1 AN AUTOVATED SEM - DETERM NI STI C TRADI NG SYSTEM TECHNI CAL FI ELD The
present invention relates to an automated exchange system and in
particular to an automated exchange designed to provide a flexible
structure able to 5 cope with many different types of requirenents.
BACKGROUND OF THE | NVENTI ON AND PRI OR ART The conventi onal autonated
tradi ng systens of today inplenented at the automated exchanges and mar ket
pl aces around the world are all high-confidence systens. The systens
behave in a way and follow rules that are very well understood to and which
output a result that is easy to predict given a particul ar sequence of
input data. In fact, nost autonmated systens operated by the ngjor
exchanges trading financial instrunents (stocks, bonds, currencies,
derivatives thereof, etc.) and commodity contracts including commodity
derivatives use a systemthat is conpletely determnistic. In such a
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t he predictabl e outpu such requi renents
is automated exchanges and malket places around the world are all high-confidence

systems. The systems behave in a way and follow rules that ate very well understood
10 and which output a result that is easy to predict given a particular sequence of input
data. In fact, most automated systems operated by the major exchanges trading
financial instruments (stocks, bonds, curzencies, derivatives thereof, etc.) and
commodity contracts including commeodity derivatives use a system thatis completely
deterministic. In such a deterministic system, the output depends only on the input data
15 sequence(s) reccived by the system. The input data is processed by the automated,
computerized, matching system, and the output data is a well-documented matching
result, which only depends on the seties of input data This architecture is a key
requirement for most major investors using a trading system for matching orders. The
reason for this requirement is that they cannot take the risk to have their orders treated

20 any other way.

A problem with such a deterministic, automated matcbing system is that
it must be designed to perform at a specified lowest level of petformance under the
worst circumstances and operating conditions envisaged by the system designer. The
system must be able to cope with a number of different events, such as power failure, a

25 highly variable load of input commands, and faulty input commands, without departing
from the predictable output. Designing a system that meets all such requirements is

very expensive. A party operating such an expensive exchange will hence have to



very expensive. A party operating such an expensive exchange will hence
have to 2 charge a consi derabl e amount for each transaction carried out by
the systemin order to cover the expenses for devel oping and operating the
aut omat ed exchange system Furthernore, a trend in designing future

aut omat ed exchange systens is towards providing nore and nore
functionality in the centrally | ocated matching system 5 of the exchange
system This approach provides clients connected to the system access to a
broad variety of services wi thout having to provide each client/user with
conpl ex software/ hardware designed to carry out these services. However,
this in turnresults in an even nore conplex central system which is
requited to operate with high confidence. The cost for devel opi ng such a
hi gh- confi dence system providing all 10 services requested by its users
will be very high. The cost for carrying out transactions 1in such a system
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in such a system will thetefore teach a level where some usets find the cost too high.
As a result, those usets will perform the transaction elsewhete or refrain from doing the

transactdon.

In addition, contingency order matching can easily degrade the

15 performance of the matching setvice. Sometimes, for load reasons these services must
be suspended. This is 2 crude maneuver, and will not suffice as users expect all their
ordess kept active and ready to trade at all various market condidons. Future order
types with more conditions and parameters will also increase the expectations on the
evaluation policy. In effect, users will slowly stat to expect a more refined view on

26 Quality-of-Service as is true in other areas of Information Technology. The non-
deterministic nature of multi-threaded processes with “anytime” algorithms has so fat

effectively kept them banned from live exchanges.

Hence, it is desired to have best-effort processing sexvices in certain
cases, to open up for evaluation of mote complex orders, but best effort services are
25 ruled out by the deterministic requitement for the matching engine softwate. There is 2
need for a computerized automated exchange system that is able to centrally provide a
very broad range of services to its users (clients) and which system at the same time can

be developed and designed in a manner that keeps costs at an acceptable level, and



need for a conputerized automated exchange systemthat is able to centrally
provide a very broad range of services to its users (clients) and which
system at the sane tine can be devel oped and designed in a manner that
keeps costs at an acceptable level, and 3 which also can provide an
accept abl e matching of conpl ex contingency orders w thout negatively

