Title of the Invention: Method and System For Enhancing The Efficiency Of A Digitally Communicated
Data Exchange 100011This application claims priority to United States Patent Applications Serial Nos.
12/762,324 (filed April 17, 2010); 61/252,133 (filed October 15, 2009) and 61/242,773 (filed September
15, 2009; pertfiht) 1@t of which applications is herein incorporated by réfet8ne8Hii & Entirety.
Background of the Invention: Field of the Invention: 100021 The present invention relates to a method
for enhancing the efficiency of digitally communicated data exchanges and to a computer system that
implements sétiecnfrtbthibyeitieninvention particularly concerns the use of adaptive custom
compression techniques, binary integers ("bits"), massively parallel processing, database optimization

techniques anii/be thigdationd Sipsteton FgmEyeh wyckheh Bifficied effic@fcy. The
invention is applicable go digitall mmunicated data ~butds particularly applicable to
exchanges of financiaﬁnﬂﬁ%&t%ﬁgﬁgf%mmm‘;ﬁiﬁi I%Fﬁ%haoﬁ et making, etc.
Description of Related Art: 100031Historically, the trading of financial interests has been conducted on
the floors of Market Exchanges or auction forums, whereby numbers of active participants concurrently

Eid to buytﬁnq@ﬁ?{ tﬁ@'@ﬁﬁ&{i@ﬁ'@ﬁﬁ@&h&@ﬂ@ﬁﬁﬂ% othey §a&wi DRI REsERJD r_ec$nt yzars.
owever, the v ansactions ramatically increased, and the ne mumunicate an
complete sucﬁ%ﬁ%?ggtf s & ré l?l%k%?/@i ngg%é? h(gg(%e E%g%‘ﬁé%%@%%bﬁ“ﬂéi%é%%%nﬁ% er systems
designed to réshioebactdatipbdineditebreadr uvtionaimliinnsfinhen Staterydritd iy Pibkiserion No.
2003/0126068) i1t bifuwd functioning of modern, high volume, rapid turnaround electronic Market
Exchanges (e.g., Archipelago Exchange (ARCA), BATS Exchange, Chicago Mercantile Exchange,
Eurex, Internaé@agjé&%&&@m “NASDAQ, New York Stock Exchange (NYSE), Dark Pools, and
Electronic CommuRications Networks ?ECNS), etc.) requires a highly efficient exchange of financial
information betweengpy@lyeghpastiesdsng., buyers, Brokers, sellers, etc.). WO
2011/034667PCT/US2010/044587 [0004]Financial information is, however, currently communicated
with sub-optinifi@fficiéhe prsSystomstandanetitodsfohpt doegdingiap therelfisferrinef diatitalising data
communicationspgiverksaleshonndnWited States Rata s Nagerd 255 k50, 485; 5,230,073;
5,404,488; 5,815,556; and 6,006,206; aq;l in Unfit&effi States Patent Publicatiogs Nos. 2003/0126058
pli

and US 2005/018761 8415 (?”éa’rc%%“é%fr’%sﬁ Rt AbBhetS T ER L S6TE58AT. KRy BT Biiblication Nos.
WO 02/39293ateWQ ‘02730358 1%khamd o o2433R6A e mustiwidesisriadusietiiddtof
communicating finansialiniaramet aecisithes kinancial lnformatirdsmberge (ThDn)Riptogol (United
States Patent Pulpclia gﬁti%ngnN%ls.itZROQ/c%néHBSak; 9&?/0%%7}565 l%qg)S/g)gO%Sf?G' 29;%!4 30%4420; and
2004/00306355),pan its varrants (asgcﬁ as F1xX aptecf tor 8% Feamlné) ( A gmbf,p see, e.g., Houstoun,
K. (2006) "FIX¥Ebd e Pfonswishinfieigation STisthf prsstorrechinical OeryiBweraPRstocol, Ltd.,
fixprotocoLorg}c Although the FIX Protocol is an improvement over prior financial communication
technologies it remains in many ways inadequately suited to evolving market volumes and transaction
needs. The typical sggRarpdhabFRewaa dgeigned to address involves two parties to a financial
transaction setting up a point-to-point communications link in order to exchange messages formatted
according to g8 ]pratbsalicdlhistappadiaghhisslethtmmuitiiespreblemsu@ieproblenryeflects the
establishmentypf AUNACKOLS RQIPLIAPILEOMMRIGATIANSInkS Jeﬁvy?%émgnv@mymm bers of the

financial trading community, which can lead to an intractable mesh of communication Iinlzs and nodes.

Additionally, tRE' &V8HtBH 8Fthermt HRSIERYRhEE e SOMBEPtHE ErSSHBI o P ML S vHriants that are
only loosely retatetytzrarndsenrretimesineadipatibleonsd thodenanothipinAsedesulthrrermibers of the
financial _tra0_|ing@gmmpiwin&&t}ﬁeﬁsg&\éﬁsmg&%ﬁmyiQﬂs&@@%%&_%@yggd Rf pging;;go-point
communlcatlog Ilqks, butt ?.Iso havmg to sucpp,ort numerous ptrogotccc)il vaﬁlants on suchfllnks.
Consequently, eé’ﬁf %rfﬁé‘leon&?“&%ﬁﬁés ?f%’i'ﬁsg Frofcthis fflgfﬁfﬁ P R RANG L THARC Y NSE S onrelated
messages eledironitiecBaquitiblcharonee B¥5d8ad998h el bo fhpdeiitstiofitireofeepsigiehstipporting IT
inérastructure 6&6%@%&@@%@6\1%&5&%@@&#Q?QQE@Q(%%Z?@?%QQQEHE? @@ﬁpﬁg all prior ;
advances, a ins for a met ca of enhancing the efficiency. of digitally communicate
Cta oxchang 08 T b B0E SNEON T TN Lo oS Wi BHAroGS ST ety A€ achieves
using an enhaiéERYeRL Beratbery Hemkifvdivess COMpreS¥itnT (ol torh Elselaptiv & orawagivescustom),
binary integersié&hiis) @ethe aativelaeguageiptarme oicilhef theisysiannassivebhparallel
processing, dq%@(lages ca)Rgrs‘rl[i%)zatiglp e%nﬁ?g gglceq}g_tsiocrtlc?lptimization. Summary of the Invention: 100061
Previously employe gyste ‘sg'énd}mé ods of commu licating financial information communicate
unnecessary data, and thus necessarily decrease the capacity of financial networks to process data,
extract the conveyed information, and slow the rate of processing of individual data exchanges. In
order for data to be processed by a computer, the data must ultimately be reduced into a binary
language form. Typically, a computer will then transimit the data by having a modem device convert the
digital binary data into analog signals that represent the binary data. The recipient computer system
then uses its modem to demodulate the analog signal back into digital binary data The FIX Protocol

uses American Standard Code for Information Interchange (ASCII) to encode information from English
into binarv \WWith the EIXY Protocol financial information iec tharefore convvaerted into fived lenath bhlocke



[0012] The invention further concerns the embodiment of such computer-implemented methods,
wherein the data compression technique is customized to encode the financial message into a
message that is at least 50% shorter than a message communicating the unencoded financial
message. [OFEBFHEMGéntion further concerns the embodiment of such ReMptAtHEEmented
methods, wherein the data compression technique is customized to encode the financial message into
a message that is at least 5-fold shorter than a message communicating the unencoded financial
message. [00i0pdihe menibridiertheiogconcdmmsstihe embmdimentofrscatd comdpsterapripldmented
methods, whesgindhs. da@&&mpeaasmﬁe@mauw&% rg;ae%gfﬁmgth@asoqiaggsgaeme allocates

shorter codes to order-units having a higher p-value, and Pger cades to order-units having a lower

p-value presePtIHIEHIREH EEHRHFiA%N 8\%&?&‘@‘8 [OOEE ] FHE V&N ol Tt &ohtErns the
embodiment Gt BWdH Toh#péstirmlemented matlicds; witeneitriivel dedescBaprdidibntechnique is

adaptive 10 payBAILIWE 60 %E@@@%U%/@Fﬁb@i@\éﬁﬁ Hoe-Lanalacatgphetsh A‘E@Q% it pRger-units

having a higher nd Ion e r-units h a Iow ent in both the
unencoded fmar%’i’a #ﬁ%%a@%‘%" Fn at 8§§9 g% A rﬁéﬂﬁf rlnﬂn 8%‘%%%? rrﬁ}é‘ssage
[0016]The invemtionidenttted votod ristherantboeimesrcof miomeom wterFmpmme@Methods
wherein the d@&%}ﬁﬁgep(esﬁtop techRitugeReploysan ﬁgﬂéhm@ml@slgaﬂthm@r sobbubimang ilgorithm.

10017] The invspign uthel onserys, s mbadIment of sugh sombuterimplemented methods,

wherein the Bfo omp’ eco e Cco eFSan of the message an
communicate$ ¥k erdapishalar LSfﬁéquwe@ﬁéﬂ" 10h f-tisee firtaveietrmBs sAYE RS HRe Mapkce‘t foxchange.

100181 The irsvaaﬁmg wﬁher@amwasmeeambad@nanmi SHEEhPeeRPUEL NTRIGFRBIRE:Methods,
wherein the Br mg%‘;ﬁk s a dar}aiglomeé%gstlogvgechn|gugntaon esta(poksgua} CBroker coding
scheme and empf’o;%st er cod ng ‘schem@ 10 pro uce a Broker coded version o t%e financial
message bas&§ A eFGe L UpIRS HrESERETHE fidptiarnessabl arelviarket vhansthatfinancial
message thattisﬂ@d@ezﬁmewwﬂeaﬁaehb%ém;BﬂMﬂXMmMgﬁket@mmglgaeom@1x9waelaavention
further concerps, W&%‘QRP%H“% rk% up%o%‘]l%&‘ Jetimplsm ;‘%an%ﬁh&dﬁ 'of e ereinhg data

compression technique employ e e Brok mputer |s ' customized S0 th at ‘the coélng scheme
allocates shor'f@%aee@rfaamaéfcafﬁfé%%@wa*ﬁfawé«r bhivanieeash Brrdfg i eetRE p5eBIRY-units having
a lower p-valuenpresehbhindiefinanciainessagef anddntheahleapbanexihenfinneishessage that

Is to be Com”%é%%&eﬁ@éam@ﬁ%lﬁ%%q{?‘Blét%L%QFtM&FJé%Mmg%hLQQ%QA 1hg igvgntion further

concerns the embodiment of such computer-implemented methods, wherein the data compression

technique emPIBgREPy S %?B%Wﬁé?ﬁbﬂt&“fs %{Hia'b"[‘?\‘ié sHfitietE ’C@Blﬁ‘ﬁ’@&ﬂ’éﬁféqg Hdjusted over
time to allocatesbharitbrsceddsda drdersanitschavimgeashighimrsphaaiuepdn dhtongecleed ésaal order-units

having a lowegp:valide f%%%ﬁ,@&ﬁ!é kath the %%&?Odﬁg g 'F@W'%é&%@éa&et@“ﬁ:ﬁhéﬁﬂ%&n@ne previously
communicated flnanC|aI essa . [0021 The in entlon further concerns he embodlment of such

computer-impfeBHLEY cEh&&s &t tRRNin avé“él RedURGE i& AMEAL: SRR br sale of a
financial interestmeoRz2jigncédding tsanathariasperstroftherinyentior! thafenis providdils.
computer-mplesRegies ek ot (s enaancing oo ie ot Jiatalbi ammmieatiag;and fulfiling, a
financial messa%e grn%gsa ggrgfegggg uter 1 to a s% Qdocorré uter Wtfﬂlecp m },Q}Od prlsuesstéhe steps:
(A)employing a data contpression tec nlqu {0 establish a codbﬁg SRehe &ha emp‘T yﬂﬁg the coding
scheme to prodbratagibtatseugiae dnaibieStatneemEtbirdioa Hed?ém/@’r%ﬁ%f an unencoded
financial message based on order-units present in the unencoded financial message; wherein: (i) said
data compres#dfiiechinigu deipicudtomizet sedhatrsadd cadindgoschenhedadipebites shigrtengodes to

order-units ha%ﬂ@&“@cl%l&?%’f‘ 91@@!%%%%%@r&iﬁ%@@hﬁ@@“ﬁle"ﬂ?&@tﬂgﬁueﬁ%|QQQ;%&9@Q93 to
order-units haying a lower p-value present in said unencoded financial message or (||) said data

compression tAERHIGIEE BEhRIE 8 ot SaIR Eb ity §8hmﬁ%“§ﬂlﬂﬁ§?18%?iﬁ%8‘f8 ‘dfiocate shorter
codes to orderamitsskiavifigsomighieppwalualipisaid wrencbded fingeaial nessagehandtionger codes to

order-units haying2JAWesR ¥RlEddoh Oraem NS RIeseRtiNp ath-saidUnansRdep finarsial message

and in at Ieast one prev Eously communicated financial message; wherein said p-value is a metric of the
le ation Oﬁtimlﬁ t101.

moving average 001‘rt(ﬁl requency of said order-unit, weighted by its assigned importance, relative to
other order-units in said message(s), such that an order-unit having a higher importance-weighted
frequency is assigned a higher p-value than an order-unit having a lesser importance-weighted
frequency; and (2)the decoding of the encoded version of the financial message; wherein the
message length of the coded version of the financial message is shorter than the message length of
the unencoded financial message; (B) providing the database to the first and second computers; (C)
digitally communicating the coded version of the financial message from the first computer to the
second computer, directly or via one or more intern¥ediate computers; and (D) fulfilling the financial
message, wherein the financial message is a request for information relating to a financial interest.
[0023] The invention further concerns the embodiments of such computer-implemented methods

wherein the financial message is a communication pertaining to financial information. The invention
narticiilarlvi eoncernce the embodimente of crich comniiter-imnlemented methode wherain the financial



other order-units in said message(s), such that an order-unit having a higher importance-weighted
frequency is assigned a higher p-value than an order-unit having a lesser importance-weighted
frequency; and (B)the second computer contains a stored copy of the database and, upon receiving
the codecbuarsiary of the fivaniad: message, employs the stored database to decode the coded version
of the financial message. 10026] The invention further concerns the embaodiment(s) of such computer
system wHA¥h thevipsely compirgesisr @rhAtLerbedy ehitommeirdim inme totiftgteme
allocates shniienicad estecarder-dmitshbulingradaighely pocadue, daddanrgeocamesctsl atdesknits having
a lower pyalue presentin the tH”%Qr%%dé?éj i o%%%l?'nm%%sﬁg%t Q%’réPgr%Qe%ﬁﬁlV%F%?J{g‘déﬂhe coding
scheme to éjéjust over time fo allocate shorter codes (o order-units hav ng a higher p-value, and longer
codes to SfiferghiEehaviigeatis\fer fatg e presesiethiy it e Ul tev ded finanelabaidssge and in at

least one praviausly SeMRURIGAIRM finRnaabmessagem A2 (i ed wvantiemiudhercansgens the
embodiment ? of?such com utgr }/Sﬁrn%s Whgrein the first comput rtis a Clier][ Co@rg&éer and the
second cSrﬂ‘é F8} 7§ AR FOREFE ﬁ]%)%]tél A %I 3‘1%8}%%}1%5{% WitA" (R RASHEE 2 ﬁ%‘; or the first
computeriscarBripket Gumpetersnd theseeorisl vofkputedisraddiark diEaehangendomputen The
invention fyrthesconcenas he eraodinantel suehicorpmersysiems whsiain e st gomputer is a

Client comggter and the second computer is a Broker Computer in digital communication with the

Market EXCRATYeCaff WhePETAL BIBREr B8HBuEP itpidys W i Sp fese Eeamiite to
establish aBrakesicodingschame and amnpicys thefBrokekcodinghsphebia @praduaeraddroker coded
version of the financi essage based on order-units.present in.the financial message and in at least
one other B o e e TR & e oozel
The inverfidaepaniedAycondiny thecesribtithetdisristiel sohp UieF Byseding (hensirtdie first
computerdssaGateway-GonyuseihesdenokanBroker Lamputanand.ibe.seconsnaamnsterdsanother
Node (e.gt.i: atRis,k V\élr,@gggteg]?nt Node) of thz%t rok%[ Com ltiter; or wherein the first computer is a
Gateway 8%88%% a'eT VARRE %ﬁgnéréa%% the &t computer is a Matching Engine
Computer Node of the Market Exchange Computer. [0029] The invention further concerns the
embodim&fé) s gerebmpitel $ystenrstwhersiantiectata Boipressishtédinmbarsipiéyed by the
Broker Compliderisf (Apeustamnizeshraithaldhe-cafingsehe Nealingatesshories Gagesdargrder-units
having a higher p-yalue, and longer codes to order-units having a lower p-va resent in the financial
essage B IR PR s S e LA B8 Mo SR BUAF Broker
ComputerctothesiarketBiavandeaandioeyBy dobiptive sostnetithexoldihgprchenne. isladhasted over
time to allggate,shaltel-codes tonardetunitsibavipehaigher-BRlle, Bndiangenerdas e order-units

having a lower p-value present in both the unencoded financial messa,ge1 and in at least one previously

communiEE R anciaCTREERGR!. 0B OPrRYIAN BB Rhihd: eonh el BRmBY SR A-of such
computeresystems whéremtihdaia et axthange Gogmpufdirexeelisd thetinanclabniessage. Brief
Descriptiqgaﬁge%%}psr@}y\gggﬁ 0031 Figure 1 illustrates exemplary system architecture of an
embodiment of theé present invention in which an adaptive customized database is employed to
facilitate communication of a financial message between a First Computer (100) and a Second
Computer (200). [00321 Figure 2 shows the results of the use of the Huffman algorithm on the set of
hypothetical financial messages in Table 2 as a coding tree. Symbols used in the coding scheme are
shown in filled circles, and frequencies are shown in open rectangles. The sum of the frequencies for
each branch equals the frequency of the next highest branch (e.g., the sum of the frequencies of
symbols "a" and "t" in the hypothetical set of orders is 79). 100331Figures 3.4. and 3B shows the
results of the use of the Huffman algorithm on the set of hypothetical financial messages in Table 3 as
a coding tree. Words used in the coding scheme are shown as letters in filled rectangles, and
frequencies are shown in open rectangles. The sum of the frequencies for each branch equals the
frequency of the next highest branch (e.g., the sum of the frequencies of symbols "[paragraph]” and
"buy” in the hypothetical set of orders is 60 (Figure 3B). 100341 Figures 4A-4E illustrate computer
networks capable of employing the methods of the present invention. Connections shown with in dark
fill indicate connections employing the methods ofthe present invention. Detailed Description of the
Invention: [0035]The present invention relates to a method for enhancing the efficiency of digitally
communicated data exchanges, and to computer system that implements such a method. The
invention particularly concerns such methods and systems in which the enhanced efficiency is
achieved using any of the following enhancement strategies: 1. compression techniques (custom,
adaptive or adaptive custom); 2. binary integers (-bits") as the native language of some or all of the
system; 3. massively parallel processing; 4. database optimization techniques, and 5. calculation
optimization techniques. The invention contemplates methods and systems that employ only one of
these enhancement strategies, as well as methods and systems that conjunctively (Le., sequentially or
simultaneously) employ any 2 of these strategies, any 3 of these strategies, any 4 of these strategies,

or all 5 of these strategies. [0036JAs used herein, the term "data" refers broadly to digitally
nrocrecceahle information



