,efogrp %gcndg Xnt in %AS WW(‘Xudcrn) ‘EIV(,S Ggr -
f(St,- s .%"”, ”n ”' (fcgmf is callcd a WF¥atle ( ani;raﬁf, W %lt é)-pflﬂnall g%tlgﬁﬁjor DCWOF.

v-th coI um term of the product of D and Wis given
We notch¥Ag | (FX(S; ( DY) uv 7 654;T - DUKIK wrjce =it i@ﬂd tnaf {he teedihSuwhitbetldnfeted o at time #
and guar‘mtElJ]dg\{chﬁﬁlvf b @9 V\@,j‘@y @S’l —SI'DVV tnﬁtk er 1ﬂlgkﬁ'lplbgecﬁur$utbesc at time tn.

fﬂ‘tﬁotﬁ&aﬁ B ASALmd SO that w I s a n root of unity
ot's no e Wits conjugate. Let's conpute the term

<Y<Y with 1% YOIt ay nt fupction in the
© e ey

(VW . row u and colum v of the product of these
For any ¢ M r’fﬁfl?ﬁf“‘}(‘“ 108 ;. (FY(S1;--+38; ) the price at time #; of the sceurity contract entered into at time #g

and guarantceing receipt of f (S’l, , ST, - sy ,S',',’{‘) units of wnderlying currency Sc at time tn; I i ( f) is the

associated contract.

For any i > 0 , we define as II§ ; (f) (S1;- - 8i) the price ab time #; of the sccurity contract entered into at time #9 and
guaranteeing receipt of 1§ ; ; (f) (81; - - 5 Sit1) units of underlying currency S¢ at time #;4.1; 11§ ; (f) is the associated
contract.

4.1 Common Examples

A foew cxamples show how some well-known derivative contracts are translated into this formal functional process:

Vanilla Option, f(Sp;---;8,) = (6(S, — K,)T
Double Barrier Option, f (So;-++;Sn) = (6(S, — K))* 1L<SucH) X 7" X Lzes, <H}
4

Astan Option, f(Sp;-++;8,) = (5(% (i Sk) - K))

T 2
Volatility Swap, f(Sa;-++;Sa) = ff Z (L(’g[sk -] — 1 <E LOQ[S_-S’:T )) - K,
k=1 i=1 -

5 Theorem of Decomposition in Basis Securities

5.1 Derivation

We have the following result further detailed in appendix and valid under the notational assumptions carlicr introduced

for any function g of m? :

Theorem: For any function g defined on a discrote space of real numbars I, with I, = Tu1 X - - - X Iym an m-dimensional
discrete space so that I = {—co <af < - <zf < - < @}, < +oo}. With the discrote definitions of derivatives and

2This more general definition includes but is not limited to the one in FAS 133 pp3-7, paragraph 6-11 and its 10(b) amendment in FAS

138.
33ee demonstration in appendix



re (WNu,v = ~WikWku k=1 TL k=1 n wWu-1)(~;-1)(~;
-(., 1) as 1/w ~=1rt _ ~wt v)(k-1) x:=1a _
waexe7ian k-1 k=1 _nif 11=v 1-Wi-v),. = 0 if urPGHUSEH19179

(wit-v)n. _ wt)u-v =1 13W,v | ~uvn And we obtain:

lyV WM md and WL n WO 03/107137 PCT/ US03/ 19179 26

So: M1=1IW-1 n wth D1 = diag(l, e 2i'1lso

n-2i a(n-1)So) That gives a way to conpute the

state-prices po,..pr,, 1 in only n2 operation. But we

can see that the matrix M1 that is obtained is the
f.athe. Fourier %nsform of order n that neans

Tr
ntograls C?{Lotr m)t(m&md e f‘—’ TRt ansform Algorithm we can

Cﬂ(maum Ehezpr oguct: ST S axxalix
=0 0<41<..<ipSm 0871 <. <jpSm g=0 08k <. <kySm
Jr€{L,m N\ i1, ik} k1 €41 aipt

1=1,..,p I=1,..,q

(S (1 = o) (o = #2)) " (Som (1% — o) (s ) )" Sty
Iig %o XTI gy

o%,. Bfu am,,,g (zdy . £11, o £ o ) dEPL TR
0

and with Sgn(z) = 1 if > 0 otherwise Sgn(z) = —1 '
Thus, replacing g by II§; (f) (So; - -3 8:) above and using our definition of basis instruments, with 8 being the buyer
and Q the scller, we deduce that, for i > 0,

m m—k N . 11 1 1 1 1
T8,i-1 () (Soi-38ima) = X > > >z Bl x.xF4 [ 2 b)) > >
k=00<i1 <. <ipSm p=0 0<j1<.<fp<m 00 lé]i=-1 kp=—1 hi=—1 hp=-1

JPELL e m N Li ik} Step2  Step2  Step?  Slep2

=1l...p
kyx . % by X (@'t g 2) P12 s (giegie)he-1)/2 (18)
Xall a}])a B?kll-[(‘;,l. (SO’ 3 zv—l) (El 119y (mil)hlpj_{ly "y (Tik)thikl, .y iyﬁl)> dﬂ‘il dfl)””

®BO,-¢ 1 ((le yJpata,. 174:) (1‘1, o kp, —he, ., hk),(F‘-",}l, :Eyllv( ;qﬂ(hl)) L»——l’ 1(Tswn(hk))hkplkl)) (Sﬂi B z—l)

m 2
N k k
T05,i—1 (F) (o5 3 85-1) = X° > x > (=1 > Ft X X Ftx
k=0 0K <. <ipSm 051K <dpSm g=0 0Lk <. <kgSm
dre{lm M\ {ig,..ig}t kEre{it,dpt
I=1,.,p I=1,,q

[ 00300 00, T8 (055 Sum i (80, 288, B ) i i

I‘Jw_i_l><.><1w1}L

éB(‘):,i—l ((ily'vik):(’sgn (‘H1 _T(L) ) ye ,Sgn (t B ’1‘0 )) (FL 1. 1t+1 11?){\') ,sz)’ ({jly’“:j}’}\{kli 1k;!1})) (SO;';S'L‘—I)

Proceeding recursively backwa,rds from I (f)(S15-+38n) = f(S15+-+38,) , we obtain II§, (f) and can deduce
that TIS (F) (S1;-++38,) = Z 05, (f) (.5'1, --38;) The theorem of static replication of derivative securitics from

0,0,
i=n—1

primitive sccuritics thus follows as:

5.2 Theorem 1 of decomposition (Static Replication) of derivatives

Assuming no arbitrage opportunitics * cxist, any derivative sceurity II§; () representing a contract entered into at
time 2o and paying f (S,---, S0, -, S8, Sm) at time #, for a premium paid at time #; can be decomposed as a sum

of basis sccuritics as:

0 ) Z HO,j . (19)

—n.-—

step —1
And we also have: 15, () (Sps-++38;) = g (f) (Sos--+35;)
With:
2 m p
I8, (N (505"‘551) =3 > > > (-1ete > F,+1 X X F+1X
k=0 0gi1 <. <ipgm 0Z51<...<JpSm q=0 0gk1<...<kg<m
.1'1E{l,i"yf‘c}\{'inn-fik} klE{:fll,ni,:ip}
1P =109

8, - 32% it -85“, T0§ gt (Soi-- -5 Sy5 (Fpas -+ 80, oe B0 ooe FIL))) it - - i

Imilx"'XImik g4l 7+1 i+l
Y e . . i i i i . .
®B0,j ((zly"':lk))(Sg'n'(tl_mO))"'1Sgn(tk’_z() )) (Fy-}-lv ")t f+) - vE;il):({Jl)"'ajp}\'{klv~~1kq})) (SO;"';Sj)

At the end of cach trading period, the sum of all debit positions is oxactly cqual to the sum of all credit positions. With

positions automatically netted, this means any derivative sceurity would be statically replicated with the sclocted basis

AThe equivalence between absence of arbitrage and equivalent martingale measure is not assumed in this presentation because the possible
existence of slippage effects and its implications for the non linearity of trading strategies break the proof of the result as detailed in [34],[35].

As a result, the whole martingale approach is not used in this presentation.



P=M1 = WD-1(P) n in only Q'nlog(n)) operations. If
we have a distribution of S. non-regurlarly spaced
wonere1ire wite Ak = Sk - Se but that verify thePCT/US03/19179

followi ng property: dk EBO n -1], Ok E QL Let's set

Dk E Qand Nk E N such as Ok, = N. Let's set N =

| enkE[ e, rt _i)(Na) where lcmis the | east comon

mul tiple. Then we can introduce a regular division

(Sk)kE[ e, N-11 that fits all the states Si, and we can

apply the previous result as we know how to conpute
sccuritict he m ssi ng val ues of the characteristic function at

any point. 3.2 Incorporation of offer and demand

The ﬁr%t%&ﬂ%h&l’dq W binRS 18‘}1 ar RBat Rk [ei] 2H86h ofdklsrlﬁ‘»lmgﬁmtthcaﬂs@ currency and are or
oxtend “&Et%qlam ag fzcrcg(f%{n% ﬁ%&nd% 1?1 sl%%:lngugu%cgcéqd cm@ referred

i ment o e present invention sol ves one i ssue
that nmust be addressed in the determ nation of basis
Then weihpyg g qiperAgT @msﬁ riris’@@pcntfhreurﬁprb@g @pFichaes thiplgire 45 a8ind what is known as forwards or
futures in Ngdeiedvenpsioprasces fl uctuations in response to offer
and denmand sensitivities nust be such that no

First ordgnrkngxs HAQ&6£PRO E;&JAQAnE ¥n l;vhsxt %rkﬁatnexq 'calth)lzJ I§1ts of a qﬁag %gruﬁéé uncertainty in a
smglcﬁﬂ;urc mogcggre that state prices are positive ahd
U I'fipl i ed probabilities of all states is one.
AI though in the definition above the scaling density
Sccond ofdgrietly imtrunentched dxpesdng qy whps i:elxlpxlvri © ichrcfatjtmn)ptiq'nﬂonrtaqr]:y)urccs of uncertainty in
a single fatuRGtdc@adsc.appl i ca- tions, to take into account the non
ar bi trage requi rement the scali ng densi ty functi on

More g(.ncra bra—Hx I'?é(% {)rmllg mt%ﬁlmcnt? nen\éog/ﬁ f‘ongpr%nélﬁ (Im 61n801 r(é:s oaf (1:1 (.Icrtetfi}rllety this by

i ntroduci ng what we define bel ow as wei ghti ng
The formfily fpsreduess §hopq{fﬂh¢reﬁlcrw1p mireriayiatly and i‘.}gih pq‘cxnigm FEuretds omkeing lower than those
of lower D@ with $imidin Sonki@krcss. hedonm eppeoxithia® @predache) Foadab higHey/or&P AGL A given valuc
may be ploven th & negiBiblcP) Wi th ci = 1,, n; we define a weighting
function defi ned on St x 2" as W(i, ni) such that'
When thm%hW%Lhc rcs, : t 1gvoyﬁlof \%;\("}ﬁ’“g( \)Pé«ﬁltf(gr ﬁ)lg(gr\g[ptu{l}és\év ‘Swuifcﬁfn‘i Iﬁ?ytbg advantagcous to usc
o i s g R 5t PRSPk RBLIEE b P PR g bppgGh o dictly s
informatipyip pie c@ditionABlc@8Y $OIALGFsoRETY HIS08Y i &l AGow-Dipreu Bxiaippdees of
Wei ghting Functions To introduce this exanple we first
establish the foll ow ng proposition:

5.3 Examples:

1. Our World scrics cxample is alrcady a simple application of the definitions and formula introduced and their

practical usc outside the realm of financial asscts and shows the broad scope of applicahility of our method.
2. Standard Examplc

We will further detail how the formula works on a vanilla option example. We will consider the casc of a single underlying

S} = 5; and the reference currency is SP = 1. The formula above reduces to:

Ho; (f) (505"‘55) Ho 1+1(303 "’;Sj;Fj+1)+ (Sijtn,ti_l, EI"r'lBtn,f‘_l,t ) x C)HO ;+1(501 ; 3Sj;Fj+1)
fdzH8]+1(501 T y) ‘+1/'7")B?n,tj,tj+l(1>1>Fj+1/-'3—)g;{{% (20)
T | 0y
+ Of 008 41 (So3 -3 S Fo)BY, o o (L, —1, Fyyzt)de

The derivatives of interest here is given as a vanilla call option contracted at time %y and maturing at time #,. We
assume there is no inberest rate and that the repo or dividend rabe is zero. There is no slippage and there is no credit
risk, but therc are n+1trading periods #g,1,,%,. We also assume that first order basis instruments prices are given by
the Black Scholes formula



Pr oposition : W define the t arg et probabilities (p
1),<,<'rt and the base probabilities of the rnarrket
wonym71371) 1 <, <" for the state space' under PCT/US03/19179
consideration wth associ d&ed notional -nunbers 7L" -t
such that for each i. k=1 vr,rv,,grr There exists a
sequence of nunbers w ",such that for each i, r"= k=1
n and f or any given value of E ui"
thew, r"a, re' uni quel ydeterm ned foreachi k=1 Proof :
bl - wrr,ile" 1 ~quirr. [rt~1Irlf - v, k=1 k k=1 k
k=1 41)k 7Lk We a, .4s'11,771le for ins tan cc : E 411k
=76; k=1 !--ok=1 1Mk)_B§+;mﬂEﬂW&MWJKAwHM)k nliblrrt
rrt = thus 4%7rQ; PRl i Ay -/ 1 tl 13 ulrrt (\I n
21- ") (( k ’JL;WBmzut 1k k-i_rtk Thus for exanpl e,
in a market vhersea i tst/lset-10f state pricespnr for
any first unig_q _éyrnmrﬁﬁbreu securlty i s postul at ed,
a wei ghting functuontna defln as TR7 n. i, nz
= ' " E 411FAEF ¢ _\/ﬂ‘_dfy ﬁ*FTfé?E 1 rt~" k\:Nl to :
win: 'eflect the fact that after state prices react of
state price responsive g0 0ffer and demand in a manner
simlar to the distrngQanngf payouts in a
pari mut uel gane. o

n=12,7

t; = i/365

Bgn,ti_l,t,- =1

B}n,ti_l,m =1

Sp =100, K =100

Our goal will be to caleulate IIf § (f) as a rcal number.

This example holps illustrate the impact of discrete trading against the closed form continnous trading formula. For
the integral, we will take I, = {0,1/p, ...,4/p, ..., p/p = 1} withp = 35,70,100. The results arc provided in the following
table :

Black Scholes
n | Algorithm result Closed form

continuous-time rosults

1 0.208816 0.208816
2 0.29688 0.29531
7 0.528928 0.552471

Table 2: p=35

Black Scholes

n | Algorithm result Closed form
continuous-time results

1 0.208816 0.208816

2 0.295824 0.29531

7 0.533565 0.552471

Table 3: p=T70

Thesc results indicate that the formula is computable and yiclds reasonable mumbers when compared to what is known.

5.4 Theorem 2 of compression to the formal form

This part addresses the issuc of static replication and pricing of derivatives contracts in which multiple choices arc given

to the buyer and/or the scller of the contract throughout its life. This is a notoriously difficult problem as pointed out



In a preferred enbodi nent of the present invention,
wei ghting functions nmay he used to sinply define
w@oeHlo7mg density functions of basis instrunment sSP@EUS03/19179
first transformng the inpd weighting functions into
condi tional state-prices vector and then, using after
multiplication by a matrix T, the vector of basis
instruments prices responsive to inventory, offer and
demand for each basis instrument. 3.3 Incorporation of
credit risk in the pr|C|ng, risk nanagenent and
tradi ng of derjva=—tives—¢ IIlI rot-her enbodi nent
of the present|ipvention is gﬁf&ﬁﬁﬁﬁ tlo i ncl ude
most accur at el y» ¢fAgethm ppdii sed@@ﬁﬂ@ﬁiles in the
pricing risk nanagenent and cdwadunagnotsufd nanci al
derivatives. Oeditobissi i N thipskiding is the risk
that a Counter 2rty0§ﬁ%7not hono&wggeir fii nanci al
commi tnents in’_EJII oh—due—date—at at ue tinme. WO
03/ 107137 PCT/ 1S3/ %%P1%#4. 23 A #HP‘?prnarty to a
derivatives transaction typically assunes the risk
that its counterparty wikilc go=ankrupt or not be able
to neet its obligations at agreed upon tines during
for annﬂ;l(,hi@ U{S |6t3ﬁ 2@2‘B1t(lfb@1mqqr d’?)vat ives contract. Mar gl n
reqU|renents credlt nmoni toring, and ot her contractua
may be cost | arc customarily enpl oyed
The 1nvc;?06 {112%6 ga]ez%%lrllovtgtrld\cré got é)hoald% %cgﬁcﬂuélﬁccsélutéoatﬁ% %)r IBhé? ({u});xorq awarc of the state
oftheartcredit risk. In contrast to US Pat. No. 6,317,727 131,
US and US Pat. No. 6,321,212 Bl1. in a preferred
Our inver@BH) ﬁld)lnm it si0flest BB o PE@AS @dabhed VIR kD Bis 1cf<1§é5flc@£c.l ﬁb’t% 8n@: cbodiments
solve the H@q&{ tlﬂxg(,rQ%fl &Qﬁ%énpl& c@lgdr )Entsr Slﬁg co'anmg %:[.Cfll(Y(,alt(.OI\{n@lﬁg for microgtructural i 1%110%,
hmimgg 2 “(ftlons I's recogni zed as a nultiplying underlying
g HELE Val ue in the default free reference currency and
counterparty may fluctuate between 0 and 1, this has
This methof@f ¢ye pedupitn fofthenapblerh yasiyarcirddutis¢, ibmedhaabdiceigsing gontrigr implementable
scquence @GBICEHh&prefienO tFaor %tﬂ[&ﬁlhﬁdﬂﬂlcﬁlghcﬁﬁa anb thchietdn @forcSkiahded hedging strategics
and othcr%b%bJoﬁmg&&H Vyadtdny & L E}@gﬁunéﬁg’ys%%s &R lngr tﬁk&g 'dcrlv [’civ@ ks. More
speC|f|caIIy, to take this notion into account for
ach contract between two parties 52 and
Theorem éé‘ft S HRPERHE® %6 1B A et Fop Blg\/”éi‘rt‘r“é‘iﬂi" &/hagg allposgiblp 6‘*“ ﬂt%ntf figle- Let’s also
suppose thesy Eeitreliferspfrratugiict notional liability of Nto 13
that counterparty S1 neets at tinme t. |In the context
Let’s con@fczeﬁga t2d hehe cntSbd ntoGRAmS FOFSBJI Mlptﬂ@cm\i |t1ﬁ“@cdm§bsh @th@%ﬂr Q shall pay the

buyer B H.@ ,90 t n;)%ll ngn, ,§ Q,L)t (D(Q}) ff?so,‘%?g,%',‘ L r@[‘t Q,L, ,, th%rc%c?ri:f[v ab§ sym m+1- dimen-
v 8 (g}l;’](t IP—EIC fhmcnslon'ﬂ

sional vccgor ofﬁ;ﬁf )fnc clliao%%&s n to t c %?r(frryf ab 81Fnc 5, 1; p’(/ gts?
vector of b}yaméﬂ;?a, Wcs ey F%P%@P ércg)c g i ﬁ;gm ébe ﬁ.@ls P\y)p(faaﬂne t:qn@ﬁﬂon ﬂtcﬁ]é:ct ations of f
for any timg @dhd fufujegk a Gfnctiom ef 4 (AN a&Ct £ onai s r@lutcd Wk ifgadichsywith a maximum (resp.
minimum) iA Gle4ated .%’”S'O(r(ﬁp. mg‘l;*k gt posiblk vaflddd df ¥, . €0 ot edht risk for
all types of payoffs if basis instruments for al
astic ¥ar|ables St'n trade for all 13 and Q A

If we hwc%gc 1 owm cqual
ucti I'n'the nunber of necessary variables could

N(Sfm b%t,asmpevgﬂ%@mm(% pdughng 2 sefaul Lufige.. peterentlals, -

. cqunterpart e opposite e i.A
¥ (Sui R b anadel  Bhss t\f‘li\?ggl’setéf)r(ﬁ{ the by a‘r'iﬂePE45@s G St 5
ﬁW0<H$F@ﬂé§WWﬂMﬂWTWbe St'' et mnth ref fixed, or sinply

which mcarn?] %am fi.\c prfu, mi}qu a('}% aql(l)cg rf b le s%m% lﬁlr% ry]:ltst h a tcwnilﬁm é%cri]:lém (Efyhur paramcters,

that is the realized valucs of undcrlymgq undcr conmdcratlon
Then I15 ;. (f) can be reduced to a contract that pays a function F(So;--38,) at time t,.

Lemma

SMore entangled combinations of the order of choices given to the buyer and the seller can be inferred without any methodological change.

The description outlined is merely for presentational readability.



a(F~,ti),qf3,ti) 0 <x <1 fa((3,ti),b(f3,ti) (x) =0
if IX>1 f () Beta(a(f3,ti),b(f3,tj)) > where /3 is
W b#1o0l3ssi cal Beta Function In a preferred enboRPCTEsE3/19179
of the present invention, 8Blhe beta famly has the
addi ti onal advantage of easily conmputed '[1-r
nmonents so that the nonent generating function of f
a,b (x) isMcgf " (n, a, b) =f (4 +" and as a
result calibration of the credit risk nodel is
facilitated on a variety of input data types. In an
If we haRIEROGIIBNLuQEy, t e present invention, the ratios 1 may
. be taken to he independent from one another, the beta
N (8- Se it i-6r) FrEydEpendiuffon  PhdEpeal e éid - vabUShof Stire ) St) =
N (Stpo_t-tﬁ*grst,,m-puisfs) & Bher €isal ), 0t he,)| RpUt SRy, - i- N Bde 5,8, 5.)
foro <A £ f 88 BN, ARESI L YIngs. I n yet another enbodi ment pf
the presenf invention the credit risk limt of a given
thon, for gy, P €Aty Cah i nferred by setting a naxinmum

responsi veit art(ise. difd.er ens:)f=b1%y@§wpllhe-;yﬁ'dute of Lhe
redi r's

count er par, | abi | an% siwe of credit,
and the J%*G%tgflggéy"ﬁﬁéﬁilf’5‘#%@Iué?%%hofséredit
Proof Thi; § R HyRe) OBFAOPAS oPETIISESY gEE9 29 4 General
TheoremGarviek aeels: Pef idniMiedis, . W) (Fefithiie - asSni el do fHb( ., i) wetion of So; fo; Qi - - -5 Su; B
a7 S9:called Se(Fv%$4ve security representing a .contract
21 B 2 ATREE 0ty O B0 e G Sk g Pty > Tetmpr s s Oos g
Continuing Y [I;Joacss itonatiwqe‘];y'b)xck\!vlﬂ&s!: we }Q'f/c fHQ.gﬁbr fl Y L ng, gurrency Sc at
time to in exchange for the paynment of a prem uns_ at
time = Aph{s Tiprle/ X B 2o d 8 FarflitShofihiRehudes: Bul.)i s
not i m '68*to the one in FAS 133 pp3- 7, paragraph 6-
so that (4 15 agfipedtiqntod SALG( By) - afehidment in FAS 138. A derivatives
contract defined with its payout paynent function in
the f (s2, * ', si", " ", S i"" " [ Si"'")

formats is, cal |.ed gprL atives Contract. Wthout _

Opt i onaT b iFes TP BeihoE: S ot bt Ty Py S |
s that B is'a finets ;h§g;{§”f_i’8 [ Sl,)_the price at tine
w0 that B 5 o ReT 2 8UPIty§contract entered into at tinme to

and guaranteeing receipt of f (Si; , S,) =1 (S,
In the end wg have the sought after funct@pif JSouni 43 20f under|yi ng currency Sc

at time tn. |Ih ,/e.5.5(f)clSsthe triwally associated

S) 791 ",S'i; It i"'-';Sn;/a ;Yi!n

contract. For ang(ﬁxé g, méﬁgéflne as1le 2,, (f)
Note: If th@p are soveral ciices YortAndlaprih g ofithe foinms tovepdny tolte>f B10E ini e Yaken randomly.
' contract entered into at tinme to and guaranteeing

While thE & @I'mlofl:nd ng /Iag § the dcgrngrlwtiot ;f"Q_i and ,.6’,% ab_ I:: I;rilla n(HPiCIh_SA,t Qr]t;thrcadily tractable, there
arc nurfmgcgh %gtih%{_]lfagl%l gclél)u:l]ttr; | glg %cilp r%‘ldl?b tal-utﬁ gfﬂl?tiog rl]%o : ooles ca)érP{{O% @n élgz VP]]IC of only a fow
cxprcssm]esr S t §Iqu:1t., in }')I‘B;Ctl(gi t}us eHEe ﬁ]‘r(i’nel@gl(ﬁ][ or(fcr ﬁ%ativ? jeaygpee fﬂhSebC readily implemented in
a computgiiged prpcesyingyritr-act entered into at time to and

guaranteeing receipt of Ilo %1 (f) (Si; ", Si+Hi)
Scetion 515%15@ fulfier URERE Ydwtlis frlddtic Q%liﬁ%tio@g adub BBnE haddh pondnlof edamples.

(f) is the associated contract. 4.1 Common Exanpl es

5.5 Examples with optimization feature

American Options
An Amocrican (or Bermudan) option here is defined here ag the contract guarantceing to the buyer the right to purchasc

(for a call) or sell (for a put) the nnderlying S at the strike price X at any time between #; and [

The payoff at maturity £, can therefore be written in a functional form as :
8,0

vga
NxBi(8(Si—K)''® Bfimn+Nx(1—p1)(@(Sa—ENT & BSont...
wE.L

£ (503800033803 Bni ) = | 4N x (1= B1)...(1— fue2)Bur (6(Snm1 — KDY ® Brin-im
FN X (1= 1) . (1= Bu-1) (8(Sn — K))*
withd =1 foracallandd = —1 foraput; 0 < B; < 1; N beingthenotionalof the contract.



