TITLE: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 envireamert: BAMCKGROUND [2] Electronic trading is generally based sma/hastexchange,
one or more computer networks, and client devices. Subscribing traders are connected to an
exchange's electronic trading platform by way of communication links to facilitate real-time electronic
messaging between themselves and the exchanges. The electronic 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 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 th&ffhaiket informatio® i wiali e dispizydd Al iE:

viewing the information, traders can tER&EEESFTRANEETI GRS (HEIHHRG SHEO S sdfidihg buy or sell
orders to the electronic market, adjustifiyB4isting orders, deleting orders, or otherwise managing
orders. Traders may also use software tools on their client devices to automate these and additional
actions. [3] Although the types of market W{B%E%Ped by an electronic exchange may differ
from mark ket, there.are generally s S e .nformatio information
may includeébéqaga{%lgt rreef)?résgﬁft% Ju0§ %?1é1¥ﬁ%%§]e%?hv§%<ﬁ§t%[?ﬁ%girﬁigzre%r%%fkéﬂ? ?é%t e%%!;e% él\%/%gilable ask
price (bestrskyranaviditighedirenied dbedid foriceqbéstbigipivthe nikrkErtsr & garalsiatiadeable
object at agﬁm%g&mg&_ﬂme. 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 addigggé%&ligﬁw%]order book information, such as order price
and quantity information, electronic exchanges can offer other types of market information such WO

2008/140950PC T/11 S2008/062172
[002] 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 electronic
trading platform by way of communication finks to facilitate real-time electronic messaging
between themselves and the exchanges. The electronic frading 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 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 {radeable 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
insidé market. In addition to providing order book information, such as order price and

guantity 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 thennstarorkssto deliver data intensive, fast response market datafeesdss i3 Qe 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, tradéfstifanies BEERsEcHeHUIEIPERthieifbtReation ampossibiadss thrtthy das irded

better-informggfades. Rrihe olrgthand, limitations on the amount of market information passed to
the traders are often inherent in the design of physical networks that connect traders to the electronic

market. [S]L&@%E]eﬁlgy‘ gguecre are two m%g%lsi, hoﬂv%/l %J%trggfc marke}ts deliver mark "tt information to
client devices, n adation. s%gchht VARationS of the Bwe modars urd'8d Mebia e sdd ™ Te 18 first model
that is mostcbrmoniyeusedud dediviendharet Deptheis ddeitdibasath iedekdFhdtidltaibssed model
involves seqdingiinarepienial uadales vRivimalie Dside mRrkelaL ualketdeptehiangss in an
order book. In the delta based data delivery environment, a client terminal initially receives a snapshot

of current BFKENEoAJTFEIE N §RUEH priBBTePART diemtthishsezrivigted tepridedeveis. As
changes in;thecpraskel e dalatRdasHEh A% MHERAGHABIY-HIE callainRHcseyeldncrepses, a

market update is sent to the client terminal to indicate the incremental change in the quantity. [7]
Many currefitly BASHRG AR 168 HEfaSdE HERTEFHRTER B ASaYHE HeedniPEneHtetminals. As
known in theaibimulticasheefers tokaeheleliveryrafdtiameation thmany reeejuerstatdhesame time in a
single sireqy, Sgnding deliahased data over mulicast however requires mplementation f
application level reliabifity fo guarantee that all packets are racenved at & dienttetffaie fhe client
terminal derbrsica mivsinks dpdammsotheds b st olsdrseguemtetnumber included in each received
update, the client terminal will re-request the missing update to correctly use the information in the

next updatgpthpsdatiadusing-sle laysaneh eI g, B RIeGEsSINGKeUeIBRAE. F o aversemadhs reliability

problems of networks.using mylticast, price data may be sent via a point-to-point network connection
created for 8& ﬁn&|gﬁfcteesrrﬁf?ﬁ%fﬁ(%i@\gg%tﬁ?@lﬂé@%gﬁ%ﬁ%w& LBeORRsh e ing

environments that include a large number of client teiminals is undesirable WO
2008/140988C Thysbod s1064 173t besatiswape seedde Haliter semlice deptlupdatslseparately to each

interested glisa terminglishusdeswingiRaninesicisntuse.albandwidt &éaﬁym&@%ﬁ%glﬁéays at the

server. [8] The second data delivery model that is often used involves sending a snapshot update at
pre-prografAned ifeRAIe! starh Shh AL A iSTER RS O ev@nﬁt?aééﬁ%ﬁé%%lé?‘?@t gﬁ&ﬁ@ﬁ’ot update
is a messagethahoontaindisankehinfdrmation suehvas arsinsite: vaketandinackeldenthwith actual
prices and I%l%lantitégﬁ Iisigdlégg EIlg 'onégti%aghé)r'ce intc ded in the up%ate. Sendjngpg]e entire depth
snapshot has Hstoricaly been consIiarad tmaatgid: et thE BitdhidtRPeS S AP IBAYSnd packet

size. are defected, such as when a quantity at a certain price level increases, a market update is

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

[007] Many currenily 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 stteam. 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. However, the use of point-to-point connections

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



[9] It 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. WO
2008/140951)PCT/US2008/062172 BRIEF DESCRIPTION OF THE DRAWINGS [0010] Example

embodimentswasewesgsized herein with reference to the following drawing;tjp%\éhich: LOOll] Figure 1
. : ; . . : . ; uN200s0e 1
is a block diagram illustrating an example electronic trading system in which a client termifial and a

gateway device are on a local area network; [0012] Figure 2 is a block diagram illustrating an example
system for BERVES opRasaHer iPapiovistdorics faddts acoomlihy to conk ekanspié dinhasimient; [0013]

Figure 3 is a,blaekiagrainhistiallag a0 SXampla drmalal ANGesags ks ssd to send price and
es an

guantity data according to one example embodiment; [0014] Figu Mistrate an example
one level of{%ggkeh%egégoggdd%én KSR gg@@?tiiglgtnéesr% gnf%stegeigé&%glge?ﬁgg ;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.

[009] It would therefore be beneficial to provide a method and system for an irmproved
data distribution that is readily adaptable to comimunicating market information in a more

dynamic way.



[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:ganauated for such a market; [0017] Figure 7 is a block diggramjlistrating 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 mafkHefataR FEHgHREM L8 dgEE0ek YoRi{at of Figure 7; [0019] Figure 9

illustrates another example market depth along with message blocks that are used to convey the
illustrated ni2tke} BasapkingrthednessagedldekcfirmahefRiguren? ;ré@&ad@dd:i@ﬂ rﬂieloﬁ}llu_ﬁmges ac?
example detailed market depth along with message blocks that are used to convey the illustrate
detailgd maé%é%%%%aﬁll%ﬁgghe mes?sage block faunal of Figure 7; WO
2008/140950PCT/US2008/062172 [0021] Figures 11A and 11B illustrate an example market depth of
a non-lineaFiibrk&EEe Aritexdifsle fmest ibuittnratgeaalerinemms Suding Aramet ising a
delta delivephiziethombsisiieihe messagedoyaatied Howe: Jcal area network;

[0012] Figare 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 guantity 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 & 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;



[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 diagramg an example message that is used to send
session data to client terminals. SUMMARY [0024]According to example embodiments described
herein, systeryvanghgnatbads are provided for providing market data in an eﬁ! %g%q;nic trading
environment. To illustrate the present invention and aspects thereof, the foll wm&“&%@%%fﬁ ion,
including the figures and detailed description, provides examples that can be used or readily modified
by one of ori@RllyRkilrte Heherdtels systemecrmeethgdethatbenkfits fpavthelieashingsdeseribed and
claimed hergin rdi a first aspect of the present invention, there i rovged a method
for providingjﬁi m%%%%%@a%g%%sgr? %?tgqgtr%lr%%at?g ezglereaﬁel%rgﬁlmsellﬁﬁ goirlﬁaprrglgfn‘égfl?gc%iéﬁ% ke
information &1tk seisgle sisjsesbbingatratiBidae dn electronic exchange, the market information
comprising a plurality of price levels and a plurality of order quantities, wherein each price level of the
plurality of peceleriisris iassocipiedt wik-atleastenedradeamlglnending ahhe electronic exchange
to buy or s%gagg &)E{% (r)?ﬂglr%t%t f%garll:q]g tr%deable object; determining that the plurality of price levels
includes a linear price level' and a hor-inear price level; generating an indicator sequence comprising
a plurality of fields to represent the plurality of price levels, wherein each of the plurality of fields
provides arliRdidaterisalinaisdteskviiessen iismiagponaing pricedevetiglinéaned norsdinkar;
generating g&#ngedasduesgase.seumprising the indicator sequence, the plurality of order quantities,
and the non-linear price level, wherein the linear price level is not provided in the price feed message;
and sending the price feed message to a receiving terminal.



[0025a]According to a second aspect of the present invention, there is provided a non-transitory
computer readable medium having stored therein instructions executable by a processor, wherein the
instructions are executable to: receive market information for a tradeable object being traded at an
electronic exchange, the market information comprising a plurality of price levels and a plurality of
order quantities, wherein each price level of the plurality of price levels is associated with at least one
trade order pending at the electronic exchange to buy or sell an order quantity for the tradeable object;
determine that the plurality of price levels inclbdésaAiR&ar price level and a nonlinear price level:,
generate an indicator sequence comprising a plurality of fields to represent the plurality of price levels,
wherein each of the plurality of fields provides an indicator that indicates whether the corresponding
price level is ingar or noftSivEPEjasrig's preeiasaimissabeddamminisig tieiraividsequence,
the plurality:of rdedauantities dandithdaroitineanpricertevelirwhereinihe:lingar pricedawel is not
provided 'nim%ﬂfégﬁt fﬁ@@nﬂlﬁ?é@ﬁép‘%@g ﬁ%?go@@rlpr‘i*&ﬁo@%% M&en Sntou%ﬁ?&%“’lﬂg ;%rur.;r:]elﬂg al.

