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WO 0@%140Pb@e present invention is directed towarB&I/US2008/062172
el ectronic trading. More specifically, the present
invention is directed to tools for providing inproved
price feeds in an electronic tradi ng environnent.
BACKGROUND [ 002] Electronic trading is generally based
on a host exchange, one or nore conputer networks, and
client devices. Subscribing traders are connected to
an exchange's el ectronic trading platformby way
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nmessagi ng bet ween RIEBGFTRIONKC BRICEHEEDS FORIFRADEABLE
el ectronic tradi n@BIECTSr mincludes at | east one
el ectronic market, which is at the center of the

tradi ng system and hangCeNIChe Fichi ng of bids and
offers placed by the traders for that narket. The
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narket information, it may be displayed to

UBdF%enw%ﬁ e|r tradi ng screens. Upon view ng the

information, traders can take certain actions

i ncl udi ng the actions HFAGKOGRIOIGNDuUy or sell orders to

the el ectronic market, adjusting existing orders,
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to them on their traEhng screens. Upon viewing the information, traders can take certain

actions including the actions of sending buy or sell orders to the electronic market, adjusting
existing orders, deleting orders, or otherwise managing orders. Traders may also use

software tools on their client devices to automate these and additional actions.

[003] Although the types of market information published by an electronic exchange may
differ from market to market, there are generally some standard pieces of information.
Market information may include data that represents just the inside market. The inside
market is the lowest available ask price (best ask) and the highest available bid price (best
bid) in the market for a particular tradeable object at a particular point in time. Market
information may also include market depth. Market depth refers to quantities available at
the igside market and may also refer to quantities available at other prices away from the
inside market. In addition to providing order book information, such as order price and

quantity information, electronic exchanges can offer other types of market information such



the inside market and may al so refer to quantities
avai |l abl e at other prices away fromthe inside market,
whpooaddiost on to providing order book i nfornatiPCT/US20081062172

as order price and quantity information, electronic
exchanges can offer other types of narket i nformation
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[004%1 El&ﬁbﬁlcte%cﬁ)cﬁi @@%ﬁl/@)ﬂ“ﬁte@ﬁ@&ﬁﬁi @d\iock] siRhiad pakewals, often struggle
mar ket |nforrrat|on with the bandvvl dth linmitations an

to balaicedhe minpyntamditiveelinesswimarkeloinfsmation vtk the bw@@ﬁéthﬂétmtaﬂons

es mar ket e
ot SRR 6l BB Ayt s O
one HERE hak&@ferdyuamengcifiamket imbirkation maydeqgeiesited by an electronic

characterize a gi ven market, especi al en _changes
marleh to [gdeqratabe chagpeteneh EheRghaketa em?ﬁiahg \%’ﬁ C@%ﬁ‘é%n the market

are ﬁag)gglﬁgg g{"@ P&puﬁ] Pat&COfFRA, @z?defr?alﬁfﬁltqg abfis$ ad Hfu@ﬁ R4 thiBSnation as

so ‘that they can better-inforned trades.
possmie tdthadtheg camankle bétiemitfatmehgades. Ovethawthenhamwt, limitakiens on the

info natlon assed to t tra s are ofte |nhere
amopt} S Bed TR R BhRIELD A OIS Hhafen dppsedt n e design of
phyééa@ﬁ%%rﬁﬁhﬁmnﬁé&%a&@ 't&th%[e'éﬁ‘bmc[n%ﬁét General |y,

there are two npdel s how el ectronic markets deliver

mar ket information to client devices. |In addition,
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Many current| y existing networks use nulticast to

sentde fevdiendiemeiaalygdudica frednaamaniebehangethe gh4AtRal s. As
known in the art, nultlcast refers to the delivery of
n
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many 1p eceivers at the same time ?n a smgle é%re e aé?engmg de&}%a-based data over

multicast, however, requires implementation of application level reliability to guarantee that
all packets are received at a client terminal. If the client terminal detects a missing update,
such as based on a sequence number included in each received update, the client terminal
will re-request the missing update to correctly use the information in the next update, thus
introducing delays and resulting in processing overhead. To overcome the reliability
problems of networks using multicast, price data may be sent via a point-to-point network
connection created for each client terminal. However, the use of point-to-point connections

in trading environments that include a large number of client terminals is undesirable



all packets are received at a client terminal. If the
client termnal detects a m ssing update, such as
whamed4n a sequence nunber included in each rECEUS®O8/062172
update, the client termnal will re-request the
m ssing update to correctly use the information in the
becangexd prigeiserest Hak trs sandteacl update) sapetatg)y tapathrintotgstadrpjientiterminal,
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be sent via a point-to-point network connection
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[009] nitowenaltli thercure fye dsneficialrie) mievida rkaethad andgyriem i9egpmproved

s B B AP L SR 0 50 o o

dyn#@fitiwa. dept h snapshot has historically been considered
unrealistic due to the bandw dth consi derati ons and
packet size. [009] It would therefore be beneficial to
provi de a method and system for an inproved data
distribution that is readily adaptable to
conmuni cating market information in a nore dynamc
way. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0010] Exanpl e
enbodi nents are described herein with reference to the
followi ng drawi ngs, in which: [0011] Figure 1 is a
bl ock diagramillustrating an exanple el ectronic
trading systemin which a client termnal and a
gat eway device are on a |local area network; [0012]
Figure 2 is a block diagramillustrating an exanpl e
system for delivery of new and i nproved price feeds
according to one exanple enbodi nent; [0013] Figure 3
is a block diagramillustrating an exanple format of a
nmessage that is used to send price and quantity data
according to one exanpl e enbodi nent; [0014] Figures 4A
and 4B illustrate an exanple one | evel of market depth
and a nmessage

environnen%§ )
erEals R syt gsed intervals.



format generated for the exanple depth; [0015] Figures

5A and 5B illustrate an exanple market depth and a
wore@sagest hat i s generated to convey multipl e PEVEFR08662172

mar ket depth according to the exanpl e enbodi nent

descri bed herein; [0016] Figures 6A and 6B illustrate

an exanpl e mRREF REJERIPAION @BAHE PRAWReGRet and an

exanpl e market update nessage generated for such a

ket:.[0017],. Fiqure 7,1s..a.block dj.agr .
00 EEinple PREOIGR e derdito bEE e P e orge, oo s glowing
dravdfi@g it @hi@Nd price and quantity data according to one
exanpl e enbodi nent; [0018] Figure 8 illustrates an
exanpl e market depth and nessage blfrglés Ehat are ysed .
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message bl ocks that are used to convey the illustrated
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to convey the illustrated detail ed market depth using
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1ITA and 1IB illustrate_an exanple market depth of a

to sendprice pad AuaRkitK data asr@THiRg ExenRA*ampls Wakodiipenti e nessage
generated for such a market using a delta delivery
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[001%39 eel‘g is a bf ock di agramgﬁ?usterati ng aﬁ eé%arrpl ea messag
format gemyated Fatthd exangdeldepth;send trade data to client
termnals; and [0023] Figure 13 is a bl ock diagram
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gend&e@k6l chievel naKpRNER ] SoDRBIkEEMdh deedihd el tHaaxample embodiment
s%zt em and net hods are provided for providing market

descgiged henginan el ectroni c tradi ng environment. To
illustrate the present invention and aspects thereof,
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examplednarketrupdalic lnyessapeigbnedtet yoromweh afmavkedj nary skill to
generate a systemor nethod that benefits fromthe

[OOItﬁ %%eré‘ g/Sisdaegl%Ellc %?a%raaxlrrll (%Hustrating an alternative message format that can be

used to send price and quantity data according to one example embodiment;

[0018] Figure 8 illustrates an example market depth and message blocks that are used to

convey multiple levels of market data using the message block format of Figure 7;

[0019] Figure 9 illustrates another example market depth along with message blocks that

are used to convey the illustrated market data using the message block format of Figure 7;

[0020] Figure 10 illustrates an example detailed market depth along with message blocks
that are used to convey the illustrated detailed market depth using the message block format

of Figure 7,



cl ai med herein. [0025] According to one exanple
nmet hod, market information conprising a plurality of
we@eiosa4dosvel s and a plurality of order quanti tPEBUS2088/062172
received for a tradeabl e object. Upon receiving market
information, a determination is made if the plurality
[0020f Fipfuresel llAeme] 51 RilRistrate @arexampletrthaket depd off aynof-lipgar cerket and

| evel s are linear, a reference _price |level is. .
an exampler warkeh ygdate pRossager GG §<§g%wﬁsa AFing ¢ gelta delivery

meitigdGlsthing sl SLERESH MEea; | evel along with the
pluralfity o rder quantities. The price feed nessage
is then sent to client termnals. If the plurality of
[00281 Figard é¥a$ s Hlonkl didgramoitluptiatingranpexaswle message that i§ used to send
f eed ssage further includes non |inear price |evels.
“Bd%ég?gﬁgﬁQ?%VPu?he i ce feed nessage may include a
plurality of mapping indicators to indicate narket
[OOZQEEI,%"M;l evet 8 Hieuk dhgam Pluktingearetangie nieseigadied 15 msed to send
t he Ehlce feed nessage. [0026] Ot her features of the
sessignelg P cliptderiB#Hswi | | becone nore apparent to persons
having ordinary skill in the art to which the present
i nvention pertains fromthe follow ng description and
cl ai ms. DETAI LED DESCRI PTI ON [ 0027] The present
invention is related to generating and providi ng new
mar ket data feeds, or nore specifically to a price
data feed that, anong other things, can reduce
processi ng, bandwi dth and reliability problens. The
present invention is applied in an electronic trading
net wor k environnment, but could be also applied in
ot her network environments as well. A trading network
environment is one that distributes tinme sensitive
data to receiving conputers, such as price data. Wile

the description will focus on delivery of prices, the
exanpl e enbodi nents nmay be equally applied to delivery
of other data. To illustrate aspects of the present
invention, a systemand nethod are illustrated in
exanpl e formusing the drawings referred to herein.
One of ordinary skill in the art will recognize,

however, that such exanples may be quickly and readily
adapt abl e usi ng the teachi ngs descri bed herein.
Aspects of the present invention are protected by the
acconpanying clainms. Limtations fromthe patent

speci fication should not be inproperly incorporated
into the



clainms unless explicitly stated or otherw se

i nherently known. | . Exanple Tradi ng System
w@eoBitgnes@t i on [ 0028] Figure 1 illustrates an BPXEDP1008/062172

el ectronic trading system 100 in which the exanple

enbodi nrents may be enpl oyed. The exanple system 100

conprises trading stationsSUD2MARY 102B that access

an el ectronic exchange 108 through a gateway 106. As

illustrated in F| stations 102A-B
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exchange 108 includes a conmputer process (e.g., the
clairgechpgrail. comput er) that matches buy and sel |l orders
sent fromthe trading stations 102A-B with orders from
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types of information can be distributed in an
descgiptien parhéleims: adi ng envi ronnent. [0030] The conputer
enpl oyed as the trading stations 102A-B generally can
range from a hand-hel d device, |aptop, or personal
conmputer to a |larger conputer such as a workstation
and multiprocessor. An illustrative personal conputer
may use Pentiun(tm m croprocessors




and may operate under a Wndows operating system or

yet may use sone other m croprocessor or operating
waymsamosGeneral |y, the trading stations 102A- BCT/US2008/062172

i ncludes a nonitor (or any other output device) and an

I nput device, such as a keyboard and/or a two or

t hr ee- butt on nmouse DT ESERIRKMhsed trading, if
so desired. One skilled in the art of conmputer systens
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avai l abl e trading application referred to as

X_TRADER( from Tr adi Technol ogi es I nternational,
L I ng?(a’gf%é{)id@%g?ﬂfiﬂ '?{g@a%ﬂgTRADER(r) al so provides
an electronic trading interface, referred to as MD
[00281] &ekesr€ 1 Mlustiafes\sini examply deqgniu Batisg ayxiéno 00 il which ths kexample

guantities are displayed in association with a static
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filed on June 9, 2000, U S. Patent No. 6,938.011, .
104, ieBotne] FeRTBESETS TPl PHeRei e BBt Sations 102A-B
combluBRlagig With &de O%Et@k/v 20@0thréligh aPadnite M3t ih, d 2rénfb?d network

entitled "Click Based Trading th Intuitive Gid
confijuspticay ewfironmeret Vkilst notafh@wpy pgeuter could be used to route messages

between the gateway 106 and the electronic exchange 108. The electronic exchange 108

includes a computer process (e.g., the central computer) that matches buy and sell orders
sent from the trading stations 102A-B with orders from other trading stations (not shown).
The electronic exchange 108 may list one or more tradeable objects for trading. While not
shown in Figure 1 for the sake of clarity, the trading system may include other devices that
are specific to the client site like middleware and security measures like firewalls, hubs,

security managers, and so on, as understood by persons skilled in the art.

