SYSTEM AND METHOD FOR PROVIDING ELECTRONIC PRICE FEEDS FOR TRADEABLE
OBJECTS TECHNICAL FIELD [1] The present invention is directed towards electronic trading. More
specifically, the present invention is directed to tools for providing improved price feeds in an electronic
trading environment. BACKGROUND [2] Electronic trading is generally based on a host exchange,
one or more computer networks, and client devices. Subscribing traders are connected to an

exchange's electionig a4 Ao ok SRVIDEMG i TiO R crahiifiss electronic
messaging between themselves and t FRABESBINE OfsiFers trading platform includes at least
one electronic market, which is at the center of the trading system and handles the matching of bids

and offers placed by the traders for that mamketHNIE sleEliic messaging includes market information
that is distributed from the electronic market to the traders via an electronic data feed. Once the
traders receiviDfié mArkEesERbIAYERT it HiEyBe WP/ Bat e frtRgndloratirgialbet Upon
viewing the infoematian.Hasers aardake ceslaiRnasHINENackgog:therastiRas ah sendirgdiity or sell
orders to the electronic market, adjusting existing orders, deleting orders, or otherwise managing
orders. TradeFEH8 HEEHEE Software tools on their client devices to automate these and additional
actions. [3] Although the types of market information published by an electronic exchange may differ
from market to market, there are generally sohe ?H\%?eces of information. Market information
may include data that represents just the inside market. The inside market is the lowest available ask
price (best askpeitid Hetnighestdivgiladenbid pricesdbest bitlyin krangrkendor anpagticutauteadeable

object at a parfiglar Dain! MG Markstinonmation e alsa inghids makehsaniy Market depth

refers to quantities available at the inside market'and may also refer to quantities available at other
prices away frEatifseriatime Mardstof Bt H IR das et BB KRR FETOH, BEH P order price
and quantity infesmeatiarnelacisonic exchangascamTaffaeatbeictypdiaohmnmfrkatiniodnaiionasuch as the

open price. seflement price, net change, yuTeLeSF HadeekRSS e PR YaNtipnd order
of bids and offers placed by the traders for that market. The electronic messaging includes
market information that is distributed from the electronic market to the traders via an
electronic data feed. Once the traders receive the market information, it may be displayed
to them on their trading 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 inside 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
as the open price, settlement price, net change, volume, last traded price, the last traded

quantity, and order fill information.



[4] Electronic exchanges and/or intermediary devices, such as gateways, often struggle to balance the
amount and timeliness of market information with the bandwidth limitations and reliability of the
networks to deliver data intensive, fast response market data feeds. On one hand, a tremendous
amount of market information may be generated by an electronic market to adequately characterize a

given market, especially when changes in the market are happening at a rapid rate. Often, traders
want to acces®88 F]tr(g]m[%fgcfﬁfgﬁﬁﬁp&%@%&%@%ﬂfﬂ%ﬁg@g&s Ak bet ésP-i%[%g%eed trades.
On the other hadlalineithtianswon thé anebuersoff marketirfiomatitio wvith dsebatol thdthriversiene often
nherent in the,desiongkpRysicatARMot adhakannaRhiRICi R imelerlipiiamadat. &l Generally,

there are two models how electronic markets deliver market info'anon to client devices. In addition,

slight variatiorfSohaé: thvBeReions areounhol iABS LEEMPSIOTHRARE SFoeIA &Y i et Bifimonly
used to deliveprekes deninis o daliabased medehalite defiaibpsecheatehivalyes spakling

incremental upda}té%? eveyrg time '[ll‘lcFrInSI fﬁrﬁparke&e(lgsr mamﬁt degth chanc%egf%gn grderulgg%lé. In the

ning at a ra ate. a3 W L ACCESS as mu Jiakis)
delta based dats FEIRERFEHVifGRmEnt, a'c Tent terminar in |aﬁy receives a snaps]ﬁo of current market

conditions listipgsebletsptiettheyshanuipiztgtivsporndinglgs tHenghe ethevbimdainoitainge stirithe market
are detected, gych as When.a ARG 3L8iRI0 BiCRASME! IRCtRRICHmE-RTKelURARig s sent to the

client terminal to indicate the incremental change in the quantity. [7] Many currently existing networks
use multicast RIBRISCHATES IR SAPRtETadE B b tlrmifiarRkEs known in the art, multicast refers
to the delivery of information to many receivers at the same time in a single stream. Sending
delta-based ddf@dveramuifivadiciecuretyar nredplirbevimlsrirnaistandice fdappticasdivt aviermaiability to

guarantee thatallpackets araaaeisd aladienkisreingt Hihawisntiermisakdetasts a missing

update, such as based on a sequence number included in each received update, the client terminal

willre-request . misging Indals fo,concetly yse s (nrmalian e Hepundatg s, pyoducing
delays and resultirig in processing overhea . To ovefcome ﬂﬁe reﬁagllﬁrty problems of"‘ne_tw_or S using
multicast, pricenddel Mhy ddtsbrredinedploiritolyep simdinerinerresid srdaiscraate §Tsr badhidhent

terminal. HOW%&k&h&%@tpﬁﬂht@m%eg GRANAIEGHaRSHBJEadIRgROVIERRNBERIS thal inslude a large
number of client terminals is undesirable because a price server has to send eaﬁh ugcfiba}e separately

to each intere<tRH CRBTtefnTHER YU SORALY HSSR TN i AR DY S FHE R 590ting

delays at the SB#tifg.each price level and quantities pending at the price levels. As changes in the market
are detected, such as when a quantity at a certain price leve! increases, a market update is

sent to the client terminal to indicate the incremental change in the quantity.

[007] Many currently existing networks use multicast to deliver delta based price data to
client terminals. As known in the art, multicast refers to the delivery of information to
many receivers at the same time in a single stream. Sending delta-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. Howeverz, the use of point-to-point connections
in trading environments that include a large number of client terminals is undesirable
because a price server has to send each update separately to each interested client terminal.

thus resulting in an inefficient use of bandwidth and producing delays at the server.



[8] The second data delivery model that is often used involves sending a snapshot update at
pre-programmed intervals, such as time-based intervals or event-based intervals. A snapshot update
is a message that contains market information such as an inside market and market depth with actual
prices and quantities listed in relation to each price included in the update. Sending the entire depth
snapshot has historically been considered unrealistic due to the bandwidth considerations and packet
size. [9] It wolli¥helBroes o i fiElicrs PROYRIMR iR M aracs RYaIYF TR Br SHRRI Wata
distribution thaipitateadily -aetapiaihed tneombnunidatn grrabketd ifenviation dneatrboee dyaamlic way.
SRIEF DESCRICHION Q5T PRAVINGS 0010 Sxals. cllbadin o arg.dgsscgg erei win
reference to the 10 owing drawings, In Which: f Igure 11s a block diagram illustrating an

example electrofimarkelifepdysithacnal bitssed anenbnshhisiedria wladrawssadenite Bxdudaddtiocal area
network; [0012} gk 2 & aibloake dingtage i sirating aasaxampiaisyriendessebyentalingaw and
improved price feeds according1 to one example emEodlment;

due to the bandwidfh considerations and packet size.

[009] 1t would therefore be beneficial to provide a method and system for an improved

data distribution that is readily adaptable to communicating market information in a more

dynamic way.



[0013] Figure 3 is a block diagram illustrating an example format of a message that is used to send
price and quantity data according to one example embodiment; [0014] Figures 4A and 4B illustrate an
example one level of market depth and a message format generated for the example depth; [0015]
Figures 5A and 5B illustrate an example market depth and a message that is generated to convey
multiple levels of market depth according to the examgle embodiment described herein; [0016] Figures

6A and 6B illustrate an example BRIELISSRIBLERORiddH: RRMEINHEY an example market update
message generated for such a market; [0017] Figure 7 is a block diagram illustrating an alternative
message fornfadthhEsamie weeddoneatsdaoricde midbagudvatitindatshacdioreling to che dxbomie
embodiment; [ Eim@ﬂ!lustrates 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 anorﬁbw mple mark %ep h along with message blocks that are used to convey the
illustrated ma §[{ ﬁﬁgﬁ%nlg thé E‘{%c S bagr %32%?%3% oﬁ%&ﬁ@é) 1'?; Blectfomc. ing system w

which a client terminal and a gateway device are on a local area network;

[0012] Figure 2 is a block diagram illustrating an example system for delivery of new and

improved price feeds according to one example embodiment;

[0013] Figure 3 is a block diagram illustrating an example format of a message that is used

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

[0014] Figures 4A and 4B illustrate an example one level of market depth and a message

format generated for the example depth;

[0015] Figures 5A and 5B illustrate an example market depth and a message that is
generated to convey multiple levels of market depth according to the example embodiment

described herein;

[0016] Figures 6A and 6B illustrate an example market depth of a non-linear market and an

example market update message generated for such a market;

[0017] Figure 7 is a block diagram illustrating 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;



[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;
[0021] Figures 11A and 11B illustrate an example market depth of a non-linear market and an example
market update message generated for such a market using a delta delivery method using the
message format of Figure 3,; §022£F|gure 12 is a block diagram illustrating an example message that

is used to serl@UrAHE e 1d Ak kPSRt Al aBls) TRk ROk ANGRIATAE TR ®ftating an
example mesgagahpldsrised ipaandreesgnpdaindd tiesiderminals: SEIMAR delivery

method using the message format of Figure 3;

[0022] Figure 12 is a block diagram illustrating an example message that is used to send

trade data to client terminals; and

[0023} Figure 13 is a block diagram illustrating an example message that is used to send

session data to client terminals.



