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WD 2004/ 061618 PCT/ US2003/ 041685 5 METHOD AND
APPARATUS FOR DERI VI NG BENCHVARKS FOR TRADI NG
| NSTRUMENTS 10 FIELD OF THE I NVENTION Thi s invention
rel ates to nethods, apparatus and systens for
deriving benchmarks for use in trading instrunents,
particularly but - not exclusively, financial
WPReH0ekat8Nt s such as foreign exchange (Fxhwnhﬂﬁ&ﬁﬂhaﬁ
FX spot, FX forwards and other foreign exchange 1
products. BACKGROUND TO THE | NVENTI ON Benchnar ks are
used in the trading of instruments such as FX spot to
provi de a reference point which indicates the actua
state of the 20 market and which is neither biased to
the buy si de MATHGR |AND SARPARWIUS FhR DERGKRic As markets

can nove Ver Yk fky rbk aﬁp ggé o) recal cul ate
t he benchmar ks frequent%y an 9&§|s ribute themto
participating traders and other interested parties so
FIEVh&F THe INpeoiowar ks remain a reliable indicator. 25

ThlB@LﬁlQ‘Qﬁﬁﬁrolﬁsré@{;eQetcﬂ ﬁag{:ly %ﬁ) Qtl:’lunber gs]:fy§f:8\¥? foan d

der1v1 AR a%e ase mar e
acces % ‘} 8“‘@’8% PRIYSEnt |t6ﬁd3zi§i fpstuenyur penticslatly biit

not tewelnEivedy, ﬂa.lmdnn*:iﬁd&ssiﬁﬁﬂéht@t edcH Rt P&eq?:lﬁ (l;eﬁ&:haﬁq%

(Fxpsggghwgh 1 a fi anC|aI institu
t'rade a 30 var F&? F%ffogl‘f?lr'ﬂesn@? PP STELgR RhaRges
*OMEEd to be establlshed in each of those pairs.
SUMVARY OF THE | NVENTI ON The present invention ains to

BAcﬁRgm%oa.pﬂﬁ' dyal gorithmfor 35 calcul ation of
benchmar ks. e al gorithm cal cul ates benchmarks on

Benqiperiasre ‘éﬁec‘t ke thei beasling cfedhstimongiuc sach 2UNER spot to
provideva &l¢$erélﬁécﬁd§ﬁa{tkwﬂm Qﬂl%gl:éé t{%g &e Sta2k & $ﬁent

S rket and revi ous_bench rice.
Euﬂeleﬁvge PR dFt Re hﬁf ﬁ‘i;lag%d FPothe &y iﬂﬂ@?(ﬁ%l%ﬁ@l@f

the market. As markets can move very rapidly it is important to

recalculate the benchmarks frequently and to distribute them to
participating traders and other interested parties so that the

benchmarks remain z reliable indicator.

Benchmarks way be derived in a number of ways. However, all are

.based on the market history, and access to good information as to

the current state of the market, and trades conducted in the market
is essential. Typically, a financial institution will trade a
variety of currency pairs and benchmarks need to be establlshed in

each of those pairs.

SUMMARY OF THE INVENTION

The present invention aims to provide an improve& algorithm for
calculation of benchmarks. The algorithm calculates benchmarks on
the basis of the prices of deals conducted since a previous
benchmark was established, quotes at present in the market and the

previous benchmark price. The invention further aims to provide a
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PCTI US2003/ 04168, r, 5 conputerized system which can

cal cul ate those benchmarks according to the algorithm

and then deliver themto traders. Mre specifically

there is provided a nethod of establishing a

benchmark price for trades in a instrunment at a given
\$6ﬂﬁlm&8800nprising: acquiring prices at which deals

N the ¢8strument have been conducted si NG’ TAUS2003/041685

previ ous benchmark price was establishedi; acquiring

the prices of quotes at present in the market; and
cocthulat'ng a benchmark price fromthe previous :

NCANET K SPFiCe vAkeh canmedsutareothotaa bepbhGeSs aldorai g

o st elgniices MACHEd] QG S/ACELdNE o 10 ALEYI OUS benchnar

price. Preferably a market price is calcul ated from

t he neasure of deal prices and quote prices; and the
HoBg rEtRAFIcH13Y citersl &¢ eodtobtaum aheethaarg@gsg&g]lg% %{bd the
bepemirause teNEbMKapL 0, FLELrab! y, Lhe dea g
coﬂé}%‘iﬁ and the quote prices are ACqUT FediT e fiae.

tradi Ny SyStEm™Y Pristssr ablwpick [feaBenchmbe kit rument have
bg—‘%%tc&gﬁwvﬁdsﬁ pobonhibye SeRtbndck BELANMISe MlBghea;
acematibhe StHeh8r cheapfRLiGe to rempin an accurate
ca]{_)&fll ect i onfof t he trq'égétag:t FOTEhE? ikt rkesE and

ef er abPy 1 HEATa IR Fation e mrekishispbénefia bl Gt Sng

2 peReuRigfhtiesig proftedeall @ideees iaegosdi.ng. size .and/ or
pré&geus \Wenghhd A0 PRy, be perfgérmsd i.n%ug%r%gog nﬁ%ltglepl es

of a mni num deal Size, preferably according to the

formula Wdj) = Vi*2-eL where Vi is the volune of the

Prgfgradelat a tadkett fei @l apsedohi Sj revi oys
-2 dReaSEAGE tLQ%ne}%suf% é’lésf)?eld

prikeRcChR And:c is_a. constant deternining
o ?gl‘g‘?sé 37 88 oo £3¥milaped feemidhy,

t whi,ch dea
ma%ﬁ‘é RAreutat b mevienk dengmiack spiirel. Usles 0ol yS UiNiglg,

pricks S8 the dtetghigoal akl 1deal priegs, geeurr ng since

the previous benchmark. 2
P PCTI US2003/ 041685 5 The market price may be
TR T at Wi Prommarietd cprilashid depesafdaom, the -, ¢

secandd .nOBid Gna¥BsAG8e OfcrlcREl M) ngf‘ée qgare r:t,!ncaeg afccc)trlracll:ial S

ref@é’éﬂ%ﬁt C?P the true state of the market, .

Preferably, the calculation of market prices includes the weighting
of deal prices according to size and/or age. Weighting may be
performed in terms of multiples of a minimum deal size, preférably
according to the formula Wi(d;) = Vi*2™* where V; is the volume of the
deal, t is the elapsed time since the Previous benchmark, and o is a
constant determining the speed at which deals are marked down over

time.

Preferably, the calculation of market prices includes the summing of
the weights of all deal brices occurring since the Previous
benchmark.
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since the previous benchmark was established, weighted
by their deal weight. Deal price calculation my
further include calculation of a scatter for deals
conduct ed since the previous benchmark price was 10
est abli shed. This deal price scatter may be derived
fromthe standard deviation of deals neasured with
WOH8Er1% 0 deal price and weight. The cal w,@gzb@ﬁﬂ@g
mar ket prices may al so conprise wei ghting quote
prices according to size and age. weighting nmay be in
ternms of a mninmumquote size and nay be according to

The heirkedistianomyf b mathﬂat}éﬂsﬁroﬁugtc%a'l npﬁ'%%hgﬁ::;al.‘nﬁéd from
to t

thy\édrggnghéﬁcme%g oqir o(%\:ﬁrgg%a %gigglgq%.ge%&ogngeaég caonducted
szﬁ%ttge POSVEPY4 @ew‘@aqkqma@ pstiab@ ighndl, Buéisghtbe Resheid deaa
weightof el @ep@]@an@nae 2 Qaheld
chge‘egr ol deag uote pr :(Le% occurr fh'ﬁér gnﬁ%gdet fie iéjl‘”‘rlagjr‘%f’uSf a

benchrar K ey ars Serse aﬁﬂf%jsmr@amw grice was

estid ehatt- ﬁ‘bm geahtirige dendbd: asy Ry Hepfvdah@roPERL eSS

stf{daBt @RivAL O] BE JHF KGfeaBl Pref er bI uot e
we %t%tter price is al so cal cul at e‘g’? fior-af % (Fedsprice sna
ehtéred into the market since the previ ous benchmark

price was established. This scatter may be derived
The rcaltt;n%t%@rg%aﬁlgr r quot e prices neasured
. resg__t ect to }%gt%ﬁ%%% g%Yan%so SPORTisesteishiRg qBeye
P Jtcﬁg ?‘Fﬁr"ﬁ n%rtPc%lﬁesafdseFB?e@eﬁﬁmnanmav@eage tefnd e a

mr:%mcm ej;oands:cheahnqomag&& &&ﬁ}dlﬁﬁ@:t%?tgéﬁf ti§st woglh‘%he
e e &C " g lnca cu ae ed from e sumo
o Ea@‘éeat‘ng‘%ﬂ Bt MesahPil a8 Sortsraramepomine ket
che TEiac A tt é’l*éaal BT Atvdgre 1\ar iexdeprelune oot A5qidte,

P(%)t:amdaqz drudee i pefite mdoB Weghtad: Mgy, €
whePhEf @ Al ¥ .15 %bgp%t JQrice is gln%ﬁggl%legt%?endjfngnm
e

prices hav een entéred since the |ast benchmark,
this phantomprice is equal 3 WO 2004/061618

Al1PEGiJteSEO0/s04dbB2ind st fcd REe RIQYE QWS bgﬁmgﬁrrk(ay a{so be
sumhéd GRd i@)ﬁ%tﬁ’& %r}]r enc:to%ggaqrit E‘Qleresgzrﬁl:fneg dlatﬁanzdeas part of the

process of obtaining the market price.

Preferably, a quote scatter price is also calculated for all quotes
entered into the market since the previous benchmark price was
established. This scatter may be derived fro the standard derivation

of quote prices measured with respect to quote price and weight.

and deal prices each sealed by its own weight. A market price weight
is calculated from the sum of the deal and quote price weights.
Preferably a market price scatter is calculated, for example from

thg standard derivation of weighted market prices.

Preferably, a phantom price ig also calculated. If no prices have

been entered since the last benchmark, this phantom price is equal

3
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The phantom price may have a weight which is equal to
a very small constant, for exanple 0.5*10-6. The
phantom price may al so have a 10 scatter which is
equal to a small constant, such as 1% of the base
figure of the instrunment being traded. Preferably, the
“Q)eﬁ%ngark price is derived fromthe market price, a
0(l"(ﬂ?i ce wei ght, the previous benchnar Rcpusne/osagsl
a previous 15 benchmark price weight. The latter
wei ght may be cal culated fromthe sum of the market
topn%%é:erwei ght and the |ast benchmark price weight
_ T PFEY- B ReRHR T halEdomives Fresfeebadat wnt ardae NEIBRELK: ce
ispe¢we error is also calculated. This error 20 may he
a standard error derived fromthe benchmark scatter
and the benchmark price weight. A further aspect of
o s o St Ay
co MBfoc Bhifgfel OF C ' l.Astru glv
sc;,ie‘%, 2D, hcon'plfi?sintgs: lgcq‘j%rei Eré%troénn? HCS BRERLgpdave a
““tradi ng sy3f et deat® frFedl Fefsbrnat isonhrad aki ofgthe base
fighieces e hhdtchmeealbsihg tirh@sd.nst runent have been
conducted since a previous benchmark price was -
pr ggii slggd;b cal culating fromthe deal price
Nt or et i-0f, PRk BFitte indeghved £rodedie pailee prided a
ek o verstacts pro bl kil o265l o0 Mooy
e T : '
ri ces%of ug]f:’ es a?‘ © girjagggrntwﬁl {“E H&Yt Padehgulapse efinom the
SUC & cUIRPRAEPY PEHIT Nelghfored thei besti pEonmBLk Qtide GHALSEE
modiifi e® byeh ghilme @axpdolL. pri ce and a quote price
scatter; calculating a market price weight, a market
price and a market price scatter fromthe deal price

Prgﬁg?:%y’, 2 H@n&@aquppr tee 85randstdmcdeal cprit &€ SEHL Sfor

mayt he uwehkeidHd sLrotehdhlveqat ﬂ%mqyf?é qqggéﬁqia%-k %é‘ﬂg;&%‘e ugl%ﬁe
enchimar K- pri r

berRbihSE ter: agnd calculating a _
eth 29%6 We%%h%chrrark price and the market price. 4

e preévious
----------- WD 2004/ 061618 PCTI US2003/ 041685 5 The

A fupment hogedlbt hek PLAVEASS @ pEthod of estaplishing a
= WREOGNIRTK price for trades i %‘%"si ﬁsr{‘ertﬁ‘ﬁérﬁf gptabidp
tine, conpri sty ‘THESERFP 1BPEryIent oui eabiven time,
COTERITAPatdTyithe [femc RwBldagtr 66 thRQMA sPEQN U price
information relating to prices at which deals in the instrument have
been conducted since a bPrevious benchmark price was established;
calculating from the deal price information, a deal brice weight, a

deal price and a deal scatter; acquiring from the at least one

. trading system price quote informaticn relating to the prices of

quotes at present in the trading system; calculating from the quote
pr%ce information a quote price weight, a quote price and a quote
brice scatter; calculating a market price weight, a market pPrice and
a market price scatter from the deal Price weight, the deal pPrice
and the deal price scatter, the quote price weight, the guote pPrice
and the quote price scatter; and calculating a benchmark price from

the previous benchmark price and the market price. -
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benchmark price and a neasure of deal prices and quote
prices occurring since the previous benchmark price.
10 The invention al so provides a nethod of
establ i shing a benchmark price for trades in an
instrunment at a given tinme, conprising the step of:
erlodlcally cal cul ating the benchmark price froma
&%’W"(ﬂfg“ benchmark price and a neasure of rdpas20@liGes
occurring since the previous 15 benchmark price,
wherein the deal prices are weighted in accordance
wth their age. The invention also provides a nethod

The igpveRtsion Frgien prevbaer meaettofdr oL @sthler: slhﬁﬁgi es bél'ibhﬂigrk

pricd fist ruvaaBt altaﬁ s Y Bkl ing e ste

of : p%glgglcaggl ca %Jaa\ial cul attlnﬁbg tgﬂp{)e Rm%sé’gf’ fRELep
pr evi-ous bencRnE R Privged %‘é}marlﬁ@asm éreih d@abvinisces

benchyagly erlng Esndne SnﬁtahﬁrqE)MVdéﬁlSpr:t&@CHﬁ@ g&o{% ige erein

occurkhifly d8ake MHeCESALES 9},:% i n, accordance W th their

vol une. 25 The invention TurtRerSprovi des A method of
establishing a benchmark price for trades in an
The ipnetyighentscaprevighy eNmbiii, of WEELS Mdn @b@.k?&aﬁ? price
ro

for tEStﬂé&qjﬂ.Céﬁ lﬁﬂs%méﬂé%(' 0 Egea%%l%;h%rr&ga L C?:hﬂ@élep of:

pemoB VI ous benc
bt %]Iﬁh‘ﬂ??‘ﬁ’@ ghe, é’én@fhi@rk vk otronhe nchuvatks PEhERark
prlcemm @i meEtshee defa keI ipe@Se AlbBcival gl t&%clenthe?’%ﬁ@%%%r dance

enc r n V | u BRI EF DESCRI PTI
e P B Qe B B TeIeh6d [ryagcisdance

with Ellé%’ﬁ:r P8%d, by way of exarrpl e only, and with reference
to the accorrpany| ng drawi ngs, in which: 35 Figure |
be scattered or

The :LfnLénlE:‘:’. Lk 34(}%% ro:lxyﬁg ﬁy ?'ﬁ*ﬁ‘gs?% €8 F@I%l]llshﬂl% F eepchmariyprice

condense
for teadsfipie 9 BenBHEr ko esveb|tiighe tbopr fsiggotie QBLY of
g 1

periodiak B | cdl MR 120Q WHAGAE] 8. BGT/ gﬁggq% 413:%%1: ?51 ggi:?qrﬁhﬁ\ark

[ afrther X | e of a behc
brice 3§1d el 7 gé%i pPrices occurring since the previous

on nar
benchmark_prlce, whereln the deal prices are weighted in accordance

with their volume.

The invention further provides A method of establishing a benchmark
price for trades in an instrument at a given time, comprising the step
of: pericdically caleculating the benchmark price from a previous

benchmark price and a measure of deal prices occurring since the

- previous benchmark price, wherein the deal prices are weighted in

accordance with their age and volume.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invent_:ion will now be described, by way of example
only, and with reference to the accompanying drawings, in which:
Figure 1 illustrates how deal prices may be: scattered or condensed
during any time interval;

Figure 2 is an example of a benchmark established in a quote only

- market;
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Figure 4 is a still further exanple of a benchmark
established in a quote only market; Figure 5 is an
exanpl e of a benchmark established in a deal only 10
market; Figure 6 is a further exanple of a benchmark
established in a deal only market; Figure 7 is a
still further exanple of a benchmark established in a
WOLAM6UIY nmarket; 15 Figure a is a schemat per/bbB6Hos1css
di agram of a system for inplenmenting calculating and
delivering benchmarks to traders; and Figure 9 is a
i schemati c bl ock di agram of a further enbodi nent of a
TSy tEnR i Birthap eaeritd A§ T decuhminingsatd igdd VArd Rote
only benehnrarks to traders in which benchmarks are al'so
: X nged .w t third party. 20 DESCRI PTI ON OF BEST
Flg“r%ﬁgﬁg esdtalﬁ% PR ee i o enghus e netatal ket iaes
quote,\gprilly parkstt;be described. A conputerized system which
Figur€a igad. Lyl t e choar ks ccording to the
nre@l GOT it hmg{gﬁ%et ng‘a ggﬁtlﬂi/mé#ﬁt RS EORME Qe .
95 be described. The foll om ng description considers

Figurdgwibencheeide praniRs oF @ defdady dd e qVarioys
only nab@ging data that s availablie, for tg’%%ﬁ) %8t 8n§%ﬁ11
nmous  tradi ng system or another trading system or

. anon '
Flgure; sf%lﬁs Btihk foptiBanetammik @F iac behehmdex i scedbl 1pRUt HE
deal gmyketrkpr}ce and the previous Benchmark price. The
Figurd Bl Ket, PEi s, tself derived fromthe deal price

S end 1 he qu%%él%r}?lggﬁ C{Fﬁgrﬂ‘ééﬂf BrF¥séop stara beplieatwididor om
calculgting and @aiigeringt bénnheabeenodoraiean; thm syst em and

Figuret Beid|BOLkehdiak C€ Y18k GAL d.f uotes.(bids and
cystenPBLETSh LhAL have, been ,gﬁ%"g%gdai%“%gl_‘gﬁse REEPE  Fmiby

traders. In the POFHAGHe irangk Yeai ke bentlyarbs anpl e,
tradergpin yihigly hehchimagls rarme 3lsg akthamys@Swith aneh; V\g]art]}je
Benchmark Price attenpts to describe the 6

DESCRIg% gp]g]ﬁ PG US2003104168-4; 5 Price best by
uttlizing rket information acquired fromone or nore
The algor;thm used to calculate benchmark prices will first be

described. A computerized system which can calculate thosze benchmarks
according to the algorithm and then deliver them to traders will then

be described.

The following description considers how benchmark prices are derived
from the various trading data that is available, for example from an
anonymous trading system, or another trading system or systems. The
Benchmark price is derived from the market price and the previous
Benchmark price. The market price is itself derived from ﬁhe deal
Price and the quote price. The deal price is calculated from actual
deals that have been done on the system and the quote price is
calculated from quotes {bids and offers) that have been entered into

the system by traders.

In the foreign exchange market, for example, the price of a currency

pair moves up and down. The Benchmark Price attempts to describe the

6
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sources, such as an anonynous trading system The
Benchmark Price is calculated at a given frequency,
for exanple, every t seconds. At each tick, a
Benchmark is published along with a margin of error
called the Standard Error. 10 Using the market
information fromthe trading systemis |ike sanpling

WorReo4yesieee popul ation at the tick time. ThisSaTR56, s
i ncl udes deal and quote transactions. These -
transactions act as traders' votes on where the
mar ket is. 15 The currency pair price is a popul ation
price Besatbpanytigi ¥Ry MRERA .inrSHRROSE idS;Mean.is M(P)
sourdelhegandif Ue BLige ') and s S anlgaérég%l&cgifitop‘oﬂn‘? §or more
S ﬁ;j 7 The “BeAHHEPR® Priedenhsyrbt mihes BadprbyPrice is
calcudahgst iafiga aivies Prdavenpopubatd:anpld Netbs, fOLLAWAY At each
tick,deSEdrchind AN 1 5Pl 1UREH L represent the "price
Stan dQ%PZE ation' as well as "‘ilﬁrégg“rl%ge? PhATD ioF, oFFRF cpbkad the
pri c&*8F- t he popul ation, just as M\(P). A general
overview w ||l first be given, show ng how Benchmar k
UsingPEhE 6Sirkd € .G ated. The derivation of each el enent
the I then be %@%&géeg‘mnbgg? n-6rRY FRELPP . iprlitkessani ing
Prife BYPUBRIORNAF kPt itdek Prites Blts \eeopie omdvhadetdeal and

quotePrigeaaticne Them®, cramthePids abbeyBenghimrk Price at. -
the mifi@tl &st tick n-1. Market prsi ce 30 consllggsastrsvg SDEg) where
Price calculated fromdeals that occurred in the past
time interval, and Quote Price cal cul ated from quotes
The aabrél® MAARNLricd heseaf QuE, 8k n be expressed
suppodS_ §0L1 QWS 35 Al (t'BmEeL %: lBuD‘ea %?i 3:@ :%uﬁﬂi%ﬁ’e(’dgﬁl“ent'
__price and volune uh] th@hﬁasftmﬁ & Feitler vad dEsn-stahdard
:z\-uawff & '\g;'ip; tiB;:ﬂ_élef agmﬁnzpk (Rz?o%j e@pmas::mta%gn?/cgb _ulggp)sgt@liélg
is p¥ice E&tidnCe ThURGE! @81 pLe a Ice), an
reprochnf U 20041061018 PcT/”uszoosl%4%%"%%"51‘_§‘énc ff kiptse &
= function (MaPREYPH¥E, 3Beiehhedk Bhieceriteinthpt is, the
Mean nMAPgHE hhel oeBlawen, just as M(P). .

A genergl overview will first be given, showing how Benchmark prices
are calculated. The derivation of each element will then be discussed-

in more detail.