[0029] Regardless of the types of order execution algorithms used, the electronic exchange

108 provides market information to the subscribing trading stations 102A-B. Market



Consolidation,” filed on Cctober 5, 2001, U.S. Patent
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keyboard, nouse, etc.), and an qutput interface for

quotes rARdrneRitar dRaitiang: hThgrange pad dualyy ok fqatges avalapledo the trader on

his FHr ttx%fh)ng seresy ﬂagrQ gccBbdi toeﬂig'sgééiﬁagoﬁa% GPpIEYion being run.
provi de €onmuni cati ons between these vari ous

In adtiziorntbsor] MOFG¢e ME e intaractbiet thaxding heregrast @ewaadidg®Statipn could run

t he tradi tation 102 includes a conputer readable
mﬁWﬁ%ﬁQﬁﬁmﬁﬂgﬁééﬁﬁﬁ@ FAY9PEr readabl e medium as used

herein, refers to any
[0032] The example embodiment may be implemented in relation to any type of trading

screen, therefore, details regarding the trading screen are not necessary to understand the
present invention. However, in one embodiment, one type of trading screen that can be
used is provided by a commercially available trading application referred to as
X TRADER® from Trading Technologies International, Inc. of Chicago, Illinois.
X_TRADER® also provides an electronic trading interface, referred to as MD Trader™, in
which working orders and/or bid and ask quantities are displayed in association with a static

price axis or scale.



medi um that participates in providing instructions to
a processor unit for execution. Such a nmedium nay take
woreovg/ 1506006, | ncl uding but not limted to, nonP@DUS100$/@62172
nmedi a, and transm ssion nmedia. Non-volatile nedia
i nclude, for exanple, optical or magnetic disks, such
[00333% Paitivha@é titeXi TRADBR® atnidl the Mdi'ﬁ‘acﬁdﬁ’l—&tjdle di§pday are described in

U.S Zﬁgg@tlﬁ%@ﬁi@@c rRAfiflyd dod y%such 1ngfwatgonl{gﬁ)(1‘réye Gri Iad]glsplay of
Mark@29800.° ATEGR fule o 300, Os. %%EKP'N% 6@3‘8&}1}1 i “Click Based

ard disks, magnetic ta punch
Tradbag dsth Mﬁﬂcmpth@spiaﬁéﬁleﬁrwm/@@m@géd iSu Raten’eNor Y, 12hitt entitled
ot her

“Cligh et 16ai0% o3 BBNC 1L nbPIY a0 MR oREgh g Price

ConbdIRlalibRd i &t BkiobBss, oA B aenemntpyliexeaMNe& 10/125, 894 entitled
appl i cati on programs resi dent at the trading station

“Tra_ﬁggAT[goljsnEgr Elh@r@@m{l}r@qhngf’ filed g}p,eAmﬂ, Ag; Qg,eﬁ:p@,fU S Patent

SonlBi SEAREN, 352 L S a0, R IRA b g o

Dlsﬁliﬁng Mﬁrkéﬂ Inﬁfrmhﬁ@ aped @ﬂ&cﬁ@nﬁ:ﬁﬁ&iﬁgdﬁnvhbﬁm@ﬁﬂ;’éﬂ&ﬂ on February
106. I n other enbodi ments and under st ood %@
28, YUPs B comientserf gagh lsangarpoTateRdicrai Oy irefaregee-t Hovever, it should be

und%gtgl)% Bt by b rsmtﬁ% %@Enﬂﬂla&tj&ﬁe& fnaiq g $LAd QQB ld]a@s%e%laced using

e perforne gat evvay and ew se,
any foﬂmttt%g)ﬁpﬁlfmetmp |ak ivedlt i Mdmomg]dja nﬂae qirefctred gatbevlmycnts are not

i Y o, e R, A 43585 Brcion

configuratlons are numerous, and a person skllled in

[oo34haherdonluted| @ffloRAl 45 the Egitd%@yswﬂ gdtRralluad fafeaBbs & @ersonal
construct a suitable network conf uration. For the
compuiiepde ess lasgeri pr dasteragoropiitess orfin diustrptive @aiomiagusQRpEersmay use

Penar eT,\p ! OP{ g?q%gésg{g %ﬁd;ﬁﬁ&r}/aé%r%yg el{n%ext ﬁ?ﬁ%e Cg s%re‘)g?e dk\tg%rkstatlon)

opelfaﬁﬁg'nsﬁﬁelﬁl @€ tyeoRbmet sthel Ebgt@yst@éﬂerélﬂjeshe ightewsalyr G additionally
. .are neant to be hel pful to . the reader, and they ar
inclyiss arpemtor (& B qﬂp%oelr% devieQ ot @M VIS ﬁf‘fgaqsi%?ﬁﬁ pelatabase, if so

desigejlag ngﬂé ¥d YHeCit %Y,oﬁﬁuﬂep %&HS @1 tie &Hbl%ﬁhd $hdtGhe present

e trading station, which is usual
examp]ﬂmmbcfdlmam‘t‘s teee met dimaitegl for ame pertmtlar fodasel cﬁamndfdl ef computer(s)

cmpfG BTty GRS G Al PHL. B8 GHBGR GIoh emAdbBigate system.
Add‘itﬁfhaﬁff eiif—‘ Rbme MSRhERN al Satb@hy,| sudht &d ghiewaRyl (B tHa)} not even be

net work configurati on.
necessary and/or another type of network intermediary device may be employed.

[0035] It should be noted that computer systems that are employed here as a trading station
or a gateway generally includes a central processing unit, a memory (a primary and/or
secondary memory unit), an input interface for receiving data from a communication
network, an input interface for receiving input signals from one or more input devices (for
example, a keyboard, mouse, etc.), and an output interface for communications with an
output device (for example, a monitor). A system bus or an equivalent system may provide

communications between these various elements.



[0039] According to the illustrated enbodi nent, the
tradi ng stations 102A-B, the gateway 106, and any
WO oB4®sconmuni cate over the LAN 104, and thePQHUS488/062172
106 may comunicate with the matching process at the
el ectroni c exchange 108 over a TI, T3,1SDN, or sone
[00361 MeEmdry gin atheethecgaeveyt 1@nor the traditehwatian Hipingludes a computer
illustratio the client site nma e | ocate .1 h
reacfle i pountts AR EHEPRFEATHAN Cret iR e R gt Yefers 1o any
medR%AMRL BartitiPated e ProvldhBis@lictions teX prRBge) unidfl ekedutign. Such a
to this instance, the tradi nEc); statjon and the gateway
medivay 1Ry takecweny fpeas dngludingabutapgt Bmited fto.qpgn-velgtile giedia, and
[.e. .1h £0 [ ' ' P
wen ST e o TRl RO B8 e ok BT BbEAL B magnetic disks,
suchcayfienpt devioeanyolhei mediadndlide, T8r exemplEDiynatric yeetmory, such as

.anot her exanple illustratign, the gateway may .be
maith BIGEORY 4 TANGPmASEFsS nil%ora_é?ﬁé%gn SiOmmE ST g egmputer readable
| . i . ; i .
med XA BRAY o é‘Q i idl ﬂ&pcﬁg)todlgltb!, %ﬁki?)ﬁet SBES hatd@iskts, ‘fi‘i‘i’elagﬁ\iltvimdtgpe, punch

station m ni e wt t he gat ewqy over
cardsyr €R-ROMyoarky othet Iphpsigh mbdiums enghory dtip oF cartrigpw, openy other

SO ot her. hi gh speed connection. [0040] Wile a
med&%lﬂgP@‘@@ehéﬁg@PP@f%%W&i n Figure 1, it is understood
that a trader nay obtain access and trade at nultiple

[0039] BCsh@Wd CalgxX AMGRY. tHad G Cliading edtitingis MEOXA-Ba gehérally execute
term nal could access nmultjple exchanggs t hrou

h
applieation pregrams arrigent i e wading ghetietiny 048 gidere ther gontipl of the
If1.G..e . Al ti .Sl S
o e CHE AR gL AN LByt O Q0B R pcnion
progeatad aevirient [a0 @kl patbway d06 cirlder vier gorwal wélthe operapingsystem of the

a trader. with the opportupit o trade trad | .
gateyy d0ps Injothcs s daﬁ%%il‘&ﬂ?s EndsgttoeshPy a&%?ﬁ%@@@d ipgpe art, the
funcBEA P ke 2 lifcﬁt%ile oot th€ Wa bk Kedtioh 02 A !rrf&? Bl ¥Hormed by

each tradeabl e obj ect through one conmon visua
the ghitespdyalQ6, Asd Bkewise,ghé fmction ofjtherapplisationpoegrams ehthe gateway 106

may 5 REHAT O (P RACPCORNCOT SRRt mar kets o

simul taneously in the same wi ndow. |In another exanple,

[0038] tTha dRtual @lecaphieaadin@desteth f dofigntatibfiadeahimerobs,eatdsa person
l1sted at the different el ectroni changes.

sillpgd g 1oEe 1N BN STPIS TS Tt O 8Dl e Cahstipt yuiighle network
conblp BETRLS PRT OO U il SO By oo
to ilbhetrate evhereothe elemeatsdnayie pivsitally laetefleed howdbey uiighy bt connected
to f(g)rrrlnfe ar? Xe?ec rlogicetrrg) 119g| rsr}?scc]érh. T"H%see )fl?urg%g'go%ygrg enrpca%g)?o be helpful to the
reader, and they are not meant to be limiting. According to one example, the gateway
device may be located at the client site along with the trading station, which is usually
remote from the matching process at the electronic exchange. According to another
example, the gateway device may be located at the exchange side. As such, the present

invention is not limited to any actual network configuration.

