WO 01/ 98962 PCT/[B01101467 DEAL MATCHI NG | N AN ANONYMOUS TRADI NG SYSTEM
TECHNI CAL FI ELD 5 The present invention relates to a conputer tradi ng ‘
system forWBPAE®PE ng an el ectroni c broking service for pocpmaidess
instrunments such as spot FX and other financial instruments including but’
not limted to FRA's interest 10 rate swaps, noney nmarkets, options,
netals, call noney, governnent bonds and ot her short terminterest rate
instrunments. In particular, the i nventiornf/el ates to a conputer,trading
system having a plurality of trader termnals connected to a network for
subm ssi on and 15 nat chPERJ. SATEHING, I0fANeANONYMOYS arrdDE®d |SYSTENET S.
BACKGROUND TO THE | NVENTI ON An anonynous tradi ng systemis known, for
exanple, in EP- 20 A-0, 399, 850, EP-A-0; 406,026 and EP-A-0, 411, 748 whi ch
di scl ose an aut omat ed mat chi ng system for anonynous trading of foreign

currencies (or otimmnkciragers nstrunents). In this system a single host
conputer nmaicntains a central database of all trading instrunments 25

avail abl e forf trade, credit information and bids and offers which have
been submitted byfheepneseaksiroenbiet eelaioes tbea heaputkra t2adingp tyefennet wor k.

The host conput erfdisﬁa?ow.'d@:fl?réﬁa i&ﬂ:ﬂoﬂmé sg%;v:pcaet ghasg | Eigbi‘.}gt ch bi ds

and offers and bu ers base I 'ng criter a
i ncl ude a count ermﬁﬁF‘E‘gﬁnﬁPeﬁF’P R rRCE ﬁ’héméo‘eﬁﬂeé’rfﬁmaéredl t lim ts are

set at each tl‘(ﬂdli’i@tnﬁrbﬁﬁﬁﬁ 1mddm;¢bitm&d1ﬁhlﬁehet&m §O{HYdl-64y Which then

establ i shes er arty cre mt for_each 35 possible pair of
counter-partles 5 gr%sé EOuht é“r'arﬂ)‘ag ?ﬁs/'9§§ SPC‘?‘?‘]r%B%??M467 2

govermment bonds and other short term interest rate
ingtruments. In particular, the invention relates to a
computer trading system having a plurality of trader
terminals connected to a network for submission and

15 matching of bids, offers, buy and sell orders.
BACKGROUND TO THE INVENTION

An anonymous trading system is known, for example, in EP-
20 A-0,399,850, EP-A-0,406,026 and EP-A-0,411,748 which
discloge an automated matching system for anonymous
trading of foreign currencies (or other financial
instruments). In this system, a single host computer
maintains a central database of all trading instruments
25 available for trade, credit information and bids and
offers which have been submitted by terminals connected to
the host via a computer network. The host computer uses
information in its central database to match bids and
offers and buy and sell orders based on matching criteria
30 which include a counter party credit limit.

The counter party credit limitg are set at each trading
floor, and are stored at the host computer, which then
establishes a gross counter party credit limit for each

35 possible pair of counter-parties. The gross counter party



credit.limt is the mninmumanount of the remaining credit froma first
party to a second party, and the second party to the first party. The

vari ous tr asdenisdses2ni nal s connected to the host conput errcraBewoadas and
display only a 5 restricted subset of the information available at the host
conputer, such as best bids and offers. A problemwas identified with this
systemin that the host conputer only used the credit information to check
that a 10 deal could proceed after a potgntial match had been identified.
A trader thus could not know whether he had credit with a potenti al
counter party priéfedi@ m:ﬁienxg itAg mindmik afRunt UES tipy Qahemﬂ@s&aﬂnt i fied
and a sol ution powdeg rg % stemdlncq?losedln Lgi d £ is In
the system di scl oSBT AnttEE RE 7R F58°5°% BT ' &Pt & OEI‘ r?\feg and
stored at a plur atwtbjleofmsegpml e saifous atidst ridymtiaglshet work, with
each regi onal ”Odz‘?ond@'cﬁ%& 't@%ﬂ@aoé@rés%uw 9&%&9%&%@@% Bi1y hader 20

termnals to _which I onal node 1S connected via an™ access node. The
regi onal node is ke ’é%dgéu‘w’eﬁtk@t‘- thy dpFeEaEEm arRiisksidleSPa bl e price
information to theomgutagdesuterdd padis raasnert efkadsa t he access node known as
a Market Access Node. The actual matching of bids, offers, 25 buy and sell
commands i s provided by separate nodes known as Arbitrators. W have

further appreci at®drobbewewes , idenbifiddewitintbis mysbéreim Whath thavilas§ a single

mat chi ng conput er cm}%@gfroilya%eﬁstﬂkg &e&?@&nﬁ&%‘ﬂ&@:{ o aRldh cAYStleem ar e
often in geq Br aphi cal | arate | ocations whjch Ieads to varying del ays

se
in message iPow ffefh R g’é?ﬁﬁeg Farhe PRSPt o ARttt PR MRER esul't i s t hat
a trader in one gbdbmtapiedal 2 Hradet ithimesneyulbendsh kadmmag@dhlenhachrns of the

tinme delay 35 of PESRRIGRM Q JdlalOS! bt RIS BB &0 3NANIGE LAder -
to trade. This problem was identified and a solution
provided in the system disclosed in US-A-5,375,055.

15
In the system disclosed in US-A-5,375,055 a credit wmatrix
is derived and stored at a plurality of regional nodes of
a distributed network, with each regiomal node
distributing market information to a set of trader

20 terminals to which the regional node is connected via an
access node. The regional node is known as a Market
Distributor and provides dealable price information to the
trader terminals connected via the access node known as a
Market Access Node. The actual matching of bids, offers,

25 buy and sell commands is provided by separate nodes known

as Arbitrators.

We have further appreciated, however, that there are
problems with having a single matching computer., Traders
30 using a host computer trading system are often in
geographically separate locationg which leads to varying
delays in message flow from the traders to the host
computer. The result is that a trader in one geographical
location may be disadvantaged in terms of the time delay

35 of messages to the host in comparison to another trader.



WO 01/98962- PCT/ 1BOL1/ 01467 3 As an exanple, if two traders in physieally -
separate |ocations sinultaneously submt an order, the trader's nessdge
whi ch arriwessss he host conputer first will match w PETIBBROWSE before
the second.. This can provide an 5 advantage to the trader geographically
close to the host, and is frustrating for. the trader further away.
Moreover, the trader further away may receive a nessage reporting that a
mat ch has not succeeded, increasing nessage traffic on the network. 10 To
i nprove this situation, the nore distributed system disclosed in

US- A- 5, 375, 055 has a:abahﬁpﬂgp ehfitwestraderseparpiveiehhlyl separaseat i ons,

ther eby inoreasi fgoRaClLYe: RELURRRLLS WBhge | dh drhss 2AL LARRLIONS and
reduci ng 15 netwo tra n t hat )ﬁﬁtem as W th the hos system a

trader hitting amprsase PhidmprErivegont dhSehpry SORBPESF fdFet #Atlfrom t he
trader quoti ng Hﬂstd}{ waen (4 fqaoﬂaltﬂlfbre tWbi ketondet vinies tamfriroeides aneduced,

there is sti 0S at two tr t e near 20
si mul t aneou y, gY r&‘?g g?‘lé:lhf’ T r der P 1%1&& ?ﬂls(l 4 th%f gﬁtct o rmake a
deal with a part hodli fmkmatQQEMethméraﬁesSf@géhﬁ @Wﬁfhe”‘@!—‘ﬁ%‘fﬂtraker

trader arrived fifste:ie:NENenBONIRG] P Oetbite & dbstdocbrsmiaypt om can 25

advant ageousl y be arranged to increase matchi N | NVENTI ON
The invention pr &R s mgtel Rt #et FPSB‘?er‘?Gdsyﬂ%rﬁan’?g %s??gfdl ﬁ%&ﬁ %hanci al

i nstrunment s conpbhStiy) nedwddk.st broker node, a second broker node and at
| east one ift ernediate matching node connected between the first and
second broker nodes, each broker node performng a broking function the
nodes. toget her @anmrsﬂvﬁgtlﬁl-sdﬁs’@‘ﬁtbat‘ed:he more distributed system

disclosed in US-A-5,375,055 has wmatching engines at
separate physical locatioms, thereby increasing parity
between traders in different locations and reducing

15 network traffic. 1In that system, as with the host system,
a trader hitting a price (a taker) could be physically
distant from the trader quoting the price (the maker).
Whilst network traffic is reduced, there is still the
possibility that two traders could hit a price near

20 simultaneously, but that one takexr trader will ultimately
fail to make a deal with a particular maker because the

message from the other taker trader arrived first.

