12 MAY 2005 Description GLOBAL ELECTRONI C TRADI NG SYSTEM | nventors Arnman
dodjo, Nathan D. Bronson, and Scott E. Harrington Related Applications
This application isrel ated to and clains priority upon U S dRAMAY 2008
pat ent appl i cation serial number 60/249,796 filed Novenber 17, 2000 and
U.S. provisional patent application serial nunber 60/288,310 filed May 2,
2001, which two provisional patent applications are hereby incorporated by
reference in their entireties into the present patent application. ‘
Technical Field This invention pert&pagrindirhe field of global electronic,

tradi ng of commodities andeidmangietrionst HwHite «Ragkoround Art Wi ght,
Ben, "Unl ocking the C2C forex riddlre , —eurononey.com- July 25, 2001, UK,
prOV|des a general discussion of sone of the business aspects of the

present invénvewrprsMorris, Jennifer, "Forex goes into!future shock",

Eur ononey, r+,2Q001, ves a general description of several
conput eri zed %‘g%lgi%ﬁg ?(’cﬁ%%ﬁ}é% A ag??ﬂﬁ?é" PRE | IRPChQE ofarritetoni bed in the

_present pat eBelaigd Popticiodhuja, R K., Magnanti, T.L., and Olin, J.B.,
Network Fl ows; Thear ithns a pllcatlons Chapters 7 and 9
(Prentice-Hall, -1 ngg %%éé‘ﬁgg{l{jmslﬁ rn"'f‘é"?g FIraK ShmnsapgtAnittmeport hat may be
useful in i nPtensAeVigahe mﬁmenapplriv:elidn@rberb)aﬁ nRBELMo/248 7055

/

di scl.oses a relat Mebibet! P! r ystem that. i s capabl e of
i npl ementing_onl y singl e- Egpezoto?a E)n ]i”ﬁo‘rlgfﬁ‘é?‘l I?é‘ﬁ‘ﬁf‘t fReL{feddent

i nventi on cah® &ccBirate/ a8 hﬁi;ietirladaesa, Fapt hemich twld. S.  pat ent
5,375, 055, tieowisebnds pgt¥ed appi bMmbhonthal syggests to him that he can
take a tradermq_,gnhe may not al'l%)aye enough cre% H:}gg%coﬁo ivas 2005
C€ in their entireties 1nto the present Patent
application. ‘

Technical Field

This invention pertains to the field of global electronic
tradlng of commodities and financial instruments.

'Background Ari

Wright, Ben, "Unlocking the C2C forex riddier,
euromoney.com, July 25 2001, U.RK. «prov1des a general
dlscu551on of some of the bu51ness aspects of the present
invention.

Morris, Jennifer, “Forex goes into future shock",

_ Furomoney, Octobexr 2001, gives a general description of seveial
computerized foreign exchange platforms, including one
described in the present patent application

Ahuja, R.K., Magnanti, T.L. . and Orlin, J.B., Network
Flows; Theory, Algorlthms, and Applications, Chapters 7 and 9

(Prentice-Hall,-Inc. 1993), U.S.A. + sets forth some algorithms
that way be useful in implementing the present 1nventlon
U.S. patent 5,375,055 discloses a relatively simple
A.trading system that is capable of implementing only single-hop
trades. On the other hand, the present invention can
accommodate multi-hop trades. Further, in U.S. patent
5,375,055, the user is given information that suggests to him

that he can take a trade when he may not have enough credit to,
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take the whole trade- In the present invention, on the other hand, if only
part of a trade can be executed, that information is given to,%gﬁ WSthe
user knows that he has enough credit to execute at |east the {\ and
best offer that are displayed on his conmputer. An even sinpler trading
systemis disclosed in European patent application 0 411 748 A2 and in
grant ed European patents 0 399 850 B~ and 0 407 026 P1, all three of which
are assigned t Lim ted. These Reuters docunents describe a system
in which inf oF%r]get :%gl% g’%‘?llceert g a ggﬁt}i’%ﬁseﬂaaﬁ@ﬁ%i‘énrsﬁpa‘y@ othgen if the
user can't exbzafeiiftomly glrt bf & heapsestnbe bNMORALEOhas UL A ROIENt I al
trade woul d ngt fe.di §<9I%yee sgt, gl . Furthernore, the only credit limts
that can be accommdated in the REUPETS "p¥E iRl Be vt RBOTgicEsdftor t he
pur poses of |¥Frickieryteattt lemehtthd best Imid haam@sentred RYSAL4d,@N, any agent

may set credididdiabts & il L ys so as to limt not only settlenent
ri sk_(nmeasured tl):’ot by ihﬁgi valjtg‘%}'gtle\é?nstrunent vol unmes and by noti onal

absol ute val ues) #ButveR $dmpkpodurding skystEurihensoIed he Redhess

keystations gRQutr iaal, openat 9fs . n_the. present. invention, on the
ot her hand, .an APl f%%ll ication pr og‘%aarﬁzﬁ ra\%lgilh SFFATE) ERRABIRs PALFHFS

participant t >devBFOFprdgr AP WARE Blart i atlineeopt fulilkcy amutesRhed he

trading processRrefised asuiec0f RYEOtROR Mot had, and_conput er
readabl e medig for  facilitating t rading two I t%ﬁgé%ﬁe%&ﬁeoraﬁ f%setr%r oup of
itens conprising combdrPReCHAGPFETETS &l Petestishewrde . isAdikpkatedt WO
agents (2) weavient of trlmdessonesr msexeutmet it & -900€ 1 kGE GuUated in terns

of anot her i nsiLHPEM h nge . of L and Qis_ itself a financial
i nstrunent, which is 'reQ gir[ric}%t%gg}s attrflg‘aeW‘Ilfl(r?’%‘f"r (refitsPlaved &fi ng

channel , (3) 3ét weBH ttseEmeyR. dgentely 2yedat |Idws té amatheaexecut i on of .
trades. AssocicabfboMtied €aChhe gBanngl retrading,linits configured by
. e L ngét)‘?(n@ a}ec{r%f?ume 1%:%%u?8? 1_-(r]-.f)

-the two agent%q(_{Z i grd,er,tollmt P sk. entral coupl ed
to the two &§ERT e??;% PSSt BEt e eshvelsk-0 Bmdtheageerent?) current 2 12

VAY 2005 invention, any agent may set credit limits in multiple ways so
- as to limit not only settlement risk (measured both by
individual instrument volumes and by notional absolute values)
.. but also exposure risk. Furthermore, the Reuters keystations
require a human operator. In the present inﬁention, on the |
other hand, an‘API (application programming interface) enables

-any participant to develop Programs which partially or fﬁlly

automate the trading process.

Disclqsure of Invention
Methods, systems, and éomputer.readable media for
facilitating trading two items (L, Q) from the group of items
comprising commodities and financial instruments.. At least two
agents (2) want to trade some instrument L at some price guoted
in terms of another instrument O. The exchange of I, and @ is
 iteelf a financial instrument, which is referred to as a traded
instrument. A trading channel. (3) between the two agents (2)
~allows for the execution of frades. Associated with each
channel (3) are trading limits configured by the two-agents (2)
in order to limit risk. A central computer (1) coupled to the
two agents (2) is adapted to convey po-each agent {2) current
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tradabl e prices and avail abl e volunmes for the exchange of L for Q and for
t he exchange of Q for L, taking into account the channel (3) tradin
limts. The central conputer (1) facilitates trades that occul? Mﬁ%ggoﬁ
single trading channel (3) and trades that require the utilization of

mul tiple trading channels (3). Brief Description of the Drawings The file
of this patent or application contains at |east one drawi ng executed in
color. Copies of this patent or patent application publication with col or

drawi ngs will| bBeagaivid getcdy araheviSREDU r and paynment of the
necessary fee. cThese and other nore detai {I?e mgggyoggélé?ﬁxf 8%7‘%815574 &Ry
“features of thé present I'MVENTIGAS L% bpPe Fukbking sotosedoidt thhe

fol | owi ng specichpemtli da) tﬁfcﬁmgnmgnﬁ@',ngTﬁ@thgratlhgomﬁicc%gnplanyi ng draw ngs,
in which: Fi gugggciliitﬁtﬁsbéroacéé d%ﬁ?g%am illustrating a "type Zero" tradi ng
syst em enbodi ment of the preseén VETHT P IRPg 1t €129ls taapigr khaimgr am

“illustrating a3t asd Fraded radengeaystememod] Bat, of 106 RLESENt. .

invention. TheggdeSsNesfigure 3. Figure 4 is a bl o%k dl}nagt—fl r%Si tfll‘—’lﬁj%f‘%’ati ng
a "type 211 trading system enbodi nent of the present invention. Figure S
is a block diagramillustrating a "type 211 back- to-back trade using the

present invention. pkk &k 6.4 tiamplogcghdiD%gr amillustrating an interl ocking
network of type | Wth%mrrrvmﬁ—s.—%e 7 is a schematic diagram
illustrating tradi ng 1% 0% tlots pateaded brsticdoent doeiahst Laded pet ween
- four agents dore dsawihd I&&@@uﬁé@q&pgof&@negﬂ?}s&é.ﬁfFé ure 6 is a block

S ca

di agram il | ustgé%tliiggtiv%ri Oﬁff ways that ‘age RTINS thedero enabl e
themto use the present FIRvETRYIGR. WFilygedon drevindd well e prdwistaati ng an

enbodi ment of HeUSPR clpbngrEneEees SndSegnbat Urer R SREOLJOVENL T on. 3 12 MAY
2005 - Figure 10 i smadd Qg Shagrami!Jystraling an enbodi rent
ore detalled and specific objects and
: features of the present invention are more fully disclosed in
the following specification, reference being had to the
accompanying drawings, in which:
Flgure 1 is a block diagram illustrating a "type zerov
trading system embodiment of the present invention.
Figure 2 is a block diagram illustrating a "type 1"
trading system embodiment of the present invention.
. There is no Figure 3.
Figure 4 is a block diagram illustrating a "type 2¢
. trading system embodiment of the present invention.
Figure 5 is a block diagram illustrating a "type 2" back-
to-back trade using the present invention.
Figure 6 is a block diagram illustrating an interlocking
network of type 1 and type 2 atomic units.
Figure 7 is a schematic diagram illustrating trading
limits for a traded instrument being traded between four agents
4,5 using three trading channels 3.
| Figure 8 is a block diagram illustrating various ways that
agents 2 can be connected to enable them to use the present

Anvention.