[0039] According to the illustrated embodiment, the trading stations 102A-B, the gateway
106, and any routers communicate over the LAN 104, and the gateway 106 may

communicate with the matching process at the electronic exchange 108 over a T1, T3,

10



i ncl udes an exchange 202 that provides price data 204
to a price feed server 206. The price feed server 206
wWpewsaewes the received price data 204 to genePEL/BSA08/062172
new and i nproved price feed 208 that will be descri bed
in greater detail below. The price feed 208 is then
ISDN| eviotiedother Higle kpeedtcohmactipnaln 2ddher[c@adBle iMhstiationgthe client site
specifically shown, it shoul.d be understood that the. .
may s facetedaen dhss Gahel gy, oh i Besta sxcimee (iraigule. in te
buil B of et &cﬁﬁig‘e?’.e%)écorﬁﬁl% tBthi3EndtaRE, B8 M48Ing2RfioRPahdBe gateway
| ocatedat a gateway. Further alternatively, the price )
mayfstB dossrniate20er mhANdua iffanysowtrsat wigdethey mpyjcemmunicate with

e SR D) e SDARE8y S, A IR g e

a T1STaWer fSIN pUs Resamtiadh eixhmpltillastition, tht gateual dndiebe housed at, or
understood that the price feed server 206 may ) )
nearcgnperRisEeRdng plectsrie exqhaagr- 208cardingip {ipmstasie.dhe trading station
maytc%grmuﬂﬁéaﬁ Wit A LhieGas bval a Widk SR ReHdBor through the use of a T1,
\ f
communi cati on nmethods” currently known or |ater
T3, 13D copemie othel highspegl @nRedtion. Dat a Feed CGener ati on
[0044] The existing price delivery nmethods suffer many

| imtations, and the npst aften used delt as
1004 TGFE 3R o oisry s Bapad TR GH FOPRrioT bpl,p teder may
obtafEAdcaRd dnldtadk hR 188k lelettrblic] dREhbnEbd) IIUAHRE GASE@adiment, a client
menory, bandwi dth and processing resource consur_TtBtl on
1

termfgl chalit ?]Wi myltipker kechangesHbropeb pordtiple reaipwayscwitheagh gateway
. t . fi lve. .
e BIRORE B NG PE PR, AR SIE ISR G ol Sfapamed o

handdy mdré thek ofié Zectidiad exppasig@sponds to the snmal | est
al l owed price increment between the consecutive

prices. For fas vi ng, .high volu mar kets,. price
[00414 fegauid SR IR A R Y WHE SR fo itade tradeable

objeb&1Atdava d?ﬁgﬂehﬂ ﬂ@&rdrﬁ‘c Eh@anBdsk etor dxBmPleh ariradef eSuld ivilew market
nmost cases depth prices are one tick off fromthe
infopmatoadran etdhetraderlihbbjechigrgrghomelcemaia, viFiml displaypl4es, sugh, price

set of. hid prices of {50, 4 30, 20, 1 havi
and i iutngfion G, By 45 Sene oXienditimEbeSpesl Bt so ha
the B&ier 8h vibQGhotH HatkeM ﬁﬁluhaf{éoﬁﬁl?rdn theCdantel wideWw. 1R anbf¥Lexample,
a linear relationship since all prices are at a_si

S 1 ngl e .
a tradeskeanf pryerd-trade dififerenst tradrablex ghigpte byted @t fté%dafferenfg electronic
descri i N ' i: ity attribute
eXChc?S g?sh eIP e%%d@egg,ﬁggg*éééd&%%}@% %F{r?g S(ghlgllﬁg%'l e reference
price level and a plurality of quantity values, wth
II. ot Eeample Seend€onfi@daticor each quantity specified in a
price update based on the relative

[0042] Figure 2 is a block diagram illustrating an example system 200 for delivery of new
and improved price feeds according to one example embodiment. The example system 200
includes an exchange 202 that provides price data 204 to a price feed server 206. The price
feed server 206 processes the received price data 204 to generate a new and improved price
feed 208 that will be described in greater detail below. The price feed 208 is then provided

to a client terminal 210.

[0043] While not specifically shown, it should be understood that the price feed server 206
may be located at the exchange 202. Alternatively, the price feed server 206 may be located
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position of each price inrelation to the reference
price. [0046] While markets tend to be |inear,
wGaometieyes t hey may experience non-linearity, BCUDOSHS8/062172
when, for exanple, a set of prices on either a bid
side or an ask side is {60, 70, 90, 100, 110}. The
at a pEewey. Fm'thdmaﬁenm’amiy,ethe Prico f@dd@rved Z%mabuhq@aﬁ‘ee standing entlty

B T A A R I NI A——

cliedt Rérbfind2rib §1§‘0W@‘1’&| purifdes of ﬁh@frﬁtl(ﬂy itZshlotiakise urieestsad het the price
to the exanpl e enbodi nents for new price feed, in

feedagtveri 216 may prasvnhisaje the arise efﬁ@cb 208 teempliipl clignt teerginals via
multécaﬁtro% Vtéah 86061262 eé:r' rfg);;%%%‘ééxat 0’?1 m&%ﬁ&dcﬂgrggtl néggf &t lﬁfép He\'/'eﬁ]oped
non-1linear markets, elimnating the need to send a
III. nuiEkemplefPrive iDuta FexdeGanciation price update nessage
results in a highly efficientconpressed price f eeds

RTINS RO LN N S

deltep%tea%eeﬁa dfa aeli%@%quﬁéy@ hldhqgﬂ]ofmﬁwﬁk&gﬂé‘tﬁﬁtytthﬁtresults in
loww Il illustrate a nunber of price feed nessages

mcuamgomnengssm mhmonx hapdwiddmond iprenessing Taseutenjconsunyptiom for fast
exa faollowillust.rat 529 0
o O Ty b A bl R e TR RS Rl hote e
probi@yel . However, it should be understood that nore than
one quantity value could be defined in relation to

100437 SgpBepicearot ueiba GdATE §biodh o2 L PYStifRyebeorresponds
to t}%aﬁﬁhlfégtdeﬁfo&eﬁgﬁxcg%n&@%ghtn&t@&nathe rc'oﬁ@ec{lﬁ\‘/@bmce@ 'ﬁﬁ%@éﬂ@novmg,

ormat for ing detailed quantity val Ues at each
highprvolosel amﬂ¢etsm pricebasidllyudbvatnelings akakibnshi) d48Yechi glqrrerclatlve

bl dj [,| ust le f
posidorSa b8 PR b S5t bR SETBfe b om e
pncébuea%é héﬁﬁﬂl%rﬁlg%ﬁi&rlg‘&dﬂg Fér e@ﬁlp@e@mét ef Biaqﬁfhegraﬁt{so 40, 30, 20,

0049] The exanpl e nessage 300 i ncl udes numbe

10} @ake@nhlea@epf 19.¢nd ¢ setiofeask arirestof {684 894%1 dQOﬂ lrlé)& @le having

a tlc‘ril( %1% S()'f a@% % 1%96%.1‘ faa{?%f%%élgg@ta f rik s a%eel g 6859 %e le dick offset.

shot™ ifier
Aspécﬁﬂ oftheexamplairicesagls deb@ibdd Jdfin aﬁkﬂzeaolf thig Bmeakigy attribute of the

field 312. The field 302d [ t |
price dsvelsdhy pr@mmg gg{n‘c’g{lﬁ?gﬁfer'ﬁ%eu@g& bl Bl e goagey values
w1th§c8lﬂeer np}p:%s Ré c‘?lrcﬁiaﬂ IS‘B@&EE& s H@é’ uﬂ;{%té‘ﬁ@sgd 3h the relative

term na ive t sa e 30
posidelmoﬂmchlpacm&glenmthageﬁetmcspncﬂ f| ed version of t he
protocol that was used to create the nessage. The

[004% %Iel r%gr ets tler% to llaeelllrgeaég %g'm% ;nlesn &%y%a%t elgc%gne 18 rﬁton-léﬁeanty, such

as when, for example, a set of prices on either a bid side or an ask side is {60, 70, 90, 100,

110}. The market in this example is considered non-linear because not all price levels are at
a single tick offset, such as the second price level ‘70° and the third price level ‘90’ are off
by 2 ticks. According to the example embodiments for a new price feed, in addition to
providing a reference price level, prices where the non-linearity is introduced will be sent in
a price update message. In either the linear or non-linear markets, eliminating the need to

send a number of price levels in a price update message results in a highly efficient
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or other data blocks are included in the nessage. The
snapshot identifier field 306 defines whether a
W@ n@pskoso data delivery is used in the nmessagePCT/iS100£062172
snapshot identifier field 306 is not set, different
types of market delivery could be used as well. Wile
compiessedxpriqel feedsrbaidlentiet prosedsingf of tlke eompressesinupddtest at the client

e aEte A FoehELdi) ePaaao o R

additional fields defining other market delivery

[004t7¥/ P88 ex&HFIBs Bt Polbet Wil dRisiryie raynuiiisée lof péce toetlimatages according
0 sn?)ﬁqs)hot and delta delivery nodels, or ){et .sone
to thet ¢xemplo eabedinfens o herapority ﬁé ckaBRles dat Hel %é@l&f&é’t@ a message

. : . . i
oo o5 o B0 GRL 8% Bty 1R PBSE00y o e
und@ﬁck&glasﬁm& thew boe feantief vatedcouddibh defmedfin relaticantpleech price level
1024 bytes. A sequence field 310 ideptifies a counter
wher g gysteith i cqndiepirer e iR ide Hécg‘éﬁu%i G Al Ss feriesPidie to each
li5 GBhdih &AM Tevdl€ A {CRMHEidMAl défiiled quanti
ot ) AU LTS 0T A5 MBnOMCuRi g il ot
valuteatreactapisce leval otil de ilbestdated asoedl, According to one
exanpl e enbodi ment, if the packet |oss exceeds a

def i ned reshol d, .acl.ien L.hal I ] .
o0BL 5554 838 R0l by BGubRPE b SRR Y 5 PRBs o s
usedSB ¥R pridd 4hdldg¥regate lgubitdy dk@cédréing tSdRe xaniplechbadiatent.

of the nessage 3%0 i ncludes a 32-bit cyclic redundancy

heck ("CRC' d based h .
(00494 Tég @Igi@malé fgﬂaﬁ%ggeeéf?i BEES gfﬂﬂ%}%ﬁ? slieates ﬁ%ﬁ’?@%@ga? he packet
head@g @elﬁﬁnau&eea{ygﬁic{ﬁfgﬁd %@?, @b%)%k'i@éﬁi'ﬁ%b’ fitli3044 81 MYt identifier

rdentify a gl eable object. According to one
fieldeXGtml zefilddiO8eatsgquenee hiuhber “skay fiekl Yéhendaditer key field 312.

form ni al ue so that .the fj.lLt k b d
Thel G E R e et b b T et B hesage
300.NeTHO E)kot&ﬂili Yerfisn i0QRF tgXbe Usb® abRESAIRBHAIs that receive the

i ncludes a bl ock header with a type field 314,

a
mess@qlgld(w toi ddcade e, massage using ks smlﬁﬂdoy,ﬂxmglp@g ithg protocol that was
j e here illu . . T ' . .
usec{,&) T Sc? iﬂhee@g%s%%e. b?%%: gfot%g 6{2&1"[1%1%18 i&%égmﬁn(ﬂ?ﬁésy ﬁv@g@%ﬁéﬁnﬁty, price,
or o8R0 datAdtevke iafgincnded & gxangssgee Mirdinapshot idehtifier HeddBA6 defines

be many different block types includi a security. ID
whetheza spsnshefedaa deduigty e & i ysasaef Bﬁ%apa%?téé?r?{lffer field 306

' . i . d. th |
ot Bl S0 IIRY B0 1SBEER A Wi caml
embodinsatgudlhifoqus aethei mapshat hasedaharkist dathidgliesy /maodebsit should be
undérrﬁtggg gpgt\r,@%ﬁf&p%ggeo%ﬁ%%s %ﬁu‘ﬁ%t éddgtﬁorn%f tﬁe[&%rclfe%{rﬁng other market
delivery types, such as a delta delivery model, a combination of snapshot and delta delivery

models, or yet some other models.

[0050] Referring back to the message 300, a size field 308 defines a size of the message in
bytes. According to one example embodiment, a maximum packet size could be defined,
such as, for example, 1024 bytes. A sequence field 310 identifies a counter value that is
incremented each time a message is sent to client terminals. The incremented counter value
specified in the message 300 may be used at the client terminals to detect packet loss.