The term "information" denotes the valued content of the data (Le., information within data). Such
information may include "financial information,” which is information that pertains to the value, nature,
duration, fE68]tidrsedingther pasasneter sheclavanidn itfermatipoaffectingapiiranapbiniadst” (e.g., a
stock, an opti [tan,.: r Sition, .G otiable or non-negoatiable instrument, a

com modi@%gggo%g?gh%%g gfgltgg .ﬁ%gﬂgg%?%?ﬁy%%%éﬁ%ﬁ? ga?lI 6 lglf%ggf’sggﬁ n%g%n&igrl?llﬁstterest if it
relates toPEPHTABIGAcEREMBIISH cavtlmetion srtirankidpessage. As used herein, a "financial
message” is a data corsmpInieation Genceringsahnanciyubterest.bixanplegil adiparciglimessage
include a request for infornilation Lelati{]g to}? fine%ncialdintere t %r th statuP , value of or news regarding
such an interest; the pr%n\}%f) AN o?ﬁﬁfgne%%poﬁglv%%g &fie a%tﬁrteeci]tu@elzlé1 “Ah offer for purchase of a
financial interest; an agréemefitetdopurthasy a findntiainterestammncierdar Satecf asfinsageial interest;
an agreement to sell a financig),ipterest, AdNEstagRLeAUSStRG AL ERRimIng. Alupdatng the status of

a previous financial message, price information relating to a financial interest, news relevant to any
aspect of a Market Exchange, Bte {08712 e mEraTH ol rttwmsdharteaied watbpbsimunication
between two or more nodes oé@ignsriinicaticatsretivors thatcanveysinferhatigmn higparicular, such
data exchanges may be a one;ay;samminicalion figahish.data, . semimunieated omane node of
the communication network to one or more nodes, without any receiving responses). Alternatively, such
data exchanges may be a twoiiiy &t anists nP(vr Whidrcerata 1 cothmtgieeded fismcihe node of
the communication network to:eRe: & MeIE NAGe S-RANG BPYEAGEISBNEEE N BE:FESPON$RImBUCh
exchanges may be direct (frorg]a lthgogg%gﬁgn pod t? the ;CJItimat destire€ reci(ﬁp:i(?nttnodéae}_or may be
indirect (in which one or more intervenmg no e$ ?éélélfg%nlnfeﬁ%ﬁ {?lcél At the %ﬁrglnating node
to the ultimate desired recipientitob)inOf peshiouparahiterestid thenpréskAninviehtivesage deta
exchanges relevant to a finangighinteresté@orafeAHRIHIN Bl HRdatea0d,Ihg prspgnsive
update, etc.) or capable of causingg;;he, transfer of the financial interest from one party to another party.

100381As used herein, a plurdlif’ S BIMBGSP e fRBR iR AREHEE 1S Highdihy' B RIEHRAEE with one
another comprises a -computepsysteia td hescon puiengy siémeimayib e-oflanis typetdandfaidorm of
network and may include any gt the, following;raRolate-RAinknetyala . Rpadeastnetyark, a wide
area network, a local area network, a teleCommunications network, a data commiunication network, a
computer network, an ATM (ASJHERFoIIREIASn SFéH VR0 de CHSTWS 408D NESTI{SPseREstfdUS Optical
Network) network, a switched diapriganetwers{@ig hamiNHNIBANRRswitebrdfabrignebyerk), a SDH
(Synchronous Digital Hierarchz}/s)mng(ti\(/jvgrklf1 14§;1(31\_/vir_%ljt 2SS, %woglgﬂ%gdnl_ g/girelinaelglgtwork. In some
embodiments, the computer systém may-comprise a wireless mlf(, SUCH &< an Infrared ehannel or
satellite band. The network ma#ipiseige Eeapeapiolensy (e.g., a bus, star, or ring topology, etc.). The
computer system and gomputgf.eystRmtepalogifay ke RhanyhsyehcMRLigLsystem or computer
system topology as known to those ordinarily skilled in the art capable of supporting the operations
described herein. Connections and networks included in the connections may comprise the Internet,
local networks, web servers, file servers, routers, databases, computers, servers, network appliances,
cell phones or any other computing devices capable of sending and receiving data, especially digital
data. The computer system may comprise computing devices connected via cables, IR ports, wireless
signals, or any other means of connecting multiple computing devices. The computer system and any
devices connected to the computer system may communicate via any communication protocol used to
communicate among or within computing devices, including without limitation SSL, HTML, XML, RDP,
ICA, FTP, HTTP, TCP, IP, UDP, IPX, SPX, NetBIOS, NetBEUI, SMB, SMTP, Ethernet, ARCNET,
Fiber Distributed Data Interface (FDDI), R5232, IEEE 802.11, IEEE 802.11a, IEE 802.11b, IEEE
802.11g, IEEE 802.11n, and direct asynchronous connections, or any combination thereof. The
computer system may comprise mobile telephone networks utilizing any protocol or protocols used to
communicate among mobile devices, including AMPS, TDMA, CDMA, GSM, EDGE, GPRS or UMTS.
100391 The enhanced efficiency of digitally communicating such data exchanges provided by the
present invention may be described in terms of reducing the "latency” of financial message execution.
The term latency has multiple definitions in the art, for example, denoting the time required to send an
amount of data one way, or the time required to s&hd data round-trip. The amount of data used to
measure latency can also vary and will affect the latency time. As used herein and unless otherwise
specified, the term "latency" denotes the time it takes to send information from one location to another.
The enhanced efficiency of digitally communicating such data exchanges provided by the present
invention may be measured by any convenient means, e.g., in terms of the maximum number of
transactions processable per unit time, or the average size (memory load) per transaction, etc.
Preferably, the methods of the present invention will provide at least a 5% enhancement of data
exchange efficiency, more preferably, at least a 10% enhancement of data exchange efficiency, more
preferably, at least a 20% enhancement of data exchange efficiency, more preferably, at least a 50%

enhancement of data exchange efficiency, more preferably, at least a 2-fold enhancement of data
oavehannoe efficienecy more nrefarahlhvy at leact a Bofold enhancement nf data evehanoe efficiencyy



100491In one preferred embodiment of the invention, messages are communicated between two
computers or among two or more computers of a network in digital communication with one another
and are coded using one coding scheme or multiple coding schemes. Although any such two or more
computers (NP HSES of a computer system as well as unaffiliated E6MpEI)44ER7be used in
accordance with the present invention, for simplicity of explanation, the invention is described with
respect to a preferred embodiment in which the computers may be a client computer ("Client" or
"Client Computer"), a brokehaeimpitee{sBrokesthat BrokérdGemiputérhy HnaciMankstdExchange." As
used herein, a "Client Computer;is 3.comoniel.at fhSnRmBles itialas R cagamunication on behalf

of an account holder. As used herein, a "Broker Computer" is a computer of an intermediary that, for
example, communid&es tREvéitle drtatenein s Bk SRS ESMbuter. As used herein, the
term "Market Excha(@e" dénoids conomputérghadtzketrfochbthg Snbaik ReoigEfantrthic
Communications Networks(EGNSh IS Vi sdpically A ierminal nadeof arinancialaetwork
structure. [00501In one embodiment, the client computer ("Client") and the broker computer ("Broker")
would each maintain a syrlBKFBKHEE RRBYSe, herein referred to as the "Client-Broker Databases.”
Upon adding a coding scheme to one location of the database, the coding scheme would be sent to
the other locafl8¥Pbf tHbcdaranimseiinthe cansprre sha¢ebtdimstaithe ek rcemrishiHIPEd8thg scheme for
a message toshesammunicatedisthesnadeiihe rewcodingischamedoihe databasepaaiithen send the

encoded message g e BroLsL AlGINaHN el e st erulduas Adreexiaipo.cadipgscheme
(formed, for eg(ampsllez using prior financial mesSages) in the Client-BroKer Database to encode and
then send thePR§E¥ZHIHE E‘iﬁ’gﬁ@‘Bfék‘é/PF W‘i@@ﬁ?t‘l‘i%f%ﬁé?ﬁ‘é’ﬁ?ﬁé{%@@?@ﬁ? tleBARPY ¥oding scheme
that already existsvia:ithepiatabase (dbipigatabase would then communicate the changes to the coding
scheme to the other location of the database, and then the Client would send the message encoded
with the modifigd godingeschemaitoitieB wket. [Jikefligniarliakerimaunldseeiersinputhe most
efficient way {0 communicate the message formation faking Jnto,aqeount i expeplgd, frequency
that a coding Scheme Wil b Used ! e Size of dafa that needs t6 be communicated to add or change
the database cemphthreinpientshiek mbedagehaien bt HRBrESHe DR§ITAKPIRESH & iHdrmation such
as an order toQuyaalitel GO5 Blskbecinvpntion epne Rplaiesdtieseioha Matin@Ealyorithm to form a
coded database of order-upits. In one embgdi ‘ i rithm is.a."H Algorithm"
(Huinan, DA (TEES VS LS o e e, RS 00 e
September, pB*tuP8e190DP HpashER H RO T9YET 499GH S R abediefP ARt e YR Efficient Huffman
Coding," |EEEdpteraatomat:Synpasiiimien fCiceitspand SystemsywhiSCAGPI8r Wolunieokspp. 287-290;
Hashemian, e fdsRioRaRd Elardars imalRmenialanoig Memapp il degtiiuidman
Decoding," IEEE Transactions on Consumer Electronics, Volume: 40(3%:@@?-352' Hashemian, R.
(1995) "Memdr§retitiert Whricitigh- TShewtp dgarch $HmNah WS 1 iR OHE on
Communicatioissed3(d 0 25R6- 258Yatdashémimn, Rmetalr (200} NRddubatbCoderTranbraission And
High Speed Reconpsiryation Qi utfinae-fabigsn: Fagfic.RimuConipranseombommunications,
Computers and Signal Processing, Volume |, pp. 180-183; Hashemian, R. (2002) "Condensed
Huffman Codifig YRR BfMEREGEESEHY q“%gﬁﬁ]i"a XehiRg¢2002 45t Symposium on Circuits and
Systems, Volume 1, pp. 228-231; Hashemian, R. (2003) "Direct Huffman Coding and Decoding using
the Table of A8 engsévprsacdahisgsTrens 20psmrdinaticifal e remnEa BRI ation
Technology: Gagings antetzompeting, ppaRaéiad kckHagkemianioRiz04 i@ dndenseddidble of
rlfiman Coding. 2N AONAAGRIS, RGNl Beeadingrid GEE J araaslipns.an&prmypications,
52(1):6-8; Conneif,‘%.B.‘ (1973) "A Huffman-Shannon-Fano Code," Proc. IEEE, July, pp. 1046-1047,
United States'PAiHe INeSomissd s rocors B BeiscrlAsn8es 3786E4 7 ¥R 879271933 037;
7,283,591; 7,180, 28%i¢h329,864; 7,106,794; 7,064,489; 6,304,197, 6,292,114, 6,271,689; 6,215,422).
The Huffman Algorithm results in the production of a coding scheme that allocates shorter codes to an
order-unit havjpg g highgr ivwaliee, fRARLIoRgesEOdRs davaaintdesuRnithaving:artwempelue, resulting
in a reduced total length as.lo s the expected and. ultimately obseryed frequgnci close.
Variants of themﬁu?%r%avr\?1 rd%rﬁ%r%aﬁ%a@orgﬁgrsﬁg |vi§f)17 [B%ueerﬁp gf/ggl.lzgﬁr#ﬁa% g&(%h%?%@?ﬁ%{%ssion
algorithms magessesnipioyerrarraRsutesn tifeH g APY ARGOrER Ha8n RESERANBMERRANSI Bhat their use
increases the gfficienayriofdatiaRxciange in accordance with the present invention. Alternative coding
schemes may also be employed in accordance with the present invention 100521Alternatively (or
additionally), the employed coding algorithm may be an "Arithmetic Algorithm." Examples of Arithmetic
Algorithms are provided in United States Patents Nos. 4,122,440; 4.286,256; 4,467,317, 4,652,856;
4,891,643; 4,905,297; 4,933,883; 4,935,882; 4,989,000; 5,099,440; and 5,272,478. For example, a
sequence of symbols can be represented as a ratiohal number between 0 and 1 in base 3, where each
digit represents a symbol (e.g., the sequence "ABBCAB" could become 0.011201 base-3). The next
step is to encode this ternary number using a fixed-point binary number of sufficient precision to.
recover it, such as 0.001011001 base-2 - this is only 9 bits, 25% smaller than the naive block

onecndina Thic ie faacihle for laona ceniiencac hecarice thare are efficient in-nlace alaoorithme for



[0056]In preferred embodiments, the present invention alternatively or additionally achieves such
enhanced efficiency of digitally communicating such data exchanges using massively parallel
processing. Methods for massively parallel processing that may be adapted to the present invention
are disclosedV® GH & States Patents Nos. 7,555,566; 7,523,130; 7,478, P8 Y4847 444,385;
7,404,015; and 7,304,999. D. Database Optimization Techniques [0057]In preferred embodiments, the
present invention alternatively or additionally achieves such enhanced efficiency of digitally
communicatingessch dataisxehangesmusingdatabasaeroplimiaatidniecknigues-ifhienmesent invention
preferably comprises tie.useof N oL more daiahangs 1@ sirs hecRding,sehameeino used by the

Client and Broker. Iri preferre odiments, the present invention alternatively or additionally
achieves sUCITETENDED e PREReAR T HigHdgRFcOfIh GBS TGS achaits SXEMInEal ey database
optimization teshnigeesni00m8h&HEh. techniques include segmenting one or more of the databases to
decrease the amount of data that typically needs to be searched. In one embodiment, the database

search time igdgiR[ovedbyReamenting tha &mplaxed-codinenschans wiapneltipla-aratians. Since the
coding scheme takes into account the }{‘)-value,trai[\her than tp%rg‘lozrgdati]gccr; tg\aﬁ?rghﬁf tb%eel:nr%tire coding
scheme, the SEHPRASCURF B Rt IRE B ERTOR e’ coding scheme with the fiighest p-value. If the
result is locatetowithinhthie sedstion othe-seisrbiv gy IHehtagter/ud. tid SOEPEROAATHICTdSTHATS segment is
not successful.ihg campriLERYWHcontimua. i mexing:and0eeareh the segment with the next highest
p-value, and so on, until the search is successful. Methods for database optimization that may be

adapted to th 09E%fe”hl@‘éﬁ@k%@@fﬁ&ﬂiﬁ%%&%@h%@il’:ﬁfﬂ%%@&?@ft%&% MRS ARG nlod 74,424,
7,571,397, 7,552,110, 7,519,582; 7,512,591, 7,430,562; 7,359,926; 7,321,897 7,2?1,0(30; 7,254,273;
7.233,939; 7,280 M hers s AR Ao st s8R FifSaPE YA IS BRI SEHNRSESTRE. Us
2005/019791 agimsGanatiandatentApplicativins CAoR S 10R3hin B bpbanvPatentmllshestion Nos. EP