Figure 9 is a timeline illustrating an embodiment of the
matching process used in the present invention.
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of the border outpost process of the present invention. Figure 11 is a

deal fulfillnment graph. Figure 12 is a flow diagramill ustratq?%{}%ms
sequence of screen shots appearing on the conputer of an agen usi ng the

present invention. Figure 13 illustrates a log-in screen 21 of the conputer
of an agent 2. Figure 14 illustrates a customlimt order book overview
w ndow 24 (multiple traded instrunents). Figure 15 illustrates a custom

limt order book window 25  (si ngl e traded instrunent). Figure 16
illustrates a net 'edJoSut® Ffori PopcRsliagrydleuazratingstamepboditkakance

sheet wi ndow 36. thdFibgtier Id:tplokUShFctc@s & tgge}grégeql@r iR\Y&{t‘igﬁ‘.’V and
managenent w ndowF343.1rgiJgPrﬁ.ea 19.il]Justrates a bid creation dialog box 28.
Figure 20 illustrates an offef i ORI HhUsPE g9 -29.  Figure 21

illustrates a buy Hicwrediaties exetsk ic@agbim)i11dh@h08n80%hS Qe ity 8522
illustrates a i di,ate_execution offer di al og box 31. Figure 23 is
a flow di agr aﬁ??‘lf%nu%%l rgg?i&{r%)ef‘ ﬁén%o%&ggt?oé‘ﬁ’“ of EBsTHRRY Priging §be book
24, 25. Fi gur eP2gsdng anfémviadi.agram il lustrating the conputation of

mul ti-hop flow |imtsgfor ' r d i.nstrunent_anong all accounts.
Figure 25 is a rovJY/ngagera%I?FP%%f retést ?ggogcéﬁpﬂfrﬁeino%l oft dhedFTeRTEd graph

of single-hop®fIBWaPERt t%- for a single traded instrument among all

acoount's. FIgur e Zague af ko AGLAT, |LLSh ALLI0 AP AL o of i i mu
and maxi num excur sions for _a_single account Aand a - singre TrEJ&g”
i nstrunent. FVbrﬂiOé’ 3% [rlriplewdidedr ipatitne=tslat i ng conputation of a

position limt foFigutotis asiasui®ibsls é%t%\ii%QQSorfé;cxg%rcagk %%.dd%gazg | ow

~diagram illustratyng utatjon of a position limt for a quote
i nstrunment Q Réﬁtgllg t‘%)‘ig& 1n511-rument) .

Figure 16 illustrates a net exposure monitor 35.

Figure 17 illustrates a balance sheet window 36.

Figure 18 illustrates an open order overview and
management window 33.

Figure 19 illustrates a bid creation dialog box 28.

Figure 20 illustrates an offer creation dialog box 29.

Figure 21 illustrates a buy (immediate execution bid)
dialog box 30.

n

Figure 22 illustrates a sell (immediate execution offer)

dialog box 31.

Figure 23 is a flow diagram illustrating the computation
of a custom limit order book 24,25,

Figure 24 is a flow diagram illustrating the computation
of multi-hop flow limits for a single traded instrument among
2ll accounts. '

Figure 25 is a flow diagram illustrating computation of a
directed graph of single-hop flow limits for a singlé traded
instrument among all accounts.

Figure 26 is a flow diagram illustrating computation of
minimum and maximum excursions for a single account A and a
single traded instrument.

Figure 27 is a flow diagram illustrating computation of a

position limit for a lot instrument L.
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Figure 29 is a flow diagramillustrating conputation of a volune Iimt for
alot instrunent L. Figure 30 is a flow diagramillustrating QQ?’H‘?%O@” of
a volume limt for a quoted instrument Q Figure 31 is a flow diagram
illustrating conputation of a notional position limt. Figure 32 is a flow
diagramillustrating conmputation of a notional volune imt. Figure 33 is
a flow diagramillustrating conputation of a traded instrunent L:Q
position limt. Fi Eyrer 3? is aflowdiagramillustrating conputation of a
traded instrument CTOVoFEnE @ fiew dHiagure 35ussrat ibhovomthath a8 of
illustrating repétiomdibyt LempuUgestel Qgsmegglcf- hop trade. Figure 36 is a
flow diagramill usg{gqltri ntg rie%or%' n\? by conputer 1 of a nulti-hop trade.

Det ai | ed Description o he Prefer St eERBbdithprtzat ifhecpuesanion eyt i on
enabl es an ar Bt Ee ylimdhbEsr of loagenitsudedf rarbitrary type (such as

cor porate treasuri%] be upds, nutual funds and other collective
i nvest nent schenes,’ 'gan%g%asn% g)?%wel‘il??’fﬁé‘hé?é?sﬁrﬁ;*rwgLﬁdﬂmmsatm:rd ot her

i nstitutions YGrUPerldens)faroat gasted onsmdinhesy.and financial instrunent

pairs directly ambrRgst fagh ot hus facilitating client-to- client, or
C2C tradi ng) i% maki_ng orders t%c}%t%hg%?glﬁé‘& l‘fsc‘}rﬁﬁyﬂg drgeafiarhefta aded

i nstrument palP5 Bdr Pogdtd@nt litioni ¢ units" and "credit nol ecul es”. By way

of exanpl e, the apukigatizonshi ghlli,oh4 s{..often, herein is the spot
3 ggqa@lir%ﬁ‘&t“ﬁ%“tﬁwd’é@@?%%haf % he

forei gn excha . (spot FX arket, but™ it

pr esent ihvenglg%hénﬁgsv%]p"ﬁ{ei g’gﬁ‘iq-i ty to trading in any type of
over-the-counter d&ogwodiaByigra ilibRadtdabm MStLpMENL,  incl udi ng physi cal
comodi ties, @f@degyinﬁrgﬂg%é izgﬂ?l . gas, “‘_e| ectri c'£| Sttdﬁ COTRETHS E‘eogir‘i‘d

ebt " in

reinsurance products, i OPETOS, 19%ter forei gn exchange products 5
12 MAY 2005 (swaBsyure dAdizonpdamdtii-ostn IRALE ANGOLBEL e Lyati ves
conposed or derdacadiddteunbMese ol HSiLIMEALS,

Figure 35 is a flow diagram illustrating reporting by
computer 1 of a single-hop trade.

Figure 36 is a flow diagram illustrating reporting by
computer 1 of a multi-hop trade.

Detailed Description of the Preferred Embodiments

The present invention enables an arbitrary number of
a i -
genﬁs 2 of arbitrary type (such as corporate tréasuries, hedge
il
unds, mutual funds and other collective investment schemes
I

banks and other financial institutions, and other institutions

OT persons} to trade cowmodities and financial instrument pairs
directly amongst each other (thus facilitating client-to-
client, or cCzC trading) by making orders to their beers to buy

and sell the traded instrument pairs over "credit atomic unitsn
-and "credit moleculesn,

By way of example, the application highlighted most often
herein ig the spot foreign exchange (spot FX) market, but it
‘must be understood that the Present invention has applicability

to trading in any type of over-the-counter commodity or

financial instrument, including physical commodities, energy

products (oil, gas, electricity)

- products, debt instruments,

» insurance and reinsurance
other foreign exchange products
5



A trade is the exchange of a lot of instrunent L for a quoted instrunent
Q The lot instrument L is traded in an integral nultiple of 12 jfA¥ethos
quantity refered to as the ot size. The quoted instrunment Qis traded in
a quantity determ ned by the quantity of the lot instrunent L and the
price- The price is expressed as Qper L. In a spot FX trade, the |ot
instrunment L and the quoted instrunent Q are inplicit <contracts for
delivery of a currency on the "spot" date (typically two business days
after the tra@@Bdtefntd ¢ommavadpiesenmespecidd chbéndeanvhidivasns, entities

that W sh t ednpastar Wrt Befacl @L-BRMIrRLE &fi84 600 as "agents” 2. Agents
2 that extend credit to other agents 2 are referred to as credit