[0024] According to example embodiments described herein, system and methods are provided for
providing market data in an electronic trading environment. To illustrate the present invention and
aspects thereof, the following description, including the figures and detailed description, provides
examples that can be used or readily modified by one of ordinary skill to generate a system or method
that benefits from the teachings described and claimed herein. [0025] According to one example
method, market information comprising a plurality 8¥pHéésVels and a plurality of order quantifies are
received for a tradeable object. Upon receiving market information, a determination is made if the
plurality of prigenielsmrditinear ekaihplolerdkiinépsicedenbld dredinesystenmededencthpdicarevel is
selected, and a pricq ‘%%redr@ﬁ@%a%i%e‘! grated E‘?eé%%}ﬁ%%%reéﬁ@%ﬁ&é?{dce;rbeﬂﬁ!s@fh%%"'th the
plurality of order quantities. The %)rlce eed message Is then sen%to client terminals. If the plurality of
price levels inetewtatripyenien atisotsickereopribe felderinesagartinthrclydine & dnnscdidrice
levels. Additiofialiy.dheRripadeestmrrsagenrpry melude adhualit: ebamappivgndictais terindicate
market depth levels for which price levels are inc%kﬁgfﬁ?inpthefi?ri e fe{eﬁd message, oogq; Other
features of th& BT KV SROHN P SEEEME MY hRSAt sze"%o %tﬁ%lcvﬂr?ﬁg orainary <kifl in the art
to which the psesend invention pertains from the following description and claims. DETAILED
DESCRIPTION [0027] The present invention is related to generating and providing new market data
feeds, or moremwperificalivity adorse datagiead:that, amaeg atberdhingstansiaduopiigessing,

bandwidth and reliability problems. The present invention is applied in an electronic trading network
environment, BH?%&YITJXD%’&%@%%}%& fﬁ%f%‘ﬁ%ﬁ/t\}%srlgrgn{ﬁ?ggreﬁe% S%adiVE %?Aét%rga{hgw gflwork
environment iseosieitiganaiktributestine, sedsitiverdtoa io resbivinticoinpliterst stieh lasebriers data.
While the degﬁl}i@&?nﬂﬂﬁuefgﬁﬁafeg&eﬁawe%w@ﬁnmﬁ exarRieempRedingnismakhepgually

applied to delivery of other data. To illustrate aspects of the present invention, a system and method

are illustrated RFREERTIRSTEEA BIRRPIHEIRRRIEYS BrdrEERS I HE Sha Becvdh &y RRIR the art will
recognize, howevsk:thaisideh examplesiisambegyitkiy-andnaadii¢adapihle Usitg thedigchings
described herein. Aspects of t resent inventian are protected by the accompanying claims.
Limitations fro rlec‘c:|aF))laetv¢§§St *snﬁg‘g%)élé’ gﬁnes?{ﬁf eﬂgﬁnrse‘ ig) 5%8%%?? %lg%sraﬁgrgjtléﬂ fnit%)gltlh%scgf?ﬁs unless
explicitly statetmsrmgtierwisesinhaditityaRnahmpride et plesTaemimy Syiders Clordlty rdtiaspping

indicators to indicate market depth levels for which price levels are included in the price

feed message.

[0026] Other features of the present invention will become more apparent to persons having
ordinary skill in the art to which the present invention pertains from the following

description and claims.



[0028] Figure 1 illustrates an example electronic trading system 100 in which the example
embodiments may be employed. The example system 100 comprises trading stations 102A and 102B
that access an electronic exchange 108 through a gateway 106. As illustrated in Figure 1, the trading
stations 102A-B and the gateway 106 are located within a local LAN 104, although other
configurations are possible, such as the trading stations 102A-B communicating with the gateway 106
through a remote host in a remote netwdvk taHikgRRESHRIGEOMMent. While not shown, a router could
be used to route messages between the gateway 106 and the electronic exchange 108. The electronic
exchange 10§doziydes prepmpuienRiotest(@l G, dheadniahdgrpideg tbatmstehésdisydand sell
orders sent from the tradi%g aﬁtattions 102,3\2;% %‘@ égg ers (Irorrg) ttggh%jt%rasdiga% st gogsrgégtsﬁpown). The
electronic exc?farr?ﬁtée fB%?lmay Yist S 6F niore tra eab‘rfgo’ll)ff‘ec Stor rgding. ife hot shown in Figure
1 for the saketehdtedty, aik tehahflinsysoblermay incipecothiavetiices timligdeispacitlecdnie client site

like middlewarg, and SEGUFIL:MEBINES e frawslsi LRSI RRCH LB RRAARISARSRAAR /S
understood by persons skilled in the art. [0029] Regardless of the types of order execution algorithms

used, the electBhic eTRHB JEMOR FREVRTILETHLTRBT HfbSHHIHCIHE SABLRSHTE B ALY Rations
102A-B. Markesnipéesa)aticin 45 phictedaprice/ ik atio dengpiomerid tiadeabldaivfertst Riies, data might
include the inside market, which is the best bigh and th S ri e avajl a
tradeable objeeé(t, n‘(leelgg}%ﬁafgg tf.)r%%y, Eﬁde Othet 6? éée? f%gr v%ﬁﬁ:,% hgfe%ggé%ity@eﬁg%%%% the
market. Price smtxtrefyinoissrnotteniioms Heienered et e dlusirted itamigsiekeowh t¥Bemation.

While the examplg-gmpdinenis @re-Agscrinrdirerain.as sistibuling-puiee datanbihaoipes of

information can be distributed in an electropjc trading environment. [0030] The computer.employed as
the trading sta%h?i}bfﬁaiﬁpé‘?fn’é‘?a‘ﬂI?ecﬁﬁ‘?gﬁgaé’?r diyhg?llad’-%lé %%%@Lléﬁat%hﬁ? Br ‘é)éles%cgrélgl computer

to a Iarggr corhpier sdsteas afviekstation mmodﬁm)qnsm@@\mlI&Etratth@psns’mgabbbmputer may
use Pentium T migropracessQrs and Ay ARarIeHIAS A VHINIRNS,ORE ARG YRS Ru Pheet may use

some other microprocessor or operating system. Generally, the trading stations 102A-B includes a
monitor (or anldthARrBeRpTRHE Y S befeptisdebeenttuEReE®a keyboard and/or a two or
three-button mouse to support click based trading, if so desired. One skilled in the art of computer
systems will uiiderst&nanibiat heippeSenne Candfige®mbodiments are not limited to any particular class
or model of computer employed for the trading stations 102A-B and will be able to select an

appropriate sygierg] [0034]1noaeexampleambodinant ihetiaginerstaions«HbAHB seenghitware to
create specialized interactive t adri{rilé%é)(s{cerserll,ksl on terTinaI as%)é:icated with thdem. Trading(ﬁ%reens

o
preferably enaBRYHABENS B4 R507 St thitfg S BRtE g execite Braers. obtain market quotes, and

monitor positiond. A8 thaige@sdageddityrof feathrogealfildibiaigh theatvaded O his dhiertadiding screen
may vary acczﬁg{l& to the speqfic.sefvareepnlicationhaing e, 4R addieniaardelreasf the
e g S iouth, ther couiearanons ate. possiple. ek as he radme Stor” 103AT

communicating with the gateway 106 through a remote host in a remote network

configuration environment. While not shown. a router 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 frading 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 frading stations 102A-B. Market



[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_TRADERS from Trading Technologies
International, Inc. of Chicago, lllinois. XTRADER(r) also provides an electronic trading interface,
referred to as Mibrihadce ineudeywnich dacr Kongrerdensoantliideditt ahpgask Riirartaremighe didplayed in
association .3, iglic piGe MR SGRIeIPORALACMIOBELLNS XTRADER(N. AN

TraderTm-style display are in U.S. Patent No. 6.772,132, entitled "Click Based Trading With
Intuitive Grid DrsjseRlecsbine et BE priedirsoand racopieradoUdich sher ingrats s dindntitied
"Click Based TradiagaviteMadket Rgpitiadspiayr filesh on ie48/2004. ikbiddPatBndeMsin Hitde4,424 entitled
"Click Based Tr?din With |ntuitiye Grid is,gil_:'i\@(/9 f Market Ddegth agr%Price C%n%rogdtationf." filed on
October 5, 2001 W& B atdht Apphi ST RIS L0 DS S0 3 e FEger st g T ools For Eléctronic
Trading.- filed duteAphiirk9pc2 00 tfamhtivS cRatertispplicdiin anSirabNo 1B018Y ptTreetitled "A System
and Method for Trading and Displaying Market Information in an Electronic Trading Environment." filed
on February 2§2003n¢hamprteianbpack aie ineoipened hereirBhefefaieres riiQwevar ait should
be understood th Eho[&i%rs.in t ets%\P/stem iIIustEated int I;i%urelgI 1 grgd mz gtoylsdu%sa% b%v Blﬁgeglogsing any
other trading applica 1on 38 weth Ruaditi %rg?lr)l/? tﬁ%mﬁr%?errea SMbodIMents are Kot limited to any
particular prodarst thetiperkesoms fraridiatiativesporsgel cmbuispiesy fussclionivio 0841 rher esmpiter
employed as the;0aianway.105 denerallweanr R dam.? RRISANalComPHIST Ra Rigerprdaster

computer. An illustrative ‘gateway computer may use Pentiumm microprocessors and may operate

under a WinddRS REERASS B r K SHRERLBE T SisBratiEPEidie n o rodingota Bth &P s e ficledEhrally, the
gateway 106 aglaifinnadlyainchiete sagmoadtasdjodndnn odber dutpelt deliee), inphiapibwidérantvaccess to a
database, if s dﬁﬁirﬁgﬁégg%sﬁéﬂ%g' In the agt ohcomputer sy\?tseorr%gs\{\r/ielﬁalégeug%ﬂ?rﬂg%getg@ ghe
present example 6mbodiments are Rotiimited to any paricular class or model of computer%s)
employed for thenpatenvasicnoovah dndiriend thet thspleenh srxapmpto sretsystsicAgt HsHed i in some
instances, a gaigWa SiE:BSOAIaAY HGMANALEIERRERase saa ARSIRRANoIACE tRe Of

network intermediary device may be employed. [0035] It should be noted that computer systems that
are employed FAlPEEY 1351t SRARSR BP 4R Why generally includes a central processing unit, a
memory (a primary and/or secondary memory unit), an input interface for receiving data from a

communicatiorl (8¢l &riersreneputsnterradentr.rére KaAInpatieng ndFrBrisneBrvafofe Fiptit devices

(for example, akeyhoaidnRausR, Bigiie A8 AR ovBHhiRrRcR taEcAmMUaicationsnyitiramoutput
device (for example, a monitor). A system bus or an eqﬁl%ivalent system maggg)rovi%e communications
(ffﬁ%l(aation 102

between theseRVERBHY STANE HRISTD (SRR AR o BRhFIRE FarEay' O S He L
includes a computes, reddadieompditionsT Nrtermze andpytali recitzbterrn ediiinbla® tseddderem, refers to

any medium thal BRYIeiRAIES R, AN NSILIGHANS [0 RIBERRSQIAIIGh RGRHI0Bme el &

medium may take many forms, including but not limited to, non-volatile media, and transmission
media. Non-volati#ddiHes it ifeliBlafsr ‘é%% prErestic et igagfiesie diskadigg Hase ks Mg e Wevices.
Volatile media ineludediahexamptendyamicsmemory, such as main memory or random access
memory ("RAM"). Common forms of computer readable media include, for example, floppy disks,

flexible disks, haga-Aisls AGRS U RS BHNRR ¥ dapRROM, AB%AIReE RlySiSR Bredismy, memory
chip or cartridge, or'any other medium from which a computer can read.

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 guantities are displayed in association with a static

price axis or scale.



