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



[0013] The invention further concerns the embodiment of such computer-implemented methods,
wherein the data compression technique is customized to encode the financial message into a
message that i [L -fold shorter than a message communicating thg qgl 9; ancial
message. [Oaésu14]fb1tj ?éei%\intion further concerns the embodiment of such c%%}n%%ftberﬁmz‘p emented
methods, wherein the data compression technique is 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 presdAPIA) the e otEMHISRCIS BRICSEG SO SHEMAVEMEDN R TEP-8BiEdms the
embodiment effeitabyconspittarsimplemahted methedssswpereih thestatagotapressipndtechnique is
adaptive to permit e, ofing-S6AeTE BAIUF QYR IsIpallaRaAg Shoser Gdes o grder-units

having a higher p-value, and longer codes to order-units having a lower p-value present in both the

dl {
unencoded fingntXiSmed i andlm ap1aad: S pPavdsty Eofshareadtnh AristifSssage. 100161
The inventionNewthEs G paetsiHésamisaulipie i ehstolvsamputer Apyhiesentéd ihtiteds, wherein the
data compresgip, {RSPBIGHE KIRIRY SyaNlAFRGIRLIC (N9 Bsidys L A Ly NmasAlgepihim 00171 The

invention further concerns the embodiment of such computer-lmpiemented methods, wherein the

Broker Complifst Hidesawd BRb o ALt varssa e rid i mrets 5 g SAEH e SmHthicates the
resultant uneiscigegk vErBIiEH of tirectihafitiaddn Sssay P taith PibdirkaEx Srang¥000 183 8The invention
further concerigdles erahodipemebsusihsempAerimplemenies methods whearein.the.Broker

Computer employs a data compression technique to esgablish a Broker cq%irfgnghe e and employs
the Broker cobifig SEAEME S Pratitse B/ BTbker Eoue8 vErSBN b thd Mshcia §§t§g]e°6ased on
order-units présemting thEAfTasc)dirmesd dgehand ithatieast bindPotteerlfibthciabroesdage-that is to be

communicated by the Brokex taths-MarketExabanag 0L Theinvaation fusthangenecarns the
embodiment ofcguc computer-implemented meéhods, wherein the data compression tgﬁhnique '

employed by TR IS TS} o i R R e STy LR S E RIS LA &sShorter codes to
order-units havingsidnigteds. prhvaimesabrgrioriéntdddevscioignd thidirsay ing ldbwerpitalue present in

the financial mesgageieRahinthe aldsash epsiathesdinansialmessagmibatisdobegammunicated by

the Broker Computer to thg Itylarke&. Extchaﬁ%e. LQQ:ZP]T]' Qseain\r/garg i?lgsfgg@(}eé} c]%n%errrcl)gktzge embodiment

of such compﬁiee?gﬁﬁsp emented methods, whérein the atapgompressmn tec rﬁqupe empsfbyed by the

Broker Comp@er psoatdaptifiecso thisatstiidiguaing oS chareys Bijsea oy ePHimie e e datks shorter codes

to order-units fravieg Sigherspréalugs andHomgert0desie euaaimniis Waingaa leweab prvalue present

in both the uncpcgded fnancial messans.ndn.of 18aSt SRERIGURIS communipaled nancial
message. [OOE’ﬁa e invention further concerns the embodiment of"'such computer-implemented

methods, whePsHacm & tedl fbe SEFER P YRR oV Plthiebast S omeiltiiddr Mtkrest. [0022]

- According to asatheeaspeebaftbeditventionptiRereAs pravitethatempiter-ifipiementddzmethod for
enhancing the sffisieReyeeh dltally.communisatinn:andduliiing: a fRopdialmesrraglipmalist
computer to a second computer, which method comprises the steps: (A)employing a data compression
technique to SSEBHEHAE TR RETASHIE AAiyRR § TRE REHRRYSEhEHE D Proticd™s database that

-enables: (1)thedesmatidn of a foded wisianfgaiounda ot eddinaheiat Miessafigdossednon order-units

-present in the ypepcaded. linancial MEsaagEIMPeEel (b srifHal compressienieelnigue is
customized so that said coding scheme, allocates shorter codes to order-units having a higher p-value
in said unencStRRYHRAHCIAFHEELE 5 BHgEr LBl e BN LARESAHviHG Y lower p-value present
in said unencoded financial message; or (ii) said data compression technique is adaptive to permit
said coding sdfAifle td ajulstrivel e f9 uNetatc etoRBRIED S fBedierbrontile HatMecRhigher p-value
in said unencegledtfinapcialaprasagmanditonganeedesigordes-pitshiavingo loywetpdvalue for
order-untts Presentin BN sa nrhepRed UDAGA! MeesRas: ana LAt Rask oG REGYANSY
communicated financial messade: wheréin sal | p-value’is a metric of the moving average of the
frequency of SEIEIRGRERSILURTE DRI BHIEH DY itatardbig Famp SHARCE @RIV bifdiordRYunits in said
message(s), suefuibabtecderliol havinga, hMagherimpartansecasighteddiaguetiajzasassigned a
higher. p-valuea;[lla;filjpC%pu rtg&ralém;li%}gp’g.a Ies;er importance-weighted frequency; and (2)the
decoding of the enco ed version of the financial message; wherein the message length of the coded
version of the financial message is shorter than the message length of the unencoded financial
message; (B) providing the database to the first and second computers; (C) digitally communicating
the coded version of the financial message from the first computer to the second computer, directly or
via one or more intermediate computers; and (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 informationZ The invention particularly concerns the
embodiments of such computer-implemented methods wherein the financial message is: a request for
information relating to a financial interest, a request for information relating to the status of a financial

interest, a request for information relating to the value of a financial interest, a request for information
relatina to newe concarnina a financial inftaract: an nffar for niirchace nf 2 financial intearact an nffar for



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 shorter than the message length of the unencoded financial message;
wherein SHEHATA e’gﬁ‘ﬁ)’r@é@}%ﬂt’echnique is: (i) customized so that said coding scheme allocates
shorter c ?} tq order-units having a higher p-value in said unencoged financial message, and longer
codes to MR- AARe HAMNG & e B oA SRe SLic U NEHASALI TS SaBatst o i) said
data compressishate chnigereary defaptivethospeesitesticieoding betrepaeitocadjosicinlactivaeto allocate
shorter coges to.order-upitshaving.aNahetRavabie Jnasaid unergededfmansiabmessage and longer

codes to order-units having a lower p-value present in both said unencoded financial message and in
at least ofS4REsTBRER donFtniea e AR SRAISHEL By & HRBHIH: gé‘?agf)wvﬁﬂﬁsé WA iRof the
moving aneraee iofotheifregieaeyrofieaid Drdepritnit, cvaigitedliylits assignediddpobtancengelative to
other orderls i said messageinh el ibatan adeliyhlt hang.Adidhet meiagaeyeiohted
frequency Is aSS|gne§ a higher p-value thar an order-unit having a lesser importance-weighted
frequencyParec{Bi e SeRS st ST thet %tﬁ%@%%é%ﬁﬁﬁ%ﬁ% JEEASaEE"2hBEHPBI receiving
the codedivarsion.ef the fimaneid messagecemploysdiesiered siatabaspiadesaderthengeded version

of the finangi essage. [00261 The invention further concerps.the e Iment(s).of such computer

system \A%ﬁaé%r@m]: e gecomgﬁ&?éaggfbr{# teehiy %Sé i?t?&}%aﬁtorw§%§%€o%%t tﬁoe% gg(ltsﬂi%agg aCleme

allocates iskonieri gotebasiordepainitelhalirited Higaer ook rentaidnio deis qudeBarectrder-inits having

