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WD 2004/ 061618 PCT/ US2003/ 041685 5 METHOD AND

APPARATUS FOR DERI VI NG BENCHMARKS FOR TRADI NG
WONRBHRGMEBTS 10 FI ELD OF THE | NVENTI ON Thi s | RCEAISRMB/041685

rel ates to nethods, apparatus and systens for

deriving benchmarks for use in trading instrunents,

particularly but not exclusively, financial

instruments such as foreign exchange (FX), including

FX spot, FX forwards and ot her foreign exchange 15

products. BA(%%%?QJN AT RN hg&ﬁ)ﬁ%?yyg rks are
used in the trading o |H§$%une%ts suc RE& spot to
provi de a ref SESAEMARKS FORWEREPLNG INEFRBMENTH act ual

state of the 20 market and which is neither biased to

the buy side or sell side of the market. As markets
FIEERNOTOVE VAVBNTERN dly it is inportant to recalcul ate

ngh@mbe%{mmgﬁaéése%e%%@@d atpga%éﬁé i e Lhem tay

participating traders and i nterested partles SO
derglhrg thrnchivanls neak $1see i Waaillmél Laptemenfiscapartigarly but

notB@QSfﬁE¥U§§¥”3¥1£5hé¥§1'Kﬁgtfdhé%tﬁuﬁﬁéﬁ & ARYSgn exchange
However are based on the nmarket history, and

FXéccé%%ﬂ%@éngogﬁ sefftor F&t £orvarsls gndt peheiurfoaRt gst wEdespe
profilec&Brket, and trades conducted in the market s
essential. Typically, a financial institution wll
trade a 30 variety of currency pairs and benchmarks

BACREROUN® e Test alwwmelet i N each of those pairs.
SUMVARY OF THE | NVENTI ON The present invention ains
BenShwwTite 2% PABFoVedta §ERT Mot ns S5l ey FRER o7 chX 3pot. to

prokeds evdeeredbe 307 Whhbh calEiWadbest RenctnBN Kt & of the
the basis of the prices of deals conducted since a

marﬁ?%v"f‘%é”hlﬁlé‘n&ﬁn% WRREs P eb 5% 188, DGudtids aF presatte of

thel Ratlher Mask ebrRats tde nprewWas rbpﬂ@hﬁ&id( iRr ifBorddit to
reCBT {géén%hgugggg%mé¥ﬁgsfgg eneiy ang to distribute them to
participating traders and other interested parties so that the

benchmarks remain a reliable indicator.

Benchmarks may be derived in a number of ways. However, all are
bésed 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 pailrs and benchmarks need to be established in

each of those pairs.

SUMMARY OF THE INVENTION

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

previous benchmark price. The invention further aims to provide a
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1 WD 2004/ 061618 PCT/ US2003/ 041685 5 conputeri zed

system whi ch can cal cul ate those benchnmar ks accordi ng
woaodhei@as gorit hm and then deliver themto tra#erais2003/041685

More specifically there is provided a nethod of

establishing a benchmark price for trades in a

instrunent at a given time, 10 conprising: acquiring

Lce S r hav

comggkgﬁ §@%§£ éﬁ%ﬁbeSFguégg % Hﬁggg ben.%ma?E§Qaccord1ng
to GSEaalgqﬂuaam an@ gehan dglth@r;nhamesootraﬁﬂnses at

present in the market; and cal culating a benchmark

price fromthe previous benchmark price and a neasure
Moxd ﬂhﬁ@ﬁf9¢$ki¥;h@ﬁ@6q9®tmrqmiﬁ@ésacmﬁﬁth R sbrdelitshangsa
beﬁékﬁ&é!x@:u rp {'%E%aﬁéé C&k o 1 %@f@rﬁgr}{: a.mar f\'}erprﬂlﬁl% i's

cal cul ated from the neasure o prices and quote
compiicdad : apneduird ne e haed leti yhéah cdgadtsednf Eben itErument have
beé@rc!%ldug{:,éé?esa.m BhErQ&fa{iso%%nPﬁrH&}]WﬁcB%% established;

Preferably the deal 20 prices and the quote prices are

acEEUInce 8L e romh a8 st PAJEWYL ) StteRTes Pt fiey sbpymaxkpt; and
ca PANGRTREK, | SerREh@Rki Shed RELHOALE Ll i@UET Yedchmark price and

seconds ThIS enabl es the benchmark price to remain an
2 mRawrat ef deF) edirsh ad (weter el Qe CHETiRG Tiadeethe
pré$ﬁ&mﬁiﬁﬁgﬁm§m<&ﬂgcgalCulatlon of market prices

includes the weighting of deal prices according to

size and/or age. Weighting may be perforned in terns

pr&feraylli Bl gsriaft @rﬁrbei{wreaqgahagécz%rom eherabdsure of deal
according to the formula W (di) Vi*2"t where vi

PrifRe VORLREO G RIRESS0 TRhIthe PRECkRF ke lgpSRACK  FhecsiTRER the

matihe: RIr@VE OaiSd ReRCRFBTKouaMénehnsSrid préQRSt ahéferably the deal
detern1nh€g t he sgeed at which deal s are marked down

Provetr @ PrAFePEbFTS Fife 2CIPETALTTOR 8f THat ki system.
prices includes the sunming of 35 the melghts of al

Pr<(aj earla Ef', Ct?l?e Ce%l'clz {‘nlazr.l 1SsI necs a]btf sl?ercg \ge?:lﬂj_%dlcae Cyh nel%rgéy

seconds. This enables the 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 deal size, preferably
according to the formula W(d;) = Vi*2 % where V; is the volume of the
deal, t is the elapsed time since the previous benchmark, and ¢ is a
constant determining the speed at which deals are marked down over

time.

Preferably, the calculation of market prices includes the summing of
the weights of all deal prices occurring since the previous

benchmark.
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WO 2004/ 061618 PCT/ US2003/ 041685 5 The market price

may be cal cul ated froma deal price obtained fromthe
wanrbihweetis c average of individual deal prices POT/USe®B®41685

conducted since the previous benchmark was

established, weighted by their deal weight. Dea

price cal culation may further include calculation of a

for deals. co ¢l pce th evi ous

g SRk ROHFT GBS 10 e BT B o FRRs HeGie ghragnea from
the catitt@émeirhy daeexeger vEdirfdigrndbhe destlapaarceds dgw aitelad)a obnducted

de@%%ene%syréﬁé %Qh&§§?%&g EQt&%%isﬂ% IC&ef%ﬁ%edN%ggpﬂelr deal

e cal turation o et prices may a

welglitghDeny pigtee cal§uprtisws maycowdivey n90$u@eaQﬂﬂ¢uagelon of a

scé@délhtf dié@%s l%%nhﬂcﬁ%i _'EE.Lngfe Bhe ﬂ:lf gl ttﬁ@ﬁﬁbﬁ&epﬂ@e was

be "accor Ing to their I st an
tﬂhﬁuahed tThﬂsnﬂehétprxﬁﬁgﬂﬂaﬁhgrrnay'&e gerivﬂdnﬁiom the

%%da@glééh ﬁlg% 8&1@“ aswggh)witﬂJ ect(%a déal rice and
H PCO) bte

ere Vi is the volune or a quote, I's the quot
Weﬂpa‘htce and B is the best bid or offer dependl ng on 20
whether Q is a bid or an offer. Al quote prices
occurring since the previous benchmark may al so be
The ket lahdcad)iuseslie byPi ceonFREM L 5 FrERERE? ﬁ’@@é‘#ﬁﬁa quote

pr?ée&%%(:o?filﬁ@%o BR 96€5% Qlge0biral HnGd! Hﬁy”}?é kigl tREihSCof a
25 Preferably, a quote scatter price’is also

migrEEeEd $re Heotkes aceprerrg ththet Aedhapee from the

bedi RERLENEH PEIRY inRdRebENYBRILK nBT b B@%er%@i@é& isedaing to
Thi s scatter may be der;rQy)eBd fro the standard

thejdiqupat pron (f gubt'e pri ces YREAES ufiedSwiith EEPECPE tH quote,

p(GlYekerps | frangdrned aia B39s Prief efeabl ¥iqtde Jraekelepending on
price is derjved froman average of the quote dp

whefdqr Brlléeé Bk ER 8By its own weight. A mar ket
pr| ce weight is calculated fromthe sum of the deal

uote. price weights Pr ef er abl rket price
21 L ey b AP e E U oo L he Tt Bh e Gy also be

suﬁﬁéﬂﬂ@&ﬁdad§m$ﬁéﬂIbgnaOéoﬂMﬁa@hteépfﬁﬁdﬁﬂlngrd€ﬁéhd as part of the
Pr ef er a p anhomgrl (;Ce |s also calculated. If no
the marke ice.

bl
Pr T AR S

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

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

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 calculated from the sum of the deal and quote price weights.
Preferably a market price gscatter 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 is equal
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been entered since the | ast benchmark, this phantom

price is equal 3 WD 2004/061618 PCT/ US2003/ 041685 5
woaodheiqs evi ous benchmark. |f prices have beeRCT/US2003/041685

entered, this price 1is 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

er S 0 I D aaed

o150 Y8, b IRLEE! M alick SnEUlod 0oL BB | chis prsce
isj#ta-ument being traded. Preferably, the benchmark

price is derived fromthe market price, a market

price weight, the previous benchmark price, and a
The rRRATSGS B5L¢reriesht ngtﬁvepwceégnéu gh%chw‘ﬁeerzaﬁit eko ieivghiy small
cofBarRRe ¢al-calatad bremghe Tk%%h%t&ﬂepﬂ%rek%gypéié@ have a

wei ght and the 'l ast benchmark price wei ght
scopyter tiveh iy KBiRd. tPr o f wieds 90nﬁt%0ﬁﬁﬁhka®r1cé’f the base

£18iFOlof $hal sesiGalkukabethg thigegrror 20 may be a
standard error derived fromthe benchmark scatter and

the benchmark price weight. A further aspect of the

PréfelONt RE Oydritesmadk Bt R 16f gesiddY ifslihiNghe Gnarket price, a
benchmark price for trades in a instrunent at a_given

maykefe prz‘%ec%:pﬁ}i%l g B’éﬁ‘(ﬁ‘ﬁs §errigraEt Présst %ﬁ‘ﬁa a previous
beh @Y psy & aﬁehl@gﬂl | Phé Cﬁatrt]de&f QeI Ayl ﬁlea&é.'ﬂ%lltaﬁted from the
iCc eals in the instrunent have bee
= Dot L et By 801G DenCRr 46 peEe pgs Brlce weignt
mo@St iadal byhedtime alagtiathng from the deal price
information, a deal price weight, a deal price and a

deal scatter; acquiring fromthe at |east one 30
Préfadiog, sysbammrair&epquc& errBlof 8ed 10N daekal 4l t ghiiBeerror

na R EPROETT G EReBLOIE: TBPICENT HBRRIE b o b 8 che

bemhmaerkv\@rghé wedlgitot e price and a quote price
scatter; calculating a market price weight, a market
price and a market price scatter fromthe deal price
A fwertglete, abbectdedl thei tev8i immdptrbeidlsala pekbhed seftdsenblishing

a ﬁ%ch%%%ke??{éé:efo%ltgaﬁ t he ql{gg@ lgn(ﬁ‘l and t he ot e

giveh
price Ssca and cul'a i'ng a Fi ptl Fon
comprising: acquiring from at least one trading system deal price

information relating to prices at which deals in the instrument have
been conducted since a previous benchmark price was established;
calculating 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 guote
price information a quote price weight, a quote price and a quote
price scatter; 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 quote price
and the quote price scatter; and calculating a benchmark price from

the previous benchmark price and the market price.
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t he previous benchmark price and the market price. 4
WD 2004/ 061618 PCT/ US2003/ 041685 5 The invention
woéuodhvereipr ovi des a nmet hod of establishing a beathiseoko41685
price for trades in an instrunment at a given tine,
conprising the step of: periodically calculating the
benchmark price froma previous benchmark price and a
: a e_pr QCeurr
the {PETLIG FurbhBl P aRe R i B L TR RTHE S Mtbncrmasc
priceafgo fpregigisdeés an nmsiodmeht et abbilgéi gime benvhnbsikng the step
of : p@ﬂ&ﬁcafl‘ig EL2de dinAnl I AIENE Bh1d Gl [hisous
conprising the step of: periodically calculatihg the
benchpent eride priice Maesiirs pFf eddadudrbese mmt kuopeirpelcasd a
occurPBAS Wie R cdealy Sl CeSHOsGHhNg sbace the previous 15
benchmark price, wherein the deal prices are weighted
in accordance wth their age. The invention also
The iﬁ&&ﬂ&f&ﬁSaquE§£6¥id@é QS&@%Hdéﬂyfngs@agfﬂgﬂlggrg PEAGMmark price
for trades in an instrunment at a given tine, ;
for txadeptildt Rg tReLQIMGHTORE 229 vser LoER cadImprégieal He mfep of:
perioliD8a PBAGRANBLKaPI L @bl B8hRIAY boUSe bBReNIBLKe I b1%€ benchmark
., and_a neasure of deal prices occurring since the
pricenppddpeashERchinelSe LpPreess \ITEMETr hnd e ndeaFhpr PEE c¥ite
benchit8i g @@ d, NwAsEOHaneeded thrilRal hry ObdiPitedSid Neocordance
, i nvention further provides A nethod of establishing a
with FREPhfAES price for trades in an instrument at a
given tinme, conprising the step of: periodically
.calcul ating the benchmark prjce from.a previous ,
The 1B¥eRhiEy ﬁlgﬂ%ovmsaan%% o5t eaE%lPllp%lagsao%ww price
for tBhdee frhen pheyihoustbepchnmprdenprine, ipresinghehdemlep of:

pers o e e B oy R 8% nenchmar
priceEabhdd nmenrksrefot izalnpentéooasullingve iedererpbed,ousy

way, of .exa e only, and with reference.to.the
ety gt ng TS €, TR W CRe 36° MguPEed 1§ accordance
with théisstwcdtues. how deal prices may be scattered or

condensed

The invention further provides 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 pricesg occurring since the
previous benchmark price, wherein the deal prices are weighted in

accordance with their age and volume.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the 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 gcattered or condensed
during any time interval;

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

market;
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during any tinme interval; Figure 2 is an exanple of a
benchmark established in a quote only nmarket; 5 WD
waQoie6i818 PCT/ US2003/ 041685 5 Figure 3 is acTwskdwen41685
exanpl e of a benchmark established in a quote only
market; Figure 4 is a still further exanple of a
benchmark established in a quote only market; Figure
; | S e I deal
rigurd AP e AP e | Sop e Ph R ped Y uoee
only pawksivar k established in a deal only market; Figure 7
FigurkSs 3 S Lk s LU ENGEXB0RE loraaDERCIIRLK gg&@@im@adin a
in a only market; 15 Flgure 8 1s a schematic
qu°teb9%bk“@¢§§ﬁan1of a system for inplenenting

Flgurgaé c ati RE-ARtk A8l LV BEhAghRenehrRL K Ho Eﬁage&éal and,

Figure 9 is a schematic block diagramof a
markegpbhodi ment of a system for inplenenting calculatlng

Figur@ngl deld vartRgr RERERIBI kS 4 BenbhAder SdtRYMLELS in a deal
benchmar ks are al so"exchanged with a third party. 20

only medesd/PTI ON OF BEST MODE The al gorithm used to

Figur&al GW at @chenchmdiderPELERS el of besdnrex desgwiheda M a
doal conmput eri zed system whi ch can cal cul ate those
ea ﬁ% In")é

§/ according to the algorithmand then

Figurées iMeh EhREMA®©:d AdekSqMddant BENs é%%ﬂ@& #¢escCidhRthent ing
The, fO||0MAn descrlgtion consi ders w benchmar k

calcu ?FJ&% 20Ae AR VS/EdY PRBTRIHESY 5Pi bTRITYS4dPRY data t hat

Figuré So a\aia abhemad oy b&baﬁ'pdi:%.gfﬂa@ﬁb@na AN Ugbéd RERIof a
r anot her tra system oy systenms. The 30

t
SYSt RPN ST OU S2AEhI VoS PO ERGL Yy REL pRFEEAERA o

tradetfeirpmedicubenBenthanbke priisee exdhend@d k@t hphi €4S party .
itself derived fromthe deal

DESCRIPTION OF BEST MODE

The algorithm used to calculate benchmark prices will first be
described. A computerized system which can calculate 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 previous
Benchmark price. The market price is itself derived from the deal
price and the quote price. The deal price is calculated from actual
deals that have been done on the system and the quote price is
calculated from quotes (bids and offers) that have been entered into

the system by traders.

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

pair moves up and down. The Benchmark Price attempts to describe the
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price and the quote price. The deal price is

cal cul ated fromactual deals that have been done on
woheo4ggstiem and the quote price is cal cul at edPET@ISR003/041685

quotes (bids and offers) that have been entered into

35 the systemby traders. In the foreign exchange

narket for exanple, the price of a currency pair

priceTBUSE, B SRS o0 BSNCOMBLL O S8 B LEAPER el Cone ox

sourcpstceubbsasbynuam¢nquw§ maaﬁénglsyanmulﬂhm azgehmedk Price is

calcuﬁ ﬁgesngqgke%ﬁg hnarﬁ %%gﬁ?f@W gﬂrg?xg. At each

tick, aagBemnhmankquenpyblishedeﬁanpgew;ﬁ?u@ryatgsecoﬁcbxrdh called the
3 a Benchmark is published along with a

Stan gggh$%#%f error called the Standard Error. 10 Using
the market information fromthe trading systen1is like

U81ngsﬁﬂglhggke%r¥i£?£ Q@ QQD 5”'5%% %&ahbﬁ 'fons rﬁﬁ]ilﬂe sampling

sanp e | nc quote trans
the ptrrlaﬁsa@wbatfsloeﬂctata§her a\:d@ks'tm@t eEhigh wml@ ifnjgdudes deal and

quoterr@&gﬁgaé@mn@ ThesCULLreney-Raht RLi Cgsléra?d&%pulv?kegnon where
(P) at any given nonment. Suppose its nean Is

the market "is.ue price") and its Standard Deviation is
S P). The Benchmark Price approxi mates MN(P) by
sanpling this price population. In the follow ng
The  qagErcpt |Rﬂ3rr Priceystd fo XPWapi@sent) t k¢ "y cgiven moment.

SuppoBEPW & | @Bznasi iy @5 t pendr iveeuet Nati de) theg Mec%n Standard
rice of the ?ﬁulatlon %ust as MN(P). A general

DeviaBien iR §RiH I f sEemRTgFe AT L Sh ARATG*ABA- Beéhifdr oy sampling

this diCeS pdpi@a€dbsUl @hedneThe1dekk¥at iseBcpipash ebenBntysed to
w | then be discussed, 25 in nore detail. Prices At

rePrepphl hhe BERCHfarIOPIACAoPh PE Wt vad FRonPRAfketthat is, the
Mean Pri€€ ot thBepdpulsticandiEs: s MgpBenchmark Price at

the last tick n-1. Market price
A general overview will first be given, showing how Benchmark prices
are calculated. The derivation of each element will then be discussed

in more detail.

