Title of the Invention: Method and System For Enhancing The Efficiency Of A Digitally Communicated
Data Exchange 10001)This application claims priority to United States Patent Applications Serial Nos.
12/762,324 (w(f)dz@ 2010) 61/252,133 (filed October 15, 2009) andpgy/%éﬁ 77:2 %I,;ad September
15, 2009; pending of which applications is herein incorporated by reference in |ts entirety.
Background of the Inventlon Field of the Invention: 00021The present invention relates to a method
for enhancing the efficiency of digitally communicated data exchanges and to a computer system that
implements sthéfehtbeHstentininvention particularly concerns the use of adaptive custom
compression techniques, binary integers ("bits") massively paraIIeI processing, database optimization

techniques arMeﬁmdlemdo&mtam emﬁ awmg/ &mehEﬁﬁht%ﬂ@ynéMcy The
invention is appllcabl ﬂ; y ularly applicable to
exchanges of flnan(:la % %%1 c as |nanC|a mark (?H%ﬁr)%iet making, etc.
Description of Related Art [00031Historically, the trading of flnanC|aI interests has been conducted on
the floors of Market Exchanges or auction forums, whereby numbers of active participants concurrently
bid to buy andootfgr torsell.ppliashieukasisiosKotenumaditg, Sither BesuRypluothe Sasseloln recent years,
however, the yolye, ot fansgstions figs dramatically peraseds e, pera o sommynicate and

complete such transactions as quickly as possibie has led to the development of computer systems
designed to réﬁl’é"é@bﬁr&ﬁd%&cﬁl‘@% @%r%MWFBPﬁ?‘H%"@UH@E"S‘f&f&OFﬁ%Pﬁ ps{fBiStion No.
2003/0126068) itT baiiftaid functioning of modern, high volume, rapid turnaround electronic Market
Exchanges (e.g., Archipelago Exchange (ARCA), BATS Exchange, Chicago Mercantile Exchange,
Eurex, Internq%&gglﬁW%MSDAQ New York Stock Exchange (NYSE), Dark Pools, and
Electronic Communications Networks (ECNS), etc.) requires a highly efficient exchange of financial
information betweer¥ikrubbfatiphrtiagimg., buyers, Brokers, sellers, etc.). [0004] Financial information
is, however, currently communicated with sub-optimal efficiency. Systems and methods for processing
and transfernﬂ@?f‘éta GemRyaRtal BGHiTUTReEGh3 Melwe fics aresirsvbeipTsifted SidedePatents Nos.
4,745,559; 4 Z&Q@B&a&&%&i&aﬁg&ﬁ&éﬁﬂa &B45b SNt B52065 ant indhiediStates Patent
Publications N¢ S ,cugﬁg%o%”gn%%?éé?%ga Ao AN ELgpean Palan ﬁqﬁ‘&olﬁﬁ?ﬁgn EP
1501258A1, and |n P T Pu tion Nos. WO 02 53293A1 WO 02/39355Al; and WO 02/43326A1.
The most Widé%?ﬁ“éécf“ﬁ‘l@tl}roﬁf“’éf‘&}?fhﬁﬁﬁ%@aﬂ??@aﬁﬂ%di&?ai‘?ﬁ??rrﬂﬁ%‘ﬁa@ﬂwée‘ii"i‘i‘i&‘l’?éléf’ﬂlﬁ’brmatlon
Exchange ("FtX¢):RioiogainldnitadSiaiosPatecttid blidatcnsddd sTRB01.0 144 381p@608/0154756;
200810004896, AOAOROHZh ) 2004/0R3AASRSachs.roranis (uchan R dapied for
STreaming (F Tsm); see, e oustoun, K. (2006) FIX apted for Streaming - FAST(sm)
Protocol Techﬁ@&ﬂ@@@f\ﬁ‘é@\?“%l%fﬁ?ﬁﬁ%ﬁ‘ﬁdﬁ Fi’)‘?f)’??i%&ﬂﬂé AT GU GRS Wﬁ?@col is an
improvement eer prior financial communication technologies it remains in many ways inadequately
suited to evolving market volumes and transaction needs. The typical scenario that FIX was designed
to address involves mi@dq#tien 19 RdinaBGakiransaction setting up a point-to-point communications
link in order to exchange messages formatted according to a FIX protocol. This approach has led to
multiple problé#H&3IOntigrobidm theflerstiosiné Bxptitishieresis bEnbaseroriipied mutéupbisrcemmunications

links betweenyhgvariQus.ae mbatsiaf mrﬁam@byadﬂmr@mﬁmmtyammh@e&maﬁ@ an intractable

mesh of comrF%nic%tlon I&n and des Aqdltl 3/ the&evol ion of the FIXP otoc?l has resulted in
uy and otfer t pamcu af ? a/ % T 8¢ ur or other
the creation of numerous varian Sthatare on y 0036 yre ated 10 and Sometimes |ncompat|ble with one

another. As aW@Sﬂﬂb{@iérﬁfﬂ?@t@hfﬂhéﬂfm@fﬁaﬂ%@ﬁﬁgﬁé@ﬁﬂﬁﬂﬁﬁﬁ&aﬂhwﬁ’f@ﬁﬁ@é@@ﬁm%ﬁﬂl having to
support a myriad@fpeint- m:p%m;qammuniqa&@mm&samg@ﬁ@ %vmsss@upaporetdnwn&mus protocol

variants on such links. Co any efficie ins ar m:the ability. to xchange
financial- transéctll)ﬁreﬁﬁegc?)nm sus%ig é'stee gcc:%’é%l ‘Pﬁ}’ %gﬁceqﬁﬁ alm%elgﬁr}hn%ogrocfeg( lby ft?lzle complexity of

the requisite stpetiigaT ritra Stklicasien éﬂm&@%@i&ﬁ@@a?éﬁtfbﬁb‘ﬁaéﬁww%f DOtsBIONiB 756).

[0005]Thus, despite, aibmrt%&@uamaear@xemmmahasgf@r(agrnaﬂam@e@a@ahl@mfgenhmmmg the

efficiency o digitelly communicated.daia exeharass, Inesresentinianiianga direcigg o this and
r

other goals, particularly as Fachievet using an enhancément sfrategy that involves compression
(custom, adaﬁ“ﬁﬁéQ)’?‘%d&?i’f\Yé’réfu%t’éhﬁxﬁ]ﬁ"&i/(m@&ér@%“bﬁ%@ﬁsﬁ‘ﬂéeﬁfé?f% targURat B Some or all of
the system, mas&uady(ﬁawdjeétpr)oe@ssangh@ataba&e:mpumﬁ@aanﬁmaﬂlanmmlmmmamzanon
Summary of tt}%gny% 49@ ) @Lye??‘ﬁ?&fq%l%‘ gmgjsoggq systems and methods of communicating
financial mformatlon ommunicaté 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 transmit the data by having a
modem device convert the digital binary data into ahalog 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 infoi (nation from English into binary With the FIX Protocol, financial information is therefore
convvartad into fived lennath blocke containinAa Q hite nar charactear (ar 7 hite nar character if nne doeac



[0010]There are no limitations on the reiationship between the first and second computers involved in
such communication. The invention further concerns the embodiments of such computer-implemented
methods, Wh%r in the. first computer is a Client Computer and the secondP %%(ﬁ gsﬁroker
Computer in g%’l@%grg(‘sm}unication with the Market Exchange; or wherein the first ci)rﬁ‘puter is a Broker
Computer and the second computer is a Market Exchange Computer. The invention further concerns
the embodiment of such computer-implemented methods, wherein the first computer is a Gateway
Computer of & kef BEiPUtBPEPIMHe S BBHE o riTTREMN s ARISR kA aY et B8taim Computer of
a Broker Comffittenisor whetain thelfirsthompitensasSaiewsy Confiptiter dita ManketiExchange and
the second compuifer 5 aMalehing. Fngine.CRronkigrefa Matkgtkxchange omptess.The invention

further concerns the embodiment of such computer-implemented methods, wherein the financial

message is exdcufid Atk RiakBERehand &:98e20h) 9k hiaHad PRIFHETE ACBHTE IS embodiment
of such compntergnplantesteddStbots) \LhereimthexdatarcteprdspidnattechRitfide 28edstomized to
encode the financialPessAe.INR.2 GR969485510N haying: 3t Jeast BA%eflisiensy,or wherein the data

compression techniqgue is customized to encode the financial messa&g into a coded version having at

least 90% efffERshEyPemtS e ed Al EBH e tHe f e s PR TRE SR B S HBAES liepation
computer-impiechented riathodsyteechieréinithe Gat@scdinpreibhictachnidise. i2elEdmMAEd to encode
the financial messageKE08RRRSA0E tholk ualdeashalt s0eitesianAessRaq &eMmunicating the

unencoded financial message. [0013] The igvention further concerns the‘%mbodimegntfof such
computer-implEmaftEa ¥R HE WIS thedita £6mPBPageilh tedkfiGle is cOSEBIFZ2E to encode
the financial fiessedge -6 H (vesBagethdeibratdeastrsidald Bhottetothhribd nfewsedg@leommunicating the
unencoded fingpgighmessage. {RGLA] Theinventiarfurthgrsonaernsdhriembedimgaiiel such
computer-impleme(fted methods, wherein the,d%ta compresgion teqhnique IS cu tomizag&i so that the

coding schem & MRICARL SHBHET RITHY 1§ 5 F R SRIRha A hyPes-VATtE, ‘and fonger codes to
order-units havingsidoneedsp-Vadepisabseentiiie thes Kidemesotieidid aneddrovasselyes. tPOOEEIFhe invention
further concerps thensmerlinment Sfsch SomRLtesinplemenietimethedsohesenihadata
compression technique is adaptive.to permit the coding.scheme, to adjust over time.tp allocate shorter
codes to orde{ﬁ%s’ﬁ&igégl%gg\'}?ﬁa% #f;é)ﬁﬁérrlgp%/%ﬂ(g %ﬁtﬁﬁ%qhg%%%acﬁafe"é"t%g%? %ehrl?ﬁrﬂ sﬁ ’ﬁ%\ﬁ%} %nf?)'wer p-value
present in botfinthereencetist firmaeriliThesshge BReFiPHaPRasodRE breviBusiEtsihMiticated
financial messggeed @RLGLJharaveatiaT tusthancancemsthenambedimeih chsuelt © an
computer-implemented methods, wherein the data compression techpigue employs an,Arithmetic
Algorithm or éﬂﬁ%%%ﬁn A gg})]frii)ct:.rr’;]n.3 Sﬁi%TT‘F%iﬁ{?eﬁ‘t’,gﬁ _f§rt§11e]? %gc? ¢erns the embodiment of such
~ computer-imphePHERitBY FABIFIAS A EREIPPARBIFSKYE CHRUTE aectdeb e islEd etlon of the
financial messageriangl thenoommuiicatesibhdaesultantanenceadedsvef sienfahdtiel findingial message

to the Market émﬁmgeﬁL%O%h%lnmsem%mi&nyfqﬁgﬁrg%ﬂ%@g@%hg ehadimentaf SUshy:

computer-implemented methods, wherein the'Broker Computer employs a data comﬁ‘;gssion

technique to SSEBHEHA B WKSr RIARG BHRRIE SRBOERPREHE BIcRerPEaUY Uk &0 produce a
- Broker coded Gersipnrofihe/faiikiciay méssagebasedlenipidets unds:pre Seatcinl hedindocial message
‘and in at 'eaS&&Q@a%angé@@_@sé%lth%@sa%my%é&m&Qaemmm&m%ﬁﬁ@k@q@mm Market

Exchange. [0019]The invention further concerns the embodiment of such computer-implemented
methods, wheﬁ‘ém"fﬁ’égdlgfﬁf%‘rrﬁbt?@%%%‘r‘fet‘ééfﬁﬁﬁB@%Frﬁ’ﬁ?&%%“ﬁ%h%%ﬁ@%ﬁé??mputer is customized
so that the coding scheme allocates shorter codes to order-units having a higher p- value, and longer
codes to ordefffifts haksadisnsnat pivadepsseAtdh Tﬁ?@i’?ﬁﬁ?ﬁé’?%’i‘@%ﬁb@‘%ﬁdﬁ#ﬂ%@% least one
other financiakypesrage, thadiisdo/kemampatricate d-bya e BrokerLonmpuiardoiiiedMarket Exchange.
[0020] The invention further concerns the emhaodiment of such ¢ er-imple ethods,
wherein the 18 oS I S Bt the
coding schemeBPEHStéer 8v8r HRRHS ANSEarEvsHoemeotiB& o uras-Grhite haviHy aFiGher p-value,
and longer cotigsigost esminitszhaving & iamempssiatieppra e ptdehotl) thehke npddeditimancial
message and AQ d%[rl%‘?csutl Qne (plggrp(iig%l}{ communicated financial message. [0021] The invention further
concerns the embodiment of such computer-implemented methods, wherein the financial message is
an offer for purchase or sale of a financial interest. [0022] According to another aspect of the invention,
there is provided a computer-implemented method for enhancing the efficiency of digitally
communicating and fulfilling, a financial message from a first computer to a second computer, which
method comprises the steps: (A)employing a data compression technique to establish a coding
scheme and employing the coding scheme to produce a database that enables: (1)the formation of a
coded version of an unencoded financial message based on order-units present in the unencoded
financial message; wherein: (i) said data compressin technique is 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-units 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
nvar time to alloecate chorter caodec to order-tinite havina a hinher n-vvaliie in eaid 1inencoded financial