[0026]O0ther features of the present invention will become more arg arent to persons having ordinary

skill in the SRS THHIER SReeTPESEnPIAVist G TRptaT S ar GAR the yotbWingrddycrpiitis Ry emims. WO
2008/140950REH 1iai$2608/06 245r2rR1E BAKYEED BS GRIRTI Gt [002:7]T Heopresentdmendion is related
to generating.ang-praviding.Rewnarket data feeds, or more specifically to a price data feed that,
among other things, can reduce processing, bandwidth and reliability problems. The present invention
is applied in an electronic trading network environment, but could be also applied in other network
environmef#$&d well. A tragingnaetworkrenvirenmehthis presthahdistibutestime sansitivedata to

receiving CRIMRUILTS: SYEDias Prics Hlata. W I?H%W%l@&?&i@iet'ggd\{wg g%%Hisogﬁl etllvc%%pqg pfices, the

example embodiments may bé equally applied to deliverg of othe a. To illustrate aspégc'ts of the

present inVERtIST % Stksn BRTHREGbddretiifiatraiie inbiscanbsiagolisladin tie alesiinits referred to

here@n. Onemh@mgm@ny slaitkin 'mhi?qaamt\iviﬂ cenqgn;m eh_mmaw,dhﬁiiswmﬁxampl;e@ ﬁmy}befquickly and
readily adagtable sing:the teachings Sﬁéecw?)%ﬂAﬁ‘ﬁ%‘Bm@ﬁﬂ?%t?gg{g@%&éﬁﬁ%%s@‘é%et op;are protected
|

by the accompanying claims, Limitations from the patent specification should not be improperly
incorporatet! {Fft tHE SRR EIBSRHALHI SleRBEN BIRRHMSEIRHEIRTIRY RAGHART quantity

for the tradeable object; determining that the plurality of price levels includes a linear
price level and a non-linear price level; generating an indicator sequence comprising a
plurality of fields to represent the plurality of price levels, wherein each of the plurality of
fields provides an indicator that indicates whether the corresponding price level is linear
or non-linear; generating a price feed message comprising the indicator sequence, the
plurality of order quantities, and the non-linear price level, wherein the linear price level
is not provided in the price feed message; and sending the price feed message to a

receiving terminal.



I.Example Trading System Configuration [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 network configuration
environmendfhile not shownlingroutercconddhbimetseittio poctenniessages thetweeprthalghteway 106
and the elegtiniif exshangs 108 The slesianimexshangei08 inclidesa comRUISL AIGRsS (e.9., the

central comeuter that mat?thes buy and sell orders sent from the trading stations 102A-B with orders

| .
from other Pé@iﬁlz? ETONY (RS S HEWR 2 SLer R e AR g O WAy RS BREGHATOMY tradeable
objects for tradideghivhilej et shiowriimFigareat foletivesakexohalarityithertradingrsysteniomay include

other devicgsiihatiatespreifin o theclent sitelike,piddiaware and ey kg, firewalls,
paLALe P ! hﬁ“ I‘[[%)y pe\ﬁz{gns%%%ﬁe%%ﬁlﬁgﬁg%ﬁ%%(%%]gé%gardIess of

hubs, security managers, an@ so.on, as understood S i
the types o?@ffaﬁ%%% tfﬂzﬁm fggm}ﬁrﬂaéﬁfé%%,]?H%Eseféc?ﬁéﬁ?&a@gcl’i‘%b@f@?b%ﬁ&@%ﬁ%i information
to the subsetitsing teadhsgdtations koRkuBeMarkey WQE:H008/140950RETY IS20Q818624712 information

includes priggdatacforane MLMecs, Hadrablephierts.Price data, might gmi!y@l&/é'ﬂﬁd&%i%]mafket
which is th(!a best bid a?o\l[;w best askﬁ)rjc% currently available for a tradeable object, the last traded

price, and Ohar prices TSP WIS TREr&ls BUAHEE STEHEMG P TR HaRKA PBIRE Y &G FRLY iftlude other
items of interarsseor inciidenbnly Certain pideewofinfoembtigithWHilexthe ekanyleemidodiments are
described hesrinastdistilitingsprseriata, othgriymesabinformation can ke distibyteddn.an
electronic trading environment. [0030] The computer employed as the trading stations 102A-B
generally c%eﬁl%%ﬁéq fORY geﬁ% CRERE FERELSTARELS lc‘ifj}?@F%ﬁ%‘“@&}%mgrﬂ%réll&dgr%éﬁ‘iputer such
as a workstatoiteadamlitiprovelsserr pncitlistehtiveepsrstwdicompitte landyiuse Penidi TiM
Microprocessiis-ANeMayQReraianslarR WU ARSIAING, SHSIRM: R ¥RhMaY use some other
microprocessor or operating system. Generally, the trading stations 102A-B includes a monitor (or any
other output device) and an input device, such as a keyboard and/or a two or three-button mouse to
support clitRiFased tradidticif $entlesired. Bnerskitedinaitéoartofl cormputersystepsuailt understand
that the pregenhexamale smbaginents are At Imitedthany.rarticanfass.qLmodshofigomputer
employed flpliithg tr:zliﬁiingﬂ.s%ations 102A-B and will be able to select an appropriate system. [0031] In
one examplé SBSdIRER MR Stations 102A-B use software to create specialized interactive
trading screens on terminals associated with them. Trading screens preferably enable traders to,
among other things, enter and execute orders, obtain market quotes, and monitor positions. The range
and quality of features available to the trader on his or her trading screen may vary according to the
specific software application being run. In addition to or in place of the interactive trading screens, a
trading station could run automated types of trading applications.

6a



[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
commerciallyvavailabientrading application referred to as X TRADER from Jrading,leghnpplogies
International, Inc. of Chicago, lllinois X TRADER(r) also provides an electronic trading interface,
referred to as MD TraderTm, in which working orders and/or bid and ask quantities are displayed in
association with a static price axis or sk %%EWTIMSZOOS/%ZNZ [0033] Portions of
the XTRADER(D and the MD TraderTm-style display are described in U.S. Patent No. 6,772,132,
entitled "ClitWBAsBe: Prasinginvistinmdstivei@tith Displaying MdretvbDidgtméitesia JanefS:d@2000, U.S.
Patent No. I ~Click: } ' h Display" filed on 6/9/2000, U.S.
Patent No. %%@ﬁ% ﬁ%ﬁ!&%ﬁ%ﬁc%%agg? %%%V%%ﬁ%%%ﬁ%sb%%l%gg? Market %negpth and
Price ConsbBtdtishi fidarehebibisperBlepro 1 ThesrpeininpplicatioraNdicdor 28 89actemtited

"Trading Taelsion&leskonicitiading, hiledon Hpkikd %2002 2004 S-RatentAnplisation,Serial No.
10/376,417 eptitled "A System ?nd Method for Trading and Displaying Market Information in an

Electronic 7134 irfg ENVIBARERES O BrrEdos s B8 Soue s Eonfshikise datmiarssritbiporated
herein by refengntes, HovhenepritsHainld Biln derstaodpihat erdefscin the &ystem dustkatedin Figures 1
and 2 coul e using any, other trading.application as well. Additionally, t referred
em bodime%%%%égngt ?r%%%ﬂ i%]c!)s gﬁﬁ;’pg?ti%%ﬁ{r%rag%&ét% trl]%t%%ﬁ%tp’m%ﬁlpa %Iia(#ot?i‘, s%éc}allé%‘%ﬂﬁ display
function. [0OB4}F I§é Eermsatal evviploved assthe gatewsiotOsginerallydcarrangk: fiam ashersonal
computer 9,3 laraer &y fastarconinter. Andlustiative-gatewvay sompyler s ReQisnT™

n) oper

microprocessors and may operate under a Windows (Server or workstatio ating system, or yet

some othei &stish. BanBlal RS AeRdy #06 Haditioadnyshiauaiasatmonieriter aeycoirmdr output

device), inputsievicasprikascass adatabastoll sedssitedeOne skillad-nthe.ar ofgamputer
systems Witl.alsfo und%sta that the gre%ent,exa ple embodiments are not limited to any particular
class or modal & 2ampotery BAHlosee ?%@g%&fhﬂo‘%%ﬁ@’%ﬂ%& qrEIRereEkdentihpropriate
system. Additionaliysincsphnetin stardes, chgatéw anhsaeivdsgateway 106, may not even be necessary
and/or another type of network intermediary device may be employed. [0035] It should be noted that

computer qystemgg%bpgq&mgéoyﬁqegg@mg@g{ng station or a gateway generally includes a
central processing unit, a memory (a primary and/or secondary memory unit), an input interface for

receiving d 1ac unication network, an input interface for recejving input signals from one or
more in put%@yég%g?@g%%é?%ﬁ?e%%n&% SissE glg;cetfg %1;115 PR dBergpample
communic&towsiwiehtamantputdpioivel (fohexarmmié; s stanitof) congysien-alisosaioaguiglent system
may providg,gauyBunifalions between iese yaruRg! %X Hasirated |
2008/140950PCT/US2008/062172 [0036 Mgmog% g??e%%@%éﬁ% Aty 106 08 heSFash P station 102
includes a CEMiBUeifelrRiBfk SiAleRs rhO2A withtho afttvey rEduas|bosatsdivithinsaulssdl AkBin, refers to

any mediunpthaipaiigivaties iddmyisineinsiyGINESL0 JRIPCRSEN WAl execHionSush a
medium mgg/ take many forms, 'ncludingg but not limited to, non-volatile media, and transmission

media. NoRVOTRHTE #iBgia HeIfa., BIeEmpie, Dol o ragvetbatiske, surmedesmragsidevices.
Volatile mediafichitie, ovexampie, Gyhamicaamary s sucteasomdinnGEIR ShaNHem,ascess

Hoble cisis N oAb g SLe S R SelGitn A5 Bl By S iact i, memory
chip or carifidéesor apppires mEeseisite Eothwiohiah conputsr thanmedies 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 irading system may include other devices that

are specific to the client site like middleware and security measures like firewalls, hubs,

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

[0029] Regardiess of the types of order execution aigorithms used, the electronic exchange