We have appreciated that a distributed system can

25 advantageously be arranged to increase matching.
SUMMARY OF THE INVENTION

The invention provides a computer trading system for

30 trading financial instruments comprising: a first broker
node, a second broker node and at least one intermediate
matching mnode connected between the first and second
broker nodes, each broker node performing a broking
function the nodes together comprising a distributed

35 network; and a plurality of trader terminals connected to



35 network; and a plurality of trader termnals connected to WO 01 /98962
PCT/ 1'B01101467 4 the distributed network wherein each of the nodes
conpri ses: avocess20f quotes available for trading; and acr/igheidng
facility for matchi ng conpati bl e quotes and orders submtted by each of
the plurality of trading 5 agents, wherein the internediate matchi ng node
I ncl udes: neans for intercepting a nessage requesting a deal which has
been transmtted fromthe first broker nodg to the second broker node;
means for detecting that the deal proposed by the first broker node wll

fail; and nmeans f ahel@igHr@p@SddngeBiibrt! fgdreal i RnNBE GReW IR quote fromthe
store of quotes available for t ' I nt.ernedi ate node need not be a

radj ng.. An ]
broker node as t heTePFFe8i02 rsé:aﬁ?r%wgﬁ?te}soﬁv Heotaiarnerrire: mdedt o
provi de the 15 br alitairdgfistildhyoforpmavildinggedimpikithlev hevtest and r ader s.
Nonet hel ess, the LS4 f I any internmedi ate
CEoeen siph Ge B Tk, B LGB, Ll

node is al so g br oker node. This 3 ITty ynment in
that the dist?i but38gtsre "iBFed"s Figliptevisinte sabpkingy pedefingbaties:t he br oker

20 nodes; and al | mmambrnmfycemgcf aaﬁiastsagﬁ%qa&tqagh@%ai?wm%ﬂ% chosen .
node whi ch can prqui a brokin ctiqn. e.quote chosen for the rematc
shoul d' be the secgl\ré dg%el?ogﬁarfsﬁugﬁee&gfg}lgh(?f E’cﬁ?&t%’%"kteﬁ I FAeE =i r ness. 25
To avoi d the possisscpid yroket nnde e nehan foredétrreinpdhat echenads mi ght try
and perform a r emgi6hosdttbf RnsorlAeCBHSER: SO 6811 Hun ! Nl RLGITRAL L NoOde
only proposes,a rematch it it is the owner of at I|east ‘one side of the

mat ch. The 30° own&FCRTSIRE Ht deFeTRatiNe MRtER Stlthod (Iupte STrometls WEATE t hat
order from a tradef. qudtes Pradlebile FODIt-akilag. one renat ch

An intermediate node need not be a broker node as there is
no requirement for the intermediate node to provide the

15 broking function of providing market views to traders.
Nonetheless, the network is preferably arranged such that
any intermediate node is also a broker node. This
provides flexibility of deployment in that the distributed
network simply comprises one type of node, the broker

20 nodes; and allows any newly connected trader to commect to

any chosen node which can provide a broking function.

The quote chosen for the rematch should 'be the second

quote in the store of gquotes to provide fairness.

25
To avoid the possibility that more than one intermediate
node might try and perform a rematch, which would cause
contention, the intermediate node only proposes a rematch
if it is the owner of at least one side of the match. The
30 owner of an order is the broker node first receiving that

order from a trader. Thig prevents more than one rematch
occurring.

A chosen structure for the distributed network ig to have

35 the nodes arranged in cliques, in which case the



occurring. A chosen structure for the distributed network is to have- 35 -
t he nodes arranged in cliques, in which case the WO 01/98962 PCT/|B01/ 01467
5 i nter nedvareIssede only proposes a rematch if it recei VEWIBMMKWGT nf or mat i on
for both sides of the match fromnodes in different cliques. 5 BRI EF
DESCRI PTI ON OF THE DRAW NGS An enbodi ment of the invention will now be
descri bed, by way of exanple only, and with reference to the acconpanying
figures in which: 10 Figure 1: is an overyiew of a trading system
enbodying the invention; Figure 2: shows the flow of nessages when a new
15 quote is subninueenlediatteheo&glsnbmpﬂéipgwsa a3rempdghcis ittheepsiowdcti on of a
mar ket view to %%Eéma&%f&us&h 513005 EHE b0l HonfBSSA0¢S when 2
trader submts der; Figure 5: shows the flow of nmessages
to update broke‘?lﬁf@aé%t f3L®eRM-ng a buy or sell 25 order; and Figure 6:
shows the deal executl on process. Figure 7: shows detection of a failed
mat ch at an r shows market update

di stributi oﬁ foI ‘g'&tﬁ% gﬁéjéél%g%ﬁf?% T%%BE%SPTI ON.OF A PREFERRED EMBODI MENT
WO 01198962 PCT/ 1801/ 01467 6 The purpose of the enbodying systemis to
allow traders tOay embodiment of the invention will now be described, by

way of example only, and with reference to the

accompanying figures in which:

10
Figure 1: ies an overview of a trading system
embodying the invention;
Figure 2: shows the flow of messages when a new
15 quote is submitted in the system;
Figure 3: depicts the production of a market view to
traders; .
20 Figure 4: shows the flow of messages when a trader
submits a buy or sell order;
Figure 5: shows the flow of messages to update
broker nodes following a buy or sell
25 order; and
Figure 6: shows the deal execution process.
Figure 7: shows detection of a failed match at an
30 intermediate node; and

Figure 8: shows market update distribution following

a rematch.

35 DESCRIPTION OF A FPREFERRED EMBODIMENT




enter quotes and orders which are then matched within the system The
systemprovides a platformfor trading at I|east the follow ng instrunents:
FX Spot, FRRpoassde5 Forwards and al so FX Forwards, CFDs,pcamsotoereat ed
government and/or central bank paper, commercial bills, CDs, inter-bank
deposits, conmercial paper, reports, interest-rate futures, swaps, options
and a m scellany of tailor-nmade variants on these basic products. These
are 10 all referred to as financial instryrents. Traders at trader
termnals submt quotes and hits which are then passed on to each of a

plurality of brokefe pagesse bbrwbﬁb&dyﬁhg swaéterns éoqmbe t@daardivd or of fer
order 15 submtted e}/rglrltrader to i,stributed to

£
ot her traders as °ta?sr’rﬁ?dr<é’fcd$’fse\xfglc SFe eg.rga %5? ‘6’r é?st Isible to
ot her ‘traders. A hyﬂtems Thebaystem pediidesbnplaeibrivyfer trading akshing to

create a deal onilf)g Pﬁé'f%l?éwﬁagpih%ﬁlé&@ ai‘}?%p%@ g3, MREKEt view 20

derived fromone or nore quotes. ts are orders which '‘are invisible to
ot her traders. ThECREHABEEEL P?‘%FﬁgF"rg’%@%mCS‘F’s'F|S§8¥"€'dft86npri ses a

plurality of tradygtgragent andldr eaftrl0BAGE bapet, Ocalhméxeﬁil wings pof a
plurality of brok s, nggl bflé%( ({Each t radin L2gent IS the neans by which the

25 trader terninal's’actess Paﬁ%’ﬁ‘g g?/“é am - TPader’ ©erni nal s (not shown)

may be wor kst at i oiteyesbtiage fWowpat eawaper rphidns evdfd gdseelleoy safbni t

quotes and order S, {1bsUldey vh AR ENoAI SR HRsSPeTbaLLSL ﬁ?ééepé@é and to 30
di spl ay mark t view data, including price and anount available, for

fi nanci al r un®ht FeFErI58 £9 AfefinanpialdRetamentsni cal |y grouped as part

of a fi nanC|aI institution, such as a bank, which arranges traders as

F;,gfr} | 8017‘05227‘ ngwﬂd%% A bLAd REELO9E Ll U 24Bs U gV Q142896

are then passed on to each of a plurality of broker nodes
throughout the system. A quote is a bid or offer order

15 submitted by a trader to “make a market” and is
distributed to other traders as part of a market view.
Quotes are thus orders visible to other traders. A hit is
a buy or sell submitted by a trader wishing to create a
deal on the basis of a price displayed on his market view

20 derived from one or more quotes. Hits are orders which
are invisible to other traders. The computer trading
system of Figure 1 comprises a plurality of trading agents
10 each connected to at least one of a plurality of broker
nodes 12. Each trading agent is the means by which the

25 trader terminals accesg the trading system.

Trader terminals [not shown) may be workstations or other
computer terminals configured to submit quotes and orders
{usually through use of a specialiged key pad) and to

30 display wmarket view data, imcluding price and amount
available, for financial instruments to be traded.
Traders are typically grouped as part of a financial
institution, such as a bank, which arranges traders as

part of a trading floor. A trading floor is a group of



traders under common control of a trading floor adm nistrator who :
allocates credit lines for the trading floor against other trading floors
The mar ketw@ne%20r a trader, or group of traders, is PRETBAYPIIET
information 5 (price, volume, etc.) That the traders can see that reflect
the market. The market views are preferably pre- screened for credit
conpatibility. The enbodying systemis preferably an anonynous trading 10
systemin which the market views produced7 by the brokers conprise price
and anount information wthout identifying the source of the price. The
prices displ ayedtfazﬁera\naideabb@mmndsomloﬂ @ sradina feowrrount s avai |l abl e at

those prices, ar Lo @Hﬁt eaﬁ.lgéa%ec%dl'foﬁ.%éw(fhﬁsthe ¥5acgﬂgy the
guotes of parties satls ylng the pre-screen credit cr|%er|a are included in

the aggregate prfker asw%yeaherrﬁéamé%wsem% Faute BVt I0F Br oker
nodes thus differadeirgnoenrgotip ash rtgacﬁémrlé cchanostiert defendkhonon the

credit aIIo tion. .20 The tradin i des _ser es to a
gp’fﬁcﬁor‘m gt ol cq&f gﬁam ég gy S 38" iHhat

specific adi n ese services incl ude
provi di ng accessreﬂetcnethmmmkktq‘ ofl‘hea@arket a&ewg s preferalyPTeconpl et i ng

deal s, produci ngggdaalhehi £&else@itd cORpaBiLAL SN Ng historical dealing
|nforrrat|on for traders Each tradi ng agent node nust connect to at | east

one broker node to access the trading system A group of trader terninals
thus connects toThe temb8Eincagentent st prefaceislys abhmnaysbesntrdfimach Broker

node 12 pr des t he basi d [ servi ces.
The BrokerO]hodess s:‘:e ag'ljiﬁa"rglhgle2'1t @ﬁﬁ%'}{%&g% ll}g'te\gér]g’rggﬁé&?bg] ﬁi;é’?giérﬁe whi ch

enabl es faster comuisecREiasn3nd GIOMAY  inEerPaRicRgWIRIORE CAFEDSut sinpl e
the source of the price. The prices displayed for

available bids and offers and the amounts available at
those prices, are thus aggregates of one or more guotes.