af fecting the matching engi ne of the exchange system SUWMMARY It is an

obj ect of the present invention to provide a matching system 5 operating
in accordance with the determnistic matching principles required by the
partici pants of an automated tradi ng system The system further being
designed to centrally provide a very broad range of services to its users
(clients) and which systemat the sanme tine can be devel oped and desi gnhed
in a manner that keeps costs at an acéeptable | evel. to This object and
others are obtained by the present invention as set out in the appended
clainms. Hence, ,in an autgmated e SW er.m.ni st mat chi ng
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system Wen the ageﬂf“ﬁ?%@%*§%£9@F“?§mPﬁWOFHD%8@a?ﬁgﬁﬁgn%ﬁ?%ma best-effort
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connection wt

10 This object and others are obtained by the present invention as set out in
the appended claims. Hence, in an automated exchange system, the deterministic
matching core unit of the exchange system is supplemented with an agent trade server
designed to provide a range of additional services. The agent trade setver is preferably
run in accordance with a best-effort principle, theteby making it possible to design at

15 low cost. The agent trade server is further designed to provide users with functionality
that is not necessary of too expensive to implement in the deterministic core of the
matching system. When the agent trade server is run in accordance with 2 best-effort
principle a deterministic output cannot be guaranteed. The agent trade server feeds the
deterministic core of the matching system with order input data resulting from the input

20  received from the users of the automated trading system. Thus, the designer ofa
complex trading system is given an option to provide centrally-located functionality to
the users of the system without having to change the deterministic core architecture of
the matching system. Since the agent trade server is working in close connection with
the deterministic cote of the trading system, it is preferred to physically co-locate the

25 agent trade server cornputer(s) with the compurer(s) hosﬁng the core of the deterministic

matching system.



the determnistic core of the trading system it is preferred to physically
co-locate the 25 agent trade server conputer(s) wth the conputer(s)
hosting the core of the determ nistic matching system 4 BRIEF
DESCRI PTI ON OF THE DRAW NGS The present invention will now be described in
nore detail by way of non-limting exanples and with reference to the
acconpanyi ng drawi ngs, in which: Fig. 1is a general view of an automated
exchange systemincluding a 5 determnistic matching core unit and a
non-determ nistic agent trade server. Figs. 2a - 2e illustrate different
information flows within the automated exchange systemof Fig. 1 when user
transmts data having various contents to the exchange system DESCRI PTI ON
OF PREFERRED EMBODI MENTS to In Fig. 1,4a general view of an autonmated
exchange systemis shown. The system conprises a matching core unit 1
designed in accordance with an architecture that gives the systema

conpl etely deterni ni stigrhehayicekipFIENGOFE SRR BRINEST  exanpl e be a
conput er executing the SAXESS (c) Software devel oped and sold by OM

Technol ogy AB, Sweden, The system al.so c rises.a multir-protocol gateway 2
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The lines 4 are typically leased Ilines, but also other types of Iines
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al so be useddd@mpisay irdehisg eds ugf atdnenosyBteaninipti¢ dgemutatié sast nmessages, e. g.
price 20 updates. The connection froman input termnal via a | eased |ine

connecting to the cong.. of fNfall GRLAC ARG HEMM Aukagal evay s an
exanpl e of how a convéntional trading systemcan be designed. In addition

to convent i osxabangystemalifigt 5whenheersyrotraits dats hdeipg variews GoRtems ¢ the

exchange system.
DESCRIPTION OF PREFERRED EMBODIMENTS

10 In Fig. 1, a general view of an automated exchange system is shown. The
system comprises a matching cote unit 1 designed in accordance with an architecture
that gives the system a completely deterministic behavior. The core unit can for
example be 2 computer executing the SAXESS ® Softwate developed and sold by OM
Technology AB, Sweden. The system also comprises a multi-protocol gateway 2

15 forming an interface between the core unit t and a number of inpuc terminals 6. The
terminals 6 are connected to the gateway 2 via lines 4. The lines 4 are typically leased
lines, but also other types of lines including an Internet connection can be used as loag
as the gateway is designed to handle the protocol of the used connection. The tines 4
can also be used to provide usexs of the system with multicast messages, e.g. price

20 updates. The connection from an input terminal via a leased line connecting to the core
of the automated trading system via a gateway is an example of how a conventional

trading system can be designed.