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



[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 operatingvegstsn ofstise gateway 106. In other embodiments and as ungerstendday.A-Rerson 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 B {OREaHGi iy Sdsianice 6oia BT qupsBrHtmseri e oasnic Wadifgsysabimdndigurations
are numerotiis, asid« peisaN whilledindbeait plelagtionisdiading,systemawauid he.aklgfo construct

a suitable network canfiguration. For the purposes of illustration, Some example configurations are
provided to |?u§ﬁtfb§?e8\%ﬁ%r %1%%@?&8 E al e BHS Sam cuteeh AR heWHHEhHgiing iRonnected

to form an électroie tridingisystem ithekedillustrations aremeantiieibechalpfukiadheireader, and they
are not me Imitipge: Agcordi ane example, the, gateway device may be |ocated at the
client site aillgirtloé%lvit O%he%éﬁ%%tﬁ%grﬁ%ﬁ% "“is”él%uén%r?e%fn% %ﬁ??gr)é}letﬁgln%:%ﬁﬁ%[ﬁ%%é’%’%t the
electronic ed@iharibe. Feertintteaittier bxdivpleyitis yatelay deviceimaybertacatet at the
exchange side. As such, the present invention is not limited to any actual network configuration. [0039]
According tmehe]ilistmatechembogineat -thadrasing stations R2AB: he gRtewa faRdany
routers cor?h%%giil%? e Quer the tlc_)Al\é 104, an thzef}ﬁ?te\(tv% éﬁ)@%may communicate wit 1 the matching
process at the electronic exchange 108 608r LFEH 3 o HEFTAGEBETIE 3 IE0ETHE2172 ISDN,
or some ottie€ highispeetconiedhivrirdivamctheréxampleilustratioRethiecient sitlgrayhedocated on
the actual 0 le ic,e (for mple,.in the building of the exchange).
According %%@%sé%&%%thﬁe&t%gqﬁgﬁ?ﬁ%grﬁgaé%sfﬁ%% att \?fﬁ?m%% gﬁﬂ Eommunicate®o g?% LAN, but
if any routef¥ ARPTHSEHOTHEY tRap Euhmititicat&rovitrative thatthiineprotiess abe|enthoiic exchange

through anaibigsiaupesomerernsbesides anllal usl [BON: 19.¥5\200(bEL SYamPIe lsiation. the

gateway may be h%t#sed at, or near, its corresponding electronic exchangé According to this instance,
the trading Stati6h

HOC B SRR Aty st wagiusef an\drairahe Dne aliblad or theoughfthe use of
a Tl, T3, ISBhpotseyenthel higlapesd tonneaien0040lVhilen Singisexehanag.ig shown in
Figure I, it is1 n%%gg{t@a%dc hsastg tﬁ?&%’i may obtain ac%iss néd t:z%de at multiple electronic exchanges. In
such an embddimen , a client erminal"codidacces ?Pfﬁ§| 8 ﬁ%&gtﬁ%ﬁ&ﬁ P’ﬁ&ﬁ‘rfﬁ%aﬁ‘gteways,
with each guiléhaghbtickigelate dfopprapetifityeohange. Alternatively, a single gateway may be
programmed to handle more than one electronic exchange.

[0031] In one example embodiment, the trading stations 102A-B use software to create
specialized interactive trading screens on terminals associated with them. Trading screens
preferably enable traders to, among other things, enter and execute orders, obtain market
quotes, and monitor positions. The range and quality of features available to the trader on
his or her trading screen may vary according to the specific sofiware application being run,
In addition to or in place of the interactive trading screens, a trading station could run

automated types of trading applications.

{0032] The example embodiment may be implemented in relation to any type of trading
screen, therefore, details regarding the trading screer 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, Iliinois.
X_TRADER® also provides an electronic trading interface, referred to as MD Trader™, in
which working orders and/or bid and ask quantities are displaved in association with a static

price axis or scale.



[0041] It could be very valuable to provide a trader with the opportunity to trade tradeable objects listed
at different electronic exchanges. For example, a trader could view market information from each
tradeable object through one common visual display. As such, price and quantity information from the

two separatevexchangestnay be presented together so that the trader canpyigykhptinmarkets
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.

ILExample 93 Rl fort D4R GLARS the Mibdidriliam a displiny afcasabaglarsystem

200 for delivesy piaviand, improved Rlica feegsassrding imone:axampls emhadinent, The example
system 20Q includes an exchange 202 that rovides&prlce data 204 to a price feed server 206. The

price feed F 208 Broceede¥ Mo it ¥ price: JAES dA% g et hte EHRH ahdidnpiad price
feed 208 thatadillheideseribedingiaaien detaiddelavw/SFie privesfaesa08ds ’tttamma\&ﬁﬁdetg a client
terminal 210..J0043] While-nat specifically shown, it should be understood that the price feed server
206 may be (I:(%[lé;g:te B %gf Ea%ﬁé)ng\gl%% %@Yﬁaﬁé&%@% ice’ ?eé\zage%/;? %% ngﬁéb "fgtated WO
2008/1409W@TM@E@@G@B@M?@C@@;@M@O@%rﬂMl@p&thﬁ'&iy,Nbe iV feet] setivied 206 may
be a free siandingenibiinsomuacaonyin e exehanos G2 pad garengy Addiignglly, while

only a single client terminal is shown for purposes of illustration, it sho & Understood that the price

feed server 2065 CSRAiHUMEattlREotice radilobd fo Mitaplerariehetiodifars Tiadingltioast or via
some othermsemrBicatian: methers suiremtlyenov orlates develepedndH. ExanplefrigsPata Feed

io . . .
Generat nZR, 2003, the contents of each are incorporated herein by reference. Fowever, it should be
understood that erders in the system illustrated in Figures 1 and 2 could also be placed using
any other trading application as well. Additionally, the preferred embodiments are not

limited to any particular product that performs translation, storage, and display function.

[6034] The computer employed as the gateway 106 generally can range from a personal
computer to a larger 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] 1t should be noted that computer systems that are employed here as a trading station
or a gateway generally includes a central processing unit, 2 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

commumnications between these various elements.



[0044] The existing price delivery methods suffer many limitations, and the most often used delta
based market data delivery requires a high level of network reliability that results in incurring
unnecessary memory, bandwidth and processing resource consumption for fast moving markets. The

proposed newvprivesfeds, among other benefits, solve these problems. [@R45]DgRIPriges of a
typical tradeable object are related by a tick size that corresponds to the smallest allowed price
increment between the consecutive prices. For fast moving, high volume markets, prices usually have

a linear relaforShif BREveSh THBH fBrawe pusitidhenibmEadiaasklivather weteissia nresrdases depth

prices are anedibleafidtom thapricesatdheneiohbesing praslsvals (koI examplesa.sel ohbid prices
of {50, 40, 30@«:?83{& haﬁ\gn attick size %fhlo,, and a set of ask prices of {60, 70, 80, 90, 100, 110} also
having a tick S26 HFT0 PRAVE & TidH PSR EHR0E (RIPHeEES S M A AR PO SR Aspects of
the examplenpdiverfents tescribed Herein Utilizdian tis dinedrityedttriuteof thei prieedeyvelsdy
providing 2 sipglesisrena.Prics el and A Rlkalky.of yantty yalues, with other pricgs derived for
each quantity specified In a price upgate ased on the relative p(§35| of of each pr%le 1 Féation to the
reference pH&. MGCUBRRVHIRYIATarkeeaEhdredie thnbule. Sometimebsthbyanay experensenen-linearity,

such as WheidQh X8 Rler:A Rk ALRHEGSARAIPRLA P SR AIANASKHEEIR B [0uih100, 110}

The market in this example is considered non-linear because not all price levels are at a single tick

offset, suchSEHh & SBeSn (P FeBlFe loBPY et Re Rl did s bardobskreterersiio Hieks PRedording to

the examplezeiabodirrents faraqiw presdeedhaddiienmdey Pravidinga-taieense prcedayel, prices

where the @gg-%ine%r(i)% i\%hiln {%dcu%;eduf\;/e\:/ri” bergec?t in a price update message. In either the linear or
non-linear ma?ke s, eliminating {heheed 16 Séhd a number of price levels in a price update message

results in a hlf%%lil efficient WO 2008/140950PCT/US2008/062172 compressed price feeds while the
processing [8P¢Hé Horhprdd stlaouhateyes: thatchantiadinm arteinelvee2ddBitisrmandis ubteastion

operations gfiknnnyvadeen{OR4EThe: examples shatfeliow wil ifusirate a,pumberof price feed

messages according to the e aﬁnple embodiments. The majority of examples that follow illustrate a
message fORRAt ot 6?8%@% o JGrE A antit) Ve B a8 R B rite svsr s WePECa@hould be
understoodthatamere:thizn:oneliguaniitysyalds coudis biedefined bt relatiperigigachpricefeyg! when a

system is copfigure rovide individual quantity valyes corresponding tqQ each order that is pending
at a price Ie%%%l%%mpgéz%egﬁgﬁn%?k&g lpnrlc%l?ji%ngg(%%tgﬂge S(E?J%n Wy%ﬁﬁ%@a‘%ﬁ? ”E)ﬁg% e dhwill be
illustrated dyrwen [00YR) Pigjinasicnipwblook idhramdihgsttation 40 xdnply fonigrafmedassage 300

that is usedio sRadaprieR e AIEINIBARARHR JR1RAGEAICING 2,308, 833MRle Srbedimpent.

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 elecironic trading systems would be able to construct a suitable natwork
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 elecironic 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 iHlustrated 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,

i0



[0049] The example message 300 includes a number of packet header fields. The packet header fields
include a version field 302, a block identifier field 304, a snapshot identifier field 306, a size field 308, a
sequence number "sgn" field 310, and a filter key field 312. The version field 302 defines a protocol
version identifiey thatigmersed to create the message 300. The protocol verggpﬂl;%%gﬁ% y be used
at client terminals that receive the message 300 to decode the message using the specified version of
the protocol that was used to create the message. The block identifier field 304 defines whether
quantity, price)dr Gikene sthebliekseaedinotudeidoin theamsbsageuTiie Shapstaot, identifier fistd 306
defines whaihgr g searshol-ala dleardnredinibe messog. e shapsholdentiier fleld 306 s
ell. While

S
not set, different types of market delivery could be used as well. ﬁe exam|a:)Jl‘nep embodiments will

focus on th&EHAPSREaSEdmetke Gataidgive fimbaende she dladbes mdirs otitisaemessage