[0037] It should also be noted that the trading stations 102A-B generally execute application programs
resident at the trading stations 102A-B under the control of the operating system of the trading station.
Also, the gateway 106 executes application programs resident at the gateway 106 under the control of
the operating system of the gateway 106. In other embodiments and as understood by a person skilled
in the art, the function of the application programs at the trading stations 102A-B may be performed by
the gateway 1j063 Hneblikewistih X fINRCIDARD thel ajxp iBtiTragudtystylsditrihe gatdevaybtdémay be

performed by {he ading plapans LA22-Rq (90341 [he agtalalec ARG IaANO Syap paniurations

are numerous, and a person ski e art of electronic trading systems would be able to construct

a suitable netWewketddgurafitsd. fofupre HUARIAS-Df Rastiaiont-28%dH breitited colifigdatns are
provided to illusiate WhseriheaRmeBamay herbysicativdocatedrandhay they mighihrLonnected

to form an electronic trading system, These illustratio re meant.tq be helpful to the reader, and they
are not meant o5& 1. A@i’&%di%%o W%‘f?an%%s, %és Ste %M te m%’%b(?rfgcz)?éff at the
client site alongowsthidhptradied stationpwHcPO ubiLAIBatematepromthdm 8ichingYreoedsdat the
electronic exchange, AFAITIRG (@ anoller Sxample. Meogiewdndsyica pay he lecalerahine

c

e,
exchange side. As st , the present invention is not limited to any actual network configuration. [0039]

According to thenigatiertetrethBirlin@AT A& rsatilytadiofystop a. Metpstelfny roBiarfany

routers commuigala:averHE LANA bRk EIgaeway 86 Ty RommuNicat wilFdheamatching

process at the elec}ﬂ;gnic exchangeF:&Lcﬁ(i)tc overaTi, 13 &ESDN, or saome othﬁr hig]h ggection. In
ent’si

’>F§eﬁ g‘ﬁ I nﬁ{gs e ncorporated herein by reference, How er,sﬁ){eﬁ?{gu?c? .
another examp traficon, d e mayrBe ocated on the actual grounds ‘ot the electronic

exchange (for exnsiplel tethelbuildithg oftire divstatd &) Fipoordinngdtd thisdintstabeplateé writing station
and the 9“6%}/{8@%9%&9@5}3&%&9&3 Qverd LANGRILTANHO BerS ALE diseshitlay: BaYnot

communicate with the matching process at the electronic exchange through another connection
means besidelitf a3y pasiswar Arodict R iexanmesittstaisaed dRiaIeiPBe housed at,

or neatr, its corresponding electronic exchange. According to this instance, the trading station may
communicate With4h&hgatewmyeo vermowid asten gattwork 66 tnerughy than usegoflepmi aTBTISBN. or some

other high Spe@&r&%@?%“ﬁfﬁarger or faster computer. An illustrative gateway computer may use
Pentium™ microprocessors and may operate under a Windows (server or workstation)
operating system, or yet some other system. Generally, the gateway 106 additionally
includes a monitor (or any other output device), input device, and access to a database, if so
desired. One skilled in the art of computer systems will also understand that the present
example embodiments are not limited to any particular class or model of computer(s)
employed for the gateway 106 and will be able to select an appropriate system.
Additionally, in some instances, a gateway, such as gateway 106, may not even be

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.



[0040] While a single exchange is shown in Figure 1, it is understood that a trader may obtain access

and trade at multiple el

ectronic exchanges. In such an embodiment, a client terminal could access

multiple exchanges through multiple gateways, with each gateway designated for a specific exchange.
Alternatively, a single gateway may be programmed to handle more than one electronic exchange.

[0041] It could be veér)!/(g
at different eldCi¥Hi

valuable to provide a trader with the gpportunity to trade tradeable objects listed

WFRAgelbeiohe LRER. e gu e Batrsi SRR R RIYATTE SATRY each

tradeable objeetdbistugldine. cCOMM@mVisiapaisptaydable suelinprics and quaeitiyrafiiormeasion from the
two separate exchanges nzl%}/ca%gt s%sﬁr%%e; 2 e%éu%ost@(?%”}ecter%%?{l&??o‘r"%‘@c%ﬁé%.’?%@ﬁeats
ow. | he ]Ile, a trad -trade diffe

simultaneously in the s

ame wi w. In another examp er can sprea rent tradeable

objects listed atedivndiffesetrkelsatronferexcHasigdmeRat ardicknittk orexanyoiiientioedis: mddso limited.
Example Systgm &GeafigHration [R42lJHar édila sbieek dipgrampilusiating ameRmpleskystem 200
for delivery of new and imprqved price [t%%ds accordi %%o one examphe embodiment. The example

t B?S%&’é’% RS ?‘

system 200 ini58&S FrrascAsAEs 207

&price TEEPBerlEr 206. The

price feed servetfi? @pooressasithearees vatrpric € Batd 204 agenefata@scofiewrgatimpdobled price
feed 208 that will.be. rihed in areatar i belaw,The:nt -208.i - [ lient
jeed 208 el fag%gllg{;ﬁ% Recdndisatandgakbelatdeiicslred 408 inhen uvidadp a clien

not spe shown, it should be understood that the price feed server

ICa
206 may be loeaesd @Prﬁé’%&cﬁ‘a’ng@ezov_gﬂéﬁé‘rﬁaﬁ}é% RET ¥Rl PSSATEINED6 I ) hetstated

medium from which a computer can read.

[0037] It should also be noted that the trading stations 102A-B generally execute
application programs resident at the trading stations 102A-B under the control of the
operating system of the trading station. Also, the gateway 106 executes application
programs resident at the gateway 106 under the control of the operating system of the
gateway 106. In other embodiments and as understood by a person skilled in the art, the
function of the application programs at the trading stations 102A-B may be performed by
the gateway 106, and likewise, the function of the application programs at the gateway 106
may be performed by the trading stations 102A-B.

[0038] The actual electronic trading system configurations are numerous, and a person
skilled in the art of electronic trading systems would be able to construct a suitable network
configuration. For the purposes of illustration, some example configurations are provided
to illustrate where the elements may be physically located and how they might be connected
to form an electronic trading system. These illustrations are meant to 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,
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at a gateway. Further alternatively, the price feed server 206 may be a free standing entity in
communication with the exchange 202 and a gateway. Additionally, while only a single client terminal
is shown for purposes of illustration, it should be understood that the price feed server 206 may
communicate the price feed 208 to multiple client terminals via multicast or via some other
communication methods currently known or later developed. lll.Example Price Data Feed Generation

[0044] The exisiing, RrissmAeliveryidetpads.shtfetsnany invtatiorsmandilamest eftenssed.delta
based market data delivery requires a high level of network reIi_abili%%at r?sults in iEcurrin

unnecessary @8Ry SaaIRITIS AT BTG Fo 5. FLE BBHS LR BRSSP Fa SE RV ind i kets. The
pro_posed newuﬁiidméeﬁdﬁe amhm@@tharct_:lﬁﬂ'effgtso sdlvndhese prmbhdﬁng.sgﬁ@dks]iﬂe]h&gpt&%s_ of a
typical tradeable obigct are related by aytiek sige;ina ‘%S’&E&%pﬁ%‘ﬁé“e&f’tﬁgf spAllshalowed price
increment betweén the consecutive prices. Fpr fast moving, high volunie markets, prices usually have
a linear relatiofsisisbingasncase it [Bragiveropis s sBaeeHBrmghkeo hrotrBRsRI B SIsARRRSIdeases depth

prices are onejtigk aff feenxthe prices aidhe-ngighpenngpsics lenelsfaiaxamplacassetefdpid prices
of {50, 40, 30, 20. 10} having a tick size of 10, and a set of ask prices of {60, 70, 8(%(, 90, 100, 110} also
having a tick sTS&° ol 6P TR0RdiRR & 6 PORifi SR EMAB SN S A Pi%é%s o't %‘Thél% FRIHER Aspects of
the example pricg feedsudescrityib the rgarewtilize o thigdinsaritytatiibutofuietwice lelel$ by

providing a singg(,eI ﬁe&%glﬁ)éig&&ey%:s%geg Rlurality of quantity values, with other prices derived for

each quantity spécified in a price upd ased on the relative position of each price in relation to the

reference pric 4 hile markets tend to be lineat, sometimes they may experience non-linearity,
such as whenipérg&glr%\%e? 5"?2? 5?“%%?85% Hnsg?t%r% %ch,‘ﬁfcﬁé grlglr‘i‘%s%lésgol %%a?go,trﬁrdﬁ?yloo, 110}.
The market in thisiexarmplernd cedisidenstiploriiveandesdusemotialiytice levbisimentitaackimyle tick
offset, such as,Ihg;saconghPLce; eyl pl M&é%@gﬁkﬁﬁﬁé%Q'té%syg,ffv%?ealﬁkgaé&sprding to

the example embodiments for a new price feed, in addition to providing a reference price level, prices

where the non%ﬁ@ﬁﬁﬂigofrﬁr%ﬁﬁgéd%h%s&f%ibﬂﬁea%?&?%dﬁg bt errErmRetiRar or
non-linear markgigic-alinrnatingrkhadaeestd@:aanckba number of price levels in a price update message
results in a highly efficient compressed price feeds while the processing of the compressed updates at

the client termippls; inyQlygs AACIHLOD.ARHISUOFARIGNORRIGIRRR AL 3 oMYAl Bade tradeable

objects listed at different electronic exchanges. For example, a trader could view market
information from each tradeable object through one common visval dispiay. As such, price
and quantity information from the two separate exchanges may be presented together so that
the trader can view both markets simultaneously in the same window. In another example,
a trader can spread-trade different tradeable objects listed at the different electronic

exchanges. Regardless, the present invention is not so limited.
IL Example System Configuration