15 Only the quotes of parties satisfying the pre-screen
credit criteria are included in the aggregate price
displayed. The market views produced by the broker nodes

. thus differ from one trading floor to another depending on

the credit allocation.

20
The'trading agent node provides services to a specific
trading floor or group of traders. These services include
providing access to the network for each trading work
station, completing deals, producing deal tickets and

25 maintaining historical dealing information for traders.
Each trading agent node wmust connect to at least one
broker node to access the trading system. A group of
trader terminals thus connects to a trading agent 10 to
access the system.

30 _
Each Broker node 12 provides the basic order matching and
price distribution services. The Broker nodes are arranged
in a structure called a Clique Tree which enables faster
communications routing, following very specific but simple

35 rules. The Clique Tree is a network structure where



35 rules. The Cique Tree is a network structure where WO 01/ 95962

PCT/ I'BOLI 01467 8 i ndividual nodes are grouped into diques, and the
Cl:iques ar®&ahmsseearranged into a tree structure. Each Brokasoioms?r be

| i nked logically to a nunber of Brokers, which are referred to as its

nei ghbor Brokers. Communi cation 5 between Brokers is on an equal |evel,
with no "up" or "down" direction in the network. While Tradi ng Agents nust
be connected to at |east one Broker node, gthey thensel ves are not nenbers
of the dique 10 Tree, but remain outside the structure. A Tradi ng Agent
connected to mul tizmaevﬂiwmﬁoamfese\grbhperceeﬁwmguﬁé,phﬁd t&z@tiliqueggr ket
prices. Even though t ri or.mation om. di ent_ Broker nodes can
be substantially tt}g Elgenlgar%%}?eeﬁ 5t Rel ergnsn%lftﬁléeT %@F\ngﬁgﬁf G ferent
intervals. A 15 Trkadﬂn@cedgéﬂgmmlw twe pdmunbgr afh Breletisn gwiskabeare 0 onl y one

Br oker node. The tﬁgg}fg@lggragq% ﬁég%&nggkggscrb%uﬁ ter arranged
as a phyS|caI ical node in a conputer 20 network prOV|d|ng a broking

function. The basﬁ?%ﬁ?‘i}klsf‘f@ke?%ﬁﬁt?rbﬁnl Wehel Sty | Wi PoRo g €25 provi di ng

the quotes to tradews” idirebeidiotimidle Aetwdiket vi ew and mat chi ng quotes
and orders. The Broker nodes in the described enbodi nent also perform
further functions, but these are not 25 essential features of what is

defined as a Brok%lmg%adﬂ;@g&%%se%eaom&tsaL@J ata&3eMfl her, and
performthe same functions.” The arrangenment of the network or helr

position init is BerE?féﬁ’é’fiﬁntthteéf FIESBH 08 AT FPE STETRSES %fotﬂﬁlcillﬁé%d to
know about t#@ir meeghliortsrefaahobrdkiertheoderudtase. knovheidgeagntal | orders

in the market, an %xﬁ c#%l Qnutlgﬁfe Bgélg%r Sk %9 r%%e:[{]ee%uftriglglmm tted.
As a consequence o e eac er mal nt al NS
sets of market prices. Even though the price information
from different Broker nodes can be substantially the same,
the information may be received at different intervals. A
15 Trading Agent will send a given trading order to only one

Broker node.

The term Broker node is used to describe a computer
arranged as a physical or logical node in a computer

20 network providing a broking function. The basic broking
function is the storing of quotes, providing the quotes to
traders in the form of a market view and matching quotes
and orders. The Broker nodes in the described embodiment
also perform further functions, but these are not

25 egspential features of what is defined as a Broker node.

The Broker nodes are equal to each other, and perform the
same functions. The arrangement of the network or their
position in it is transparent to the broker nodes. They
30 only need to know about their neighbors. Each Broker node
has: knowledge of all orders in the market, and is able to
match orders as soon.as they are submitted. As a
consequence of the fact that each Broker node maintaing a
full list of orders in the market, it is therefore able to



full list of orders in the market, it is therefore able to WD 01/98962
PCT/ 1 BO1/ 01467 9 custom ze market views as needed by the Tradi ng Agents
and is abWe0/¥kact faster to market information as sEEWTRMNI46Y | s
received. 5 To understand the purpose of the distributed broker node
arrangenment, price distribution and deal execution will now be descri bed
with reference to figure 2. The deal process begins with one or nore
traders 10 submitting orders into trader ¢ermnals. An order is a dealing
request froma trader, with instructions to. buy or sell with specific
restrictions, sucketonipeimaxkehdviewsums neededdyt bhe STradpey fgeventandr der t hat

remai ns_avail abl ggifhyel BS SREEMARY ¢ ndbRdd HRELEMh AN PR kol dhe mar ket
price 15 information. Quotes are used to "make the market", and are known

to traders as bi &% i *6PFLY®Y- A hit is an order that has the "invisible"
and "fill or kill" properties. Hts are not distributed as part of the
mar ket price. A hit does not remain in the system if it can not be dealt
20 when ent ér ed, T¢ turiderseal e PrpCrelaf Booldistribytiedt bydkex]| hodehe

avai | abl e order syifdARentBiiSle dRisREfution QMY B8aRldxebhei ANy AV | abl e
orders, the book consists of I.st of Quotes. ' Th otes are 25 arranged

a e
in a queue in thBOE&e Beschidsr %Fﬁ%??en?ﬁet%gﬂgur%%er of the queue may
vary for different trading instrunments. The default sort order is by price
and tine. In the system each Broker node maintains a conplete list of
al | avail abl e quBtedeadOpirresaekezige Yitdwone arhmory dwede¥s descri bed by

named mMESSAQES, sQGRRLEAL Hdeds ARLORFdRICr HAIRERE 825 bhaaughout  the
network. The pr08§§§§n%frgéﬁggtt%Lé&yaat£gggg? with instructions to buy or
sell with specific restrictions, such as price and amount.
A quote ig a persistent order that remains available in
the system and is distributed as-part of the market price
15 information. Quotes are used to “méke the market”, and
are known to traders as bids or offers. A hit is an order
' that has the “invisible” and “£ill or kill” properties.
Hits are not distributed as part of the market price. A
hit does not remain in the system; if it can not be dealt

20 when entered, it is removed.

An Order Book is a list of all the available orders in the
market. Since the Quotes are the only available orders,
the book consists of a list of Quotes. The Quotes are

25 arranged in a queue in the correct dealing order. The sort
order of the queue may vary for different trading
instruments. The default sort order is by price and time.
In the system, each Broker node maintains a coﬁplete list
of all available quotes.

30
The message flow in the system is described by named
messages, each carrying appropriaté parameters throughout
the network. .The process of submitting a quote
(persistent order) begins when a Trading Agent receives



(persistent order) begins when a Tradi ng Agent receives Wc) 01/98962

PCT/ 1:-BOL/ 01467 10 information froma trader workstation that a trader has
i ssued a bi avea198dsber. The Tradi ng Agent then starts thepcgusbhi@iggrbm ssion
process. Wen the Tradi ng Agent receives the quote information fromthe
trader workstation, it wll 5 create and maintain a context for the quote.
It will then send a Quote Submt nessage to the Broker node that it is
connected to. The Broker node will validatg the quote and accept it if
valid. This first Broker node that receives the quote becones the "owner"

Broker node for th.hﬁoﬁhéﬂztl@n Anl & &é@@@lv@rﬁmoh%ﬂiww@ra&e% hzg 1s Broker
node 5. This is the 041%? oker node_that can commt uote to a deal.