0687111A2 anghER 12236 fA%ARd ANRE T Rublication NesnWo BLIQ3PAMA:NVRQ4E5383A1; WO
97/35427A1; WO.02/060067A2; W 02/27644Agr nd V\{to 06/00515IA1l. E. Calculation Optimization
Techniques [COSRA [SASTEPFIIRBOGTRIERML e HratERtTIvERton alternatively or additionally
achieves such enhanced efficiency of digitally communicating such data exchanges using calculation
optimization te®#fiquedeCo rpine &THhey enspIsy EingRR RGP SCTRpRS RRIIMAG Calculations to
8 bits), doublemperaisioméfen exarypdescoanrsiich catbuiationstioykGbitsitbmeiedtapoprecision calculating
processes. In g&g@@ﬂé’gﬁ@%et of calculations, all of the calculations are conducted at double
precision. 100601 In a preferred embodiment, the methods of the present invention will provide the
aceuracy of dqyie pregision.outpu, but wil do.so st asaithe apaed of sinele Rregisipnoutpu
methods. This'may be 'accomptlls ed y re(iylng upon the order of mat emgtical operations to
transiently corvehedinabrreiohe feirker SPaRARE daER (RegodpbvYiFitil ehtbreErsicte e iated value of
an initial calculalioReretonintadasn{s) having: anbhiotegernidues (he. ikaviagmaswdigits night of the
decimal pOi”t)MQﬂQCteESH%Q calculations are completed, all intermediate subsequent calculations are
single precision caffcufatlor%s; which can be performed at greater efficiency than double precision
calculations. Fewer, and in some cases only a single, additional double precision calculation are
required to coMplate tHEGANE A S l'rrﬁ’é’tf\'llf\;/"c“'emesznt1 50¢ %1%5 Al ?ﬂtséuﬁqlercvaﬁ%!(gg qesné??éesé of terms will
be subjected toehngie Wreeisiba Belker Svomsermaloly frinn eanprofiohtedeiaesinsenbitsiof such
terms. The nog;iKeaenGeeRenis Ghsush teemsowdl heilansiendyocpoyeredinticinieger form,
processed via single precision and then re-converted in.a double precision.calculation. into a final term
that will then b\éerﬁg)gc(géggd %ﬁﬂ#hnée(sjsﬁ elPta%e tﬂ‘éosf‘e%ﬁajrné?qeﬁfes%tcbg{ggd[ nte erp%gqr% es%%%%lﬁhe
above-describeideastientatib ﬁmnﬁﬁaﬁﬁﬁﬁﬂééhﬁi&l}@é’%m‘ﬂ%@@tbﬁHibl%’@%efﬁé BeB¥Hsance of any
level of precisipg:kfar€xample precision greater than double; triple precision, etc.). Exemplary System
Architecture of the Present Invention 10062]Figure! illustrates exemplary system architecture of an
embodiment ofgi@;Presentinyeotion iRewhich-aR adaptiveicasionnizes datahasadpiemplayed to
facilitate communication of a financial message between a Fi{st gqup}geteéfgﬁoo and a Second

Computer (208)REEHBIGTH By A8 f,‘}ﬁlgfﬁfsé)l?htéerc'gg%(i‘éeln%%p PR past digitally communicated financial
messages (608)serfimhsetineht digitallsccommisritatdurfmapdialniedssagsshBo®) 48 gengmitted (700)
to a Data Encqging £H@mpselB0Q) otike RatamRsading: Gompuies{r0R R arasse metsk received
data to form an adaptive customized coding scheme (310), and then uses this coding scheme to
produce a database of encoded data (350). The Data Encoding Computer transmits (400) the
produced database to the First (100) and Second (200) Computers. The First Computer (100) stores
the received database (110) and accesses and employs it in order to prepare the encoded message
(150). The encoded message is then transmitted (510) from the First Computer (100) to the Second
Computer (200). The Second Computer (200), hawnig received the transmitted database (400) from
the Data Encoding Computer (300), stores such database (210), such that it is able to access the
stored database (210) and comprehend and act upon (250) the encoded message that has been
transmitted (510) from the First Computer (100). Optionally, the Second Computer (200) provides a

reacnnnceivve commiinicatinn (R0 (\which mav he encoded or 1inencoded) to the Eiret Comniitar (100)



--100641The database is preferably synchronized in response to changes posted by either the Client or
the Broker. Most preferably, the Client and Broker copies of the Client-Broker database will remain
synchronizeldiin tteaktimet(ives essenfisdhyiristantagedusly) by wirtuennithieitatebyotie ifteieonnectivity.
1006511 &g}kgggjmgkmggﬁg%qding schemes will be employed by the Client and Broker.
Alternatively, different Clients may use different coding schemes with the same or different Brokers. In
a preferred further embodiment, one coding scheme will be employed by a Client and its Broker. In
one embé%ﬁ%n{%@%&ﬁ%ﬁﬁh@érﬁm8?@8%“?%%W%&W}ggﬁ?lﬁg’é’%%ﬁ@t@%ore types
of del ininektotis (& gatacoonmaaisepaiating twpladjdbe tefidtdsoCanmess age)ptl@066]khbe
Client-Brokgr database s adapiedldp siare, coding. sehere fataln smboghnanis, of s jgvention, the

database can additionally or alternatively store other data (e.g., account information, financial
message&gfd Srhiisiy, eidrsr Qe W ohuath dnevsnge entRartriebeidie seesantdbalance,
etc). Becauseceomputgesnativel ke pricatelanshprosrssdriosmaliardmpinary, the efficiency of
data exchanges can be enhanced by causing the network to communicate, encode, and decode
messagegpefyaqn e Glisn.and Brekerinlohinanmnitaly. pefors.he st ardenissenidrom the
Client to the Broker, the Client will analyze (manually or autonomously) the expected data exchange
and defin¥hfrehblpatiande BRstcdssreotbaiprRErHsRsnat isiareFaldysito that exchange. The
coding schemes will be optimized toward sending the expected messages with maximum
compresdiiiiZAlferativglyy anotivergschaStline codingtschemsocadebe useph(teinalcoding scheme
that is insfiluigd wilnwkARNCIR0!ARALRLS 6f g axpecier dABGCRARSRITA WOMRE Similar (o

FIX Protocol, but rather than using ASCII, it would use an alternative, and preferably publicly available,
coding sCHEFREIHRMS FiStEBIIRTZSd FSFRNAREIRN e ¥aidaytiad FOUBTISULS Hi88sage compression
of the coding schemes eandyngpiimizedimseveanal waysqRrefesahablisthe compiessiansnvoidld be
optimized‘by the expect%dlgegu%%c% 51}% gg%gﬁr:% _b%ngoggcrété%ét[%gsatit\ﬂg{)éhg (g)sl:,ﬂd be optimized by the
expected importance of mMessages sent,or by the gxpected time density of orders being sent. In one
embodiment, when the(Blient helderhatimitial ecuitry serepresf intoutraiiehiiBroker datatsase, it will
automatically synchronize with g Broksds-GoRYy of-thedatahaseamntheraly aldingthesaseding
schemes into both locations of the Cli%%t-%ﬁo%er database. To send an order, th ient computer

e

Cl
determines the most efficient E6dIRG s E?hceor‘%’;yeéseﬂ)&i%m'éq'éerfé\ﬁu&tgaﬁﬁ%%?1 e'tSing a
compression algorithm of the Gkent'scobioicellarigsisigder exdsting oddingischeme frombtne-
Client-Broker database. The Glignt sompulaL{baeeAseres e rdendelaiisinioahigbhycompressed

message using the chosen coding scheme, and sends that message to the Broker computer. The
Broker then decodes the mesEaie BRI the €88 G EEHENEHNNEd TRth 8 S RbriZaeF @lient-Broker
database. [0068]There is usuathysagmanyitlientsiio oneBeokear  ceiatipashipdpihe Madel:Exchanges,
The Broker then becomes simji &8, g0t IRLIENRM AIRSE AldNERIGRSS, lLcrealgs.and
maintains a Broker-Market Exchange database (which is preferably independent from the
Client-Broker databases storetfitsh trasra sheo s L ThiS Brekerinddirana=xdress dadabase is
maintained in synchrony with agapy®fthe slatahaseat theMarket-ExebangpddhgiBrakamwould then
decode the orders of all Clients i)?ttcgfa common ¢ (?jn s_cir:]eme Shaﬁfd b}/lthe Market Exchange. The
Broker then encodes the bulk 'Set Fﬁles%%eélecg Srders Wi Irzlaescsc&;“%clnagn SChEmMEThY ea%]f?i\éi%ssyoptimized
compression (for the entire bulkosetratiied fhanciah yindigid waicfinandidbméssage jndhisohtbans that
some messages may be less thanantimally compressedhibsingigenhindividuallynhewsver, the total
length of the encoded bulk set of messages will still be less than the total length of the individually

compressed messages. This “BYSRET {5 RABARSE EXANAJE LBHirmgde doe it JEFESREY as the
"Client to Broker" coding. [0068}H teternuisually BaVinanhiBlakerscioaonewdiatket frglrange”
relationship in the financial makelsqThe Markel fxqpanaedben.serives, he.encaded messages from
Brokers, then decodes the messages, standardizes the messages into a common coding scheme. The
Market Exchange then sends YffézatehHaterzey etied messages to the matching engine, which
matches buy and sell orders. The Market Exchange typically then sends confirmation messages back
to the Broker, which then sends confirmation mesgages back to the Client. The backward messages
(i.e., from Market Exchange to Broker to Client) are coded in the same way, but not necessarily using
the same coding scheme, as messages being sent forward (i.e., from Client to Broker to Market
Exchange). [0070]As discussed above, the entropy of a message varies with the type and
predictability of information. Therefore, there is no single encoding algorithm for all possible messages
that yields individual messages with optimal compression. The system can be made more efficient by
using multiple coding schemes, each optimized for different messages. The encoding algorithm itself
can also be made more efficient by taking into account additional information beyond just symbol
frequency (first-order entropy). Each Client should optimize the system with high-order entropic
analysis, however there is no requirement to do this. If the Client would like a simple system that does

not need any analysis of expected information, the system will still be able to operate, however with
lace than fiill notential efficiencyy The ovetem can 11inAate the datahace in real-time with new or



[0077]Tables 1,2 and 3 illustrate the comparative coding of a series of financial messages using,
respectively, the FIX Protocol, a first-order entropy (symbol) custom compression coding scheme and
a second-order (word) €)stomlechyprissidittecdingschese. dfitialesch] hewek8, each employed
order-unit is shown sepgaiaq IE‘B%QJ!&EE %9% WR%JOXOQE%C@E%é%‘EW@%%S&%% £ly for the

purpose of illustration and are not part of the data exchange. Table I. FIX Protocol 151 141 1=1 [51
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wherein tHe message 15 se ected from the group consisting of an order to buy a stock, an
order to sell a stock, and an order for a futures contract (e.g., an order to purchase a futures
contract and an order to sell a futures contract, an order to sell short and an order to buy to cover,

etc.).

[0024] The invention further concerns the embodiment of such computer-implemented methods,
wherein the financial message is an agreement to purchase or sell a financial interest, or a

confirmation thereof.

[0025] According to another aspect of the invention, there is provided a computer system,
comprising a first and a second computer, in digital communication with one another, wherein the
computer system is specially adapted for enhancing the efficiency of digitally communicating a
financial message, and wherem:

(A) the first computer empioys a data compression technique to establish a coding
scheme aand employs the coding scheme to produce a coded version of the
financial message based on order-units present in the financial message, wherein
the message Iength of the coded version of the financial message is shorter than
the message length of the unencoded financial message; wherein said data
compression technique is: (i) customized so that said coding scheme allocates
shorter codes to order-units having a higher p-value in said unencoded financial
message, and longer codes to order-upits having a lower p-value present in said
unencoded financial message; or (ii) said data compression technique is adaptive
to permit said coding scheme to adjust over time to allocate shorter codes to
order-units having a higher p-value in said unencoded financial message and
fonger codes to order-units having a lower p-value present in both said
unepcoded financial message and in at least one previously communicated
financial message; wherein said p-value is a metric of the moving average of the

frequency of said order-unit, weighted by its assigned importance, relative to
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having a higher p-value, and longer codes to order-units having a lower p-value
present in the unencoded financial message; and/or

(B) adaptive to permit the coding scheme to adjust over time to allocate shorter codes
to order-units having a higher p-vaiue, and longer codes to order-units having a
lower p-value present in both the unencoded financial message and in at least one

previously communicated financial message.
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omputer in digital cormu ange; or th'lxg!ﬁrst computer is a
Broker Computer and the second computer is a Market Exchange Computer. The invention
further concerns the embodiment of such computer systems wherein the first computer is a
Client computer and the second computer is a Broker Computer in digital communication
with the Market Exchange, and wherein the Broker Computer employs a data compression
technique to establish a Broker coding scheme and employs the Broker coding scheme to
produce a Broker coded version of the financial message based on order-units present in the
financial message and in at least one other financial message that is to be communicated by

the Broker to the Market Exchange.

{6028] The invention particularly concerns the embodiments of such computer systems
wherein the first computer is a Gateway Computer Node of a Broker Computer and the
second computer is another Node (e.g., a Risk Management Node) of that Broker Computer;
or wherein the first computer is a Gateway Computer Node of 2 Market Exchange and the

second computer is a Matching Engine Computer Node of the Market Exchange Computer.

[0029] The invention further concerns the embodiment(s) of such computer systems
wherein the data compression technique employed by the Broker Computer is:
(A) customized so that the coding scheme allocates shorter codes to order-units
having a higher p-value, and longer codes to order-units having a lower p-
value present in the financial message and in the at least one other financial
message that is to be communicated by the Broker Computer to the Market
Exchange; and/or
(B) adaptive so that the coding scheme is adjusted over time to allocate shorter
codes to order-units having a higher p-value, and longer codes to order-units
having a lower p-value present in both the unencoded financial message and

in at least one previously communicated financial message.

{0630]  The invention further concerns the embodiments of such computer systems wherein

the Market Exchange Computer executes the financial message.
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Brief Description of the Drawings:

[0031]  Figure 1 illustrates exemplary system architecture of an embodiment of the present
invention in which an adaptive customized database is employed to facilitate communication

of a financial message between a First Computer (100) and a Second Computer (200).

[0032] Figure 2 shows the results of the use of the Huffman algorithm on the set of
hypothetical financial messages in Table 2 as a coding tree. Symbols used in the coding
scheme are shown in filled circles, and frequencies are shown in open rectangles. The sum of
the frequencies for each branch equals the frequency of the next highest branch (e.g., the sum

of the frequencies of symbols “a” and “t” in the hypothetical set of orders is 79}.

f0033]  Figures 3A and 3B shows the results of the use of the Huffman algorithm on the set
of hypothetical financial messages in Table 3 as a coding tree. Words used in the coding
scheme are shown as letters in filled rectangles, and frequencies are shown in open rectangles.
The sum of the frequencies for each branch equals the frequency of the next highest branch
(e.g., the sum of the frequencies of symbols “[paragraph}” and “buy” in the hypothetical set of
orders is 60 (Figure 3B}.

[0634] Figures 4A-4E illustrate computer networks capable of employing the methods of
the present invention. Connections shown with in dark fill indicate connections employing

the methods of the present invention.

Detailed Description of the Invention:

[0035]  The present invention relates to a method for enhancing the efficiency of digitally
communicated data exchanges, and to computer system that implements such a method. The
invention particularly concerns such methods and systems in which the enhanced efficiency is
achieved using any of the following enhancement strategies:

1. compression technigues {custom, adaptive or adaptive custom};

2 binary integers (“bits”} as the native language of some or all of the system;

3. massively parallel processing;

4 database optimization techniques, and

5 calculation optimization technigues.
The invention contemplates methods and systems that employ only one of these enhancement
strategies, as well as methods and systems that conjunctively (ie., sequentially or
simultaneously) employ any 2 of these strategies, any 3 of these strategies, any 4 of these

strategies, or all 5 of these strategies.
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[0836]  As used herein, the term “data” refers broadly to digitally processable information.
The term “information” denotes the valued content of the data (i.e., information within data).
Such information may include “financial information,” which is information that pertains to
the value, nature, duration, conditions, or other parameters relevant to information affecting a
“financial interest” (e.g., a stock, an option position, a futures position, cash, a negotiable or
non-negotiable instrument, a commodity, a bond, a note, etc.). As used herein, information is
said to affect a financial interest if it relates to the initiation, execution or confirmation of a
financial message. As used herein, a “financial message” is a data communication
concerning a financial interest. Examples of a financial message include a requesi for
information relating to a financial interest or the status, value of or news regarding such an
interest; the provision of information responsive to such a request; an offer for purchase of a
financial interest; an agreement to purchase a financial interest; an offer for sale of a financial
interest; an agreement to sell a financial interest; a message requesting or confirming or
updating the status of a previous financial message, price information relating to a financial

interest, news relevant to any aspect of a Market Exchange, etc.

(00371  As used herein, a “data exchange” is a data communication between two or more
nodes of a communication network that conveys information. In particular, such data
exchanges may be a one-way communication (in which data is communicated from one node
of the communication network to one or more nodes, without any receiving response).
Alternatively, such data exchanges may be a two-way communication (in which data is
communicated from one node of the communication network to one or more nodes, and
engenders a receiving response). Such exchanges may be direct (from the originating node to
the ultimate desired recipient node) or may be indirect (in which one or more intervening
nodes receive and relay the data from the originating node to the ultimate desired recipient
node). Of particular interest to the present invention are data exchanges relevant to a financial
interest (e.g., a request for a status update and the responsive update, etc.) or capable of

causing the transfer of the financial interest from one party to another party.

{6038] As used herein, a plurality of computer devices, configured to digitally
communicate with one another comprises a “computer system.” The computer system may
be of any type and/or form of network and may include any of the following: a point to point
network, a broadcast network, a wide area network, a local area network, a
telecommunications network, a data communication network, a computer network, an ATM
(Asynchronous Transfer Mode) network, a SONET (Synchronous Optical Network) network,

a switched fabric network (e.g., an INFINIBAND® switched fabric network), a SDH

- 10 -
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(Synchronous Digital Hierarchy) network, a wireless network, and a wireline network. In
some embodiments, the computer system may comprise a wireless link, such as an infrared
chammel or satellite band. The network may have any topology {e.g., a bus, star, or ring
topology, etc.). The computer system and computer system topology may be of any such
computer system or computer system topology as known to those ordinarily skilled in the art
capable of supporting the operations described herein. Connections and networks included in
the connections may comprise the Internet, local networks, web servers, file servers, routers,
databases, computers, servers, network appliances, cell phones or any other computing
devices capable of sending and receiving data, especially digital data. The computer system
may comprise computing devices connected via cables, IR ports, wireless signals, or any
other means of connecting multiple computing devices. The computer system and any
devices connected to the computer system may communicate via arty communication protocol
used to communicate among or within computing devices, including without limitation SSL,
HTML, XML, RDP, ICA, FTP, HTTP, TCP, IP, UDP, IPX, SPX, NetBIOS, NetBEUL, SMB,
SMTP, Ethernet, ARCNET, Fiber Distributed Data Interface (FDDI), RS232, IEEE 802.11,
IEEE 802.11a, IEE 802.11b, IEEE 802.11g, IEEE 802.11n, and direct asynchronous
connections, or any combination thereof. The computer system may comprise mobile
telephone networks utilizing any protocol or protocols used to communicate among mobile

devices, including AMPS, TDMA, CDMA, GSM, EDGE, GPRS or UMTS.