A few exanpl es show how sonic wel|-known derivative
contracts are translated into this formal functional

wErpoesy: Vanilla Option. f (So; 7 S.,,) _ (BCT/BS03/19179
K,,,))+ Double Barrier Optiddn, f (So; ;0 S,,) =
(S(S,, - K)+ 1 {L<S, <H X X 1 {L<si<H Asian
Option, f (So; ;7 S") Skl - K)) + k=12 Volatility
Swap: f (So; S,,,) =252 ELog[] S- ] -, | Log[, k=1

x-1 5 Theorem of Deconposition in Basis Securities
5.1 Derivation W have the followi ng result further

Applyinggi%zo%nJ .ﬁ:«gldlgﬂorabﬂp Eadci;u% _tl%r!i%lrivgt@vlc Iogf alt';l qqg:lrétiotn D)? '%hp l(gtd%rlerg I?rg'r_ln z%ro when varies
bebae assugptloon% earller introduce for any functron g o
ctweon gxogand oy WE T8 "% r any function g defined on a

discrete Sl@&?ﬁrﬂfamm?‘.,! (fﬂlg(m)e'r"Sasi!/@i;S’i+1mi—}-tlh“!sniﬁn I, X

x |.- an mdirfehsi onal " discrete space so that |~ -oo0

< xi. o< =<drgMoadl,, (f (Se! 8o - <s Sk @ ¥y ikt h6RE.)di scret e

.. definitions off: ‘derivatives and 2This nmore general
Which cipebp irfife progitly Hiotitbes but is not linmited to the one in
BAS 1,33 pp3-7, paragraph 6-11 and its 10(b) amendnent
In FQJ%&@-:U:S%@W@?@*Q st %‘,alzi&:o,m%nrﬁa;p@@nd/i?,ms(\ﬂo—K>>+®B:=,i+1,,,+~--+
03/1 7Pt USE3) 191790 8 Oéﬁj ats earlier
i ntr o;augefa;" téi‘e%?%‘#%iﬁé‘“ oMU B! d: g (x1J, XM
=L L >£<1_-§7 ;épﬁka@;(éi)@»*“ﬁﬁif B AT (VR B ORCH Ay )i (S R K 055 1t
. X(1=B1} 01 =5 1 M1—F . y2) B0 gAY fi 6. e 1
o 19 R ol it e Ty
_— i, ,. 9% ~ - -
Passpor% _O'pi:l)njs::(Onc I(régig{ing; Cpsp ]ﬂis_c%Fclaans ajion of | Vc%—}.)pipg]PI&WSkmcgg@fon )
77- 9 a2 a2 a a tx1l txk mx1l gk txl tik .
A passport-epiion i chpt@eDEIng the.right, to the buyer, to bl of @l at anghtme bawehn W dhdt,_; a maximum
of N unjtsgﬁl(ld@lyin_g; Sl ifiaf timc ko Bhe Q}nogf Rt \W.&8 gc%gmcé %})roﬁTt_tﬁc]bu ‘hlléngps it, if a loss is incurred,
the sclled fBRIAG N9 g by 110 ,j (f) (So; . . ; Si) above and
sing our deEI ntltl on  of bafsl S instrunents, with ,d
The payu% eal ]’rI]l(g urf n a fin

herefore be writhen i nctional form as:

hé Busy
S (S0 Bo; Qo3+ +3 803 B Q) = (N(Bo (S1— Sa) + A1 (S = S1) + - o+ Bt (S — 1)) withfor 0 <4 < n—1,10:] <1

As can be scen, f as a function of any of the ;s is twice continuously differentiable cxcept ab most at one point. We

thus deduce §; € {~1,0,1} and morc precisely:

Bi= Sign[m?,i,n(<[§o (5'1 - S’o) ot Bicy (51 - 3'1—1) + (Si+l - S'z) + Big1 (Sipe — Sipt) + oo Bt (Sn ~ Sn_1))+ -
(ﬁo (5'1 — S'o) Foid By (5'1 — gi—-l) -~ (Si+1 - S'L) + B (Si+2 — §¢+1) + ook Bro1 (8n — Sn_1))+)

(S5, 8541, Bix1s -+, Sne1, Pre1,5n)]

Bi = -9ign[H8,i,n(([;‘0 (81 =80)+ .+ Bics (Si = Sie1) + (Siv1 — Si) + Bira (Sipe — Six1) + oot Baes (Sn — Sn—l))+ -
(,[;o (S1—=50) + ...+ Bie1 (Si — Sic1) = (Sits — i) + Big1 (Siza — Sip1) oo+ Bami (Sn — Sn——l))+)] (Si,--+,51)

with sign(z) =1ifx >0, sign{z) = -1ifz <0.

Passport Options (m underlyings casc - discrete translation of Wilmott’s definition 7 )

The passport with m underlyings is a contract giving the right to the buyer to buy or scll at anytime between g and
lp—1 a maximum of N units of underlying of cach of the underlyings 7 if at time #,, the sum of those trades gencerate

a profit the buyer keeps it, if a loss is incurred, the seller pays for it. The payoff at maturity #, is:

f (S['Hﬂ(); QO; Tty Sn;ﬂ'n.; Q'n.) =N (< ﬁ(h (Sl - SO) >4 < ,81, (SZ - Sl) >4+ < ﬂ'n,-—l, (Sn, i S’n-—l) >)+

with0<i<n—1,for Sup ﬂflSI.

FE40,--- 0}

Extending the analytical approach of the one underlying case to the multi-dimensional case, we deduce:

B = -ﬁ;rggjléifnai,n (f(S'(];ﬁ(ll;'";Si;ﬁi;"';'s"n;ﬁn,))

SHyer, T. Liptom-Lifschitz, T and Pugachevsky, D. (1997) "Passport to success”, Risk Magazine 10., No 9., pp127-131. .
"Hyungsok, A. Penaud,A. and Paul Wilmott,P. ” Various passport options and their valuation” (1999) OCIAM Oxford University Working

paper. [42] [56]



and SI the seller, we deduce that, for i > 0,
o,i-1(f)(~So;;Si-1)E E Ek F~i 1X. xFg_1ff k=00<i 1<. <i k<m
wWEexnd71<. <j p<m 0 0 kl1=-1 kp=-1 hl=-1 hk=-1 StRERUS03/19179

Step2 Step2 Step2 L=1...p3&k1l x . x kp
(L"xx1)(hl-1)/2 X . X (rJKT gk)(hk-1)V2 (18) Xe~. a: 2

a2 R (SO, .; Si-1J -(F1, , (.r,il)h1lFqgi11, ,
(.rik)h1Fg-"ky, , x-F' "1)) d~ ~1l.dxik 11 7p gl' gkl
Oi B8, i-1((,71, ) ip, 21, , ik), (kI, , kp, -hl, ,

-hk), (F,'11, , fj7f1, (1'si9on(hi))hl 11, ,
_%,,,,SAQn(%)X)hké:x k1)) (S . Sli- 1) , Mp Il

)g+p F1 x x FK' x Qi-1o0; , i-11
0<| 1m u&wd@ﬁm*@«aadmﬁhq rp@moqa;lo{(o<kq}<€ §R’k+d«vmza {- 1 0,1}cz
YO KCE{ ] a2i a a (S'S (F1
showing it'hfltlto f;(tnﬂ)mis'ﬂ"’)as mc(\jsi f [~ atwlkatlfms?ﬁ_cxt}cd‘g‘fongaxki chypaﬂ}monkg}nll @V(f to@, made.
i-1 i, ,,, 9, , x lyil XXlyik "PB8,i-1

Moving ,(V(fﬂ'ddw Aﬁiaﬂkbt,ior(‘digﬂ.e?arﬁfte'}'cereil(@a-;awhﬁan dpgan® gk x0k) ), _
(Fil, t" txk+ nz ({ ] }~{k k })) (S S 1) Proceeding

A Movmi%’?nl%& JXV@% o¥t1(91%§\:§ %{merc[E 1‘% mcon{ ?c in wh&?&h‘c blhyar ms c]% scal.)rccélvc at any time
after the Or?rﬁ%tddtiﬁ? t? he (mg urlty i,L ) g < Jgrc&ﬁc b(ﬁrgun

trading Reipdt prd (ogtrike £1 e dﬁ@ﬁ*q iweiisn of derivative securities
from 1=71-1 primtive securities thus follows as: 5.2
The paycERERKNY In Qf 11IRCRMP Asdidnin0NMABEAL .6 &epl i cation) of
derivatives Assumi ng no arbitrage opportunities 4
exi st, any derivati él@@cuf"n)@y@’ﬁfrtﬁ1(1‘@1)ﬁp@bgpe§%}ff®ﬁ&na
F (dmtpactS.ehte) S PNt o -at- (1t Pire- (1 6 fantd. pdyFng- f‘fn(la ®,B9 1,
S, , S1S;,"i")" at\ tianes§.. (1 - BQK) @spr &mum pai d at
time ti can be deconposed as a sum of basis
secufth § Feégoragrilondd = —1 foraput; 0 < 8 < 1;pbeing thenumber of tirme — series

he avcmgc tju, H:Fﬂ(élylng S over the last p

i—1

over which the average is token. K;=px K — 3 S
j=itl-p
Applying the same arguments as with the American option, we deduce,

B =

N +# 45 pe N

{ & x(1=f1). (1=Be1)(8(5i - ) BE i n 21 o (T % (1= B1).. (1—ﬁ1_1)ﬂ,+1(5<sm—mm) ®Bfi11,n
o +ﬁ<(1 ~81)e-(A=Bim1) (1= Fi1)-- (1 ﬁu_z)ﬁn_x(o(sn_l—m_l)) ®Bf 1n
+;f><<1 By (1= Bim 1) (1=Big 1) (4= B 1)(3(Sn— K )y H)) (50,50

8.0
1 o (1= A1) (U Bim 1) (505 - X ))+ BY 1y 206 i (X ) (U=B) e (b Bi 1) Bi 1 (8 (141~ K1) T OB sy, e

+’§ X (= B1)ee (= Bs 1) (L= Brg1) (1 ﬂ,k_zmn_l(o(su_rxn_n) ®Bf 1,
Fx(1-p1). (1 =Bim ) (1= Big1) (=B ) (3(Sn— K ) F)) (B0, 800}

6 Applications

The methods of the present invention will be further illustrated in preferred cmbodiments in conjunction with three sys-

tems of practical use for trading purposcs: pricing systems, derivatives exchange systems and risk management systems.

6.1 Derivatives Pricing

In pricing or decision systems, the methods of the present invention will be used as alternatives to known methods with

four main practical advantages over closed form, trees, PDE, Monte Carlo:

e Flexibility in the design of any conceivable derivatives contract, even those where subscquent choices may be made

by partics in the contract, that will be scamlessly priced for any specification of the dynamies of the underlyings.

s Basy incorporation of liguidity offects in the pricing of derivatives through the introduction of scaling density

functions.

» Easy incorporation of credit risk through the scamless integration of underlyings representative of the counterparty

credit risk.
Bwilmott.com, Technical forum (2001)




110ii,n (f) Ip,j (f) (1 ) j="n-1 step -1 And we
al so have: 110i,r, (f) (S ... ; Si.) =f1l0, (f)

w@ 8107137 ; SD Wth: |1 (f) (So;...; 5.) -L E BfectpSesp9179
E' F~11 x... xF 1x k=0 O<i3l<.. <|k<n10<j1<...<.jp<m
g=0 O<kl<..... J<k"<n1.%LE{1,,nz}\{i1 .., 1k}
kCE{j1,...,jp} f a2. ...02.. S a: ne (s ... J.S7.J .
(F tit .. tik F) dtil dt'ik I~i1 XX 1.ik §+1 §+1
j¥1 §§+1 Q7+1 O , :1+1,- , J i ," J .1+1) (r)Bo,]j
(ii,... 2k) , (SQn(tgl -xol) e Sgn (txk -~k)) (F+1

. Dcnvmﬁdu,dﬁmg stmtcglcs m!—f ?%]nzi(}nt gf modgfl rlsli ii%logi%hbtﬁci use ofein(gcatcd 8‘1513 1na’cru.mcnt% contracts

m“fé%?a‘)éﬁ“g( éﬁu@f "‘F’iﬁnhtplrf’é“‘é A e Mgstai ¢ | ons. Wth
As far asRPRH & |C(Q1@<§nca L@{&Hﬁ&&' okt li¥m B8 bne Erl@ﬂh&iq Uﬁ;@({]&cs@xﬁ ancntlon comparc to those
of PDEs, dI?Jct.o\{ b ht¥€arl ?ndunﬁ(n A %f tlmyclccg breovc%ltcn mg As oyrgg,ugmp in%c raﬂ may bc advantagcously

e selecte e equl val ence

mograef ool g P 21 e A e AL BT R PI G s rtad
methods,; igpayigtee gaelingarsttiod: Philiropmesetitodt fmoiebd debarrpothd dmily of points.
possi bl e existence of slippage effects and its

See furthbrMPladlsGatne @A®ings0r the non linearity of trading _
strategi es break the proof of the result as detail ed

in [34],[35]. As a result, the whole martingale
roa .S not used in this presentation. WO
6.2 Egeliangs H3oA8CT/ Usoal 19179 31  securities. The first

Many ty}%@gmﬁmg'cﬂﬂ’lngfx,% {W)I ﬁcr(vgrﬁf)on%nemxm@lt; oV I(;r@%l,rlt III%(QIEICQJ.t QV(, prc%cnt here an
cxample (():} dgmgn tlfagscdcs V\%](,x cmH ch kurru\‘;\%ﬁmctlccshand laiarl%étﬁms co t"b“(%)?]té éld“u'ﬁ(' tg(, us(,s outlined for

the Pmcgtulwg&hén REISV I oS PO S TR HEmHAECERP otetin(8f tapngo Fomovork
basis instrunments on underlying currencies that are or

Sce furth@Xbi@iich Whahwing. known as forwards or futures in a
single future period case. First order basis
instruments are extensions on what is known as calls

0 S _on Ie source of uncertainty in a single
6.3 I?%ﬁ%#%aﬁ%??%dg%%g Second order basis instruments are
In deriva®d }Q)B;ﬁ)h& MRk @nnc}é@xﬁﬁt ir§1uk nr@\é\fncna/ﬁlu@@tr IEIQ(I &J&R)Oﬂd/&m&rb& 'ﬂ§utsoc9 reduce port-
folios cxp%% 5 Qﬂgrsc%%lrﬁg cogﬂﬁ?oﬁr tl:%ltrq%%onalnmumptlgm ug(,d%o m%{ yf(f? vaRJtcs a8 wgll polynomial

omnninf i g AT GBAET L EBrroH ‘B 880 GPoUREDY LA P4 The
formul a i ntroduces those higher order terns
The existprqeof @ prerkbtaibr bpsisintkutdng inplos @sinptitony &de irerkeniehse e doditixfor which instru-
ments cxibt@WREnafd @R ridk OGS @uIdGhntl tOMBE. Or der with sim | ar
contingencies. In sone approxinate approaches, terns

Going bc)(f)ofnd @ahliy ﬁllgsrk, i(1)1r<19 %}[ch}nlg',]cargarkct 9f basis ms¥rumcn§s more specifically tailored derivatives may

help better manage portfolios of derivatives.

The methods of the present invention can be used to design and build more cffective risk management systoms. In a

preferred embodiment of the present invention, such risk management systems include:
o Databascs of derivatives contracts positions stored in basis instrumoents units
e Inputs feeds of market or simulated basis instruments prices

Such a system may then be connected to an exchange systom as specificd above and cnable cffective trading strategics

to match the dosired outcome of the risk manager.

For instance a portfolio manager with a portfolio of asscts including asscts derivatives with pay-offs at fi (So; 5157 <5 Sny)
P

for k = 0, ,p and wishing be hedged in a valuc at risk framework by purchasing the contract g, H-J( E Ji, VAR(%,i+75))

cntered into at time #p in which the assets portfolio manager would be paying ab time #; the prcmmm

Hﬁ,i,i-*-j((naﬂ(z Ji(80; 815+ 25 Spr)) — Hg,i+j(2 F(S0; 81575 SI’«}:) +VAR(,i +J))+)
k=0 e



may be proven to he negligible. Wien the nethod of the
present invention is nerely used for pricing purpose
whonevey7, it nmay be advantageous to use a basi SPGBHUS03/19179
t hat makes the best use of 383he nore directly avail able
information. In this case the nost directly avail able
information is the conditional density and the
associ ated basis set is the Arrow Debreu state-prices.
5.3 Exanples: 1. Qur Wrld series exanple is already a
sinmpl e application of the definitions and fornul a

amhm“h&gggﬂgqqdﬂﬁqgmﬁﬁelr practical use outside the realm
flnanC|aI assets and shows the broad scope of

appl i cahi 0F . ou t od o~ andar
w.p|p| f Ure rfy é%éu gh wr{gﬁ’“é 5954’ P w%’fhzs ggﬁpg‘”gm Ila
opti on exa conS|der the case of a S|n%
S0 8 BTy g B eondon | CHE OBl SHCEo BTy Do Tn evai) i
characterized Hy: The formul a above reduces to: 110,j (f) (So;
7 S§) = h10",j+i (So; ... ; S, F+H) + ('S 7
Bto,t:" i,t[ - Fj+1B tq_i t|) x C3118,.7+1 (So; ..
VAR, +F) =|-M)n{s B Obuctthal]JE@2]1, @] + U NS >:|_| N< (VAR(v i}
X) Bo ta,tj+,. (1,1, &1( f‘((’ﬁb) "”E]il-’(ié‘% & ’Slf“) ’
The man@érlwlrlﬁ&]of"tjaé v%Qm at-rigle motho&kha’ﬁs QQOBML Enofhtr p(rclorrcd (gnbmjli_'ﬂm'ﬁ{ &t &t}g%nt invention
is the poss Ft;ﬂt% én}!&&lmty gr%nd% cLsQ%ﬁrrnggs‘»Elchgyogs 1In Sca,tg4 vyh%rc tl:fa(,spot%nt}/).?loss Lxcccds the com-

puted vail:u. at risk %%)Ilngin]glga wst ]H)éhﬁcé il ugraﬁ%lnﬁi}ﬂs @F’B]é‘t‘ IP é.fl%( ngﬁ)&cril%taatpproach consistent
with mdthﬁlé ofr téwcqeqx inyenliprg @ prgtop gprafoliogpagpg p@y bejpigned foprofige a maximum possible loss
for all pogdiblcpppreng Eheunthotl ey theni 18 imydenentathh tisk rmm@kqlcn’bu{tmtq hetsemamh@mbnt computer
program proliécksaCi i ng periods to, tl, t,,,. W also assune that
first order basis instrunents prices are given by the
S“Jmﬂmrgghﬂnﬁp%Lgégjornula WD 03/107137 PCT/ US03/ 19179 32
SR IAVER b, (1, 1, K) = B, ts-1,t;5(FtgN(5dl)
- K N(CIdO)) Ftj St, -1 BO to>+:-i,i; di + do =d
The methodezta]y them bg }mpjl_me(ch)in:risﬂ( wanaRenilpht systont o( sk Eqmﬁagcn)cnt computer program products.

In yet another embodiment of the present invention derivatives accounting responsive to FAS 133 or TAS 39 is facilitated
by rcmoving uncertainty that comes with asswming a particular model to allocate profit or losses on derivatives as
hedging instrument and henee their allocation an Other Comprehensive Income eategory. As such it is more cffoctive
than the methods disclosed in WO 02/44847 A2: Dynamic reallocation hedge accounting,

US20020111891 : Accounting system for dynamic state of the portfolio reporting,

US20020107774 : Compensatory ratio hedging. All those methods are hereby incorporatéd by reference.



Wth: =0.1 iE1l..... } n=1, 2,7ti =i/365 n B
a,t;-i,tx =1 Se=100,K100 Qur goal will be to
wead/oal#ate 11~ e (f) as a real nunmber. This exanpdBUS03/19179

hel ps illustrate the inpacB9of discrete trading
agai nst the closed form continuous trading formul a.
For the integral, we will take I, _ {0,1/p,..., ilp;

., p/p =1} Wth p = 35,70, 100. The results are
provided in the following table Black Scholcs u
Algorithmresult Cosed form continuous-tine results

7 DiméndiSi81e Qo2B818tiohsIREMERin2Todh H(@héﬁégg%f Variables
0.552471 Table 2: p=35 Black Scholcs n Algorrt

In a pradties ihflomGlQHE dhd Ok PRt iGN il O Q USjot bRR ShHy bhiSpeak a@ﬁr&Q&&lﬁmon(ﬂly in-
trs actablc,Qo Z;Q;ﬁﬁé‘n@a fug d(g)ugl%égigﬂth@pr%cgé ?h:!: opt%n Qf aﬁ gh% %6 5 g’ g’égch oghcr sc the algorithm

complltai-:ll-ont%1mc I‘%'p i, ng(fn(,ntlfﬂlir}r d)vli% t{écl ndlmL(,r oiatlsngﬂrlé(%ﬁ%te n u?r]rgter S V\,hegr m

conpar ed to what is known. 5.4 Theorem 2 of
In practieep hqyiews $4r girtuplp alf kewi owpfflof iopreph of s ipanthenaddres ses, rtlitecdly obvious
changes ¢fSSldtc Dby }&trﬁﬂd atrrefll inGRt do@putAanch Bihd (GlhiE]QupQﬁ tHd €4dbr\684 howBSwo or three

of the nu&B8 of B sBopd. Avo MG ootk fnbRbgowC Ol CeS are given to the
buyer and/ or the seller of the contract throughout its

This is a notoriously difficult problem as

The pllr]ffga Cﬁlﬂgdﬂgg[lﬂlm \ﬁjo érgﬁ(fxﬁafighy Wusﬁstylci@ﬁfopgprlcc dependence. It can be casily ac-

complished for non-path-dependant options and underlyings following a martingale, hence markovian proccs% ( process
driven by brownian motions or more generally Levy processes). For example, the price of an European Vanilla (under
geometric brownian motion assumptions) at time # only depends of the curent value of the underlying S; and not on its
past valucs. In these cases, we consider the option price as a fonction of the only current underlying value. For example,
we have :

Hg,i,’n(f)(sﬂ’ sy Sl) = H:],L,ﬂ(f)(s'l')

With such an implementation, the computation time is almost lincar in maturity ®. But we can’t apply this method to

more general payoff that arc path-dependant such as asian options, loop-back options, american options, ctc...

To implement this type of path-dependant option, we consider the price of the option as a function of several variables
V;*: one will be the current value of the underlying and the other variables will be used to compress the path-information

nceded to determine the price of the option at any time. For example, we choose for:

e the Arithmetic asian option: we use a two-dimension variable with V? = S; and V! = ;_—13 meo Sy. We define
the payoff function as a function of the vector: f,.(V) = (V! — K)t.

¢ the loopback option: we use a two-dimension variable with V;? = S; and V;! = max}_, S5. We define the payoff
function as a function of the vector: f,,(V) = (V} — K)+.

¢ the American option: we usc a two-dimension variable with V® = §; and V! is used to store the information that

the option has been or not exercised in the past and in the first casc the profit that have been realised. That is:

Vi { 0 if the option is yet to be exercised
A =

p > 0 if the option as been exercised with a profit of § p
We define the payoff function as a function of the vector: f,(V) = (VI — K)*.

¢ the Passport Option: we usc a two-dimoension variable with V% = S; and V! is used to store the current profit of
the process. That is:
Vil = VL1—1 +/3i(5i - Si——l)

We define the payoff function as a function of the vector: f, (V) = V2

With this method, we need to implement the link between these variable, it means that, given the vector of variables at
time #; and the value of the underlying at time #;.,.1, how to determine the value of the vector of variables at time tit1-

In the past examples, this rclation is obtained as follow:

®The implementation is actually notlinear in time because the range of points to consider increases with time.



33 Black Scholes n Algorithmresult C osed form
continuous-tine results 1 0.208816 0.208816 2

w@o285%r7 0.29531 7 0.0.535611 0.552471 Tabl e BCT/US03/19179

p=100 for exanple in US 6,321, 212B1, Colum 4, (7).
The inventor of US 6,321, 21281 however does not
provi de a concl usive solution, nor do other authors
aware of the state of the art. Qur invention, in one
of its sinplest enbodi nents teaches a solution to thi
acknomﬂedged probl em O her enbodi nents solve the

o ndPL.Q <%c&n %r even nore conpl ex constralnts Such
constTaint $”°fcl ude accpuntlng n1grostructura
i ssues, hedglng st at §§&»€ VWh%Sﬂﬁﬂthod of our
i nvention further enabIeSLan eaS|Iy reprodu0|ble

o thdds PRl puidpPpl i cabl e and conputer inplenentable
sequence to solve the pqpblqg& tﬁer still, our
i nventi on enabl es and te&ches eVen more advanced
hedgi ng strategi es and other nore sophisticated
systens such as exchange systens for any types of

S

o thegapericon prtigrs &t e orvie feve tho @pssikiliticp) }9’&@’5‘@ hayys algpedy okqgcisgd the option so nothing
to pradoke br texohiariget ®yestadm @ we peed iwhekethadhbicpdsgidpling ithAs dgide that the
opthol SEII btrBRIAisSd § €18 d@ultidgghonS is aﬂg&@ tha$ HRPASE clpteftien &p@ann maturity of this

Op% Qﬂa@ Lad %n& BROL ]§1H&JIL Jnlo%n wl‘tﬁgpoiﬁmﬁpﬁ§ J:ugrgx{t v(lhlcQ)f &g v)nda'lylﬁlg {Vlth strikc and

ul ating t

tlmc op rfmtun%y }muprc Po tE%Amoncalnloatmn S”thg]ﬁ fcrr the cglyp pftﬁﬂ

e Vbuyer 13 f
(30 WﬂftglLQ) ' : Sri:; i ; 0.) (resp f (So; 1lo;
/30; |[' ; Srs-1; Qa; j3,,))5 where 13j (resp. )) i

an mtl- di men- sional vector of paraneters choices
d/rﬂ\?en to the buyer hr3 at tinme tj and then S2j (resp.

S

13)) |siiheqmil-] Gibehsional: vEet oif ofullgéraietéfis — K >0
phoi ckes gjl ven tq the seller SI (resp. ¢dd)sat, k@t k) <o

Let's suppose the conditional expectations of f

j.
Forf thg Pr&ﬁgfﬂ frppEot o e Sshitoppec aigh g Pleniete Bnpese ofdBf coprgspyming European
opt®n <t;hr]t giresrthacEige Uethqf 8ducedontion Honf time for erySspati il & the past values of the

uncﬁﬂ?i]hgfﬂhﬂ:l is (ck-@SPwhat W3 134 Bnpltd tHeARorSMD B EIhe AdQihrtdptibh, €SP.

isZ"+l) of possible values of X32 (resp. Sl.L) 0 < |
ri| If \we have |the fol|low ng el(Bi@aksiidpnd Sthilagsth
"Stf o+l b SUX B 531 prec .Ro,'sultf K,) costinfdu®timo ; [ Edéopran
SSESHEN. CEICE AT BN (R, 1 ]
(g’f)o _‘b | o15§'6§-{ \;f* 0.985%}'\ ST YRR yo.46éo"
f uhc®i dn ON "0.05'] 10 ] 0.05 | 5 | 0.3981 0.3974 0.3981
01 | 0o |[o01|10]| 01| 5 |0.7953 0.7918 0.7950
0.025 | -0.05 | 0.05| 5 | 0.1 | 5 |0.3578 0.3159 0.3084
0 | -01 |01 [10/005] 4 |0.7573 0.7396 0.7025
0.05 | 0.05 | 0.1 |10 [005| 5 | 0.8933 0.8969 0.8983
0.05 | -0.05| 0.1 |10 [005| 5 |0.7357 0.7046 0.6989

<

N—r

Table 5: American Option of spot Sy = 100 and strike K = 100 Maturity » in days, Interest rate (r), Cost of carry (b),

Basis Point & Precision.