-ext endi ng agent s> $T3AFett 1 FREPAES ABt2 oteAd inatadment & Soher agents 2
are referredduotes iglst ehéntd 0Qr MRN-106" Bt eNdiNg 208Nt s 4 Two agents
2 may have di.rnlgct trad%gig@(r:har%neléeg between them where the trading
channel s 3 coFF&Eng™ et @ BRiSEh eI oFRr e £6ids fBRtXatdi ng agent
5 (typical |y sizbankhe fidasciiabtinsddtt Ot i Onragea ally .CheaidiRg entity) to the
ot her agent adi nnels 3 are typically secured via placenent of
col l ateral (r‘rié}ca%\%%gr tq%r o ot O?r'h% 55 H#tr}‘ﬁ‘ﬁﬁﬁtl‘ 30 48 t he credit
-ext endi ng agehte S. Thyciadde yis txmdissgd ahanpelsn.3 aavsdggitCredirhde,
-extendi ng agept .5 ;apd.peascredit - . extendin ents, 4 already exjst. in
the spot FX narket, these %fr %dlg:l’l&g & a%%%es? gnsg‘%umreélf;e?ead:et 6m%'§c%Fadi ng
accounts. | nCPREFaCEESECY el iveny crfedi turmstcendl ngreadentts’ S8ahave a trading

channel 3 batysamitbesio ALY 00 q%%néfgexaﬁzfqé LfLR GLegi t-extending
capacity with re argg?to that tradi ng channel 3. Credit-extending agents 5

that allow the c RISTHOF eFPeoL fiEattan p2e @lad@eti et isies Hdiat t r adi ng
channel s 3 t giahltowtraddientagentss c2hkp ddcaderydtdn eachs otgentéw e refered to

P esent syst R ek P o g Basia BB HFRetI TR nere ZRESBR25%AY 2005

cl eari ng ent Pfi exdifFeexieadingbrdaddgionh. agertss $ aaveld mse exwsdida - ext endi ng

agents 5; 'an@i@éﬂétbﬂ&ﬁe&é‘%@&&léS%QQP:Fe%e%ea to as clients 4 or non-
credit—extending agents 4,

Two agents 2 may have direct trading channels 3 between
them, where the trading channels 3 correspénd to credit
extended from one credit-extending agent 5 (typically a bank,
financial institution, or any clearing emtity) to the other

~agent 2. Trading channels 3 are typically secured via
placement of collateral (margin) or other form of trust by an
agent 2 with the credit-extending agent 5. Typically, trading
channels 3 amongst credit-extending agents 5 and non-credit-
extending agents 4 already exist. In the spot FX market, these
trading channels 2 are refered to as trading accounts. In thé
case that two credit-extending agents 5 have a trading channel
3 between them, only one agent 2 acts in a credit-extending
capacity with regards to that trading channel 3.

Credit-extending agents 5 that allow the central computer
1 to utilize a portion of their trading channels 3 to allow
other agents 2 to trade with each other are refered to as
“*credit-bridging agents” 5. In a preferred implementation of

the present system, existing banks, financial institutions, and
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those institutions 5 are clients 4. Conpared with prior art systens, the
present invention gives a relative advantage to clients 4 conpangfytsdos
credit- extending agents 5, by enabling one-way or two-way orders from any
agent 2 to be instantly displayed to all subscribing agents 2, enabling a
trade to take place at a better price, with high |ikelihood, than the
price available to clients 4 under prior art systens. The present
invention brin tr?getef%r. clients 4 who may be naturally on opposing sides
of a trade, without °convent? Gsl cspidadsifitoepeatd ¥ shargedsd 0 t hem 4 by
credi t- extenditrgisgertending aigehbei £, JrSeEY A emen. O  course,
credi t'eXtendiﬂ}%ségﬁﬁl_]ﬁﬁ%étla&SO benefit on oc%‘%g?oﬁlggﬂ%e%usttﬁlg?%roé nat ur al
sellers or buyers. Unlike pr‘lsor5 art ‘%])??Péﬁs‘?- the present invention arranges

mul ti-hop deal s toC“weakdovitdr prbet waenspataal cRUNEESANd 8814 .ers who

need not have gvdkr£cte 1t L adi relationshjp. For the application to spot
FX trading, a nulti-hop dg‘g% gggﬁn%aége g@aﬂ St ArgigRreedlo orediitrt ual
back-t o- back tT&BREITSY 2gRREDIS, hprenabiedy toy-iegi A cAg8RLS cE](Eljsng;c:gqgrns of
the underlyi ngnyt sansf er s, of. i imal ;instruments, a nul'ti-hop deal is
Y hg@é}&:‘l 9, a1 Slay&gs O Fdd"s4hesHiking Boeker to

simlar to the existing practice of “tra
anot her. unliKe Priort2dr# %ﬁ?é?e‘?ﬁs,taﬂihePMmentaimteeiipiﬁcgprm_l&eﬁig}f radi ng

limts from nétkenihpoayuntt-at kMg MU, byt ,also from net position Timts,
where both volyme and-position IIi%:%cts n%l;iab & %OetClilﬁnttSe#rrE‘[‘JQﬁr PREC r aded
L f

i nstrument (i nstri Fent PYSFSREuiRTRIt P, biimgsetogetbbr any etpger | yi ng
i nstruments tBhderaveke hmngedi e vepeslnuRe8. Skt L ament (Wsitégxg,rl%z L
or‘inte of the

i ndi vi dual |y, cofddndhbyid r._other instrunments),
notional ' val uati (I)lrjs of ls%%%g?sns P UREhTA L Y TR 98] BRvdhai| 4 bagenedit2,

especi al | y ‘cr PP Rm§sagefrstheit G centi@l abi sfaa1batn MORe flexibly.
. Limting tradeshee, detdasereged RSt u%geeq%% C rrugati ve volunme helps to
nmanage sett| t risk. Limtin g 1 I\/E\Ya%ﬁjo SDFLd8Y 9978FieRfeNt ' s net
.g. Qﬁ%gltﬂe .area t 19 . Lo
position (net L:Q positiolf Hetpsetienranagenyrarket risk. Liniting a
del i vered under|yPmyike prior art systems, the present invention arranges
multi-hop deals to match orders between natural buyers and
. 8ellers who need not have a direct trading relationship. For
the epplication to spot FX trading, a multi-hop deal can be

realized through real or virtual back-to-back trades by one or

_morg credit-bridging agents 5. In terms of the underlying
transfers of financial instruments, a mualti-hop deal is similar
to the existing practice of trade “give-ups” from one broker to
another.

‘Unlike prior art systems, the present invention computes
trading limits from not only cumulative volume but also from
net position limits, where both volume and position limits may
be set in terms of the traded instrument (instrument I, for
instrument Q), in terms of any underlying instruments to be
exchanged (delivered) upon settlement (such as L individually
Q0 individually, or other instruments), or in terms of the t

notional valuations of such instruments. This allows all

agents 2, especially credit-bridging agents 5, to control risk

far more flexibly. Limiting traded or delivered instruments’

cumulative volume helps to manage settlement risk. Limiting a

7



instrunent's net position (total net L, total net Q or sone other
underlying instrunment's position) hel ps manage market and crqdifjayiZ&iosoy
reflecting the ultimate effect of any trade on any account's future )
bal ance sheet. The cunulative volume |imts allowed by prior art systens
are able to address only settlenent risk concerns. The present invention
has a natural symretry; in the preferred inplenentation, not only are
credit-bridging agents 5 (financial institutions) able to operate as

mar ket ‘naker staR@rd gastromentiayngy pesinidn dnet RSK posdd dnponyEys (ot h bid

and ask) prig8sado RIROL Srii bUt; ol i.ent na st .one-way and two-way
prices to credi ta}%riegl%i(ng algent ?gl gﬁggo%h%rllgfxlrée)cg%d%rqé’fmgny ot her credit
ext endi ng or CHEWEYRL 89y PagEitorns {tTbals nesyhmetotyl irs=tnot @ esedt i n
prior art tradtig syokelPingl MBsPRERERE 51 HUART] central conputer 1
to calculate t%%?i ng |i mts. 1o prepar e cqs%glgnﬁlh:éﬁ% “%P&g? r%aordql% gg% 25,
and to match G&f g6t Py et hediing: e Wédkrbepiffgenrmd aspttdeaent i s

handled in a alaeymﬁuatigmﬂxtﬁwnﬁﬂaﬁbfetéﬁe@w@% Bﬁg%i;at%ig%eé- p\ﬁ)%lléeyggl in each

trade. The ceﬂ{urllatlS %Qggutcgr | js a network of at

computer actingih a TerTs&YyPESE 8FhatetForasatoRblEver paderas oply

subscri bi ng teetdlspshemienpboytaigst he present invention can be thought of
as a node 2 in an ndj ed graph (Figs. 1-6, 11) - The undirected edges
3 of such graphs T|h&rJid %%’:1 eettt ﬁ%‘%en%ilgf‘e%%&g GoPaR a8V tERanHe It (account)
bet ween two rygEsTEedt pnleakhiationar nengeteniracreditd-ngy g Wkegses and

limts based pniJdine:extanshon Q5" e fromone_node .2 to another 2 and
i kel y backed by col  ater al pl agngﬁiyé gﬁeo%%rfgeZaWr?aﬁk?ﬁé“a&eﬁ@ra‘?@ Sone

nodes 5 in t H®SYgPRPAYEX diFEs Fokdingr tarke r andl ttvor ialgi (hgeageint snb, ast)l ow

credit to heptidedged, agdhither Other cNOdRs 4 Alp ok GHeS.4, Wig R8T mpently
For the appli cation to spo‘—?1 FX