[0039] The enhanced efficiency of digitally communicating such data exchanges provided
by the present invention may be described in terms of reducing the “latency” of financial
message execution. The term latency has multiple definitions in the art, for example,
denoting the time required to send an amount of data one way, or the time required to send
data round-trip. The amount of data used to measure latency can also vary and will affect the
latency time. As used herein and unless otherwise specified, the term “latency” denotes the
time it takes to send information from one location to another. The enhanced efficiency of
digitally communicating such data exchanges provided by the present invention may be
measured by any convenient means, e.g., in terms of the maximum number of transactions
processable per unit time, or the average size (memory load) per transaction, etc. Preferably,
the methods of the present invention will provide at least a 5% enhancement of data exchange
efficiency, more preferably, at feast a 10% enhancement of data exchange efficiency, more
preferably, at least a 20% enhancement of data exchange efficiency, more preferably, at least
a 50% enhancement of data exchange efficiency, more preferably, at least a 2-fold

eniancement of data exchange efficiency, more preferably, at least a 5-fold enhancement of

-11 -
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data exchange efficiency, more preferably, at least a 10-fold enhancement of data exchange
efficiency, more preferably, at least a 20-fold enhancement of data exchange efficiency, and
more preferably, at least a 50-fold enhancement of data exchange efficiency, ali relative to the

efficiency achieved in the absence of the present invention.

I Efficiency Enhancement Strategies of the Present Invention
A.  Adaptive Custom Compression Techniques

[6040] In preferred embodiments, the present invention achieves such enhanced efficiency
of digitally communicating such data exchanges using a custom compression technique, an
adaptive compression technique, or most preferably, an adaptive custom compression
techuique, to produce a coding scheme. As used herein, the term “custom” as applied to a
compression technique denotes that the employed compression technique is capable of
producing a coding scheme that is capable of permitting the communication of data in a
manner that is more efficient than ordinary language (e.g., English, ASCIL, etc.). Such
“custom” compression techniques will typically be established for particular types of data
(e.g., to produce a coding scheme customized to communicate “financial information,” etc.).
As used herein, the term “adaptive” as applied to a compression technique denotes that the
employed compression technique is capable of producing a coding scheme that is capable of
changing to communicate expected future information with increased efficiency. In one
embodiment, this may be accomplished by changing the coding scheme in response to actual
information being communicated or in response to changes in expected information to be
communicated in the future. Most preferably, the employed compression technique will be an

adaptive, custom compression technique.

[0041] In accordance with the principles of the present invention, the efficiency of data
exchange (and hence information exchange) is enhanced by decreasing the amount of data
that must be communicated to effect a data exchange. “Entropy” is herein defined as the
average information content one is missing when one does not know the value of a random
variable (see, Shannon, C. (1949) “4 Mathematical Theory of Communication,” In: “THE
MATHEMATICAL, THEORY OF COMMUNICATION,” Shannon, C. et al., The University of
Ilinois Press, Urbana, 1L, pp. 1-54). Lower entropy means that the data is more redundant,
and therefore more compressible. Conversely, higher entropy means that the data is less
redundant, and therefore less compressible. Entropy can be measured and calculated in
several ways, which are commonly differentiated by “order.” The “self-information” of an

order-unit § with a frequency, weighting, or other scalar metric, p-value is:
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[0042] An “order-unit” is a unit that is encoded (e.g., a symbol, digram, trigram, higher-
order multigram, word, term, message, basket, etc.). The first-order entropy, which takes into

account only the frequency of individual symbois, is-Y plgp.

[0043] The term “order-unit frequency” denotes the frequency with which a particular
order-unit (based on the employed order of euatropy) appears in data. An “order-unit
frequency” can be, for example, a “symbol frequency” (i.e., a number, letter or character), a
“digram frequency” (i.e., the frequency of combinations of two symbols, e.g., “aa”, “ab”,
etc.), a “trigram frequency” (ie., the frequency of combinations of three symbols, e.g.,
“aaa”, “aab”, etc.), a “higher order mauitigram frequency” (ie, the frequency of
combinations of four or more symbols), a “word frequency” (i.e., a collection of symbols
that comprise words, e.g., “buy”, “sell”, “1007, etc.}, a “term frequency” (i.e., a collection of
words, e.g., “buy 100 shares,” etc.), a2 “message frequency” (i.e., a collection of terms, e.g.,
buy 100 shares of Stock X, etc.), a “basket frequency” (i.e_, a collection of messages), etc.
A coding scheme that takes only individual symbol frequencies into account cannot be more
efficient than first-order entropy. For any data exchange, as the hierarchical entropy order of
the coding scheme increases, the number of codes needed to communicate that message
between two or more nodes decreases and the length of the message (in bits) decreases.
However, the population of the universe of codes increases. It is preferred to employ a coding

scheme that employs the highest hierarchical entropy order feasible in light of the memory

requirements needed to store the coding scheme.

[0044] Coding efficiency, communication performance, and/or processing performance
can be improved by using a custom coding scheme that is optimized for the expected
information to be communicated rather than a coding scheme designed for general English
usage, such as ASCII. The first-order entropy of the English language is approximately 4 bits
per character based on normal English text. Financial information is usually far more
redundant than general English text, and therefore has lower entropy and is thus more

compressible than general English text.

[0045] By assuming that future information will be related to previous information, a
coding scheme can be further optimized for the expected future information. In a preferred
embodiment of the invention, an algorithm is used {o predict and determine such expected p-

value {e.g., symbol frequency, word frequency, etc.). In a preferred embodiment of the

- 13-
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order-unit values from those most important to a trader’s goals to those least important to a
trader’s goals. If a certain order-unit value is more critical or time sensitive than another
order-unit value, it could be assigned a greater relative p-value. In another example,
messages to cancel a previously sent order would be given a higher p value than an order to
buy or sell. The scale that one chooses to use to determine p value can be based upon one or
more quantitative metric(s), one or more qualitative metric(s) or both one or more quantitative

and one or more qualitative metric(s).

[0048]  As used herein, such custom compression techniques are said to be applied to an
“unencoded” financial message. As used herein, the term “unencoded” denotes a financial
message prior to the application {or, as discussed below, the further application) of a coding
scheme based upon the p-vaiues of order-units in the message. An “unencoded™ financial
message may thus be in a human linguistic language (e.g., English, German, Japanese, etc.),
or in a coding scheme (such as ASCII, FIX, etc.) that is not based upon the p-values of order-
units in the message. Alternatively, an “unencoded” financial message or order may be in a
coding scheme that is based upon the p-values of an order-unit in the message, provided that
the applied custom compression technique is employed to encode the financial message in a

coding scheme that is based upon the p-values of a higher order-unit in the message.

[0049] In one preferred embodiment of the invention, messages are communicated
between two computers or among two or more computers of a network in digital
communication with one ancther and are coded using one coding scheme or multiple coding

schemes. Although any such two or more computers (including nodes of a computer system
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as well as unaffiliated computers) can be used in accordance with the present invention, for
simplicity of explanation, the invention is described with respect to a preferred embodiment in
which the computers may be a client computer (“Client” or “Client Computer™), a broker
computer (“Broker” or “Breker Computer™), or a “Market Exchange.” As used herein, a
“Client Computer” is a computer that, for example, initiates a communication on behalf of
an account holder. As used herein, a “Broker Computer” is a computer of an intermediary
that, for example, communicates the request of a client to a Market Exchange Computer. As
used herein, the term “Market Exchange” denotes a computer of a Market Exchange, Dark
Pool, Electronic Communications Networks (ECNs), etc., which is typically a terminal node

of a financial network structure,

[0630] In one embodiment, the client computer (“Client™) and the broker computer
(“Broker™) would each maintain a synchronized database, herein referred to as the “Client-
Broker Databases.” Upon adding a coding scheme to one location of the database, the
coding scheme would be sent to the other location of the database. The Client could caiculate
the most efficient new coding scheme for a message to be communicated, then add the new
coding scheme 1o the database, and then send the encoded message to the Broker.
Alternatively, the Client could use a preexisting coding scheme (formed, for example, using
prior financial messages) in the Client-Broker Database to encode and then send the message
to the Broker. In a further alternative, the Client could modify a coding scheme that already
exists in the database, the database would then communicate the changes to the coding
scheme o the other location of the database, and then the Client would send the message
encoded with the modified coding scheme to the Broker. The Client or Broker would
determine the most efficient way to communicate the message information, taking into
account the expected frequency that a coding scheme will be used, the size of data that needs
to be communicated to add or change the database, and the size of the message that

communicates the originally intended information such as an order to buy or sell.

{0851}  The invention contemplates the use of a coding algorithm to form a coded database
of order-units. In one embodiment, such coding algorithm is a “Huffman Algoerithm™
(Huffiman, D.A. (1932} “4 Method for the Construction of Minimum-Redundancy Codes”,
Proc. LR.E., September, pp 1098-1102; Hashemian, R., (1993) “High Speed Search And
Memory Efficient Huffman Coding,” IEEE International Symposium on Circuits and Systems,
ISCAS '93, Volume 1, pp. 287-290; Hashemian, R. (1994) “Design and Hardware
Implementation of a Memory FEfficienmt Huffman Decoding.” IEEE Transactions on Consumer

Electronics, Volume: 40(3):345-352; Hashemian, R. (1995) “Memory Efficient and High-
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Speed Search Huffman Coding,” 1EEE Transactions on Communications, 43(10).2576-2581;
Hashemian, R. er al. (2001) “Reduced Code Transmission And High Speed Reconstruction Of
Huffman Tables,” Pacific Rim Conference on Communications, Computers and Signal
Processing, Volume 1, pp. 180-183; Hashemian, R. (2002) “Condensed Huffman Coding, a
New Efficient Decoding Technigue,” The 2002 45" Midwest Symposium on Circuits and
Systems, Volume 1, pp. 228-231; Hashemian, R. (2003} “Direct Huffman Coding and
Decoding using the Table of Code-Lengths,” Proceedings ITCC 2003, International
Conference on Information Technology: Coding and Computing, pp. 237-241; Hashemian, R.
(2004) “Condensed Table of Huffman Coding, a New Approach to Efficient Decoding,” IEEE
Transactions on Communications, 52(1):6-8; Connell, J.B. (1973) “4 Huffman-Shannon-Fano
Code,” Proc. IEEE, July, pp. 1046-1047, United States Patents Nos. 7.564,379; 7,538,696,
7,460,595; 7,375,660, 7,358,870; 7,333,037, 7,283,591; 7,190,287; 7,129,864, 7,106,794,
7,064,489; 6,304,197; 6,292,114, 6,271,689; 6,215,422). The Huffiman Algorithm results in
the production of a coding scheme that allocates shorter codes to an order-unit having a
higher p-value, and longer codes to an order-unit having a lower p-value, resulting in a
reduced total length as long as the expected and ultimately observed frequencies are close.
Variants of the Huffman Algorithm may alternatively be employed. Similarly, other
compression algorithms may be employed in lieu of the Huffman Algorithm and its variants,
provided that their use increases the efficiency of data exchange in accordance with the
present invention. Alternative coding schemes may also be employed in accordance with the

present invention

10052]  Alternatively (or additionally), the employed coding algorithm may be an
“Arithmetic Algorithm.” Examples of Arithmetic Algorithms are provided in United States
Patents Nos. 4,122,440; 4,286,256; 4,467,317, 4,652,856; 4,801,643; 4,905,297; 4,933 883;
4,935,882: 4,989.000; 5,099,440; and 5,272,478, For example, a sequence of symbols can be
represented as a rational number between 0 and 1 in base 3, where each digit represents a
symbol (e.g., the sequence "ABBCAB" could become 0.011201 base-3). The next step is to
encode this ternary number using a fixed-point binary number of sufficient precision to
recover it, such as 0.001011001 base-2 - this is only 9 bits, 25% smaller than the naive block
encoding. This is feasible for long sequences because there are efficient, in-piace algorithms
for converting the base of arbitrarily precise numbers, Finally, knowing the original string
had a length of 6, one can simply convert back to base 3, round to 6 digits, and recover the

string.
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[0053] In one embodiment, the same coding scheme may be employed in both directions
of a two-way communication {e.g., from Client to Broker, Broker to Client; Broker to
Exchange, Exchange to Broker). There is, however, no need to use the same coding scheme
for both directions, and because the content of messages in each direction may be different,
there is a potential benefit to using a custom coding scheme for not only each data exchange,

but for each direction of a two-direction (or muiti-direction) data exchange.

[0054] The invention thus contemplates the use of a coding algorithm to form a coded
database of order-units that allocates shorter codes to order-units having a higher p-vafue, and
longer codes to order-units having a lower p-value. In one embodiment, an initia} database is
formed based on anticipated p-valuwes (for example, assigning higher p-values to more
commonly traded securities, more common messages, etc.). Alternatively, the initial database
is formed based on the experienced past history of traded securities, messages, etc. using the
experienced p-values of such transactions. The initial database is preferably refined, either in
real-time, or at interval (e.g., once each hour, daily, after every 1,000 messages, etc.) to adapt
to the p-values of actually occurring messages. The database is preferably stored in computer
memory and shared, as discussed herein, with other computers or computer nodes of the

network.

B. Binary Integers (“Bits”) as the Native Language of Some or All of the
System

[0055] In preferred embodiments, the present invention alternatively or additionally
achieves such enhanced efficiency of digitally communicating such data exchanges using
binary integers (“bits”) as the native language of some or all of the system. In prior
communications protocols, information is converted into bits and then re-converted back into
a human-perceptible language (e.g., ASCIL, etc.). In the preferred embodiments of the present
invention, binary integers (“bits”) are employed as the native language of some or all of the
system without conversion into a human linguistic language (e.g., English, German, Japanese,
etc.). By maintaining bits as the native language, the present invention achieves enhanced
efficiency of digitally communicating such data exchanges. As an example, in order to
convey the information “100”, a conventional protocol would need to transfer a message of
24 bits (i.e., 00110001 00110000 00110000), whereas the present invention, by natively
maintaining data in binary would require only 7 bits (ie., 1100100), thereby increasing
efficiency by 242%.
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[00811 The calculated first-order entropy of the list of financial messages is shown in Table 5.
Table 5 Efficiency and Message Size ofstrative First-Order Entropy Custom Coding Scheme
SymbolQty p -P IV Qty Of Bits p Weighted Bits Total Bits In Msg ,93 0.1581633 0.4207955 3

0.4744898 2P0 3MY-HSER 0.3263718 0.29081633 171 nil t41 0.0714286P6 DESTNY64655719539
0.2679029

C.  Massively Parallel Processing

[0056] In preferred embodiments, the present invention alternatively or additionally
achieves such enhanced efficiency of digitally communicating such data exchanges using
massively paralel processing, Methods for massively paraliel processing that may be adapted
to the present invention are disclosed in United States Patents Nos. 7,555,566; 7,523,130;
7,478,278; 7,454,749, 7,444 385; 7,404,015; and 7,304,999,

D. Database Optimization Techaiques

[6057] In preferred embodiments, the present invention alternatively or additionally
achieves such enhanced efficiency of digitally communicating such data exchanges using
database optimization techniques. The present invention preferably comprises the use of one
or more databases to store the coding scheme being used by the Client and Broker. In
preferred embodiments, the present invention alternatively or additionally achieves such
enhanced efficiency of digitally communicating such data exchanges using database

optimization techniques,

[0058]  Such technigues include segmenting one or more of the databases to decrease the
amount of data that typically needs to be searched. In one embodiment, the database search
time is improved by segmenting the employed coding scheme into multiple sections. Since
the coding scheme takes into account the p-value, rather than performing a search of the entire
coding scheme, the search could begin with the segment of the coding scheme with the
highest p-value. If the result is focated within this section, the search may be faster. If the
search within just this segment is not successful, the computer could continue by moving on
to search the segment with the next highest p-value, and so on, until the search is successful.
Methods for database optimization that may be adapted to the present invention are disclosed
in United States Patents Nos. 7,580,854; 7,574,424, 7,571,397, 7,552,110; 7.519,582;
7.512,591; 7.430,562; 7,359,926; 7,321,897; 7,281,000; 7.254,273; 7,233,939; 7,213,012;
7,206,644; and 7.200,595; in United States Patent Publication No. US 2005/0197916; in
Canadian Patent Application CA 2151023, in European Patent Publication Nos. EP
0687111A2 and EP 1223677A2, and in PCT Publication Nos. WO 81/03560A1, WO
97/35383A1; WO 97/35427A1; WO 02/060067A2; WO 02/27644A1 and WO 06/005[51A1.

¥. Calculation Optimization Techniques

[6059] In preferred embodiments, the present invention alternatively or additionally

achieves such enhanced efficiency of digitally communicating such data exchanges using
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calculation optimization techniques. Computers may employ single precision (for example,
carrying calculations to 8 bits), double precision (for example, carrying calculations to i6
bits) or greater precision calculating processes. In a conventional set of calculations, all of the

calculations are conducted at double precision.