(D) fulfilling the financial message, wherein the financial message is a request for infornmtion relating
to a financial interest. 10023] The invention further concerns the embodiments of such
computer-implemented methods wherein the financial message is a communication pertaining to
financial ST i@ YsBEsFon particularly concerns the embodiments of such

computer-j ele ented, methods wherein the financial message is; a.request for information relating to
a financié?@g reg;fﬁv 531%%]&%“51? oA o e aﬁr}\lagtso? ea &3‘86%3 in%rhag%%nltne%ggﬁ%gnrequest for
informatiopmelatingetortreapsdtedofa fidgheialcrieredy, drasesabe feaphvibrelalionvelawigodsnews
concerning a finangial interest amaliseion Rrchaseah aifinanciakinierestcameolfeniarnsale of a

financial interest, an agreement to purchase a financial interest, or an agreement to sell %financial
interest, AHTHERRE IR PRI JREIHE gﬁf%‘ﬂf@?ﬁ?@d’é’e"’s@“ﬁ’%‘ﬁ%mﬁrafééﬁ’&??tcﬁfﬂﬁmt ihg%he execution
of any sugihaedant©i Biconiamgnigatiamcdyfiitalhg amyrpuch afrdementstihehind@atiphaargicularly
concerns e eibadiments.of sUh.SarHIe AMAIRTSAISE Methons WHRLGIN theinapgial message i

selected from the group consisting of an order to buy a stock; an order to sell a stock; and an order for

a futures Besteatiges. gorvierduren: Shre nacells rRdrasteslimadtiairdtn Batrsr 16 P ulifes contract,

an order to.sellishatt and anorderiouy (ecovakiele 31:b004.dheimventiendiurhesapeerns the

embodiment of such computer-implement thods, wherein the financi es IS an agreement

to purcha@%%hetﬁ &1 enpclflg) Wér%%%}%?%@%ﬁhﬁ%%’%‘rey "%}bg%ai}%(?%ro%afr%a t%% anot ergaspect of

the inventidorzthidre is theovide docoithinte iisydtinete biapisiytaimfingt btk @gcdvrmgteofapiter, in digital

Communif;agigjrarwa'ﬂarga& apQipenoshereinthe ?%@@ptg@; systeR ixshecially adaptegforenhancing the
[

efficiency of digitally communijcating a financial message, and whereir@A)the first computer employs

a data coPATESEIHH FERRIGHS T ESTBEER APUsHinG YeRBRE dnd B mploy s P T EcliBime to
produce asaded vetsienof thedfinanciildedssagiehasedidngiseunitgqresentinthedginahcial
message, wiersin, i messagelsnglneling caded versian ghhe financial message is shorter than
the message eﬁgt of the unencoded financia 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 il &g u‘h%ﬁ&?&@épﬁﬁta?fﬁaf ISR GOV HAM SRS e SR e Y0 HIIREPUhIRE AAWAY™R [Bfer p-value
present inSridndnenchged financiahinessdge; orlissichdhtacoompee ssmtetinigulens@daptive to
permit said soinganee RSt 8vl Ne.R allpcale A0 AURLARIRS I QrILHOUR RN a higher
p-value in said unencoded fmancia message and fonger codes to order-units having a lower p-value
present irFYORFSHEI UiSeidised PiranciitpaessAdutand Rrs Yestardprevrsaskieofiibiifcated
financial messaggevikRersifusaishdaddrikomeitie0bilca mevngaverageat thefregueneay of said
order-unit, Wweighted by its assigned.importance, relative ther order-units in said message(s), such
that an or?jf lﬁlﬁ%ﬂ ha@%ﬁ%b%s}lg %enrt i?ﬁfggjgr)tlélﬁ’%réqWe}Sgﬁ 'é%cfar@a S%naél éig(itsa%&l% r{fg%l%uﬁlléﬂ%}} §§/aalue than an
order-unithehvimg ablgssewritiepbrtanoelinaighe d-ileggenel fasmt igh Jirersetomaieb sipmerddntains a
stored copy, af.thgAaipbase andidReR:eceiving the coded version of the financial message, employs
the stored database to decode the coded version of the financial message. [00261 The invention
further concerns the embodiment(s) of such computer system wherein the data compression
technique 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 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-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. [0027] The invention further concerns the embodiment(s) 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; or the 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 corr?’pression 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. [0028] 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 a Market Exchange and the second computer is a Matching Engine Computer
Node of the Market Exchange Computer. 100291 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
n-valiie and lonaer codec to ordar-irinite havina a lowear n-vvaliie nrecant in the financial meccecane and



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 fatéétlancingithe efficiesteyt offdiietatyepdonnurieaiedpaaidegxchangas-anditmennaputer
system that impl _ . invention particularly concerns such methods and
Catems 1 e e s R Bt
strategiesSIraBThiR dsTEANR EPREs BB B ahultamivisesrtheigmive custom); 2. binary integers ("bits")
as the native language @fsiome;of alif dhgpsumtem:dnmassivebeparallel RraggssingnA. database

optimization techniques, and 5. ¢ Iculgtion ggtimizatio techniques. The invention contemplates

methods and systems AL STy SRV SRE SFHASEERAR LEATES BH A4S, as well as methods and
systems that conjunctivély (i.ethséquentialbf ar sidwdltensionsty)emplayodey Erafithesecstrategies, any
3 of these strategies, any 4 of fhege siralagies;o Al5.6 fhese Siraiegies- AO9FEIAS used herein, the
term "data” refers broadly to digitally processable information. The term “information” é_er%o‘[es the
valued content of the data (i.e ™ RTO A&k SR F UERESS SSBAS THFSHP At BHFRTRIgah Sruthat fHdncial
information,” which is informatioaiipatipertainscacthe vadtieonatiy erdhiiatieceRditigpssqr. other
parameters relevant to information affecting a "finangial interest” (e.qg.,.,a stock, option, position, a
futures position, cash, a nego?ég elgrsﬁlén‘f%%lézgél% énfﬁlg%?gr%ngsr? ,gg %%‘Q%%&ft}?%% %3f%£hote, etc.).
As used herein, information ist&it bevate e dofisantisd itepesstit itnefaié sieetihediwitiftiemi®@xecution or
confirmation of a financial message.-Avreeckharein: ariinrncialmessarss Macaia.communication
concerning a financial interest. Examples of a financial message include a request for information
relating to a financial interest 8P the SERSET IR 16 AEHEPEJRAUTGE A SR B8 ¢RE provision
of information responsive to suslsaitegeesh; @roffenlfer purch asencb&difiancial intesast, ad agreement
to purchase a financial interest,,an. Qffglfor Sale. gfig ﬂmg}gafowg%@%%u%%@% ement to sell a financial
interest; a message requesting or confirming or updating. the status of a previous ma%uapmessage, '
price information relating to a fhefRisitarasdrhiirersial artae iy ds phles anmmréExchange,
etc. [0037] As used herein, a datmexehangeinis data eommicaiophetweaniwaosmere nodes of
a communication network that CCPE‘ﬁ’eX%eLQf%r%}aEL%”ﬁL” L%articg}asréﬁuc data exch‘%?]% may be a
one-way communication (in which &ata s Communicated from one node of the &8 ic&tion network
to one or more nodes, withoutt&Aged cawinErrespsisiey. Witettivndly; witshid atalexekmeages may be a
two-way communication (in whigh datais.eanmunicaied fiom ans.Rade. bihaLommuRication network
to one or more nodes, and engenders %r,‘r ceivin%%r%%éponse). Such exchanges may be direct (from the
originating node to the ultimat® J8aifeH &L RNEHE d& Gl BE TSR #ilF WHiCHRSAESF more
intervening nodes receive andweietecdatzcirami the originating node to the ultimate desired recipient
node). Of particular intgsest toAbadRsRNIiAERALON AR SAIA.LYENANdES TelsyaN! 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. [0038]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 INFINIBANDO switched fabric network), a SDH (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 channel 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 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, NetBEU1, 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. E0039]The enhanced

efficiency of digitally communicating such data exchanges provided by the present invention may be
dAeceribad in tarme nf rediicina the "lateanecyv of financial mecceane aveciitinn The term |latenecy hac



[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 jndividual bols, is -Eplgp. [0043] The term "order-unit fre " the
frequency Wi‘f%gw&ﬁ%ﬁ%é‘%gtﬂicular order-unit (based on the employed ordeg%f@%%%@g%ﬁears in data.
An "order-unit frequency" can be, for example, a "symbol frequency” (Le., a number, letter or
character), a "digram frequency" (Le., the frequency of combinations of two symbols, e.g., "aa", "ab",
etc.), a "trigram frequency™tiesin the fresease AeREBf LoRTsIRlsdoRS 6P tirde S)MBBISESEe Haa”, "aab",
etc.), a "higher order multiggm: freflurR:diaanthie fraguesryofichmbinatiessaf four or more

symbols), a "word frequency” (i.e., a collection of symbals that comprise words, e.g., "buy”, "sell",
(%r?a %V‘glﬂfgethegam%se% e ﬁ*}\(’f&é‘? §e ée".‘?,"-‘? u t:aLO’(_)ashares," etc.), a "message

"100", etc.), a "term qué’ncy ., a collection o
frequency” (i.e., a ctflectichestisnersmenicatingecodHaraysr St IW%%T,eﬁa%?a@R‘@ttheequency" (i.e.,
a collection of messages),fgic. BrgREiNgschene dhat dakpaoniiindividuatisymbobfreguencies into
account cannot be more e{@%}%@g}ﬂg&@%&:&?{der entropy. For any data exchange, as the hierarchical
entropy order of the coding scheme mcr%ase's, the number of codes needed to communicate that
message between two or more naodes decreases anc!;tg,e length fof the message gir}n QJ&%& decreases.
However, the {f8liatidii BFHRENARER S BFEGHEY iFEPSAEE R gl St PBa s M8y A Coding scheme
that employs ihehbig héstediictarchicabenteopy ordenifpasibdaimdiyherof'thie mrspichy retlitements
needed to stqig the coding,schems +0AMIspdings ficiengy. Lamemnicainy pedasmance, and/or
processing performance can be improved hﬁ ﬁ?i a custom cchi%% %%hagggt?oggﬁlt ismo%tignized for the
expected infoPAHEB BE AR Mt At PARS AR A 2oding Scheme designet Tor general English
usage, such asAS@lkikpsfirstiordehemropy of the English language is approximately 4 bits per
character based on normal English text. Financial information is usually far more redundant than
general Engligipiext, ame-sherefoiaihsisiomeherintipyshindisvivushmne wdnmpredsiteititsn general
English text. 1004335y assuming iatdhturs nionmalion il bedeiaied tpRiamous dniagation a

ur

coding scheme can be er optimized for the expected future _inforrBatio .Ina lpreger ed
embodiment GPEREFTTBRIEEI S BRIeRTh e TReRF S B SRR B d o (el s SR e XiSe &ted p- value
(e.g., symbol feesideneyuroidfoke Ty meter)inl b gitprefenrsdienvbodimin i HseEnsbanstion, such an
algorithm is implementert i tealime: herebyallewinadhesyaieRdsdrmeriatelyadantto changes in

observed information communicated, [0046] The aI%orithm &refergb#y uses.a L%i{ngolr% rlrlltgxing average
or a weighted WG SOBRIEE hdS8d S PrAVISHE CoRMUNI SR THERGIAl Messages. An example of
a weighted movimgravedagehisiaviverage that iscttinmeswisightedeanComeieweukd Bieiefore apply
more or less weighide MPte.recem finapaialimessagesnAltarmativeln aagvaneed preidiction model,
such as a neural network, ga%,esiﬁin earning, and/or.other %t’iﬁd | inteligencemethods may be used
to form a very SSPMIEH AU TRBdET f8F epected pavatues: 1 W%S\It%ougﬁ the foregding description
relates p-valuge tocordecunpiter (e.g Mekbiradter wampiss 43 Bheetbrrade TRttiehty), it will be
understood thgi, the.smplRyeehB:vale s hRiR RaFed-poApyscalplakmatrethas, treetlient, Broker,
Market Exchange, etc, desires. In one embodiment, for.example, p-values may be set using an
‘importance sctgig;e;% i irazgljln eés%gr%lesﬁﬁeﬁﬁt?/ghtgg %%rﬁe%hggé&?ﬁ%st important to a trader's goals to those
least important to a trader's goals. If a certain order-unit value is ore critical or tirpe s%ndsitive than
another orderl0ftValdéeite60ih S AR GRRE B RS tBPSIRFE -SRIl TP AROIRE X Ample,
messages to eanicelsa wrevio ubly Gentongessysule:heqyiveén adighved povatgedethtn daeéér to buy or
sell. The scalg fhat ane CHORSEIIQMSEIMHEIRUVIRe PeyakIBSan: hahasad uReB.ARRQfMOre

guantitative metric(s), one or more qualitative frnetricl(s or botht one or drggrsclao%%qltlit%tti\{eea Sqmd one or
more qualitatiVe HaHdEsy SIORA% KRS Re SN LRI e igtom Cofmpression techmiques are said to be
applied to an 't¥eeodedy. 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 basedagppn the P vades ahandecanbitssintihenhedsage oAt nenpodedtifinastid] message
may thus be in, 8 Juman inguislc anInage.( e« Enalishi Gatpan-Japanese. GCAnakin a coding

scheme (such as ASCII, FIX, etc.) that is not based upon the p-values of order-units in the message.
Alternatively, dpFstigeripBedemishdial indbdaish WWorlerhdy b i aeaiy SeREMEa % is based
upon the p-valiesobtahfadaruniisizdhe 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. 100491 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 another and are coded using one coding scheme or multiple coding
schemes. Although any such two or more computer {including nodes of a computer system 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 "Broker
Combniiteary or a "Market Evehanade " Ac 1iced bearain a "Client Comniiter" ic a ecomniiter that for