a lower psY@'éé@rpsﬁaé@ammyra%@sc%@qs@n@msa%@ngﬁgr&@)@&@@ﬂﬂ@ﬁ%@@pi& the coding
J

scheme to adjust over time to allocate shorter codes to order-unjts having a higher p-value, and longer
codes to ERBRSHAIES HARRGE 1R Piodite (Blakert HPBEHA Re tentodet fifiniiafRte¥éage and in at
least one gtaiedisl ycamanicaied fidanciciane Ssageerj0BRT]sEha fnuention:funihaioosneerns the
embodiment f such ¢ ter s In: ' puter is a Client Computer and the
second césrﬁléizfé%#%éigylg?g?%?%%?nn[ﬁtsé%r{?ﬁs ig% c?éérglﬁnffé%ggggqn with the Market Exchange; or the first
computer is a Broker Computer and the second computer is a Market Exchange Computer. The
invention KAk r o FREAEITE ShiboarRiet BF SR SoHTh ierLYStetiRhhvdriih T Sthputer is a
Client comfuiercand theisteaneeoniiite rds:a BebkerCan putenripudigtedtconimuinipitiomwith the
Market Exchange, 300 Mhersikihe Brele: compnsLempivve A.dalaompressighesiipiaue to
establish a Broker coding scheme and employs the Broker coding scheme to produce a Broker coded
version oftPTRssiATidptiRigsey cbise direeTd < hiits presdrilin metraRtosriiessdgebsid in at least
one otherdinansiabmeseage-thaldstehecanmpricaied byhaiBreker iizesMackeainkxabange. [0028]
The inventjon particylarly concerns the embodiments of sych computer.systems wherein the first
computer‘f’é&é1 %'evgxa{ly%%ﬂ"l%ﬁ%tr R{otgfé of & Brokef' @%gﬁgﬁt%? and }ﬁgta%? con élélrlﬁagﬁ‘t?e?a% another
Node (e.gudiRisk MarageraelatiN epfgicafithat BebkegeC ohiputeizlomiohertin telfipstiownypiter is a
Gateway gmg[\?rsupggegg,%gg@g&gmgﬁg@ge 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 p-value, and longer codes to order-units having a lower p-value present in the financial
message and in the at least one other financial message that is to be communicated by the Broker
Computer to the Market Exchange; and/or (B) adaptive so that the coding scheme is adjusted over
time to allocate shorter codes to order-units having a higher p-value, and longer codes to order-units
having a lower p-value present in both the unencoded financial message and in at least one previously
communicated financial message. [00301 The invention further concerns the embodiments of such
computer systems wherein the Market Exchange Computer executes the financial message. Brief
Description of the Drawings. [0031] Figure 1 illustrates exemplary system architecture of an
embodiment of the present invention in which an adaptive customized database is employed to
facilitate communication of a financial message between a First Computer (100) and a Second
Computer (200). [0032] Figure 2 shows the results of the use of the Huffman algorithm on the set of
hypothetical financial messages in Table 2 as a coding tree. Symbols used in the coding scheme are
shown in filled circles, and frequencies are shown in open rectangles. The sum of the frequencies for
each branch equals the frequency of the next highest branch (e.g., the sum of the frequencies of
symbols "a" and "t" in the hypothetical set of orders is 79). [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 rectangles. The sum of the frequencies for each branch equals the
frequency of the next highest branch (e.g., the sum of the frequencies of symbols "[paragraph]” and
"buy" in the hypothetical set of orders is 60 (Figure 3B). [00341Figures 4A-4E illustrate computer

networks capable of employing the methods of the present invention. Connections shown with in dark
fill indicate conneactinne emnlovina the methode of the nrecent invvention Detailled Decerintion of the



The term "information" denotes the valued content of the data (i.e., information within data). Such
information may include "financial information,” which is information that pertains to the value, nature,
duration, ¢eH@iticnseatigther pasaeetstsixelevanid, itfermatipnaffectingapiinraneabingest” (e.g., a
stock, an gpij sition r sition,.C a negotiable or non-negotiable instrument, a

com modit%?%%t?o%g, a noﬁgggtﬁgﬁggﬁ%@e%ﬂ%%%ﬂ ?’iﬁ?&%“a%%%“i‘ %aﬁaafloc @%@8 Séagﬁna%%i%rlglﬁstterest if it
relates to tPEARtAAGees BT SH covtirmation wipfiranbiatypessage. As used herein, a “financial
message" is a datg cor@ﬁwei@@giqn&%@sﬂmf@sﬁ)ﬁim@aﬁiﬁid@tﬁi%aﬁ?ém%&ﬁé adipaaciglymessage
include a request for infor ationtgelatmg to a financial interest or the status, value of or news regarding
such an interest; the provisOn 8f foNHESATAS ISR S Sifebrse fBehraabssn offer for purchase of a
financial interest; an agteemetitetdopurthase a findntiedriterestaanmeferdar Satedf arfinaneial interest;
an agreement to sell a financighaie1gst, AdIERRAGLARALGS Y ALEANIIRINAALUPAAINg fhe stalus of

a previous financial message, price information relating to a financial interest, news re _ev%fﬁt to any
aspect of a Market Exchange, "Bt e{o0871a Qe tP RBrEHion terhpidasdnartemiced wattreardmunication
between two or more nodes ot@izgnashemicalioaineiivers thatcanveys inferimatien. Meparticular, such
data exchanges may be a one.yay;cammunicalian i whish, data [s.communicated ffom, one node of
the communication network to one or more noo?es, WIthOUE anyre elvmgorn ef)é’ﬂ %S). %I?érfr’{atively, such

data exchanges may be a twoshity Eoimmanieaonptrewhickesiata s sarhmumicatet! fromeahe node of
the communication network tonQRe 4 MPIE NRsle 8. ANh SRS RS TS B CE VNG FESPNSBImPUCh

exchanges may be direct (from the %r%%:n?}t?lgg node to the ultimate desired recipient node) or may be
indirect (in which one or more THEFVERING 1¥BHES FotSivE ArithfRp ia e o R OAtifating node
to the ultimate desired recipieptitobie)nOf pagticutarainteie shib the:@résefitdinvientiersare ddta
exchanges relevant 10 a finansigl ilelest (& er HARONRSHLO] AL OGS, AG. e gespgnsive

update, etc.) or capable of causing the transfer of the financial interest from one part)})fo another party.
[0038]As used herein, a pluraf®y®8 pritaresdidEantahnstieg BdipithikrEomhpTEEYWith one

another comprises a "computebsysigtaitdhecampisE sy Siamenayds af @y lyReangferdform of
network and may include any of the fg\l}g\évig%:faﬂ%oii% to, cgin('gfnseat1 orlé, a br%)adcg t%etwork, a wide

area network, a local area networ](,g_a telecommunications hetwor ,fgﬁéflamc’o% i alf?bﬁisnetwork, a
computer network, an ATM (ASyHERfomBI9s! AN StEtt Vo e P Hetwotkr-ar8ON ETi{Syeshgetshus Optical
Network) network, a switched dafprig.netwerk-(8:0n.am4N BINBANRQ. switrhed Jabug petwark), a SDH

(Synchronous Digital Hierarchgls) net\évork, a wirelgss R%trwork, and a wireline network. In some
embodiments, the computer sHEER Ay e HLeS A\ Re NS fimRisiAYNaS SRR @Hannel or
satellite band. The network mayiive npdopology (e.g., a bus, star, or ring topology, etc.). The
computer system and qemputey: SR APAIOHL AR 2h M USEAMRUIGL system or computer
system topology as known to those ordinarily skilled in the art capable of suppdrfing 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 described in terms of reducing the "latency” of financial message execution.
The term latency has multiple definitions in the art, for example, denoting the time required to send an
amount of data one way, or the time required to s&nd data round-trip. The amount of data used to
measure latency can also vary and will affect the latency time. As used herein and unless otherwise
specified, the term "latency" denotes the time it takes to send information from one location to another.
The enhanced efficiency of digitally communicating such data exchanges provided by the present
invention may be measured by any convenient means, e.g., in terms of the maximum number of
transactions processable per unit time, or the average size (memory load) per transaction, etc.
Preferably, the methods of the present invention will provide at least a 5% enhancement of data
exchange efficiency, more preferably, at least a 10% enhancement of data exchange efficiency, more
preferably, at least a 20% enhancement of data exchange efficiency, more preferably, at least a 50%

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



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 cod' (#J%ngﬂgl%%?coding scheme or multiple coding schemgs. Altgg%&qxlfﬂggtwo or more
computers (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 broksheeanibeitarse2Brdsagth of iBrendsd CORpUEY, BratiaEmEeEchange.” As
used herein, a "Client Corgpiserhis acamputatthatoforexamplel initiatasassgmmunication on behalf

of an account holder, As used herei "Broke mputer” isa ¢ ter of an intermediary that, for
example, communi gt@s tﬁé%éé%es‘f g? aéb‘?: ?eﬁ%gﬁaqgsﬁ%isgf é@ﬁﬁrﬁﬂ %%C%rﬁgputer. As used herein, the
term "Market Exchaifge" d@a@’é&@@@ﬁﬂffﬁt@ﬂ&%Mﬁ?ﬁﬁ%&?@&%ﬁ%ﬁﬁ@@&%ﬁic
Communications Networksi{de GNsueiCio WhiCheimipicaliate dnitdd nodeiofadinansiaknetwork
structure. 100501 In one e;’;{%?r%%‘c{ﬁ%%% thgt&gent computer ("Client") and the broker computer
("Broker") would each maintain a syncf"l’rponlz'ed database, herein referred to as the "Client-Broker
Databases." Upon adding a cading scheme to one location of the d tabasef the (iOdieQ;%ECheme would
be sent to thd BT 105K B thE HATaBRSETTHE ETRMIBSTY AIRTATRE Fha% eHidient new coding
scheme for amedsgagédeibeheotamonicatedhterzde thdderalbodirose ety theadiatabase, and
then send the, encagled,MasSarsR ReiBikamAltematively.hedGlrt comdyise agserxisting coding

scheme (formed, for example, using priQr finagci | messages ipe e ({;Iie&ﬁ%{g erer[g%ab'ase to encode
and then senBPTB S HR I HEBYOREF TR §5GRRer ARermative. the Client coutd modify a coding
scheme that alceladytexispsiinztitendetbbiase, 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 withftimeonodified gedintnsakiemencthel Brokip HehecSlidatiot Brbkermoytdpdetermine the
most efficientyy, i@ SOMYAIGALR LM OPRARRRIBHTIRIENH1RkAA INQASANENG sxpected

frequency that a coding scheme will be used, the size of data that nez,ds tﬁ?be comm 1%icated to add
or change the eAPHISEEEP SREPTFE Bt tNReTHB LS JESHAPUBH T AICARRS B BHEiFAy fRtended
information syetviascamneeis toHieof sethid0051 Fkeimmention contb e Mesadgesf a coding

algorithm to form a caded database of erderuaite JaARe ambedinent sHethsodiagalgarithm is a
"Huffman Algorithm" (Huffman, D.A. (1952) "A Method for the Coggjﬁruction of L\{Iénimum-Redundancy