?; afjierr]rgf)r gr L%&{C%rsg#?dd‘g’ireﬁgtébgrg#ggé gag?eﬁ}‘ﬁ‘?’ 2005 OhiRthGRiews thefcery r al
conput er | tdfftihﬁiift Fa@@itbaakextdinbac:k cpdit briadesy apecessi mylitaneous trades
13 pi gggog; i ; Se-ﬁy&gggiﬁgn% \Aglbtt&%seﬁénﬁl Riige &€ agde, pelueen the credit

] The present invention uses a central computer 1 to

calculate trading limits, to Prepare custom limit order books

24,25, and to match orders, but all post-trade bookkeeping and

settlement is handled in a de-centralized manner by the

counterparties 2 involved in each trade. The central computer

1 is a network of at least one physical computer acting in a

closely coordinated fashion.

Every agent 2 subscribing to a system employing the
present invention can be thought of as a node 2 in an
undirected graph (Figs. 1-6, 11). The undirected edges 3 of
such graphs indicate the existence of a trading channel 3
(account) between two nodes 2, typically an arrangement of
trading privileges and limits based on the extension of credit
from one node 2 to another 2 and likely backed by collateral
placed by one node 2 with the other 2. Some nodeg 5 in the
graph, corresponding to credit-bridging agents 5, allow credit
to be bridged, while other nodes 4 are cliente 4 who
permanently or temporarily forbid credit bridging. TFor the
application to spot FX trading, a credit-bridging agent 5

8




or nore different agents 2, such that the net position effect to the
credit bridging agent 5 is exactly zero. For each tradi ng chagpghayamasunt
3), the central conputer | maintains a set of |imts set by the
credit-extending agent 5 and a set of limts set by the non-credit
-extending agent 2. Either of these sets of limts may be enpty. These
limts specify maxi muns of cunul ative volunme of each traded instrunent

L: Q maxi mum tive vol u f an underlying instrument (e-9. L, Q or
ot her), maxi rrlcjl%mé%%u it F%Eé cr?nﬁaglﬁf’mvé“r‘?fe L é‘-’ gritigte dsrkao-dgok vadaent ),

maxi mum posi t t¥edes. ndgat isigubeineopssttides of ehitd aded.dnakr yment L. Q

maxi mum posi t Ly¥g i daegal i e osi.tion of, the underlying iInstrunment
(e-g. L, Q or %%%lr , arﬁ]\éﬁ%;}ﬁtﬂr‘r’u%a‘ o Bt I BF 1Pt RPN 6t Reshaiwo( e. g-

U~S. dol'l ar e§ti Wiiefif fergnaeadental 2, Focheasdt tthadidtg pebanngl <facgount) 3,

the central cesptherlorehi B A5 I r-mati on fficient to conmpute the
current value of all the qrua%r{éffx %ﬁtﬁﬁ’oﬁsvﬁﬁ%ﬂmﬁ% may be placed. The

cunul ative vol une P&l GBS &Fedinss ehannelz drocanirtth3 spremepesindl céigieal |y one
busi ness day, 1ataisiteling 4 is8® &S 14§ A0LEEAR) §4LO0, bath agents. It i
illustrative to note that the cumul ative %gihﬁngr%é;tugggﬁ%ﬁ%aqeﬁ& gase
toward their Tifit 5fct Rt ddBRES Frhde, thki hentdredietexpesdinpngual ves may be

decr eased backitler péritheze .‘El@:&roze:ti%i%@dméf&}i)becgﬂyﬂﬂﬁ i'i‘hésieg?iml , agent 2 may
add, renove, %eﬁ@&“é&x %Sogfthe el ements of the set of Nmts specified
by that agent 2 at-any tine. o SPREETYEdrHgTesoperarht teafiedr interiuednbased on
these . limt rlei%t@aximiyesputdtéveantivak 6OMPULRIcHyRAVIfeSuR Y for the

agents 2 that(ale pardj s LG, t toinformthe central conputer 1
of any external actjvity that \?\bu: gqgﬂ?e%'imutlﬁ 6 DP5F el Vel (§s9edd- | ot

trades and trades futfF CARGTIR B Frkigm poadtiig deviessiverndto sinply
reset all |indsicebated cuah UeSas® inde PLAGRS E‘?,d érﬁa&%&% pReies MAY 2005 Based
on the currenf,yvalyes Qf all .these |limt-related quantities, T RE central
conputer | conputes for Bach PP adedteiderdnind inscreneditr éetadigraph (Fig
7) of maxi numTerEbest orsd maximum absolute net position notional (e.g.,
-U¢S. dollar equivalent) value total.
For each trading channel (account) 3, the central computer
1 maintaine information sufficient to compute the éurrent value
_of all the quantities upon which limits may be placed. The
cumulative volume values are reget to zeroc with some period,
typically one business day, at such a time as is agreeable to
both agents. It is illustrative to note that the cumulative
volume values always increase toward their limit with each
trade, while the net position values mayvbé decreased back to
Zero or near zerc and may change in sign.
An agent 2 may add, remove, or adjust any of the elements
of the set of limits specified by that agent 2 at any time.
Since trading is permitted or denied based on these limit-
related values, the central computer 1 provides a way for the
agents 2 that are parties to an account to inform the central
computer 1 of any external activity that would affect these
values, such as odd-lot trades and trades made through existing

- trading devices, or to simply reset all limit-related values to
a predefined state. -




In the directed graph for each traded instrunment L:Q each directed edge 3
froma node 2 to another node 2 has a -value that indicates, 1pas8¢ 2085t he
current position, how many of the traded instrunment L:Q rmay be bought by
the first node 2 from the second node 2. There are typically directed
edges 3 in both di rections between any pair of nodes 2, since the
instrunment L:Q may be bought or sold. The trading limt values (nmaxi num
excursions) of these buying and selling edges 3 between two nodes 2 vary
from noment to nofeRedax thadesrane vma.dae aﬂdénr teeeditinitHdiscage adj usted

by either nod@=AviEQs aldhet and_for all nqodes 2 that
trade L: Q ang@%Lc or al Sotthgrénog gérﬁ%u H(_atés {¥e ceehtFared conput er 1

uses the di ré’c?sééfuﬁ?%’bw Qfar%%‘eﬁfﬁﬁdamlslmng "()Flog niduR eanpHierd he

maxi mum f | ow f @Rt derddebgt fe -t fih node 2 te that this .
means t hat eacgh palé of nod%%i)z That tr gﬁa&%&%ngtﬁm%avg "%\b?aﬁﬁm mum f | ow

bet ween t hem2TeE5F¢ T Eed F5P Bt RedR Pedpi emstheFheoge i20bhaard vayﬁé ens coul d

be simul at ed thatt bedf@seNtbadeAVERtHRN Y. L1y ting the ility of
any node 2 t\?\r]rhﬁeda credit-bridging ag e:ntr ?O Elé!tté% ‘he <g| n %f a%

maxi num flo St He If PoWﬁér%Péﬂngy by ﬁéet%@sedg@isa 3 tmmectl ng

the pair of rtd;udese@:mﬂ nead |2y.. &@M%reahizpiéaﬁ(igngﬁéc!@ehs
non-credit-e déﬂ%&gg % woul d be di sabl e only cumJI antl ve vol une
linmits on un yi ng 1 Nns AES™ Bt 8Bk chBreRed f 6inee ddiet - ext endi ng

agents 5, coﬁﬁé?ﬁ@?ﬁﬂitng:@ ('.!ﬂab’l bre tlsoucial yrcxsrbleetttﬁérﬁjltadihfhm@rva@%goses of

illTustrating (kB8 RLESERE-dLENt ] copsider, for exanple an agent A
ext endi ng crgdl t to agent B g?oéﬁpt heseurlf% 49 3Bf I9AAPAPESSt 3 FX using t he

present i nvERFTHT t&ﬁ&%&%eﬁ%érgm%wu ap B as Bmaaeé BR), and

Japanese Yenmédé’\@nd/arpwddleuiﬁﬁ tSSH]QQ Lg t of EUR USD at
0.9250, then sells UR JPY at %H 1’8 %‘;ﬁﬁ/ﬁ% f%o% With both

trades havi ng agent ,3 ggﬁ%t’erf é?“f“?n?g L‘Fﬁ?eaflflr%qr etidedsis| 2 whaon
settl enment resude Li:@ énchG:‘@rO@Dl BiRereteiated biat agent 3,aRfe W 0P USD