¢ the Passport option: at time #;4.1, we choose ;11 such as the profit Biv1{Sit1 —Si) I maxizum. The

the vector at time #;41 and time #; is exactly the recurrent definition of ¥V},

General Computational gains approach:

link between

In addition to the methods described above, in general, computational gains may be achieved by the following process:

1. define f in discrete space



whi ch neans that if the price market nakers quote for
basis instrunents is a determnistic function of their

w@eyametrers, that is the realized val ues of PCT/US03/19179
under | yi ngs under considerdtion, Then IIl i,, (f) can
be reduced to a contract that pays a function f (So;
; S t) at tine t,,. Lema 5Mire entangl ed

conbi nations of the order of choices given to the
buyer and the seller can be inferred w thout any
nmet hodol ogi cal change. The description outlined is
rely faor presentational. readabilijrt A [ 107137 .
2 o Yo G GRRIHE 0% REREAP byt g ikl o v ot
inthg derRe @Rty +1; ... , s ) Bfojt:;tj ((il, ik), (51......
3. use %té% ongzn%qu'n'féj:tcb c!)%lé%ﬂ th<(sgf<%15|o%tth§ fnlf|9|gp%ﬂ) byﬁ%ﬁ%?;}snl af)prgx'il}l%%)%; f}l%qpi%rj of f and usc a
sn1;1(1<‘é|s1,1b:s*c.’c ?f,tflq(q.rxjglfaal (115<I<;t(, h:p':xc;c (;cKi),ta. n th? ;RRl)o;,qmﬁi :/ah]c ,o
This appéoalj:ﬁ E:J]%On:ni%xﬁcé %cln%n!rg]i etc?] i:rc';i ;t%é fgrﬁcﬁlbxgﬁrﬁ%{lg%/ ﬁ%ﬂ %C)that %‘chqm]:s%[:rq @QL% taking from
the outscba ti:O!!lbinll((\lfi )spa%cSFt;rcstﬂfns_in quhg:ds,g@gglfs ;_m_d_cor?pugf ’Jrog_rz’n? Proc’iuictis ’tliai; fuh faster because
larger nufiife)of {t@f-£4r be spannc@@yoncel 1 for 0 < p < 2 and' where f1,
(SP+1; ... ; Si) =f (So; ...."; S(,+1; ... ; Si)
Proof This is a direct consequence of the
deconposition fornmula. Theorem 2 proof,, we take: 9.,
= ArgMax flo,"rt,rt (-f) (So; /30; QO ; ... ; Sr,,;
/3; Qn) so that n,, is a function of So; ,30; Qo;
; Se,; /9, 921, E }Rsz~+l q and tj,t = ArghMax
[lo,"rx,rc (f) (So; 130; go; ., Si,; 3. ; SZrt) so
that ~,,t is a function of So; /3 ; Q); ; S,,,,.
(j,, E?RFi;+1 Continuing the process iteratively

integral

backwards,, we have for any i =n - 1 to 0: qq S2i =
ArgMax (-f) (So; 130; Qo; ... ; Si; /li; @Q; Si+l;13
+1; li+l; ... ; 5 ,; h'rt; ~'rc) 12; EtR z~+i so
that Stu is a function of So; Q; ; Si.; 13,t 1'i =
Argvax ITS,,,,,,, (f) (SG 00; Q; ... §; /3i.; ni

S 1+1; ; SZ S'" ~ ) i E:RFii+l so that ~i is a
function of So; /30;- no; ; Si In the end we have

t he sought after function // ~~f (So; . . . ; S.,,)

as:



f(SU; / 0-7TiU; ... ; Si; A .. "i.; ... ; Sn
13,t ; " "'/t ) Note: If there are several choices for
weyMax37 i n any of the formul as above; any one oPCT/L®0®19179
can he taken randomy. Wke the ArgMn and Arghax in
the determ nation of Stu and /3,L above may not seem
at first readily tractable, there are nunerous,
mat hemati cal results that help reduce this function
i nto bool can operators on the value of only a few
expressions. As a result, in practice, this reverse
APPENODIIX Onol ogi cal order iterative sequence may be readily
i npl enented in a corrputeri zed processing system
For any fusn%montg%@ﬁn?d 05n a c? <|c1:c’ip qpfalél{ otf ru n.umbcrql'&s,t gt §§ Jh QW txr}l S'm m—dlmcnmon‘ml discrete
space 50 Hg Lo Uh{p“l“éé 2 <5, 5%%anpﬂ Bt ?h""&bthf ek "%ﬁ“"f“ A g ves o iogeals
carlier intfqyipqed, Glarioliopind mglanldAmeri can (or Bernudan) option here
Is defined here as the contragt guaranteei ng to t he
by erz™) he rZE ht>t g purcﬁhse 3 (oN™ A ca}EI)< of xseak{"x(f or

0<71

a put) the “unde ri‘yl ngu ah 4he Stflf«:e{) rnnce K at any

Theoremn

ti me between z?sn i Thel1 ﬁ iwl LY ety pate

can theref g €xhe \I‘Htte n é onaP or m &s “Rrxx="

, 31 (S(S1 » K@Q) JI(EBL &, M ED Muxcwél /31),32 (5(S2 -

) f(So,,SO Slo;...;SS;,f3,;f )
and Wlth|§72f\)lx—(ﬁlf%§%o’chcfw<si§gvér?—2)/ i (5(S. -1- K) ) %~1(r)s: B~

n-1,n-1I +N x (1-P1) ... (1- 133-1) (5(SS - K))+

We cstabm’htthc pr@f :in 4 dfqute gttmg fiy organdb droid maljing @g;ulaaityp&ytu’mp@ms:tbﬁtg@ay<cnd up not
being trud for Msdd Bl itgred Rl 18 BbicD Ral world difch@nde0 Mhédaa@ics o\ WRr&@BndiQif 113 fost common
dcerdth(E %[om%éul(g wqg— K %Sthﬁg‘pfl Mﬁcﬂ@l & qu @[}.ﬁn}log tv@@%ﬂgﬂcﬁéﬁﬂc i;flhllﬁlt variable.
Proot 1 @Ct that the derivative of f as a function of the is
roof: .
different fromzero when varies between zero and one,
we deduce that: Pi = ArgMax llo,i, a (f) (So; 130; ...
Casc L: Onc Gpriablpj - Gj +1; 13i+1; ... ; S,,,; P) 0<f3j<1/ re
= ArgMax 110,i,r, (f) (So; /30 ... Si; Pi; Si+; o)+
Let’s conskder 4, A &tcgors 9? akndi i <940, okl 4 2, WU &hs ﬁlalﬂzrobaﬁlg RRER et BCH $ €LYl numbers.
We note Y}%’r—-{t tog_? xs, o, f’i i +oo} ]tnilhbg(taltc L,L 3) Fcn( ?rfu-hc%m!\ ) &cjﬁﬂcﬁgn I,

IfT'LZz3| chlvc(b(5 +~-X>)+ B _+~ + T4 ;
N ( 1- ( I 1-lei.|
+N§<(1S P)l) ((1 glé 3 E"l FFPFA =) T j v 1) (Fi (s+-K))+)
)(Sn, ... gl)} {N>9(71}f=|=|£)$0)+(2 (@j41) — 9(=5))
© 1) (s(Si-K))+~i ~S2Bn,i,, > 68, a> (NX(1-/~i)...(1 (]

_i) +i(s(Sa+i-K)y@l)B 9o+ j;} (@41 — @5)9 ()

Likewise, we have:
J—1

g'(x5) = g'(m0) + Y (zha1 — z)g" (k)
k=0

So replacing in g(z,,) gives:

oz = g(ro>+'§ <a~1+1—vc]>('('m>+"§ (rk+1~m~>g"(m~>)

n~1 n—1

9(@n) = glwo)+ 2 (zj41 —25)g (mo) + Z (Zj41 — z5) Z (Zr41 — z5)g" (@)

i=n

Then, inverting the order of the summation on the indices k and j gives:

n—~2 n—1
9(zn) = g(@o)+ (zn—z0)g (®a)+ X Y (®ja1 —z5)(ey1 — z)9" (k) (%)
£=0 johr1
-2
g(zn) = g(zo)+ (zn — z0)g' (a) + LZ (r — Tpa1)9" (@5) (Try1 — Tk)
=0
71—1
9(zn) = g(wo) + (zn — z0)g’ (z0) + 1;0 (@n — Zrt1)g" (@) (@r1 — Tk)

thus we can rewrite:



+ n,atl,n+. ..+ Nx(2-!'1)...(2-(3 +Nx(Il-~1)...(1-

) (2-1jaH) oo (2-1F D) (b(S. -K)+))(So. ..., si)}
w@asspm7t Options (One Underlying Case- Di scretePCT/US03/19179

transl ati on of Hyer-Li pton4Pugachevsky definition r

[41]) A passport option is a contract giving the right

to the buyer to buy or sell at anytine between to and

t,.,,-1 a mximum of N units of underlying S; if at

time to the sumof those trades generate a profit the

buyer keeps it, if aloss is incurred, the seller

pays for it. The payoff at maturity t.,,, can
thﬂﬂwe@%Wﬂbmen@mwmmmMﬁwmwwf (So;
PO; QO; " ; Sia; F13,,,; Q,) % (N(30 (SI - So) + /

i (S2 - Sl )k .= HedPrded KBz +S (=Dp) Y "Waeh for 0 <

i <n-1, 1/3i4 As can be seen, f*"as a function of any
Iz, <zgfwehpie Pi's is tw ce continuousl y differentiable

except at nost at gbme= i it ﬂrV\égﬂlv}%us deduce /3i E

{-1, 0, 1} and ”Drg@xnpi%dﬁ Xg( Nqu“JH))

sZgn[II ,i~n((%$o (S1 - 3i-1(Si - Si-1)
+ (Si+l - Si) + 6lgt’frl)=€ﬁb<ﬁ2rz Sk, ;1>g+<a:,> +& 1 (SS -
Sn-1))+' - P~ Sl- ~~S)+...+ S ~(Si-9.i 1) (Si +l -

Likowisc,jwehpv@+1( Si +2- Si +l ) +( Sn- Sn | )) (S.i, Si+l M i+l

Sn-1, /3n7l, S _ SS1 - So) +
Sn-1, /3 s {1) x%' gﬂfog@;[%ﬂ'§+3>ﬂfgl (+1 s +2°2
i (Sn - Sn-1))+ -

Jpiac -lj;:ll Z, 1vds: 3 |
S°“m‘§%(é%f§%)++P |(1?s|-s|-1) (Si +1Si ) +P1+1( Si +2- Si +1) ++Pn
-1 (S 1 = f > 0,
Si Igﬁl(g 2)_)) ]é:?é O‘”*‘ggg\éforg @b?lﬂ’i(i g f"yulnderlxyi ngs
i 1 fi i, 7
ol aaie e o s el T
the ri QEJJ t9 dq%puw 29 %Lﬂy OFHS?_H\I L+1ﬂytc'

bet ween t v, - I"mum o unit

Then, m\% ge{hﬁ){rdgg)f t%ie i‘,u%%ﬂpon on tlgc iny 1cy‘r1{qg5 | é{ cDgS SJ ;o f at time

e sumo nose trades generate a profit the

biyer ke SRS - VAR5, e P S LARERL S Py

for it. et U tJy t’+1 o f'307 11 0;

y Srigid fafoldy e (2, r Sk )" (@) 3 (@ — By
-SO) >+<9|(31§ étfﬁ) S) EJ)M+£<§P2 G Ij—i—_l)é”k’ E)( )++)Wlth

0<i <n- ]g,(x,,je[‘g rHUWP(z 11334 (zd) +<g TJE&Qi)g" (w)(@ F&}:1)EXT endi ng
t he anal yti cal approach of**the one underlying case to

So that viche waud:t i - di mensi onal case, we deduce: Pi = ArgMaa,
1Ia,i,re(f (SO0; Mo; ...,; Si; Fi; ... ; Se hr,) 1
, Oi ERR) = ro)G*Hyef mar wo)lj1 Ets(ﬁ’h%)l&%ﬁﬁf:hi)ftﬂa? Ta)nd"
Pugachevsky, *—FPassport to success", Risk

Mag A5 g(fg)) + T’P\B :r@g xo)’j'm 227!1 i@}fz‘] "”7T‘|§’L] n@ K, Tk)A’U)hl(‘h isalso :

Pena id, A, Paul "\Vari ous passport
opt i’ N 5@1 eir>§]/¥v)+gzi: Yl@ i OCl AM Oxf or d
e itniversity _.Ng __paper. [42] [56] WO 03/107137
Addi gt]ﬁg&fiﬁb%f f?@lﬁ ,Lg C0, SV

Lemmna

For any z € I, = {—o0 < =y, , 20, , 25, < oo}, with our discrete definition of derivatives and integrals, we have:
h~2
g(z) = g(zo) + (z — ma)g' (wo) + 3 ¢"(ar)(Sgnlcy — z0) (& — zp41)) T (Zra1 — o), which is also :
k=l
+oo
g(z) = g(xo) + (z — mo)g'(wo) + [ ¢"(1)(Sgn(t — mo)(z —t4)) dt
—00

Casc 2: m variables m > 1




36 (7G3 x ... X Z3)', (jt in which the * means at the
exclusion of {0, , 0} E-+1 and Z3 ={-1, 0, 1} CZ

WO 8HoMITg that to conmpute at nost 3'r" - 1 eval uRCT/USE3/19179

of expectations and conpar 4sons will have to be nade.
Movi ng W ndow Asi an option wth early exercise

(Hawai i an option) A Moving Wndow Asian option with
early exercise is a contract in which the buyer may
choose to receive at any tine after the contract date

to and the maturity t.,, , the difference between the
aver age of the under].ylng..o.Qver the last p trading
periods and the stri k&Rl g er ence is
positive. The payoffft rraH‘ FHy-A-e—an +herefore be
witten in a functifonalformmas:s/+/+-3 S(Si - Ki))+ 0
Bo,,,,+ (1-p /3L /32 (S(vZ { ROJ¥ 1) Be,',~ f (So;
No; qqQo; .. .;S.,,; 13, r.;/Qia) 3 N
C+(1-131). .. (1-fnt2)hia-1ds(Sat1- (1] a-1)) +(r)B., _
1,ve +(1- 131) ...—{# 3o {SiSm-+-K ))+ with S =
1 f or a call, andTS=rtfTuf tOP< /3;. < 1; p
bei ng the nunber of [i - 8dries [i+1 [over which the
average is taken. Kiix|p KI-1LE S5 +1-p Applying
the sane argunent s.liis.|wi He| Anerli cdn) option, we
deduce, 13, | N *+H{AxNs+ i
X(1-~al)...(1- ! ~~_ip(rGSact v i)-sty
t|,,~?n:,.,,~(~ 7
k(1- tai). (2-fja_i)F~: +|1-K:+i >) 9al;
<H L+ Lty
t|(1 VI) (2-liai)(1-6it+1)...(2-F~,-2)1~~~i(S(S, ~-

i -K. -i))+a~ae, p-i,> + Y x(1-t~i)...(i-~a-i)(11i:

a) Prolimipgries (1. jr -il(ri(s, K, ))+))(sh...... )P iw
First w{ iftredade phjccts(aid dofititgons hforSfedfron; th) thébry oBdlstrihufions @ consilar (D m-dimensional
discrob(shack i =) 1,4 ><( 1s<|u awlt)lu~=4{|_gc&( Bl ~XzEtd) ) < ;a@+go|-;| r.+... -

* x(1- "=~

e 1 “”)8"1}!3 % gﬁ“ﬁ. t%‘ ot .f°.f “?Y)ﬂ}“PhWém%%iﬁ?Céa% t 8Hg2THE=net hods of

t he present nven“on i1 ,Sef rther |llt_¢§trated in
preferred° e Hodi’ 'r‘renfs | n ‘donj Uhéti orf WieR  CHEES) Sys-
tems of T)@é feab®us® ='or - t4"adti ng pur poses: pri cing
syst ens, S ger#vat iVes, & charfge: systegns, cafd), b5k -, o)
managenesat 5.8y ¢k e a1 Bl Deriyatives Pricing In
pricing @r. dacis 0N, sy4st errsu t et hoqs oI .t hem

pr esent (Sg"n gﬁ |o%1 w il ) dglg\g al Yer Hafi ves 1 o
known rreTTlédg Wth’ f%tﬁr ’mEl’I ) practi cal advant ages

We al%\é%;od‘gcc Sedcr Itgrro OIIlpOdl 1on d of h% " Mg'nt e Carlo:

I"exi It | G St ines G Bhicei vabl e
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by parties in the contract, that will be seanl essly
priced for any specification of the dynam cs of the
w7z ngs. Easy incorporation of |iquidity BET/BRE3819179
in the pricing of derivativ&s through the introduction
of scaling density functions. Easy incorporation of
credit risk through the seaml ess integration of
under |l yi ngs representative of the counterparty credit
risk. awi hnott.com Technical forum (2001) WO
03/107137 PCT/ US03/ 19179 37 Deriving hedgi ng
trat egi es i ndependent of qg hr ough the use
From s il SRR ST 8 S PUTERE “%CSFﬁ‘P% P R&fbga‘? i

Greeks as is the current ractlc? derived fro

Bl &ék I@L¥of esIMBr{once) Adwfot o, &?ﬁ@(éd““?’%”cd’??ce?%é&‘bd*
eX&%Q%w&%LWQM?Sﬁd—Jorﬁﬂ38 4{Pﬁ@ tﬂ% t ogg of the
present invention conpare t'oithose s, Trees or
Carl o and many of the speed mprovemsnt nmet hods
Tar int egral may be advantageously integrated
Since §t ploarly prpedry iphebiie priezatos iy ditrimsivh oidksremed fotbe priditiondl @e Sillpsgenfhat for myl,
the folfoype g:lgfnsiipbdipds, Gaussian quadratures and rel ated
met hods,, i nportance sanpling sethods, | ow di screpgncy

T “‘ﬁ'et%ascioaug&gg,jz_,l JHal ton,_or Qe Tapi By of, i Nt &
See further detai kst itfe-dr ani ngs nelg; B Exchange
Slg tMB»nrl yp-@ _'Of 1*”“ : F'Eﬂ‘-ﬁgﬁﬁ b(gkmhlo 06,105310---050;«,.
lxggm v%é frtgm&t he%mstlg dg of {)Ke pr ésemt T”nven%él on. .
at™ - petesents {her.e!adl -exatple-.ofi.desi gn that seeks to
extend the current practices and derivatives contracts
Now we gusiqprti B¢ & ér fses deution e arefdiedle e e lﬁLPVé%}*ént
i nvention. However the exanple can be r e,gdrl appl i ed
in any ot hel” OF¢ dF T83Gr é?;g&gg@(icﬁ%iﬁﬁe Mhkeffork  See
further details in the drafif ngs. 6.3 Risk Managenent
so, Systenms In derivatives portfolios R sk Managenent,
traders are given Value At Ri sk (VAR and/Er G eek

Samob L mts(sto’QedL@e RO AL Bs £ %QQSW)ﬁat{%m VeI S€,t 108, s 00,

b) Proof g/brccurrcnc

Ket™“condf tions. IfJislt/f BUt i onal assunpti pns used to

i nffer VAR val ues as well pol ynomi al approxi mations

implied by Geeks use create nodel risks that are
500081 Y5, .un8er st god in thi g franeyorke»The exi stence .afx

a mar ket ‘f—éf’“’baé“'ﬁg‘ll JBUCORENL S, TPl i eSS e

assurrptl ons:free market  stat pri ce..densifies for,

i, i strul" mbit s Zﬁ@i”étt 10 Eﬁana’gg a?rrg'wgksuané"ﬁmui"d 0 4y 08107+ 00

want to hedge. Going beyond Valyue At Risk, in a
<5féi&“ha“rfgéswmﬁyfk@tg” of~ % ?i%l st+|))n§‘t‘1‘u)i% S SUTES S A TN S N IRSE FE TS

specifically tailored derivatives nay help better

manage portfolios of derivatives. The nmethods of the

present invention can be used to design and build nore

effective risk managenent systens. In a preferred

enbodi ment of the present invention, such risk

managenent systens include: Databases of derivatives

contracts positions stored in basis instrunments units



I nputs feeds of market or sinulated basis instrunents
prices Such a systemnmay then be connected to an
wenxtramge system as specified above and enabl e PCT/US03/19179
effective trading strategidé to match the desired
outconme of the risk manager. For instance a portfolio
manager with a portfolio of assets including assets
derivatives with pay-offs at fk(So; S1;  S.,,,) P
for k =0, , p and wishing he hedged in a val ue at
ri sk framework by purchasing the contract Ho,i,ti+j(E
fa,, VAR(i, i+ j) ) k=0 entered into at tinme to in
whi ch the, qssets portfolio manager would be payl ng atk
okl ek *Eeo egium , 116121 ] @blﬁq*”gﬁ< X, LmSp% Sy
‘)) . z&ﬁj (f‘fn?{am (50, kie{u 55, |
AR( 03/ 7..RET] 803/:19 79_ of ronero
lxgé} S"fnrgd Té ?EI Vit {(Qtl me P é ASZe" oot t.’%y P '(k o L a0 ey
085 ,gtE A,QSO+ Si; ... ; S.,,,)) - no,at+j .fk(So; SI; ... ;
mLS - VAR(i o) )t K= k0§0|fwehave1-
K=h &VAEQQ,L.,l oki)<.k FE& conf§£ ence leveh,associ at'dd™with the
amount  VARCLTZP4Y) t hen cvﬂﬁ’%ﬂ’” i) |s _
char@gt(erd zed byy)) *\/Alizégn,{(tzu ﬂ;? é g = rAguch t hat
IX(XE(kl)) < CVAR(i, j)} [~ r)fk S0;°Sit 7. SS, ~))
8,120 k =0k ¥ (S0 Botp 05e @, Dy slsY dithetmai n - dr awback of the
”“E‘l val at ri skzj’ret hodi-that-» i s Kesol yed .i. Q;ﬁggtxher
= gsheferredienbati el tq—“of t ezpresert invention is the
possi bi l i ty=tc conce te or Hirde excessively
_hegafin(& -y 6f f-41)) fsa Es Here 1 I)% Patshtd al | oss
ex‘y‘e%pls tlg,e Lom | put e%val He, at risk amount. Fig 7
shows=ta begt'er i us“tnratl 6n of this problem In a risk
==l managenent approach fqnl ,sten Wi th rregh@gs of the
=0 phesent- 1|nm/<e|a 0N, a=Cu wishol 1 0 payof f may be
desi gned “f'6ifrbU ¢ a ITB.XI rruﬁ'ﬁz=pﬁ§5| ble Joss for all
pgssi bl(e'gvo(ase»s; («Fhei et r(sgalz(nvaymgt)lﬁemﬁg) (P Rt Ed- dpyyt S
Lo xbdigkiranagement systems or risk rranagerrent conput er
5 op swg&samfpg 09}"{9&35 %@eduurtzth@m dgtal,| s .ha t he, diaw naﬁ, de}
Them be i mpl enment ed PN Trisk management
systems or I‘ISk managenent conputer program products.
' yet ;anot her egbodi magt_ » thepresent inpyention
I i< atdives oaccetiit-i n oésgqt(;n&lv @1 FA 135 or 1AS 39
is facilitaf'@d: mb%)“‘r‘ &hovi ng unéEfididknty that conies
Wi t Hsadsmu) 6y -apar (Fo(f-ars; |)1§d’e+t$t))) HEI-GEat %, opr@f, by, 0081, 00 10- 08y,
67l osses on derivatives as hed i nstrunment and
. h‘gncé‘”tthﬁé‘r r*aFGcalirdhlan ‘ofthef? %dﬁgr ehensi ve | ncone
category. As such it is nore effective

w].

I,

m—1 ?
- + 2 k
(=3 2 2 > (=D by Z! X e X g X
k=0 0Zi;<...<ipSm—1 0i1<.<fpSm q=0 0<k1<...<ky<m
716({1 m—l}\{n ik U{m} k€L, 1;}

J (Sgn (£ — zg) (2 t”)) (Sgn (t’ik —Ta}") (mik —t‘f{f))+ M X 5::10---06 o8 Jlo---o5 08 430+++08 sy

k Ky 4
2FL K e Xz l) ‘”0
Imil X"'XImik

dtt - di' with {81,080} = ({1, ey m= LIN\{i1, ooy iy J1, oes Gp )

m—1 i
— 7+p kLo, kqy
am="5 > 5 > (-1) S abixexadix
k=0 0<i1<...<ipgSm-1 0<f1<..<jpSm—1 g=0 0<k1 <. <kg<Sm
Jr€{Leeym— LI\ {d1,e in b K €{iLse.enfpsm}
I=1,-..,p =1,

. . . . . . . ’+ 291 5o ewdp n
h (Sgn (£ — z) (mu_t:&))h..(,ggn(fzk_I'(L)k) (m’t};__t‘ia)) 291 o xad ><5u'10"'05 b’ “0...05 06 451008y

w2k K, (]p e
EPL KXY ”0 €q
Lpig XXy,

dift . di' with {81y 8} = ({1, ey m—= LN{i1, ey by 51, s Jo )




than the nmethods disclosed in WO 02/ 44847 A2: Dynam C
real | ocati on hedge accounting, US20020111891

w@eyouam7i ng system for dynam c state of the portPCI/U803/19179

reporting, US20020107774 : 4Conpensatory rati o hedgi ng.
Al'l those nethods are hereby incorporated by
reference. WO 03/107137 PCT/ US03/ 19179 39 7 Di nension
& Conput ati ons Reduction through Changes of Vari abl es
In a practical inplenentation, the conputational tine
IS a major concern. It may appear at first
conputationally in- tractable to inplenent a
full -dependence for the price of the option of all the
085, ..xn S' becalse ot ppFwite the algﬁrxthnﬁx

k=0 _ 0<i

conputafronﬁﬁlﬁéu@famﬁ exponéﬁtméﬂ?w'mnth t he numnber

b AR BGEE T BeRRel S A Bl

ﬁucqmtrag;sﬂuseﬂggfebalnwel %qgvygys changes of
vari abl e may be made that result in the conputationa
Thus tshofEne@N AN QMU (1) 1B &n Gkig e 1A callbPeMBE sl: WO Or t hree
of the nunmber of tine steps. We review sone of them
bel ow. The purpose of the algorithmis so to decrease
Fom dheﬁcez?legmt of the optiXpipti ce stlepesdencedssd t can
be easT ?”aé*S&&ﬁﬁlfﬁﬁeqﬁfdr norfipafhii tependant

) and nder yi oII ng i ti.ngal.e, hence
Ilmgrk 77 &n~pr) %ess & p@%%@ )byﬁﬁﬁgﬁhﬂaﬁ 085,08, 0--
muﬂnﬁﬂoﬁﬁhQQ,npﬁﬁﬂgeme$ﬁllgjl evy processes) For
exanpl e, the price of an European Vani |l I a (under

whichGEBd L dofzhiBE fvA b Bty RArassunpt i ons) at tinme t only
depends of the curent value of the underlying St and
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In a configproussppes tcgroscrﬁ@@p aydgif fjdsgtwice derivdhlsgia Thges repppecd by ghdgiey recover the well

known fdrida @ypitdd aFingptheCi@ola®r @dstdnenie{iBjon of the only current

underlying value. For exanple, we have : no,'i' M So
I Si) =no,i,,a(f)(Si) Wth such an

i npl enentation, the conputation tine is alnost |inear
in maturity "a. But we can't apply this nethod to
nore general payoff that are path-dependant such as
asi an options, |oop-back options, asncrican options,
etc... To inplenment this type of path-dependant
option, we consider the price of the option as a
function of several variables V': one will be the
current value of the underlying and the other
vari ables will be used to conpress the
pat h-i nformati on needed to determ ne the price of the
option at any tine. For exanple, we choose for: the
Arithmetic asian option: we use a two-di mension
variable with V = Si and Vzl = 2+1 Ek=0 Sk. W define
the payoff function as a function of the vector:
f.,, (V) _(V,, - K+. the |oopback option: we use a
two-di mension variable wwth VZ = Si and VI = maxi- Sk.
We define the payoff function as a function of the
vector: f,, (V) = (V,, - K\+. the Anmerican option: we
use a two-di nension variable with V=S, and Vil is
used to store the information that the option has
been or not exercised in the past and in the first
case the profit that have been realised. That is: V1
Oif the option is yet to be exercised

- 00, a4,

c 00 s,



Zp>0if the option as been exercised with a profit
of $ p W define the payoff function as, a function
wehiihevector: f,,(V) = (V,, - Ky +. the PasspoP€T/US03/19179
Option: we use a two-di nengBon variable with V = Si
and VI is used to store the current profit of the
process. That is: V1 = Vil 1 +Pi(S - Si-1) W define
t he payoff function as a function of the vector:
f,,(V) =V,,". Wth this nethod, we need to inplenent
the |ink between these variable, it nmeans that, given
U.S. PARENGR DOSGTUNENFSr j abl es at time t;, and the value of
the underlying at tinme t,i+1, howto determ ne the
46427633 |*uel0 4987t heRutedt or 36f/408ari ables at tinme ti+1. 1In the
4p032past ExaANpl espgkhi S foglsati on i s obtained as foll ow

5020119) khey igapl engnf At i org,,gg/gooact ually notlinear in tine
because the range of points to consider increases with

ookl B VO 03/ 107137 PCT/ US03/ 19179 40  the Arithmetic
S129038s"an™/ bt i o2 Qo) +1395/102 1 1 1 Vi+l = i+ 2 S i+2 T
5159687 F 10/4992 1 Rifhbu® t3bi@70Roopback option: V+1 = max(Vil,
54086381 +1)4/19%the shemek biGan s@pdobon: at tinme ti+1li we have two

544481903 Si Dighd t 1 eRegisfl t hefys M have al ready exercised the
option so nothing to be done, or the option is yet to

546169§x§r3@s{ed and we need to nmaeke the choice of exorcising
t. Tecigwbthigt A% option will be exercised if
548560 h& r1é90A t i nGhipe of | BIYHO hi gher than the fixture

556751@x pecy @ed odagherprinf i705/3t maturity of this option that
5692238 S *t Mg 1997 | CegRbant he ARygoOpean option with spot val ue

st e UGS, oty underving Wil oiri ke and

f1 e turity sim.
5699"’453* F%ﬁggﬁé’%ﬁcﬁ‘%“paﬁ%@m arly: Vilif Vil >0 Vil+l =
STO928Y £ * \/i8(1988 oDpmpharct @al 1705/36( Sj +1 , K) - (Si+l - K)+ if
581671Tal | i9/1998( SS+iStackK) - 3581 - K)y+ >0 0 if Call,,
5920717 SFi #li99oK) - Ne&, 1 +l 395)4) + < O For the practical
5040816 P! PBRAt athQP o M Fhfsgt conpute with our al gorithm
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ives the price of t Eur opean option at any time for
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9'(xj) =9 (x0) + (xk - xk+1)9"(xk) k=] So replacing
in g(x,t) gives: 9(x'r0 = 9(x0) + > (x] - Xxj+1)
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9(xn) = g(xo0) + E(Xi - xj$1)9 (x0) + E (xj - xj+l) E
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-a contract time indicating when said BIC will become binding,

-& premium payment time posterior or equal in time to said contract time,

-a payout payment time posterior or equal in time to said premium payment time,

-a premium payment amount to be paid by said one or more buyers to said one
or more sellers, expressed in the format of a function of observed values of the one or
more underlyings from said contract time up to and including said premium payment
time, and,

-a payout payment amount, expressed in the format of a function of observed

values of the one or more underlyings from said contract time up to and including -
said payout payment time; and,

c. validating said BIC reflecting the agreement terms.

