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WD 2004/ 061618 PCT/ 052003/ 041685 1 5 METHOD AND
APPARATUS FOR DERI VI NG BENCHMARKS 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

ts such as foreign exchange (‘FX), including

“Egﬁg%%EEQFX forwards and ot her foreign ex@hHHg803/041685
products. BACKGROUND TO THE | NVENTI ON Benchmar ks are
used in the trading of instrunments such as FX spot to
provide a reference point which indicates the actua
state of the 20 market and which is neither biased to

t he buy side ﬁmgﬁdjrm ﬂﬁnﬁu Hﬁ? ﬁrket As mar ket s

can nove very rap 'S |nport recal cul ate
t he benchmar I@@NFM'@&%@ByT%ﬁENQ GNgrRMEREsUt € themto
participating traders and other interested parties so
LRadr A nRERERRrks remain a reliable indicator. 25
Benchmar ks may be derived in a nunber of ways.
Th“igloﬁ\?é‘(ﬁ‘él?;mlhlrlelia“r‘?@ thastbdsn arpermmusketd Biystasyromnd

derd et Sehchngerd ﬂoﬁfwenaﬁ ItQBABS; iﬂstﬂlia&tgurﬁa%&cxﬁ%@if ot

nd _trades conducted inth
nor, BRIy, el ) TRa PR Pae FACPELRH GRoaRPe
{(FX p gteladBE V&rﬂp@ty Ryf fouardneyd paihes fandideBetREk S
prodgegk .t o be established in each of those pairs. '..
SUMVARY OF THE | NVENTI ON The present invention ains to
provide an inproved algorithmfor 35 calculation of
BACKEREARark SHE TREERF@Yr i t hm cal cul at es benchmarks on

Benbhﬁhﬂlﬁséﬁ% Qbed he B Eféalgé é%eﬁﬁéﬁfaﬂéﬁﬂécgégﬁ gsry%e ot t

prdl 1 V|ogs benchmark was eStab guot es "at pr sen
7% Re® PREFRBES RALPY: HBChhiBdicates BEAcHATERk SSRFeef Tive
mari'{ﬁt/@rmm dnichuid et tighnsidsed foovhel@ud shide or sell side of

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

FI

B,

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

benchmarks remain a reliable indicator.

Bgnchmarks may 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 established in

each of those paire.

SUMMARY OF THE INVENTION

The present invention aims to provide an improved algorithm for
caleulation of benchmaxks. 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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WO 2003/ 061618 PCT/ US2003/ 041685 5 conputerized
system whi ch can cal cul ate those benchnmar ks accordi ng
to the algorithmand then deliver themto traders.
More specifically there is provided a nethod of
establishing a benchmark price for trades in a
instrunent at a given tine, 10 conpri sing; acquiring
Beir@esgsiats whi ch deals in the instrunment haye een
conduct ed since a previous benchmark prlcepﬁﬂguwym“mq

established; acquiring the prices of quotes at
present in the market; and cal culating a benchmark

coppumlfzéd)my&,h&n REEML QU r rice and a neasure
to0fpdeal n téces and q%olt?e&gp'lgl%gg tlé%:%ur‘?‘ﬂ?&“‘%?’ﬁc%"‘t‘”ﬁél%
previous b c?ﬁ‘?aFReﬁ)rdF%’éferF’?@ﬂ'eF%tmrydarsrrar ket price is
calculated fromthe neasure of deal prices and quote
MdYel 66S51if h lenchmar k. cal culated fromthe
irtiog E?‘F%lé aceTEnes B at!d50s* BenErar prepbishios o
BréferaBrire fier oFé&lie?anql iimesramdt the a ok pjrdec es are

cogegisingd ddguitndg b@ﬂé&gaﬁm&mdea { e_Lﬁ-xe&iabl Xé%mmgnt have

beb_,gngg}[gtagge i shed [ od| cal I'y eve
seconds. 'Idhlgégée%%b}né% Pﬁ%%ﬁ’é rarBEise | e F@tabénﬂwd, an

ACHRLT; BRe Paf posc OF omotks tafeptaseet simtee afarkbe BRY ket .
ca2GuRntsherabkichahe Gake W3kl
a mBgludes t&ggl ghtllgﬁ of déeﬂa% BL?‘{%%%%a&gz%Fad%n@ntcﬁ and
si ze and); or - ade. aé‘ﬁt‘?‘i?éerﬁyicﬁ% ocge¥tigigmethdentieer s
PEEY M P‘?Tmhé@ﬂ'bmracm ni muim deal size, preferably

accordlngtotheforrmla Wdj) = Vj*2-O where V1 is

rE 2 the. 30 deal, t is the el apsed tine since
F P& ‘69 \l}%rglﬁ:gk 5 ﬁﬁh‘fﬁar"ﬁ ca&ﬁalaé_‘eflsfrd’m titmaeasitre of deal

prag% Pﬁﬁi rfivRge trd cepeadd aihe\/\herﬁ:hmﬂ:ﬁahs @1euiB et FJowi
O {ddTBng Rief al cul.atiqon of market
pr nd ﬁfé'uilaxs b‘éﬁ&m%. Jc %%C?h rﬁé?ﬁ;}]fstl}é 161@ %q;ql

prPLd LS, ipcl udes the summ ng

deal anl‘l cgswoo(’f&u?’ﬁcﬁ@ %"iené‘é?futlhed freviotsadbensyumnk. 2
WO 20041061618 PCT/ US2003/ 041685

Preferably, the benchmark ig established pericdically every t
seconds. This enables i;he benchmark price to remain an accurate

reflection of 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 Geal gize, preferably
according to the formula W(d;} = ¥;*2°° where Vi is the volume of the
deal, t is the elapsed time since the previous benchinark, and c is a

constant determining the speed at which deals are marked down over
time.

Preferably, the calculation of market prices inciudes the summing of

the weights of all deal prices occurring since the previous

' benchmark.
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5 The market price may be calculated froma deal price
obtai ned fromthe arithnetic average of individua

deal prices for deals conducted since the previous
benchmar k was established, weighted by their dea

wei ght. Deal price calculation may further include

cal culation of a scatter for deals conducted since

wdBoldeays ous benchmark price was 10 established. This
deal 8ri ce scatter may be derived from t h&CTUEHAGAF148S

devi ati on of deals neasured with respect to deal price
and weight. The cal culation of market prices nmay al so

onpri se wei ghti uote 15 prices according to size

Th%nlg?%{é%.P TR oY ﬂg '%ﬁ?/u}c?ée? FrPBraveeet paiceriohirined givone
thzi el tanet irayvdega ool oding dtal Bbal pr ikt gﬁlc;%egiéf)%ﬂiﬂ%ted
sibestrHgu - t . i_ghti.ng may be perforne

accor di %&tlggs tﬂ%gc%ﬁém et %?hdiheg’ \ﬂegLﬁh‘?edPEXJt}“?Bf deal
ERHRY e DeRL ibripe s ighioomay fuabher, indAgk )dadchleiquattea
scprtee fantieBls scohbe-daasd il 1l pALfi6h: $2RANAIRT QP A9
es WSt NELs Quplk S c%a?i d.or an offer. Al quote prices

occuUrring since the prevrotd BohORnEFR VAR 3P sdebe
staptardddaidtden @5t datlpynersurns it resgeice Sentday plesmada
weaightpart of the process of obtaining the market price.

25 Preferably, a quote scatter price is also
calculated for all quotes entered into the market
The grdeutatdoprefy mptksthericiemamdy gscc eomms se astighing hadte
pridesS abERId 8Y tréah‘iﬁeaﬂ?rabg?%efiﬁﬁﬁugemcﬁzt §<?q%r germs ?f a
i Prlmv%%t%nsioef guote prices measured w R respect to

quot e T pri ce And WPy HS 28err8ied drathejr dineapes Koem the
bepk iwete dndeed wedkdtr. OMright e mag ®eOferttbendiliab&radifl to

thélerlupld CA%0.$aL LAk ed sl Sy 0NN NET Hiline AeTRIKE
[ ' romthe sum of the Y5

ri.ce.weight is calcul ated )
6 G5 ZhF RERorthPsi® bt drsk dilyom offirk cepprtioe oo

whetdert @rig ¢ bid cuwlat etifexf.or exanple from 35 the

standard derivation of weighted market prices.

aifreferably, a Ehantom,pri ce is also calculated. If no
pri'ces MAUE SFEUTIBNtdret SeREvioRs barthrpeh clpales be

sugifdsaphadiorheprice teseguabep®senting demand as part of the
process of obtaining the market price.

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

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

Preferably, the market price is derived from an average of the quote
and deal prices each sealed by its own weight. A market price weight
is caleculated from the sum of the deal and quote price weights.

Preferably a market price scatter is calculated, for example from

. the standard derivation of weighted market prices.

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

been entered since the last benchmark, this phantom price ie equal
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WD 2004/ 061618 PCT/ US2003/041685 5 to the previous
benchmark. |f prices have been entered, this price is
zero. The phantom price may have a wei ght 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
wWo gures1Qg the i nstrunent being traded. Pref bl t he
benchnark price is derived fromthe mar keﬁ)cg{'"?%%%"mém
mar ket price weight, the previous benchmark price, and
a previous - 15 benchmark price weight. The | atter
tovehghir0BYuDBerahant ated,firom sum of the narket
s Price weight and the | ag% lbenc%aﬁg&eeﬁr‘imggrﬁgi Ghts price
nédi i ed by a tinme markdown. Preferably, a benchmark
price error is also calculated. This error 20 may be
TR shaRdargd. eLr ived.fromthe benchmark scatter
ang t he %@n%hﬂgrﬂae‘{)er Fc‘ém\ﬂé'f dﬁ‘t‘ghﬁ%sf Bt elo &speot serll
CPAERT v EPT igATRie0Yi TH88 *a Thet biothtoh estaldalySiisBOhava a
schenohwhLdn Q&I &fiall Ofo &M SEAT ddhsRahNSLEMED A0 8,01 ven
£1bbHP o0 28, QIRLL L0 ACAYL [0 Fr dm at Pt “one et
fradi ng Syst em deal pric ‘ormation relating to
prices at which deals in the instrunent have been

Predncily £ hsi PERhdafl 8V QUS: hene LS as.
magﬁ‘%ta?_lrigeh%g'i htcaécul 4 0 fromt e%g%ﬁlth%rqa%gEt price. a
i nformati on, 9% de¥l PPFYiCES Rngitarkaprideal angr p awenimhsa
beg%zz“_r% c@tllcegeiabtwimé nlgatfgfm me}ibue; a;f.y I&aggllcgt@_gteﬁofmﬁ ﬁhe
sul Gt RY SY-REEPrPEd GE1 QHOLE | on. relating to the
mog{ﬁ'i%g of %J?tr es at l%{réese%ttﬂfg{at%%eﬁ?nrc%?%% Epoht
carcul &t fng*s BATRE quote price i nformation a quote

price weight, a quote price and a quote price
rré&fabb e, aCalelabl ng; rket price weight, a narket
maﬁé_jece a}:ngll a_ mar ke |lo% cg:gr%rcéftaérsof %??F@dde%lsp?ﬁré’é
"Rt S PR N E5F O APE ed5taid ths bt race ttec abd ehe
berdpmagiuairécpriedghmei ght, the quote price and the quote
price scatter; and calculating a benchmark price from

N h% <|§)revi ous benchmark price and the market price. |
rther aspect of the invention provides a method of establishing

a benchmark price for trades in a2 instrument at a given time,
comprising: acquiring from at least one trading system deal price
information relating to prices at which deals in the ingtrument have
been conducted since a previous benchmark price was established;
qalculating from the deal price information, a deal price weight, a
deal price and a deal scatter; acquiring from the at least one

trading system price quote information relating to the prices of

‘quotes at present in the trading system; calculating from the quote

price information a quote price weight, a quote price and a quote
price Bcatter; calculating a market price weight, a market price and
a market price scatter from the deal price weight, the deal price
and the deal price scatter, the quote price weight, the gquote price

and the quote price scatter; and calculating a benchmark price from

the previcus benchmark price and the market price.
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4 WO 2004/ 061618 PCT/ US2003/ 041685 5 The invention
further provides a nmethod of establishing a benchmark
price for trades in an instrunent at a given tine,
conprising the step of: periodically calculating the
benchmark price froma previous benchmark price and a
measure of deal prices and quote prices occurring

Vo 546 Soch previ ous benchmark price. 10 The invention
alsoﬁpggsides a nethod of establishing a HERCRIPEVI4168S
price for trades in an instrunent at a given tineg,
conprising the step of: periodically calculating the
T .ce froma _previQus benchmark price and a
T TR s R A L Rk
price orhefrdemraik 2princtruwierai B ghendeale, PEdnpeSsi@hethe step
of: peiighted1yncae60idagase Wi LE: 298, The lnvention
bencilS eg{.o%?deq? a_met hod of Jggltn%\%ekghﬁgr%m BeRcHBI%
prirce” for T BdELSHRs & 473t PRiRSAt anst quotg peivesi ne,
occupEgr $ Ficagtheheratieps dfench2@k periicedi cal |y cal cul ati ng
t he benchmark price froma previous benchmark price
The ﬂggnghyeafure of deal prices occurring since the
pr evi ous > PeREAREFR pIrERed fhassahl ishengl @abeqshinees pat@
for tgeidghtiedanniracoordanaea giveh tiRel rcompbib®g 2% IhE of.
periddi¢enty @B &ML ' nmet hod of estaplishing a
ried8l hr?r}a'r K _pr H}g f g% %t\%la e%‘@i il grﬁg't? @ﬁﬁﬁi°u§tbeé‘cgmark
PEICHINVeT FPRE™ e OhnfiersiBigeeh ecsteging ofincp erbieopiavabihsy
benchugalk ek ngikhel hene FaL orPedL are NRALRN €N QUSrdance
with h@RehnRek price and a measure of deal prices occurring
since the previous benchmark price, wherein the dea
prices Are weighted in 30 accordance with their age
The jggggf@humo PﬁRIiEES Eﬁ%ﬁT&m_s%Jl-ﬁgﬁix.b@Qégg%abrkdprjbce
for i e invent.ion w now be descri bed, by
,tvvay oflgg%%gglﬁngﬁ? v Ard VR (R e fEPRREENE Fheheter of:
PerioglEyandt g2 ingwr Ry Sen¢hmavhinehice IFoF| gprevibus benchmark

price khdist madsehOWadenlprPEdL @gcﬁﬁyn@%i§€§tthgr§gv9£us
jme.interval; Figure 2 1s an

enc Wi réf%g %p é : i
° hglgggrrp%:’l%g%f g enc l%raﬁﬁ ie§f"h‘b‘19’| Bhed et fRE Iyt rEcHRRyce

with their volume.

The invention further provides A wethod of establishing a benchmark
price for trades in an instrument at a given time, comprising the step
of: periocdically calculating the benchmar¥ price from a previous
benchmark price and a measure of deal prices occurring since the
pPrevious benchmark price, wherein the deal prices are weighted in

accordance with their age and volume.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention 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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market; 5 WO 2004/ 061618 PCT/ US2003/041685 5 Figure 3
is a further exanple of a benchmark established in a
quote only market; Figure 4 is a still further
exanpl e of a benchmark established in a quote only
market; Figure 5 is an exanple of a benchmark
established in a deal only 10 market; Figure 6 is a

wiatobARlicigxanpl e of a benchmark establ i shed in a dea
only market; Figure 7 is a still further é%%ﬂﬁ#@weﬁﬁa

benchmar k established in a deal only market; 45
Figure 8 is a schematic bl ock diagramof a system for

plgnhnplﬁﬁgnglgg cal.gul a iver ng benchmarks to
on1y LLAdEr S and FEi gﬁr%&egyl‘:%gbgnqﬁmr’fgt?se Hotrd ditagraatef
y‘gafdﬁiher enbodi nent of a systen1for i npl enenti ng

Figureal cid at btiglanetdel ievemiiRdobengh %wﬁ.{:ﬁ;ge 32 8 -

t m@ﬁ hmar ks are al so exchange
aore ﬁhmg%g% 'DESCRI PTI ON OF BEST NODE The al gor i t hm used

F:Lgur[e 05 (5L§| | eeep e nt amhekchpark esstabl {shelil St aba1 on1y
marke@escri bed. A conputerized system which can cal culate
Figur%h s€ be ch rks according to the algorithm and then
iVef T ¥ et anbichpeh espsblisheddsora kied:

only WﬁéﬁFollomnng descri ption conS|ders how benchmar k

Fi r@PjQ@Saaﬁﬁ d " L trad dat a t hat
gu 1feni-ved H&% #}e %tgg S ar

avai.l abl e, for exanp rom an ano
deal
=2 %' ﬁ?‘&r anot her tradi ng system or systens The 30

Flgur%eﬂn eh narschpritde blocdefiagesh foEom éﬂéeerm%E einpﬁ!érh&l%lﬁg‘ d

calcul{l@nBr &M QUH: narl<et price Is
sg derived from gﬁﬁga%Ealo tr &%aifd?t he quote

It
Flg“re r &é ﬁ’fBE'aBé?éF %JPPEeilesreraloéuaa fvwtibdr embatual ot deal s
system Hat hetenbgdng okeneumlhgemeya&ﬁmean@, LbGoHUPLL price

tradeds® inCaleHl B efnlHAMLAYGL &5 LBLOS Flehsda gt have
e a
boon enter ag oims nge Wlt?l a thlrd party.
DESCRIPTION OF BEST MODE
The algorithm used to calculate benchmark prices will first be
described., A computerized system which can caleulate those 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 previocus

Benchmark price. The market price is itgelf derived from the deal

price and the gquote price. The deal price is calculated from actual

deals that have been done on the system and the guote price is
calculated from quotes {bids and offers) that have been entered into

the system by traders.

In the foreign exchange wmarket, for example, the price of a currency v

pair.moves up and down. The Benchmark Price attempts to describe the
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mar ket, for exanple, the price of a currency pair
noves up and down. The Benchmark Price attenpts to
describe the 6 WD 2004/061618 PCT/ 1JS2003/ 041685 5
price best by utilizing market information acquired
fromone or nore sources, such as an anonynous
| ystem The Benchmark Price is calcul ated at
\\565?)91/5} 61?requency, for exanple, every t s&CHHER03/0AL68S
each tick, a Benchmark is published along with a
margin of error called the Standard Error. 10 Using
mar ket information fromthe trading systemis I|ike
prlc%;llf'ﬁ'?l u‘fll’]rézb‘?q Ferkpukatimoniat dcheitddckrén rRe FHidore

sour@anp |s&c1'h N welesnélgabuf Q@ad%%?sﬁarwan $Act ée%gﬁmatr%h B2fce is

calclh Egacﬁt [ LoDs ac%reas traders'” votes on
IS THE TGP RencSF GXPTRISr | REetyst Pesopis -aht orech
t“’k( Fﬁ") Bgrchaayk gisv BvbYishehtalongSup pio S nhi i iTBANerrSr MY} the
Standdr@errdorue price”) a nd its Standard Deviation is
SD(P). The Benchmark Price approxi mates M\(P) by
sanpling this price population. In the follow ng
Usingjdder ppthiebninf@rmstivaethrdeo 126 HrRRIRS @Rkt 5" Pl gampllng
the APHl pélABLi S a\é’ekﬁe a5 ckn @m@rl Ql%.sw}:ﬁlgl%le hatlﬁlgﬁ aiieal and

Otéortl ce of . the [_Jpo pul ati on, 1ust as
TS ERRTRE Y | TRPES ETRREAGE VI, 28h oM hvgadrow’ Berteh mem kihere
the rrprrk@tess are cal cul ated. The derivation of each el enent
wll then be discussed 25 in nore detail. Prices At
h tine n, Benchmark Price Pn is derived from Market
¢ PITERCHL Piie RYige, is gad pPpulation héP)Beric havar lgifed Caongint .