In addition to conventional system units, the system as depicted in Fig. 1
is provided with a unit 3 operating in close relation with the core unit 1, and is
25 connected theteto via high capacity communication lines 7. The unit provides
additional system services and uses an architecture that does not ensure deterministic

matching, The unit 3 continuously receives information relating to the matching taking



is provided with a unit 3 operating in close relation with the core unit 1,
and is as connected thereto via high capacity comunication lines 7. The
unit provides additional system services and uses an architecture that
does not ensure determnistic matching. The unit 3 continuously receives
information relating to the matching taking 5 place in the core unit. In
Fig. 1 the unit 3 is sub-divided into different sub-units. Each sub-unit
is designed to provide a particular type of additional service. Thus, the
sub-unit 3a is a conputer running software specialized in finding
solutions to conpl ex conbination orders. The sub-unit 3b is termed an agent
5 trade server of a first type. The unit can, for exanple, be designed with
user configurable agents (specialized software acting on behalf of a user)
controlled by a master dispatcher that utilize nmulti-threading or simlar
non- guar ant eed resource sharing under the operating systemof the server.

The users arg,ahl @ze%&eﬁjﬂi@dlnﬁfi[ﬁfi ercabley isheuwhded ife eopichgub @ntih ¢lath agent s,
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type, wth user-programmbl e agents for exanple executing under resource
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direct external Connections, only internal links to fron1th§ determnistic

core uni ti¢ 1. allgwedtojreprpgramdleesr dag s -t 35 inHieagent tade server of a second type,

with user-programmable agents for example executing under resoutce management or
similar shating mechanism. Further, the sub-unit 3¢ is preferably provided with an
extensive shielding mechanism in-between individual agents, so that one individual
faulty programmed ot resoutce-demanding agent cannot affect the others in an

15 uncomntrolled way.

The unit 3 is connected to input terminals 8, which may be, but do not
have to be, the same as the input terminals 6 via external communicaton lines 5, to a
communication interface 9, typically via Internet links for the interactive sessions and

the subscriptions of various kinds (status updates etc.).

20 Note that among the sub-unit servers 3a, 3b and 3¢ the server 32 is not
connected to the interface 9 and hence does not have any direct external connections,
only internal links to/from the deterministic core unit 1. This is io accordance with one
preferred embodiment. In other prefested embodiments the unit 3a may equally well be

connected also to the intetface 9.

25 The flowcharts in Fig. 2a — 2e illustrate different steps cartied out when a
user transmits an order to the exchange system in Fig. 1. Tig. 2a shows the general
information flows in a conventional 2utomated, computetized, exchange system when

two pasticipants explain their willingness to enter into trade via (at least) two separate



preferred enbodinent. In other preferred enbodi nents the unit 3a may
equally well be <connected also to the interface 9. 25 The flowcharts in
Fig. 2a - 2e illustrate different steps carried out when a user transmts
an order to the exchange systemin Fig. 1. Fig. 2a shows the general
information flows in a conventional automated, conputerized, exchange
system when two participants explain their willingness to enter into trade
via (at least) two separate 6 order input nessages, 201 and 203
respectively, submtted to the matching subsystemof the determnistic
core unit 1. In an in-use systemthere may be several buffers, |ogging
facilities and checkpoints |located on the path fromthe gateway 2 to the
mat chi ng sub- system to make the core of t he mat chi ng system robust and
deternministic, but that is 5 not the fdcus of present invention and will

t herefore not be discussed further herein. If there is a match between the
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extension in st-'e “unit 3ain this
exanple,1mhnﬂhukmmnpm&e@eam1alIocatlon mnthln a short and discrete tine
frame, hands the orders back to 20 the matcher with the all ocation proposal

message 213. If the ”Iﬁtl«?g‘% ancgﬂnﬁg Sﬁggorﬁl%n flow involving the unit 3, and in

particular the sub-unit 3a, is shown. In the example depicted in Fig. 2b several complex
combinatotial orders are submitted from input terminals via input ozders 211. Futthet,
it is assumed that the order-matching unit cannot immediately and deterministically

15 allocate deals from these orders 211. A typical scenario is that the ordesbook is in the
mode of a combinatotial auction procedure. Hence, a numbet of orders are temporarily
blocked under certain conditions. The otders ate then swiftly given to a core services
extension in the best-effort sub-system 3, L.e., the sub-unit 3a in this example, which
proposes an allocation within a short and discrete time frame, hands the orders back to

20  the matcher with the allocation proposal message 213. If the matcher can accept the
proposed allocation, it executes accordingly and disseminates in the results of the trade

in a conventional way as previously described with a message 215.