Prices

At time n, Benchmark Price P, is derived from Market Price at the time,
and Py, the Benchmark Price at the last tick n-1. Market price
consists of Deal Price calculated from deals that occurred in the past

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

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

MarketPrice = function (QuotePrice, DealPrice); and
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30 consists of Deal Price calculated fromdeals that

occurred in the past tine interval, and Quote Price
woabaudeetied from quotes at the noment. These POWMUS2003/041685

el ements may be expressed as follows: 35 At tinme n:

Deal Price = function (deal price and volunme in the

past tinme interval of n-1to n); QuotePrice =

on (g : r| ket Pri.ce
ek L S | B b R B Aoy YL (61 BLLGE
2004/ 061618 PCT/ US2003/ 041685 5 BenchnmarkPrice =.
Welght:u%]ﬂ:&ls%ré \arket Price, BenchmarkPrice at n-1). Weight
Scatter For each of these prices, an associ ated
For egailghef Wehadea prarge, ofn SEmocaptedr waﬁaghbpMoxmﬁhtéd value of
Scatt?%? %9%%}%&%%%&#8? c?ﬁ&a%?gréq%%%%%ﬁggggd ¥?]alsqqcalculated
That 08f 8a RQiiRtet! BEt e T0l bPW NG GRSCEES iW@th ERBh BWEHoint .
in which each of these three P, W a wll be
di scussed for Deal Price, QuotePrice, MarketPrice and
In thBelehI®kity icriptilde, WRicghanserves wsidihesanplEethese three
size in statistical terms. In this exanple, in common
P, W,wPt hwh%%tbear?éﬁy‘?ﬁfﬁﬁ%dtﬁ%dl%@lgi?ﬁ%rn@uoftﬁﬁéé‘?%r cdfprketPrice and
BenchhiAdE-@&le @ M nimum tradi ng size. The parameter, which
is defined by the trading system is the mninmm
amount of a bid or offer order. In 20 an interbank

The \Jeﬁ%@tngse%}&ége@st iadi RABROt skXet BhS gratt¥Pi&al | Yedd. 1n this
he order of $US 1 million ($1M. Every m ni num

exampf-‘? aditRg cSMFen Hithemost ateQUENIT 156 188nSVaEPBY araders can

trade OBE aVQﬁl@llmtlﬁir t@a@fﬂlg':es;m% | Theot s amesBOUI th&ltﬂﬁke@eflned by
i nto consideration, The |arger the vol unme of

the CERSHRGCANTHEN/L A8 HOF STHHEN GREUNE (Fore Rehfardsicer order. In

an inkBeuhnk herml@e)syszémcafaaﬂfg ypdtherxt rade. ikn tg%m@émy in the
vvods atrad is converted to units

orders Giy; &F%@%l géM) wherP9&Yi SUFeHE \epghtagsize in the
tradeH\h%heuMSJEbm RicAYMdéSeBlM anE bidotd” $AHM soygkdece€ountl “votes”
shoulgslig %g gg V!H?g bgénéaderaggggl The larger the volume 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 i1s being weighted. Where the minimum is $1IM, a

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

The weight of the price W and Scatter ¢ are used internally. The
weight W is used when the price is combined with other prices to form

a new orne.
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30 The weight of the price Wand Scatter a are used
internally. The weight Wis used when the price is
woandioaedsw t h ot her prices to form a new onePCBASB09DI1685

2004/ 061618 PCT/ US2003/ 041685 5 Standard Error From

the 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
mar ket data. 10 Consider a Benchmark B as a sanpl e of

Standapd B¥yQ®e popul ation P using market information

Li vol une f s_and tes Let NN(B)
From %@) %g%lﬂqt( é’;l a,n%a% aggg% é§ bem?#ﬁ ﬁe%lfn e encﬁmar kStan\é]z;rd Error
is cd#¥dulefed. VEtgbtoQ$®ﬂ$le mea FEe dﬁamﬁﬂh@eﬁevlahlame Benchmark
a ErLor spe tlvely 15 I f Standard Error

price Eg ?%eé1 F e ma?%gh%mg tan say that the sanple

mean MN\( B) has a 95% chance of lying within two SE of

: pgpul_atj_on ;af (. "tru
consiglf 3 e O oD Rt HLAR 65 S &7 Gy PehargEion P usins
markegatiirgbymwgiorzo (IMN(s /o2 uBEs <oBedehimr knlr iquotes MN( Byt MN (B) ,

Th yhe, B a
)] 258 T8l o A DRI TR RS obIPel) CHED coenene
size) pr Eé@ﬂdarﬁo@aveﬂticym, tthd Shatdasrd EheoSE, repctheehpr e
precise is the Benchnmark Price. For exanple, if M(S)
= 0.9779 and SE(S) = 0.00002, and P is the "true
If Stﬁﬁlﬂééd BfreheSEW)r endE p@ilps) t helen hee B@drchama'r Kheti ¢he sample
mean @I‘i\T Q) 91?5@ ahaﬁ—‘ya ch%%é%cggnfﬁr{@”mﬂgh%t Q\!V@ éE the mggn of the

conversely, fad s
POPuléﬁé%eo%fMW Sﬁ)ng(t%et F}‘Fﬁu? hl%rlBt?r’{éhrrﬁFk 13’15‘11e c%emqh“@wia?r@fle has a

. 95% chance satisfying:

MN(P) - 2%*SE <« Benchmark Price < MN(P) + 2*SE

That is, 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(S) = 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
95% chance lying within ( P - 0.00004, P + 0.00004 ) or, conversely,
P has a 95% chance of lying within the Benchmark Price interval of

{(0.97786, 0.97794).

The Standard Error and its formula is discussed in greater detail

later on.
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(0.97786, 0.97794). The Standard Error and its formula

is discussed in greater detail later on. 35 9 WO
waQoe6i818 PCT/ US2003/ 041685 5 Thus, it canPO®/US2®B/041685

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

Thus,ggFgJaﬁ%% sgegeth%{t] ‘tthﬁ%a frﬂﬁ%eTgﬁ ea?ﬁg Ciéitce f&e the

ted at a certain frequency. o
fundamﬁ@?allhleémegnQ&QGthOﬁotmﬁeHﬁﬂC@mhakeﬁrlqeheEbenm@nnn; in

whlchdgﬁéée ng Bbggyﬁed %@.Wﬁ&g L?é Qﬁ%cﬁgé&&”l&ht Id%@af.){ the

| ast Benchmark at time Price I's derived
fromthe deals in the past tinme interval. It is an
Deal Bﬁé?%ge price of all deal prices ME|ghted by the

Q nd _age de Is 15 De ce veu ht de \
The %%? mar? argb%c%%nun & count ng?% t han: SHa rer gaCh tick t

when aheuaezschrﬂe@ems teabs cebaowltateol ethbas wgedadedads 2Bich have

occurrMinEgyg%tégldduﬂgt%{m%eo%Ag{i%sigggtBéoﬁschw%%{I geQJ.%QOXE’—J:). Deal

'S weli m ni nun1 radin
PriceThatdﬁS}V@@eftmmLNhﬁ\ﬂeaﬂs andedle ghiasics ttihe dea¢fwal It is an

avera%%%lﬁ.c.é n thé u'&%&‘é? g.fflgé L%ﬂ%ﬁd%e%ez ev%]gﬂn.ﬁt rég'ld age of

exanpl e "above,

dealshar kdown I n the past tine interval since the |ast
benchnark price, many deals nay have occurred. Deals
that happened in the same second (or sonme other

Deal Beieddtpighte (Wadterval) are considered the same "age".

DealsG@Engaggera&MrtgscoEH@ rg% Stﬂal?latsmgﬁfé‘f r%drﬁ .h%ecent deals
second away fromthe tick-
count more than aged deals.

“Minimum trading size” Adjustment

As mentioned above, each deal 1is weighted by the “minim(um trading
size”. That is, the Volume V; of a deal d; is the deal’s amount in the
units of minimum trading size. In the $10M example above, the volume

would be 10.

Time Markdown

In the past time interval since the last benchmark price, many deals
may have occurred. Deals that happened in the same second (or some
other defined time interval) are considered the same ‘“age”. Going
backwards, the deals that occurred in the second away from the tick-
time are discounted by an exponential function 27°%, 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),

2% = 279% = 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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time are discounted by an exponential function 2"t,
where t is the nunber of seconds away fromthe
woi2el/0biaT® and ¢ is a constant. For exanpl e, iPCT/US2@3/H641685

and t = 1 (one second earlier than tick-tine), 35 2-t

= 2-0.5 = 0.707. That is, the deal that happened one

second ago is worth 70.7 Wbof t he deal that happened

now, (at-cti cks-sec 0 04/061618
and I T Gricoe s e 5yt (et B8 GRERHLg pne secona
ago ipswortie cdeahat haf Hdyppéael Wre beppemed agw i(stwordidysecond) .

one-half of the deal that happened now (at

ti ck-second). Wight of a Deal To apply the m nimm
Weightraflin@esilze adj ustment and tine narkdomn to 10 deals

u
B I S T e i i
dealslShW?cBCQﬂrved*intthemﬁ%ﬁetvmelsnt¢m¥a¢ol@he elestit Of a deal d;
must ggvégﬂcdygtghnégnggji adi.ng size units) of deal di; 20
is tine elapsed in seconds since di occurred (to the

tlck time); c is a constant coefficient of adjustnent
Equatdefining the speed of deal price markdown. Deal Price
=% ght 25 The Deal Price Véight consists of all

wei ghts of all deals that occurred in the past tine

i nt er wadq) =, *bs, @ summati on of all deal weights:

Equation 2 30 Wi = E; Wd) = Y-i Vi *2-c¢' where Ei

runs over all deals occurrlng in the past tine
wherel Nnterval; Vi is the Volunme (deal anmount in "m ninmum

. trading size" units) of deal 35 di;

V; is the Volume (deal amolint in minimum trading size units) of deal

d;;

t is time elapsed in seconds since d; occurred (to the tick-time) ;
c 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
occurred in the past time interval. It is a summation of all deal

weights:

Equation 2

We=X; W(d) = %; V; *2¢

where Z; runs over all deals occurring in the past time interval;

V: is the Volume (deal amount in “minimum trading size” units) of deal

di;

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

11
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t is time elapsed in second since di occurred (to the
tick-time); 11 WD 2004/061618 PCT/ US2003/041685 5 c
wo0@/0eonst ant coefficient of adjustnent defi nPag/usSkm3/041685
speed of deal price nmarkdown. Table 1 lists the
ti me- mar kdown- val ues of 2-ct according to tine
elapsed (t) for C=0.5 and C=1.0: 10 ¢ = 0.5 ¢ = 1.
1

t
¢ so B P ot GO 0. s

priceOm3b6B&Howr3. 0 0.1250 4 -2.0 0.2500 -4.0 0.0625 5 -2.5

0.1768 -5.0 0.0312 6 -3.0 0.1250 -6.0 0.0156 7 -3.5

0.0884 -7.0 0.0078 8 -4.0 0.0625 -8.0 0.0039 9 -4.5
TableQ. D442 st8. Otlge 0@20e-1@rkdwR-0alBd® ©f0. B °D. GRLOrdTap| ¢o time
t he

aster

5 mar
Benchmar k frequency of one second,

It wd]l_ be.see he larger the value of C,
elapsgd Rt) fﬁé% 8 £ Qbig?ﬁ B

In the speci al

case of a

the Benchnmark is

cal cul ated peyery secangl=angl only de als that occurred
I'n tThe pagf gecpnd gre.gged 1a fhe calculation. Then
Equat T o 4obe OTT&00 20 ﬁl‘é =—1EY ow) ) = E1 V1* 2-et =
B vz L05XU —0:;071v L HEIo¥deo 1hi s suggests that
ttespar auqtom C 05505‘5L contgots4tshg—ar kdown speed
toogesitszeffregimsattt—the—tiEzgat kdown di sappears,
as— i H—begR—Se sy 40 0.0625

5 2.5 0.1768 -5.0 0.0312

6 -3.0 0.1250 -6.0 0.0156

7 -3.5 0.0884 -7.0 0.0078

8 -4.0 0.0625 -8.0 0.0039

9 -4.5 0.0442 -0.0 0.0020

10 -5.0 0.0312 -10.0 0.0010

Table 1

It will be seen that the larger the value of C, the faster the

markdown.

In the special case of a Benchmark frequency of one second, the
Benchmark is calculated every second and only deals that occurred in
the past second are used in the calculation. Then Equation 2 becomes

Wa=ZW(d) = ZVi#* 2 = 5V 2* = 5 Vvi*1 = 5V,

This suggests that the parameter ¢ that controls the markdown speed
looses its effect, and the time markdown disappears, as will been seen
below, the time markdown is used in the form of a historical price

markdown, where ¢ plays the same role.

12
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hi storical price markdown, where c plays the sane
woab@/061612 WO 2004/ 061618 PCT/ US2003/ 041685 5prOeaiS2003/041685
Price (Pd) If P(di) is the price of a deal di, then
the conbined deal price of all deals that occurred in
the past tine interval is sinply the arithnetic
average of all deals weighted by their Wights of
Deal : 10 Equation 3 E; P(d;)* Wd) Pd 15 E;, Wd)
Deal Rhéee @ runs through all deals di occurred in the

ty L ] val . t he a, one-sec .
e P (B See BELE o AL PG EERE Ble AAPTRRT A e of ana
deals2thpatteceumreBeah Firé qestf thimgeidemtvsilt hat sbogly rde jarithmetic
e th tyl it . j ' eal
B R e Y
Deals Price (P) Wight (W P*W 1 0.9781 2 1.956200 2
EquatPed780 2 1.956000 3 0.9781 1 0.978100 4 0.9780 7
”EL__67816000 5 0.9779 5 4.889500 Total: 17 16.625800
Deal Price (Pd): 0.9779882353 25 Table 2 Deal Price
Scatggﬁgﬁ@ hy!n the past time interval, deal prices

may scatter W dely, reflecting
Pd=

Z; W(d)
where

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

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

restricted by whole pips 0.9779882353.

Deals Price (P) Weight (W) P*W

1 0.9781 2 1.956200
2 0.9780 2 1.956000
3 0.9781 1 0.978100
4 0.9780 7 6.846000
5 0.9779 5 4.889500

Total: 17 16.625800

Deal Price (Pd): | 0.9779882353

Table 2

Deal Price Scatter (oy)

In the past time interval, deal prices may scatter widely, reflecting -
a market in which traders disagree with each other on where the market
is and the votes are widespread. Alternatively, deal prices may

concentrate at one spot, where everyone agrees where the market is.

This is illustrated in figure 1.

13
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a market in which traders disagree wth each other on
where the market 30 is and the votes are w despread.
wéhv@roaetis vel y, deal prices may concentrate at POMAIS2003/041685
spot, where everyone agrees where the market is. This
is illustrated in figure 1. 13 WO 2004/ 061618
PCT/ US2003/ 041685 5 The Deal Price Scatter can be
nmeasured by the Standard Deviation of deals: Equation
4 10 E, Wd1) (P(dl) - Pd )2 6d = E;, Wdi) 15 where
The DpgliRBridee SbeakePrdare beameas ttasd bir bhe edfiradesd Bewlpdvien of
dealsWdi) is the individual Deal Weight derived from
equation 1 above; Ei runs through all deals di that
occurred in the past tine interval. 20 The Standard
EquatPeMiation (SD) of a population is a neasurenent of the
—  spread of the population distribution. It is |ike an
average distance of the population to the nean of the
popul ats ; e is a good indication of
vol at i I%‘?ﬂdghg{ﬂgngdsj?hat prices are widely dispersed
from ¢he alerage 25 Using the exanple above, table 3
shows the Scatter'.aﬁg1 tter = sqgrt (0.0000000776 / 17)
= 0.0000675831. DB price (P) Wight (W PPWW (P -
Pd)2 1 0.9781 2 1.956200 0.0000000250 2 0.9780 2
1. 956000 0. 0000000003 3 0.9781 1 0.978100
0. 0000000125 4 0.9780 7 6.846000 0.0000000010

P; 1s the Deal Price calculated from equation 3 above;

where

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

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

The Standard 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 SD 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) Weight (W) P*W W*(P - Pd)2
1 0.9781 2 1.956200 0.0000000250
2 0.9780 2 1.956000 0.0000000003
3 0.9781 1 0.978100 0.0000000125
4 0.9780 7 6.846000 0.0000000010
5 0.9779 5 4.889500 0.0000000389

Total: 17 16.625800 0.0000000776
Deal Price (Pd):| 0.9779882353
Scatter (c,): |0-0000675831

Table 3

14
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5 0.9779 5 4.889500 0.0000000389 Total: 17 16.625800
0. 0000000776 Deal Price (Pd): 0.9779882353 Scatter
wO0a0u060:18000675831 30 Table 3 14 WO 2004/ 061848/US2003/041685

PCT/ US2003/ 041685 5 It will be appreciated fromthe

above discussion that Equations 1, 2, and 3 defi ne,

respectively, the three elenents (Pd, W, 6d) of Dea

[ qt e c e Price J.s derlve

e wifh B8 rRbLSatte HE R Bhe v s Al eRn ot Rt r Bifgrions 1, 2,
and 30tihﬁinedatr@s§9blt£\€el@t the thede td1BRentMie t hl ecqy &f Deal
nore offers in the market, nore people are trying to
sell. The liquidity on t he offer/selling side results
in sells at the prices of the "front |ine" of bids,
Quotet Reidest Bid. 15 Conversely, if there are nore bids,

nmore people are buying. The liquidity on the
QuotepPyi By it hgderied dgomt $1iln 1hugs daetehelpr e sansinyimhes trading
systeml 68NdtHdN8s QfS&fIfc%r st the tEigskLtglggr 20 Quote Price

maps market liquidity to "Buying Power" at the Best

Bid and Best Ofer prices at the tine. Quote Price
When W&bggtaQMQ%of§ ¥ tdy-Peal éﬁé(ﬁérﬁéthQkﬁem%EBpﬁesgPéltrylng to

is worth less than a 25 quote with a | arge
sell. aﬁﬁﬁn%quQQ%iy §%a§h?r6ﬁ¥%Wﬁ§Q%éFR§tSa@%t¥?ﬁQ§tﬁoﬂn #WetiH at the

pricedSoffugle agran€l VSRt 8rt BeadBItkRt payot®.g. To describe
the weight of a quote, we need to take into
consi deration both the anmount and the positioning of

Convethelﬂuohf WHdrel esfeChot-8 tﬂﬂasbesﬁafﬂ db%&ﬁfﬁ a%@ ?UYIDQ The
"M ni num.tr S| zZze ust nt uote can e a
i P O P AT R 1 56 TREPGFor G2 4Eh Auge Paices of the

“front line” of offers, the Best Offer.

Price

Quote Price maps market liquidity to “Buying Power” at the Best Bid

and Best Offer prices at the time.

Quote Price Weight (W)

As with Deal Price, a quote with a small amount is worth less than a
quote with a large amount. A far-away-from-the-market quote is not
worth as much as a close-to-the-market quote. To describe the weight
of a quote, we need to take into consideration both the amount and the

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

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

is the guote’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

(Py) . The distance of a quote price from the Best, measured in the
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wei ghted by the mninmumtrading size. That is, the

Volunme of a quote Q@ is the quote's anobunt in the
wanbwoHeodis m ni nrum tradi ng si ze. 35 Di stance MaPKdmaen03/041685

The front line of a market is drawn by the Best Bid

(Pb) and Best Offer (P0). The distance of a quote

price fromthe Best, neasured in the 15 WO

numbe:;zrt))%wlpggg‘ﬁ1ﬁggl“ﬂ§%08§é@%8%ugtguﬂpﬂe q_f "p| @ﬁe ’§£¥?1W5 plp" is

e quote price Is term"pip
well m‘iﬁeflsgpeddmnttlhefiﬁlm@llaltrﬁﬂaﬂgngr‘ar%n%nﬁfreéﬁert@ ttéle least

e i digit; of cddregprice that is
Slgnlftllgj%.nk: §§%lt ?g@%n}%ﬁ{ge the Blestq Bi ddl s the highest

b|d and the Best Ofer is 10 the |lowest offer of the
At anwdﬁ%tntfrgﬂév‘@é&@ glat a5 snebhaimed yiegardhesse ®st offer is

credit situation. This is not always the best price

the lqwest iP§fedi bl diredlarbet r et yhigh ﬁa\a@ 1% ANAGRSYsteRARTdless

of CI@QlBOtSpdu%RllaM t ormitr agder %OE“&l%y\é‘!m@IfétB%ﬁtC@}ﬂ@E that is
deal, for exanple submtted b counterparty wt

displagiesm theF TREGES no 36r THBLf FFR i evetrie 95 190 ?Ef?lay to

tradedsS pREdY i GRi Q] endpotenQt asfh B ksrt Beapsices@bnitted by a
Best of the sane side, then the di st ance of th| s

count HRGEEYt ¥l thesEs Fhpy I}%y(eQn)’ or ginsuftd chert 15T
rmr kdown i s defl ned by the exponentl al function: 2
If P(% %Q %he 4pr:|.ce of( 6' é%ge Bl_ enlnﬁsgg:hdel %t:fggg\e/@:,; 'tH'?é Best of
the seﬁiﬁe &1Qe0t €heR StH® mpbycmm mmnst mdtegtsum ae@tt he |P(Qi) -
T%S@t&%gcﬁoga nﬁaggq%own is devﬁnggt by the %8}121’1&8.1' Sf:unction:

) -] P(i) -~ B |

When the distance is 0, 1, 2, 3, 4, .., (pips), g - lEE) =BT _ 9 oy
%, 1/8, 1/16,

Weight of a Quote

-

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

a guote Q; is:

Equation 5 _
W(Q) = Vi+ 2@,

where

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

P(Q;) 1s the price of quote Q;;

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

and

16



5

10

15

20

25

WQ) =V1*r 2 - | P(Q)- B1 where Vi is the Volune

(quote anmount in "mninmumtradi ng size" unit) of quote
wWGO3R00os1d®8(Q ) is the price of quote Q; B = PBC{B823103/041685

Bid) if Q is a bid, B=P0 (Best offer) if Q is an

offer, and 16 WD 2004/ 061618 PCT/ US2003/ 041685 5

P(Q) - Bl is in the nunber of pips, the distance to

| ke 5035 g0 BE 260 NSRS 5 e

Pricedi stance to the Best Price. 10 Table 4 shows an

X f ight _of quotes. .All. quotes ve the sane
e ca%o?gpm%?elgu%%teth% FUSEEnEEs TR %é’sfg a{??/.u“ﬁ fgfs marked down
by itpritstavgleure DistBastePYeght 1 0.9780 10 0 10.0000 2
0.9781 10 1 5.0000 3 " 0.9782 10 2 2.5000 4 0.9783
10 3 1.250.0 5 0.9784 10 4 0.6250 Table 4 15 The
Tablewg ghewofant kasagpbt esf gedghtonh gt esachlli geotde Hawet he same
Vi ' fro market. In the
VOlumgga]ﬁ%cl g@%f d%%ﬁcg Eg}l\?\/{\? Eg%sg'] g’%g}’és' di stances to the
Best 20 vary, and their Vol unmes get |arger when
RER| ngPivay YA S m tHidaneepr WEsisht] Bi ds Price Vol une
Di st ah®8o\Wei ghto] 1 0. 97791000000 10. 0000 2 0.9778 20 1
10.2)00981|3 0. 9P7 40 21| 1(.000%- O-

3/ 0.9782 10 2 2.5000

4] 0.9783 10 3 1.2500

5| 0.9784 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 Table 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 volume of twenty at one-pip away 1is
worth (is equivalent to) a volume of 10 at the zero-pip; a volume of

160 at 4-pips away 1s worth (is equivalent to) the volume of 10 at

zero-pip.
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4 0.9776 80 3 10.0000 5 0.9775 160 4 10.0000 Table 5

25 As can be seen from Table 5, a volune of twenty at
woneMpepiaway is worth (i s equivalent to) a veCums2mB8/041685

10 at the zero-pip; a volume of 160 at 4-pips away is

worth (is equivalent to) the volune of 10 at

zero-pip. 17 WD 2004/ 061618 PCT/ US2003/ 041685 5

neLght sQuotes The weight of a group of quotes
Welg |sbg re?f"{t%‘he sunmmati on of the weight of each

The wepdhviofua ogoop eof Tvet@ei ghtmafelBi dbe i sumnb® iBguaf i dre Geight

f eal¥ = Eib v, /2(Pb Pi) 15 and the Wi ght
° eapggevgsd\ﬁllang quatlon 7 VO =E WQ)=EoVi /

2(p'-Po)" 20 where W(Q) is the weight of quote Q;

The Wghgmgtgyséigsag_g bids, Ei suns up all offers; Vi is
he Vol une of quote Q; 25 Pb is the Best Bid, Pis

the Best Offer, and (Pb - Pi) , (Ph - P) are in pips.
Pi) a 0 since Pb is the highest bid,

EquathBhesthe (Pb - : (
”g‘—d_(an Pi - P) z0 since Pis the |lowest offer. 30
Thus, the Weight of Bids Vb is the vol une-equi val ent

of thq/ ki giswad,) L ey, Besty Bid price, and the Weight of
Ofers Vis t e vol une- equi val ent of the offers at
Best O fer price.

and the Weight of Offers is
Equation 7

Vo= I W(Q)= L Vi/ 25,
where
W(Q;) is the weight of quote Q;;

=" sums up all bids, I;° sums up all offers;

V; is the Volume of quote Q;;

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

pips.
Note the (P, - P;) = 0 since P, is the highest bid, and (P; - P,) = 0

gince P, 1s the lowest offer.