Codes", Proc EX%2EEe SeBfifber 50 BUEM TP HSLENTANS BMoPEEeS) Mg spadd €earch And
Memory Efficianti¢theffinhme@odingliskaE Bd rfiesn ationetb Symp ésilsnep Lozt end SiRtems, ISCAS
'93, Volume 1¢gp, 487090 HashemianuR: (1294« Rasiganand Yachwasadmplementation of a
Memory Efficientﬁuff.man ecocté? w/EEE Transactions on Cor Es:ru%]gr J%é:grg@%sﬂ Yolyme:
40(3):345-35% WRIFENTaH B £ %f“'ﬁﬂ@ﬁ%’o%'ﬁ%ﬁc?e%agndp High. Speed Search Huffman Coding"
IEEE Transadtienscon! Comierriicatibiebingdfroyo5reeess of pinkiniashrect arrgoo$*Reduced
Code TransmigsiQR-AReHHIoh RpeethReaastue o s dduffmanmbaessdRadficsRimEanference on
Communicatiops,. Computers and Signal Pro Ing, Volume 1, pp. 180-183; Hashemian, R. (2002)
“"Condensed ﬁE%Fh‘%%“ﬁ i (S}I}dilsrlsa,ﬁa1 ew E%f%i@ﬁ?sglg{ceggﬁcga‘%%hnique," The 2002 45th Midwest
Symposium on Circuits and Systems, Volume 1,&@.%@8@’;1; H?she}mian, I‘}’ (2003 ';}[t)gcrlect Huffman
Coding and DEW3Ying Thsirg 8380 MGt CHUELL S Y BPEeRuiGs TR I008, Thiemational
Conference omtifeimatierif abhnstogym@esing aabh@umiputingmpd 28 o4 de Hhashesriigh, R. (2004)

“Condensed Tﬁ&@é“iﬁh‘ﬁ@%&@%ma@i 1ARNIPAc s RHicientHaceding: MekRsTkansactions on
Communications, 52(1):6-8; Connell, J.B e(t 973) "A Huffman-Shanngn-Fano Ch?de " P IEEE, July,

o2(1) . oc
Dp. 1046-1047°VHARY ST N FOREES BERIH G BSeTERE © fgﬁ%é?gé‘%’; E’}%f‘égse@;sf7,358,87o;
7,333,037; 7,288;5&1igh490,287;7,129,864; 7,106,794; 7,064,489; 6,304,197; 6,292,114; 6,271,689;
6,215,422). The Huffman Algorithm results in the production of a coding scheme that allocates shorter
codes to an or@erynit havingaibigheh@-valdenant: | enmbedivedes’ teuen @rasranmtiavingd lower
p-value, reSUItmglrg]dsa %‘%‘é&%‘!hté“&kie&%%éﬁaLgntgc@lﬁ;&hg RXpReiesand Wimately obsgrved

frequencies are close. Variants of the Huffman Algorithm may alternatively be emplo edh. Similarly,
other compresSRSFEIGBItIINTE785 BE'epidirst 1 %eﬁ"ﬁ?efhgﬁflﬁfm%fﬁaﬁ?lgc8mﬁﬂﬁ"§?ﬁgﬁ't§ Variants,
provided that thekcdseal ificreasesthaefficiency of data exchange in accordance with the present
invention. Alternative coding schemes may also be employed in accordance with the present invention
100521Alternatively (or additionally), the employed coding algorithm may be an "Arithmetic Algorithm."
Examples of Arithmetic Algorithms are provided in United States Patents Nos. 4,122,440; 4,286,256;
4,467,317, 4,652,856; 4,891,643; 4,905,297; 4,933,883; 4,935,882; 4,989,000; 5,099,440; and
5,272,478. For example, a sequence of symbols cad 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 hlock encodina Thic ie faacihle for lona ceaadiiencec heacarice thare area efficient in-nlace



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 inve&igﬁ%f@?ﬁ%ﬂvely or additionally achieves such enhanced eﬁﬁ;?gh‘é%‘f’@r‘g‘ﬁﬁﬂy
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 searche@d01s] onéremivedinme fitrtithe cdateina ke sesirotfitieneds sneprovephisy iswdmentihg the
employed cogipg seheme.intamultinle seetions ainradhe cadingschemedakes integgount the

p-value, rather than performing a search of the e tlire coding scheme, the search could begin with the
segment of tHBSEBEMGEchBTEEitighE AigREse; E{,%ﬁlg_“?ﬁ&‘ YA PESH EATEE WA thIS section, the
search may ba:fasiérd firtheigasrsshgwithin 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.jpethodsifordatiabasetptioizationthammdinke: adapted-tonthepiresentimdention are
disclosed inUnitedStatesPatents Nos.7.580.854: .7.574.424. 7.571,397: 10; ,582;

7512 501: 7150880 T3 Lok $318 %Sg’t%%‘éh{“g%%m?%g%img%g?gg“éf%tggg"a}%gf%h%g 7,206,644;
and 7,200,598} rrtonHed s £a6ss ' Atdsitin bt h NS S 20315167851 697 ©LhaHiuH Patent
Application CRe2351 023 prlakirgpean HakenhdublidatiancNos£R20687111 A2 and EP 1223677A2,
and in PCT Publication Nos. WO 81/03560A |; WO 97/35383A1; WO 97/35427A1; WO 02/060067A2;
WO 02/27644f¢; and WO: Q002 1aARl - Badealculation Qpimizatioen Teshnigups LABA In preferred
embodiments, th}? greslent_int e titon alternativtelé/ho.r gedidigi n?}l!é/tgcréir%\ﬁ% gg(g:ﬁnersl&ae%qg efficiency of
digitally commUiRaHNG €hen e eREaRges Heing caldufation opfimization techniques. Computers
may employ sidigk predisiotr Fheceseahmier wdeyingréstsnittivngec $18&) rdslmledriverson (for
example, carrying ealguationsniind Dits)epp JLarteE IR GISIOm ¢l aulaling prResssbsedag conventional
set of calculations, gl of the caleulations are conhicted, at doyble precision. [00601 In a preferred
embodiment, fhe methods 6f the present invention will provide the accuracy of double precision output,
but will do so at nearly the speed of single precision output methods. This may be accomplished by
relying upon tH¥®der'sf r’r’i’é{’f’ﬂg?ﬁa’tl‘?ggfbf)‘@}cﬁffbgng‘?oeﬁggééfgﬁﬁf ESH%&%WS‘%%’WP&?@%%‘F%S of a
calculation (e.getithds,initiakentiesatarctvecalswl atedhigatuenafian mitialidaleudatiznridte. irto term(s)
having only infggggagqi%tqlg., 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 gigaier effciancy (haf dRuls.iscio GASHIRNUP FRMSI AR I Sameases only a

single, additio e precision calculation are required to complete the task. In an alternative
embodiment, BFyenesinde dirgkee feanstterriediiinse g ey of d i prab it #alculation
separately fromdameneariniegarsampenents ohsuobictermsoT hé henbirede meosagoretits of such
terms will be tﬁgﬁé@ﬁgghg%gyerted 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 sgpyately pracessed niegererms. (0061 e Above descrinad Salsullion optimization
- techniques cah be us.eo‘1 (o] |mprovel{ﬁe performance of any level of precision (for example precision
greater than debrsstifrsshyde Shnkeefeommie gaRipra R SSPteRy ATIPR st e 25890 e’ &nt Invention
[00621Figure killustral@sexaselan sysiem akchilfeinaibbanmembrdjmentof Brekpresest invention in