[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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[0047] The examples that follow will illustrate a number of price feed messages according to the
example embodiments. The majority of examples that follow illustrate a message format for providing
an aggregate quantity value at each price level. However, it should be understood that more than one
guantity value could be defined in relation to each price level when a system is configured to provide
individual quantity values corresponding to each order that is pending at a price level. A message
format for provtdingeetailcelahaniityrvalugds, diccpdle feckestevel Y0 ineyilhestrirte dtasdwelki@948] Figure
3 is a block diagram illustrating an.example fo g that.is d ice and
aggregate quallrr?t?ﬁfn gé%?gggr%?%t% %}chea&grm&gc{mgb%%%ﬁ@ nt. %%%8?% é@)%genﬁ) Eﬁg gmge%ési)zége 300

includes a nurplisst tsfrpdrsteds Heewie foiafarpoTiseop dlucEehemnde siaidstin sndsesgoadke b i drirs02, a
block identifierfigld304. @Oﬁnﬁﬁﬁ%ﬁﬁﬂiﬂé&f fieldp306 recaizadiald B0RipR SaRMenGemmambes "sqn” field
310, and a filter key field 312. The version field 302 defines a protocol version identifier that is used to
create the meSSAGE0H VRHE BT GBI RTLBI AN SIS BEE Oé’frbﬂ%%f?e?e ML %hat receive
the message 300 to decode the message using the specified version of the protocol that was used to
create the me$Bage Erpapoicriepfeed Sersoddefines whether quantity, price, or other data blocks
are included in the message. The snapshot identifier field 306 defines whether a snapshot data
delivery is useid4h&hmessanepit:thieisrapstdiddentifiemfielg [B0Basonstaedithdiffesenfitypsedof market
delivery could pg u i Y I ' at : based
market data dﬁﬁ%%@%fg‘ﬁ%iﬂ% Ilgé%%&ﬁdersé&%%%%%%ﬁ?@%@é}fg%%%%h (ﬁ%ﬁﬁ%ﬁéﬂgtggitional
fields defining BENEIHE ARECEBRTE FepRs, Dsnd gt ufb RECHRIS Y SHUERS, CASSMBiAALSH BFsnapshot
and delta delivgryimogalseay, yetiromepather ipadpi:[G0a0] Relaginghbadieiie orResage:300, a
size field 308 defL es a size of the message in bytes. According to one example embodiment, a
maximum pacREYs2& 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 cHHBrRenthersiseciicdhitRbi sl Bobafi 45 HadUuet Uk s Hh COFRARES to detect
packet loss. Agsardingalaaneexampie: erkadinestwilthhpackekloss pxceedsa prededingg threshold.
a client terminal may transmit a re-send request,for a specific ate to a price feed server. Finally, a
filter key field g‘i%?ﬁ%ﬁ’é‘ﬁe‘é‘ tekretgf t%"é"‘?ﬁe%sgglg?% 3O ieniges 5%?%“%%@?3‘?’83 un aﬁéﬁl%%‘é%k ("CRC)
generated baspesitirthe conwatkstationtbéraroedc iramyest naseedepbyiTibol of argddsaibidrobjd, as well
as a series name.ang %é%e%ﬁﬁf%gﬁwen&eﬁ!yﬂ@@H%@gi\ﬁ%@ﬂ@@%ﬂp}ﬁmmoéﬁ@pﬁ@m,to one

e

example embodiment, the filter key is generated to form a uni&ue value so that the filter key may be

used to filter unMaiteBsRtsatEneht fetpdaart of StheseRhoM Rifis?foB L NEdisthe &k sage 300
includes a block tgaedies with@ type tiditsdd 4clatdandih fimick A6 paad armumbedigfiblock sfisgific fields,

here illustrated at 318-340. The type field 314 define the.blogt eJ Ingd.' theumessage 300.
According to oﬁgpgégﬁpﬁeee% o%lér)ﬁgﬁ%%?e?ed %Sgﬁﬁdp g.ﬁ:rrﬁén&ﬁ ﬁ%@&%lop a%/ eagl?nrg}uﬁ?ng a security
ID that uniquelyrigetaifibsty givsiinadedigls spieencidNigals Be Rty Howlisriet Sureife prdasnted,

depth, implied dapthuttagedaia-segharsdastiatded pucaQuanity seasing dalaisuchastive
highest/lowest traded price, theoretical market, direct market, indicative market, implied from implied

market, markePBﬂH@%,ogﬁ?flfrgh%‘?ﬁ%ﬁ FIPRIMBSIEIENS R Gfven tradeable object, such open, closed.

etc.. According to one example embodiment, different binary identifiers could be used to define the
illustrative datal#)pek Widke anathsiidsndothedingar: 1ametbngg Heygay RrrEsres aardRer 6 thistexample

block types, with vegOf6EsRARSING tor thepsesisityeiBetyPBid dnicorraspandingddhertickobimgk type. and
so on. It should be understood that the illustrated types are gnly examples, and different data types
could be provided }as%%%ﬁ‘ﬁ%ﬁ‘?’@“ﬁésﬁf@fﬁ% S dESRHE cél}'elnﬁ‘?xr%ecau et l'price fevels ard

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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[0052] Next, assuming that the block type is set to depth prices, implied prices, theoretical prices,
indicative prices, direct prices, or yet some other prices that can be calculated based on market data,
fields 318-340 are used as shown in the message 300. The 'a size' field 318 defines a number of asks
that are sent in 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 pravided in Fjgure.3, the message 30Q.includes five ask levels with fields
‘al-a5' shown &f %&-%é%.pﬂgeéo?rgg#l%‘?glgne 3 écr’ﬁf) al%n%%%?&gﬁ?%ﬁgsg%kuﬁéﬁg fgo%zéﬂ%% a bitmap
indicating whidtrasiklsricedvasadibictinedsulfradsivioperaipanyiofktrvasieields, the corresponding price
is transferred, as will be illustrated in greater detail below using specific examples. If a bit is clear, then
the corresponggngprite isaspiesie folhevont likksbeteriutise tiandbéqdravausprceidingl and is not
transferred. Rather, a client termipal receiving the message 300 e th ifiled hitmaps to
determine a prtl%égfes}é?%g%eegbbéﬁg}]ﬁé%b 2%8%“3 Jan it§i%%gﬁ%é ?nﬁgt%feggﬁ’gsgﬁélggggoé.%%stl |§nally,
according to ofrenestimpie dittoelimesezalbirintine valufieic 80 plefekabigraaerf thihewk Bze is
greater than zgra.1Q0a3 = Mlar e ask;lalated ifernation piavided indhenRassagaddevdne b size'

field indicates the number of bids working that _are_é,(gn_t in the message 300, with t%d fields shown at
332-340. Simil%§Pt8 METRKSHIBEEHRE SRPRETHS 335 Vit PelEEd RO IIREASIR Hites are
non-linear. AceedelinBato OpendixanpicpeimblediineAt nibadpid fietch882 ireatiifghdraskdsipanstset to "O."
and the bid size is greater than 'Q."; If."p%".flil%lgqrjg 8' and the bid size is greater than "0," the bid

1 .
price is one ticﬁ%blggg%e%ﬁéﬁﬁg 1%?( vf)vrlllceeclorresp%n ing to "al." If a bit is set in any of the bid fields, the
corresponding price is transferred. Then, if a bit is clear, the correspondi rice is umed to be one
ok ortorion U B cu B ARG 1o ROLIAR A DA ER G MR e 300
also includes amsudmbendbeskadaptitseitogkstiasiagtyctordisk gtyrs eshopin ani3i28850, bid quantity
blocks. "bid gty 1 - bid gty 5" shown at 352-360, ask price blocks, "ask price 1 - ask price 5- shown at

362-37|0, an% f'[c?@ﬂgq @%ﬁiﬁ&ﬁ@ﬁi@%@%miﬁmﬁﬁbiﬂ xﬁﬁ&@@eséﬁbﬁpm a&éﬁ%ﬁﬁﬁ@s. ACROiAG o one |
example embodiment, the numper of as tities that are transferred, jn the message 300 is equal to
the ask size sﬂ?@ﬂ?éﬁﬁi%‘é‘éh“gzaey?@%%?gé ’tﬁélﬁ%n%g%l}t%?%%eﬁg’é%uaa%fﬁéﬁso?e %%tf%%ﬁe number
in the '1) size' field 360. dvhildifilde3GBantityolocksaneeshowi feld3d biehdiddiliodkiheimik Side in the

message 300, {5hauld bR 4nder e diatoARBeRding R hissysi R ceafigwationsafiffgrent number

of bid and ask levels could be transferred as well. [0055] Now, referring to the ask/bid price blocks, the
number of pricé8hal B eripivrefetiatian dsatfies Maynbmpsd ttbriceefsimrlashalnFesiie-B% at
320-328 and 332s34L. Axce dirgde mpenexapleinmbedireantdavsingle sethegneapriadds wansferred,

and other prices in linear markets are ngj tr sg(er ed.but ? lient terminal determines the prices
not provided in"&A l}(p)c?g?aet %’ge (S)Sr?%?ie%}leogv%]c n’iéea{?u(g elé%é gl{)s igeagggéglal (te% W{hangltﬂ/ép %?Fées ina
given market. Footheadupd]ltks refersheidiicthamassisgesel bo sheppestidakibebedd HitpphdacHowever,

it should be undgrstepd thatibespicigRes Nice SR bR sell0 differepiRiceassNeida Yo example

where the best ask is the reference price and other ask prices are linear, the best ask price ivvould be
transferred in thePasRepriliErmoBRSRY Mybfelelyry could be used as well. While the cxample

embodiments will focus on the snapshot based market data delivery model, it should be
understood that the message 300 could include additional fields defining other market
delivery types, such as a delta delivery model, a combination of snapshot and delta delivery

models, or vet 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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prices would be transferred in the message 300. According to one example embodiment, if there are
no prices working in the market, only a block header may be sent to client terminals, with the ask and
bid size fields zeroed out to indicate that all quantities and prices are equal to zero, or are not sent.
[0056] The embodiments described above for generation and delivery of new data feeds will be
illustrated hereinafter using specific examples. It should be understood that the examples are only
illustrations, and different variations or modifications of the examples given below ar ssible as well.
A. One Level & Btefﬁnﬁnglﬁka%ae{rfdﬁ?ﬂ W%'ﬁeenéﬂﬁ%ﬁé) or e ss%efcrggzplfﬁc%?eeetﬁlsi ally geg%tef%vc% ient
terminals, oneblaely of didisthkevafedt dadiomaiy tradsernd Recowrshagetd Bhindndanglé hbedihsent, one

level of depth pay.baseatdqr iRdicativadiact 1alearad genartianMpliadRiaas. agiel as
theoretical prices, when such prices are proyvided by an exchange. Ad(gtlonally, one leyel of depth may
be provided whERPY efiaraiahin aPEshatMsEta PEREIEBRRPHERTEThEFK R AIYERAET G ures 4A

and 4B illustrajegarexaidyatecongdevel ofadepidindO® and amegtagenboriinaind 0dgdmeraited for the
example depth 400. Accarding to.the e amgl q@b%@g tﬂ%g fra gdl@ %M&%gaedmge market
includes a bid é&grﬁ%ﬁy%fo)?{)w gatugi%uees\f%lfé Tor%g Ie\elei 01r '5%{ a 05?19 VE\%th a{)n ask quantity of '81" at a best
ask price levekbeneB gk 0ien ipleyprle8&iEEs- 402 illustrated in Figure 4B, ask and bid size fields
404 and 406 are both set to '1' to indicate a single bid and ask being sent in the message 402. Then,

sincg the best [ﬂé&}ﬁ)m&&ti,sdu_s&ﬂsaga 3amereh@smibbdh Haednregﬁhgeyphéﬂﬂsﬁﬁ@ld ianttte Bl bitmap
4081 setto Ly wilhonerfieldsein dbe el TR 08.ANAa-Rid BIthRn 41088 Gofiagad on the

message configuration shown in Figure 3, the message 402 defines the ask quantity of ‘81" in a field
412, a bid quafrfigest o' Wreskiidldofiaaudehda tsrorsstagasiOBriceYevelige ol i fig¥dBPa 16. B.