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

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

The Quote Price Weight consists of a scaled summation of Bid Weight

and Offer Weight. The Quote Price Weight is:
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The Quote Price Wight consists of a scal ed sumation

of Bid Weight 35 and Ofer Wight. The Quote Price
woeigb1dis: 18 WO 2004/ 061618 PCT/ US2003/ 04168BCTAIS2003/041685

Equation 8 W = X i WQ )=X(Vb+V0) where 10 X is a

constant coefficient which controls the share of

guote's weight in Market Price, as wll be discussed;

Ea[uatégﬂi§ the Weight of Bids; and V. is the Wight of
s. 15 Were the market is one-sided, that is
there are only bids or offers in the market, Wy = O.
N 1S5 OnessSi ded quotes do not carry any weight. In
Wa x?ﬂ@%‘zxt}\(g'égtv?)on to be described, the quotes are
converted to "deals" in the calculation of a quote's
wherePrice. An "enpty" side causes the "deal price" to be
zero. Therefore, the weight of non-deal 20 is zero.
A is Fapdwstenthowsfbhcismnphéchfcintirght tfie Gfeates of Aridtaighweight
; e,are five .pof fers.i market with a total
m Ma%%lggrr%ﬁocf%’Sé,g ‘f’#gl &)f%f grlggﬁ%%%v(/orth 19. 375 at the Best
Vu isCflieefieppheeof ZHdeNif and Price Vol ume Di stance Weight 1
v, is O/ §R:10:0 2 0.9781 10 1 5.0000 3 0.9782 10
o e o 391073 1 2500 5 00784 10 4 0. 6250
Vo : 19.3750 Table 6 Table 7 shows an exanple of
WherevehgkﬂanytBﬁgsonéyéﬂagﬂghtﬂggﬂf% @%grélégé dﬁggbggéslgl offers
the market wth a total volune of 310, the bids are
in thgopiFketg Wq = 0. That is, one-sided quotes do not carry any

weight. 1In the next section to be described, the quotes are converted
to “deals” in the calculation of a guote’s price. An “empty” side
causes the “deal price” to be zero. Therefore, the weight of non-deal

is zero.

Table 6 shows an example of Weight of Offers. Although there are five
offers in the market with a total volume of 50, the offers are worth

19.375 at the Best Offer price.

Offers Price |Volume Distance {Weight

1 0.9780 10 0 10.0000
2 0.9781 10 1 5.0000
3 0.9782 10 2 2.5000
4 0.9783 10 3 1.2500
5 0.9784 10 4 0.6250

Vo : 19.3750

Table 6

Table 7 shows an example of Weight of Bids. Although there are five
bids in the market with a total volume of 310, the bids are worth 50
at the Best Bid price.
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at the Best Bid price. 19 WO 2004/ 061618
PCT/ US2003/ 041685 Bids Price Volune Di stance Wight 1

w0 2004708161® O 10. 0000 2 0.9778 20 1 10. 0000 3POTARZN3/041685
40 2 10.0000 4 0.9776 80 3 10.0000 5 0.9775 160 4

10. 0000 Vb : 50.0000 5 Table 7 Table 8 shows an
exanpl e of the Quote Price Wight. (Vb + V0) = 69.375
VBB Biice U Gbitine PHiphtieT Wikt Price Veight is reduced
tor 6940 se—tg— 0 —tRe X 55 -down. O fers Price
V“1' un*hbo':%ml“. SR Yt g.*pt B i H ce Vol unme Di st ance
VWer-ght % 9?;90 10 10 go-i 0.9779 10 0 10.0000 2
0-5781 %67 5 Vooh 2% ok BN 1 10 0000 3 0.9782 10
2 b 5dddB b 9770403 1h1G9RN 4 0. 9783 10 3 1.2500 4
0.%5774 %8755 1350000 %5 o[ B8P ho 4 0.6250 5 0.9775 160
4 100000 Vb : 19/30 vb®%+9%d| 0000 Table 8 15 From
S Table 8, if X =0.1, then: Wy = X (Vb + VO) = 0.1 * (
19. 375 + 50k 7= 6.9375. Quote Price (Pg) 20 The
wei ght of bids Vb and offers V,, defines "buying and
TableS8! Lhdig: deMBRgh1 Al et PRt bl E?? Buys/ &l | syresyliingg 5o
efromthe demandpi s a fuﬁc(%l on of °t he I ces Tﬁb )tPoj
volumgnaf et ghvei tie WeteVRyica Weheht| e refhugedi 6o 6 Béysdue to
10 the N—sEynctispb (Vb, Vo, Pb, Po) SSmlarly, Sells =
Functions (Vb, VO, Pb, Pa)

Offers Price [Volume Distance |Weight Bids Price [Volume Distance [Weight
1] 0.9780 10 ol 10.0000 1| 0.9779 10 0 10.0000
2| 0.9781 10 1| 5.0000 2| 0.9778 20 1] 10.0000
3| 0.9782 10 2| 2.5000 3[ 0.9777 40 2| 10.0000
4] 0.9783 10 3] 1.2500 4| 0.9776 80 3| 10.0000
5] 0.9784 10 4] 0.6250 5| 0.9775 160 4] 10.0000

Vo:| 19.3750 Vb :[ 50.0000
Table 8
15 From Table 8, if A = 0.1, then:

Wg =X (Vy + V) = 0.1 % ( 19.375 + 50.0) = 6.9375.

Quote Price (Pg)

20 The weight of bids V, 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 liquidity (V,, V.,) at the time. That is,
Buys = Function, (Vy, V,, P,, P,). Similarly, Sells = Functiong(Vy, Vo,
Pbl Po) .

25

The buy volume is proportional to WV,

(buying demand) and the sell

volume is directly proportional to V, (selling demand). Therefore,
Function, and Function, are linear:

deal-volume = A * demand,
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25 The buy volune is proportional to Vb (buying
demand) and the sell volune is directly proportional
woaoMme(@el | i ng demand) . Therefore, Functi onBCamg2003/041685
Functions are linear: deal-volunme = X * demand, 20 WO
2004/ 061618 PCT/ US2003/ 041685 5 or nore specifically,
Buy-volunme = X * (buying demand) = X * Vb,
Sell-volume = X * (selling demand) = X * Vo; 10 where
X is a const ant coefficient (a percent age) that
or mogprapecifigabi vol une into deal volune. Deal s al nost
al way g, 9CCH RNy \ak Bsunedr abhgnd)f ront «lyne” of the
mar ket. That is, buys resultin fromthe buy| ng demand
sell-yplamg rhe BebtelliBaciewsdr Fcd BfVePo, and sells
resulting fromthe selling demand are at the Best Bid
price of Pb. There will be sonme deviation fromthis,
where pfarlt&i GUFSREPRIhOs TA1 BERMYy (@0BETARRTARR e CRRE FINWFEER Tquote
volumé NELtAMIRE 1 OFo1 @ner s of the best offer or bid and so
trades below the front Iine. Even so the trade wl|l
al nost always be very close to that front line. 20
DealsTEmeéﬂsglﬂélﬁEtbgcdllestblﬂll%j ngt " bﬂyinﬁgrp(t\h%r “,ffrage n@séve" of the
convert into eal.s o at t ri n
max eFxolT}”rﬁ? gLF’ X W%/bresﬁ}élE}@f ”F t&}‘?db%%’ ‘égc eé{‘.)ﬂfidu % e"at the Best
Offer"g€ldd nge mﬁea (gl QéiElsﬂ(le?QByﬁc_Eytefbm e dealisngf deseddd are at
|ceP and. vol u of X *_Vq. 25 As uot
the HreboGid GO o of X veP e el Bricte g this.

partlalmjarlsgel d]lserﬁbf é(VpafVQ}' udeeﬁt npt | haveb crehet derathpltlhee owner or

owne:r.'v,_,r PEEL%&O£§%19 o(ﬁ’.‘ éal%g qn%vvsseq:ﬁg%;de%% pﬁe %’ronet line.

Even £ theVlirade will almost always be very close to that front line.

The bids, and the resulting “buying power”, are now converted into
deals of buy at the price of P, and volume of A * V,. The offers, and
the resulting “selling power”, are now converted into deals of sell at

price P, and volume of N\ * V,.

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

can be used to derive the Quote Price Pg:

Equation 9
Pq: =
where
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Pg = _ XVo+XVb Vo+Vb 35 where 21 WD 2004/ 061618
PCT/ US2003/ 041685 5 Pb and PO are Best Bid and Best
waRb@rosiaigspecti vely; Vb and Vo are Wi ght of BCd&S204d/041685
Wei ght of Offers, respectively. Pq is the average
price of buys at Po with volunme XVb and sells at Pb
w th vol une XVo. Note that in Equation 8, the Xs are
c u at i X does not fluence the
P an ag]c%%%e% SOCQEJB(% e ;g:]eé:'tt &%B?Te PriPe&Cr s %‘g‘f'el y
Vy andlél.eand neddby dheBBEstanBr ebshtand bDheets guiddipkyt ofelhe
mar ket. Mappi ng quotes to "deal s" requires both sides
of the market to work. 15 In the cases of no quote or
Py is &lgnevsiaed zma‘xcleebf Bgys . PAvishatedimeahoyesnd retlhese: p,

h e i.s.al so zer B )
wit gé(lg&rr% e>\tvh I\gDuccon ?Eﬁ%?@?&ﬁo{lhe r%‘su?tgs %‘? Gl%tﬁe&lgd out.
That appove,doeghere RIfluedcO77®: dREcome. @ﬂ&&,ot‘émeS@ QuoardpPrice

P * Vb 0.9779 *
o sl ARG 550y et o Ao . the
marketyh 19.375 + 50.0 25 As the buyi ng demand is larger (Vb
= 50.0 > Vo = 19.375), the Quote Price Pgq is pushed
up, at alnost the Best O fer price. Quote Price
Mappimg guases( 59) "SRIS neeqnhecylrotbss bdes meppde natlet to work.

In thge@és%s We £8 Yot Beoforanula. tqgrké:?al éSCat} teh Ol ateq

uot es ccording to Equation 4, 'th
abovey s@h&théﬁﬁeg%se%rhéhﬁ grelee ' BevBhEi bh adisoq@eres is:
Equation 10 35 X Vo (Pb - Pg )2 + XVb (Po - Pg )2 Vo
b - Pg.)2 + Vb (Po - Pq )2

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

where P, = 0.9779, P, = 0.9780, Vy, = 50.0, and Vo = 19.375, we have

Py *V,+ P, ¥ Vy 0.9779 * 19.375 + 0.9780 * 50.0
P,= = =0:9779720720719
VotV 19.375 +50.0

As 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 is:

Equation 10

AV (P -Py)? + AV, (P, - Py )? Vo Py -Py)> +Vy (P, - Py)?

AV, +AV, Vot Vy
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6gv = -1° XVo+XVb Vo+Vb 22 WO 2004/ 061618
PCT/ US2003/ 041685 5 where Pg is the Quote Price
wdeniseth18r om Equati on 8 above; Pb and Po are BBEUR2®B/041685
Bid and Best O fer, respectively; Vb and Vo are Wi ght
of Bids and Weight of Ofers, respectively. 10 It can
now be seen that the three elenents of the triplet
wherel Pd. W, 6q) of Quote Price are defined by Equations
, 8 and 10 respectively. Were the market is one
Py issthfeQuoge=Poicd BleTippeé @r@mmahwtmab@uete scatter

P, and 52.00181 88 5t B9 ] gnd the
? arlva l'ue of P et ai nedd Jl'Ei0\1/3e§'H %EFPeOJ L%g gfol‘{?o(ypb Pqg) 2
Vb an%‘(opér@qvi@l% sE\Bidt amdelelghr af of@egwgr@p@m@vely
0.9779720721 50. 000 19. 375 0.0000001006 0.0000000390
69. 375 0.0000448645 20 Table 9 The Deal Price triplet
It capiPdow \WE segh ahak tthe Quote rdmeatbkroplidie RGPV (Qndwq, oy)
v w he d. .These _values_need to
o B8t BN R8T PEEhdE PR BAred (D Tidd tagoREEively.
i ndi cation of where the market actually is. 25 Market
Price The Market Price Triplet (Pml Wn am is
Wherecgiﬁ%tr}la[fgieédlﬁyoﬁ‘? r?ﬁl%?g'c%ﬁl Aing Deal Price
i nformation (Pd W:I, ad) and Quote Price information
(Pg a hout using historical infornmation,
Tablel\/gr1é<]r(1ﬁvv\gié ﬁpi c&hf sqlto CcHFAtEF FrofPETtTeht USiDe Hiptessults of
TableaBdandeHeavedte demlrg dotat nedamseurred in the past
time interval. 23 WD 2004/061618 PCT/ US2003/ 041685 5
Mar ket Price (Pm The Market Price PMis derived by

Aviar ani ne he—Ogote Price and-De each is
VA LS LELLAY) l. ™ -7 O S LA~
Pb 'y Pg < ht\/b Vo Voiil-;b-Pq)z lVb(Po -Pa)2 | Vb +Vo | scatter (o)

scaled |by itS Wi

0.9779 0.9780 0.9779720721 50.000 10.375 0.0000001006 0.0000000390 69.375 0.0000448645

Table 9

The Deal Price triplet (Py4, Wy, O0q) and the Quote Price triplet (P, Wq

and og) have now been defined. These values need to be consolidated in
the Market Price to give a good indication of where the market

actually is.

Market Price

The Market Price Triplet (P,, W, o0, is constructed by simply
combining Deal Price information (Py, Wy, 0q) and Quote Price

information (Py, Wq, Of) . Without using historical information, Market
Price is calculated from current live quotes and the latest deals that

occurred in the past time interval.
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Equation 11 10 Pg * Wy + Pd * W Pm= W + Wl 15
where Pg is the Quote Price from Equati on 8 above; Pd
woOodhveirddeal Price from Equation 3; Wy i s the €QotUs2003/041685

Wei ght from Equation 7; and W is the Deal Wi ght

from Equation 2. 20 Equation 8 stated that W = X (Vb

+ VO0), and the constant coefficient X is used to
Marke€OBE{&d (e share of quotes. Equation 11 shows that

since Quote Price is weighted by its weight of W,
The Namﬁ;ay\quié(a t(Mn s \Brived bpl aytérfgﬁﬂg;&?{etz %ﬂ%\géoﬁt@i@é and Deal

., . SC n uot e in_respe 0 a i ght.

Prlce’]’h%éc,5 e%fc% -8 6&%%]§Dynéﬁ%sw 96 vol ume of quotes is

worth one volune of deals. Followi ng on fromthe

: e of Table 10, Table 11 shows how Equation 10
Equatgélﬁ be used to obtain the market price. 30 Pq

0.9779720721 0.9779882353 Pd Wj 6.9375 17.0000 Wi 6

0. 000044864 Q.@OQO@?@&,& C yd Market Price:

0. 9779835509 Tabt e 11 "85 24 WO 2004/ 061618

PCT/ US2003/B41685—5 Market Price Wi ght (Wy The

Mar ket Price \%i ng@’ is summati on of Deal Price Wi ght

and Quote Pricé Wi‘ght:

where

Py, is the Quote Price from Equation 8 above;
Py is the Deal Price from Equation 3;

Wy is the Quote Weight from Equation 7; and
Wg is the Deal Weight from Equation 2.

Equation 8 stated that Wg = A (Vy + V), and the constant coefficient X
is used to control the share of quotes. Equation 11 shows that since
Quote Price is weighted by its weight of W,, and Wg = A (Vs + Vo), X
plays an important role of scaling quote weight in respect to Deal
Weight. Thus, if A = 0.1, it means a 10 volume of quotes is worth‘one

volume of deals.

Following on from the Example of Table 10, Table 11 shows how Equation

10 can be used to obtain the market price.

Pq 0.9779720721 0.9779882353 Pd

Wq 6.9375 17.0000 Wd

G 0.0000448645 0.0000675831 oa
Market Price: 0.9779835509

Table 11
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Equation 12 10 Wn= W + W Wi and Wj cal cul ati ons
are stated by Equations 2 and 7 respectively. 15
wohos/o6oast i nuing with the exanpl e, of Tabl e 18CT/Takios/041685
12 shows the WMarket Price weigh WnW Wl Wn 6.9375
17. 0000 23.9375 20 Table 12 Market Price Scatter
(6'm Applying the definition of Standard Devi ati on,
Markewep,gfge tfhe p@r{wg Price 25 Scatter as follow
uation 13 X Vo (Pb - Pm)2 + XVb (Po - Pm)2 + Zi
The qu]aﬂ Rp s Welghiml)sz SUBHF W 23D ORVBSIVEP L2 weayh? fanpdy Quote
priceOwéi¥hquot es, one-si ded-market), then quotes are no
| onger part of the consideration and Equation 13
becones: 35 Equation 13(b) zZi Wd) (P(d) - Pm)2 6m
EquatZbnW#) 25 WO 2004/ 061618 PCT/ US2003/ 041685 5 Tabl e
I3 continues the exanple of table 10 and shows
cal culations of Market Price Scatter: PmDeals Price
(P) % W-W(P - P2 0.9779836 1 0.9781 2
0. 000000027 2 0.9780 2 0.0000000005

We and Wy calculations are stated by Equations 2 and 7 respectively.

Thus, continuing with the example, of Table 10, Table 12 shows the
Market Price weigh W,

Wq Wd Wm
6.9375 17.0000 23.9375

Table 12

Market Price Scatter (op)

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

Scatter as follow:

Equation 13

AVo Py -Pm)? + A Vp (Po—Pr)® + 2 W(dy) (P(dy) - P )*

Om = \[

AVo+ AV + 25 W(d))

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

of the consideration and Equation 13 becomes:

Equation 13(b)

2 W(d) (P(d) - Py Y’
om=

2 W(d)
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3 0.9781 1 0.0000000136 4 0.9780 7 0.0000000019 5
0.9779 5 0.0000000349 Bi d->Buy 0.9780 50.000 0.1
w0 20000008014 O fer->Sel | 0.9779 19.375 0.1 PCT/US2003/041685
0. 0000000135 Total: 23.937500 0.0000000929 Scatter
(am): 0.0000622966 10 Table 13 At each tick t, the
Mar ket Price uses the current, |atest information of
the market. But in sone off-peak hours or in sone
| ess-active 15 currency pairs, conplete current
Tableih$cquﬂﬁn@ﬁsnayerﬂxambéeavéjﬂ&hﬂeelolamdtdhmwe calculations of
uatl Mar ket Price (Pm W,, a m nust be
Markeg it e CﬁFFﬁ the previous Benchnmark Price to derive
the current price. Having now obtai ned the Market
Heh CeT T Déeaid3enChieii [Wdighe(Wjgy nogv be [ GapdhjzVed.
ﬁﬁﬂgﬁlulk1pliue(g#ﬂp ST Qne LUIICHL tirckoobodooss 1 hen

[

curTent %gnt'lmudsw yce—triptet——C(Pm; Vblooo(ﬁmﬁh>

derved—ftem-th m47'rrent Market—Price \0&& = m ,
the ncf3Rp nclh ) ! Frer (Pn-1_ \Wh-1 én-%@ﬂ

calcul ated at tW@7tht ti’‘ck. |and a 25 | PhOMPOMePT i ce
(Pph, | WPh5 aPh)) 0975 |t he 3| ast| benchman k0-%R8f8%0¢43| cul at ed
one 1 iBie->Bumy er Wwel78tago, 54000 | § di 9dount edoogpe@ortd| ngl y.
The wei gér—Felllf he7fast Bamchmar K oPri ce o.momomidsel down
by a actron of 20T, WighE | 12553766 tlaloaodooobzgr val

fromthe—tast—Benchrark—to H’g 30—cur+e5 0622966“ 26 WO
20041-b61618- PO/ US2003/- 0416855 ora B e8| s an
i magi nary price introduced to bal ance the no-price

situation. The P b price has a very tiny weight
that injects little influence on the calcul ations
when prices are present, but which prevents the
At eagerichniarck wee gfrkatoBrbee ordesg ther cumterte fheest amgfFormation

of the market. But in some off-peak hours or in some less-active

currency pairs, complete current information may not be available. In

those situations, Market Price (P,, Wn, 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 is n, then current Benchmark Price triplet
(Pn, Wn, ©n) is derived from the current Market Price (Pn, W., Ou), the
last Benchmark Price (Pn.1, Wai1, On1) calculated at the last tick, and a

Phantom Price (Ppn, Wpn, Opn) . As the last benchmark was calculated one

time—interval ago, it 1s discounted accordingly.