Suppcbhe dtastmdainCkian- dw(dyhr kel peiGe 3016005 816 9fs Dellugara
at occurred 1 n the st

evia g | d f d
DevialhbE Qs 8h ) MhRE ek AR A ot xR R 6 o Por Y s

Ehis RTIPRe PRRMIEHIOD- ﬁﬁ‘es“élef ot letiegedesrinyide expeessed to
repregentf ofHeowsti@5 phbuldtin N asDedl PriLans bneti epad dgal ¢pe

Mean Bf‘i(:cée o@%e\/ﬁ%ﬂﬁq‘gtio% t ?l?stpgsStMN(P)

A general overview will Ffirst 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 P, is derived from Market Price at the time,
and P, the Benchmark Price at the lagt tick n-1. Market price
consists of Deal Price calculated from deals that occurred in the past

time interval, and Quote Price calculated from gquotes at the moment.
These fouxr elements may be expressed as follows:

At time n: DealPrice = function ({(deal price and volume in the past

time interval of n-1 to nj);

" QuotePrice = function (quotes price and volume at n);

MarketPrice = function (QuotePrice, DealPrice):; and
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time interval of n-i to n); QuotePrice function
(quotes price and volune at n); MarketPrice function

(Quot ePri ce,

Deal Pri ce);

and 7 WD 20041061618

PCT/ US2003/ 011685 5 BenchmarkPrice = function
(Market Price, BenchmarkPrice at n-1). Wight and
Scatter For each of these prices, an associ ated wei ght
wo Bweityal ue of  Scatter, or an approxi mated Standard
Devi ation, a are also calculated. 10 ThafCT&S2003/041685
triplet of (P, w, (y) is associated with each data
point. In the follow ng, description, the manner in
senchlieh ;8ach of t.&s three. P, W a wll be discussed
o DelggPr if(g:)né',:t:L goﬁqe !rg‘letgpgr,lcﬁ'ar]al?ﬂ?}ﬁa?%%“éﬁdat n-1}.
Benchmar kPri ce. 15 The wei ght serves as the sanple
Weighkl 483 isBabiaat i Stical terns. In this exanple, in comobn

h st. anonypous trading systens, traders can
Fox %A%‘%‘de‘%t ChPSRi REHTRTY t PRAiAT§OSIdked FRtghsaranera weliuehof

Scatties, def anegbfiyxined tsadung BYeiLAbn] $ LR DI @Elated.
nmount of_ a bio} or offer order. In 20 an interban

a {

That 2o GRSt @ Pr dli Ay SpheesXated itk englyidesh |npinb.
the order of $US 1 million ($1M. Every m ni num

In tHel 86 G4 Sd L LB trades shoul d_be consi dered as
ONE "vot Izé'z%g?ﬂgtt trl;%ll'cet.rh%Al‘i me\zfof%SWhlgl%heﬁﬁ?‘dog %Fﬁﬁe*ﬁ‘ree

Pr Wi At 0iddnRt diFetdsen . £othBehtivges, thotarst ol GhritetPrice and

Benchh#Basaedj on, the nore the "votes” (nore confidence
about the price) 25 carried by the trade. In other
words, a trading anount is converted to units of

The weAphg nearvesr agi g Siemple Wiek ih bSathetngIWaleght €dn this

exampVer 8, thensd N LS. & bi f_ _$10M woul d count

tragadS, 10 votes mg%g%tn_g%ﬂg%uesd.tqrggmphégyﬁl\@/e‘?mgsht %5? e can
pPfc® THHAU™ SERELRT 3 2%8r e TER atfrpReternalhich The defigieghby

the tyidiggusedtenhels tthe pidieeniSceartimedsid LB gEher oPidCe8,

an int@rﬁa%k%r@iiﬁs%ﬂ%%m trading spot FX this is typically in the

order of 4US 1 million {s1imM). Every minimum trading size in the

trades should be considered as ONE "vote” for a price. All ‘“votes”
should be taken into consideration. The larger the wvolume of a

transaction, the more the “votes” (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 351M, 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

weight W is used when the price is combined with other prices to férm '

a4 new one,



10

15

20

25

30

Y

35 8 WD 2001/ 061618 PCT/ US2003/ 041681 5 Standard

Error Fromthe weight Wand Scatter a, a margin of

error or a Standard Error is calculated. It provides

a neasure of confidence in the Benchmark Price

derived fromthe market data. 10 Consider a Benchmark

B as a sanple of the price population P wusing narket

informati on (prices/volunes of deals and quotes). Let

VML B) ¥ B), SD(B), and SE(B) be the neaRCT/BEAGHHESK

Price), Weight (sanple size), Standard Devi ation, and

Standard Error, respectively. 15 If Standard Error

SE(B) = SE (pips), then we can say that the sanple

mean MN(B) has a 95% chance of lying within two SE of
Statuﬁie:dnmrof the population of MN(P) (the "true
Fmg e g M the Benchmark Price has a 95% chance

ati’s yﬁ% FFYREISer D+ 8EMArobRa Rth ABFRE PFi & StanddN@PError

is eamataamatm protitesBanebimEK b | &Rirk SRSt 6L de@bfhark

prlé@dg;’g(gegh%p)ché '?naHJ &2t.SF- nei ghborhood of the "true
price". Apparently, 't e *&hal ler the SE, 25 the nore

pr eci se is the Benchmark Price. For exanple, if M\(S)
COHSid@rQE?QemdaﬂE(IS)as— D. &Qﬂ&?,ofaﬁ:@e Ppi et Ifa%ﬁuia{‘tg& P using

m ;pere Ce ol air t he Benc mark Price
- 5% ad&? %g%@%éﬁ%e |O)jlfl nﬁa § tHh OB - 0 Lo oiHE! .

WT‘?ﬂ + SB li‘j@oelafd )SFdP) Rorvier eedny (Benchmad( PRitrls HeQHiYh (sample

sizehaftmdetd Ingvigr it hind sheaBenebray, kK Eideee:ijditer val of
(0.97786, 0.97794). The Standard Error and its formula

is discussed in greater detail later on. '.. 35 9;
If Standard Error SE(B) = SE {pips), then we can say that the sample

mean MN(B) has a 95% chance of lying within two SE of the mean of the
population of MK (P) (the “true price”}, or, the Benchmark Price has a

, 5% chance satisfying:

‘MN(P) ~ 2*SE < Benchmark Price < MN(P) + 2*SE

That dis, the Benchmark Price is almost certain (a 95% chance) in the
2*SE-neighborhood of the “true price”. Apparently, the smaller the SE,

the more precise is the Benchmark Price.

For example, if MN(8) = 0.9779 and SE(S) = 0.00002, and P is the “true
price” of the currency pair, then the Benchmark Price of 0.9779 has a
25% chance lying within { P - 0.00004, P + 0.00004 ) or, conversely,
P has a 95% chance of lying within the Benchmark Price interval of
(0.9778B6, 0.97794).

The Standard Exror and its formula is discussed in greater detail

later on.
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WO 2004/ 061618 PCT/ US2003/041685 5 Thus, it can be
seen that the Deal Price and the Quote Price are the
fundanment al buil di ng bl ocks of the Benchmark Price.
The manner in which these are obtained will now be

di scussed in detail. Deal Price The Benchmark is
calculated at a certain frequency. At each tick t 10
Weeh enchmark is to be cal cul ated, there be
deal ‘gjﬂla |£§h have occurred since cal cul ati 3ﬁT’HF2°¥3f?é1685
| ast Benchmark at tinme (t-1). Deal Price is derived
fromthe deals in the past tine interval. It is an

Y [ of,,.l rices hted by the
Thu%oqﬁan%%a% a%e oF lé:ueaﬁe""l %gl'ﬁeé‘ln cg“‘W?l é’h‘t‘:e(%@) the
fundgmgpsalofui ktigerblave mis thoBetclvark tiae. stmlhener in

whi GIRUEES arReARBInde B n6RURL afRUE:L03]) fagd,; deal s. 20
"M ninum trading size" Adjustnent As nenti oned above

peaf@Gh geal is weighted by the "m n| mum tradi ng SI ze"
That 1s, the Volune V1 of a deal d; is the deal’

The aBmuhbati itsheal tlistsd gét M NEdPERIA I &@g{lgnc%} Z&¢ L_Qcﬁ N8ck t
ove t e,V e 10, 25 Tine
wherﬁjt(ﬂgl dgﬁﬁﬁ‘;ﬁi qlg Zh%u aH%%r \;gor%lrrﬁg ebe(- ﬁézail.%éa%hlch have
OCCUFERE hFACR sﬁ%a’cmnyf delade slashayerlraverioGeurtied. (tDeaJ Deal
Pridehdts h&ﬂﬁ@ﬂeﬁrdnﬂ thhegsane 1§e§1@1qpa@9r tﬁ%ﬁqntgxwagr As an

t dered th
N R e TR R

dealsacond away fromthe tick- time are discounted by an
exponenti al functl on 2-t, where t is the nunber of
Daalsggg&daeg comthe tick-time and ¢ is a constant.
For exanp "f) c =0.5and t =1 (one second earlier
Dealishgf %4’-’(9th@‘?@‘)’“33 QEnR-tore fhh BmalDar/@hountRat Rdcent tdwils

courteabrd BA4n happeneads one second ago is worth 70.7 % of
t he deal that - happened now (at tick-second). If ¢ =1

10
"Minimum trading size” Adjustment
. f
As mentioned above, each deal is weighted by the “minimum trading-
size” . That is, the Volume Vi of a deal d; is the deal's amount in the

units of minin_lum 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
inay have occurred. Deals that happened in the game second (or sowme
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 fumction 2°°f, where t is the

number 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),

27 = 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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WD 20041061618 PCT/ US2003/ 041685 5 and t = 1, 2-C =
2-' = 0.5. That is, the deal that happened one second
ago is worth one-half of the deal that happened now
(at tick-second). Wight 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
wei ght of a deal di rnust be calculated as foll ows:
E&&g‘tﬁ%ﬁ‘ﬁ 15 Wd,) = V; *2-", where V, iBCUPB00¥0IGTE
(deal anmpunt in mninmumtrading size units) of deal
di; 20t is tine elapsed in seconds since di occurred
d(to the tick-tine), c is a constant coefficient of
=0 JdjTust nent =d&f ini%ng- (et sifeelbofdaddathat phimpenseh cad ovetond
ago DeakodH ege Mo ghir 2 Tbe Daad HRBpbefad¥l,ohh: G9Bsiabsngf.
all weights of all deals that occurred in the past
time interval. It is a summtion of all deal weights:
Weighkuaf i®o@es: 30 Wa = Et Wd;) = E V; *2" where Ei runs
To aMely alde A8ALSuOGGHALdNG 4l tine interval
Y tfstthe Voldune%gga'lgn%tl_z-g-%Eﬁ&tq%’%%i ngr&?td'me & ﬁ?]dﬁwn to
Si 78 TFEE % t? d&8I PSS five dnkerval peths| upishyl ¢$ha deal d
musts bg offd cyl#icd & fotbamsted (to the tick-tine); 11 WO
2004/ 061618 PCTI US2003/ 041685 5 c is a constant
= a%(.%nglfli cient of adjustnent defining the speed of deal
-ﬂmﬂ—ce mar kdown. Table 1 lists the time-nmarkdown-val ues
of 2-ct according to tine

W(d) = V; *2%

where

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

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

€ is a constant coefficient of adjustment defining the speed of deal

price markdown.

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

weights:

Equation 2

Wa=2Z W(d) = 5 v; #2

where Z; runs over all deals occurring im the past time interval;
V. is the Volume {(deal amount in “minimum trading size” units) of deal
d;;‘

t is time elapsed in second since d; occurred {to the tick-time);

I1




el apsed (t) for C=0.5 and C=1.0: 10 c =0.5¢c =1.0t
- 2-ct - ct 2-t 00.01.0000 0.0 1.0000 1 -0.5
0.7071 -1.0 0.5000 2 -1.0 0.50 O - -2.0 0.2500 3
-1.5 0.3536 -3.0 0.1250 4 -2.0 0.2500 -4.0 0.0625 5
-2.50.17 88 -5.0 0.0312 6 -3.0 0.1250 -6.0 0.0156 7
-3.50.0884 -7.0 0.0078 8 -4.0 0.0625 -8.0 0.0039 9
ﬁﬁﬁ%m‘qﬁ%ﬁﬂ -9.0 0.0020 10 -5.0 0.0312 -10.0 0.0010
abl e T"f% will be seen that the | ar ger t h&CHHF9R/F685
C, the faster the 15 markdown. In the special case of
a Benchmark frequency of one second, the Benchmark i-s
5 o i&alcul ated ever{\:/ second and only deals that occurred
P T CPREPhsTOcSELORE e 2diwdme Ohbindab cticatpomd. of hieal
prri@uarkdmwvn2 becones 20 Wi = EIl Wdi) = E V,* 2 = E
Vij* 2" = E V1* | = E1 V1. This suggests that the
capParangter c that controls the markdown speed | ooses
§ slefifl8ts, thhd tivermerkdowrayaddonn ofi sappesatcsrdias Wd | time
elagre@n (Se€br 29 .belawe-1.he ti me markdown is used in the

10 formof a historical price markdown, where .. plays
| ays—aee—~t—a—sareole—12 VWO 2004/ 061618
AeF+ps2p63/B16g5 5 880 price (Pa)
-cf 2 .t ~ct 2 <t
0 0.0 1.0000 0.0 1.6000
1 -0.5 0.7071 -1.0 0.5000
. 2 -1.0 0.5000 2.0 0.2500
) 3 -15 0.3536 -30 01250
4 -2.0 0.2500 -4.0 0.0625
5 -2.5 0.1768 -5.0 0.0312
5] -3.0 0.1250 5.0 0.0156
7 -3.5 0.0864 7.0 0.0078
B 4.0 0.0625 -B.0 0.0039
o 4.5 0.0442 -9.0 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
15 markdown.

In the special case of a Benchmark frequency of one second, the
Benchmark is calculated every second and only deals that occurred in
the past second are used in the calculation. Then Equation 2 becomes
20
- Wa=2W(d) = ZV* 2 = 5, v 29 = LVFEL =3V,

This suggests that the parameter ¢ that controls the markdown speed
looses its effect, and the time markdown disappears, as will been seen

_ 2.5 below, the time markdown is used in the form of a historical price

12
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If P(di) is the price of a deal di, then the conbined
deal price of all deals that occurred in the past
time interval is sinply the arithnetic average of all
deal s weighted by their Weights of Deal: 10 Equation 3
E P(dO* WdO Pa 15 E; Wd;) where E runs through
all deals di occurred in the past tine interval. In
Eﬁﬁm-ﬁﬁg of a one-second Benchmark, each deal's weight
§°B8 Vol une. Table 2 lists the Deal PREEES2HBOHIFSSe
deal s that occurred in the past tinme interval. The
Deal Price is a real nunber, not restricted by whole
pi ps 0.9779882353. Deals Price (P) Wight (W P*W 1
0.9781 2 1.956200 2 0.9780 2 1.956000 3 0.97 1 -1
Dead Ry1€840@.) 4 0. 9780 7 6.646000 5 0.9779 5 4.889500

1f sEily . 0 Price (Pd): ,0.9779882353 25
Tobl 2 T By PEe” SRy Cal P CPRIPBAER, oo of au
deal s {tBpy fccugred) iprGheerratayime Abtemaii ek ymplyethe ciri Aigretic
avesagEBo K @il 1i deadhi vl ghicadsy Schéhls%ﬁﬁ)&s%f hegpch other on
..,where the market 30 is and the votes are
w despread. Alternatively, deal prices may concentrate
Equaiiognd spot, where everyone agrees where the market
is. This is illustrated in figure 1. 13 WO
2004/%9&3%§Vd§T/U820031041685 5

sz

Ly W{(d)

where

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

In the case of a one-gsecond 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 0.9781 2 1.856200
2 0.9780 2 1.856000
3 0.9781 1 0.578100
4 0.9780 7 6.846000
4] 0.9779 & 4.889500

Tatal: 17 16.625800

Deal Price {(Pd); | 0.8779882353

Table 2

Deal Price Scatter {o4)

In the past time interval, deal prices may =scatter widely, reflecting-

& market in which traders disagree with each other on where the market
is and the votes are widespread. Alternmatively, deal prices may
concentrate at one spot, where everyone. agrees where the market is.

This is illustrated in figure 1.