[0060] In a preferred embodiment, the methods of the present invention will provide the
accuracy of double precision output, but will do so at nearly the speed of single precision
output methods. This may be accomplished by relying upon the order of mathematical
operations to transiently convert one ot more terms of a calculation (e.g., the initial entries, or
the calculated value of an initial calculation, etc.) into term(s) having only integer values (ie.,
having no digits right of the decimal point). Once such calculations are completed, all
intermediate subsequent calculations are single precision calculations, which can be
performed at greater efficiency than double precision calculations. Fewer, and in some cases
only a single, additional double precision calculation are required to complete the task. In an
alternative embodiment, all integer values of a series of terms will be subjecied to single
precision calculation separately from any non-integer components of such terms. The non-
integer components of such terms will be transiently converted into integer form, processed
via single precision and then re-converted in a double precision calculation into a final term

that will then be processed with the output of the separately processed integer terms.

[0061] The above-described calculation optimization techniques can be used to improve
the performance of any level of precision (for example precision greater than double; triple

precision, etc.).

1L Exemplary System Architecture of the Present Invention

[0662]  Figure 1 illustrates exemplary system architecture of an embodiment of the present
invention in which an adaptive customized database is employed to facilitate communication
of a financial message between a First Computer (100) and a Second Computer (200). As
shown in Figure 1, data, either obtained from past digitally communicated financial messages
(600) or from current digitally communicated financial messages (800) is transmitted {(700)
to a Data Encoding Computer (300). The Data Encoding Computer (300) processes such
~ received data to form an adaptive customized coding scheme (310), and then uses this coding
scheme to produce a database of encoded data (350). The Data Encoding Computer transmits
(400) the produced database to the First (100) and Second (200) Computers. The First
Computer (100) stores the received database (110} and accesses and employs it in order to

prepare the encoded message (180). The encoded message is then transmitted (51 0) from the
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First Computer (100) to the Second Computer (200). The Second Computer (200), having
received the transmitted database (400) from the Data Encoding Computer (300), stores such
database (210), such that it is able to access the stored database (210} and comprehend and
act upon (250) the encoded message that has been transmitted (510) from the First Computer
(100). Optionally, the Second Computer (200) provides a responsive communication (550)
{which may be encoded or unencoded) to the First Corﬁputer (100). The Second Computer
{200} transmits (280) the received encoded communication (§40) to the Data Encoding
Computer (300) either substantially concurrently with its receipt of such data (600) or ata
subsequent time, after first storing the encoded communication (800). The data is then
transmitted (700) to the Data Encoding Computer (300). The coding scheme (310) is then
adaptively customized in response to the transmitted data (700) to reflect changes in the
financial data being actually communicated by the First Computer (100) to the Second
Computer (200). Thus, the coding scheme (310) is adaptively customized in response to
actual communications from the First Computer (100) in order to provide an increasingly

efficient database of encoded data (350).

1. Operation of an Efficient Database of the Present Invention

[6063]  The operation of an efficient database of the present invention is illustrated below
with respect to a Client-Broker network. A Client-Broker network is created by
interconnecting a Client computing device and a Broker computing device. The network is
maintained to digitally store, access and use a Client-Broker database (which may be an array,
list, etc., but is preferably a relational, queryable database). The network connecting the

Client and the Broker is not necessarily maintained by the Client or Broker.

[6064] The database is preferably synchronized in response to changes posted by either the
Client or the Broker. Most preferably, the Client and Broker copies of the Client-Broker
database will remain synchronized in real-time (i.e., essentially instantaneously) by virtue of

their network interconnectivity.

10065]  In one embodiment, multiple coding schemes will be employed by the Client and
Broker. Alternatively, different Clients may use different coding schemes with the same or
different Brokers. In a preferred further embodiment, one coding scheme will be employed
by a Client and its Broker. In one embodiment, the coding scheme(s) employed will further
comprise the use of one or more types of delinineators (e.g.. a comma separating two adjacent

fields of a message).

-20 -



6 0.0102041 0.0674970 0.07142857 42 5 0.0085034 0.0584842 0.05952381 35. d5 0.0085034
0.0584842 7 0.05952381 35 05 0.0085034 0.0584842 7 0.05952381 35 s5 0.0085034 0.0584842 7

0.05952381 35 54 0.0068027 0.0489774 7 0.04761905
WO 2011/034667 PCT/US2010/044587

[6066] The Client-Broker database is adapted to store coding scheme data. In
embodiments of the invention, the database can additionally or alternatively store other data
{e.g., account information, financial messages, order history, order status, log of each message
sent and/or received, account balance, etc). Because computers natively communicate and
process information in binary, the efficiency of data exchanges can be enhanced by causing
the network to communicate, encode, and decode messages between the Client and Broker
into binary. Initially, before the first order is sent from the Client to the Broker, the Client
will analyze (manually or autcnomously) the expected data exchange and define in the
database one or more coding scheme(s) that is/are relevant to that exchange. The coding
schemes will be optimized toward sending the expected messages with maximum
compression. Alternatively, a universal baseline coding scheme can be used (ie, a coding
scheme that is instituted without any client apalysis of the expected data exchange). This
would be similar to FIX Protocol, but rather than using ASCII, it would use an alternative,
and preferably publicly available, coding scheme that is more optimized for financial message

data.

[0867] Such message compression of the coding schemes can be optimized in several
ways. Preferably, the compression would be optimized by the expected frequency of orders
being sent. Alternatively, it could be optimized by the expected importance of messages sent,
or by the expected time density of orders being sent. In one embodiment, when the Client
adds the initial coding schemes into the Client-Broker database, it will automatically
synchronize with the Broker’s copy of the database, thereby adding these coding schemes into
both locations of the Client-Broker database. To send an order, the Client computer
determines the most efficient coding scheme either by calculating a new coding scheme using
a compression aigorithm of the Client’s choice, or using an existing coding scheme from the
Client-Broker database. The Client computer then encodes the order details into a highly
compressed message using the chosen coding scheme, and sends that message to the Broker
computer. The Broker then decodes the message using the coding scheme defined in the

synchronized Client-Broker database.

[0068] There is usually a “many Clients to one Broker” relationship in the Market
Exchanges. The Broker then becomes similar to a “Client” for the next phase of the process.
It creates and maintains a Broker-Market Exchange database (which is preferably independent
from the Client-Broker databases stored on the Broker computer). The Broker-Market
Exchange database is maintained in synchrony with a copy of the database at the Market

Exchange. The Broker would then decode the orders of all Clients into a common coding
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scheme shared by the Market Exchange. The Broker then encodes the bulk set of
messages/orders with a coding scheme that achieves optimized compression (for the entire
bulk set rather than any individual financial message). This means that some messages may
be less than optimally compressed if being sent individually, however, the total length of the
encoded bulk set of messages will still be less than the total length of the individually
compressed messages. This “Broker to Market Exchange” coding is done in the same way as

the “Client to Broker” coding,.

[0069] There is usually a “many Brokers to cne Market Exchange” relationship in the
financial markets. The Market Exchange then receives the encoded messages from Brokers,
then decodes the messages, standardizes the messages into a common coding scheme. The
Market Exchange then sends the standardized coded messages to the matching engine, which
matches buy and sell orders. The Market Exchange typically then sends confirmation
messages back to the Broker, which then sends confirmation messages back to the Client,
The backward messages (i.e., from Market Exchange to Broker to Client} are coded in the
same way, but not necessarily using the same coding scheme, as messages being sent forward

(i.e., from Client to Broker to Market Exchange).

[0670]  As discussed above, the entropy of a message varies with the type and predictability
of information. Therefore, there is no single encoding algorithm for all possible messages that
yields individual messages with optimat compression. The system can be made more efficient
by using multiple coding schemes, each optimized for different messages. The encoding
algorithm itself can also be made more efficient by taking into account additional information
beyond just symbol frequency (first-order entropy). Each Client should optimize the system
with high-order entropic analysis, however there is no requirement to do this. If the Client
would Iike a simple system that does not need any analysis of expected information, the
system will still be able to operate, however with less than full potential efficiency. The
system can update the database, in real-time, with new or improved coding schemes. The
system can update the coding schemes by using algorithms that analyze and predict the
frequency of content within future messages. This will allow the system users to always send

messages with increased compression, near-optimal compression or optimal compression.

[6071] If desired, other information to be communicated, such as packet header
information (possibly containing information like address to send the packet to, client
identifier, error correcting codes, ctc.) may be included in the p-value distribution

calculations. By including possible header information into the compression analysis, a
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smaller total packet size (header and body) may be achieved. Additionally, the total size of
the packets can be reduced by optimizing to the connection type. For example, Clients
connecting to Brokers through a public network such as the internet may require standard
coding for the header of the packet, so that the internet routers know where to send the packet.
Clients that connect directly to Brokers using connections such as a dedicated line or optical
connection directly from their location to the Broker location may not need to use standard
coding or formatting for the packet header if only one possible delivery address exists. The
total packet size can be reduced for this type of connection, by using a custom coding scheme
for header information and/or not including certain header information that would otherwise

be inciuded in a packet sent over the internet.

[0072]  The entire message to be communicated does not necessarily need to be sent as one
packet. The message can be split into two packets or into multiple packets for reconstruction
by the recipient. Such packet splitting provides the advantage of increased reliability of
transmission, but is accompanied by the disadvantage of increased total communication size.
The increased reliability reflects the fact that if bits are disturbed along the communication
process, only the single packet containing such bits will be affected. Correction of erroneous
bit(s) may be accomplished with error correcting code technigues as are known in the art or

by requesting that the damaged packet be resent.

[0073] Resending a packet containing only a fraction of a total message will require less
resources than resending the entire message, but will typically require some header
information (to instruct delivery, or to provide information necessary to reconstruct the
multiple packets into the complete original message) to accompany the resent packet.
Therefore the overhead (total overhead, as well as overhead relative to packet body payload)
will increase. The system will typically determine the optimal packet size (e.g., complete
message, some percentage of the complete message per packet, or a fixed maximum packet
size). In one embodiment this could be determined using user input, and/or algorithms (as is
known in the art). These algorithms are preferably adaptive compression algorithms, as
described herein. When using a reliable communication method such as TCP, the packet
recipient typically will send an acknowledgment back to the sender to confirm successful
receipt of a packet. The size of a TCP acknowledgment is commonly 60 bytes. Including the
TCP packet acknowiedgement as well as any or all other communication protocol messages
into the distribution of p values may decrease the total amount of data that needs to be

communicated. Ideally, one wouid want to include ail possible information that is expected to
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be communicated (message body, communication protocol like TCP, etc.) into the

distribution of p-values.

[0074]  Although the above description relates to computer systems having a Broker
intermediary, it will be understood that the same principles may be readily adapted o the
scenario in which the Client elects to interact with the Exchange Market directly (i.e., placing
financial messages itself with the Exchange Market in the absence of a Broker). In such a
circumstance, the “Broker” is the Exchange Market. Similarly, the methods and computer
systems of the present invention relate to data exchanges between one or more Cliem
Computer(s) and a Broker Computer, to data exchanges between one or more Broker
Computer(s) and a Market Exchange Computer. Additionally, the methods and computer
systems of the present invention also relate to data exchanges involving two computers or
among two or more computers that are internal nodes of a muiti-node Client Computer, or
internal nodes of a multi-node Broker Computer, or internal nodes of a multi-node Market
Exchange Computer. For example, the first and second computers of the present invention
may be a Gateway node of a Client Computer (whose function may, for example, be to
collect, process and relay Client orders and requests) and a Pipeline node of the Client
Computer (whose function may, for example, be to receive, process and relay Gateway orders
and requests). Similarly, the first and second computers of the present invention may be a
Gateway node of a Broker Computer (whose function may, for example, be to receive,
process, bundie and relay Client orders and requests) and a Pipeline node of the Broker
Computer (whose function may, for example, be to receive, process and relay Gateway orders
and requests). Likewise, the first and second computers of the present invention may be a
Gateway node of a Market Exchange Computer (whose function may, for example, be to
receive, process, and relay Client and/or Broker orders and requests) and a Matching Engine
node of the a Market Exchange Computer (whose function may, for example, be to receive,
process, relay and/or fulfili Gateway orders and requests). Thus, the methods of the present
invention are applicable to data exchanges involving Client A - Client B, Client ~ Broker,
Broker A — Broker B, Broker - Market Exchange, etc., as well as to data exchanges involving
nodes (i.e., two or more computers) of the same Client, of the same Broker, or of the same

Market Exchange Computer.

[0075] Having now generally described the invention, the same will be more readily
undersiood through reference to the following examples, which are provided by way of

illustration and are not intended to be limiting of the present invention unless specified.
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code's efficiency (entropy/avg code length) is 4.2669116 / 4.294421769 = 99.36412%. [0083]The
results of the use of the Huffman algorithm on the set of financial messages in Table 3 using words as
order-units (second-order entropy coding schem@hagie shown graphically as a tree in Figures 3A and
3B. As described ahavarika usEfatihesalgaritenDpievidasacai-Oirequiaipgisshbutions, any one of
which will be capable of providing a unique coding to each order-unit. The coding values may be
deduced froml#8gtired B R RERBRE hylawitihe evatteobiion foeletosedhast thethightdriiea value of "0"

for each step gethe isftnddiigTamaxanmples thgaordiibuymisupRsilionadiia eafike thwesequential
steps to the right (Figure 3B),.and has a coding of 111 %(’aword "ma[ég}"' sitiongd to require the
steps left, an tﬁreéﬁ“% %ene alclg%%i%&%wégog%gn |‘ﬁ%nél§ fe Eérﬁén 8's ovvys%tLE%e\?vg?&sacotF the

second-order%@%h@?ﬂ@ﬁﬁé‘%@fmé@‘%dﬁ?ﬁﬂe&ﬁﬁW&ﬁfﬁ%d%ﬁé%ﬁé‘fﬁ’eﬁtt‘ﬂ?&@gh the use of
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cover), Quantity (of shares or contracts), Ticker Symbol, Order Type (market, limit, etc.).
Each field in the PlainText is delineated by a space punctuation, and information for each

order is delineated by a paragraph mark.

[0077] Tables 1,2 and 3 illustrate the comparative coding of a series of financial messages
using, respectively, the FIX Protocol, a first-order entropy (symbol) custom compression
coding scheme and a second-order (word) custom compression coding scheme. In Tables 1,
2 and 3, each employed order-unit is shown separated from other order-units by brackets;

such brackets are merely for the purpose of illustration and are not part of the data exchange.
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: e i Tabled S

PlainText Second~0rder Entmpy Codmg
sell short 6 @ym# market [sellshortl (6] [@ym#] [market]
buy 224 za market fbuy] [224] [aa] [market]
buy 214 att market {buy]! [214] latt] [market]
buy 230 axp market [buyl [230} faxpl [market]
buy 226 ba market {buy} [226] [ba] [market]
buy 221 bac market [buy] 1221} f[bac] [market]
buy 232 cat market [buyl 12321 ([cat]l {market]
buy 228 csco market [buy] [228} {cscol {market]
buy 223 cvx market fbuyl [225] [cvx] [market]
buy 224 dd market fbuyl [224] [ad] [market)
buy 224 dis market {puyl {2241 fdis) [market]
buy 222 ge market fbuyl (2221 [gel [market]
buy 223 hd market fbuyl (2231 (hd] [market]
buy 225 hpg market [buyl [22%1 [(hpg) [market]
huy 228 ihm market [buy] 1228] [ibm} {market]
buy 222 intc market [buy] [222] lintc] [market]
buy 227 jnj market [buy] [227] [inj] [market]
buy 225 jpm market [buyl [225] (ipm} [market]
buy 224 kft market fbuyl (224} [kft] [market])
biry 233 ko market [buy] [233) (ko] f[market]
buy 224 med market fbuyl [224] [mcd] {market}
buy 200 mnum market fbuy] [200} {mmm] [market]
buy 225 mrk market [buy] [225] [mrk] [market]
buy 227 msfi market Ibuy] [2271 [msit}] [market)
buy 221 pfe market {buyl [2211 i(pfe] [market]
buy 200 pg market (buy} [2001 [pg] [market)
buy 223 trv market fbuyl {223} {trv] [market]
buy 227 utx market [buy} [227] lutx] [market]
buy 226 vz market {buy} [226] {vz] imarket]
buy 224 wmt market fbuy] (22471 [wmt] [market}
buy 227 xom market {buyi 12271 [xom] [market]

[0078] The FIX protocol coding efficiency (61.714%) is the first order entropy
(4.2669116; see Table 5) divided by the average code length of 7 bits/character. The
message length is 709 characters x 7 bits/character, which equals 4,963 bits.