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 having a higher p-value, and longer codes
to an order-upit having a lower p-value, resulting in a reduced total length as long as the expected and
ultimately obSenRL 4 4ﬂﬁ7encies are close. Variants of the Huffman Algorim’ﬂ?iig{%ﬁgtivmy 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 irfé@rition TAdtémative Gottiergcsehemdls majcdisebet mployetpteacopkdzmisd with the
present invention L00p2l Alterpatively.(ar-addiianaiin..the amploxedcasing.algorihmiaay be an
"Arithmetic Algorithm," Examples of Arithmetic Al c{itggms are provided in United States Patents Nos.
4,122,440, 4, PSE28G78 A1 Jied Hebeh BCEIATS oo AgH eSS TTFE B> 4 089,000,
5,099,440; anckd@di 4nhckdmesagaple, 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" cquld ecameiitibadlrbasesdjerhhehnexitsiimist tofenchderthiscemaanaumhber using a

fixed-point binary number of sufficient precisi recover i 0] -2 - this is only’
9 bits. 25% Sﬁgﬁg@%‘ﬁﬁﬂg tﬁaisae ?8’&‘8%50&?%&5?‘ \t%?slslsg ?écg%?g% ?gr{?[g%%gzga%&%\%%g%%ecause there
are efficient, iNlpteiee hRyeTitRAMRS O e ARy TG bisky Brafsitraf P B GEHGMEEE ™ inally, knowing
the original strnghpathadengifiobesana tamsimplyddonruerd baskdo base 3, round to 6 digits, and
recover the string. 100531 In one embodiment, the same coding scheme may be employed in both
directions of ggyyarwayheamEAHMCalnG:(Sodee oM lisRdimBROke B okapieGlighin&ieker to
Exchange, Exch%n e tP Broter) ;I'here isé hov%/e er, no nee i\t}glgseermi? tEea(:na.cosdci}[]'ue%ﬁ,%1eme for both
directions, anB BEEEUERTRE EEAERE TP Mee&agas it Sach airecion may be diferent. there is a
potential benefiiun vsingre custiortestfires sefrsritecfdemvito iy isaeH gata xeharige 58efor each
direction of a by@:dieedion (@) mulli-direstignLiatarexshangss [ROb4L et ImwatipRdRug contemplates
the use of a coding algorithm.to form a,coded dafabase af order-units that allocates shorter codes to
order-units ha%ﬂn@ a hlgﬁwer -va ue,yan anger Codes 1o order-units having a lower p-value. In one
embodiment, an initial database is formed based on anticipated p-values %fior example, assigning
higher p-valuégﬁﬂé]mo}ré“%W&ﬂ’ﬂf‘fﬁﬁ‘éaog%eéﬂ?ifféﬁsflﬂ}i’8fié“l?8f‘n?ﬁ8'rﬁcﬁ1%°§§ ‘a%ré’f”é’?é%‘?%? ernatively, the
initial databaseds:fdsnvedbiashe dnathenaxpeidercddipasthigtosyaf Aritdedisetlmtits) messages, etc.
using the expejiencad R-yalkies 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 acyglly ocqurTing MessAags e e RPast I ARl SIRAIO. AR memory and

shared, as discussed herein, with other computers or computer nodes of the network. B. Binary
Integers ("Bits"FHedhe Retivahe dighradeBres e sieniior it systenPh Bos B Prarstet
embodiments atller e senmimientiotaliermativetgopdd ditioial lpfathiéves sl chesagranced efficiency of
digitally commynicating, stich data exchanges using binary integers ("bits") as the native language of
some or all of the system. Tn prior communications protocols, information is converted into bits and
then re-conver ack.into a human-perceptible language (e.g. A§§II tc.). [qnt %F‘gefgrred

- embodiments @?ﬁi pihfeﬁf ?Hi}%%t%ﬁr? riﬁ%%fﬁsték%r%n F%ﬁg%ntagqué é_r%pl%(ile%lgrs]thge] native language of
some or all of trghedstansreirtHERTEbPIEPBIBATROEONbA AR HAGUTSHORFS LR (& 2 nyfsh, German,
Japanese, etcgrRy @dainkaicingebits ampng At verdanguage, dremresensdnventioskachiéades enhanced
efficiency of digially Samunicating. such.dala Sxenangrs, A8, SAMBIRIALIRE D epnvey the

information "100", a conventional prot would need to transfer a message of 24 bits (i.e., 00110001
00110000 0012 (RS sAesTeliratra! presast Ty dhiors, 1y el fetRnkG atseiN Bifhry would
require only 7 bit4he., 1100100), thereby increasing efficiency by 242%. C. Massively Parallel
Processing 100561In preferred embodiments, the present invention alternatively or additionally

achieves suchgipncegt efficierryratidioialiv-communicatingsuchdrta exchangasmsiog massively

parallel processing. Methods for massively parallel processing that m dapted to the present
invention are diS818%ed I CHI{8Y g’fﬁté%"ﬁ%ﬁ%‘rﬁ“s o%.iqy%g’gfg%ygfp%gz%%l r(?%f‘?r%én%u%r 7.454,749;
7,444 385; 7,494:01Bshsd 71304:000¢ Bhetalise optiezatisnotedtiniide oS TR hreferred

embodiments, the.preseakinvertien.aliennat velynenasletitipnally aekiavesisunhienhasgageefficiency 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. 10058]Such 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 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
hinhect n-yvvaliie If the racrilt ie loeated within thie cactinn the ecearch mavy he facter If the cearch within



+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 0687314 in2thmat ER52056 PSR faaerid Peraetshtaifo o NSs coror s sass oA \BOWY/35383A1
WO 97/3b424Md; MG R2/REOBEAAR WO 02/27644A1 and WO 06/005151A1. E. Calculation
Optimization Techniques 100591In preferred embodiments, the present invention alternatively or
additionajly ahigyes sueh snhanced efficiency elliialy commupisaling. such a3 sxehanges using
calculation optimization ecl:lhnlques. omputers may empfoy smg’lrépprems on (for example, carrying
calculatiomseteigthitdytadouiptesprarisioni(rscarimmpl &y dhe djinlce Alewiatiens 18:26vbite st Breater
precisiongaleyllating Pros8sses Jracanventional selef caleylations:-alliafthacalaylatiens are
conducted at double precision. [00601 In a preferred embodiment, the methods of the present
invention™ Fp O8I B AEELIACT AT BUBI SPEC SIS B RPN T 25 B RedH e Speed of
single pretisionoutpatraathods]citissmayberdgcomplishedbiimalyirignapegethe order of mathematical
operations to transiently convert one or more terms of a calculation (e.g., the initial entries, or the

calculateghyadyernf andnitial malcylationnRind ileteras) havine.apvdniaganyalie s dieahaving no
digits right of the decimal point). Once sﬂ%h calcul%gions are c ﬁrgﬁ}l??ted’ all intermediate subsequent

calculatioheH8 GnBRasH RS SRESARN S6Sh O BRI AR B Bt gP8ter efficiency than double
precision calculations. Fewer, and in some cases only a single, additional double precision calculation

are requit8t2ed conmpsitne then@bRre #rast aftdmEivetiemBiseinierio alicihiegsirstusarbieesefies of terms
will be subigetadito singiginseqisiamealcyation:separalghniiem.any Raniniedes companents of such
‘terms. The non-integer.components of such, terms will be tran iegtlg conver edtintQ integer form,
processeBP TR TN i rEY SIORPHISE T FPrne SRURREY T %?}H%lﬁ%‘fé OreGEIsH Caittistion into a final term
that will then be (processadowith theloutpotpfcisesapdragely prosedidd ntegertexinsi{0881]The
above-described calculation opfimizatiog {echniques gan Pe-usgd @ dmpigue the performance of any

level of precision (for example precision greater than double; triple precision, etc.). H.Exemplary
System Architecture of the PréSel TSR COBSLESGIRR PiilARFRESSREBIaRAL JaRsarchitecture
of an embodiment of the preseatinventiedirniichamadapiive custamizeddatabasesiagmployed to
facilitate communication of a financial message between a First Computer (100) and a Second
Computer (200). As shown in PG 1o o b ol Ao S SRE i
messages (600) or from currefsdigigitalsreortpsaiicirterinedeidl meéysejsde8e)ddighismitted (700)
to a Data Encoding Computer£8Q0 The Retadeacadingisoneputer (300)Eec3se sostieh-received
data to form an adaptive customijzed coding chemeg 10), and then uses this ogir}%sch?me to

Its

produce a database of encod®d'daf8"t3805. YREDEH A BEHE CBmp eﬁ%%’éﬁ‘n 400§ the
produced database to the First¢&08); amdiSeeohd:(200)Bewviputersnifhe Firse@ompurerntit00) stores

the received database (110) aggh @S&ﬁé%%eﬁfé%eﬂéﬁé%%ﬁ imerdeniRRrenae thasneofrd message
(150). The encoded message is then transmitted (510) from the First Computer (100) to the Second

Computer (200). The Second"EBMmiEiIEF LBEfehavig Tttt ran e datpasahoo) from
“the Data Encoding Computer i3@6) csteses sdehuelnidbeine {240y puehuthat trikadlestpraeaess the
stored database (210) and com %%Q% 1?nnd act é’ﬁ%@n@%ﬁ?gé@g er&ggqgg message }h\gt hs?.s been
transmitted (510) from the First Computer 6&8?)% ptionally, the second omputelp (%83 pyrovides a
responsive communication (5S5OP{Ehieticthayabeiad esthes: orhariehsod edyetactiie mipsiCyisuter (100).
The Second Computer (200) tRR&MItS280)dheseseivad-engoded GammunicalionLb10)io the Data
Encoding Computer (300) either.substantially con urrentlygv{\fgh its receipt of sugh data %? 0)orata

subsequent time, after first st&fHE e BRAGHSE dSHIMUMTCAHSh U0 F ey At iTIRa s mitted
(700) to the Data Encoding CewtieraB360y--Te leoding schenren3 &0} éshighicadaptivaty sustomized
in response to the transmitted,dafa {7 Q) Je reflesichanag s inthe dinancial data-heing.actually
communicated by the First Computer (100) to the Second Computer (200). Thus, the coding scheme
(310) is adaptively customized"ﬁﬁ%g‘b REEI6Ya8al communications from the First Computer (100) in
order to provide an increasingly efficient database of encoded data (350). Ill.Operation of an Efficient
Database of the Present Invention [0063]The opegation 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. [0064]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. [00651In 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 cndina eccheame will be emnloved by a Client and ite Rroker In nne embodiment the codina