The Broker node wifFU¢ T BiteExt Th Trading Ageh; BE‘E‘"St&ﬁEF &8Pt it into
its queue for thegoote esmomms:aﬁaia&ceessnstvmuﬁetrﬁe Tiéd:&fgtsgerﬁ:heedﬂi@ée S

placed into its qugue, e, bt FO8EL t%qg:a er. Wo&%?@a@o%t 4 E.?Jbt he

quot e t hroughout the et wor y sendi ng ot eAvai e neséages ot her
Broker nodes.d |ncERrEe erdmpiataby gkepntestciar shadmothe MuwibArhARR abl e 20

rr;sssagetto Br oke{ thﬂ&iEaS Qﬁ;:@@%u@mﬁ%lesggdg BB%&:%rt Bﬂ%é%t n&?f%hé(@%ttb@ méssage,
it creates a contex uqQt e ohj ec nd .sor ipto its queue (order
book). It notes ifi° f“ﬁ%% %oﬁ? eBJf‘ v&#@ﬁr B’f"gﬁe‘?‘iﬁoﬁﬁl’ﬁ’éﬁes‘é}ﬁ apete AR ressage.
After placing it acetm: tiheifjuedéd. t MeiBifdker Broder tioda tdemdseddiee?d

Quot eAvai | abl e MegFR06 PR, pdbHEY tHe o e?.*" 215:%':&%% { %Sffmg qé%gé nei ghbor s

in other cligues. Therefore, Broker sen 4. Broker
node 4 then S®nds IPtefgrlerghovr Hodeouwre Atthis 4snoker ngde Br §d? nodes

know about the qustehe aaly FHGREL noheitha®r &1 cbarits thecpiodbng ¥. 30
deal. The Broker node will create a context or “quote
object” and sort it into its queue for the correct
tradable instrument.

15
After the quote is placed into its queue, the owner Broker
node will then distribute the quote throughout the network
by sending QuoteAvailable messages to other Broker nodes.
In this example, Broker node 5 sends the QuoteAvailable

20 message to Broker nodes 2 and 6. As each Broker node
receives the message, it creates a context (quote object)
and sorts it into its queue {order book). It notes in the
context which Broker node had sent it the message. After
placing it into the queue, the Broker node then sends the

25 QuoteAvailable message on, using broadcast routing rules,
to all neighbors in other cliques. Therefore, Broker node
2 sends it to 1, 3 and 4. Broker node 4 then sends it to
Broker node 7. At this point, all Broker nodes know about
the quote, and update their order books accordingly.

30
The broadcast routing rules are applied to emsure that
network traffic is handled in an efficient maunner and to

reduce any duplication of message flow.

35 The broadcast rules are:



The broadcast routing rules are applied to ensure that network traffic is-
handled in an efficient manner and to reduce any duplication of nessage
flow 35 TWeobpssxicast rules are: WO 01/98962 PCT/ | BO1l/ ®CEEH1/01467 1. The

Br oker node originating information will send it to all of its neighbour
Broker nodes. 2. A Broker node receiving the information will 5 send it to
all of its neighbours Broker nodes except those in the sane clique as the
Broker node that sent the information. 33 If a nmessage contai ns persistent
i nformation, 10 such as a quote, the information will be stored wth the
identifier of the Braker rmheeBfokem natel ohigiveting dmfatnaarionasilliecei ved.

Note that these rules ref esren?oltt kg inf ggouté Q%i% ot B kerondRSsage that

contains it. For exanple, ormati on a uot e may e sent to one
Broker node in a ProposeDeal nessage and to anot her Broker node in a

Mar ket Updat e nessagez, Howegeskert h@dé&@aeiﬁr@ranéile;aofrﬁataeﬁtwﬂlq bot h
Broker nodeg, and so that abgv)ﬁ:frul e][sj] SEp’f%s 20 Price distribution is the

process of providing markeét™ tnﬁéglf‘kf°é{158r%r° 1 HESPr ader
termnals. This infornatiegepts threatiadthy ddre Slislver as ribdeBraked sent to

the Trading Agents for di %&Eb&ﬂaltogeﬁipthgelﬁf‘oé{jgg&n This 25 process is
shown in Figure 3. Each Broker node wll exam ne its queue of quotes (order

book) and cal cul ate a view of the mar ket for each Trading Agent connected
toit. This viewis hjlt pecidssagt |dontainsPerbistehadiniprihoivn,t hat t he

agent repregents. Views may, pe.. di flgrent, based o chedih 8L Qides factors.

The exact
with the identifier of the Broker node from

which the information was received.

Note that these rules refer to the information, not the
15 message that containsg it. For example, information about
a quote may be sent to one Broker node in a ProposeDeal
message and to another Broker node in a MarketUpdate
message. However, the same information is sent to both
Broker nodes, and so that above rules apply.
20 .
Price distribution is the process of providing market
information to the traders at the trader terminals. This
information is created by the Brokers nodes and sent to
the Trading Agents for distribution to the traders. This

25 process is shown in Figure 3.

Each Broker node will examine its gueue of quotes (order
book) and calculate a view of the market for each Trading
Agent connected to it. This view is built specifically for

30 the trading floor that the agenﬁ represents. Views may be
different based on credit or other factors. The exact
process for determining a market view will vary based on
the trading instrument. The view information is sent to
the Trading Agent in a MarketView message.

35



process. for determning a market view w || vary based on the trading
instrunment. The view information is sent to the Trading Agent in a

Mar ket Vi ew naps@agwmz: 35 WO 01/ 98962 PCT/ ! B01/ 01467 12 Hi rCrmpraldguote i s
the basic process of creating a deal between two traders. A hit from one
trader is matched to a quote fromanother trader. This process is shown,
inthe figure 4. The Trading Agent of the trader termnal hitting 5 a
price shown on his market view display sengs a HtSubmt nessage to the
Broker node. This nessage targets a price, not a specific quote. The
Broker node will s@apidd & qwtéels ame bagid phazé‘ssrsﬂ esting 8 dda@ queue t hat

can be mat ched vmt t he h|t rul es var n.the 10
W%.h t?rﬂ ere rsrgné:?t one tra agg%erdd t8

tradi ng i nstrunen oker® node
will nodify its apntemrofnoanctthercp;eﬂelr mlms rrgfophes aﬁnamwn fattdieed from
‘available” to "reg &gﬂﬁa TR St ped %&é Eéﬁa&%ai Bigisgne

nt t
anount of the quote to be matg% anot her hit § Br ok elr rlro%e w | |

then send a ¥roposepieg S#E%a’@ehﬁ)mﬁﬁéetBWéR‘érdlﬁB%@’ F‘F’é‘?ﬁ B EEFSUPRLE  ecej ved
the quote. This mMgsags Wol ind argelr hbge Spacs fxﬂe@sacjw‘ﬂhﬁgeﬂsnatﬁhi&eexaﬁm e,

Broker 7 will sent %gﬁﬁﬁig%eggotq QhBr%E:E%r ode it scan Fgr ngge
a 1

recei ves the Propd¥ 458 quo e ini ueue. If the
anmount of the PropdsEtieshe fSrstiduotavin ithblaueun thas crrede, matrdedr oker 25

node performs a S'vﬁhhaéheorl@r?e%ﬁeaeacﬂen%%s@g Ry Broke basdt0dg. e amount of
t he ProposedDeal is npved from "avail abl e" reserved pendi ng deal ". The

ProposeDeal 1fessdFadind dREH@ERE: to the Broker node from which it
received the quote. In the exanple, Broker node 4 sends it

¥When the hit is matched to a quote, the Broker node will
modify its context for the quote, moving the amount
matched from “available” to “reserved pending deal”. This
15 will prevent the same amount of the quote to be matched
with another hit. The Broker node will then send a
ProposeDeal message to the Broker node from which it
received the quote. This message will target the specific
quote. In this example, Broker 7 will sent the message to
20 Broker 4.

As each Broker node receives the ProposeDeal message, it
checks the quote in its queue. If the amount of the
ProposedDeal is still available in the gqueue, the Brokexr
25 node performg a similar process as the matching Broker
node. The amount of the ProposedDeal is moved from
“available” to *“reserved pending deal”. The ProposeDeal
message is then sent to the Broker node from which it
received the quote. In the example, Broker node 4 sends it
30 to Broker node 2. Broker node 2 will then send it to

Broker node 5.

The routing of a ProposeDeal message follows targeted
routing rules. Targeted routing is used to deliver

35 information to a specific Broker node. Since knowledge of



30 to Broker node 2. Broker node 2 will then send it to Broker node.S.
The. routing of a ProposeDeal nessage follows targeted routing rules. .
Tar get ed rWO®#/AM963 s used to deliver 35 information to apspasitfoids7 Br oker
node. Since know edge of WO 01/98962 PCT/|1B01/ 01467 13 specific Broker
nodes is not built into the system the target is not a specific Broker
node, but is the Broker node fromwhich the information originated. For
exanpl e, a nessage is not sent to "Brokgs node 714", but is sent as 5to
"the Broker node originating quote 42. The targeted rules are: 2. A Broker
node -ori gi nat i ngspectBés Fyokabowdesa ispetifuidtpimee thé sydtenyaitieon, wil |
send the ' 10 meseagas! g e Biles noe tLOMMD! Gyl Lo1GEPEYSE! e or i gi nal

i nformation. 2. roker node receiving a mes ng about "a speC|f|c pi ece
of information t‘Pf%ﬁe FF°‘H|WHlﬁlbtthelsn%?4“@Fh%R eriginatedenForhexammsage to t he
Broker node froanmeBsade iils K&t @ievedtd her@xé:ghaaé 71@h OIiRe 118Nsent THE NESSage

Wil thus fgllowdh Qridgi nfgrmation back to its
source. in the \é\é(%n%flga%%kgil sré?%r 81?”711% Eél?’g lé % to Blokerdsisde 5, via
Broker nodes 2 WH&s4axkrect. Wien the Broker node that originally created

the quote 25 receives the ProposeDeal nessage, it perforns the sane
checks and ampbunt reservation_as the other brokers. Since this Broker node

owns the quote, it hds th® BXAROTE PEIITGHHITY & Resnsds abe® & deal . The
ProposeDeal nessage repr epetifict Beclbhairitbyndtdoapmill sbga ink to the

deal . 30 Thg Broker node yillagkheg &l LIS hE 988 RLQECSS DY

received the original information.