which an adaptive customized database is empl | to. facilitate ¢ Ication Inancial
message between a itr%s% Tlc‘zf‘é“r‘r‘i%ﬁ{“e‘ﬁi%?o%aé%r‘f %%%%gér% ) Bér%%tﬁ?e%%;%}‘g Eé%i“s%ﬁg%%a‘liﬁm&gure 1, data,
either obtained' e AUy BIRFebRTHGHcEEY MEtaarRisdsy 8% B A HE AGRAER digitally
communicated:fiangial messages (800) is transmitted (700) to a Data Encoding Computer (300). The
Data Encoding Computer (300) processes such received data to form an adaptive customized coding

scheme (310),@ndjtherusesihis: aoding sehamedte preducaq databrseshiencagdeshéeata (350). The
Data Encoding Corgsgut%r tran%mi(is (400) the, rotg&%?% é:la'r[%lli ase tg) tt’\% F';g {élgg)na&gr Slsecond (200)
Computers. TREEHS GERBUEF 10D) WSt Fetalsd database (1 Oéan accasses and employs
it in order to prepansaftesetcbdedodiessigay ORI boBFc et hieds aas arehathiisnditted (510)
from the First Gomprias00)da the-&ecandroampuitit 20Q) T he:Secomnd tampuirs30), having
received the transmitted database (400) from the Data Encoding Computer (300), stores such
database (210), such that it is able to access the stored database (210) and comprehend and act upon
(250) the encoded message that has been transmitted (510) from the First Computer (100). Optionally,
the Second Computer (200) provides a responsive communication (550) (which may be encoded or
unencoded) to the First 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) is then adaptively customized in response to the transmitted data (700) to reflect
chanadec in the financial data heina actiiallyy commiinicated by the Eiret Comniiter (100 10 the {|econd




-[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 preferraddfuntiibe ehisestlimmenetiondiaauinh sepeasethnl beeployampycaidlibnttbhdrBroker. In
one embegdimant thecoding sxbeme(s) employed will further comprise the use of one or more types
of del inineators (e.g., a comma separating two adjacent fields of a message). [0066]The

Client-Br of' base i?og %gd to store codin%]d%%her% glg}tlaln enlbodingents of. th(?miggsention, the

e 1Mve T concerns the emb et computer-imp:emented me L
database can additiona fy ora ernatlverli)l/ store other dlata (ge.g., anOUI‘]t n?ormatlon, inancial

messages o hnidisryoprspistatersnione shwktlidhe shafeokerft appey itednevt wcbsUhe balance,
etc). Becaugg.conpldersdiative nepmmrupisate.ang aracessinfosmnationdaingns theafficiency of
data exchanges can be enganced %/rcausilﬂf%lthe network to communic,atﬁ, n&gde, and decode
message¥BEndBe R8s CRERY Kha BToKEEINS BhaAN Hidally 46 FrEthE Mt orde ZEerom the
Client to theuBrdkersstiye @GlHientwikanazevimaiyualyronaatehbnocigly)disesexpected data exchange
and define in the database one or more coding schenie(s) that is/are relevant to that exchange. The
coding sqhgmesridlRenptimizrg towarsk SRNEING dhe-fxneciet.ReRSageH Mt BnaaxiBaMY;,
compression. Alternatively, a universal b?s line cggin% schi%ge gan he used (i.e., a coding scheme
that is inStRSEER RRHBTEPEIRERE SmgLeE SRS LNt 4 BEEh J85 Fhis would be similar to
FIX Protocol, but rather than using ASCII, it would use an alternative, and preferably publicly available,
coding sdA8Rk firgpidirgdeepplionigeactol ibmptitiem sbagdsduryidedGoPIPyth-maksssgeEompression
of the codipg schemessrRrPaRpimized insexpiahwaysyRisiarablydhergampressionauld be
‘optimized by the expeoc%ed frequency of orders being S?énéhdéiltr%‘m ti\r/%y, itct uld be optimized by the
expected HRPHTANER o1 eSS P by e B p e e HE SR Y Bf 5 being sent. In one
embodiment, whéin thesGlilentraddsdhe mitiatcodngsohemes intabthehClientiBgokérdatabdse, it will
automatically synchrorggﬁlwmrgt% @J&Kgg&g&gyo%mgcg@t@me therghy,adding these coding

t

schemes into both locations of the Client-Broker database. To send an order, the Client computer
determines the most effiéient B5difgR&dre Me’ehtfst BiFeaR httg aser o drgenBmEtsing a
compression algorithm of the Kabentsnchaiesutsustaganiexistingreaciogischenal fremide;
Client-Broker database. The Cdllijent. con pulc?ﬁgpen encodes %Qc order. dete}ils int% a @gp%gompressed

. WHEeTein, (1) 'Sak COMpPression Ue 15 CHSIOmMIzed 50
message using the chosen coding scheme, an Sends that mess%lge {0 the Broker computer. The

Broker then decodes the meseaegusirgendleendih ghorive arded a6 madeirgiia kyfn rohielsd Client-Broker -

database. [0068]There is usugily,@ immaRY e TeReBraket.delationship: inothe Market Exchanges.
The Broker then becomes similar t(éa_"Clien " for the next phase of the process Ié creates and

maintains a Broker-Market EXEHENGR tah a8 QwhitH i Sreterant &p@ﬁﬁ%’ﬁf rOMAE
Client-Broker databases storedessaghieoBfokenidoimp yienpIdaB tokeidutark etdxchangerddtabase is
maintained in synchrony with g gopyof the.dat akihe;Marker Exchange. JLhs Broker. would then

decode the orders of all Clients into a common coding scheme shared by the Market Exchange. The
Broker then encodes the buIk‘%’é@éﬁﬁ’é&%@%@b?d‘@@%ﬁﬁ%i%ﬁ‘?ﬂ@ogﬁg%?ﬂcﬂﬁ]af“ﬁﬁzf%‘v&doptimiZed
~compression (for the entire bubsgetdaifas traa-anys indivig uadb fraanetahsfessage)nitisaseaans that
some messages may be Iessitrb no Eﬂ %I ggﬁgé) 5;51?91 i;n Qeqi%% s{e}@%ilna?iltéiéjsgagg, Qo\{\i\(/)%\%/ﬁ,r, the total
length of the encoded bulk set of messages wi stil be less than the tota engt of the In vidually
compressed messages. This tBrokéH s AvearExene g vdsaitigsrcdoMeup hemsartely as the
"Client to Broker" coding. [0069}1heravsdssustiyia iraanydbBrokersdoreeiarkes Exehangg”
relationship in the financial markets. The Market Ef(C‘han‘ig]e then r%ceives the e.q)coded %ssages from
Brokers, then decodes the m&SE5Ges URINARTZE S ke 10 UETHIB S Bnittb A EBaRSY scheme. The
Market Exchange then sends sineh shandardizedit ddedam dssay dsitortheemaighied feagimey which
matches buy and sell orders. 1@&%@@@%@;&@&9&%ig@l&ydg}m%ggﬁgcgq‘gggggqgggrmﬁggages back
to the Broker, which then sends confirmation messages back to the Client. The backward messages
(i.e., from Market Exchange 10" BIENET T5BHNT)afe 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
tn alwwave ecend meccecanec with increaced comnraccecinn near-acontimal comnreccinn or antimal



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 informatiéh nedbeéetodemhnrilinrissles Yraigokdedhansishmaerethe Market Exchange is
formatted below in the figlebpraes Astion G@ﬂg{h&ﬁilt}ﬁeﬂoaa@rtca;aht@chaueﬁha&mnﬂéységé shares or
contracts), Ticker Sym IﬁOrger '{g% (Smar et, etc %ct}; §Ie|dl the PlainText is delineated by
a space punctuation, alqiRfo o a%%(%% %%e iHeat CparigFaph mark. 100771Tables
1,2 and 3 illustrdB the wonpagdtivéacddingeoha fseties @%fch»nénmammsages using, respectively, the
FIX Protocol, a figgt-ordeg eni opy-AsuinRel) SRSINBCRRRIESSIANGAMING Sehemeand:a sagond-order

(word) custom compression codln%lscheme In Tables 1, 2 and 3, each employed order-unit is shown

separated from other ofRIEPHIFTItE b RSERMACSHRH Y5r SEIESHY e Yire RSy RS HSE plERSlgkeillustration
and are not part of the aﬁtpummage .11 FIX Protocol (51 [4] 1=1[5][11 [3] 181 1=1[2] [21 [41

5] [5) [ 1@] Era] [1¢3 Il 6 5115111 b1 121 Eellel(13[I[ =1IbI(51
151 [41 (=1 [1] |||(?% %ﬁ% flﬂ}g[ lil[‘l a[‘éﬁéf ]“f%T[‘f’l{‘[‘Eﬁlﬁ afii {147 H [11 [I1 [3]
181 I-1 12] [31 [0 11l [SafgBaapion[ef 5nerg pifarcipbmiprast 151 [41[ 1 [1] [11[3] [8] 1=] [2] 121 [61 [11
151 [51 [7édbdy [ahi{dehdd: TulthEStMkink Eﬂaé At i3hc8] b5t decdh R [éilpﬂe'ia]eﬁi’edlrﬂéh{&is[C] [|] 14)