Prices

At time n, Benchmark Price Py is derived from Market Price at the time
r

and P;,, the Benchmark Price at the last tick n-1. Market price

consists of Deal Price calculated from deals that occurred in the past

time interval, and Quote Price calcunlated from quotes at the moment
These four elements may be expressed as follows:

At time n: DealPrice = function (deal price and volume in the past
time interval of n-1 to n);
QuotePrice = function (quotes price and volume at n);

MarketPrice = function {QuotePrice, DealPrice); and

7
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For each of these prices, an associated Wight Wand a
value of Scatter, or an approxi mated Standard
Devi ation, a are also calculated. 10 That is, a
triplet of (P, W a) is associated with each data
point. In the follow ng. description, the manner in
whi ch each of these three P, W a will be discussed
WPGPOHBHIAISPr i ce, QuotePrice, MarketPrice andpcrus2003/0116ss
Benchmar kPrice. 15 The wei ght serves as the sanple '
size in statistical ternms. In this exanple, in common
wi th nost anonynous tradi ng systens, traders can '
Benchiprffaiee -a fpieiiivnniNackdt hgcs| Zeenchitg-pas &Rk €41 )Whi ch
is defined by the trading system is the m ninmm
. mpunt, of a bid or offer order. In 20 an interbank
ngh?razi%'l RO SEt em trading spot FX this is typically in
For gagd ofr d:él!esef _p$iﬁsl rind |ds@Bc{HhlN) weié‘{@rﬁ( gh@' QU he of
ng, si zemlciwmattgg_ 1:trgdes shoul d be consi dered as
VOt 6T PF 8T8 BT i CERIATY Deyigiden, ®iasgl dlise chhkemted.
That imte tondedesmtipom, Fheid acgesiakbhe M%%E’ch"?at% oint
transaction, the nore the "votes" (nore confi eRce
1 epdPQut the price) 25 carried by the trade. In other
B EhgotHdoving Cgarrigtasmuritel samemyént@d choeatt tof Ofiese three
P, W,"dN RilUMe kka6idRGaSEAED, it ] %%i ng wei ght ed.
Benchm\évﬁ%e' the m ni mum i S&Efﬁi’%%%i unc??‘e G V\X)%rge‘&’iﬁ}ﬁﬁ and
a5 10" Vot es when bei ng wei ghed. 30 The wei ght of the
"price Wand Scatter-a are used internally. The weight
S _cqnbi ned wi,th other prices

The waéhi Weedenan gﬂ';e ég%'gf?e/\dllfﬁo &}'xogi%tiigtical terms. In this

oxampl OrM a new one.
*amplg ey i) GEWIVY 1B 8 ~most SmeAMmeuws Eredindromithe Waiaghts Wan

trade gard aSeahiein Gradif@rgi-e . Obhe Ndddam@fe 2 ?B%%%{sge%%rér?%c}] by

he txaliS] SOhTIEe bhr CURIEPT VERUPT grh etk SEE el aon0 Tn
an 1nt@h§%eqra§i%rﬁﬂqﬁamktﬁdégg asspanpketifs tiBe tPpice@1y in the
order pOUEE | ONmB 14SH NGYs1m) Every minimum trading size in the
trades should be considered as ONE “vote” for a price. All “voteg”
should be taken into consideration. The ' larger the volume of a
transaction, .the more the “voteg” {(more confidence about the price)

carried by the trade.
in other words, a trading amount is converted to units of “minimum
trading size” when it is being weighted. Where the minimum is $1M, a

bid of $10M would count as 10 votes when being weighed.

.The weight of the price W and Scatter o are used internally. The.

-welght W is used when the price is combined with other prices to férm

a4 new one.
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mar ket information (prices/volunmes of deals and

guotes). Let MN(B), W(B), SO(B), and SE(B) be the

mean (Benchmark Price), Wight (sanple size),

St andard Devi ation, and Standard Error, respectively.

15 If Standard Error SE (B) = SE (pips), then we can

say that the sanple nmean MN(13) has a 95% chance of

W 20@/meicihi n two. BE of the nmean of the pop

M\N(P) (the "true price"), or, the Benchmarkiﬁjdl‘?r?é(:zg&1 asﬁSﬁ

a 95~6 chance satisfying: 20 MN(P) - 2*SE < Benchmark

Price < MR(P) + 2*SE That .is, the Benchmark Price is

al nost certain (a 95% chance) in the
Stard=2h- fi§l,ghborhood of the true price". Apparently, the

smal ler the SE, 25 the nore precise is the Benchmark
Fromprthe ewe igbk ‘@)@r@pbeattleﬁ: SN(EShargi® 87 78::R000SE( R ar@ard Error
is Qa_QQQQged a&q E g@lé . Lrue prol ce" of the currency
opg PALT enchmar KEPF1Ce %61 CORGFPECHaln athegJomehmark
*i gﬁ%‘é’eﬁyﬁw {#h¢ ket @atag. 00004, P + 0.00004 ) or,

conversely, 30 P has a 95% chance of |lying within the
977B6, 0.97794). The

ond3@BEN erval
St and g?%&grgﬁ%&a%dél t% “’faéripﬁﬁ égl%hedlpg&[i%s%@qlﬁt’gﬁﬂeé’t @ring
markgét dPformRbt Rt  B9Ticss/ @lW®00U/B81618nd quotES) Let MN(B),

WT(ngTaIm:ZOO&cD@tﬁ% b t_EtBU§T3ad t(nggh“jgtg]ﬁs ha%ltgg? (sample
rice are e danen
"9 t&?ﬁ%&gfﬁgg&sé %%‘% %‘éﬁ’?gﬁﬁ%rﬁi"‘:?’ﬂ d"é’sPeFFFéVﬁﬂb)hner iri
\Nhl ch these ‘are obtained will now be discussed i n .
If artah@aﬂd ebaad s‘if(hﬁe.gheégggéz,“ C&gnl";e cal cul atthat {2 sample

c reqyenc
mean gﬁ: gglét 0 %‘:"émgai’&ﬂyéf‘%o‘“’lthﬁﬁe?"@ ﬁﬁyoiaéibéelaetasl of the
Popué\;h"rl@ﬁ ﬁ%\}@f (Pdcdthe etires oo cenl, cokat i1 pehek@k! ASlce has a

. 95% Benehnadisayidd.ne (t-1) . Deal Price is derived from

the deals in the past tine interval. it is an average
rice of all deal prices weighted by the vol une and

_MN(ngE26$E deaBenchmark Price < MN(P) + 2*SE

That is, the_Benchmark Price is almost certain (a 55% chance) in the

2*SE-neighborhood of the “true price”. Apparently, the smaller the SE,

the more precise is the Benchmark Price.

For example, {f MN(S) = 0.5779 and SE(S} = 0.00002, and P is the Ytrue

. Price” of the currency pair, then the Benchmark Price of 0.9779 has a

25% chance lying within ( 7 - 9. 0oc04, P + 0.00004 ) or, conversely
P has a 95% chance of lying within the Benchmark Price interval of
(0.97786, 0.97794).

The Standard Error and its formula is discussed in greater detail

later on.
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Deal Price Weight (W) Deals of |arger anounts count
nore than smaller anmbunts. Recent deals count nore
than aged deals. 20 "M ni mum tradi ng si ze" Adj ustnment
As nentioned above, each deal is weighted by the
"mnimumtrading size'. That is, the Volume Vi of a
deal di is the deal's anpbunt in the wunits of m ninmm
YPIUHAGISH ze. In the $10M exanpl e above, thecH@b¥Rs1ess
woul d be 10. 25 Tinme Markdown In the past tine
interval since the |last benchmark price, many deal s
may have occurred. Deal s that happened in the sane
Thusgegrran(loe ssomethast Hisr Ddel | ndde tAdP thOtREVE Bridk Bre the
fundeR8sidereth 4iR " . i 0_backwards, the .
whicge%%s t hat oc%u?l?ggéi%gt% %Bs%glsg%aa&a\%’ycef'\rl\% RENEY dR-
i PS8 R CEBIRACe L Yy naN ke gdaeunsied! irf gatadilon 2- ~%
where t is the nunber of seconds away fromthe

DealtPeideetime and ¢ is a constant. For exanple, if ¢ = O.
, 35

he B t,=.1 (one second earlier than tick-tine)
The 2-‘9??1%?‘3"5- 6?5(36E‘"7‘b1?.te hat fsCofiednddarauemsy - happeavbd tick t
wheno e Jiepohhrkgdsi so heortheWiBrdd oftiehe M8Abet Badls which have
occubBgeAade NOW ddl: {dCkFSef v BLoGa 10 WO
pric2004/ 061618 PCTf US2003/ 84‘?’12%—%; SEndgTt af Fine) (). Deal
215 FRrEEA A Fhe f9Rdsgdal theapadtappencthteneaksedonds an
averggo B caoPt hatheddwl foroted heeidhoda tiatehapBeRed HAWage of
dealgat tick-second) Weight of a Deal To apply the

m ni num tradi ng size adjustnment and tinme markdown to

10 deals that occurred in the past tine interval, the
Deal \RaightWedfoha O@al di  nust be cal culated as foll ows: _
DealEQAGLLON ] 1R ML = * .. .where.Vi is the vol une

‘édeal aagrr%unt in rr1'cr(13im§rﬁ]rrr1n FabPHY TPIES ATPEN o Raget deals
CountiMoT3 - 89%4 ¥E24F apsed i n seconds since di occurred

(to the tick-tinme)
“Minimmm trading size” Adjustment

. 1
As mentioned above, each deal is weighted by the ‘“miniwmm Erading -
size’. That is, the Volume Vi of a deal d; is the deal’s amount in the
units of minimum trading size. In the $10M example above, the volume
would be 10, '

Time Markdown

In the past time interval since the last benchmark price, many deals
may have occurred. Deals that happened in the same second (or some
other defined time interval) are considered the same ‘“age”. Going
backwards, the deals that occurred in the second away from the tick-
time are discounted by an exponential function 2%, where t is the

numbe_r of seconds away from the tick-time and ¢ is a constant.,

For example, if ¢ = 0.5 and t = 1 (one second earlier than tick-time),.
-ck -0. .
2™ = 2% = 0,707. That is, the deal that happened one second ago is

worth 70.7 % of the deal that happened now (at tick-second}. If ¢ = 1

10
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c is a constant coefficient of adjustnent defining the
speed of deal price markdown. Deal Price Wight 25
The Deal Price weight consists of all weights of al
deals that occurred in the past time interval. It is
a sunmation of all deal weights: Equation 2 30 Wi Fi
Wc~-) = E Vi *2" where Zi runs over all deals

woewsnéwe i N the past tine interval; Vi is &?ﬁj¥gganﬁﬁ

(deal anpunt in "mnimmtrading size" units
35 di; t is tine elapsed in second since di occurred
(to the tick-tinme) 11 WD 2004/061618

and RCF| US2003L0#168% .55 mhaitSid, GaRSEAN . ﬁQ@fﬁa?gLr?e%t %’é second

ago QQLWFEPIIJ S?xa&% Ign?n%g ﬁiptgl&gv\ﬁatgpgﬁgrlé§og; I(ag:_ &ick- seccmd)

according to tinme elapsed (t) for C=0.5 and C=1.0: 10

Weigﬁt(bf’SaCb&aﬂ t & 2-ct & 2~ O00.01.0000 0.0

Q000, 1 -0,5 0.7071 -1.0 1 0.5000 1 2 -1.0 0.5000
o a"f %ff) wgnimums’ trading sizeq gipoEuent 2240 tone5BOkadvd to

dealg. t}@ugccﬁr@domm p&stD tOnd 32 erfar, 1@h<9]u%§§ht Qe o dgal o

msto%@g@cuﬂatgdogggolgmm GGD39 9 - 0 10°-

Equation 1
W(d) =V; 2,

where

Vi is the Volume (deal amount in minimam trading size units) of deal
d;;

t is time elapsed in seconds since d; occurred (to the tick-time) ;

¢ iz a constant coefficient of adjustment defining the speed of deal

pPrice markdown,

Deal Price Weight
The Deal Price Weight consists of all weights of all deals that
occurred in the past time interval. It is a summation of all deal

weights:

Equation 2

L Wa=3Z; W(d|) =%V; wet

where X; runs over all deals occurring in the past time interval;
Vi is the Volume (deal amount in “minimum trading size” units) of deal
dy; ' .

t is time elapsed in second since d; occcurred (to the tick-time) ;

11
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Table I It will be seen that the |larger the val ue of
C, the faster the 15 markdown. In the special case of
a Benchmark frequency of one second, the Benchnark is
cal cul ated every second and only deals that occurred
in the past second are used in the cal cul ati on. Then
Equati on 2 becones 20 W =Y-1Wdi) =2, V,* 2" = zi
WoRo@DQsE T- V1* | = Z, VL. This suggests t pedudobBroa168s
paraneter c that control s the markdown speed /Fooses i
its effect, and the tinme markdown di sappears, as wl|
been seen 25 below, the tinme markdown is used in the
¢ isf oreomahant Rostardical 4¥ Leg.dmkkd 6. G plays the
pricSABaLe. 12 WD 2004/ SR qua[musz%/tgil%%%g o skl
Deal price (Pd) If P(di) is the price of a deal di,
then the conbined deal price of all deals that

TableCCUI Legtd ntﬁ&%ﬁ@é&na}ké@m' @5 egal f_‘s ngg%//or%ia% to t
r lme

t average of a S weig

elap%@é %l)s BF ol an%ocﬁqﬁatl on 3 Zl P(d)* WQ Pd = 15

Ej Wdl) where Zi runs through all deals di occurred
n_the [pastt.8inme I ntlegxglg Tn the case of a
bnetsedondeBenclmar K, €agnjdeal, 5| wei ght is its 20
Vol dne.| TaBIl e 21.40p0ST|S ®©le PeadoooT|i ce of five deal s
haft odcursed| | w071t He past (tesm® (nterval . The Deal
Pri de jls 497 ehl %88¥nfjer 2onof oa@st|ri ct ed by whol e pi ps
a%704882353, | DEA¥s |Pr t*€e [ P)12 ght (W P*W 1 0.9781

>A0 7285]  0.2500 40 0.0625
5 = 25 0.1768 -5.0 0.0312
6 3.0 0.7250 60 0.G155
7 55 0.0884 7.0 0.0078
8 4.0 0.0625 -8.6 0.0039
9 35 0.0442 0.0 0.0020
10 5.0 0.0312 -10.0 0.0010
Table 1

It will be seen that the larger the value of C; the faster the
markdown.

In the special case of a Benchmark frequency of one second, the
Benchmark is calculated every second and only deals that occurred in

ths past second are used in the calculation. Then Equation 2 becomes

Wa=2W(d) = ZVi# 2™ = V2= n v+ 1 = 5V,

- This suggests that the parameter ¢ that controls the markdown speed

locses its effect, and the time markdown disappears, as will been seen
below, the time markdown is used in the form of a historical price

markdown, where ¢ plays the same role.

12
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2 9780 2 --i-.95-6000 3 .9781 1 4 9780 7 6.846000 5
6.977-9 5 -T8-89500 --fo-tal- - --f6.-625800 17 al
Price (Pd). 25 Table 2 Deal Price Scatter Urd) In the
past tinme interval, deal prices may scatter wdely,
reflecting- a market in which traders disagree with
each other on where the market 30 is and the votes
wpgompdespread. Al ternatively, deal prices g@Yusesmi168s
concentrate at one spot, where everyone agrees ere
the market is. This is illustrated in figure 1. 13 WD
2004/ 061618 PCTI US2003/04168-5 5 The Deal Price
Scatter can be nmeasured by the Standard Devi ati on of
Dealdg@ic%ﬁﬂtion 4 10 Y-i Wdi) (p(d) - Pd)"' (Fd =
~fr, j]) 15 where Pd is the Deal Price calcul ated
1f Klggmis poire3 ofiboieal Wi( dtlerd shé rt@mbmadvasaralpr%@lof all
deal%ét 1 ol@kd eg0if I t hr ough |
R I R Rk e e

t hat t
aver%e %eaﬁéiﬁaﬁ E%Eﬁ%CeEJL{SSF}FISg)W%ﬂh&S @6pReadtion is a

nmeasurenent of the spread of the population _
It is Iike an average distance of the

Ecua®i &t 13l but i on.

- population to the nean of the population. Large SD is
a good indication of volatility show ng that prices
are wkdel)ywiggspersed from '

Pd=

I; W(d)

where

Z; runs through all deals d; occurred in the past time interval.

In the case of a one-second Benchmark, each deal’s weight is its
Volume. Table 2 lists the Deal Price of five deals that occurred in
the past time interval. The Deal Price is a real number, not
restricted by whole pips 0.9779882353.

Deals | Price (P) Weight {W) PW
1 0.4781 2 1.956200
2 0.9780 2 1.956000
3 0.9781 1 0.978100
- 4 0.4780 7 6.846000
5 0.9779 5 4.889500
Total: 17 16.625800

Deal Price (Pd): | 0.97798B23%3|

Table 2

Deal Price Scatter (o)

In the past time interval, deal prices may scatter widely, reflecting-
a market in which traders disagree with each other on where the market
is and the wvotes are widespread. Alternatively, deal prices may
concentrate at one spot, where everyone agrees where the market is.

Thig is 111ustrated in figure 1.

13
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the average. 25 Using the exanple above, table 3 shows
the Scatter: Scatter sqgqrt (0.0000000776 / 17)

0. 0000675831. Deals Price (P)i PWWP - Pd)2 80 80
81 1 1 0.9778811 2 | MUM O. UO00000250 79 5 2 0.97780 2
1. 956000 0. 00OMOO003 3 0,97781 0.978100 0.0000000125
Total. 1 rice (PP WOOn'" " 4 0.97780 7 6.846000

Woeeyeaes010 0-9 '9 P5 R097779 4.889500 G P8R

Total; 7 16.625800 0.0000000776 Deal Price A(P

0. 97798823 Scatter (ad). 00-00000000667755883311
Scatter 30 Table 3 14 WD 2004/ 061618 PCT/ US20031041685
51t will he appreciated fromthe above di scussion

e t td.908e A o a def.ine, respectivel t he
e SheL IERLA s S SRREELL i

21t ce Quot e Prlce i s derived fron1a|| live quotes in
t he anonynmous trading 10 systemor other data source
[ e tick-time. Wien there are nore offers in the

i a@.&or
oAl K’é‘t nor e people are tryl ng to _

I, W(d) (P(d) - Py )
Oy = +f .

Z; W(dy)

where

Py 1e the Deal Price calculated from equation 3 above;

W{d;) is the individual Deal Weight derived from equation 1 above;

%y runs through all deals d; that occurred in the past time interval.

The Standard Deviation

of

indication of volatility showing that prices are widely dispersed from

the population to the mean of the population. Large 5D is a good

the average.

Using the example above, table 3 shows the Scatter: Scatter = sgrt

{0.D000O0OOOT76 / 17) = 0.0000675831.

Daals Price (P) Wetght (W) P*W WHP - Pd)2

1 0.9781 2 1.956200 0.0000000250

2 0.9780 2 1.955000 0.000000G003

3 0.9781 1 0.978100 0.0000000125

4 0.9780 7 6.846000 0.0000000010

5 0.9778 3] 4.888500 0.0000000389

Total: 17 16.625800 0.0000000776

Deoal Price (Pd):] 0.5778882353
Scatter (g,); {9-0000675831

Table 3

14

(SD) of a population is a measurement of the
spread of the population distribution. It is like an average -distance
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sell. The liquidity on the offer/selling side results
in sells at the prices of the ""front line'' of bids,
the Best Bid. 15 Conversely, if there are nore bids,
nore people are buying. The |liquidity on the -
bi d/ buying side results in buys at the prices of the
"front line" of offers, the Best Ofer. 20 Quote Price
Wep¥AdfRet |iquidity to "Buying Power" at pgchsBRSbiress
Bid and Best Ofer prices at the tinme. Quote Price
Weight (W) As with Deal Price, a quote with a small
ampunt is worth less than a 25 quote with a large

Tt wakb et appketaataanyor the AltRe M@ e8bs MOt S SO onlO t 1)

and &S, l.ose - to- the -market quote. “To S

c.i ge%%ﬁ%’e%t%ﬁ’ge‘%éi"aﬁf' "%‘F HrEE ot iemenks 18ed W0 cblalod Dextlo

Pricgonsi deration both the anmpunt and the positioning -of
the quote with respect to the best Bid/ Ofer. 30

ouotd 'Biménum tradi ng si ze'' Adjustment A quote can be at

Quottq?“ninlnun1trading size. Therefore, each quote is

Tl gt el BP7HEHed fimand t Hawi ngotsizen Thatardchymélde trading

systafplounethet datguebe-cQ at ithet PEIAYGLE' S anount in the

units of mininumtrading size. 35 Distance Markdown

when HE front line of a market is drawn by the Best Bid
(PO afits BiSe offers ipPthe . mfiketdi sd@ngeople &:@UOEPing to
Sell'-pﬂﬂlcelfmﬂﬂiﬁhemBeﬁé,om@mmn%mitdeere f;LfDin sellp at the

pricﬁ%ogft/tqiglggl% PCI{ U520 5:{ 41685 nunber of "pips,
"how good the quot emg 1108 i%e BegfeBidrm -pip" is  well
understood in the financial trading art and refers to
Convetrhely,east t8dr@Ni fdeCamdoigids Offhe price that is
1iquigyg‘;eoql. é% b%r&é monent , t he Béstm‘?gl dplggp]t%ea]fﬁ ghigdps. The
b and T He CBRAFSr Fifle jZesulp tiRebhyanest thé fmriced dihene
Trongpiiet ¢F @ffowd .chheldemti stfebt ai ned, regardl ess of -
credit situation. This is not always the best price
that. s displayed to traders, as many trading systens
t Tt LI .
Quote (STt MRS PR DTTH 04 % SPYiEs Rverh dtheye cweROBid
and Bgig|OLfe¢ppriseampletisubiinét ed by a counterparty with
whom t hey have no or insufficient credit. 15
Quote Price Weight (Wy)
As with.Deal Price, a quote with a small amount is worth less than a
.quote with a large amount. A far-away-from-the-market quote is not
worth as much as a close-to-the-market quote. To describe the weight
of a quote, we need to take into congideration both the amount and the

positioning of the quote with respect to the best Bid/Offer.

“Minimum trading size” Adjustment
A quote can be at the minimum trading size. Therefore, each quote ig
weighted by the minimm Lrading size. That is, the Volume of a qucte

i1s the quote’s amount in the units of minimum trading size.

Distance Markdown
The front line of a market is drawn by the Best Bid {Py) and Best Offer

(Po}). The distance of a quote price from the Best, measured in the

15
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If P(Q) is the price of a quote Ql, and B is the
price of the Best of the sane side, then the distance
of this quote to the Best is | P(Q) Bl. The position
mar kdown i s defined by the exponential function: 2 1
20 V\hen the distance is 0, 1, 2, 3, 4, (pips), 2 P(Q
Wi ght of a Quote 25 To apply m ninum trading
‘gﬁ’Z‘E‘”ﬁﬂﬂst he distance markdown, the wei ght mfT/usacosuQkss
Q is: Egjlation 30 V\(Q) =Vj* 2 where Vj is the
Vol ume (quote anmount in ~m ni mum tradi ng size,, unit)
of quote 35 Q; P(Q) is the price of quote Q; B =
mumbep, of pdpE - BERPWS| fhqy gpad &hsi duot® prive (iBestTHef ﬁe:fn) spips is
well (@ndbﬁstad&doﬁfuefhe ﬁﬁdlléi@l\/\@rg% QOL6LE refers I‘FS t:he:]c least
r

N S20 /01855 IS 1n the nunber o
Slgnlg%ésn,lé 3td|o§ c &Y &%‘)‘B’@sﬁm?‘ﬁ ‘ce. It Carl be seen

that a quote is weighted by its volune and marked dovvn

At ang’ymbzﬁé‘ntm Eﬁ@%tt Rid N BRStLiBL ?Le bl%.o t%e4 %SQO o ﬁ%r is

ht of quot es. uot 3" have

tre 1GEEID oeRt oI KBS paka ciom 149 ANES Loy BPsAInER! gregardless
of cPedige MohuetborD stlicels 1nde 9480ayE0 €hel Obes? %19_381 £1Qc 1 ig

dlsplgyed §0 tgzggrslo azs 2rnany4 &3%21%5’ ]élgsg’em]é d?: no%: display to

traders prices. which they cannot deal, for example submitted by a

counterparty with whom they have no or insufficient credit.