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 GPordels B@H@%@gmﬁ%ﬁ@@?ﬁﬁﬁﬁ?ﬁ@ﬂﬁe\/ﬁﬁwméﬂ@%ﬁ; adds the initial coding

schemes into the Clieni:Riekemdatabage, sl attamatically-sypehionizamibithe.Beakens copy of the
database, thereby addiﬁl[g theﬁpe codin sch?gg&%i%qﬁ both lo 8aé]i?jns of éE]he Client-Broker database. To

send an order, the ClieHt CompaUter &é%é‘ﬁ%ﬁn oSt BHfidiEht CoYiliy 8ehatite either by calculating a
new coding schéi®le usingidinpthpresdion wlgorfitvro! thevgGliemisichoice, or using an existing coding
scheme from th%&'ienm&%l&é}ﬁ&ﬂxﬁ?&%ﬁgh{% Q%@%%#%ﬁﬁé%g&&?g@?%ﬁ@%&@ﬁ% Getails into a

highly compressed message using the chosen coding scheme, and sends that message to the Broker
computer. The Broker HSBRHECHYSL5EF e SSORMTEIHF TRBYCOHIKG S8R etha aesiMuerrtinte
synchronized Client-Brakefuglatabase. [0068]There is usually a "many Clients to one Broker"
relationship in tf’{%c)’\/larl%tﬁlﬁzxch quensahg'igle BcrS aIgeer thgr}el?e o m%nsciza iI%rétg%%"iCIieI%t';lfe%{ .y&e next phase
of the process. It creates and"maintains a Bro r-Market xchange database fwahlc Is preferably
independent from the Gleruairskeltatdpadesnsistétiasitithe Broker computer). The Broker-Market

Exchanggpdatabase issmaintainged iensynshre ey wiha:£00ysafthelaiabass ab dhedMarkei£Exchange.
The Broker wo_ulgjth n decode the orders of all Clients into.a, comrgon coding scheme Hared by the

Market EXCISERYE T HE B8k EITI8H eh o ST IR B s BY 6F Hitss SadBens e'r’g?ﬁﬁﬁtlg%o iNg scheme
that achievesioptimizedtedmpression (fer thebehtiabull sechattventitanispleinieild uatfindncial
message), this mgans.Aak %%&%g@@&sgg&ﬁaé&awoﬁl}s&ﬁ(amn@Hﬁ@aéymml@aﬁﬁfyme;ng sent

individually, however, the total length of the encoded bulk set of messages will still be less than the
- total lengfRIBFThETHBITRENY ESRHBRSSEY S8 cs M RINREH G NRIHESt EXdRRBRI%0ding is
- done in thelgame wayas-the: GhenktnBrekes repdin g [ROGAIFRarelisius ualiwa tonasyiBrakers to one
Market Eﬁfgg(g elatgeégtxion(s)ﬁiég Pgrthecigsan&iglégarcl%tﬁﬁél;gg I;l/lnarket Exchange then receives the
encoded messages Fom Bro ers,ptﬁren 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). [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 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. 100711If 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, etc.) may be included in the p-value distribution calculations. By
including possible header information into the compression analysis, a 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 interne may require standard coding for the header of the packet, so that the intern&
routers know where to send the packet. Clients that connect directly to Brokers using connections
such as a dedicated line or optical connection dir %tly 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
included in a packet sent over the internet. LO0721The 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
he aceombnliched with earror correctina code technidiiae ac are known in the art or by reariectina that



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 Gt &runit i shownideparcteth froree e taapdshasn i@éibgnbiﬁéémetssism leaskatst are merely

for the pugpase of llvstiptionand aspaetipatLtiheAale aXehaods: re?u s o Bl iQiage) (51 [4] 1=1
[5] [11 [3] 181 1= ﬁ_:LZ] [21 [41 [5][5) [ |@] Era] [1t3 11] [4) 10) N] [1] L[TI-I(01(61(1]lel[e](-)[51

1511101 [ BT AR TR0 AN YCR 8719% 1964 FEPMUMS IR LIRS BRYSYPRSERSTER, [a] [t [t] I
14] [0] 1=1ht Ldv4hidd papadu[dty [k 18 thé- kR348 10l Is[ah [ﬁh;ﬁuﬂefa}r[p(]dtﬁérﬁéﬂ [Okthst [11 151
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[111E](Z)¢eeate[ el fInestv ] AfIoFo1Ds 2 fojoL [t 1pS){5E [ardge|fo] pyrckatcet| GmeF1=11.0]Ic|
111=1[01 [ e H taldradfelfel(l Haldiiedf=itetba (Hhlokad: lldh short and an order to buy to cover,
[TlH][e]ft”t)( Ifpl(PI1=11s1[e](11161[Z]fz1f=1lel(ElflI(iif=1M1(s1 151 [4] f=1 [3] [8] 1=1 [2] [2] 141 11l [5]
[5] 1=1 [aﬁ fel [1] [4] (01 1=1 111 Ili]1-1101161(11[al[O][-]Is]fsllli[-e1fzIfel 1=1fellc)lIT] f=1I vi(ci
[TI[-Ifolfbl111[p][v]1=1(s1[s]IN[EIf11[21[ =1(el(ElI f=1 fel =j [1) [1] 131 [8] [=] [2] [2] 15] 111 [5] [5] 1=1
[h] [p1 fg19834 41 bpoinyentiaqy furthen forprars e witadie st st ReyreR B RrESfaIcBYM L [ =1 [1] [1]
[3] (81 1=dn2bi? Inb2bkhER] Aedsdoe] E HuQbAbhdrt MI Midsd ok Ebil b1dShcid] hlebl 1oH1a[3] [81 [ =]
[21 [21 171%%[! lSE%S]?II-I%l [N [j]M 141 [O]JHI[11 1[5][4]I.-1 111 HI[3][8] [-] 12] [21 151 [I] 151 [5]
1=11j1 (5? fl4 S-() LITI[AL =122 [N [3][8) [ =] [21 [2] [4] [Il 15] [5) (ki ft] [t] [1] [41 [01
1=1[1]1H5I[411=11211231181[-][2][31[31[II[5][5] (= (k1 [0] 111 1421 [O][[1] 1[5] 141 1=1111
111 (31 [$192P[ 2 e g 1P (BB 12IPeERA| CE LRI P Bhereds1revided 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 wherein: '
(A) the first computer employs a data compression technique to establish a coding
scheme and 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 length of the coded version of the financial message is shorier than
the message length of the unencoded financial message; wh¢rein 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-units having a lower p-value present in said
unencoded financial message; or (ii) said data compression iechnigue 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
longer codes to order-units having a lower p-value present in both said
unencoded financial message and in at least one previously communicated

financial message; wherein said p-vaiue 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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[0026] The invention further concerns the embodiment(s) of such computer system wherein the

data compression technique 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 unencoded financial message; and/or

(B) adaptive {o permit the coding scheme to adjust 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 th_e unencoded financial message and in at least one

previously communicated financial message.

Ta



_1-{-,y 721 lom market tavuut my! wa 101.1U111 MU! Ca An91 laxputuccz foul' 1011M1.111101 cZ/Z
Audl! 101JELIIpuA M1 11 231 ko market - ihuv 274 mcd market J311EtAlout AIN fi- --------- 3put stc
Al1t95 tavernvb)un az 10/.12111atoanci! winw an 00Z Ankli 43I, TILIzrk/) 122 AIN buy 227 utx market
JaNIu111 LA'GAPYER WIAN titt Aiigi - buy 227 xoto market Firsﬁ&?&gzglg]‘[%‘@koding 1s]
lel 111 111 1s] [b] fel Er] frI L,1 161 [,1 [@] [y] Ern) [if) EH Imj Ia] frl [K] [e] It] 1

[6027] The invention further concerns the embodiment(s) 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; or the 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
technigue to establisk 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.

[0028] The invention particularly concems 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.z., a Risk Management Node) of that Broker Computer;
or wherein the first computer is a Gateway Computer Node of a 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 Jonger 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.

[0030]  The invention further concerns the embodiments of such computer systems wherein

the Market Exchange Computer executes the financial message.
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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).

[0033] 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 rectangies.
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
arders is 60 (Figure 3B).

[0034]  Figures 4A-4F 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 refates 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 paraliel 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.



[b] (u) [y] EH 121 121 [71 1,] [ml Es] [C] It] 1,1 Lml lal Ek1 Eel [t1 1 IL][111LY1 1, 1121 121 il EH [pl
[51[el 1,1 [m) [a] Id LK fel It] 1 [1][0][4][I]Eelimi141 [CIld1[I[a]Eul[2]EN(A1[n]011 Iul [Y] 1, 1 (21 12) 131
Li EL] [vi 1,1%1 égl}lleg Er] EeliX][alLe[V]I x]11][rILI121121LAlIn1 101[a] [[1 Eel (€] Ewl 01 [21 [A] V]
01 (2) [2] VI [APERT (6131 ENfalof[tLEfm1CIo]EWIM[il[2]211]][Aln] (a1t ER' T PET 2] (2] (71 1.1
Ix1 [el [m] 1,1 11111 [a] 1,111 [K] [e] [t] )xadjtiuld-l plum wive) 9 1 _101.1S [pi 'Ovum ue pa __ci ta>petti
lie 1 A,1-11 11m; 230 axe market - ia>peui.eq 9zE Arlill igjieui JECi | U Anti | Mix, 732 cat market
impeui oasa J@02GhavA? secuxrematketeinidagd giembriedbradiziviityigrasessble Df¥mItian O UL A111

33’ &221 é %A tat 45686 A Mintormatib® 4 MVWIVIL L 32l ANGen: FTRe il MmarkebMilvi $iKbniadnarket talivtu
L. mu

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-negotiabie instrument, a commodity, a bond, a note, efc.). 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 request 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 intefest; 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, ete.

{0037]  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 réceiving 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.

[0038] 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 petwork), a SDH
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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
channel 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 systemn or computer system topology as known to those ordinarily skitled in the art
capable of supporting the operations described herein. Connections and networks inciuded 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, UD?, IPX, SPX, NetBIOS, NetBEUI, 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
comnections, or any combination thereof. The computer system may comprise mobile
telephone networks utilizing any protocol or protocols used to communicate among mobile

devices, inciuding 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 muitiple 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 Jeast 4 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-foid

enhancement of data exchange efficiency, more preferably, at least a 5-fold enhancement of
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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, all relative to the

efficiency achieved in the absence of the present invention.

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

[0046] 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
technique, to produce a coding scheme. As used herein, the term “custom” as applied to 2
compression technique denotes that the employed compression technique is capabie of
producing a coding scheme that is capable of permifting the communication of data in 2
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 & 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 o be
communicated in the future. Most preferably, the employed compression technique will be an

adaptive, custom compression technigue.

[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. ef al., The University of
Hlinois Press, Urbana, IL, pp. 1-54). Lower entropy means that the data is more redundant,
and therefore more compressible. Conversely. higher entropy means that the data 1s 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 S 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, hasket, etc.). The first-order entropy, which takes into

account only the frequency of individual symbols, is -3 plgp.

[6043] The term “order-unit frequency” denotes the frequency with which a particular
order-unit (based on the employed order of entropy) 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.¢., the frequency of combinations of two symbols, e.g., “aa”, “ab”,
etc.), a “trigram frequency” (i.e., the frequency of combinations of three symbols, e.g.,
“aaa”, “aab”, etc.), a “higher order multigram 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”, “100”, etc.), a “term frequency” (i.e., a collection of
words, e.g., “buy 100 shares,” etc.), 2 “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), ete.
A coding scheme that takes only individual symbel 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 1o store the coding scheme.

[0844] 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 Enghlish 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 to predict and determine such expected p-

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

- 13-



(buy] 225] [jpm][mket buy 224 kft marke (buy] [224] [[kit][market) buy 233 ko market [buy] 3] [ko]'ke
buy 224 mcd marke (buy] (224] [mcae buy 200 mmm market [latly] 200) friarma k buy 225 mrk market

[buy] [225) [@5%]‘0%&/3%626; ms marke [buy] [27] [s](market] buy 221 p e m%régﬁ%%}/& ﬂgZZ 1)

44587

invention, such an algorithm is implemented in real-time, thereby aliowing the system to

. immediately adapt to changes in observed information communicated.

[0646] The algorithm preferably uses a simple moving average ar a weighted moving
average based on previously communicated financial messages. An example of a weighted
moving average is an average that is “time weighted,” and which would therefore apply more
or less weight to more recent financial messages. Alternatively, an advanced prediction
model, such as a neural network, bayesian learning, and/or other artificial intelligence

methods may be used to form a very sophisticated model for expected p-values.

[0047)  Although the foregoing description relates p-values to order-units (e.g., character,
word, message, basket or trade frequency), it will be understood that the employed p-values
can be based on any scalar or metric that the Client, Broker, Market Exchange, etc. desires.
In one embodiment, for example, p-values may be set using an importance scale that ranks
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 1o 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-values of order-units in the message. Am “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 ina

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 n digital
communication with one another 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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4,963 bits. [0079]In accordance with the principles of the present invention, a custom coding scheme
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 “Broker 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 hoider. As used herein, a “Broker Computer” is a computer of an intermediary
that, for example, communicates the request of a client o 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,

[0050] 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 calculate
the most efficient new coding scheme for # message to be communicated, then add the new
coding scheme to the database, and then send the encoded message to the Broker.
Alternatively, the Ciient 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 m the database, the database 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 modified coding scheme 1o 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.