3
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The Deal Price Scatter can be neasured by the Standard

Devi ation of deals: Equation 4 10 E1 Wdj) (P(d) -

Pd )' ad = -,/ E1 Wdl) 15 where Pd is the Deal

Price cal culated from equation 3 above; Wd;) is the

i ndi vi dual Deal Weight derived fromequation 1 above;

El runs through all deals d; that occurred in the past

o804l val. 20 The Standard Deviation (SD) of a

popu 4??‘:“5‘{1 is a measurenent of the spread B¢THRI0168S

popul ation distribution. It is |ike an average

di stance of the population to the nean of the

popul ation. Large SD is a good indication of

volatility show ng that prices are w dely dispersed
The fegi, Prife” Sapstey«ands weisuged Iy exampheiabovsiatahl 6f 3
dealshows the Scatter: Scatter sqrt (0.0000000776 / 17) =

0. 0000675831. Up ht (W PWWP - Pd)2 1.956200

0. 0000000250 1.956000 0.0000000003 0.978100
Equarign0000125 6. 846000 0. 0000000010 4. 889500

0. 0000000389 7 16.625800 0.0000000776 Deal Price

(Pd): 0,9779882353 Scatter(ad): 0.0000675831 30 Table

311 1% W) (P@@)-Pys)

O'd—-\/-

%, W(d)

where

Pq is the Deal Price calculated from equation 3 above;

W{d;} ig the individual Deal Weight derived from equation 1 above;

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

The Standaxd Deviation (SD) of a population is a measurement of the

spread of the population distribution. It is like an average -distance

of the population to the mean of the population. Large 8D is a good

indication of volatility showing that prices are widely dispersed from
the average,

Using the example above, table 3 shows the Scatter: Scatter = sgrt
(0.0000000776 / 17) = 0.0000675831,

Deals Price (P) Waight (W) W WP - Pdj2
1 - 0.978% 2 1856200 0.0000000250 |

2 0.9780 2 1.956000 0.0000000003

3 0.9781 1 0.978100 0.0000000125

4 0.9780 7 B.846000 0.0000000010

5 0.9779 5 4.889500 0.0006000389

Total: 17 16.625800 G.0000000776

Deal Price (Pd):| 0.9779682353
Scatter (c,): |0-0000575631

Table 3

o
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WD 2004/ 061618 PCT/ US2003/ 041685 5 It will be
appreci ated fromthe above di scussion that Equations
1, 2, and 3 define, respectively, the three el enents
(Pd, Wi, ad) of Deal Price. Quote Price Quote Price
is derived fromall |ive quotes in the anonynous
trading 10 systemor other data source at the
WiocKoddses Wen there are nore offers in the market,
nore people are trying to sell. The |iqui BYVYS2R/04RE
offer/selling side results in sells at the '3 prices
of the "front |line" of bids, the Best Bid. 15
1t RVEL S i ere are nore bids, nore people are
buyi ng. %k%éem'aﬁ?%ufar? tt$‘eo?’P°f’ﬁedlﬁF’d‘?%89| Hgtskgetiasult 2,
and i3 dpfiys, atesphet prlgeshef t1le e1ehemnt (3l ng" 0f &f ég{lf,
priddhe Best offer, 20 Quote Price maps market [T quidity
to "Buying Power" at the Best Bid and Best Ofer
rices at the tinme. Quote Price Weight (W) As with
Qm'%egf“ifri ce, aquote with a small ampunt is worth |ess
Quotieh@pide i35 aaHRle Wi 31! Qe nt. .
grala\g@i{éfrog;the- mar ket guot {%%né él\ﬁorafiﬁn}g?u?mﬁ?dmg

s & CT0¥e P FRESTRarketheqtisfetimey descri be the wei ght

of a quote, we need to take into consideration both
Whent R@esddt nagAd JeRErs PQSIL O of the quate with |
se11l EHPECE Lo the best B d/tol;f@#l{iggb_ W PRRERCL FEYi Hgine to
Usi e TAdy st HeRt TACqRbteE/ talding sidet trsubtmiimumrllisadinghe
pricgs AL tiherfeéwr @inerach widet echeSsedtbght ed by t he
m nimum tradi ng size. That is, the Volune of a quote

COHV%SE i s t,gefgluot e's amopunt in the units of m nimum
ra&’i"’ﬁgl i Z&ST8531F sPerre ebivier kdovm Fhepler onde |Hupendf Phe

Liquigitivebni shed btdvbubynd e aBestsuBid 16Ph)y2nd ﬁ%s%r_gefse%f the
e est ,

vfrohtPQind N ed) st.a0C f.a.q e price fromt
measured i b te%e' e“fg ?/%tzggéf/romﬁls PCT/ US2003/ 041685 5

nunber of pips, shows "how good the quote price is".
QuotJHritemaps pigpket Siquidity to "Buying Power” at the Best Bid
and Best Offer prices at the time.

sys tfe
a

Quote Price Weight (W)

As with Deal Price, a gquote 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 guote. To describe the weight
of a quote, we need to take into consideration both the amount and the

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

"Minimum trading size” Adjustmant
A qguote can be at the minimum trading size. Therefore, each guote is
weighted by the minimm trading size. That is, the Volume of a guote Q;

is 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 (P,) and Best Offer

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

15
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wel | understood in the financial trading art and
refers to the least significant digit of the price
that is quoted. At any noment, the Best Bid is the
hi ghest bid, and the Best offer is 10 the | owest
of fer of the Market from which data is obtained,
regardl ess of credit situation. This is not always

wbeogsikigori ce that is displayed to trade n
trading systems do not display to traders{;(?)rlﬂilS?‘E"gf“’aal"“}g

whi ch they cannot deal, for exanple submtted by a
counterparty with whomthey have no or insufficient

numb & %@' %}1{35, El]:évsl f“hc.laz\)r‘ %gd tﬁet%%ter%ﬁ 15"8‘ 'ﬁ'llJOtte L,

rice of Sare 'si ﬁ”f"h 1S
well d‘P’é’teéﬁE%Odgﬂnt RPe Hﬂﬂcéaf-ot’ﬁ?énBeé’ft jagd P'-‘E(f@!{§ to Bhe Thwst
signifdehtt erigiardedend prscadehinad Byotehe exponenti al
function: 2 - 1 PIQ) - B ( 20 Wen the distance is
0, 1, 2, 3, 4, (pips), 2 P(QL) - B=1, ,~ '14, 1/8,
At amy f@meﬂt thV‘élFiﬁ‘rt By ia Crothdghes ‘ﬁmdappﬂytim ResUMEfer is

the Id’w@dt r&f&hﬂ@f amnd Iﬁal}ﬁe@ﬁ%ﬁnﬁﬁcﬂa&mow'oﬂ:gﬁw\&e' g&érgiess
5 30 V. j

uat i on PcQ
of Cv\lﬁe |qlatlf”ﬁeE%b’1 Surf (Yot %1“\%{8urﬂle ﬁ‘e‘“'m RTifgm that  is
dlspltaryaél v stradérynias) mwnyqUoREeingS5sy@tend( @l) nbs fheplay to

tradeﬁfsl Ggﬁ:l@és Q-8 Qhe Bcanng}l GBeet :&;Id)exlaltlplg éuﬁm?ctlglid’byBa
coun {y w&; 8@? is an, ‘of ffe
%827’ 6T &% 088 F53F 0L 8851 Et%ﬁeyt chd’rts in the

nunber of pi ps, the distance to the Best
If P(Q4) 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 iz |P(Qy) -

B|. The position markdown is defined by the exponential function:
5 -1 Plod) -84

When the distance is 0, 1, 2, 3, 4, ., {(pips), g ~lreb -8 4 g
¥, i/8, 1/16, ...

Weight of a Quote

r

To apply minimum trading size and the distance markdown, the weight of

a quote Q; is:

Equation & .
W(Q) = Vy* 2-IP@-B1

where

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

P{(Q:} is the price of quote Q;

B = P, (Best Bid) if Qi is a bid, B = P, (Best Offer}) if Q, is an offer,

and

16
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Price. It can be seen that a quote is weighted by its
Vol ume and narked down by its distance to the Best
Price. 10 Table 4 shows an exanpl e of weight of
gquotes. Al quotes have the sane Vol une, but the
di stances to the Best vary. O fers Price Vol une
Di stance Wight 1 0.9780 100 10.0000 2 0.9781 10 1
SwB0 068580 9782 10 2 2.5000 4 0.9783 10 3 1.250.0 5
0.9784 10 4 0.6250 Table 4 15 The wei ght OfCT{U$a003/041685
guot es goes down 1/2 each tinme the quote noves one
nore pip away fromthe market. In the exanple of Table
| oy, ,the quotes' distances to the Best 20 vary,
! ?‘r?g?thguﬂ ol RS BEter 2% eibswhehe Moviargearayné magt t he
Pripsrket. Bids Price Volune Distance weight 1 0.9779 10

1t ah0p000Q, &,.Q. 97 20,1 10.0000. 3 0.9777 40 2

. 13.0 00 4 0.9776780°3 10"08H¢Y BY 6-t§7 7%l umeoan ¥erig@0gowm

Y 1481 €5538% A8 thenBest Bekge.from Table 5, a vol une of
twenty at one-pip away is worth (is equivalent to) a

rapd@l 4|, QL 10 he zero-pip; a volunme of 160 at
va14' pi ps Davvaail/11 f%“\l}%ﬁ?}tz ¢ %,glgtqﬁl‘h' VBICERT- P} TueEew dlauerethef same
OF° atut Zdeo dpitancey tWOIR0044106464.8 PCT/ US2003/ 041685

5 Weight of All Quotes The wei ght of a group of quotes

S Offres; elPyee|t N@iusMTBEENES]T Weignt) he wei ght
1] 0.9760 10 0 10.0000
2[ 0.9751 10 1| 5.0000
3[ 08782 1o 2t 2.5000
4] 0.5783 10 3| 12500
5] 0.0784 10 4] 0.6250
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 Ta.blel 5 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 0 10.0000
2 0.9778 20 1 10.0000
3. 0.9777 40 2 10.0000
4 0.9776 80 3 10.0000
5 0.9775 160 4 10.0000

Table 5

As can be seen from Table 5, a wvolume of twenty at one-pip away is
worth (is equivalent to) a wvolume 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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of each individual quote. The Weight of Bids is 10
Equation 6 Vb=Eb W Q=Eb Vi /2TbP4o0 } 15 and the
Weight of Ofers is Equation 7 - V. = Eo WQ )-Ea Vi/
20-po). 20 where WQL) is the weight of quote Q; Erb
sunms up all bids, Ei sunms up all offers; Vi is the
Vol ume of quote Q; 25 Pb is the Best Bid, Po is the
and (Pb - Pi), (Pi - Po) are in i ps.

%ﬁ?ﬁooﬁ?f]ﬁﬁpb - Pa) z 0 since Pb is the higH&d SB’P%P““%
and (Pi - Po) z 0O since P. is the | owest offer. 30
Thus, the Weight of Bids Vb is the vol une-equi val ent

at the Best Bid price, and the Wi ght of
Wel%"f‘ &eA@ %Iug “%%he vol ume-equival ent of the offers at

The BeestghCf ¢ prcmpeof Hhetdak endPel ¢ &-nbehahlc CRNSE S$ha ight

of 853 adasMR] iQR.Of Bid weight 35 and Offer Werght.
The Quote 3r| ce ight is: 18 WO 2004/061618

PCT/ US2003/ 041685 5 Equation 8 Wy XEi WM =A(Vn+V")
Thewhelodt 14F Xids i@ constant coefficient which controls
the share of quote's weight in Market Price, as wl|
be,  di scussed; IT,, is the Wi ght of Bids; and V. is
i ght of Offers.

Vo= 5 W(Q)=EP Vi / 2077,

and the Weilght of Offers is

Equation 7 -
Vo =L W(Q)= L7 v,/ 2FFo)

where

W(Q;) is the weight of quote Q,;

£:;° sums up all bids, I;° sums up all offers;
Vi is the Volume of quote Q;

P, is the Best Bid, P, is the Best Offer, and (P, - P;), (P;y - P,) are in
pips.

Note the (P, - Py) = 0 since P, is the highest bid, and (P; - B} = 0O
since P, is the lowest offer.

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

Best Bid price, and the Weight of Offers Vo is the volume-equivalent of
the offers at Best Offer price.

The Quote Price Weight consists of a gealed summation of Rid Weight

gh
and Offer Weight. The Quote Price Weight is:

18
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e 15 Where the market is one-sided, that is there are
only bids or offers in the market, W = 0. That is,
one-si ded quotes do not carry any weight. In the next
section to be described, the quotes are converted to
"deal s" in the calculation of a quote's price. An
"enpty" side causes the "deal price" to be zero.
&kﬁ%&ﬁﬁﬁﬁ? the wei ght of non-deal 20 is zero. Table 6
shows an exanpl e of Weight of Offers. Al thB¥S20pe4Iess
are five offers in the market wwth a total vol unme of
50, the offers are worth 19.375 at the Best offer

- gjce 25 Ofers Price Volune D stance Weight 1
—935?é58% 10 0 10.0000 2 0.9781 10 1 5.0000 3 0.9 882
10 -2 2.5000 4 .0.9783 10 3 1.2500 5 0.9 884 10 _4

w, =Q.30@ad) Mo . 3750 Table 6 Table 7 shows an exanple -
" of Mégﬁﬁ?ﬂ%ﬁ%é ds. Although there are five 30 bids in

the market with a total volune of 310, the bids are
whemOrth 50 at the Best Bid price. 19 WO 2004/ 061618
Price Vol unme Di stance Weight 1

. 03/ 041685 Bi ds
> 155.%%‘%%%% c?"f%.gcfdﬁﬁt ‘“%16‘? §978°38 Hhel ghpBOOL Q8o 9 WEAght
10 Megkot Fyiop0@s il DY ABs8Es8310. 0000 5 0.9775 160 4
vy 120c10@0id¥e of Ma00QRg 5

Vo i1s the Weight of Offers.

Where the market is one-sided, that is there are only bids or offers
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 |Waight
F~71 0.9780 10 0 10.0000
2 0.8781 10 1 5.0000
3 0.9782 10 2 2.5000
4 0.9783 10 3 1.2500
5 0.9784 10 4 0.8250
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.’ ' |
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Tabl e 7 Table 8 shows an exanple of the Quote Price
Weight. (Vb + Vo) = 69.375 volune of quote, but the
Quote Price Wight is reduced to 6.940 due to )10 the
A scal e-down. O fers UD.978310 e Wight Bids Priee
Vol une Di stance Weight 0 10.0000 1 0.9779 10 O 10. 0000
1 5.0000 2 0.9778 20 1 10.0000 2 2.5000 3 O. 9777 40 2
%‘Q,QQ%QG% 1.2500 4 0.9776 80 3 10.0000 4 0.625
9775 180 4 10.0000 o: 19.3750 Vb: 50. 0066“%*8??(%‘6%5
15 From Table 8, if A=0.1, then: W (Vb + Vo) 0.1
*( 19 375 + 50.0) = 6.9375. CQuote Pri ce (Pq) 20 The
weight-rof—bhdsVoand offers V. defines "buying and
ban:’? A Oggr :\\rf:;me £ 355'5% (T8 | The Buys/Sells resulting

||u2||t:'%r9m| Bk fu of the prices (Pb, Po)

ands ettt Oy Fogy the time. That is, Buys
= FpmCigaret Yo AR Simlarly, Sells =
FUTETTqTa(o7a:1 Vs BRI LI The buy volune is
_ propor yTronmat—to—HE g btyEdigggemand) and the sell t ~
5 Fo votunme—ts—directty—ptoepertional to V. (selling

demand). Theggfore, Function and Function are |inear:
deal -volunme _ A * demand, 20 WO 2004/ 061618

/ 2003/ 0416 nore specifically, Buy-volune
Tabfcﬁ Budt g BIrFaﬁg)t%E @uoke\pricedigight o] (Yo ¥.)A=%69.375

volltrnaeepﬁwtgemndghe Qote Wojce Weight is reduced to 6.940 due to
,} 10 the A scale-down.

Offers Price [Volume Distance [Weight Rids Price {Volume Distance  |Weight

1] 0.9780 10 0} $0.0000 1} 09779 10 01 10.0000
2| 0.9781 10 1 5.0000 2} 0.9778 20 11 10.0000
3 09782 10 2| 2.5000 3| 0.9777 40 2] 10.0000
4] 09783 10 31 1.2500 4 09776 80 3 16.0000
5| 0.9784 10 41 0.6250 5| 09775 160 4 10.0000

.Vo: 19,3750 Vh:l 50.0000

Table 8

15 From Table 8, if X\ = 0.1, then:

We = 2 (V, + V) = 0.1 * (19.375 + 50.0) = 6.9375.

Quote Price (P)

20  The weight of bids Vi and offers V, defines “buying and selling demand”
at the time. The Buys/Sells resulting from the demand is a function of
the prices (P,, P,) and the ligquidity (¥, V,) at the time. That is,
Buys = Function, (W, V,, P, P.). Similarly, Sells = Functiong(v,, V,,

25

The I volume iz mrooor  egial i — P .
buy v = 48 pIopOriionald to V, (buying demand) and the sell

yolume is directly proportional to Vs {eelling demand). Therefore,
Function, and Function, are linear:

deal-volume = ) * demand,

20
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10 where A is a constant coefficient (a percentage)
that converts quote volune into deal volune. Deals
al nost al ways occur only at or near the "front |ine"
of the market. That is, buys resulting fromthe
buyi ng demand are at the Best 15 Ofer price of Po,
and sells resulting fromthe selling demand are at the
§&§haﬁLﬂ"prlce of Pb. There will be sone deviation
particularly where a party doe8CHB20434{1685
credit with the owner or owners of the best offer or
bid and so trades below the front line. Even so the
trade will alnost always be very close to that front
line. 20 The bids, and the resulting "buying power"
or mpre FERgiformldrted into deals of buy at the price of

Po and B‘A?lw}éﬂﬁm@f ﬁ* (y@ylnlg—h@enﬁggﬁrsk ’a%d the
resulting "selli are now convérted into

Sellq¥gtansyf - s"ell ‘%ﬁ”l’b‘? .deréanﬂ% ard *vBiume of A * Vo. 25 As

quotes are mapped into "deals" of buys of AVb vol une

wher%t )\p:[é %ecgnstgﬂlg co§ﬁ!;w§e19:f (Me%%z%&?e?t Elc%%vgﬁs &Do%e

L deal price fornula of Equatio used t
voluger 7% fRt O Price Pq: 30 Equation 9 Pb*XVb+Po*XVb
Pb*Vo+P"*Vb P = XVo+XVb V0+Vh 35 Where 21 WO

ivel are VE|gh
mark&f: B?*%:?é: aﬁd bWéF 9‘?‘??“30‘?1“61 $’%9““s the é@pief%ﬁ ﬂv@nﬂ afy af stheh@est

Offe&vgiﬂgﬁ‘ offf pgeaﬁa R0YS Ao naf Ebonv_tlhaél%lm RFasLlak-s at

the aées BJ.WI ﬁe ﬂiAVThefgb %a%a{ e éo)&e ggx?it It(i)ir)]n fromh%hls,

are ca
PartllﬁFf’ra&éﬁrc é’hﬁ% HUPLGHe d0Fs QST éappl eeedl@m@l Ptiec @wher or

cwﬁe&‘@| ef yeletieedl aed-byr the Bast sfrireess aRdod Naiel Egstrdittiye .
Even tILe 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 X * V,. The offers, and
the resulting “selling power”, are now converted into deals of sell at

price P, and volume of A * V,.

As q-tiotes are mapped into *deals® of buys of AV, volume at price P, and
sells of AV, volume at price PB,, the deal price formula of Eguation 3

can be used to derive the Quote Price Py:

Equation 2
Ppo* AV, +P, * AV, P *¥Vo+ P, *V,
Pq: =
AV, +AV Vot Vi
where

21
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- market. Mapping quotes to "deal s" requires both sides
of the market to work. 15 In the cases of no quote or
a one-sided-market, P. = 0. As stated above, in these
cases, the quote's weight is also zero. By way of
exanpl e, and continuing fromthe results of Table 8 :
above, where Pb = 0.9779, P. = 0.9780, Vb = 50.0, and
Wo s0d&1345, we have 20 Pb *V' + Po * Vb Q, 9779 * N
19. 375 +§o. 9780 * 50.0 Pgq = 79720720719 vg’f%@m‘”"’”“’
19. 375450.0 25 As the buying demand is larger (Vb =

50.0 > Vq = 19.375), the Quote Price P. is pushed up,
} Quote Price Scatter

p, g 8l t. the .Best fer price. ,

° (vq?° %éﬁeﬁggg %n%%F‘éSOng’é' FEPRREivee deal s, we can

Ve 2ply Srndiefighinglf aBiots and weDglal oScatrhes, @Bspd@ipGtes' .
According to Equation 4, the quote "scatterness" the

p, it @pdard Deviation of quotes is: Equation 135 __. O
? o§+b- B RS POPOYS aF FPBIE] TeliiePdRoRed sXVip Xvie,
witky we 2V WEo ) @244 0 616 E§ude@dh dH 20350456850 &1 Ve LG PO

That Sist, e O P i from Equation 8 above; Pb.

is %{)l%lPo E%‘rae EB B%gteg%ir éﬁggo_téer% O%‘(?léjF? FaspedpplrByice
AhSTerwmed\ipi She Bset BPrisea madyicg bl qoifdi & fofr she

markefspectively. 10 It can now be seen that the three

el emrents of the triplet (Pq, Wj, aq) of Quote Price
I defined by Equations 9, 8 and 10 respectively.
PRAFEr B°FA8 TarRerlsl stashares deoth Fade= o, thie market to work.