If P{Qy) is the price of a quote Q;, and B is the price of the Best of
the same side, then the distance of this quote to the Best is |P(Q;) -

B|. The position markdown is defined by the exponential function:
2 - | P{Gi} - B ]

When the distance is 0, 1, 2, 3, 4, ., (pips}, 2 " leen -8l 49 gy
Y, 1/8, 1/16, ... ‘ o

Weight of a Quote

r

To apply minimum trading size and the distance markdown, the welght of
a quote Q; is:

Equation 5
W(Q)= Vir2 @R,

where

Vi is the Volume {quote amount in “minimum trading size” unit) of quote
Qs;

P(Q;} is the price of quote Qy;

- B = Py, (Best Bid) if Q; is a bid, B = P, (Best Cffer) if Q; is an offer,

and

16



15 The weight of the quotes goes down. 1/2
lggLetﬁne t he quotegnnves one nore pip awnay fron1the
market. In the exanple of Table 5 below, the quotes t
di stances to the Best 20 vary, and their Vblungs_ge
| arger when noving away fromthe market. Bids Blg$78
Vol ume Di stance Weight 1 0.9779 10 0 10.0000 2
MO1WHeEe8 3 0.9777 40 2 10.0000 4 0-97761Qwﬁm§ﬁ%éum5
Table 5 25 As can be seen from Table 5, a volume o .
twenty at one-pip away is worth (is equival ent :o)
volunme of 10 at the zero-pip; a volune of 160 a

5 FAQp) ps Balvaiys ﬁstnmrﬁMm@Esogg%%yghﬁgtd%#%féggﬁég%%%gggf

10

15

20

25

i 0-pi p. 17 WO 2004/061618 P
Prfégvzfghfegf KIF Quotes The wei ght of a group of quotes |
TE 8% RS S50 t @ Es Bt O s ofeibhecdiRiyghts w8 marked doun
by ihdidistuale goaite. sddiepight of Bids is 10 Equati op

vb=rj~ WQ- = E Vi / Ypb-p'), _%5 agd't3§ yeégbglo

is Equation V. = EE'WQ)-- E /I , _
Tab%f%z?‘és N %‘%mpils theeughght giotddot &1 10quofdd i ntPeane
Volatd, bhlsheFaiscati®s w8 ald s0ff QLS. | | |

[ Offers]  Frice| — Voiume Distance]  Waeight

11 0.9780 10 0] 10.0000/

2] 0.9781 10 1 5.0000

3 09782 10 2| 2.5000

4] 0.9783 10 3 1.2500

5| 0.9784 10 4 0.8250
Table 4

The weight of the quotes goes down 1/2 each time the quote moves one

“more pip away from the market .

In the example of Table § below, the quotes’ distances to the Best

vary, and their Volumes get larger when moving away from the market.

Bids Price Volume | Distance Weight
1 0.9779 10 o 10.0000
2 0.9778 20 1 10.0000
3 0.9777 40 2 10.0000
4 0.8776 8o 3 10.0000
5 0.9775 160 4 10.0000

Table 5

As can be seen from Table 5, a volume of twenty at one-pip away is
worth (is equivalent to) a volume of 10 at the zero-pip; a volume of

160 at 4-pips away is worth (is equivalent to) the volume of 10 at
zero-pip. '

17
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Vi is the Volume of quote Q; 25 Pb is the Best Bid,

P. is the Best Ofer, and (Ph Pj), (Pi P.) are in

pi ps. Note the (Pb - Pj) ~ O since P~ is the highest
bid, and (Pi P,) ~ 0 since P. is the |owest offer. 30
Thus, the Weight of Bids Vb is the vol unme- equival ent
of the bids at the Best Bid price, and the Wi ght of
WG WpBocl618 i s the vol ume- equival ent of  the ppbfi8fidsi@isss
Best Offer price. The Quote Price Wight consists of a
scal ed summation of Bid Weight 35 and O fer Weight.
The Quote Price Weight is: WO 2004/061618

Wei@(fr/olﬂsszno&haééﬁ% 5 Equation 8 WQ =)'Zi WQ) = X (W
C))(f S a cqQnstant coeffici ent whi ch

The *wel

Ecwcv)En ro1% th arquf’ eSS B SuPPRtNRRKER tRe iwedght
of %%Chwllﬂqh"t;éu@ﬁ Qt}ats%‘-ed Vb is the Weight of Bids; and

V. is the Wi ght of Offers. 15 Were the market is -

h qp d hat is there are only bids or offers in.
Fhe ﬂgl’: efd?‘} = 0. That is, one-sided quotes do not

carry any wea- ght In the next section to be
EquAlgser s bed, the quotes are converted to "deals" in the

cal culTation of a quoters price. An -enpty- side
causes the ~deal price- to be zero. Therefore, the
wei ght Vet ZAviiQyent v,/20 s zero. Table 6 shows an
exanpl e of Weight of Offers, Although there are five
ers in the market with a total volunme of 50, the

0
and BL?e”FesigﬁFé’%Ffﬁs i, 375 at_the Best offer price. 25
1112!! qiii I1l::: 111 7:: Distance P7.9-St 0.9780 0 1

at9o0000 0.9781 1 5. 0000 3 0. 9782.2 2.5000 4 0.97M 3

EEE \
Vo =L W(Q)= L V;/ 20+,

where

W(Qs) is the weight of guote Qi;

Z® sums up all bids, Z° sums up all offers;

Vi is the Volume of guote Q;;

P, iz the Best Bid, P, is the Best Offer, and (P, - P;), (P; - P,) are in

_pips.

Note the (P, - P;) = 0 eince P, is the highest bid, and {Py - B} = 0

since P, is the lowest offer.

.Thus, the Weight of Bids WV, is the volume-equivalent of the bids at the

Best Bid price, and the Weight of Offers Vo, i= the volume—equivaleﬁt of
the offers at Best Offer price.

The Quote Price Weight consists of a scaled summation of Bid Weight
and Offer Weight. The Quote Price Weight is:
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. 4 4 0.6250 Vo: .19.3750 Table 6 Table 7 shows

gnoeggﬁple of Weight of Bids. Although there are five
30 bids in the market with a total vo!une of 310, the
bids are worth 50 at the Best Bid price. 19 WO
2004/061618 PCTI US2003/ 041685 Price Vol une D stance
Weight 0.9779 10 0 10.0000. 11 2 0.9778 20 1 10. 0000
Wo4ded43 2 10. 0000 U. 9776 80 3 10. 0000 QTg%%§g%§$%h
10. 0000 b 50.0000 5 Table 7 Table 8 shows
of the Quote Price Wight. (Vb + V.) 69.375 'volune:
O quote, but the Quote Pr:cedVélghEx;fanguséggL?

quat i to 10 the X scal e-down. ;

= agfgiaidgei volume Distan. Weight O Ifhonnn 1 0.0119 lu
() 10.0DOCO 0.9781 10 1 5.00an 2 0.9778 20 1 10. 0000

W, =BIOVE@RDEA (YO+ T 2MX(| 3 0.977 4U 9 10.0000 4 0.9753 10
3 1-250n 4 0.9 6 du R 10,0000. 5 0.9184 lu 4 0.6250 5

. 0.9776 115t) A 10.0000 o: 1917.911 Vb: 50.0000 Table

“’herg 15 From Table 8, if X = 0.1, then: W = X (Vb + V)

A ds=a wmsténtlaoeﬂﬁcte&owﬁacrﬁegﬁafsﬂfs QLG Lpeal R ) o Wsgne

[ and_.o

- Mg&%%trﬁtf%}% % ll? be 8 FERES%at the time. The

Vi l%@%/@éﬁf‘% ‘?fe§Eﬂ15tr| ﬁgdfromthe demand is a function of

Vo is the Weight of Offers. _

Where the market is one-gided, that is there are only bids or offeré
in the market, Wy = 0. That is, one-sided quotes do not carry any
weight In the next section to be described, the quotes are converted
to “deals” in the calculation of a quote’s price. An “empty” side

causes the “deal price” to be zero. Therefore, the weight of non-deal

is zero.

_ Table 6 shows an example of Weight of Offers. Although there are five

_offers in the market with a total volume of 50, the offers are worth

19.375 at the Best Offer price.

 |Offers Price |Volume Distance [Weight

1 0.9780 10 0 10.0000 |

2 0.9781 10 1 5.0000

3 0.9782 10 - 2 2.5000

4 0.9783 10 3 1.2500

5 0.9784 10 4 0.6250
Vo 19,3750

Table 6

Table 7 shows an example of Weight of Bids. Although there are five
bids in the market with a total volume of 310, the bids are worth 50
at the Best Bid price.

19



15

20

25

the prices (Pbl P.) and the liquidity (vb, V~) at the
time. That is, Buys = Functionb (Vb, V,, Pb, P.)
Simlarly, Sells = Function~(Vb, V~, Pb, P.) 25 The
buy volume is proportional to Vb (buying demand) and
the sell volune is directly proportional to V.-
(selling demand) . Therefore, Functionb and Functi on.
WPalioeiewr : deal -vol une - X * denmand, 20 WQcryusze03ma1685
2004/ 061618 PCT[ US2003/ 041685 5 or nore specifically,
Buy-volume X * (buying demand) = X * Vj,, Sell-volune
selling demand) V,; 10 where X is a constant

cofitsf | rirgmt [ (Valunpe] OeBag@jeighitjat converts quote vol une
intlo deét77ypl uwe. | Deal s | 4. t always occur only at or
e thesr7§ o0 1) nef of:ddaed| narket. That is, buys
esul t | &7t tomdt he briyi hepadeipand are at. the Best 15
of fer pP§7¢®| of80P. | a®hd $eddom[resul ting fromthe

eld i ngoHé&hhndtlarle at t he.odeat Bid price of Pb. There
lwill bl sonke devilat Von {#@mothis, particularly where
a party does not have credit vvlth the owner or owners
of the best?®¥fer or bid and so trades bel ow the front
line. Even so the trade will al nost al ways be very

Tablg|&3§é.tot1® anhakarfpiends ItheeQuotgopﬂ*&% *?él%% Wj lhﬁ = 69.375

voluh€9H LhdQ i are now comverted ineb
o euslreal s of bugﬁ% tﬂ? %uové% SRl W‘ﬁghﬁnbs FERveRs &P §-340\fue to

h¥PPrr&P@.- and the resulting "selling power", are
now converted into deals of sell at price Pb and
x_\/ 5 As_quotes are mapped into 'deal s"

Offers |V Blicd ' ol F
; bgmﬁy?""z.w,\;aw VoI ol pri de B ahdces ke oy —[Wagh
e 1 10 eal tpricelf ¥ a of19Equat Taprio.ooee
SBoeran—beiisedt glad the [ Quot e 2Pr4%%] P 3] 1} 10.0000
e Al 1 2 500 3| 0.9777 40 2} 10.0000
L 10 3| 1.2500 4 0.9776 B0 3f 10.0000
. 10 4] 0.6250 5| 0.9775 160 41 10.0000
.Vo: 19.3750 Vb : 50.0000
Table &
From Table 8, if A = 0.1, then:
We= 2 (V, + ¥} = 0.1 * ( 19.3%5 4+ 50.0) = 6.9375,

Quote Price (p))

The weight of bids Vi and offers V, defines *buying and selling demand”
at the time. The Buys/Sells resulting from the demand 15 & function of
.the Pprices (b, P,) and the lz.quldlty (Vu, V,) at the time. That isg

r

Buys = Eunctlonb (Vy, Vo, Py, B.). Similarly, Sells = Functiong(V,, ¥,
Pbl PO) . ‘ '

._The buy volume is proportional to V» (buying demand) and the sell

volume is directly proportional to Vv, (selling demand). Therefore
Function, and Function, are linear: '
deal-volume = A * -demand,
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Pb* XV. +P. *XVb Pb*V. +P. *Vb Pgq XVI + XVb VO+Vb 35
where 21 WD 2004/ 061618 PCT/ US2003/041685 5 Pb and P
are Best Bid and Best O fer, respectively; Vb and V.
are Weight of Bids and Weight of O fers, respectively.
P9 is the average price of buys at P. with volunme XVb
and sells at Ph with volune XV.. Note that in
Bpuasivers18, the Xs are cancelled out. 10 Thaty §2§03/03$635
does not influence the outcone of Quote Price. Quot
Price is solely determ ned by the Best Prlces and the
liquidity of the market. Mapping quotes to "deal s"
requi res both sides of the market to work. 15 In the
ote or a one-sided-market, Pg = 0. As
m:n£§§§§ﬁgiﬂ%g19y in these cases, the quote s weight is
al so ZB‘FSO'VOBme/\/av?\o’f (bxaind Gemaadd] €0Nti i ng fromthe
Sellresliles Ofy Tabded 18nalMeng) wWhereyPb = 0.9779, P,
0.9780, Vb = 50.0, and V, = 19.375 we have 20
Pb*V. +P.*Vb 0.9779 * 19.375 +.0.9780 * 50.0 P9=
wherggy Ag720PRgtant FYBIfiGisms (@ HE:@uligelstidte chuykrty quote
voluflenafd a1l k0. (Vb = 50.0 > V, = 19.375), the Quote
Price P. is pushed up, at alnobst the Best Offer price.
Quote Price Scatter (CF,) 30 since the quotes are .
Deal guppedtti milvayieadsurwentanatapal yndahe ther ﬁf&an:oflmDea&f the
mark&?at'lﬁgf Q) bhgs %gafan Ago;ﬂogg r},guﬁ% Fquat i on SsBESt

OF f g scatter ness { an on OF quo
< sP“Eau% iton 3% L& I(q%lﬂaq&m chepqe—wns(%nandpqyez at

the -Be\:/b B priRg) 2f @ There will be some deviation Ffrom this,

part:.cularly where a party does not have credit with the owner or

owners of the best offer or bid and so trades below the front line.

Even so the trade will almost always be very close to that front line.

The bids, and the resulting “buying power”, are now converted into

deals of buy at the price of P, and volume of A * V,. The offers, and

‘the resulting “selling power”, are now converted into deals of zell at

prlce Py and volume of h * V.

As quotes are mapped inte “deals” of buys of AV, volume at price P, and
sells of AV, volume at price P,, the deal price formula of Equation 3

can be used to derive the Quote Price Py

Equation 9
Po* AV, +P, ¥ AV, Po*Vo+P, *Vy
AV, +AVy Vo+ Vo

where
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XV~ + XVb V. + Vb 22 WO 2004/ 061618 PCT[ US20031041685
5 where P11 is the Quote Price derived from Equation 8
above; Pb and P, are EBS Best Bid and Best O fer,
respectively; Vb and V. are Wight of Bids and Wi ght
of offers, respectively. 10 It can now be seen that
the three elenents of the triplet (P" W, crq) of
BPARH8H51Ee are defined by Equations 9, 8 amdr,iggzommws.,
respectively. Wiere the market is one sided, a. 0.
15 Table 9 shows how the quote scatter is obt ai ned,
using the results of Table 8 and the val ue of

Py apdoht alfm@dsakﬁﬂdeand ﬂ@s?%f@gr\/k}:e@B P% Vb+VO

v, aogaft 0721 50. 00 . UUUIVU- |

v 31%5(1( 1 %eéfsar\‘/‘gd“\/\gr%'T@fgoﬁ#f‘ésaeﬂéﬁsppptbely.
triplet (Pd W:l a(z) and the Quote Price tripl et (P,,

Py 1y¥theandemge) phaneonaiyhean gk bR eSS g‘ ”gg%a

e QoPueCRRSOkLdated in” the Rarket Price t
vLER ndi cat | of % 1glwhere PhETARR S achaaly yerscanGQELaﬂapikiet

Thatpis . A 9pes MeEkflReiee thei pitebmd R, QWte ®Fide.l Suote Price

is sobabt duedRdnby 18} WAL goggl i C
marleE]f ormation (Pd, Wil ad) gjsn% érulﬁg’rﬁyof’ﬁdihieon
P., W, u,) . Wthout u3| ng h| storlcal i nformati on,

Market Price is calcul ated fromcurrent live quotes

T Lo e val 3 50 Bars 2 Bery bk dasvos
= tfﬁ/% rKet ffrea TEE 9hé %?Wéﬁemae"bew\/laqy der i aedtdnea

abo"%ve‘ﬁ’a@#l?ﬁ} thegesQuobe ddotews aBdgHeeak 21¥J ¢&y, and each is
scal ed by its Weight: Equation 11 10 Pg*Wj + Pd*Wi

By way of example, and continuing from the results of Table B above
r
where P, = 0.9779, P, = 0.9780, V, = 50.0, and V, = 19.375, we have

P * Vo + P * V, 0.9779 * 19.375 + 0.9780 * 50.0
P, = = '
: = =0:9779720720719
V,+V, 19.375 +50.0 '

As the buying demand is larger (V, = 50.0 > Vo = 19.375}, the Quote

Price Py is pushed up, at almost the Best OFfer price.

Quote Price Scatter (o)
Since the quotes are mapped into deals, we can apply the formula of
Deal Scatter on the quotes’. According to Equation 4 the quote

“scatterness” the Standard Deviation of quotes is;

Fgquation 10
' }\Vc (Pb'Pq)z +)\Vb (1:’0"P1.1)2 Vo (Pb“Pq)2+Vb(Po'Pq)2
Og=+/ = 4

AV HAV, Vot Vy
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.= W + W 15 where Pg is the Quote Price from
Equation 8 above; Pd is the Deal Price from Equation
3; W is the Quote Weight fromEquation 7; and W is
the Deal Weight from Equation 2. 20 Equation 8 stated
that W = X (Vb 4- Vj , and the constant coefficient X
is used to control the share of quotes. Equation 11
vebhmogodibiat since Quote Price is wei ght ed
weight of W, and W = X (Vb + V,) , X pl g’;t/gmg%‘”’“““*
i nportant role of scaling quote weight in respect to
Deal 25 Weight. Thus, if- X = 0.1, it nmeans a 10 vol une

wheraf quot es is worth one vol une of deals. Follow ng on

P, iiEt%e ue,C rga ﬁ of Table 10, Table 11 shows how
Ust PiFe THCafetyet sed™ Bvstsian B ehevearar ket pri ce.
Py aIBi) PI?ditrel EBS/\mqst/\tﬁldL,&JMJB@%&EfefI weahhd trlwgfy Tabl e 11
vy arab v2hMOi2Q04/ 961638 685 Mar ket Price
e (e Verhar P SEEVl QRESTT sERRnaEGrvor
Deal Price Weight and Quote Pr| ce Wight; F-Cmation |

It cdf A= stV MMcard Wre ah SRk SAEnd &35 &L e(%q,b)ﬁq, Gg)

~of QM‘&EEQ&S a%ea&()i.lned’ %?p]??q(%.ltaltygzlsyQ B and 10 respectively,

Where the market is one sided, Gy = 0.

Table 9 shows how the quote scatter is obtained, us:.ng the results of
Table 8 and the value of Py obtained above.

Pb Po Pq Vb Vo Vo{Pb-Pg)z | Vb{Po-Pq)z [Vb+ Vo Scatter (0

0.9779 0.9780 0.8778720721 50.000 18.375 0.0000001006 0.0000000390 69.375 €.0000448845

Table 9

The Deal Price triplet (Pa, Wa, 05} and the Quote Price triplet (Pg, W,

and oy) have now been defined. These values need to be consolidated in

- the Market Price to give a good indication of where the market

actually is.

Market Price

The Market Price Triplet (P, Wa, o©p) 15 constructed by simply
combining Deal Price information (Pa. .Wd, ¢a) and Quote Price
information (P, W,, o,). Without using historical information, Market

Price is calculated from current live quotes and the latest deals that

occurred in the past time interval.
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Thus, continuing with the exanple, of Table 10, Table
12 shows the WMarket Price weigh W Wy W WM b. 9375
17.0000 23.9375 20 Table 12 Market Price Scatter
(cr.) Applying the definition of Standard Devi ati on,
we get the Market Price 25 Scatter as follow
fgl2ation 23 X V-~ (Pb - P.) 2 +XVb(P.-P~)' + '
2&/@&5/‘56(6'”( dj)-P~)" a.=-130 X V. + X Vb +péiyuotiosress
if P, =0 (no quotes, one-sided-market), then quotes
are no longer part - of the consideration and Equation
Ma 13 becones; 35 Eq!4ati on 13 (b) zZi Wdi) (P(dj) -
Thet) Brics (BPd) 25 WO 2004/ 061618 PCTf US2003/ 041685 5
xanmpl e of table 10 and shows

The hahker 13..cantj nues. t he
e t 181GaNG, is ,\%r&wé?rf PY| @¥egifge the Rmobe absi J2r bR® Deal

pryal cul ations of
Cr) e iSgRt {BWFcals@Pby iPM) Reight9779836 1 0.9781 2
0. 0000000271 2 0.9780 2 0.0000000005 3 0.9781 1
GPQED00136 4 0.9780 7 0,0000D00019 5 0.9779 5

E a@i
G 3oNB00349 d->Buy 0.9 8 MON 0.1 0. 0000000014
Offer->Sell 0.9779 --Tg-.375 -0 --F- .0()DC000135

Total . 5-93750Gy0, 00QD00929
Pp=

W, + W,

where

Py is the Quote Price from Equation B8 above;
Pa is the Deal Price from Equation 3;

Wy is _t:he Quote Weight from Equation 7; and
Wy is the Deal Weight from Equation 2,

Equatic ' ] . |
qu 1 8 stated that We =X (W, + V), and the constant coefficient )

is used to control the share of gquotes. Equation 11 shiows that. since
Quote Price isg weighted by its weight of We, and Wy = X (V, + Vo), A
pls?ays an  important role of scaling quote weight in reépect to c'D:eat.'f.
Weight. Thus, if A = 0.1, it means a 10 volume of quoteg is worth 'one
volume of deals. ‘ -

. . .
ollowing on from the Example of Table 10, Table 11 shows how Equation
10 can be used to obtain the market price. '. o

Fq 0.9778720721 0.9779682353 Pa
Wq 6.9375 17.0000 Wd
o 0.0000448645 0.0000675831 P
: d
Market Price; 0.9779835503
Table 11
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Scatter (cr,): 0-.00006=66 10 Table 13 At each tick

t, the Market Price uses the current, |atest
information of the narket. But in some off-peak hours
or in sonme |less-active 15 currency pairs, conplete
current information may not be available, In those
situations, Market Price (P ., W~ a.) nust be
YO8 t h the previous Benchmark Pri cepctrlg?(sq%)oy]gs;
the current price. Having now obtained the M

Price, the Benchmark Price may now be 20 derived.
Benchmark Price Suppose the current tick |s n t hen

Markel Tehie WRisEhndkk Price triplet (P~ W, i's
The YerkatelridcoMmeidl® CHIrdGRhe MRS gftnegﬁl ég.g%lz ar éuote

prlcghﬁﬂﬁ;lb ast Benchmark Price (Pn
cal cul ated at the | ast tlck and a 25 Phant om Pri ce

(Pph, Wh, aph) . As the | ast benchmark was cal cul at ed
BEqua®@iéh ki me-inte2:val ago, it is discounted accordingly.
~ The wei ght of the |ast Benchmark Price is marked down
by a faction of '2-", where T is the tine interval
fromtWa=Wst+Bgnchmark to the 30 current tick. 26 WO
2004/ 061618 PCTI US2003/ 041685 5 Phantom Price is an
Wa andrgicadeylaPibee airatsdugad k ri.ce
Situation. The Phantom P?%cee?]%ghgg%\?g%€e7t nygv\glﬁ?ﬂy
that injects little influence on the calculations

Thus \(feRt Priisg swidhetly esentle, hot Tawhé Gh , PEEMENt S dhBfs the

Markdemebo@rkiyeinght froom beconming zero where there are 10
no prices in the Benchrmrk period. This, in turn,
Pr-events the St rd._Fryor from beconi ng infinite.