2. The method of claim 1 wherein step a) further comprises specifying the format
of the payout payment amount of said BICs, in units of base currency by said one or

more sellers to said one or more buyers.

3. The method as in claim 2, wherein said payout payment amount is expressed in

a format selected from the group consisting of the EOFBICP format, the EADFBICP
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-a contract time indicating when said BIC will become binding,

-a premium payment time posterior or equal in time to said contract time,

-a payout payment time posterior or equal in time to said premium payment time,

-a premium payment amount to be paid by said one or more buyers to said one
or more sellers, expressed in the format of a function of observed values of the one or
more underlyings from said contract time up to and including said premium payment
time, and,

-a payout payment amount, expressed in the format of a function of observed
values of the one or more underlyings from said contract time up to and including
said payout payment time; and,

c. means for validating said BIC reflecting the agreement terms.

5. The system as in claim 4 wherein step a) further comprises specifying the
format of the payout payment amount of said BICs, in units of base currency by said

one or more sellers to said one or more buyers.

6. The system as in claim 5, wherein said payout payment amount is expressed in

a format selected from the group consisting of the EOFBICP format, the EADFBICP
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b. identifying agree%ngnt terms of said BIC, including at least:

-information to identify said one or more buyers and said one or more sellers,

-a contract time indicating when said BIC will become binding,

-a premium payment time posterior or equal in time to said contract time,

-a payout payment time posterior or equal in time to said premium payment time,

-a premium payment amount to be paid by said one or more buyers to said one
or more sellers, expressed in the format of a function of observed values of the one or
more underlyings from said contract time up to and including said premium payment
time, and,

-a payout payment amount, expressed in the format of a function of observed
values of the one or more underlyings from said contract time up to and including
said payout payment time; and,

c. validating said BIC reflecting the agreement terms.

8. The computer program product of claim 7 wherein step a) further com-
prises computer-readable code means for specifying the format of the payout payment

amount of said BICs, in units of base currency by said one or more sellers to said one
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-a contract time indicating when said derivatives contract will become binding,

-a premium payment time posterior or equal in time to said contract time,

-a payout payment time, posterior or equal in time to said premium payment
time,

-a premium payment amount to be paid by said one or more buyers to said one
or more sellers, expressed in the format of a function of observed values of the one or
more underlyings from said contract time up to and including said premium payment
time, and,

-a payout payment amount, expressed in the DCWBSOF format; and,

b. validating said derivatives contract reflecting the agreement terms.

11. A system for facilitating the formation of any financial derivatives contract
between one or more buyers and one more sellers, for any number of underlyings, in
a single or multi-period trading framework, for any notional amount, comprising:

a. means for identifying agreement terms of said derivatives contract, including:
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b. means for validating said derivatives contract reflecting the agreement terms.

12. A computer program product for facilitating the formation of any financial
derivatives contract between one or more buyers and one more sellers, for any num-
ber of underlyings, in a single or multi-period trading framework, for any notional
amount, comprising:

a computer usable medium having computer-readable code means embodied in said
medium, said computer-readable code means comprising computer readable code
means for:
a. identifying agreement terms of said derivatives contract, including:
information to identify said one or more buyers and said one or more sellers,

-a contract time indicating when said derivatives contract will become binding,

-a premium payment time posterior or equal in time to said contract time,

-a payout payment time, posterior or equal in time to said premium payment
time,

-a premium payment amount to be paid by said one or more buyers to said one
or more sellers, expressed in the format of a function of observed values of the one or

more underlyings from said contract time up to and including said premium payment
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1997.observed values of the one or more underlyings from a designated contract time

up until and including a designated payout payment time, and,

-parameters representing value choices available to said one or more buyers and
said one or more sellers from said contract time up to and including said designated
payout payment time; and,

b. transforming said payout payment function expressed in said DCWBSOF format
into DCWOF format, where said DCWOF format is a function of the observed values
~of the one or more underlyings from said contract time up until and including said
payout payment time but not parameters representing value choices available to said
one or more buyers and said one or more sellers from said contract time up to and

including said designated payout payment time.

14. The method of claim 13 wherein said transforming step comprises:
iteratively assigning to the parameters, value choices to be made by the one or
more buyers, in reverse chronological order, from said payout payment time to said
contract time, whereby said value choices maximize, at each time step of the iterative

process, the value of the contract to the one or more buyers.
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b. means for transforming said payout payment function expressed in said DCWB-
SOF format into DCWOF format, where said DCWOF format is a function of the
observed values of the one or more underlyings from said contract time up until and
including said payout payment time but not parameters representing value choices
available to said one or more buyers and said one or more sellers from said contract

time up to and including said designated payout payment time.

17. The system of claim 16 wherein said means for transforming comprises:
means for iteratively assigning to the parameters, value choices to be made by the
one or more buyers, in reverse chronological order, from said payout payment time

to said contract time, whereby said value choices maximize, at each time step of the
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b. transforming said payout payment function expressed in said DCWBSOF format
into DCWOF format, where said DCWOF format is a function of the observed values
of the one or more underlyings from said contract time up until and including said
payout payment time but not parameters representing value choices available to said

one or more buyers and said one or more sellers from said contract time up to and

including said designated payout payment time.
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a. receiving a BIC-basis;
b. receiving the payout payment function for said derivatives contract;
c. receiving prices for elements of said BIC-basis; and,

d. performing an iterative process to return said ultimate portfolio of replicating

BICs.

23. The method of claim 22 comprising receiving the payout payment function of

the derivatives contract in step a) in the DCWOF format.

24. The method of claim 22 further comprising deriving the best hedge of said
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conprising the steps of:
25. The method of claim 22 wherein the iterative process of step d comprises:

a. initiating the iterative process by selecting a relevant payout payment function,
where said relevant payout payment function is the payout payment function of said
initial derivatives contract for the first loop of said iterative process;

b. extracting a subset of replicating BICs, in the form of a basis vector, from the
BIC-basis, by choosing all those BICs of said BIC-basis having a payout payment
time equal to the payout payment time of said relevant payout payment function of
step a);

c. associating a notional value to each of the BICs of the subset of replicating BICs
of step b) to form a portfolio of replicating BICs, said notional values derived from
the payout payment function of step a);

d. comparing the premium payment time of said portfolio of replicating BICs of

step ¢) with the premium payment time of the initial derivatives contract to deter-
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29. The method of claim 25 wherein step d) further comprises providing a pre-
mium payment amount for said initial derivatives contract upon satisfying the ter-
mination criterion, where said premium payment amount is the premium payment
amount associated with the portfolio of replicating BICs of step c) of the final loop

of the iterative process.

30. The method of claim 29 wherein classical mathematical reduction methods

are used to compute the premium payment amount of said derivatives contract.



-a prem um paynent tinme posterior or equal intinme to
said contract tinme, -a payout paynent tine posterior
wWo@n/squEl in tinme to said prem um paynment tinme, PEEHUS03/19179
prem um paynment anmount to 68 paid by said one or nore
buyers to said one or nore sellers, expressed in the
format of a function of observed val ues of the one or
nore underlyings fromsaid contract tine up to and
i ncluding said prem um paynent tinme, and, -a payout
paynment anount, expressed in the format of a function
of observed values of the one or nore underlyings
fromsaid contract time up to and including said )
pay ok ’-B%@/mefrbpdtof geim ghherein the anéhetrrwrtw@lapg@éuon meptlaslis dnclude
BIcﬁaxF%t; F%T s oﬁ%h@gﬁge?% otr?xﬁ: tlg) rrpgﬁgxﬁ%ﬂ)g HeBiods.
wherern ste ur
speC|fy|ng t he fornat of the payout paynent anmount of

said_BICs, i of b e cuy renc said. one or

o e¥Ecl Tomethed % 4R ghe b %%e@}%ﬁ%n BRPIONRELSY EeERds in-
aglidd sphdb Ristiopheheint Sahddpayout payment anount is
expressed in a format selected fromthe group

conS|st|ng of the EOFBICP format, the EADFBI CP WO

03/ 167134 PETASOP104 19 o BT hagod NELEETFR CBre et s

prchdieﬁtfrdm) tthd g@iubicbadisting df l'(éalfgﬁiﬁ,lﬁmltladmtlﬁé% a.oBl (ﬁ'screpancy deter-
bet ween one or re huyers one nore sellers, for
uRInKEC SeERTg; Iﬁgo RRUKES; 30 O% BYREt i on of any

financi al derivatives contract, where both said BIC

and said derivatives contract pertain to any nunber

of ubded sistrys fori arsfainied en dnitinlitlerivapiees @mtnacfa@nrﬁgle or more

11%%1‘281[1%? éfao%trm n(yr mnl%l poegl%d t%'a?nr%p% méc'vvaoﬂ%i 1o ;ﬁl% 110 Lonal amount,

progr usa

hamtiorsgn Gloimptié @brtfcﬂhﬂdﬂhb}ﬂmﬁﬁﬂ@ Bi@grfsr eﬁbﬂﬁhrﬁﬁhd h]ec%ﬁig(?burposes,
medi um sai d conputer-readable code neans conpri sing

c STV DY QRPASINE code  neans for: a. establishing a

Bl G. b[ﬁéina,fOIbPeCélgg?taleg;Lgbglgagr eement terns of said BIC
i ncluding at |eas -information to identify said one

or lproneansdyateseining thrapayovnpaysrenirbinstige fforepis] derivatives contract;

contr cone
bi H%I%%&S%gqgmhﬂg%ﬁﬁ&%%%'W$§§ﬁﬁ§é%%F?§?ﬁ%% 3$8equal in
tind teasaiod pedoiniag tan titen®jve process to return said ultimate portfolio of

replicating BICs.

35. The system of claim 34 further comprising means for deriving the best hedge
of said initial derivatives contract using a limited set of other derivatives contracts
comprising;:

a. means for receiving said limited set of other derivatives contracts, where each of
the other derivatives contracts within the set are considered elements of the set;
b. means for obtaining a replicating portfolio of BICs in a given BIC-basis as-

sociated with a separate derivatives contract whose payout payment function is the
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b. means for extracting a subset of replicating BICs, in the form of a basis vector,
from the BIC-basis, by choosing all those BICs of said BIC-basis having a payout
payment time equal to the payout payment time of said relevant payout payment
function of step a);

c. means for associating a notional value to each of the BICs of the subset of repli-
cating BICs of step b) to form a portfolio of replicating BICs, said notional values
derived from the payout payment function of step a);

d. means for comparing the premium payment time of said portfolio of replicating

BICs of step ¢) with the premium payment time of the initial derivatives contract to

determine whether a pre-determined termination criterion has been met and stopping



nore underlyings fromsaid contract tinme up to and

i ncludi ng said prem um paynent tine, and, -a payout
w@ey/mem7 anount, expressed in the DOWBSOF f or mat PCHIS)3/19179

b. validating said derivatiéVes contract reflecting the

agreenent ternms. 11. A systemfor facilitating the

formation of any financial derivatives contract

bet ween one or nore buyers and one nore sellers, for

any nunber of underlyings, in a single or

mul ti-period trading framework, for any notiona

anthd iteratb@mpodesd ifighe @rmimesins cfitariondenbednymely agr eenment

ternms of said. derivatives caontra ,.in ] udi ng: . .
031 TOPo BTGB P DROReRgo0n Fi bp ETHSH G bt tpypination
S airfle: 3R RMolBES VS SroRBtheSBE PaRE pHmdB heLcHiBh h&bSated with
-a contract tine indicating when said derivatives

c otrhlte waifolig df Isteped ambhbiatryhpighayoulapgmesnt (msisayinenthe supsequent
%ﬁrlor or equal in time to said contract tine, -a
pay t paynment tinme, posterior or equal in tine to
sai € mdsammfaimh@ﬁxylﬂsu’ng thik ippBsfolioaf papitating BIQY frent stan® ld)ﬁ éach loop
to be p y sai d one rs to . said one
moedowR b eev%lmaé%?réf@g% aP ?%H?ﬁ#élgf or e Hatlﬁkﬁ?éw%w a?ntract
observed val ues of the one or nore underlylngs from
said contract tinme up to and including said prem um
pay 88t The system efrmdpim-3Y Vdg@y@u tthep’@ymﬁntioxam@t@ripn of step d) is reached

va re%éft ed 1éHQ1utm Da; %%\ﬁ?% ofoqa{aa ?rtfap bf r 11cm:sla SBIE)% P s equal to or

g sai dPderivati ves e ract
agesahenthd @efiBum pdgmerd tonerpiihe ﬁnmé,b@errammm @dm:;cf,.f or
facilitating the formati on of any financi al
derivatives contract between one or nore buyers and

one BYrens %1%1:&1{ 8t c1hif 3%1ﬁ%fﬁg 1084ns Wr HRFEHI WeNBSiondl Ralues of
a S|ngle or multi-period trading framework, for any

ncfttﬁaro alvia linee rensiororapion sif hle pea/ocbnwmm# funstibh ef shelplrko con-

V|n 0 readabl e og d
u?ﬁ) ghs g?élcn%z fomd toe¥e_pFeégn 2R 5%21 %ubr?%ta(% gepglgatmgi él%% of step b).

conputer readable code neans for: a. |dent|fy|ng

agre terns f  sai erlvatlves contra s L.
"ncl 8 E@e Sy SEER Qb r AR %’an wher qempTiige BspRp %ﬁ &esivingoihg payout
buysg et df MRedQvalRsCofifthteinSthe DEWHYUE &¢hal hiPE trans-

i ndi cati ng when said derivatives contract will becone
bi fereming said DOWBSOF format into the DCWOF format.

41. The system of claim 37 wherein step d) further comprises means for providing
a premium payment amount for said initial derivatives contract upon satisfying the
termination criterion, where said premium payment amount is the premium payment
amount associated with the portfolio of replicating BICs of step c) of the final loop

of the iterative process.

42. The system of claim 41 wherein classical mathematical reduction methods

are used to compute the premium payment amount of said derivatives contract.
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or nore BICs, said nmethod conprising the steps of: a.

réb@ﬁ@ﬂﬁﬁ3%&FHO%Q§B@FHHQ§H%%% function expressed in

DCWBSOF format , where said DCWBSOF format is a

function of both -observed values of the one or nore

undet. yTiregystemorh deldeldi wreacie dh@@m@ feaselectidonad poipps migthad is cho-

* S e b P B EEBRE PR FOaP R ithaRRXTERL byl Prerministic

saaﬁm@aﬁ Hﬁh@@@@nﬁ“&@iSﬂﬁﬂ@om&ﬁld one or nore sellers
from sai d contract time up to and including said
desi gnated payout payment tine; and, b. transform ng

sai d | L h higal i DEWBSEShtract,
o P ARy IS 30Ny PG

a ohumme tor mmreﬁlndelfr@ingsséwefémglabm elglti— riqdhigadpg fr@mewelike for any

undglr%%( r?é‘goé’ﬁg’ dm %3@3&“%%%%02 h({ otne epg-gatt%ﬁﬁol?ﬂ pér 1 n\éauéxtlon and

I SRASSE Bl Pdbesy lidl QorE g€ B gana bt clabiecongprishigd one or
nore buyers and said one or nore sellers_from sai.d

c SntamRsiEert isplale dReER AANINS CHRP U FFRMP Ao eBryii it died in said
pq}f&ﬂl&m p@a}{ﬁf‘}% hté'ln?ead%ﬁle dhe feihbodngfisich %Hi;pilﬂ?er readable code

wherein sald transformng step conpri ses: eratively
asswgmﬁmg to the paraneters, value choices to be made

t he one or. re buyers, in reverse chronol ogica
ord%ﬁﬁa?wg%%ggcgypayout payment time to said

b. receiving the payout payment function for said derivatives contract;

c. receiving prices for elements of said BIC-basis; and,
d. performing an iterative process to return said ultimate portfolio of replicating

BICs.

47. The computer program product of claim 46 further comprising computer
readable code means for deriving the best hedge of said initial derivatives contract
using simply a limited set of other derivatives contracts comprising computer readable

code means for:



contract time, whereby said value choices maxi m ze, at
each tine step of the iterative process, the value of
WO b#1ooa@Tttract to the one or nore buyers. WO 03/ 1BFW/BF03/19179
PCT/ US03/ 19179 60 15. The s®thod of claim 13 wherein
said transform ng step conprises: iteratively
assigning to the paraneters, value choices to be nade
by the one or nore sellers, in reverse chronol ogi ca
order, from said payout paynent tine to said contract
time, whereby said val ue choices mnimze, at each
time &C@Eln@ﬁ&tdﬂemmcbwmof V’Ehep detvesises cohtrectyalhee edchtdiehe other

co e sell 16. A st em for
coﬁ%{"%@g&g N é“ttr ?ﬁ&g P n&%{he gFt f“li‘?eco’b §%Eﬁ el kﬁu“ﬁ?zt i on

of &. oteiihivgtl MpScatiR toRElio0sT BITR Bl wérleBP@@%le Xé98<9§bed with
for asmgle or rrultl-gerlodtradmg framework, fo

anfy SHEALD RS VAAIBUFRNITaE b Wherei nay e it reyEhegb Fpoon l%dlheldnffeoence be-
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i mammmeﬁbﬁmcm of eagh ekemes’aoﬁjthm&@?hefr@eﬂ%tmw c@tra,ct%

fungte%ngf - bserye value f t.he one or

und&ri%y & Feé‘?ﬁ HEL 'Gh C“Ba‘%? éjéf“’act Vﬁ%m“&ﬁct?ﬁbﬁq depends

ansh tha (El@ehbﬁlgq andlespigingtseid RaMadthe ?ééf@lﬁltlebhéy?mg %pufoho of b);

-paraneters representing val ue choi ces avali

sd®d one or nore buyers and said one or nDre seIIers

from &iveh @U ding saj o

desi gnat 6 pa flzgnﬁl%ed% glg?rlgHQnal %m%ﬂgt i’op gach en%n% % ﬂlg rhnnted set of

t rcéh@;fd@rlmtngq smtmcpa;f(stﬂp q:)égyrmh:tﬂai;mg chd m{éaﬁmﬁlﬁﬁﬁlﬁﬁl df3tep b)
be ﬁf q% % ¢ roat, where s

1‘ DT PHeGh R 6] i Bt B %eﬁémt“o%egévﬁ‘e}%f‘é %aﬂra@sof giep b).

t he one or nore underlyings fromsaid contract time up
unti | g i ncl udi ng said payout paynent tinme but not
par a%t RS CPEpYes @Fﬂ&“ﬁ@ nyaduss of Koim d§ compaisinglsbmptigr readable

S n \
: ?g?ﬁ %giﬁndsofg% ggt%élglc ?L{;‘ﬁg %ﬁ%o‘fﬁ@g) ?rgé n&hOcI:ll olg gH gerévg,tlﬁe% contract in
detsipgnian éek PEYBUT fpayarent ti ne. 17 The system of

claim 16 wherein said neans for transform ng
conprises: means for iteratively assigning to the

par adgetEieSconalteteprofHiaht % dhi& HFQIHRAR BierdinQhe @o@ﬁtﬁé rocess of
nor elj{Juyers in reverse chronol ogical order, from sg d:

paiFB st COBARF IsEhEoR e repdpbimsadleenns Bt ti me, wher eby
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where said relevant payout payment function is the payout payment function of said
initial derivatives contract for the first loop of said iterative process;

b. extracting a subset of replicating BICs, in the form of a basis vector, from the
BIC-basis, by choosing all those BICs of said BIC-basis having a payout payment
time equal to the payout payment time of said relevant payout payment function of
step a);

c. associating a notional value to each of the BICs of the subset of replicating BICs

of step b) to form a portfolio of replicating BICs, said notional values derived from



61 iterative process, the value of the contract to the
one or nore buyers. 18. The system of claim 16 wherein
waead/7mgans for transform ng conprises: neans fRET/US03/19179
iteratively assigning to the paraneters, val ue choices

to be nade by the one or nore sellers, in reverse
chronol ogi cal order, from said payout paynent tinme to
said contract tinme, whereby said val ue choices

m ni‘m ze, at each tine step of the iterative process,
the value of the contract to the one or nore sellers.

16he phycainpajnemt furegipant gepd)ct f or conpressing t he

for t of th out p t functi
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desﬁ gq:mtre:djatmgmhﬁ acttialiorps renligating BICsalpmm |s1ﬁa@|coj @f prghdoop to form
gfger %glen 2] Rgr%%?? tof Pe%%l%ﬂlt Séfavd!gcl)rl %qutmfg@eggrgﬁ c%ntrz%ct

nor e buyers and said one or nore sellers fron1sa|d

contract time up to and | g ald de% F

payo’l?t %ﬁwﬂ%wrmgmo }St 0 ﬁa é% eanlﬁJéVB%fn iterion
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into format, where sai format 1s a

f BACs ool to loe lobgbay dik Mamiies Papnenthidme pé thy infdslederivatives
und%r ings fromsaid contract tinme up until and

[ udi'ng said payout paynent tine but not paraneters
representing val ue choices available to said one or

nor e_bu ers and said one or nore seléfrs fromsaid

contHac T he | REPYHT (RFOHAR PIOART Ui S AT Gdeli QRriags computer
p "i%ﬁ?iHBle RBYEBIRENS oM B dapMR 036 1O vEdd MRS 19 V¥9lineB? transfor-

. The conmputer program product of cIa|n119 "wher ei n
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52. The computer program product of claim 49 further comprising computer
readable code means for receiving the payout payment function of the derivatives
contract in the DCWBSOF format and transforming said DCWBSOF format into
the DCWOF format.