Five Levels of Qgpthdexample: Lingar Mankel [Q059LH B1est tiasingreudignmesisrimuiipi@amarket
depth levels agéfrowd d to.client, termm@%@&ures SA gg% ge 1|Ilustl[late an example markgt data set

500 and a mesSSYEE AP IAF A K A SPEY B8 ARKHOST L S SRR G TS THRE BT hle
embodiment désshibedphetelmptRefeddnbttosEiduae 164, tthéedprikefdantns Ges il ubiés figd ask price
levels and ﬁvehighestfkowest traded price, theoretical market, direct market, indicative market, implied
from implied market, market prices, and transitional trading states for a given tradeable
object, such open, closed, etc.. According to one example embodiment, different binary
identifiers could be used to define the illustrative data types. For example, “0” through “117
could be used to represen;e each of the example block types, with “0” corresponding to the
security ID type, “17 corresponding to the tick block type. and so on. It should be
understood that the illustrated types are only examples, and different data types could be

provided as well using the methods described herein.

[0052] Next, assuming that the block type is set 1o depth prices, implied prices, theoretical
prices, indicative prices, direct prices, or yet some other prices that can be calculated based
on market data, fields 318-340 are used as shown in the message 300. The ‘a size’ field 318
defines a number of asks that are sent in 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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bid price levels with the corresponding quantities. Since there are five bids and five asks in the
illustrated market data 500, an ask size field 504 and a bid size field 506 are both set to "5." All prices
of the market data 500 are one tick off from each other, with a tick size of -10," thus the market data is
linear. Using the example provided above with the best ask price being used as a reference price in a
message update, and with the linear price characteristics of the market data 500, the message 502

illustrates only.a single hit sekindhe st feldighan asknbiteREPB-witl Ger hitsdeingsgt to '0' in the
ask bitmap 508 as well as a bid bitmap 510. [0060] Referring now to block fields of the message 502,

the first five bIOUkE193581 TRErR 2RI AR et BRCWRIF AR BRHEIRGEF B BREY 2 listing a
quantity that cgisespondtdadfisbesvasi pdidendiserondiagkauandityrtcknibbdilistinog digitantity at
the next ask price level.and.so on. Then, the next five blocks 522-532 include five bid quantity levels,
with the first b?&eqﬁgnf‘ﬁ?@glé)cﬁ %&efﬁ?%éeé%ggﬁfﬁf%% thé" 8%%{ I E?fcoé, a second bid quantity block
524 listing a quantity at the next bid price level and so on. As mentioned earlier and illustrated in the

bitmap 508, thbastaKashce Asdakinformeron P dh s liddanta o diel’2.
Because othekiitees sharelinear bliaraatarigtios, arosaihar heeesape hodludeadtid tidnessage 502.

C.Five Lgvels&f?(lg)fgmfﬁ%rﬁgg;g?ﬂé Lineas Market Q06 ﬁ?-@%@la%icngs%ae%rﬂ?cﬁb%@%i ORhactive,
fast-moving markets are linear, some markets may occasionally experience non-linear characteristics.
Figures 6A anpr6Bs #asteatbnger exXensiingiarikes exaanieesbodmansdheltid el dades apiddRcexample

market update,fpessage6Q2-gengraieddor such ardiarkeinl Fotherfiustraied marketdataseia600, ask
prices are '60,'80," and '90," and bid prices are '40; '30,' and "10.' N qggtntities are enéjing at the

remaining pric¥&df §52800%h o hSHLETS HRISHEHES REhFOE BR8P, such

prices are not sdrit atebiding:tmang exhaipiiiehit ddimertsdesinpeddaasetmBecdustheirmare three
ask and bid prige el &%g@f%@(ggg?ﬁ@ﬁ@ma&g&mg%ﬁe ak ol s lelde A0Aad 606 I

the message 602 indicate '3!" [( w, looking at an ask bitmap 608 of '11 0 0 0," the first bit is set
to '1' to indicat@itsatad dhpegica sketitangiiree 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." SHGs4aItmarshite FthasaskchidmapamdsetfiteskOyhagigddividedlaklqpricessk gty

5” shown at 342-350, bid quantity blocks, “bid gty 1 — bid qty 5” shown at 352-360, ask
price blocks, “ask price 1 —ask price 5" shown at 362-370, and finally bid price blocks, “bid
price ! — bid price 53" shown at 372-380. According to one exampie embodiment, the
number of ask quantities that are transferred in the message 300 is equal to the ask size
specified in the ‘a size’ field 318, and the number of bid side quantities reflects the number
in the ‘b size’ field 330. While five quantity blocks are shown for the bid side and the ask
side in the message 300, it should be understood that, depending on the system

configuration, a different number of bid and ask levels could be transferred as well.

{0055] Now, referring to the ask/bid price blocks, the number of prices that are transferred
is equal to the number of bits setin ‘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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are transferred, thus indicating that other prices corresponding to quantities included in the message
602 are all linear. [0063] Referring now to block fields of the message 602, the first three blocks
612-616 include three ask quantity levels, with the first ask quantity block 612 listing a quantity that
corresponds to the best ask price, the second ask quantity block 614 listing a quantity at the next ask
price level, here at the price level of '80,- and the third ask quantity block 616 listing a quantity at the

next ask price_level of '90.- Then, the next three blocks §18-622 include threeg bid guantity levels
Conrosponting? Lo i 5% SATRLES 6, s i (o s R I B s
explained abothstn aieldiianiesstiveorkfeg dncpmasksbtapivhe blosk aktednicaandriswranafeladd in a block

624, a non-lineamasksPHAR iSRRI 8B IR 8. AlRG VIR IHORARHIReAkRId BHics-igxels in
blocks 628 and 630. D.Alternative Message Format [0064] Figure 7 is a block diagram illustrating an
alternative me¥8£gEahI8 &R PoFEE Pb*8-%cording to another example embodiment. According to the

embodiment illustrated in Figure 7, bids and asks are specified in different message blocks; however,

the blocks canl #6&ohbipabddimeatsideierihrdsahaye. Moewmeantipie 2ot doliysiplefmessdase ¥y include a

bid depth block;pbasi.cepth hlosiars iRpliedbithdertimblock, RRHpRlied ask-denth dlackeetc.,
examples of which will be described in great rgftail below, [0065] Referring to Figure 7, the message
700 includes HERRIEY HRAIDDE A Fo20% JGER rAE-HSES & <DRHIERS bkt A BRLS feld 708,
Similarly to thexivassdgesrillpstsatieciabeile, the type field 702 is a block identifier that defines a type of
data specified in the message block 700. Example message block types include a direct market
bid/ask depth, a diregt markeat askdepthpanimpiiad 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 pagiol Raxloarin Y s./Te denih a8 el Yanereciies eAubSLoLmartket date

entries. Then, bitmap field 708 defines whether or not a specific price is sent in the message block.
In the embodirf@He Masestetertibydisren. RPHeaTiens %‘?&R%@\/‘éﬂg@@ﬁ‘%a%ﬁtﬁi‘élﬁfd’éﬂﬁng a
quantity that isppendisgefon pficeriey el correspepsingterifierapredingRricedialds Sipilay to the
embodiments describ%d earlier,.only a refeaeg:ge rice g’ls sent j c?umezgfage tilocr %rad en non-linear
prices are defiRedbased Sty ﬁlélcseﬁ cified inthe’bi rﬁ%p wiiis ileBbits Gre es‘beec‘:jl ied in' the bitmap
708, it should fxepraviitdded thdiefewenorhsorechitss totdcebe oslydmasinmiitstifaktrate fewer or more
price levels. In the embodiment illustrated in Figure 7, every 8 price level/quantity combination pairs,

another bitrnagossdefingekssuchaas abimap:#4a: whiehieasieSposdss toeiile detantkiad imspaeaified

following the byorprgﬁ Z{Z)lf generated for the exampie depth 400. According to the example embodiment
illustrated in Figure 4A, the inside market includes 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 shown
in the message 402 illustrated in Figure 4B, ask and bid size fields 404 and 406 are both set
to ‘1’ to indicate a single bid and ask being sent in the message 402. Then, since the best
ask price is used as a reference price in the message, the first field in the ask bitmap 408 is
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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[0066] Similarly to the examples given above, when writing and reading the message block of Figure
7, the value that is used to infer a price that is not written is based on the type of data being
read/written. For direct and implied ask market depth, if a price is not written, the offset that is applied
to the previous value is set to '1," or yet some other value depending on the tick definitions specified for
a given tradeable object. Similarly to the examples given above, the lowest ask price may be used as
a reference piee, ThaJRdirsst anddmaliad madataiddrnhdicalise! insshicivd adf dgtailed
depth is provi e(f such as when multiple quantity values corresponding to pending orders are
specified for ehienligpesed nariatdamseP AR ek sFpifisifin0kmddntig e Gemita abaBde & with the
same price aresseilo plceL3pmPiasRiRicROVIlbe R avidett hetnwach bilist Natr-ingdr sdarket Depth
Example [0067] Figure 8 illusirates example message blocks 800 and.802 created for a hjd side and
an ask side of Omg}ﬁsefhﬁerﬁ?é‘go%’ﬁé\%i%e%wngsfﬁ%%%i%afnp%% %‘(}g 4 5%%%‘78%%&5 g%gka%des. The
market depth B¢ ilhetzatesdaanon-lifisanananiet on thedsrssiderdgavelihsvifie Bkl Witreader of

the message hjock 800;includes,a.hid deptniynr BRG.a-/sng i el 80RAnumRenakbifseld 810,
and a bitmap 812. The length field 808 defmes the length of the message block 800. It should be

I
understood thittHeeldnbm srhimrs o8 guih SaeRbiE RRledehend oh WhathBIemR Scoéan)%eﬁsion is
used in relatiogs topadl emegeeodata specified in the message block 800. The bitmap 812 defines price
levels that are sent in the message 800. As shown in the bitmap 812, the best bid of '100' is
ransferred singghedishhll Ssphios Berh e dexhNaAIdEIGES @ ek AT essioce they
are linear, and the next price of '60" with a pending quantity is, non-linegar and thus is transf;egred. The
following pricel®fwde fagiadafuaiithisy el g adfddsh ﬂ‘r‘é“ﬁﬁ%@ﬁcglgf B3 RIGW TG to the
message blockdiglgdmnasfitstieaicnifelpsc 1 eashd 26k dpfindrthddokstiBidipnge oty alchy with the
best bid quantity of '25: . Then, since the t two pricedev INQak, : f} : 820 define
a quantity of 35%?1%?%% ﬁf'ilrf;:ét‘l'ltéﬁ/I 0 %ﬁoe‘l)tn fﬁﬁ%ﬁﬁ%ggﬁi}%ﬁ %\%ﬁg.Eﬁ]rﬁzﬁnlgk?&f)&fpﬁ%%ﬁjéﬁg%@and 824
define a non-lifeeals pride thevissofibauansigrlork S disdne g quanii 26 tbobestbid IRFicsifc et ast price
level is linear, {he Jastdlagkdiels:828 defipemarpuantteof M8prending alithe saexi dinratigide level of
'50; [0069] The messa%ie block 802 is used toggﬁne an asgde%Om as shown i? a txge gic%lczim%z& The
length of the nfEEEGELIEHEBES 18 M5t epemmed APl PB0 SIHES T SRS ofthe Message
block 802 maytiayys depeddiig 06l whétier Benpcemibee ssioes isharsdihear shreaisidstefimesother
price/quantity levels that are provided | ssage block 802, and a bitmap 834 illustrates which
prices are spe&lﬁ%eé ?rrleﬁ?gcl@ ?l?e s’%ﬁj Sﬁﬁ%%geggge block 802. As shown in the bitmap 834, the best ask
price is used as a reference price Ievelfgé‘ndéggsent i _%Iblgfk fielgx8 6f and an additional non-linear
price is specified in rélation S thE A4 BEPAR R 8w i BBIock Hield 842. All other block fields 838,