In the cages of no quote or a one-sided-market, Py = 0. As stated-

above, in these cases, the quote’s weight is also zero.

By way of example, and continuing from the results of Table 8 above,

where P, = 0.9779, P, = 0.9780, Vy = 50.0, and V, = 15.375, we have

Py ¥V, + P * Vv, 0.9779 * 19.375 + 0.9730 * 50.0
P,= = =0.5779720720719
VotV 19.375 4+ 50.0

Ag the buying demand is larger (Vy = 50.0 > V, = 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 ig:

Eggga t1 onﬁ___l“g
AVo By - By + AV, (B, - By ) Vo (Po-PBg¥ +V, (P, - P, )?
9=+ =

AV, + AV, : VotV

22
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15 Table 9 shows how the quote scatter is obtained,
using the results of Table 8 and the value of Pg

obt ai ned above. Pb Po Pq Vb Vii Vo(Pb-Pqg)2 Vb(Po-Pq)2
Vb + Vo Scatter (Qg) 0.9779 0.9780 0.9779720721

50. 000 19. 375 0.0000001006 0.0000000390 69. 375

0. 0000448645 20 Table 9 The Deal Price:triplet (Pd,

, and the Quote Price triplet (Pq, and aq
m&%ﬁ’ﬁ%}wsbeen defined. These val ues need Y%TB@Z”W’“ 85
consolidated in the Market Price to give a good
i ndi cation of where the market actually is. )25
Mar ket Price The Market Price Triplet (Pm Wn an) is

whexeonstructed by sinply conbining Deal Price
Pq iknflor mabdtcopr{ddddeMbled adbnanilauo! 8 fHdee information
Jamwe Wit:hQUL _USI hi storical i nformation,
> a(ﬁ/g?ﬁ?e%mg E’gchéast 1ga71{§iu %?Steggﬁroﬁ%ﬁﬂef’%’rﬁelﬂ ve quotes
Vo 280 Vot M Fatdyt ot Saps anRdieigBO cdcetiered Hesptdidvpnat
time interval. 23 WO 2004/061618 PCTI US20031041685 5
10 1t cg?lrrgc)evg JDPri ce é m The NMarket Price PMis derived by
aver agi ng tHe %‘ioflée PRreectanenteaf tim teipletnPedth %k
of Qyoht eitiby aresdafehghby EfHeid@Ns 1l add 100 eMcriREy. W
Pm = Wj+Wd 15 where Pq is the Quote Price from
Equation 8 above; Pa is the Deal Price from Equation
Wherg. thfy mpgkethés Qpot @idvi gt= for om Equation 7; and WA is
the Deal Weight from Equation 2. 20 Equation 8 stated

hat .V = X (Vb + VO), and the constant coefficient a
15 Tabl'(-e a shows how éhe quote s)acatter iz obtained, using the results of

N’

Table 8 and the value of P, obtained above.

Pb Po Pq I~ Vb Vo | VolPb-Pal2 | Vb[Po-Paj2 [Vb + Vo[ Scatter (o)
0.977¢ 0.9780 0.9779720721 50,000 18.375 0.0000001008 0.0000060390 69,375 0.0000448845
20 Table ©

The Deal Price triplet (pg, Wa, Oz} and the Quote Price triplet (Pg, W,
and 0g) have now been defined. These values need to be consgolidated in

the Market Price to give a good indication of where the market
actually is,

' "}25 Market Price

The Market Price Triplet (B,, W, Op) 1s constructed by simply
combining Deal Price information {Pa, Wy, o4 and Quote Price

information (Py, Wg, Oy) . Without uzing historical information, Market
Price is calculated from current live guotes and the latest deals that

30  occurred in the past time interval.
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Is used to control the share of quotes. Equation 11
shows that since Quote Price is weighted by its
wei ght of W, and W = X (Vb + VO) , A plays an
i nportant role of scaling quote weight in respect to
Deal 25 Weight. Thus, if a = 0.1, it neans a 10 vol une
of quotes is worth one volune of deals. Follow ng on
fworaidwsikxanpl e of Table 10, Table 11 shows_how
Equation 10 can be used to obtain the nar K&TY570168s
30 Pg 0.9779720721 0.9779882353 Pd Wy 6.3375 17.0000
Wi 04 0.0000448645 0.00006 55831 6d Market Price:
MarBetd PEO835209 Table 11 35 24 WO 2004/ 061618
The'l?,éc;ﬁéﬁzggf/ O%?Sm 5 Market Price Wight (Wq The
e i g hderi geds ymatd 1 a | Ge. Vi ght
Priemd aQiaiaen ¥ iseg1 0 b0N fRua ?gnﬁﬁzﬁlgu%':%l{%ﬁg%eal
and Wj cal cul ati ons are stated by Equations 2 and 7
respectively. 15 Thus, continuing with the exanple,
Equastionabl e 10, Table 12 shows the Market Price weigh W
W Wi Wn 6.9375 1 17.0000 23.9375 20 Table 12 Market
Price Scatter (am) Applying the definition of Standard
Devi ati on, we'g¥t *tha&Whr ket Price '
Po=

W, + W,

where

Py is the Quote Price from Equation s above;
Ps is the Deal Price from Equation 3;
Wy is the Quote Weight from Equation 7; and
Wa 18 the Deal Weight from Egquation 2.

E':quatlon 8 stated that Wy = A (Vy + V,), and the constant coefficient X
1s used to control the share of quotes. Equation 11 shows that since
Quote Price is weighted by its weight of W, and Wy = X (V, + V), A
plays an important role of scaling quote weight in respect to OD:aal

Weight. i = i
g Thus, if A = 0.1, it means a 10 volume of guotes is worth one

volume of deals.

7 .
ollowing on lfrom the Example of Table 10, Table 11 shows how Equation
10 can be used to obtain the market price.

Fq 0.5779720727 0.5779562353 Pd
Wq 6.9975 17.0000 Wd
G 0.0000448645 | 0.0000675831

Market Prica: 0.9779835509

04

Table 11

24
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25 Scatter as follow Equation 13 X V. (p b - Pm)2 +
XVb (p. - Pm)2 + E{ Wdi) (P(di) - Pm)2 6m~ 30
XV.+XVb +Ei Wd) if P9 = 0 (no gquotes,
one-si ded-market), then quotes are no |onger part of
t he consideration and Equati on 13 becones: 35 Equation
13(b) E Wdi) (P(di) Pm)2 E, Wd,) 25 WO 2004/061618
ROTZobke@@a/ 041685 5 Table 13 continues the _exanpl e of
tabl e 10 and shows cal cul ati ons of  Mar ket PBFPE03/041685
Scatter: PmDeals Price (P) Wight (W W*(P - pm2
0.9779836 1 0.9781 2 0.0000000271 2 0.9780 2
MariatODB000R00Me F.P. 9781 1 0. 0000000136 4 0.9780 7
0000000019 5 0.9779 5 0.0000000349 Bi d->Buy 0.9780
The 38?‘"86%0"6.1&3 F'ed@ftfobp comatiops @F PsZkifrice 9EYghtl Snd Mhot: 1
Priqe §eb@000135 -~ b Total : 23. 937500 0. 0000000929
Scatter (a,~ ): 0.0000622966 10 Table 13 At each tick
tt,_ the Market Price uses the current, |atest
tion of the market. But in sonme off-peak hours
or in sone |less-active 15 currency pairs, conplete
currentyin{ormation my not be available. In those
situatidhs, °Market Price (Pm Wm (Y n) nust be

2@ NP d wi.t.h the revi ous Benchmark Price to derive
W, 5 7
° tcﬁe qcﬂaﬁf Swtlﬁﬁ F&e stated by Equations 2 and 7 respectively.

E,

Thus, continuing with the example, of Table 10, Table 12 shows the

Market Price weigh W,

Wq Wd Wm
6.9375 17.86000 23,9375

Table 12

Market Price Scatter (G)

Applying the definition of Standard Deviation, we get the Market Price
Scatter as follow:

Egquation 13
AVo By~ Pr) + AV (Po—Pu)* + Zi W(d) (P(d) - Py

Um=\[

AV + AV, + 2 W(d)

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

. of the consideration and Equation 13 becomes:

Equation 13(b)

2 W(d) (P(d)) - P, )

On= )
- 25 W(dy)
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Havi ng now obt ai ned the Market Price, the Benchmark

Price may now be 20 derived. Benchmark Price Suppose

the current tick is n, then current Benchmark Price

triplet (P,,, W,, aa) is derived fromthe current

Mar ket Price (Pm Wn am , the I|ast Benchmark Price

(P'-1, W-1, cr.-1) calculated at the last tick, and a

X0 Rhaouam Price (Ph, Wh, aph) . As the | g

benchmar k was cal cul ated one tine-interval %;‘.6]820“?/?41‘1%

di scounted accordingly. The weight of the I|ast

Benchmark Price is marked down by a faction of 2-°T

where T is the tine interval fromthe | ast Benchmark

o the 30 current tick. 26 WO 2004/061618

P BT PSSO 3109 168 55550 1h 2Rt 6l pri & end shams icaligilatyns of
Market eeitditscattzed to bal ance the no-price situation.
The Phantom price has a very tiny weight that injects
- Hﬂ: e ni |alslan _on. he cal cul ations when prices are
Farand  P0F  GROREY IWEGEMIL ( ha Bed ORI ght from
becorrng—zaro W {her%e ale 10 no | proPe®E™ h t he
g@p,g,h.;dka Beri Of9h|{s 3 n furn, pré\RoPOE0IENE
Standafd_EPror | {%%h becdni ng i nfi ni § ewb®oideo| | ows t hat
in an actiYe oKkt | tIe phant om pli@atesEnpt
ssential $o thd9&&l cul dtioh of the| deemoswal k. =x.) 15
When_pp i BiexBugx| H9780n! t hedoaraf Kete T Phaniombiodotal £€ | S
equal | oCfrrRalit 0.9P1] Ceiod®hen t her e i D.obbowodddsi e i n the
mar ket | Phantom Price @euial $ El&so pi evsboarddszs BENnChmar k
Price.|[That isf Pph P. ” Witgtatker o, )L o-obopedeses P _i When
P. = 0- 20 The wei ght of the Phantomm Prite Wh is a

tiny constant, frbegsanple a half of one-millionth

(0.5*10-6). In the case of the mninmumtrading anount

of one mllion (of base currency) for nobst currencies,
At qald tigd ghtthiesMBAet izt cOfustherRas@ eHE | QREYat EQformation

of t@léaﬂi)i!fk%t wWhitl e, the hmum t radi.ng_anoynt for
R USD i s onenm efoggngz% 000, G0 iBufgre Less-active

currency pairs, compl ete current information may not be available. In

%)

1T tD

those situations, Market Price (P,, W, O o) 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 ie n, then currxent Benchmark Price triplet

(Pn, W, ©.) is derived from the current Market Price (Pu, W,, o), the

last Benchmark Price (P,.,, Wa-ie Opaa) calculated at the last tick, and a

~Phantom Price (Pgns Wpn, 6m). 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

-cT I3 . .
27, where T is the time interval from the last Benchmark to the

current tick.
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its Phantom Price's weight is 0.5 Euro. It wll be
seen fromlater discussion that this npdest anount
can ensure that the Standard Error does not becone
infinite. 30 The scatter of Phantom Price Qh is a
tiny constant as well. It is set at 1%of a Big

Figure of a currency. The purpose of having 6ph is to

prewendsidgthe scatter from becom ng zero (th%h@%%t)%(ﬂ%ﬁigso

Standard Error) in quiet market. .35 Benc
ac--The Benchmark price is the average on the Market
Price and (n-1) Benchmark Price, weighted by their
Wei ghts. The (n-1) Benchmark Price Wi ght has an
Pha jme- mar kdown) : Thus 27 WO 2004/ 061618
. %egfr{ %«53}2&53% 01685 "8 IERGHY SRCTRAuFEd to WakRaed thWiokfrice
SLERAREPPh ThyyantonPpri GOnMe Wyl 1idr Gliqoh,. Waer e P.
little thesuWhekeh Aid & Jh0M Egu“%itteinon 10 above T WHIESt he
whiddBLket. Price Veight fTom Equa i"ofr *F§2 ane pyesiest pat
pr.evi ous BEcRFRFRa M, Feght) from] Bedepiing xePh a0 Ll Qe
U0 HgReS ipnthd Bpmshoatk gRPied. =il 14 fie :r%){mn\@gh is the
. . ' U t
Stanger@r-6f RBAVLMRY ¢8;, 8. Small_const Bnt, TSt s
maridy 5* ]ht% 6);\F W _y TS the pr &bt ods Shemrakit Bri ze active
VI ght ; PHRFEm Trdes jieknati wesenttel val thacsRROBES BAMLG
benchgark.const ant coefficient, of adjustment defining the
speed of 20 deal/Benchmark price nmarkdown. The
whenCOSfLicient c is the same one used in the deal price
i € apsed trhe™ hBP Raskatr., Phantomtieceasee@faldto Market
- . . ; weeas .
to8t i Mhemebkat 16P0o-picdME Qo nbikef, Riahton Blcd Stuats the

prevBaRCBomik Bl iP(.E?ceq()@gatn (J).ts : change.

The weight of the Phantom Price Wen 18 a tiny constant, for example a
half of one-millionth (0.5%¥10°%) ., 1pn the case of the minimum trading
amount of one million {of bage currency) for most currenéies, the
welght is % unit of the base currency. For example, while the
Tlnimum—trading amount for EUR/USD is one million (1,000,000) Euro
1ts Phantom Price‘s weight is 0.5 Euro. It will be seen from 1ate;

di \ .
iscussion that this modest amount can ensure that the Standard Error

does not become infinite.

The i i
scatter of Phantom Price Opn 18 a tiny constant ag well. It is set

in quiet wmarket.

Banchmark DPrigse (2.
Th ; :
€ Benchmark price is the average on the Market Price and {nn-1)

B . ,
enchmark Price, welghted by their Weights. The (n-1) Benchmark Price
Weight hag an extra time-markdown) : Thus | ' '
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Referring back to the exanple as discussed in Table
11, suppose ¢ = 1.0 and T = 1, and suppose P'-1 =
0.9778096128, Wh. 1= 19.0458, the 30 Benchmark Price
P. by using Equation 13 is shown in the Tabl e bel ow
Pm Wn Pn-1 Wh-1 Pph Whh Wn+tWh- 1" 2ct +Whh PO
0. 9779635509 23.9375 0.9776085128 19. 0458 0.9778085126
WPRAR1s183. 4604009156 0. 977934019 Table 14 35 29 WO
2004/ 061618 PCT/ US2003/ 041685 5 Benchmar k FEHUEH03/041685
Wei ght (Wh) The Benchmark Price Weight is a summtion
of Market Price Wight and the |ast Benchmark Price
Equddight,after applying the time markdown of 2- cT 10
Equatton 15 WV= W + Wi-) * 2°T+ Wb Were the
Phantom Price Wi ght VPh is a small constant. "~ 15
Agai n, Y& Werbhud 2ter Bs* Wit r oduced sol el y to
pr eventPrt ie wei ght of t he BenchmarkK from goi ng down
to zero in a YuiFeteHart keWgnhen there is neither any
price nor deal. Since its weight is tiny, it does not
vhexsf f ect the price in a regul ar or busy mar ket. 20 I.n

Ehgm-{-? f t Wr=Q), suppose W
Pn 2 %?k& Py %n% rﬁu% Pﬁelobélf’%‘fee an interval with

W 1ﬁotrhee\9(‘fa€1’ﬁtl VElgs Feistit fivenEqumeioBanghmar k Price

nlanhtﬁréiﬁeusWenchJ%Qkertew 2-cT + V\ph VB = w2* 2-cT
\%a 2-2cT+ Wh* 2-" + Woh, W Wh_ 1* 2-cT +

Fn Jv‘ﬁo A0SR F“fe( B )T £EViB* @- (Bm2) B 45, P =+ MPh*

Won 1= ¢ welght of Vﬂ:ﬁltam(m&:éc'ﬁ ﬁmmhcénslsantz QQE ]a)tCI)S*/ (5

s s 18 60300 BellinaZy (B G 2raV0N /| 1 Wph’

T it % m(c =1 and
Ben%htﬁﬁ k’:’f’Se E:%HeEﬁ?]atlédSWé@Ey sadond: T = 1), then W

¢ is\hednstadr coBfficlpni=2% Whjudbmdne Sefinfnd +AYI eﬁ:teerket
deallyBEuchmark price markdown.

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

In the case of a still-market {P= 0, W,= 0}, P, = Pus. That is

Benchmark Price does not change,

Referring back to the example as discussed in Table 11, suppose ¢ =
1.0 and T = 1, and BUppose P, .3 = 0.9778056128, W .= 19.0458, the

Benchmark Price P, by using Equation 13 is shown in the Table below.