The weight of the last Benchmark Price is marked down by a faction of
2%, where T is the time interval from the last Benchmark to the

current tick.
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10 no prices in the Benchmark peri od. Thi s, In turn,
prevents the Standard Error from becomng infinite.
wonod4micaasss that in an active market, the phaRCDMS2003/041685

price is not essential to the calculation of the

benchnmark. 15 When prices exist in the market, Phantom

Price is equal to Market Price. Wien there is no

price in the market, Phantom Price equal s the

revious Benchmark Pri ce. That is: Pph = P. when Pm #
Phantgm Boife=1pnan s npiv=poice J@tThéugrd dist befabdre the no-price

s:.tua{?hc&mt OMhBr bESN VM prS ca hadY, GRR t@my QnEX Q?t% JtrHects
hal f_of one-mllionth 50 5*10-6 e “case

LIEEL R TRTANRRCP a0R idie SRdGHtaEForsnaban| p:r:cﬂ«.eS( efehpsesent, but

whlcthWéﬂHmtﬁ)tﬁ@fBéHHHma§Hr%éﬂ@&k@%moﬁh@ecaﬁyﬂ%hEeké @ﬁéﬁ% Yhere are
t he b?se currency. For_ exanple, whi

no pr?‘é?ﬁ PP o HY SR GURET - E@RPUSDlltélr@nepﬁﬁWmt(m the

Stand{dd OﬁG}p@OﬁJ}orELHdbomlhﬁslﬂh@ﬁtt@m Pri €8 195wk ght I].S an Ectlve
Eur be seen fromlater _discussiont
markety est p%%m%?{? R Cend P (9F8ERE R S urvdar GaEIFJ(ﬂth@oeé the
benchrrmtk.becorre infinite. 30 The scatter of Phantom Price

6ph is a tiny constant as well. It is set at 1%of a

Bi 9 Figure of a currency. The purpose of having 6ph is

When pigicepr eyésit irhehecabtiest f m&hb@ﬁmlﬂﬁ a8r @% élh@:roeﬁagirﬁet
enchmar k

t rd Error in et market .
rrice Z2ie® AL FLEOEL gk Tt B, oy 2B SIS Kt e
previqus BetncRnade Paride(nThat iBenchmark Pri ce, weighted by
their Weights. The (n-i) Benchmark Price Wight has
an extra time-nmarkdown): Thus 27 WO 2004/ 061618

Ppy = PROMHe$2006) B4 E6B5 wherFRatpion 14 P. * W + P.-1* W _1*
2 cT + pph * wph Pn 10 W + wn-1 * 2-cT + Wph

The weight of the Phantom Price Wen 1s a tiny constant, for example a
half of one-millionth (0.5%10°%). In the case of the minimum trading
amount of one million (of base currency) for most currenéies, the
weight is % unit of the base currency. For example, while the
minimum-trading amount for EUR/USD is one million (1,000,000) Euro,
its Phantom Price’s weight is 0.5 Euro. It will be seen from later
discussion that this modest amount can ensure that the Standard Error

does not become infinite.

The scatter of Phantom Price op, is a tiny constant as well. It is set
at 1% of a Big Figure of a currency. The purpose of having Opn 18 to

prevent the scatter from becoming zero (therefore zero Standard Error)

in quiet market.

Benchmark Price (P,)
The Benchmark price is the average on the Market Price and (n-1)
Benchmark Price, weighted by their Weights. The (n-1) Benchmark Price

Weight has an extra time-markdown): Thus
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where P. is the Market Price from Equation 10 above;
Wnis the Market Price Wight from Equation 11;

woenowisidike previ ous Benchmark Price; 15 Pph i eCPani06/n031685

Price. Pph = Pmif Pm# 0; Pph = Pn_1 if Pm= 0; Wh
Is the weight of Phantom Price, a small constant, set
at 0.5*10-6; W,-, is the previous Benchmark Price
Equat¥6hohi: T is the tick tine interval in seconds; and c
I's a constant coefficient of adjustnent defining the
speed of 20 deal /Benchnark price markdown. The
coeff|Eméﬁﬂmﬁﬁns*ma*§éﬁéhméw§led in the deal price
el apsdy-&= ne nmarkdown. 25 Tn the case of a
still-market WPmwQ,* 3 @), , Pn = Pn_1- That is,
Benchmark Price does not change. Referring back to the
h exanpl e as discussed in Table 11, suppose ¢ = 1.0 and
WHSTeT = 1, and suppose Pn_1 = 0.9778096128, W 1= 19. 0458,
P, is tite &@rBéﬂCﬂ’M‘ﬁEtrekabﬂnC]ﬁ;[ﬁ’tlb)d msiatgw%quati on 13 is

. 0 int e.bel o Pm Wn Pn-1 Wh-1 Pph Woh Wn +
W 18 3%2“-61\“%’556’921? S\Akﬁﬁlsﬁiﬁt g7 BeRREEY 133, 9375
Pn.1 10 .tOE780801A8 Ben0hhar0. 19768095128 0. 000001

, 33, 4604009156 0.977934019 Table 14 35 28 WO
Pon 15, EBARERN S CECT IS2003164868507 5 Berr Hvar kEPPi ce0;

Wen isV\eh@hle (M) oFhenBenehmeh ke Prd Gl Bbhstdht8 SHETRL i PEx10c,

. of Market Price Wight and the |ast Benchmark Price
o1 ISpAGHPT RIS 5}?5@%’?@]‘ tHre g Weldhdrikdown of 2- cT 10
T is Eﬁ]élaizjdkﬂtlﬁeWnt-er\orél+11\Nsécond% Cdag Wh Were the

Phant m Pri Ceﬁﬁvf\f V\gh is a smal|l constant. 15
c is ig%ﬁl}? e PR Cd'%flibri’ SIINSTRERD R LEg| Bhg grPed of
deal/pemenirkt peiseinghikdoim .

The coefficient c is the same one used in the deal price elapsed-time

markdown.

In the case of a still-market (Py= 0, Wy= 0), Pp= P,,. That is,

Benchmark Price does not change.

Referring back to the example as discussed in Table 11, suppose C

1.0 and T = 1, and suppose P, ; = 0.9778096128, W, ;= 19.0458, the

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

, Pm Wm Pn-1 Wn-1 Pph Wph Wm + Wn-1 * 2 -ct + Wph Pn
0.9779835509 | 23.9375 0.9778095128 19.0458 0.9778095128 | 0.000001 33.4604009156 0.97793401¢
Table 14
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t he Benchmark from going down to zero in a quiet
mar ket when there is neither any price nor deal.
weizomdeidis wei ght is tiny, it does not effectPCNAIS2003/041685

price in a regular or busy market. 20 In the case of a

still-market (Pm= 0, Wrw=0O), suppose WL is the |ast

Benchmark Price before an interval with no new active

j . then. nchmark Price Wights are: W, 25

Bemh@éhge%ffteziﬁ%’lﬁqgv%ﬁ?m = W2* 2-cT + Wh = W* 2-2cT+
The B@phhm@rlec TPmidgpifeight=1iphalsutmgtion \gh Mariet Pripe 1Y¥efght and

. &]F{a 216 cd weign®PRtc S Gl MRy 5 WT kd £ 2
tThe 15?%@%0 %kvxkﬁlf 1 E RSy ) TR SBE Ty 50 TS ©
“: 2-(n-1)cT + Wh / (1 - 2-¢T) - Wh * 2-(n-1)cT / ( 1

- 2-cT) Whaen n -3 o (¢ =1 and Benchmark is cal cul ated

every second: T =1), then W - Wh / ( 1 - 2-c T)
Equatzor\Wdh., That is, in a quiet market, the weight

converges to 2*Whh. If PhantomPrice is 0.5*10-6

(0. 0000005)y; 35ut henrst hg,vej ght converges to 10-6

(one-m|1i 2)\)}17? h?‘.}\}m%gw\‘lb OO%'r 81618 PCT/ US2003/ 041685

5..Cont.i nui_ng. W X le_o I uppose ¢ =
nere e A e B do e B ar R Pr 1 cc
AgainWetightPHAhtom\\Br #caNisl iht Podiced s83eUB0399IeHEnt the weight of

I Ces r Betore ' .

ere EEOGHEY Febh QR e e TR na A W T b B AE cppre 4=
neitheheamhrkerePnpredeaid Phditemifsi veigustishéiobt althetpes not
Ffeckn al, st h agpl f.atRe. same popul ati on,
© ect htelrg%bg{l% t\?\%ﬂgseétégig %alﬁés,yosgnp e sizes (weights)

and Standard Deviations (Scatters). The two sanples
In thEdB 48 FogbLpeth and lhe (sami nﬁ&@?”@lﬁégé%ﬁl@'%@ Qast

Deviation SD can be derived fromthe of the two
BenchyapiyrRitice safpresn ThGSTVEUEthoRC 18R tNYe1paiges, then the
Bencnlx 1:622 NLN2EM -MR).2

Wy,

Wp = Wo* 277 & Wy ,

Wy = Wy* 9-cT o Won = Wi* 2-2¢T Won* 2T W,

Wo = Wog* 277 4 Wy = Wy* 27® DT 4 oye 270207 o g 277 4 Wy,
= Wk 27Ty gy, (1 27N /(1 - 27T
= Wi* 2—(n-1)cT + th/ ( 1 - 2-cT) _ o * 2-(n-1)cT / ( 1 - 2_CT)

When n » o (¢ =1 and Benchmark is calculated every second: T = 1),
then Wy—» Wpn / (1 = 27°7) =2%W,,. That is, in a quiet market, the
weight converges to 2+%Wg,. If Phantom Price is 0.5%10°° (0.0000005),

then the weight converges to 10°° (one-millionth) .
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(4.3.0) al+2 = + + N1+ N2 - 1 NI+ N2 - 1 (N1+ N2) (NL+
N2 -1) 25 Where ML, M2, a, a2 and N1, N2 are the
worenNs163Ds and sanpl e sizes of the two sanpl esT/USR®3/041685
conbi ned price, weight and scatter triplet of (Pa,
W, a,) are then obtained fromthe Market Price (Pm
Wn am) and the Phantom Price (Pph, Wh, aph) . 30 As
r I Mar ke e r ket
o TS e e S 2PhE oy eurBhe Benchatk, bri ce
Equat§fenlfeaverkes @rBeéé:hmé%ksPélqu@eingnf =Pnif# +0 WaPc* 277 =
33.4608239id¢ Pm = 0 . The conbi ned wei ght W = Wn + Wh.
35 Finally, by applying the conbi ned standard
devi ati on of Equation 16 on (Pm Wn an) , and (Pph i
Benchyprk Bige $0aWrR004) 061618 PCT/ US2003/ 041685 5 (Wn -

1) am2 (Wh - 1) aph 2 W Wh (Pm- Pph) 2 ac = + +
Beforwwrpal%}\atlng Wﬁ.,.BWman_{ (qupqu: Tt W + Wigth con)ined values
of thEl AEHEdY 2rfieL naall@ pHaht6ANP AL ARGt ude dhddial,uhen Pm #

0, ac am That 10 is, when prices exist, ac is just
the Market Price's scatter am Wen Pn1— 0, ac V/ am
In gedetaBPhiiZnThad dsmprekeBst HeL i Egpﬁdtﬁ%% @Eei:é are two
bounded by at_| east one 6ph, since aph
sets ghnhmeapki s sapptectifsl ;ﬂwm@%‘m gng. Swéiﬁrgﬂopﬁgl%wmt 0
(ScatZ@f@) WD 1V canede NI BESH O \‘:@gbzlLﬁélf samples’

mark Price scatter can _be cal cul at ed. Agp ng
Standéaﬂa‘??wtieno?ﬂ? (9 D¢ SeBeyechidopPRAa S Of - the TEwo separate
samplads. 1Fhus:gi ves: Equation 17 20 (W - 1)ac 2 (W-1*
2-cT - 1) 6n-1 2 W wn-1* 2-cT (Pe .- p._1)2 an= + +

| -
Eguation 16

(N -1)o,2 (No1) 5,2 NN (M - M)
(430) Oz = '\/‘ + +
Ni+N; -1 Ni+N; -1 N+ Np) (Ni+ Nz — 1)

Where M;, M, o, o0, and N;, N, are the means, SDs and sample sizes of

the two samples. The combined price, weight and scatter triplet of (P,
We, ©c) are then obtained from the Market Price (P,, W., 0, and the

Phantom Price (Ppn, Wpn, Opn) -

As the Phantom Price equal the Market Price when a Market Price
exists, and equals the previous Benchmark Price when no Market Price
exists, P, = P, 1f P, # 0; Po = Py, if P, = 0.

The combined weight W, = Wy + Wpy.

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

(P, Wn, On), and (Pphl thl cs.ph):
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we + W,1* 2-¢cT-1 W + W-1* 2-¢cT_ 1 (W + W-1 *
2-cT) (W + wn-1 * 2-cT_ 1) 25 Equation 17 functions
woOizb@/0bas conbi ned scatter over (Pm Wn am aRdT/US2003/041685
(Pn-1, Wh_1* 2-CT, a._1) , since when Pm# 0, Pc = Pm
WC Pt; Wnand ac am 30 In the case of a still-market
(Pm= O, Wnr 0) , an | an_1 2 + aph 2 That is, the
scatter is bounded by at |east gne_aph. It makes sense
t hat {"wheh) ter e?‘iq%‘ hoﬂprGF’*Ce i n"harlRet ,(PY he fstatter is
at 1 n + (it at _1%aof a Big Figure or
one pip). 35 Follow ng the exanple of Table 14, Table
15 Whowseet he Ben®hmatke Price @pat ter) (Ha Wfen- 1)
2004/ 061618 PCT/ US2003/ 041685 Pm Wn Pn-1 Wh-1 6n-1 Wn
+ Wh-1 * 2 -ct an 0.9779835509 23. 9375 0. 0000622966
From Qh9Y78095128 1%. 048806, COOUREZO 738, #BOBIBO¥56, Oc = On. That

. . 0001029197 .5 Tabl e 15 enchmark Pri.ce Error n
i, RER R P B b (6 TUEDhEL e T e CAAE On.  When
p, = BITOG entdiked ing, 10 esdd MB | Nehed RORULALEORCMB@Nces, o, is

based on the infornmation in a random sanple of size
boundpdl By2 atEnteadtN orkb doa. t RiBceade on6’i 8 ©he ‘Benchmar®n.  This

eff ec%&lﬁe;eylr gjcraf%%(tgg{ % (69[16 £ J%cr)]rg gNo i?lgV\élov?n Vt\!g -'-Ze\]/:‘VIOT 1* 2-CT+ Wph:

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

be calculated.

Applying Equation 16 on (P., We, oc) and (Pn.i, Waa* 2%, on.), gives:
Equation 17

(W, - Do, 2 (Wat* 2°T- 1) oy 2 We Waar* 27 (P, —Ppa)?

Cn = \[ + +
We+ Wo*2°0-1 W, + Wo* 27721 (We + Woa* 2T (W, + W * 2T
1)

Equation 17 functions like the combined scatter over (Pn, Wn, On) and

(Ppos, Woi* 2°°%, o,.,), since when P, # 0, P = P,, W, ~ W, and G, ® Gy .

In the case of a still-market (Py= 0, Wuy= 0), On =~ V Onq 2+ Opn 2+
That is, the scatter is bounded by at least one op. It makes sense

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

(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:
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En = W + W-1* 2-cT+ Wh 25 It can be seen that En is

al ways smal l er than the Benchmark Price Scatter 6n.
woheodloargger t he wei ghts, correspondi ng to nor ePeaMSk@®3/041685

points, the smaller the error. In the case of a

still-market (Pm= 0, W= 0) 30 6n En = W-1 * 2-cT+
Wh when n - co, the Error En -i, 6n / / 2*WPh. Wen
\I\Dh —ﬂ '-_\*1ﬂ G En [A¥a 20 | 1/ O 000001 = 1000*n N

Pn1 . = E W‘+‘1’I\‘l’1*‘2t"
Pmoth=r \Hbr S, %ﬁ i he scalt@;1 ‘:’avrlfl & atSwne hip  then the On

0.9779838509, 1239378 |08pQ0G2296p o0.8778095428, [18. 0458 - [0-0000761202 ~{) 1334603999156 0.0001029197

2004/ 061618 PCT/ US2003/ 041685 5 The Standard Error
(En) has its special neanf ﬁ@? 135 expl ai ned below. 2 *
En defines the "95% bracket"” around Benchmark Price P
Benchypgk Rrice Eprer s¢B«)| -narket, if the scatter is one
The sPbRdatdefLd}e @%/ewn%ﬁgﬁuusé@ bounded bﬁheZQrng entalled in
figures on each e Benchmark Price; if
estimgpiig ep POPRMBLPPPSTCRReR2ERHE ©Y5%6r a’ék%’trmatéoﬁo&ﬁdéd random
samp1BYo# & iBie0n: 10 figures on each side of the Benchmark
Price. Cbntan|ng with the exanple of Table 15, the
Benchmark Pré#ée Error can now be calculated. 15 E,, =
sqrt "2 (Wn + Wa_l * 2TT+ vwh) ) = sqrt
(0. 00810294972 _33. 46040092 ) 0. 0000177923.
Therefore, twi & the Standard Error = 2 * 0.0000177923
= 0.0000355847 (pips). 20 That is, at tick n, the
In thBenedw@rk Pei €ge tferRnB4FR301R3 shastar W akdhancew, = w, + Wa.
C;ylng wi t hin 0. 0000355847 pips of the true price P,
1" 276F Wetthe  Benchmark Price of 0.9779340193 has a 95%
chance sati sfying:

FEquation 18

Gn2

En =4/ -
Wm+Wn-l* 2—0 +th
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 (Pp= 0, Wi= 0):

On
E, =
'\/’ Wn-l* 2-0T+ th

when n - o, the Error E, » o, / V 2*%W. When Wy, =0.5%10"°, E, » o,

/ ¥ 0.000001 = 1000%c,,

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

Error is at 10 big figures.
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25 0. 0000355847 < 0.9779340193 < P + 0.0000355847 The
Standard Error of the nean nmay be cal cul ated as
woabdimes1s Central Limt Theorem 30 If P is a PCT/US2003/041685
popul ation of size mand Sis a sanple of P with size
n(n< m, let MN(S) be the mean of S, and SD(S) be

the Standard Deviation of S, then Central Limt
h
whe TUSRREE FLALSA B, (L) R 8480 o Bmsgined beion

2 * Eaaﬂ«pf:er@sofchsl 285 frhirachppt oa@rqmﬁelBynahwwrlce Py That is,
in a tS.Lt].'fL' @é&-ﬂ:é{n (J.Ehéﬂe écca %Ir/ %%1% e pPBT/ USZO(r)E OZ%%%?]!)r%cket"

i stributi on
is bqugeyl W 70 My flqu IDH) eafhthJf@ ofhsheeRen@markePrice; if

the s@a%‘i:ékbyé'% gfz.pyl @rgé*f?lt%et 09:};&]6.01@.%@@ Qflé rﬁaunded by 40 big
popul ation. défrned as 10 (3) SD( M) ‘\7/

figuzggr pn(egcly side of the Gepehaptk Brrise - ( SE) That |s t he

SD of the distribution of M equals the SD of the

popul ation divided by the square root of n. Since M
Contingigonet Halthei SKRTBLR i Tabhenl ¥ héhreBANEHaE )y ZHdem Exror can

now ABheuttdp has a 68% chance of lying within one SE
of the popul ation nean, or a 95%change lying within
tvvo SE of the population mean: MN ( P ) - 2*SE < MN (

B, 2 gt MY, C 6/ }w* £ R 2(@rwe)rsoel_ysqgge @%‘1@559?‘72 /
rrean has "a 68% Chance of |l yiig within one SE o
33.4404&0fBah of0-#08PRgTL¥andom y chosen sanple S, and a
95% chance of lying wwthin two SE of the nean of a
single randomy chosen sanple S). SE Approxi mation 25
Therediosge SPLEP)thss WF? AB¥Ccavai 4 abl &, 0000174933 conPiP 00355847
(pipddr.actice when n is large to use the Standard :
Devi ation of a sanple S instead: approxinmted by SE =
SODb(M )=8SD(P)/ sgrt (nSD( S) /
That is, at tick n, the Benchmark Price of 0.9779340193 has a 95%

chance lying within 0.0000355847 pips of the true price P, or, the
Benchmark Price of 0.9779340193 has a 95% chance satisfying:

P -~ 0.0000355847 < 0.9779340193 < P + 0.0000355847
The Standard Error of the mean may be calculated as follows:

Central Limit Theorem

If P is a population of size m and S is a sample of P with size n (n <
m), let MN(S) be the mean of S, and SD(S) be the Standard Deviation of
S, then Central Limit Theorem states that:

(1) When n is large, the distribution of the means M; of ALL possible

samples of size n is approximately a Normal Distribution (that

is, M; My, .., My form a normal distribution);
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30 sgrt (n ) Therefore, for any sanple of size n the

SE of the Mean can be cal cul ated (approxi mated). 35
wOoheo4foeidi®wW ng section gives sonme exanpl es of BemaisamBsk41685

calculations followi ng the Equations derived in the

foregoi ng sections. 34 WD 2004/ 061618

PCT/ US2003/ 041685 5 Exanple 1 This exanple is a

y)of MF gg(e,rrpl es used above. Deal Price = (Pd,
?jﬂ)‘ riice = (Pq, Wy, a4), Market Price =

That @EPm tIaneann) of tinel Berrchhat korPrdfcd: quals EBnthdVmean of the
populgg}LO%Deals Price (P) Wight (W PWW(P - Pd)2 Pd W
0.9781 2 1.956200 0.0000000250 2 0.9780 2
1. 956000 0.0000000003 1 1 1 3 0.9781 1 0.978100
0. 0000000125 Equation 3 Equati og.g; Fquation 4 4
0.9780 7 6.846000 0.0000000010 5 0.9779 5 4.889500
(3)  co0¥90038SD ToPal :/ FAErL662586G=6=660000CTHerdDERtor (SE)

THREI ¢8, () sn%?@k?@%%%@%@@i&? ol ﬁd)equglg099§7ﬁ,§§%lf the
0. 9779882353 17. 0000 O 000067583 Bids Price Vo

PopRd eI AMTLGRE X fidies SEERER DRSItURE i st ance Wi ght 1
0.9779 10 0 10.0000 1 0.9780 10 O 10.0000 2 0.9778 20
. 1.10.0000 2 0.9781 10 1 5.0000 3 0.9777 40 2 10.0000
SincegMg ig7goNepmal DisGgabuizien .o rhengbhg megnogfoa4rmdprggample S

has al@s3 éha%@%oof51§1r%7mtia§9 4nd BE0Q@0+ ke %%ﬁtlgn%ean or a
0.6250 Vb : 50,0000 Vo : 19.3750 Best Bid Pb 0.977

95% oPpnge \[y¥inggWaTEtR Biss SECPE ethepd BUSTREPIX BEEH-+V0)
MN ( 0. 937%+9% 0.1 Pq v @@ ) < 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 S, 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 is a common practice when n

is large to use the Standard Deviation of a sample S instead:
approximated by
SE =8D (M; ) =8D (P) / sqrt (n ) ============ 8D ( § ) /

sgrt ( n )

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

calculated (approximated).