paJ(1 by agentofhucH hehéé%etﬁ39§yylc% 8 graph of maximum excursions (Fig.
' 7) to compute the maximum flow from the first node 2 to the
second node 2. Note that this means that each pair of nodes 2
that trade L:Q will have the maximum flow between them 2
calculated in both directions.
The prior art systems could be simulated by the present
invention by first eliminating the ability of any node 2 to be
a credit-bridging agent 5 so that the “single-pair maximum
flow” is merely the flow enabled by directed edges 3 commecting
the pair of nodes 2 directly. Second, all trading limits by
non-credit-extending agents 4 would be disabled and only
cumulative volume limits on underlying instruments would be
allowed for credit-extending agents 5, corresponding te limits
-only on settlement risk.
For purposes of illustrating the present invention,
consider, for example, an agent A extending credit to agent B
for the purposes of trading spot FX using the present
invention, and between the U.S. dollar (USD), Euro (EUR), and
Japanese Yen (JPY) in particular. Subpose agent B buys 1 lot
©f EUR:USD at 0.9250, then sells 1 lot of EUR:JPY at 110.25,
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will result in 1,000,000 BUR paid by agent B and 110, 250, 000 JPY received
by agent B. Fromthe perspective of agent P, the account stagdma¥MdgasR
toward the EUR USD cunul ative volunme Ilimt, +1M BUR toward the EUR USD net
position [imt, +1IMBUR toward the EUR JPY cumul ative -volune limt, -IM
BUR toward the EUR JPY net position limt, +2M BUR toward t he BUR

cunul ative volunme [imt, +925,000 USD toward the USD cunul ative vol une
limt, +110, 250,000 JPY toward the JPY cumul ative vol une |i mt, ZEROwth
respect to t hEBURCHRIELFGEF horingi agent 2028 GOBtESMrtyoRar dht heiddeD net

posi tion. |inttadeandl Libn250: 0QRAPY-Jawer d, 1t kIR Bst Iposn ti O%§| imt.

Furt her supposi ng hat _the instrument valuations {n agent
currency of USD"r8 2% §250° BURSDIPRhEY02985080 TRy USDStat:bneil tirh@e account

stands (2M x @.19208su2 9238, D060 ot 083 OxR5EBa0Q0hx ageQQ%O%QFQ 23:?5710%72 SO USD

toward the noti ggce eEo%urrul atlve volume limt (usefu imting
settlement ri'sk - + gom é@%nﬁrsmet%oo@@@ent (®.008690 =)

1,927,172-34 agsmnbvmamdshemmml tibwaranohé G UBBt cRSh LI RNvE QLRI - Now

suppose agent;;B; PUY§MJ t SD: L 121. 50, . which upon settl enent
will result in 1,000, Oggﬁ arrgcg?véﬁﬁaﬁ# DE31 PRBH (G00LimEDY T 8URThe net

single -inst r‘iﬂ‘@ﬁ@ tﬁ@sEﬂRoﬁ@' ansulatdweOvldte 75n000 -WUPHuraslyark0rRS50, 000

JPY. Rat her tguangpeeldrV PY; Al S I h wll entail carrying
a LTPY debit alIT%nce |%B%{%O§cgg@nt g,&&aﬁ}eﬁﬁt ﬁsﬁ]tﬁ' *pFBh BT aEABBse to

arrange an od@'FBt d&dF. wri3F- QQ@mSDAtmam;tth%@manmw adluae rate of,

for instancelih?d, 4Q10SP5d R0 aby&o%a% Qe 88v431al S, hesylting in
final accountzggﬁsm on vaI es of BUR, - e9 45 6§l %EV% Qbﬁmﬁ Ewt’l n ot her

wor ds, agent 4§T %1? BED ReF PeshtemJAmi tH2adnt UD once al |
the settl enéﬁW%rdn(t@erUSH\Inee:r nasisiehylimigentnd MY, 66098 58 th@hlg f orward”

any BUR or 4RY #8t ke he date to. the next vaI ue 12 MAY
2005 date, qr to an S%%évj\gpgildg{gé& ul%}hﬁg BIPROELPY 2 hnt®ppr opri ate FX

swap instr UneREC TS oYaJt"f?t&@éﬁthag@dU-Bl ot hepotourodey of rfsmrwaéd odd- | ot
swap, and deal s200MELR: @s1SR@ET b | C0sOY NF8F.BAB! Yk AR QUL A0ENA0l e to trading

via (2M x 0.9200 + 925,000 + 110,250,000 x 0.009090 =) 3,767,172.50
USD toward the notional USD cumulative volume limit (useful for

_ limiting settlement rigk), and (0 x 0.9200 + 925,000 +
110,250,600 x 0.009090 =) 1,%27,172.34 USD toward the absolute
notional net position total. '

Now suppose agent B buys 1 lot of USD:JPY at 121.50, which
upon settlement will result in 1,000,000 USD received and
121,500,000 JPY paid. The net single-instrument positions are
now 0 EUR, 75,000 USD, and -10,250,000 JpY. Rather than
delivering JPY at settlement (which will entail carrying a JpPY
debit balance in the account), agent B will probably choose to
arrange an odd-lot deal with agent A to buy 10,250,000 JPY at a
rate of, for instance, 121.40 USD:JPY, at a cost of 84,431.63
UsD, resulting in final account position values of 0 EUR, -
9,431.63 USD, and 0 JPY. In other words, agent B has lost ‘
2,431.63 USD in its account with agent A once all the

settlements occur.
Alternatively, agent B may choose to “roll forward” any
EUR or JFY net position from the spot date to.the next value
i1



the '"limt-order book" matching system but instead nay be facilitated by
the central conputer | through a request-for- quote mechani sm2J1aye2d0%e
central conputer | knows.the net positions of all the accounts, it may
further recommend such deals on a periodic basis, such as a partlcular
t4.me that both agents 2 consider to be the end of the business day for
the account in question. For the application of the present invention to
mar kets other than spot FX, triangular interactions between traded

i nstrument paf?%-aPe Potams fousdird deoaoss buyike dd a&iﬁr@ehn by credit

-extendi ng agg$n2i AL way, where the limts on
comuodi ty holﬁmngg or cu%?%ﬁ]cg ?)ﬁasg}l'%ﬁrﬁ?n@gf ' &7sPEFHd 2by t he central

conputer | into eXedrittorenota edd-{lhowiomany, | @id 1an agent ad MAY1HUY Or
ool ) in ealntie. e easnl. aves) pa s belmmlerenied ine

conbi nati on f hardware, firmware / or so war e
written in anyP%ompiteronosnghage, mstekings sGte®y+but aatest may HOr in a

conbi nati on ofacionpate HyaREHaESS raT NSl EQ“B{ Cnrofidt] TWAL € sof tware
provi de three Igvel S oT .content: tra e scr eeﬁgug%a re ?r de cont ent

for back of fiTES ANFEGIERr | nRyssi %’%e CERETZY comabter riekmpieﬂlthe nreartagerrent

content. Threwghians AEI a(iaptﬂhd Gabb@tsPr OQNPMeNg e Ut %&Fr&%}l gent s 2
can securel y JmRAL in real t| me'the credit Tim fl ey have

t
specified for each&{ r a&’.eh’“’ ﬁ‘éfLSB UV GhPRRBICUlsAr s phtte. bO(tNot e that
t he maxi mum fAgs®tact @svgsaderach by tiehanaedr IneSphénBknadHRPfriihe trading
limts speci ficeduhy Jhtnhglueg,\_Apéfxﬁgent S 2 associated with the channel 3, so a
non-credit- extendi n% agent can only further reduce the credit limts
assigned by the cf¥dihe- aRREIRACAGR atfelibe DresFhe livektbet weenatihasagents 2

and the cent raheeamatt 8pod F:6aR DS ANYr £EG ons Link--wred,
w reless, |Interpet 12 12 MAYE p:ll”:l vz;'t eggg%gc}{ %%L nF‘T‘ Fhn be

| ocat ed anyV\hergnlmn FhBEWGTF 135S P‘f’t CEn"HE { Frore o'lTh*pdrlpl@‘sesge@f bgat a
backup, to i seeédsextehdbughpehrs @ akernaihes £aSARS;wdy) thate %?% ) there
2

is a secondi¢Ridd al, EOHRLE;RY, %&fémglhgr l%:%%lx(‘ggc;r: %rgxtytrng'rlitsc %rltEUt er

- translated by the central computer 1 into excursion limits (how
. many lots an agent 2 way buy or sell) in real-time.

The present invention can be implemented in a combination
of -hardware, firmware, and/or software. The software can be
written in any computer language, such as C, C++, Java, etc.,
or in a combination of computer languages. The hardware,
firmware, and software provide three levels of content: a)
trade screens, b) post-trade content for back offices and
clearing units, and c¢) real-time credit management content.
Through an API (application programming interface) 38,Iagents 2
Can securely monitor and change in real time the credit limits
‘they have specified for each trading channel 3 in which they
participate. {Note that the maximum flow across a trading
chanhel 3 is the minimum of the trading limits specified by the
two agents 2 associated with the channel 3, so a non-credit-
extending agent 4 can only further reduce the credit limits

- assigned by the credit-extending agent 5.)