[0051]  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 Algorithm”
(Huffman, DA, (1952) “4 Method for the Construction of Mt’nimum~Redundancy Codes”,
Proc. 1L.R.E., September, pp 1098-1102; Hashemian, R., (1993) “High Speed Search And
Memory Efficient Huffman Coding,” IEEE International Symposium on Circuits and Systems,
ISCAS '63, Volume 1, pp. 287-290; Hashemian, R. (1994) “Design and Hardwore
Implementation of a Memory Efficient Huffman Decoding,” IEEE Transactions on Consumer

Electronics, Volume: 40(3):345-352; Hashemian, R. (1995) “Memory Efficiemt and High-
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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 %{% . A compression coding algorithm, such as the Huffman Algorithm is
employed to WA e coding of the order-units based upon their p-v%ﬁ}"éu(?eglf%f}éaﬂency,
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@&&igﬁ@dﬁ@&ﬁmb%ﬁsImmmtheﬁ ﬁmﬁfvﬂmﬁﬁm&on{ﬂ@%ﬁ)fﬁh’é{mwlts of the use of
the Hutiman ﬁ%ﬁéﬁg@, RN 418 81001 SRaNgin NRSEANS DT bIE A st A s RHIRRY,c9ding scheme)

are shown grap yas atreein é%;{e 2. One means for implementing the Huffman algorithm is to

employ huffmaearsftiere B5gandime trrciaes Sich SRR Id¥RPYUTEiIaK e 3he interne and
is known to tlresesingy disiany: skilrn iittel &t Hevensa, ot tHdely Ofithdarprd Hdfisma Setiog.equivalent

solutions, anygne; 6t whish g hersapaple ot fraingyinigus Soingin eRchymbak The coding
values may be dedliced from Figure 2 by setting a value of "I" for each step to éh right and a value of
"0" for each sEFMBSthEABREThuP forExamplasiimiagy b s ORY isssliErEe o S%Gﬁe ree sequential
steps to the |ditcaiezhasmg cadintuot 090 Give-sywpidal " PriscpdisitioiEAGo Xéguitetthetstes left, then

right, and thep Jefl, ano.ageRrdingly fb%ﬁn%l&é&gi@&i%%@&é@lﬁh&ﬁ#}%@lm;%mglﬁn,t&e deduced

o command oGt &GP 6 o AR K8 R ORe el A R S, Symbol

Coding Qty ofl BiisSipnsivol(oking @tfyref Bif:618 @ 7elLINBACH B )4 4060Ba-Frratfeg m 1110 4 x
111111118 (4, 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 Huffman Algorithm resit/ts 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 uitimately 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

[0052]  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; 4,891,643; 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 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-place aigorithms
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 multi-direction) data exchange.

[6654] 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-value, and
longer codes to order-units having a lower p-value. In one embodiment, an initia!l database is
formed based on anticipated p-values {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
real-time, or at interval (e.g., once each hour, daily, afier every 1,000 messages, etc.) to adapt
to the p-values of actually occurring messages. The database is preferab.ly stored in computer
memory and shared, as discussed herein, with other computérs 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 vative 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 fo
convey the information “100”, a conventional protocel 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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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 parallel processing. Methods for massively parallel 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 Techniques

[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 technigues.

[0058]  Such 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 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 Jocated 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 disclesed
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 06/005151AT.

E. Calculation Optimization Technigues

[6659] 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, carrving calculations to 16
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 proﬁde 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 or 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 (i.e.,
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. Inan
alternative embodiment, all integer values of a series of terms will be subjected to single
precision calcuiation 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.).

IL Exemplary System Architecture of the Present Invention

[0062] Figure 1 iliustrates 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)
10 a Data Encoding Computer (360). 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 iransmits
(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
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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 (240), such that it is able to access the stored database (210) and comprehend and
act upon (250) the encoded message that has been transmitted (548) from the First Computer
(100). Optionally, the Second Computer (200) provides a responsive communication (550)
(which may be encoded or unencoded) to the First Computer (100). The Second Computer
(200) transmits (280) the received encoded communication (510) to the Data Encoding
Computer (300) either substantially concurrently with its receipt of such data (600) or at a
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} s 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 fo
actual communications from the First Computer (100) in order to provide an increasingly

efficient database of encoded data (350).

Il Operation of an Efficient Database of the Present Invention

[0063] The operation of an efficient database of the present invention is iliustrated 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 2 relational, queryable database). The network connecting the

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

[0064] 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.

[0065] In one embodiment, muitiple 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).
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[0066] 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, ﬁnaﬁcial messages, order history, order status, log of each message
sent and/or received, account balance, etc). Because computers nafively 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 autonomously) 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 analysis of the expected data exchange). This
would be similar to FIX Protocol, but rather than using ASCIL, it wouid use an alternative,
and preferably publicly available, coding scheme that is more optimized for financial message

data.

[0067]  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 hy 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 Chent computer
determines the most efficient coding scheme either by calculating a new coding scheme using
a compression algorithm of the Client’s choice, or using an existing coding scheme from the
Chent-Broker database. The Ctieut 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.

16068] There is usually 2 “many Ciients 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 one 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).

[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 ali 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 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 aigorithms that analyze and predict the
frequency of content within future messages. This will allow the system users to always sead

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

[0071] 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, etc.) 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 included 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 pécicet 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 erTongous
bit(s) may be accomplished with error correcting code techniques 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 typicaily 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 acknowledgement as well as any or all other communication protocol messages
into the distribution of p values may decrease the totai amount of data that needs to be

communicated. Ideally, one would want to include all possible information that is expected 1o
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be communicated (message body, communication protocol like TCP, etc.) into the

distribution of p-values.

[6074] Although the above description relates to .computer systems having a Broker
intermediary, it will be understood that the same principles may be readily adapted to 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 &
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 Client
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 thé present invention also relate to data exchanges involving two computers or
among two or more computers that are internal nodes of a multi-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 2 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, bundle 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 fulfilt 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 generaily described the invention, the same will be more readily
understood 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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Example 1
Comparison of Efficiency for First-Order and Second-Order Coding Schemes
[0076] In the example below, the current solution (FIX Protocol) and methods of the
present invention are compared with respect to the communication of data to effect an order
to arbitrage the equities in the Dow Jones Industrial Index and mini-DOW futures contracts.
The plaintext English of the information needed to communicate to the Broker and ultimately
the Market Exchange is formatted below in the field order: Action (buy, sell, sell short, buy to
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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CTabled
PlainText  Second- Order Entropy Codmo
sell short 6 @ym# market fsellshert] [&) [Qymi#} [market]
buy 224 aa market {buyl [224] [aa] [market]
buy 214 att market [buyl [214] [att] [market]
buy 230 axp market [buy] {2307 laxpl [market]
buy 226 ba market [buy]l [226] [bal Imarket)

buy 221 bac market buy} [221]1 [bac] imarket]

[

buy 232 cat market fbuyl (2321 [cat] [market]
buy 228 csco market [buyl [228] lcscol (market]
buy 225 cvx market [buy] [225) fcvx] [market]
buy 224 dd market {buy] [224] [dd] [market]
buy 224 dis market {puy] {2241 {[dis} [market]
buy 222 ge market fbuyl 12221 {ge] [market]
buy 223 hd market {buyl [223] [hd] [market)
buy 225 hpg market fbuyl [225] [hpgl [market]
buy 228 ibm market [buy] 1228} [ibm] fmarket]
buy 222 intc market [buyl [222] fintc) [market)
buy 227 jnj market fbuyl [2271 [34n3] [market]
buy 225 jpm market {buy] [225] {jpm] {market]
buy 224 kit market [buy} [224] [kft] [market]
buy 233 ko market {buyl [223}] [kel (market]
buy 224 med market [buy} [224] [med] [market]
buy 200 munm market [buy] {200] [mm] [market!
buy 225 mrk market {buy} 1225) [mrk] [market]
buy 227 msft market [buy) [227] [msft) [market)
buy 221 pfe market [buy] (221} [pfe] [market]
buy 200 pg market {buy] [200] {[pgl]l [market]
buy 223 frv market [buy] [223] Itrv] [market]
buy 227 utx market [buyl [227] [utx] [market}
buy 226 vz market fbuyl [226) {vz] [market]
buy 224 wmt market {buy] [224] [wmt] [market]
buy 227 xom market [buyl [2271 Ixom] [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 principies 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-velues 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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[6080]  The resuits of the use of the Huffman algorithm on the set of financial messages in
TFable 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 prov.ides a set of equivalent solutions, any one of
which will be capable of providing a unique 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 Jeft. Thus, for example, the symbol “m” is positioned to require three
sequential steps to the left, and has a coding of 000; the symbol “2” is positioned 1o require
the steps left, then right, and then left, and accordingly has a coding of 010. Tabie 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).

strative First-Order Entropy Custom Coding Scheme =
Coding Oty of Bits Symbol Coding Oty of Bits

N 110 3 7 11111011 3
2 000 3 0 11111110 8
m 1110 4 X 111211111 8
t 1011 4 6 10010111 ]
a 1010 4 h 3110011 g
r 0110 4 1 11110100 8
k 0111 4 v 113110101 8
e 1000 4 i 11110110 8
b 0101 4 f 11110111 g
Y 0011 4 i 11111010 8
u 0100 4 n 10010000 8

|paragraph] | 0010 4 i 10010001 3
4 1111100 7 8 10010110 3
C 1111110 7 g 111100101 9
3 1111000 7 z 100100100 g
p 1001100 7 Nd 100106101 9
d 1001101 7 @ 100100110 9
0 1001310 7 q 100100111 9
8 1001111 7 # 111106100 9
5 10031010 7

S99 .



Total 588 1.0000 E ntropy: 4 .2669116 _ Avg. Code Length: 14.29421769 Message Length (in bits):
2525 10082] 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 e‘ﬁ%i’é’ﬁ%ﬁ'}"’(‘g?{lftopy/avg code length) is 4.2669116 / 4.294421 76 VH84EX 384 [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
38. As descripmdiabrieeathdasgdhint-théeatgonith et provideSiasetsbhesgapealenheoilutidndlany one of
which will be gapable of providing a unique coding to each order-unit. The coding values may be

deduced from Figures 3A and 38 by setting a value of "1" for each step to the right and a value of "0"
for each step to oL o e sequential

steps to the rig 0 eSO to require the
steps left, and t ord able & shows the wordg of the
second-order ca The dedtc (UARth ek OIS attained tr tough the use of
the analysis. Table@nddlusipative Second-Ordeigzn tiousCustomi€odingody/Bid iCHigihg Qty of Word
Bits Coding Qty o Bits marketi0t. 2id33 | 04207955 3 0.4744898 279
2 57 | 0.0969388 | 0.3263718 3 0.29081633 171
m 42 | 0.0714286 | 0.2719339 4 0.28571429 168
t 41 1 0.0697279 | 0.2679029 4 0.27891136 164
a 38 | 0.0646259 | 0.2553849 4 0.2585034 152
r 34 | 0.0578231 | 0.2377808 4 0.23129252 136
k 34 | 00578231 | 0.2377808 4 0.23129252 136
e 34 | 0.0578231 | 0.2377808 4 0.23129252 136
b 3| 00561224 | 0.2332044 4 0.22448980 132
y 31 1 0.0527211 | 0.2238261 4 0.21088433 124
u 31§ 00527211 | 0.2238261 4 0.21088435 124
fparagraphil 30 | 0.0510204 | 02190195 4 0.20408163 120
4 7 | 0.0119048 | 0.0760990 7 0.08333333 49
¢ 0.0119048 | 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 | 60085034 | 0.0584842 7 0.0595238] 33
s 5 | 0.0085034 | 0.0584842 7 0.0595238 ] 35
5 4 1 0.0068027 | 0.0489774 7 0.04761905 28
7 4 | 00068027 | 0.0489774 8 0.05442177 32
0 4 1 0.0068027 | 0.0489774 8 0.05442177 32
X 4 | 0.0068027 | 00489774 8 0.05442177 32
6 3 1 0.0051020 | 0.0388506 8 0.04081633 24
h 3 1 0.0051020 | 0.0388506 8 0.04081633 24
1 3 | 0.0051020 | 0.0388506 8 0.04081633 24
v 3 | 0.0051020 | 0.0388306 8 0.04081633 24
i 3 | 00051020 | 0.0388506 8 0.04081633 24
f 3 | 0.0051020 | 0.0388506 8 0.04081633 24
i 3 | 0.0051020 | 0.0388506 8 0.04081633 24
n 2 1 0.0034014 | 0.0278900 8 0.62721088 16
} 2 | 0.0034014 | 0.0278900 8 0.02721088 16
8 2 | 0.0034014 | 0.0278900 8 0.02721088 16
g 2 | 0.0034014 | 0.0278900 9 0.03061224 i8
z 1 | 0.0017007 | 0.0156457 9 0.01530612 9
w 1100017007 | 0.0156457 9 0.01530612 9
@ 1 | 0.0017007 | 0.0156457 9 6.01530612 9
q 1 1 0.0017007 | 0.0156457 9 0.01530612 5
# 1 | 0.0017007 | 0.0156457 9 0.01530612 g
X Avg. Code | Message Length
Total 1588  1.0000 E‘ég‘;‘;"g Length: (in bits):
: 4.29421769 2525
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0011011 7 [paragraph] 110 3 wmt 0011100 7 buy 111 3 ge 0011101 7 224 0000 4 hpg 0011110 7 227
00101 5ibm 0011111 7 225 10000 5 214

WO 2011/634667 PCT/TS2010/044587

[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%.