The following section gives some examples of Benchmark calculations

following the Equations derived in the foregoing sections.
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10

Equation 8 Equation 7 Equation 9 0.9779720721 6. 93750
0. 000044864 10 Deals Price (P) Wight (W X W(P -

womp@/oemis¥n a' m 1 0.9781 2 0. 0000000271 2 0. 9PBD/UR2003/041685

0. 0000000005 3 0.9781 1 0.0000000136 4 0.9780 7
0. 0000000019 Equation 10 Equatio 11 Equatio 12 5
0.9779 5 0. 0000000349 Bi d->Buy 0.9780 50.000 0.1

Exampq 0900000014 O fer->Sell 0.9779 19.375 0.1
0. 0000000135 Total: 23.937500 0.0000000929 Scatter
This ezpypDe 0@)@62@%@1&/ PIOtH779888HES 28e@3FBVE.00006R20B.ce =
t Sec Pn-1 a" 2- ct
(Bd, @g ‘gl% éuﬁ"ﬁ SU95T28 igmogﬂé% 83l 0008%%5#% 46035@92‘“‘“' On) /
and BeHahhOrl PrEquast ; 14 (Bgyagh 0 olf. Equatl o 17 Pph V\ph
09778095128 0000001 09779340193 373
Deals ) @Brjeq (%ol Weight Wdo1 7% 1 | W RePsizg /061618Pd wd o4
PCTPE82003/ 042685 | 5! ¥%ahpl e 2.0000000858e anly rar ket: l l
2 The&’8arel onl § twy quUAIEEE | N M@eRED3| They are 1 pip
3 panbzsiI nfi TTT on on eewkiosi fe. o\Wbéoowennt] t @ fEdodlioraut | Equation 2 Equation 4
—43'en_©_b_1mr KIS (P, W, 34@@() Md oaocodddo| Notje t hat when
3 thaogﬁ'gs—ﬁo—d-gai vy 8’8%‘00 P €& ohosoobdds Sanme a t he
QotePri-ee- = ﬂnf‘hrmroo\"g ornul as,| we havei l
Quot e Pri ggpnce[?,g)hg%gb ;!g d Vb 83? Vo |Pg Pn Wh 6
SE 000 Scatter (c,): 0.0000675831 0.9779882353 17.0000 | 0.000067583"
Bids Price Volume | Distance Weight Offers Price Volume Distance Weight
1 0.9779 10 0 10.0000 1 0.9780 10 0 10.0000
2 0.9778 20 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 0.9784 10 4 0.6250
Vb 50.0000 Vo 19.3750
Best Bid Pb 0.9779 Vb + Vo: 69.3750
Best Offer Po | 0.9780 A*(Vb+Vo): 6.9375
) 0.1
Pq Wq o4
Equation 8 Equation 7 Equation 9
0.9779720721| 6.93750 | 0.00004486
Deals Price (P) | Weight (W) A W*(P - Pm)2 Pm Wm Om
1 0.9781 2 0.0000000271
2 0.9780 2 0.0000000005
3 0.9781 1 0.0000000136
4 0.9780 7 0.0000000019 Equation 10 Equation 11 Equatioh 12
5 0.9779 5 0.0000000349
Bid->Buy 0.9780 50.000 01 0.0000000014
Offer->Sell 0.9779 19.375 0.1 0.0000000135
Total: 23.937500 0.0000000929 v v v
Scatter (0,,) 0.0000622966 0.9779835509 23.9375 0.000062296
LetT=1 second
Pn-1 Wn-1 Cut Wm + Wn-1*2-ct Pn Wn Oy SE
0.9778095128| 19.0458 0.0000761207 33.46039992 |
Equatior{13 Equatior{M Equatio{m Equatiov{ﬁ
Pph Wph
0.9778095128 0.000001 0.9779340193 | 33.4604 (0.0001029197 |0.000017792:
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10

15

0.9800 1 0.9801 1 0.98005 0.2 0.000050 0.98005 0.2
0. 000050 0.00011180 0.9800 1 0.9801 1 0.98005 0.2
w0 20006508 0. 98005 0.3 0. 000050 0.00009129 0. 9800/US2003/041685

0.9801 1 0.98005 0.2 0.000050 0.98005 0.35 0.000050

0. 00008452 0.9800 1 0.9801 1 0.98005 0.2 0.000050

0. 98005 0. 375 0.000050 0.00008165 0.9800 1 0.9801 1

0. 98005 0.2 0. 000050 0.98005 0.3875 0.000050
Exampq.eogo 8032 0.9800 1 0.9801 1 0.98005 0.2 0.000050

. 98005 0.39375 0. 000050 0.00007968 0.9800 1 0.9801 1
Quote) 093P OBk :0. TOOOSR 1@ 98005 3868F5 D1 OROGS0. They are 1

P12 25255008 5. 4654375 15 DAGDR0 0 bOUTe2T - BIbaH0 1-0- UL ®
., oD 088995 0.2 0. 000050 0. 98005 0, 3992188 0. 000050

00791 0.9800 1 0.9801 0.98005 0.2 000050
Note %hég 3%’]@5&0@% B 6660507 5067850 1. %ﬁaTeoa%Stélf Quote

Pricel 0BP8HHHAnd BeLE00E 0098005 0,3988047 0.000050

000007908 0.9800 1 09801 1 0.98005 0.2 0.000050
0/ 98005 0. 39990023 WokBiEsS 0. 00007907 0BeBeENarke. 9801
Bid 1| 9800& (v |0. OP®OHOWG. 98Q§2‘5 0. 399n512 OwwmO0(d50 o, SE
O 00p07906 | 0.[9800 1[0 9801 1 0.[98005 G 20004050 0
09800 () 98005 0G0B9D97BBood. PO0OHU W.o®&YU]7 IWEsoos). 9800 0.4 0.0 8B 0.00011180
00800 1] 0. 9800%e0(). P [Op-B8®O0H0 0.2/9800%H0s. [3999HFE 0. U0TE|SU 0.000050 0.00009129
0.9800 ] 00p07968'| 0./98605 1|0. 98071 0DooPo[9B00%e@| 2 0. UBEU5W.000050 0.00008452
09800 0] 98005 °@98999989%09. (00050 00060 0|7 90E8050. 578 00980 0.00008765
0s800 71 0. §80080Y. 2 [Q°BBO050 02/98008%¢. [399996D 0. OOGE S0 0000080| | 000008032
00800 (| 00P079081] 0./98605 1| 0. 9801 0BoofBo[OBU0Bec®| 2 U0.WTEVSW.000050 0.00007968
09800 O} 98P0S 0lgeo1b 9099 8RO PO00H0 00836607 9GGs00s0 988873 anﬁg- 0.00007937
a A _honor N la¥aVaVYaVl FaNilla¥llaYeYaVaY il a Bl lsYaYa oD 0O _AaNnNnAac
0.9800 L] Y. PYOUWGeolY. £ [Ye.ddsds U PU W[ TOGHedosh~ O 7 G det0s - Vuﬁwﬁkuvamwm 0.00007921
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09800 | anhar 02 coadosea handtn SUREAU NS A AREOH ggn0d 1 o 8K 0.00007913
09800 Vi JOPUI oo I+7 FAFdd005 - POV Y 000050 2|7 ~ 098005 "’Cr.‘gséogg ~*0.000050( 0.00007910
aln bannc o0 [aYaYaYaY JaNila¥ifeYeYaYaY~lla Ml sYoYoYo Yo Yo! AN aYaYaYal=Na)
09800 L] Y. JOUWRM . & Yo dddd¥ VPV W2 TOBYodosH " [©~ 0980051  “0.390804 1 © © (qooooso 0.00007908
Al ANhASAAA P ann 11ln adn1 1. N onn Nl 2 n la¥aYal~
0.9800 VI WUUUT FYEh| V.[J88ddds L | Y- g8V L o460080] IO B¥8008f = 0739990251 © © ©.000050 0.00007907
Al ~nobhAn- A SAnAAA Pay nANAON N AnanNn7o0e QoNnN NnN_QOoN
0.9800 Ul JOUUS obkop I3 Mﬁmy YUUYSIU Y00dds Y7 78005\ - J659de51 ) - 0.00007906
a Aa_booor n oannoiho-- N loonnec o AN _NNNNEN N ANnNNN7Q04
09800 1} U. PoUUgeol. £ [Yeddads?UPU V>3 30\6."9"060’50'- *ngg@s U:Oﬁg%&é— ;’\U‘g.doﬂo‘sd‘ 0.00007906
0.9800 Ul HoPU  b.oddhi| F0UW Lo.skood)” YOUYR™ Ulodoodde 09:\6 05 zt%’e@gnnnezs : :q.ooooso 0.00007906
6es00 O} GOPOSQedr GO0 REe 1098000408 OU B ogbos|J. I 9| Y+ 4.000050 0.00007906
09800 O GOP050ds01L 0. &8s 040k OQGEs 10 Q008Q[7 9000t = 0.000050 0.00007906
09800 O GO} UUB8E0%, 7 2 [Gwos (- 0GR T58 Aooosef [ SE vse0ds} 0083885 TH@o00050 0.00007906
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SE = 0.00007906, 2*SE = 0.0001581, 4*SE = 0.000316

The relationship between the Benchmark and the Bid and offer prices is
shown in Figure 2. A number of conclusions can be drawn as follows:

(1) The Benchmark Price P, is in the middle of the bid and offer, (Py
+ P,) / 2, as expected.
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WD 2004/ 061618 PCT/ US2003/ 041685 5 (2) The Benchmark

Price Weight Wh converges to (2 x total volune x X)
wolanelogleish -> 2 x 2 x 0.1 = 0.4 after 16 round@eT(USB003/041685

seconds). (3) The Benchmark Price Scatter an is % of

the quote spread, as expected. SE is larger the Dn

because Wh is snmall (0.4) 10 Exanple 2.2 QJote onIy

The are uotes in
gﬁ k]fenchglag Pr:lc m%l%%%m@hggg\é%r%esd \;é Wan(%t vPlj.ulae X A).
NamelyutW,( Pa 2V§tj ,2 an. 1aﬁd08Eaf‘ﬁlau:slexmmide; (36 becsdiEe . as
21above except faor thelarg %fpzld 15 Note that
(3) WHs BehEers PotfeFatier et THrk F it ARt mPraedy hes
expecEH@! € siPrisCear&yr ae vl ngBessmpark tesmil @s.q)we have:
Quote Prices Benchmarks Bid Vb Offer Vo Pg Wj a Pn Wh
an SE 0 0 O 0.9800 1 0.9802 1 0.9801 0.2 0.000100
Examp0e 98 0.2 0. 000100 0.00022361 0.9800 1 0.9802 11 1
01 0.2.0.0 980 000100 018257
Quote °’§§’bd“afk6 980%“‘“?60 a§§o‘imc1)y %“f? 658189 %% % Zg“ey are 2
pips 8p800100:0100016953nch 9890, 1 G802 do Gi9803u0. ., ., o.)
0. 000100 0.9801 0.375 0.000100 0.00016330 0.9800
and S§. ggfsis) eFaygby B FhG. EBPA G G- éselmomrsmeeto@@rméﬂe larger
sprea@. 00016064 0.9800 1 0.9802 1 0.9801 0.2 0.000100
0.9801 0.39375 0.000100 0.00015936 0.9800 1 0.9802 1
0.9801 0.2 0.000100 0.9801 0.396875 0.000100
Note EnfO0EEE4heBe 9800l d@aﬁa%ﬂ{e@,- 880dc 0i? 009940 Qs the Quote
. 0.9801 0..3984375 Q. 000100 0..00015842 0.9800 1 0.9802
Price; By mldlﬁgo%‘ﬁ%&%ko.@%ﬁila@.rsygzﬁ%\seb. 000100
0. 00015827 0.9800 1 0.9802 1 0.9801 0.2 0.000100

0-9801 03996094 0000100 0.00015819 0 9800 1 0 9802
0.9801 02 00 P8P BrieRsn1 0. 3998047 0 BREATRSKS
Bid (. ¥b019fers5 Vo .[9g0®al 802 a, 0.[9 01P®m. 2 OWOOO[ 005, SE
D). 98071 0.3999023 0 OQLOlO 0. 00015813 009800 3 0. 980

09800] 018ﬂp.9qe 2 H dnn® Qn $-09§109] ) 580 —Q-Q-O-ﬁgg 0.000100 0.00022361
0.98001 ;";‘;’\1 ‘E’g.ga 3 n‘T‘ adn 0‘9 p\ A ,,‘0.90‘6‘,(20‘ abnq 09800 1 A P31 40000100 0.00018257
0.9800Y - }\’U}j- J‘g.ésgg 1YY UUo.9601 ;E";?Uﬁ 0:0007100)| :g:’:— o‘.ésof—n:;\ﬁb.’a‘s )\"’0’900100 0.00016903
oseod]). 9801 Qo389 99 6. T80 50RERASS T2 56198004 03802 0.00016330
09800 0. 980%edk| 2 0. 000IEBD| 00.880D.ocdd10xdIP98 763sck]. OULEEB  0.000100 0.00016064
0.980q). 0001589892 1 0.9801 0.2 0.000100 0.9801 0.39375 0.000100 0.00015936
0.9800 1 0.9802 1 0.9801 0.2 0.000100 0.9801 0.396875 0.000100 0.00015874
0.9800 1 0.9802 1 0.9801 0.2 0.000100 0.9801]  0.3984375 0.000100 0.00015842
0.9800 1 0.9802 1 0.9801 0.2 0.000100 0.9801] 0.3992188 0.000100 0.00015827
0.9800 1 0.9802 1 0.9801 0.2 0.000100 0.9801] 0.3996094 0.000100 0.00015819
0.9800 1 0.9802 1 0.9801 0.2 0.000100 0.9801] 0.3998047 0.000100 0.00015815
0.9800 1 0.9802 1 0.9801 0.2 0.000100 0.9801] 0.3999023 0.000100 0.00015813
0.9800 1 0.9802 1 0.9801 0.2 0.000100 0.9801] 0.3999512 0.000100 0.00015812
0.9800 1 0.9802 1 0.9801 0.2 0.000100 0.9801] 0.3999756 0.000100 0.00015812
0.9800 1 0.9802 1 0.9801 0.2 0.000100 0.9801| 0.3999878 0.000100 0.00015812
0.9800 1 0.9802 1 0.9801 0.2 0.000100 0.9801] 0.3999939 0.000100 0.00015812
0.9800 1 0.9802 1 0.9801 0.2 0.000100 0.9801] 0.3999969 0.000100 0.00015811
0.9800 1 0.9802 1 0.9801 0.2 0.000100 0.9801] 0.3999985 0.000100 0.00015811
0.9800 1 0.9802 1 0.9801 0.2 0.000100 0.9801] 0.3999992 0.000100 0.00015811
0.9800 1 0.9802 1 0.9801 0.2 0.000100 0.9801] 0.3999996 0.000100 0.00015811
0.9800 1 0.9802 1 0.9801 0.2 0.000100 0.9801] 0.3999998 0.000100 0.00015811
0.9800 1 0.9802 1 0.9801 0.2 0.000100 0.9801] 0.3999999 0.000100 0.00015811
0.9800 1 0.9802 1 0.9801 0.2 0.000100 0.9801 0.4 0.000100 0.00015811
0.9800 1 0.9802 1 0.9801 0.2 0.000100 0.9801 0.4 0.000100 0.00015811
0.9800 1 0.9802 1 0.9801 0.2 0.000100 0.9801 0.4 0.000100 0.00015811

SE=0.00015811, 2%SE=0.0003162, 4*SE=0.00063247
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0.9800 1 0.9802 1 0.9801 0.2 0.000100 0.9801 0.3999939
0. 000100 0.00015812 0.9800 1 0.9802 1 0.9801 0.2
wO0 20005008 0. 9801 0. 3999969 0. 000100 0. 00015811PCOUS3DB/041685
1 0.9802 1 0.9801 0.2 0.000100 0.9801 0.3999985
0. 000100 0.00015811 0.9800 1 0.9802 1 0.9801 0.2
0. 000100 0.9801 0.3999992 0.000100 0.00015811 0.9800

rro B 08) 02008, 022 8o Q0BI0R D00 O PRSRRR e oncees o

shown( 10000 398D InPntZFI0§9801: 030206 COOELF8EImn & IBOOows:
1 0.9802 1 0.9801 0.2 0.000100 0.9801 0.3999999
0. 000100 0.00015811 0.9800 1 0.9802 1 0.9801 0.2
There0if00d 0hadg880dr 0(14 GnAOQA00 BuBOOASS8dikder)sp868d Ichanges oy,
and S 29802 1 0.9801 0.2 0.000100 0.9801 0.4 0.000100
200015811 0.9800 1 0.9802 1 0.9801 0.2 0.000100
(1) ®n9&0ht0tme0mﬁﬁﬂkoai ihé) H1@02b81dffeH) S5E=0.40@QL581], as
expecgeiE—O 0003162, 4*5E=0.00063247 37 WD 2004/ 061618
1 US2003/ 041685 5 The rel ati onshi p between the
(2) Ben*&d!tmiitk chadg¢ hav.Brdnasrpesf ter (Dri degalsvollmomx in) = 2 x 2
Lgyr f concl usions can be drawn as
x 0. l ?léaé%tefhg?gggéuﬁo change for (1) and (2). But the
(3) ow:dser% spr elad ghdrgepsredd, aara;deﬁﬁecﬂéa(1)3uE>ns11$c@tthtehepread is
m dd]l e of the bid and offer, (Pb + Po) as
twicegapeldis® 2210 NEFABIIGhE - & haffugand \GF M@e@@%@l? dghegryxvalues.
It makek as!;eﬂ@?e' UNR:i XeX dpraad Nakes X hatkd: 4 At @brdfin.
rounds. (3) an is % of the quote spread, as expected
But since the spread is 15 twice as large as in
ExampE¥appd e 2.1, an and SE both double their values. It
makes sense: w der spread. nakes the market |ess
Quote. gplwiMATkef AnpTRETE STEUBEEY dilSy HAFRELLD TREkEE arBrshiye 1

pip abﬁﬁ@t q@trrﬁ%lhgnr@{ Ke%tch Ib&é( ahf gvangotcpfﬂrﬁp%m: Izn, Wy, On)

[Tion on each side. We want to find out (Pn vw, an)
and SEnd SEhiEThkemekea i éhESsamﬂaa§aﬁela30ﬁﬂYqu§hlyav®¢ﬂwvolumes)-
| arger volunes). Note that when there is no deal,
Market Price is the sanme as the Quote Price. By
Note 5ppFyiling BEATAME 0 depll darkes Raves 138 the same as the Quote

Price. By applying Benchmark formulas, we have:

\
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WD 2004/ 061618 PCT/ US2003/ 041685 5 Quote Prices
Benchmarks Bid Vb Ofer Vo Pq W Pn Wh an SE 0 0 O
w0 208001628 0. 9801 2 0. 98005 0.4 0. 000050 0. 9800BCOD/U42003/041685