840, 844, and 846 define quantity values at each respective price level corresponding to the block
fields. [0061] As explained earlier, while most active, fast-moving markets are linear, some

markets may occasionally experience non-linear characteristics. Figures 6A and 6B
illustrate an example market data set 600 of a non-linear market and an example market
update message 602 generated for 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 guantities 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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Second Non-Linear Market Depth Example [0070] Figure 9 illustrates example message blocks 900
and 912 created for a bid side and an ask side of a market depth 904 having more than eight price
levels on the bid and ask side of the market. The bid message block 900 is used to transfer 10 depth
levels, as shown at 902, and has two bitmaps 904 and 906, with the first bitmap defining which of the
first eight bid price levels are transferred, and the second bitmap defining whether any of the additional

prices are transferred. As.shown in the fitst bitma 904 thg gﬁ%&ig'd,] ricelevelis franpteried since the
first bit is set t5 11 |fs1d%ﬁr? %’lr%:lg’ élcr%grﬁ%i%ﬁar%goélg{/gﬂcp?igg evels ar% (%iar, g'}lfother bits in the bitmap
904 are set tom@ssagsdPlaekdididsashown at 908 include the best bid price of *170,' with all other fields
defining quantities at the eight price levels. Then, the bitmap 906 defines whether any of the two

additional bid piGe]laugls-are foansfdiedt. Edhb&ﬂmdaséwgetﬁdzprﬁbeifesxeﬂsrwélhnbaﬁ,%@rﬂ%quantities
coresponding (g (e price levels.fya JansletsesAlogl (6l 19,0871 Mo slegrigan the ask

message bloc ere ar price levels that are transferred in the block 912, as defined at

914. There arsawesnsride tfethe|bertaskipnedths rerand adoamenfinsbiight Hilairg e Ruanihidbask price

and the sevent,askiPpics: GOrEIRANINGLQ R AARINGBPriced The Shikieafiksj bitmapRER Heludes the

first and seventh bits set tg '1.' The block fields sho 918 define the transferred pri long with
quantities usirg thE To‘?ﬁ‘iﬁ?@&é%@?f‘éﬁ%‘vgf‘ﬁ%ﬁ%%S;éot‘he %%?’trv%‘eo K %’rri%eg}s){g%g Wﬁg‘%& no bits are

set to '1'in a hihafe 826 Eiddtheiguantiiesrcopesiiandity todipe dineaslprt el AréSemtdnlBlock fields
shown at 922. 3,1 '%%ga'p%sl %ﬁ@@%ﬁ%ﬂigﬁ% Levels-Famelel0RaRlGigurs 1R llustates

example message formats that are used to provide detailed depth at each price level, More
specifically, aEspliniedhbrre ark PR 5revriiRgd dhaRldotebAdarkne a¢a1Ms Sice level,
multiple quantigy,values souddmapeasifiedioneanhpriee Bitheteisvenra Blackoozs ardes3pending at the
price level. Figure 10 illustrates an example market depth 1000 along with two message blocks 1002

and 1004 that are usgd to represant m&@gﬁigﬁrﬁf‘d the ask side of the market depth 1000.
respectively.

[0064] Figure 7 is a block diagram illustrating an alternative message block format 700
according to another example embodiment. According to the embodiment illustrated in
Figure 7, bids and asks are specified in different message blocks; however, the blocks can
be combined into a single message. For example, an example message may include a bid
depth block, an ask depth block, an implied bid depth block, an implied ask depth block,

etc., examples of which will be described in greater detail below.

[0065] Referring to Figure 7, the message 700 includes a header with a type field 702, a
length field 704, a size field 706, and a bitmap field 708. Similarly to the messages
illustrated above, the type field 702 is a block identifier that defines a type of data specified
in the message block 700. Example message block types include a direct market bid/ask
depth, a direct market ask depth, 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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[0073] The bid message block 1002 includes header fields that were described above, with a size field
1006 set to 6. since six values are provided in the message 1002. The format of the message 1008
follows the one illustrated in Figure 7, where a quantity value is specified in a message block field
directly after a field that is used to define a price at which the quantity is pending. Thus, because there
is more than one field that is used to define quantity values for each price level, a bitrnap 1008 is used
to specify which blqck fields list price levels. In the bhitma 08, the first,bit i indicate that the
oot bid price e e S e e e ok

configuration, sieeppides fietelst 0r0ths fatibodiaidny dlentratedtjrfiBlgnao . euentregridsd Thadtaaaitlity value of

an order pendinghei.thePpss beskidurics iTheAnhecansadhenexh e figldsarsrdsamde tepresent
guantities at the same price level rather than a different price, the next two bits in the bitmap 1008 are

not set, and thEGARMIEES SPectishrelon s B85 d1d 1016. Then, since the next field 1018 is used
to defme the next price value of '205.* the fourth bit is set in the bitmap 1008. The three message

fields 1020-100WefkeSindlelistadtite Tepreles i viaahoies dsiasponbng wrdrlviviarsrge9sénding at

the price level gff2QB.. 108 4hilbenask MmesseaadRekdofdis asnaratadivsinedbs samadethod
described in relation to the id,mes%aqge,block Q02 _Sgnc% theE{a are more than eigretlt values that are
frizpls

represented it THBS LS BIBRK 1004 5% B Y I Cats WHTER ThB¥sXg8Felds are
used to transfehgrifies. ivCisnaprissian 00¥5Tinthelexampte stprdvidedyabeves eabbr quantity and

price value Spﬁ%%\%gé‘g%r etﬁ@ecﬁc%g%ﬁdﬁo%%@pméﬁ AR forBRt AGGOIIIGER ORRAXAMRIRk.

embodiment, a number of bytes, such as 4 bytes, is used to represent each value even if the

value could beeFepRee BTed aBiYE: Ahsriaest fkbdeonpy s Usdal andrpsairitst rdbems the data
being sent usingsnanei Basdhamite by deRpire theldisdefisie Rey- Mayrlie eiver ceptic i pingideany
different compression schemes that could be applied to guantity values as,well as pric ues
provided in thes?ﬁeéaga“gsf}éesn. fb‘gsé!ﬁﬁg%%’{ nﬁﬁt%e%ﬁgﬂgig‘ﬁ%l%getﬁ{ Sl(llélirﬁ r?tr,dl%r e"glgrgrs S?ﬁ%e:c‘eaé%ﬁon may
be used to repeedenticuintiticbearfGyribesiintintien és selgberdwstibpdbivyasintagat snression

refers to a con;gﬁg-ﬁsigtig@ method ‘W{hﬁ%ﬂﬁé}é @fmiﬂyglglﬂmgmg{;iggpy&ﬁﬁ used to represent a given

value, with an additional bitmap at either the most significant or least significant bits being used to

represent the length of a data stripg. For example, in t%e le.given above where 4 bytes are used
to represent a given value, the filrftg f%\ﬁ%rﬁlsmgf"{r}gdﬁifestt y ?%%égused to represent the length of a

given data strirégqéln such an embodiment, if the first bit is set to 'O." it is assumed that a single byte is

used to represEiavElgee BHEHS TP RRERiR o pTtessrBlarks i O ndfasrated fem ik Fditbsent a
value, if the firshthgeeiitsfarenzkkel . dand 104 thraadides akanisen, pid finally éhthreridicgtdbitk are set to
'1," fours bytes are used, etc. A igned earlier, different methods to represent the, number of bytes
being sent for 5%158?1 \fla%‘ﬁemgrgﬁ tdéﬁm[gurgg% 123 Svgv%{fs [68%%? e m%%egrogégrﬁ p%?g({s%oenarse‘gﬁwsa?ﬁ%

significant reduskicidof thawdden o zeeimessere rhlesk 8§81 Fdndssaisicdepsheirhsg Back levghelislample in

Figures 5A ang B Whets-AiNEasaafi if19e R atef-iap 81n0NFliRealmarketsdddalkesieargsronding to
guantities and prices are provided in the message. In an environment where 4 bytes are used to

represent eactPAIE 8 RLERRFE el TROMD REEKER O A trreth e Re s B3 Using the

proposed integepcdeppiie saicthdrethad cempeeaisingleshbyte islstfficieall o sepredentspadfiedatue in a
binary format, ol 100y G%- WOk PFREKHRS @I PRIARENHINE RRATE AR YAIUES: in 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 biock fields 822 and 824 define a non-linear price
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[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 fields 1104 and 1106 indicate '3' since three bid
quantities andteeragl-auailitas arpdiansquemin sheomessagnyl Lodamshawprite message blocks
1112-1122. Then, the ask bitmap,shown at 1108 is '1 1 0 0.Q; and a bid bitmag at 1110is.'10100.
[0079] In the diBsARpReskSIORY FigtraZ dspSHra AVARTRY < KL RIRG M BriCE LBV B market is

non-linear, a dinglefesarence price is specified, here the lowest ask price of '12160! in an ask price
block 1124. and all other non-linear prices are specified using an offset method. Based on the

reference pr iC?d&ﬁ REXtighes sskipsiceiis.selickaamandram depinaferences nricepamdithers 20" is
specified in a bid price block 1126 to i d'cg an offset diff renﬁe betvyéejsn.the t|i_£ef<frerh(1:eiptgce and the
next non-IineaTlﬁFri]EE%]\féfl.tth’é?ﬁsﬁéégﬁé% 1?1%?&33512%?1&5 ANBAF ORIy K yUsn Ry CofréSponding to
the next ask priessigveiloahd(i0ttiyeaffsiipvadin for wiptise We‘tdsa_miﬁei_s isdfhe Mmegsdighl 1102.
Then, as shovgl g elation iR listieted deribadabythe hesthidraliads 2Aeks il the

e
best ask price, aﬁlgs"[hag the offset for the best bid price is sgecifled in a bid price block 1128. Since the
next bid price BiustsovkdrirengeamstrdinhesSads P11t nresparddaek iSO TRB rhen, the
next bid price gfe bk §30R: liReatsangithus @pdoiisetaeluteisERecifietdndabionkifield1ddi30. While
the example illustrated in Figure 11B shows offset values using the actual price. difference, it should be
understood thﬁt%%%@%él:ﬁ% %%“&8%%%“ Ui PSingte S&%ﬁ?{?&%ﬁ%"gﬁé& a‘.%g‘ %\ett}f(l:rlgfi ?é@e?n ifference.
[0080] As explstined wezlidpckhiieptidés ahll ethembivels fieinddindtl Piéserd) 84010 Finn Apdnity