53. The computer program product of claim 49 wherein step d) further comprises

computer readable code means for providing a premium payment amount for said



nore buyers, in reverse chronol ogi cal order, from said

payout paynent tinme to said contract tine, whereby
w@ai/th7vdEl ue choi ces maxim ze, at each tine step PET/UBEB/19179

iterative process, the vallue of the contract to the

one or nore buyers. 21. The conputer program product

of claim19 wherein in part b), the trans- formng

step conprises: iteratively assigning to the said

paraneters, value choices to be nade by the one or

nore sellers, in reverse chronol ogical order, from

S fHith] RRY Gathvep TRIM ubbiBatlsirgail@ teSRANLN@CEritbHidfg , where said pre-

wher eby said val ue choices mnimze, at each %i_ tep . ..
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t O Iteg ca i%g Eﬁbq@?EL%P %F l){ & %nalzl%o o ffﬁtifk‘?&i\;eoﬁrocess.

transtornng an inftial derivatives contract, on one

or nore underlyings, for a single or nulti-period

tradi ng_ framework, for an ot onal .. anpunt, . i.nt.0 .
ol 1 it BB BB SR Gt R e e gy PR gp i
apd, PesloinBthoRY ARAEES 1o collute 1B thRafinG fleSt B@owR of said deriva-
receiving a Bl C-basis; b. receiving the payout paynent

f timestqoniragtor said derivatives contract; «c. receiving
prices for elenents of said BlICbasis; and, d.

performng an iterative process to return said

ul t isma e pompfit peogodm pegluct aft dlaig 54BrIRgein2Be mEktematical reduc-

nmet hod of  cl ai 2 conpri Si receiving.the out. .
DB b BT G 5P ES e R i 1 SBSC R G PR pPror-
anakiBn WRELIXWOF format. 24. The method of claim 22

further conprising deriving the best hedge of said WO
03/ 107137 PCT/ US03/ 19179 63 initial derivatives

contg.a | i r ] ] :
o acie 802 LA RRLAR oLt BT BRAHE! B e
ofmattdremetdeds iratude apareoslactict of poilisrmectbadsh of t he

ot her derivatives contracts within the set are

consi dered el ements of the set; b. obtaining a

r esigfualhd @phipat bﬂagraappltoﬁqbﬂ & MinBECehéMinashgispeRe selection of
Bl C-basis associated wth a separate derjvatives ,
c BpinkamethaR dschopafam thragrrameorpishiag Pouisgiap qeadratures, Low dis-
di ikt al . deri i .gontract
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paynment function of each el enent of the set of other

der I5\/8{?“1&I 1\’/I1% o%lofglt lgr%gitdic’rig the price of each BIC within an original BIC-basis of

one or more related BICs, where each BIC of said original BIC-basis is considered an
element of said BIC-basis, and where each BIC pertains to any number of underly-
ings, in a single or multi-period trading framework, for any notional amount n, said
method comprising:

a. identifying any subsequent BIC-basis having elements with premium payment
amounts derived from the premium payment amounts of said original BIC-basis of
one or more related BICs; and,

b. providing the premium payment amounts of each element of said subsequent



c. selecting a preferred normfor the space of al
derivatives contracts that depends on the BlIC basis
wansliappl yi ng said normto the residual replicatPemuso3/19179
portfolio of b) and, d. deriving the best hedging
noti onal amount for each elenent of the [imted set of
ot her derivatives contracts of step a) by selecting
the particular |inear conbination of step b) that
m nimzes the normof the residual replicating
portfolio of step.c) 25. The nethod of claim 22
wﬁgpéﬁﬁﬁﬂﬁggﬁt%méﬁﬁv%(Bmﬁ@ess of step d conprises: a.
initiating the iterative process by selecting a
rel evant payout paynment function, where said relevant
payosa Tﬁhey metloc ofdainoF® herehesajshydueansaly RExbagiv isceibpriginal
i.ni tial atives contract for the first
|&H§ﬂ%F”é£PaeP{€P§i$U% process; b. extracting a subset
of replicating BICs, in the forn1of a basis vector,

fromthe BIC basis, by choosing all th B
sai BB B asrodeflag %% TR 2iplesiree © ﬁllﬂélngsﬁq%pg%tr&lates to

t I%ﬁe QI%MQ %Sk%?%@%?&l&&eco %fay %@éfﬁld Bﬁé §v ﬁ‘l_@;e PRS0 ut
paynment function o step a); c. associating a
noti onal value to each of the BICs of the subset of

P LBl By 3 e R R U, B o

t Nt RRYIOMEntPRYERNGrigitN BICdasiof step a); d. conparing
the prem um paynent tinme of said portfolio of

replicating BICs of step c) Wi th the prem um paynent
tinme it e al.: ' on to
031 1055 BetPH P 20 6 XA B SRR R bdetatths Hhesion
p rteang ot @rsyidnedicet o said mabsiequerﬁ; farnidsr pfoBl Jsdstobide prive pf saidloriginal
shggp¢n the iterative process if the termnation

%6n has been net; e. initiating a subsequent
| oop of the iterative process if the term nation

criterion has not been nmet by providing the %% ut.
paynéht The ARG AT BTV (R [P QRSFEIODF1g oy iuliplication by

st £y $LERPOFBICE format
HEPZFEARCT A8 LY BN Bl DAy heBCALICE o

r eypidi tba equigelBitdemily bas s fieg myofdpn élaa:EADE@éCPchﬁmtm

the ultimate portfolio of replicating BICs for the

initial derivatives contract. 26. The method of claim

25 fgu.!iTE neARRT bSEligh 88l @pbiefigsaid andtibhdiaimuabiigsp of depends
step c), via linear transformation of the payout

paipee it l¢agkict i on of step a), to con- formto the

speghl hibiR gin%éntrﬁgﬁ&sﬁlﬁb @vﬁﬂhﬁxn%a@(i ofifl BalSBHOSBLsic0hnd

replicating
-a distinctive reference to as%omate said notional amount to its corresponding BIC.

65. The method of claim 64 further comprising establishing the price associated
with the notional amount of each BIC comprising the steps of:
a. providing a first unit notional price for each of said BICs; and,

b. providing a scaling density function for each of said BICs, where said scaling



27. The nethod of claim25 wherein the term nation

criterion of step d) is reached when the prem um
w@eymem7 tinme of said portfolio of replicating BP@QyUs@s/19179

equal to or less than the7prem um paynent tine of the

initial derivatives contract. 28. The nethod of claim

25 further conprising receiving the payout paynent

function of the derivatives contract in the DCWBSOF

format and transformng said DCABSOF format into the

DCWOF format. 29. The nethod of claim 25 wherein step

d) ddusit{ hektied Fypettse pzlit(hvcia,di frgt aniphetiomil pﬂtep@f)smdnBICs to reflect

ampunt for said initial ivatives contr on,

s ate SFRAtingak préceod paid rﬁIgaﬁ‘il LR spidr-Bopio %fﬂ%? ‘@ gpig BIC reflects

Pr @i AY ARk A RRREidl SIcE he preni um payment anpunt

associated with the portfolio of replicating Bl Cs of

step c) of! the final loop of the iterative process.

i hfd P ARttt B, Prehpemgpe e B TS oL gigs i aeid BICs i

t hxppds @Rl iU rthp By edTts fan@idihl Rimskl d derivati ves
contract. WO 03/107137 PCT/US03/19179 65 31. The

met hod of claim30 wherein the mat henmati cal reducti on

met h 893'1‘}1@ %e‘b’l%%l of(emggi?)sxﬁ}%frelﬂ Q&l'dq:m;telﬁnpﬂotﬁdﬁgl price is e>§)ressed as

underlyings or integration approxi nati on nethods.

The stoeltdstod podcessl ai m 31, wherein the integration
approxi mati on nethods in- clude sparse selection of

poi nts net hods. 33. The nethod of claim 32 wherein the

spar 8. 386 athdanofelail G7Thsheedoh9ising tr&ﬁfb‘ﬁlﬁi’ﬂlgfs&@rﬁtdch@stlc pro-
group. conS|st|n of CGaussi an quadratures,

di &8y Bja gpmbﬁblhtls% qf ¢he gadestyings u‘ﬂﬂaw:t%w%aﬁ% scheme.
and Sobol p0|nts 34. A systemfor transform ng an

initial derivatives contract, on one or nore

undebby II\hg snethot aminsilaigl 68 whenathe idispetbizgibnt schethaip an expansion
frang18 qr E¥ notional amount, into an ultimte

por't ot Fepl'itati ng BI Cs, for val uation and

hedgi ng purposes sai d systen1conprising a. neans

for receivi a Bl Cbasis; b. nmeans for receiving the
payob. Fhgrreathod anct o 5 i PP oI BE e p dlepmite ex-
C pd eaps for receiving prices for elenents of said

BI asis; and, d. neans for performng an iterative
process to return said ultimate portfolio of

repl| fa}\l gter% fgls providing the price of each BIC within an original BIC-basis of
one or more related BICs, where each BIC of said original BIC-basis is considered an
element of said BIC-basis, and where each BIC pertains to any number of underly-
ings, in a single or multi-period trading framework, for any notional amount n, said
system comprising:
a. means for identifying any subsequent BIC-basis having elements with premium
payment amounts derived from the premium payment amounts of said original BIC-
basis of one or more related BICs; and,

b. means for providing the premium payment amounts of each element of said



35. The systemof claim 34 further conprising neans
for deriving the best hedge of said initia
wa@le¥/iozsd7i ves contract using a limted set of ot heeT/US03/19179
derivatives contracts conpg#ising: a. neans for
receiving said limted set of other derivatives
contracts, where each of the other derivatives
contracts within the set are considered el enments of
the set; b. neans for obtaining a replicating
portfolio of BICs in a given BIC basis as- sociated
wistitseaquene PACdtes deing wdtiokmsalclormylact whose payout
“paynent function is the WO 03/107137 PCT/ US03/19179
66 difference between the initial derivatives contract
and ANy ThE Bydidnaroy claiearwigshisant subs@fiestf BlId bagraigaaid original
pgﬁnent_function of _each elenment of the set of other
dEHPvheeis wé ene eiompieRiS: ¢, neans for selecting a
preferred normfor the space of all derivatives
contracts that depends on the BICs-basis and applying
sa| drehothe systanhef rlesi dliaivhereipl dtcledst rtvge openid ﬂloﬂeprlylmﬁ% relates to

Phbe Sk el R erRet et any shid O SR W [y se

of other derivatives contracts of step a) by
calculating the |inear conbina- tion of step

t hat
ni ni T8 ZEke BFkenh e gpigt Tk fapreR) « %aéql sghsaquesh §}(§-ﬂa@%w is dlfferent from
OBk KalaR 6 AT Bkl BlCBBER D) 30 T e

nprising neans for receiving the
payout paynent function of the derivatives contract

e format. 37. The system of e
ol T S e 8 TR b g GRmEE s Yk & nghr operation to
C QRSB SaidfricdRARSd s@sedibnt FabilyneF BITR ihdotthatpkiv@of said original
process by selecting a rel evant payout paynent

f diethasl, where said rel evant payout payment function

is the payout paynent func- tion of said initia
derivatives contract for the first |oop of said

i t ered.i Vhe pystae®$ clabn 7hedrseif dhe Endar aptiatign as 8 mpdeplicefion by

5B B0 B Sl e BB PRl B

Blagd RBS bguitiden Agnidy BayDHhal pammemhet EAPFeyUR okt t he
payout paynent tinme of said rel evant payout paynent

function of step a); c. neans for associating a
not "PpalTh}—,( Al gt c?a"i’l‘fﬁhno&fhér ﬁle n&fon&lhﬁrrﬁlﬂg%gwﬁgg the pre-
repli- cating Bl step b) to forma portfolio o
r eglhincpeyinegt BhQsyts sheadh rriconal saichsubesiuent BIC-basis depends upon
at least:
-the notional amount of each BIC within said original BIC-basis, and

-a distinctive reference to associate said notional amount to its corresponding BIC.

78. The system of claim 77 further comprising means for establishing the price
associated with the notional amount of each BIC comprising:

a. means for providing a first unit notional price for each of said BICs; and,



derived fromthe payout paynent function of step a);

d. nmeans for conparing the prem um paynent tine of
waead/7portfolio of replicating BICs of step c¢) RET/0S03/19179

the prem um paynent tine offSthe initial derivatives

contract to determ ne whether a pre-determ ned

termnation criterion has been net and stoppi ng WO

03/ 107137 PCT/ US03/19179 67 the iterative process if

the termination criterion has been net; e. neans for

initiating a subsequent | oop of the iterative process

i f b.heedneforimatidiog a scalingelenoty fhagiondtwdigwed het edop of said BICs,

D5 AR BRUTSEL LR 190, 89905 AL A o

PAYAERYC fo0kefis €Re Anotibndl BRics UPSEUBEO! and WBRE sdid n@APSal price
for accunulating the portfolio of replicating BlICs

f obpaid B refjecist the gepply e demand & wpidilCyl t i mat e

portfolio of replicating BICs for the initial

derivatives contract. 38. The system of claim 37

wher®. Mlidsysteer off dait thwhereinesaidofirsbfinis mefiordh) prise of said BICs is
reached when the prem um nment tine of said
pﬁ???ﬁ?@&lg?’$%ﬁPF%§PF n@ﬂ%§m£§ equal to or |less

than the prem um paynent tinme of the initia

derivatives contract. 39. The system of claim 37

conptd: sThegpyaisanef dam Bouperengatthérshorit gatipna) riges espressed as
St&RoBdsticiliBedsi Near transformation of the payout

paynment Function of step a), to con- formto the

specific formof representation of the subset of

repljcating Bl Cs pof st .. 40. The system.of claim. :
3P HE L M Rt PEFREE MaRGtEG COPBRARG FHGLT e Baygane seid
PayRBRLiciunehd igtd @hdiidaldfbbatllitics@s tiOMdeAGigd it discretiza-
DCVWBSOF format and trans- form ng said SOF f or mat

i 108 selip@eDOWOF format. 41. The system of claim 37

wherein step d) further conprises means for providing

a prem um paynment anmount for said initial derivatives
cont82acEheugyatiemsast in sfaymnréd wikeein ke diseratizadion celieheris am gxpansion
where said em um paynent anmount is the prem um

paRFE Or%ﬁ@%ﬁ?dﬁgﬁociated with the portfolio of
replicating BICs of step c) of the final loop of the
iterative process. 42. The system of claim 4l wherein

cl as’sh clie sigenandt Pl 87 aberetn Ga expannioagnethedis adamitg expan-
coppute the prem um paynent anpunt of said derivatives
contract. WD 03/107137 PCT/US03/19179 68

84. A computer program product for providing the price of each BIC within
an original BIC-basis of one or more related BICs, where each BIC of said original
BIC-basis is considered an element of said BIC-basis, and where each BIC pertains
to any number of underlyings, in a single or multi-period trading framework, for
any notional amount n, said computer program product comprising a computer us-
able medium having computer-readable code means embodied in said medium, said

computer-readable code means comprising computer readable code means for:



43. The system of claim42 wherein the mathematica

reducti on nethods include changes of variables on the
wa@ndler7idzi ngs or integration approxi mati on net hodBCT/4803/19179

The system of claim43, whé6éein the integration

approxi mati on nethods in- clude sparse selection of

poi nts nethods. 45. The system of claim 44 wherein the

sparse selection of points nmethod is cho- sen fromthe

group consi sting of Guassian quadratures, Low

di screpancy determnistic sequences, Halton points,

anda.Solealifypui artyssubdagiuent Biipasisehavpreogjeraentp modupremfusp payment

transformn nintial .derivatives contract, ..o .
orueE e Rymhgle b vel Rere S SR A% gy BEbasi of
t radioRendrs sl BECs; fa@d, any  notional anount, into an
ultimate portfolio of replicating BlCs, for val uation

andb- REYiiing tRUPISEE @S, PayBICH: RBAIIE OF epitotrasht i saidciubsequent
C OBiRY 1SS NGk PR ek Hsabl € medi um havi ng
conpu%%%ﬂgggggﬁﬁe cgdéwneans enbodied in said nedium
sai d conput er-readabl e code neans conpri sing conputer

readabl g code neans for: a. receivi Bl C-basiis: b

F ecetyi S CREPBE, GEREHRFRICt AT Y orolry Subsausit BIC-
defakiv ad da¥ @ SrigaMt B basis ¢F .oné 6E @iovd BIUspr i ces for

el ements of said Bl C basis; and, d. perform ng an
iterative process to return said ultinmate portfolio of

[ P by thspmgr%m DGR sAPLAGERAMAERLUES oQhid un-
claim4 urther conprising conputer’ readable code
mederigingorelaies tosihrgrddieritkedta dielhheldef tosaiyfisaidtanalor more BICs.
derivatives contract wusing sinply a limted set of

ot her derivatives contracts conprising conputer

r eadgpl Fhe GOAPuIER ISrh@r pro¥iRs A3/chdA 18 /whkedih USRB41bekia8nt BIC-
69 a. receiving said limted set of other derivatives

c dnsie acdiferephpa Tadehuigtlentte spidraigined BICbatipves

contracts within the set are considered el enents of

the set; b. obtaining a replicating portfolio of BICs

i N a8%)i Ve cBhiG:basiograas pocielt efdlant 34 wizerge peapat)ecomprises using

derj. vat i . t wh t. t f ti LS.
oL Rl SO A S 8 Qb Ry PGB o e

COice ackaidbegRBlyBEY-badig.ary |inear conbination of the
payout paynent function of each el enment of the set of

ot her derivatives contracts;
89. The computer program product of claim 88 wherein the linear operation is a

multiplication with by the matrix T, the original BIC-basis is has a final payoff on
the EOFBICP format and the equivalent family has a final payoff on the EADFBICP

format.

90. The computer program product of claim 84 wherein the functional formula
of step b depends upon at least:
-the notional amount of each BIC within said original BIC-basis, and

-a distinctive reference to associate said notional amount to its corresponding BIC.



c. selecting a preferred normfor the space of al

derivatives contracts that depends on the Bl Cs-basis
wansliappl yi ng said normto the residual replicatPemuso3/19179

portfolio of b); and, d. dériving the best hedgi ng

noti onal amount for each elenent of the [imted set of

ot her derivatives contracts of step a) by cal culating

the |inear conbination of step b) that mnimzes the

norm of step c) of the separate derivatives contract

of step b). 48. The conputer program product of claim

46 conprising conput er readable code nmeans for

(rjgflel\?glt Ingkées ¢0) oﬁf%ro g%ogpa?fx r{)‘%{}éuct o? a1m 00{1 hhe rf%l;ﬁrlr%gt f:ompllter

4A9readdtde catvnubar fpr @EAtARhipg @E&inlcwiqs&‘dlaﬁbcmmhﬁ iMB eloEbith] amount
t he |tega ive process of step d conprises conputer

r edlPapt Bl sauPHA%s for: a. initiating the iterative

Pr 0GE3SmBYses Rla8SH1E REPmES]GY AN oy RB%OH EirsP AN ABREional price for each
function, where said relevant payout payment function

i softshisl Iféléisoemd payment function of said initi aI

Idte;b\éat I Vetpez;, X egggglg (c:(%def Ignraf%n:s o }i)rﬁwaglg u‘i§§1é‘%g %ernmty function for each
r eqfl daiziaBigrg wBbieSaid cl&alﬁrigedefn@mﬁflﬁlf:m@l bagletative &l %alcf f1@Minit no-
t he | G basi choosi ng all those Bl Cs of

Bl o3 8Fiee Hfzw% &Ié s pagrdiget thapnaiional pripg oéaﬁéﬁ% aflqh ghere said
Daﬂ%ﬁiﬁo&@}%@‘é"&f bl BIOtemRak dnd &lppyuAid @éﬁya&utfop@smg

function of step a); c. a3300|at|ng a noti onal ue
to each of the Bl Cs of the subset of repllcat|ng BICS

of step orma ortfolio.of . replicatin I : .
Cai o Rorrbsatey B Bede B irodis P Shirol oo 19 ot it notiona
PGl ddSD 34id BITY is APréshel paye trmpayRinttidnanfiringa. of step

a); d. conparing the prem um paynent tine of said
portfolio of replicating BICs of step c) with the

premypy mI*R@Y:GBBEteIr 'p?%r% ﬁr (?uc't rcl)f El'afﬂl 9@%\; e}/e‘fi'r'i lsé‘i&‘cﬁret unit notional

contract to deter- her “a pre-determ ned
tamwﬁna@ﬂmﬁﬁ@iai@sknhﬁhagﬂheﬁn met and stopping the
iterative process if the termnation criterion has

been net; e. initiating a subsequent |oop of the

iter ani VEheptoae@Ser plogidde pr@luat BALIa0N 9T fubt@el edinpri@d% computer
not n nmet by provid]ng. the payout paynent function

%)d‘le\}gilelaﬁq F éraaaﬂmmg@md@t@a@tc:éﬁo%e)% o goqqglitional proba-

r %@Mmf tH@MQ&grlyH%X MRk of RlordtlGRoRdchbfle ! € subsequent

| oop; f. accunmulating the portfolio of replicating

BICs fromstep ¢c) of each loop to form

95. The computer program product as in claim 94 where the discretization scheme

is an expansion scheme or a Euler scheme.

96. The computer program product as in claim 95 wherein the expansion scheme

is a Hermite expansion.

97. A method for pricing a derivatives contract on any number of underlyings, in



the ultimate portfolio of replicating BICs for the

initial derivatives contract. 50. The conputer program
w@optacel7 of claim49 wherein the term nation criPE&F/USIB/19179

of step d) is reached when78he prem um paynent tine of

said portfolio of replicating BICs is equal to or

| ess than the prem um paynent tinme of the initia

derivatives contract. 51. The conputer program

product of claim49 further conprising conputer

readabl e code neans for adapting the notional val ues

of sigilepr elultivelod knaag fianansflgrier amytrictionafarhdvat,paypusing:

paynment function of step a), to conform. t he. .
spécPighling @rWﬂOId?retﬁr@Q\é‘a% AEr¥RPEPD Pﬁ %a“i gﬁ%‘@?w{éﬁ‘ contract in a
rﬁﬁéﬁi&ﬁ ffafl Cs of step b). 52. The conputer program
product of cl'aim49 further conprising conputer

r ehdabdldingcadie sreiehsldfoio provid i mitge oreonspy duere pasinEltruments;
fuqﬁ;ion of the derivatives contract in the DCWBSOF
f%at and transfornming said DOWBSOF format into the
Mr&ﬁﬁﬁé priesdfor Fhi@ deaingitee corpraof raporsivedoctepoh and b.

cl ai m 49 erein step d) further conprises conputer
readabl e code neans for providing a prem um paynent

armggt lﬂlg %e%ﬂé@o%&n%?%&gﬁ tﬁ«%ﬁém%ihgcﬂe?@atiqeg contract is pro-

initral derivatives contract upon satisfying the .
t eided patdad mumbetse couphes oftrerl eugdiers qrrwatrieburpppragelie of prices

apount .i.s th r.em u aynment amunt sociated with
¢ ke e’ gerarC BFCURRREL P BPBL A2RBEAE) 01 " he
final loop of the iterative process. 54. The conputer
program product of claim 53 mhetgin cl assi ca

mat QnaT]f!\q;methqde(gd&QimoW HaeRBgRid funchjera) Tornat d%frﬁh‘f élescription
el ggﬁ%glléf&aé{_cﬁ@ﬁ%t aonuyad oRheS Bhdbg8leh ¥at nbi ¥€$he underlyings

contract. . e conputer program product of claimb54
wheptdien withe@anshdtersatiremhtative abvalid daicaerhdede ity igeholder,
ch q}esbof vari?bles on the underlyings or integration
aﬁﬁ? | PUYEROT 87iCHet hods. 56. The conputer program

product of claimb55, wherein the integration approx-

i mation et hods_incl ude sparse sel ect.i on _of

ot RO TS 7Rvpiid oL BRAGID P BTBgr i B CRL ETBeE S gription
\é\,ﬁﬁr&?& Rert AGvePANBE S RELS ANtHe undB@YiRkSaeiO6h bSrameters rep-

osen fromthe group consisting of @uassi an
queertative efsvalieohoidbsavaialep tmayy delebplden wdether buyer or seller.

sequences, Halton points, and Sobol points.

101. The method of claim 100 further comprising transforming said functional
format of the description of said derivatives contract into a into a second functional
format that depends on the underlyings but not on the underlyings together with pa-
rameters representative of value choices available to any stakeholder, whether buyer

or seller.

102. The method of claims 97, 100 or 101 further comprising

performing an optimized decomposition algorithm on said functional format of the



58. A nethod for providing the price of each BIC
within an original BlIC basis of one or nore rel ated
w®hiZey713sher e each BI C of said original Bl G basi SPCBHUS03/19179
consi dered an elenent of g&id BlIC basis, and where
each BIC pertains to any nunber of underly- ings, in a
single or multi-period trading framework, for any
notional armount n, said nethod conprising: a.
i dentifying any subsequent BI C- basis having el enents
Wi th prem um paynent anounts derived fromthe prem um
PR lonasTRAAt Brioftiveatchtoict gidiab 1Bl Bideasi sidbasisongrgpents to
nore rel ated Bl Cs; . and, b. ovi ding the prem um
peslidhe PHAb L drivativey CBP@ nt of said subsequent WO
03/107137 PCT/US03/19179 72 Bl G basis using a
functional fornula. 59. The nmethod of claim58 wherein.
sai d03.uBsegteenfor Bricinkasilerivativesaiogtrasti o #r numper 9b yaslerlyings,
of one .or f
et B g TG et iredite SRR R 1R A0 noBb Ml Bedfint, comprising
t hg. ameslidle for Sipuefinga seiiptiol dbtaid derdvnayivef coabrpch lormefumtlonal
nore Bl Cs. 61. The nethod of claim58 wherein said
sigpgeiguent Bl C-basis is different from but equival ent
toysgityffid P nxﬂlutﬁb&pﬁ@e% itSr R %r nld}e bABS hethuknte] @idn 58
wherein step b) conprises using a linear operation to
t r ansf opduls dmdrep\mnme &)Prl%fod seidlslesiptdes cPRIAAt yespPngByeCy said
to.the e, of sai d
ARt oy s o SRl P gl R RERlhar i B of s
'Tyﬂletcbrrlhbx%&bbl@nndwlm@ﬂe rmtrl x T, the original
BlIC-basis is has a final payoff on the EOFBI CP fornat
and the equivalent famly has a final payoff on the
%tcﬁ‘lfe hr o@cﬁmmﬁt% WELBAAKS frudsidhaD o8 WhETt8é description
sal unctional fornula of step b depends upon at
I emnd detfitméiveotdnomal depepdntn dlie e@d,emlyslg@:bm £p po ke wnderlyings
[ naI I C- basi nc c
kR r R o oA R B bl B EIERr Ry icholder
BlyGetheBBuyet oe sémet.nod of claim 64 further conprising
establishing the price associated wth the notional
anount of each BIC conprising the steps of: a.

EB)Ir g\si'ﬂg' nﬁghea%}quueﬁﬁt)f Uit 109WheRH 1R hi§R JrehidedeRaftes Bhifact is

provided as real numbers, couples of real numbers or matrices representative of prices

for multiple possible future states or payout payment functions.

106. The system of claim 103. wherein said functional format for the description
of said derivatives contract depends on the underlyings and also on parameters rep-

resentative of value choices available to any stakeholder, whether buyer or seller.

107. The system of claim 106 further comprising means for transforming said
functional format of the description of said derivatives contract into a into a second

functional format that depends on the underlyings but not on the underlyings to-



b. providing a scaling density function for each of
said Bl Cs, where said scaling WO 03/107137

wWEOTogs03/ 19179 73 density function is operati VECTUS(3/19179

said first unit notional psdce of said BICs to reflect
the n-notional price of said BIC, and where said
n-notional price of said BIC reflects the supply and
demand for said BIC. 66. The nmethod of claim&65
wherein said first unit notional price of said BICs is
expressed in the formof a functional fornmula. 67. The
nmedehlerd voth phrainetds repheeaipfiveai dlid eiwicen avatlablottd anpktakeholder,
p.&@& 1%@1% rﬁéﬁed as a stochastic process. 68. The

%3 Y mo67 further conpri sing transform ng
said stochastlc pro- cess-into conditiona

probabilities of the under%y S using a
di sct@-i The sisters efdare, 10361 7 ﬁ‘ﬁi‘ﬂl&ﬂij GOBBTIFIAS 8IPAPYEISEE system

whet ﬁerfc]?ﬁmgé acip&ﬁhfngéﬂt eg&lﬁ&ﬁ% T%o%ltﬁﬁ El)ggi%lmgﬂl&{&na format of the
met hod or Ei sler sc as in c
69iea¢rmt@|nmf tshid dexipeiinss cmltmet hm:tjon sheaprides ofi kel lensis mqtrumentq to

pan en1for |d|ng the price of each
BP@aﬁﬁﬂ%PﬂmﬁﬁA ‘%?W%VW§I |s of one or nore

rel ated BI Cs, where each BIC of said origina

Bl C-basis is considered an elenent of said BlIC basis,

and Wibré cempricBPrSpER PEINSS b PHAYS AURBE Vot carbrdel gryany num-
[ of |

2533? é:)rf] )1/19%%%)?}1%9 }u’? a3, [Eu&In {Iluﬂﬁ?éaﬁ) S@rédﬂﬂ#ﬂ Crg{g{%?xfig:fﬁr%y notional
nﬁﬁmsmhamnumemglfylng any subsequent BI C-basis haV|ng

I t th t unts rived fro
Cheb et &0 HHieh ASHn e BL A SR BT R aric Bieghs Ghbodied in

bagidsmediusr) ai8 lcomPiiRr-FRan1e doddl esins@Bfhprilng:means for
provi di ng t he Eren1un1paynent anounts of each el enent

of é«‘ameu%r 1o 2o g mpe forsmebling 7 stakehplday e eepvideta description
B FehA AN D G0 frd U IEL QAL 02, T2 The system

of claim 71 wherei'n sald subsequent’ Bl Gbasis is said

or i gpmahter Beé@ab]aSZbée okamnier erabiing eheBitaleholdar tolrevide a price for
syst em of | east one of said

t
X6 Pl e BoS Mt e 6hS " 2

-computer readable code means for providing a price for said derivatives contract

responsive to the description of said derivatives contract in said functional format

and the prices of said one or more basis instruments.