According to one example embodiment, if the packet loss exceeds a predefined threshold, a
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frominplied market, market prices, and transitiona
trading states for a given tradeabl e object, such
Wo@p®s/1405sed, etc.. According to one exanpl e PCT/US2008/062172
enbodi nent, different binary identifiers could be used
to define the illustratjve data types. For exanple
client germipal gogghtransmit & sersendorequest dott snesiicednsate ©ax Briess feed server.
Fmah ?Pﬁ’(f:gf}[% $ %%2 ﬁ%cgerza\réfgé Bg Itllga m%Q% gg B qgélgge bEF 8%—:}% cyclic

reduh&amey o&&ﬁk S‘QIK@‘I) gbheraf&d LHaSbcb@n tha:d&msitamhohhﬁ'tant dmhange name, a
illustrated types are only exanpl es and |

symbrltof atipdeable g Pat pEWpl aw RIS AGNTl 2 g&igHgeey ’frvé%%sbfsldenﬂfy
a glg@r? CahopHk RElEi L\%Q é@%ne A33M n&nﬁ&ﬁﬁlehﬂ" ehdIMEK key is
pe I's set to de es, Inplied prices
gendrdtte«b teeformal umquec,\amfa sortliatctha: filter ey incayshe whed m:ﬁlt@'rumsted data at
. or yet sone, ot es t hat can be cal cul at ed based
Che‘l’jﬁe‘ﬁ’é?arl%?r (&E?rdie?‘?’?’g U8818-340 are used as shown in
the nessage 300. The 'a size' field 318 defines a

[0051)DRRE, 1R masdage BO@inchides §Qﬂléck,| Kbaﬂéﬁvﬁ@ﬁ&ﬂ%ﬁ@ﬂ@ 14 a length field
According to one exanpl e enb maxi_mum

316,gindpspumbgsypf &»@c&t@mpﬁﬁa fielfls) h‘ﬂ*ﬁ tﬂlwatrétedmﬁ'é@ 349 é@ﬁ Wpe field 314
\Y; t ded O e ter t

oS B AR RN sEllecaip ! THELARAnd o' cxan

embﬁ&mgetha&o courldl bed@sanfyi di€fememk Hleoke kypes mtiuémg i |sebumy ID that

"al -a5'  shown at 320- 32 Acc r e exa
uniqerly EFHEISE @ SiKe tadeapleaty (g%g%\fﬁrén%\ BWtR‘FH‘ﬁ afe represented,
n | |
oS LD S SRSy g, o
hlghpstrlcweststratdadxrpsfce,r thedx;etlad mypulkket, tskreid mﬁtet,amémaﬁl‘m market implied

fronf A G e etk R ABD SR YD TEE S SES S e fradeable

objeb€ sABEL opdit leldred t &€/ WRESRIIBab dneea&a@weo@tﬁbmim@ﬁt |dﬁY@bnt binary
and is not transferred. Rather, a client termn

identifiewsiconidcpetused tredofing gheailpstraiiye daia typrs. & gé@xamré@ “0” through “11”
coulgallaghqﬁg% gon?ep e%glztréggﬁg (fp&aﬁlplllé BigeL ?5;)%5 r@@go@db&gesbgndmg to the

secuﬁd)dIIDl ﬁ/@;a,l F‘y’ caﬁe@bddlﬁg ﬁaothentezlebmlt@p@nmldsmt Itashould be
eld 320 js prefera

' i
undeagtrao% et thes 115%665&3@ YRR falryoexamb@s?n%ﬁ}ffqram({ﬁ% ypag gould be
| r t he nessage 300, the
proviid St Gl B AR e R B O OF by de vior ki ng
that are sent in the message 300, with bid fields
[005@[!1 Nmt assuBBAg B0 theShlotk Hipeys 5 to Hepthgkices, énglied priesshihgoretical
332-.340 ed to indi cat e whi ¢
pricgy, SSHE PrEGy OTHEEEREY AT B BT AL Nah bk ated based

on nﬁdiﬁetmafa fibrak 918320 b 1864 ad hotwitinaBkm8isage 30. SHie ‘aBize’ field 318
" and the bid size is greater than "0." If_ "bl"

deﬁmqséa duimberc pe askssthat angesent i the message 300. According to one example

embodiment, a maximum number of asks may be defined to limit the number of ask levels

that are provided to a client terminal in the message 300. In the example provided in Figure
3, the message 300 includes five ask levels with ask fields ‘al-a5’ shown at 320-328.
According to one example embodiment, the ask fields 320-328 are a bitmap indicating
which ask prices are non-linear. If a bit is set in any of the ask fields, the corresponding
price is transferred, as will be illustrated in greater detail below using specific examples. If

a bit is clear, then the corresponding price is assumed to be one tick better/worse than the
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size is greater than "0," the bid price is one tick
wor se than the ask price corresponding to "al." If a
whraosiig9set in any of the bid fields, the correSposm0$iIg2172
price is transferred. Then, if a bit is clear, the
corresponding price is assuned to be one tick
previvess tpeicé levek end isamwt tiaesfpreli Bathepriaient fandmah@cpwmgé:he gessage

300 glce)ltpw}sé szagglégcgbra%gl%tstlg] eﬁg%e@:psr?c%g%\[g? a?xfﬁes??gn k Qet%ﬁ quantity
specﬁiedﬁﬁ@ﬂ@m@ﬁsa%é‘?@(ﬁ 5@dd1ﬁbﬂal%@éﬂo‘rdlﬁg B} OekScamphe éinb]dic}imiknt a bit in

ﬁg own at 352-3 ask price blocks, "ask
the ‘pt i feedd 320 1sa3kferﬁbrlmet5€ the pgkwzes ZBBEr B0, Z¢Ehd fi nal | y
bi d prlce blocks "bid price 1 - bid price 5" shown at

[005%1%{%%% gaﬂeg rﬁgﬁ?xﬁg{%%eﬁ ift Wﬁjllfe 88D 300, NRe ‘b size’ field

f as quantl I és re transfer edln
1nd1m8tﬁ@ﬁmﬁ&& of bidsquakinigahdthes sakinsthe mesge B300,exith brdtﬂw:ls shown

at 3,0 | Sirnlarly G fhe 6 e B e LRI S 10 e s Spigtg which bid
prmé%%e ndl '(ljﬁl@aﬁf | AR oA dn¥ &5&9&%@@1@&9%&:% fitlaes 3biisl set if the

e ask side in the nessage 300, it shoul d be
ask sm@lfsrsat wo't),t had thedue eiadiingreatar thas “8y'sifefhl” field is clear and the bid

e B 5 L W Gl b B somosponding 0

“a1.P q?ﬁrbrtllygetti@aﬁw@f 1868 kidofigldf) theCadriRbgaiing prite itamesrredl Then, ifa
prices that are transferred is equal to the number

of
bit ipclesr, ghetcormgspaadingspricg iglasspmedh tp beypnestiak bepigr/yqese than the previous

pr10332d%1 mAqg%tq{arlllgfe%rgdone exanpl e enbodi nent, a single
Pét'e ce pri ransferred, and other prices in

Ilnear mar kets are not transferred but rather a client
[0034¢fm1b madssape 360 misodscludes apnindes ofiak qraotiiyddetkissi‘aghqty 1 —ask qty

SRR 0T3S0 0 end Bkeo oot Bon g U b meh 352-360, sk

prlc§ BﬁJ@PA a5kl fifenel fke8 sPkhé&Rn AE620E70S Eﬁd ﬁﬁ’allyhﬁd BEiSE blocks, “bid
of best bi'd price. However, it shou

pricel ride rtad qnorde t5f athowneatr E2e3&hc ér:prmdmg @ogméd emnrslétemhydlment the

ff
b P b, BT B, i
speoﬁ*ﬁ&i i tﬁ@ae[ sizd’TRe1d8 58, a8 hdrhirEber WP bidlsibe qhardinies ﬁerﬂeed thcnnumber

“ask price 1' bl ock and no ot her askprices wou
in ﬂtﬁ?e btsmn é‘ne@# 33% Wﬂrﬂ@ fire m@@st&@ dlaslsp areshepndphgiertid érﬁié ind the ask
e e h C
s Y2 ERHRE T " B RSIA0 PRACTEPURAN T e s

config@irabidmg bﬁrffmmthuﬁrhﬁr aﬁlkrdandi atl vk zeuld be krdssferedadwellit
to indicate that all quantities and pri ces are equal

ook a8 e S s P P ) g st
is eqlal ® the8fMber of bits set in ‘al-a5’ and ‘b1-b5’ at 320-328 and 332-340. According
to one example embodiment, a single reference price is transferred, and other prices in
linear markets are not transferred but rather a client terminal determines the prices not
provided in an update based on the known linear characteristic associated with other prices
in a given market. For example, the reference price may be set to the best ask or best bid
price. However, it should be understood that the reference price could be set to different
prices as well. In the example where the best ask is the reference price and other ask prices

are linear, the best ask price would be transferred in the ‘ask price 1’ block and no other ask
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will be illustrated hereinafter using specific
exanples. It should be understood that the exanples
w@e@so#loyo i | | ustrations, and different vari atiPCEUS2008/062172
nodi fications of the exanples given bel ow are possible
as well. A One Level of Depth Exanple [0057] Wile | )
pricasubduilgp be tiresfetred wf thd epsspgan@Ot Yscerdingtonaatexamplel enghpdiment, if

term nals, one .l evel of depth C Lonpal .
therg G n0 e SRS E PR R foBG AR sl P sgpt o clent
term@fals) RthRheak HA H@Bive fiolds zaded att teendickite Gat all quartitieonst prices

generation inplied prices, as well as theoretical
are egpilde geronpriedic 80t¥¥npri ces are provi ded by an exchange.

Additionally, one |evel of depth may be provi ded when

[OOSﬁLﬂ}% ?H%ohﬂéﬁ?%éésgﬁlﬂ%f gﬁc&‘}%ei%r f&gnérﬁt‘?@ﬂ Yid lﬁ@l‘ixyerﬂ.r RSIEG data feeds

at a. ures 4A and 4B il lustrate an
will dxaitipstentaheremmfibr ofingl epedifict @Qaraplds. a [velswikdy be fundenstood that the

402 generated for the, ex | e depth 400. cording,to
exarglEs Sty N HBORTERL TR, VReBeny i PogUaanR Ol fpg examples
giveh‘Bé]!oqﬁarEfBBi‘s?Jlehi‘ﬁrlaﬂ‘.des a bid quantity of '89" at a

best bid price level of '"50" along with an ask

quantity of '81' at a best ask price level of '60." As

shéwn i Preheveleed Dapeh Bmmple| ustrated in Figure 4B, ask

and bid size fields 404 and 406 are both set to T to

1 of

(0057 f SR i Tl O Serf Src S BICHEY O kL kil pne Jevel o
depth nizsfeecasaellprbiecent. Mdchalimpwsagexamble dnbosliméntednt level of depth

the ask bitmap 408 js set to ' 1,' wt.h,other fields .
may(ti SeROR OBy esod” S Seeirign gy A RHeSets VoI & teoretica
pricBasAeh %h??ﬁeé"ﬁ% BAEOR AdlcRbdgRN M@lﬁ%all?, drled&Kef oBdepth may

the message 402 defines ‘the ask quantity of '81' in a
be pfavided wiked, a diebt Wrnyimahsubserites to ®oeive anly ipgide paddet data,

and a reference ask price level of 60 in a field of 4

00t WSt R PIR T AR o8 s

forrrisilg ) gbﬁét@ﬂe& far thepsxa@riptedeptin 460.i ertotdirgniontht xafplglmmesdiment
an

i d 5B il lustrate an exanpl e rket data,, 500 ... .
llusiaigd4n FUBERA, BOASRamATS: GERGFat Bl SSUB Yo p0) Hiep best bid price
t : | . o | < ]

v B9 B UBLAORALAES, 8] SHARAELRTPRANER L1 g0 s shown
in thdahesaRA02rithsicks] hiRiguradB, pski angl Hiédvigb fickisd0ft iand BDE are both set

Jfrice levels wi t he correspondi uantities, Since
to fﬁg Aadicgte, afsmggg E{&O@Gﬁg %ﬂn,g € gl%stﬁ? chl:[s%ge i@?u?lhneg’t sitice the best
ask Pﬁéé‘i@tuséjcﬁﬁsaa RBen@priekin $he Mebdagd, dndAfkt &BM i the BskShi&Rap 408 is
leld 506 are both set to
set to ¢1,” with other fields in the ask bitmap 408 and a bid bitmap 410 set to ‘0.” Based on
the message configuration shown in Figure 3, the message 402 defines the ask quantity of
‘81’ in a field 412, a bid quantity of ‘89’ in a field of 414, and a reference ask price level of

60 in a field of 416.
B. Five Levels of Depth Example-Linear Market

[0059] In most trading environments, multiple market depth levels are provided to client
terminals. Figures 5A and 5B illustrate an example market data set 500 and a message 502
that is generated to convey the market data according to the example embodiment described

herein. Referring to Figure 5A, the market data 500 includes five ask price levels and five
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"5." Al prices of the market data 500 are one tick
off fromeach other, with a tick size of '10,"' thus
w0 b@streoket data is |inear. Using the exanpl e peDUsIe81062172
above with the best ask price being used as a
reference price in a nessage update, and with the
bid pricedevelpwith ehe trareapdetingquantitied. Sihee tﬂmreleee ﬁdabiﬁs&ﬁ@ ;ﬁve asks in

the RS Rtk 1 5B rpskoieerieTanty Seshe O S BelAPosi ot set to
*5.> ben %ﬁc@seéf the mdPket! datd S A lonBiticRRPr BOB A8h WRlek, Wih 8 tick size of
bi d"bitmap 510. [0060] Referring now to bl ock fields