2. A Broker node receiving a message about a
specific piece of information that it did not
15 originate, will send the message to the Broker
node from which it received the original

information.

The message will thus féllow the path of the original

20 information back to its.source. ~In the example this is
from Broker node 7, to Brokexr node 5, via Broker nodes 2
and 4 direct.

When the Broker node that originally created the guote

25 receives the ProposeDeal message, it performs the same
checks and amount reservation as the other brokers. Since
this Broker node owns the quote, it has the authority to
commit the quote to a deal. The ProposeDeal message
represents the authority to commit the hit to the deal.

30 The Broker node will then initiate the deal process by
sending a HitAmount message to the Trading Agent that
submitted the quote. The deal execution process ig
described later.




sending a H t Anbunt nessage to the Trading Agent that submtted the quote.
The deal execution process is described |ater. WO 01/98962 PCT/LB01/ 01467
14 As the de@p1/#8echi ng process takes place, it is necesIBO/a4Et the || st
of quotes maintained at each Broker node be Kkeep up to date. This is
acconpl i shed by each Broker node notifying others when it makes a change
to a quote, as 5 shown in figure S. As each Broker node changes a quote in
its queue, it notifies all neighbor Brokes nodes except those in the
clique fromwhich it received the change. In the exanple 10 above, Broker
node 4 received na$sitte déalamstciigg prvcess guwibs pglaor Briiokernevedsady in a
ProposeDeal nessa I £4 1 ' RroposeDeal
nmessage. Broker ggaeh:%enil}%% %%%%ﬁo%%)ﬁgﬁﬁ%gﬁgﬁ%nﬁﬁgs :ﬁlgﬁ%?%gﬁ'hllgeg i s done
by sending a Mar kkelpaht e fessaddie oia pesamiishad by 1sadhogeckerraPdeowni ng t he
nornmal routing rUh@@ifg‘iﬁ@ JtRESE RALL O abedd a LihqBUS & igsiokll,ShEi buted to
each Broker de in the etwork. Any Broker node receiving the

Mar ket Updat e 220 nﬁg?ﬁ‘génvélﬁgflrﬁass‘s it to all neighbors not in the clique
fromwhich it is received. Note that a Broker node sending a ProposeDeal

message shoul d no rk age. t e ;game Broker
node. This woul d %%?u ??%igﬁgﬁ\%afgéﬁg%gg% %??%rs]l 365 [fhchc 8

ul [ el ng received and the
deal anount 25 bBPHFirE v BeLIROE Brokpe npdsk wscshitofephoéBes itself is
not central to theliguecsrid whidteiti SteiPed thkl dnadow, e @88 GxdatipTh f Or

above. the dllal RENTE1 BIHST oRels oo brhide HRoRcBeR8 i Blos the deal
and commits the tmaeter §rom Broker node 7 in a ProposeDeal messpage. It

notifies Broker node 2 by sending the ProposeDeal message.

Broker node 4 must now notify Broker nodes 1 and 3. This

is done by sending a MarketUpdate message to these Broker

15 nodes.

Following the nmormal routing rules, the information about
the quote is distributed to each Broker node in the
network. Any Broker node receiving the MarketUpdate

20 message will pass it to all neighbors not in the clique
from which it is received. Note that a Broker node sending
a ProposeDeal message should not also send a MarketUpdate
message to the same Broker node. This would result in
duplicate information being received and the deal amount

25 being reserved twice, -

The deal execution process itself is not central to the
present invention, but will now be described for
completenesg. When the deal matching process is completed,

30 as described above, the deal execution process begins.
This process coupletes the deal and commits the traders to
a deal. The process is shown in Figure 6. As matches are
made and deals initiated, informatlon is made available
for traders. This information can be used to inform a

35 trader that a deal iz pending. Any given trading



a deal. The process is shown in Figure 6. As matches are nade and deal s
initiated, information is nade available for traders. This information can
be used t WP/ a 35 trader that a deal is pending. ARECTEBUOHST [ ading WO
01/98962 PCT/1B01/ 01467 15 application can decide if the trader should be
informed. In any case, the information is available. The Taker's Trading
Agent will be notified as soon as the 5 initial match is nmade and the
ProposeDeal nessage is sent. This agent 16an notify the traders workstation
at this tinme. This pending deal information may change as the matching
process conti nuesppificatiek sanygedisieaif die kradest phewd B2 ¥H{erp¥hdi ng deal

when the meker' syJragi Bgsd0 thAgeirahecksn ¢5edisilaprk.sends the
Deal St at usMaker nessage. “The deal execution process begi ns when the

maker's Tradi ng Agent receives a HitAmount nessage fromits Broker node.
Thi s nessage i nf ohewralkee’ Ageatiisd dgeat MEilld hbevaot ibitksl Rersdd encthsf its

quotes. The J1essage. Jdeldd 8 ddite QHR|¢hedProttbbed® relifaguNhedl. the NI,

counterparty and 1ty {g(ent W heck with the
trader wor kst at Fbie egenhkeans Bekl fvh fhe tradgtpworkstaiiop at :H‘é?l able. The

Agent will send @ifd! AnDs éﬁalﬁgmgelﬁﬁbra@tidtmay\mmgat a®ithe The

wor kstation w || a_ Hi t Anount age 1.0 0 at the

wor kst ation is sf“??‘lr% %ﬁ%@saﬁ%}“ﬁlﬁﬁfst \hégetnrla} ar " a k(?tgg oh L'L?er rupt the
quote. At this potiftiedt bE ttheadendiggndern] Whewdihe mleqn’aptrafmg deal .. 25

The Tradi ngyghgent by lonREKS LBEEK Sl sénid LROIRatEEHeMalbs ebbhge.

counterparty. The credit check may all ow the deal, reduce the anpunt of
the deal or disallow the deal.” The Agent will then reduce the avail abl e
credit by the  The deal execution process begins when the maker's Trading

Agent receives a HitAmount message from its Broker node.
This message informs the Agent that a match was wade for

15 one of its quotes. The message identifies the quote as
well as the amount of the hit, counterparty and the
identity of the hit. The Agent will check with the trader
workstation to make sure that the quote is still
available. The Agent will send a HitAmountWS message to

20 . the workstation. The workstation will reply with a
HitAmountWK message to show that the workstation is still
working and that the trader did not interrupt the gquote.
At this point, the trader can no longer interrupt the
deal. . '

25 .
The Trading Agent will next check for available credit
with the counterparty. The credit check may allow the
deal, reduce the amount of the deal or disallow the deal.
The Agent will then reduce the available credit by the

30 amount needed for fhe deal. This reduction in available
credit may affect future deals. The maker’'s Trading Agent
will now inform the taker’s Trading Agent of the deal by
gending a DealStatusMaker message to ite Broker node. The
message is targeted to the identity of the hit. The

35 network Broker nodes will route the message to the owner




30 amount needed for the deal. This reduction in available credit may
affeet future deals. The naker's Trading Agent w Il now informthe taker's
Tr.adi ng Agewio mfosdshe deal by sending a Deal St atusMaker reEwEgRI46D itS
Broker node. The nessage is targeted to the identity of the hit. The 35
net wor k Broker nodes will route the nessage to the owner WO 01/ 98962

PCT/ 1B01/ 01467 16 Broker node of the hit, and that Broker node wl|
deliver it to the taker's Agent. Once thijg nmessage is sent, the nmaker's
Agent knows that a deal may have been done, but the deal is in doubt
pending a reply. BeekdRkede ofTeREiHlg, SarigeRit GRopd:ehede twidlddalivexecut i on

process. This part, of he_Qrogess take | ace when t he ent ceives the
Deal St at usMaker n&sﬁ%g&‘ﬁ %e[rhg ’?ﬁfk‘gr .OsnlC ?tﬁ fevcage™® ﬁ%%\g\fs tgilgval id deal,
t he process conti maksr’sl@gdie khakethet T ddahgrakgbare hickh deari hal§eck for

avail able credit Wt 4nes COURLAIDEhNidNa Breph il | Bl PRENOE Radibe naker.
The credit check n% al | owsthe deal,% reldg(r:]g téf?ég] am()aunt of st he ée% or

di sal | ow t he deal 2oFRe cRFBIRtSRi Fhe SeRLPXEERHAE PRFSFai TS BT &dit by the
amount needed for the phrRedealaked plnceesheat tha AgnBurickipdse theedi t may

affect future deals._The ker's Tradin e 1 en I e deal to
Its disk. As soon%ggwt}?guflk%l;nﬂﬁsgﬁei és]'”c’C(':J“o€n’l$‘lf"'i’t ]é ’ tlg g%%én%g?%%t st or age,
the deal is done. shays cheskid dral héhedprgdcess aonsigges- now show a bi ndi ng
deal. The agent will 20 now notify the trader, print a deal ticket and

performany _other post deal rocessinﬁ. At this oiknt, the,fl | is done
but the rrakelmdoeé['ﬁettaﬂ‘r%’vxﬁy%%fhﬁ% Agsph WL (IRFEGERTCE 8 RYREIERe taker' s
Tradi ng Agent W | lcxrB@it fwith themadatterpyriyeinianginlBeahSterusd diber nessage

o LS Broker nodgsygd MbS/REARd ndfLIEbPdub uddlt Al @il will be

routed to the maker .
amount of the deal or disallow the deal. The Agent will

then reduce the available credit by the amount needed for
15 the deal. This reduction in available credit may affect
future deals. The taker’s Trading Agent will now log the
deal to its disk. As soon as the information is committed
to persistent storage, the deal is done. Any checks on tpe
deal status will now show a binding deal. The agent will
20 now notify the trader, print a deal ticket and perform any
other post deal processing. At this point, the deal is
done but the maker doesn’t know yet. As soon as the deal
is done, the taker’s Trading Agent will notify the maker
by sending a DealStatusTaker message to its Broker node.
25 This message is targeted to the quote and will be routed

to the maker’s Agent.