compressed usifg.1he JAIPURLCORPERSS RN MBIRHALNELSARB BlRerIethod. In the embodiment

illustrated in Figure 11B, the value '12160' is represented using 2 bytes. If all other price levels were to

be repres_ented using the aS'Fl_JaI vgég()e{;sd_ﬁg}%%llggr I a}’keéz‘%%g{ﬁ IE)Xe arrﬂle#?éesented using 2 t_)yte_s, thusz _
resulting in 8 bytes represeriting four price levels. However, since only one reference price is specified

using the actual price level value, and three other prices are represented usin%off et values, the offset

values are smaflgRbigNreS MartRisy BBl mpRage Madks St HgIe It FPhadid Sty integer
encoding in cogphinatias withtaadeltpimethadwhgendinthaoadineaicplioess thetmesdage size is

duced by 3 b ith he ill ige,level h ' | ,
e Sowing ncHERSb A BT 0B VAT it e el e e e,

m .
ase as well. Ilé ot specitica ustrate essages shown above, it

should be under$igbduitdtag teniiiomsin chhadeayishcbaldinehispre sefirseeusigh 2 ordethod to

eight bid price levels are ransferred, and the second bitmap defining whether any of the
additional prices are transferred. As shown in the first bitmap 904, the best bid price level is
transferred since the first bit is set to ‘1.” Then, since the remaining seven price levels are
linear, all other bits in the bitmap 904 are set to ‘0." The block fields shown at 908 include
the best bid price of ‘170,” with all other fields defining quantities at the eight price levels.
Then, the bitmap 906 defines whether any of the two 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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further reduce the message size when compression methods are used. Those skilled in the art will
understand that many different variations of the message formats are possible as well. V.Various
Other Market Data Message Formats [0082] In addition to providing market depth related data, there
are other data types that are normally provided to client terminals in an electronic trading environment.
Some example data types along with example messages will be described below. It should be

understood thgh compressien Meathodsdesarilgdanave apuigAisebedsesbinglationtadata provided
in the messages below. A.Trade Dag%[%%?é] Fi%é:e 12 is a block diagram illustrating an example
message 12087 Fa5 B et 98 38°WEF Pata to client terminals. The message 1200 includes a

last traded quantity ('ltq’) field 1202, a last traded price ('Itp’) field 1204, and a total traded quantity ('
ttq') field 1206. While not shown, iévided{rder Shamitiss ine Kidks &dleExunrler in addition to the

illustrated fields. Session Data
[0072] Figure 10 illustrates example message block formats that are used to provide

detailed depth at each price level. More specifically, as explained above, rather than
providing a single aggregate quantity at each price level, muitiple quantity values could be
specified for each price if there is more than one order pending at the price level. Figure 10
illustrates an example market depth 1000 along with two message blocks 1002 and 1004
that are used to represent the bid side and the ask side of the market depth 1000,

respectively.

[0073] The bid message block 1002 includes header fields that were described above, with
a size field 1006 set to ‘6’ since six values are provided in the message 1002. The format of
the message 1008 follows the one illustrated in Figure 7, where a quantity value is specified
in a message block field directly after a field that is used to define a price at which the
quantity is pending. Thus, because there is more than one field that is used to define
quantity values for each price level, a bitmap 1008 is used to specify which block fields list
price levels. In the bitmap 1008, the first bit is set to indicate that the best bid price is
transferred in a price field 1010. Then, according to the standard message block
configuration, the price field 1010 is followed by a quantity field 1012 defining the first
quantity value of an order pending at the price best bid price. Then, because the next two
fields are used to represent quantities at the same price level rather than a different price. the
next two bits in the bitmap 1008 are not set, and the quantities are defined in fields 1014 and
1016. Then, since 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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[0084] Figure 13 is a block diagram illustrating an example message 1300 that may be used to send
session data to client terminals. The message 1300 may be sent to notify clients of updates to session
prices and other information. Similarly to the message illustrated in Figure 12, the message 1300
includes a block header. Message fields illustrated in Figure 13 include five price related fields
1302-1310 that define a session high price, a session low price, a session open price, a session close

price, and a sggsigNefle écsmlz,@&éaegﬂe/@éyeléﬁe%uﬁﬁ{@ 1342 Aelings.a shegibsiatis of a

tradeable object, and field 1314 defines a session identifier, such as a 32-bit jdentifier created to

identify the cuREHESFadMT YelsfoRmRRO AT Rinile SIElP & JRINEH S MRS SHRSHRGE bR SRttt rated, it
should be undesstesdibgaiesnaih diffe enisniessaigesgeeiehbeatiseaie sen\éthadditiooallharket related
data. [0086] Although the example, programs, Lroces and m s have . beep desch and
illustrated in dléeparﬁ,s I q.%@c‘l‘élélﬁ;? 5%%%%?(%31 ?Bgﬂ) e gsa%ﬁéﬁs%;?ﬁé@%%ﬂﬁ%ﬁgﬁgﬁ %ﬁ ‘agx%gr% le only
and is not to benhkenRwayBedifhratioh SheehurbsolediprgiinmiotsCapt ERRNSEE WAPTeadily

occur to thosegsiilied i thsaslol ismaldasiedinlinitihsilaventends tharxast censisugtien and
operation shown and described, and accordingly, all suitable modifications and equivalents may be
resorted to, falif WAL SHSJBSTA$RS invention. [0087] According to one embodiment, the example
system takes the form of a computer program product that is stored on a computer readable storage
medium and i$ WXL sina Siiteiisi eciStAlR tREPPRdBIG0 ANEESTe RPMPIREIEB It dieh 3%l device. The

term computerdgagdabla mesiyahdasivsad herainsdefemdapay Mediumithat Rabirinaasdrsroviding
instructions to processor for exe %ﬁion. Such a mediurln ma]gﬁtalﬁJ man?/ fongs, including but not limited
to, non-volatilé%é&iﬁ?‘?ﬁ?é‘iﬂglﬁ‘% 3 O ST T8 MR BiTE O N i A SRS BB o

Vo
example, opticalor, milyaetiddiiske] bichres sitieade: dessc eighifilticon edicsigoiiicies Wimnzemic memory,
such as main PemAry.grRAMIIARARM AGCaSS MEMO YL CRMMAN PMSQLEMBRLEL tadable media

include, for example, a‘floppy disk, a flexible disk, hard disk, magnetic tape, or ané other magnetic
medium, a CDYREMF, BYissGESeIsehirEPRs MU EL Sinaivg abors fipsa Sy fﬁﬁé’,féli’ﬁ/fgﬂﬁ YEIRIEE medium
with patters afsa@eseprRAMna BRAME apdhRROMing FlxASt EPRGMinaat, angiofhersimemory chip
or cartridge, Orseatr‘gg %tb%r1gn a%sdéilfxllrgdf{i?artnavglgléig i?y‘%oipgs%%e{ocl%grgsa%q a value. Then, if the first two

bits are ‘1” and °0,” two bytes are used to represent a value, if the first three bits are *1,” °1.°

and ‘0, three bytes are used, and finally if three first bits are set to *1,” fours bytes are used,

etc. As mentioned earlier, different methods to represent the number of bytes being sent for

each value could be used as well.

[0077] The integer compression results in a significant reduction of the data size in each
message. For example, referring back to the example in Figures 5A and 5B where a
message is generated for a non-linear market, 10 values corresponding to quantities and
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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[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 suclg 4g;an d¥Sifa ?i@iﬁ&%@@’%ﬂ&%&@rg&&%%@ EL ORIOGERSRATTAther

computing device. It will be apparent to those of ordinary skill in the art that the methods described

above may be@mbBak e BEF el M S B St ST Ee ibltkies! bt BrmdiE o ater readable

media. For exaitple sisoearmpuies kcadabieothes uhidcantaeludel &raadadbie hemory device, such as a
hard drive device. a CD-ROM, a DVD-ROM, or a computer diskette, having computer readable

program code[segmaNis: SR tNERANN FRG.ROMBUISKLLAJARIGMeAINY £55 i3IS Qi Rglidan

communications or transmission medium, such as, a bus or a_communicatjon link, either optical, wired

or wireless haWfgHrogharitste degiHs flEstrodtfers oS EhitI o rian 8854k S5 [0089]
The claims shoudlthaotibenasdmidibited tivthewdestrlied osdéinesrgismeents smiefsdstated 40 that

effect. Therefaip.2hembedments.at cAmELAID (e seans Aud.seEhalihe dokowlag slgims and
equivalents thereto are claimed as the invention. Claims: 1. A method for providing market data in an
electronic tradifyrelstansn gt and thus *20° is specified in a bid price block 1126 to indicate an offset
difference between the reference price and the next non-linear price level. Then, because
the next ask price is linear., only a quantity corresponding to the next ask price level, and not
the offset value for a price level is specified in the message 1102. Then, as shown in
relation to the illustrated depth 1100, the best bid value is 2 ticks away from the best ask
price, and thus the offset for the best bid price is specified in a bid price block 1128. Since
the next bid price of ‘12130 is linear as defined in the bitmap 1110, the price is not
transferred. Then, the next bid price of ‘121107 is non-linear and thus an offset value is
specified in a block field 1130. While the example illustrated in Figure 11B shows offset
values using the actual price difference, it should be understood ‘;hat offsets could be

defined using a single digit value specifying a tick level difference.

[0080] As explained earlier, the prices and quantities defined in the message 1102 may be
compressed using the integer compression method or yet some other method. In the
embodiment illustrated in Figure 11B, the value ‘12160” is represented using 2 bytes. If all
other price levels were to be represented using the actual values, each price level would be
represented using 2 bytes, thus, resulting in 8 bytes representing four price levels.
However, since only one reference price is specified using the actual price level value, and
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



comprising: receiving by a computer device a price feed message including a plurality of order
guantities, a non-linear price level and an indicator sequence comprising a plurality of fields
representing a plurality of price levels, wherein a linear price level is not provided in the price feed
message, wherein each of the plurality of fields provides an indicator of whether the corresponding
price level is linear or non-linear, wherein the non-linear price level is separated by more than one

default tick ingrement framya. Qﬁsgs%gng%A%%@Egasrpﬁféawxs%mga'ev&é,ée whesein gach price

level of the plurality of price levels is associated with at least one trade order pending at the electronic
exchange; and@Hetdiwndrigay that dampbsierayitariationsopi tiereatieen tra i antrsTiBiuet quantities
and the pluraligef price levels using the indicator sequence and the non-linear price level in the price

feed message. 2. The method of claim I. wherein the price feed message further includes a reference

price level. 3. The mgthod gmem%&ggmge price level comprises a highest bid

f0082] In addition to providing market depth related data, there are other data types that are
normally provided to client terminals in an electronic trading environment. Some example
data types along with example messages will be described below. It should be understood
that compression methods described above could also be used in relation to data provided in

the messages below.
A Trade Data

[0083] Figure 12 is a block diagram illustrating an example message 1200 that may be used
to send trade data to client terminals. The message 1200 includes a last traded guantity
(‘ltq’) field 1202, a last traded price (‘1tp’) field 1204, and a total traded quantity (‘ttq’) field
1206. While not shown, the message 800 may include a block header in addition to the
iHlustrated fields.