[6683]  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 free in Figares 3A and 3B. As described above, the use of the algorithm
provides a set of equivalent solutions, any one of which will be capébie 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 example, 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.

Word Coding Qgtgf i Bits
market 01 2 hd 001101l 7
iparagraph} 1 110 3 wimt 0011100 7
buy 111 3 ge 0011101 7
224 0000 4 hpq 0011110 7
227 00161 5 ibm 0011111 7
225 10000 5 214 1000100 7
223 001000 6 cat 10060101 7
228 100111 6 233 1000110 7
208 101001 6 pg 1000111 7
222 101010 6 jnj 1061060 7
226 101011 6 Xom 1001001 7
221 1011110 7 232 1001010 7
aa 0001000 7 ipm 1001011 7
bac 0001001 7 uix 1001160 7
kft 0001010 7 trv 1001101 7
vz 0001011 7 dd 1010000 7
mcd 0001100 7 @ymi 1010001 7
mrk 0001101 7 atft 1011000 7
MM 00031110 7 CSCo 1011001 7
msft 0001111 7 230 1011010 7
ko 0010010 7 cvx 1011011 7
pfe 0010011 7 inte 1011110 7
axp 0011000 7 sellshort | 10111110 8
dis 0011001 7 6 10111111 8
ba [ 0011010 7




1000100 7 223 001000 6 cat 1000101 7 228 100111 6 233 1000110 7 200 101001 6 ipg 1000111 7
222 1010106jnJ 10010007 226 101011 6 Nom

WO 2011/034667 PCT/US2016/044587

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

from Table 7.
T B o pWeighted ¢ :
Word Qv . . p - i .plap Bits Bits Total Bits In Msgj
market | 31| 02012987 | 04655214 | 2 0.40259740 62
[paragraph]| 30 | 0.19548052 | 0.4597200. i 3 0.58441558 90
buy 30 1 0.154B052 (.4567200 3 0.58441558 90
224 6 0.0389610 0.1824087 4 0.15584416 24
227 4 0.0259740 0.1367997 5 0.12987013 20
225 4 0.0259740 6.1367997 5 0.12987613 20
223 2 0.0129870 0.0813868 6 0.07792208 12
228 2 1 0.0129870 | 0.0813868 6 0.07792208 12
200 2 | (.0129870 | 0.0813868 & 0.07792208 12
2122 2 | 0.0120870 | 0.0813868 6 0.07792208 12
226 2 0.0129870 {.0813868 6 0.07792208 12
221 2 0.0129870 0.0813868 b 0.07792208 12
aa 1 0.0064935 0.0471869 7 0.04545455 7
hac 1 0.0064933 0.0471869 7 (.04545455 7
kft 1 0.0064935 0.0471869 7 0.04545455 7
vz i 0.0064935 0.047186% 7 0.04545455 7
med 1 0.00644%35 0.0471869 7 0.04545455 7
mrk 1 0.0064935 0.0471869 7 0.04345455 7
mmim 1 0.0064935 0.0471869 7 (.64545455 7
msft j 0.6064635 0.0471869 7 0.04545455 7
ko 1 0.0064935 0.047186% 7 0.04545435 7
pfe 1 0.0064935 0.0471869 7 0.04545455 7
axp 1 0.0064935 0.047186% 7 0.04545453 7
dis 1 0.0064935 0.0471869 7 0.04545455 7
ba ! 0.0064933 00471869 7 0.04545455 7
hd 1 0.0064935 0.0471869 7 0.04545455 7
wmt ] 0.0064935 0.0471869 7 0.04545455 7
ge 1 0.0064835 0.0471869 7 (.04545455 7
hpg ! 0.0064935 0.647186% 7 0.04545455 7
ibm ! 0.0064935 0.0471869 7 0.045454355 7
214 1 0.0064935 0.0471869 7 0.04545455 7
cat ] 0.0064933 (.0471869 7 0.04545455 7
233 I 0.0064935 0.0471869 7 0.04545455 7
pg | | 0.0064935 | 0.0471869 | 7 0.04545455 7
inj ] 0.0664535 0.047186% 7 0.04545455 7
xom i 0.0064933 0.0471869 7 0045454355 7
32 ] 0.0064935 0.0471869 7 0.04545455 7
ipm | | 0.0064935 | 0.0471869 7 0.04545455 7
ufx ! 0.0064935 0.0471869 7 0.04545455 7
trv 1 | 0.0064935 $.0471869 7 0.045454355 7
dd i 0.0064933 6.0471869 7 0.04545455 7
{@ym# i 0.0064935 0.047186% 7 0.04545455 7
aft i 0.0064935 0.0471869 7 0.04545455 7
£5co ] 0.0064935 0.0471869 7 (.04545455 7




1001001 7 221 1011110 7 232 1001010 7 an 0001000 7 Om 1301011 7 bac 0001001 7 utx 1001100 7
lift 0001010 7 try 1001101 7 vz 0001011 7 dd

WO 2011/034667 PCTOS2010/044587

Qty Of | p Weighted
Word  Qty 7 -pigp Bits Bits . [Total Bits in Msgy
230 ] 0.0064935 0.0471869 7 0.04545455 -7 '
evx 1 (.0064935 0.0471869 7 0.04545455 7
inte 1 0.0064935 0.0471869 7 0.04545455 7
sell short | 1} 0.0064933 0.0471869 B 0.05194805 8
6 ] 0.0064935 0.0471869 8 0.05194805 8
Avg. Code Message length
Total |154]  1.0000 fg;;‘;g’éi? Lgngth: in biter -
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[0085)

method creates a custom coding scheme that has an average code length of 4.14935065 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
IHustrative 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
itlustrated by effecting a simple order to purchase {00 shares of stock in Company A, having

a Market Exchange Symbol of “aaa”.

16088]  Using the FIX protocol, a message “m=FIX4.4h=aaalw=100{x=marketjz=buy” is

employed to communicate this message (which m, 1, w, x and z are FIX fags that indicate the
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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 ASCII code of (35 x 8
bits =) 280 bits is required. An actual FIX protocol message would in fact be longer than the

simplified message.

[06689] In accordance with the present invention, a custom compression technique 15
employed to provide a coding scheme. The conveyed message is the same: “buy 400 aaa
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 g, stc). 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.

¢ Table 8t Coding Scheme

Plain Text Binary Value
01
061
000
1000
1001
1010
1011
1100
1101
1110
1111

e L [ jorimt eI (I (i

[0090] The resultant code table would comprise additional rows if the message contained -
additional order-units or might be expected to comntain additionai 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
additiona} order-units would be based on their expected frequency and would be generated

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

[0891]  The plain text message {“buy400azamarket”) is then encoded using the coding
scheme of Table § to yield a 49 bit message: [11007 [1101] [1111] [1000} {0013 [001] [01]
[01] [01] [000] [011 £1001] [1011] [11107 [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.

- Example 3
Dlustrative 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 techmique (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 “buy400aaamarket”, 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.
Ui Table 9: Coding Scheme.
Plain Text Binary Value
buy 00
400 0]
ana 10
market 11

[0094]  Similarly, code schemes of higher-order entropy result in larger numbers of codes

but even greater enhancement of efficiency.

Example 4
Hiustrative System and Methods in Which Multipie Coding Schemes Are Employed
[0095]  In each of Examples 2 and 3, a singie 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 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 used in a single message by
defining thé 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, sell,
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 repiaced 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 ¢lose.”

Example 5
Computer Hardware Considerations
[0097] In one example, high level {message order) entropy coding may involve the
following codes: Action (buy, sell, sell short, buy to cover), Stock Symbol, Type (market or
{imit), Limit Price, Quantity, and Message ldentifier. 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 s: (H26H2HGBTY)
=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 require at most: 1g((24.29 * (240)) / 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.

[60106] Figure 4A illustrates 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
financial 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 (¢.g., Computer D) to transmit orders to Computer B using a conventional
protocol, and vet aliow Computers B and C to transmit and process such orders using the

more rapid methods provided by the present invention.

[60101] Figure 4B iliustrates a second embodiment of & 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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[00102) 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 pipeline). 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
1o 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

Maltiple Brokers.

[60103] 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
digita} communication link (such as F1X) (unshaded pipeline) and a digital communication
fink 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 o 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 I3 is a Broker Computer, and Computers
C and E (or Computers D and F) are, respectively, Market Exéhange 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 & 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 iink (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 eorders 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
{08105] A typical packet, including a packet header and message body, sent in F1X 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 400-430 bytes when sent according to the FIX
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. protocol. A heartbeat {a message advising that a connection is active) typically averages

approximately 125-175 bytes when sent according to the FIX protocol.

[0G106] At present, a typical T1 leased line connecting a Client to a Broker has a bandwidth

of 1.544 megabits/second in each direction (upload and download).

[00107] Although Example 1 (Tables 1-3) demonstrates that the basket of hypothetical 31
trades required 4,963 bits if sent via the FIX protocol. In practice, however, FIX requires that
each financial message be accompanied by a data header (typically including, for example,
account information, time and date stamps, etc.), which greatly increases the amount of data
per message. For this reason, in actual practice, each financial message sent via FIX typically
requires 350-400 bytes to compiete. Taking an average of 375 bytes (3,000 bits}), the basket
of financial messages will be expected to require 93,000 bits to complete. As shown in
Example 1, the methods of the present invention permit financial messages to be
communicated using far fewer bits, and such methods may be used to communicate header
information, if such is desired. The methods of the present invention do not require such

headers to be sent with each financial message.

[061068] The Total Latency experienced by a data exchange network is the sum for all hops
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 to process the

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

[00109] 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 results 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 jts 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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all variations, uses, or adaptations of the invention following, in general, the principles of the
invention and including such departures from the present disciosure as come within known or
customary practice within the art to which the invention pertains and as may be applied to the

essential features hereinbefore set forth.
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Claims

1. A computer-implemented method for enhancing the efficiency of digitally communicating

a financial message from a first computer to a second computer, which method comprises the

steps:

(A) employing a data compression technique to establish a coding scheme and employing said

coding scheme to produce a database that enables:

(1) the formation of a coded version of an unencoded financial message based on order-units

present in said unencoded financial message; wherein:

(i} said data compression technique is customized so that said coding scheme allocates shorter
codes to order-units having a higher pévalue in said unencoded financial message and longer

codes to order-units 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 longer codes to order-units having a lower p-value for order-units
present in both said unencoded 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 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 said financial message;

wherein the message length of said coded version of said financial message is shorter than

the message iength of said unencoded financial message;
(B) providing said database to said first and second computers; and

(C) digitally communicating said coded version of said financial message from said first

computer to said second computer, directly or via one or more intermediate computers.
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2. The computer-impiemented method of claim 1, wherein said data compression technique

additionally employs massively parallel processing.

3. The computer-implemented method of claim 1, wherein said data compression technique

additionally employs a databese optimization technique.

4. The computer-implemented method of claim 1, wherein said data compression technique

additionally employs a calculation optimization technique.

5. The computer-implemented method of clazm 1, wherein:

(A) said first computer is a Client Computer and said second computer is a Broker Computer

in digital communication with a Market Exchange; or

(B} said first computer is a Broker Computer and said second computer is a Market Exchange

Computer.

6. The computer-implemented method of claim 5, wherein said financial message is

executed at said Market Exchange.

7. The computer-implemented method of claim 1, wherein:

(A) said first computer is a Gateway Computer of a Broker Computer and said second

computer is a Risk Management System Computer of a Broker Computer; or

(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.

8. The computer-implemented method of claim 7, wherein said financial message is

executed at said Market Exchange.

9. The computer-implemented method of claim 1, wherein said data compression technigue
1s customized to encode said financial message into a coded version having at least 80%

efficiency.

10. The computer-implemented method of claim 9, wherein said data compression
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technique is customized to encode said financial message into a coded version having at least
90% efficiency.