[0079]  In accordance with the principles of the present invention, a custom coding scheme
is prepared by determining the number of times {Qty) that a order-unit appears in a financial
message or setoff financial messages. and then determining the p-value of each order-unit.
The entropy of the order(s) is given by -plgp. A compression coding algorithm, such as the
Huffman Algorithm is employed to determine the coding of the order-units based upon their
p-value {e.g., frequency, weighting, or other scalar metric). In brief, a tree is created in which
order-units having higher p-values are assigned to branches closest to the trunk, while order-
units having lower p-values are progressively assigned to tree branches located further from

the trunk.
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1010000 7 mcd 0001100 7 (it m# 1010001 7 m k 0001101 7 att 1011000 7 0001110 maim 7 c co
1011001 7 msft 0001111 7 230 1011010 7 ko 0010010 7 en 1011011 pfe 0010011 7

WO 2011/40346067 PCT/US2010/044587

[00680] The results of the use of the Huffman algorithm on the set of financial messages in
Table 2 (first order entropy coding scheme) are shown graphically as a tree in Figure 2. One
means for implementing the Huffman algorithm is to employ huffman.jar software to generate
the tree. Such software is widely available on the internet and is known to those of ordinary
skill in the art. The use of the algorithm provides a set of equivalent solutions, any cne of
which will be capable of providing a unigue coding to each symbol. The coding values may
be deduced from Figure 2 by setting a value of *1” for each step to the right and a value of
“0” for each step to the left. Thus, for example, the symbol “m” is positioned to require three
sequential steps to the left, and has a coding of 000; the symboi “2” is positioned to require
the steps left, then right, and then left, and accordingly has a coding of 010. Table 4 shows
the symbols, the deduced coding and the quantity of bits attained through the use of the

analysis (the term “[paragraph}” denotes a command to start a new line or paragraph).

histr s
Coding Oty of Bits

, 110 3 7 8
2 000 3 o 8
m 1110 4 X 8
t 1011 4 6 10010111 8
a 1010 4 h 111310011 8
r 0110 4 1 11110100 2
k 0111 4 v 11116101 8
€ 1000 4 i 11110110 g
b 0101 4 f 11110111 8
Y 0011 4 i 111131010 8
u 0100 - 4 R 180310000 8

[paragraph}] | 0010 4 1 10010001 g
4 1111100 7 8 10010110 8
¢ 1111110 7 g 1111060101 9
3 1121000 7 zZ 100100100 g
P 1001100 7 w 100100101 9
d 10013101 7 @ 100100110 9
0 1001110 i q 100100111 9
8 1001111 7 # 1111606100 9
3 1001010 7
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kite ioiaiao 7 a p 001 000 7 sell short 10111110 8 dis 001100 7 6 10111111 8 ha 0011010
100841The calculated second order entropy of the list of financial messages is calculated from Table

7. Efl'ieiency and Message "Table 7 Size of lllustrative Second-Order Entropy Custom otl g Scheme
Word Qty p b‘{ 011/034667 PCT/US2010/044587

{0081] The calculated first-order entropy of the list of financial messages is shown in Table

s,
Qty Of | p Weighted
Symbol Oty p -plgp Bits Bits Total Bits In Msg
R 93 | 0.1581633 0.4207955 3 $.4744898 279
2 57 § "0.0969388 0.3263718 3 0.29081633 171
m 42 | 0.0714286 $.2719539 4 0.28571428 168
t 41 | 0.0697279 0.2679029 4 (.27891156 164
a 38 | 0.0646239 (0.2553849 4 02585034 152
r 34 1 0.0578231 0.2377808 4 0.23129252 136
k 34 | 0.0578231 0.2377808 4 0.23126252 136
e 34 | 0.0578231 0.2377808 4 (,23129252 136
b 33 | 0.0561224 0.2332044 4 0.22448980 132
Y 31 ] 0.0527211 0.2238261 4 0.21088435 124
U 3t | 0.0527211 0.2238261 4 0.21088435 124
iparagraphj 30 | 0.0510204 0.2190195 4 (.20408163 120
4 7 1 0.0115048 0.0760990 7 0.08333333 49
€ 7 | 8.0119048 0.0760990 7 0.08333333 49
3 6 | 0.0102041 0.0674970 7 0.07142857 42
p 5 1 0.0085034 0.0584842 7 0.05952381 35
d 5 0.0085034 0.0584842 7 0.05952381 35
0 5 0.0083034 0.0584842 7 £.05952381 a5
5 5 0.0085034 0.0584842 7 0.05952381 35
5 4 0.0068027 0.0489774 7 0.04761905 28
7 4 | 0.0068027 0.0489774 8 0.05442177 32
o 4 0.0068027 0.0489774 8 0.05442177 32
X 4 | 0.0068027 0.0489774 8 0.05442177 32
6 3 | 0.0051020 0.0388500 3 0.04081633 24
it 3 0.0051020 0.0388506 g 0.04081633 24
1 3 0.0051020 0.0388506 8 0.04081633 24
v 3 0.0051020 0.0388506 8 0.04081633 24
j 3 0.0051020 0.0388506 3 0.04081633 24
f 3 0.0051620 0.0388506 8 0.04081633 24
i 3 0.0051020 0.0388506 8 0.04081633 24
n 2 0.0034014 0.0278900 8 0.02721088 16
1 2 1 0.0034014 0.0278900 8 0.02721088 i6
8 2 | 0.0034014 0.0278900 8 0.02721088 16
g 2 0.0034014 0.0278%900 9 0.03061224 18
zZ 1 0.0017007 0.0156457 9 0.015306i2 g
w 1 0.0017007 0.0156457 9 (.01530612 9
@ ] 0.0017007 0.0136457 9 0.01530612 G
q ] 0.0017007 0.0156457 G 0.01530612 9
# 1 (.0017007 0.0156457 9 0.01530612 9
N Avg. Code | Message Length
Total | 588 1.0000 f;;g‘;‘:{é Length: (in bits):
) 4.29421769 2525
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Qty Of Bits p Weighted Bits Total Bits In Ms market 31 0.2012987 0.4655214 2 0.40259740 62
[paragraph] 30 0.1948052 0.4597200 3 0.58441558 90 bu 30 0.1948052 0.4597200 3 0.58441558 90

224 6 0.0389610 0.1824087 4 0.15584416 24 227 4
WO 2011/034667 PCT/US2010/044587

[0082]  The first order entropy of the list of orders is 4.2669116. The Huffman coding
method creates a custom coding scheme that has an average code length of 4.294421769 bits

| per character. This code’s efficiency (entropy/avg code length) is 4.2669116 / 4.294421769 =
99.36412%.

{0083]  The results of the use of the Huffman algorithm on the set of financial messages in
Table 3 using words as order-units (second-order entropy coding scheme) are shown
graphically as a tree in Figures 3A and 3B. As described above, the use of the algorithm
provides a set of equivalent solutions, any one of which will be capéb!e of providing a unique
coding to each order-unit. The coding values may be deduced from Figures 3A and 3B by
setting a value of “1” for each step to the right and a value of “0” for each step to the left.
Thus, for exampte, the word “buy” is positioned to require three sequential steps to the right
(Figure 3B), and has a coding of 111; the word “market” is positioned to require the steps
left, and then left, and accordingly has a coding of 01. Table 6 shows the words of the
second-order coding scheme, the deduced coding and the quantity of bits attained through the

use of the analysis.

. Ttlustrative Second-OFder Entropy Custom ) B
Word Coding Qé}i;gf Word Coding QBt};t:ﬁ
market 01 2 hd 511011 7
iparagraphj | 110 3 wait 0011100 7
buy 111 3 ge 0011101 7
224 0000 4 hpq 0011110 7
227 solol 5 tbhm 0011111 7
225 10000 5 214 1000100 7
223 001000 6 cat 1060101 7
228 100111 6 233 1000110 7
200 101001 6 pg 1600111 7
222 101010 6 jnj 1601000 7
226 101011 6 X0 1001001 7
221 1011110 7 2132 1001010 7
aa 0001000 7 ipm 1001011 7
bac 3001001 7 utx 1001100 7
kft 4001010 7 trv 10011061 -7
vz 0001011 7 dd 1010000 7
mcd DOCL100 7 @wym# 1010001 7
mik 0001101 7 att 1011000 i
mimnm Q0C1110 7 CSCO 1011001 7
msft 0001111 7 236 1011010 7
ko 0010010 7 VY 1011011 7
pfe 0010011 7 intc 1011110 7
axp 0011000 7 sell short 101112110 8
dis g011001 7 6 10111111 8
ba 0011010 7
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0.0259740 0.1367997 5 0.12987013 20 225 4 0.0259740 0.1367997 5 0.12987013 20 223 2
0.0129870 0.0813868 6 0.07792208 12 228 2 0.0129870 0.0813868 6 0.07792208 12 200

20.0129870 0.0813868 6 0,07792208 12 222 20.0129870 0.0813868
WO 2011/034667 PCT/US2016/044587

[0084] The calculated second order entropy of the list of financial messages is calculated

from Table 7.
_ R e p Weighted - |- '
Word  1Qty| _p 1 plgp Bits ___ Total BitsIn Msgl-
market | 31 | 0.2012987 | 04655214 | 2 | 0.40259740 | 62
[paragraph]i 30 | 0.1948032 04597200 . 3 0.5844 1558 90
buy 30 | 0.1948032 | 0.4597200 3 0.58441558 90
224 6 | 0.0389610 | 0.1824087 4 0.15584416 24
227 4 1 00259740 | 0.1367997 5 0.12987013 20
225 4 | 0.0259740 | 0.1367997 5 0.12987013 20
223 2 | 0.0129870 | 0.0813868 6 0.07792208 12
228 2 | 00129870 | 0.0813868 6 0.07792208 12
200 2 | 00129870 | 0.0813868 6 0.07792208 12
222 2 | 0.0129870 | 0.0813868 6 0.07792208 12
226 2 | 0.0129870 | 0.0813868 6 0.07792208 12
221 2 | 0.0129870 | 0.0813868 6 0.07792208 12
aa 1 | 0.0064935 | 0.0471869 7 0.04545455 7
bac 1 | 00064935 | 0.0471869 7 0.04545455 7
kit 1 | 00064935 | 00471869 7 0.04545455 7
vz 1 | 0.0064935 | 0.0471869 7 0.04545455 7
med 1 | 0.0064935 | 0.0471869 7 0.04545455 7
mrk 1| 0.0064935 | 0.0471869 7 0.04545455 7
mmm 1| 0.0064935 | 0.0471869 7 0.04545455 7
msft 1 | 0.0064935 | 0.0471869 7 004545455 7
ko 1| 0.0064935 | 0.0471869 7 004545455 7
pfe 1 | 0.0064935 | 0.0471869 7 0.04545455 7
axp 1 | 0.0064935 | 00471869 7 0.04545455 7
dis 1 | 0.0064935 | 0.0471869 7 0.04545455 7
ba 1 | 0.0064935 | 0.0471869 7 0.04545455 7
hd 1 | 0.0064935 | 0.0471869 7 0.04545455 7
wt P | 0.0064935 | 0.0471869 7 0.04545455 7
ge : | 0.0064935 | 00471869 7 0.04545455 7
hpg 1l 0.0064935 | 0.0471869 7 0.04545455 7
ibm 1 ] 00064935 | 0.0471869 7 0.04545455 7
214 1 | 0.0064935 | 0.0471869 7 0.04545455 7
cat 1 | 0.0064935 | 0.0471869 7 0.04545455 7
233 I | 00064935 | 0.0471869 7 0.04545455 7
pg P | 0.0064935 | 0.0471869 7 0.04545435 7
inj i | 00064935 | 0.0471869 7 0.04545455 7
xom I | 00064935 | 0.0471869 7 0.04545455 7
232 i | 0.0064935 | 0.0471869 7 0,04545455 7
ipm 11 0.0064935 | 0.0471869 7 0.04545455 7
utx 1 1 0.0064935 | 0.0471869 7 0.04545455 7
trv 1 ] 0.0064935 | 0.0471869 7 0.04545455 7
dd I | 0.0064935 | 0,0471869 7 0.04543455 7
@ym# I | 0.0064935 | 0.0471869 7 0.04545455 7
att 1oL 0.0064935 | 0.0471869 7 0.04545455 7
esco I | 0.0064935 | 0.0471869 7 0.04545455 7
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6 0.07792208 12 226 20.0129870 0.0813868 6 0.07792208 12 221 20.0129870 0.0813868 6
0.07792208 12 aa 10.0064935 0.0471869 7 0.04545455 7 bac 10.0064935 0.0471869 7 0.04545455

7 kft 10.0064935 0.0471869 7 0.04545455 7 vz 10.0064935

WO 2011/034667 PCT/US20106/044587

Qty Of | p Weighted :
Word | Oty i -plep Bits Bits Total Bits In Msg,
230 ] 0.0064935 0.0471869 7 0.04545453 2o
vy 1 | 0.0064935 | 0.0471869 7 0.04545455 7
inte ! 0.0064935 00471869 7 0.04545455 7
sell short 1 0.0064935 - | - 0.0471869 8 0.05194805 8
6 17 (.0064935 0.0471869 8 0,03 194805 : 8
] Avg. Code | Message length
Total |154] 10000 | SoiOPY: Length: in bits:
) 4.14935065 639

[0085]

method creates a custom coding scheme that has an average code length of 4.14035065 bits

The second order entropy of the list of orders is 4.0752067. The Huffman coding

per character. This code’s efficiency (entropy/avg code length) is 4.0752067/4.14935065 =
98.21312%.

[0086] In sum, through the use of the methods of the present invention, the number of bits
needed to communicate the set of illustrative messages shown in Table 1-3 has been
decreased from 4,963 bits to 2,525 bits (for a first-order entropy coding scheme) to 639 bits
(for a second-order entropy coding scheme). Such a reduction in message size provides
multiple advantages. For example, since messages are subject to transmission problems (lost
packets, etc.), decreasing the size of the message decreases the probability of a transmission
error, Additionally, decreasing the message size permits the entire encoded message to be
received (and acted upon) more rapidly than an unencoded message conveying the same
information. In circumstances (such as event arbitrage) in which speed of execution is
important, the present invention provides a significant advantage over prior methods.
Moreover, decreasing the message size permits more messages to be transmitted per second,

thus increasing effective bandwidth and carrying capacity of the transmission lines.

Example 2
Iilustrative System and Methods for Clients Who Send Orders with Randomly
Distributed Variables and Order-Units

[0087] The enhanced efficiency of data exchanges provided by the present invention is
illustrated by effecting a simple order to purchase 100 shares of stock in Company A, having

a Market Exchange Symbol of “aaa”.

|6088)

employed to communicate this message (which m, n, w, x and z are FIX tags that indicate the

Using the FIX protocol, a message “m=FIX4.4|n=aaajw=100[x=marketiz=buy” is
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0.0471869 7 0.04545455 7 mcd 10.0064935 .0.0471869 7 0.04545455 7 m rk 10.0064935 0.0471869
7 0.04545455 7 mmm 10.0064935 0.0471869 7 0.04545455 7 msft 10.0064935 0.0471869 7

0.04545455 7 ko 10.0064935 0.0471869 7 0.04545455 7 fe
WO 2011/034667 PCT/US2010/044587

version of the FIX protocol being used, the stock symbol, the type of order (market or limit),
action (buy or sell). For this simplified message of 35 characters, an ASCIl code of (35 x 8
bits =) 280 bits is required. An actual FIX protocol message would in fact be longer than the

simplified message.

[0089] In accordance with the present invention, a custom compression technique is
employed to provide a coding scheme. The conveyed message is the same: “buy 400 aza
market.” The space delineators are removed to form “buy400aaamarket”. The frequencies
with which the individual letters of the message are calculated (e.g. 4 a's, 1 b, 1 ¢, etc.). A
compression algorithm, e.g., the Huffman algorithm, is employed to create a coding scheme
using the calculated frequencies. The resultant binary designations for the code are shown in
the Table 8.

 Table8: Coding Scheme _
Plain Text Binary Value

01
001
000
1000
1001
1010
1011
1100
1101
1110
1111

LR E= L=l Bt PN R N - I Rl )

[0690]  The resultant code table would comprise additional rows if the message contained
additional order-units or might be expected to contain additional order-units in the future. In
a preferred embodiment, the coding scheme would comprise additional order-units in order to
facilitate the communication of additional or more complicated messages. The codes for such
additional order-units would be based on their expected frequency and would be generated

from a tree created using, for example, the Huffman algorithm.

[0691] The plain text message (“buy400aaamarket™) is then encoded using the coding
scheme of Table 8 to yield a 49 bit message: [1100] [1101] [TT11] [1000] [001] [001] [01]
[01] [01] [000] [01] [1001] [1011] {1110] [1010] (the encoded message is shown with the
encoded symbols separated by brackets and spaces; such brackets and spaces are solely for

purposes of illustration, and would not be employed in the actual encoded message). The use
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of the methods of the present invention reduces the required message from 280 bits to 49 bits,

a nearly 5-fold improvement in efficiency.

Exampie 3
THustrative System and Methods for Clients Trading Baskets of Financial Interests
[6092] In Example 2, the invention was illustrated with respect to a coding scheme based
on symbol frequency (i.e., first-order entropy). To illustrate the invention with respect to
word frequency (second-order entropy), a custom compression technique (such as the
Huffman algorithm) is used to produce a coding scheme as in Example 2, except that entire
words (as used herein the term “words” includes numbers) are treated as order-units. Thus,
for the message “buyd00aaamarket”, the words “buy”, <4007, “aaa”, and “market” are treated

as individual order-units,

[8093]  In order to establish a coding scheme capable of encoding all possible words {e.g.,
any stock, any amount of shares, etc.) the coding scheme will have many more codes that the
scheme of Exampie 2. However, the total message length and average bit length of the
second-order boding scheme are greatly reduced. As shown below in Table 9, since the
message may be communicated with only a few codes, the binary values are extremely low,
and the entire message can be sent in only § bits, a result that is 35-fold more efficient than
the FIX protocol and more than 6-fold more efficient than the first-order entropy code of

Example 2.

o7 Tabe'9: Coding Scheme: "
Plain Text Binary Value
buy 00
400 01
aaa 10
market 11

{0094]  Similarly, code schemes of higher-order entropy result in farger numbers of codes

but even greater enhancement of efficiency.

Exampie 4
Ilustrative System and Methods in Which Multiple Coding Schemes Are Employed
[0095]  In each of Examples 2 and 3, a single coding scheme is employed. Alternatively,
as shown in the present Example, muliiple coding schemes may be employed. In one
embodiment, different coding schemes are employed to effect transactions with different

Brokers or with different Clients. Where multiple Chents interact with the same Broker, or
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where multiple Brokers interact with the same Client, permitting each Client {or Broker) to
have a code optimized for the basket of orders handled by the Broker (or Client) increases the

efficiency of Client-Broker data exchanges.