The DealStatusTaker message contains final information
about the deal, and therefore the f£inal changes to the
30 quote. This information is used by the network Broker
nodes and the Trading Agent. As the DealStatusTaker
message is routed through the Broker nodes, each routing
Broker node will use the information to update its quote
context. The amount of the deal is moved from “reserved”

35 to “complete”. The portion not done is moved from



The Deal St at usTaker nessage contains final information about the deal, and
therefore the final changes to the 30 quote. This information is used by

t he net wor WOBM¥RE* nodes and the Tradi ng Agent. As the BERIMBIAI4GE Taker
nmessage i s routed through the Broker nodes, each routing Broker node wll
use the information to update its quote context. The anpunt of the deal is
noved from "reserved”" 35 to "conplete”. The portion not done is noved from
WD 01/98962 PCT/ |1 BOL/ 01467 17 "reserved17to "available" if the quote is
still active. It wll then notify other Broker nodes of the changes and of
the deal by sendl4f§eavedr ket Upthidablrfsdgha quate ist Bbill Beblkwsr. Abdes using

network routing githeshed d%@ﬁytmepeﬂoﬁtegtﬂbﬂaksf RS slifyel 8l be- t he owner
Br oker node of thefig?gt send it _to the Trading_Agent. The Agent

will record the d%a ¥ s"‘End’ﬂ’tg ?%kﬁavmateh@eswsl tp @13 oSthsEger in
doubt. The AgentBaskek mmidsf wsidte ndBwdrkadeutingr ratesa ticket and perform any
other procegsing that is required. Sonme trading instrunents may require
additional information to be exchanged for a deal. An exanple of this is
the settl enent iWeery bbeiRnrdStafusTpler mepeageoxts Tir $he \qymenfBrakeor mation i s

sent in a 15 Dealddaf of ngtd qaoE@S&agﬁlllAEézﬂ ieheo daRl ThsailRigosResed, the

Agents can devel LS, [ nf rmatl al l.nformation npssage i s sent
to the Broker %P k? e r’f’e"t]‘vmﬁ(c% Jgﬁ: s S 1 AbnBS BRTREF ng message

to the other Agedﬁ:alwherrm lohgey ninodma:ttl oThe qgpnboeddedotaisyr egui red by t he
20 i nstrumagl, AeRl, i Sriils CRRRL ChRfped B BRI AeD Rpeag ol | now be

descri bed with reference %?E . previ o ed, the
mat chi ng  Br okerthagdas c’f%&’l’-égda F&Faﬂé%%d-n&ﬁr‘ﬁfl‘%‘tﬁmmaiq&éﬁ‘élre

additional information to be exchanged for a deal. aAn
example of this is the settlement instructions for EBS
_spot F/X. This type of information is sent in a

15 DealInformation message. After the deal is processed, the
Agents can develop this information. The DealInformation
message is sent to the Broker node. The network Broker
nodes will then route the message to the other Agent where
the information is processed as required by the

20 instrument. A deal is thus completed.

The rematch process will ﬁow be described with reference
to figure 7 and 8. Aé previously described, the matching
Broker node creates a match based on its own queﬁe.

25 However, changes in the quote could be in process.
Therefore, the quote being wmatched may not be available at
the owning Broker node. The architecture allows for

detection and rematch in an efficient manner.

30 In this example, a second quote has been submitted from an
Agent connected to Broker node 3 for the same price as the
original quote. This new quote has been distributed and is

in each Broker node’s qgueue in second place.




25 However, changes in the quote could be in process. Therefore, the quote
bei ng matched may not be avail able at the owni ng Broker node. The
architectur waéiosess for detection and rematch in an eff ipcrgstommgnner. 30
In this exanple, a second quote has been submtted froman Agent connected
to Broker node 3 for the sanme price as the original quote. This new quote
has been distributed and is in:-each Broker node's queue in second place.
WD 01/98912 PCT/1BOL/ 01467 18 A failed nmggch is likely to occur when two
or nore conflicting events happen at about the sanme tinme. This is comon

when a good priceal saigRaehgetnang MMBYy (toddeths Wheh thd & okd at once. The
first hit causes the..price to b t aken fromt{gﬁ&narket‘ and later hits

e
fail. In the exansPEa5svad eéﬁeﬁ%se?’a%%a? FHFEOHN SAMREr PR ad® $2nds the
ProposeDeal nessagemmaoit whime as gred toirhes iBr ekerednade mbnpraedssesran event

that makes the que&%ilcoiunée/gkdégb'ﬁa fi;rsﬁmﬁcgu% %ﬁ&lﬁ%qggeco”‘sé.sage- These

messages cone, together at Br node a ker ‘node receives a
ProposeDeal messaf@ Fofran Hgorarekarnd dakest bdtFifaile for the match, a
failed match 15 situation occurs. if no rematch takes place, the Broker

node woul d send a_Pr.oposeDeal Fajl nessage back_to the Broker node from
which it recei vedI?htgPePfjéﬁ@g'gD%a%?ve’rg?%gﬁer.‘c’ hé BFERTRR& U?K"eChaFT‘ ws for
this to happen at se¢iis therRtoppeébealwremsege hdti hhorsame i toimej, sSBdokexwn. Thi s

provides 20 for ghdd & gRLcd¥sRECESeht thal HaRe§*3APLEoLBr Oker node 2 first
receives and,, processes the Market Update rressag?e Thr's causes the first

uote to be HarkeBPH@itAB%d F5bTRIs |3 MepkerUrdate iesstgRe 3Be98 oposeDeal
q , . . b
nmessage. \Wien pronessigeg d¢de fBgShge,atl Brokbat asde es that the quote can not
be matched to this hit.

When a Broker node receives a ProposeDeal message for a

quote that is not suitable for the match, a failed match

15 situation occurs. If no rematch takes place, the Broker

node would send a ProposeDealFall message back to the

Broker node from which it received the ProposeDeal

message. The architecture allows for this to happen at the

first point where the information ig known. This provides

20 for efficient processing.

In this example, Broker node 2 first receives and
processes the MarketUpdate mesgage. This causes the first
quote to be marked as unavailable. It then receives the

25 ProposeDeal message. When processing the message, it
determines that the quote can not be matched to this hit.
The ProposeDeal then fails. Since the ProposeDeal message
represents a commitment on the part of the matching Broker
node, the failing Broker node can rematch the deal if

30 possible. Allowing rematch at the intermediate Broker node
pbrevents network chasing and provides for efficient
matching. This can be done by the Broker node that first
detects the failure, or by another Broker node in the path
back to the Broker node that made the ini;ial match,

35



The ProposeDeal then fails. Since the ProposeDeal nessage represents a
comm tnent on the part of the matching Broker node, the failing Broker:-
node can rwEAt/M6x he deal if 30 possible. Allow ng renaPENR{O144T

i nternedi ate Broker node prevents network chasing and provides for
efficient matching. This can be done by the Broker node that first
detects the failure, or by another Broker node in the path back to the

Br oker node that nmade the initial match. 185 WD 01/ 98962 PCT/ | BOL/ 01467 19
The rematch process follows these rules: 1. Rematch is only done with the
next avail abl e dihst wewpatch progasisofPlhpwguehese Bules:Renmt ch can be done by a
Broker node only if it is the ower of at |east one side of the match,
(hit or quote) OR 10 3. Rematch can be done by a Broker. node if it
received both stdes REFaEFR igapRY PPB%“BFBKE}F"S%FﬁtCﬁVFF%%ﬁ Mets §es. The
rul es are arranged thihe pedorfiey dueeef ol | owi ng reasons. 15 The initial
order subm gted to the taker's broker node represents a commtnent on the
part of the"taker to do a deal. The authority to match a quote to the

order is therefdre Remsbeh wanhbe enpriapesBrrtar peds 98y 13 dbge t he

network. The Proposel@al offesSaftt AR5 TRd biMoeNene’Rated eriaEeicat e node to
anot her and so the aut hor;ty tomtch and rematch is al so passed on. It is

inportant that no Br¥REP! nodes®™t her than the Broker node passing the
ProposeDeal nessage are given the authority to performa rematch, as this

coul d I'ead o duplicalg.pal Gahnte Hdde 3R WHESkdNAEEATE TBSRUEVdd OW Wi thin

the network to resolve o
both sides of the match from Brokers in different

cliques.