110. The computer program product of claim 109 wherein said functional format
of the description of said derivatives contract depends on the underlyings but not on
the underlyings together with parameters representative of value choices available to

any stakeholder, whether buyer or seller.

111. The computer program product of claim 109 wherein the price of said

—

derivatives contract is provided as real numbers, couples of real numbers or matrices



the credit risk of a stakeholder to any of said one or

nore BI Cs. 74. The systemof claim 71 wherein said
waabpgprent Bl C-basis is different from but equP@HUSIBI19179

to said original BIC basis8175. The systemof claim?71

wherein step b) conprises using a |inear operation to

transformsaid price of said subsequent famly of BI

Cs into the price of said original BIC-basis. 76. The

system of claim 75 wherein the linear operation is a

multiplication by the matrix T, the original

Bexgetratitive) of Dhiges for fRuliaple payhle TeuTe ﬂiéteE@t BRI gy Rt func-

%%%Eghe equi valent famly has a final payoff on the

ICP format. 77. The systemof claim 71 wherein
the functional fornmula providing the pre- niun1paynent

anounts of each el enent a e

dephiiel lﬁep‘iﬁ’ﬂlp‘%‘ir S prSdy O e LRSS ety S RAR format
BLCi dbibisal & 8fd @rvativdlcentas| c&perﬁhdm— e dingléslyindsi angl also
reference to associate said notional_ anount t

ccuﬂr paspein ryrBeidativerd. valirechoirst avallable dp PR eﬁﬁ?‘? gpether
{3§%mgfneans for establishing the price
cra with the notional anmpbunt of each BIC
conpr|3|ng a. neans for providing a first unit
notional price for each of sai C
03/ 16F155 prmuioR ey Brodse ¢f c1%9§g f‘f%ﬁél §PBPPEPRg a

Sc%mﬂ&efj ERRLBIY cbENgldRNof tBEfEIRIA )salﬂcffm(ﬁi%ﬁhl fofmsadfdthe de-
where said scaling density function

Gpep’aom wé seidt ferivativesf jontrpctuinte anidte Sngronsk fl@étleﬁal forgyey that
v\#é)ﬁ%& (éle tglle %%Eieriyug)g;{hu@ 9151! anale 1?&:1[31@ &fto%&hé} WAk ar@ﬁ‘lgter% rep-

n-no rice reflec
Stepplytivand vdﬁﬁ&ﬂdcé‘%%a@&il@to&r& stal@holdére ng;ly@pehmm or qeller
claim78 wherein said first unit notional price of
said BICs is expressed in the formof a functiona

forpyhaTy8 Qomﬂ_ Rer sivgtembRidued & dmirh8 09N EIReir 118 irthek kéiiprising
unit noti onal prl ce I's expr essed as a stochastic

pr compster 8adaliecody steens & ReFTAPHING MY ARt EefepPPEfine also-
ﬁ‘%& f){l Uil ANhA Eﬁrﬁafqlozghed(]je% h& ﬁg%&ﬁ REOHERS cdrfttalt and on

onal proba erlylngs using a
dtI&Qﬁ Rbd afsaid bois insthenets 82yielfinde gyise efwaisdérivabivesi canigact.
wherein the discretization schene is an expansi on
115. A method for a first stakeholder in a financial transaction to incorporate
credit risk sensitivity in the estimation of the value of a counterpartys liability, said
method comprising;:

a. creating a credit risk underlying whose value at any given time is equal to the
percentage of the liability said counterparty honors at said given time, and where said
percentage depends on

the notional amount of said counterpartys liability at said given time, said first
stakeholders identity and said counterpartys identity; and,

b. multiplying the value of the liability said of counterparty at said given time by



met hod or a Euler schenme. 83. The systemas in claim
82 wherein the expansion nethod is a Hermte expan-

W@ 37184, A conput er program product for provi dPEyUSH3E19179

price of each BICwithin aR2original BlIC basis of one

or nore related Bl Cs, where each BIC of said original

Bl C-basis is considered an el enent of said BI G basis,

and where each BIC pertains to any nunber of

underlyings, in a single or multi-period trading
framework, for any notional anmount n, said conputer

praagt emdlip ezl usiledying o sbiath a reoilpkiicdmn aStheabh radk WBdit risk
haa\é%'jn dcoa;[ﬁ t er-readabl e code neans enbodied in said

e lﬁi’% Halilgy 3 spig @ ep-tFasdabl e code means compri sing
conmput er readabl e code neans for: WD 03/107137

PCT/ US03/ 19179 76 a. identifying any subsequent

Bl C- bH&i Bheyaglihad oétlaime htiswihgrel the ereilitmishaydeiyting at any interme-

a Y fyom.: rem.um.paynent anoun of .
e Rk S dhObL? o GO R B Rre e me to te
arvtkditoriskpnoderigingopt tshiel ipteembAimefapive fime2dre Wb SndbeRRENrandom
el e rlt of said subsequent BIC-basis using a

fl}’r”rgl?l?%‘hal formul a. 85. The conputer program product

of claim 84 wherein said subsequent BIC- basis is said
original BIC-basis of one or nore BICs. 86. The

conplitier The awthan pf deiociloihekii the84juevdfaheicreditt ridke@sderlying

0 i.d..un-._derl yi | ates t.g,the credit risk
01rtzi %gggtfgtﬁﬁéﬁ S ‘%ﬁ 0P goﬁf)‘jl o?tr glgiv ﬁﬁnoé%g? CFﬁS]fte“%l %%‘{eﬂy’é‘%.at any
Thigtenoatintt éutups tige aml progdeh vafiahid ddriindbeWneh 8:M 581 fe.

subsequent BIC basis is different from but equival ent
to said original BlIC basis. 88. The conputer program

produdt Tk ntdiRIRBRIMISF §L& S 8P DH0G %Héﬁl? %gl%\?%i P& afdtribu-

i near operation to transformsaid price o

s Gilvsetiranpaifl atd istoibuipiCear e wpterentedby ewricf rdaiadt parameters.
original BIC basis. 89. The conputer program product

of claim88 wherein the linear operation is a

mul ti19l fdhatreshodibt dlaiby118hehat@ih Bh& paranihtes Skb@dte@kvith said beta,

Bl.C:basis js has a final payoff on the ECFBICP format
BB PoA] B Pae o S eh Hhel IpaipoheroReiiagher npts

EARFBACRI di06@h und@fyinkhie comput er program product of
claim 84 wherein the functional fornula

120. The method of any of claims 115 - 6 further comprising pricing a derivatives
contract inclusive of credit risk comprising inputting as the liability the payout pay-
ment function of said derivatives contract, and returning as payout payment function

a new credit risky liability.

121. A method for calculating the credit risk limit of a given counterparty by
setting a maximum respousive to the difference between the value of the counterparty

liability not inclusive of credit risk and the value of said liability inclusive of credit risk



of step b depends upon at |east: -the notional anount

of each BIC within said original BIC basis, and -a
waelpsto7moti ve reference to associ ate sai d noti onaPCT/US03/19179

anount to its correspondi ng3BI C. WO 03/ 107137

PCT/ US03/ 19179 77 91. The conputer program product of

claim90 further conprising conputer readable code

neans for establishing the price associated with the

noti onal amount of each BIC conprising: a. conputer

readabl e code neans for providing a first unit

not ik gnalp kRSl fRrdebaeinin®la Sateth Bhicant anélby k. stakeholder on a

conput er readabl e code neans for providing a scaling

déemigitiyes feopfeadt gpmpyfingach of said Bl Cs, where said

scal iyn S| Lan, i ratq ' | I .

it SRAmERE) | foss HAERL AR R B Sl Al id Bhst pay

NmBigtangmat isplidvwed foin eimsiBbeof satistakeiolesadodnterparty, when said

n-noti onal  pri.ce of sai LC reflec t he supply and
deNE TP by s SRFGPRRE & g?@“@ﬁ@ i ‘girf‘ﬁ%eé&dﬁrr ogr am pr oduct
of pClRieh HlngM858ha pERheht  drkint BRishidnAblicasidbr, wWhieietiddecond

said BICs is expressed in the formof a functiona

f prymehhamodnt T Hewed Mont e Noribigr ahfaid streloldrs equatespayty when
wherein said first ' .0 LG8 o esged
USSP Mol Oal B Lef hpmtsaged
pr edergdul tingcdai QR feupdrihioe t¢ edip firs ipagmedmpduat and said second
readabl e code neans for transform ng said stochastic
pPERsEL AR condi ti onal proba- bilities of the
underlyings using a discretization schene. 95. The

conputer program product as in claim94 where the )

di sdpat Thatehodchdmen 12% vehereseirh Aekeipldes fopduyy agd said first
Eul er schene. 96, .The c ols Claxv@Snd Bmounts.
oParD & RGeS AR Gl R BRERLM et Aounts
expansion. 97. A nethod for pricing a derivatives

contract_on any . n er nder | yi i n . WO 03/ 107137, ...
TR0 EgaTed ph R i %l“ﬁw TR b e g said first
f LANRMO L frouhiOin B BREAPPAImATBMRINt £@FRYOSIPAGned. amounts.
endbl i ng a stakehol der to provide a description of

sai d derivatives contract in a functional fornat;

125. A system for a first stakeholder in a financial transaction to incorporate
credit risk sensitivity in the estimation of the value of a counterpartys liability, said
system comprising:

a. means for creating a credit risk underlying whose value at any given time is
equal to the percentage of the liability said counterparty honors at said given time,
and where said percentage depends on

the notional amount of said counterpartys liability at said given time, said first
stakeholders identity and said counterpartys identity; and,

b. means for multiplying the value of the liability said counterparty can honor at said
given time by said credit risk underlying to obtain a result known as the credit risk

adjusted liability at said given time.



b. enabling said stakeholder to provide a price for

one or nore basis instrunents; and, c. providing a
w@ni/oe1¥or said derivatives contract responsive POI/US03/19179

steps a and b. 98. The net h8# of claim 97 wherein the

price of said derivatives contract is pro- vided as

real nunbers, couples of real nunbers or matrices

representative of prices for multiple possible future

states or payout paynent functions. 99. The nethod of

claim 97 wherein said functional format of the

description of said derivatives contract depends on

t he i ngs hut .n on the under] vi,ngs, together .

e Pl 898 U0 OE IEh) VP B B2EL Y nerme
avaitk able e any tied akiebotideredit MKShMMRFLyREWE bnPluture time to the
seller. 100. The method of claim97 wherein said

f GFREtti Sifaimdedy mant pid 1ptsemertiate fittyrs e ag¢ teaindependent random
deriiMadi ves contract depends on the underlyings and

al so on paraneters rep- resentative of val ue choices
avai | abl e to any stakehol der, whet her buyer or seller.

101. thod of claim 100 f h i Si
tra nls%];gf e ay%g 1 ?&)f © alt % A wrelreulFJ gfnﬁg{dugg%#e gxlegg risk underlying
des ehy Pituentigk i§ahdlprhRtbyva thy Qalue Mthaeledlt MR @hdefiBs At any
second functional format that depends on the

uirdemrediate S1tpin tine and g repdomy maréabls, vangss begeeh eerownd lane.
pa- ranmeters representative of val ue choices avail abl e
to any stakehol der, whether buyer or seller. 102. The
met H@8. dthe sy=shemref @7im 1 Gvlereid €k rhuddnn eriabbnfplidvad aispta distribu-

rformng. opt.i.m zed deconposition al gorithm on
Pl VE 1 Rale U R oTb A 1 o AL D7 E3ipus Felevai parameters
PCT/ US03/ 19179 79 description of said derivatives
contract and on the prices of said basis instrunents
to LPeldrershdernraf cloingfl28 gibgrede tlievparimeisrscprciadet with6aid beta

f I C] [ vat i contract, on_any .

ASE TR bRl bR 8L YA MRS V] afgper mpues
t madiinduder diffeenr kgdeflpingany noti onal anount,
conprising: a. a nodule for inputting a description
of said derivatives contract in a functional format;
b. a30ndukeydten dfARYGE RBPTISCES fubthePBENMsilOREaRAS Sricing
i nstrunents; a nodule for returning a price

um and, c.. le 1|
f dredwittyeietiagt 1nplisive ohereditriskeopwmising angas i itputting as the
desfidy Rhi PRydk paal L yatdrye ract i.n sai
funct?ona?&¥orﬁ%ﬁhgﬁgﬁéﬁgﬂﬁg%%géggghgggammmwaaﬁ%““mnSﬁ”r&
turning as payout payment function a new credit risky liability.

131. A system for calculating the credit risk limit of a given counterparty com-
prising means for setting a maxim responsive to the difference between the value of

the counterparty liability not inclusive of credit risk and the value of said liability

inclusive of credit risk



one or nore basis instrunments. 104. The system of
cl aim 103 wherein the functional format of the
waelestr7iypti on of said derivatives contract depenPiST/U803/19179
t he underlyings but not on8fhe underlyings together
wi th paranmeters representative of val ue choices
avai |l abl e to any stakehol der, whether buyer or
seller. 105. The system of claim 103 wherein the price
of said derivatives contract is provided as rea
nunbers, couples of real nunbers or matrices )
r epi 83.eAtspdtén dorofetqymices a nfapgin motiipdus hysssalshelder g g deriva-
states or payout. paynent functions. 106. The system of
clivgs rpaipat BP@FE said functional format for the

degcricphd @ deﬁ&mﬁﬁ%gja, dest ipaahieMesneontyaald depholder, ehere said
the underlyings and al so on paraneters

Al . fep-
r s poyaedny emeling | ievedenme dbe BoRi9E) Sél({ %algalkwlders counterparty,
st akehol der e r 116r saidl @ 4kendlagr; Sy st em
o}ﬁlﬁe ho 9%]61%61‘%%‘1‘?% : e[nti*agﬁéﬁ?% QrdeB@lt 157 saidl @ 4kendlagr

craim er c sing neans for transformng
saibd mehimtot deaahinfngranmtondfpaymentcrasemi by s stokeholdey where said

derivatives contract, in a.,jnto.a second, .funeti
e e
updal Layd BostdrBaPiOdh k0ikahplREE A B2(1{ Bl #8d sBRetgiiehemd,

wi th paranmeters representative of value choices d
avai Inbhefor calanipbing said mesiraiarresPoppiE eteihtypk pagpent amount an
sel.ler. 108. The em of claim 103, 106 or 107
fﬁ?%ﬁ%?n% al??%ﬁﬁgxgﬁprocessing system for performng

an optim zed deconposition algorithmon said

functional format of th escri pti sai .
der ilPdt i WEsSYEiGhY ?faﬁg%m’a ’ effh%“‘g Pﬁa’g‘g??(%ff % ?)By%aasl}fi Said first

i BeFhitTeMAnt fnd i & b ot d) Bayfid i @n@dliniS siehréleiuny payineat amounts.
contract. 109. A conputer program product for pricing

a derivatives contract on any num ber of underlyings,

. . | i . . elldr Hnd & TS
In ﬁgﬁgrﬂheeﬁgeﬁ?”fék Elgﬁlg%b Qfheld a6 BRI AMBUOL K ué; Q3N firt

not a C rirsing: a. a conmputer usa

Me gl rbient hawiung and epd seond padadlt empodearraapsutarpoditenunts.
said nmedi um said conputer-readabl e code neans
conprising: -conputer readable code neans for enabling

a stasehol fefutdrproframi fiedat de dirstRtdkeRoldafin s dinahcial transaction
derivatives contract in a functional fornat'(%%onputer
r bathabiverabe dedieishserssivignatine pryimationsl Shevrbesd e coputerpartys

g:%igl?)/iilig Ssdd Bcgringl?tef“ Blograll ﬁl’o%qlc%rgﬁ%i aScondpribdr WIBKE medium hav-
ing computer readable code means embodied in said medium, said computer readable
code means comprising:

a. computer readable code means for creating a credit risk underlying whose value
at any given time is equal td the percentage of the liability sald counterparty honors
ab said given time, and where said percentage depends on

the notional amount of said counterpartys liability at said given time, said first
stakeholders identity and said counterpartys identity; and,

b. computer readable code means for multiplying the value of the liability said



-conputer readabl e code neans for providing a price

for said derivatives contract responsive to the
waelexoriyti on of said derivatives contract in saiBCT/US03/19179

functional format and the8prices of said one or nore

basis instrunments. 110. The conputer program product

of claim 109 wherein said functional format of the

description of said derivatives contract depends on

t he underlyings but not on the underlyings together

wi th paranmeters representative of val ue choices

abahleARIrE da0 hoaby aiSdaak giel tieve, bywart dredit bisly endelying to obtain a

seller. 111. The conputer pro [an1prqguct %f cl ai m 109

viRaielnevines the icreditgrskauligsted iy el yoig EO6REI R L i s

provi ded as real nunbers, couples of real nunbers or

matrices WD 03/107137 PCT/ US03/ 19179 81 o

r eplL2& efbatimpiief prpgiapesroflost afiglainpi3e whersin Hleecredikrisky wuder-

ot ah R GSa BrdaRee b o) 4 i dos! Hiierdl ok pgprns o

f 49014 28 inef 181 ABEredit @k lihGerD@fmCdtispid iateratdistifdture time are two
derivatives contract depends on the underlyings and
anderendent gardarpvaiablesepr esent at i ve of val ue choices
avai | abl e to any stakehol der, whether buyer or
seller. 113. The conputer program product of claim112
f ur L.8’2r Thoapnpisgenprogeapprodnctrad sah 185 whemsindanslup ef the credit
transform ng sai d functianal fornmat t T B _
SH ‘ﬁ}‘{%ﬁlﬁmgfats‘?él?’ gutdilé ?lg]ﬁt i \%léespré) g{rﬁr céfgﬂpe ivglﬁ 0 ggtl}en%r%d%mk b
s@gRd dtungtihenaddide fuvate fibabnd depebasvapiablelverying between zero
underlyi ngs but not on the underlyings together with

ers rep- resentative of value choices avail able
to any stakehol der, whether buyer or seller. 114. The
conput er program product of claim 109, 112 or 113
f ur tLB&r Therpmpsiengrogranyruedict péddmb/187 wheksinnigrrendast variable

R R L

defdvy@t presetent ract and on the prices of said basis
instruments to yield the price of said derivatives
contract. 115. A nethod for a first stakeholder in a

fingngi afyt éo%ﬁﬁl?%telgrggrahppfoﬁﬁw &?Jlﬁhf—‘ 138C|5v§9d.eitnf %g%ameters as-

senS|t|V|ty timation of the value o .
cauhtel pihtspst hatadiskiibupionspend npanhide redizpt valiip gt other inputs,

creatin credit risk underlyi ¥mPs val ue at any
o ieh “Erh U B b e TaE R %, e
liability said counterparty honors at said given tineg,
and where said _ .
140. The computer program product of any of claims 135 - 27 further comprising
computer readable code means for pricing a derivatives contract inclusive of credit
risk comprising computer readable code means for inputting as the liability the pay-

out payment function of said derivatives contract, and computer readable code means

for returning as payout payment function a new credit risky liability.

141. A computer program product for calculating the credit risk limit of a given



per cent age depends on the notional anount of said
counterpartys liability at said given tine, said first

W@ bsleol ders identity and said counterpartys i deei/is0s/19179

and, b. multiplying the vaBue of the liability said of
counterparty at said given tinme by WO 03/107137

PCT/ US03/ 19179 82 said credit risk underlying to

obtain a result known as the value of the credit risk
adjusted liability at said given tinme. 116. The net hod

of claim 115 wherein the credit risk underlying at any

i Rb@remartsticameriing uorepttieneadate thde meenis dorofettiryee mrmid) tespon-

ri sk under] yin t any, future.tjme to the .credit risk.
uritedP yis alﬁ)éft‘engea?f&vvﬁ Bl 4hq Crprap e ATy o dnctibive of
| pelgpangent thandaeor yad liagbiligsincilidite ofleditretlnod of

claim 115 wherein the value of the credit risk

underlying at any future time is the product of the

val of »t i i S ' . .

!t o512 DBl Hrberbio 90t ¥Ruthne Mhapein amoust due by
betalelendereinoa darthvating. cohliBet dimeprivitgho comoputed adabieldéefium having

wherei n the ndom vari able follows a heta distribu-
{ CERbUTR aEeb b QoD AR PSP PIBALP GPCARIES: b FRBBRER deadsble
b¥eodahbSohBhgant paraneters. 119. The method of

claim 118 wherein the paranmeters associated with said )
beta ainprtdrbardable wdpardntfponletenminingd b daymeeanefunt by said

ot her, iaputs. i i npyt ' . .
el st Bt BBt Bt fepto, 16G Rion of satd
C lsekamoldekb courfierbanty, heliercai chgitergapy icam@ipmting a default by said
derivatives contract inclusive of credit risk
céﬁ%%h@@%@_inputting as the liability the payout pay-

Ment, f4RGEbORa@ibls 2b&k HREAVRE IVRIMEANY & 8&bnd dBPment amount by
returning as payoutIPaynent function a new credit N

r isaiklystalichplider, there1spid seaorrephebrf omopal isulieted depoe Wee position of
credit (ri limt of .a qiy C I t ]

o Fiaehias bl oMo SRR AP ERREsY) BdhtoBRhibEY dotaut
valyueidaftaltdneldenunder party Iliability not inclusive of

credit risk and the value of said liability jnclusive )
of ©r EWRRULES Eﬂé‘g% 37eLBPAS7 OPG‘%F_ \?}gﬁj%a P4 eRTEpgepsiv, o said
neLdqd kbt S8LEENMNRIRE RcdirdlheaMHAIntdue by a

st akehol der on a derivatives contract conpri sing:

143. The computer program product of claim 142, where said stakeholder is a
buyer and said first payment amount and said second payment amount are premium

payment amounts.

144. The computer program product of claim 142 where said stakeholder is a
seller and said first payment amount and said second payment amount are payout

payment amounts.



a. determning a first paynent anount by said
st akehol der, where said first pay- nent anount is
waIEWe7f rom t he position of said stakehol ders PCT/US03/19179
counterparty, when said c@é8nterparty is anticipating
a default by said stakeholder; b. determ ning a second
paynent anount by sai d stakehol der, where said second
paynment anount is viewed fromthe position of said
st akehol ders counterparty when said counterparty is
not contenplating a default by said stakehol der; and,
C. ¢acul AbiHed sRIdoBfFing SuEFIPOmS demahd semittvifies int BICs pre-
paynment anmount and said second paynent anount. %23. B
Thamnmeeyoentofmengs, i 1Pgts ahepe CHETHEY SORRERBE daputiiae 4 scaling
buyer and.sai g fi . ' R amount
e
nattshiadBIs toltaé prehARmvineruet Sai sy Sblek elotibebd priogniaofseld BECs.
and said first paynent anmount and said second paynent
anount are payout paynent anounts. 125. A systemfor
a fiugt e el delaih 48 whbRaNGiddcalifgdssicy fumntibois responsive
incorporate credit risk sensitivity in_the estimatian
offo invrmtersleauots o seid FES el byyane|qr aire pellyrs og Qg or more buyers.
system conprising: a. nmeans for creating a credit risk
under!yi ng whose value at any given tine is equal to
t he 1pgr Tea kg doff ctdye b athieteirt said stiating demaitie fpwkipy is responsive
honor s a% sai d ivggﬂg%ne, and where sai d percentage
depddearset RTHE R “amount of said counterpartys
liability at said given tinme, said first stakehol ders
identity and said counterpartys identity; and, Db.
meand8f Fhe mebhadufyelaig 1tth e hersin mihscalingdqmsiyp functign isgelgeted to
counterparty can . at said given tinme by said
cP%ﬁ?ﬁéﬁﬁ%E%%ﬁgnggﬂ%%'to obtain a result known as the
credit risk adjusted liability at said given time. WO
03/107137 PCT/ US03/ 9172 4 126..Thﬁ system.of .claim jim.
125 Idfleridermethed of g 146 SpetshyEr|Rg ﬁm§¥ Ay nt 8 e-
bRGiEy EHOUES tild dRedNEhtldieofaakdightRls flln@ioar edi t ri sk
underlying at any future tine to the credit risk
underlying at said internmediate future tine are two
i ndepgndgnt Y2 ii %3] &MY density func-
ol ai L3S P AP F3pict ey Ofebiat BHIAL density
ugderbmpigng:at any future time is the product of the

val ue of the credjt r underlying at an
a. inputting a Weig%ting func%l%n; ying y

b. providing EADBICs premium payment amounts; and,
c. transforming said EADBICs premium payment amounts into premium payment

amounts of elements of the applicable BICs- basis.

151. The method of claim 150 wherein providing said EADBICs premium pay-
ment amounts comprises:
a. inputting a weighting function; and,

b. transforming said weighting function into EADBICs premium payment amounts.



internediate future tinme and a random vari abl e varying

bet ween zero and one. 128. The system of claim 127
wonETe13T the random variable follows a beta di stPCDUS03/19179

tion, where said beta distrBdution can be represented

by various relevant paranmeters. 129. The system of

claim 128 wherein the paraneters associated with said

beta distribution depend upon the realized val ue of

ot her inputs, where said other inputs may include

di fferent underlyings. 130. The system of any of

clains 125 - 17 further conprising nmeans for pricing

ad vap i tr usi,ve

compri2s oh g ek R Fitarl B0 MUY GBlGREDRGR b i P froenchanee

payfmetﬁ cpmyiﬂ'ﬁﬁg iffputitig ﬁlﬁct&!ﬁfn% qu}ré%edﬁltﬂv&’ 8l BM&Spriceftdspisive to of-

ag fgﬁég 8 re- turning as payout paynent function a
W isky liability. 131. A systemfor

calculating the credit risk limt of a given
counterparty com prising nmeans for setting a maxim
resp®dsi Vee tﬂ@ﬁthm Oﬁ 'plﬁi‘ne rléR oehetrat weid futdi@ny akpresenfative lvé BICs
% Qg%&ggnﬁ%rre anwa :QQ% .inc u5|ve of credit risk

d-the” val'ie "oPosh NP i nel usi ve of credit
ri sk WO 03/ 107137 PCT/U803/19179 85 132. A systemfor
determ ning a margi n anopunt due by a st akehol der on a

derivv4: The é%e“é%h?fr glakn daaprieraim grid funehionm gemregentative of BICs
d h@(fsrﬁlré" ﬁﬂﬁhe@ réqb&%twe%z’fﬁrﬁ&t ?1%%ﬂtth9¥na§ﬁét(%or said BICC;

akehol der, where sali st paynent anount 1S
V|emed fron1the position of sald st akehol ders

cour]%,) F’?E%}/riet Vc\{hgp flgl%éﬂé? gv relrb a%a,gé%fgc%pgggﬂrgslegta%iivg %f BICs
detieds mrmﬁmglea r&pﬁlﬁmﬂa tpayimBipa sy Rul By sai d

st akehol der, where said second paynent anount is
viewed fromthe position of said stakehol ders

counier Q@r@ifc)ﬁemviﬁeﬂlcg%:o?atbg%gﬁgp%d;{ érha'::hldns%gmtlwmgg in BICs pre-

contenpl ating a def der
rr@alitrs PhpneriaireQings, imgnisadicbasargrancy esporishy eehins fsam;buttmg a

ai d.seco nt anpu
1 e RN M AR e B e 380 R8Pl BT b e
| smandtwfesiddBidssaitbe biehftim RSYHAE Rr ANV R S ainthunt of said
gﬁgnd paynment anount are prem um paynent anounts.
1 The system of claim 132 where sai d stakehol der is
a seller and said first paynent anmount and said second
paynent anount are payout paynent anounts. 135. A
C omlé?e?[‘h@ ogerant griod et wherinasaid seslingsdeakigh bindtion Isrredbonsive

ffo 1%Ue(f1lt<§‘ry atn{o%?l XA %alg "B1Cs held by one or more sellers or one or more buyers.