[0096]  Alternatively, multiple coding schemes may be uwsed in a single message by
defining the message to have a protocol of ordered fields. Thus, for example, by establishing
a protocol in which data is exchanged in a particular order (e.g., Field 1: Action (buy, sel,
etc.); Field 2: Quantity; Field 3: Financial Interest {(e.g., stock symbol); Field 4: Type (e.g.,
market, limit, etc.), the independent codes shown in Tables 8 or 9 may be replaced with non-
independent codes. Thus, for example, if the message “buy400aaamarket”, were established
to conform to a protocol of Action|Quantity|Financial Interest{Type, then the codes used for
“Action” could be reused for “Type”, etc. To illustrate, four available Actions are: buy, sell,
sell short, and buy to cover. Codes for these actions may thus be: 00, 01, 10, and 11. By
establishing a field order protocol, these same codes {(and not codes having larger numbers of
bits) may be used to denote four “Types” of transactions: market, limit, stop limit order, and

“market on close.”

Example 5
Computer Hardware Cousiderations
[0097] In one example, high level (message order) entropy coding may involve the
following codes: Action (buy, sell, sell short, buy to cover), Stock Symboi, Type {(market or
Jimit), Limit Price, Quantity, and Message Identifier. If one permits the numerical fields
(Limit Price, Quantity and Message Identifier) to be represented by eleven symbols (0-9 and
the decimal point), and for Stock Symbol to be any combination of 1-4 letters, then for four
possible Actions, and two possible Types, the number of combinations is: (H6HEETY
=2.13724 = 10", This results in an approximate average code length of 48 bits per message

= 6 bytes per message.

[0098]  Such a set of combinations would require approximately 24.29 terabytes of storage
for the entire coding scheme. However, the majority of codes would have an expected p-
value very close to 0% and therefore be unnecessary to store in a non-archival storage such as
RAM or a high performance solid state drive. Instead, to reduce cost, the most frequent codes
could be stored in high performance drives (and/or copied into RAM for even better
performance) while the less frequent codes could be stored on less expensive traditional
storage media such as a standard hard disk. Such high performance drives have a claimed

read throughput of 250MB/s and write throughput of 170MB/s, with a latency of 65
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microseconds. Finding a particular code using a binary search algorithm on a sorted list of
codes would reguire at most: 1g((24.29 * (2°40)) / 48) * 65 = 2,536.12633 microseconds = 2.5

milliseconds.

[0099] Figures 4A-4E illustrate computer networks capable of employing the methods of

the present invention.

[06100] Figure 4A iliustrates a first embodiment of a computer system of the present
invention. A first computer (Computer A; which may, for example be a first Client) is shown
to be in digital communication with a second computer (Computer B; which may, for
example, be a Broker), which in turn is in digital communication with a third computer
(Computer C, which may, for example, be a Market Exchange Computer via communications
that employ the methods of the present invention (dark shaded interconnecting pipeline}. In
one embodiment, Computer A and Computer B will possess copies of a first shared database
(for example, a Client - Broker database), and Computer B and Computer C will possess
copies of a second shared database (for example, a Broker - Market Exchange database, or a
Gateway Computer of a Market Exchange - Matching Engine Computer of a Market
Exchange). In such a network, financial orders of Computer A are sent to Computer B using
a first coding scheme and then sent from Computer B to Computer C using a second coding
scheme. This embodiment is desirable in situations in which Computer C is receiving
financia) orders from additional computers (e.g., Computer D) and does not wish to store and
employ separate coding schemes (i.e., it employs a conventional means for data exchange
(unshaded interconnecting pipeline)).  Additionally, this embodiment permits additional
computers (e.g., Computer D) to transmit orders to Computer B using a conventional
protocol, and yet allow Computers B and C to transmit and process such orders using the

more rapid methods provided by the present invention.

{60101] Figure 4B illustrates a second embodiment of a computer system of the present
invention. A first computer (Computer A; which may, for example, be a Client or Broker,
Market Exchange, etc.} is shown to be in digital communication with a second computer
(Computer B; which may, for example, be a Broker or the Gateway Computer of a Market
Exchange) that in turn is in digital communication with a third computer (Computer C; which
may, for example, be a Market Exchange or the Matching Engine Computer of a Market
Exchange. In one embodiment, all three computers will possess copies of the same database
{e.g.. a Client - Broker - Market Exchange database). The shaded pipelines indicate that the

digital communication employs the coding methods of the present invention.
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© {80102] Figure 4C illustrates a sub-embodiment of the above-described first embodiment of
a computer system of the present invention. A first computer (Computer A, which may be,
for example, a Client, Broker, or the Gateway Computer of a Broker) is shown to be in digital
communication with a second computer (Computer B), which in turn is in digital
communication with Computers C and D, using the coding methods of the present invention
{shaded pipeline). Computer C is shown to be in conventional digital communication with
Computer E (unshaded pipeling). Computer D is shown to be in conventional digital
communication with Computer F (unshaded pipeline). In one embodiment, Computer A is a
Client. Computer B may then be a Broker, or the Gateway Computer of a Broker in
communication with the Broker’s Risk Management System (Computer C). Computer E is
the Market Exchange Computer. The Broker nodes are preferably located in close proximity
to the Market Exchange(s), so that financial message transmission time is minimized. In one
embodiment, a Client will transmit a financial message to a Broker using a conventional
protocol {or using a Client - Broker database and the methods of the present invention). The
Broker will then use the methods of the present invention to communicate such financial
message to the Broker Node(s). The Broker Nodes will then decode the financial message
into a protocol (such as FIX) that is recognized by the Market Exchange and communicate the
financial message to the Market Exchange in the recognized protocol. This embodiment of
the invention permits the methods of the invention to be employed even with Market
Exchanges that do not possess or employ a Broker / Market Exchange database. Alternatively,
Computer B may a Broker in communication with the Market Exchange’s Gateway Computer
(Computer C) that is in conventional digital communication with the Market Exchange’s
Matching Engine Computer. Computers E and F are similar to Computers C and E,
respectively, and illustrate the ability of Clients and Brokers to employ the methods of the
present invention to become in digital communication with multiple Market Exchanges or

Multiple Brokers.

160163 Figure 4D illustrates a sub-embodiment of the above-described first embodiment of
a computer system of the present invention. In the sub-embodiment, both a conventional
digital communication link (such as FIX) (unshaded pipeline) and a digital communication
link that employs the methods of the present invention (dark shaded pipeline) (and thus
provides more rapid communication of financial messages). Financial messages are typically
communicated using only the first connection. However, the existence of the second (and
faster) connection permits Computer B to check, cancel, correct communicated financial

messages, or perform risk management. Additionally, the existence of the second (and faster)
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connection permits Computer B to offer two tiers of service to Clients (e.g., permitting
Computer A to communicate with Computer C at higher speed and permitting Computer D to

communicate with Computer C at conventional speed.

[00104] Figure 4E illustrates a sub-embodiment of the above-described second
embodiment in which Computers B, C, D, E, and F are in digital communication with each
other through either (or both) a conventional digital communication link (unshaded pipeline)
and a digital communication link (dark shaded pipeline) that employs the methods of the
present invention {and thus provides more rapid communication of financial messages). In
one embodiment, Computer A is a Client, Computer B is a Broker Computer, and Computers
C and E (or Computers D and F) are, respectively, Market Exchange Gateway Computers and
Market Exchange Matching Engine Computers, and a conventional digital communication
link (unshaded pipeline) exists between Computers C and E (or between Computers D and F).
This embodiment of the invention permits the checking or correction of communicated
financial messages to be accomplished even with Market Exchanges that do not possess or
employ a Broker / Market Exchange database. In an alternative embodiment, Computer A is
a Client, Computer B is a Broker Computer, and Computers C and E (or Computers D and F)
are, respectively, Market Exchange Gateway Computers and Market Exchange Matching
Engine Computers, and a digital communication link (dark shaded pipeline} that employs the
methods of the present invention (and thus provides more rapid communication of financial
messages) exists between Computers C and E (or between Computers D and F). In this
embodiment, the Market Exchange is able to employ the methods of the present invention to
more rapidly transmit financial orders from its Gateway Computer to its Matching Engine
Computer. Similarly, the methods of the present invention permit the processing of more
financial orders per unit time, and thus increase the effective carrying capacity of the
communication link between the Market Exchange’s Gateway Computer and its Matching

Engine Computer.

Example 6
Latency Considerations
[00105] A typical packet, including a packet header and message body, sent in FIX protocol
averages approximately 350-400 bytes. An order execution report (sent, for example, by the
Broker to the Client) typically averages approximately 425-475 bytes when sent according to
the FIX protocol. A fill execution report (sent, for example, by the Market Exchange to the
Broker) typically averages approximately 400-450 bytes when sent according to the FIX

-39.



0.0471869 8 0.05194805 8 Total 154 1.0000 E ntropy: 4.0752067 Avg. Code Length: 4.14935065
Message length in bits: 639 [0085] The second order entropy of the list of orders is 4.0752067. The
Huffman coding method creates a custom coding scheme that has an average code length of
4.14935065 B PaHEH4facter. This code's efficiency (entropy/avg code lePfglfy5a010/644587
4.0752067/4.14935065 = 98.21312%. [0086]In sum, through the use of the methods of the present
invention, the number of bits needed to communicate the set of illustrative messages shown in Table
1-3 has beenlectensedifrathed, 96 hbitsgr0a2y520s hltg Faranficstolidereriropicdbdimegagheme) to 639

bis (or a secqig QraeneTsoPK SOl G SEUSMEL SHENAEREIRRDmessage size provides muliple

advantages. For example, since messages are subject to transmission problems (lost packets, etc.),

TG AR Ol breran s el Tase i BIOPARIY- LA Hanstssion sroh,addtionaly.
decreasing the message size pe ‘ﬁst e entire encode r%essage to be received ?an acted upon)
more rapidly #fdrs&hnasehittdetidie sadigiresnvéyigthedsiemadetbrmation. In circumstances (such as

event arbitrage) in which speed of execution is important, the present invention provides a significant
advantage ov@oprigr misthatisoiepeov €Eatiesredsikg tharmpssagbesizeipainmitstimialmessages to be

transmitted per, seconh {WsdnGreasing Sifartive Bandwidih padicaningsanacty.atifpdransmission
lines. Example 2 Illustrative System and Methods for CIienés Who Send Orders_ with Ralndomly

Distributed \/&ASLIBERSH 5 e OhAECTIRINEhE Snfilh BRI ST 8F Gdi%EARGRE provided by
the present inventionnrtiastratédebyn e figeting ps simplevrtardipirciasse thoawhare éfastock in

Company A, having.a.MakehExchange.svmpakafe aaa nl00881LkIsing: the: FlxXrpraigealiya message
"m=FIX4.41n=aaalw=1001x=marketiz= ug' '

" is.employed to ¢ nicate.this.mess hich m, n, w,
x and z are FIHAEE WA NS Tsam0Er 'ioﬁ"%%]f'l the' gY?( a&o?gﬁ?géﬁ%ggd%@dﬁﬁé%ocq(é};/vmbol, the
type of order @hérketior firsigeactivhbbexportakl). rEoith S Sifplited nregdage 6f 35%CHalacters, an
ASCII code of£3&x8 bitsz) 28@disds reguirednAmasiial Hotpromeantmessagaweslddn fact be
longer than the Simpilicd messade. 1092ln pecaraance il e reseabinventien, agystom
compression fSEHMIGEE S EMpIdyed’to provide 2 Coding scheme. The conveye message is the same:
"buy 400 aaa ifanketenT Heupacaleitife dior Inareots wiole e foir i vestign do daa ke £ The
frequencies withaslich.thenindivicisalipiters ekthganessage are calculated (e.g. 4 a's, 1 b, 1 e, etc.). A
compression algorithm, e.g., the Huffman algorithm, is employed to create a coding scheme using the

calculated fregyagiesrTisdestany BipanLAesignalnsauiie e amigH g able 8. Table

S Codm Scheme Plain Text Binary Val ug a . . .
of the Transmission Latency and the Processing Time. The Transmission Latency for

each hop equals the Network Serialization Latency plus the Network Propagation
Latency. The Network Serialization Latency is the message size (in bits) divided by the
Connection Bandwidth (in bits per second). The Network Propagation Latency is the
connection distance divided by the product of the speed of light and the efficiency of the
connection medium. The Processing Time is the time required by a computer fo process the

data (for example, to search the database, move the data from RAM to CPU, etc.).

[60109] Because the methods of the present invention achieve substantial reductions in
message size, Network Serialization Latency is decreased relative to alternatives such as the
FIX Protocol. This reduced message size resuits in an improved (lower) latency compared to

such alternatives.

[00110] All publications and patents mentioned in this specification are herein incorporated
by reference to the same extent as if each individual publication or patent application was
specifically and individually indicated to be incorporated by reference in its entirety. While
the invention has been described in connection with specific embodiments thereof, it will be

understood that it is capable of further modifications and this application is intended to cover
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010001 m 0004 1000r001 1010k 101 b 1200 U 1101 e 1110 1111 100901The resultant code
table would comprise additional rows if the message contained additional order-units or might be
expected to contain additional order-units in the future. In a preferred embodiment, the coding scheme
would compri¥® A4 order-units in order to facilitate the communicatféF8E3H8{H#AE or more
complicated messages. The codes for such additional order-units would be based on their expected
frequency and would be generated from a tree created using, for example, the Huffman algorithm.

100911The plainsiexbressags {daRaramarkatyristhengnogesusingtheisrditgsscheme of
Table 8 to yield a 49 bit message: Oér[&lo 1111 %10 01]1[001] [O 00] [01]
[1001] [1011]1fﬁrit611ﬁf61136ﬁ?ﬁ1§esﬁ%0%§3 mrg%sislr}’fl’gl;g]e&'l?ép;r g\l}v%g\%\‘/%? S%F]leegseﬁ%ék@i%s@eparated by
brackets and ejstesy petich ratiatheaittisphishdharia sation THARNHESEIGY MBRPLEHH Uhd would not
be employed in.the peld ansaded-reesasegr). The use of the methods of the present invention
reduces the required message from 280 bits to 49 bits, a nearly 5-fold improvement in efficiency.
Example 3 lllustrative System and Methods for Clients Trading Baskets of Financial Interests 100921In
Example 2, the invention was illustrated with respect to a coding scheme based on symbol frequency
(i.e., first-order entropy). To illustrate the invention with respect to word frequency (second-order
entropy), a custom compression technique (such as the Huffman algorithm) is used to produce a
coding scheme as in Example 2, except that entire words (as used herein the term "words" includes
numbers) are treated as order-units. Thus, for the message "buy400aaamarker, the words "buy",
"400", "aaa", and "market" are treated as individual order-units. [0093]In order to establish a coding
scheme capable of encoding all possible words (e.g., any stock, any amount of shares, etc.) the
coding scheme will have many more codes that the scheme of Example 2. However, the total
message length and average bit length of the second-order coding scheme are greatly reduced. As
shown below in Table 9. since the message may be communicated with only a few codes, the binary
values are extremely low, and the entire message can be sent in only 8 bits, a result that is 35-fold
more efficient than the FIX protocol and more than 6-fold more efficient than the first-order entropy
code of Example 2. Table 9: Codin Scheme
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Plain Text Binary Value bu 00 400 01 aaa 10 market I 10094]Similarly, code schemes of higher-order
entropy result in larger numbers of codes but even greater enhancement of efficiency. Example 4
lllustrative System and Methods in Which Multiple Coding Schemes Are Employed [0095]In each of
Examples 2 and 3, a single coding scheme is employed. Alternatively, as shown in the present
Example, multiple coding schemes may be employed. In one embodiment, different coding schemes
are employed to effect transactions with different Brokers or with different Clients. Where multiple
Clients intersithaviik (FieisamddsBroker, or where multiple Brokers interact with the same Client,
permitting each Client (or Broker) to have a code optimized for the basket of orders handled by the
Broker (or Client) increases the efficiency of Client-Broker data exchanges. [0096] Alternatively,
multiple coding schemes may be used in a single message by defining the message tg have a protocol
of ordered fleld& Fhus, fof SKARPR, By E8HAERIT 2 %rfg‘iﬁc?ﬂq iFTERCISR B RE e RG] in a
particular order (e.g., FielchlivAatiomithuyitsetheatthdrield2eiQsantivmieldsStéinanpiatdnierest (e.qg.,
stock symbol); Field 4: Ty j i ) independe e wn:-in Tables 8 or 9
may bexreplaced with non%?}ég%gé%lg%%ﬁé g%)h %Tslht@ﬂ%}l?s&’e (?f e%%fae?ﬂf t %éqgn%ls%ggé z'i'gidlglﬂlf%)%zlaamarket",
were established to confof¢fteea pHMRIEBE ActioniQuantityjFinancial InterestjType, then the codes
used for "Action” could bg seusegh@r filypeomterT erilpisitate, dour avapalisActions ke buy, sell, sell
short, and buy to cover. Codes fortg;u‘e e actions may thus bde: 001 01, 10,and.11. }/estatlblishing a
field order protocol, these same coaes ](aan(f fottodes ea\a}ll}ngﬁgkpgo nUmbérs o bsl‘fsfnrﬁ’ayobe used to
denote four "Types" of transactignsdurrarkeedhhitersiop difvilteorderciahcheseapkéred closedtiExample 5

Computer Hardware Consideratigpg [QO2441n ene examnple.lighlevel (messagaqrdeth ghtropy coding
may involve the following codes: Action (buy, sell, sell short, buy to cover), Stock Symbol, Type