- B. Session Data

[0084] Figure 13 is a block diagram illustrating an example message 1300 that may be used
to send session data to client terminals. The message 1300 may be sent to notify clients of
updates to session prices and other information. Similarly to the message illustrated in
Figure 12, the message 1300 includes a block header. Message fields illustrated in Figure
13 include five price related fields 1302-1310 that define a session high price, a session low
price, a session open price, a session close price, and 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 exampie 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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price or a lowest ask price. 4. The method of any one of the preceding claims, wherein the plurality of
guantities comprises a plurality of aggregate quantities. 5. The method of any one of claims 1 to 3,
wherein the plurality of quantities comprises one or more individual order quantities at each of the
plurality of price levels. 6. The method of any one of the preceding claims, wherein the indicator
sequence comprises a bid indicator sequence for a plurality of bid price levels in the plurality of price

levels, and an.ask IRCIGAIGL 366 HENELHO Rl whaliy afraskibrics. lesils inuthaeluraligiebosice levels.
and changes will readily occur to those skilled in the art, it is not desired to limit the
invention to the exact construction and operation shown and described, and accordingly, all

suitable modifications and equivalents may be resorted to, falling within the scope of the

invention.

[0087] According to one embodiment, the example system takes the form of a computer
program product that is stored on a computer readable storage medium and is executed by a
suitable instruction execution system in the computer-based device. The term computer
readable medium, as used herein, refers to any medium that participates in providing
instructions to processor for execution. Such a medium may take many forms, including but
not limited to. non-volatile media, volatile media, and transmission media. Nonvolatile
media includes, for example, optical or magnetic disks, such as storage device. Volatile
media includes dynamic memory, such as main memory or RAM (random access memory).
Common forms of computer-readable media include, for example, a floppy disk, a flexible
disk, hard disk, magnetic tape, or any other magnetic medium, a CD-ROM, any other
optical medium, punch cards, paper tape, any other physical medium with patterns of holes.
a RAM, a PROM, and EPROM, a FLASH-EPROM, and any other memory chip or

cartridge, or any other medium from which a computer can read.

[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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7. The method of any one of claims 1 to 5, wherein the indicator sequence comprises a bitmap having
a plurality of bit fields. 8. The method of claim 7, wherein the plurality of bit fields comprises a plurality
of single bit indicators. 9. The method of any one of the preceding claims, wherein the price feed
message is received at a client device. 10. The method of any one of claims 1 to 8, wherein the price
feed message is received at a gateway.

communication link, either optical, wired or wireless having program code segments carried

thereon as digital or analog data signals.

[0089] The claims should not be read as limited to the described order or elements uniess
stated to that effect. Therefore, all embodiments that come within the scope and spirit of the

following claims and equivalents thereto are claimed as the invention.
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11. The method of any one of the preceding claims, wherein the plurality of price levels comprises a
plurality of direct price levels, and wherein the plurality of order quantities comprises a plurality of
direct order quantities. 12. The method of claim any one of claims 1 to 10, wherein the plurality of
price levels comprises a plurality of implied price levels, and wherein the plurality of order quantities
comprises a plurality of implied order quantities. 13. The method of any one of the preceding claims,
further compifiéing: in response to determining, displaying the plurality of order quantities in relation to
the plurality of price levels. 14. A computer readable medium having stored therein instructions

executable by a processor, wherein the instructions are executable to:, receive by a computer device a
price fedd messgge"?ﬁg}ﬂﬁirfgra BTBYé%WgofIB?Bf%eﬁqgﬁﬁiﬂgs,aﬁ n%ﬁ‘-’ﬁ'i?é%ﬁ‘ g8y EPXHE R Mdicator

sequenceePrffising a plurality of fields representing a plurality of price levels, wherein a linear price
level is not provided in the price feed message, wl%gqrgjn each of Ihi} plurality of fields provides an

indicator B &EePthe CSFIBTh dMgSrideHBvEl ST PSP EV A PLHRIHE Rnifar price
level is sppatated bysadiadhanionedefault iskiarmorertliomeccprenedingppiceaidyebdfithes

representing a plurality of price levels, wherein a linear price level is not provided in the price
feed message, wherein each of the pluraiity of fields provides an indicator of whether the
corresponding price level is linear or non-linear, wherein the non-linear price level is
separated by more than one default tick increment from a preceding price level of the
plurality of price levels, wherein each price level of the plurality of price levels is associated
with at least one trade order pending at the electronic exchange; and

determining by the computer device a mapping between the plurality of order guantities and
the plurality of price levels using the indicator sequence and the non-linear price level in the

price feed message.

2. The method of claim 1, wherein the price feed message further includes a reference
price level.
3. The method of claim 2, wherein the reference price level comprises a highest bid

price or a lowest ask price.

4. The method of any one of the preceding claims, wherein the plurality of quantities

comprises a plurality of aggregate quantities.

5. The method of any one of claims 1 to 3, wherein the plurality of quantities

comprises one or more individual order quantities at each of the plurality of price levels.

6. The method of any one of the preceding claims, wherein the indicator sequence
comprises a bid indicator sequence for a plurality of bid price levels in the plurality of price
levels, and an ask indicator sequence for a plurality of ask price levels in the plurality of price

levels.
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plurality of price levels, wherein each price level of the plurality of price levels is associated with at
least one trade order pending at the electronic exchange; and determine by the computer device a
mapping between the plurality of order quantities and the plurality of price levels using the indicator
sequence and the non-linear price level in the price_feed message...15. The computer readable
medium’of claim! 18 RS Ry &IFEé)fléé?}rﬁ‘?e 19 Je VRGFEP| gﬂl%cggaéofe%%%%gﬁﬁggés\%ﬁ 16. The
computeyitiaasablens e diuralnf olpbin A8idwherein the reference price level comprises a highest bid
price or a lowest ask price. 17. The computer readable medium of any one of claims 14 to 16, wherein
the plurality of quantities comprises a plurality of aggregate quantities. 18. The computer readable
mediumgof any one efeledmsfld4pnl 6, whergin theminsiitiy «f sjudirlifie seaprizdsespimaliy rabre

individual order. quantities at each of the plurality of price levels.
single bit indicators.

9. The method of any one of the preceding claims, wherein the price feed message is

received at a client device.

10. The method of any one of claims 1 to 8, wherein the price feed message 1s received

at g gateway.

1. The method of any one of the preceding claims, wherein the plurality of price levels
comprises a plurality of direct price levels, and wherein the plurality of order guantities

comprises a plurality of direct order quantities.

12. The method of claim any one of claims 1 to 10, wherein the plurality of price levels
comprises a plurality of implied price levels, and wherein the plurality of order quantities

comprises a plurality of implied order quantities.

13. The method of any one of the preceding claims, further comprising:
in response to determining, displaying the plurality of order quantities in relation to the

plurality of price levels.

14. A computer readable medium having stored therein instructions executable by a
processor, wherein the instructions are executable to:

receive by a computer device a price feed message including a plurality of order quantities,
a non-lincar price level and an indicator sequence comprising a plurality of fields
representing a plurality of price levels, wherein a linear price level is not provided in the price
feed message, wherein each of the plurality of fields provides an indicator of whether the
corresponding price level is linear or non-linear, wherein the non-linear price level is

separated by more than one default tick increment from a preceding price level of the
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19. The computer readable medium of any one of claims 14 to 18, wherein the indicator sequence
comprises a bid indicator sequence for a plurality of bid price levels in the plurality of price levels, and
an ask indicator sequence for a plurality of ask price levels in the plurality of price levels. 20. The
computer readable medium of any one of claims 14 to 18, wherein the indicator sequence comprises a

bitmap ARG Y BriRy el naRIsiaachiaice Asyatar b daBralinf mricsENGh 1 3530Rkteth the

plurality pfibitfields sRraprsesRMlerality of gibaledibindisalrifgdZaniine computer readable medium of
any one of claims 14 to 21, wherein the price feed message is received at a client device. 23. The

computerSE@BRe M dhrUFATBPARY SRECECMAPRIAS BETYeCt, Hisr dHE D AL SR AHBLLES 8% received

at a gate@Murdfin,THEFRIRUSE iRasalie medivn iR mefirtins idete gacaviRotein e plurality
of price levels comprises a plurality of direct price levels, and wherein the plurality of order quantities
comprisBE% BEFMSASGirect order quantities.

15. The computer readable medium of claim 14, wherein the price feed message further

includes a reference price level.

16. The computer readable medium of claim 15, wherein the reference price level

comprises a highest bid price or a lowest ask price.

17. The computer readabie medium of any one of claims 14 to 16, wherein the plurality

of quantities comprises a plurality of aggregate quantities.

18. The computer readable medium of any one of claims 14 to 16, wherein the plurality
of quantities comprises one or more individual order quantities at each of the plurality of

price levels.

19, The computer readable medium of any one of claims 14 to 18, wherein the indicator
sequence comprises a bid indicator sequence for a plurality of bid price levels in the plurality
of price levels, and an ask indicator sequence for a plurality of ask price levels in the plurality

of price levels.

20. The computer readable medium of any one of ciaims 14 to 18, wherein the indicator

sequence comptises a bitmap having a plurality of bit fields.

21. The computer readable medium of claim 20, wherein the plurality of bit fields

comprises a plurality of single bit indicators.

22. The computer readable medium of any one of claims 14 to 21, wherein the price

feed message is received at a client device.



25. The computer readable medium of any one of claims 14 to 23, wherein the plurality of price levels
comprises a plurality of implied price levels, and wherein the plurality of order quantities comprises a
plurality of implied order quantities. 26. The computer readable medium of any one of claims 14 to 25,

wherein the instructions are further executable tq: in response to determi , display.the plurality of
order quzhtities %Fe?&f?&?\‘%rtﬁe@% T% To g AT of claims 14 10 i vhertin the' price

feed message is received at a gateway.

24, The computer readable medium of any one of claims 14 to 23, wherein the plurality
of price levels comprises a plurality of direct price levels, and wherein the plurality of order

quantities comprises a plurality of direct order quantities.

25. The computer readable medium of any one of claims 14 to 23, wherein the plurality
of price levels comprises a plurality of implied price levels, and wherein the plurality of order

quantities comprises a plurality of implied order quantities.

26. The computer readable medium of any one of claims 14 to 25, wherein the

instructions are further executable to:

in response to determining, display the plurality of order quantities in relation to the

plurality of price levels.
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