158. The system of claim 156 wherein said scaling density function is responsive

to the market price of said BICs.

159. The system of claim 156 wherein said scaling density function is selected to

prevent arbitrage opportunities.



to incorporate credit risk sensitivity in the
estimation of the value of a counterpartys liability,

W@ ad/th7¢onput er program product conprising a conpRCEDS03/19179
usabl e nedi um hav- ing conptter readabl e code neans
enbodi ed in said nmedium said conputer readable code
means conprising: a. conputer readable code neans for
creating a credit risk underlying whose value at any
given tinme is equal to the percentage of the liability
said counterparty honors at said given tinme, and
mhere sai d percentage depends on the notional anmount

oun erp akbi .t p | ;
Sal i(ﬂ# d?@% §ys (121 elbé W?l Q’afégcgﬁigé Qelgsllt\frq{ln&ﬁdﬂels provided
qagﬁ&ﬁgﬁﬁﬁigﬁthﬂ&ﬂ&mﬁymmmmdaﬁngnmphmﬁmnreadable code
nmeans mul tiplying the value of the liability said
WO 03/107137 PCT/ US03/19179 86 counterparty can honor
at @ ol g :{r%mt df TBiRY 66 Bk Qn]%fc@ﬁ‘ly brobidsde suiadesling degsityfunction
obtal'n a Ttesult known as the credit risk adjusted
ldomlprikingy at said given tinme. 136. The conputer
program roducﬁ of cLa%@%1 Pct erein the credit risk
unﬁé@anpgi%ﬁmg e VPRt S edr at e future time and the
ratj fefs b prosideed EADBIKs pfbﬁ&ﬁﬂnypa&gleﬂi amanys; fantlur e

time to the credit risk undeg 9 %ﬁg nium
i ne-enpradifert warsiprming iR BPY “t%m FRY B@ﬁ% BPUPIE TG R er

£ eldEntS ORIt S RLROB A ERAUCt of clai m
I%@hﬁﬁdgimu&géeevaﬁﬁe of fﬁ%lcredlt ri sk underlying
at any future tine is the product of the val ue of the

I o i e e

OB pARnent REnHAPIUSHDEIsEE Ogr am pr OdUCt of claim 137
wherein the random variable follows a beta

di st miepas fob DU & VeighHRS BOSHN: €08 buti on can be
r eBr %?e%ﬂg %‘ir QXne\f&{ﬂn?é" Said rv&%l ﬁﬁ@tﬁnﬁﬁﬁﬁ‘%%ﬁDBi@pwﬁhﬁn pay-

er program product claim 138 wherein the
mamﬁmﬁmﬁn$qas- SOC|ated Mﬁth said beta distribution
depend upon the realized value of other inputs, where
said other inputs may include different underlyings.
140363 ey bR AT alﬂbﬂgﬁ@lmy p;[u@ﬁihlg: BIOf panys iofa thdingsr bg&ange

- 27 further conprising nput er readabl e COdFEﬂE
f aystepy FRIPPIgSiRE ey K VRETEB IR FAEFRERYES Gf i odnes &

r|s [ ter readabl e code neans for
i“ ??0%5%% a{ﬂg d%ﬁﬁﬁgl lity the pay-

164. The system of claim 163 wherein said functions representative of BICs prices

are further responsive to BICs inventory.

165. The system of claim 163 wherein said functions representative of BICs prices

are further responsive to prices quoted in the market for said BICs.

166. The system of claim 163 wherein said functions representative of BICs prices



out paynent function of said derivatives contract, and

conput er readabl e code neans for returning as payout
w@eymem7 function a new credit risky liability. BEAWUSK8/19179

comput er program product f@é@t calculating the credit

risk limt of a given WO 03/107137 PCT/US03/19179 87

counterparty conprising conputer readable code neans

for setting a maxi mrespon- sive to the difference

bet ween the value of the counterparty liability not

inclusive of credit risk and the value of said

| i3 Bidthdritedpdatius toveuafergargdiredit risk 142. A conput er

program product for determ ning a margi n anount due by

a stakeholder on a derivatives contract conprising a

COmpken Usahlie: pRgiMRaMENR: iKbbty figptiabie dandel sensi-

means enbodied in said nmedium said conputer readable,

cliisiesrenBEC prepriisi pagnent, are@msutie r‘lﬂrtéé’ggﬁeém@@&@ FREZRISINE &

for determning.a fir ] i o in said

st Here fHeRe bty PRYORRL- I ol i lanbodicd Iy s

f feahth esaRDsbhp@er-Bhdsiaé dodes ekeh odraenisng comp@epasatighle code

when said counterparty is_ anticipat.i def aul.t b

SHiEns B AKRRBREEroaRe SRiBLLRIPE AdATHS o AE RS Of She first

def.er.nmi:pi %t BRI he Rfem B Emount for any other

s?%ﬁéﬁ%ﬁ%g%?éﬁggfggggﬁgﬁgggbﬁd payneﬁ¥ anount is y

vihetved! fmountt dfeaidd8lidsi on of sai d st akehol ders

counterparty when said counterpary is not

contenplating a default by said stakehol der; and, c. :

conpgRe THcadahle mogempadsct drcldal til whérpig sal galing density

margi n responsjve to said first_ pa t unt and
S Bindiige SoRPapaY b I SHOUAOUB0! FHEDLGHIST OF °BY S ai Lo

p%PQM&&r@Emﬁ&@%@Tl42’ where sai d stakeholder is a
buyer and said first paynent anount and said second

paynment anount are prem um paynent anmounts. 144. The

comput.er_.program product of. ¢l ai m.14 iS58k Pscaling densit
st aketiol Qger C%p‘%elp%ré)ﬁaglr Pog 881:3% (g?ﬂ% i ﬁwgéylﬁe nt amount

amehcsioh 6 2e5ORHEC paYIENtrkanpict of ane Bldpout  paynent
anounts. WO 03/107137 PCT/ US03/ 19179 88 145. A met hod

for incorporating supply and demand sensitivities in
Bl Csy Y. €The computer program product of claim 167 wherein said scaling density

function is selected to prevent arbitrage opportunities.

171. The computer program product of claim 168 wherein scaling density func-

tion is provided implicitly through the determination of a weighting function.

172. The computer program product of claim 171 for implicitly providing said
scaling density function comprising:
a. computer readable code means for inputting a weighting function;

b. computer readable code means for providing EADBICs premium payment

amounts; and,



m um paynment anounts, in units of base currency
conprising inputting a scaling density function
WO e3/87131g t he dependence of the first unit noti oPel/US03/19179
prem um anount of said BIC82to the prem um anmount for
any ot her notional amount of said BlICs. 146. The
nmet hod of claim 145 wherein said scaling density
function is responsive to inventory anounts of said
BICS held by one or nore sellers or one or nore
buyers. 147. The nethod of cl aim 145 wherein said
s c &l icogPaken seadpblenade imsand for deagplonsingesaid BADBECsarekdym pay-
Cc 145
RREFERR0uR8 o thomied P B ERACH R STl Egicpye miCs-
pbasisent ar bi t rage opportunltles 149. The net hod of
claim 146 wherein scaling density function is provided
im plicitly through the determ nation of a weighting
f unats omphel@Papullie HPEro%ctCJ;faélgﬁhil‘iﬁz i REreln Ik & Madable
provi ding said scaling density func- tion conpri'sing:
aCOdle meRans fagravidies ghitli Bl{Prcpreminm b&ylpfmb\mmun‘gs compme%

t t
R e e

p aprenmpusowadshlotod! asmRticr abnifbeniap rslhlld CiadidinBl fSction into

§§g§% 151. The nethod of claim 150 wherein providing
AR e Ry RIFNGHT PRYUHent anounts conpri ses: a.

inputting a weighting function; and, b. transformng

said weighting function into EADBI Cs prem um paynent

anoifts. V@H@)@ﬁer cmmmpghﬂuso Bl 1:917Qati@Py kBting\ BiSt l]m'nte% in

for t onn al l uot.i n s in.atradin
excha%bh eor g}f/cs 1 %ﬁl 8(%1{11%}’5 1f10§1 am dﬁ?({hfcﬁ gCOfI)lE)II‘]lélflg P som 1ter usable
riepdieseiat alicy@pafer-Pladablp td 28Seah©&APGEEVIR shid ndfdiunh 84id computer-
and mand. 153. The nethod of cl aim 152 wherein 'sai d

FERAT DR B E NS SEMPHFNg SoBPuisT eedable jceds mgps foy fipiing func-
MESROBSkAR AR BE BICIIMMEN Y hsivd B offel BEd r&é}nﬁ?&j B?Es claim

152 wherein said functions representative o
prices are further respon3|ve to prlces guoted in the

uhag?'g%: n’i’g% F%%#lgtﬁcl)%ram 160&11(638%{ claim g’gl %i)er%péggl] fginc%mns repre-

sentative of BIC prices are further responsive to BICs inventory.

176. The computer program product of claim 174 wherein said functions repre-

sentative of BICs prices are further responsive to prices quoted in the market for said
BICs.

177. The computer program product of claim 174 wherein said functions repre-

sentative of BICs prices are further responsive to counterparty credit risk

178. A method for mediating trading in BICs comprising:
a. establishing a BICs-basis;



prices are further responsive to counterparty credit

risk 156. A systemfor incorporating supply and demand
wa@edisi7iizvities in Bl Cs pre- mum paynent anount SPCT/IIS03/19179

units of base currency conpf3¥sing neans for inputting

a scaling density function relating the dependence of

the first unit notional prem um anount of said BICs

to the prem um armount for any other notional anount of

said BICs. 157. The system of claim 156 wherein said

scaling density function is responsive to inventory

anmoungssahdihisgiacheBra@l thdddlitbie inbracionnmteccsetdlehslden under the

one §5i£EQ$ q%yers. 158. The %%S%ﬁnlff cl ai m 156

WREREVIRICL &F & Yedle Y BRaNBy PRI} s responsi ve

t 0 & heudiBg kel npiwosle tdEons@iutlct Gath B stakEIRDIRYSEEM8k a deter-

cl aim 156 wherein said scaling density function is

s 8iptianrittepding priespior flistiraslgs opportunities. WD

03/ . 4 . The system of claim

15fﬂa%%gg?ﬁggéégggééﬁéﬁgﬁégﬁg%gg function is provided

i npl | dhcoinpodihy enidhelevhet dethetivenatnteotsofo @aeateiagiirifollp of BICs;

function. 161. The systemof claim 160 for inplicitly

p?%’iding said scaling density function conprising:

a. fmeadlsifeod trhiadlidd MGadl pe4@IS bnBIdunction; b. means

for providing EADBI Cs prem um paynent anounts; and, c.

nmeans for transform ng said EADBI Cs prem um paynent

ano S I8 U 0 t f

e e B T R O Ty " e B R fotders to

1 8dovigdeaniei matipansnilde a getenidiatign sitiredifARBteEor Briseqidnt eriva-

agxgeg} annuq%s conprises: a. neans for inputting a

VhOPHECY GRS on; and, b. neans for transformng

said wei ghting function into EADBI Cs prem um pay- nent

amounts. 163. A system for automatically quoting Bl Cs

pri d&8- ke anathoguelidpimr 1 78 ertherempsigios Sinplizmene txepagtion in said

meansilQr oMt ting functions representative of, BICs

prices re- sponsive to offer and demand. 164. The

system of claim 163 wherein said functions

representative of .B i ces
P83 nfhe Ieéthod of cla% 8 v&erein one or more of said stakeholders is: a
derivatives contracts price taker, a derivatives contracts buyer, a derivatives con-

tracts seller, a BICs market maker, BICs buyer, or a BICs seller.

182. The method of claim 178 further comprising enabling one or more of said

stakeholders to quote bid prices on said BICs.

183. The method of claim 178 further comprising enabling one or more of said

stakeholders to quote offer prices on said BICs.

184. The method of claim 178 further comprising updating each stakeholders

books after each transaction is finalized.



are further responsive to BICs inventory. 165. The
system of claim 163 wherein said functions

wo eprogsent ati ve of BICs prices are further respptivUS®/19179
to prices quoted in the marRét for said BICs. 166. The
system of claim 163 wherein said functions
representative of BICs prices WO 03/107137
PCT/ US03/ 19179 91 are further responsive to
counterparty credit risk 167. A conputer program
product for incorporating supply and demand sensi -
tivities in BICs prem um paynent anounts, in units of
bas ur IS onmput er. .usabl.e. medi u .
havi g CORpULEr o QadBBl & BOE Mt hp A Y o id stalee-
miadidens) tosand irfampitiioa ronr thadbilveiee heo e Bsine@esprdsSi DGWBSOF
cgﬁggteqﬁ%eadable code neans for inputting a scaling
d IPRALICGSEPHER rel ating the dependence of the first
unit notional prem umanount of said BICs to the

prem um anount for any other notional anount of said
Bl Csl861 8%e nieotoiminimekT8 frbgrammprisidg etahiihg @by bfwalbatakehold-

r.ei j cal i ng densi,t functi.on is re ' .
ORI E SRRt SRk HRPEI Pciona
Sdédepgon.or one or nore buyers. 169. The conputer

program product of claim 167 wherein said scaling
density function is responsive to the market price of

sai dgll Ghe reffBod FhQaieP MBULSIheP E&Qﬁl@&ﬁ%&é&gﬁﬁé stg.f«:ehl((‘bld%i"sne send
I d ected

167 wherein said scaling density “function Ts se

t trage exderst anglr toj receingerrdpponfimmittane sp otdets plited. conput er
program product of claim 168 wherein scaling density

func- tion is provided inplicitly through the _

det @881 Makimdthod oficlwgi ¢re futthef uapiins enbBbBag ddBnation of any of
conput er ? ogram product of claim 171 for inplicitly

pfd Fﬁ@ﬂﬁ) § gedi&&i5ki ng density function conprising:

a. conmputer readable code neans for inputting a

wei ghting function; b. conmputer readabl e code neans

f or 18P oV relinsbhodabBlads 1% Enthencqpaymsn faciivaomg hedgimnagainst any

V%}Qﬁ{&g@%g@e CT/MS03/ 19179 92 c. conputer readable

codeé” neans oﬁc%rans?orning sai d EADBI Cs prem um pay-

190. The method of claim 178 further comprising approximating an ultimate
price for an initial stakeholder to either buy or sell a derivatives contract, where said
derivatives contract is associated with a selected set of replicating BICs, and where

fraction(s) of said replicating BICs will be traded.

191. The method of claim 190 further comprising:

a. identifying one or more stakeholders having quotes on fractions of said replicat-

ing BICs of said derivatives contract;
b. designating any stakeholder from step a) as a trading party;

c. determining the fraction(s) of said replicating BICs to be traded with said des-



ment anmounts into prem um paynent anounts of elenents

of the applicable BICs- basis. 173. The conputer
w@ongran product of claim 172 wherein conputer rPEOEN3E9179

code nmeans for providing saPd EADBI Cs prem um paynent

anounts conprises: a. conputer readable code neans for

inputting a weighting function; and, b. conputer

readabl e code neans for transform ng said weighting

function into EADBICs prem um paynent anounts. 174. A

conput er progran1groduct for automatically quoting

Bigngtedrstadebolfer ofgtaprkidi ng or exchange conputer program

pr . | 8T LUM na 35

P ier e TRty DGR ool B TR A e st

séaoldeccionpadhesne sfeatthbbeion(gds epltasing BIOE a6 8 Gespective price(s)

conput er readabl e, code ans for inputting func- tions

r@%?@@EH%&T?@@mﬁﬂm@ﬂﬁpﬁg*ces responsive to offer and

denghkingl iR sulhéf SOMHRWESE] Pésﬁgft%@]pﬁ)i%&ddf%ﬁidq{éac@ibﬁg 88 bl eating

wherein said functions repre- sentative of BIC prices
aPECT ut heetimelspuitsi ve to BICs inventory. 176. The
comput er program product of claim 174 wherein said
functions repre- sentative of BICs prices are further

r es0asiThe nhahqd bEsing U9l @terein dahbulbBdak€brifoRk tEaikbapest price
BlICs. 177. The conputer program product of claim 174
WHEPESIYe 43 AP gt ienTsE frdipd g@fﬂ@élﬁ?wvéctol?uys}g@alﬁhpléé%

are further responsive to counterparty credit risk

178. A nethod for nediating trading in BICs

conpPBsilhe metlpd efsiadty| 199hiegein sBH Qdtibaiwi rgjce WOhe most expensive

03/107137 .PCT. /19179, 93 b.. establishin .he k
BB L FREDpRRt i e e R e
the supervision of a trading system managenent

aUtgngE%; c. causing said network to comunicate with
sai d74t %mﬂﬂa@fgf Yy e HEbTeraindae &1ror AiSpEfed VIgF approximating
t $RAUAGRE bEESisIIm By L 1AAES qushtit) denti fyi ng

rel evant derivatives contracts; e. deconposing said
rel evant derivatives contracts to create a portfolio

of ?fbgs The %&%(%cs)f JlalJirr}laHOZtImr"]b%era cglﬁlﬁal”%%nagcédd?rpg é Sre?na}llngl to said ul-
porftolio O : ,
timate price.

196. The method of claim 195 wherein said premium may include margins for

errors associated with determining said fractions.

197. The method of claim 195 wherein said premium may include margins for

said trading system management authority.

198. A system for mediating trading in BICs comprising:
a. means for establishing a BICs-basis;

b. means for establishing a network to facilitate interaction between stakeholders



179. The nethod of claim 178 further conprising

causi ng said stakeholders to provide infornmation to
wenst7es7a determ nation of trading prices for PCT/US03/19179

subsequent deriva- tives coféract trades. 180. The

met hod of claim 178 further conprising finalizing a

transaction in said derivatives contract. 181. The

met hod of claim 178 wherein one or nore of said

stakehol ders is: a derivatives contracts price taker,

a derivatives contracts buyer, a derivatives con-

t madarghe stmesyision oBh Codirey dyetermmbksrgemBitCGaitharitey , or a

BI r. 182. The nmethod of clajm.178.furthe

ot PEPhE" shihit wi G o SR b g Hekelapar o conbl
t @ dgteditabiod o EiadRg Ptesi BIB 68des183. The nethod of

clajm 178 further conprising enabling one or nore of

sai% meeps ke HeeiEY s reequb e letie copitpet®s on sai d Bl Cs.

184, n}gﬁﬁs T@"tcna@&xlﬂ&ir‘r‘é '%Jlﬂelgf%%tf gﬁkgg?esccgm?ﬁéti 'tcp Greate a portfolio

updati ng each stakehol ders ooks ter eac
t rBE&cendn is finalized. WO 03/107137 PCT/ US03/19179

94 .185. The thod of claim178, further rising
endb i hg B et feusRel i e bo S L R

i nformati on on the derivatives product of interest as

a DCWBSCF functjonal description. 186. The net hod of

cl ailfP178e ppbem el clapnesiiat ey cemptitirgrgeansyorspusing gpid stakehold-
S : nf.0 [:0n.: . i [
S
dégtwetbipdsi ontradi8ifadsfhe met hod of claim 178 further

conpri sing enabling stakeholders to send trade orders

and to receive order confirmations on orders pl aced.

188 200haherydiad oBfclaih aiomidiRerfcdmblfhg GRARY {08 IfALlizing a transac-
enabling_estinmation of any of said stakehol ders

cHewyin saiq derivagiges copfractret hod of claim 178 furt her
conprising facilitating hedgi ng agai nst any of said

st akehol ders credit risk. 190. The method of claim 178

f ur 2atr Wengysiesi nf clajpprld% iwlatdmgnanr woré nisad sipkilodders is: a

for.an initial, stakehplder ,to either, b or sell a .
By el B S R RS B o Gaffies ot s St con-
i ﬁgaahs@kei«,ai BiCsvnbikeBimaiRére BI@OLSRE, Bfa BERIskiGat i ng Bl Cs,

an ere

202. The system of claim 198 further comprising means for enabling one or more

of said stakeholders to quote bid prices on said BICs.

203. The system of claim 198 further comprising means for enabling one or more

of said stakeholders to quote offer prices on said BICs.

204. The system of claim 198 further comprising means for updating each stake-

holders books after each transaction is finalized.



fraction(s) of said replicating BICs will be traded.
191. The nethod of claim 190 further conprising: a.
w0 aBri¥7yi ng one or nore stakehol ders havi ng qUOPEBUSI3/19179
fractions of said replicat-9"ng BICs of said
derivatives contract; b. designating any stakehol der
fromstep a) as a trading party; c. determning the
fraction(s) of said replicating BICs to be traded with
said des WO 03/107137 PCT/US03/19179 95 ignated
st akehol der of step b; entering a transaction
bet viBn Tdgisistgmsif g%amel@é% swrakes vongiping mepasmfod ehablinigalny of said
%}ﬁ;ﬁqcog{@?%] %e%flegﬂfo POSH #ﬂg{éhgfélgsigatgvei fpracpduft é')]t(m‘%leﬁegg as a DCWB-
sS@Ethdﬁﬁmﬂd@fﬁp@ﬁtlve price(s); e. taking the sum of
all the stored respective prices of said fractions of
replicating BICs as the ultimate price. 192. The
et i@, qfheGl@bm k2RiWNOE @luthes @bﬁigfiklk@ BRELEs R lefiShlin ? aly %f said
cheapest price responsive to a buying iInterest o
defekeheldeyety scodinfamativnyoinrige deritativer piedtlctlﬁmterEm% a DCWOF
nﬁﬁ?9gmﬁﬁh%ﬁﬂ g£190 wherein said ultinate price is the
expens Ve price responsive to a selling interest
froma derivatives contract selling stakehol der. 194.
The t hod of cl |n1190 wherein the error associ ated
r-?ng %ﬁsﬁy%m Ohefaing 4% futiiber Grarnaisgigineeanp forsaablngdtakpholders

at&%ﬁmrﬂé@?&éﬂs ¥nd 3 Receivd) @rd@i‘awﬁ‘ﬁﬂn%orﬁlo‘ﬁ' J? g)lacy({.t her

conprising adding a premumto said ul- tinmate price.
196. The nethod of claim 195 wherein said prem um may

i nclyyde rgins f.or . errqQrs, associ.ate

ot AR AR GYLRR Pleimrioh AT SRR e b gpoiing emation
18Ganphe seidnst Saheldps erddimigkay | ncl ude margins for said
tradi ng system managenent authority. 198. A systemfor
nmedi ating trading in BICs conprising: a. neans for

est aigbi §hjn st@maifg‘i%lgaﬁ)gsfmtﬂer ﬁ%?%ln%%?%§ tg??ﬁ&ﬁﬂ]ltl gh@dging

network to facilitate interact
W08t 207 28R PShkeISOBLs198diDrisi06

210. The system of claim 198 further comprising means for approximating an
ultimate price for an initial stakeholder to either buy or sell a derivatives contract,
where said derivatives contract is associated with a selected set of replicating BICs,

i

and where fraction(s) of said replicating BICs will be traded.

211. The system of claim 210 further comprising:
a. means for identifying one or more stakeholders having quotes on fractions of said
replicating BICs of said derivatives contract;
b. means for designating any stakeholder from step a) as a trading party;
c. means for determining the fraction(s) of said replicating BICs to be traded with

said designated stakeholder of step b;



under the supervision of a trading system nmanagenent

authority; c. neans for causing said network to
we@odrmam7cate with said stakehol ders to enabl e arPCT/US03/19179

determ nation of trading prPges for Bl Cs trades; d.

means for identifying relevant derivatives contracts;

e. nmeans for deconposing said relevant derivatives

contracts to create a portfolio of BICs; and, f.

means for finalizing a transaction in said portfolio

of BICs. 199. The system of claim 198 further

cofppiesipr ekening faoimansatiiinnetyedndais desigmeted-stavebolfer and said

pﬁ% h gt%k }‘pafl(%rr %te'a%‘oﬁ of%gi@kﬁa?m&é(g)e&err Cr?lﬁ{lé %TC% Lt its respective

adi n prices for Subséguen rivatives~con ¢t
tﬁr&ﬁ@ﬁ an& @ﬂ)rm?gl’s;ad&)éﬁieem@nce(ﬁl andl198 furt her

onprisin ans for fi |Z|ng transac- tio
SaP TS aEHgeE oot a@%ﬁ thfoqtoregﬁ%gpg%vre dices olcipi] fotions of
128 MReE HI0s P enOHltifREEpde. sai d stakehol ders is: a
derivatives contracts price taker, a derivatives
contracts buyer a derivatives con- tracts seller, a
Tho koot breutan iR M ol oRuRreml S Bt price
eRalInkiRg t® A duPing Metest Hbm Sadddivativds Qbﬁl‘h e sying stdkehslder.
bid prices on said BICs. 203. The system of claim 198
further conprising neans for enabling one or nore of
sai g1 5t pKebakdens CItaQn QWtNﬁeI@fnf &id Qlﬁ:l'tt%@@ pABe $8hé nBECSepensive
204. The system of claim 198 further coifrprising nmeans
froiceuppansingtea edlling iakaest livhde deritbigkscaafioer seBmglstakeholder.
transaction is finalized. WO 03/107137 PCT/ US03/ 19179
97 205. The system of claim 198 further conprising
means4.f The ephidiglan)210fwissdid thestradietodtiaed with Gprskimating
|nfornat|on on &P r|va ives product of interest as
aICEmapries i iR Pyde %?W&ﬁﬂ%ﬁ#YZOG The system of
clai m 198 further conprising neans for enabling any of

said stakeholders to send infornation on the.
der B¥at Thesyspnodidaimo? L0ifuttheresompaising np@WOfor aflding pipseralum to

QSﬁp&hgﬁ&gBmmgo7 The system of claim 198 further
nmeans for enabllng st akehol ders to send

trade orders and to receive order confirmations on
ords

r ed.
6S I:ilhe system of claim 215 wherein said premium may include margins for

errors associated with determining said fractions.