101 T1 161 41][o 51fcllll 111E S1[61[I[IL =I]v

IO SOOI L ST PSRRI 2T !sﬁfémL romaton. Th

1= 1[01[@1@11]{9][%(@@}&&5&(&&&61&Ilthiffzﬂftel:[@i(lﬂﬁm[ﬁbf[ld[dh computer-implemented methods
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[T IfoIbe‘?Lqi‘ifb]fR}]i ?{%ﬂﬁg]fﬂ ﬁ%ﬁméafhﬂéa@u? Pé‘lc’ﬂ} [T TSRS o7 pferspdan [5) [5] 1=1
[h] [P1 fotclddiddd {68 darde B fﬂmﬂk{;ﬁ]fﬁlsﬁe?s’tjwatfmétFﬂazfsd;[ﬂcbfﬁibzﬂm)Wﬁﬁ@[ﬁhe&dfﬁoh&én{ﬁ]gh41 [=1[1] [1]
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111 (31 [8] 1) [2] f21 [4] [1] [5] 151 I-1 (ml (c1 [dI [1] 14] 10] 1=1 111 1 151 [4] (-1 Il 1] [3] [8] [-] (21
101 [0] 11) 151 [5] 1-1 [m) [ml Itm1 111 [4] 101 [] [CI
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1=1 [WI [Filqt]ibfdba QhfrkdlaiyMibod 10 IhieadHadinit Ol bl ol At A MRA AR IE i tlimts(61(5]
localululd mti ett 'E:me | 1.)av E‘ HC twt.! 12t llow.coat pEz anti' lauwaq
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[0024] The invention further concerns the embodiment of such computer-implemented methods,
wherein the financial message is an agreement to purchase or sell a financial interest, or a

confirmation thereof,

[6025] According to another aspect of the invention, there is provided a computer system,
comprising a first and a second computer, in digital communication with one another, wherein the
computer system is specially adapted for enhanciﬁg 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; wherein said data
compression technique is: (i) customized so that said coding scheme allocates
shorter codes to order-units having a higher p-value in said unencoded financial
message, and longer codes to order-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



101JELIIpuA MI 11 231 ko market - ihuv 274 mcd market J311EtAlout AIN fi- --------- 3put stc A1t95
tavern pun az 10/.12111atoanci! winw an 00Z Ankli 431, TILIzrk/) 122 AIN buy 227 utx market JaNIU111
LA uzz psiteut WIAN titethdigprder-unigyin 37idk arespageicat suchitbaGrerdEntpyCodirghigietel 111 111

Is] [b] fel Er] rl L,1 161; if il dik | ; 1421041 E,| [a] tal
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fy1 [2] [3] 1,01 1,1 lal LPEYES 3 1558Fn 1RGP R Y P8P EE ToBWER A1 1 121 [21 161 1,1 Eb1 Eal () [m1
[al [r] [k] O1 [t1 1ED [1][djebOidefiubijiiat Okieifiy[@MR1ETHANThG|dnhbbd phyl dndn[2cE8tid@] 1,1 In [a]
fr.1 1,1 iml Eel Er] Ikl gl ]3], d0] [ Li¥hfod 42 1ahadilBldedidog! G801 B Ralla! drikkl,

decode the coded version of the financial message.

[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.
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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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Brief Description of the Drawings:

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

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

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

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

[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.
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[0036]  As used herein, the term “data” refers broadly to digitally processable information.
The term “information” denotes the valued content of the data (i.e., information within data).
Such information may include “financial information,” which is information that pertains to
the value, nature, duration, conditions, or other parameters relevant to information affecting a
“financial interest” {e.g., a stock, an option position, a futures position, cash, a negotiable or
non-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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efficiency (6). o) 18 18E first order entropy (4.2669)16; see Table 5) divic )% hoéoéi}sgr?age code

length of 7 bits/character. The message length is 709 characters x 7 bits/character, which equals
4,963 bits. [0079]In accordance with the principles of the present invention, a custom coding scheme
is prepared by determining the number of HisI&) fa€d 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 giyemty jpﬂlgﬁnﬁﬂ@@ﬂpréssioﬂtdhaiiﬁnga@gdnﬂtm,,wmas,tﬁigrmmgmmﬁﬂ@ghﬁthm is
employed to gafermingthe &&%}@MJ@&@%@@&H&;@W% HROD: LI PoYRIURiLE Dredrggtiency,

weighting, or other scalar metric). In brief, a tree is created in which order-units having higher p-values
are assignedSBraedbedsREsrYotind gk smhdsoitierdiBits having lower p-values are
progressively assigned to tree branches located further from the trunk. [0080] The results of the use of
the Huffman H@&tithmsrame sedotiriafamaassigessniTdseawirsitbrieeieatrapyesding scheme)
are shown grajabically @saiteperia Eighlsg=d. {e preansdor implemanding the, HuFaeaswalgorithm is to

employ huff n.Lar sq,ftwagg to %fgner%te the free. Such squvare IS vt\)/ig,qgé E?Vc‘;_lié%me 28, the interne and

is known to thoSe %"fc%rﬁ?ﬁtary Skil'in the art: The use of the Iegoarl?ﬁnrﬁ ?:)row eos a set of equivalent

solutions, anyHeasf frarsrdilBe dbhEBRH P AS ARG aHOR R e tifgS édeh ®mBBI: The coding
values may bagledusaddranirRigeuie 2 by. seftingqamiuefofsibienieacbistep:teytirghgand a value of

"0" for each step.to the left, Thus,for.examale, the, symbol.'m- is posifioned tq require three sequential
- steps to the Ie?tjﬁ afndaﬁ%é ae% ’diia'lg O!FO%O;O{hg syn?!)o%(t'?' isrp%usiticc?neg't'd requiregthe gteps left, then

right, and thefPrBBNaifgsRICOrAIAPHAY BRBYirfy BPOA & T4E 2 $RoRwSHRERARHSIERNE deduced
coding and thaaguansityeGidbils aftaibed twarigh the use, af thenaalysiey(the-termitiparagfaph)” denotes
a command t%ér%%fteagr,‘%J'?&)?Rzﬁ’@s{ag@)?lﬁ)“ﬁ?sg?(& E}Eaﬁig@’ '(:'H)tr% 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-
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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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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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Speed Search Huffman Coding,” 1EEE Transactions on Communications, 43(10%:2576-2581;
Hashemian, R. e al. (2001) “Reduced Code Transmission And High Speed Reconstruction Of
Hyffman Tables,” Pacific Rim Conference on Communications, Computers and Signal
Processing, Volume 1, pp. 180-183; Hashemian, R. (2002) “Condensed Huffman Coding, a
New Efficient Decoding Technigue,” The 2002 45™ Midwest Symposium on Circuits and
Systems, Volume 1, pp. 228-231; Hashemian, R. (2003) “Direct Huffman Coding and
Decoding using the Table of Code-Lengths,” Proceedings ITCC 2003, International
Conference on Information Technology: Coding and Computing, pp. 237-241; Hashemian, R.
(2004) “Condensed Table of Huffman Coding, a New Approach to Efficient Decoding,” IEEE
Transactions on Communications, 52(1):6-8; Connell, 1.B. (1973) “4 Huffman-Shannon-Fano
Code,” Proc. IEEE, July, pp. 1046-1047, United States Patents Nos. 7,564,379; 7,538,696;
7,460,595; 7,375,660, 7,358,870, 7,333,037, 7,283,591; 7,190,287; 7.129,864; 7,106,794,
7,064,489; 6,304,197; 6,292,114; 6,271,689; 6,215,422). The 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 {puy] [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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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 1010000 7 mcd 000 100 7 vm 1010001 7
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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).

FHastrative First-Order gL
Symboi Coding Oty of Bits Oty of Bits

N 110 3 7 11111011 3
2 000 3 0 11111110 8
m 11310 4 X 111211111 8
t 1011 4 6 10010111 ]
a 1010 4 h 131110011 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
] 0100 4 n 10010000 8

|paragraph] | 0010 4 i 10010001 3
4 31111100 7 8 10010110 $
C 1111110 7 g 111100101 9
3 1111000 7 z 100100100 g
p 1001100 7 Nd 100106101 9
d 10013161 7 @ 100100110 9
0 1001310 7 q 1001001113 9
8 100111 7 # 111106100 9
5 1001010 7

S99 .



k 0001101 att 1011000 7 mmm 0001110 7 csco 1011001 7 ms ft 0001111 7 230 1011010 7 ko

0010010 7 cox 1011011 7 pfe ,0010011 7 intc 1011110 7 axp 0011000 7 sell short

WO 2011/034667

PCT/US2010/644587

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

5.