L | w T Iq .
WSt 2%% get| ve mar ket, the phantom

-

H5g57 .
price s not—essent behchmark. to the cal cul ation.

of th When Prices exist in the market, Phantom

Price is equal to Market Price. Wen there is no

price in the market, Phantom Price equals the

previ ous Benchmark Pri ce. That is: 20 Pph ~ Pm when P,
Markeﬁ Brigspheatter (ouhhen p. = O.

Applying the definition of Standard Deviation, we get the Market Price

Scatter as follow:

Equation 132
AVo Py -Pm) + A Vy (Po—Pp)® + I W(d) (P(d) - Pr )*

om=

AVo+ AV, + 2 W(d)

If Py = 0 (no quotes, one- sided-market), then dquotes are no longer part

of the consideration and Egquation 12 becomes:

Bguation 13(h)

2% W(d) (P(d)) - Py
Cm = ‘\[

2 W(dy)
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The weight of the Phantom Price W~ is a tiny
constant, for exanple a half of one-mllionth
(O stlo-@. In the case of the m ninmumtrading anount
of one mllion (of base currency) for nbst currencies,
the weight is %unit of the base currency. For
exa |l e, while the 25 m ni mum t r adi ng anount for

518 one mi | lion (1,000, 000) Euro, i per/Sam@ifs
Prlce s weight is 0.5 Euro. It will be seen fromlater
di scussion that this nodest anmpbunt can ensure that the
Standard Error does not becone infinite. 30 The
scatter of Phantom Price uh is a'tiny constant as

rebMehh ook ih%esSehe Shmble O k0 £1.04TS of 2 currency.
pose of havi rrrlﬂtlg)] %ah |€abt§o 16:rag’§e OWEhER kARt s of

Ma Fﬁpur
rkfelto Yr&cOTRT§*zero (therefore zero Standard Error) in
qui et market. .35 Benchmark Price (P.) The Benchmark

preme S oehie g F | Weight (VT -fad (n-1)

BT KT 1T 0.O7E! Jht?“ by—t+-hel+\ d = The (n-1)
Benchnar K Pric 09 Fght—has-raf—exdt-+ 'z:mg-mlrkdom):
TUS 27 WG 200M @41 6 8-HeF-{S2003/ 041 688 08" Hquat i on
AP WP 2= Pp. * WO g w4
W2 +ﬁ\,+94wo,e,r_%_p is the NatREPYHjce from
Equat?oﬁidq&nuf‘h oW s the | I ket PEe4hai ght from
l:quou.i el PreT I Ofg: nt evibus BeHERPEYK IPrice; 15
.-p.. id Phantsin Pritel B =P %% pd A0F13Hdh = p,
H—p—t=—0-—WH i S the & ght 25F*PhantSHPE de, a .
strat-lconstantl _set @[t 0. 5* {$aler o\ - $9949&2%6e previ ous

Benchmark Price V\élg Tis the tick tinme interval in
seconds; and c ilablg 3onstant coefficient. of adj ust nment
defining the speed of 20 deal/Benchmark price
The Coefficient ¢ is the sanme one used |
At e%r‘%le ta‘(:e)k\g:l pF %éﬂaé]c%\tb§§acq iy§gs the current, latest 1nformatz.on

of the market. But in some off-peak hours or in some less-active
currency pailrs, complete current information may not be available In

those situations, Market Price (Pue Wau, 6, must be combined with the

previous Benchmark Price to derive the current price.

_Having now obtained the Market Price, the Benchmark Price may now be
derived.

Benchmark Price

Suppose the current tick is n, then current Benchmark Price triplet
{Pn, Wa, ©n) is der;'.ved from the current Market Price (Pm, War Gm), the
last Benchmark Prige (Pas1, Wi, Opa) calculated at the last tick, and a

Phantom Price {Pon, Won, Opn) . As the last benchmark was calculated one

time-interval ago, it is discounted accordingly.

The weight of the last Benchmark Price is marked down by a faction of

-eT
2™, where T is the time J.nterval from the last Benchmark to the

current tick.
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markdown. 25 In the case of a still-market (P,= 0, W=

0) , P. =P~_,. That is, Benchmark Price does not
change. Referring back to the exanple as discussed in
1. 0O0and T = 1, and suppose Pn -1

Tabl e 11, suppose c
= 0. 9778096128, W-_, = 19.0458, the 30 Benchmark Price

P. by using Equation 13 is shown in the Tabl e bel ow.

W0 20041061618 | O OUUUUL 33. 46040unbe | 0. 9779i1x@1r>{§200§,@m§

14 35 28 WD 20041061618 PCT/ US2003/ 041685 5 Benchmar

price Weight (W) The Benchmark Price Wight is a

Summati on of Market Price Wight and the |ast

Benchmark Price Wight after applying the tine
Phanfapktdwe 0f a2- idalin ti,2,n 15 W =W + W-| *
sitwdrfdi VB %gre ;5 he ] h%%%mlﬁ?“’focdé‘:%itﬁh?awcﬁst@ soaidice

const ant . Afal B 9ehBaPraresmteny ceibst idbht ogieeds

rk from

litelg, Byuenreppevidiet cahmlueight vk, ph&.B P&I}tr{‘%s?zg: put
whichof e . i . K s
Y opdagretkyMa Lt %éﬁﬁ@afmwgleggﬁlél g%nﬂgéc?eu{:g;gv\%rl‘@hw};xg ll:]ilenye, are

| ther .any price nor
no p?féeg £l 31 Bé’récgmfn@gf PEREPSr TS| fin duragWiakvets BHSY

0es ot
Standand Bfror) 6rdm beheminds en ki 8e Stk | bs P,= 0, W=0
market ,S U QR MK, 5§i$$§slg&t . Bgnqhn%?lggkgﬁ%:hg(;blelf SPerdive
bencl'.grﬂgﬁr val with no new act FVePritds thhemlehintion of the
enchmark Price Weights are: W,, 256 W =W * 2 -|IT +
W W =W * 2 -IT + Wh W* 2-"T+ Wh* 2-1T + Wh, W
When Weidds 2xidil 3 = W* 2- (n-1)cT + Wh* 2- (n-2)CT +
pricst Wit %—lctTlfﬁ ) mafé’%/*g’*?-"%ﬁ@'%réW#wnual tR-Mavicky. T)
(37 ETTIE 30 eriner 1-tHenmdMEE, +enMhBbn (brkcs Gl the
Previgph Benghfdrk' prilke. Thad- 1), Wen n w (c =1 and Benchmar
- is calculated every second: T =1), then W W/ ( 1
- 2-' 7) =2*Wh. That is, in a quiet market, the
Ppn =P, when Py 0; Py =P, when P, = 0. _

The weight of the Phantom Price Won is a tiny constant, for example a
half of one-millionth (0.5%10%°) . In the case of the minimum tradin
amc.aunt OF one million {of basge currency) for most currenc;ies the )
w.elg‘_:fht is ¥ unit of the base currency. For example, while t':he
r'nlnlmum—trading amount for EUR/USD is one million (1,000,000} ERuro
its Phantom Price’s weight is 0.5 Buro. 71t will be geen from late;:

discussic i
iscussion that this modest amount can ensure that the Standard Error

. does not become infinite.

Benchmark Price ( P,

T i i '
he Benchmark price is the average on the Market Price and (n-1)
Ben i i
chmark Price, weighted by their Weights. The (n-1} Benchmark Price
Weight has an extra time-markdowu): Thus

27



10

15

25

30

35

wei ght- converges to 2*Wh- If Phantom Price is 0.5

*10-6 (0.0000005), 35 then the wei ght converges to

10-6 - (one-mllionth) . 29 WD 2004/ 061618

PCT/ US20031041685 5 Continuing with the exanple of

Tabl e 14, Suppose ¢ = 1.0, T Equation 14 provides a

Benchmark Price Weight W ~w, + W, * 2 -CT

WO 8GOS 156. Benchmark Price Scatter (cr. i’cﬁ%z@d}%us&

cal cul ating the Benchmark Price scatter on, th

conbi ned values 10 of the Market Price and Phantom

Price nust be obtained. In general, wth tw sanples
Equeddoppid same popul ation, there are two sets of neans,

sanpl e sizes (weights) and Standard Devi ati ons

(Scatt er sy i ES | es n be conbi ned and the

conbi ngrcr{n mpﬁhvi ation SD can be

deri ved fromyy h e two separate sanpl es.

Thus: Equatlon 1 2‘6 %N P’1) a, 2 (N~1)a, 2 NNN2(M
Wher[{;/IZ) 2 (4.3.0) crj+2 + + N+N2-1 N+ N2 -1 (N + N2)

Ni + N2 - 1) 25 Where M, M1 CF, c;, and N,, N, are

Pn 1% fdendankst ?SDs:eaﬂzcbnsa@qiﬂtaoﬁl ZEswefe,; the two sanpl es.

W, islh@eCiddieResl- L & ht _and .scafter triplet of (PC
aC) are then thg?fnlgj FEsHiPRe Var ket Price (Pm

MC,

Pos 1) EheFTEvions PRECBTPER RGAEPr | Ce (Ph, Wph, aph). 30 As
h :Ltshma%amtchtl e -equak $he Market _Price, when a Market
ph lg \lLl‘i:e we:e_:%a Pgaind gm ual s thde\z/hpr%‘?é'w oud BedeHimdrk Price
" hen RE; PHRPFRIE Prist s e snal opstant, Riet* 20,0 B&ES;
Masy 1P~the iprepious Benchiveric amhibaadkivgi ght W = W + Wh 35

T is Fiteakiyk tby @Qﬁgwﬂg thﬁg ? i ned st andard devi ati on
c mOJ Eg at i onel6 on F gg;o 8 and (Pph, Wh,

vﬁ%@&%ﬂmeﬁs&ld@www@ﬁmm@aﬂm Bpded/ o
deal/@mnhmk PRidN m¥BRicpR., - Pph)

The coefficient ¢ is the same one used in the deal price elapsed-time
markdown.

In the case of a still-market (Po= 0, Wo= 0), Po= P, That is
1. s

~ Benchmark Price does not change .

Referring back to the example as discussed in Table 11, suppose c =
1.0 and T = 1, and suppoge P, , = 0. 2778096128, Wy.,= 15.0458, the
Benchmark Price ®, by using Equation 13 is shown in the Table below

. Pm Wm Pn-1 Wn-1 .
- Pph Wph Wm +Wn-1*2 ct+ W
- . - ph
_ D 9779835508 | 23.8375 0.9778085128 | 19.0458 0.9778095128 | 0.000001 33.46040503158 D 97753201 [
Table 14
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+ - + W+ whW + W, - | (W+ Wh) (W + Wh- 1)
Fromthis fornula, it can be concluded that when P. #
0, ac - a.. That 10 is, when prices exist, a. is just
the Market Price's scatter a,. Wen P. =0, G - -/

a. ' + ap~ "' That is, when there is no prices, a~ is
bounded by at |east one aph, since J a. | + ap~ 2 >
woeeoillsia@s effectively prevents a. from goi

zero. 15 Wth (P., W-, ac) having been derlegﬁﬁ§¥¢h4"m5
Benchmark Price scatter can be cal cul at ed. Applylng
Equation 16 on (P., W, a.) and (P, - W -, ~

Beaghmarlk 1;,.::1giawm4_-.;m;E(w;at| on 17 20 m- oa~ | (W 2 ~T_
1)2 %I1- + + W +

The %en%}gm%rk .F’r:LFe VWElSh\:/V 1q *a \?umpat'('s\ﬁp pf W«arkset 2Pxife) Weight+ and
the \Apst*B@acbmar]Q PriEqe dteight bEtby ru:;tpl@ﬂﬁg |k etintée meAL e o
o, scatter over (P., W, a.) and (Pn , W-,* 2--,

(yn-,) , since vvhen P. # 0, Pc = W ~ W and CY, z
_ (r, 30 In the case of astill-market (P.= 0, W= 0) ,
Equahjen~14f a.-~"' + Oph ' That is, the scatter is

bounded by at |east one a.h. It makes sense that,

when there _ I L€ 4181 ket, the scatter is at
| east one crbhnw("lprtwé get%“ 1% of a Big Figure or

wheranendicBiacci2ERld Quidlg Fha.cxagphe ol Ighl e 14, Table

Price

Agai }?ﬂ gﬁ t he Benchndr k
Eoot 08B FEPEFCESHD GBF D68 SARLY \§P PYWKelt ~the-treight of
the Pyndibmgtld I5out Goihd3dBdR7bo QeoSig AxX q@@ﬂg@rﬂeyw}@pg@%om

Ad:9. 7 1 460 99915V U Uuu1029197
::t awl%H enc%s‘hgg1 Pri gi;h r rgr VERINE f‘ﬁe &Y anta faeEro6r
tgecB?hﬁ?nW %§E€fﬂlaﬁd‘é& b@ﬁyt'@?@ke\ﬁror entailed in

In the case of a still-market (Pu= 0, W,=0), suppose W; is the last
Benchmark Price before an interval with no new active prices, then the

Benchmark Price Weights are:

Wl'

W= Wy 27T 4w,

_ -cT -
Wy = Wo* 270 o Wpp = Wy% 27274 W% 277 4 Wn
—_

Wy

Waa* 277 4 W, = Wyx g-®-der Won* 2707357 0y g 27T g Won
= Wy* o-in-ijeT + th( 1 __2-(11-1)::1') / {1 - 2-::'1‘)
= Wl* 2-(n-1)cT + th / ( 1 - 2-(:'1'} _ th‘ 2-(n—1)c‘r / ( 1 - z-c'r)

When n - @ (¢ =1 and Benchmark is calculated every second: T = 1) ,
then Wn > Wen / ( 1 - 2°°7) =2%W,.  That is, in a quiet market, the
weight converges to 2%Wop . If Phantom Price ig 0.5*10°¢ (0.0000005),

then the weight converges to 107 (one-millionth).
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estimating a popul ati on nmean based on the
ilgforrmti on ign aprgndom sanple of size N0 Cy 2 F~ =
\f N 15 In this case, a is the Benchmark Price
Scatter a., and NWh W + W_ 2-'+ Wph: Equation I
20Crn 2 En WM+ W _1 * 2T+ Whh 25 It can be seen
that En is always smaller than the Benchmark Price
WOUEFISB . The | arger the weights, correspﬁ@whﬁgﬂgﬂgwsq
nore sanple points, the smaller the error. In th e
case of a still-market (P.= 0, W=0) 30 Cn iE =
1*2 +Wbh when n ~ w, the Error E. ~ cy~ 2*Wh.
C°nt\kﬂ8hn€1/whthrcﬂ@*qreﬁrr@1e Fof T8Bl4 f120). £0068d =-1000* Y. .1 i n

- Equagtiberiapréibidek fa B8cSeaLt BF1 C@ wé h@t one %E therj tt;e

351998 Error is at 10 big
33 4% 471 ég618 PCT[ US2003/ 041685 5 The St andard Error

. : . 2
Ej has its special neaning, as explained below :
Bemgﬂ‘é"a@?rﬁ% Stchetéh:%d,,) bracket m around Benchmark Price

ina still-market, if the scatter is one
Befoﬁ? caltcﬂé?lt“t“ﬁetlielmmm&ice issabiounded day a&mhgd values
of the glarsst Cirieacthds bikhtof tﬂ%emhﬁar&tggﬁgf" the
scatter is two pips, then the "95P6-brac

d by 40 big 10 figures on each side of the
n Q%g%gﬁﬁa"f ¥‘PF‘I"Z: E2ampinst PAUhey s popitetexaminerofarabhe

sets1¥ mbhms Beaedlbkzdd 1(G81idHtEP 2r@Btandara Deviations
(Scatters). The two samples can be combined and the combined samples’
Standard Deviation SD can be derived from the SDs of the two separate

samples. Thus:

Eguation 16
N -1)c,? N 1o, NNz (M - M)
43.0) oua =/ + - +
Ny+N; -1 Nit+N;-1 (N1+N2) {N+ Nz——l)

Where M;, M,, &, o, and N:, N; are the means, SDs and sample sizes of

. the two samples. The combined price, weight and scatter trlplet of (P,

Wer ©c) are then obtained from the Market Price (p,, We, On) and the

Phantom Price (Py, Won, Opn) .

As the Phantom Price equal the Market Price when a Market Price
exists, and equals the previcus Benchmark Price when no Market Price
exists, P, = P, if P, = 0; P =P,y if P, = 0.

The combined weight W, = Wo + Wpp.

Finally, by applying the combined standard deviation of Equation 16 onm’

{(Pn, Wa, ©n), and (P, Won, Opn) :

30



10

15

20

25

.30

35

now be cal culated. 15 E. sqgrt (a. 2/ (W + W, *
2-c7+ Wph) Sgrt (0 - 00010291972 33.46040092
0. 0000177923. Therefore, twice the Standard Error = 2
0. 0000177923 = 0.0000355847 (pips). 20 That is, at
tick n, the Benchmark Price of 0.9779340193 has a 95%
chance lying within 0.0000355847 pips of the true
woioe/o0Rs150r, the Benchmark Price of 0.9779340k
a 95W chance satisfying: 25 0.0000355847 < 303
0. 9779340193 < P + 0.0000355847- The Standard Error of
the mean may be calculated as follows: Central Limt
Theorigm_39, I § =P a | ati si,ze a Sis a
: san‘pl(e of Qbimthtﬁ?zeﬁ?g%% CW QJ t(é‘M\I?E)“ be the
- m8arr &f—S——aﬁd—SB(‘Sﬁ—be*-t-h%St -on of S,
them, Cemt.ral 41i myt ,Thear msttst () ennis
| Iarge the di Stm.; ut‘Fon gf tr@ ?fea"h k’ﬁ % AV]%
possible 35 sanples of size n is approximately a _
FromNoi il foblusttal,i BYt EOQN Het BadciukSa MatMhen P ’#-M( txoramoa That
. normal distribution); 33 WD 2004/061618
5. BT HEPYR/ATE8 . B (PP MBS MRFkSt Brige’s Boafiar i, When
=the nran ¢fcrn1 Re. st irhalt 15QN Qﬁethhgg
bouné‘ the atlgjﬁ deflneda 10,(3) élaiééo Lg&srm@ is
qdrt Y ————1—3—9’3'5 Qran8iRE Bf ror (SE?pn 21'hat 2| 5,0:¢-he This -

effe8Dvelytdievehisd bl Bibhfbigfl dMwnegdlalesot he SD of t he

popul ati on divided by the square root of n. Since M

-is a Normal Distribution, then the mean of a random
Withsémpl €., So. )l hakisg Ebe@ﬁgdexﬁ_k}afﬂl,c&h@f BLYdHRE W BN LD Q&l%tgg can
be c,glfcuﬁg Jopul ation nmean, or a 95* change |ying withi

two SE of the populatlon mean: MN ( P 2*SE < Mq ( S

M ( P) + 2*SE. (Conversely, the popul ati on nean has
Appl PinBBEehaBg e Ohn! Y NGy Wi 4 R ne, 20,SE gfxthe nean, of

9:@?@%} r andont yy‘dchos‘:enCI ga%p e?P,'“and a995’1/“?:)Han%JeVes
Egga 1011

r(Wc - I)O‘c 2 ) (Wn-l* Z-CT - 1) On-1 2 Wc .‘Nn-l,l= 2-cT (Pc - Pn-l)2

On=rJ . + +
1.) We+ Wn* 2901 W+ Wy 2°111 (We+ Wo* 2T (W, + W x 270
Equation 17 functions like the combined scatter over {Pu, Wn, On) and

(Pa-xs Woa* 27", on.y), since when P, # 0, P, = Po, We = W, and o, = o, .

In the case of a still-market (Bo= 0, Wo=0), oy =V Ona 2+ cbhz.
That is, the scatter is bounded by at least one Opy - It makes sense

that, when there is no price in market, the scatter is at least one pn

(it is set at 1% of a Big Figure or one pip).

Following the exawple of Table 14, Table 15 shows the Benchmark Price
Scatter: '
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of lying within two SE of the nean of a single

random y chosen sanple S). SE Approxi mation 25 Since
SD (P) is usually not available, it is a common
practice when n is large to use the Standard

Devi ation of a sanple S instead: approximted by SE
SD( M SD( Psgrt ( nSD( S 30 sgrt ( n Therefore,
M 208801698 npl e of size n the SE of the Mean P%%HJS%@BIOJIG&\
cal cul ated (approximted). 35 The foll ow ng sectio

gi ves sonme exanples of Benchmark cal cul ati ons

follow ng the Equations derived in the foregoi ng

o .-\1-\-|-| ||r\2nr\ﬂl 41690

Brect i[oMén O} 4/th1101 Was1
; -FW -1 * 2’ 1
0.97 79896 e (13308375 3.5 TR 5% N k7 2 :99 -cp on
Deal Prl Ce ( I-’d VT, au) , +S PR (0001020157

used above.

W, a,,), Market Price —ﬁlmﬁ\/\m a.), and Benchmark

Price at n (Pn, Wh, a.). Deals Price(P) Wiglill
Benﬂmill)PrPchMéP (E,Pd)2 I1d -Wl ad 1 0.9781 2! 1.956200

| eOstQQ 1,1956000 0.0 00000003 3
T L0701 1 0-278 700" O OOBUBOBKREUAEToft o B raPPorPmpailed tn

esrid- 9781 1°0.978100 0
ll?aua‘%ﬁ dh &"P%aél‘gmeﬁ@ Gvasaéoga@ @he)OG)ﬂﬂﬁﬁﬁiDorB th 9978 ndom

Samp564038895®m 0. 0000000389 Total: 17 16.625800
0. 0000000776 _ ,Deal Price (Pd): O 9779882353 Scatter
(ad): O. 0000875631 0.97798112353 17. 0000 0. 0000675M

1 vol uBp=DO{/stance. 1'lell!1l offers '11:11 Vol une
Di stance Weightyy O 1 0.9779 10 0 O CKIIIIl, 1 978t) 10
D 10.0000 2 0.9775 :!'u 1 10.0000 2 0.9781 10 1 5.0000

in t8id. c%gg 7 190000 B%nghmarf%zf?rlce Szca%%ég ch(,) and N = W, = W, + W,_

¥ 274 Wy,

FEguation 18

o, 2

En =

Wm + Wn-I* 2-CT+ th

It can be seen that E, is always smaller than the Benchmark Drice

Scatter o,. The 1larger the weights, corresponding to more sample

points, the smaller the error.