Fig. 2¢ shows the case when a participant, L.e. a user connected to the
system via an input terminal, has configuted a trading agent in an Agent Trade Server
25 (ATS) via a message 217. The ATS corresponds to the sub-usait 35 as described above.
It is preferred that the means (or communication 217 is not part of the core, since that
could compromise the paradigm stance. The agent of the sub-unait 3b is continuously
fed the same market data from the deterministic core unit 1 exactly as the participant

would have been, and can also be, fed through external systems via messages 219. The



proposed allocation, it executes accordingly and di ssem nates in the
results of the trade 1in a conventional way as previously described with a
nmessage 215. Fig. 2c shows the case when a participant, i.e. a user
connected to the systemvia an input termnal, has configured a trading
agent in an Agent Trade Server 25 (ATS) via a nessage 217. The ATS
corresponds to the sub-unit 3b as descri bed above. It is preferred that the
means for comunication 217 is not part of the core, since that could
conprom se the paradi gm stance. The agent of the sub-unit 3b is
continuously fed the sanme market data fromthe determnistic core unit |
exactly as the participant would have been, and can al so be, fed through
external systens via nessages 219. The agent makes a deci sion based on
its configuration parameters and the ngrket data it has received and may
put an order 221 to the deterministic core through proper interfaces such
as a gateway, Pl il e&tcg{ %%%%LA ﬁyconh!gk'a?ttoql%g&ﬁqgtdsrﬂl@t;Lh@(ul@@ﬂ@a ghiseam as al |
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above in con unctlo I tes anot her
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agent, as seerivifig omeds Iﬂ@3 ﬁ@msmtuun&ewﬁuattda@vwheg af lgod bl psedreesalsals t hat  of
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predefi ned agerh. trade server conputer in the best-effort unit 3 via
orders 227. It is preferred that the nmeans for comrunication of the orders

227 is not part of thgg 5&‘{(3 s%a{ég%o%?éar?gﬂlllguﬁpmﬁeg@lrﬁ%ftht:IS@:) far adi gm

stance. Wiile the inner I ngs of sub-unit 3c are different to the

sub-unit 3b, &1ﬁéybdmebeo@%t%¢Wa%@ﬂmdénmﬂ@&kwpmn%ﬁq%%%%ﬂq6f@ﬁ%m66%e unit 1.
The 15 inforpmati 235 tihereforengey maspond to
t he correspo%%i ?ﬁggggﬁéﬁ% e |cte§? n Fig t.c Fi na ﬁy, Fig. 2e

is an ovewal the paxﬁmmﬂ canhplaed nmcurt@]de ¢qtﬂﬁ (mﬁmgtg)m f p;gdgﬁpﬁi agent trade server
computer in the best-effort unit 3 via otders 227. It is preferted that the means for
communication of the orders 227 is not part of the cote, since that could compromise
the paradigm stance. While the inner workings of the sub-unit 3c ate different to the
sub-unit 3b, they preferably have identical intetfaces to the core unit 1. The
15 information messages 229, 231, 233 and 235 therefore cosrespond to the cotresponding

information flows depicted in Fig. 2c.

Finally, Fig. 2e is an overall view of the combined information flow in a
system as depicted in Fig. 1.Thus, building upon the robustness of the deterministic
exchange system platform, a complementary subsystem operating fully under the best-

20 effort principle is formed, incteasing the overall system performance with respect to
bandwidth management, ptocessing resoutce management, fault tolerance, and
exception handling. The overall system formed in this manner will have 2 continued
complete tractability in the current services. The hybrid system whete the new, optional
best-eFfort services ate contained in a separate subsystem, which can be termed the

25 best-effort appurtenance, will complement in a conventional deterministic exchange

systern.