Oty Of | p Weighted
Svmbol | Qty p -plgp Bits Bits Total Bits In Msgt
. 93 | 0.1581633 0.4207955 3 (.4744898 279
2 57 | 0.0969388 0.3263718 3 29081633 171
o 42 | 0.0714286 0.2719539 4 (.28571429 168
t 41+ 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 1 00578231 0.2377808 4 0.23129252 136
e 34 | 0.0578231 0.2377808 4 0.23129252 136
b 31 0.0561224 §.2332044 4 (.22448980 132
¥ 311 0.0527211 0.2238261 4 0.21088433 124
U 31 0.0527211 0.2238261 4 0.21088435 124
iparagraphi] 30 | 0.0510204 | 0.2190195 4 0.20408163 120
4 7 0.0119048 0.0760990 7 0.08333333 49
¢ 7 0.0119048 0.0760990 7 0.08333333 49
3 & 0.0102041 0.0674970 7 0.07142857 42
p 5 0.0085034 0.0584842 7 0.05932381 35
d 5 (.0085034 0.0584842 7 0.65952381 35
{ 5 G.0085034 0.0584842 7 0.05952381 33
$ 5 1 00085034 | 0.0584842 7 0.0595238] 35
5 4 0.0068027 6.0489774 7 0.04761903 28
7 4 0.0068027 0.0489774 8 0.05442177 32
0 4 6.0068027 0,0489774 8 0.05442177 32
X 4 1 0.0068027 0.0489774 2 0.05442177 32
6 3 0.0051020 0.0388506 8 0.04081633 24
h 3 (.0051020 0.0388506 8 0.04081633 24
i 3 0.0051020 (.0388506 8 (.04081633 24
v 3 0.0051020 0.0388306 8 0.04081633 24
j 3 0.6051020 {.0388506 8 0.04081633 24
I 3 0.0031020 (.0388506 g 0.04081633 24
i 3 0.6051020 0.0388506 8 0.04081633 24
n 2 0.0034014 0.0278%00 8 0.62721088 16
H 2 0.0034014 0.0278900 8 0.02721088 16
8 2 0.0034014 0.0278500 8 $.02721088 i6
g 2 0.0034014 0.0278900 9 0.03061224 i8
z 1 0.0017007 0.0156457 9 0.01530612 9
W 1 0.00170607 0.0156457 9 0.01530612 9
@ 1 Q0017007 | 0.0156457 9 6.01530612 9
q 11 00017007 | 0.0156457 9 0.01530612 5
# ] (.0017007 0.0156457 g 0.01530612 g
X Avg. Code | Message Length
Total 1588  1.0000 E‘ég‘;‘;"g Length: (in bits):
j 4,29421769 2525
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101111108 dis 0011001 76 10111111 8har00110107 [00841The calculated second order

entropy of the list of financial messages is calculated from Table 7. Table 7 Efficiency
andive Second-Order Entropy Custhm Coding Scheme Word | Q -plgp Qty Of Bits p Weighted Bits
Total Bits In MEPMEREP31 02012987 FCT/US2010/044587

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

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

[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




04655214 2 040259740 62 [paragraph] 30 0.1948052 04597200 3 0,58441558 90 buy 30 0.1948052
0.4597200 3 0.58441558 90 224 6 0.0389610 0 1824087 4 0.15584416 24 227 4 0.0259740

0.1367997 5.0 12983&%%20 2254

WO 2011/ 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




0.0259740 0.1367997 5 0.12987013 20 223 2 0.0129870 0.0813868 6 0.07792208, 12 228 2
0.0129870 0.0813868 6 0.07792208 12 200 2 0.0129870 0.0813868 6 0.07792208 12 222 2

0.0129870 0.0813868 6 0.07792208 12 226
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Qty Of | p Weighted
Word  Qty 7 -pigp Bits Bits . [Total Bits in Msgy
236 ! 0.0064935 0.0471869 7 0.04545455 -7 '
cvx 1 0.0064935 0.0471869 7 0.04545455 7
inte 1 0.0064935 0.0471869 7 0.04545455 7
sell short 1 0.00645935 0.0471869 8 0.05194803 8
6 i 00064935 0.0471869 8 0.05194805 8
Avg. Code Message length
Total |154]  1.0000 fg;;‘;g’éi? Lgngth: in biter -
i 4.14935065 639
j0085]  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 bits

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



2 0.0129870 0.0813868 6 0.07792208 12 221 2 0.0129870 0.0813868 6 0.07792208 12 aa 1
0.0064935 0.0471869 7 0.04545455 7 bac 1 0.0064935 0.0471869 7 0.04545455 7 kit 1 0.0064935

0.0471869 7,0.040345455.7 : PCT/US2010/044587

version of the FIX protocol being used, the stock symbol, the type of order (market or limit),
action (buy or sell). For this simplified message of 35 characters, an 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



vz 1 0.0064935 0.0471869 7 0.04545455 7 mcd 1 0.0064935 0.0471869 7 0.04545455 7 mrk 1
0.0064935 0.0471869 7 0.04545455 7 mmm 1 0.0064935 0.0471869 7 0.04545455 7 mstt |

0.0064935 0,0471869 7 0.045
WO 20117034667 4455 PCT/US2610/044587

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

-35-



7 kol 0.0064935 0.0471869 7 0.04545455 7 piel 0.0064935 0.0471869 7 0.04545455 7 axpL1
0.0064935 0.0471869 7 0.04545455 7 dis1 0.0064935 0.0471869 7 0.04545455 7 hal 0.0064935

0.0471869 7 0.04545455 7 hd1 0.0064935 0.0471869
WO 2011/034667 PCT/US2610/044587

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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E ntropy: 4 .0752067 Avg. Code Length: 4.14935065 Message length in bits: 639 [0085]The second
order entropy of the list of orders is 4.0752067. The Huffman coding method creates a custom coding
scheme that has an average code length of 4.14935065 bits 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 @@msesent 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 proVieRFERHEFRI SRR RFEC S exmie, Brvdressafdisiady sunjsrnictismsmission
problems (lost paskets: eies)agectensing: thansizerab themessagsudecieases e prahahilibngf a
transmission ersror.SAdditionaIIy, decreasing the message size permits the entire encoded message to
be received (anctzle 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 inventiéh)sravicidnze dijnificantatvantiyguove epridishethdidg shereoveredeiorensiag the
message size %%ﬁmg@lﬁ%gwdtgaggsy@%&%gq: per second, thus increasing effective
bandwidth and carrying capacity of the transmission lines. Example 2 lllustrative System and Methods
for Clients Who Send Orders with Randomly Distributed Variables and Order-Units [0087]The
enhanced efficién &P JPaRaLcR RiR£9ed sroorietepy tRe-pled Snemmipb mrstes isetrarcudsyeftacting a
simple order torpeshaseiiObshades hf-atodhkisaanpaayis, having a Market Exchange Symbol of
"aaa". version of the FIX protocol being used, the stock symbol, the type of order (market or limit),
action (buy or sell)..Fqr this simplified message of 35.characters, an ASCII code of (35 x 8 bits =) 280
bits is required. %aggﬁtglcﬁ%?rﬁ%%cgfmrﬁi uggsg%u%%md%ﬁms?a%f’ Tbsglé%oéjér%gtﬁ%ﬁ?ﬁea TRpTEE Hessage.
100891In accorR$asicte wihrtiweitpresistdmvestioriadre istord compréssivatechnigeedsmsiipigyed to
provide a coding.&ghemeThacRVRY e Messals S dheSamed Laty-400 Araatkel,Lhs 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 e, etc.). A compression algorithm, e.g., the Huffman

algorithm, is en%)Sfl’éiad%a%]éﬁéeﬁ%ﬁé‘fﬁb“?&ﬁéﬁ?éi%%ﬂﬁ%%%eﬁkﬁﬂ&éﬂdiﬁqﬁé%%@. ThErestitant
binary designationstfortheacodeate shiewiminitie-Tdble.fidable:gié ochnl&hemR lairtextBinary

Value a 01 0 Oqgnﬂcg?%ésga%goand 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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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
additional order-units in the future. In a preferred embodiment, the coding scheme would comprise
additional order-units in order to facilitate the communication of additional or more complicated
messages. The codes for such additional order-units would be based on their expected frequency and

would be generatedfroma ffes sreateddising Jpr examnle, the.Huffnan Alganihm,, 100914 the plain

text message ("buy400aaamarket") is then encoded using the coding scheme of Table 8 to yield a 49

bit message: [PESOPEETOTRPISPIFHTO00Y FFLF| 00 1E[01] [01] [000] [01] [1001] [1011] [1110] [1010]