ﬁ Pm Wm Pn-i Wn-1 Pph [ Wph Wm + Wn-1*2 ¢t + Wph Pn
. 9779835509 | 23.9376 | 09776095128 19.0458 | 0.9778085128 | 0.000007 33.4604009156 0.977934019
Table 14
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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-nmillionth). 29 WD 2004/061618
PCT/ US20031041685 5 Continuing with the exanple of
Tabl e 14, suppose ¢ = 1.0, T = 1, Equation 14 provides
a Benchmark Price Weight W = W + W_1 *. 2-CT =
( 156. Benchmark Price Scatter (a") Before
ﬁ?%ﬁ?ﬁai@‘ﬁg the Benchmark Price scatter a, FCT{UR03/041685
conbi ned values 10 of the Market Price and Phantom
Price nust be obtained. In general, with two sanpl es
Ben! e opul ation, there are two sets of neans,
gﬁamn%)r?epéfé}‘:g&(%i S‘H s) and Standard Devi ations
The( Bgnghner’s ) PriTeWeight sanpd esmozmioheot onticae brasel Heignt and
theCDaY BEECISAIR| BS'ce IRo; At D _can .
«r. derived fromthe S%l%aﬁgggm%gggé%%rg ee%lrsngrrnbrgg?m of 2
" Thus: Equation 16 20 (N1-1)al2 (N2-1)a22 NI N2(M-M)2
(4.3.0) aj+2 = 1/ + + NI+ N2 - 1 N1+ N2 - 1 (N + N2)
EqubNkh N2 -1) 25 Were M, M, a, a2 and N1, N2 are the
nmeans, SDs and sanple sizes of the two sanples. The
combi ned price, weight and scatter triplet of (Pa,
W, ate) ar &uthée bMma*Aed Piom t he Market Price (Pm
apd the Phantom Price (Pph, Wh, aph) 30 As
Whe%/{]é:h%hrga{lﬁf‘g% Fi-8 "64¥R YeHé MEFREt dPEERRtwhen a Mar ket
Agapri the Raphetms Prigwdiequaksidche spltels auSpReash PR kiePEhic 8 f
the WQBhRR kMaFde Lo Rld § i i S Jf . P 0; P~ =
resPL L if P = ﬁqe&g‘o%i%@g R R WG] hefyere Go
HiRaTTS PTHSP 28PIARRg t BERSComti Wedshst ARddny. devicesi vt
effesit Hepiarion ih6a oregulfmpr Whisy amrket and ( Pph, Wh, aph)
30 WD 2004/ 061618 PCTI US2003/041685 5 (Wn - 1) ant
In t(h\épcase %):' aapslrtligl—m’]r}\c/z\g:h (ngr%, W“Fl’:%f}])’ Zsuppose W, is the last

Benchmark Price before an interval with no new active prices, then the

Benchmark Price Weights are:

Wy,
Wy = W* 277 5 W, ,
Wy = Wo* 277 & Wy = Wyv 27Ty W+ 277 4 Won
Wo = Woo* 270 4 Wy = Wyx 270N | g g poloedter Won* 277 4 Wy
= Wy s={n-1}cr + .th (1 __2-(11-1)0'1‘} / (1 - 2-c'i')
= Wy* 5~ (n-l}eT + th/ (1 - 2-c'1:)| - Won « o~ {n-1}cT / (1 - 2"”)

When n » « (¢ =1 and Benchmark is calculated every second: T = 1),
then Wy Wy / (1 - 27°7) =2+, That is, in a quiet market, the
weight converges to 2*W,,. If Phantom Price is 0.5*%10° (0.0000008),

then the weight converges to 10°° (one-millionth).
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ac =/ + + Wn+ Wh - 1 W + Wh - 1 (Wn+ Wh) (Wn+

Wh- 1) Fromthis fornula, it can be concl uded that

when Pmx 0, a, _ am That 10 is, when prices exist,

a, is just the Market Price's scatter a,. Wen P. =

0, a~ _/ am2 + aph 2 That is, when there is no

prices, aCis bounded by at |east one aph, since / am

woroapivids > aph. This effectively prevent

going down to zero. 15 Wth (PC, WC, a~) hZ’&?’H&I"@:*é‘“h“‘

derived, the Benchmark Price scatter can be

cal cul ated. Applying Equation 16 on (PC, W, ac) and
Con{ Puibg With, Ehéegmplanof )I-ablgll\,ie ugtiaqn 17, 20 (W
Equagn)ogclg p(ro id o m‘%an- SSV\FEE&Z CT%p Pp_j2

n- V- i e\?ea W rk*Pl?C@TWelﬁhWWwvme*w,zr otz -

33. %W%faws_,* 2-cT) (WC+ W -1 * 9-T- 1) 25 Equation 17

functions Iike the conbined scatter over (Pm Wn am

Bendtidfhrk| pAiRE- doat¥W (532 - CT, an_1) , since when P. vt O,
Pc = Pm WC W and ac Cr. 30Inthecaseofa

Befte Ichl engnk fbg (tBHFBeQ:.chI\Mﬁc @ricdRcatt A

of gl;jgahab%t bhe s %ﬁ S gou?}%ledc%fvj egt UT'ezE\s? c@ﬁg%%hvalues
It makes sense at, " WheT CherE PR dkbardce in
mar ket, the scatter is at |east one aph (it is set at

In ck¥eodl awBhig thb QL1eN o@N@dPbMe 35
Table 18 ¢ %o%‘/sﬁ%{t Léé}ng%%’l[w TR e

setf s e.l4

ctEER TR e st oL iy CRTHS 5b it PP O0% ba1685
(s CASLELH -6ARPEYe saDlesnabn\Mel cetlingd 2nd Ehe QoiA383naBYes-
Stand3dr® I O 08K 23966 Qegl%ﬁoﬂ%szi;%gg %Stl(l)e Q:gvg Osl%%%a(.) 7(—:

samp§e§§ %60;%999156 0. 0001029197 T
Eguation 16
Ni-Do,? N>-1)o,” N N2 (M - M)
(43.0) oy =+ + +
Ni+N; - 1 Nyt N; -1 (Ni+ Np) N1+ N - 1)

Where M;, M, o, o, and Ni, N are the means, SDs and sample gizes of
the two samples. The combined price, weight and scatter triplet of {p.,
We, ©.) are then obtained from the Market Price (P,, W,, o, and the

Phantom Price (B, W, Opn) .
As the Phantom Price egual the Market Price when a Market Price
exists,. and equals the previous Benchmark Price when no Market Price

exists, Po = Py if Py ® 0; P, = Py, if B, = 0.

The combined weight W, = Wa + Wy

- Finally, by applying the combined standard deviation of Equation 16 on

(Pmr er 0'11'|)r and (Pph.r thr Uph)
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Benchmark Price Error (E,) The Standard Error is a
comonly used index of the error entailed in 10
estimating a popul ati on mean based on the infornmation
in a random sanple of size NN aZ N 15 In this case,
ais the Benchmark Price Scatter a,,, and N= W = W
+ W_  1* 2-C+ Whh: Equation 18 20 an 2 E' =y Wn +
c16es 1+ Wb 25 It can be seen that E'_js always
?rkr)é?tlhgrmt an the Benchmark Price Scatter gctmsgp]ogmymss
| arger the weights, corresponding to nore sanple
points, the smaller the error. In the case of a
still-%rk?t (P, = 0, V%: 0) 30an E =,f W.1* 2'T
+ Wb hern! nor” Wi HellEor EWe & / (Ba 2%wph. When Wh
=, 5¥30-6 _Fa _as '35 f /__0.000001 = 1000*an In
othq{ wrgr;ds, if the scatter a" is at onev&iop, then the
St andaf d® Error s *a¥e 10! bi g i §ubes (W32 1}
2004/ 061618 PCT/ US2003/ 041685 5 The Standard Error
y ' speci al, _nmeani.-n expl ai ned below. 2 *
erom Pl Puhl ) 375D e BORaMRea 23 sk Bl k br 7 . et
is, Thee nigcesiexigtstd.] 1s nmekethe Mirkehersieat$ efcatSerOBE  When
_pi,p, then the " 95% br et,” 1i.s bounded by 20 bi ,
n fioiqur%cs%or\/t ehch’ sPte 0 é%thié"’thecfhﬁg?? PFi g%;p"ilfzesg't h&e 1®
boundedit ber af sl¢amts Ppspmt heindehe” "Q5%brggcket " i s Bgundedis

effeke}fixééqwingevents 6. from going down to zero.

With (P,, W., ©.} having been derived, the Benchmark Price scatter can

be calculated.

Applying Equation 16 on (P;, We, 6.) and (Pp.i, Wai* 27, G,.), gives:
Egquation 17
2
(We - 1o. Wor* 2 - 1) 0y We Wor* 27 (B; — Pry)?

Ga=S + +

) We+ Wi* 291 W+ Wy 2970 (We+ Waa* 2T (W + Wi 2T
I .

Equation 17 functions like the combined scatter over (P, Wa, o, and

(Po-x, Wa* 277, o,,), since when B, # 0, P, = P, W = Wy and O, = G .

In the case of a still-market {Pg= 0, We= O}, On ~ ¥V Oy 2+ Opy 2.
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 Con

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

Following the example of Table 14, Table 15 shows the Benchmark Price
Scatter: i '
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10 figures on each side of the Benchmark Price.
Continuing with the exanple of Table 15, the Benchmark
Price Error can now be calculated. 15 E. = sqgrt (a"
(Wn+ W _1* 2"T+ WP") ) sqrt (0.00010291972 /
33.46040092 ) = 0.0000177923. Therefore, tw ce the
Standard Error = 2 * 0.0000177923 = 0. 0000355847

(po pwyesid® That is, at tick n, the Benchmark Price of
0.9779340193 has a 95% chance |ying wit hi nf C1/US2003/041685
0. 0000355847 pips of the true price P, or, the
Benchmark Price of 0.9779340193 has a 95% chance

tsivi-aei—25—P—+—0-—0000355847 0.9
T S, 847 < 09779340193 < P +

o %;fg‘:f;: Bl ofet he Wi~ hay be o,

0.977943
000 V%B.DQS'IZ% 19,0458 | {0.0000761207 AGET999156) | f 0.0p®1029157

car cur ated-as-rorHo e
is a popul ation of size EESSisasanple of Pwth
sizen(n< n , let I\/N?lggﬁ e the nean of S, and

Ben®R(:Sk BQchh&Stapdpard Deviation of S, then Central

TheL'étrri tdaTcg%orem states that: (1) Wwen n is large, the

dr StIibutToR” of® thE HEAHY Neebfindex qfoshe béwror3éntailed in
estYekph@sa oposilzeiom | SeaADHa8¥d NGl eide AL ion in a randon
sampdeSbEiQuLipn (that is, ML M2, M form a nornal

di stribution); 33 WD 2004/061618 PCT/ US2003/ 041685 5

(2) MWW ( M ¥ W ( P That is, the mean of the

distrikution of M equals to the nean of the

popul atTon.Y defined as 10 (3) SD( M ) =SD( P ) /

sgrt ( n ) Standard Error (SE) That is, the SD of the
n tg‘ii:sat(lgi butign of M equals the SD of the population

Vi TG by *thEhs fearaarbokrise SratBimee Mhdi% -awNerwpl w,.
1* 2[fst%d:but i on, then the nean of a randomsample S 15

has a 68% chance of |lying within one SE of the

popul ation nmean, or a 95%change lying within two SE
Equagen {&e popul ati on mean:

on*

B, =+
W+ Wog* 20 Wy,
It can be seen that E, is always smaller than the Benchmark Price

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

points, the smaller the error.

In the case of a still-market (P,= 0, Wp= 0):

On
En £
N Wo* 20 Wy

wh .
When n - m, the Error En » on / ¥ 2%Wy.  When Wy, =0.5%10°, B, » o,

/ ¥V 0.000001 = 1000%a,,

In other words, if the scatter o, is at one pip, then the Standard
Error is at 10 big figures.
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MN(P) -2*SE<M ( S) <M ( P) + 2*5E
(Conversely, the popul ati on nean has a 681r chance of
lying within one 20 SE of the nean of a single
random y chosen sanple 5, and a 95% chance of |ying
within two SE of the nmean of a single randomy chosen
sanple S). SE Approximation 25 Since SD (P) is
usoadohwsifxet available, it is a conmon practice when n
is large to use the Standard Deviation of & SANpreEHyss
instead: approximated by SE=SD( M ) =SD( P) /
sgrt (n) SD( S) [/ ".. 30 sgrt ( n) Therefore,

Thd @k 2 dL-gS e i.ze.n the SE of .the Mean_can be
cal cul atde%r%%pﬁérz‘gx}?aﬁaf tésd)S.Peco’“sa?T‘ﬂ%anf’“8513*I G T Lerad bytow-
2 "gitv ST ik tBR 195k daragketBe artimdr Rerchigtl 8ti@ns,.  That is,

in faobtiMi-ngridite Howad ias kY, Lib R EDG o creor
is $86LAL 3534 ........... @?E%&%O%%},Og&%ghs%g% ket

PCTI U 23{5 F0AIB IS ERA MR Stohe’s Chx Aippranark Brice; if
RS AR B tPRePieRaniiieasthss edsaboveetDeal bhides by 46 Rdg

fighdles am) cad@iet @ BEi 08 SekPharV§r:89), Market Price =
(Pm Wn am, and Benchmark Price at n = (Fin, W,

an). Deals Price (P) Wight (W PPWW (P - Pd)2 Pd Wi
Contipnigpgith thesgaE0e00H R0 AR50t BénchRa 928 Brror can
nowl b9560061 28000000003 3 0.9731 1 0.978100 0. 0000000125
Equation 3 Equation 2 Equation 4 4 0.9780 7 6.846000
0. 0000000010 5 0.9779-5 4.889500 0. 0000000389 T-d
E. Tot ahet X3, 16/ 6@5806, 0 B0R0GQI7Y6. sBeal oPsdda6.4.R9)

33.Q681069882353 (a4): 0.0000675831 0.9779882353
17. 00008)0. OOO@%%%%% Bi ds Price Vol une Di stance Wi ght

O fers Price Volunme Distance Wi ght
Therefore, twice the Standard Error = 2 * 0.0000177923 = 0.0000355847

(pips) .

That is, at tick n, the Benchmark Price of 0.9779340193 has a 55%
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 gize n (n «
m) , let MN(S) be the mean of 3, 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 ism approximately a Normal Distribution (that

is, M; My, .., M, form a normal distribution);
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1 0.9779 10 O 10.0000 I 0.9780 10 O 10.0000 2 0.9778
20 I 10.0000 2 0.9781 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. 7-84
10 4 0.6250 Vb : 50.0000 Vo : 19.3750 Best Bid Pb
0.9779 Vb + Vo: 69.3750 Best Ofer Po 0.9780 X

wWohnVe)ig6. 9375 >, 0.1 Pg Wy aq Equation 8 Eguation
7 Equation 9 10 0.9779720721 6. 93759 0. 000644587438

Price (P) Wight (W a W(P - P2 PmWnam O0,9781 2
0. 0000000271 2 0.9780 2 0.0000000005 3 0.9781 1

(2)0.@@0@@991§§@ﬁ(053780 7 0.0000000019 Eq tion 10 Equati
11 Equati 12 5 0.9779 5 0.0000000349 Bi d->Buy 0.9780

ThaEnigyoEhe mpap ¢f0 60 GBE LY buek dre of e bdualds 977 9hd edT B Orde
popG140@A000135 Total : 23.937500 0. 0000000929

Scatter (6"J 0.0000622966 0.9779835509 23. 9375

0. 000062286 Let -T = 1 second Fn-1 W-1 ao-j

WnWi- 1¥2-ct Pn Wi SE 0. 977808&12&3 9. 0458

(3)0. 8000763207s33. 46039992 fFquatio~j 13 gg%g%m (sE)
“Fgyatlo uatlorj .17 Pph Wh + j 0. 1
0. ootoL%)pfq’g. 5?‘?33%1633%%?’%’02 ot 0B CPEYRYA e (STOODO:HE792
BIPUNEF D041 0igie6 118y PEF/ hS20GBL04K685 5

Since M; is a Normal Distyibution, 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%3E < MN ( 8 ) < MN { P ) + 2%SE.

{Conversely, the population mean has a 68% chance of lying within one
SE of the mean of a single randomly chosen sample S8, and a 95% chance

of lying within two SE of the mean of a single randomly chosen sample
s).

SE Approximation

Since SD (P) is usually not available, it ig a common practice when n

is large to use the Standard Deviation of a sample S instead:

-approximated by

SE:SD(Mi)=SD(P)/Sqrt(n)============SD(S}/
sqrt { n )

iherefore, 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 Equations derived in the foregoing sections.
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Exanple 2.1 Quote only market:
guotes in market.

each side.
Cr.) and SE. 10 Note that when there is no deal,
mar ket Price is the sane as the Quote
we have:

appl yi ng Benchmark fornul as,

They are 1 pip apart,
W want to find out Benchmark's (Pa,

Im ||

Price.
Quote Pr

Bansh Bid Vb Ofer Vo Pgq W a Pnh Wh SE_ 60 00
0. 9sdgﬂ%ﬁg 9801 1 0.98005 0.2 0.000050 O. oé@é@Eﬁﬁm““&
0. 000050 0.00011160 0.9800 1 0.0801 1 0.98005 0.2
0. 000050 0.98006 0.3 0.000050 0.00009129 0.9800 1

ExafpB8Q1 1 0. 98005 0.2 0.000060 0.80006 0.35 0.000050
m;0- 00006452 0.9800 1 0.9801 1 0.98005 0.2 0.000050
1§, YETBLe 53755 W00 06 0EHE. ST0D8465:15¢0. 0806, 1 DAaD8Dicel -

(pd0. #5087 , Ogor@. BRAASO G
O 00008032  0.0800 1 O

b 10, SR8

00050

There are only two

i on on
W,

By
ices

I3°9. 06858 o).

andy REnghwRy, BoFE5a r0s0(B0 200007988 0. 9800 i 0.9607 1
Deald. YHURE | WSHe A0S0 pav S0 POfRE RS 875 T0-0R9050
S s TR LY 1&gm§83?”iﬁpi§§ 05/0. 2°D. oopos¥d %
7 0. 98GGR; 0388437516798855P og R 21 69§00 1} 0. qsol 1
T 0T 98R05 o.zlececog§&m§.aso¥ 92188 0 000ps0” | °
T 0 PORERPTE—0-9800 0P Ll ngho5 0.2 6‘0036@6““ uation 4
T 098405 04-3999094-+6-040060 n‘%&ﬁﬂy 10 0.9800 } 1-09801
+-D—8§8005 620006450, baohBI: %98347 .000p50 l
0. 000079084, gwggg g%a 8801 T°B*8EHos] 0. 210, ooFos
0 BSOS ases a0 Oy R a?%w%aﬁa p o osmoerss
51950 [0 G085 0V PRI P8 Weght 90D Twtis 980 T O ORRAS Pl T ot
1 0.]000060 0v 98006 0. ReSB7H6 90 05%0 boo7§ﬁ0 6-9808 5o
771 [00980] % 0] 98005 B U] Op00S0—0- 63899818 .
3°0.]000050 62 0p0G79PUico@wBp0 T G 9807 60 {98065 0723 o0
4 0./000050 © 98005 . BORPURI U 70 0G0eHe 0 00G070P8— 5500
5 9d00%% (. BBO[L ¥ 0] 98005 . 2 0-50000505%% 980080~ 8999989 o
0. 000050 0. 00067906565®¢ 9800 T 09801 1T 09860502 BT
0. 000050 0. 98005 0. 399998 HEREHFFTOFOTHEN007900 Gy HRO0 g9 5750
1 0.9801 1 0.98005 0.2 O. PO TOG98570. 3999992 bsvey: o7
0. 000050 0.00007906 0.9800 T30.980Tei Q. 98005 0. 2
0. 000050 0.98005 0.3999998 0. 000050 U- UY007R06 T wq o
. Equation 8 Equation 7 Equation 9
09778720721 6.93750 0,06004486-
Deals Price (P} | Weight (W) A WH(P - Pm)2 Pm Wm o
1 0.5781 2 0.00060000271 i
2 0.9780 2 0.0000000005
3 0.9781 i 0.0000000136
4 0.9780 7 0.0000000019 Equation 10 Equation 11 Equatioh 12
3 0.9779 5 0.0000000349
Bid->Buy 0.9780 50.000 . 0.1 0.0000000014
Offer->Sell 09779 19.375 01 0.0000000135
Total: _ 23.837500 0.0000000528 + 1 $
Scalter (G5} 0.0000622966 0.8779835508 23.9375 0.000062296
Let T =1 second
Fn-i wn-1 G Wm + Wn-1*2.c
0.9778095128| 19.0458 0.0000;’61207 33.46039992 I : Po Wn % SE
- o Equaﬁor{w Equaﬂor{m Equation 16 EquaﬂovJﬂ
0.9778095128 0.000001 0.9779340193 33.46804 |0.0001029197 |0.000017792:
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.9800 1 0.9801 1 0.98005 02 0.000050 0.98005
. 3999998 0. 000050 0.00007908 0.9800 1 0.9801 1
. 98005 03 0. 000050 0.98005 0.3999999 0. 000050
. 00007908 0.9800 1 0.9801 1 0.98005 0.2 0.000050
. 98005 0.4 0, 000060 0.00007800 0.9800 1 0.9801 1
. 98005 0.2 0.000050 0.98005 0.4 O. 00008800008285208 .
1 0.9801 1 0.98005 0.2 0.000 4
8&%%085%?)&% 00077906 SE = 0.00. 007906, 2*SE HT/USI003/041685
0.0001581, 4*SE = 0.000316 The rel ationship between
the Benchmark and the Bid and offer prices is 15
shown in Figure 2. A nunber of conclusions can be
Exagpdvy .as follows: (1) The Benchmark Price P. is in the
m ddl.e of the bid and offer, (P), + Po) / 2, as
Quogg p‘@%?e’a“kse WBhSTD K6 6HE Y SERCTAQISZ0 08 A4 685 Thef 2re 1
pipTheBenTHiTeL dn Bal €a:nVeight IW WSRO g8 be (E%né?r%a%al e
VO Xx.A). Nanmely, W -> x 2 x 0.
Yo G}J%& f?ﬁ seconds). (3) The Benchnark Price Scatter
Notgrthag @enothdieeiguet @eSPr Rasketabri @XPLGHEdsamabad She unfte