300 could inciydeladdiianabiieldscdeflining siher marketdeliveny.res, sushasadsliadelivery model,
a combinatL[%g of %ré%?shot and dgggegg%\%g models, or yet some other models, [0050] Referring back

to the messagé 300" % ELEHRE TGRS PR TIReToByReS B Bilip § 18 dhe example
embodiment, i naximufpackelsizecbeldbergéfifindiastioh, ass onexamplg, §HB4ubes, & sequence

field 310 ideptifi val is incremented each time a message js sent to client terminals.
The increm%%%ggcg%%%g}?é\)ﬁe{%g g%é%ﬁftg(g ?ﬁ%%l%gés%%%oé {]?:%fisb%sﬁ Cg’at ?h%a%]%ﬁ?élﬁﬂinals to
detect pacKBEYOREMEEHSIMith BReawsmp ey enbotiment, itthebaokéttogh ékcestsiapredefined
threshold, ar\WE008/340998BGIA 2098/08E47 2 client terminal may transmit a re-send request for
a specific update to a price feed server. Finally, a filter key field 312 in the header of the message 300
includes a 32:bi lic redundancy check ("CRC") generated.based on the concatenation of an
exchange rﬁj?#gt? ?@%ﬁ%%oﬁ%%% frada4bie B8 ,17;@ 1gs?a UeidOIRAROL 0% 3dmdendpthat
uniquely idehtify acgirenadelbie objdpte According:tolangexdmpleiembedivpamethe filtRrkey is
generated . formy i I ilter ay be used to filter unwanted data at client
teiminals OI%’ other r?é{%{vetl?rg%%%ties. (%g%%%ggt@tﬁ%@ﬁn@é%gggl %{8&&%%%&33’5%“%/& %%%Sgﬂvith a type
field 314, aSSfEhgtrtRiar sty ﬁ?ﬁﬁi?ﬁ@ér Slisivekivshecifiénidddsiters agiratpo@bB18:B40. The type
field 314 defines mgrg)ltqagg5@@%@%@%&%@%%@ 300. According to one example embodiment,
there could be many different block types including a security ID that uniquely identifies a given

tradeable ghject; tick data defining h rices are represented, depth, implied depth, trade data such
as last tradﬁeg pﬁég_}éjl?a?d}]%)e/,vser SSion- gtgo ich'a8 r“é%f%g're@ﬁ%%s?%?ﬁ&@ﬁﬁri@e%ﬁ%%?@ﬁi%arket,
direct markdysigibsmvehiaticeenirnlstiodriomxdmplies niarketamalket pritesyand tansiiakead trading
states for a i@ iaaahle Rhieak-aheh BReNuFRECEEo ARG 9908 O@Mple epbodiment,

different binary identifiers could be used t0 define the illustrative data typ Fof exampi%l?c%" through

"11" could B GRaniy frisrasticndin BeiersrarRoBrieRsHREY bRIPT G e saprdmingthotthe
security IDilypeadds”aarvaspending:ReioeitiakbieskyNe B0 80 MnHoshould henndersignd that the
illustrated tayggas are aorrlﬂ)é ex _Bpl sﬁab%d different %at pes could be provided as well using the
methods dastrbad Bare ﬁ?%n %%j TR ARS8y gk ThesdithisapHFs508E implied
prices, theoxelizadgsridegaidticathvenicesidieatb plices; orijatis@me 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 dgfines gwﬁgﬁ{eﬁls@m@@@ogent 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 tQ iept terminal in.the message, 300. In the example provided in Figure 3, the message
300 includé@%f%g%r feve sava‘i%mégntzaﬁéafgé&a RS N O IFE AL At BR LRSI hple
embodimetitd tivebzaefieiies 326i328 arkng bitmepriadiphtingboticieraskihtiessase: Roactineay. If a bit is

set in any pliligcask Uelimibosesepanding e s mnser ed. arulbe luskatea in greater detal

below using specific examples. If a bit is clear, then the corres onging price is’assu %be one tick
better/worse thifR e Spesosptses tho ysoh e s dos /HBm7enerate a new and improved price

foed 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

11



previous price level and is not transferred. Rather, a client terminal receiving the message 300 may
use the specified bitmaps to deteimine a price level corresponding to each quantity specified in the
message 300. Additionally, according to one example embodiment, a bit in the 'al field 320 is
preferably setifithmssisize is greater than zero. [0053] Similarly to ask r@@%s%@g{;@%ﬂ,gn provided
in the message 300, the 'b size' field indicates the number of bids working that are sent in the
message 300, with bid fields shown at 332-340. Similarly to the ask fields, the bid fields 332-340 are
used to indéEHAAT bipreralisraatigpivinkarixectrdingvercié exanhple Embdditienttity bid field
3321 set ihwasksieadsrsatiodt santihebid.sies Barealerdlaofi, PHEIG £ggnand the bid
size is great?r than "0," the bid price is one tick worse than the ask B;ice corresponding to™al." If a bit
is set in any OFth& i fetIS IS GFrBLFORHIRY PHE7tqratsrmea brraemin it lrt eamise
correspondfngriprizeds 286 umed-tabeanetickbetiry warsethanthe preMouspricgnandsthe.price is
not transfer, til:g&M]VTahe megﬁlaeggosoo also includgls number of ask quantity blocks, "ask gty I -
ask gty 5" SNOWR at 342-350: bid GUANTIG) BIOCKE: #f 8% TR HPE R REu A fRE088D, ask price
blocks, "aslc price 1 - ask price 5" shown at 362-370, and finally bid price blocks, "bid price 1 - bid
price 5" shdwm. at%?%-@g(gr%&%%iﬁ@e&%réﬁ%ple 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 Hig&il& queritities pefiedts they musttods buthe ninsiZetfialthadnihiedive uantita blocks are
shown for t id_si ask side in the message, 300, it should be understood that, depending
on the systgﬁ%gﬁgﬁ?ﬁgﬁ?%%ﬁ g?egﬁ%}nh&r%%ieerso %}%q“aiﬁ‘é@%s?ff Bllee\i/‘g sg %5?}?8%3&% & &% well.
[0055] Nowrfefgirhgriestaesas| crsipricddsidukEhthednmmisesiof pricesthabareriansfetnethis equal to
the numberpfbits setin;al -a5.ARRE%:D5%AL 330:32800 332:340Aceardipg to.ane gxample
embodiment, a single reference price is transferred, and other prices In linéar markets are not
transferred®Bet5fer 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 he04éi foepib bestaskeolybiest bidi@ide shjewevercitshayld Hekungersioas-ihgiothr reference
price could ' [ . X le where.the hest ask is.the reference price
and other aﬁl?%r%é%%r%%ﬁ%%t&%égaeﬁs% as eg%ri%%?“vv%oel% e ?Pésﬁcs?%yﬁear}ﬁeﬁﬁe 'giéifaﬁf'igéo FBfock and no
other ask &% J88RU BEEE THiS 0o8AB2 hreephidéswotitibmttip Setredrinttes méssege 300.

According {R806neXAME e AROdINeRh JRRIGARAQRICESWOTKING inthamarket goly @ block
header maé( be sent to cliégqtfterminals, with the ask and bid size fields zeroed out to indicate that all

quantities ZRd PricELcPEEHPAITS PETD [orke it Sompifoa6] Thbidilssairferi d8s8Abdd above for
generationldicheetiveryidf sievoflata e dsavif becifustiaseddoereinaften using spadific examples. It

should be gq?cq{s %gd %%t%e exar’?gles are only illustrations, and different variations or modifications
of the examples é%venO eldw are possi erea%twgﬁ?lﬂﬁ%cee LEIEI\S/QPS‘F%%T&WE%@FHB?% fick offset.

Aspects of the example price feeds described herein utilize on this linearity attribuie of the

price levels by providing a single reference price level and a plurality of quantity values,

with other prices derived for each quantity specified in a price update based on the relative

position of each price in relation to the reference price.

[0046] While markets tend to be linear, sometimes they may experience non-iinearity, such
as when, for example, a set of prices on either a bid side or an ask side ig {60, 70, 90, 100,
110}. The market in this example is considered non-linear because not all price levels are at
a single tick offset, such as the second price level ‘70 and the third price level ‘90” are off
by 2 ticks. According to the example embodimenis 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

12



[0057] While multiple levels of depth are typically sent to client taiminals, one level of depth may
occasionally be sent. According to one example embodiment, one level of depth may be sent for
indicative, direct, or second generation implied prices, as well as theoretical prices, when such prices

are provided yoanmrehange. Additionally, one level of depth may be provj ‘}%@%nma@ciljient terminal
subscribes to receive only inside market data. [0058] Figures 4A and 48 illustraté an exar%ple one
level of depth 400 and a message format 402 generated for the example depth 400. According to the
example entBBdHeEed imse afedinHigaréia Arvesiidelnibeketinpierded afbigiguantity ofi89' at a best
bid price leveh@f0' Mok aB:Ast AR BdLAdsst Ask prics Jevel of '60; As shown in the

message 402 illustrated in Figure 48, ask and bid size fields 404 and 406 are both set to '1' to indicate

a single bid being sent in the. mess 402. Then, since_ the best ask price is used as a
reference p;ﬁ:ﬁe%r? the %%% a%gse% tggﬁlr%}”fi\g]g%iﬁlfﬁ‘g%esﬁ% KH0R e JEpTgTeSSoRes BtFRIFREdS in the
ask bitmap W0Bantebid Githwdptt6 sefito OjoBaset ontheandssayaxeonfiigsration shewrin Figure

3, the mes i ' ..81' in a field. 412, a bid quantity of /89" in a field of 414,
and a referes‘%galcﬁeﬁa(ﬁr %ﬁilﬂglgl\g}ifo%%%glggg%gﬁq{gﬁ%gu%%ﬁ\% Ig@%aslegf byéfﬁ‘%f&ﬁtd%égﬁ}ﬁggr Market

[0059] In mBaEtrHamg R e henaTSURISE rivkeculsibl fsfisks aragrbvidadeelclient teirlinals.
Figures SA anehSBijlusirale anmxample povke! ateishonNand amessagennz atis geperated to
e

convey the mgrk t data according to the example embodiment described herein. Referring to Figure
5A, the markétd t%ﬁ@ﬁﬂ%ﬁﬁié& HPEHSK Brice telErsaatd vasiey providing detailed quantity

2008/140950RExTH1d-5R paI862% #2 bigk pfice-devels willn 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 sefdigui- pil.rices ofihe market datan0 are one tigk off from.each other, with a tick size of
'10,' thus thﬁggrﬁgrket data is Iinearg.: Us%r%g the 'exampge 'prg\_%ggqg g %r%/% %i I{ﬁ;’gs%%esg gé&%ﬁ?ige being
used as a refeldn g aEics e REBsEve Ut datironondine tineer sxdvebhambotbristics of the market
data 500, the message 502 illustrates only a single bit set in the first field of an ask bitmap 508, with

other bits bEIPs ko eQumpiherasiabititipibidas wellmsea bichitmanaks [0 Refariag now to
block field 0 first i ocks 512-520 incl flye ask quantity levels, with a
%@gégpﬁgﬁ%gﬁ& g ’vgflgon %efé{ % akl'%oc:lt i ﬁ)&%ﬁlj{gzor [ﬁ%%oéé%a%ﬁnﬁﬁg&td

first ask quantity block 512 listing a quantity that correspo Ot ask
quantity bld&RBIWligivigeagliapbity asthecnexaribpritaévitidrid oaon . aTfile, the fiedt Sive blocks

522-532 ingiudlecive-piskauantifydavels,with dhe.ficaibig guans Isting, A quantity at the best
bid price, a %icoen%bid guantity block 524 Iistingeggcéiﬁgﬁ%ity at t%ﬂg&ggﬁ %#fé’gtfgt\)%lqgﬁsﬂga on. As

mentioned Satlier 3P TSPAEH TPt ¥ HHLASD %68, theBrbeastipniciemingd tetaretéreribe price and

thus is incluttashif a tlork &32dBeeause:QtheLRECES %b@éﬁ‘i@&%%ﬁ@&ﬂﬁq&é;\%&'&%&? @iy Rrices are
included in@.g]e %ecsrggtgeﬁgox%éscségge ee\ﬁloscfc)fic%%ggerg é&@%.()eéi- wigfti]r-llésin‘xggerthe? rf.;lea%tity, price,
or other data blocks are included in the message. The snapshot identifier field 306 defines
whether a snapshot data delivery is used in the message. If the snapshot identifier field 306
is not set, different types of market delivery could be used as well. While the example
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 delia delivery

models, or yet some other models.