The link between the agents 2 and the central computer 1

can be any telecommunications link—nwired, wireless, Iﬁtérnet,
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is a network of at |east one physical conputer operating in a closely
coordi nated fashion. Such a backup conputer 1(2) is shown inq1fFipAY@008nd
insures that there will be no interruption of service with hardware,
software, or network 6,7 failures (neither during the failure nor during
the needed repairs) i and further insures that the present invention has
the ability to recover froma disaster event. Since the present invention
oper at es on a%lglana stcal €y sai d operation has to satisfy |ocal |aws and
regul ations t® ~énabl & the SBPViTed 672 e IpFrisheryirent Horfheovedd.

provi ded. Thi preskatmimventifor parpbsseioar &a@e&hg}lﬂ@ﬁ 8 snahke. such

accommodat i ong, f .The .present inventi orts purpose-specific
‘atomc uni '?ih ﬁggllﬂlgﬁ%%t Fgﬁl%tgleﬁefmese?? Spé](jilt(f%} stBfrudgénts 2- The

basi c atomi c fAfiond eew-raly peupiter' type. 1The Batkupt y@&rallcompMEefel@)%type

O unit" |nvolv5esa paLr..af .a r one extends credit to the
other, a "type 1 gﬁﬂl&g% %\50%&3‘3%5‘: gﬁggtf%g Sé\ié\’%‘]grﬁomau'ief‘ra(??ﬁﬁa%nﬁhl%a

col I ecti on ofclaEedytceorddnated fashénts Suchnd hackty peuputal U (2) rwsol ves a

singl e credi tsifindgh N8 g agend,H ;§0aPLL NG, e n of |t clients 4 to
trade with itself 5 and with each other 4. &%Ijéaugiei %gfelép

si mpl est  at orfifc S§AY1CE ¢i}hE kprdware; raeftagant o @&ywwkdfia? s@adndesagent 2 (2)

Wi sh to trade(ratithay dt@llﬂgntﬁé T8iSQPE JUHTREE; Lf \Aﬁﬁglﬂ&dggt%@(&ﬁr&ﬁs%gn‘?m L

in exchange ft% u{antl t% another item Q
quot ed i nst runen Hustad iEg’d:r FBRicE~ SSR0E r ZRN kG i ehdinTeFhg abdddbntmet )

bet ween the twoagerﬁrm&zaacﬁimd:oevédte execution of the trades and
settlenent of theg t.s. Inherent in the trading channel 3

et yi t
are flow linits (t% %ég ﬁplg?me?l% EHV 180 PRFREEES IH&i APtadedSaind linits
on any under¥PnePINistPonetR é‘—oe%tnaﬂfg'edw@brlasret&ﬂdem‘emla.tfmhbetd_ Q13 12

MAY 2005 tragen1d Qenkeaki &R e %regeg@rm%ﬂ{{o% fbé EIPGLAL OF. OF
owner of the,ﬁl)és is.coupled to the two agents onpu

adapted to convey't SEath s c‘iﬁ%réﬁ?r%l%ﬂ@?%rt@ @Fﬁblﬁf Fegh or der s
originating facgmmdvetdbherto be made.

The present invention supports puxpose-specific “atomic
© units* enabling'trading between specific types of agents 2.
The basic atomic units are "type 0", "type 1", and "type 2",
where a “type 0 unit” involves a single pair of agents 2 where
one extends credit to the other, a “type 1 vnit” in?olves a
- .single client 4 trading with a collection of credit-extending
agents 5, and a “type 2 unit” involves a single credit-bridging
agent 5 enabling a collection of its clients 4 to trade with
itself 5 and with each other 4.
Figure 1 illustrates the simplest atomic unit, type 0. 2
first agent 2(1) and a second agent 2(2) wish to trade at any
-given time some number of round lots of instrument L in
exchange for a guantity of another item 0, which we réfer to as
the quoted instrument or quoted currency. A trading channel 2
(account) between the two agents 2 allows for the execution of
. the trades and settlement of the underlying instruments.
Inherent in the trading channel 3 are flow limits (trading
;imits) on the items L,Q being traded and limits on any

underlying instruments exchanged upon settlement of the L,Q
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participating agent 2. The current set of tradable bid and offered prices
and sizes is constrained by the trading channel's trading |iqpiNAYZDDS S
preferably conveyed in the formof a customlimt order book 24,25 for
each agent 2, as wll be nore fully described below. The custom:-limt
order book 24, 25 is a chart, typically displayed on the agent's
conputer, of a preselected nunber of bids and offers for the instrunent
pair L,Qin order of price, and within price, by date and tinme (ol dest
first). Typi C3PA: ButeRbialneemasa Ly, undschcagant oF ithecopmptadrtar t he

central conpuber iomhen shecagent odofke o b Jhscd denthfi cati on of
one of the two agents 2 as the_ "credit- extending agent 5" i's hecessary

only for the “CFe%t5%r df 3¢PErddihGorkanitel each sbprk Zicubrentagént 2 nay
post orders EmEkiNGndt bEfdrRbked)s iori b SARErMAY cnEi e 2 illustrates the
type 1 atom'% ggi(:t.: a%.glient age\%ﬁil 4 is looking to trade with several
credit -extefd hg Fagant $9870ith WHGNFIEreRtnsgt &f credieble drigt msfAshi p. Not e
that becauseféachl préckd anéxtendi ig agetrabefiBbli @iPaLESiAH ONly a single
tradi ng chan (W ich, the central conputer 1 is aware), there is
no opport uni te % or \tglh{é%dr,yg'ai Jf]m-‘lgft'eﬁla‘%rfﬁ Bijﬁﬁékl‘é gvEEed da the
credit-bridi §7E" &fent suBonThiuity pedér Sgehacd @5 Foydacasagdig el igat 4

pl aci ng a ongiWaYheOhofe AT el i conput er 1. uter | insures
that every institution 5 W%}‘ﬁ&’e mﬁ?gﬁfl;‘t}%og“ g%fe Pian tHYS g%g}l?teﬂ’f‘fle?el ati onshi p
sees the or dBPoK iHst Antisnaothany, FYpieidyofidrievédsi theigrsthswi sh to deal

at  the cli enbusuten] 6Nta PrésBectBEYnRIIBY o P RS ks haﬂﬁ' rf?%i% %%g,n gr- offers
that then apggq{]mgngn he .cluf'fent,' s customlimt order book 24,25/~ but not on
those of the OtHEr IAStItutins Sr9heT BFieent 229 reyhinarickeooke to nodify

or cancel it8a%e @ndetineo (olladt atritie best price possible, while the

institutions 5 ;%y‘;gcm¥l' |2}99_5n0 eﬂ§£é§5a9¥3ﬁfr?geiﬁi£§§t9%§ %Hsggrétgagbe%ggls:l bl e

interest in buying or sélling. The insti
conputer | tyBRIASPE ahicomaHORf whewl Ghei eemteo2 tdre chaditg.4 that will not

be seen by identification of cne of the two agents 2 as the “credit-
extending agent 5“ is necessary only for the creation of a
trading channel 3, since either agent 2 wmay bost orders (making
the market) in the same way.

Figure 2 illustrates the type 1 atomic unit: a client
agent 4 is looking to trade with several credit-extending -
agents 5 with whom it 4 hasgs a credit relationship. Note that
because each credit-extending agent 5 participates in only a
single trading channel 3 (with which the central computer 1 is
aware}, there is no opportunity for the credit-extending agents
5 to act as credit-bridigng agents S. The type 1 scenario
involves the client 4 placing a one-way or a two~way order via
computer 1. Computer 1 insures that every institution 5 with
which the client 4 has a credit relationship sees the order
instantaneously. If pnone of the institutions 5 wich to deal at
the client’s current price, they 5 way post their own counter-
offers that then appear on the client’s custom limit order book
24,25, but not on those of the other institutions 5. The
client 4 may then choose to modify or cancel its 4 order to

deal at the best price possible, while the institutions &5
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the other institutions 5. The solid lines in Figure 2 represent credit

rel ati onships between client 4 and credit-extending agents 512 MARYQ00DG t -
extending agents 5 may have credit relationships outside the scope of the
present invention, but only those trading channels 3 whose credit limts
are maintained by the central conputer 1 are illustrated or discussed. The
dashed lines in Figure 2 represent communication |inks between the agents
(4,S) and the_ central conputer 1. As a sub-species of type 1, there can be
mul'tiple clieRE8TA PasS9edng Erisalchisuets ¢l perwibld haegest edi buying

rel ati onshi psow ¢d11ikhe sane credit-extending agents 5, and the clients 4
are not allowed to trade with each other 4. Conputer 1 provides several
post-trade capabi IT°fi B85S & pentalsoamely e dompabed dl tiaddtleut i on' s