In the case of a still-market (P= 9, W= 0):
: _ s,
E, =
N Wo* 2T W,

when n - w, the Error E, » o, / 2*Wpn.  When W =0.5%10"%, B, » o,
/ ¥/ 0.000001 = 1000%c,

In other words, if the gcatter o, is at one pip, then the Standard

Exror is at 10 big figures.
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5-5: 10 4 0.9776 tnu 3 10.0000 4 0.9793 10 3
1.22500 W'gh' 5 0.97 5 JOU 4 10.0000 5 0.9784 10 4 n
réZzn 0 0000 -500 50 Vb: 50.0000 VO 19.3750 | Sest
Bid Pb 0.9779 Vb + Vo: 69.3750 Best Uner Po 0.9780 X
“*(Vb+Vo): 6.9375 A 0.1 E"ti, Pq'~"q (rq qu on 8
Equation 7 Equation 9 10 1 0.9779720721 R Q178 [I| ai
WOs3604/061618 Ce( P) Wl ght(W -W (P - PIT)2 PM W sz@i%]ﬁés
2 0.0000000271 2.0.9780 2 O OOOCDOO0O5 3 0. 9/81 1 -
00000- 00136 4 0.9780 7 0.0000000019 EgL afion 10
Equ2tim1 | Equallc 112 5 0.9//y 5 --C. -0000000349

TheDbthrdBuy HrrO87 S{i, b ha09: . s%e@léioggélﬁ%l% % I?Qggg 5&8\\7
2 » El aeflng? Wﬁg’%ﬁﬁ%&a 23137 50-0 92'309%’35 That is,
in gcat : erG‘FE%JGt Lit the fCFtS@C@Bdone blﬂ> -thE’ﬁ] theWhe sk -85 010007
is bolMied R, b Y Bl@.&'e@ & B0R51RR 1P€. tgé5]§en€h chEGJ'ZO?

thesgbaiggg’ g'%ggwo plgg ,l thegut?lgeo‘%gf %g:g.gl\lceq:o’ J:!-S4 bounded by 40 big

f:.gures on each side of the Benchmark Price.

Continuing with the example of Table 15, the Benchmark Price Error can

now be calculated.

Ean = sqrt (0, % / (Wy + Wea* 274 Wen) } = sqgrt (0.0001029197% /
33.46040092 ) = 0.0000177923.

Therefore, twice the Standard Error = 2 * 0.0000177923 = 0.0000355847
(pips) . '

That is, at tick n, the Benchmark Price of 0.9779340193 has =a 95%
chance lying within 0.0000355847 pips of the true price P, or, the

 Benchmark Price of 0.9779340193 has a 95% chance satisfying:

P - 0.0000355847 < 0.9779340193 < P + 0.0000355847

The Standard Error of the mean may be calculated as follows:

Central Limit Theorem
If P is a population of size m and S is a sample of P with size n {n <

mj, let MN{S) be the mean of 8, and SD(8) be the Standard Deviation of

S, then Central Limit Theorem states that:

(1) When n is large, the distribution of the means M; of ALL possible
samples of size n is approximately a Normal Distribution (that

is, M, Mz, .., M, form a normal distribution) ;
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15

20

Pph Whh Equall' 1 33.41 0.9778095128 0.000001
0.9779340192 -qq AnnA n nnn..,~..~ n 35 WO
2004/ 061618 PCTI US2003/ 041685 5 Exanple 2.1 Quote
only market: There are Only two quotes in narket. They
are 1 pip apart, Imllion on each side. W want to
find out Benchmark's (P., W, a.) and SE. 10 Note
PR200446E8 t here is no deal, Market Price ispéhBs5@Bicss
as the Quote Price. By applylng Benchmar k f or nmul as,
we have: Quo e Pric s Benchmarks Ifer 09801 0.9801
09801 09801 Bid -Vb- -6-ff-er To- Pg W a. Pn Wh Un
(2) spp ©E801= GwO (0> )DO 0. 9001 0098 80312228 é 8888025
0.000
e 01 G 0% 0% M HE0 0 60§95 tp liscmeon of the

Q1 1 D.9 05
POPL% BOM D. 9800 1 0.9801 1 0.9 0.2 O ODVDOSD 0. 98005

0.35 O ODGDr YD 0. 00008452 0.9800 1 09801 1 0.9

0-98DO5 0.-375 O. ODODSO 0. 00008165 0.9800 1 0.9801 1

0.98006 0.2 0 0.980DS 0.3875 0939880 DOOO 0.98 1
3) 0.90d1M1 . 95805 B.)2/GEDOSO 10 ~393%5-0 VARG Error (sE)

B0, QE0D7837 ogQL 1,
mag 79621Mf&% §Q§80DE S or b 0diad the 8o one
" 8‘2 ‘88%)5% B-BBABY 15°8°H T90DO7921

Since M; is a Normal Distribution, then the mean of a random sample S
has a 68% chance of lying within one SE of the population mean, or a

95% change lying within two SE of the population mean:

MN ( P ) - 2*SE < MY { S ) < MN ( P ) + 2*SE.

(Conversely, the population mean hag a 68% chance of lying within one
SE of the mean of a single randomly chosen sample S, and a $5% chance
of lying within two SE of the mean of a single randomly chosen sample.
s) . ' '

SE Approximation L

Slnce 5D (P) is usually not available, it ie a common practice when n

' __ls large to use the Standard Deviation of a gample S instead:

30

35

approximated by
SE = 8D (_Mj_ ) =8D (p) / sgrt { n ) ====s=s===== 5D ( g ) /
ggqrt ((n ) '

Therefore, for any sample of size n the SE of the Mean can be

calculated (approximated).

The following section gives some examples of Benchmark calculations

following the Egquations derived in the foregoing sections.
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9800 1 09801 1 9BCDS . 3964375 0. 00005D. -98-00 -1-09801
-1 - 6-98-0-05 -0 2 0-00005D - 55F - n 3 0.98MB 21
0. 000050 0.00DO7913 U-9-80-0 -1-09801 -1 - 6 -98-005-
-0.2 0. 000050 0.98005 0.00W50 0.00007910 F-9600 -1 _O
9m -1 F9800-5 -02 0-00DC60 098005 0.0 O ODDO79M

Y-9800 -1-0.9801 -1 FO- 8005 0.2 -OONWDSO -098CD5 UO0060

VOROOOFBOY - 9800-- - 1- 09801 -1 W 9- 80- 05 Op2e bl
098V O, ODDD5 Y9-8-00 -1 0 9501 -1 3-9800-5- 0. 5'%9‘6&
O WO - 098WO5 0. 3999756 OW F 05 0.9800 1 0 1 0. 000
~-79-8005 0.2 050 0.98005 --03MP9878 WS 0.9800 1 0 1

Exampg®0% 0.2 O GOO0SO 0.98000 1 0 8 1 1 .98006 0.2

Thlp
(P do WG@DE%O @B ON7106- ('Pq98;ﬂﬂ )0. 96&ket Ipricz0- 9805 o

1 01 1 F98D05 0.2 0.00005D
6"@%’&5%“50‘3 alpvegodipad Price =

i b S die

3990999 D- GDODD50 O 79(50

an eficHmz r 0_0.9
dgggggpqggoscl I}QEHFR@OOTG 0 2 0- MOD50 OVDO5 -0 4

e OO

Dealsy DPY¥sdB) O VeRBTWI(N6 PW I6] ORF(P LPajp- PSOT = Bg- T 19-8§55 o
I _ 02097810000 0298005 1938208 F 0UGHEIdEZs0' 00007P06 ¥
2 ~-.08p750- | - 1 209801 1.95%008 V& &bbedaimons0 4 O 054 O bSV\B 1
3 -0 49\WDP50 0. 0000¥B®I60 PE 50000080500 1 908uatioR s SE Equatonz | Equations
4 0.|1000FB81] 4F BF =[OVt 650 1 i gnshi p betjween
5 tHe ®enchjmar Ks and| T hesses d dll&ioobofxfmb pfices;is |15
ShOWrblE N FI QU E 2. WaeIssenrD | ugi onsLDcan be l l
drawn as foedbromen: ofeirdsszblae Benchmarkl Plice . i$ intthe
m ddl e of the bid aad:eifer, odobdbrsssl Prostromzs:d 170000 | 0000067883
__exypecte 36 WO 720041061618 PCTTUS26031 041685
Bids Price Volume | Distance Weight Offers Price Volume Distance Weight
] 09779 0 i) 10.0000 i 0.9780 10 ] 10.0000
2 0.5778 20 1 10.0000 2 0.5781 10 1 5.0000
3 0.9777 40 2 10.0000 3 0.9782 10 2 2.5000
4 0.9776 80 3 10.0000 4 0.9783 10 3 1.2500
5 0.9775 160 4 10.0000 5 0.9784 10 4 0.6250
Vo 50,0000 Vo: 19.5750
Best Bid Pb 089779 Vb + Vo: 69.3750
Best Offer Fo | 0.9780 AH{Vb4Vo): 6.9375
Y X .
Pq Wq aq
Equation 8§ Equatlon 7 Equation 9
0.9779720721]  6.93750 | 0,00004486«
Deals Price (P) | Weight (W) A WHP - Pm)2 Pm Wm \;
i 0.9781 3 0.0000000271 : 3
2 0.9780 2 0.0000000005
3 0.9781 1 0.0000000136 :
4 0.9780 7 0.0000000019 Equation 10 Equatiol 11 Equatioh 12
3 0.9779 3 0.0000000345%
Bid>Buy 0.9780 50.000 - 0.1 0.0000000014
Offer->5oll ~0.9779 19375 0.1 0.0000000135
Total:  23.937500 0.0000006923 v i ¥
Scatter (0,) 0.0000622866 0.9779835500 23.9375 0.000062296
Let T =1 second
Pn-1 Wn-1 G, Wm + Wn-1* |
0.9778095128|  19.0458 u.ooo';;'mzo? 33.4503929; 2-[ct e e ¢ S5
- - Equatioi:r13 Equaﬁor{ﬂ EquatiovI 16 Equaﬂor[ﬁ
0.9776095128 0.600007 ‘0.9779340193 33.4604 [0.0001029197  0.000017792:
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5 (2) The Benchmark Price Weight W converges to (2 x

Nanmely, W ->2 x 2 x 0. 1 =0. 4

total volunme x X .
after 16 rounds (16 seconds). (3) The Benchmark Price
Scatter cr. is 34 of the quote spread, as expected.

SE is larger the D. because W is small (0.4) 10
Exanpl e 2.2 Quote only market: There are only two
Woowegeisms mar ket . They are 2 pips apart,
each side. W want to find out (P,, W,
This exanple is the same as 2.1 above,
| arger spread. Note that when there is no deal,
Market Price is the sanme as the Quote Price. By
Exammiel i hg Benchmark fornul as, we have: Qui)te Prices

G-)

| PH’(‘IIUEiO%4%§-.
and

except for the

Of VO P ag Pn Win_an SEE .
ot R ot g YR Y ) e tt ag toarkat - w2002
Pip RR§EH1 ].Glliélqmm SLEOD @ want € FiNAR22Dmbrk’ s (P,

Wa, G,()) R846eg. 3 3 W(Ca 000018 S 0 163 C M 09800 1

09801 0.2 0 0001 DO 0.9801 O 0.000100 0.00018

3
Pride. 98@\1 a@pﬁyﬂhgoﬁﬁﬂelﬁ QJcQog;?Pﬂa@ W%%%ér

et t%sDz 111 476, 9800 de9L.o¥avker BOBGL i6. @60@?%&885? T
O. Paw
#0100 O CDWOL6330

0_0_98ml|
o bsN L o dand b 6’8%&'0@50. 2 o. dDOL00 ®ead0OEniG. 38Y
Bid 0 (Yol @en. Bedle @5 | ®WoB0Gs,1 §.9882 1 Owaso] UgZ || SE
0 100 93801 0. 3937E 0. 0001 0. 000T5938 4 0. 980f T —
sea O PEOR—Laitieb (dP® [0 PAN (] 7500001 G0 =), DOBEHT 7 2ew0rmia
0.p800 x MY :0.9;;\0 ; A 4055005, Jfo an *no ? \ ﬂﬂ“"ﬁ”ﬁ)SOl VI7o=520050 0.00009129
0.0800 U. L0.0801 7 S Ho.o8t05> ""’02 0.000050[ 0.98005 0.35 0.000050 0.00008452
0.9800 O YOG w7 T osioes 02 0.006050 088005 0375 0.000050 B0G00B165
0.9800 7 0.9801) 1 0.98005 b2 ¢.000050 0.66005 0.3875 ©.600050 0.00006032
D.9500 1 0.9801} 1 0.85005 0.2 0.000050 0.96005 0.39375 0.000050, 0.00007068
G.0800 1 09801 1 0.98005 0z 0.000050 0.58006 0.398875 0.600050 000007857
0.9800 1 0.9801] 1 0.98006 0.2 0.000050 0.96005 0.3884375 0.000050 0.00007821
0.8800 1 09801} 1 0.55005 Gz 0.000050 0.08005 0.3002168 0.000050 000007813
0.8800 1 0.5801F 1 0.55008 0.2 6.000050 0.95005 0.3598064 0.000050 0.00007610
0.9500 ] ©.86801] 1 0.98005 0z 6.600050] 658005, 0.3965047 0.006050 0.00007908
0.9800 7 G.o801| 1 0,08005 02 0.000050 0.96005 0.3858023 0.000050 050007807
0.9800 1 09801 1 0.88605 5.2 0.600050 068005 0.3085512 0.000060) 0,00007806
0.5800 i 0.9801| 1 0.68005 .2 0.000050 0.0B005]  0.3990756 0.000050 0.00007806
- {6.0800 1 0.9801] 1 0.98005 0.2 0.000050] | 0.88005 C.3050878 0.000050 0.00007008
0.9800 1 0.8801| " 1 0.98005 0.2 0.000050 0.96005 0.3288038 0.000050{ | 0.00007608
¥05E00 1 0.8601| 1 088605 ) 0.000050 0.58006 0.3908069 0.000050(- 6.00007508]
0.0800 B 0.9801fF 1 0.58005 0.2 0,000050 0.93005 0.3990085] . 0.000050 0.00067906
0.5800 1 0.8804] 1 098005 0.2 0.0000E0 D.88005 0.3909802 0.000050 0.00007606}
0.9800 1] 09801 1 0.08005 0.2 . 0000050 0.88005 0.3009985 0.000050 0.00007508|
0.9800 1 0.8801] 1 0.98005 0.2 0.000050 098005 0.3005098 0.000050 0,00007506
08800 1 0.8801] 1 0.58005 0.2] - 0.000050 0.98005 0,3090305 0.000050 0.00007908
0.959D 7 0g801f 3 0.98005 0.2 0.000050 0.98005 04 0000050 0.00007906|
0.9505 7 0.0801] 1 | Jo.5a005 0.2 0.000050 0.98005 0.4 0.000050 0.00007008|
0.0800 i 6.0807] 1 0.96006 0.z 0.000050 096005 0.4 0.000050 0.00007908
SE = 0.00007208, 2*8E = 0.0001581, 4*8E = (0.00031s

The relationship between the Benchmark and the Bid and offer prices is

shown in Figure 2. A number of conclusions can be drawn ag follows:

(1} The Benchmark Price Py is in the middle of the bid and offer,

+ Py) / 2, as expected. .
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: 15842 0.98DO 1 0,9802 1 0.9801 0.2 0.000100
8. 82281 . 3992188 G OM00 0.00DI G827 0.98W1 0.9602 1
09801 02 0000100 09801 0.3996094 0.000100 0.00015619
0.98DU 1 0.9802 1 09601 0.2 O DD0100 0.9801 0.3998047
0.0DAO DD O OM5816 0.9000 1 0.9802 1 0 96D 0.2
0. 3999023 0. 000100 0.00015813 0.9ma 1 0.9802

- 90898 k2s OADDI GO 0. 00016812 D-9800 1 O. 989@1. 304
-0.2 NO100 09801 3999756 0 OD0O100 0.00016812 /%Sé@ﬂa% %

09802 1 09801 02 0 OMOO0 0.9801 .3999878 DADO0100
D. 00015812 09800 1 09802 1 09801 0 2 0000100 09801

0,9802 .1, Q. 9801
— 3%%99&31\7\%8%&%@8%%1 99’69 0. %%%%o% 20001661172 58850 ) -
Na’“é[)‘yog 2”7 1° #9801 % zc?oéoifc?t?ro@%effug@mges B600400

(3) 58bEhmbk elsO0862 d, 9980103, QL o
ﬁﬁ? gm 53 00001 99800, 1, 09802 ISP &

00106 0 P a0 LTINS b HIeTSEL 4D oBW 1
09802 1 0 9a0l 0 2 0000100 09801 3999998 0000100 - - -

10 .Examplez 2 - - --a-- - - 7- ~-00015811 09800 1 09802 1

11Q0 0. 9801 0, 3999999 0. 000100 00OM5811
Q““%?g%ﬂylga%k?f TS0 EPRYD YCoBtPteepiromBOt00 They are 2

plpsoag@ﬂ:]ﬁglrﬂ_lliﬁ)ﬁmgﬁﬂe% oidid J Vewéhf%%@éf;g@%%& Pa, \9,,, o)
I
" GF000155 GBBOT o811 IR 0" SkA0Sub0 SRR 2or tne targer
PresdgE—(. 0003162, 4*SE=0. 00063247 37 WO 2004/ 061618

15 PCT/ US2003/ 041655

Note that when there is no deal, Market Price is the same as the Quote

Price. By applying Benchmark formulas, we have:

Quote Prices . Benchmarks
Bid | Vb [Offer |Vo Pq |Wq G Pn Wn o SE
0| 1] 1]
0.930Q 1 0.9802 1 0.9501 0.2 0.000100 .5801 0.2 0.000700 0.00022381
0.8800 1 0.9802, 1 0,9501 0.2 0.G00100 08801 Q.3 0.600100 0.00018257
0.9500 1 08802 q 09801 0.2 0.000100 0.9801 0.35 000100 0.00016903
0.9800 1 0.9802 1 0,9807 0.2 0.000100 0.9801 0.375] 0.000100: 0.00018330
10,9800 b 0.9802 1 0.8801 .2 0.000100 0.8601 0.3875 0.000100] 0.0001 6064,
0.0800 1| o.es02] 3 CEE01 b2 0.000700 0.9801 0.39375 0000100 0.00015936]
0.8800 1 0.9802| 1 0.8801 0.2 0.000160 G880 0.388B75 0.000100 0.00015874
0.9600 | oge0z 1 00801} 02 0.000100 0.9807]  0.2084375 0500700 0.00015842
0.0800 1 0580z 1 GO0} 0.2 0.000700 098010 0.3002188 0.000700 0.00016827
0.8800 1| Gesoz] 1 08801 0.2 0.000700 0.9801| 0.3038094 0.000100 0.00015619
0.5800 1 4.9802 1 0.9801 0.2 0.000105 0.8861 0.39808047 6.000100 0.0007 5815
0.9800 1 ooeoz| 1 0.0801] 0.2 0000100 08801} 0.3060023]  0.000100 0.00015513
0.9800] 1 0.8802 ki 0.9801 0.2 £4.000100 0.98{H1 0.2868651 2| 0.000100 0.00015812
0.8800 1 os802| 7 0.0801] 0.2 0.000100 0.5801| 0.3955758| - 0.000900) 0.00015612
{.9800 | 0.9802 1 0.9801 0.2 D.000100 0,8801 0.3998578 0.000100, 0.00016812
0,.96800 1 0.8802 1 0.8801 0.2 0,000100 0.968D01 0.3959039 0.000100 0.000'1_58—12
0.0800 1 o@80z] 9 0BB0I[ 02 0000100 0.9801|  ©0.30a0980 0.000100 0.00075511
0.9B00; 1 0.88062 1 0,861 6.2 0000100 0.9807 0.3998085 0,000100 0,00018511
~0.8800 EHIT: ) I 08801 02 0.000100 $.5801] 0.3500902 0.000100 0.00016811
.8600 T 0.960%) 0.2 0.000100 0.5801|  0.9000838 0.000100 0.0001551 1
0.9800 1 00,9802 1 0.9907 0.2 . 0.000100 9601 0.3899995| 0.000%00 - 0.00015814¢
0.8800 1 0.9802 1 0.8801 0.2 0.000100 0.9801 0.3988089)| 0.063100 0,00015811
0.83800 1 ©.8802 1 0.8801 0.2 0.000100 0.9801 04 0.000100 000015811
0.9800 1 0.9802 1 0.9801 0,2 0.000100 £.8801 04 6.000100 0.00015811
.6600 1 o9s0zf 1 09801 03 0.000100 0.5801 04 0060100 0.00015817

20  SE=0.00015811, 2%SE=0. 0003162, 4*SE=0.00063247
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5 The rel ati onshi p between the Benchmark and the Bid
and offer prices is shown in Figure 3. A nunber of
concl usi ons can be drawn as follows: There is no
change for (1) and (2). But the w der spread changes
a, and SE: 10 (1) P. is at the mddle of the bid and
offer, (Pb + Po) / 2, as expected. (2) No weight
mwmw converges to (2 x total volune Xpetrli]smo%_d%g%
2 x 0.1 0.4 after 16 rounds. (3) a" is 34 of
guot e spread, as expected. But since the spread |s 15
twice as large as in Exanple 2.1, C. and SE both _
The dorlak tortshep rbatale e The BdnRKAS aﬁ&néx% B!Ni ‘Lg;d §He%a%ra]ces is

s et Iess ertain., Exa
s}-lmﬁrﬂ;lr&%e#&%ﬁer e lare™ gt%‘”ﬁ'ﬂ?&f’@% ‘?r[ﬁ% Hﬁrq%'éfm aﬁwéyljam?

1 20 pip apart, 2mII|on on each side. W want to

Thedd A QM chLR ,f W nd Thi,s exanple is the
same as 2.1 on Wi %Alta?gerﬁgo }lgmeséer ROt Chagges Ga

and QESH there is no deal Mar ket Price is the sane as the

(1) Qeties aE’rnr@emmeapplt;HenguBaagmgg f ofprul @s, V\@ have:

experd 40 2004/ 061618 PCTI US20031041685 5pgjot e r| tes
Benchmarks Benchm firks 0.00owbge id Vb Pg W Cr O

(2) oFOONT G E etiapgey (T \AvRIgG0Bo (@ & SARLVOLGR0L 2) = 2 x 2

x 0.0. 98005 2€¥e016DEHBRAs- 0.98011 :050 '70 SE O CD7906 0
02 0.9 1 2 F98005 040000050- D. 98X

(3) o, is ¥ of the quote spread, as expected. But since the gpread is

twice as large as in Example 2.1, o, and SE both double thelr values.