11. The computer-implemented method of claim 1, wherein said data compression
technique is customized to encode said financial message into a message that is at least 50%

shorter than a message communicating said unencoded financial message.

12. The computer-impiemented method of claim 1, wherein said data compression
technique is customized to encode said financial message into a message that is at least 5-fold

shorter than a message communicating said unencoded financial message.

13. The compuier-implemented method of claim 1, wherein said data compression

technique employs an Arithmetic Algorithm or a Huffiman Algorithm.

14. The method of claim 5, wherein said Broker Computer decodes said coded version of
the financial message and then communicates the resultant unencoded version of the financial

message to said Market Exchange.

15. The method of claim 5, wherein said Broker Computer employs a data compression
technigue 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 least one other f{inancial message that is to be communicated by

said Broker to said Market Exchange.

16. The computer-implemented method of claim 15, wherein said data compression
technique employed by said Broker Computer is customized so that said coding scheme
aliocates shorter codes to order-units havipg a higher p-value, and longer codes to order-units
having a lower p-value present in said financial message and in said at least one other
financial message that is to be communicated by said Broker Computer to said Market

Exchange.

17. The cofnputerdmplcmented method of claim 15, wherein said date compression
technique employed by said Broker Computer is adaptive so that said coding scheme is
adjusted over time to aliocate shorter codes to order-units having a higher p-value, and longer
codes to order-units having a lower p-value present in both said unencoded financial message

and in at least one previously communicated financial message.
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18. The computer-implemented method of claim 1, wherein said financial message is an

offer for purchase or sale of a financial interest.

19. A computer-impiemented method for enhancing the efficiency of digitally
~ communicating and fulfilling, a financial message from a first computer 1 a second

computer, which method comprises the steps:

(A) employing a data compression technique to establish a coding scheme and employing said

coding scheme to produce a database that enables:

(1) the formation of a coded version of an unencoded financial message based on order-units

present in said unencoded financial message; wherein:

(i) said data compression technique is customized so that said coding scheme allocates shorter
codes to order-units haw’ng a higher p-value in said unencoded financial message, and longer

codes to order-units having a lower p-value present in said unencoded financial message; af

(i) 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
ﬁnan_cial message and longer codes to order-units ha{fing a lower p-value for order-units
_ present in both said unencoded financial message and in at least one previousty

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 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 imporfance-weighted frequency; and
(2) the decoding of the encoded version of said financial message:

wherein the message length of said coded version of said financial message is shorter than

the message length of said unencoded financial message;
(B) providing said database to said first and second computers;

(C} digitally communicating said coded version of said financial message from said first

computer to said second computer, directly or via one or more intermediate computers; and
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(D) fulfilling said financial message, wherein said financial message is a request for

information relating to a financial interest.

20. The computer-implemented method of claim 19, wherein said request for 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.

21. The computer-implemented method of claim 19, wherein said financial message is an

agreement to purchase or sell a financial interest, or a confirmation thereof,

22. A computer system, comprising a first and a second computer, in digital
commurnication with one another, wherein said computer system is specially adapted for

enhancing the efficiency of digitally commupnicating a financial message, and wherein:

(A) said first computer employs a data compression technique to establish a coding scheme
and employs said coding scheme to produce a coded version of the financial message based
on order-units present in said financial message, wherein the message length of said coded
version of said financial message is shorter than the message length of the unencoded

financial message; wherein said data compression technique 1s:

(1) customized so that said coding scheme allocates shorter codes to order-units having a
higher p-value m said unencoded financial message, and longer codes to order-units having a

lower p-value present in said unencoded financial message; or

(1) said data compression technique is adaptive to permit said coding scheme to adiust over
time to allocate shorter codes to order-units having a higher p-value in said unencoded
financial message and longer codes to order-units having 2 lower p-value present in both said

unencoded 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 other order-units in said message(s), such that
an order-unit having a higher importance-weighied frequency is assigned a higher p-value

than an order-unit having a lesser importance-weighted frequency; and

(B) said second computer contains a stored copy of said database and, upon receiving said
coded version of the financial message, employs said stored database to decode said coded

version of the financial message.
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0.04545455 intc 1 0.0064935 0.0471869 7 0.04545455 sell short 1 0.0064935 0.0471869 8
0.05194805 8 6 1 0.0064935 0.0471869 8 0.05 94805 8 Total 154 1.0000 E ntropy: 4 .0752067 Avg.
Code

23. The computer system of claim 22, wherein;

(A) said first computer is a Client Computer and said second computer is a Broker Computer

in digital communication with a Market Exchange; or

(B) said first computer is a Broker Computer and said second computer is a Market Exchange

Computer.

24. The computer system of claim 23, wherein said Market Exchange Computer executes

said financial message.

25. The computer system of claim 23, wherein said first computer is a Client computer and
said second computer is a Broker Computer in digital communication with said Market
Exchange, and wherein said Broker Computer employs a data compression technigue 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 least one other financial message that is to be communicated by said Broker

to satd Market EXchange.

26. The computer system of claim 25, wherein said Market Exchange Computer executes

said financial message,

27. The computer system of claim 22, wherein;

(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

(B} said first computer is a Gateway Computer of a Market Exchange and said second

computer is a Matching Engine Computer of 2 Market Exchange Computer.

28. The computer system of claim 27, wherein said Market Exchange Computer executes

said financial message.

29. The computer system of claim 25, wherein said data compression technique is

empioved by said Broker Computer.

30. The computer system of claim 29, wherein said Market Exchange Computer executes

said financial message.
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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 blts ,per character. This code's efficiency (entropy/ code lengt :’gﬁ
4.0752067/4 Y253568E 98 2131206, [0086]In surp/ghrough the use of tHe PHEE%%? e 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-arder e coding scheme). Such-ateduction in message size provides multiple

advantages. Fof eR@ m;%mee Mmessages are syb Jegite@,jg@mission groblems (lost packets, etc.),
decreasing the fize gf-h sdage decreases the proti@hﬂ#l tof a trangmission error. Additionally,
decreasing the Inéssa eﬂei%eepe mits the entire/ encodse pe recelved (and acted upon)

. R from S d
more rapidly than ﬁceve i eccfn

event arbitrage) m-whichgspeed-of exg¢cution4s-rperant-the-present |nvent|on provides a significant
advantage over priofthe hods Moreover deereasing: the 1RSSAGe-SIZe-Permits more messages to be
ihg effective bandwidt® and carrying capac _:_y of the transmission
lines. Example 2 IIIustrat e System and l\@ethods for Gligntswho $end Orders with Randomly
Distributed Varlables ang Order-Units [00%7]The e ﬁg&ﬁﬁ@@séﬁﬁﬂ‘}léﬁ y-ef data exchanges provided by
ted, by effeti_jiing a sippleotaerda.auichase 100 shares of stock in
"audesversien ¢f the FIX pratocol being used, the
ptry-or-sety. For this smphﬂeﬂ;wessage of 35

characters 7 S@ﬁansmq%*iﬂmﬁ
would in fact be ongafn& e s

~a custom compre

the same:}"buy 400 é%?a market." The spaee deling g;grt% }é? to form "by y400aaamarket" The

frequencigs with which the individual lettets of the mseam«eai féfted (e.g. da's,1b,1e etc) A

compressfon algorithm, e.g., the Huffman algorithn, is Bifffoy&d to freate a coding scheme using the

calculated frequencies. The resultant bin de5|gna oS e tode are showdi in the Table 8. Table
8: Cochnli&hem Plain Text Binary Value g 01 0 001 m 000¢ 1000

400
First ~ : Second
Transmit Database fo
uter Computer
Comp First and Second Computers 2(5) 0

100

b

Z Receivad Recaived
=:=l 110 Database is 510 Database is 250
; Stored Stored

Encoded
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Transmitted From

Y— First Computer to :

alabase ;s Second Computer .

& Accessed and P : ; A Databisf li\ 1250
& 150 Employed to > ccessed to Ac

Upon Encoded

Prapare Encoded Communication
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Responsive 7/
Communication is /
Transmitted From e

/ Secand Camputer /
A to First Computer [/ v

S e, S - i sty

280

550 E Received Encoded
& Communication Is
Transmitted to Data
Encoding Computer o
Permit Customization or
Adaptation of Coding
Scheme in Response to

F i g ure 1 Received Communication




r 1001t 1010 k 1011 b 1100 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
add@t@onal org‘%%qitﬁ%},pe future. Ip_ a preferred emquiment, the qqdinglp%%l}gégeel%gyg%7comprise
additional or er-unllts In order to facilitate the communication of additional 6r 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} f@r example, the Huffman algorithm. 100911The plain
text message ("buy400aaamarket") is then encoded using the coding scheme of Table 8 to yield a 49
bit message: [1100] [1101] [1111] [1000] [001] [001] [01] [01] [01] [000] [QL] [1001] [1011] [1110] [1010]
(the encoded message is shown with the encoded symbols separated bk by
brackets and spaces are solely for purposes of illustratiqn ]
encoded message). The use of the methods of the pregent4 ipes the required message
from 280 bits to 49 bits, a nearly 5-fold improvement ip eth€iensy? Bxample 3 lllustrative System and
Methods for Clients Trading Baskets of Financirests 0092T1h Exaffiple 2, the invention was
d O ﬁ- ey (1.€., first-order entropy). To
def e @‘ a custom compression
technique (such as the Huffman algorithm) is blsed to préds ing scheme as in Example 2,
except that entire words (as used herein the térm "words" include§ nhum o%% are treated as
100", "aaa”, and "market"

sehieme capable of encoding
all possible words (e.g., any stock, any amount of shares ") the coding=scheme will have many.
more codes that the scheme of Example 2. However, fhée-t ES3age h and average bit length
of the second-order coding schatfig<are greatl ; ﬁ g9, Table 9, since the
message may be communicafedwith,only a few ﬁ! ¢s, the binary values<afe extremely low, and the
entire message can be perltin only 8 kits, a resultthat is 35-fold more eff t than the FIX protocol
and more than 6-fold mere|efficient thar(the first-ordek entropy c [
Scheme Plain TextBjnary Value buy 00 400 01 aaa 10 e |

=2
lag
lag

150

| 588

_132:

| 250

118

Figure 2



marketll 100941Similarly, code schemes of higher-order entropy result in larger numbers of codes
but even greater enhancement of efficiency. Example 4 Illustrative System and Methods in Which
Multiple Coding Schemes Are Employed 100951In each of Examples 2 and 3, a single coding scheme
is employed. REPAHIRAER], as shown in the present Example, multiple codfSg/SEREW R4 ThAy be
employed. In one embodiment, different codln schemes are employed to effect transactions with
different Brokers or with different Clients. Wha multlple Clients interact with the same Broker, 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 CIient) increagest

ay be used in a single
r example, by
=leld 1: Action (buy, seII
d | ype (e.g., market, limit,
sh(ﬂs’Nn iN Tables 8 or 9 may e Iaced with o independent codes.
Thus for example, if th , sa@ "bqy400aaamarket" pere-established t¢ ephform to a protocol of
ActlonIQuantltyIFlnancH Interesdi Type, then the codes fised for \Yciipn” caulelbe reused for "Type",
vailable Actloné are; buy, sell, s¢ll short, an @xto cdvier. Codes for these
actlons may thus be: 0p,'0110: and |‘I By establigking a field order protocf ese same codes (and
~“nf transactions: market,
onsiderations 100971In
ing codes: Action (buy,
Quantity, and Message
e |dentifier) to be
bol to be any
es, the number of
: ate average code
length of 48 bits per m¢ssage 3 6 bytes|per message. 104981Suclia set.q binations would
i i ] | coding schenfej However, the majority
of codes would have ap expected p-valye very glose to 0%-art therefore hemttinecessary to store in a
non-archival storage such as RAM or athigh perfqQ E;r solid state drive.jlistead, to reduce cost, the
most frequent codes couldE stored in fhigh perfoimange drives ( ‘ into RAM for even
better performance) whilé ess frequent codes could\oegstprg S pensive traditional
storage media such as a Stahdgard hard{disk. Such high p&Toimangadives #ale a claimed read
throughput of 2501v1B/s and write throlighput of 170MB/s, with a microseconds. Finding
a particular code using a binary search jalgorithm on a sorted list OLLC ;
19((24.29 * (2740)) / 48)* 65 = 2,536.12633 microseconds = 2.5 milisgcondsz{§099]Figures 4A-4E
illustrate computer networks capable of employing the methods gffthigpresgmijnvention. [00100]
Figure 4A illustrates a first embodiment of a computer system of/the preses ention. A first computer
. (Computer A; which may, for exaqTI& be a first Client) is siowp to be in digjitalicommunication with a
second computer (Computer B; whieh \nay, for example o% Rroker), Whl=- M turn is in digital
communication with a third computer (Somputer C, whigh may, or examp a Market Exchange
Computer via communications that employ the methods; of the pre tth‘ dn (dark shaded
interconnecting pipeline). In one embodiment, Computef A and o_ puter BaaAll possess copies of a
first shared database (for example, a Client - Brokfr database), and Comptitgr{B and Computer C will
possess copies of a second shared datpbase (foy Exdmple, a Broker - Markgtffxchange database, or
a Gateway Computer of a Market Exchange - Matching|Engine Computer ¢ arket Exchange). In
' ng-d first coding scheme
and then sent from Computer B to Computer G/ using at econd cOding sche This e diment is
desirable in situations in which ComputerGrig/receiving foangia Eagditional cOmputers
(e.g., Computer D) and does not wish to steré and employise —sthemes (i.&, it employs a
conventional means for data exchange (unshaded mterconnectl g plpellne Hditionally=?this
embodiment permits additional computers (e.g.,\Cpmpguter D) to ¥y s to Comydilter B using a
conventional protocol, and yet allow Computers B ” [ s such dtders using the
more rapid methods provided by the present inveritionl Iusirates a second
embodiment of a computer system of the present invention. A first computertComputer 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 - Rrolkar - Market Evehanoe databhacel The echaded ninelinece indicate that the diaital