[0050] Referring back to the message 300, a size fild 308 defines 2 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 1o one example embodiment, if the packet loss exceeds a predefined threshold, a

13



[0061] As explained earlier, while most active, fast-moving markets are linear, some markets may
occasionally experience non-linear characteristics. Figures 6A and 613 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 thevdlustraieghamarket data set 600, ask prices are '60,"80," and }9&@%% 0@? ﬁg{. es are
'40,"30," and 'la" No quantities are pending at the remaining prices of '70,"50," an '2(5. ince no

guantities acrt%%ending at the three price levels, such prices are not sent according to one example
embodimerit 85 SHREREh ST BIsEEl 2 6%Hend Bumstder ssrrapiiipipgriedaeyaticatertichrvatre are

pending quéaititiss sagkaricpidsize fieldsBO4ane:6a6me the.ngssagefdZdndicated. 0921 Now,
looking at an sl&%&mgg@(gp%@ﬁ% 00 0,'61%16? first pit is set to '1' to indicate that the best ask price will
be transferied- hera the sek price-1avaT 80 OFREh O THE%S SRBHiFBRIR ! 1 MdRanesthdithe second
best ask priganill beatiarstétratbasivellybibrs theriskopriceof Be:1i8ines alhoihrfubiisiirthe ask
bitrnap are set:1q..0;. if} ask pri . 2098/140950PCT/11S2008/062]1.72 are transferred,
thus indicat?negxfﬁgt %ﬁ@gﬁc@é %rres&%&?ﬁ%g au%ﬁit%glfir%éug}é]g?r‘# %n?hégé% E6G5%af8 all linear.
[0063] RefdffitfgPHoMCtErBIbE TR 6luhsotist shy 8160 Rethedir sethvabibbitks B $2:64bdaelade three

ask quantityliexels:withsthedirst ask.guamtityblock 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 ntity block 616 listing a guantity at the next ask price level of
30 Thon, Te mb e R 10 TR Ge e B b cts Bt prRig e i
price levels’df: 40¢'301uaher v bledpestivily fiFidalherb dsedrondhe hitvdps axplaipedabove, in

addition to therefefgnce piice set to the hest price that is.transferred.in a block 624, a non-linear
aslc price is provided in a blo%cyl?GZG, along wifk?itéwc%% r%%sr%- %e%)rgbid éﬁ%oer%en\ﬁelgoin%%c%a@ﬁ and 630.

D.AlternatiF&RAdE8sHe Bisimarmoea migtve diisam| siiclidgramiihistiating sevafioriftiveanessage

block formaini@iligaaeiding o goaihersessmpls-emhadimeniAeaniding iaithe ST RodiaRllustrated
in Figure 7 bigg and asc#‘%ar_ specified in different message blocks; however, the blocks can be
5% BN sty

4 Bt A S dASE ARl P Firegém aspiaudaseil @epth block,

combined in
an ask deptigbtotiovessirmpliet] hid«eptobitek maimplied askApathiinskyvetamagxanmplas.ef which will
be describeg | tail belo 0065] Referring.to Fjgure. 7, the message 700 includes a header
with a type%}%% g?ﬁ(?;églglr%ﬁt t’firen[%r%z%%cesﬁ&e éa%m% f}%%id "Ei‘%ﬁﬁ'ngﬁt% T ShifafsARthe
messages fligttatdelatinre, desctprciiel d. 702dis1a blawk icentifier thabdefines diypeobdata specified

in the messagerhlocko(R0-Exampladmgssaon o ivaes Reludsa diee markelbidigsk depth. a

direct market ask depth, an implied market bid depth, an implied marke depth, adetailed bid

depth, a d&BHePa IRt FERARISt Facieal S erammtifioatctyrhs Keilyli Tiedpanbubfinds tatength of

the packet gaytopdin byes:ThesdeptvaiefieldiO6apesiligs the numbey of,maglcgl datagntries.
Then, the bitglu%gt fieqlcj[ 792?&%!eﬂnes whether or not a specific price is sent in the message block. In the
embodiment ot Stedtth FrglTe g HPssi e ri IS foavrad By SdasmisPHeliRseriang Ryuantity
that is pengingidtdapricel keiet torresthodd dwgdabdihpraaeeding price field. Similarly to the
embodiments described earlier, only a reference price is sent in a message block and then non-linear

prices are figfingdibases-anibiismpesiiadde fie hitap WBnYReS hilsars specliedin e bitmap
708, 1t 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
embediment, 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 1o be one tick betier/worse than the
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WO 2008/140950PCT/US2008/062172 should be understood that fewer or more bits could be used as
well to illustrate fewer or more price levels. In the embodiment illustrated in Figure 7, every 8 price
level/quantity combination pairs, another bitmap is defined, such as a bitmap 742, which corresponds

to the data thetgsaragifies following the bitrnap 742. [0066] Similarly to thg&z@g}% ()%ilyy%n 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 WEEHS thicolpsst tndt ismppifeditortde Bashéous diluetisrsiettoddst dny dhsommapther value

depending andie,yeksaEiansenseilisd ipuagiuen yadeahlo obiset Simiary 19 the examples given

above, the lowest ask %r?ice may be used as a referencé price. Then, ' d market bid
depth, the o§aHHEISE s weswasetifie o déistrrallpracianing e hrswmen nentiptireeriniBinialues

correspondifg e peeaidingoarders-a4el spadified fok aach; price-leygh the,offset that is applied in relation
to the quantities associated with the same price are set to '0,' examples of which will be provided

below. 1.Fir ineanMarket mple [0067] Figure 8 illustrates example message blocks
800 and 80§6g?lganstéd for gﬂgd sid%%qr%g gﬁ%@%&?& 5ng?nar E?%%‘Sﬁ%%f %%vgiﬁeg BT t g%eight
price levelsiBitpesshs ana ksioiids wpHeng sirctrd spthis (b itwstaste $04,neitklnd drehiasketon the bid

side as _We|hﬁ§3m§@$@%iﬁ?ar% beaderetihemesspog.Riogk 899dncludes 2 E'{ﬂigﬁé’%ﬁ%ﬁﬁ& a
length field 808, a number of bids field 810, and a bitmap 812. The Ieg%h field 808 defines the length

of the mesIATEbIEERBO T shORFATHE G BREEHIHA CRBISHM-dheHa hitdd 438 inleviiBbe may
depend on wehethetssy eoropression isdised in gelatiomde all orisome data specifieddnitbhe;message
block 800. 'glhg }pitrpea edr895]2 de ig%s; pgg e levels that are sent in the message 800. As shown in the
bitmap 812’ fhe best bid 61 100" is ranstarred SHeE e AFEE BTk LR ARS AP RaHCEREHER o bid
prices are net ffalstéirétissincenhey duebin &aldanic:teragdndiigeefc60 withfarpandingngifantity is
non-linear ar istransie : llowi ' '50' is.linear.and thus, '0" is specified in the
bitmap 8124;%8&(‘)%&%{:]%1 I\’IS(%I\TIN, [efeéﬁa%d%%%gﬁr%%%@z%g{ %%28?(6 igﬁs?lgﬁﬂ%gﬁ%%% %?éﬁ%%iﬁ%%ﬁ“ﬁm define
the best bidPPfee st Hopristosghianpertrsst 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. Thelfei pldck-fiede 82 aih G2 4udedinenamendinerigpsiesy \Bietks, “ask gty 1 - ask qty

2008/140930K( T RPOPBAAHP quantity blocks, “bid qty 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 5” shown at 372-380. According to one example 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 set in ‘al-a5® and ‘b1-b5’ at 320-328 and 332-340. According
to one example embodiment, a single reference price is transferred, and other prices in
linear markets are not transferred but rather a client terminal determines the prices not
provided in an update based on the known linear characteristic associated with other prices
in a given market. For example, the reference price may be set to the best ask or best bid
price. However, it should be understood that the reference price could be set to different
prices as well. In the example where the best ask is the reference price and other ask prices

are linear, the best ask price would be transferred in the ‘ask price 17 block and no other ask
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level of '60" along with a pending quantity of '95; Finally, since the last price level is linear, the last
block field 826 defines a quantity of '48' pending at the next linear price level of '50! [0069] The
message block 802 is used to define an ask depth as shown in a type field 828. The length of the

message bloekBeidds aotspecified as shown at 830 since the length of th}&g&g%g&!k()l%k 802 may
vary depending on whether any compression is used. A size field defines prlce/zquanhzty fevels that

are provided in the message block 802, and a bitmap 834 illustrates which prices are specified in block
fields of theHEssHaE bRsclaaead isHbwmassass Bithabcsstiinhdhent askmricensudecas id reference

price level apekisenidnadlodfisld 836mandap.additionalnon-ineat price igspegified n relation to
the third bit, and a% sh.oryvn ina bloé%field 842. AIFothersprock fi%lé%ggé}é,{%% 0, 54%8%;%% §i£&é§%eﬁne

quantity valliES SFSa b S BRRS St Sirsvinldd Haspo s lisrictitiicl aemtiisendminesn-Linear
Market Deptte Exeahipled@0#0):Figutre=& 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 trfhe hidmess ' sfer epth levels, as shown at 902,
and has twgggi??aps 904 and 90%%#?%%%2%%&%3%2%%%%@%% %vnlgnill&gqg%% eorfl\:gF ‘gig aFabﬁSSFice levels
are transferféll, Bnti'taledet brgiBrtivapreiaariprpilinatmanainy oftsboalititionalprites dheittansferred.