0. 000050 0. 00007906 0.9800 2 0.9801 2 0.98005 0.4

0. 000050 0.98005 0.6 0.000050 0.00006455 0.9800 2

0.9801 2 0.98005 0.4 0.000050 0.98005 0.7 0.000050

0. 00005976 0.9800 2 0.9801 2 0.98005 0.4 0.000050

0. 98005 0.75 0.000050 0.00005774 0.9800 2 0.9801 2

0. .000050 0. 98005 0.775 0. 000050 0.00005680

U J. U.’-I- U.[UJUUVJIVU U. ror9g
o 6463 s oo o SR | -

0 AL ?3 7937500090 0 R’ﬁnﬁgam‘ ng@mn D
0.9800 O 09 debost 0000 oot S GO0 Faabbe|7 96872 g oooooso 0.00007906
00800 O P00 09800 5d00tko[ 980150 980Lb5 O~ #5000 0.00006455
0.9800 O 0980057 9B 434D h.otsbkt|0F o8 Co.08635000 0.00005976
0.9800 2 oUdbsood). A 04|UUdmbso[U.| YO0 ms|U. 7 YW|[L S ©0.000050 0.00005774
0.9800 U U9&Bgs . 9800 odootko[9F0 T 0.28008). 98WEIHB[ U. oboooso 0.00005680
0.9800 0 050.9005/ 906044 O.o0TFY0H0 GesiUUSHEZ| Oa.oBiBH 0.00005634
0.9800 2 S0OE). 4 04/0000&650[0.I 980650, 9984 /o0.000050 0.00005612

0.9800 0 0200|050 o1|00009E®E 0. 9§00 0200|9801 0.58008). O&BBB| 0. 000050 0.00005601
0.8800 0} 000[050-°091 98(050.96p05/909083 0.00BF050 09TO005E 0009800 0.00005596

550 2| (2 980 DS 02 95050, U _0¢[0000BG5(0 | 950850 T T 50005 0.00005563

65800 0| (F00[0503°07 00 045FF 0. 9§00 020069|980 1 00|, 9BGTBH| 0. Goooso 0.00005502

0580 0] (0050 °01|9BU0H@790ITE6 (o0GE050 000|005F0| (20380 | oe0ossoi

0500 9| G2 980 P9P1[ 02 J84TF0. 4 _0¢[0000%E°|0.| 9808HS|0 OB 7 8000050 | 000008501

058 0| F050° 0 00J055F D. 9800 PF9801 “Fo%). 9BFGHE| 0. YOos0| | 00000550

030 ] GD0050°H![98]05°¥°7909649 (.IBER|050 OCB0OFEIV| (P0PEBY | 0oooosseo

o500 )| 2 90 Po%7 02 de At 1 6¢/0000BE 0. 980F°|0 OTERIYHEGP 00| | 060068
0.9800 oI P olo 538 0B d o 58P h_ 8400 °9°°%°lo 801 %8 §&FB| 0 400050 0.00005580
2500 )| oholnsd W] aRd0d* o7 olhodfls FERI0G0_BTBANGEEEH| P08y | oo
050 ¢ agn?*D1 o2 dadti®®h b A00daRE | |anfEs 078 g 00000 | 0060055
0.9800 I AN EA°R ohdaRE2ERE §H00 °9°%5 ok 1 OB GEEREE] o 9po00so 0.00005590
_os0 @$qﬁ~9w S50 ™ dagddle. Toiote BORHnALERR] o aEA | o
0.9800 J[ 2 n 9837 42 dad 05 B an82E0 0 | aaAfsR5H 0488% 0 o Q000050 0.00005590
0.9800; ;"%"“E r.9 1 ;"%N\E%g 5 . 8.1 a 0,900??0 Q201 0.9800 8.&)&9{% Pn 0&)00050 0.00005590
0.98005 62{; é;g.ge 1 ég p‘(‘)Ed.‘g ob’s'7 9998 é“ A)‘:qu% 6%6“ g. O 055 é) :Oo.b O%b 0.00005590
20 5l o gt 'l o dgdlin 4 81008858 09888 5 g ¢ hogKE D000G5550
6-60065590-1 0198002698612 6-98065 0.4 -0-00DO50
0. 98005 0.8 0,000050 0.00005590 . E = 0.00005590, 2*SE
SE = Q‘BQ%WQPIS, g}%FE = 00.08833%32%’61 4*SE = 0.00022361

The relationship 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 o,; Weight doubles; The doubling of the
Welght makes SE smaller:

1) P, is at the middle of the bid and offer, (P, + B,) / 2, as
expected.

(2) Weight doubles. W, converges to (2 x total volume x A ) = 2 x 4 X
0.1 = 0.8 after 16 rounds.
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10 The rel ati onshi p between the Benchmark and the Bid
and offer prices is shown in Figure 4. A nunber of
woanuodsii®ns can be drawn as follows: There i BCIWS2003/041685
change for (1) and an; Wi ght doubl es; The doubling of
the Weight makes SE smaller: 15 1) Pn is at the
m ddl e of the bid and offer, (Pb + Po) / 2, as
5 expected. (2) Wight doubles. Wh converges to (2 x
total volume x X) =2 x 4 x 0.1 =0.8 after 16
(3) GLQ'[LH‘I% of39h¥‘@12%4/s@6éﬁd;8 FRCELLE20B/ 041688in&e (e Meavier
% of the quote spread, as expected. But since the
Weightie fpPer caRERGREY | JEEFER 5t ) MOSE T oABeLIEY HEdh
Examp38% cONPay iiR0iréfse1pXappp&ritchali toi sqtthwergaty) .
proportional to sqrt(Weight)). 10 Exanple 3.1 Dea
only market: There are only one 1mllion deals
10 Exampmecmrxing every second at the same price. W want to

out Pa t hat .when the

d
ea1 baTf gRafhste. Fhrich e PROY | 913 B AR AL Ao CBBHT S 0 every
seconBr aﬂeth&saa@pbyi&@. Benghnario franaubas, (M RAVe,) 1dnd sE.

Deal Prices Benchmarks Deal V. Pd Wi 6d Pn Wh SE
Note Ghe@ow—‘ro tep60bD 10 B86O. 1Markesofoiee ol vdbeospne as the Deal
PriceQ. 980} ph 8 n8008h R R0800R00 s ,0,8808d. 0. 98000 1

0. 00000000 0.98000 1.5 0.0000001 1 0.00000000 O0.9800
15 1 0.98000 1 0.00000000 0.98000 1.75 0.000000

O 00000000 [ Opga®dcds 0. 98000 [T 0. U0UBERERaks 98000

1 i~ a N NaYaYs nnn r\ nnnnnnnn 4. QoNNn N _QqonNnnn 1 AN AYaTaYs0.YaYaYaYal
DeaIJ-v)l\) \V MR WAV AV %d m V. ]jJ0 o) \vJ 7 \YAYJ L \YEAAYA "A'AYA%A"/

0} 98000 1.937 .10 OO°@.O(OOO Bo | 0."9800 09980D0 1

0] 0000000 0. 98000 1.[968/75 0.100000®| 0. 00D00600000().[ 9800
05800 111() 93000 [1 Q°HBII0Q0N0 *ePrOmRBAN PIBUI 75 (] QQFRINA 0.00000000
0.9800 A1 hAnAndAA 0.98000 1] 0.00000000 0.98000 1.5 0.000000 0.00000000
0.9800 V1Y ¥ Y VY VY 0.98000 1 0.00000000 0.98000 1.75 0.000000 0.00000000
0.9800 [1 0.98000 1] 0.00000000 0.98000 1.875 0.000000 0.00000000
0.9800 |1 0.98000 1]~ 0.00000000 0.98000 1.9375 0.000000 0.00000000
0.9800 [1 0.98000 1] 0.00000000 0.98000 1.96875 0.000000 0.00000000
0.9800 |1 0.98000 1] 0.00000000 0.98000 1.084375 0.000000 0.00000000
0.9800 |1 0.98000 1] 0.00000000 0.98000]  1.9921875 0.000000 0.00000000
0.9800 [1 0.98000 1| 0.00000000 0.98000] 1.9960938 0.000000 0.00000000
0.9800 |1 0.98000 1] 0.00000000 0.98000] 1.9980469 0.000000 0.00000000
0.9800 [1 0.98000 1] 0.00000000 0.98000]  1.9990234 0.000000 0.00000000
0.9800 |1 0.98000 1] 0.00000000 0.98000[ 1.9995117 0.000000 0.00000000
0.9800 [1 0.98000 1] 0.00000000 0.98000]  1.9997559 0.000000 0.00000000
0.9800 [1 0.98000 1] 0.00000000 0.98000]  1.9998779 0.000000 0.00000000
0.9800 |1 0.98000 1] 0.00000000 0.98000 1.999939 0.000000 0.00000000
0.9800 |1 0.98000 1] 0.00000000 0.98000]  1.9999695 0.000000 0.00000000
0.9800 |1 0.98000 1] 0.00000000 0.98000]  1.9999847 0.000000 0.00000000
0.9800 [1 0.98000 1]~ 0.00000000 0.98000[ 1.9990924 0.000000 0.00000000
0.9800 |1 0.98000 1] 0.00000000 0.98000]  1.9999962 0.000000 0.00000000
0.9800 |1 0.98000 1] 0.00000000 0.98000| 1.9999981 0.000000 0.00000000
0.9800 |1 0.98000 1] 0.00000000 0.98000 1.999999 0.000000 0.00000000
0.9800 |1 0.98000 1] 0.00000000 0.98000|  1.9999995 0.000000 0.00000000
0.9800 [1 0.98000 1] 0.00000000 0.98000]  1.9999998 0.000000 0.00000000
0.9800 |1 0.98000 1] 0.00000000 0.98000] 1.9999999 0.000000 0.00000000
0.9800 |1 0.98000 1] 0.00000000 0.98000| 1.9999999 0.000000 0.00000000
0.9800 [1 0.98000 1] 0.00000000 0.98000 2 0.000000 0.00000000

Figure 5 shows the relationship between Deal Price and Benchmark

price.

20 The following conclusions can be drawn:
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(1) @'hQSB@”-t@m@&@OBriLC@ 221050z 116 e Y QSQDQOIﬁC@QQaE?QX@@ﬁ@OOO

o) S:0000000- OFBE0D R B0 10, OEBHENND 9 L. orane

Namel@., 0B0GG000x 0L 98=O@0 aft 9995 Fouhde 0 0D E<one8p0000

LA SN LR AT SO0

Slnce1t88ﬂ9&24o&l@O&@@Qk&lO@ﬁ&&Qﬂ&ﬂ;O.9800 0.98000 1

0. 00000000 0. 98000 1.9999962 0. 000000 0. 00000000

0.9800 1 0.98000 1 0.00000000 0.98000 1.9999981

0. 000000 0. 00000000 0.9800 1 0.98000 1 0. 00000000
Exampdeog3af)) 1.999999 0. 000000 0. 00000000 0.9800 1 0.98000
Deal %n@yQM@&QQO nd8OGQ bn9999995 @i00009% 108000080 every

1 0.98000 1 0..00000000 0.98000 1.9999998
Secong ) E)%Wtﬁ B0BD0oE0 JiALeBeR: PHIC§800e° PP, @BEDDOJIE want to
£ind @u98@190 #: 999P AN @r000000; Q.,0000Q000 109800 11 3.1, oniy
8000 1°'0. 60000000 ‘0. 98000 1.9999999 0. 00000

deal eragaeﬁgwonog 8GO Stegdgspuirel botoHDDDGIE 0096800 2part. By
apply@ngogg@qogmggggo%o HEkgure 5 shows the rel ationship

befween Deal Price and Benchmark price. 20 The

ol | owi hg concl usions can _be drawn: 40 WD 2004/ 061618
PCT/ US2003/ D4 1BR6Pridgs (1) The |BenchnaBéncRmade Pn | $ at
Deal [VéDEAEAl VDT CPd aWdEXPeECLIed | | (Bh THewBeNThmark CEsE
Aei-ght—Whephverges+to—{2—xrtet ;:&'booc?é | LB Napit! WA
o L 4 T Vin W) L q O@'

0s800f 1| 2 X I T P odbdo®T 22 b.8s6b0005 (2 2smaec oS )i ohbooob| '€ 6:05000500
ehchesent Kij Pr 1 ceotd&cal T ep.oogiipocand SEso@ll € 7 E150S, 0.08047 0.00003849
0.9800nhvihact eg 10094 N el t h&porooPx |onloeoBne dézpl | #Po%%| ket 0.00003415
- T~ 89801] 1| o] 0.98010] 1 0.00000000 0.98007 1.875 0.000047 0.00003443
0.9800 MTPT ST 92 0.98000 1 0.00000000 0.98003 1.9375 0.000047 0.00003358
0.9801] 1 0.98010] 1 0.00000000 0.98007 1.96875 0.000047 0.00003360
0.9800[ 1 0.98000] 1 0.00000000 098003  1.984375 0.000047 0.00003340
0.9801| 1 0.98010[ 1 0.00000000 0.98007| 1.9921875 0.000047 0.00003340
0.9800] 1 0.98000] 1 0.00000000 0.98003] 1.9960938 0.000047 0.00003335
0.9801] 1 0.98010] 1 0.00000000 0.98007| 1.0980469 0.000047 0.00003335
0.9800] 1 0.98000| 1 0.00000000 0.98003| 1.0990234 0.000047 0.00003334
0.9801] 1 0.98010[ 1 0.00000000 0.98007| 1.9995117 0.000047 0.00003334
0.9800[ 1 0.98000] 1 0.00000000 0.98003| 1.0097559 0.000047 0.00003333
0.9801| 1 098010 1 0.00000000 0.98007| 1.9998779 0.000047 0.00003333
0.9800] 1 0.98000[ 1 0.00000000 0.98003|  1.999939 0.000047 0.00003333
0.9801| 1 0.08010| 1 0.00000000 0.98007|  1.9999695 0.000047 0.00003333
0.9800[ 1 0.98000| 1 0.00000000 0.98003|  1.0999847 0.000047 0.00003333
0.9801] 1 0.98010] 1 0.00000000 0.98007| 1.9999924 0.000047 0.00003333
0.9800] 1 0.98000| 1 0.00000000 0.98003|  1.0999962 0.000047 0.00003333
0.9801| 1 0.98010| 1 0.00000000 0.98007| 1.9999981 0.000047 0.00003333
0.9800] 1 0.98000[ 1| - 0.00000000 0.98003]  1.999999 0.000047 0.00003333
0.9801| 1 0.98010] 1 0.00000000 0.98007| 1.9999995 0.000047 0.00003333
0.9800] 1 0.98000 1 0.00000000 0.98003] 1.9999968 0.000047 0.00003333
0.9801] 1 0.98010] 1 0.00000000 0.98007| 1.9999999 0.000047 0.00003333
0.9800[ 1 0.98000| 1 0.00000000 0.98003] 1.9999999 0.000047 0.00003333
0.9801] 1 0.98010| 1 0.00000000 0.58007 P 0.000047 0.00003333

SE = 0.00003333, 2*SE = 0.000067, 4*SE = 0.00013
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Deal only market: There is only one 1 mllion deal
occurring every 15 second alternately at two

wdibd4meens prices one pip apart. W want to fPQ@/US2E03/041685
(Pn, Wh, 6n) and SE. This exanple is |ike Exanple 3.1,
only deal prices are not at a steady price but
"vi brate" one- p| p apart appl ying the fornul as vve

; ave: I S Ben rks V_Deal V Pd W
rigurg®¥enoudPEBe FLIGERE “%%%m[)%e@go%race@ SB60BE -k
over 9186000000 0.98000 1 0. 000000 0. 00000000 0.9801 1

0.98010 1 0. 00000000 0.98007 1.5 0.000047 0.00003849
0.9800 1 0.98000 1 0.00000000 0.98003 1.75 0.000045
From §ig@oo3415e0c080dort10de8010 1 0. 00000000 0. 98007 1. 875
0. 000047 0.00003443 0.9800 1 0.98000 1 0.00000000

0. 98003 1.9375 0.000047 0.00003358 0.9801 1 0.98010 1
There(ipopodEooe. 6800 iBh06STE: G0N TNG. SIGR0SB603Es 9800

1 0.98000 1 0.00000000 0.98003 1.984375 0.000047

0.00003340 0.9801 1 0.98010 1 0.00000000 0. 98007

(1) The gégn@rmry. Bodol P02 De00Y3h0at€s'0800 betPe@80B®: 11 prices, but

with 8n w 6 00 . 0..00
51001 1 0. OB0o0 e Bh00Boat 3 en0nd e Gonaagte of the
Benchpaylpija £igkon0b333wotbed g0 theorggooetl the000e0UDE tick.
0. 98003 1.9990234 0.000047 0.00003334 0.9801 1
0.98010 1 0. 00000000 0.98007 1.9995117 0. 000047
(2) The RrRPiEsakoPoRed Weightghogopveernoo0 (8. B8pTRl volume ) =
x 1 =129997559 0. 000047 0.00003333 0.9801 1 0.98010
0. 00000000 0.98007 1.9998779 0.000047 0.00003333
0.9800 1 0.98000 0.00000000 0.98003 1.999939 0. 000047
(3) TRe 3233k 0s98er] 18. 880071 pR000PRDQR @n8RDA price
%59999695 0. 000047 0.00003333" 0. 9800 1 0.98000 1
SPTea®’ 00000000 0. 98003 1.9999847 0. 000047 0. 00003333
0.9801 1 0.98010 1 0.00000000 0.98007 1.9999924
ExampDe (047 0. 00003333 0.9800 1 0.98000 1 0. 00000000
0. 98003 1.9999962 0.000047 0.00003333 0.9801 1
0.98010 1 0. 00000000 0.98007 1.9999981 0. 000047
Deal 6nDPGAIR3E: OridH0ate00: 28000l 1m01 DANDCAADs 088003 ng every
Secon%.gg 999 .0,000047 0.00003333 0.9801 1 0.98010 1

06656 6FT0 PriCeRdTRin. abwo47 (Feoppp33an find out (P,

W, cng %3%834% 813 89%%13% i) BOR0AR00. Go2R093s 1.,2993928
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0.9801 1 0.98010 1 0.00000000 0.98007 1.9999999

0. 000047 0.00003333 0.9800 1 0.98000 1 0.00000000
wO0.20800818. 9999999 0. 000047 0. 00003333 0. 9801PAT/US2003/041685

0.98010 1 0. 00000000 0.98007 2 0.000047 0.00003333 20

SE = 0. 00003333, 2*SE = 0.000067, 4*SE = 0.00013 41

WD 2004/ 061618 PCT/ US2003/ 041685 5 Figure 6 shows the

rel ati onshi p between Deal Prices and Benchmarks over
tinme. FromFigure 6, we can conclude: 10 There is no
change flor| \\iQéel Pridgsat ever ythi ng el S8endbharkges: (1)

Deal |U¢D&ENCRTA[ KpET ITRR[PNT Al SO [ rr:op,at ES Wi N [oe [ WEE deadE
B-i-ces—H byt —wi-th-erly—al 409" anpplit-ude—of ﬁ)j{ al-s-
0.9800] TH| 'S 0beoT| DEC At R0 f_ihcopﬁﬁmﬁl“uwbwﬁ tiykgn b@mm“\ 10.00003536
0.9800f TADO LBl Y| U Bi@oop|T T 4 € a@boodsdaed |PT @vdosd IS {1 T . ddoookol )| 1 1360002887
o.9800Betn c laprat] kK1 [Pr 1 caoct)éi zjht oWhesognverges| t o (5] X t.oia 0.00002673
0.9800y off| |i§BEOYy 4 p 098003 —2[D 0p0Q0P00OTHe MBEHEhRY [8755C alPBF0| j|s AP0002582
0.9800ny 147 028010 ¢ 17685008 + P QEOR06000) 11“%93005”] spt%ad) 201%h | Q00002540
0.9800;' 1, 29’801{"’1 S| 0.88005], 2™ 150005000 98005 .~ 3.9375] 7"0.00050] "] 0.00002520
0.9800 H Y 0.98805[™ =2 - bbbeusdeo € o‘dddds §g875 . . 0.000050]" 0.00002510
o.anoJeﬂi V.08 CUT T T bIig3006{VEIY  0.6060500% LUlllégsdds t %\%843!7!5 f-f Edosatd 0.00002505
0.9800pT 1| C@SBOYNE- PI Posdplar .  Vnoodm@d)t| T 0.0d0d5|1Ch.o2tErs[ ( PEgooosoV V), 000002502
0.9800a 1) AP | SH. | Byoseplpl 3fi N @ o8I98 NnarokeoFspraveshoses ,  oweookpa € 0.00002501
09800} 511 \\PPSSN U/ NGEBPH PICT/ CISORE/ |04 PARY| 998p%esh| POq0p0hd 000002501
gzzgg n: Iu%g\g‘%} !(11(-_ %;2800{3 al OQ OOES){QO \' % ‘Q rqaoqg . 3\%9?02&4 Q}QOOSO 0.00002500
X [~ l|\nn'nn AN A 42880050 721 0.00005000 A Q58005 sf‘gééélg - 0000050 0.00002500
0.9800Y - WUWLEY| U1| UL USMSY Y. v% sobo| O D@ Ehbosft 3999 Joo@ooso 0.00002500
0.98000). WOORERPO U @B8WES 2 U.o6iision T O.008dd3 79[ O 54054053 0.00002500
0.98000), 198048071 {). PBOBH52 9. OO 0 0.098605 3855 0 0GB 0.00002500
0.9800') 1)0@??91 81‘ 0.98005 2 0.00005000 0.98005] 3.9999695 0.000050 0.00002500
0.9800] 1 0.9801 1 ' 0.98005 2 0.00005000 0.98005| 3.9999847 0.000050 0.00002500
0.9800| 1 0.9801 1 0.98005 2 0.00005000 0.98005| 3.9999924 0.000050 0.00002500
0.9800} 1 0.9801] 1 0.98005 2 0.00005000 0.98005| 3.9999962 0.000050 0.00002500
0.9800( 1 0.9801 1 0.98005 2 0.00005000 0.98005| 3.9999981 0.000050 0.00002500
0.9800| 1 0.9801 1 0.98005 2 0.00005000 0.98005 3.999999 0.000050 0.00002500
0.9800( 1 0.9801 1 0.88005 2 0.00005000 0.98005| 3.9999995 0.000050 0.00002500
0.9800f 1 0.9801 1 0.98005 2 0.00005000 0.98005| 3.9999998 0.000050 0.00002500
0.9800] 1 0.9801 1 0.98005 2 0.00005000 0.98005] 3.9999999 0.000050 0.00002500
0.9800f 1 0.9801 1 0.98005 2 0.00005000 0.98005] 3.9999999 0.000050 0.00002500

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 Weight

(1) but everything else changes:

(1) The Benchmark Price P, is at the middle of deal prices, as

expected.