It makes sense: wider spread makes the market less certain.

Example 2.3
Quote only market: There are only two gquotes in market. They are 1
pip apart, 2 million on each side. We want to find ocut (Pn, Wy, 0,)

and.SE. (This example is the same as 2.1, only.with larger volumes).

Note that when there is no deal, Market Price is the same as.the Quote

Price. By applying Benchmark formulas, we have:

\
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~ O00CSD O-0G0O0A55 0 U. 98011 2 0.98005 0.4
015 0.7 ¢ 2 --0 -9801-r-2 S 5

0.1 5 0.7 O 00D G OODD5976 0 O
0. 75 0. 000050 D. DDO06774 Zi
0. 98005 04~ -0.0000501 -098DOQ. -
O OCDaSS8O0 0.9800 2 0.9 -

SvokoblEh® 0. 98DO 0- 79375 0- 000050 5g O
00 2 0.9 2 0.98D0 -0.4 0,000050 o.qgeam -

- LI

0. 9800 U 9801 [

-0.776 -0000D60 5
5~~ U DMCDE -0
78-15 O, O0DDSO 5 0.00005634 0. 0 2 0.9801 2 0, 98005

F9800- 6

%ﬁtgn}gﬁs}s

0- 000060 5 0.00005601 0. 0 2 0.9 1 10.98D0Cs 0.4
- -00DODSO 006 --U M4375 0-000050 6 8 2 0.9801 2

"0.98005 0.4- 0.0000 7-9a2188 -OGOW I Z 595 0 O..

2 09 2 [0..0-Bffl f5 O 000D50 O 9MB V. UULWWV

0 00

8 O =

Q. ODDD6592 0 8 2 D 9801 0.4 D.doom 0-98DCE 0. 7998047

0..000050, 0] 00PJ558ste BrHicBBU0 2 J0T980T 2B cRndts 000058
Big- 98MeE OFDYBDZ8Y - . WG] D50 [0 DARDSF9WA [0 300 SE
g0l 20 N W ! D QUUOSI—{ D98V FT=—§995125
D O LE 066005, PO o b1 098] 6 - 9RO SRl u.nnun@
a%M'Jyy VY 0.9801 ﬁ@“kr&jg Logeded " EA D B8 04800 0.00008455
25800 OOVD OO aiga TN C.CEC I )| SIS X A s 0.000050 B.00005076
0@ U OG0 Toseed| = ff 1o~ GO Ondtom O PBER RIS A B0000T74
09500 -2/ 9- QOB 2 - [DUBBBSY ol — coadasa] 2] 1ol (47 *4%%50@9\ 050005680
8559. 9005 09|/ 990 PARE- PUBRIDS aowesal) 0.7875] D h:806060|H—5.60005633
o.9aq3.- h'! 2 2 1:_31_1 0 5_ 5i{8Q%4 - @ - .5 75 0.000056 0.00005812)
0.8800 z 0.8807] 2 0.98005 0.4 G.B00050 0.08005]  0,796876]  0.0000K0 0.00005601
.5600 2 0.8601] 2 G.58005 04 0.060050 0.88005| 0.7984375|  0.000050 006005540
0.5800 Z 08801| 2 0.58005 0.4 0.000060 0.98005| 0.7992188]  0.000050 000005563
0.9600 7 G.6801 2 0.98005 0.4 0.000050 098005 0.7886084]  0,000050 6.00006562
0.9500 z 08801] 2 0.0B005 0.4 0.000050 0.98005] 0.7998047]  0.000050 0.000065%1]
.5800 ) 0SB0 2 0.88005 0.4 0000050 0.88005] 0.7998023]  0.0G0G50 0.000055691
0.9800 2 0.8801] 2 0.88005 0.4 0.000080 058005 0.7998512] 0000050 0,00005550)
T.5600 z testl| 2z 008005 03 0.000050 0.88005|  0.7989756)  0.000050 G.00005500
0.8800 ] 0.8801 2 0.58005 0.4 0.000050 0.98005|  G.7058578 0.000050 0,00005550
09800 z 05801 2 0.98005 04 0.000050 0.08005] 0.7985939 0.000060 0.60006560,
0.8800 Z 0.0801| 2 0,68005 0.2 0,000050 0.88005] 0.760968 0.000060 000005590
0.6800 2 0.0801] 2 0.58005 0.4 0.000050 0.9800E[ 0,7089985 0.000060 ¢.000D5E80
0,9600 2z 09801 2 0.96005 07 0.000060 008005 0.7850802]  0.000050 0.60005560
09600 Z 08601] 2 0.68005 0.4 000050 0.96005|  0.7090995 T.000050 0.000¥5590
0.9600 Z 09801] 2 0.58005 04 B.000050 0.88005] _ 0.7069505 0.000050 0,00006590!
05800 z 08801 2 0.95006 04 0.000050 0,28005] ‘0.7e80008| D000 0.000055a0,
G,8800 3 08801} 2 0.98005 0.4 0.000050 0.98005 0.8] D.0000B0[ | 000005580
0.5600 2 | 08801 32 0.58005 04 0.000050 ,68005 0.8 0.000050 0,00005590,
2*5E = 0.0001118, 4*8SE = 0.00022361

' SE = 0.00005550,

The r'e_j.ationship between the Benchmark and the Bid and offer prices is

shown inr Figure 4. A number of conclusions can be drawn as follows:

There is no change for (1) and Ca;

Weight makes SE smaller:

1)
expected.
(2)
1 = 0.8 after 16 rounds.

S 0.
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P, is at the middle of the bid and offer,

Welght doubles. W, converges to {2 x total volume x 1\ )

Weight doubles; The dou.bling of the B

(B, + B,) / 2, as

=2 x 4 x



-9801 2 0.. 0=9801 U-8006 -0.4 UDDO5 - -0.98005

g. 7888986 _OGDWSo 0.000D5590 WSO WO CEi 0.0 00
0.9800 2 0.9801 -2 F9-8005 -0.4 -00=60 - 0-98M --0
792-9992 O. 0ODOSO -2 0-9801 -2 -98D-05 -0 4 -DOOD(]C\)/I-
0- 98006 --67-a-.qgaq6 -0 000 -6-- DDGCEO O. CODD, 95?)DS
wcb028-00 -2 0-9801 -2 U-980-D5 -0 4 0 05D - 0- 98
‘?’é’g’é’-g‘lﬁé‘"—‘ O DOl OM O. OCI OD55901 a8 00 -2 - PeB0k200541685
T-9-8-005 -04 U-000050 - 0799999 0.000050 O OODO559D
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. 09800 --- O DOOOSOF 0. 0OOD55901 2 09801 2 FG 8005

> ~0.4 0-000050 - 0.8 D.ODDOG0 O GDOD559DI  SE =
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0] * = 0.0001118, 4*SE 0. 0002 .
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. change for (1) and cr,; i ght dou S: | ubltn
of the Wight makes SE smaller: 15 1) P, is a

10 Exemplg - of the bid and offer, (Pb + P~) / 2, as

. t 2
Dealexply tredicet 2) TMHOBte dﬁl:!?' %:.33-1 l%!. %ﬂggycg%ﬁ%go?c%a ;b%gx exery

4
=ecdi S chP oeer Brioen %Bzege/Mfm_m (8) w. 63 Mobrt he
Noteqhibtte wBpn gddreaiss axpaeked. uBuLe $68 {henhe ‘4158{7 the Deal
pric¥ei Gl o8, Cﬁéﬂéx%gxtﬂ%/)fb %E[ad_ecvg eases al nos 0 .

' i i th anpl 6 271 2f1 tYS £V ewver sel y

conpari ng w

15 proportional to sqrt(Wight)). 10 Exanple 3.1
Deal Prices Benchmarks
Deal |v Pd Wd Gy Pn Wn O, SE
000003 o] ___0.000000

09800 |1 0.98000 1] .00000000 0.05000) 1] 0.000000 “0.60G00060
69800 1 0.88000 1] 0.00000000 0.58000 15| 0.000000 0.00000000
00800 |1 0.68000 11 6.00000000, C.88000] 1.75]  6G.0oooon 0.60060000
09800 |1 0.85000 1] 0.00000000 0,98000 1876 _0.000000] _ 0.00600060
05800 |1 0.58060 1] 0.00000000 0.58000 1.8375]  0.000000 ©.00606000] -
T E 0.06000 1| 6:00000000, 0.98000} " 1.06875] __ 0.000000 0.00000000
09800 |1 6.95000) 1] 0.00000000, 0.88000] 7884575 0.000000 0.00006000
0.8800 |1 0.580600 1] 0.000000G0] 0.98000] 10031675  0.000000 0.60500006
0.9800 |1 0.980600 1 0.00000000 0.88000]  1.5980038 0.000000 0.00000000

—0.8800 |1 0.56000 1] 0.00060000 0.08000] 1.9580468 0000000 0.00000000
05800 |1 0.85000 1| 0.00500000 0.98000] _ 1.8600234] __ 0.000000 0.500:00000
(TR 0.98000 1] 0.56600500 0.98000] 1.8696177] _ 0.000000 0.00000000
09800 |1 0.98000 1 0.00000000 0.98000f 1.8097558 0.000000, 000000000
Gg80o_ |1 0.98000] 1| 0.00000000) 0.68000] " 1.0956779]  0.000000 0.00000600
09800 |1 0.98000 1] 0:00600000 0.98000]  1.960030] _ 0.000000| 060060000
65800 |7 0.96500, 1| 0.00060000 0.86000] 1.9090655]  0,000000 0.06306000
00800 |1 6.08000 1| 6.00000000 D.88000] 1.9999847]  6.000G00 0.00000000
08600 |1 0.88000 1 0.00600000 0.98000]  1.8099024 0.000000 0,00030000
09800 |1 0.98000 1 6.00000000 D.85000]  1.9989962 0.000000. - 000000000
0300 |7 0.5800G 1| 0.00600600 0.98000 1.8896081] __ 0.000000 0.00000000
08800 |1 0.98000] 1 0.00000000 0.580060] 1.869998 0,000000 0.00000000)
0.5800 1 099000 1 0.00000000 0.98000)  1.9600085 2.000000 0.G6G0DAC00
0.8800 |1 0.98000 1 0.00005000 0.98000] 1.8898698 0.000000 0.00000000
0.8800 |1 0.98000 1 0.00000000] | 0.98000|  1.9558590 0.000000 0.00000000
0.8800 |1 0.88000 1 0.00000000, 0.98000] 1.9998999 0.000000 0.00000000
0.9800 |1 0,98060 1 0.00000000| 0.98000 2 0.000000, 0.00000000

- 1

Figure 5 shows the relationship between Deal Price and Benchmark .

" price.

20 The following conclusions can be drawn-
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: - Imllion deals
Deal only market: There are only one I
occurri né every second at the sane price. W want to
find out (Pn, W, o0.) and SE. Note that when there is
no quote, Market Price is the same as the Deal Price.

i have: --deal
By applvyi ng Benchmark fornul as, we
~)F/>ri ggsyDegal V- Pd Wi Pn Wwh CtU SE 10000 0 O. CDNO 1

00 1 0.980 D9
0YQ@w0-81@8 98DCO 1 0. 0000DO 0. 000000 09
00 0. 98000 1. 6 0. 00 0.0000GDDO | 0. 98000 170 By

: DO |
"1.75 0.000 O, ODOGDOOO 0. 93DO 1 0. 980
%%ogooo 0.98 1.810 O G DO 0. 000000M 1 0.98000 1

WO 1.U 76 0. O CDOOM 0. 98W 1 0. 98DOO
0. 00 00 0.9 0. 98000 1 O GDDODDDD

1
) 0.20080 8 BTG SR b 565 quion osoeasonmd 1
{2) 0. hygyk Pricg WEJLQIILWBUD:OEN&QM(;%% | (fqég%:%ég@ 5 9\/%\;)1
o 1
“"“‘“@@5’0 i 10, ‘030500 0 080000, GINGTRED 1 0. 98000 1
(3) ng‘ %6769 TUPILE §8000°r100 26000808 zetod, 380DRected. |

------- 0. 00000000
s @8 980§00de QDN 801 i i
;ang ggé)% NOO u?g/oo "50B 0 olaom OXMOO Onw | 0. 98VD

0.98000 U . UBWI ..OVUU 0.98DI
Example 3.2 _
Deal only market: There is only cne 1 million deal occurrlng every
second alternately at two different prices one pip apart. We want to
find out (P,, W., o,) and SE. This example is like Example 3.1, only

deal prices are not at a steady price but “vibrate" one-pip apart. By

“applying the formulas, we have:

Deal Prices Benchmarks
Deal [V |Deal v Pd [wd q Pn Wn o SE
n
0.00000 ] 0.000000,
0.9800 1 0.98000 1 0.00000000 0.88000 1 0.60000] 9.00000000
0.8801 1 088010 1 0.00000000 0.98C07 1.5] 0.000047, 0.00003849
0.8800 1 0.88000 1 0.00000000 (.83003 1.75 0.000045 G.00003415
0.8801 1 0.9801¢ 1 0.00000000 0.88007 1.876 Q.000047 0.00003543)
0.9800] 1 0.88000 1 0.80600000 0.88003 1.9375; 0.000047, 0.00003358
0.9801 1 0.98010 i 0.00000000! 0.98007 1.88875 0.000047| 0.00003360
0.9800 1 0.98000 1 0.00000000 0.88003 1.984375] 0,000047 0,00003340
0.9801 1 0.88010 1 0.00000000 0.88007| 19921875 0.000047] 10.00003340
0.%800] 1 0.98000 1 0.00000000] 0.88003 1.9360838 0.000047 0.00003335
0.9804 1 0.88010 1 2.00000000 0.98007 1.993046_9 0.000047 0.00003335,
0.9800} 1 0.98000 1 0.00000000 0.95003[ 1,9950234 0.000047| 0.00003334
0.89801 1] 0.98010 1 0.00003000 0.98007]  1.9805117) 0.000047 0,00003334
0.0800f 1 0.88000 1 0.00000000 0.898003 1.095755% 0.000047. 9.00003333
0.9801 1 0.98010, 1 060000000 0.98007] 1.90987T79 0.000047| 0.60003333]
0.98060 1 0.98000 1 0.00000000 0.83003 1.889030 0.000047 0,00003333
0.8801 1 0.98010, T 0.00000000 0.98007 1.9896305 0.000047| 0.00003333
0.5800 1 0.98000] - 1 0.00000000 0.08003| 1.0060847 0.000047 0.00003933
0.9801 1 0.98010 T 0.000D0000 0.88G07 1.8899024 0.000047] 0.00003333
0.9800 1 0.88000 1 0.00000000 0.88003 1.9980062] 0.000047 0.00003333
0.9801 1 0.88010 1 0.00000000 0.98007| 1.0808281 0,000047 ©0.00003333
0.9800 + 0.98000 1 - 0.00000000 0.88003 1.899889 0,000047 0.00003333|
0,9801 1 0.98010 1 0.00000000 0.88007 1.9998005; 0.000047| 0.00003333
0.9380C 1 Q.9B000 1 0.00000060]. 0.98003; 1.0000988 0.000047] 0.00003333,
0.9801 1 0.958010 1 0.00000000 0.88007]  1.9990990) 0.000047 0.00003333
0,9800 ki 0.88000 1 0.000D0000 0.98003 1.9989080| 0.000047| 0.00003333)
0.59801 1 0.98010) 1 0.00000000 0.980607 2 0.000047 0.00003333

SE = 0.00003333,  2+#SE = 0.000067, 4+SE < 0.00013
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U.UNQ I N.UVU O Whwnnn 0. 980C Figure 5 shows the

rel ati onshi
20 The foll

p between Deal Price and Benchmark price.
owi nhg concl usi ons can be drawn: 40 WO

2004/ 061618 | RMJS2003/ 041685 U) The Benchmark Price
P, is at the deal Price, as expected. (2) The
Benchmark Price Wi ght W converges to (2 x total

VO X0H@s16Manel y, W -> 2 X | = 2 after 22 roppflg %3‘% 685
seconds). (3) The Benchmark Price Scatter cr, an

are zeros,

as expected. 10 Since there is onl y one

deal in rmrket Exanpl e 3. 2 Deal only nmarket: There is

Figugel § wesltis khiaicdamy Beewlahi Bk 1EBEE 2
overdktgLnately at two different prices onééespl:li%dZ{%gllr%Pmarﬁ

want to fi
1i ke Exanpl

nd out (P., W CF.) and SE. This exanple is
e 3.1, onIy deal prices are not at a

FromsFéqudy priwae chiltconviliat " one-pip apart. By applying
the formul as, we have: Deal Prices Benchmarks Deal V

Deal v, Pu

iWidj Crd Pn 0.9801 UxM 01 11 C 0.9 00 1

Therf FREPOChaGe0000TO0M0. BEOGFedything. else. chan § Q. QDDD47
0.

0000 0.9800 1 1 ..~Uaw 0.98008 .9 U.~[ 335

9801 1

P 1._0. 0000 98W_ 1 0.000047 0.98000 1
() Q%%E?BWQ% #W%%Om@etw@uﬂeal ®r9686d,0but
with 1orgyoeo{m0@rnglﬂ-ltgﬂe'0@a@3&é0 dedd NUUWH 5 Qg GOLIQIOM c& Qge 35

Bencihdtd ad Q<R 0..00003336 U. VUUU 1
0. 98000 1- 8‘83)%0%@%8@ SR FF I8 Rk the PsNEAE Fick.

O 98000 1

O. GDOOGCDD 0. 98Wr | . VW-117 0. 000047 U. VdUO 0. 98000 1

(2) '@m@g@@g@@k@:ﬁcé&@ﬁ@ﬁﬁm 80830485 Qomlo%ﬁ) uMe ) =2

x 1 1.20998779

0.000D47 0 " (ODO03333

(3) The Benchmark Scatter is at 0.47 pips (47% of the deal price

spread) .

Example 3.3

Deal only market:

There are only two Ilmillion deals occurr:.ng every

Becond at two different pPrices one-pip apart. We want to find out {B,

War 0Oy) and SE.

By applying Benchmark formulas, we have:
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1 0,98000 MOMOD 0. 98003 I.VVUUW 0. 00DOX47 0O
OOCQ)CS)\C/)%M 0.9801 1 0.98010 .0000DCOO I...VWb 0.00~7 a
U YBW 1 0.98000 0.000000 I.Y~"7 O GOx#A7 0.. OW1 éoo
0.98010 1 O-OADOOM 0. 980D7 1.99M24 O OD0047 0.0 0.9

-1 OVMOOO 1 0. 000000W 0-98003 1. YUWNZ 0. 000047 0.00 00
0.9801 1 0.98010 1 D. ODUGCOOO 0.98007 1.9NOvV81 0.98
wogoggemd | 0. 000000DU MOM | . UWU 0. 9801 1P&‘6l§§@1%841%83
O GDOOOOCO U. Udw |1 0.980101 1 0 GODOGOCOO O
1. 9999999 0. 000047 O COMNB3M 0.980D Ii _1 U OND0O47
0.00003M | ""An""'M!1J2 0 0004711 20 SE 0. 00003333,
2*SE 0. 000067, 4*SE 0. 00013 41 WD 2004/061618

PET 31(\41r~015 g i gure 6-shows the relationship
bty US?OF | ppgepress nar ks Be@Rks i ne | [From
Deal El g Iea g gﬁn ¥8hcl ade: {10 Prhej eWrs fo ghaide TsE —

Wi eht thing el se |chewoRES™ ("B — Tlamoedbg e et
0.9880F 18 6,801 %‘[ Qﬂ%& Pt 05 %N ded priegy,  Bewss]
0.9 1} Co. 3 Uosa T NN T ©.950D5 3L ogooosay |7 o 0.00002887
o8 T1h ok |y ija] 4 o[ At Iobdﬁﬂﬁﬁ) of q.zgug‘ F d_ea:a;.skm'g.fl\anoso:: I :p,noq_o
0-9500b ¢ b %] f| | T mesoo € (C 1 VeoRDoo : 11 575p Myl -1, 90000
oo8t0l 1], 08803} 7 i IS SPPOEoRl | 1 H05fogk) TTr@7sBE . -
0.98pd '1'UCE§ﬁj [T 550 o.o0paspoe] " "qogees| 6 \-008850D |y 0.0j00zE20

W@%ﬁ TREW | CpEk)es O0bose0ol” |~ "0'aB0OS[  S'58375]  70.000050 | 7 0 A0Rp2510

0.0809] 1| VBTN Bef pﬁmmn- T Sheddzsl Plobbseol 1 *Sonttzses
08800, 11" @e80] U | ~gwa0o 0.2s nreeepyel | Byl G993 87, ammdllyamm%m
08500 4] "Aredti] 1" BEDOST — 2|~ T 0.0000 1 9199005 39 S O8RSl | 1 | Tpopozsor
0.9 Siledor] THIEY €5, 0000500 . O9B005]” 3:88B0469] — 0ouodbol 1 - 0,00002501
0.9808l; Al 058010 51) SIB Co at| T koosds] | SToedd 25 NG o g 02500
0.980) 0980 sl wWant®5opsn || nEoRy®| [ PO sEm0sNeses ) ddddded| S teNt02500
05 oou0t} 1 Jo 498005 | B podeesacal | \FRIDTEEH D 0,000050 0.00002500
0.5 ke I o ARG I N Y J;%a 3.090B778 6.000050 0.00002500
0.9860] 1] 08801] 1 0.88005[ 2]  0.00006000 0.95005]  3.600938]  0.000050 0.06002500
0.8800] 1| ossor| 4 0.98005{ 2|  0.00005000 0.98005] " 3,5696685]  0.000060 0.G0002500]
aB00] 1] 0.9801] 4 "0.88005] 2| 0.00605000, 0.98005] 5.6998B47]  6.000080 000002500
0.8800] 1] GmEGY| 1 058005 2| ©.00005000 0.93005] 3.098992a]  0.000050 0.00002500
08800 1| 0.6801F 1 0.98005] 2] 0.00005000 0.08005| 3.0668062  0.000050 0.00002500
0.5800[ 1] 0.8m01] 1 088005 2| 0.00008000 0.58005| 3.9900DE1]  D.000050 0.00002550
C9B00] 1]  0.801] 1 058005] 2F — 0.00605000 0.88005]  5.0899%8] 0000050 000002500
0.9800[ 1| 08E01[ ¥ 0.88005] 2| 0.00008000 0.63005] 3.5500896]  0.000050 0.00062500
0.9800[ 1| aaeo1] 1 0.88005| ~ 2 0.00005000 0.98055] _3.5606896]  0.000050 0.0§002500
0.0800) 1| 0.0801| 1 0880060 2| 0.00005000 0.58005|  3.9599595[  0.000050 0.00002500
0.0800{ 4] 0.5801] 1 098006 2]  0.00005000 0.88005|  3.0935996]  0.000050 0.50062500

SE = 0.00002500, 2*SE = 0.00005000, 4*SE = 0.0001

Figure 7 shows the relationship between deal prices and Benchmark

prices from which one may conclude:

There is no change for Welght (1) but everything else changes:

(1) The Benchmark Price P, :.s at the middle of deal prices, as
expected. \
(2) The Benchmark Price Welght W, converges to {2 x total volume ) = 2
x 2 =4,

(3) The Benchmark Scatter is at 0.5 pips (50% of the deal price
spread) SE decreases compared to Example 3.2 above, as the Weight

has doubled, and SE is inversely proportional to sgrt (Weight) .
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685 Deal Prices
WO 2004/ 061618 PCTI US2003/ 04168
Benchmar ks Ueal V Deal V Pd Wi Crd Pno\/\hoozagsggj
0.00000 a RMNM U. 9800 I V.UW | n nM DS 00050
0.98005 4 U UUU L~rl U qgaeo 1 TUML | n AA .