A cardinal use case for the new subsystem is when the user uploads a
latent ordet combined with a trigger configuration, combined into a so-calied agent

instruction, to the ATS. The ATS, operating under the best-cffort principle,



system as depicted in Fig. 1. Thus, building upon the robustness of the
determ nistic exchange systemplatform a conplenentary subsystem
operating fully under the best 20 effort principle is formed, increasing
the overall system performance with respect to bandw dth nmanagenent,
processi ng resource managenent, fault tol erance, and exception handling.
The overall systemformed in this manner will have a continued conplete
tractability in die current services. The hybrid system where the new,
optional best-effort services are contained in a separate subsystem which
can be terned the 25 best-effort appurtenance, will conplenent in a
conventional determ nistic exchange system A cardinal use case for the
new subsystemis when the user upl oads @ | at ent order conbined with a
trigger configuration, conbined into a so-called agent instruction, to the
ATS. The ATS, operating under the best-effort principle, 8 comunicates
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spawned thread or process. A precondition for the automatic activation of

a latent agrder in therRAlSrd spéh BaiQaR: 1 RPARALLQND, Al cBeatllne@fhs@apari o
triggers. Inspirational generlc scenari os can _be proposed by the

mar ket pl ace ¥ RE FHHCE REFVIEE RISTIRSTH)EHE i t1IAH8FO8Y fnvestor. The 10

scenarios co Hlegom&%ﬁge LoRek SaRkdnz8d 19ak beki 83ke argisepbbienal |y
calibrated for each individual order. The Agent in the ATS wll

contlnuously0§V§K@&WéSﬁhé5?$wggé&§mlﬁmﬁﬁ§mnﬂﬂ§ﬁﬂ&€¥ﬂ%ﬁs&@&Fﬁ§ﬁmﬁ@al-tine
market infor gntj.an,K89RLYRG. bl AR hDRRLEbILE BE oCAGror Ulid . The dr awback
for the trad communi cating trade intention earl

scenarios could be saved in petsonahzed galleries, and optionally calibrated for cach

individuat order. The Agent in the ATS will continuously evaluate the triggers in its

instruction against real-time market information received from the deterministic cote

unit,

The drawbaclk for the trader with communicating trade intention eatly,

15 can be more than offset by the inherent premium in the reliable, cheap, high-speed
connection between the core and the ATS. The proximity and direct connection is
effectively feeding the ATS with matket data much faster than anyone else, thus putting
the agents in the ATS at an advantage in certain cases. This may be inciting enough to

stimulate an carly submission of orders via the ATS.

20 While the present invention has been desctibed with respect to particulas
embodiments, those skilled in the art will recognize that the present invention is not
limited to these specific exemplary embodiments. Different formats, embodiments, and
adaptations besides those shown and desctibed as well as many variations,
modifications, and equivalent artangements may also be used to implement the

25 invention. Therefore, while the present invention has been descsibed in telation to its
preferred embodiments, it is to be undetstood that this disclosuze is only illustrative and
exemplaty of the present invention. Accordingly, it is intended that the invention be

limited only by the scope of the claims appended hereto.



15 can be nore than offset by the inherent premumin the reliable, cheap,
hi gh- speed connection between the core and the ATS. The proximty and
direct connection is effectively feeding the ATS with market data nuch
faster than anyone else, thus putting the agents in the ATS at an
advantage in certain cases. This may be inciting enough to stinulate an
early submi ssion of orders via the ATS. 920 Wiile the present invention has
been described with respect to particular enbodinents, those skilled in

the art wl Iwﬁg@qgi%%mn{%e present invention is not Ilimted to these

specific exenplary e Different formats, enbodinents, and
adapt ati ons besi des those shown and descri bed as well as many vari ati ons,

nodi fications, and eguj : ol $n@iqt NPl enent
the 25 inventi o%. Th}ealr(l'gl:‘{1 ?%ﬂ&ﬁlﬁ&ﬂﬁ@@%ﬂ%@égﬁ{ é@rﬁ@ﬁ%ﬁ%g;_&ﬁﬁ%&ggken descri bed

e the p
in rel ati ofSYYMERlE betypen E?%ﬂc‘é}?ﬁ%é Hothe system viargmtg el glita hat this