II(O4)1OBmm)e
reibfi 98 5B BEGRE s T 10

OO0 O0OO0O

eYf® quotes in
market. Thely arfp ZuopiPgsesapart] |1 mi | ImehQElrkggL”T
L A L - 0o
Bid ST qvb | Viifenalve [0 #d NP vl (- [ \pn af S wgndr SE—Frs—
—exdanpl e 1S Ihg same s 21— aboye—exgept 0% tHE— :
o0l agger 8% SipFead. | 105 NobowEd| Al cemsETT {TEBE TosmssP] om0077e0
08800 A | VP RBRE TH PE® | B 1HRE Sorpes| &S dols| QUOT @3] Phobo@®] | Byaoseizs
08800 T o481 n.&tmjﬁ 5 1 br ilﬂ a$owaghh T h 58PE95| QU ot &s5|PT POeS 0.00008452
0.9800 1 9801 :1 ,Q 00! 02 /o 0.?9??5& | O_HPOH V\h SES C‘0.0DO0®| O @00008165
e o P T S
0000100 0 10002038% | 0.°8808%FD | 98t 0.°¢BHL Goop=| | owowmes
o 000000 B laAd1 P2 0, 0801088 QOCPPBBE7 oo aemm | e
09800 77 1 g8 1 0.28005 0.2 0.000050, Q.88005 0.3864375 0.000050 0.00007921
0,2800 k] Q.9801) % 0.98005 0.2 G.000050 0.88005 0.3802188 0.600050 D.00007913
0.280¢ 1 0.9801§ 1 0.93005 0.2 0.000050 {.98005 0.3988004 0.000050 0.00007810
0.9800 1 C.8801l 1 0.98005 @.2 0.000050 0.98005 0.3998047 0.000050/ Q.00007908
0.8800 1 09801 1 0.08005 0.2 0.000050 ©.BBA05| 0.3898023 0.000050/ 0.00007607
0.9800 i 0.9801] 1 0.98005 0.2 0.000050 0.98005, 0.3909512 0.000050 0.00007808
0.8800 1 0.8801] 1 008005 0.2 0.000060 0.58006 0,3999756 D.000050 0.00007806
(.0800 1 09801 1 0.58005 0.2 0.000050] 0.88005 03990878 ©.000D5¢ 0.00007908
0.9800 1 00801 1 0.58005 0.2] 0.000060 0.98005 0.3888839 G.000050 0.C0007606
0.9800 1 0.9801] 1 0.93005 0.2 0.000050 0.98065 0.3688369 0.000020 Q.00007806 ‘
0,9800 1 Q.8801] . 1 0.88005 0.2 0.000050 0.98005 0.3999985] 0.000050 000007806
0,8800 1 a.9801] 1 0.96005 | 0.2 0.000060 0.88605 0.3999002 0,000050 0.00007906)
0.9800 1 ] 0.88017 1 0.98005 0.2 0.008050 098005 0.39999488 0.000050 S.00007806
C.0800 1 o8| 1 0.98005 02 0.000050 0.980_0_‘5 0,3982058 0.000050 0.00007506
0.8800 1 098011 1 0.898005 921+ 0.000050 0.88005 0.3890860 0.000050 0,00007906
0.9800 1 0.9801F 1 0.98005 0.2 0.600050 0.88005 0.4 0.000080 000007206
0.9800 1 0.9801] 1 0.88005 0.2 0.000050 0.98005 0.4 0.000050 0.00007808
0,8800 1 0.980%] 1 10.98006 0.2 0.000050 0.98008 047 {.000056 0,06007308|
SE = 0.00007906, 2*%SE = 0,0001581, 4*SE = 0.000316

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

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

The Benchmark Price P, is in the middle of the bid and offer,

(1)

+ Po} / 2, as expected. .
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.9800 1 0.9802 1 0.9801 02 0.000100 _ 0.9801 0.35
. 000100 0.00016903 0.9800 1 0.9802 1 0.9801 0.2

. 000100 0.9801 0.375 0.000100 0.000163330 0.9800 1

. 9802 0.9801 0.2 0.000100 0.9801 0.3875 0.000100

. 00016064 0.9800 1 0.9802 1 0.9801 0.2 0.000100

. 8801 0.39376 0.000100 0.00015935 0. 9800 1 0.9802 1
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0.00015811 0.9800 1 0.9802 0.9801 0.2 0.000100 0.9801

OO0 O0OO0O

ok GOBUTESR I (D DBORL vOluwe D A) -

03999999 0.000100 _0.00015811 0.9800 1 0.9802 0.9801
0.2 0. 000100 d. 9802uoBArigzs000100 |0. 9800 BadncEm&R&02 1
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2589 ddl ! ofeelhel|bi d ot 631 epooi@|Pl) + obspi) of:esedas] aS.o00100 0.00015810
£,88004 oot y0-8502 1 6.6501 0.2 0.000100, 0.8801] 10.30688047 0.000100 0.00046815
[ LA T IR 0:8801] — 02] " 0006100 06801} 03058023 0.600100 000015815
0.9800 1| 06803 1 09801 0.2 6000100 0080 | 03680512 0.000100 000015813
0.6800 i osen2 1 0a0i| 02 0600100 DBECT|  0.3968756|  0.000%00 0.00015812
0.5800 i dseoz] 1 08a01] 0.2 0.006700 0.6801] 0.3090878]  0.000900 0.00075812
0.5800[ i oee02] 1 08801 02 0.000160 05801 05558858  o.m00100 0.00015812
0.6800 I ZEE 08304 02{ Goo0too 0.5801|  0.2089668]  0.000100 0.00015811
0.8500 i o0.6802] 1 0.0801] 02 0.000100| 08801] 0.5096885]  0.000100 0.00016611
05800 i ooe0z 1 08204 03[ . DooOI00 0.9807 o.aennso*zF 0.000100 0.00018871
0.5500 i oeeo2 1 09801 T 0.2] 0000100 0.9801( 0.3968696]  0.000100 0.00015871
08500 1 oge02] 1 08301 0z 0.560100 06801| 03608398 0000100 | - 0.00015811
08800 1| oweoz{ 1 00801 G.2{ 0000900 0.9801] 0.3090968]  0.000100 0.00015811
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SE=0.00015811, 2*¥8E=0.0003162, 4*SE=0.00063247
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(2) No weight change, W converges to (2 x total
volume x X) =2 x 2 x 0.1 =0.4 after 16 rounds. (3)
a, is 34 of the quote spread, as expected. But since
the spread is 15 twice as large as in Exanple 2.1, a,
and SE both double their values. It nakes sense:

w der spread nmakes the nmarket |ess certain. Exanple
v@edigsonl y market: There are only two i

mar ket. They are 1 20 pip apart, 2 nillioﬂﬁ%ﬁﬁ%g@ﬂums
side. W want to find out (P" W a,) and SE. (This
exanple is the sane as 2.1, onIy with | arger vol unes).

t her al rket. Price is the
e b e B R 0P B BBt TR S rar prices 1o
shopg r¥uFagureng. %VW@SOWQWAOM G328 HeCHtrdlan? 08 Il 3hal35
5 CUOte Prlces Benchmarks Bid Vb Ofer Vo Pgq Wj a Pn
The 0.9800 2 0.9801 2 0.98005 0.4 0.000050
6ed§068 ‘6‘3&9% 95063027 JBDO7308 tHe. BB Spx3ag8BEnges o,
and0s®8006 0.4 0, 000050 0.98005 0.6 0.000050 0.00000455

0.98 8 000050 0. 90005 0.7
0 Bop055 0 o0008E78" Bedito™s’ 6 a¥0n 3n0-+ahe0b %0, ¥
SXPRCERSB050 0. 98005 0. 75 O. ooooso 0. 00005774 0.9800 2

(2)0 198021 ht0RERR5 ). éo:{;}e 9 & 2800310, AlR 88@%’89 x 2

8 9800 01 2 0.980 5 -0.4 0.
%0’ 9880% %Q'?’é% 6°‘6°6‘6060 0. 00005634 0.9800 2 0.9001 2
(3) 06:90805 of. ﬂlqu&%OE@rdAdﬁ&&Oéx&cZ8875 BQt QQQQ&Qhe 5pread is

0 12 Q.8 0. 8801 0, 98005 0.4 0.000050
twi e AeD 0B S on dus Batele oS0 6. SbBRATEE BraR00 R0 9383

1t 1231@5889% 0.widgr GBO65D kOB ROE rk8O4RES £r@O0N50
0. 00005508 0.9800 2 0.9001 2 0.98005 0.4 0.000060
Exa%h§§80g 0. 7682188 0. 000050 0. 00005593 0.9800 2 0.9801
8005 0.4 0.000050 0.98005 0.7996094 0.000050
Quote GOdpS5IRet 0. UBOG 2rd) 0BBOLWE Ghc@8H0m Rarked. OFRY5Qre 1

P 05 04 . 60080 b oBBoB" A, 1

and 500 06E89E SEMPBEDES2XE 58@1 22 D.18800% @ith 026B9056 unes) .
0. 98005 0.7999512 0. 000050 0. 00005590 0.9800 2 0. 9601

Ncat:(.2 t@laggr%l%g Otgie%‘e olsog.got?eglo P%rggts PQ':LZE? %.%7563 %agg %25911& Quote

Prlce By applying Benchmark formulas, we have:
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9800 2 0.9801 2 0.98005 0.4 0.000060 0, 98005
7996678 0. 000050 0.00005590 0.9800 2 0.9801 2
90005 0.4 0. 000050 0, 98005 0. 7988839 0. 000050
00005590 0.8800 2 0.9801 2 0.98005 0.4 0.000050
88005 0.7988888 0. 000060 0.00005590 0.0800 2 0.9801
0. 98005 0.4 0..000050 0.98005 0.7999985 0, 000050

QOORIR2SP 0.9800 2 0.9801 2 0.98005 0.4 0.000060

0. 98005 0. 7899992 0.000050 0.00005590 0. 9868 VS Y48y
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samiTae gt ) sl dou bl ae THEL di g e
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o900 AR €] OTh.gél ] e Ui o{dﬁouﬂll )] (a_ﬁf Tlo.6000! -’h t 0. U 073,15 U-:\o:nmoso O:DUDDS-BE
vss0 heet e d osei p isEpa T | J 08D @Rboosl V| CERsaET gRRTsl O 5kl 555601
0Phtlal VoPEHE2X YKl =| Jox 4 omooso]). (1 oedo] Sor@isBET G D.00005508
Sonds;, 89D [20%F 061648 S20OBPH ITEBH|  ©05(08) [, 0.00005503
tobs 133 lof *PHle? JudfE shr 88d, HERE X p e BEER]. CTB0T| S 1P| T [esomiEe
::iz'g;’ ) ‘v"2 to). . é Ht s.;asao . t %.Ezwg/) , tﬂgﬂo él(‘ﬁe © S-00P0h{ gt 106005581
T O (o | % Me 1@“%&%5 =g VI mzsnl (l S:E:‘ ?;99951,3 Q‘S;:POWW ;.'zxzz;
oE YPBT rmzt U aSak t Mﬁh Uh'ndodoso 9 _.V _Tmm?ms- 10, 0.00005590
ussgN ||y AT K|z 1| @kans al € oA|TT Yok [ Mdsbet o oS 555050 550008650
09588C ¢ UF 1] ng%fever%.sa@ec Nola[at otoes| g arTEssos 1 25 \V\E 5 HEeEET [t Oso0oeses
05569 md? dut “‘P”F’. 2 98008 afjd os0] TYlOt epecd aﬁM‘edew T 500008550
o ghiot e > Wa? Ko lwopF | :e“-its 45850 4 me0-96p5| [O1Re99FE)S 2 [0-0000Ff 1]C ©3:00005500
. ', 2 . 088505, 4 D, %
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0.9800 2 09801 2 0.88006 0.4 0.00005¢ 0.868005) 0.70088H8 0.000050 0.00005590
0.9800 2 09801 2 0.68006 0.4 0.000050 0.98005} 0.7650509 0.0800050: 0.00005580
0,8600 2 0.9801| 2 0.08005 04 0.00005¢ 0,98005 0.8 0.00G0G0] 0.00005580
08800 2 0.9801f 2 (0.88006 0.4 0.000050 0.68005] 0.8 0.000050 0,00065590

SE = 2*SE = 0.0001118,

0.000605590,

4*SE = 0.00022361

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

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

There is no change for {1) and oy;

Weight makes SE smallei:

1}
expected.
(2)

0.1 =

WeighE doubles.
0.8 after 16 rounds.

W, converges to (2 x total volume x A ) =

39

P, is at the middle of the bid and offer,

(P, + P) / 2, as

Weight doubles; The doubling of the

2 x4 x
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15 Deal Prices Benchmarks Deal V Pd Wil ad Pn Wh 1zn

SE 0, 00000 0 0, 000000 9.9800 1 0OBODO 0. 00000000

0, 98000 1 0.000000 0, 00000000 0.9800 1 -098000- 1

0, 00000000 0, 98000 1,5 0, 000000 0, 00000000 0, 9800 4

0. 96000 1 0, 0099000 0, 98000 1,75 0. 0000% 0, 00000000
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0. 000000 O, 0=D000 0.9800 1 0, 98000 7 0, 00 2
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159680898 £ OPPBD BT GO 0B0E8PeFe880BuE H.:9800R Heavier
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= . 0.896000 1 0.00003000] 0.88000] 1.5890905] " 3.000000, 0.00000000|
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L 6.98000 [ v.0000000 0.98(00] _1.0090908| _ G.000000 006030600
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Figure 5 shows the relationship between Deal Price and Benchmark -
price.

The following conélusions can be drawn:
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.20

[ i [ drawn: 40
rice. 20 The follow ng concl usi ons can be
\F;\D 2004/ 061618 PCT/1J52003/ 041681 5 (1) The Benchmnark
Price Pn is at the deal price, as expected. (2) The

. . |
rk Price Weight W converges to (2 x tota
Egrﬁﬂem). Nanel y, \%V -> 2 x 1 =2 after 22 rounds (22

seconds). (3) The Benchmark Price Scatter v, and SE

one
awe 2@enasis as expected. 10 Since there is onI -

in market. Exanple 3.2 Deal only mar ketCT
g(nelaly one 1 mllion ggal occurring every 15 second e
alternately at two different prices one pip apartl. .
want to find out (P., Wh, a") and SE. This exanple is
only deal prices are not at a

) Itlé%%? “Briee kb‘f'ﬁl’ce\ﬁnb**?aﬁé"tt@néeqdl priaparis BRpectppl yi Ng
e e, T P 7o0 aE 850 b6 8 3Gawodo

30 SE
Naerles C%OP? &éB%O%GBtﬁ éédmﬂﬁs d2806w08d9..00000000
(3)g. 'gtg()feg_cl'@a%@r@cd S@aﬁMlHlOQ,OQ@d %88%%%3%%889 9%8%("3&? 75
sinde 0004 Do ’Q%Qgﬁgf}%alo i "0.98070 1 0.00000000

0. 000045 0034
0. 98007 0 8800 1 0.88000 1 0 00000000 0. 88003 1.876

9800 1
.00Q047 0.00003443 0.9801 1 0.98010 1 00.
Exmgp%S80?O 1 0. 00000000 0.98003 .984375 0.000047

Dead’ 880114 1883201 }i0: 0900000 Q,.98007
S::gﬁggge@zztgt 04 0 324 0. 8800 7 0. 98068‘1‘%r g every

oooooogo%pgsotg’? B R D 1366.4940 Db SBSBE Ve 0408 0
find Wtg g Fal B) @g@o@moom.sgmle&mwk@ﬁ%%h 1, only
deal) p300L3335 ndl. %gosgeagygécqgg thae Ond %Qrgt(:)eo O%ne p%.gogpart By
appﬂylggg%sgormugoooﬂ}z have:

Deal Prices Benchmarks
Deal |V |Deal |V Pd [Wd a Pn Wn SE
d Cp
0.00000 0 ©.000000)

0.9800[ 1 0.58000] 1 0.00060000 0.95000 1 0.0G0G00 0.00000050
0.8801 1 098010 b 0.00000000 0.98007 1.5] 0,000047 0.00003849
0.9800] 1 0.83000] 3 0.06000008 0.58003 1.75 0.000045 0.00003416
0.8801] 1 0.98010] 1 0.00000000 D.98007 1.875) 0.000047) 0.00003343
0.5800) 1 6.88000[ 1 0.00000000 0.68003 1.8375 0.000047 0.00003358
05801 1 6.88070] 1 0.0000000G 0.98007 1.56875 0.000047 0.60003360]
0.8800] 1 0.88000] 1 Q00000000 0.08003]  1.884575 0.000047 006003340
0.6801] 1 0.88070[ 1 0,00000000 088007  1.8821875 0.000047| 0.00003340
D.Baca| 1 0.68000] 1 0.00000000) 0.88003]  1.8950038 0.000047 o.uuooaasﬂ
0.9801F 1 o.08016} 1 0.00000600 0.96007] 1.0080468 0.000047, 100003335
0.9800] 1 o.secon| 1 000000000 0.98003]  1.5980234 0.000047) 0.00003334
08801 1 0.96010] 1 000000000 0.98007] 1.9085117 0,G00047 0,60003334
0.9800] 3 g9s0cal 1 0.00G00060 0.58003] 16697550 0.000047 000003333
. 0.9801 1 088010 1 0.00000000 0.98007] 1.0885779 0.000047 0,00003533
0.8806F 1 0.98000] % ©.06000000 0.5800a]  1.890030 6.000047 0,00003333
’ 08801 1 0.98010 1 0.00000000 0.98007] 1,0000605 0000047 0.00003333]
0.8800] 1] 0.88000] 1 0.00000000 0.88003] 7.009ha47| . 0.000047 0.00003333),
' 0.5801] 1 088070 1 000000000 0.88007} 1.0005024 0.000047 0,00003333
0.88C6] 1 0.88006] 7 ¢.00000060 0.980D3|  1.0509062]  0.000047 0.00003333
0.9601] 1 0.88016] 1 000000000 0.98007] 1.0000081 0.600047 0.00003333
0.8800] 1 0.08000] 1] - 0.00000000 0.88003( 1.990900 0.000047 §.00003333 | -
0.9801] 1 0.9804G] 1 0.00000000 0.08007| 1.0059055 0.000047 0.00003335
0,8800[ 1 0.0B000[ 1 0.00000000| 0.08003| " 1.5098088 0.000047 0.00003333
0.0801 1 0.98010] 1 0.00000000 0.8B007| 1.9900999 0.060047 0,00003333
aeanal 1 G.56000] 3 0,00000000 0.58003| 1.599060% 0.500047 0.00003333
0.9601] 4 0.98070] 1 000000000 0.68007 7 0.000047 0.00003333