(market or limit), Limit Price, Qu&htity 4REFMEES e ldeitifBF FYriBesamits TRIRUMEHES fields (Limit
Price, Quantity and Message |demtifiery inpé ré e sentedibi/feleven symipel40-9 and the decimal

point), and for Stock Sympo] to he, any. cambinatign of &aflehetss)g@ fregiipraloupossipla gtions, and
two possible Types, the number of combinations is: (4)(2643%2

ombine 3(117)) = 2.13724 x 1014. This results
in an approximate average code'f&pitjtReoRIBBedpEr RE e EnE Yt e a8RiRyS. 5290981 Such a
set of cgmbinations would requirgcappraximate i 2ds2Ri¢eabytesiaf sterage for the entireacoding
scheme. However, the majority %‘;e%%j%s would have an expected p-value very close to 0% and
therefore be unnecessary to store in & hon-archival storage such as RAM or a high performance solid
state drive. Instead, to reduce cost, the most frequent codes could be stored in high performance
drives (and/6f8gied into RAMTBHEUETERRAHEFdrMBHERY while the less frequent codes could be
stored on less expensive traditionad sterage piedia sUnbnas engiandard hardecisk.compbidigh
performance drives have a claime%{%g tBEOUE%hAQU;[DOf ??8[\/'%% a&%c‘ﬁ’tﬁgg t@gﬁ}u?afm E;111‘,R1JOMBIS, with
a latency of 65 microseconds. Fin Ing a parti uﬁar co egusmg a binary search a gorif m on a sorted
list of @9des would require at moBtchg(Eza @9 * (2740)) / 48) * 65 = 2,536.12633 microseconds = 2.5
milliseconds. [0099]Figureg#A-Ag dliusiraiesempuenneivenks fanable of erapindingdheimethods of
the present invention. [001001 Figure 4A illystrates a first embodiment of a computer system of the
present invention. A first comput%%d(@b% "P’&‘?%&ﬁﬂ’&ﬁ“ﬁﬁay, for example be a first Client) is shown to
be in digital communication with a second computer (Computer B; which may, for example, be a
Broker), whiehi#t furn is inf BigheinBeinmbieadre with & thhercoiftiBstCompitera whith may, for
example_ , be a MazlgetkEXﬁb?@ggﬁgm pLHRr g&@&grruﬁmﬂj@@ti@psatlm%@?mgmyaglmgtmgﬁzpf thde
present.invention (dark shaded interconnecting pipeline). In one embaodiment, Compuyter A an
Comp%tser B will possess 8%“6?%%“1001&301%5‘(13{ la?gié) d%??ﬁ%eg é ’(f%?%?aﬁ%%,‘%%?i‘&? B r%fi%}?eaatabase),
and Computer B and Condputpnt€ wilppossess: copipssoba seloond shasat] dhtaBader(fodiegample, a
Broker - Market Exchange glafabase.ap i, aisnavcompuet ataMarkehschange:Maiching

Engine Computer of a Market Exchange). In such a network, financial orders of Computer A are sent
to Computer B using a firSEE6dhg @Bt‘fgéﬁ{@@daeﬁﬁ%&"? LB A EBHIPS RFB Bt P using a
second coding scheme. Thissagebadimentas tasirahle nisituatians:in whiclh<CdmpuierC bs receiving
financijaé orders from additi Eg%lugpcm%lg §a£g§,0kgpwpa%%gﬁe§%g C(ﬂ §senot wish to store and employ
separate coding schemes g.e., it employs a conventional means for ata exchange (unshaded
interconnecting pipeline)) Additionally, this embodiment permits additional computers (e.g., Computer
D) to transmit orders to Computer B using a conventional protocol, and yet allow Computers B and C
to transmit and process such orders using the more rapid methods provided by the present invention.
[00101] Figure 4B illustrates a second embodiment of a computer system of the present invention. A
first computer (Computer A; which may, for example, be a Client or Broker, Market Exchange, etc.) is
shown to be in digital communication with a second computer (Computer B; which may, for example,
be a Broker or the Gateway Computer of a Marketd&xchange) that in turn is in digital communication
with a third computer (Computer C; which may, for example, be a Market Exchange or the Matching

Engine Computer of a Market Exchange. In one embodiment, all three computers will possess copies
Nnf the ecame datahace fe A a Client - Rrolkar - Market Evehanoe datahacel The echaded ninalinec




[001023 Figure 4C illustrates a sub-embodiment of the above-described first embodiment of a
computer system of the present invention. A first computer (Computer A, which may be, for example, a
Client, Broker, or the Gateway Computer of a Broker) is shown to be in digital communication with a
second computer (Computer B), which in turn is in digital communication with Computers C and D,
using the coding methods of the present invention (shaded pipeline). Computer C is shown to be in
conventional’gigital commnilinicaipnyithsEanmpeitan B, (wnsbiaded pipeline). Computer D is shown to be
in conventional digital communicati ith Computefr.E (unshaded. pipeli In one embodiment,
Computer A is a Client. Cngmputeszrﬂggﬁggﬁﬁg#%elsf g’r% e&rl?/oro}[ﬂ%ut %%g\a}v%%} cr)r%f)lﬁ erof & Broker in
communication with the Broker'sSRiskerafagewisei Syshdari@smpgns GnosempliteBPlsthe Market
Exchange Computer. The Brokerpgadgg:are. preferably located in close proximity to the Market
Exchange(s), so that finangial message transmission time is minimized. In one embodiment, a Client
will tran%mit a financial m %%ages cl)agigéslro&oer?}ff%?ﬁdsaac %R?&ﬁﬁ&%?%‘%%fo%gﬁ(%hg’éﬁﬁ%%t - Broker
database and the methods of thetpresehténvehtionpiidteiBrokértabilhghBrgise thepmethofis of the
present invention to communicatg sucheiiapgiabmigsaage to the Broker Node(s). The Broker Nodes
will then decode the financial message into a protocol (such as FIX) that is recognized by the Market
Exchange and communicate the financial message to the Market. Exchange,in the recognized protocol.
This cmiodi iy Bf the USSR LS TR matats B 0o 1 BLERbIGgH SWen it
Market Exchanges that deeuposgessioigmisioy a Broker! Market Exchange database. Alternatively,

Compyter B may a Brokey iy corpaunication with e Market ExchangesGataway Comprter
(Computer C) that is in conventional digital communication with the Market Exchange's Matching

Engine Computer. Computers E HAf B girit? tietsmpulursaeddanee, solsderiary- wifd ilustrate
the ability of Clients and Brokersltoremploythe-naéih pdseat theaptesemntodyiefitionitd hecagae in digital
communication with multiple Market Exchanges or Multiple Brokers. [00103] Figure 4131 illustrates a
sub-embodiment of the above-described first embodiment of a computer system of the present
invention. In the sub-emb&&imerdaRbis & dsHvEFasheadingitahenrimedinshns fime ettt FIX)
(unshaded pipeline) and a digitakeememeslicationdiri-ihat eaploys thensethods ofitheigrasent
invention (dark shaded pipeline) ég&(g '}ngr Erqvli(ii,gshrql%re rapid com nication[ of f'n?hncial messages).
Financial messages are typically' communica el usmag o%lja/t e firét connéction. 1ovx(/)evesra,“%he
existence of the second (and fasteg)ewiidedioncpérmits@ompdtenB a0 bheckyrsaneetioshvect
communicated financial messagesmefRRHRIMiskiMaRagement. Additionally, the existence of the
second (and faster) connection permits Computer B to offer two tiers of service to Clients (e.g.,
permitting C uter A to communicate with Computer C at.higher speed and permitting, Computer D
to communic:eg%%wé(teh Com’1|2')fé)fte{?061 %tteéos Se}‘ﬁﬁﬁoﬂg}%geg& [éroi%ﬂ ?:lsé;ug r"e“fl%rﬁfus?r%éeé%q ket
sub-erdBodiment of the alowadesErbet i seesadssFtibbinerainl imaviakh Computers B, C, D, E, and F
are in digital communication with each other through either (or both) a conventional digital
communicatidaidirik (unshadeshipipeline)anehadigistldofmmunicatigndink lascshadggdipipeline) that
employs the methods of tfggﬂpﬂ[}e%%n i;lnvgn 'gglg%@dﬁggg Qr%/ircri]es ,Iosgecr{')ag)ig cro%mugi%%t}i(?n of
financial messages). In one emLt)o&lmént, CL,omputer Risa ?len?, ompurfé)rE is a Broker Computer,
and Computers C and E (tGutpipiiteies Dedkyl Fyapestedisstipsely, Market Exchange Gateway

Computers and Market ExghangexMiaiching ERgineGaepdierscange Gonvesienal digitab
commypication link (unshaded pip[eline) exists between C

omputers C andéﬁ or etweer{ Computers D
and FY"This embodiment of the tR&RtSA PRI IRE %%ckﬁ%%?g}fﬁ%ﬁ? SrBARIited financial
messages to be accomplished eveabladth Market Exchanges that do not possess or employ a Broker /

Market Exchange database. In ay) plterpatiye emBodiment & ompylerAis asleRl Sompiter B is a

Broker Computer, and Computers C and E (or Computers D and F) are, respectively, Market
Exchange Gateway Computers and MafKEtAE% PRSP MATERMNG & nijifsent dinjriferecasds digital
communication link (dark shaded pipelifiejthat @mplgyaiie methods of the present invention (and

thus prgyvides more rapid commuygication of financial sa e?)()je ists _between Célo uters C and E
(or bet‘r\)/{\?/)een Computers D and F E%n thi@%rﬁ%%%?ﬁ?enot?ﬁ% I\%éfr eet(fl(E;é(c} Sg)r?gg isa e?{]c{;{)i Ié(?ﬁipl)sloy the
methods of the present invention to mof&tégsilly transmit financial orders from its Gateway Computer
to its Matching Engine Computer. Similarly, the methods of the present invention permit the processing
of more financial orders per unit time, and thus increase the effective carrying capacity of the
communication link between the Market Exchange's Gateway Computer and its Matching Engine
Computer. Example 6 Latency Considerations 100105] A typical packet, including a packet header
and message body, sent in FIX protocol averages approximately 350-400 bytes. An order execution
report (sent, for example, by the Broker to the Client) typically averages approximately 425-475 bytes
when sent according to the FIX protocol. A fill exeadtion report (sent, for example, by the Market
Exchange to the Broker) typically averages approximately 400-450 bytes when sent according to the

FIX protocol. A heartbeat (a message advising that a connection is active) typically averages
annrovimatalvy 12651758 hvtee when ceant acenrdina to the EIXY nrotoecol T0O0O10RA1 At nrecant a tvnical TI



(A) said first computer is a Gateway Computer of a Broker Computer and said second computer is a
Matching Engine Computer of a Broker Computer; or. 5(B)said first computer is a Gateway Computer
of a Market Exchange and said second computer is a Matching Engine Computer of a Market
Exchange Computer. Clai 5.The computer system of any one of claims 1-4, wherein said data
compression technique is: 10(A)customized so that said coding scheme allocates shorter codes to
order-units having a higher p-vatsgeranditengesaedesdd ordardunitisdastsiohactosnir firvadiae present in
said unencoded financial message; or, éBl)S e}g%%ggy%tg] p&gmiit e:;S{;;l%ild@c dnl%g s&hgamae &ge%g{)?g& over timg to
allocate 15shorter codes to order-units having a]hlg er p-value, and lohger codes to order-units having
a lower p-value present in both s#idngidbresdesl financial message and in at least one previously
communicated financial messaggrAaiR Gid heanmRpaterasysiem ofany ene okelaims 1-5, wherein
said Masrket 20Exchange mpl#er. ecutes said.finanéi%li;%?ssa laim_7.A .

e. Cla
compur mplemented mSthod fOF SINATEINY A LA SEhES 61 ey oMM Ag #ancial
message from a first computer tdrersegdruist ornputer iovdaichrenatthochgommprisestiherstepste

(A)employing a data compressiog ieGhnigis taisstablisha.coding 25scheme and employing said
coding scheme to produce a database that enables: (I )the formation of a coded version of an

unencoded fipandjal messge based.on ofderunits presentin said unengoded financial message; and
30(2)the decodlng of the encodedrversion of said financial messagde; wheFSit the meSsige length of

said coded version of saiddihtwciBy nveasagetis staprter than the message length of said unencoded
financial message; (B) providing said database to said first and second computers; and 5 (C) digitally
commuaicating said codectyersianffisaidifiTanasial messagesrernsaid firsdcampeiatoisaid second
computer, directly or via one or %ggef(i)ntea[gnegei te computers. Fl%irrn §.The computer-implemented
method of claim 7, Whereln%au& metho adpélltiona?ﬁl comprlsce% hé's ép: 10(E)fulfilling said financial
message, wherein said financial message is a request for information relating to a financial interest.
Claim 9. The"dti futer-implsnremterigte atednPohrd off celati e Shidreesiod-tedsimgusiddditionally
employs: (A)massively pafalielopipeessing:tha{f) addaiabaiseapligiization technique; or (C) a
calculation optimization te qnique. s.7-? whtﬁrefin said.
(% massively parallel processing;
15 (B) a database optimization technique; or

(C) a calculation optimization technique.

Claim 10, The computer-implemented method of any one of claims 7-9, wherein:
(A) said first computer is a Chient Computer and said second computer is
a Broker Computer in digital communication with said Market
20 Exchange;
(B) said first computer is a Broker Computer and said second computer is
a Market Exchange Computer.
(93] said first computer is a Gateway Computer of a Broker Computer and
said second computer is a Risk Management System Computer of a
25 Broker Computer; or
(D) said first computer is a Gateway Computer of a Market Exchange
and said second computer is a Matching Engine Computer of a

Market Exchange Computer,

Claim 11, The computer-implemented method of any one of claims 7-10, wherein said
30 data compression technique is customized to encode said financial message
into:

(A} a coded version having at least 80% efficiency;
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Claim 10.The computer-implemented method of any one of claims 7-9, wherein: (A) said first computer
is a Client Computer and said second computer is a Broker Computer in digital communication with
said Market 20Exchange; (B) said first computer is a Broker Computer and said second computer is a
Market Exchange Computer. (C) said first computer is a Gateway Computer of a Broker Computer and
said second computer is a Risk Management System Computer of a 25Broker Computer; or (D) said
first computer is a Gatewa Computes-at ehidl arkelkxxshangeandisaid secand:commpuitarig a Matching
Engine Computer of a Market E)gcépaaé%c%q g&gﬁ%g&agaim 11.The computer-implemented method of

. . message., or ., . . .
any one of claims 7-10, wherein sal ata compression 1gechn|que is customized to encode said

financial message into: (Afa)coded wetsieh Redling atledessBobddfficibaes: (Hra raessugethat is at

least 50% shorter than a messagesRHRLHEatAAsaichuaensaded finanecial message; or (C) a
message that is at least 5-fold shorter than a message communicating said unencoded financial

message SGlaj 12.The Gompyierimalemenice meiiod o0y, an offlaims - whatgin said data
compression technique is: (A) cu tom'IZGP so that sald)codlng scheme allocates shorter codes to
order-units having a highélefi-veiltcsaivg fegetueddes to order-units having a lower p-value present in

said unencoded financial mgssage;td:QL4d(B) adantive dedpermuhsaidcrding sehemeda-adiust over

time to allocate shorter codes to or er-unitls havinqla hilgher -val%e and Ior&ger codes to _order-units
. . OF er~umtsdavm a (ljgela ﬁmva e, aLl l’onger CO Cf 10 Orger-uniis
having a lower p-value present in both sdaid unenco nancial’ message and in atléast one

previously 15communicated finahei&iznadssayev@uaipreseuT hesedrmpuerdih flemedtedssethod of any
one ofgjaims 7-12, wherein said,data compression technique employs an Arithmetic Algorithm or a
Huffman Algorithm. Claim 14.The computer-implemented method of claim 10, wherein said Broker

20Computer: (A)decodes $id cAIRI VeILBHBY L fRdneisrIReda 48 wha Hdiredmiltttates the
resultant unencoded version of thiefimanciat me ss&getassaid iviark@idhxc hange:;, acma SiEyemploys a

data compression technique to eggggli%{ aRoksk q%qggga?cn%epqp ] lgg@%g@{g ﬁgigo%r%%r coding

scheme to produce a Broker coded version of the financial message on order-units present in
said financial message and in atagsogst SiarRhaieratshedBhgt tfht 18ath BB OMTIGHIEated by said
Brokerit® said Market Exchange caQfalaiinb filagccompisteeimplemented method of any one of claims
7-14, wherein said financial message is: (A)an offer for purchase or sale of a financial interest;

Claim 13, The computer-implemented method of any one of claims 7-12, wherein said
data compression technique employs an Arithmetic Algorithm or a Huffman

Algorithm.

Claim 14. The computer-implemented method of claim [0, wherein said Broker
20 Computer:

(A}  decodes said coded version of the financial message and then
communicates the resultant unencoded version of the financial
message to said Market Exchange;

or

25 (B) empioys a data compression technique to establish a Broker coding
scheme and employs said Broker coding scheme to produce a Broker
coded version of the financial message based on order-units present
in said financial message and in at leést one other financial message

that is to be communicated by said Broker to said Market Exchange.

30 Claim 15. The computer-implemented method of any one of claims 7-14, wherein said

financial message is:

{A) an offer for purchase or sale of a financial interest;
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(B) an agreement to purchase or sell a financial interest; or (C) an confirmation of (A) or (B). Claim
16.The computer-implemented method of claim 8, wherein said request for 5information relating to a
financial interest is a request for information relating to the value of the financial interest, or a request
for information relating to news concerning the financial interest. 10 15 20 25

(B) an agreement to purchase or sell a financial interest; or

{C) an confirmation of (A) or (B).

Claim 16. The computer-impiemented method of claim 8, wherein said request for
5 information relating to a financial interest is a request for information relating
to the value of the financial interest, or a request for information relating to

news concerning the financial interest.
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