(2) The Benchmark Price Weight W, converges to (2 x total volume )

X 2 4.

(3) The Benchmark Scatter is at 0.5 pips (50% of the deal price

spread) .

SE decreases compared to Example 3.2 above, as the
has doubled,

43

Weight

and SE is inversely proportional to sqgrt (Weight).
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0.9800 1 0.9801 1 0.98005 2 0.00005000 0.98005 3.5

0. 000050 0.00002673 0.9800 1 0.9801 1 0.98005 2
wO0.200005080 0. 98005 3. 75 0. 000050 0.00002582 ©CHRC003/041685

0.9801 1 0.98005 2 0.00005000 0.98005 3.875 0.000050

0. 00002540 0.9800 1 0.9801 1 0.98005 2 0.00005000

0. 98005 3.9375 0. 000050 0.00002520 0.9800 1 0.9801 1

Having GO0095T0. "0" 0800 T 0 0RO £0 S00% > 00006506

descrgp9800513:2984376w (2 GOBOS0 Ba0(B02505up 0 O8BO cLlot98@hchmarks

vt 4G 8008 5, CHOESDNS.C.BEORS 1S 8 POH0EDr e o

systegs980053:19980938 PrOV06509 OB BO25RY t® . YBCRTs . 0I98ME
syste% Qfg e280 QQ&Q%%QQS aggqggn%eggggﬁﬁ%nq %Ogggo eal data
0. 00002501 0.9800 1 0.9801 1 0.98005 20.0
obtaipedghomn 3 §499284PUFEE0ED thay0ed25bgur® . VEDey1a0:e 9BFived
from %r9c8§QQ§1%,QlQ&995%% p91g§qg§m3mggg5éég Qm@oggépbe
00002500 0. 9800 9801 1 0.98005 2 0.00005000
-~ 0.98005 3.9997559 0. 000050 0. 00002500 o 9800 1 0.9801
From %ﬂieldpsmgnzalgo@OQQOQQ Q}_&&O(%%ag 9@1985.7@11@111999}95& be
0. 00002500 0.9800 1 0.9801 1 0.98005 2 0.00005000
calcudaged o3 20g99%9 YHIGHGEPHLD0GHS5DDSV IR TBHEnehnagg@ust be

avall&b@e9&%&5h%r0w9Q9Q5QQOanQ&QQQ‘%r@gggagﬁnggpgﬁég the system
00002500 0.9800 1 0.9801 98005, 2 0. 00005000

Smceotbgob%ﬂts begglmzE~ (966050 ‘@tém@éseﬂolcet? 509219, gy in the
time $i0cO8EHS 1250. PHMIHRRR (a9880%1328889924 0. 000050
0. 00002500 0.9800 1 0.9801 1 0.98005 2 0.00005000
0. 98005 3.9999962 0. 000050 0.00002500 0.9800 1 0.9801
Theselb@dgﬁﬂﬁﬁi2e9‘@ﬂﬂﬁﬁﬂ@ﬁdOd&ﬁﬁﬂix% 082998 }19080501ied from a
trad .0, 00002500 . 0.9800 .1 0.9801 1 0.98005 2 0.00005000
radigaoR iRy, S68055° 5 G050 T O0, S60TL SHEOOT ugsGE that
describ8d 9B00K-2-6, 00000 £0TSROA5 3. 9999383% 2r000R50information
0,.00002 9800.1 0. 0..98005 0. 00005000
coul 0P Y o058 GBHbR0. . BOH0IB0T S Tba g3 P Sen e
instrimén®83Dwhach. ﬂ@@@ﬁﬁ@ﬁm@r@&ﬁﬂ&t&sQQ&&&Q%.&y@eaﬁﬁamw provide
. .0,00002500Q_.0.9800 1 0..9801 1 0.98005 .2 00005000
pricegail Nes 15506809 . G0005Y ¢ 00882500 SEnaRyRns - Bia/offerx
pricef. 8090RB00 pr2¢SE may0 060050 uppldi SE Erdhn @O&ancghgs@eiclzed
h| bet n deal rices
SourC% nﬁQk by égpr|02§ onm v géh o%évﬁhy con%Fude
There is no change for Vélght (1) but everythlng el se
: T n Pri
mose EPARORP aystols LBIRRIPOIRLE, Vo E9RHY 4 hatigt Dol tiirtney
pairsprFee apsnghe, WiSR0 81, g@%AtLIPY( 2URDt GAlal Ep@|: JA¥; )EUR:ZAD and

CAD:JPY and other GB currency pairs. In a preferred embodiment the
system will establish a benchmark every t seconds for each of these
currency pairs as well as other currency pairs that may be traded. The
benchmarks will then be communicated to traders trading on the system
and to traders trading on other systems, for example on conversational
systems or direct dealing systems. The benchmarks may also be released

more generally into the financial community.
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x 2 = 4. (3) The Benchmark Scatter is at 0.5 pips (50%

of the deal price spread). SE decreases conpared to
wazenplee18. 2 above, as the Weight has doubl edpcamg2088041685

is inversely proportional to sgrt(Wight). 20 43 WO

2004/ 061618 PCT/ US2003/ 041685 5 Havi ng di scussed how

t he Benchmarks are derived, the foll ow ng description

In thgeérﬁn%qén%r 91‘9’ gatus gayt}lgéc a"cn%tnyHBué oc%@l?l l Stem is shown

tribute themto tra l gures 8
at 10anthe mch@w m@ dsednphésregtiogy deepssdest vder pvidevyd 12 to a

marke9r9yﬁéﬂlf“e%db geﬁhg@ﬁ&s whrd rade ﬁo%nchﬂam ecal%magm@fls

igure 8, benchmarks are derived fromprice and dea

perfoala% AT EBEREneel Feom oSt i deseriked abevenhallagiet Rate

Feedebd QWI@F)Q atrQeylﬁr&eqﬁew@Q 4 M PEh&Ed 2R @8l atdtrdputing
supplied fromnore than one source. Fromthe

priceqin tdRnabbeR, @ SPUFSe clR & MURRET fofr WDFERERPET k Hoyever it

is noPeco®rylbat eds§0rnamgty e 1M 1ERBCYeR@Mlarkkhe previ ous
benchmark nust be 15 avail able together with bids and

offer prices entered into the systemsince the |ast
The spga@rhrair kst agef der, oot Bpéhe 4 bgess Ohg dealesidonss i n
tinme since the |ast benchmark was cal cul at ed,

he
arbltifﬁ%%%g 'bubﬁsﬁﬂdo%fﬂeé“rgrﬁPPt%%l dnFagéars @ é‘e@8n6eﬁr’aé1+ﬂgy book of
order8uppl dedinr et ars)2@nteadd rtgn:by%he%yétoém e»yaﬂma@em Traders

ano us tradi ste uc s .t hat escri bed

recei R AR AE699 BVFSNER Sioah CLAPvFeroLTeRe Viten Bre
fllteteaowyﬁﬁlmamkeeam&siﬂaeusuﬁpdddﬂidﬁhgntéunheiulhabifty to deal

., _tradin te t.radi ng | n nent to
pricepy olid hNE LR Uhe ietde I ot I pdt B TRIGERgHaEF e the
systemréﬁmiprmildealdédﬁ(1hﬁBth£Mndhndsﬁﬁyeothdnﬂasmobeﬁmhmark
to etﬁnon qu% dBId/g :§H 25 Eéé%? nﬁdagﬁﬁkag%ﬁﬁﬁ via a

IetEven be supplled(?ron1a non- conputerlzed SGUT c’ suc
city asdan wipeh outacrocaiankétd ora ayhichcerdtiokebankdsire connected

r ng. s st ble tr rs to tr an t
to thg ggeﬁ%y % a?gg Fegxgraﬁf ?éké% %g ﬁg,aéfivered to
tradetEDZ@K@L OEURrJ@iStﬁlsR:L@AD’IIamr OSDefZABDrlﬁYSandentméECPGBP link

via a&%ﬁgrhcxye ﬁoﬂl A aﬁ[ie; één‘%%r‘?sg@?gﬁe{?rﬂ&ge?@ ﬁé(gf'lt:ﬁ@ (CDD)

€5t ab a benchmark every t secon
serverhgageand a Secure Communication Server (SCS) 26. The market data

is enhanced with the benchmarks calculated by the MRF 14. The
benchmarks are also communicated back to the anonymous trading system
for distribution, via the market distributor, to traders trading on
the anonymous trading system 10. The benchmarks may be used to
calculate the big figure (most significant digits) of the currency

rate at the anonymous trading system.

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

receives the order book from the trading system together with the
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currency pairs as well as other currency pairs that
may be traded. The benchmarks will then be

woanmpaiast ed to traders tradi ng on the systenPCamg2d06/041685
traders trading on other systens, for exanple on
conversational 35 systens or direct dealing systens.
The benchmarks may al so be rel eased nore generally

dealsp%_l_ﬁfJ S%ngbcgé/ %%% 6g%i:t ga Mﬁh r%aﬁézv\?agoo%lg? ]ﬁ%gﬁge%chmark and

distrihatemomardeschnading systemis shown at 10. The price

and deal information.is passed via a gateway 12 to a

mar ket rate feed server 14 where the benchnark
In theaveunlent of ifdguperdobeedheador domgstwe the rangoes tim be

1 QQE@&'%EE% ) 42k

ey hensel ves%gg&gn?Nﬁ&%%&ﬁg?%gﬁnggﬁgg ¥££g§% dlf%iﬁFﬁk source
than ﬁhﬁc@mww:atr@@mq Giysiesolt cdhtle somurhes mfay be a
diffeSHRB CE4NAN QUEY Ehyrith, | SoN Uk GRRYE | %%‘;‘
: eto calculé%% enchng?ﬁs TH% syagrﬂg %ﬁ%ﬁgﬁ}agéglhf ity in
some SBEF%R%X;H?&rﬁth@Pz%ﬁ@@#ﬂéssxﬁteﬁaﬁﬁlthﬂchQﬁchmasb@ ﬁnr some
curre@e9ObaY ¢ah 1l Eé:aédl%lat:@d ke 3nkr ?gif% akﬁglohegi

orders (bids and_of ers% entered into e system
provifed jern theaeisd ireadivy B adiice SYSE ens3 & o ﬁ@eth@ﬂﬁemrty
serveli gs. and offers which are filtered by a Market

Di stributor according to their ability to deal

prices. The arbitrator holds a log of all deals

As ancaDekietedven the m=S%kStem 8 Eq0%Edesr dealoouig be conflgured
since the |ast benchmark, 20 togethe

to reI nt oer L{?ld;s/og
GFtH AT FHELS3ENPE ) 1AF@THRE I Ve HOF ?h@l‘é%tcélﬁﬁfency
pair ¥iémabotd ttylen@ﬂ@aynwscbrmuag ls9eabnnoslend anwhigird party
tra, dl%radl §%ks are connected to the system to the ERF
SBrveEt 4> This market data is delivered to traders
20 on other systenms in XML or other formats over a
TCP/IP link via a wide area network 22 and a
Conversational Direct Dealing (CDD) 25 server 24 and a
Secure Communi cation Server (SCS) 26. The market data
i s enhanced with the benchmarks cal cul ated by the MRF
14. The benchmarks are al so comuni cated back to the
anonynous tradi ng system for distribution, via the
mar ket distributor, to traders trading on the
anonynous tradi ng system 10. The benchmarks nay be
used to

46



10

15

20

25

30

35

30 calculate the big figure (nost significant digits)
of the currency rate at the anonynous tradi ng system
wohos/o6idi® market rate feed unit 14 differs frearsSems/041685

art units in that the benchmark cal cul ation al gorithm
descri bed above is 35 inplenented. The MRF 14
cal cul at es benchmarks at predeterm ned equa
intervals over a trading d for exanple every
second. Thus, the MRF red@%@@% t he order book from
the trading systemtogether with the 45 WD 2004/ 061618
PCT/ US2003/ 041685 5 deal s done since the | ast
benchmar k, cal cul ates the new benchmark and

1 o giathpdt ef eti@lBanbingrak bepghmnrek \rdicgnfoof tfdadpsr énda

instrRRBEENRY kS ofi 9bn SO CWORBREL AR, My be  cal culated from
tradi ng information provided froma different source

IPIHEATE Her arsn pousi ¢l Aifiedg 59 stemingLrhest Sweckeen
conduéBelBYiRe @ gkg§£%é¥"bekﬁﬁgéf%’ﬁ%E%EeW£sV@Eé§BliEHEd;_

exanpl e has greater liquidity in some currency pairs
tIEL R TR BFdcem 2. aurteshehchirRas far thomarket;

GdaHg ency pairs will be calculated fromthe price and

deal data provided fromthe third party trading '
SPCENF 8P 1% RERETIRTF P&t ron shhee previons hepckpark price

and aahtesnad iofe deéhepfm.fe&ebnﬁa?@:tfé%@i@@é V&Eculkd16QUL fhde the
.configured to receive bid/offer and deal price

PrevIORE JrTRNTGHXf BF 1S yi ven currency pair fromboth the
anonynous tradi ng system 10 and the third party 20
tradi system, 30. 46 W) 2004/061618 PCT/ US2003/ 041685
2. & EekPrd 4k raeh g Sraigs tabf FeH STy CRBEREHIT I3pFRtating a
marketoprideaadesm oha medlursSbE Udedll patcas Ghve o BBprices; and
conpri sing: acquirin ice t whjch deals in the
wherelh ehe, %ﬁghﬁg€% %ﬁuﬁ#icggﬁaﬁitii?msFh%em%F eProgs and the
previbesctsrartkapki peiaas establi shed; acquiring the prices
of quotes at present in the market;
3. A method according to claim 1, wherein the deal prices and the

quote prices are acquired from a trading system.

4. A method according to claim 1, comprising repeating the steps of
acquiring deal prices, acquiring quote prices, and calculating the

benchmark price every t seconds.

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

prices comprises weighting deal prices according to their size.

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

prices comprises weighting deal prices according to their age.
7. A method according to claim 2, wherein calculation of the market
prices comprises weighting deal prices according to their size and

age.
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and 15 cal cul ating a benchmark price fromthe previous
benchmark price and a neasure of deal prices and
wquoidepri8 ces occurring since the previous beRChnnsed3/041685
price. 2. A nethod according to claim1, further
conprising: calculating a 20 market price fromthe
nmeasure of deal prices and quote prices; and wherein
the benchmark is calculated fromthe market price and
the previous benchmark price. 3. A method according
8. t& mdtdiom dccuhiEimgi hot bkaled, pheces dhe¢ whegh@hgudt deal
r q 4. A.net hod
prlcegccorgr@l e%%% ?.ILE dllbf J.%mtgzrﬂi%%%%g%égéé%?%]o% Be m1{11mum deal
size.of acquiring deal prices, acquiring quote prices, and
cal culating the benchmark price every t seconds. 30
5. A nethod according to claim2, wherein calculation
9.  of nat@odmprkedrdipg tesctuipre, swbeyrigitchAgpdeads priccgsighted
accof@gggrgéqgm;qogggig size. 6. A nethod according to
claim 2, ‘wherein calculation of the market 35 prices
conpr i %ek) wei\GHieihg deal prices according to their
a@ferel v, A JTRHBOJ BEROTEH Rlet Qe Ll AitMid, cMD&IRIJ ed time since
cal cul ati'on of the narket prices conprises wei ghting
the peyfops iRESHEBEBr By 4 65t AefIndiené daberBigengsPhepeed at
which2 Q041 9661 8.PETA US2A03/Q41685 . 5 8. A nethod accor ding
to claimb5, wherein the weighting of deal prices
according to size is in terns of multiples of a

10. M Ridmedeator &nge ol Dim A, Mehindk AeEQr dhNGulf iGhabM market
6, wherein deal prices are weighted accordlng to the

prices, FRITPEL SRA SRR/ B8 veighes eofvalﬂs the RFOICERECHFUE HEY
sincedeak, ptetimushBetidead tine since

11. A method according to claim 10, wherein the market price is
calculated from a deal price obtained from the arithmetic average of
individual deal prices for deals conducted since the previous

benchmark was established, weighted by their deal weight.

12. A method according to claim 1, comprising calculating a deal
price scatter for deals conducted since the previous benchmark price

was established.
13. A method according to claim 12, wherein the deal price scatter is
derived from the standard deviation of deals measured with respect to

deal price and deal weight.

14. A method according to claim 1, comprising weighting quote prices

according to gize.
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t he previous benchmark, and c is a constant

determ ning the speed at 15 which deals are nmarked
wdao/oewas tinme. 10. A nethod accordi ng to cl aPaT/2S2003/041685

wherein the cal cul ation of market prices conprises

sunm ng the weights of all deal prices occurring

since the previous benchmark. 20 11. A nethod

15. aﬁcrﬁgtq{oﬁgagg J_Cdﬁfgmé er‘lé{\ﬁ?rlel %oIng é(%%ng{xkfr?g Iq%ote prices

cal cul ate roma price obt

accorgiinghhetdge-aver age of i ndi vi dual deal prices for
deal s conducted since the previous benchmark was
established, weighted by their deal weight. 25 12. A

16. @t%@éaé@@@#@i@l@ft &ocrarHe 1L @@Wir%mggweeagbm%a iwgte prices

accord@al tHrid Seatteind gedeal s conducted since the
previ ous benchmark price was established. 30 13. A

nmet hod according to claim 12, wherein the deal price

17. SEaidt@od Sccselinedof £0Mmd ha , S%ﬁ&ﬁ@hﬁt@%VWQiéﬁﬁhﬂg of quote
deal s neasured wi th respect to deal price and de

PricegepGRPTINY R FefRhokf a}@céﬁ—aﬁﬂ%goﬁc @U&Faphﬁ Ofc@nﬁ‘ﬂpéfplﬁfg deal
size Wei ghting quote prices 35 according to size. 48 WD

2004/ 061618 PCT/ US2003/ 041685 5 15. A net hod accordi ng

to claim1, conprising weighting quote prices
18. aXGaMtliodgateoiditg 6. cruitetinedmpeloidi AGiGBr Chaidhotes

onpr | si wei.ghtin uote prices according to their
accordlyg é%atq%dé a¥grance ATom: hhd RofliPhy 1 TIcalRr s -
wherein the weighting of quote prices according to
ze.Ls.in ter mul tiples f a,_mninum deal size
b0 et o Cor By o UPaTrd BoMB PEl o are welshted
accond@@nghto nthequiotesla acc@; di g7 #p T Rei*r westancel § rbm tEBume of
a un%%?tpﬂﬂ?tf%'é%é:GSoQB'prlce and B is the best bid or offer

depending on whether Q; is a bid or an offer.

20. A method according to claim 2, wherein the calculation of market
prices comprises summing the weights of all quote prices occurring

since the previous benchmark.

21. A method according to claim 20, wherein the summing of weights of
all quote prices comprises summing the weights of all bids and all

offers occurring since the previous benchmark.

22. A method according to claim 21, wherein the summing of all bids

and all offers is adjusted by a constant representing demand.
23. A method according to claim 22, wherein the quote price is

derived from the arithmetic average of prices of weighted bids and

offers entered into the market since the previous benchmark.
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19. A nethod according to claim11, wherein quote
prices are weighted according to the formula: W(Q)
wWo 2i4f0RTd§ Q' - B. where Vi is the volune of 20 BCQWS2@®3/041685
P(Q) is the quote price and B is the best bid or
of fer depending on whether Q is a bid or an offer
20. A nethod according to claim?2, wherein the
24 CRIGURIE QB aiTRY KBt c1 Pl GES HAPPIA S82 SUTBLDG {1 of market
. Wweights of all quote prices occurring 25 since the
pricg)fayibes GEwEhARP ke E1laA1Rgt AothdecBrdfagtartelrafar quotes
enterdd iWRET @A BREUSTANG tE YREGS BEncBhd10YRLCe wa
prices conprises sunmng the weights of all bids ancf3
estabjjishegffers occurring since the previous benchmark. 30
22. A nethod according to claim?21l, wherein the
summ ng of all bids and all offers is adjusted by a

25 chiwtvd prepretiait fRgCtRard., PReraltdtioguake ditdigsgscatter

is ddravehaidmZneWBesfddrd RRvAHOL 6h RIH CRotSs PO ARl h¥8Gured with
romthe arithnmetic_average of prices of weighted bids

f (
respeghy LooRRRTS PEREEr 37 i RS St Helkirket since the previous
benchmark. 49 WD 2004/ 061618 PCT/ US2003/ 041685 5 24 A

net hq ccording to claim 2, wherein the cal cul] atjon
26- of ‘?F‘EF%? a%?#degﬂgf GPt et TSitpr FReMTAICuPAL PRg % dfidved from

the pleiragesshtd efiotorpited e teenigd®dE ot gudthes ri&llr léﬁ.ﬁ n&arket and
ince th revi ous_benchmark_ price was_, establ i shed.