SE = 0.00003333,  2+5E = 0.000067, 4*SE < 0.00013
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.9801 1 0.93010 1 0. 0.00003334 0.9800 7 00000000
. 98007 1.9895117 0.000047 0.00003334 0.90000 1
. 00000000 0. 88003 1.8897558 0.000047 0.00003333
.9801 1 0.000047 0.00003333 0.9800 1 0.98000
. 00000000 0.98003 1.999939 0.000047 0..00003333
.9801 1 0.98010 1 0.00000000 0.98007 1.9899695
v O00dk{s1®. 00003333 0.9800 1 0.98000 1 0.0 0]
0. 98003 1.9990847. 0.000047 0.00003333. 09‘%38’%2‘?3’“““35
0. 88070 1 0. 00000000 0.988007 1.9988824 0.000047
0, 00003933 - 0.9800 7 0.98000 7 0.00000000 0.98003
Figr8383084 0n00Q94: Q1000 0, 2807 .1 0.88070 1
ove0, 9800 1 0. 08000 o8RG trdehriseq Gsghgmarks
%6847 0. 00003333 0.9801 t 0.88010 1 0.00000000
0. 88007 7.8988896 0.000047 0.9800 1 0.88000 1
Frof. 1QR000000. 0000 0. 88003 1.8898898 0.000047
0. 00003333 869%8%§é%m%%98@@ i 0.00000000 0.88007
7.9888099 0. 000047 0.00003333 0, 98M 1 0..00000U00
Thex:: 98003 Fafi9O 398000047 O ggg,gg 33_0,9801 1
0.98010. 1 0. 00000000 O.865b% .%d%gifiﬁpgﬁbOSSSS
(1)2 SE = 0.00003333, 2*SE = 0.000067, 4*SE 0.00013 41
©2RTUORTE FBLECTH 8520034041685 15 bEivgdh el Shawsst he,
with ehdy i:0rshi pubeinygen JPeale BLIGeS Benchnar ks_ aover
BendhdBx i PMLFLOUre 6. we can con(‘:lﬁg%: 9 0 TRE e °f £h%o
change f 6F Wi Ght BT e Fht ArAge eitstha bargess (ib.
The Benchmark Price Pp also "vibrates" in between deal
(2) phiceschbatk pWdwonhy @ 40%.anplityde” of the deals.
x 1 Ihis i s because of ?ﬁe Bencﬁﬁg%tgt FcietRli gelume ) = 2
snoot hed by the price at the previous tick. - X15 (2)
The Benchmark Price Wight W converges to (2 x total
(3) vht H@chmAk ¥cdkimr 25 £8)y.Ih& ;Benghmar catter is at
spredaft? Pips (47% of the deal l}]%'rlpée? PHK RS price

oleolololoeNe

Example 3.3
Deal only market: There are only two lmillion deals occurring every

second at two different prices one-pip apart. We want to find out (P
nr

Wp, On) and SE. By applying Benchmark formulas, we have:
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: d). Exanple 3.3 Deal only market: There are
gg|§p{33 ?nilligﬁ deal s occurring every 25 seconddat
two different prices one-pip apart. W want tokfln
out (P', WE Q') and SE. By appl yi ng Benchmar
formul as, we have: 42 WD 2004/061618 v
PCT/ 1JS2003/ 041685 5 Deal Prices Benchmarks Dea 00
Pe@booVosds W 6d Pn Wh QO SE 0. 00000 O 0.0gg%gg@gmgéﬁi
1 0.9801 1 0.98005 2 0.00005000 0.98005. 0.

0,9801 1 0.98005 2 0.00005000 0.98005 2 0.0000. 50
0. 00003538 0.8800 1 0.9801 1 3 O~~ 0.00002887
0. 98005 2 0. 00006000 0.98005 3.6 0.000050 0.002873
U

9866—1--0--9807.-1.0.88005 0..00005000 0.88005 0.9800
1101001 {1] |o, BEBB®=2 0. 000§5000 0BYEREHS3 B 5
Dea . JoUUST 2
b.|0gBeR0 | ¥| dodw2 W8] 009800 |1 9 OWnT 0 38005258 —
0100005000 . 98005 B. I375 P TO0GHSP—0-—0§067 M
0090 o I8p91[ 11] J__aservels 2p —aommsasel - - 636005 98 0. P o.00003538
0.8800] 23] - OFaT 3" 14 1l - 1 $39R01 130. O £ 0.00002887
0.8k80| U UG5 U huu%wg*& T A 0359 5 Qi 000002873
08850/ 0€) 0 DO 1Y P O p UwM&%%iigjgg 0 -l 000002587
09990 o8 %% | O 980 @l 98wy | U deis0505kk0¢ "~ 0.00002540
0.56001 {1 > dg@eayL 1 F] 0.0§905 HE M 11 T 5ot002520
0.9 U~L£§zd1 -Oggggg ”%?B@i)f:>@]2§¢%qsn QR H D couoogo]
o.5¢00] OB 0 @012 70 O08&EH0 VE%%%U' Y R TR ogopgal T 2506
0.8550] 0B N AFPTR 110 Y 0% —UOBOS6] P Goe 2 6t o oraleied
08ep0] 41 > Rgorh T b B 0oRnEH D0 73] 0. oo A1
vaddo I3 OGP L A AC0R50000 b ~ 0.88805] ) g
0.56po| Th] I@@UH 712 | O O O0EE00[ | B0 - % SReIT
0.9396] ) QO BPBINV|_ (. O L T S
ooy ipOp3-10pOBEL £ (086 { D0y W’““ '
£ P 50 5
0.9840 Q,“S“ oI O&ﬁﬁ%?z9ogwﬁ ? ?;ﬁ 2
o.880p] O OBFBO Un.dsbsD Uz T Ogg L *u%m 51 Ss7ay605
o250 gIR QRT3 110D OFFED ¢, _ ORE2 7,
008001 " oA 7] [ AOSB0pSh 2 () PPOTFo 0 5e8®s| TS|
0.98d0} G i bl NGRS s g0 1. S-F5008) o FPEPEEE2: .

058 OPOUEH0Y | Oest@POzrTbkw | 08065t “dedoupeT] 0600050 0.00002506
225691 JRQEEP37/00 ODBBH £, UTHIEHH] 10 ©; Z 565655 oon00%e 0.0500Z500
0.9800] 1 0.9801; 1 0.88005 2 0.00005000 0.B8CO5|  3.99B000K 0.000050 0.00002500
0.9800] 1 0.8801| 1 0.88005 2 0.00005000 0.88005{ 3.9605998 0.0060050 0.00002600
0.9800f 1 0.8801] 1 0.25005 2 0.00005000 0.980056] 3,8099009 0.000050 0.00002501),
08806 1| 0.9a01] 1 0.98005] 3| 0.00005000 0.98005  3.6908000]  0,000050 0.00302500

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, 15 at the middle of deal prices, as

expected,

{2) The Benchmark Price Weight Wy converges to (2 x total volume ) = 2
x 2 = 4,

tex is al 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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0.9800 1 0.9807 1 0.98005 2 0.00005000 0.98005

3. 9999847 0000060 0.9800 1 0.9801 1 0.00002500

0. 98005 2 0. 00005000 0.88005 3.99B9929 0. 000050

0. 00002500 0.9800 1 0.9807 7 0.90005 2 0.00005000

0. 98005 3.9999062 0. 000050 0, 00002500 0.9800 1 0.9801
1 0.98005 2 0.00005000 0.98005 3.9999091 0. 000050

0YoeueeB808 0.9600 1 0.9801 1 0.980.6 2 O.8g9gé8$0_ _
0. 98005 3.999999 0. 000050 0.00002500 0.98 VYRS

1 0.96005 2 0.00005000 0.98005 3.9988995 0. 000050
. 0. 03882500 0.9800 1 0.9801 1 0.98005 2 0.00005000
Vi ng SHE5US:eAINH0 £hd ¥BAGTB10. Q0 00002 .1
aec= 98011, 1195095, 2, 0 gto;%)osoo% S Rt S
2002000050 0 0. 0000566 "9BBO °¢ #7t08B Fo1c0L @8BS banchmazks
0" OUGOBH0 Bem 80 05-29: 899 9996-6. HRAASD 00002500 1 SE. 5e
8YsQe@) FO2 SR vi2gSEnd plaPRAQ, 4*SE = 0.0001 Figure
sysBhpUS Hh%nrae a | o_ngh?p be \(/)\'%glﬁhm ergf' 5 FRieTgndn the
Benchnark - 710 Pt Eesss peem demicds 6nen peiccane|dsde: data
obtatngdefran posichangeuter. Wi ght (lgfl)fi%}&. gvtg_{ e¥,: %jﬂenrgﬁ3 Iglla%g
. is a e

froehanges 'and( The B R En . ge
r d(dea1 ThE g%%gé%‘% Eapm i“S’rE‘ ﬁaqr@eggﬁ@imr k

~of deal prices, as
Price Weight W converges to (2 x total volune ) = 2

Froty the—dipcué Slon ThevBench ABI & 56 ALered: Sy q}enghr?axl?:i ES 1:%50%
calafiat8e rdeal oRhd.feurSi.gad).. SE decreases conpar Y o
] le 3.2 above, as i OGP EHrk ang t Ste
ava DD ¥ He Viei 'Gift PTHASu daprltri
S VEPSEIY Bipbids eRdloffer s tdsehghries. 1R 43 [y MQy
sincx)olg 0646 1SnRERIS20RBAO4 1685 (15 Ilﬁgjepg’fdhesag%s ed how
| EsePIit e

timd BenBERGOMBLKS, 3 rived, the follow ng
details how a seyélﬁmea%inﬁﬁf 58'2Lpteh to cal cul ate

. benchmar ks
ese bid and offer prices and deals are conveniently supplied from a

trading system, for example an anonymous trading system such as that
described in US-A-6,014,627 of Togher et al. However, the informaticn
: ?ould be supplied from any suitable trading sysfem, trading in the
1n§trument to which the benchmark relates. Such a system must provide
pr?ce and deal information and Way or may not be anonymous. Bid/offer
brices and deal prices may even be supplied from a non-computerized

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

Mo§t trading systems enable traders to trade a variety of currency
pairs. For example, USD.: EUR, USA:JPy, USD:Cap; EUR:JPY; EUR:CAD and
CAD:JPY and other GB currency pairs. In a preferred embodiment the
system will establish a benchmark every t seconds for each of thege
currency pairs as well ag other Currency pairs that may be traded The
benchmarks will then be communicated to Eraders trading on the sy;tem
and to traders trading on.other systems, for example on conversational
SYstems or direct dealing systems. The benchmarks may also be releaseé

more generally into the financial community
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and distribute themto traders. Figures 8 and 9 show
two exanples of systens for deriving and providing
benchmarks to traders. In the systemof figure 8,
benchmarks are derived fromprice and deal data 10
obtained froma single source. In that of figure 9
they are derived frompriced and deal data supplied

M OHWPHR5EEE t han one source. From the discusgj
s

it is clear that for a benchmark to be
a given currency pair, the previous benchmark nust be
é?Sqavai | abl e together with bids and offer prices
In eveailimatio dftheigystemsd Rasnklgs | @sbi e rK shown
at 1000etdes ;W that Ae pEi aof _deal s done ingfhe time
_aShnce ?ﬁé | ast %%ncgljﬁ%?ﬁat\ﬁ"é’g CaPRETSS B 2THRISEDIE e
Rt SRt FPER SeaMer ddatherartdecomebmaenbhicudapizh &d from

perfprn@d docatiing 6y ¥heMm1ghe thaX@gRL-8,an ny, t.adi ng

reedi¥St BMFUCHL as that _described i A US?QA%L%,'@%%%%E#&%?
~Togher et al’. "ToweVEr "*thé Yol bepl Eemiddstributing

Pricg,ppfo@atiaodremy swirtabiceatmaBen s ¥ais@m bedrs AdoRGvd 1+

is rnbRecorvagt 1dH38 Nt oyt Qhéﬁ’hitgrbatlpl?l ggﬁé‘% Esel ates. Such a
system nmust provide price an eal | nﬁkor‘mati on and

may or may not be anonynous. Bid/offer 25 prices and
The ggatemppf dEsAnB)0levent bersaupdlbyets fgOMBries of
arbi SRR PMHRE &£ L S as an en out cry
Drdeggrg)%tdsor a ¥§| %% rgkfe:zc%% sttl?rf’aaf’ﬁ%egyasttéﬁ%n@n%?ﬂke“
Tatders 18 PTET8! SVaFTRiytothe yetempy paidess. Fosders
recegyempicbet USBrs BURyingSAis) BYst WBE: GAR; offbR JRY:en EUR CAD
Filtansh b30s GARKJPY:and currency .pairs, In a
ricgr efTE‘r re |enbodilnentbg%%gg<§%dé?ﬁ Wil glyeégtaabdﬁi”é?h tg deal
P RN e O IETRTSF Poldechrige $orlbatshlofcohiiesed @uEhency
systpmiand Bkt d@sl Otolefmatlién, ©BENcDAhE S abh HenHBY RE
togetfiadqden ThEs DENS | t hen _be communi cated to
iyt ager s}?.t agi ng o%zt?ﬁga%g%%ée%ngé"ﬁa”feo1Fr‘3’8e?%5tﬁ?‘ad’|lﬁga
Y o6t hé "cg‘y%? MOl ofodex ¥ WBi gh trativer isali onal coBBcted
to thy sivehen.okoditreeBtr dealdgs SyalemBridne.0ene mBL ks Jqay,
i.nto.the financial

Frosamants SN IR D Ga el LA oo

1 e “Entist RETorbr2% PiiPeCEvertrs iananpioers besdhag(cop)
servgyghemd 8 Shown CatndQacThe sprige (dad sealyi nforJmtion
is edlmnPagS8dnViRd ﬂerg:@l{‘ng%ycglzcu&gtead by the MRF 14. The
benchmarks are also commmicated back to the anonymous trading system
for distribution, wvia the market distributor, to traders trading on
the anonymous trading system 10. The benchwmarks may be used to
calculate the big figure (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 calculation algorithm described above is
implemented. The MRF 14 calculates benchmarks at predetermined ecqual
intervals over a trading day, for example every second. Thus, the MRF

- receives the order bock from the trading system together with the
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mar ket rate feed server 14 where the benchmark
cal culation is perfornmed according to the algorithm
descri bed above. Market Rate Feeders (MRF) are, in
t hensel ves, a well-known tool for distributing 10
price information froma source to a nunber of
subscri bers, however it is not conventional for them
WO wadisuliat e benchmarks. The system of US- A:
operates by using a series of arbitrator s,%C lggzé%mgézs
geographical location, to keep a trading book of 15
orders (bids and offers) entered into the system by
deals atbee Ssinbeagley $adiC66h MRal¥Rr Lews show ng the best
dis@}ﬂa%téggithgf{)erg whi ch ar eﬂ?'f Fﬁcél\riéigesoffﬁ% 6y Rgchmark and
Distributor ace8rding to their ability to deal
prices. The arbitrator holds a |log of all deals
In @aNGEEiRE 9P y and _provi des deal
c'_ﬂcimq{c orngf | on? %Eﬁrceeéf ﬁ;éegg%é“éﬁrﬂ%e{?ghﬁﬂ?q( cunnene rfe MRE e
W h e bidEm e Igts dpsorant rerandied clrionen idl rtdens yhes
thary the ganaplyguen odedinghiyelien 302 hacalopede,via Wi ch

difderagdt NG--Ra0KS connected to the systemytS tfhe MRF
server f4%h¥§ger%é 'I%{eltcgdaog PRRLF | RrEr Spater ligwdets in

some, Guaﬁen&yhgﬁir§yglta@n§rﬁdﬁng(mysmm A0 herhefl BerRSIGV €6r @ome
CUrTPEPY Rk nki11Vhe cal Mi1d e AEEEy @%té%&%e %aaﬁg'aladﬁ and a

prov@any & Sat i DI rect l.i ng ). 25 server
e, OECUI € Co%l%nu%%l%:llaaf \E %rﬁtysg%a?iéflg (BEEF™ 268. vithsherdhked pdata
5 2hhanced with the benchmarks cal cul ated by the MRF
14. The benchmarks are al so conmuni cated back to the
as a@NQNYMUs. 1 radin stem for distribution, via the
., mar ket éﬁls:'%er’i %l‘ft g?r%y 0"t PafRe%s SeFEREi kg conld bheconfigured
© *ERDHANBUY Affariang dapdt@ict Cinrbbeadien Churas ks RRYL e
pairugssash botB@neadful-ahs big. figur st significan
traa@hgi S&gle of the c%??cgr en%:{/g%lggt% g S%\?m tlﬁeérﬁliﬂ?/ (T PRER ng
system TAds, the market rate feed unit 14 differs
fromprior art units in that the benchmark
cal cul ation al gorithm descri bed above is 35
i mpl enmented. The MRF 14 cal cul at es benchnar ks at
predeterm ned equal intervals over a trading day, for
exanpl e every second. Thus, the MRF " receives the
order book fromthe trading systemtogether with the
45 WD 2004/ 061618 PCT/ US2003/ 041685 5 deal s done since
the | ast benchmark, cal cul ates the new benchmark and
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di stributes the benchmark. In the variant of figure 9,
benchmarks for sonme currencies may be calculated from
trading informati on provided froma different source
10 than the anonynous tradi ng system 10. This source
28 may be a different trading system which, for
exanpl e has greater liquidity in sonme currency pairs
than trading system 10. The benchmarks for sone
currency pairs will be calculated fromthe price and
deal Cl#ibR provided fromthe third party trading
system 30 via the third party 15 server 28. As an
al tegnat i %ﬁ’l@’[ﬂd&%f RRGRK R H'gzé 5 licﬁﬁ'gmsﬁrcg%r tlja%egm% fsbEment at a
configure to recelve fa o? er an pri
i nf o@iMelt {inae dogpriging;i Acawiriod prieasE) whp.‘audeafsmmt’nebaﬁtwntamé have
anon r Im,l
tra d%fér?él%?ngttjcgt?nd %chsa\( Elte%{%g%?@rg atr}g\ﬁﬂ(t,ehé/1 sdeﬁfﬂilgﬂeozgcqmrmg the
st alyices Bl aiptes Panesenbinkhpmadet:faod calcdldting & herchmark price from
I nst [ r
pr cong PRl beflongRir Bl biffa mealRe oF LA oy AR prices
condeRsHEY Singe éreprpyiend krnshimericimiear k price was
established; acquiring the 5 prices of quotes at
B{ Ieiéng ] 'olgnm p%d%g&gﬁﬁg t@clg n??lficJHh%tclorr}%rlgng Fcup'?n%a market
of dwie from tbemeaaui‘eqlﬂ ded pocecasd qtﬂxt@ prigeis nandswinar eintthe

ev; | .
‘M Be‘?\gﬁmgﬁ'?% Eémjiéﬁeg Fr?x%gh% éﬁaﬂét Eﬁ%%jé;rﬁ tﬁ% %gerv%g? %gb&mark price.
prl ce fromthe neasure of deal prices and quote
prices; anchettodraecording e dJSmbe neienein kkalcsiati@l efuhaimatket prices
from the nar Hé'ﬁr ce and thedlﬁ eV {hous benchmar k
pri cEMPrEes weighingy %rb"&F&Pﬁod 8 ‘TI&I" 7S, wherein
calcul ation of the market prices conprises weighting
deal4.pri oesmetos @ib@l:bralﬁg tOclbifeR rwirgie ihé\uelﬁhtn‘@td? @Qal prrces
accord| g‘to cla v\é? t]alntt?e wej tlgﬁ%
pri G&8er 95%?'5?:"?9‘“5%”@ gyltiples pf adpipiitg d ISiZPpI es of
a mninmum deal size. 15 5. A nethod according to any

18f o ai My Rethed %ccdf@ﬁ%?d éh)ﬁ(ﬁlc%é‘ﬁ't@ﬁ \%erélh%a[cm@ﬁ&%f the.

prices conprises weighting deal prices accord
t helf‘i’arﬁ‘@té’”c@ C%’WF@FPIW&’QQE'&)?%‘ RECASAEPAING 8 thwel n
deal prices are weighted according to the fornmula W

i( gi )6.= Via'Rethba WB&E&inYto didimt 8) Svnelit BBal Phicdd e dRAMed
according to the formula W (di) = Vi*2-Cf where Vi is the volume of the deal, tis
the elapsed time since the previous benchmark, and ¢ is a constant determining

20 the speed at which deals are marked down over time. |

7. A method according to any of claims 2 to 6, wherein the calculation of
market prices comprises summing the weights of all deal prices occurring since

the previous benchmark.