message by defining thei message to have a protocol of ordered fig 1S
establishing a protocol ir] WhICh @ta |S exchanged in a particular, rue
etc.); Fleld 2: Quantity; Fll d

close." Example 5 Computer rdw}
er) entrogy coding may |nv tie fo
mbol, Type (markgt or limjt),timit P4
its the nu Al fields (Linit Price, l@ ity and Mes?
(0 -9 and the fecimal point),_any for Stock
combination of 1-4 lettgrs, then; for four pdssible Act|ons and twg pessiblef

sell, sell short, bu

one example hlgE-v I(messa
~ ldentifier. If one p




Latency Considerations 1001051 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 proto¥& XN iP#edcution report (sent, for example, by the Market EXdHart§¥ Y47 Broker)
typically averages approximately 400-450 bytes when sent according to the FIX protocol. A heartbeat
(a message advising that a connection is aci/f§ typically averages approximately 125-175 bytes when
sent according to the FIX protocol. [00106] At present, a typical Tl leased line gemmecting a Client to a
Broker has a bandwidth of 1.544 megabits/second in each direction (upload arigdigibwnload). [001071
Although Example | (Tables 1-3) denjogsirates that the basket of hy ical 31 trades required 4,963
bits if sent via the FIX protocol. In pydcéce, however, FIX require$ that'eath fina Imessage be
accompanied by a data header{typictisincluding, fofeapmiple,.accodiril ' time and date
stamps, etc.), which greatly i@ edses the amount of dat rinies on, in actual
practice, each financial me seng¥iE FIX typically requir 5ytes ¥o-eemplete. Taking an
average of 375 bytes (3,000 bits), tha:baske inancial mes expected to require 93,000
bits to complete. As shown in Example 1, the lmdthods of the present htion permit financial
messages to be communidated using far fewer bits\ and sug¢hlméthod$ @y be used to communicate
header information, if suchjis desired. The methods‘af thefresent invghtign do not require such
headers to be sent with each financial mesgage. 100 he Total Laterlcy experienced by a data

exchange network is m for all hops of the Transmissiantate fd the Processing Time. The
Transmission Laten each hop ef[dals the Network SerialiZa acy plus the Network
 Propagation Latendy-Fe\Network gerighzation Latency is thg 7rmgss gjze (in bits) divided by the

jation Tatency is the connection

ancy of the connection medium. The
¢ data (for example, to search the

je the-rethods of the present
adization Latency is decreased
sive results in an improved

distance divided by the prqduct of the speed of light aj
Processing Time ig the time requir¢d by a computers topr
database, move thg data flom RAM to CPU,ete ) [00109] Be
invention achieve gubstantjal redugtions in message size, Net
relative to alternatives such as the |FIX Protocol. This feducéd
(lower) latency compared to such alternatives. [0011 Il

specification are herein indorporated by reference to the sam
or patent applicatign was specifically and individually indicate be ifegrporated by reference in its
entirety. While the jnventiof has been described in coprect; embodiments thereof, it

Connection Bandwidth (inlbits per gecond). The Netwguk, Pr
%
oC

D

will be understood that it is l£ of further modificgtroms, an schtion is intended to cover all
variations, uses, of adaptati the invention following, in :

and including such departure the present disglosure as e nown or customary
practice withip-the/ art to which the jnvention pertairis and as may be apglizd to the essential features
hereinbefore sgtforth, Claims I. A computer-implgmented method for jeghhncing the efficiency of
digitally commaimi sating a fmancial message’f first comp to nd computer, which

“method comprises the steps: (A) employing a data\compressjigm
scheme and employing said coding scheme to produce a ddt e tha
coded version of ap unencoded financial message baged gn order-units
financial message; wherein: (i) said data cpompressio e nique is cus
scheme allocates shorter codes to ¢rder-units having a higherrp=yaluéli
message and longer codes to ordertunits Having a lower p-va S
message; or (ii) said data compressigtEteCchnique is adaptive o permif;
over time to alloca?e shorter codes to 'orderunits having a higher p-valg said unencoded financial
message and Ionggreedes*ta orger-units having a lower p-valgefor offdei{units present in both said
unencoded financi AI} message and in at least one previously epmuni¢IEf financial megsage;
wherein said p-valug is a mgtric of the moving average-ef the frequendyigfisaid order-ungaweighted by
its assigned importange, re%tive fo other orgler-units,#-sai| message($=slich that an orggr-unit
having a higher impg cegleiglpted frequengy.is-Aassmgmedi\a higher e than an ordé&g-unit having
a lesser importance?weight@ freguency; and E2)th ding of ed version of ggid financial
message; wherein the message length of said coded n i ial message igShorter than

d database to said first and

the message length lof said unen¢oded financial message, (B) providing
second computers; and (C) digitally communicating said coded version of said financial message from
said first computer to said second computer, directly or via one or more intermediate computers. 2.
The computer-implemented method of claim 1, wherein said data compression technique additionally
employs massively parallel processing. 3. The computer-implemented method of claim 1, wherein
said data compression technique additionally employs a database optimization technique. 4. The

computer-implemented method of claim 1, wherein said data compression technique additionally
ambnlove a ecalerilatinn ontimizatinn technicdiie & The comniiter-imnlemented method of claim 1

to establish a coding
ables: (1) the foimation of a
jlesent in said unencoded
rhized so that said coding

id unencoded financial
said unencoded financial
coding scheme to adjust




6. The computer-implemented method of claim 5, wherein said financial message is executed at said
Market Exchange. 7. The computer-implemented method of claim 1, wherein: (A) said first computer
is a Gateway Computer of a Broker Computer and said second computer is a Risk Management
System ComPB @&l 3f*3*&Foker Computer; or (B) said first computer is a G%?E%@ﬁﬂw’fﬁ?ﬁ% er of a
Market Exchange and said second computirﬁéjMatchmg Engine Computer of a Market Exchange
Computer. 8. The computer-implemented d of claim 7, wherein said financial message is
executed at said Market Exchange. 9. The computer-implemented method of claim 1, wherein said
data compression technique is customized to encode said financial message into a coded version
having at least 80% efficiepcy. 10 Tge cemputer-implemented method of clalnbg wherein said data
compression technique i o encode said financial 0 a £oded version having
at least 90% efficiency. 1 iputex-implemented methoiﬁ hgreln said data
compression technique is|g | to ode said financial rﬂ‘r
50% shorter than a mess "1

computer-implemented me SH
encode said fmancial messag
communicating said unencod
1, wherein said data compres
14. The method of claim 5, w
message and then communic
Market Exchange. 15. The
compression technique to est
to produce a Broker coded ve
financial message and in at le
Broker to said Market Exchan
data compression technique
scheme allocates shorter cod
having a lower p-value prese
message that is to be co
computer-implemented me

—+

; ”sagg 12: The

orter than a message
implemented method of claim
orithm or a Huffman Algorithm.
coded version of the financial
e financial message to said
mputer employs a data
ys said Broker coding scheme
rder-units present in said
be communicated by said
od of claim 15, wherein said
omized so that said coding
and longer codes to order-units
least ong other financial
et Exchange. 17. The
ique employed by
i ke ig/er g/ne to allocate shorter
jeriuniis haging a lower p-value
e
2 bretiousfy communicated
: Wherein said financial
omputer-implemented method
Anancial message from a first
GO} i) employing a data compression
technigue to establishfafcodi ' ' i ~heme to produce a database
_that enables: (1) the fopmationjo [ ipancial message based on
order-units present jh £ P baid data compression
technique is custonfig - ¢odes to order-units having a
higher p-value in gaj 4 to order-units having a lower
ajcompression technique is
orter codes to order-units
r codes to order-units having a
age and in at least one
ofthe moving average of
t& othid order-units in
ted fequehcy is assigned a
- ar® (2) the
YG-of the'er : 5 r;s?a ih-the'me th of said coded
version of said financial message Is shorter t the message Iength of sald unenc financial
message; (B) providing said database to saiddirst and second computers; (C) dlgltalﬁ-communicating
said coded version of said financial message from said first computer to said second computer,
directly or via one or more intermediate computers; and (D) fulfilling said financial message, wherein
said financial message is a request for information relating to a financial interest.

gn technique employs an Arithmetic A
in said Broker Computer decodes
the resultant unencoded version
od of claim 5, wherein said Broker
sh a Broker coding scheme and e
n of the fmancial message based of
one other financial message that isj

16. The computer-implemented mg
loyed by said Broker Computer is c§
o order-units having a higher p-val
said financial message and in gaid
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im35, wherein said data ¢
ihaasald coding scheme i Is

message is an offer for .i' or sale of a financial interest. 19.
for enhancing the efficieng itally communicating and fulfilling,

encoded financial message and lo
in both said unencoded financi

hge; wherein said p-val
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20. The computer-implemented method of claim 19, wherein said request for 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. 21. The computer-implemented
method of claiff 19! Gﬁféféln said financial message is an agreement to pﬁﬁﬁé%éﬁwfﬁéﬁﬂé financial
interest, or a confirmation thereof 22. A com Ié r system, comprising a first and a second computer,
in digital communication with one another, w in said computer system is specially adapted for
enhancing the efficiency of digitally communicating a financial message, and wherein: (A) said first
computer employs a data compression technique to establish a coding scheme and employs said
coding scheme to produce a coded version_of the financial message basgd on order-units present in
said financial message, wherein the nigssal \' rsiog of said financial message is
shorter than the message length of the’E,Une ; whgrein said data compression
technique is: (i) customized so that safl co 1 rte%odes to order-units having
a higher p-value in said unencoded flngnméi_if ﬁes order-units having a lower
p-value present in said unencoded flnﬁua o pression technique is
adaptive to permit said coding scheme™o a st over time to allocate shorter codes to order-units
having a higher p-value in said unencoded ncial message and longer codes to order-units having a
lower p-value present in both said unencodgg financial message and in at least one previously
communicated financial message; wherein ggid p-value is a metric of the moving average of the
frequency of said order-unit, weighted by itstdssigned importance, relative to other order-units in said
message(s), such that an order-unit having ghigher importance-weighted frequency is assigned a
~higher p-value than an order-unit having a er importance-weighted frequency; and (B) said second
computer contains a storé‘éi copy of said datgipase and, upon receiving said coded version of the
“financial message, emploﬁs said stored da se to decode said coded version of the financial
message. 23. The comper system of cla 2, wherein: (A) said first computer is a Client Computer
and said second computegis a Broker Compdter in digital communication with a Market Exchange; or
(B) said first computer is §Broker Computegdand said second computer is a Market Exchange
Computer. 24. The computer system of ¢| 23, wherein said Market Exchange Computer executes
said financial messg im 23, wherein said first computer is a Client
computer and said $ p&er in digital communication with said Market
Exchange, and whergl data compression technique to establish a
Broker coding schepga ( cheme to produce a Broker coded version of
the financial message Sk b gaid financial message and in at least one other
financial message that is to be communica by said Broker to said Market Exchange. 26. The
computer system of claim 25, wherein said Barket Exchange Computer executes said financial
message. 27. The computer system of clain}.22, wherein: (A) said first computer is a Gateway
Computer of a Broker Computer and said sggpnd computer is a Matching Engine Computer of a
Broker Computer; or (B) said first computerjig a Gateway Computer of a Market Exchange and said
second computer is a Matching Engine Co ter of a Market Exchange Computer. 28. The
computer system of claim 27, wherein said §igarket Exchange Computer executes said financial
message. 29. The computer system of claiiif 25, wherein said data compression technique is
employed by said Broker Computer. 30. THg computer system of claim 29, wherein said Market
Exchange Computer executes said financi essage.
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