As shown imihedirsthiimap A04uteheskhidipucslavelisransiaragsines the féﬂé%%@&%t o1

Then, since }Qe remaining%%ev? %ice levels are linear, all other bits in the bitmap 904 are set to 'O.’
The block fi%lc%lgﬁg\%‘uarft §kf ctid&he 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 transferfed. SiAeelibeclasiBustbikprio 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 110asK]phioddexelddibalast trangiatreskinihieshiock912, @z slefingshat 934, There,are two
price levels dteratrplsferred |n,relfj]]£|o et(ko’)a}llg.e Rrst gight tg)rlce levels, the best ask price and the seventh ask

1 10 & non-inear price.TH RS BIRALS STR IR Fivek adriprventh bits

price correspgn mé/to anon
set to '1.' Thablscteficlosinfionivatidts: defimedht geansafamdd priaes-aleng vt qyantiiesdusing the
format described ahaye. Thel.s! rices are. WO .2008/140950PCT/1JS200S/0621
72 linear, n%gl%its are set %o[bl?' iﬁ%g t%i r%&;%&gg%@;%? %%Héga%%njt%egg 188%5’36@% g t%g)ﬁ'?@ &¥ prices are
sent in blodie fsIideh shend dient Bl dubsORte i QeemvitioslpiRiicanakeidExample

[0058] Figures 4A and 4B illustrate an example one level of depth 400 and a message
format 402 generated for the example 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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[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
guantity at each price level, multiple quantity values could be specified for each price if there is more
than one ordevpendingsatthe price level. Figure 10 illustrates an examplem%géﬂqc%%%;}.goo 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 descri@é&)&ﬁ%we%iw@ Hiscstarrodp s areotidesindmsixheatues fre pidvidddir thesnessage

1002. The fermaugtihe magsagsLo08 fallowstheenesiy InFigure 7quhere a.quantity value is
specified in% m%ﬁg%?e blogk field directl afteria fiéld that i%sﬁgtge %%%#r%iég%gﬁ%rg egf?t v}\}ﬁi%rrhhe
hding.

quantity is p& 168 Ch&eammera sidas Mare trsnishofidiomaess oy toitefinelgsiantty values

for each pricei|eviels aibitmalp1 008 is Usegktotspegityavhiah ogk fislds JistRrigaleyels.n fhe bitmap
1008, the first hitjis. set to indicate that the best bid price is transferred in a price field 1010. Then,
according t0 the stardard message biock EoifightiSIFS e AR el dRrb 10T fondivesr byrissquantity
field 1012 déRatREcinet Gaamtileydie obathordespenting htthepHes RestHichRriee i HAEN,
because thenextivorfislds aigsed resent quantities at the same price leve| rather than a
different price, the next two bits ingtheégi‘%r%%g%%ro g% i tgg%?%ﬁk%ec?ﬁgrﬁﬁﬁﬁ@é Gt in fields
1014 and 1@1%?%W?§?nﬁé’=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 d6fe¥pBating gorindividulickrdetespending:akihe: price levetal ‘2053109443 Hhe,ask
message biggﬁ&é}%i ted.using the same method described in relation to the bid message
block 1002. Since thgr%gg%?f{n%l?g %ﬁ‘é‘ﬁ%i‘é’ﬁlv‘ﬁa ties %%ﬁ%?&f%p Sonidd 1R meeEl ek 1004,
two bitmapSearesRasEl to fheibeteannicirmessagediiiskganeinsbibih FonsienpricesaiMCampression
WO 200814685ARGMS2A08R0212 IBATSHID dhe examples Brovidsd aoje, cach quanily and price

value specified in the messages is sent in a binary format. According to one example ﬁ%‘gﬂiment, a
standard n{ffber B edinstik quaniyiblock S5dsvenen mestitiezicho/taebiveridb theaine could be
representetiusing:smaliessumbegaiuien, Suah anemBedDeIeas e dag helng sent
using moreegl)ﬁtgsag@qltr%%rggﬁtljdiredb,This deficiency may be overcome using many different
compression Schames hat &o it e At atty fimbiR Akipreeds wes a5 prriarvaeesssevitied in the
messages 08 76]naboiurtling. fol@heséarBpleembodinents iltegecarHAssionMaYReused to

represent %gggig&sigﬂgdggqgﬁfig nq% . Jnessages described above. Integer compression refers to a
compression method where only a mintmal humber of bytes is used to represent a given value, with an

additional bitmap at either the most sfiﬁnificant or least significant bits being used to represent the
length of a data stfing. Forekarafsial iicnik ExammireNavdrnsapliatkbiere 4 bytes are used to represent

a given value, the first few bits of the first byte may be used to represent the length of a given data
string. In st Bhsmbiadainedtciftios finkibitimsentoil, is-arsumeshiiaia sipgladytesisgsed to

represent ayalle. Then,dfioe first twa.bifs.are -1 and ‘0, two bytes. are used to represent a value, if
the first thr?e bits areﬁl,"l,' and'’ ,'\%ﬁarjee bytesné?giﬁgaegdf;aﬁacw%%??f thré&"firgt s%ﬁ% &t to 1,

fours byted B HEH! SrAmRE S ridPewili60 e ant-Airtios et eprb se rbtephumbdeof bytes

being sentisi-tashsalisescouichbabsest @ﬁcW%'hEQQ&ﬂﬂ%iﬁf&ﬂ&'&&?ﬁ‘ﬂ&?ﬁ%ﬁ” r&%ﬂ}ﬁ 2

significant reductign.%é l;h%égiata iggﬁgp each.message. For example, referring ack to the example in

Figures 54 and 58 where Y ma¥sade iSYthist AecPicta Hon-inbarndhikes 1dovahaattssrresponding to
quantities Bedlipgcesiaresprovidediftdhe MMEESASE, UhameNVisaMNentwhared Q%E?%'fﬁg“fﬁed to
4 b

represent gach, val -t@q ize reqguired to represent 10 values in the message is tes. Using the
proposed integer cgg;ﬁni%resezésﬁ r%ue?hgél,cgf'n%g angl?nfﬁgb%ft%g{ TBEfiLiGRE (B EpPEsERbedERsHAlue in a

binary forrA&tdhy bereireshiveuisrbbmesdeditcrepieseit the siradcl@lvaltieich there are
pending quantities, ask and bid size fields 604 and 606 in the message 602 indicate 3.7

[0662] Now, looking at an ask bitmap 608 of 1 100 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 1s 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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[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 giverpahayestiie best ask price '12160' is used as a reference pj é [. Similarly to the
example provided in Figure 6B, the bid and ask size WO 2008/140950PC$%§ %ﬁ‘@g’f&éﬁ?ﬂz fields

1104 and 1106 indicate '3' since three bid quantities and three ask quantities are transferred in the
message 1702 téaélg]%&% i s ek sthen privecormaseanding Aelabintitips showdedtd 168 is '11 0
0 0," and a biddaipaidak:tkl0is:k 0 1 0 0." [0079] In the example shown in Figure 11B, rather than
representing all prices at which the market is non-linear, a single reference price is specified, here the

lowest ask psige; ofp " | 124, and all other non-linear prices are specified
using an o sgﬁsae%%%}ﬁéggs%%%gﬁgt g%k%?‘é??gngc%%gﬁ%ei? ?I%Sea%ieéﬁﬁg%% R Ie5%iEke Alfay from

the referencBPitelisscrtkupt s ssdeinied ihalbi phonbitek 1ta6divindicate gueaffsetgifference
between thedﬁéep@ﬂﬁﬁﬁrﬂﬁ@E&&@ﬂa@’l@pﬁ@éﬁttﬁé’@é@ﬂﬁ@%ﬂﬂ&&%ﬁ%ﬁ?'bfg@g@ﬁg?ﬁy lﬁf%gue r%[%)ét%?%&eprice Is
e Gffs

linear, only a qua ti%.corlléegsg onding to the next ask price levél, and not t Va of a price

level is specmiad in & JETE B3 REfe dveheivivil retdtiba thithasiustamtén depih 4100, the

best bid valigite2 tipksidway fiemetheiestiaskepsices and thusihe,offset ardhebast bid psice is
specified in;a.hi ice black 1128, Since the next.bid price of '12130' is linear as de;fined In the bitmap
1110, the plrliqgéM %g%OF %rghs%raréﬁﬂrﬁg% AE RSt Wﬁ‘?é@ Sl ErEde IS o e ar GndthiEdn offset

value is spéeheetiirely blbslefinldat8o\iilsitheexamplediusiratedindiguse blR-shawseifset values

using the agtual prics giff [ tood that offsets could he defined using a single
digit value gpeqifying a tiﬁe%‘\%{c |f1?§%#gtet?§[tgé]§§f§e§%§p %%Oecg egg%iear,n%qbtﬁ@ég nd Ghdhtities

defined in tRERESEFOIorb S A ap Brecith Fes se lintaytidepitte e bamphessionsaata or yet some
other method. In the embodiment illustrated in Figure 11B, the value '12160' is represented using 2
bytes. If all other price ledbtsnagve ddebagepresented 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 re[f@wgmpgigﬂ%ejsissgqgg@pd;%% 1he.Retal e l.value, and three other prices are
represented using offset values, the offset values aregosma e}éi%% Iggsﬁgf tﬁ%@&iﬁ%@%@ esented

using a sinBTEBTRE Thaso e HRPistEBer&meatind iresinBitatibn wiltothe e i rethddiof sending
non-linear Piizes heidnessagkssire ds-temicado 3y ias:with 1espactinihe ilysigied.price levels. As

the numbey, of price levels increase, the savings increase as well. [0081] While not specifically
b BEhet i 3 f?ﬁﬁ‘ﬁ%@?ﬁrﬁb?&%@dﬁ'&isﬁﬁﬁ%@ﬁﬁl@%ﬁ hiéssage

illustrated in the Messages sRom: H5oNEcit
could be re}saBenestt. usingladdpitativethad toplied 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 g 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 black 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 § bits are specified in the bitmap 708, it
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WO 2008/140950PCT/US2008/062172 further reduce the message size when compression methods
are used. Those skilled in the art will understand that many different variations of thg message.fqrmats
are possible as well. V.Various Other Market Data Message Formats [0082] In addition to providing

market depthwelategdads; there are other data types that are normall_y proy&%&g&%&g”grminals 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 relatioih atagsesinod diw deevn et sagieshieleonld b rage Bare! 0088 siglerét2risma block

diagram illusisesipganaxample messaesih2R0i that-may Reused 10 spnd gr@gged@%ﬁ%%g% | terminals.
The message 1b200.includes a last traded quantity ('ltq’) field 1202, a last traded price ('lip’) field 1204,
and a total tra eﬁ%ﬁ%ﬁgs@ﬁﬂ‘;ﬁ%ﬁ&’&%@?%\ﬁ‘?ﬁ@ FURh? e J43g @ 80D rrayireideoa block

header in additief tbathie dfjustiafedfieldsy B SassiprrData [0084] Figu_re 13isa blqck diagrgm
illustrating an example message 1300 that may be used to send session data to client terminals. The