The rules are arranged this way for the following reasons.

15 The initial order submitted to the taker’s broker node
represents a commitment on the part of the taker to do a
deal. The authority to match a quote to the oxder is
therefore passed Qiﬁh the ProposeDeal message through the
network. The PropdseDeal message is passed E£rom one

20 intermediate node to another and so the authority to match
and rematch is also passed on. It is important that no
Broker nodes other'than the Broker node passing the
ProposeDeal message are given the authority to perform a
rematch, as this could lead to duplicate matching and

25 would increase message flow within the network to resolve
the conflict.

The rules thus ensure that at any one time, only one
Broker node has authority to attempt a rematch, and that

30 unnecessary duplication of messages does not occur. If
these rules are met, the Broker node can initiate the
rematch process. If not, then the match fails.



the conflict. The rules thus ensure that at any one tinme, only one Broker
node:has authority to attenpt a rematch, and that 30 unnecessary
dupl i cati onWsFoigessgages does not occur. If these rul es apers®umidsbhe Broker
node can initiate the rematch process. If not, then the match fails. WO
01/98902 PCT/ 1B01/01467 20 In this case, the ProposeDeal Fail nessage is
sent. In the exanple, Broker node 2 determ nes that the original match
has failed. It checks its queue and sees p@pat the hit in the ProposeDeal
can match the second quote in the queue. 5 It received the second quote
from Broker node 3o thisreass,vele tmep@@ehmaihem&sapemmtmssam from
Broker node 4. SeR&RIB lRfieROfRs 3 ARdchiREColdt HHE HABFaChbple. the
oes ave~aut hori

rul es are not satl sfied_and Broker node not y to

perform a remat ch?3 feidfds dbechacke | 1tro IHeiss 5@ geessEhat the Biskir node 4.

|f the rule were omé Hrebbeumedl agn ﬂwfﬁlthél%eoﬂd hﬁgte B.erfzﬂér%@u@ rematch, a
Pr oposeDeal nessage r\/é%lékgeéjg senet % ker (%Ee 2 to Br node 3 and
Mar ket Updat e "15 nEssages’ wo Pa $55°8 °ﬁ‘e1? B Bn e clique. As

a result, however re®rigkdrtheotét Jnhtise tye'eposmbailmdsmje tfrem Bywkeh by Broker

node 2 and wi || SHBBLQUe ke SEReflORaes OIS 108 TRS3ATEADACK Lo Broker
node 7 via Broker pode . As_a result, there 1s now an extra path in the
{;ﬁﬁ§nt

routing 20 of sub$ tl?enFB:f"?FalaF%rf“I‘}sP?\b’-sth\%d fefnRrokes Rdeg 2ré@ass.  Thi s
is prevented by thet hlaiedhuthbeityl fotgeafoanat e&namhesa FrepdRiDeal MG 1Br oker

wil | performa r il t [ O nodify its context for the
25 quote (q e o jec?’l;'l rrg;weﬁ% t:'tohgl‘?cz’aﬂr%t)ulé?(!iof ‘the match from "avail able" to
"reserve pending deal". it will then send a ProposeDeal nessage to the

Broker fromwhich it received
If the rule were not followed and Broker node 2 had

pexformed a rematch, a ProposeDeal mesgsage would be sent
from Broker node 2 to Broker node 3 and MarketUpdate

15 messages would be sent to other Brokers in the ¢lique. As
a result, however, Broker node 3 has been notified of the
match by Broker node 2 and will subsequently send deal
completion messages back to Broker node 7 via Broker node
2. As a result, there is now an extra path in the routing

20 of subsequent information using the normal routing rules.
This is prevented by the third rule.

If the rematch rules are met, the Broker will perform a

rematch. First, the Broker will modify ite context for the
25 quote {(quote object) moving the amount of the match from

“available” to “regserve pending deal”. It will then send a

ProposeDeal message to the Broker from which it recelwved

the quote. This message will reference the hit from the

original ProposeDeal message. The Broker will also gend a
30 ProposeDealUpdate message to the Broker from which it

received the original ProposeDeal message.



the quote. This nmessage will reference the hit fromthe original
ProposeDeal nessage. The Broker will also send a 30 ProposeDeal Updat e
message t OVORYI®FDker fromwhich it received the origi R&IEH§EeDeal
message. WO 01/98962 PCT/ 1801/01467 21 In the exanpl e above, Broker node 4
receives the ProposeDeal Fail nessage. it checks the queue and is able to
rematch with the second quote. It then sends a ProposeDeal nessage to
Broker node 3 to notify it of the 5 hit. 2lt al so sends a ProposeDeal updat e
nessage to Broker node 7 to notify it of the change in the match for the

hit. During the f&rmteca:a%@eeﬁ&vel th&etcrrmet anteddidbs atde the 10 Broker
nodes in the network know about all the c]ﬁ%crfcges in the ote A failed

match or rerratch“@é’ﬁ??%ﬂ%"%ﬁ%ﬁ‘?&@? ths € ¢ SRqifushe A€ nust be
distributed to ot@eﬁmaﬂﬂohathnn#esec&hbqnqnefmtaﬂmmnspm®m@ss requires
careful —routing, :gcgﬁtg%ﬂéallh%eéé/ dtghgro%?y nddfeS§ &Y 'nbl:?(flpflt”bﬁﬁﬁﬂz or 15

duplicate notific ere e several situations that require
notificati od. Eabimistakpe Replf @dPropogePemidipdpks mesgage (@ PEMI®Y nanner.

‘The different nopédd gatd Adthy fels: dECthe thafy ihhend abtew seathe unwi ndi ng
the quote reservations 20 back along the path to the original matching

Broker node. 2.BHor the new deal , notifying Broker nodes back along the
path to the original matchi ng Broker of the quote reservation. 25 3. For
the new deal, notifying Broker nodes forward along the path to the new
owni ng Broker noggraRodhe ref8téniPhbeeaselivald afipotand. tiay abbtthedeal s,
notifying BIrOOKerBro de?rsncln esC li{aqtli-?es network know about all the changes in

the quotes. A failed match or rematch results in changes

to the status of quote that must be distributed to other

Broker nodes. The notification process requires careful

routing control to avoid the easy possibility of missed or

15 duplicate notification. There are geveral situations that
require notification. Each must be handled in a consistent

and reliable manner. The different notification types are:

1. For the failed deal, unwinding the quote reservations
20 back along the path to the original matching Broker
node.
2. For the new deal, notifying Broker nodes back along

the path to the original matching Broker of the guote

reservation.
25
3. For the new deal, notifying Broker nodes forward
along the path to the new owning Broker node about
the quote reservation. '
30 4. For both deals, notifying Broker nodes in cliques

that are not on the deal path.




that are not on the deal path. WO 01/98902 PCT/ 1B01/ 01467 22 Part of this
process is shown in figure 8. This shows the notification made by Broker
node 4 in thwopressous exanple. When a Broker node nakespcr/mhumgs t hat
unwi nds a change nade by anot her Broker node, it follows two sinple 5
rules: 1. Notify the Broker node that sent the original information that
is being changed. 10 2. Notify any Broker nodes that woul d have been
notified by use of the original informatia2n. In this way, the network
routing rules are followed from 15 the perspective of the original

information flow P‘gggv\?frr]ghlgg S04 i§$ﬁ% 0:2PRkYxd T | @RKELAnsEs fth@m t he

perspective of the unw ndi ng change. consiStency Is required to avoid
duplicate notificRAtRIGTine JBég Phderkec 2ot Ip0thenPERElg¥Fevi ous exanpl e,
Broker node 2 receixg51d10t #éh of proxeGURtR alRd0e &HLieBiiehninde 4 in a

ProposeDeal nessage. It then fails the . match, whic wi nds the quote
change. It notifi e"g‘aflﬁ% %PF&?Yné‘PB‘Fhe&f Bf?{céa‘ri REE it irkt?l‘ni?"%CLE’PoWIﬁﬁode 4, by
sendi ng the PPoposeeal Fai | nessage. Since Broker node 2 did not notify
any other Brokers of the original quote change, it does not send any
additional notifications. 30 Broker node 4 receives the ProposeDeal Fai l
nmessage. This causes it to unwind its original quote change. Since it
received the origimal Netifymehé @roké&OmoBe altar sugetile orfigimatifies that
Broker. Since it sent EQ or%kgé{'%haty\qSO%égxgggﬁan%%g(l BOLl/ 01467

10

2. Notify any Broker nodes that would have been notified

by use of the original information.

In thig way, the network routing rules are followed from
15 the perspective of the original information flow. The
rules do not seem to apply if locked at from the
perspective of the unwinding change. This consistency is
required to avoid duplicate notification or missed

notification.
20

In the previous example, Broker node 2 receives notice of
a quote change from Broker node 4 in a ProposeDeal
message. It then fails the match which unwinds the quote
change., It notifies the origimator of the information,

25 Broker node 4, by sending the ProposeDealFail message.
Since Broker node 2 did not notify any other Brokers of
the original quote change, it does not send any additional

notifications.