"10,othus filee magdeh gatase dinearh eUsing she ¢xamply pmk@dsemvg mth the best ask
i ncl ude five as antlt | evel s V\Ilthafl
prich M 0 fSe Rt BB ey 3" G ot ShERE g prce
chara@eﬂidms e e raGket kL 500, thesBERAEE FRNG1IGsteIMs drily Bkidgle lﬁﬂ&t in the
ing a quant [ tg at_ the next ask price | evel

and s
ﬁrstéwld ofrarpsk pHEapSRB, With ethsy bidkaeinpset 30’ ik He agk bftmae 508 as well
asagﬁ ghansity levels, with the first bid quantity bl ock
2 11 tlng a quantity at the best bid price, a second
bid quantity block 524 listing a quantity at the next
[0060] Refarticg nbwvel blank fwbiso«nﬁ thasmessagd 60 dthe dirkt Gve dhatks 512-520

. Str ted p. 508, the t a r.ce is .

inchiflhie & Rnak s Wi Basngrk, St PeBprt S foRiifina itantity tha

corr&lﬁ@ﬁ&% fo3fe bBRGAK %ﬁc@teh;%"coﬁ hekeguaBhiBf Blokit BEATisting a quantity at the
aracteristics, no other prices are included in the

nextrpsk @ag@legglzand@o om; videngthe ngxtdiveriderls 522-532 include ﬁve bid quantity

Ieve%%gtﬁe P?g? Blt{ {1\121%{1 . as%ﬁ? BZi Psgm]g] ﬁanf At%hc—p gst %ﬁf pIche a4 second

novi ng are
bid QuanEtyBlodes B! liding mplaﬁm@rmatﬂemeexmerpree wremmf dol cﬁﬁa&s mentioned
‘ characteristics. Figures 6A and 6B |l ustrate an

3aﬂl§$<%fﬁjp1ﬂélsﬁ’i§?¢<§% thg hitnape086 thy lzﬁﬁt askuiee|is Hesdrasrmref@encgryice and
s D ot P S W SR Bkl o ot
pricesske mcludeé irathe meﬁ@a,ge 5'080, and '90,' and bid prices

are '30," and "10." No quantities are pending at

SR I OO SN 7 0 T L

prl ces are not sent according to one exanpl e

[OO&MQde)g"ﬂmedﬂ @afiel,batlil0 ah6dt NactiBeC fids ol iRl thadlfets taly eﬁear some
ask and bid price levels at which there are pendin

marlgfln ARast oeeasionally raeninge shorelingap | dharagtynistighe  dosuen % e@nd 6B

RS0 B0 B oL N GRILIR Bl

upddteniesshge H02 gadirated or such a market. In the illustrated market data set 600, ask

prices are ‘60,” ‘80,” and ‘90,” and bid prices are ‘40, ‘30,” and ‘10.” No quantities are
pending at the remaining prices of ‘70,” ‘50,” and ‘20.” Since no quantities are pending at
the three price levels, such prices are not sent according to one example embodiment
described herein. Because there are three ask and bid price levels at which there are

pending quantities, ask and bid size fields 604 and 606 in the message 602 indicate ‘3.’

[0062] Now, looking at an ask bitmap 608 of ‘1 1 0 0 0,” the first bit is set to ‘1’ to indicate
that the best ask price will be transferred, here the ask price level of °60.” Then, the second
bit is set to indicate that the second best ask price will be transferred as well, here the ask

price of ’80.” Since all other bits in the ask bitmap are set to ‘0,” no additional ask prices
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that the best ask price will be transferred, here the
ask price level of '60.' Then, the second bit is set

wao o008ndios@t e t hat t he second best ask price vviP(tT/Uezoosmﬁzm
transferred as well, here the ask price of '"80.' Since

all other bits in the ask bitmap are set to 'Q,

are tzangferiedntius dndicabing dlea pileer tpflﬁﬁﬁs‘fcéquse@dmmwsquaﬁaﬂ%wwsed in the
e ices corresponding to quantities included
”“”%%3%993%%%%@{85602 are all linear. [0063] Referring
now to bl ock fields of the nmessage 602, the first
[006BIrReferdingaiosy 6dl BloGk Gieldscoflntie rhdssege GO thmﬁrstithye blocks 612-616

ol e o b SR el A B A By
corr&ﬁ@ﬁ’({bdto Qﬁé‘b&‘t‘ a8 f)ﬁc\é ’Qie%i‘or@%k q'u§ﬁtit2 %l&k‘mﬂflishhg a@hantlty at the

e next ask prl ce eve her e ‘at price | evel
next @B, pricarlevelheere lat the pride Iguelrafi 89, kﬂnddhe @11161 a$ksqmam@tsablock 616

hstuiﬁg r&ﬁéﬁzﬁy taL };l‘tggr?eg;t’] % : A klge%lzée‘ 9h E’beén tﬂﬁef ggxt thrge eolcbcks 618-622

mchifﬂéétﬂxteb bid dpeylﬁ‘cyswcélé wﬁéspamlﬂgtd tBe bltﬁpﬁhedems 6f£4bevsd,5and ‘10,
40, 30," and respecti vel Flnallg, based

respeqtiveHlo Binelhased gn 40 bumabiav@lam@d alriies itpaddigon ki the reference
pnce% Séte[E) GHE Be ra.'sfz %n%gtt%até Es @gﬁsfpﬁécf s lBloQ:[c' 6:2% LN thRar ask price is

ransfeerred 1n*a non-1inear ask price
proviided\ih déblodkr628, dibng Wwith 260 nah-dinganiiid pricenevels in bhonlese&ZSkand 630.
price | evel s in blocks 628 and 630. D. Alternative
sage For 4 igure 7 is a block diagram
ﬁ]stréf’tlfe lé{ﬁg\/gq aéél]ﬂr\:gf‘%?lte message bl ock format 700
accordl ng to anot her exanpl e enbodi nent. According to

[0064 0 &igid Qs e Block | didkedrh al186lrating RinOAlfetnafive thékSagnBlodls fsrmat 700
are specified in ditferent nessage bl ocks; however

accordiag P GaRrther grarpple ceaphsidiaent; nz&@coadlgg rigithe gabedigeent Histrated in
Fis P 3 B Tl R OARG TR GLY el N DL ok an

be cambingplintech sinkledeptipebl alexamble, an exmpile eﬁeseégeVMa)C mclude a bid
be descri bed in greater

depthtists Aok GoRQUPek 71 IPRUSHBSCAGE PISK iRl 4k depth block,

eld 704, a
cte. RS Wi A ey g ghlobi el 6 704 2

t he messages il ustrat ed above the type field 702 is
[0064] Reburking dekiguie &r th.emacssm VQQeBlChldtig/ pdicaderguitiaa type field 702, a

PR 70k Bk A B P SRR RRAORs s

illustthte@ @bove fkefyp@ HkIdORRLiR a bhdstkiia@itifRel tHand&iales i tsﬂpdj@ﬁlidfa specified
an i I|ed mar ket ask depth, a detailed bid depth,

a
in thsonassheRiblask T88pthxample mepsage hlpsk tquclesclé}é%ﬁtdnteyt makst bid/ask
deptig,hg dirERHdiedt 6k erth, an implied market bid depth, an implied market ask depth,

a detailed bid depth, a detailed ask depth, a last traded price/quantity, etc. The length field
704 defines a length of the packet payload in bytes. The depth size field 706 specifies the

number of market data entries. Then, the bitmap field 708 defines whether or not a specific
price is sent in the message block. In the embodiment illustrated in Figure 7, each price
field is followed by a quantity field defining a quantity that is pending at a price level
corresponding to the proceeding price field. Similarly to the embodiments described earlier,
only a reference price is sent in a message block and then non-linear prices are defined

based on bits specified in the bitmap 708. While 8 bits are specified in the bitmap 708, it
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704 defines a length of the packet payload in bytes.

The depth size field 706 specifies the nunber of
worasoRe¥098@t a entries. Then, the bitmap field 7P8I/US2008/062172

defi nes whether or not a specific price is sent in the

message bl ock. In the enbodinent illustrated in Figure
should beapterptobd ehdtifewdr prsmbud bitsveahldpe arsed aameilywﬂﬂmtuﬂe fewer or

o SHALABEE BT AL LSRR e Ry Sl Eganisy

combRatife pAF) agbtHBNbismale sCddfined Rah lak arbitniy Y42 wr@é}ee@mponds to
rice 1s sent in a nessage bl ock and then non-Ii near

the dsitd ihaksis spesifipsf foHewingdbe BitwAP Bt3-s specified in the
bitmap 708. While 8 bits are specified in the bitmp

. i t .
00FE S0 51 90 B, Y 1 IR L s o
of Figurec'®, thewvelus thdtris tded termfoda peind that Isusitt vatted is hased gorte type of
ever e l.evel / quan conbi pat i pairs,
data srend iy TP IERh QDL PGSRk it psiod i pgipviten,
the Sﬁﬁét ecﬁﬁ)toﬁdz?'g}ﬂi%dttheth@ ?r@vﬁ)ﬁ‘@tva]u% i8PREHd iced droydtntdother value
the bitmap Simlarly to the exanples given

depeadimgeon metanWczﬁmtmglsaﬁpdmﬁeéd@m@ givien tradsallg @biscchc Rimifarly to the

{ to r
exar{l%lg% g{vemb{)}/e rﬁ{? io%egé g@ Ii)icet é? ?Jﬁp ese% ];2 reﬁr%rce r‘P?lCE althen for
diredtemd/iMiplitd elarkdroid 8épteahe affsetiigngdtited-1as Af dasnikeat de@&ptsfprowded
if a price.is not witten, the of fset that is applied

such g5 when prudiiple antEy jelyes comespagding to pendipg; ordereare spesified for
Y d

cori SRR R, 0011 Sl Gy USRI 10 RS RRRELL ket i

smngpﬂﬁﬂmﬁbﬂﬁ&‘&tEﬁmﬂﬂmﬁﬂhﬂﬂ&kv@ﬂbepmwﬁkdhekmﬁed as a

reference price. Then, for direct and inplied market

bid d h, f | f detail ed
dlept heF " pr ogﬂfaﬁﬁog'ﬁaﬁﬁﬁ%ﬁ@?%%?t%ﬁ?‘w@ﬁe qﬁaﬁlt i ? y

val ues correspondi ng to pending orders are specified

[00679IFig@e!B MiukteRed &v@lple assagé bReks §(RAnd wm@éte@aorl abid side and
relation to the quantities associated with the s

an aplf pide oieamarket depth 04 havipgbrwees than aightprics levelp @n The bid and ask

mde%>< gﬁ%l & lf%g%gﬁﬁ 2}5{14 11155&%% gré-ih?ga?%arm &‘Ff,he[ﬁﬁ’tsme as well as the

gure es exanple nes
ask bidecksh&ider afhitie BiEsapeead@ddd(loincmdes a bii d@ﬂaty@ea&%a& kength field

808 34 PR ET I A0 BHG 1 BRRPIEA. SIS e Th R Biines the length
of t}%le‘rgésféag%%‘io+ﬂ SIS BRI Be BRRTdhOLMAL R I&RIL SKE RResPigd block 800

e as as the ask side. A header of the nessage
maytdepeid 80@hethet agesonaprbisibnde plsetd inyplati®N & alhor songe fata specified in

field 8 n r.. of bj ield 810, . and a bitmap
the gy Saiefiock S00r hIR HEmB defien ber RR'lERg fro sohl The message
800. As shown in the bitmap 812, the best bid of ‘100’ is transferred since the first bit is set
to ‘1.” Then, the next two bid prices are not transferred since they are linear, and the next
price of ‘60’ with a pending quantity is non-linear and thus is transferred. The following

price of ‘50’ is linear and thus ‘0’ is specified in the bitmap 812.