1 e ' | HpRdat j ices.and,other information.
gi(rzsilsz:lr?ye toﬁﬂgﬂgsa e?ﬁéﬁi%ﬁ]ﬁé?%ﬁ;a{Z the ?ﬁé%é?%@i%%ﬁuﬁ%% gg&é@ ﬁg%%%%gaéfﬁ Message
fields i||ustr8f§d%?¥%‘t’i7gﬁ‘€ K@Wﬁéﬂ?aégﬁ‘\?égp‘ﬂd@fﬁélét@@ﬁ% $3m intentischasedivn thedgsion high

price, a sessionbiang PEEHaIBESSIBE: ARER: RHAGHHBES SN FIges @é%&ﬁ; M@é@ﬁ?i&ﬂ Seiilgment price,
respectivel¥. Th%n figld 1312 defines g cm-rent statys of a tradeable object, and field _1314 defines a
Serarsdt (%ﬁagésaaﬁ’g-ﬁgi@eﬁf‘ﬁié’?%‘?@gfea%“?d@nfﬁ@ the burénidtading sésioitiye0ss]

session.identifier, su ! )
While a fewleptdifiopaimibssageshaimheemndfisirated, iishoulsibeunsgestoogithat-manydifferent

messages 89%@@ ER/%H REVEY additiona! Ig?i%ékgltagzetaet%%e A, reference price. Then, for
direct and implied market bid depth, the offset is set to *-1.° If detailed depth is provided,
such as when multiple quantity values corresponding to pending orders are specified for
each price level, the offset that is applied in relation to the quantities associated with the

same price are set to “0," examples of which will be provided below.
1. First Non-linear Market Depth Example

[0067] Figure 8 illustrates example message blocks 800 and 802 created for a bid side and
an ask side of a market depth 804 having fewer than eight price levels on the bid and ask
sides. The market depth 804 illustrates a non-lnear market on the bid side as well as the
ask side. A header of the message block 800 includes a hid depth type 806, a length field
808, a number of bids field 810, and a bitmap 812. The length field 808 defines the length
of the message block 800. It should be understood that the length of the message block 800
may depend on whether any compression is used in relation to all or some data 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 transferred since the first bit is set
to ‘1.” Then, the next two bid prices are not transferred since they are iinear, 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 §12.

[0068] Now, referring to the message block fields, a first pair of ficlds 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 £20 define a quantity of 32 and a quantity of 64

at the two linear price levels. The next block fields 822 and 824 define a non-linear price
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[0086] Although the example programs, processes and methods have been described and illustrated
in detail, it is clearly understood that the same is by way of illustration and WO
2008/140950PCT/US2008/062172 example only and is not to be taken by way of limitation. Since

numerous medifigations:and changes will readily occur to those skilled in theart,Hispotdesired 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] Accdflithgto Bhebrmbuditna menfiasrumpia of<th taiedlheifomtisf Btaripulergrogram
product thatiis.stofedian aicamputerseadahle storadamedium aoglis exeetslhyiasyitable

instruction execution system in the computer-based device. The term computer readable medium, as
used herei ,‘W@f@fs% 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 transmiSeféh edizNernblatitcditadiasmctodesnformexsmipte} aptibalorimagnetit«iiskss such as
storage devigeefplate aediadnglides. dvamis memans AUsH.aR Al MEMONY orBAN (fandom
access memory). Common forms of computer-readable media include, for exampFe, a f?oppy disk, a
flexible diskAFHarcIRICI MG TBEE Yapedencafirpiier hrapscny sraamnsienGDIROMA s#E Sibidr optical

medium, puRGh-gargsichARaiiAPRyaRYHAe: physicalimediwmwith Natierss olhdlesmaRAM. a PROM,
and EPROWM, a FLA‘?{H%EPROM, and %@%ﬁ)ther memory chip or cartridge, or any other medium from
which a comptitaFE A ERE 6088 RECHIAY 15 ah AL BT8R S8 %h aftirhreabodiment

might take thaftetypof différeht fomisprichas disarasembodimentiaaydeel imglemented asapkintegrated

circuit with gustam gate arrays or an application .specific integrated circuit (é"AS Céf A hardware
embodiment ma;?%ls%sb%“ir%% glr%%ahtgdpw}ﬁ?%iggfégtésﬁg?ajvf\}lggel%or%%lo@ﬁetﬁt bs A rRlnAP Y Aparticular,
it is understbeantataheoigicktrétiurdsd! aenidthbdistépidesribetiih thd Bdd difigeamsanigy be

implemented;ip dedicated: havdware. sych-As.A9 i LLAS LY jpstructions 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 emhqdied. in a computer program product that includes one or
more computer readabl 'medigeéd}%f%?bﬂ?aé W&ﬁﬁ?@pimg%edium can include a readable
memory device, such as a hard drive device, a CD-ROM, a DVD-ROM, or a computer diskette, having

computer rESTAbIEBHsT dHvEERies segmplatsetenesitiocke SO0 TNE Botnpeaterdréadabld siiscinrh can also
include a comusigalonRsRLHFANNPIESION MSHIMoRHERAS MPHSAN A FORMHRIGAtAN ik, either
O, G ot market g DI s e block B00 58 heed 1o canttor 50 deth 1o, as ahoyad 4818
signals. g use er pth levels, own

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 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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[0089] The claims should not be read as limited to the described order or elements unless state_d to
that effect. Therefore, all embodiments that come within the scope and spirit of the following c!a!ms
and equivalents thereto are claimed as the invention. WHAT IS CLAIMED: A method for providing

market data ivanelecisnic trading environment, comprising: repeivingdp/%gg%%f(%%ation for a
tradeable object being traded at an electronic exchange, the market information comprising a plurality

of price levels and a plurality of order quantities, wherein each price level of thg plurality 'of price levels
is associated Fithiat 1Ea s v tPade bradipemdiag, anthheleetrotic excrapgelteziiotier Setkan order

quantity forthecty adeableahifgtrelds deieHmining that the plurality of price levels includes a‘Iinear.price
level and a non-linear price level: generating an indicator sequence comprising a plurality of fields

to represent the pluralitygof priCFéEevﬁlfgi\@ﬂ? gre' ch of tt}%‘%u#rali% of fields provides an indicator that

e 3 i N .
indicates whether the corresponding price f%ve VAL Y Lar BXamgle erating a price feed

message comg{)rising the indicator sequence, the plurality of order quantities, and the non-linear price

level, wherdfi? fhé Tiges phickivealiss Autprbviessasthblpnicdrantnidssage; wad to provide

detailed depth at each price level. More specifically, as explained above, rather than
providing a single aggregate quantity at each price level, multiple quantity values could be
specified for each price if there is more than one order pending at the price level. Figure 10
iHustrates 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 io 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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sending the price feed message to a receiving terminal. 2. The method of claim 1, wherein the
market information comprises an inside market with a current highest bid price level and a current
lowest ask price level, the method further comprising: using the current highest bid price level or the

current lowesyaskaarigextgvel as a reference price level, wherein the price feqdmgssage-further
comprises the reference price level. 3. The method of claim 1, wherein the plurality of order

quantities comprises one of (i) an aggregate quantity of one or more orders at each of the plurality of
price feeds!&af 5@ii§mﬁéﬁ/imw?@e?rqu@ﬁﬁti@@%e%_@h oheeiplradityrotepticedevstified inghFhe
method of GlaighketUtheRCAMPHSIAG: formAengkating:a fisstindicatansenurneadar a piality of bid

price levels in the plurality of price levels; and generating a second indicator sequence for a

plurality of ggwbﬁc%f &aks qﬂc{h@gﬁ&’rﬁﬁﬁy %%?%@I%@?Ht gach value even if the value could be

represented using a smaller number of bytes. Such an embodiment results in the data being
sent using more bytes than truly required. This deficiency may be overcome using many
different compression schemes that could be applied io quantity values as well as price

values provided in the messages.

[0076] According to one example embodiment, integer compression may be used to
represent quantities and prices in the messages described above. Integer compression refers
to a compression method where only a minimal number of byies is 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 string. For example, in the example given above
where 4 bytes are used to represent a given value, the first few bits of the first byte may be
used to represent the length of a given data siring. In such an embodiment, if the first bit is
set to ‘0,” it is assumed that a single byte is used to represent 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 1,7 <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 sach
message. For example, referring back to the example in Figures 5A and 5B where a
message is génerated 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 aiso 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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5. 'ihe method of claim 1, wherein the indicator sequence comprises a b_itmap having a pIur_aI_ity of bit
fields, wherein the indicator is a single bit indicator. 6. The method of c_Ialm 1, furt.her comprising:
receiving the price feed message at the receiving terminal; and using the indicator sequence at the

receiving ternnald@magdhe plurality of order quantities to the plurality of BE%%H%}@%G 217 7. The
method of claim I, further comprising: generating the price feed message at an electronic %xchange;

and sending the price feed message to a gateway. 8. The ‘method of claim 1 wherein the pIt_JraIity
of price Iev%@l%ﬁf\%é%dalﬁl‘@ﬁaﬂﬁ!@iw@jfr%’cﬁipﬁ@éh@@eﬂsd amdniitier eindthibrpluasitityuaf.prdemauantities

comprises apluraNiin of diestdes GuaNicSown Q-J&%r%keﬂ?é’&é’fﬁ?ﬁ fohesein the plyrality of

) e

et s e T i
[0079] In the example shown in Figure 11B, rather than representing all prices at which the
market is non-linear, a single reference price is specified, here the lowest ask price of
*12160,” in an ask price block 1124, and sll other non-linear prices are specified using an
offset method. Based on the reference price, the next higher ask price is 2 ticks away from
the reference price, 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 *12110° is non-linear and thus an offset value is
specified in a block field 1130. While the example illustrated in Figure 118 shows offset
values using the actual price difference, it should be understood that 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 118, 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 spacified using the actual price level value, and
three other prices are represented using offset values, the offset values are small enough o
that they can be represented using a single byte. Thus, using the integer encoding in
combination with the delta method of sending non-linear prices, the message size is reduced
by 3 bytes with respect to the illustrated price levels. As the number of price levels

increase, the savings increase as well.