di scl osur endtwotkleymptibingt rati ve and exenplary of the present invention.
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conput er i z@eiching onder e dnteretintiyths pystembyche tiedets.regdof financial i nstrunents
between traders, Eﬁﬁ%ﬁﬂu&ﬁnﬁE&wéﬂ&%@ﬁ%ﬁb@h%&ﬂ&%ﬁn&ﬁﬁHﬁ&?hgf%ﬂ%nﬁ dat a

net wor Kk, corrp{ sSINng. a server_hosting a determnistic central —nmatching unit
for provi dfNg ah]é’tté Kmotg ermipaisday Ry iEetnd SEIngradPreH ierad “g?/él"teem by the
traders, agystem, stuppipprERhal thdisdsagesivetompupldad operatéer gatvading ni sti c

mat chi ng usrﬁi to?i%jfu %glulpsl .%%I e, '&o t he regoﬁﬁe fEegm‘.nal S %J&?ei Vi ng and
storing an BPYer© EAYEYEd it D ?I}?SWIEI’S/% B SR P& G PP I'ng server
bei ng confihgahieg uhié. operate for providing supportive functions in

accordance with a best- effort principle to the determnistic matching

unit. 2. A systemaccording to _claim]1l, wherein the supplenental trading
2. A system according to claim 1, wherein the supplemental trading

server is physically co-located with the server hosting the central matching unit.

3. A system according to claim 1 or 2, wherein the supplemental
trading server is configured to calculate solutions to combination orders.

4. A system according to any of claims 1 - 3, wherein the
supplemental trading server is couplable to the remote terminals and comprises a user-

configurable agent.

5. A system according to any of claims 1 - 4, wherein the
supplemental trading server is couplable to the remote terminals and comprises a user-

programmable agent.

6. A method for performing computerized automated trading of
financial instruments between traders, where the traders are coupled to the system via
remote terminals and a data network, comprising:

deterministically matching orders entered into the system by the traders,
and

providing a supplemental, automated trading service on a best effort basis.



server is physically co-located with the server hosting the central
matching unit. 3. A systemaccording to claim1l or 2, wherein the

suppl emental trading server is configured to calculate solutions to

conbi nation orders. 4. A systemaccording to any of clainms 1 - 3, wherein
t he suppl enental trading server is couplable to the renote termnals and
conprises a user- configurable agent. 50 A system according to any of
claims 1 - 4, mherein t he suppl enental trading server is couplable to the
renote term nal es a user- nt. 6. A nethod for
per f orm ng conput er ?%dnn%h?‘g%@@ﬁ‘ {ﬁr‘ﬂa‘frﬁ g‘f’ Swﬁ‘?ﬂf&t@ a‘f‘%?t%rrents bet ween
traders, whatlies tdneict isqebefosmad ezlmourpglmchnmeutgmadawlamwmaputr enote term nal s
and a data network, conprising: determnistically matching orders entered
into the systemby the traders, and providing a supplenental, automated
trading service-on alliseBethed { frofty fepdaims 61, Whelellhéh%‘%ﬂﬁéumﬁw cl ai m 6,

wherein t hﬁat@hﬁlﬂg i ep® i Aled w%t&ﬁﬁsleﬂa&mg 'uﬁﬁ aﬁ@mél s@ﬁpl'eﬁleﬂtﬁr faaforxmedm t hout
guar ant eel ng det.erm ni
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and the supatheahﬁnttmk compticingt ed trading service is perforned by a

suppl enent al qfurther

conpri si ng: g%é[yté@}g né’talte% gastae%hn%ﬁ%\égéﬂ}?rﬁaﬁal E.’EE’@%%N enent al ,

aut omat ed $¢@Vlg@rfwr@ dlae wmlﬁmem@tl s epwar &l the contrah gnasdingsynit, gnd he

central mat chi nge bdhital nARRingt 18 @Y thab rd@&éﬁrﬁa'ﬂeglntﬁ}tiér Iﬁ§tlcﬂiﬁ the provided

data in order matching. 9. ‘?he nmet hod |n any of clains % wherein the

suppl emental service includes cal culating solutions to conblnation orders.
9, The method in any of claims 6 - 8, wherein the supplemental

service includes calculating solutions to combination orders.