! 2887 U VM/ 1 a 9-5
. 00003536 BOO | 0.98DD5 O ODO0
8. 00OMOCD 0. 980D5 0. 00DC2673 U.9MO 1 0. 9801 OOCDD50W

#6168 v U-w 000002582 ' ...V 0.9801 0. 99¢eus2obdifdicss
g%mm@g Ofo 0. 0D00254D 0. 00DCE000 O. 852/272' 835808500030%6
. 9800 O. DBO05 3. 96875 0.000050 . .
?JXBM,O. 9801 1 3.9921875 O.ODDOSO 1 2 0.00005000

1
Having §4851s5edgun they BaAMRls drd) a@8Hkd) {ndOtb DA BEX
'desQri@Eﬁ'JMtQ_iﬂaS Q.%w %a %Klgt@ %?: %8% §e655%7§%83%i§§§imarks
and gdi%gggﬁgf-ecﬁﬁ%%% tragedgo Figurs08Gosl 2 Shov0 8o examPMOS:
sys i;e'_rryaf Q0 GBYLvIOR080H @»ro@ic_ﬁ&@obe’hc%ng%%l télu tor-gggzé%aind%gg D1
systeml Of ORGALO ¢, 9é19t§1918%1<' |2 99136r_ec_1 d@‘é@opri'cg H8hHdedl Nasa
1 0000050 --MVb 2 00- 03350 2,
obtad.ngg O]:%?OT 2 fHaghe soupce ) In. GRA0HBE Of 19806 ol tgeﬁ&%éo&glg%%@
fromp pm B0Q(HeapqdME s&bI8Q0 A0 ASQL t&anu'ogg %urce.'

From the diécussion abdve, it is clear that for a benchmark to be
calculated for a given currency pair, the previous benchmark must be
available together with bids and offer prices entered into the system
since the last benchmark together with the prices of deals done in the

time since the last benchmark was calculated.

These bid and offer prices and deals are conveniently supplied from a
trading system, for example an anonymous trading system such as that

degcribed in US-A-6,014,627 of Togher et al, However, the information

- could be supplied from any suitable trading system, trading in the

instrument to which the benchmark relates, Such a system must provide
price and deal information and way or may not be anonymous. Bid/offer
Prices and deal pPrices may even be supplied from a non-computerized

source such as an open out cry market or . a voice broker.

Most trading systems enable traders to trade a variety of Currency
pairs. For example, USD: EUR, USA:JDY, USD:CAD; EUR:JPY; EUR:CAD and
CAD:JPY and other @B Currency pairs. In a preferred embodiment the
system will establish a benchmark every t seconds for each of thege
currency pairs as well as other eurrency paire that may be traded. The
benchmarks will then be communicated to Eraders trading on the system
and to traders trading on'other systems, for example on conversational
systems or direct dealing =ys£ems. The benchmarks may also be released

more generally into the Ffinancial community,
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1 U.UOU0 2 0.00006000 .98005 3.9999995 0
8: 53%“8“2 .00DO90 - 0 O-OA2500 | D. ODOO5 DO 0- 98005
--j-9999qg8 0- 00005D - 0- 00002500 09800 2 0- MOD5000
0.98DOb - 7- 9999999 O ODO050 - ---TO- OOG2500 0. 98DO 2
D. DD005000 0- 08005 F9999999 0. 000D50 - 0.0=2500 | SE
= 0.00002500, 2*SE 0.00005000, 4*SE = O Oooi Figure 7

YR OEWE rel ati onshi p between deal prices grg 20031041655

Benchmark 10 prices from which one may conclu

There is no change for Weight (1) but everythi ng el se

changes: (1) The Benchmark Price P. is at the mddle
In the dimgritc of , figyre @x peiod edonﬁ&u(sara'ﬁlﬂgg %@gg&mgkshown

at 1Pl iR Wi@%n&vdeﬁ@rh\fﬁggﬁactlto ;{32 pass ngvaglgggevtagolz dJr a

The Benchmark Scatter (S
mark?% ra&% %eerﬂjr PEEVSTspt ekaye e H%Tmhe‘aslesméwﬂpaned is0
B double e a0g. SE
perfgxeathhec@:dinahay ehe Mgbmhméaegdunb %b e
FeedésSs | (DYEY sdgley e onal to 1slqr ht% 20 43
2004/ 061618" PCTI %%%68%?%4?6@? FsEhpssdontion
Price HRIBEMiREr KOmar SEre \teda le@eﬁ:obﬁ (B\Abfﬁtg-lbéiﬂs,Chb@édeint

naletcahentionaB Sy SHRM FRYaR8u Rl HELJ, culate
- benchmarks and distribute themto trgﬁérs Fi gures 8

d
and 9 show two exanples of systens for deriving an
The PEGIT R FEbRrfo Rbraks treret et Giys usismy &"&rl%&tﬁm of

arbi fiagure, &as@@%h@j’dg§Pﬁrcgldfgéa\é§gnf QMR ce%raatgg %?d%ook ot
t8; 40 ght &l fn source. In-

ordex%a (gjr' e § ? ey “are eag?lf%eantcf tEf PrateBdbraftedteal Traders

rece:é’&pm#}@é} ’F*W plprdng idre bae: $AAS Ghd Hmtmch are

filtetie8CHS S MEIAROYEstrlibutlcs Qé&ﬁrdl{l%a\;o (:Qelraag hrpr']%reéfaahs

t for a given curr pair,
prlcebenc?ieala% h?aﬁjag rbhé’ldiSa &0di Pfapi e Q@Qétmﬂqudhomtd@ and

systegf ped Rypvidss derledetbrimt od h@lﬁcyéttﬁm s ChercRRahast
h ces .of delsdoneln
togetlh@ﬁ&hxlmr kidenggs hﬁ']‘.ei‘\é LRl Ji 300 L8 SYstey via a
g, si nce the | ast benc mar was “caf ¢
city %Iﬁe%'e w%‘n%‘ AiFd® oYFBI ecEe ahdchidarding bamion wenimentegted
to th§u§¥ﬁqqu 9 Ghe MRF server 14. This market data is deljvered to
traders 20 on other systems in XML or other formats over a TCP/IP 1link

via a wide area network 22 and a Conversational Direct Dealing (CDD)

server 24 and a Secure Communication Server (SCS) 26. The market data

is enhanced with the benchmarks calculated by the MRF 14, The

benchmarks are also communicated back to the anonymous trading system
for distribution, via the market distributor, to traders trading on
the anonymous trading system 10. The benchmarks may be used to
calculate the big fiqure (most significant digits) of the currency

rate at the anonymous trading system.

Thus, the market rate feed unit 14 differs from prior art units in
that the benchmark caleculation algorithm described above is-
implemented. The MRF 14 calculates benchmarks at predetermined equal

intervals over a trading day, for example every second. Thus, the MRF

receives the order book from the trading system together with the
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20 trading system for exanple an anonynous trading
system such as that described in US-A-6,014, 627 of
Togher et al. However, the information could be
supplied fromany suitable trading system trading in
the instrument to which the benchmark relates. Such a
system nust provide price and deal infornmation and
VMU 1#8y not be anonynous. Bid/offer 25 préGESIBHI%kss
deal prices may even he supplied froma :
non- conput eri zed source such as an open out cry
deanarket or a voice broker. Mst trading systems enable
>l gt §iper thadsk bendbebyk 0baleiTR86 YehaDAkd %‘ené%% a
distex Bafe rhdSRncEhdRy USA: LTPY, USD: CAD, EUR JPY  EUR CaF?
and 30 CAD:JPY and other GB currency pairs. in a
. tgr@eferred enbodi nent’ the systemw || establish-a
I

riotiank o elgure SpeRAdALRE LACRAAL 088G CULLPNCY
calcRakdey a&mgg%ﬁ% ofher cur regc%_éﬁ?al rs that may 14
thamtgaded. The bernchnarks w1 P-eHerdhErEbamiirfiteaemd storce
o U0 EPSTIONA; FFISRO tsretey SvenThiandotet BAGRESHE radi ng
1ffererst hexdisysseten, icRX AR B AR160Q e sational 35
some SUBLRHE, Qs "Geh AEAILIG /ST, e SE ey oo
curc 8 S0 be released  fore JEREFET Iy -i Feco Penehnfirha rfpirasomne
TEHERT TS Y1k DAO-2B0AR 081 616n REEl pIS2R031D4LE85:atE | N
providml éndoodheettiraf pdfricgU S Bnat nmous_, tradi ng
serveYSkem i s shown ot go. Thggﬁgﬁggmgﬁ%v %iﬁei %ﬁ%ﬁﬁ?%ﬁ

is passed via a gateway 12-to a mnarket rate feed
server 14 where the benchmark calculation is performed.

e o G T R S S

. Feeders (MRF) are, in
to.riﬁgeglge fb&%?aféﬁrr %‘Eﬁlxt PRy Prige phifeemaricar fat ia0gifd0Budrency |
palr -SfG'GW crethotle ronineroust t1HdBEE IdvaeER 10N ANERL iﬁirlds anrq:ty
tradiG@ny@deofn@l for themto cal cul ate benchmarks. The
.. systemof US-A-6,014,627 operates by using a series of
arbitrators, based on geographical |ocation, to keep a
~trading book of 15 orders (bids and offers) entered
into the systemby traders. Traders receive narket
vi ews showi ng the best bids and offers which are
filtered by a Market Distributor according to their
ability to deal prices. The arbitrator holds a | og of
all deals conducted on the system'and provi des deal
i nformation, since the |ast benchmark,
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20 together with bids and offers entered and active in
the system via a city node, which is a | ocal node
via which tradi ng banks are connected to the system
to the MRF server 14. This market data is delivered to
traders 20 on other systens in XM. or other forma:ts
over a TCP/IP link via a wde area network 22 and a
Borroerossts onal Direct Dealing (CDD) 25 serv |
Secure Communi cation Server (SCS) 26. The nlgéTéS?mg@lﬁg&
i s enhanced with the benchmarks cal cul ated by the MRF
14. The benchmarks are al so conmuni cated back to the
anonynmous tradi ng system of.ghs di stribution, via the
mar ket distributor, to tragers trading on the
anonynous tradi ng system 10. The benchmarks may be
used to 30 calculate the big figure (nost significant

1. digideshodbrt &8-00% £1IBREY aponynous trading

insSYSEEM, Thus, the mar et I{eg_%lgna?sé:e S:ﬁ‘i °‘i¥fra‘?€f5r ef

rom prior QPR UHMEs SHPTiHES t he benchnar K

c st fairigopr Elegont tuirilerals HedtBOQAKBLIEe3P have been
conduﬁ’pérﬁ%&ﬁ&@@- pIMoMBﬁ)én%hﬁﬂlkC#iﬂ.aéeevs\rag eegtggg]“é]rsﬁs at
a

pra%detrelrnm lg}ed equal Intervalrs over ﬁdblay, for
exanpt e avelsy PEETHhat TGes atheraiRAt recbe weskbhe
orf#8r book fromthe trading systemtogether with the
4%V 120944 Q61648.:RE 41685 5 deal s done since
and éhngz J.ast 1ééegcﬁﬂ]emar K, %aﬁé?%g FH5e PRl CHE TR K L ce
i StT 1 but’es “FHe PHETRSh ARS IGUCES Prheey acremtingf sfricguee 9,
previeir hasetkerk @riSene currencies may be calcul ated from
trading informati on provided froma different source

5 1% t han the anonynous trading system 10. This source
) Tﬁ%‘oﬂe&‘c&‘:’ﬂﬁhfrfgeﬂ:@rﬁlatlmabi figrshest empribi®h, ciMulating a
marke gmpée fras tgreeatffurki stliadht York Bes SORBLGUL SACY PAI LS
wherd H2Rnd AN .SV 5L € 111(;L)1m__TEe kc))enchmar ksqdf%or_%)l_rres’ snd
reyULTENCY PAITS W | BE TS Bt BRF MrokRtt RELqn peé thed
PrEvEs) 2T pEdFeed fromthe third party trading
system 30 via the third party 15 server 28. As an
3. ahtRRpad| ; rket rate feed server 14 could be
confi gur e @"’tf 01?1 eg‘gicé'é‘l‘%ild/‘eﬁ*ﬁr@ﬁna% fiesll Ppi¢eseand the
UOLS RELTSRRET D ROEBETed romm tradiegcaystpai r from both the
anonynous trading system 10 and the third party 20

t ' t em 30. .
4. }qukﬂgh.%xgordyng to claim 1, comprising repeating the steps of

acquiring deal prices, acquiring quote prices, and. calculating the

benchmark price every t seconds.

5._ A method according to claim 2, wherein calculation of the market

prices comprises weighting deal prices according to their size,

6. A method according to claim 2, wherein calculation of the market

prices comprises weighting deal prices according to their age.

7. A method according to claim 2, wherein calculation of the market

prices comprises_weighting deal prices according to their size and

age.,
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46 WD 2004/ 061618 PCTI US2003/ 041681 5 C ains A nethod
of establishing a benchmark price for trades in a 10
instrument at a given tinme, conprising: acquiring
prices at which deals in the instrunent have been
conducted since a previous benchnark price was
established; acquiring the prices of quotes at

e eWdpiicien the market; and 15 cal cul ating RTARBGRIBEL
price fromthe previous benchmark price and a neasure

of deal prices and quote prices occurring since the
previous benchmark price. 2 . A nmethod according to
claim1, further conprising: calculating a 20 market

P 0 ur of de rices and quote

ri @‘E%}I"ﬁa%%&%ﬁﬂg Een%ﬁﬁgﬁ the peiabiizg of deadm

P“cgﬁeacr?ﬁi‘ %ae P %’@eaﬁ%i Jtnhéerrwr efinous i pEnc BEBY kui BEd&e ded:

sizel met hod according to claim1, wherein the deal prices
and the 25 quote prices are acquired froma trading
system 4. A nethod according to claim1, conprising

7 répritrAgadeeditere ofairasquhetath deal dMibESSre usichtod

accoﬂﬂ:.ﬂic_i;l td n;glqu%ﬁlgrl ces, and-calcul ating the benchrar
price 1,g(very segonds. 30 S. A nethod according to

claim Wiersi T cal cul ation of the market prices
cBhpre Sedswehe lvbilmge daeathepﬁla@ps ta¢s Qidi Qﬂaﬂs@dtﬁ% since
the ﬁeﬁr@oueﬁbeﬁcm&()dar%%o I ng % CLa ?e%a;' ﬁv\h?neﬁr S the speed at

clatlo fthe mar D“CG
whlcl'?%ea I ﬁ'a p ?‘E’eg"%{%&éfﬂ%ﬁ ng to their age. 7. A

met hod according to claim2, wherein calculation of

10. tRenABEKEL: C ise WGI hting deal prices
accor di ng%tcgp(tﬂxgs?oscﬂrzgg&a%d Fge? 9‘ %@1 SOkRE i o P 1 Barket

PricSSCTPTIES 6% THTEES ths weightemithatl aiaabrmhmgstcﬁtcﬁlrﬂﬂ@ 5,
sincepttbe gimevidies Wwehghidrkg of deal

11. A wethod according to claim 10, wherein the market price is

_calcunlated from a deal price cbtained from the arithmetic average of

individual deal prices for Geals conducted since the previous

benchmark was established, weighted by their deal weight.
12. A method according to claim 1, comprising calculating a deal
price scatter for deals conducted since the previous benchmark price

was establighed,

13. A method according to claim 12, wherein the deal price scatter is

derived from the standard deviation of deals measured with respect to

deal price and deal weight,

14. A method according to claim 1, comprising weighting quote prices
according to size.
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Prices according to size is in terns O nmultiples of a
m ni mum deal size. 10 9. A nethod according to claim
G wherein deal prices are weighted according to the
formula Wdj) = Vi*2-ot where vi is the volune of the
~deal, t is the elapsed tine since the previous
benchmark, and a is a constant determ ning the speed
WO 200486148 ch deal s are marked down over ti Tn#SQusousss
nmet hod according to claim2, wherein the calcu a?l on
of market prices conprises sunmng the weights of all
15 dggl pgli ces occurring since the previous benchmark.

- 204 Tethad metchodtingc cordiaig 1,0 oo iR A0 T%}%I in the .-
accomitikgtcPhee is calcul ated frtg% a deal I‘Ilglg DTS Feges
fromthe arithnmetic average of individual deal prices
for deals conducted since the previous benchmark was

16. esh abkhohedeonsinghte d10yn thebomflaalnd Lol 25 42 gpA:\:a.ces
al C | i

accdRt R9d Accrding. to.claim 1, conprising
dea?g pri.ce sggfg? éa(rﬂdf%‘?e-'deal s conducted since the

previ ous benchmark price was established. 30 13. A
17- et ethat eoeckidiggtin ehainmi2, uherein the deal price
priceSadBhat S, (deLi ved from the St an%‘grtg‘ed"éevllggffn&nc’gfqu"te

_deals nmeasured with réspetts P mH&aPles pEer amdideateal
S %%\ej ght. 14. A method according to claim 1, conprising
wei ghting quote prices 35 according to size. 48 WO
18, 2Q04L 1618 P [ US2003/04168'5 5 15 - A nethod

ac por%??n %%Orgglé? rsﬁc’lf:lac‘t‘.’i‘nﬂ)r?%@ﬁgsw yéitchn gng) wobees

accopdingggo rg}?éér‘éﬁﬂtgﬂt@ fage.thbbbedk gREMOAnaGLOLALNG tO

claim1, conprising weighting quote prices according
10 17. A nethod according to

190. L0 hisky size.and age 1 -

clarm fﬂ, SHTEPETSh tPhEt Ak Yht"hATeof quotat erices are weighted
according to the formula: W(Q;) = Vi*2 FOLE. ghere V, is the volume of
a quote, P(Q;, is the quote price and B iz the best bid or offer
depending on whether Q, is a bid or an offer.

20, 1n method according to claim 2, wherein the calculation of ﬁarketA

pPrices comprises summing the weights of all quote prices occurring

since the previous benchmaxrk.

21, A method according to claim 20, wherein the summing of weights of

all gquote prices comprises summing the weights of all bids and all

offers occurring since the previous benchmark.

22. A method according to claim 21, wherein the summing of all bids
and all offers is adjusted by a constant representing demand.

. 23. A method according to claim 22, wherein the quote price is

derived from the arithmetic average of prices of weighted bids ang

offers entered into the market since the Previous benchmark
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- weight equal to a very small constant.

prices according to size is in terns of nmultiples of a
m ni mum deal size. 15 18. A nethod according to claim
| conprising weighting quotes according to their

di stance fromthe best quote in the market. 19. A

met hod according to claiml1, wherein quote prices are

wei ghted according to the fornula: WQ) =

Vokzgw,’”ﬁ“@'-o where Vi is the volume of  20p@r/GesedsReicss

P(Q) is the quote price and Bis the best bid or -

of fer depending on whether Q is a bid or an offer.
24 20, A method according to claim2, wherein the

ca c'EﬁtaPii gr?r;i?d]ﬁ*ar ketclapnizeshensnpr tm;aasamtagn Lcnfemarket
prigeifghtiserotomddisgsi Qe cRld i 5 since the
ent@{e%{v;!}\ﬁ&{;s tRQnCth‘ék-- 21, %ggre%)%glg%acp%%?%isﬁﬁtg%r &Pxj Fotes

20, wherein the sUifiFhdGr Preiighe sbesrhmadld pust eas
estafliigbed.conpri ses suming the wei ghts of all bids and

all offers occurring since the previous benchmark. 30

2s. 22, A pethod according to claim2l, wherein the

, c%s%rrm Ag° of CEPTHBE L ARl ¢ Widreis the aujtespetbdycarter

18 IEEAveditTon eeesenthng detBRbn 38. ALEBLN0.2GEaL Y with

resfe@t CtRigibeL p MRS L8N uote price is 35 &%rlve *
fromthe ar iptrhrreti C rg%olél%a‘geelg% "prices of weighted bids
and offers entered into the market since the previous

26 benuhpadk acde-dily 2004/ A6k618 RETHAS20031041685 5., 24

the GREARRE BEGOLALNI L0 £l M2 ﬁh%ei n ?%%%a?%uq gtl}r%%érom

2 pell Imar kecgl price further coﬁ‘ﬁ i S8 THCH| B ithg waxgbtand .
pr i T °§ cRFEEF 10 LEpibieals anbersidickntie phevivak kednchmark,

" eachgpfiddnet Gueoter BrideUsnd @ne hv@ Ko Pf 1L geyz%s w&ﬁ%&t%gl :I:u%s gg'aled -
, rein

by 1% Arr wéidiRt hod according to claim
quote price scatter is derived fromthe standard

devi ation of quotes prices neasured with respect to

27. qEOobEhpHi S&cRBthdl1uat & MBI 9Nt 112Gy Acg?(}uggg?%fn%% g_%‘lxe{] Harket

s o) rei ﬂtdge narket price 1's derive

Y é’?‘gﬁ%e St 0?21 BEXPHHPT & Mazkel mrhee veighs quonesel aut he

the DRalkefiemueightDend thei petdeperdd weghkr om deal s done
since the previous benchmark, each of the Quote price

28. a_gqnetttﬂgd%%%lorgiri ce being weighted and scal ed

ng to claim 26, Further comprising calculating a

market price scatter.

29, A method according to claim 28, wherein the market price scatter

1s.derived from the standard deviation of weighted market prices

30. A method according to claim 1, wherein the benchmark price is
Turther calculated with respect to a phantom price, wherein the
phantom price is equal to the brevious benchmark price if no prices
are entered into the market since the previous benchmark was
established, and zero when pPrices have been entered into the market

since the last benchmark was established.

31. A method according to claim 30, wherein the phantom price has a
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by its owm weight. 20 27. A nmethod according to claim
26, wherein calculation of the market price conprises
cal cul ation of a Market price weight fromthe sum of
the Deal price weight and the Quote price weight. 28.