(the encoded message is shown with the encoded symbols separated by brackets and spaces; such

brackets and spages, are. solely forpupascs pfilstiation. andatould nat b employed.jn the actual

encoded message). The use " of the methods of the preseh?’mventlon réducedthe required*message
from 280 bits toWbidlyeempkly St ppoveriam frelsfiitiency. Example 3 lllustrative System and
Methods for Clients Trading Baskets of Financial Interests 00921 In Example 2, the invention was

illustrated with respect to a coding scheme based on symbol frequenc%%i.e., first-order.entropy). To

illustrate the inveftict ST FESpBR B R AFEg &1 SR SHE TGS SAtte BT PRt 3Gt AR R pression
technique (suchdas:thaliHefiphan algorithio) iptisechforpretticesa 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 individ6SPBPIEIRRS TO0OBMA M ef ehastamiisieicoding scheme capable of encoding
all possible words (e.g., any stock, any amount of shares, etc.) the coding scheme will have many

more codes thahthgisehemaplxanplaed: Howewerdhetotal-nessagriangthrpd avsragadit length

of the second-orddflar.é:ﬁ)di%scheme arglglﬁa trgd ced. As shown below in Table 9, since the
message may B SRR A S R 5h ya ew codes T 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 @fe#dl fsreifivient thBrokeedinstord ené stid pycooteobExampid 2kl @kl Beeoding
Scheme - Plain dextBinary Value buy 00 400 01 aaa 10 market11l 100941Similarly, code schemes of
higher-order entropy result in larger numbers of codes but even greater enhancement of efficiency.

Example 4 )
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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lllustrative System and Methods in Which Multiple Coding Schemes Are Employed 100951In each of
Examples 2 and 3, a single coding scheme is employed. Alternatively, as shown in the present
Example, multiple coding schemes may be employed. In one embodiment, different coding schemes
are employed to effect transactions with different Brokers or with different Clients. Where multiple
Clients interactafitHatife ssaifienBresker cepodiiaidimntisleBrenes i teradad viersidrehe vinmaCifesnt,
permitting eachdeiemtfei-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. 100961Alternatively,
multiple coding schemes may be used in a single message by defining the message to have a protocol
of ordered fields.1Thi$gfereramplepbynastdblistiing apratdeoliin wiieh datd igexchangedion a
particular order (g, Field, d AcHon(Binsqlieieas fipld 2. Quaniity; Fleld 3, Financial nferest (e.g.
stock symbol); Field'4: Type (e.g., market, limit, etc.), the indeépendent codés shown in Tables 8 or 9
may be replacEHATHABA TGS FEBHUEHFdaR Tt 4 toraskd fipaciH thestagssage "buy400aaamarket”,
were established to conform to a protocol of ActionlQuantitylFinancial Interest!Type, then the codes
used for "Action"ﬁoufg be reusteqifori;T)éBt%" %tlgtth ill stlrate, our availabl_edA(i;tions are; buy, sell, sell
short, and buy to'cover COdRE for theds Actions psy thisaha: bo 0T b, "ad 1By BRESiRing a field
- order protocol,ithegeusantustodiesd rdetok codds brvehyptaraerinemn bessagk Bits  maplzdse et to
denote four "Typge:- fMansactions,mankelinik step-imit order.and fmatket on close.” Example 5
Computer Hardware Considerations 100971In 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 limit), LimitHerieenfRuantiplcanddesshge lckntifier. 1f eneprrmiis thenusaeriealdields (Limit
. Price, Quantity, . tifi repres eleven symbols (0-9 and the decimal
point), and for'té%%%@%gygm %&%%ggﬁaﬁﬁgﬁ)?n%ql 0ation g?%[%% ettaénréé,Je Og%nx%r four possible Actions, and
two possible Types, the number of combinations is: (4)(264)(2)((3(117)) = 2.13724 x IV. This results in

an approximate average-eada lengthof Adbitsneldmessade mflyies el Bessage +LeA98kSuch a
set of combinat{or}s would require a(gﬁroximatellﬁ 24.29 tera %/tes of storage for the entire coding
scheme. HoweVEr3HE 5?8?%?% &8 W S S SRBEEHRSR0aTEE VR R B 6895 dnd
therefore be unneeassanpib§toret inxahaage-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 freggent codes could be
stored on less ex%%@%é“ﬁ@ﬂﬁi%%%?a@@ﬁ?éﬁ?&‘%ﬁ% 5 SERNEFAIEFIRARE di SRt SERpP R
performance degsifiave asclaiined Feadcihraighpi-ot 220 eiBissand wite dhtoagh Ruk@f160MB/s,

with a latency of(@ﬁcgné{

iIcroseconds. Findin ticulay code using a binayry search algorithm on a
sorted list of cddes WOU% Or%éeé lﬁ?ge%tvreﬁ%gﬁ %%3{38519‘1 Iﬁﬁ)ﬁgfi }gf%%%nzo %%?g%fé?g%nﬁ%rsggaeconds =
2.5 millisecondSn{0099)ER ege SMAME ithrspateoBempinsish amrerks bapabiebsfemployiatydire methods
of the present igyentian; [0QLA0 Figurs dhrillustrates 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 intturiTis incchigitar-copiemeniedtioetwithcd thiich coinpuiter{Cemputer Comrhiskiomay, for
example. be a Matl=XaiRnge fOmRUISEYA commnicaliansha emelaydhe metieds ol dne

present invention (dark shadéd interconnecting pipeline). In one embodiment, Computer A an
Computer B wift{5€82 8e08EpTeds A st SRt da iRt st (R dxartisidonee refts- Broker@itabase),
and Computer Eraing Caimpriehiuwirpessessaopinsefa seeopd sharedkdatabase (fae example, a

Broker - Market.Exchan edatgga e, or a Gateway. Computer. of arket Exchange - V\@t hing
Engine Compu%lenra%("fwé?fl%srﬁﬁe x%iégn%)e%lr? ‘Such éc%tgg/]v%kﬁa%%%é\%f (l)éfeod%lpénglf 80?%1& e?%etare sent

to Computer B Esthepeefirst 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 e R e e tichal Atai fOPHAR &Xendih < BRErsgRd
interconnectingipedine Pruditditid ballys ¢thizdmbodimetat peuitsiadditidnalsed@mpdier sdeeths (Somputer
) to ransmit ojgiels Ja Mgt B sing  consentionalaipiadol.and velalow Gompuisis B and C
to transmit and process such orders using the more rapid methods provide lgy the presen?mventlon,
-[00101] Figure FEsHifsFatEYH S EEHRE lPBdNERE sfcacebinpote ra] sashresiehEngrese meitMmtion. A
first computer (&zampidtessAowhichisay, dofaxanple fag.afLliegtee 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 embgdiment, 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. [00102]
Eiarire AC illiictratece a ciith-emhbhodiment of the abnve-deceribed firet embodimaent of a comniiter oveteam



[00110] All publications and patents mentioned in this specification are herein incorporated by
reference to the same extent as if each individual publication or patent application was specifically and
individually indicated to be incorporated by reference in its entirety. While the invention has been
described in connection with specific embodiments thereof, it will be understood that it is capable of
further modifications and this application is intended to cover all variations, uses, or adaptations of the -

invention followingg_i@&e&%ﬂiép%[%g&?nq&mg invention a\ggeirncludicril%guch epartures from the

) ; ‘SN § 1al me elsan ..
present disclosure as come within known or customary practice Within the art to whieh the idvention
pertains and aLHREYBEEHBIEF t3ithe e deantial Riareres hereinbefore set forth, Claims 1. A
computer-implemented method for enhancing the efficiency of digitally communicating a fmancial