217. The system of claim 215 wherein said premium may include margins for said

trading system management authority.

218. A computer program product for mediating trading in BICs comprising a
computer usable medium with computer readable code means comprising:
a. computer readable code means for establishing a BICs-basis;

b. computer readable code means for establishing a network to facilitate interaction



208. The system of claim 198 further conprising neans

for enabling estimation of any of said stakehol ders
we@nEti7137ri sk. 209. The system of claim 198 furt hB€T/US03/19179

conprising neans for facili®ating hedgi ng against any

of said stakeholders credit risk. 210. The system of

claim 198 further conprising neans for approximating

an ultimate price for an initial stakeholder to

either buy or sell a derivatives contract, where said

derivatives contract is associated with a selected set

obetweql dtgleehpldgrsBinGsr, the ampkrvibien ef & tedirigométsin ofnagaient author-

r%glicating BICs will be traded. 211. The system of

ci™ai m 210 furt her conprising: a. nmeans for identifying

ong. @bmpBlee reddakieolidl elesnRY ichighipUei € Sefdrk taedh0sicAt with
said replicating BICs of said derivatives contract;

beaidvitakdioldsts wesiphlaat Jobey arapiontol keeiledeices fosRLEs ddes

as ja | : , [ - :
r SeeTaRe] Rep gl Yo e e A AT RO B WO A, popirppts
sakd cdepirgnataidbltale hehoefor glecatppiny, saliDrd3AA0TBEtives con-
PCT/,US03/ 19179 d ans.for entering a transaction
bBEsER %m§gﬁ&%Hﬁyggﬁgﬁggﬁﬁﬁgkeholder and said initia

st akehapaer ré@ubieaste aRgnOfor FabELifg aatdRAk®h 18fsaid portfolio of
replicating BICs at its respective price(s) and

sB %tng said respective price(s); and, e. neans for
taking the sumof all the stored respective prices of

said fractions of replicating BICs as the ultimate

pri 8&9. 212 comhetes psigeam grodichipfrel2ib0 2 &rréhen campdsing computer
ultinate price i.s the cheape rice responsive tp a
GG (P GTE0E 1 O 2 0 TORTP PES (DOHTH S LBy o Shable a
Sdedk QAR of t2akBng Jit@s St ShBsRy@nt GeatdNved Boniher Bhilessai d
ultimate price is the nost expensive price responsive

to a selling interest froma derivatives contract

sel bhpg g ; . L m. 2
anet o o Pk SRt Blogrort boqul i UL 258 Bonth Bhb ARG copputer
uletdade eoderees fe finelinided thysatindweaiddarivdtivgs cdddibet.

The system of claim 210 further conprising neans for
adding a premumto said ultimte price. 216. The

sysRem The eb@apile bRogtdie Rbducs aF elalh @18 WReFBRY ohd 16 MER of said

margins for errors associated with determ ning said
fsbakehpldpts is: a derivatives contracts price taker, a derivatives contracts buyer, a

derivatives contracts seller, a BICs market maker, BICs buyer, or a BICs seller.

222. The computer program product of claim 218 further comprising computer

readable code means for enabling one or more of said stakeholders to quote bid prices
on said BICs.

223. The computer program product of claim 218 further comprising computer
readable code means for enabling one or more of said stakeholders to quote offer prices

on said BICs.



217. The system of claim 215 wherein said prem um may

i nclude margins for said trading system managenent
w@od/toarizty. 218. A conputer program product for PCT/US03/19179

medi ating trading in BICs cb¥prising a conputer

usabl e medium wi th conputer readabl e code neans

conprising: a. conputer readable code neans for

establishing a Bl Cs-basis; b. conputer readabl e code

nmeans for establishing a network to facilitate

i nteraction WO 03/107137 PCT/ US03/19179 99 between

st akehol ders under the supervision of a trading system

o an oo, ST mhin BB e R R s Fine computer

S abdllaBleddsgbl aledy for i demabéeh atdehaddt Dadlisalftedkadl @hsation is
prices for BICs trades; d. conputer readable code

méigpkzetlor i denti fyi ng rel evant derivatives contracts;

e. conmputer readable code nmeans for deconposing said

rel evant derivatives con- tracts to create a portfolio

of B2 ; Tienchmpjutercpmpuatre prodecdetbll@mcideurtbansnfpoising computer

IO RSO R EP PGB DY SRR RP A hr i Pl Ring on th

C ARt Sled Brocl@pPsttiflerest 808 DU WBSOUEruiBRMS] ddtrigtansi ng
sai d stakeholders to provide information to enable a

determi nation of trading prices for subsequent

der i yp{ | {6 Aol bR HE B2 Aai A ST Sl G Bfiput
pro J%%r% c%%ﬂ 1§§%g ?ﬁepccoﬁﬁ?ﬁgghg conp éﬂq ¢ Puer
r ecediableecodotheamsefansabbng dnynell seizl shgkeholtlerans amtiumﬁormactlon on the
sai d derivat.i ves, .cont act ut er,. program
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stakehol ders is: a derlvatlves contracts price taker,

a derivatives contracts buyer, a derivatives
cont2%t"§hq~:@méwer REOBIREs PiediRlee! Paikie?lS (priter wyétsmgdaomputer

2 rBldBle S8l Heand f2- enzﬂﬁnggegpémemoto%a%r AHEE o8 to receive

urther conprising conputer read
nmeades chofirmeniabd oungrdersepladednor e of sai d stakeholders to
gquote bid prices on said BICs. 223. The conputer
program product of claim 218 further conprising

CONMPRUsELr The @ACARLE eRAe) PRANS §Qlai@NZUB! fiFt8e0RenRsinERotputer
of said stakeholders to quote offer prices on said
Breaglable code means for enabling estimation of any of said sta,keholdels credit risk.

229. The computer program product of claim 218 further comprising computer
readable code means for facilitating hedging against any of said stakeholders credit

risk.

230. The computer program product of claim 218 further comprising computer
readable code means for approximating an ultimate price for an initial stakeholder to
either buy or sell a derivatives contract, where said derivatives contract is associated

with a selected set of replicating BICs, and where fraction(s) of said replicating BICs



WO 03/ 107137 PCT/ US03/ 19179 100 224. The conputer
program product of claim 218 further conprising
w@odraixr readabl e code neans for updating eachPCT/US03/19179
st akehol ders books after eat transaction is
finalized. 225. The conputer program product of claim
218 further conprising conputer readable code neans
for enabling any of said stakehol ders to send
informati on on the derivatives product of interest as
a DCWBSOF functional description. 226. The conputer
pwtgbatmgedoduct of cl aim 218 further conprising
conmput er readabl e code neans for enabling any of said
stakehol ders to send information on the derivatives
prociggt TaE chiip @k Bloghtn drddWiO daRCiZ0aRRherdRSGiisigi ON.
227. The conputer program product of claim 218 further
c ormpePEPHgr eendpbie spde meantalst Eleablyinennerms ue skargknldesy having
g&gb (S)r! g‘?&:isong Of %Sa?(pge 'h[:&gl I?lrdi Saifl 11%2%5%9 %ﬁ{t}/a%t
o er confirnmations on orders ace
conpubmipuier ogidahte pbdd nebnsofor dbcmmttlﬁg &nj? grakéteider from step a) as
conpr|S| conmput er readabl e code nmeans for enabling
e & T I@%ybf any of said stakeholders credit risk.

229, JHSutePPRELIE A QEdRRTdR etk init tHe kb dBoffsbiktrBSlicating
conprising conputer readable code neans for

f BECY ot Tt radedheidly paig dagjenatet stakgholsier ebgtep Bt akehol ders

cre
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metaRehofdef and pdi@ xiitial C!tﬂ@halﬂemﬂot bﬁtcﬁlemf baié fifaotiordR) of replicating

initial stakehol der ,to _either sel |
dBIFs alt its, eePechiNg PHes(s) W@F@l@aﬁaﬁ BeRecha PYeld o r act

| S assRphaL %gadametclad@ nSBh® Cradkin 8 tihOburh QP lall GAL ishifed respective
BI Cs, and where fraction(s) of said replicating BlICs

W\rioes /of gatd S/ afisadicaidne B Csi@ishe witithat @rice.aded.  231.

The conputer program product of claim 230 further
conprising: a. conputer readable code neans for

I der3Rf fhagompeteo prdmrrﬁ psddaie hibdlsiar SSmsalwémg saiudtimsteoprice is

oS, Bl al g ePld CBLn, BLES o S erl Wbt B uying
desk&alet Ng any stakehol der fromstep a) as a trading
party;

233. The computer program product of claim 230 wherein said ultimate price is
the most expensive price responsive to a selling interest from a derivatives contract

selling stakeholder.

234. The computer program product of claim 230 wherein the error associated

with approximating said ultimate price is bounded by a known quantity.

235. The computer program product of claim 230 further comprising computer

readable code means for adding a premium to said ultimate price.



c. conputer readable code neans for determning the

fraction(-,) of said replicating BICs to be traded
wewyto7sdi d desi gnat ed st akehol der of step b; d. PCT/US03/19179

conput er readabl e code nean®¥2for entering a

transacti on between said designated stakehol der and

said initial stakehol der for each one of said

fraction(s) of replicating BICs at its respective

price(s) and storing said respective price(s); and, e.

conput er readabl e code neans for taking the sum of al

the stored respective prices of said fractions of

repl i gat Bl Cs, as the u t Ll cC 232. .
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buying interest froma derivatives contract buying

st akehol der. 233. The conputer program product of

cl ai s8239,WREHBLr $RbHa! Irb iRk o Qﬁau ©35Syhdrdlf sBRSfremium may

expensive price responsive to a selling interest Trom

a indrdembigissoc emd tading syekhi mgregeakehaldeity. 234. The

comput er program product of claim?230 wherein the

error associated wth approximting said ultimate

pri cz38.sA betindedr Bandgiks e ofl dadtifdld. of Z8Bncidl MBrivatives contracts

conput.er program product of claim 230 further

cSHPPT'EP%g conputer readable code neans for adding a

preg Bt |

por UOa) 55186 Ut TT RRRR i Sl Mere sid mventory of

oﬁmdhbﬂmM2©50wﬁaK@snrsam@nmdemﬁﬁﬁmnnWS |nclude mar gi ns

for error.s with fractions.

570 i@l T 0 B g kel i Bl iRk oo e Bponstve

Sab daipriewhtory;ned | nclude margins for said trading

system managenent authority. 238. A method for _

marfagPiRyesetias BTy sepertiegoapsepsingtheitisk cadpidvrartiolis

contracts conprising: a. maintaining an inventory of

said derivatives contracts, where said inventory of

sai d3de rThﬁamieﬂ@sl CdoiﬁimaBﬁsflmthemm?aingedhiimg BieGaventory of said
h. S t he an.said i ven

¢ PRl IPRTE PubPehiF a0t BBty 6B i Blaingd 1 Brs

| NYROE@PYisiv@nd seid Ive-rdrkacaka.ng i nvent ory responsive

to assessing the risk on said portfolio. 239. The

nmet hod of claim 238 further conprising valuing the

| nveRio0r ¥hPhnedddor claim 238 further comprising maintaining information re-

garding current, historical and prospective derivatives contract portfolio positions.

241. The method of claim 238 wherein assessing the risk on said portfolio com-

prises:
-considering potential portfolio reallocations, and

-conducting a valuation analysis responsive to said potential portfolio reallocations.



derivatives contracts, deconposed in basis instrunents
units, maintained in BICs units responsive to said

wo py/e7rEr ket data. 240. The nethod of cl ai m 238 Pa¥/UbBr19179
conpri sing mai ntaining infoldati on re- garding
current, historical and prospective derivatives
contract portfolio positions. 241. The method of
cl ai m 238 wherein assessing the risk on said portfolio
com prises: -considering potential portfolio
real | ocations, and -conducting a valuation analysis
r es 2% iMe methsdiod cloot 888 wakrepoassdsaing dhe eslt boesitliporigolio com-
MD.OS/lQél 7 @FT/PSOS/19%79 103 2.42. The nethod of
¢ PHP%h 93 8IGHRE P8 g8 8 Y t he risk on said portfolio
com prises conducting back testing anal yses. 243. The
nmet hod of claim 238 further conprising: -establishing
t ar gBe d bovesthpd opdpint 318 lgripeginmsisingand - desi gni ng
addj. i I vat | esponding to
e G e Bl B b e Bl =% The. et hod
of -désgning?4@lifional kerivatmapednsianiyg @agsponting tortagetediavgrall port-
sai.d ad: ditional designed derivatives contracts to
adtfiorefllesi d targeted overall portfolio profile. 245,
The nethod of any of clains 238, 239, 240, 241, 242,
243 or 244 further conprising providing interfacing
capafid i 'the methedad| cdeim Zﬁﬁafvé@g@ﬂ eremprising aauiringeyureking said ad-

and. DL kY. [ the r | ts..Qf thase r S,
oA b A g PR e G BRI B ot
obtaining information froma |ive market data source

on th rrent prem um payne amunt s of arket Bl

247 24Phe’ Hetrdy ot a@rf@fﬁf%%%%r%%?i%&%y?% > of S48 tuther
g@&ﬁﬁ&iﬁ@%’o\#ﬁiiﬁgem%rfa&hg lea UMD 85 Snde & AFARERUING tb FAHR Dequests
BICs to obtain state probabilities and profits or

| 68d ke alilitydeivaave thenesitsed dhose remuests248. A system for
managi ng risk on a portfolio of financial derivatives

contracts conprising: a. nmeans for naintaining an
i nvediBorfheahetbad df dein 288 furder canpridad shtamhey Rif@aiation from a

inventaory of said derivatives contracts i s maintained
| FVoapeel Aptasiorye cpdhn SUTeH: DASE ILPHEThEIPIER Obfasiss HICS
inventory of financial derivatives contracts
247. The method of claim 246 further comprising generating value-at-risk num-
bers by combining traded BICs to obtain state probabilities and profits or losses

associated with each state.

248. A system for managing risk on a portfolio of financial derivatives contracts
comprising:
a. means for maintaining an inventory of said derivatives contracts, where said
inventory of said derivatives contracts is maintained in BICs units;
b. means for assessing the risk on said inventory of financial derivatives contracts

responsive to said inventory; and



responsive to said inventory; and WO 03/107137
PCT/ US03/ 19179 104 c. neans for re-allocating

WO M/8M1ry responsive to neans for assessing theP€T/BK03/19179
on said portfolio. 249. Th®4system of clai m 248
further conprising neans for valuing the inventory of
sai d derivatives contracts, deconposed in basis
instruments units, maintained in BICs units
responsive to said |ive market data. 250. The system
of claim 248 further conprising neans for maintaining
i nfeormmeapafaran-atlegrdingi ingnery resppnsive ot wedns dbr @nedsing the risk on
progge%éh%e derivatives contract portfolio positions.
251 Pth System of cl ai m 248 wherein nmeans for
assessing the risk on said port- folio conprises:
-means for considerin otential portfolio ] _
r eal248c At syigem gk alamrg AT COURRTERNE oRgs foraluing the fnventory
a 1S, ' t ' j i o
B e, R PR P R U, ppteined o
nBEOs ufitr regrygeivs ibmepid hige mashet aatesai d port- folio
conprises neans for conducting back testing anal yses.
253. The system of claim 248 further conprising:
- nea250. fie §steabbi Qhin1Y48 A PRt @EmPNEAAhlealOfol fn@dihi@ining infor-
profiles, and -nmeans for designing additional )
dBRFign rpEAEding sHttenls thsterdsal a8d grennae eodariypiyess eggntract portfolio
Oéﬁﬁﬁﬁd& portfolio profiles. 254. The system of claim
253 turther conprising neans for acquiring or selling
sai d addi ti onal designed derivatives contracts to
achieye_sai d targeted eral| portfo- lio profile. W)
03/ 204135 BEHT OB ST 275 Vhdise Bas (g pseasiol Uy HCamgpd port-
ofoli6 lcaimpBEsed48, 249, 250, 251, 252, 253 or 254 further
conprising nmeans for interfacing to enable a
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252. The system of claim 248 wherein means for assessing the risk on said port-

folio comprises means for conducting back testing analyses.

253. The system of claim 248 further comprising:
-means for establishing targeted overall portfolio profiles, and
-means for designing additional derivatives contracts corresponding to targeted

overall portfolio profiles.

254. The system of claim 253 further comprising means for acquiring or selling
said additional designed derivatives contracts to achieve said targeted overall portfo-

lio profile.

!



froma live market data source on the current prem um
paynent anounts of market BICs. 257. The system of
websiom¥56 further conprising nmeans for gener atiPQI/US03/19179
val ue-at- risk nunbers thrtidgh neans for conbining
traded BICs to obtain state probabilities and profits
or | osses associated with each state.ociated with each
state. 258. A conputer program product for nanagi ng
risk on a portfolio of financial derivatives
contracts, conprising: a conputer usable nmedi um havi ng
conput er -readabl e code neans enbodied in said nedium
sal ‘32%10 M € SYsidif a¢ah # Sf CRARs MBANSCONNISS] P, 269PEbE Further
rea e co neans for a. naintaining an |nventory of
s absipdeng nmamsvfes inb@ficingdb spahiha 5@1@@,1(%r toipent Brayess§ and means
i d derl t|v ﬂtracts i s maintained in BlICs
u ?ﬁ@?w¥ﬁ E@ﬁﬁﬁi?ﬁéeWFﬁﬁ on said inventory of
fi nanci al derlvatlves contracts responsive to said

i nvent or and c. re-allocating |nventory % Qnsi %
to adfe erqsg%tpme)f fo3iehi 1% Z%fugté)leﬂcwrﬁr@ means fergpbtagping information

¢ qr@xﬁjggw% B{aglgeqs %@oapgo%gclé%1 Jz‘ﬂb cﬁﬁ@ﬁtgﬂrgéﬁmfl ﬂﬁﬁﬁ@rﬂ; amounts of market

nputer readabl e code neans for val uing
tﬁHCknventory of sai d derivatives contracts, decom
posed in basis instrunents units, naintained in BlICs
units responsive to said live narket data. WO

03/ 1954 3PS HHSORAS TS fudt@6r é&ﬁ@mﬁiganmﬁm @herating value-at-

pr ram product of claim 258 further conprl

e BaEbIREe5 i BRI BRI EAPRPHGP Seate probabilitis
I neIn r})ro ts QF 1(%%%%%% T EL G S4Hh» Qtﬁ'e%glﬁfédcxf%th el state.

Pve derivatives contract portfolio positions.
261 The conput er program product of claim 258 wherein

assessing the risk on said,portfol

- conpiR-ef PERYLBREOLHY LT RELH Jo% B nacgotrl%mg(ngn ad)%§tf0110 of financial
PQiceRbiiak coarddklbapfigad:| ocations, and -conputer

readabl e code neans for conducting a valgatlon

by e s plorBeen hGving APEDBISt BRCALIE Bt feg grbodied in said
r eagclxgrglséga % Sinp @ 82readiife EQTAMLGE cl%gﬂ{lﬁén product of

Rin assessing the ris
computer readable code means for

a. maintaining an inventory of said derivatives contracts, where said inventory of
said derivatives contracts is maintained in BICs units;
b. assessing the risk on said inventory of financial derivatives contracts responsive

to said inventory; and

c. re-allocating inventory responsive to assessing the risk on said portfolio.

259. The computer program product of claim 258 further comprising computer
readable code means for valuing the inventory of said derivatives contracts, decom-
posed in basis instruments units, maintained in BICs units responsive to said live

market data.



said portfolio conprises conputer readable code neans
for conducting back testing analyses. 263. The

W@ odratxsr program product of claim 258 further PCT/US03/19179
conpri sing: conputer readalblée code neans for
establ i shing targeted overall portfolio profiles, and
conput er readabl e code neans for designing additiona
derivatives contracts corre- sponding to
targeted-overall portfolio profiles. 264. The conputer
program product of claim 263 further conprising
conputer readable code neans for acquiring or selling
said it | . b1 Yrthef 86thSridi®k computer
i s Lt BB REy PRt O MRS R Pt A frid g comp
Theadnbiepetidermeme goramaprtddingtinof maltgn cﬁga@i%%ﬁ pryrer ghistorical and
259, 260, %ﬁl .262 ¢ 2%3 qﬂﬂ%6iﬂﬁ%5gher conpri si ng
¢ HTDTREET Ve LeRARYeR RUFE BRSSP 8PS vi di ng i nt er f aci ng
capability to enable a stakeholder to input requests
and the ability to viewthe results WD 03/ 107137 , )
PCT/ 2650 31'h® topgputenprogkm prRsiiet plecitias $a8 whesgn apgpesing the risk on
cogﬁp% m.pr oduct of claim 258 further
cdnpr(gﬁﬁggggﬁ dfgr readabl e code neans for obtaining
i nf avmptifeonrefdabln eodei meansepk e¢nsifieting potangiel pertfolie reallocations,
current prem um paynent anounts of market BICs. 267.
Tﬁﬁﬁconputer program product of claim 266 further
CONRGInDLRE 6B @de nieasabk| Bnéadegreansatfonranalysis responsive to
generating val ue-at-risk nunbers by conbining traded
Bl @il patenté artFolivtrapliocpeisabi | i ties and profits or
| osses associated with each state. 268. A nethod of
accounting for derivatives contracts, in conpliance
Wi t h262ASThd 83nputet ASeBn pralucediidainy Bitavhdrpinyespassing the risk on
per i odi arni ngs, where said deri,vatives con; f.ra .
b erdiofi TBAGE: SURPHGE TRIEE GRNY Brei Rt Crag el testine
a fipldeasset, conprising: a. determining a BIC basis;
b. determning a target value associated with the
val ue of said held asset; c. establishing a residua
ok l’Z?gt Thg\@cgﬁﬁltgﬁa‘%l%ufa%? El%l(liﬂ!:t SUMHEER fythé (Bﬁf:phfsiﬁg;ﬁ 0
con- ‘taining: * ng position in said derivatives
C omintaitdr, readableornge pesid fooestalliskiak datgeled oagslpoitiolig arafiles, and
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sponding to targeted.overall portfolio profiles.

264. The computer program product of claim 263 further comprising computer
readable code means for acquiring or selling said additional designed derivatives con-

tracts to achieve said targeted overall portfolio profile.

265. The computer program product of any of claims 258, 259, 260, 261, 262,
263 or 264 further comprising computer readable code means for providing interfacing

capability to enable a stakeholder to input requests and the ability to view the results



d. deconposing said residual contract in said BIC
basis; and, e. reporting said residual contract in a
wmet19tufit or | oss as the non-hedging part of BEI/US03/19179
derivatives contract. 269. THe nethod of claim 268
wherein in said residual contract the held asset
position in the portfolio is short if the held asset
is a short position. 270. A system for accounting for
derivatives contracts, in conpliance with FAS WO
03/107137 PCT/US03/19179 108 133 or I AS 39, to reduce
vet @bkd detjitestdd periodi ¢ earnings, where said
derivatives con- tracts are used to hedge agai nst
fluctuations in the value of a held asset, conprising:

a. 13ggh $ilfhfe %m%ﬁ%e? rdjg%é}mgpredlﬁlt Gt Qﬁmﬁh 5258 ?\?rttﬁ@fk@ﬁlp;igi?l% é:omputer

determning a target” val'ue assocl ate he va

ofeadalblel cdvlel rdesms $@tgbtaining imfarmsationriras tdiyk inshnkah glate source on the
resi dual contract, where said resjdual contract is a
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derivatives contract, -a long position in said held

asset if said held asset is a |long position held, and,

- a 66r (rhe pemppissirroBAnreRuc) Hf glaime e furbleer amgritiag genputer
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asl's; a e.”reporting said resi contr
atinaitajprsodtietprarabilo®s aad ptdfigs owisdes dgbrigieparith @kch sdd. d
derivatives contract. 271. The system of claim 270
wherein in said residual contract the held asset

POsiZeROM matHAAERREJhAhE Qorl Rrishdfel chitrddie'in BehgliaASs @hth FAS
is a short position. 272. A conputer program product

t B3erchihgd flerrediee i voltilipeln ewindicarraings, vheemiaig Periifatiges con-
Wb B Eﬁus%g%o ?%%%e’%%\?ﬁgﬁr %Icg%a{tgglg ggth\écuaﬁ{e'df b i1d dlset, cosmprising:

periodi c earn rivatives contract
ar e. dstednininghe 8f@ bagisi nst fl uctuations in the val ue of

a held asset, conprising:. 0 er .usabl e um
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Medi WihbifAind £aRRubEnteadabkR KRTRARANDELNE hPoholio con-
conmput er -readabl e code neans for: a. determning a

BfaiB&si s; b. determining a target val ue associ at ed
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-a long position in said held asset if said held asset is a long position held, and,
-a short cash position with value equal to said target value;

d. decomposing said residual contract in said BIC basis; and,

e. reporting said residual contract in a net profit or loss as the non-hedging part of

said derivatives contract.

269. The method of claim 268 wherein in said residual contract the held asset

position in the portfolio is short if the held asset is a short position.

270. A system for accounting for derivatives contracts, in compliance with FAS



c. establishing a residual contract, where said

residual contract is a portfolio con- taining: -a |long
wW@OBiorin in said derivatives contract, WO 03/ 107ABVS03/19179

PCT/ US03/ 19179 109 -a | onglogosition in said held

asset if said held asset is a long position held, and,

-a short cash position with value equal to said target

val ue; d. deconposing said residual contract in said

Bl C basis; and, e. reporting said residual contract in

a net proflt or loss as the non-hedging part of said

d&33 eratAS/8% toonducaclatifipgin mr@d@bmml@fh vhewgagdlerivatives con-

i Frg% $ %%ehléseﬁ lf)gxe a%azaéél poglil(i%uapmonﬁ i ? e va u% o fdm%l%id acsgﬁ comprising:
shar tnebhs foh@leRemhthiass BICIbssig short p03|t|on
b. means for determining a target value associated with the value of said held asset;
c. means for establishing a residual contract, where said residual contract is a port- -
folio containing;:
-a long position in said derivatives contract,
-a long position in said held asset if said held asset is a long position held, and,
-a short cash position with value equal to said target vaiue;
d. decom;ﬁosing said residual contract in said BIC basis; and,

e. reporting said residual contract in a net profit or loss as the non-hedging part of

said derivatives contract.

271. The system of claim 270 wherein in said residual contract the held asset

position in the portfolio is short if the held asset is a short position.

272. A computer program product to account for derivatives contracts, in com-
pliance with FAS 133 or [AS 39, to reduce volatility in periodic earnings, where said
derivatives contracts are used to hedge against fluctuations in the value of a held
asset, comprising:

a computer usable medium having computer-readable code means embodied in said
medium, said computer readable code means comprising computer-readable code
means for:

a. determining a BIC basis;

b. determining a target value associated with the value of said held asset;

c. establishing a residual contract, where said residual contract is a portfolio con-
taining:

-a long position in said derivatives contract,
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-a long position in said held asset if said held asset is a long position held, and,
-a short cash position with value equal to said target value;

d. decomposing said residual contract in said BIC basis; and,

e. reporting said residual contract in a net profit or loss as the non-hedging part of

said derivatives contract.

273. The computer program product of claim 272 wherein in said residual con-

tract the held asset position in the portfolio is short if the held asset is a short position.