5 trading desblamd/veffera& HoiddsSeh Dacka1obli gecand anedid, ?)%Sgee all, in
real -tine. Thgh etglrl ni%s@f t he trade i s done by conventional neans--The
operator of con%u Fr ﬁBﬁqut coul d, does not need to act as a

cl earing agent andhdosslidolimeednt Qldflﬁledzaﬁegﬁifélslaﬁé evakit Ofel El&ﬁ;%ﬁiﬁﬁ any
eari ng

financi al or i I nts client can direct

is to he handﬁ&g&[ﬁ} gfceélgtrrgl Fd Efggﬁ ex&ﬁ’f‘%‘ﬁ@l AgCRFe Rt SI'heTﬁée@Jr%arl ng
procedures ar %t@@pwdﬁwtﬂpﬁ)maWhhavm&Iréuﬂen:te&aﬂcﬁ%(ipar&t%fiﬁe natd i ng
agreenents or sSRRCLA! c1z0 y ery jproce S re for t hose
i nstruments. The type g?%%r%:t ﬁﬁ?%ﬁtlls?ni 1P OF ¥e Ff E Bd{},ﬂg ghanpede
enabl es .cl i ent #oFH ‘é’feidéﬁtlwlééaﬁrﬁgnaaMalgletdhbyctlheentaﬁtldalofcoapumf ti cul ar

credi t-bri dgi g agEait:Siea ool koS NaDELNGaChl £ ncd }.nop%rsgét - extending
agent 5 tradi.n usual , t he anonynous er-mat chi ng tess is

tri ggered whehehi& felé% cSF“B‘é"rlcta(’ilﬁﬁyl’ir’é‘S P@H’@e&ttfaﬁ‘ Gﬂﬁé@s e&uél’ amd ghehi gher
t han the lomecsetntaalsctcamdtagl 15 12 MAY 2005 offer to sell, or vice versa.

If the match is b nt 4 and h credit- br|d ing_agent 5, then a
single deal is boo Ceaé% t V\% DAFET €8 be Bl F¥epRg mat ch

i s between t4wo 28| ].@rm §s4a1111t ﬁgghtmd@)a&m tI”QVBarE&eddea:lrélaaﬁenbl@iﬂ@d;LtlQne
the same credit-extending agents 5, and the clients 4 are not
‘f~a110wed to trade with each other 4.

Computer 1 provides several post-trade capabilities to the

client 4 and to the financial institution's 5 trading desk as
' well as to its 5 back office and credit desk, all in real-time.

The clearing of the trade‘is done by conventional means.
The operator of computer 1, though it could, does not neeéd to
act as a clearing agent and does not need tb hold as collateral

or-in trust any financial or other instruments. The client 4
can direct that all clearing is to be handled by a certain
credit-extending agent 5. The clearing procedures are
dependent upon the instruments traded and any netting
agreements or special commodity delivery procedures required
for those instruments.

The type 2 atomic unit is illustrated in Figure 4. Type 2
enables client 4 to client 4 dealing among the clients 4 of a
particular credit-bridging agent 5, as well as enabling client
4 to credit-extending agent 5 trading. As usual, the anonymous
order-matching process is triggered whenever am order to buy is
made at a price equal to or higher than the lowest outstanding
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between the seller client 4 and the credit-bridging agent 5, and the other
bet ween the buyer client 4 and the credit- bridging agent S. FhigAy2008 N
to creating virtual trading channels between the clients 4. A client- 4 who
has. a credit relationship with the "credit -bridging agent 5 is able to
post its one-way or two-way order via conputer 1, which causes the order
to be instantly displayed to all other clients 4 and to the
credit-bridging agent 5 itself if the existing credit limts between the
posting clienpifsr ttheseklediol- bidd gicdgaagartt thb, maith EQQ)ert%@ﬁ\é RY:i&hd ent 4
woul d al I ow ag4p [ e r to be executed. , This "m nji-exchange"
has the |iqui di %& gfﬂgt eeénlgt Bjr:acfgq% upBrs; gnd%a‘:érhfnﬁlmlet Re2knitS Peoksd ent 5
base, conbi neBeWfaR thope fupketrtiwki Ag |Hogyeivdif Vit bAt ddtencledictwbid dgi ng
agent 5 woul gwde13HRPL Vi Rt ﬂv}osbglz{cet_qit-»%a déd' naril )aiiooi‘ﬁ%l s Jcertainly

expected, and _beneficial to the overa Patr di Ty *fh
credit - bri dgi RGTE§ENERS SFMLET il ighled tand: &hk| oediarbiidege @yeki t5 bet ween

the prices posi@®@dnBYotlss GG t+fe gﬁﬁﬂaxt QE.‘LQI[E Qle%flgvi%l ld ablc‘f" to the

credit-bri dgl@g}giagqent 5 throu%& ot her” sources of 5 cfy In fact, there
may be instan RY R rar K&iS \?\Heﬁ‘]@ncFPe@t@Mnar*enahsb ta;taldengo
-arbitrage agaclesinel stiaivebh athd@1$¥SELE. Agéil%ntcgrm.}g ﬁg a RLoyi des

several post abll tothe client 4 and to the-tra |ng desk,
t he back offl%éel%%o ’é ST CHELKE OF LSRRG PEARE - %rﬁsdgbiﬁgt&gmfﬁt 5, all

inreal- ti rreltSasmematyype wo-Avapabrdaf vﬁackorﬁpmtléack tWhadeScduek | di4st rat ed

in Figure 5, 58w NGt n e.the ul t| mat e buyer and
seller of the deal .. but Qﬁ]%lt&&elgt ﬁloé:g—‘?yeg g %T ﬁaf"ﬁ"e et 4 BrY d§i ng agent
5 as their mﬁ%i?dFa%ltcéami@r@las?mz a@tgelwmf zaeSexmlmtdreaht t he various

atom c units, 11@&35 rladtwéeﬂp&ﬁee&)obti&@@lﬁéné he %ng&gatdlgrgr |1e | nf or ITB.tI on
after each tra ql causes this 1nformation gyea

conput ers ass’om T8 GPTREOE 6Hi%He 4stpsld PBéPWaigém-’él@l ofgeha, corrputer
| provi des sev@egl| tpdst exe@dedcapabi | i t| es

Thls *mini-exchange” has the liquidity of the natural
supply and demand of the entire client 5 base, combined with
the market-making liquidity that the credit-bridging agent 5
would be supplying to its clients 2 ordinarily. It is
certainly expected, and beneficial to the overall ligquidity,
that the credit-bridging agent 5 will be able to realize
‘arbitrage profits between the brices posted by its clients 4
and the prices available to the credit-bridging agent 5 through
other sources of liquidity. 1In fact, there may be instances in
some markets where clients 4 are also able to arbitrage against

, other trading systems.
Again, computer 1 provides several post-trade capabilities
_to the client 4 and to the trading desk, the back office, and
the credit desk of the credit-bridging agent 5, all in real-
time, as in type 1.

A pair of back-to-back trades is illustrated in Figure 5,
showing that agents 4(2) and 4(4) are the ultimate buyer and
seller of the deal, but they each deal only with the credit-

bridging agent 5 as their immediate counterparty 2.
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to the clients 4, as well as to the credit-bridging agent's5 trading desk,
its 5 back office, and its 5 credit desk, all in real-tinme. ThamAyY 2005
credit-bridging agent 5 acts as a clearing agent for this trade, and is
able to nonitor the client-to- client exposure, in real tine. Thus is
created a price-discovery nmechanismfor end-users 2 with direct
transparency between entities 2 wishing to-take opposite sides in the
market for a particular instrunment. The present invention enconpasses
decentral i zed opef&t FaFR Gfllakhe Febiovaratomanbenritef, separat@mnpuyee-i1 and

type-2 at oni Cuptites. thEldurehbnle BREGE ArSCONEEY,] $ePLOVLde] L the end user
2 in a decentralized liguidity rich auction enV|ronnen?, | év ?adFﬁb

exi sting rel at¥HITShipss Hiarvetion &0 ibey diephagrit onndesedonpeeati ti ng from
traditional tasicigteetfiotohoyidEs thEWLREHIBEL aRARcarPitrary nunber of
different type O, atom c units may be interconnected,

tége 1,. and t Be 2
bottomup, as ~i FPO&Er STHUFFF A é.o‘&dqsosﬁV%’?ﬁ]d@PS'a‘ttraﬁﬁf qeEpabslitaes
liquidity riwhtwbfctiants priaewdiscoyeby cHBChRG: Mgt e Suhsctd bi ng

agents 2, en i [e an re agents 2, across different  atom c types,
to conduct ef |a&qgﬂtrr8%%'eégsau§ F]gn i°th 838 H-tEof Heeddt rdsskl yallTHa vari ous

atom ¢ uni ts ¥RRL-bémé nt dheorrstitelridginhg agemd ecubed er @ditleapebywork. In

Figure 6, whi ray.pe.gensider e illustrate a "type 311 scenario,
shaded circl eafsa%?e r esent c'r?e. | t%‘?clS g‘gsl ﬁ{gﬂ%gteontmé:’n%to’%ir’fgeu%@H’éa‘é?f circles
represent cl it 4exEErguriogesl dfimsi.nplicity, central conputer 1 is not

shown_ on Fig. 6, Dhibs 155 cRed st a%%eeqj_;go@éljy Ra igm. %‘:andpos%% 2 has
proprietary |weg% %oftvtvare on a conmputer associated Wi sai d'ode 2,
enabl i ng sai & N3 15 HTRRESRY RRENceR amtibi et @npiatemglto Sk sof t war e
may take the doprricé widdébid Ehd2nddhEe2665 2 H-0Wsekia, T hesdianBt er snaf the

arr ow headed J,i.0es- 3; J.&R instrument excursion limts deduced from
‘each tradi ngﬂchannel ' g% ég@?%}.}go Pes” of - CFEdRL  FrhiPeratAomsp (ite st

wei ght ed pat REPitegomuiher f oepratei niyprmicasd fipewe altgeié tdimess used to
cal cul ate therwisidml pRath Debwess LWOLAIANS oS4 658 L8y 5 iy &
‘decentralized liquidity rich auction environment, leveraging
existing relationships, and co-existing with and indeed
benefiting from traditional trading methodologies.
Furtherwore, an arbitrary number of different type 0, type
1, and type 2 atomic units may be intercommected, bottom—up; as
-illustrated in Fig. 6, to provide, at all times, a liguidity
. rich efficient price-discoééry mechanism to the subscribing
agents. 2, enabling more and more agents 2, across different
atomic types, to conduct efficient direct auctions with each
-other directly. The various atomic uﬁits vay be interconnected
into a molecular credit-network.