- A nmet hod according to claim26, further conprising
calculating a 25 market price scatter. 29. A nethod
ROPAHE to clai m 28, wherein the market ppéges200304168s
scatter is derived fromthe standard devi ation of
wei ghted market prices. 30 30. A nethod according to
claim1, wherein the benchmark price is further

cal culated with respect to a phant om price, wherei.n

32.the t e to, P& o benchrar k
mdl‘lhaﬂl tﬂﬁbﬂﬁ}!n@ td %lggllﬂlegl rel I%e\fllle kgf t'él;lemel@ntom

pn&%]lge I «J@ prices are entere into
e preV|ou$ benchmark was established, and zero when

pri ces have been entered into the market 35 since the
33. | agtnelBAE HBL K WES: £S4 hed. 31. A method according
o BE’an‘f%erﬁeb?lt&’g FRASTET Rdrgitas a

0 cIa| 30, wherein t

SeRGtar T 5o veryR UnEPIeteBhst ant . 50 WO 2004/ 061618
PCTI us2003/ 041685 5 32 A net hod according to claim

34, 31a \é@&g@l Red he phaptom price is
g el & 2 JRGo T Hor dSeE ke n

ha QﬁS*lO .. 33. A tho accor dr
i ] %&ﬁtbﬁneﬁ]‘?]cé"h’asoé tHe) bigafigere etfughe tidsBrsi@at | being

tradednstant. 34. A nmethod according to claim 33, wherein
the scatter of the phantomprice is equal to 1% of

Hlﬁg-?\i:fgo&f' gure of the instrunent being traded. 15 35.
T A SEWBAEPD GOt Bladmar myberabe tee rbetnhmahm 68 rmarrKved
from shelemicked pricmat M BB KblcePid SRt

Hllee iSh ach'ga]%ge 1o i eb\}aing ark

pricebght,, , vi aus _benchmark price
benchmar]I[< p?‘?sceeﬁglllg ? "21(?3376919&trret hod according to

claim 35, wherein the weight of the pr evi ous

36, b@nméltﬂ‘ﬁﬂkad:ébrﬁﬁ{sﬁlébaél%mef@%ﬁgﬁ J§1u e we rhq: N? ﬁ}et
Prev@5ﬁ§$ %g tlsag t gtelec? Sftroben Wg

e m the sum of the Market price
weight and the last benchmark price we1ght modified by a time
markdown. '

37. A method according to claim 1, wherein the calculation of the
benchmark price further comprises calculating a benchmark price

scatter.

38. A method according to claim 37, further comprising calculating a

benchmark price error.

35. A method according to claim 38, wherein the benchmark price error
is the standard error derived from the benchmark scatter and the
benchmark price weight.

40. A method of establishing a benchmark price for trades in a

instrument at a given time, comprising:
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mar kdown. 25 37. A nethod according to claiml,

wherein the cal cul ation of the benchmark price

further conprises cal culating a benchmark price
scatter. 38. A nethod according to claim37, further
conprising calculating a 30 benchmark price error 39.
A nmet hod according to claim38, wherein the benchmar k
PP/ etor  is the standard error derived peptdobiicss
benchmark scatter and the benchmark price weight. 35
40. A nethod of establishing a benchmark price for
trades in a instrunent at a given time, conprising:

5128401200 o6k 618 1 45l Uhe QQ&E@AS?‘ a-»%ré::%!g d?%fi: ;t%'lrﬁgtg Iglrffrormatlon

N enld
relﬁmgs ?c?ltéjrtg gg%raq:?gﬂémg‘t 3%7(&1 tr?"‘f“ﬁ‘ét iBAEE rhaeent
c°”%5$8 dpdase %dﬂ@ﬂﬁ%@ﬁbemﬂmerhzpﬁevnﬂHSebeﬂﬂheﬁ@x price
- s lest athiries besk tﬁ@'c@éh%ﬂ':ﬁg {ﬁéHPmLDmdl ?'d ”ér’a‘%’? wejght,
dAf gromt Lon. 4 deal price weight éa d
a.dia P scafter® °t0 é%ﬁ'??ﬁng fromthe at Ieast one
t r%ﬁﬁ“ﬁﬁlr@ﬁf@mtﬁﬂm de lgast enei @i Agtdy@Beh ghakh NG.d:0

drine e t he
e vatom el curars ReC R rR Bhatd sF i RRt Ginibs gireging
SYS%}&bte price weight, a quote price and a quote price

scflreratity Lancthatiubte HrABE l&@lfo?xﬁ&hﬁ%n@'tﬂlm:e

o ot 4008 W) UGS T 1 Ben

e wei e “and
gf'é atl?‘ﬁea dﬂ%’l‘%‘”— Br F% wRddlght 2 hdekequpticepaid e ARtket

prlcph%cmstefrqm e dsentiraks ﬁl@h@mt@ﬂél adding-A. g ﬁhﬁﬁ Kea1
b h rice 20 an

pricpl b@eﬁ:ttei'?:'gé%h&u@’ee§f Sﬁe:? 0% mal?, Iqﬁat? FTEFQiFRd4bhe quote

prlcleuﬁaﬁ PB ising calculating a benchmark price

WBQMIaamdga enaERk kpRIckCEraaC ahd grelf QD B&g r{&%;iéegrice
and Eﬁé(}[%rm@& ﬁnd the market price Scatter an e
previ ous benc mar k.

41. A method according to claim 40, further comprising calculating a
benchmark price weight and a benchmark price scatter from the market

price weight and the market price scatter and the previocus benchmark.

42. A method according to claim 41, comprls:.ng calculating a

benchmark error from the benchmark welght and the benchmark scatter.

43. A method according to claim 42, wherein the benchmark price is
further calculated from a phantom price, wherein the phantom price is
equal to the previous benchmark price if no prices are entered into
the market since the previous benchmark was established, and zero when
brices have been entered into the market since the last benchmark was
established.

44. A method according to claim 43, wherein the benchmark price

. Bcatter is further ecalculated from a phantom benchmark scatter equal

to a small constant.
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25 42. A nethod according to claim41, conprising
calculating a benchmark error fromthe benchmark
wei ght and the benchmark scatter. 43. A nethod
according to claim42, wherein the benchmark price is
30 further cal culated froma phantom price, wherein
the phantomprice is equal to the previous benchmark
POi28®/05%610 prices are entered into the megk@dsafhifibss
t-he previ ous benchmark was established, and zero when
prices have been entered into the market since the
| ast benchmark was established. 35 44. A nethod
according to claim43, wherein the benchmark price
45. scat ' her cul gt ed .from a_  phant om benchmar k
- scatn{eg%o‘%éﬁgpﬁltm% %&? hr%Jf"f qf‘ébn@teﬁﬁ’rl? s RSO AEDEEEE
SCAtEY/ USXI03} (#1885 4 bAgnkichod @ cbe dinagrinene | 1w imy44,
tradgider ei n t he phant om benchmark scatter is equal to I* -
of the big figure of the instrunment being traded. 10
46. A nethod according to claim41l, wherein the
6. peh BRI 2pFPring Vi ghaini $1f whbhetn chb Gishahedkf pOIBA
weigphaty am-tiencbaPedlapEd ¢eoNe q very sog|l |
equa§OBStANL,, AT, A et hod accorgghtg%t%é%: hénlg%gféfc%ﬁ’g%ﬁw
The very siafr' CGREERt 15 is 0.5%10-6. 48. A system
for calculating a benchmark price for a fungible
47, | AShétHIRANLccZQARRY ItS] Q482 $0 for. providing bid and
is 0OkfgFs prices and deal pri%:sc?fsijl el}“o%h{)ﬁ’eer?’r?gia?brf?ﬁ?'f“&
: benchrar k cal cul ati on nodul e for receiving the bid,
offer and deal prices and for calculating deal prices
48. t heswieantdased. QR reyi | ench k price, .the
inst ‘?T%%Qnaroﬁ cal cul at itg%g %o%%ﬁcg*d?%cfpﬁa?e@’ grﬁﬁ‘&ﬁ’rtélef or
cal cul at 1 RY-&Wei ght and scatter of the benchmark

pri cesd soﬁﬁceuﬁdrapﬂh&ﬂdﬂﬁ@abka.ﬁth&EﬂéksﬁfﬂJQHtéHh Eégl prices
for &lesﬁﬁé%laﬂg; t he '

a benchwark calculation module for receiving the bid, offer
and deal prices and for calculating deal prices therefrom based on a

previous benchmark price, the benchmark calculation module including a

" module for calculatipg a weight and scatter of the benchmark prices;

and

a benchmark price distributor for distributing the

calculated benchmark prices to third parties.

49. A system according to claim 48, wherein the benchmark price

distributor includes a server for distributing prices across a

. network.

50. A system according to claim 49, wherein the network is a wide

area network such as the Internet.

5l. A system according to claim 48, wherein the benchmark price

distributor further receives benchmarks for at least ocne further
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cal cul ated benchmark prices to third parties. 49. A
system according to claim48, wherein the benchmark
price 30 distributor includes a server for
distributing prices across a network. 50. A system
according to claim49, wherein the network is a w de
area network such as the Internet. 35 51. A system .
WOCHHWPMEE t 0 cl ai m 48, wherein the benchmar kcRid6B01168s
distributor further receives benchmarks for at |east
one further 53 WO 2004/061618 PCTI US2003/ 041685 5

. Eg;ggi ble instrunent froma third party source and

un £ ritstrresertth €xdoniar thidar byrdyegehams 1.0 ¢ -

thix@abgfg}abggclg%gg%%q: SepnD2. ,’:@%st em g%%\gﬁ %Pﬂlgblﬁt% 8% "8 m
48 wherein the benchnark eHcafat iRsAchws#at e i ncl udes

a nodule for receiving bid, offer and deal prices from

- 52. 130 aystunt Beeoddiagdl 40 Y-St @H1 . ejin the benchmark
odiag 0 mw}ﬂ}qﬁenc%rriﬁ?rkcgm? ’f%rﬁagﬁ‘gtaatmn

I Lon nodul es cal cul ates
mdu%i@di,:dgg? 153? "an glglésa?mbﬁel?‘é’s"ﬁn@c]é}%eﬂff?%ﬁﬂrl@ hiealt prdgiengfrom
a fu§§%‘i’"eﬁ1raﬁ{dl§t mestemvt her trading system 15 53. A net hod

of estahd ivmBi-agth anbaRohiRk pL{&8afor %{;ﬁ_gl%étlé cgzgfates

' upent at a given tine, conprising
benc%@%}%d ?%%T It;g © c]%ﬁdg uPatFngPd Heabardnpariecpiveak fiopnha
tradine Wyghem pedctira firtpri cedand s gveasure of deal prices
occurring since the previous 20 benchmark price,
wherei n the benchmark price is further cal cul ated
rice, and wherein the

i t t hant o
53. Ph!dbdrBaPeF ESEg%ﬁsga%ﬁ g%'&thﬁ@r}br%#%@rbéﬁmﬁahk an

phantom price

instijment 3% angiyei Géme acemeriténgthensesp bhe market since

perid¢dieapl €\Ha0u810806 WIRI K. WaS, i shed, and zero. when
pricgrainge% have be%ngent ered | ﬁ?%t%q‘%ge rréla?frCJ Ket TSFNtd™s henchmark
ast benchimr KwaE p5lcast apfi3hag.siBde thenptdddus

benchigabreiing  t dreslean b 3pendnes st Bpribe RhaRhOTPEIGE: LS.g

with Welsgadie o tih-arWeight, equal -to a very small constant.
equa13(%¢55}% A mefhod acg%?%ﬁ'ngg?o‘mc gf?n%ﬁ,l’m%iﬁ?lf’ﬁels
wel g%e €F9Y+ﬁ¥5ph%ﬁﬂﬁaﬁ¥k Price if no prices are entered into

the market since the previous benchmark was established, and zero when
prices have been entéred into the market since the last benchmark was
established. ' '

54. A method according to claim 53, wherein the phantom price is

weighted with a.weight equal to a very small constant.

55. A method according to claim 54, wherein the weight of the phantom
price is 0.5*%107, '

56. A method according to claim 53, wherein the phantom price has a

scatter equal to a small constant.

57. A method according to claim 56, wherein the scatter of the

phantom price is equal to 1% of the big figure of the instrument being

" traded.
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price is 0.5*10-6. 56. A nethod according to claim 53,
wherein the phantom price has a scatter equal to a
smal | constant. 35 57. A nethod according to claim56,
wherein the scatter of the phantomprice is equal to
1% of the big figure of the instrunment being traded.
54 WD 2004/ 061619 PCTI US20031041685 5 58. A net hod of
g ewpbdietai ng a benchmark price for trades |P@T%§200304]683
instrunent at a given time, conprising the step o
periodically cal culating the benchmark price fron1a
previous 10 benchmark price and a neasure of dea
prices and quote prices occurring since the previous
benchmark price. 59. A nethod according to . claim58,
conprising calculating a Quote Price fromthe neasure
- of* YEdd pf iesesblishigg a Pemetrhol mdeermlicngrdd@sCliam

lnst519nen\&hﬁf%l @11’5’&3 tgd@t Qo J!‘l%?cn el udi ;;C\% £@ Vel ?Et I ng.
erein e

&% cp%afp o g %9 0 cIa|n16
g 1 °B t5g bnchmadt PohRe Gron Ife PYeioes
PE&Rﬁ ang e mg | of alsel prrieBnt pEiEe in
bench - mmt # Hia haste
occui’:i‘ﬁgﬁﬁiﬂﬁg tﬁé g&@@l&% Béﬁﬁﬂmﬁ@k %H‘& e Q'IOt e Prl ce I S
I'n

cal cul at ed. A net hod acc g to claimb59,
conprising calculating a scatter 25 for the Quote
59. PR pethoB3acdhrdttdiad akcer si NGohPriHiak maigulé?tqﬁgra{ $uBbe
Pricé & GHl atd nleaéufgea% E’Eé ¢§;fLom the measure of
prices. 30 6 met hod accordlng to claim®63, wher ei n
t he Deal Prlce |nclud|ng a wei ghting. 6S~ A nethod
60. acdondieg dwoclfignt64Llahessi héhaneiddbhibng pi-scdased

incl@ingdd JeBa8tiNe of the deal size and deal age of

deal's fromwhich the 35 Deal Price is calcul at ed.

61. A method according to claim 60, wherein the welghting is based on

;t least one of the quote size, quote age and distance from the best

- guote in the market of quotes'from which the Quote Price ism
- calculated.

€2. A method accordlng to claim 59, comprising caleulating a scatter

for the Quote Price.

63. A method according to claim 58, comprising calculating a Deal

Price from the measure of deal prices.

64. A method according to claim 63, wherein the Deal Price including

& weighting.

65. A method according to claim 64, wherein the weighting is based on
at least one of the deal size and deal age of deals from which the

Deal Price is calculated.

66. A method according to claim 63, comprising calculating a scatter -
for the Deal Price.
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66. A nethod according to claim®63, conprising
calculating a scatter for the Deal Price. 55 WD
2004/ 061618 PCT/ US2003/ 041685 5 67- A nethod
according to claim58, conprising calculating a
Benchmark Price Wight. 68. A nethod according to
cl ai m 58, conprising calculating a 10 Benchmark Price .
WP3pHe¢161869. A net hod according to claim 58,,@1%@_5[;3,%“59;
cal culating a Benchmark Price Error. 15 70. A
of establishing a benchmark price for trades in an
instrunent at a given tine, conprising the step of:
periodically calculating the benchmark price froma
_prev price and a neasure of deal prices
o7 oc%uﬂl}e%lﬂﬁa a%:%nce Cplla Ui Bus coeEvdnries leapewidingdeer ei n
Ben?ﬁ@rﬁéﬁFcﬁrW@egtare wei ghted in 20 accordance wth '
their age. 71. A nethod according to claim 70,
68 . cqgm[1 ing cal ulatlgg_a ote Price fromthe neasure
UoT &7 FIFCREL NI B Biaim St AoPrac T dhhenlaging & m
BQM#T?I Ae¢ readahbexuot e Price including a weighting.
73 A nmet hod according to claim72, wherein the
E%ag is based on at |east one of the quote size,
quot

SR UGt B CE2HF O eompiesty cBlcwiuatag ian Behehmark

PricgpEketr.of quotes from which the Quote Price is
cal culated. 74. A nethod according to claim71,
cQ risin calculating a scatter for the Quote Price.
© 35 ¥8thofl REieRbaP L dpenchelrki prize, foonpadad Ag an

instratowl at i ngigeDedke, Riongei fihg fﬂﬁé“%t?%ﬁggsog ggal A

PriL£8sa: 28 /0616 8 PCTI US2003/
b }% Eccoyol a?n:l% ? H lﬁﬁ PERCRIREFePH SEhEr e 8| PPviices
encP?ﬁﬁkuaF+ﬁ? and a measure of deal prices occurring since the
previous benchmark price, wherein the deal Prices are weighted in

accordance with their age.

71. A method according to claim 70, comprising calculatlng a Quote

_ Price from the wmeasure of qucote prices.

72. A method according to claim 71, wherein the Quote Price

- including a weighting.

73. A method aceording to claim 72, wherein the weighting 1s based on

at least one of the gquote size, quote age and distance from the best
quote in the market of quotes from which the Quote Price is
calculated. '

- 74. A method according to claim 71, comprising calculating a scatter

for the Quote Price.

75. A method according to claim 70, comprising calculating a Deal

Price from the measure of deal prices.
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a wei ghting based on the weighting of the deal prices.
77. A nmethod according to claim 75, conprising
calculating a scatter for the Deal Price. 78. A

met hod according to claim 70, conprising calculating a
Benchmark Price Weight. 79. A nethod according to
claim 70, conprising calculating a 15 Benchmark Price
wWoane151880. A nmet hod according to claim?7 TIUS2003/041685
conprising calculating a Benchmark Price Error. 4%
81. A nethod of establishing a benchmark price for
trades in an instrunent at a given tineg, conprising

. 76. theASl{eQB Dfaccpedingd al.gul t nchmark
a W&ﬁhgm o jgc rel\?leI otigéémﬁﬁar 5?%3‘% an%l]e %3 it hpgiuding
| i p‘?l &8 T UG S i A Ehe Weaprmvicess benchmar k

price, wherein the deal prlces are melghted |n

77. aCﬁQr[e@ﬁé@%c%I‘clﬂingh@é 1\!191‘11 Uge. com rlsaé;}gcﬁf.lacﬁlﬁblrg ERtas ter

cording fo clarm 81, mpf i Si
for %rlecDeeaflr M%he neasur e of quote prices. 83. A nethod
according to claim82, wherein the Quote Price 30
78. | NChdBhAY 2B ¥EI: QR {84 oA et hod according to claim
BEHC?LH wher ei n the \%e‘l£ gh%?%g7f)§ Daset™ 0 “HCYREME 3ne of
%rkql’i’ﬁ’r"ée Yedght quote age and di stance fromthe best
guote in the market of quotes fromwhich the Quote

0. Prd figckss 38 oyl Al oflyB9) AfELNd according to
Benc e‘r‘-‘;ecéca's:ﬁr\f\o 2004/ 061618 PCT/ US2003/ 041685 86 A

met hod according to claim8l, Conprising calculating a
Dga[n tl%’dl m the measure of deal prices. 87. A
0 ac%‘g?c%lrd% {6 E1H B2 COWRESARs FHeubRERI R i ce
BencF‘FPc‘lkuaFrF@ ET¥ra wei ghting based on said weighting of
the deal prices. 88. A nethod according to clai m 86,

c i.si.-ng. cal ¢ a scatter for the Deal Price.
%URééﬁ% 8& taﬁ41sh a benchmark price for trades in an
instrument at a given time, comprising the step of: perlodlcally
calculating the benchmark price from a previous benchmark price and a

measure of deal prices occurringrsince the previous benchmark Price,

wherein the deal prices are weighted in acvordance with their volume.
25

82. A method according to claim 81, comprising calculating a Quote

Price from the measure of quote prices,

83. A method according to claim 82, wherein the Quote Price

including a weighting. -

B4. A method according to claim 83, whereln the weighting is based on
at least one of the fquote size, quote age and distance from the best
guote in the market of quotes from which the Quote Price is
calculated.

. BS, A method according to claim 82, comprising calculating a scatter

for the Quote Price.
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15 89. A nethod according to claim81, conprising
calculating a Benchmark Price Wight. 90. A nethod
according to claim82, conprising calculating a
Benchmark Price scatter. 20 91. A nethod according to
claim83, conprising calculating a Benchmark Price
Error. 92. A nethod of establishing a benchmark price
WORMKPEEAEBs i n an 25 instrunent at a given tpdBYS2003/041685
conprising the step of: periodically calculating the
benchmark price froma previous benchmark price and a
nmeasure of deal prices occurring since the previous

benchmark price, wherein the deal prices are weighted
86. 1 NaAGERLEANGE M 4 hei_r. e and _.volunme, 30 93. A
oy JBLHOd accor di ng 8Bc At 92, “THPLEY gl eRlatdrad Rerh
TSR R BeesEB et Heahwaser of quote prices. 94. A

met hod according to claim93, wherein the Quote Price

354 I ng.. nigti . 95. A nethod according to
o7 %Eﬁ‘?&%% Sedfe % He cgcg%'&ﬁ?if NS IBdEd et Baicsd dastuding

clarm erern
a veIRBtHe Pheed) 95t ealsi weishying efages ardldbsicesce from t he
best 58 WD 2004/ 061618 PCT/ US2003/ 041685 5 quote in
ga. the Jpp ket of quotes fromwhich the Quote Price is
cal culat e&_‘c.g'mé PINTETROY Bhe cOWIAEIRD calelmtday a scatter
for tBaheadi Rgiaeal cul ating a scatter for the Quote Price.
10 97- A nethod according to claim 92, conprising

c tjng a al Price fromthe neasure of dea
e, CA g"é%’%’_dgé‘.gcﬁr%ﬁh% 38T riPTPEieing sRbMlanking ei n
Bencppprip@ai cPMedatt ncl uding 15 a wei ghting based on the

‘wei ghting of the deal prices. 99. A nethod according
for the

sn | Laim 92, c rising calculating a scatter
30. Eééa&eékﬁdcggbordlgg to claim 82, comprising calculating a

Benchmark Price scatter.

91. A method according to claim 83, comprising calculating a

Benchmark Price Error.

'92. A method of establishing a benchmark price for trades in an

instrument at a given time, comprising the step of: periodically
calculating the benchmark price from a previocus benchmark price and a -
measure of deal prices occurring since the previous benchmark price,

wherein the deal prices are weighted in accordance with their age and

volume,

83, A method according to claim 92, comprising calculating a Quote

Price from the measure of quote prices.

o4, A method according to claim 93, wherein the Quote Price

including a weighting.

95. A method according to claim 94, wherein the weighting is based on

at least ome of the quote size, quote age and distance from the best
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20 100. A nmethod according to claim92, conprising
calculating a Benchmark Pri ce Weight. 101. A nethod
according to claim92, conprising calculating a

Benchmark Price scatter. 25 102. A nethod according to

claim92, conprising calculating a Benchmark Price
Error. 30 59
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quote in the market of guotes from which the Quote Price is

calculated.

36. A method according to claim 93, comprising calculating a scatter

for the Quote Price.

97. A method according to claim 92, comprising calculating a Deal

Price from the measure of deal prices.

98. A method according to claim 97, wherein the Deal Price including

a weighting based on the weighting of the deal pbrices.

99. A method according te claim 92, comprising calculating a scatter

for the Deal Price.

100. A method according to claim 92, comprising calculating a

Benchmark Price Weight.

161. A method according te claim 92, comprising calculating a

Benchmark Price scatter.

102. A method according to claim $2, comprising calculating a

Benchmark Price Error.
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