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

understood that quantities in each message could be represented using a delta method to
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10. The method of claim 1, further comprising: using a compression algorithm to compress values
in the price feed message that represents the plurality of order quantities. II._The method of claim 10,
wherein the compression algorithm comprises an integer compression algorithm. 12.The method of

claim 10, further posneising: providing at least one byte to represent each gf the plyrality.of order
guantities; using at least one bit of a first byte of the at least one bytes to represent how may bytes

resent each of the plurality of order quantities. 13.The method of claim 2, further
i(r)?nl:)?i?sciintgq X eersre uce ﬁxe messagg size v¥hen compl'gssion methods are used. Those skilled in the

art will understand that many different variations of the message formats are possible as

well.
. Various Other Market Data Message Formats

[0082] In addition fo providing market depth related data, there are other data types that are
normally provided to client terminals in an electronic frading environment. Some example
data types along with example messages will be described below. Tt 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 quantity
(‘ltq’) field 1202, a last traded price (‘ltp”) field 1204, and a total traded guantity (*ttq’) field
1206, While not shown, the message 800 may include a block header in addition to the
illustrated fields.

B. Session Data

[0084] Figure 13 is a block diagram illusirating 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 example programs, processes and methods have been described and

illustrated in detail, it is clearly understood that the same is by way of illustration and
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using a compression algorithm to compress a value of the reference price level. 1_4. The method
of claim 1, further comprising: defining an offset value for at least one of the p_Iurallty of order
guantities at one of the plurality of price levels, the offset value defining a change in the at least one

order quantityas:esmpasgd to a quantity at the one of the plurality of pr?c_epj&aﬁlgz%%i&?%in a
previous price feed message. 15. The method of claim 1, further comprising: selecting a reference

price level from the plurality of price levels; and providing the reference price level in the price_ feed
message. €Xamp§: AnkioAntanSicdry dontpiatebyesdabitimédion haviegrstaredutherelifinsisuctions

executable oy & PIAGassAls WHRGID U0 IS EICOSIUE SXARVIAEIR R no: dRERYSMAelpiormation

for a tradegble object being traded at an electronic exchange, the market in ormation comprlsi_ng a
plurality of pHESHEDER HRERPIRarE oiordad qerntie shate psih dssenibpricenivetwfithgpleliality of
price levelssisassocistetwithatieashonadiade orderpending.atihe gleslanic exchange g buy or

sell an order quantity for the tradeable object; determine that the plurality of price levels includes a

linear priceiﬁevg%gzﬁd a non-linear price level;
[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 medinm may take many forms, inchuding 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 memeory or RAM (random access Memory),
Commeon 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 mediurm 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 right 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 t0 those of ordinmary 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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generate an indicator sequence cdmprising a plurality of fields to represent the plurality of price levels,
wherein each of the plurality of fields provides an indicator that indicates whether the corresponding
price level is linear or non-linear; generate a price feed message comprising the indicator
sequence, theyplusaditMgkprder quantities, and the non-linear price level, V\QFB[/%IQ t}he linear price level
Q6217

is not provided in the price feed message; and send the price feed message to a rELEi g terminal.
17. The non-transitory computer readable medium of claim 16, wherein the plurality of order quantities
comprises SREBHEIAHRJGHegateet ortindy iremheroriralses bmmmmwﬂmmtmmuce feeds

and (ii) indivigualrossleraupatiiiesqat Rach ofthe plurality of price levels. 18. The non-transitory
computer readable medium of claim 16, further comprising generate a first indicator sequence for

a plurality o d@ggig HEE M%‘lﬁ "%‘E%% gt}{e‘%t% 1% S; @an nei_fte a second indjcator
as e p

sequence for ap urallt price evels in urality o pfig%cfél% grder or slements uniess
stated to tha:f 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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19. The non-transitory computer readable medium of claim 16, wherein the indicator sequence
comprises a bitmap having a plurality of bit fields, wherein the indicator is a single bit indicator. 20.
The non-transitory computer readable medium of claim 16, further comprising instructions executable
to: receive the price feed message at the receiving terminal; and use the indicator sequence at the
receiving terminal to map the plurality of order quantities to the plurality of price levels. 21. The
non-transitory computer readable medium of claim 16, wherein the price feed message is generated at

an electronic exchange, further comprising instructions executable to: send the price feed message to
a gatewRIAT 1S CLAIMED:

1, A methed for providing market data in an elecironic trading environment,
comprising:

receiving market information for a tradeable object being traded at an electronic
exchange, the market information comprising a plurality of price levels and a plurality of order
quantities, wherein each price level of the plurality of price levels is associated with at least one
trade order pending at the electronic exchange to buy or sell an order quantity for the tradeable
object;

determining that the plurality of price levels includes a linear price level and a non-linear
price level;

generating an indicator sequence comprising a plurality of fields to represent the plurality
of price levels, wherein each of the plurality of fields provides an indicator that indicates whether
the corresponding price level is linear or non-linear;

generating a price feed message comprising the indicator sequence, the plurality of order
quantities, and the non-linear price level, wherein the linear price level is not provided in the
price feed message; and

sending the price feed message to a receiving terminal.

2. The method of claim 1, wherein the market information comprises an inside
market with a current highest bid price level and a current lowest ask price level, the method
further comprising:

using the current highest bid price level or the current lowest ask price level as a
reference price level, wherein the price feed message further comprises the reference price level.

3. The method of claim 1, wherein the plurality of order quantities comprises one of
(1) an aggregate quantity of one or more orders at each of the plurality of price feeds and (ii)

individual order quantities at each of the plurality of price levels.
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22. The non-transitory computer readable medium of claim 16, 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. 23. The non-transitory computer readable medium of claim 16,
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. 24. The non-transitory
computer readable medium of claim 16, further comprising instructions executable to: use a
compression algorithm to compress values in the price feed message that represents the plurality of
order quantitied: 5. mkodor-tlamsitofrdomputerigagable medium of claim 24, further
comprising ins Talg . ' _ 10 represent each of the plurality of
order quantitiegﬁg&%@(ﬁ%ﬁmﬁ%;%t %gréqé}gt%%jb ie?%%%%{f/tgép gf%g%?%a%}/%%‘eﬂ@% s{ Ea?rlg%?ésent how
may bytBd%5rEiedH8 represent each of the plurality of order quantities.

generating a second indicator sequence for a plurality of ask price levels in the plurality

of price levels.

s. The method of claim 1, wherein the indicator sequence comprises a bitmap

having a plurality of bit fields, wherein the indicator is a single bit indicator.

6. The method of claim 1, further comprising:



26. The non-transitory computer readable medium of claim 16, further comprising instrgptlons
executable to: define an offset value for at least one of the plurality of order quantities a_t one of
the plurality of price levels, the offset value defining a change in the gt Iea}st one order qqantlty as
compared to a quantity at the one of the plurality of price Ievels prowded_ in a previous price f_e_ed
message. 27. The non-transitory computer readable medium of clglm 16,_further comprising
instructions executable to: select a reference price level from the plurality of price levels; and provide

the reference price level in the price feed message.
recciving the price feed message at the receiving terminal: and

using the indicator sequence at the receiving terminal to map the plurality of order

quantities to the plurality of price levels.

7. The method of claim 1, further comprising:
generating the price feed message at an electronic exchange: and

sending the price feed message to a gateway,

8. The method of claim 1, 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,

9. The method of claim 1, 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.

10. The method of claim 1, further comprising;
using a compression algorithm to compress values in the price feed message that

represents the plurality of order quantities.

I1. The method of claim 10, wherein the compression algorithm comprises an integer

compression algorithm.
12, The method of claim 10, further comprising:
providing at least one byte to represent each of the plurality of order quantities;
using at least one bit of a first byte of the at least one bytes to represent how may bytes

are used to represent each of the plurality of order guantities.

I3 The method of claim 2, further comprising:
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using a compression algorithm to compress a value of the reference price level.

14. The method of claim 1, further comprisin g

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

message.

i5. The method of claim 1, further comprising:
selecting a reference price level from the plurality of price levele; and

providing the reference price level in the price feed message.

6. A non-transitory computer readable medium having stored therein instructions
executable by a processor, wherein the instructions are executable to:

receive market information for a tradeable object being traded at an electronic exchange,
the market information comprising a plurality of price levels and a plurality of order guantities,
wherein each price level of the plurality of price levels is associated with at least one trade order
pending at the electronic exchange to buy or self an order quantity for the tradeable object;

determine that the plurality of price levels includes a linear price level and a non-linear
price level;

generate an indicator sequence comprising a plurality of fields to represent the plurality
of price levels, wherein each of the plurality of fields provides an indicator that indicates whether
the corresponding price level is linear or non-linear;

generate a price feed message comprising the indicator sequence, the plurality of order
quantities, and the non-linear price level, wherein the linear price level is not provided in the

price feed message; and



send the price feed message to a receiving terminal,

17. The non-transitory computer readable medium of claim 16, wherein the plurality
of order quantities comprises one of (i) an aggregate quantity of one or more orders at each of the

plurality of price feeds and (ii) individual order quantities at each of the plurality of price levels.

18.  The non-transitory computer readable medium of claim 16, further comprising:

generate a first indicator sequence for a plurality of bid price levels in the plurality of
price levels; and

generate 2 second indicator sequence for a plurality of ask price levels in the plurality of

price levels,

19. The non-transitory computer readable medium of claim 16, wherein the indicator
sequence comprises a bitmap having a plurality of bit fields, wherein the indicator is a single bit

indicator.

20. The non-transitory computer readable medium of claim 16, further comprising
instructions executable to:

receive the price feed message at the receiving terminal; and

use the indicator sequence at the receiving terminal to map the plurality of order

quantities to the plurality of price fevels.

21. The non-transitory computer readable medium of claim 16, wherein the
price feed message is generated at an electronic exchange, further comprising instructions
executable to:

send the price feed message to a gateway.

22. The non-iransitory computer readable medium of claim 16, 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.



23, The non-transitory computer readable medium of claim 16, 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.

24, The non-transitory computer readable medium of claim 16, further comprising
instructions executable to:
use a compression atgorithm to compress values in the price feed message that represents

the plurality of order quantities.

25. The non-transitory computer readable medium of claim 24, further comprising
instructions executable to:

provide at least one byte to represent each of the plurality of order quantities; and

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

used to represent each of the plurality of order quantities.

26.  The non-transitory computer readable medium of claim 16, further comprising
instructions executable to:

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

message.

27. 'The non-transitory computer readable medium of claim 16, further comprising
instructions executable to:
select a reference price level from the plurality of price levels: and

provide the reference price level in the price feed message.
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