[0068] Now, referring to the message block fields, a first pair of fields 814 and 816 define
the best bid price of ‘100’ along with the best bid quantity of ’25.” Then, since the next two
price levels are linear, block fields 818 and 820 define a quantity of 32 and a quantity of 64

at the two linear price levels. The next block fields 822 and 824 define a non-linear price
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of the message block 800. It should be understood that
the length of the nessage bl ock 800 may depend on
wob@shewsany conpression is used in rel ation tRPCHUE2008/062172
sonme data specified in the nessage bl ock 800. The
bitmap 812 defines price levels that are sent in the
levelhes 53] alBR0withs sdndmg quantityeobiMSaFigdly, sinbe theekst piiat level is

. of 100" i r ferred since.the first hit is set, t.o .
inesPy he I o TGS o B kSl b Bovite of Bl bilpr price
leveBdf¥6g>they are linear, and the next price of '60" wth

a pending quantity is non-linear and thus is
transferred. The followi ng price of '50" is |inpear and

[0060h ]gbe npssage bigrk§0R) s gsqditordeding jan glpdepth as plyyepin abRe field 828.
. | ! SIOST ™
ie R4 095 SO B ER30R 5 RS LLE By B0 e il o

messige hipcli 808 rhinevirglepdridingioamhethyr afy t@bpressidieis, used. ndesize field
the next twp price. levels are.linear, blaqc ield 18

defings 4 mw}wmtﬁﬁe@?wa}ﬁr? PSPV#%S@ tf&ﬂ&@%@l&%@ﬂ'@? %@2 6?3 éi“map 834

illusfthtel %éﬂé&icleé &%%Ee&ﬁéd:ﬁ B16MEhQds JRe BR¥dagb bRick 800 el ASshown in
822 and 824 define a non-linear pricelevel of '60"

the itroam 83, tthe hespesldprige tpuesad ias n referer®s pricgilevgl hyd issjentin a block
t | ast price l.evel..is |i.near, the. last blaock,fi.eld.

ﬁeldS%g%), ag? 2 é’lgd oaﬂm—]ﬂ;a{ﬁncedg. spﬁgﬁac} ngreiﬁtlo{lhtgl%ﬂ%ic}}lrddblt, and as

showih BEAbldRKIffed BEY.elAI0StheDBlock 016 3RS, TéuD, 88SSaEE848 &fite quantity
802 is used to define an ask depth as shown in a type

valugs @flegclgrgpectine priemigyel corresneadingde fgebletkolidd802 i s not
specified as shown at 830 since the length of the

bl ' th
Compr 6581 on FEEN M BARREPERAT A Z! et an

price/quantity levels that are provided in the nessage
[0070] Bidur8 0 Allustrates exbinplrapestage Hlbtlss00zmdD IRhiredtedfor @dyd side and

re specified in bl fields t he, nessage .bl o .
an ago O RE ket Ao 9B eting s dhan gL THER pF s bidgend ask
side WP b Agkar. Mefeasi@ Bfe@sa%_é ibfR kI 9064 usddo insFENt0 ddptiRlebecds shown
field 836, and an additional non-linear price is

at 9¢haoil hee o hitmebuPPband 804, Hveith Hierfirstbitmamdefinisg gishnof the first
. in.a blogck fiel 42, I C [ 8 4
o ool L s R D 5 TRy o
addifibhAl @ricevet transfesh oadshogvitia thdirsbbiaakp 904 isksbesPbid price level is
Second Non-Linear MNarket Depth Exanple [Q070] Figure 9
trangfpredseipeq @ Tusiibiseschits dagd hecdies totrmaiing Bovedr RIkedgyvels are
lineerO{ill Btnidt 9it§fndtﬁe ﬁﬁﬂlag BoRSHe st 4P 0! The ch%elc%%ﬁ%@n%@%iimlude
aving nore than eirght price levels on the bid and as
the Isdstibidgfrice hd ¢ b, kwith allhehdyifibldsedediage dlaottiesoBOhé sightsprice levels.

Theltl,othterl:?i?r%gpe r9061> Ode%%gg Qvll.e%}/eglasﬁ’y gfs tHcéhl(%)vV\él)1 additional bid price levels are

transferred. Since the last two bid price levels are linear, only quantities corresponding to

the price levels are transferred in block fields 910.

[0071] Now, referring to the ask message block 912, there are 11 ask price levels that are
transferred in the block 912, as defined at 914. There are two price levels transferred in
relation to the first eight price levels, the best ask price and the seventh ask price
corresponding to a non-linear price. Thus, the first bitmap 916 includes the first and
seventh bits set to ‘1. The block fields shown at 918 define the transferred prices along

with quantities using the format described above. Then, since the last two ask prices are
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at 902, and has two bitmaps 904 and 906, with the
first bitmap defining which of the first eight bid
wperiosae4doswel s are transferred, and the second PCT/DH]908/062172
defi ni ng whether any of the additional prices are
transferred. As shown in the first bitmap 904, the
hnedn,em bitd arepet we'1F avelblmpt%nsﬂcbthﬁemasmthsoma@mdmto the linear
it is s ince the remaining seven
Pﬂ“ﬁﬁ?%gmf q@PQﬁQ@éSﬁFWE&¥9ZZ other bits in the bitnmap
904 are set to O' The block fields shown at 908
i ncl udest he beEVidRA©HEE Qearfities AT Brice Dévels Brdmplé her
f| el ds defining quantities at the eight price | eveI S.
en, the hitmap 906 defi nes mh ther, any of the
[007ah HigurodA) llbas@at5$ ic¥ample, Begsags é? 95Ka 5 thpt asg ﬁ@@ ttﬂ gprovide
b e ve r [
deta, 1@(? Ye eétﬂoat Lodh p;%r!ic% ev&Y Ehgord sg)e&f‘l@eﬁ s as & % Sn?édaﬁlgdvte @sther than

pondi ng e price
provhhmg b sfright alger&@iple qi-OOT1At dﬂohvpmcefeefclr mgtiple quamltasmlues could be

S | ock there are 1 1 as rice, | t.h
specilfed oF EcE dciiF 1 Hort tatens 98r hendig fribePaee Sys Tigure 10
luusﬂis.k%g ﬁn%&@m}nl&omﬁﬂdefi @eﬂtﬁ‘l@b@ aIdhg%fﬂ? e %dsghgeqhaadsqmolz Qnd 1004
first eight price |evels, best ask price and

that tatn@ used gnt tepresentpthiecidceide é@éoﬂwl @’ﬁéf, side ofnthg- markehrdepth 1000,
res g Jggl Thus, the first bitmap 916 includes the first
PR®Teventh bits set to 'L' The block fields shown at
918 define the transferred prices along wth
[007qU @kt ibid msssagd: Bldvck 1602 dricimales Hesier ifibkld t}&hme dddeeibed above, with

since the | ast two ask rlces ar, , ho bi
a sizgdield 406 srt to R sings SN figygre Pa%g%lé imstpes 007 °fie format of

the xfl ?%;ﬂﬂfg%ﬁ&w& the @@ 1111%1 iR Og‘il?§7 a&ﬁer@ ﬁ%ﬁjaﬁtﬁy RhREKs spemﬁed

shown at 92 IVI antities
in aPnéssazel boelk Siekk dingitly e[f@:@'azﬁlelﬁltgalrle useﬂ td Hefster atpeise at Whlch the

X I b k f ts t h
vty 31 PeeBEp Hiise PERER fITee mapotieyiice Gl PO define
quarﬁﬁy QxlRbAfoR %Qc evdl 24 bighap NEOB RreYd b pecidly %ﬂ:ﬁ' Hock fields list
Etafr egate quantity at each grl ce level, multi
pricgy

alsi tErl khalh;@sapc 8l theefirsp &t is iseldltor @ﬂl%'@cﬁabfhed@st pid price is
t h
T S .

nﬂéi@:ﬁloaﬂ @Etgpl\M:d Heldvi 10Es Salgevdd b ksqub@y feid 100D4lefihiap the first
are used to represent the bid side and t g,gfask si de, of

quantie VaE 0§ en gadsrpendins at iegpisethesiehi pricoo 2Bpn.hesatse dhe next two
ﬁeldé‘g.gesct?lﬁg gg#@g eﬂ't%h%nﬁ | AR Ssafi Iﬁ‘)g?é 1dveElafiRr hdta d’iﬁ’él%nt price, the

ove, a sl ze 1006 set to
nextstimd:ets $ shevbatimaps] OQB erqatomvé:tdﬂnﬂ the qtéitier slsa;@ﬁnacbﬁﬂield'mwlél and
101& en, s%ce the next field 1018 is used to define the next price value of ‘205, the

fourth bit is set in the bitmap 1008. The three message fields 1020-1024 are then used to

represent quantities corresponding to individual orders pending at the price level of 205.’

[0074] The ask message block 1004 is generated using the same method described in
relation to the bid message block 1002. Since there are more than eight values that are
represented in the message block 1004, two bitmaps are used to indicate which message

fields are used to transfer prices.

IV.  Compression
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t he nmessage 1008 follows the one illustrated in Figure
7, where a quantity value is specified in a nessage
whb@sh4dosel d directly after a field that is usedI/US2008/062172

define a price at which the quantity is pending. Thus,

because there is nore than one field that is used to
[0076 11 tiee exeampled provadedesbdvey eahicquaptiiyc end gvige vakluebspeadigd in the

1008.is used . to specify which block fields |ist.price
mes{ageRjsssen 1 ¢ AU (AR, UROTG (G PP PRATRIS jemtdgirionty # standard

numbS IS, hihtastdg 1065 ull %o Ripk&8ntl dach Fals &l Fdhé Yalde could be
price’field 1010.” Then, according to the standard .
represestsdysinglacoialleontimhbgrrafytsa, Steleapembedipeat gpsultpip thedata being

fol | owed b uantity fielg, 10 i 0 t ' .
sent g WAL bl BumtigR Y s Mot pihing many
diffdpér dohipEessionh@Rembe G seuldhiee agptied ttongiahtitydealasseasuseld as price

to represent quantities at the sane price |evel rather
valuespravided i themeqspagsei ce, the next two bits in the

bi tmap 1008 are not set, and the quantities are

fAl 8 iekd : i , cod i e

[007??3?[03&%8{1% t(lf SO%hsix o defi giélq%ﬁ’e lﬁg&e]g;é? %Or?]:l}{:}gﬁ\l/aarlﬂlq 3%&6}0?& used to
représBfiGquantities dndupricks bi the inessages desciibesl dhiolvera ntagro gompression refers

toa tpcgrbgrgésgﬁl? ﬁ%g@ﬂ{%]}ee:regénl% g%?@éﬁ%ﬁ?&?‘{?gr %)12&}?%531% glg%{}glrepresent a given

valuB/ Wik Sn REMELAS bimdphe eRhéraGBe hR¥edighificard O leas{ §0mfitantbéts being
ask nmessage bl ock 1004 is generated using the sane

usednist tepteseisibe ilerath iof ar datasivivg. tbort erampley 1dhe gyamplegriken above

1002.. Since ther [ '
e B PeShASed R0 RS R0 P4 B PRy Hialrs Pl may e
et
ST, . V. . X

set tpr G itdeassapisd dhatdaanele DR pspddn aepé?ﬁel%a Valhgie Then, PPinS st two

3 e l . :i t i i j [§ €1 % ¢ 2
ots A28, BED- ol TERR0RE LBaalh v r enoep ot 1
and 60, thydedsytessare hseals add Hyalbysif three fisselits arerseippé$2 Mourehytes are used,

e e e iR FRYL A B R BE AR LSl g e o
eacH NRuL @Rl BELd 28 QR1L. Usi ng nore bytes than truly
required. This deficiency may be overcone using many

di fferent conpression schenmes that could be appljed to,
[007qli e i infpeeraganersessionepylisai®t p pigariconl gductionorfi e dafansize in each

mes%a%g.o glﬁgr’rr: %}?a?ﬁ;}&lﬁ,{ %g%rgll%%%gﬁ rtgitﬁg e&&ngﬂgigeﬁ%g%steSOA and 5B where a

_ onpr essi on na

mesk#pRIie peNéragd ot iat odslimad npirket,e$0 ivalueh eomespeadieg to quantities and
. described above. Integer conpression._r ef4e{)s

prices are provided in the message.” In an environment where 4 bytes are used to represent

each value, the size required to represent 10 values in the message is 44 bytes. Using the

proposed integer compression method, since a single byte is sufficient to represent each

value in a binary format, only 10 bytes would be needed to represent the same 10 values.