8. A method according to claim 7, wherein the market price is calculated

25 from adeal price obtained from the arithmetic average of individual deal prices for
deals conducted since the previous benchmark was estabilshed welghted by
their deal welght '
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the el apsed tinme since the previous benchmark, and c

is a constant determining 20 the speed at which deal s
are marked down over tine. 7. A nethod according to

any of clains 2 to 6, wherein the cal cul ati on of

mar ket prices conprises sunm ng the weights of al

deal prices occurring since the previous benchmark.

8. A nethod according to claim?7, wherein the market
price is calculated 25 froma deal price obtained from
t he &rit WEEOIRFerdiye o ANY ARG FdP Sdwhegrelrihe eaicylglion of

deal gagenshiat %&nﬁﬂ;ﬂ%%uhﬂﬁn?fr@%&@ﬁs BefIcheRS ﬂﬁ'ldé@%ccurrmg since
est abl i shed, wei ght heir ‘deal wel ght. A

net hi68 péﬁi’d%‘ﬁ(ﬂ’ﬁﬂ%i’nﬁ%kany of clains 2 to 8, vvher e| n t he
calcul ation of market prices conprises sunm ng the

wei gfg s Of nid od%‘éE&r@TQ% %i%ﬁ*n Q%rtrjl:!réih Wk sajl otf 08 ights of ll

previ ous benchmar met hod accor g5 Cl
Wher@iote prines samniiseg sofmmied ierweights af 4l @dsqami @l fferg eecurring

' conpg,h&qﬁegmggeﬁghﬁlwl ghts of all bids and all

of fers occurring since the previous benchmark. 11. A
nmet hod according to claim 10, wherein the sunm ng of
all Mi.ds Pamdtmmaccanﬁmgrtcsciam &0l whetraid tHeysuanndiog of alhlbids and all

" CPERAN LR AOTINdopdRn: AoTRLIGE AgeaRdi ng 1O ol alm

erei e pric from 10 the
arithnetic average of prices of weighted bids and

of fers et metdd iaﬂatcﬂdh@@o clmaf ke twherdit thetdudtediriel i®dsrived from
thod ac

10" 58 Bl v Sacen S vORBY bl ap BeTs enisded G the

f ur trherketcimeprths pevioas betairianlg a quote price scatter
for quotes entered into the market since the previous

benchmark rice was established. 15 14. A ne
accordi ng® ’gsfheﬂ AFFAAIRY QR iR & % u%t"@eﬁ?‘i’ é‘@ %%%{'qt@f‘ of

I s drdrkatgsice furdBr édiGprisbaBaiaiidiintey hadte BRcOdcaltlPlof §uotes

c ured with respect to qu rice and ot e
vvei&‘i‘f .rg%%'otﬂem'f%&maesg%rﬁwaua Be"&hva PricedTasesh %hjéhed
14 wherein the Market price is derived fromthe

18verage of mamty %(%rcﬂlﬁgb EScIARE £5, WhakSh fh'é%f&%k@%obﬁbrt@genved
mar ket 20 and Deal price déterm ned fromdeals done

si né@mhe Sﬁ”é%rddi%'aﬁ@'hefrﬂ#&t% prisge megpureh wittigRnechipiasiete price
and ah[a@lua@au,e@:pﬁl ce being weighted and scaled by its
own weight.

15. A method according to any of claims 2 to 14 wherein the Market price is
derived from the average of a Quote price determined from quotes in the market

20  and a Deal price determined from deals done since the previous benchmark,
-each of the Quote price and the Deal price being weighted and scaled by its own
weight.

16. A method according to claim 15, wherein calculation of the market price
comprises calculation of a Market price weight from the sum of the Deal price

- 25  weight and the Quote price weight.

A7, A method according to claim. 15 or claim 16, further comprising caiculatlng
'_a market price scatter. '
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16. A nmethod according to claim15, wherein

calculation of the market price conprises calculation
of a Market price weight fromthe sum of the Deal

price 25 weight and the Quote price weight. 17. A

nmet hod according to claim 15 or claim 16, further
conprising calculating a market price scatter. 48 18.
A net hod according to claim 17, wherein the market
price scatter is derived fromthe standard devi ation

of witghtAmeimpdiescogingdeslain 97, wharein Hwﬂaﬁebwrmeﬁgaw is
any ,

derltg/g(gl(\all%é ?‘girr[{nq[tq stTaHd (‘edt{:a V%ﬁrﬁéé@ve‘ig{ﬁn%c?@g&%ﬁ@f ce W€I ght,

t he previous benchnark 5 price and a previous

benctthar KA peitod asedrgimg.to 20y ofAclaimt 2dd 18cwierdinrige benchmark is
cl ai

penciurer B oL Buch P e BB el myscagronmans
g i cmtcwnghtpramwhstmmrasnﬁ( privcemelgitar kK price wei ght

nodi fied by a tinme markdown. 21. A nethod accordi ng to

any ecedi n | ai m ere e de ri ces and

the Rliot & prod eBaPmalGfRmLte. B tie BT L aTevees

22 snoltitrads ealadatdi frgmtthe amyt opﬂ'@]g\%ikétgarrcb auei&aat a?d the last
r|S|n eat i S 0 ui ri ng dea

prl gocng 5[9” ‘?Wﬁ'gﬁg@f)g‘%‘?ﬁ 5me%ﬂ%§‘§7"bul ating the

benchmark price every t seconds. 23. A nethod

accaridi ng ﬁw@th@ﬂ)‘éc&fr@rﬁ@% 89 sreddding GQRPNASErElE the deal prices and
Z]al cul atin rice S@atter for deals

1%ondie fue gpqﬁsear@ﬁgqtﬁrreg{%rogugtrg RERHER price was
established. 24. A nethod according to claim23,

whergi n tm%eﬂ*gélac:&frﬁlﬁﬁ t@&%}' Sr8bediry aﬁmsv%gmpﬁéﬁ’@}épegtmg the
standard devi ati on of deal’s measured wi'th respect

dealsiqhsict acaiinaiedl PigRsi utinng guoss, et sal ot 'f(H‘ieng

t 0 agRMcHhAR BHEN BVt BEdBonGONPT i Si ng wei ghting quote
prices according to size. 26. A nethod according to

clai m25, wherein the weighting of quote prices
acca@ldi ng\ methed gecarding ip areravecesinandiin, poreprisyig ealculating a deal

181 ni &@l@{ for b&&s corducdHidaqt ﬁw%.gr@ﬁgbgtgchtr]%rg Mce was

precedi n alm conprising weighting quote prices
accGr@hifgetio age. 28. A nethod according to any
precedi ng claim conprising weighting quote

24. A method according to claim 23, wherein the deal price scatter is derived
from the standard deviation of deals measured with respect to deal price and deal
weight.

20 25, Amethod according to any preceding claim, comprising weighting quote

" prices according to size.

26. A method according to claim 25, wherein the weighting of quote prices

according to size is in terms of multiples of a minimum deal size.

27. A method according to any preceding claim, comprising weighting quote
25  prices according to age.

28. A method according to any preceding claim, comprising weighting quote

prices according to their size and age.
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prices according to their size and age. 49 29. A

nmet hod according to any precedi ng claimconpri sing

wei ghting quotes according to their distance fromthe
best quote in the market. 30. A nmethod according to

any preceding claim wherein quote prices are

wei ght ed according to the formula: W(Q) = Vi*2-2

(Q)-3 where Vi is the volune 5 of a quote, P (Q) is
the quote price and Bis the best bid or offer

depeditli ngh Bethagraccaingdp ang pegcediog eleimerropriség, waghting quotes

et naoRfRAb ML Ao HRARAL A6 AhBmathaT o1 1 L he

benchmark “price rther ca wth respect to
a phantom price, wherein the phantomprice is equal
to tde priewietus dseordingde knppieceding claim, prhiecads gacte prices are

con H R0t T Sl 3 055 18 AL e v vome
e e nof agpvots, €4 Qi)is thetdustenprickeinddd indhee bdsé bidas offeredephnging on
was \ﬁt?ett@%?'ﬁii%ﬁgid 3n FefTEL hod according to cl ai m 31,

ep

‘wherein antom price has a weight equal to a
very small constant. 32. A nmethod according to claim
31, @her el method acesridphtio ahy preeedipeibiawbiererethesebdchmark price

5*10-6.,.15 33. A hod cording to.claim23 erein.,

©he AT ol R Vi R s e NSl s B e g B Sh brice

nmet hedqeet tothd ipneyidua benghrodrk pried eo Plicds0ard Bntendteinti the market
he phant om pric has a scatter, equal, to smal |

Oon<Tine Bisvious Repdhiirlwas PrrRlsned, P ZHR 4N wiisss BpKe been

t he entaed mo HE ndrketEhrantiontaprbeabehmaB was estpibdishddo 1 %

of the big figure of the instrunment being traded. 36.

A nmet hod according to any preceding claim, wherein the

c alng&r at iAoWeg“Pgtaﬁgord‘BS?R:ﬁﬁ‘Ef §1 = ﬁfﬁ\eﬁ"g" MerRRBICTLRRS TS @aveight
cal caqgantb Ag/ely sfm@nfms G{ak.}. e12] ;ﬁ%eﬂ&ﬁﬁ dcebrding fo cl%lirﬂelﬁ h?lfibrein the
accordi.n 0 im36, .further conprising calculating

a Wﬁﬁ'ﬁé’? p%?fa‘lt@@ %’W(‘ﬁ& éz@ﬁ@& A met hod according to
claim 37, wherein the benchmark price error is the

15t andar d Aahe@bd decdrying td £I8m 3 %h@%’mm&cﬁﬁ &fine9hafidfh price
the benchnark price weight. 50 39. A nethod of

est &P-Ps¥ing a benchmark price for trades in a
instrument at a given tinme, conprising: acquiring

fromyat Ia&Astho®@aEcdrEiRgtdshySH LM 988 3P WHeRsin the phantom price

has a scatter equal to a small constant.

35. A method according to claim 34, wherein the scatter of the phantom price
20 s equal to 1% of the big figure of the instrument being traded.

. 36. A method according to any preceding claim, wherein the calculation of the
benchmark price further comprises calculating a benchmark price scatter.

37. A method according to claim 36, further comprising calculating a

- benchmark price error.

25 38 A method according to claim 37, wherein the benchmark price error is the
standard error derived from the benchmark scatter and the benchmark price '
“weight.
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information relating to prices at which deals in the
i nstrunent have been conducted since a previous
benchmark price was established; calculating fromb5
the deal price information, a deal price weight, a
deal price and a deal scatter; acquiring fromthe at
| east one trading system price quote infornmation
relating to the prices of quotes at present in the
trading system calculating fromthe quote price

i nf of¥rat i DAEN i estaplishing @x@@@h{ﬂar@pr@@é@@qﬂeﬁ dka lslugent at a
quot Ve i€ C%Fr@)hglﬁﬁ acqﬁﬁ‘:’ng oAt dtr%s?oﬁ@ﬁéiﬁﬁ Wstéﬁ?deal price

t, a mark rice and a market price scatter from
10 t ﬁfé’”@é*afln fsiat'e@ qpricga et whige delain tbie insEuAat haye baea|
Pr i CEorRitdbl Shce hipfeViRlRnBih &k an@{NEQEstaBiEﬁe&%‘c@latmg from
price and the quote price scatter; cal cul ng
Henchifsier! prise infemationn 2 deal preaveiak, @éﬁfé [ Rﬁfﬂ)ﬁ |d@@I sgﬁtﬂer
the gafkeh wBh e At Qst d%e%é%i[g\lﬁ@%t@h &Ela ﬁHbl@tlthQneﬁion relating to
benchmar k™ price for a fungi bl'e’I nstrune
conpiP $TiFRF of Jugles Bk present ip H@\Ira@imgsyatem aailu!@mwgefrom the quote
pri Cﬁ%e%ﬁgrﬂ%@h F?:{ ’?eeé’!ﬂfe%mél’ﬁea qdote bt éd&!@@%ote rice scatter;
benchmark cal cul ation nodule for receivin
of f eFal@#ing aamarietinsies weight. fagnarkeal wrige and ﬁgﬂ%ré%ﬂ pﬂge ﬁ@fé?r from
foherigk eeampﬁeé %lgﬁf‘ e R Rhi ) ncge@w%e sl he g@ﬁe price

benchmar k cal cul’ati on nodu udi n

cal cudighti the gaotepsicg and mwrt@ﬁ%ﬁeﬁ el W&aiwarakbenchmark
Pri GhRe rBRthE pRERRE HRh&h 4k %ﬁcéjéﬁ& fhis %r@ét phieL.

di stributing Fhe cal cul at ed benchmark prices to third
parties. 20 41. A system according to claim40,
wher é0.n  theysteenthieaickiaping 2 bentinstark pricedor a funglblediestriment,

ser Vc%?npfrlglﬁ dé sc‘c%]Jr&é)f& Eﬁ[}ﬂrldﬂ{g ﬁ@ﬁ V{ﬁgﬁﬁ%ﬁcﬁ%ﬁ] %%d\gﬁ(eéi%% r tﬁ‘e

syst em acc
Wi densfiugmnt; wdtamhmaﬁmtcu@@om hedustfenraetiving e id, offet amd deal

acc %Qé@gn& %g@é]é{ulgtfnggje% ed Qhér@f OAﬁ% Pﬁggﬁecfr?é Ereu%ﬁs benchmark

ben rice utor rec
bendtitertke bermhrrmrk c@aﬁatmneocnusr mhledmg angedsiieefor calculating a

' ns%ﬁm ghd Eéeﬁ@ ttng'b'égc rk}.’)nt?%u%ﬁc?a ﬁ@ﬁch%a?ﬁ gg&&‘&gﬁbutor for

the t party benchmar he cal cul at
bencakinuing tfwmalmi%%bwg@dmrmeagﬁ thisd aagliesf cl ai ns 40
"to 43 wherein the benchmark cal cul ati on nodul e

dgpnclydes ;’-\gsr#%%é&oi- o c?a%"don%hgﬂeﬂf th?fo ﬁéhrr?%ﬁ \‘Rﬂee? istributor

prices f trading sys ein
t he inpiuteh aesekvee &dr @fmtra:tm;og pnosdcess 511ne¢\ai>rku | at es
benchmarks fromthe bi d, offer and deal prices

rec vedfro t he sst the furt
[ Podor oA derdil LTS WRZERGe Pl e Wibe area
bencbiwrksyphi azehé biterhetades in an i nstrunment at

43. A system according to any of claims 40 to 42, wherein the benchmark

25 price distributor further receives benchmarks for at least one further fungible
instrument from a third party source and distributes the third party benchmarks
with the calculated benchmarks.

44. A system according to any of claims 40 to 43 wherein the benchmark
calculation module includes a module for receiving bid, offer and deal prices from

30  afurther trading system; and wherein the benchmark calculation modules
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a given time, conprising the step of: periodically

cal culating the benchmark price 5 froma previous
benchmark price and a neasure of deal prices occurring
since the previous benchmark price, wherein the
benchmark price is further calculated wth respect to
a phantom price, and wherein the phantomprice is
equal to the previous benchmark price if no prices
are entered into the market since the previous

bencgAesBRNBERHS Toshite, bidy A er @i rapheires reeabedimpethe
beentrﬁfﬁgﬁé}@@bnigndj PeQuitite uﬂaihg%ystéﬂnnce the I ast

benchmark 'was established. 46. A nethod of

establishing a benchmark price for trades in an

i nst $unmen methodpf gsigelishinarbensbmgrk rricadontiagies ineg vstrument at
per i odiealihy, Irgtihd Gheh BE pRASGERR LKicRiRAne bEAAMEK pri
prev? us Eenéﬁﬁgﬁﬁrgriceegndpa negggfeco%wgghf pr?%eg_pnce
dnd o eerphiusdsnciypetihrice §ng b meastigsl gpahprigessoccurring since

ben gﬁg@ﬁ?io‘&% !b%ﬁcl}nia?k ?ﬁce AVHERSN AR &%cﬁﬁérﬁ?ﬁi%é laéitf{};&};é} calculated

benchi price rades 1n an instru at
gi veuith fefRect koarphardem grichengtdierain thembenie ergeliy equal to the
cal Cﬁle@&?(ﬁ&erkhﬁah@;g&@ HKorRES SR er{&ér@?\rﬁo MeS¥aRMSsince the
benchmark price and a neasure of deal prices occurring
si nowevipusebgncbwmpdusasesiaiiabek apd zefe, whahdrieehhavedegantered

i G [ [ N ir age. 20
B R A R e R e or
trades in an instrunent at a given tine, conprising
t he 45 ep fofnethperdf esthblishing actednchinatki prige fdrdrades mramainitrument at
price.. AVA g - ;
o eyl doRisithduR: A6RChBRRHY SAa Bt AnFBaR R prce
pri dem akeveius behehndeklpripe andes meaeunseil gedl @dcéaand quote prices

accg{ﬁgﬁr@ﬁ&?{%éﬂgﬁ%ﬁ&us"%n‘é%ar icgd. A method of

est ng a nmark price Tor trades in an
instrument at a given tinme, conprising the step of:
1Ber i 4di call ingthodlof astablishipgtatesnbemetkmmick fgtiades infanoinsteument at

previ gus. benchmar.k ice and a.ngasur f..deal  price .
et g colPrivRg e e 8 e SidliBRnadeipinadhe bkl price
t he fobeah pvionie beachenatke brtd e 4 measwre fldead @rivest decumi@grsince
age /0 gre%%lug ggnchm%gk g’r%ce, wherein the deal prices are weighied in

accordance with their age.

20 48 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 previous benchmark price and a measure of deal prices occurring since

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

accordance with their volume.

25 49, A method of establishing a benchmark price for {rades in an instrument at
a given time, comprising the step of: periodically calculating 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.
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