2 Deaf 852 ARt RCEOPHING L ol BIAITHSH, HheF G b Rebenchmark,

each guiotbe phude peatéednd ithedpedY etk ifdeobeihe wiamdandand scaled
deviat&gplﬂj guotes prices neasured with respect to

by'“ﬁhg e prl%e and quote weight. 26. A method according

to 2 wherein the Market price is derived from 15 the

a of te.price determned fro otes i e
27. ﬁ%ﬁ&%?ﬁghacg%&%égitgr?éguﬁg?érﬁkﬁgﬁu*f@g%gg%ﬁgmﬁéﬂkgﬁe market
pricesicpupridws précibaisidendhaaikrketeaohcof wéightQfabe phié cam of

EQQL [ in Lghteed and scaled by its
thelgﬁﬁ égfﬁ t.lggEZ%Sagﬁﬁ%%ﬁggeg%%ﬁfHWﬁég %‘clain126,
wherein cal cul ati on of the market

28. A method according to claim 26, further comprising calculating a

market price gcatter.

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

is derived from the standard deviation of weighted market prices.

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

gince the last benchmark was established.

31. A method according to claim 30, wherein the phantom price has a

weight equal to a very small constant.
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price conprises calculation of a Market price weight
fromthe sumof the Deal price weight and the Quote
wonrba@evas ght . 28. A net hod accordi ng to cl ai NP8/ US2003/041685
further conprising calculating a 25 market price
scatter. 29. A nethod according to claim 28, wherein
the market price scatter 1is derived fromthe standard
devi ati on of weighted market prices. 30 30. A nethod.
according to claim1, wherein the benchmark price is
32.  fRreedodc abeotdinsd tei ehe¥esdecthenein fhanvohglpt ixfe the phantom
pricagr gi B+idte, phantomprice is equal to the previous
benchmark price if no prices are entered into the
mar ket since the previous benchmark was established,
33. aRth&®iR WREB-PiLes Bayan RREN,BOLENET He nbﬁaﬁ{@n rﬁrﬂe@t has a
35 since the |last benchmark was established. 31
scatbegt RgHR hctdrdiSAgLt ccWSAPRE30, wherein the phanton1
price has a weight equal to a very small constant. 50
WO 2004/ 061618 PCT/U82003/041685 5 32. A nethod
34, o UG 2EBOEFAIMES 1S HHR B8 nhpES ik itdist SBREEGe Of the
phantfRapLose { ital Std. B Bi- bne 38ig AiRiEB0gr a0k dBguhéht being
c] aim 30, wherein the phantom price has a 10 scatter
tradefqual to a small constant. 34. A method according to
claim 33, wherein the scatter of the phanton1price S
ual 1% of _t he bi ure of the instrunent bein
o el 3%t te oB BA A afrgt S abRr S ore Rerived
from tm]e henledurai ces dafdnked phiemddighinr Ked gidvEensabenchmark
. ﬁet rice me'%gt t&f reV|oush_enchnark price and
P lc%aﬁ?reV| U EERCATAFRMH BE10Ri'§HE 20 36. A net hod
according to claim35, wherein the meight of the
evi,ous benchmar k |s alc |.,ated fromthe su
%rril(e o%r f"%‘é"ropmgu gkt % He 1 B8t Hdh ‘f"ﬁl%% t%e
Prevnmﬂsghen¢hmﬁﬁk éd byleuﬂatﬁd from the sum of the Market price

weight and the last benchmark price weight modified by a time

markdown.

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

scatter.

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

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

benchmark price weight.

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

instrument at a given time, comprising:
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mar kdown. 25 37. A nmethod according to claim1,
wherein the calculation of the benchmark price
woéuondhvereisonpri ses cal cul ati ng a benchmark pri e€T/US2003/041685
scatter. 38. A nethod according to claim37, further
conprising calculating a 30 benchmark price error.
39 A net hod according to claim 38, wherein the
hmar k rice error IS Hpe standaﬁg er.ror der £ e
ltrﬁélgbgﬁ%rﬁrﬁa Ke8RRLTET BAG PHES Soeﬁ“cf?ﬁa rlcecén ormation
relabmagghb.pfﬁbeﬁ)atAwhﬁﬂHuﬂéa@é EBtEHﬂ|x&btngménﬂuhmwhnhean

iLce_for trades.in iastrument at a given.tine,
conaf 8o Rie d SFERP T orrsATe L T FAAI0Y G LdgE R
actfuiuliangngr tromttheedsal gne der ddf ognasishenn déedl priice weight,
a_dealng Eggiégp dglgté&gztg,prlces at which deals in the
frument. Kave been —cohducted since a previ ous
brrmhmank pr®methﬁastes¢%ﬁﬂ|thedra@zngnﬂyatemgpfxqaonbee
: nEord pri 0 [ a.de
ot o e R i eGP RleBE M et 24P craaing
systemgast one trading systen1pr|ce guot e |nfornat|on

réﬂfﬂdlﬁglhg EEB%.QBEC %%e§nfgﬁﬁgﬁféﬁn5 géq%rlce
atlng

tradi ng system cal romt uote price

' Welghtnférﬁ@@WQnP2303u®¥%f@ﬁﬁ@ée Dwﬂ@ﬂnscaﬁtquote price and a

M&l@%hﬁ& §Q1"F§rtk%rc pibe & "%Jecilcjh@t ' Q%@rk@ﬁr bficeprzirﬁie a market

ght, a mar ket 5@;08 and a“nar ket price scatter
price FERFENE THed thri e ETgRE, vetEitdeahepieale Raiget ped the deal

priced@dhttfF | AeSeabt &prilddewdYghe, RiHeCEu¥Ld ggﬂtl’cet BEq AU uote
price and t he quote price scatter; "and calculating a

pricehgRehhafk 3519 ce from the previ ous benchnar k price 20
aguh duhe g ket dich&Brk Adri R FRLROthAGHRAELNY B GhBh price

40, further conprising calculating a
and the market price.

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

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

42. A method according to claim 41, comprising calculating a

benchmark error from the benchmark weight and the benchmark scatter.

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

established.

44. A method according to claim 43, wherein the benchmark price
scatter is further calculated from a phantom benchmark scatter equal

to a small constant.
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benchmark price weight and a benchmark price scatter
fromthe market price weight and the nmarket price
weceaitoere1and t he previ ous benchmark. 25 42. APQEMUIS2@®3/041685
according to claim4l, conprising calculating a
benchmark error fromthe benchmark wei ght and the
benchmark scatter. 43. A nmethod according to claim
42, wherein the benchmark price is 30 further
cal cul ated froma phantom price, wherein the phantom
45. phinadhiod aeepradingo tehelgime ditouwheesich ek ppaitcen benabmark
i ces t ered- 1,310+ L hes i nc Vi Q!
o Tk AS SXrablTEnad SHITSorS When b Ree haveD
tradegeen entered into the market since the |ast benchmark
was established. 35 44. A nmethod according to claim
43, wherein the benchmark price scatter is further

46.  dnnaihefedceershiing pRamtdim Bénchherdins chet bendyipak price
weigh% 808k 0RIS ety e dPr3R04/ H61R LR B&Téﬁd%%@oéé:%é %ght

45. A nethod_according to claim44, wherein
equalyfand oY e fRrar RONE@atter is equal to 1% of the big
figure of the instrunment being traded. 10 46. A

nmet hod according to claim4l, wherein the benchmark

A7t it PoReRGFRT IS Pt P 46c URRERLT tOf ¥SPhaedh constant

is o.semettnark price weight equal to a very snal
constant. 47. A nethod according to claim46, wherein
the very small constant 15 is 0.5*10-6. 48. A system
48. f[orsyeakautat idig calbenthdenphingek fxdica EoRG Hgivle
. I nstrunment, .conprising: a source for providing bid and
INSEIYRPRE, (FEd SAAA’ deal prices 20 for the instrunent: a

benchnardoueakcabatgrerignay el d ahdr €y igig ckBeahd Heal prices

for t%2f§£strument;

a benchmark calculation module for receiving the bid, offer
and deal prices and for calculating deal prices therefrom based on a
previous benchmark price, the benchmark calculation module including a
module for calculating a weight and scatter of the benchmark prices;
and

a benchmark price distributor for distributing the

calculated benchmark prices to third parties.
49. A system according to claim 48, wherein the benchmark price
distributor includes a server for distributing prices across a

network.

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

area network such as the Internet.

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

distributor further receives benchmarks for at least one further
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and deal prices and for calculating deal prices
therefrom based on a previous benchmark price, the
woemahweenk cal cul ati on nodul e including a nodeCeUS2003/041685
cal culating a weight and scatter of the benchmark
prices; 25 and a benchmark price distributor for
distributing the calculated benchmark prices to third
parties. 49. A_system.acgording to_claim48, wherein
rungi PG LRI BITRG 000 BT B r o e st Bafve e
thirdf pardy sheridirbirkg prilcedeacabsslarednbbndarks0. A
system according to claim49, wherein the network is a
wi de area network such as the Internet. 35 51. A
52. Sy styemrencsocaidigict boctbaim 48, whheeii nhehbebemeniacklculation

N L T e
a furShfungidlied syerement froma third party source and

di str i% 3&1&&@@ tmi%eﬁgéﬁl‘é{x&p%ﬁgﬁggfoHMr& I?iutlgg ca][culates
cal cul ate encnmar Ks. . syst em accoroﬂ ng to clalm
benchygrifpefedmn tiisebbéncififierk andl ¢eflamirones moghidioednEromgshe

. f eiviing bi deal prices from
tradl%8n§9$%§Wrﬁ¥§ F§§d$%%f%%fs%gﬁ$ﬂ%%gﬁﬁﬁggéin t he benchmark

cal cul ation nodul es cal cul ates benchmarks fromthe
bid, offer and deal prices received fromthe trading

53. SYSiRmoands té‘sﬁ:afﬂiﬁfsﬂﬁﬁ%ta{ MBENSYIS tEMcel 80P 3 rfid¥et Hogh

, of establishing a benchmark price for trades in an
instrupenf iert SASR §iVen COPRELSE¥hPriesPRgP t¥e step of ;

peridd@bh oLl Q?sll'c).ﬁlﬁ@li.ﬁ%l Hd Banthgahencherr K- iacg)rte{rﬂ?&‘l@ benchmark
. previous benchmar price and a neasure of deal prices
pricep@pdr 3 i TRFSIERc L t HApPETFET O FaREhFHRGE pliccRrevious

benchwliek e dd1e whenrehititde PeheBnd &k fgHitBer s caltleadt 88 culated

... Wth respect to a phantom price, and wherein the )
with 5ﬁaﬂ?gﬁnﬁﬂﬂacghﬁgtom price, and wherein the phantom price is
equal to the previous benchmark price if no prices are entered into
the market since the previous benchmark was established, and zero when
prices have been entered into the market since the last benchmark was

established.

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

weighted with a weight equal to a very small constant.

55. A method according to claim 54, wherein the weight of the phantom

price is 0.5%107°°.

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

scatter equal to a small constant.
57. A method according to claim 56, wherein the scatter of the

phantom price is equal to 1% of the big figure of the instrument being
traded.
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equal to the previous benchmark price if no prices are
entered into the market since the previous benchmark

woasHastabl i shed, and zero when

pri ces have beem/usS2003/041685

entered into the market since the |ast benchmark was
25 established. 54. A nmethod according to clai m53,
wherein the phantomprice is

equal to a very small constant.

wei ghted with a wei ght
30 55. A nethod

according to claimb54, wherein the weight of the
phantom price is 0.5*10-6. 56. A nmethod according to

sg. G %le%@ﬁ o%tﬁﬂilgﬁﬁé’@%ﬂﬁm&fﬁ%ﬂ%@ Bor SCAJR in an

equa to a sm

constant

hod accordi ng

instrppert At EivRRcEENy CREPSESknethef stée ofphant om pri ce
I$e.80uakat Jcézl%lgta@n | Ghef bEHERn D) cenﬂ&me%trmous

being traded. 54 WO 2

04/ 061618 PCT/US2003/ 0416

benchygrk preichG@dopr BIIBBIE Shi fepla HBERERnaRk prateeptbres
occurkh Adesindt e HASHIMEBLSEmAKIIVERt T ME, conpri sing

the step of: periodically calculatlng t he benchmark
ous 10 benchmark price and a

59. NBasdtRA0hc88Adigy itees1ang sBUotempri L6y, CQQEHiéﬂﬂHQ a Quote
since the previous_benchmark price. 59. A net

Price, EEgP ditty MEGSEFRI P SRICLERBYISi-ng cal cul ati ng a QJOt e
Price fromthe neasure of quote prices. 15 60. A

price froma previ

nmet ho cordin
so. [ e s

to cI i m59,

in ROmetRgEr it ¢8ed

wherein the éyote Price
RYEE FECEI m

incluBfing wheredightt he . m5|ght|ng is based on 20 at |east one
guot e age and di stance fromthe
best quote in the market of quotes from which the

of the quote size,

61. QuoierhBd aecosdiar)

col at®£th so0,

wherein the weighting is based on

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

quote in the market of quotes from which the Quote Price is

calculated.

62. A method according to claim 59, comprising calculating a scatter

for the Quote Price.

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

Price from the measure of deal prices.

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

a weighting.

65. A method according to claim 64, wherein the weighting is based on

at least one of the deal size and deal age of deals from which the

Deal Price is calculated.

66. A method according to claim 63, comprising calculating a scatter

for the Deal Price.
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62. A nethod according to claim59, conprising
calculating a scatter 25 for the Quote Price. 63. A
worbhagdi@scordi ng to claimb58, conprising cal ceCatiSeg3/a41685
Deal Price fromthe nmeasure of deal prices. 30 64. A
met hod according to claim®63, wherein the Deal Price
including a weighting. 65. A nethod according to
claim64, wherein the weighting is based on at |east
one of the deal size and deal age of deals from which
67. them8EhdikalccBritey it @:alad:lul%,ecbomﬁﬁlsﬁng'r&iah@dlatlng a
ing t |n163 conprising calculating a
BencHREeR! ErL T’P‘altghe Deal Price. 55 WD 2004/ 061618
PCT/U82003/041685 5 67. A nethod according to claim
5 elpiolgy rk Pri.ce ht .
°8- 6% m(gA met ﬁ% ng%gg% %n%tl% c?aeal @é@ CalculV\gngg
BenchmgirbkuPat¢npcatted. Benchmark Price scatter. 69 A
met hod according to claim58 conprising calculating a
Benchmark Price Error. 15 70. A nethod of

69. ebtapthashiesgondbendtmmetkipritcedprisizgenlionlabning a Benchmark

pricd RSLEUMENt at a given tine, conprising the step of:
periodically calculating the benchmark price froma
previous benchmark price and a nmeasure of deal prices
70. OZQ%HHHO@QO@ @&@aﬁm%hlageylmhmgpﬁgm 5:0€raome&ﬁ' Bn
In ac

deal prl ces are wel cor ance
lnStrtuﬁ‘éPF g %YenAth%%hd@n@ée@mﬁf igiet 6tePaein 70,

?@Enbcsiéal@alcamlzaimglgath%&lcﬁ{alxﬁe pHiandhg HEBA fous
uote prices. 25 72 met hod according to clalm

bench?lfrk\m&%f fdhe eeRtwrepritceeal muiserngcausigingheinge the

previB&s Peh@inok ae€et dinkrlednChidd Mebd, pWhBLLIdv-d RRighted in

ghtln i S based on
accordan e with thelr age.

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

Price from the measure of quote prices.

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

including a weighting.

73. A method according to claim 72, wherein the weighting is based on

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

calculated.

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

for the Quote Price.

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

Price from the measure of deal prices.
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at | east one of the quote size,

guot e age and di stance

fromthe best 30 quote in the market of quotes from
wohiaheidie Quote Price is calculated. 74. A meChwd2003/041685
conprising calculating a

according to claim 71,

scatter for the Quote Price.
conprising cal cul ating a Dea

according to claim 70,

2004 BETLE PCT DR 00 04 hae s VA

35 75. A net hod

CES.

Rhtetn O $Bal Brieh dgeiuding

a Wentgdltalnal baF&] amhéhei weidieibDgabf Pricglepichuiliery a
wei ghting based on the weighting of the deal prices.
77. A nmethod according to claim?75, conprising
77. cal vetlad ngecardtag ter clhom The dOeRkiPingeialt®lZBind a scatter

for fTRE PGy ﬁﬁﬂﬁglng to cl

Benchmark Price Wi ght.

rsing calcu atlng a

aim 70,

conprising calculating a

79. A nethod according to
claim 70, conprising calculating a 15 Benchmark Price

78. S&ahl@iog %gco@dm?é hod ageQr i NGy Egéﬁgeég’culatl

Benchma

rror

Bend%%PE¢@ﬁ%@¢uﬂf%ﬂhtestabI|sh|ng a benchmark price for
trades in an instrument at a given time, conprising

the step of: periodically

cal cul ati ng the benchmark

72 pfiBethd Iﬁcﬁoﬁﬁé‘% diPs Chene hifar IEopPF eel = Fad cupphing &
BencHiar@eali g¥ iLes@ecurri ng since the previous benchmark

price, wherein the dea

accordance with their

vol une.

prices are weighted in

25 82. A net hod

80. aﬁC@étﬁhd&E alc@oeh BhdN Bl c16 AT ,SicRepe Bk LAY %tal@glétwtae
rice fromthe measure of quote prices. 83. A method

Bemkﬁ@ﬂir BFhef 9 0Fai m 82, wherein the Quote Price 30

i ncluding a weighting.

81. 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,

wherein the deal prices are weighted in accordance with their volume.

82. A method according to claim 81,

comprising calculating a Quote

Price from the measure of quote prices.

83. A method according to claim 82,

including a weighting.

wherein the Quote Price

84. A method according to claim 83, wherein the weighting is based on

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

gquote in the market of quotes from which the Quote Price is

calculated.

85. A method according to c¢laim 82,

for the Quote Price.
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84. A nethod according to claim83, wherein the
wei ghting is based on at |east one of the quote size,
wquoiddeage and di stance fromthe best quote i RCTHS2003/041685
mar ket of quotes from which the Quote Price is 35
cal cul ated. 85. A nethod according to claim 82,
conprising calculating a scatter for the Quote Price.
57 WD 2004/ 061618 PCT/ US2003/ 041685 5 86. A net hod
according to claim81, conprising calculating a Dea
86. PpjeetHadbmechedieasiyr elefmddal compresing talAuiet haf a Deal
Pri dj [ .ein the Deal Price
lc%%%lgﬁdjlc%% nlie(i)ig%lé_\ﬁ@the(|f g‘ﬁ?ﬁ%ggg‘%d on sai d wei ghting of
the deal prices. 88. A nethod according to claim 86,

87. CORPhdSJY iR e t rice. :
15 G YA aE ﬁ%ﬁ&&aﬁgr%df %3%??221 gvflﬁ];%? Jg%rrpgrélg!éigrglcce including

a welohtdpy Hasri &0 Behé HirdioktPry cef WhiegHeal 9origksnet hod
according to claim82, conprising calculating a
Benchmark Price scatter. 20 91. A nmethod according to
88. cParehtes 2EERPRINT fg €aptmI&ft i FgMBri Bt InrAcklPrine a scatter
for thkr DEal Y2%1cA_.Method of establishing a benchmark price
for trades in an 25 instrunent at a given tine,
conprising the step of: periodically calculating the

89. benGdURRIK apEbE@ild @ 81AIRWIOUSREALINRY I RELES: AR -2
B nEa%u e, of deal prices occurring since the previous
SRChiRRE e PFLEBE - wherein the deal prices are weighted
in accordance with their age and volune. 30 93. A
th ccording to claim92, conprising calculating a
0. ol iterdide thechelbire GPUBTAApAreEsIating o

Benchmark Price scatter.

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

Benchmark Price Error.

92. A method of establishing a benchmark price for trades in an
instrument at a given time, comprising the step of: periodically
calculating the benchmark price from a 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.

93. A method according to claim 92, comprising calculating a Quote

Price from the measure of quote prices.

94. A method according to claim 93, wherein the Quote Price

including a weighting.

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

at least one of the quote size, quote age and distance from the best
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94. A nmethod according to claim93, wherein the Quote
Price 35 including a weighting. 95. A nethod

weaccemodialg to claim 94, wherein the weighting PeThas®d 041685
on at |east one of the quote size, quote age and
di stance fromthe best 58 W 2004/061618
PCT/ US2003/ 041685 5 quote in the market of quot es

m.whi ch.t ce [ a d.
auote, SENHAE TECHFh H A8 CePar Frba P hnphs ST S AFEEP al ng a
calcusgaéder for the Quote Price. 10 97. A nethod
according to claim92, conprising calculating a Deal
Price fromthe neasure of deal prices. 98. A nethod
96. &Em&t@bdga¢Qbﬂdﬂﬂgwt97¢lwhwEBLnCDmEKﬂﬁiﬂg Peicelating a scatter
Locludin 15 a weighting based on the weighting of
for t%‘ﬁ 421élpee] prlges 99. A nethod according to claim92,
conprising calculating a scatter for the Deal Price.

7. 28 il ORI ACROLEL 10 0l SQTRLISL00 5 e
Priceafron diieg measetaiafi $2alcpnprdssi ng cal cul ating a

Benchmark Price scatter. 25 102. A nethod according to

claim92, conprising calculating a Benchmark Price
98. Eﬂk@ﬁthgg &e¢cording to claim 97, wherein the Deal Price including

a weighting based on the weighting of the deal prices.

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

for the Deal Price.

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

Benchmark Price Weight.

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

Benchmark Price scatter.

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

Benchmark Price Error.
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