message from a figst computer. to.a second computer, which method comprises the step%éfa(]A)
employing a dataiclzfi?nmIA|E)reC§]§|1 h %ﬁ%ﬁ?ﬁegtféf egf%?gﬁgh @%:8‘#%%&?& anddrbToyihg d&idEoding
scheme to prodwssmadetiaiasedhatidhables fdnte foimationioha cofied versinsrofan Wegngoded
financial message,hasedABOrdaLH RISIes e dsaid 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 p-value in said unencoded financial message and longer codes to
order-units haviftd EIURERS2 Al SOBTREET S ARAHR BT feGrbighnensing wheas e, comliiramieidata
compression teghiniguehisnacapitdedopatahiksdist epdirg 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 havijn lower,p-value far order-units present in hoth sajd unencoded financial message
and in at least C{J%\%t%ricﬁgﬁ%?/ %%)uamcr%%lfrcﬁggrtsé(glf?riaﬁc%f%%%ggg%@w%%ﬁag iR SR TS M tric of the
. moving averag@efHénfraguanspdidsaanerd arcerazewdigivtad 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 asgjanediaNiohsraaluenhan anarderuatbaung e losserImaANGEsighied
frequency; and (028) the decoding of the encoded version of said financial message; wherein the
message lengti SFSKI@CEaRHN BPL1BR HR'SAT HrdHE i1 e SEsaro e S HBrRS AP TR reb lsa8® length of
said unencodeddinanciadamessdgeilB) provipingueaictdatabase ia-saiddirshanskseeond.camputers;
and (C) digitally communicating said coded version of said financial message from said first computer
to said second g ' Vj r. mqre.intermediate computers, 2. The
computer'—imple&'rrﬁié%g%El E%g#}%%%?%?aﬁ%g%%é{%?ﬁ %gﬁ%%aﬁeér%%r%aﬁé)e‘?sﬁ%ﬁ %8%%%?&8@%8%iﬁ‘6eﬁally
employs massitiBy faraietireatssingdes inedeompstorvivplemiehtedvmthod chidlainrtpdwherein
said data compriession ieshiicuedariditionaliyse Riys & fatahase ORimization deghnigue 4, The
computer-implerrg:e’glr;[teqnmgé%od o(f:1 claim lavgh%_&?in s?id data compression technique additionally
employs a calctiation optimization teeRmyGe. 5 4 cORTEET-FAPIeh ehtderihethb dREF Emm 1,
wherein: (A) saiitfirspicainitercis! acSiieges 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 comprisy iseyMaslel Bxhanae EOMPUIET, £, ARYELMplemenied mehod o
claim 5, wherein said financial message is executed at said Market Exchange. 7. aI1 e ’

computer-implefREREHPht S EBe SR 20Gh &7 aIR AT RS @RS EHipER Bess@aewaghGomputer of
a Broker Computterrdmdusiaith segonth gampuierisca-RisknMamrgementsSxstar: Gommutes of @ Broker

Computer; or (8) said first computer is a Gatew% Computer of a Market. Exchange and said second
computer is a Matching Ertl%ﬁhe é%%?)%tsg?r&ng arket | gg eé{n%@lﬁ%%’paﬁ’fier. 8. The

computer-implemented method of claim 7, wherein said financial message is executed at said Market
Exchange. 9. Phéeéapribarciiisiemetnéerriethdca Slaineidl mesermsin said data compression
technique is customized to encode said financial message into a coded version having at least 80%

efficiency. 10. Thesprpuiatippienentedmeihed ofclain.whersin.sad data cempression

technique is customized to encode said financial message into a coded version having at least 90%
efficiency. 11.3]%1868%% Ui Sﬁéﬁ%ﬁ?@&dﬁqﬁﬂ?fﬁlﬁ*%ﬁﬁ%’%, wherein said data compression
technique is customized to encode said financial message into a message that is at least 50% shorter
than a messagéi¢pmnidingcaiindpsaidanendddeddinancial soessage. 12. The computer-implemented
method of claim 1, wherein said data compression technique is customized to encode said fmancial
message into e that is at t 5-fol orter.than.a message communicating s i§d
unencoded finz(r@iéﬁlgrﬁggsgcgé@?ga esglgfrﬁ%ﬁ?%rﬁ%% 3@5&?@% grr111e 1(&)15%1]@ i f%%aé?a; 5aid data
compression tetHTRBIEE (@ fisl 650 Bh AR e BE &IGOPR NI oF aTFneifpiniarAlgéritrnomputers; and



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 BféKefitbliag veifsibrratithenrsasciabiessageddisencah orderasnits pregent ifvsaid
financial messaggangdn Blleashane.gther fingneial 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 allocates”Shorfet COUES B FRSRGRITRIIARG datyAr pogeineaithtr ey drdsteasiarder-units
having a lower pisatgecpr ésemtdhisatdsfinancialmassagenansbin-sait atderst-ane sihenfinancial
message that is,{g.be GoMUGAISHhLSald Bigker Gamputsrlo said Matket Exchange. 17, The
computer-implemented method of claim 15, therelﬁ sald data compression tac nique employed by
said Broker Computer is adaptive so that said coding scheme is adjusted over time to allocate shorter

codes to order-units hiaviagphighplanvakieranddangencotestn orderuaitshayinga lowerp-value
present in both said unencod%d finanﬁéal essage and in at Ie%st one previously communicated
financial message 18- The Gormpdt rﬁ%p%c e Th SR SEBI BT 12Erein said financial
message is an offer for purchase or sale of a financial interest. 19. A computer-implemented method
for enhancing thQg_fflge@%ﬁﬁgglgégg}%gomﬂggg@n?g. ad fulfilling, g financial r@t%s,s?éqe dflfrg%? a first.
computer to a second computer, which method comprises the steps (A) emp oglng a datacompression
technique to estSBTRSEEEHINY S R ARPEIH SHRYIRYSERIEBENE Sereinererpfdudeataddatabase

~ that enables: (Enthecfosnhatitiviehe eodegiuarsiomahanunencosed finansial 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 p-value ﬁ‘%%saafl l%ggrﬁzgg}ggsrﬁ%% ?g?éﬁ%n%eagggag?gﬁs %ﬁeé:egrug%%é% ?%%?ngr@lfﬁﬁ?%é?}ﬁﬁea lower
p-value presentif saRlovhexésadadirdntialtemersdaces ovdéil) waithdatabedinpressiomndaehinigde is
adaptive to pergaitssaid Gadipgsehemedosagivel vatdineipaliogate sharter codlesta.qrdarunits
having a higher p-value_ in said unencoded financial message and longer codes to order-units having a
lower p-value f(‘fF%’r(Her{J fiit 69!@9&% iRBEIRCs & P LTER chaR dfnRtaTreRshgef dhel Weaenast one
previously comfmanitatecfaganciatanessade: whereisisaiddpsv@luésis 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) suglhihag a0 ek Aa aidLITPaace eElghiod eguenoy s gssioned a
higher p-value than an order-unit having a lésser importance-weighte Efsrequency; an Whe
decoding of thé"SheEbBRE TS BI SPerRrfh Aransiahassage ahionser tindansedgeuiehdgttvot said coded
version of said finangiahimessageiisssiaonesdhan themmessagedength of said unencoded financial
message; (B) providing said database to said first and second computers; (C) digitally communicating
said coded Verﬁ%@a?cfi a%iad cf(i)nagje%ial me sa%le fro s?id fiirst comﬁuter to said second computer,
directly or via oné o nore Intermediate Computet S ANS S\ BYFRkiY CeiaSirhRiainideshge wherein
~ said financial messagelsatretuest fordmfomuatiorngatingito a finhaciphiriterestsai@Andeded
computer-implemgnied.metbod.ahiclaim 19, vhergin saidy, _ﬂé%ﬂr%f%ﬂ@ PRJEIANNG, 10, 3 financial

interest is a request for information relating to the value of the financial interest, or a request for
information reléﬁﬁﬁcﬁﬁﬁ%@hwﬁﬁ?ﬁaEﬂ‘i”ﬁﬁélr‘?&?éf’ﬂ‘?té‘i%"é?}l512f?%@é?ﬁﬁtﬁé@ﬁb@?ﬁéﬁﬂéd method
of claim 19, wherein said financial message is an agreement to purchase or sell a financial interest, or
a confirmation thiereof s:22p-Aabentpuiessysieth sevipgisngpcfirstrrfbqusasond samputern digital
communication yith one another. wherein said computer.system is specially adapt g for enhancing
the efficiency 0}75%1@}'1% 3?%10%# ?ﬁﬁﬁ%’aﬁl ng Igaﬁ%eérﬁ%%ﬁﬁ%s%%ge?r%eﬁal% yeuf‘eslaﬁ?! (?\e)s%agegs S ERputer
employs a datefBoHsiSTessionviseHnigist drareamishveciebtit Grevisornd ardiemploysssaid oolling
scheme to prodyge.a &aeechyersian Qfegggfﬂgg&%gbmgggg @@%gcg%&der-units present in said
financial message, wherein the message length of said coded version of said financial message is
shorter than the_mes age length of the unencoded financial message; wherein said data compression
technique is: (i%BéLFgfgrﬁl%‘gﬁl SBTREFS AN BBHIAG SEHEMR atfotdif s Chiii et o lRE (B STdEE Ghifts having
a higher p-valuecitedaidsimerfcbdéddinahciatsags sagdoanditbnger chdeastotorgiesdnitsihaviag a lower
p-value presengépséﬁigfmgﬁpﬁ@%gal message; or (ii) 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 a
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;ynportance, 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 (B) said second
comniitar containe a otnred conv Nf eaid datahace and 11inon receinzinA <aid coded vvercion nf the



(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 a Market
Exchange Computer. 28. The computer system of claim 27, wherein said Market Exchange
Computer executgs Saiddinaricial sitessageim 28 wikemomputer system of claim 25, wherein said data
compression technique is employed by said Broker Computer. 30. The computer system of claim 29,

herei id M : id fi ial . W
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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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