[0078] The compression scheme described above may be also combined with a delta
method to further reduce the size of data in each message. Figures 11A and 11B illustrate
an example non-linear market depth 1100 and an example message 1102 generated using a
delta method. Similarly to the examples given above, the best ask price ‘12160’ is used as a

reference price level. Similarly to the example provided in Figure 6B, the bid and ask size
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to a conpression nethod where only a m ni mal nunber of
bytes is used to represent a given value, with an
wa@edstsosml bitrmap at either the nost signifi CBEI/US008/062172
| east significant bits being used to represent the
l ength of a data string. For exanple, in the exanple
fieldgi M6# amldoM@6vindiceted 3byines thiee hid eantvics eprabenet asl quantities are

t he t f bi t f f
L P L 2 SR o R TR 18X, the o
bltmaf) EhdVon at! 11084€ 1 RO 09TRRMI B bitmia at hﬂ ofisFB0 10> i s set

b it is assumed that a si ngl e byte is used to

resent a value. Then, if the first two bi t? are
[0072kén themxamls Sowadn Kigre 3 rether tap seuntening all gaces ot which the
re it
okl Lo el ApAGRe i o, D MRS sk prie o
121806} ih @n'adk ‘prite btoek dy Dé Saralr ail u&eﬂnoxetinear@sicn&emblspn@ﬂed using an

earljer, dlffer nt met hods t nt th f
offselypethod, eBagyd athe RSO BSA I icpa g SR RO Sk BESH L ey vy from
the fefiidy IZ% HRE, dnﬁtt HCAPEGESH Ha bRSMideSDIbk BI26 to indicate an offset

sign |cant ctl on of the data 'size in each
differerss meWeeﬁdhe eccfarqnbe priceémgt therngxbaeiklineartpivise é@d@ﬂrp (Teq,rbecause

ures. 5A and 5B.where nessa rat
the e3P s s ket 4 8- BETSBPRIAS AR BB il 1fel, and o
the SR Valucefor ANPridy le@@lslsaé’;%cﬁ%@\fih dael nhdSseIg'&el 192S ST, akshown in
an environnment where 4 bytes are used to represent

relatéoucte thalillestratededepily él(}%qhﬁ bast| bidovalugprsed Eigks away, Hpiethe best ask
in t i

price, and hlgussgﬁ% ﬁﬁ?ﬁstﬁﬂ%%l,é%e?[ﬁ%(g Enceui% g?clﬁgc? ngﬁ IBS()@EC fb:,l(gb}kZl%QQ Since

the h@{tﬂﬁﬂﬁﬁﬁﬁﬂif da¢boval livgeat s aieﬁneﬂalny thieo bitmtip ldriD,ytthprlce is not

bytes woul d be needed. to r ent t e sa 0O v
trangfored] The e ﬁﬁﬁe@gmswwé LA 03 ds BpR-HBEr 250, um& gfget value is
C t
spocfiaPiCEIRLE S . S0k (e Soane 11“%35‘?2;“ Figfieati Bhows offst
valued; lusisizr ﬁlb eacarnl gaepdiffercoce, | it skewld nieer kederstepd that 1fsetsnepuld be
an exa 1102 enera a delta
defingd y5E %P%’f«‘ éﬁl?%ﬁ'tmosﬂeﬁ’ B& 451 Z%Vegg\%%nﬁﬁove, t he
best ask price ' 12160" is used as a reference price
[OOQOEV%' exg@hﬁ@d' @i, the prives exdgintitips odfirbddnithe Eiemge 16@ may be
the bid and ask sizefields 1104 and 1106 i ndicate
comgreseas 1$ing dheiinfegRiafRMRIPSION AEthod e Yals RoTag &H%qrtme@od In the
[
e ndl AURIEIHEH plahnd 1 TR SAME  R1RE: Ripiflehitd Bing 2 bytes. 1fall
otheaipnﬂ.é. &8'e]sswere 1o e GepesBnied alsnigahdoacdudjlmlmzp, @bh piit®levsl would be

[[0079] . I n the exanple shown in e 11 B,
reprsepsd) Ui 2 r%‘seéem | REERE Br B b e ehpieeting ot price levels.
HowWREK %incb ?nﬂp(ghel JeR8&ce g%c@ HsnﬂJe&Heﬁfu@fn%ptﬁ@ a®idlGRick Sevel value, and

spedi here the west ask price of
three other prices are represented using offset values, the offset values are small enough so

that they can be represented using a single byte. Thus, using the integer encoding in
combination with the delta method of sending non-linear prices, the message size is reduced
by 3 bytes with respect to the illustrated price levels. As the number of price levels

increase, the savings increase as well.

[0081] While not specifically illustrated in the messages shown above, it should be

understood that quantities in each message could be represented using a delta method to
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'12160," in an ask price block 1124, and all other
non-1linear prices are specified using an offset

woreiokodsBased on the reference price, the nexeChiugives 062172
ask price is 2 ticks away fromthe reference price,

and thus '20' is specified in a bid price block 1126 ‘
furthep r¢duge dhet messAZ$ire Bthen icompressier msthate are visd. rldose drled in the

ice t - i . ' | .
ot B GReBRL OF S RO AREOR bR il Tt gy o
wellcorrespondi ng to the next ask price level, and not the

of fset value for a price level is specified in the

nmessage 02, The sho in relation to the
Vo ﬁ%g%p%éé@r N@ﬁ?ﬂ%ﬂi@@{“%&%@%ﬁw bid value is 2 ticks
away fromthe best ask price, and thus the offset for
[OOSQT?n fioPidpBVidas herksP®RpH febfed Hat@ thérd aRy bth6r dHtDBMes that are
1128. Since the next bid price of '12130" is linear as
norngpdlyi previdedh ta pléenpitermannls man ele¢iwoniy freding gnvigmment. Some example
transferre Th he. next...bi d, pri ‘1 o
cata (E BB R bt i Be heP e pBlows Eppdfl i pdersiond
that bbiaplesdibieh@thbds@eschibed sbdvbeoaidamgl e iskd isietatioado tata provided in
Figure H B shows of fset val ues using the actual price
the eppgasdlo®. it shoul d be understood that offsets coul d
be defined using a single digit value specifying a
tiok | eyglqedhdif erence. [0080] As explained earlier,
the prices ané quantities defined in the nessage 1102

may be conpressed usfng the integer conpression nethod
[00831 Kjigered@riea blogkdiagearn othstrating dneexamplatingssage 1200 that may be used

ilJustrated in Figur.e 1l t he val » . 12160 i .
to sk FRICRET Wiy 8hBtece Pl %00 imtiHE o 1d frpdsd quanity
(‘ltq®efiedd 1200 Q 15 Klﬁ&é@%ﬁ&c{‘mﬁ) fleldtined asiduabtay ahdisquas@§it‘ttq’) field

rice |level would be represented using 2 b%%g%e t hus

1206. o J¥inile Pof shawe., Hip messpeh P &1 Ingfud® arblenk ipepddition to the
ﬂhmhg%ﬁYﬁ%s.Since only one reference price is specified
usi ng e actual price level value, and three other
prices are represented using offset val ues, the offset
vaBues &essienBith enough so that they can be
represented using a single byte. Thus, using the

oo TR SRR B TR AR ] LR TBARA be uca
to sdnddidssech Bta o Blidne Serifirialls. I 'BSP@6Esat® 1301Emby beSéntas @etify clients of
price levels, As the nunber of price |evels increase,

updatefetos gapping pricae paé Hihes gnigemption. 0 §gnilarinfq Ehengessage illustrated in
. i ki il ' s A
rigdf55, B Afltel BUHIBGY ! HGule DRAGR. JORKTY AR nFigr
13 imeksdeafiee mrivelrelated fieddy BOHRFIBEd this idefinea skakiba high prixd, a session low
. tofurther reduce the nessag? si ze when, co ressioq X
PricGpf hEgHOR r s BHCS: ThoKESIAk| 91p¥y Prife:t Al a session settlement price,

respectively. Then, field 1312 defines a current status of a tradeable object, and field 1314
defines a session identifier, such as a 32-bit identifier created to identify the current trading

session.

[0085] While a few additional messages have been illustrated, it should be understood that

many different messages could be used to convey additional market related data.

[0086] Although the example programs, processes and methods have been described and

illustrated in detail, it is clearly understood that the same is by way of illustration and
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art wll understand that many different variations of

the nmessage formats are possible as well. V. Various
w@eden40ver ket Dat a Message Formats [ 0082] | n apdi/Us2908/062172

to providing market depth related data, there are

ot her data types that are normally provided to client
exantysie wnhadsl ismoarto &k ealtendryi way ohtinigtienv Sirwa menteroBonedifications

o S5 Sl B B el IR o R Bt P e

inver@SPIaHS R4kt BB AR ASRLSIPRDNANGWE 260 Ubstridbs tnbRcttieRgly, all
Inrelation to data provided in the nessages bel ow. A

suitableanedifaatoscog3iquiajamtemap begesorist gek fallinggyvithin the scope of the
. illustrating an exanple nessage 1200 that nay be used
mVepoiand trade data to client termnals. The message
1200 includes a last traded quantity ('Itqg') field
[OOS???&lcoxﬂiﬂggﬁ)goﬁd &d‘@c_ﬁﬂiméi(ﬁ(} ghe( é)katrr]gn'lé lsfésitﬁh dalde? \C/iv]ﬂe famd ofia computer
otal traded quantit "ttg' i 1206. il e, not
progeaspRFRduchiBati g@a@c@@%smﬁa\gft@x %@ﬂ%ﬁ% stgragp GRadiyra gpd s gxfouted by a

. . o Y £ ) Loy
OB SE0bh L e o B Semaemban compu
readeblanpédiume sis aged 18H0n,t tediers nayarye medisah teat spamicipaiss iim providing
. .data to client .termnals he ssage 00 may. be sent,.
insegHq i PYPERPb i X1 B SHED O B OR G FABE g R M ding b
not AkRH tbNhekRBlatiRN medlaMvbikiley nic@iat RBd TRSHSAGSion media. Nonvolatile
illustrated in Figure 12, the nessage 1300 includes a i
medisl mekidns et examples apjiécal ioelnergnetic disks,atuell asrpiqpgr devigy Volatile

include tive.price related f.i el - t
el b bR Fadh G elad R (B pooges memor).
Confe&is fd@ths @ @Bmplilet-eaadabls asdlivickidosfer pxamgle, afldpmy disk, a flexible

. _session settlenment price, respectively. Then, fie

diskg Bargl disk, MagnaAICCaPe.eoft At AHIGE MRABNGHS MEEHp @ QJ%]&@%; any other
on GRS Pk 15 e, S BLAP AR i v o1 s
a RAMida RRGEE sindnEPRODB5}: RN $18-EPRQ@M, addi ariyonthler memory chip or
nessages have bgen illustrated, it shoul.d be
cartridegep Wd&ﬁ?rﬁ’é‘? 1%@%W?‘fci‘rae??fn%e§§ﬁﬁg§‘dcoul d be used

to convey additional market rel ated dat a.
[0088] According to an alternative embodiment, a hardware embodiment might take a