30 Broker mode 4 receives the ProposeDealFail message. This
causes it to unwind its original quote change. Since it
received the original information from Broker mnode 7, it
notifies that Broker. Since it sent the origimal



23 information to Broker nodes 1 and 3, it sends the new information to
these Brokers in a Market Update nessage. The second part of a rematch:
Ccreates awem/986dt e change. 5 This new information i s dCIIBOMU4E@d i n t he
same way as the unwi nd. For the distribution forward on the path to the
owni ng Broker node of the quote, the normal matching rules apply. Each
Broker node sends the information to the source of the quote in a
ProposeDeal message. It sends it 10 to dher Broker nodes in the same
clique or to uninvolved cliques in a MarketUpdate nessage. The process is
slightly di fferleﬁ?ma&rw@em%#gk%@omdrﬁﬁ@u nibagdntbad@eyath to the
ori gi nal mat chi ngr&Fuicabn NEsl@hedd BroRéA TRl & QaxrketOfite hédaBe, Br oker node
whi ch sent the original ProposeDeal 15 nessage in a ProposeDeal Update
nmessage. No nessages are sent to other Broker nodes in this same clique,
they will be notified by the Broker node receiving the information. For
al | Broker node§hpreqdongueart 94t2 de@ebdt cER2Ee ApAeY queketdh@ngeal , nor nal

rul es appl ¥5h Th@g@sméd ihompicibh ad Q{.(st&@.bbﬁé&l ﬁhaﬁl«gea&mlaywdyhakeﬁﬂépdgte |
nmessages. ese Droker t v.en now that. a g n unw nds

another. I1i “F“””P‘F i‘"P‘f thev\%lf‘i‘f%é‘éb%‘z BEN L 621 EHS) g%?g%ﬁlllllllllll
IS 11.11111 1111:wo11h9 Brokex gwdet eff theagliatg, stist @nrrh@t mtahhnggmMrurrent )

conpri si ng: 1 stgaéﬁ%eakem@@de gelﬁfscgﬂg ﬂ{f%ﬁatmd@om at | east one
i nternedi ate matc node connected between first and second br oker
nodes, each br (?EBFC%G’Jet?J%ﬁUSFﬁH’gaaP’EﬂH?EF’H%a]f ﬂ‘ﬁé?ﬁ‘% Iheede it -

: 10 to other Broker nodes in the same clique or to uninvolved

cliques in a MarketUpdate message. The process is slightly
different for sending the information back on the path to
theloriginal matching Broker node. The information is sent
to the Broker node which sent.the ofiginal ProposeDeal

15 message in a ProposeDealUpdate message. No messages are
sent to other Broker nodés in this same clique, they will
be notified by the Broker node receiving the information.
For all Broker nodes in cliques that are not on the path
of the deal, normél rules apply. These will be notified of

20 both changes by MarketUpdate messages. These brokers do
not even know that a given change unwinds ancther.




nodes together conprising a distributed network; and 10 a plurality of
trader termnals connected to the distributed network; and wherein each of
the nodes cwoprg@s: a store of orders avail able for trasimmgot/asad a
matching facility for matching conpatible orders 15 submtted by each of
the plurality of trading agents, wherein the internedi ate matching node
further includes: neans for intercepting a nessagefreguestirnga deal

whi ch has been transmtted fromthe first #§oker noﬁ | ik e ond
broker node; means for detecting that the deal prop !H“fmﬂ[“m}mmwt
broker node wi |l fe@ddrmsand neans for proposing an alkertiati ves netch with a
quote fromthe store of orders available for trading. 25 2. A conputer
tradi ng systemaccording to claiml1l, wherein the internediate node is a
broker node. 3. A tonpwt ermputzdi tpdiystsaywten dordbriing tisdirnnenter 2, 30
wherein the alternativegRiehd,s the second order in the store of orders

avai l able for trading. 4. A conputer trading systemaccording to claim1, 2
or 3, wherei R the nodésfaFet DEPEery&a9tn ScPEBEsP v Tofe 3t er medi at e

node only proposes a reakeordef ihte MEN (ibeOBX A1 REMIABOdMNLE6sd ecei ved the

i nformation for both sibde%seeof tthhe .rrag:cah i ffer%nt cliques.

fromnopd I n
5. A conputer trading sSys 1) acce:ofr1 isng Ifdos(e:?%nldmgﬁ? T o795 §a,lc wherei n the

i nt er medi at e node onl y hrobeo swde spenfenmingha j froking fupheianvaed e at | east
one side of the match.pfesAdRERM SonAi3dhd % AY SEtRPRES Helidik;t Qn@ny
precedi ng 10 a plurality of trader terminals connected to the
distributed network; and wherein each of the nodes
comprises:
a store of orders available for trading; and
a matching facility for matching compatible oxders
15 submitted by each of the plurality of trading agents,
wherein the intermediate matching node further
includes:
means for intercepting a message requesting a deal
which has been transmitted from the first broker mode
20 to the second broker node;
means for detecting that the deal proposed by the
first broker node will fail; and
means for proposing an alternative match wfith a guote
from the store of orders available for trading.

25
2. A cowputer trading system according to claim 1,
wherein the intermediate node is a broker node.
3. A computer trading system according to claim 1 or 2,
30 wherein the alternative match is the second order in

the store of orders available for trading.

4, A computer trading system according to claim 1, 2 or
3, wherein the nodes are arranged in cliques, and the
35 intermediate node only proposes a rematch if it



10 claim wherein the Broker nodes are arranged in a clique tree such that
each clique conprises a plurality of logically connected Broker nodes and
any two S¥O&MB2c| i ques are connected by a single pat hPCTIBOF046Y conput er
tradi ng system according to claim®6, wherein the single path connecting
two cliques conprises a Broker node conmon to both cliques. 8. A conputer’
tradi ng systemaccording to claim6 or 7, 20 wherein each node is arranged
to distribute deal infornmation nessageszficcording to a routing protocol.

9. A conputer trading systemaccording to claim8, wherein the routing
protocol is configur&gceirgd thatinformtionotr dothyisides rf &hdeawitchnf or mati on

nmessage conprising ¢egh dddegr Rk eFe@RdS1idue0 all of its neighbour
nodes; and 30 each node receiving a deal information nessage conprising

the deal information will send a further deal information nessage
conprising the deal a abaputeriimading alylsteh adeerabidg)itboctaimotee except

t hose nei ghbour nodes i S LCl i . 3 | Qi ' br oker.
1111111111171 tu111§'|@%ﬁ&%ﬁl%ﬁ%ﬁbﬁ%é‘%&%ﬁwﬁ%wze 10. A
conput er tradi ng systemptatdfdithdst the lowner ot gleasihenreishde nf deal

I nformati on nessage irheamfedl e avail able nessage and the information is a
quote for 5 a financial instrunent. 11. A conputer trading system

according to claim8, 9 or 10, wherein the deal information nessage is a
ProposedDeal nessage Roromputerkietadipg atyeterssagedizndo any preceding

10 claim, wherein the Broker nodes are arranged in a
cligque tree such that each clique comprises a
plurality of logically connected Broker nodes and any

two of said cliques are connected by a single path.

15 7. A computer trading system according to claim 6,
wherein the single path commecting two cliques

comprises a Broker node common to both cligques.

8. A computer trading system éccording to claim 6 oxr 7,
20 wherein each node is arrahged to distribute deal

information megsages according to a routing protocol.

9. A computer trading system according to claim 8,
wherein the routing protocol is configured such that:
25
a node originating a deal information message
comprising deal information sends it to all of its

neighbour nodes; and

30 each node receiving a deal information message
comprising the deal information will send a further
deal information message comprising the deal
information to all of its neighbour nodes except
those neighbour nodes in the same clique as the

35 originating broker.
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10 the.information is a change to an existing order. 12. A conputer

tradi ng systemaccording to claim8, wherein the routing protocol is

confi gures wooiyséat a node originating a deal infornmtreBmEsgge about a
15 specific piece of information will send it to the node fromwhich the
specific piece of information was received. 13. A conputer trading system
according to claim 12, 20 wherein the protocol is further configured such
that a node receiving a deal infornatiopgressage about a specific piece
of information that it did not originate, will send the nmessage to the
node from which it received the original information. 25 14. A conputer

tradi ng system acgcording to.claim.l12 or . 13  wherein the degl information
nessage is a Pr o&(SOSeéD‘g%ITPuF Ol rﬁ%%?aﬁ%?teénnacf%re 8 ertcol ?%mplge%%%df
information i s an or dekefein bbd idaahdingbriardon umesege |is| &lquoke111111 (fij |
Litife 11011 available message and the information is a quote for

5 a financial instrument.

11. A computer trading system according te claim 8, 9 or
10, wherein the deal information message is a
ProposedDeal message or a market update message, and
10 the information is a change to an existing order.

12, A computer trading system according to claim 8,
wherein the routing protocol is configures such that
a node originating a deal information wmessage about a
15 specific plece of information will send it to the
node from which the specific piece of information was

received.

13. A computer trading system according to claim 12,

20 whexrein the protocol is further configured such that
a node receiving a deal information message about a
specific piece of information that it did not
originate, will send the wmessage to the node from

which it received the original information.

14. A computer trading system according to claim 12 ox
13, wherein the deal information message is a
ProposedDeal fail message, and the specific piece of

information is an order for a financial instrument.
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