-

variety of different forms. A hardware embodiment may be implemented as an integrated
circuit with custom gate arrays or an application specific integrated circuit ("ASIC"). A
hardware embodiment may also be implemented with discrete hardware components and
circuitry. In particular, it is understood that the logic structures and method step described in
the flow diagrams may be implemented in dedicated hardware such as an ASIC, or as
program instructions carried out by a microprocessor or other computing device. It will be
apparent to those of ordinary skill in the art that the methods described above may be
embodied in a computer program product that includes one or more computer readable
media. For example, a computer readable medium can include a readable memory device,
such as a hard drive device, a CD-ROM, a DVD-ROM, or a computer diskette, having
computer readable program code segments stored thereon. The computer readable medium

can also include a communications or transmission medium, such as, a bus or a
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[ 0086] Although the exanple prograns, processes and
nmet hods have been described and illustrated in detail,
WO 200884F@®ar | y understood that the sane is by MelHUST008/062172
illustration andexanple only and is not to be taken by
way of limtation. Since numerous nodifications and )
compiyaisgaen linl eitherqriticyl, Wit or Méreterphaving progean rofe sggments carried
[ S P [ olimt the invention to the
ﬂwm%%é%fﬁ%%%§¥¥%% %ﬁé%g%ﬂ%peration shown and descri bed,
and accordingly, all suitable nodifications and
[0086% UThw aladmnt shody nbebe esmdrasdonitenl, tof thé Idesvgibed bien ot klements unless

cope of. the i nyention. [.0087] ,According.to one .
stated Bt AT, THAR AP eE RS pfioy Bp At and sprit of the
follcvARPEbfhs MO REOHLEGto drBBlaithSd &L18E @fleRifo? COMput er

readabl e storage nmediumand is executed by a suitable
i nstruction execution systemin the conputer-based
devi ce. The term conputer readable nmedium as used
herein, refers to any nediumthat participates in
provi ding instructions to processor for execution.
Such a nedi um may take many forns, including but not
limted to, non-volatile nedia, volatile nedia, and
transm ssion nmedia. Nonvol atile nedia includes, for
exanpl e, optical or magnetic disks, such as storage
device. Volatile nmedia includes dynam ¢ nenory, such
as main nmenory or RAM (random access nenory). Conmon
fornms of conputer-readable nmedia include, for exanple,
a floppy disk, a flexible disk, hard di sk, nagnetic
tape, or any other nagnetic nedium a CD- ROM any

ot her optical medium punch cards, paper tape, any

ot her physical nmediumw th patterns of holes, a RAM a
PROM and EPROM a FLASH EPROM and any ot her nenory
chip or cartridge, or any other nediumfromwhich a
conmputer can read. [0088] According to an alternative
enbodi nent, a hardware enbodi nent m ght take a variety
of different forns. A hardware enbodi nent may be

i npl enented as an integrated circuit with custom gate
arrays or an application specific integrated circuit
("ASIC'). A hardware enbodi nrent may al so be

i npl emented with discrete hardware conponents and
circuitry. In particular, it is understood that the

| ogic structures and nethod step described in the flow
di agrans may be inplenmented in dedi cated hardware such
as an ASIC, or as programinstructions carried out by
a m croprocessor or other conmputing device. It will be
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apparent to those of ordinary skill in the art that
t he nmet hods descri bed above may be enbodied in a
W@ 09pas®s0 pr ogr am product that includes one orPeDDS2008/062172
conmput er readabl e nedia. For exanple, a conputer
readabl e nedi um can i nclude a readabl e nenory device,
WHALdA AARMEBRNd drive device, a CD-ROM a DVD-ROM or a
conmput er di skette, having conputer readabl e program
coge Sealfahsd Brihbdat B ERE a1 of RUAL HaBRYAY Fonment,
medi um can al' so i'nclu a conmmuni catl ons or
comprigingm ssi on medi um such as, a bus or aconmunication
link, either optical, wired or wirel ess havi ng program
CogReagmAlkst @fdriiation fdrerteasalls objed, thelmaketdnforagtion
dat a si?na[s. [0089] The clains should not be read. a
compiising a@lurd)ity K€ Peeslevelpdar whisethee as wdefugnijfifsednd further
. ; e j .S t hat
comBAAEEh btk APl ERine oL 4R RO R EpisPily SFRA S

: _ ope “and s : oW ng
SR et Sl It bR Lol Rad G, g

mar ket data in an, el ectronic.trading environnent,
CoRETII R PR IBR, PR FRutistia G RpEBre PO V1 and the order
quaritp &I LatQRbIL6H the hRRalTRbK Bicd 1815, N8k Miat e HBfeientdfrice level is
plurality of price levels, for which there are order
usedcp anedeiving termirgl faumemeqchod it erderpantitiesrte ope glientraspynding
. ndi a ' f.1 urality of price |levels;
P““@@V%éﬁgﬁa13%?@?%r%ﬁ?28%%%ce | evel of the plurality of
price levels; and generating a price feed nessage
conprising the reference price level and the order

quantity_ pendi ng at .each of .the pluraljty of price -
fedel s ToRaaitat e s ovieredn e ik eanioutefon Sriyggs og inside
marléet WEGE] Mirfdt highes: BRI pi@ 150D af@s Bu®dnt 1dVeesPhdkSirice level, the method
gquantities to one of corresponding price |level of the
furthek compiisiyg:afsingrthe eurkeni bighestdid Mities laeal loo thegfurtshigomiedt, ask price
1 ﬁ%ﬁ&ei% the market .information conprises an inside
eve EIEIReRtE BIUFYnt hi ghest bid price level and a
current |owest ask price |evel, the nethod further
conprising: using the current highest bid price |evel
or the current |owest ask price |evel as the ﬁefere ce

prBce | diremethnd ofiekaivngh, medgrein the)oxdlen dnantiiy &t each of He plurality of
. . i t . .
B U 1o 5D S oA o

ti
ssage es
ordedggr egate quantity of one or nore

4. The method of claim 1, wherein the order quantity at each of the plurality of

price levels in the price feed message comprises one or more individual order quantities.

5. The method of claim 1, wherein the plurality of price levels are linear.

6. The method of claim 1, further comprising:

determining which of the plurality of price levels are non —linear in the received

market information; and
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orders. 4. The nmethod of claim1l, wherein the order
guantity at each of the plurality of price levels in

wo b@speiose feed nessage conprises one or nore PCT/US2008/062172
i ndi vi dual order quantities. 5. The nethod of claim1,

wherein the plurality of price levels are |ljinear. 6. .
TheSeRERHBE 2 BFicE fesfl Metsage GPPREFNE Siffefessiog prige feé@lrm%i 1jqg- linear
pric%"fr%'viglﬁ, iRfadlifiBn R HeWr %%ﬁu?ﬁn’c%tg ?)bl‘f‘cﬁné SVBLR offhe plRRlity | dfREBE levels,

e received mar mation; andgeneratiing a

suchphatabe fefedincrgsradevet ampnirslingr phiec lewéle arenised pt d rseeiving

L eyel and non:-J]inear pri.ce |evel in addition to.t
iy o e s A LSS 5F cormmpfiph Pk e ol e
plurflity 6€pti&VRY s, such that the reference price Ievel and

non-linear price |levels are used at a receiving

termnal to map each of the order quantities to one of

corresponding price level of the plurality of price

| evel s. T [ -sfurther conprising:

pr \gi/i di Eg‘egleglf"lﬁf@"?‘}q% 68 rre?gﬁ{;?ﬁ m?ﬂ%%i cators in the

pr powidiegd phesisa @€ maphiagimfigitog in thei price deesl thessagp, twetapping
indicgim PB4 b BUCHE P TETereioe Pice [afoe (31 e e price leves.

further conprising: generating a plurality of mapping

indicators for bid price |evels; and generating a

pl 8r al i {The ofetimalpydiclegmi T dintleer compfisinglask price | evel s.

9. The nmethaod of claim.7. .wherei h | urali.ty . of

SR e oy & Boirs e Ry EoRia iy e

Pl wedriting Oplufdlie) esmbfiahg BidRatesefbratk phie: leei vi ng

termnal to reconstruct the plurality of price levels

for the order quantities specified in the price feed

nmessage T . f G i . . T

conpr | oithE Tet o TR iHordth BBty U iing iniators
compHssadetmapiewiign plielibi dfifigdds thatse dsddat detrecaiving tavtnieh to

of the plurality of prjce |levels are jnclu an the
recoptyst tegdira el e yelsier Pepels Apatitiep St edn gyice feed
mes{dgg, non-1inear price levels. 11. The method of claim

1,” further conpri sing:

10.  The method of claim 6, further comprising:

providing a bitmap in the price feed message, wherein the bitmap is used to
determine which of the plurality of price levels are included in the price feed message as the

reference price level and the non-linear price levels.

11.  The method of claim 1, further comprising:

providing a bitmap in the price feed message, wherein the bitmap is used to
determine which of the plurality of price levels is included in the price feed message as the

reference price level.

12.  The method of claim 1, further comprising:
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providing a bitmap in the price feed nessage, wherein

the bitmap is used to determ ne which of the plurality
w@boopnieeo | evel s is included in the price feedPCEESHYE062172

as the reference price level. 12. The nethod of claim

1, further conpri,sin ndi I feed message
tosﬁlléi %%‘ﬁ?nfgfefﬁiﬁéelsgdggﬁ%aﬁgaﬁéﬂfrﬁ%lT erence price
| evel aﬁ e client. termnal, to recopnstruct the

eye

pl BFBEf eGP PEES Jedtleat she dient iremigal d@rreeﬂyéwqtﬂhee@urahty of
prlceslé%lb Fb:98e bx‘@lef RtibS egi?ﬁg 11(@1%2919@ feellInestde. Met hod of

claim1, furth conpri si ng: Ing the price feed

nessage to a gatemay 14. The method of claiml1,

mherein the plurality of price levels conprises a

aI| of .dir . ri e. evels..and the plurality of

or EﬁﬁFFng' kW%rnggwﬁc%Pﬁ?% gty of direct order
ant S. g hod of claim1, wherein the
EﬁnélP’rgt GBF%JF@F g’qs%awg&t%a&%tﬁ%ﬁ?{ses a plurality of
|an|ed price levels, and the plurality of order
guantities conprises a plurality of inplied order
quantities. 16. The method of claim1, further

cohr i siThgmethaidiy climdaphersin e phirglityiof Brice lsvels spmprises a

plurfhﬁgnf Ehirg gflgfg éﬁhﬁxﬁﬁlﬁ? ﬁlﬁgath(t# SP‘?rﬁérﬁgﬂffétl{l%qcog{é)g%s( ;h%lurahty of

dumﬂonhrqaanﬁmsalgorlthn1conpr|ses an i nteger conpression
algorithm 18. The nethod of claim 16, further
conprising: providing at | east one byte to represent
an order quantity pending at one of the plurality of
prige | guehRincdnd cliihng v@%rekr?ﬁ%?ahﬁﬁ‘lﬁy@fbn@é leBelk Cb@brises a
byte of the at |east one bytes represent how may

plurdliy eSingpliedpsisd lavelsy apltbs ehlraltth of orcﬁequ@@ans tamprista plurality of

thod.of claim1, further conprising:using a

1mpl&egar%?§rs@a% g gorithmto conpress the price feed
nmessage that represents the reference price |evel.

16.  The method of claim 1, further comprising;:

using a compression algorithm to compress the price feed message that represents

the order quantities.

17.  The method of claim 16, wherein the compression algorithm comprises an

integer compression algorithm.
18.  The method of claim 16, further comprising:

providing at least one byte to represent an order quantity pending at one of the

plurality of price levels; and

using at least one bit of a first byte of the at least one bytes to represent how may

bytes are used to represent the order quantity.

19.  The method of claim 1, further comprising:
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20. The nethod of claim®6, further conprising: using a
conpression algorithmto conpress the non-linear price
wo ewsl1$09p0 ovi ded in the price feed nessage. 21PCT82008/062172
met hod of claim11, further conprising: defining an
of fset value for at |east one of the
or tBRE 4 §amPTesH 98 AOrRE FrorESShe Par et Besipb gt epresents
thelleﬁygicgpnwﬁvglffset val ue defining a change in the at
| east one order quantity as conpared to a quantity at

the one of the plurality of price levels provided in a
previous price feed nessage.

20.  The method of claim 6, further comprising:

using a compression algorithm to compress the non-linear price levels provided in

the price feed message.

21.  The method of claim 1, further comprising:

defining an offset value for at least one of the plurality of order quantities at one of
the plurality of price levels, the offset value defining a change in the at least one order
quantity as compared to a quantity at the one of the plurality of price levels provided in a

previous price feed message.
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