In Figure 6, which may be considered to illustrate a "type
3" scenario, shaded circles represent credit-bridging agents 5
and un-shaded circles represent clients 4.

For purposes of simplicity, central computer 1 is not
shown on Fig. 6, but is in fact coupled to all nodes 2. Each
node 2 has proprietary client software on a computer associated
with said node 2, enabling said node 2 to communicate with

central computer 1. Such goftware may take the form of a Web
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credit flows to enable a trade between the agents 2. The trading agents 2
may be arbitrarily renoved fromone another, both in geographpqAgrammsas
wel | as by type of business activity in whi ch they 2 are involved. Each
connected piece of Fig. 6 maintains full transparency of orders posted on
conmputer | to all financial institutions 5 and clients 4 who are on any
unexhausted credit path 3 to the posting entity 2. Each of the entities 2
who are able to see the posted order are in effect conpeting, through the
reverse auct PoA¥S¥%or hat dismeteesulodr tie @irrownadidedgl fnest herepefebibat ent

pri ce-di scovetystamdit PRStIGnENMHitY edldear £idn %QSE érra%gg% <R gier |

internally congutes the values_that define one of ese ure graphs

for each pair ' bt hdPafent §r6%‘rtnélfﬁ%‘é"dedﬁ Felpntert rigphed qorrpat er |

creates a tabkeyefitn bi-daprt nading &bdd tf§o§h%d}gtﬁrpqst rading limts
between each pajr of. .n omthe table of nmulti- ‘trading limts,

conputer 1 prepar HEtE gg%t%']“f‘ Ratﬁrla%trweeBob‘Ro PAepts f?0|s tode 2 for

each traded i ns@dlmﬁabwgaw enalé\Iet er texNdd Yetivasle, th@og%gt%r 2| rggal cul ates
ure 6) for that

the trading | to a raph
i nstr urrelnt ) pgﬁél e%g at | %’éq:tehgrlfjrtf@lr?l Yl’?‘?ﬁ IE‘)’§dlC:'»f’%“’(?i‘r oBe GinpEheX r aded
i nstrunent. pabetiadm aﬁ@wpmhetampoh@gyelat sadingybe it Hudinfs ot her graphs

(Figure 6) fogcathes gﬁaﬂgthgﬁg};gng alLrs. . This can occur, for exanple,
when the trading |imts are notiona traal ng Timts. On Flgure 6, if an

agent 2 has i npos&3<rt SOBRTLERtEeaal of [Figi t & watiatasme fsmnlﬂxemspéwéndyhe

trading |imtse Td&ﬁbrbal‘s{&tl%@e&l doHiB@LSéd 1b¥o 8, Of r%@h&r &4t %? ¢ ggnt 5 that
is extending it 2 .credif, h'jf %ter uses t esmaﬁer tHet%e 1% mits

when it creatss Figare % RpPY2 Gosh ket FrrflitgbeBaAned 131e
represents arpr¢déognentistyween Eechr eflitheexhiendicagz agant-angia ebignt agent

4. In the prefigrred on.of .this invention all credit-extending
agents are credli)t E‘?‘?:%d%ge %EJGZHI SOV EARMERTt WETRYPR S TREHEE 2 are

fully qualifi®BFtignhefer ébrt -martimdiang degbntenablimnguather efficient
price-~discovery to the posting entity 2.

Prior to each trade, COmputer 1 internally computes the
values that define one of these Figure 6 graphs for each pair
of instruments being traded. From the graph, computer 1
creates a table of multi-hop trading limits showing the trading
limits between each pair of nodes 2. From the table of multi-
hop trading limits, computer 1 brepares a custom limit order
book 24,25 for each node 2 for each traded instrument pair.
After every trade, computef 1 recalculates the trading limits
3, thus leading to a new graph (Figure 6) for that instrument

- pair. Recalculating the'tradihg limits 3 for a given traded
instrument pair can affect the topology {trading limits 3) of
other graphs (Figure 6) for other traded instrument pairs.
This can occur, for example, when the trading limits are
notional trading limitg.

On Figure 6, if an agent 2 has imposed its own.internal
limits that are smaller than the trading limits that have been
imposed by a credit-extending agent 5 that is extending it 2
credit, computer 1 uses the smaller of the two limits when it

creates Figure 6.
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as the credit-extending agent 5 in the transaction and the other acts as
the client agent 4 in the transaction. The accounts that exi 9P MIAYVEDE
credit-extending agents 5 and client agents 4 conprise specified input
credit limts, balance holdings, and collateral; conputer | calcul ates
trading limts fromthis information. The operator of conputer | typically
has, in its standard agreenent wth a subscribing agent 2, |anguage

stating that if the,agent as entered into a witten subscription
agreement with the operga?lftlgé Cg}an(l:lS UtSPIPSEHG 88 Uy BAtPEwepRdRS out si de

of the networ Rre3it-eperriiod &yenthendperatent afgeaomput @h dne Phateragent 2 is

obligated to ident hes QPEE r caomput er. | about such outside trades,
so t hat conputmlggr) | can recal 2% at ELY%I%NPI‘a%lllnﬁrﬁ%rﬁ"teéctﬁ%d‘ﬁ@c@%%“&tsy. Fi gure

6 can be thoufht GrIas-HHdaitmpocnredit Retmomkn twheBgaderts nadeanbi trary

positive integes . ruhdyaqiiti Epnsact LN giPe.tst.tunent flow can fan out from
one source node 2 and then  coll apse I’Eegtl?h%}k%zlgtl?%aaﬁeg%s n%vdé’n?;acttﬁe

i nstrument f1 3% deSTeHdt ehErrsling aaeny 6oiettfher tamsdactibrowsadf tigm t he sour ce

2 to the destimatbots 2s 886 diliGn Kochrs 2k RXAMBLSE A S ghenomenon. I
cal cul ating t‘_g\ecorlrlg1 i mym capacity of the networ , /, conputer | uses a
maxi mum f 1 ow ATGOr It himsutt s PEheesfe sepd bewxtpndigisapperts7 Soénd he Ahuj a

reference citedepresgousl y.cdupri detpiedh i QY ihPe: actuwal f10%:Used. {9 .
conpl ete the fiade, . CQEPULEL . L u][s_es a mnimumcost flow algorit ﬁm Such as
one described in ehapter 9 6f °Ealid SRABFLET df ErbTEetenerdirhd imoss to be
m ni mi zed i s BHFURRE$ dmfefnatienact ual cost to execute the trade and ot her
factors, such as projeet-e6, t cpsts,. ow_bal anci ng heuri stics,
and a randoni zi ng cor?%%nenté%glf& 1% ka? go icei#ey \relé‘Fv\o’r"K 1 PS5PRrGure 6 s
a non-di sj oi MEG- At WOrk? BFUPHafibtigonegant ehatarevepy stedénd thatt he net wor k

6,7 is coupltee bhgemt 2| BASten0BLDtHRL HNGHS 2en ANE AL t of the
agents 2 assqQgi.gt i.th_each_tradi ngﬁchanneFHS i S alﬂ():%g’ i?&[}%ﬁat@i ng agent

SO he Fnd vl B & Y T A (P BUERE SenfrickRIPnE Giueées fookseah agent
2.pair are d%eﬁﬂ‘ém@tﬂfpdn 6,7 operated by the operator of computer 1, that
agent 2 is obligated to notify the operator of computer 1 about
_ such outside trades, so that computer 1 can recalculate the
- trading limits as necessary.

- Figure 6 can be thought of as an n-hop credit network,
where n is an arbitrary positive integer. In any transaction,
the instrument flow can fan out from one source node 2 and then
collapse to the destination node 2; the instrument flow does
‘not have to stay together as it Fflows from the source é to the

' dgstination 2. BSee Fig. 11 for an example of this phenomenon,
In calculating the maximum capacity of the network 6,7,
computer 1 uses a maximum Flow algorithm such as one described
in chapter 7 of the Ahuja reference cited previously. 1In
determining the actual flow used to complete thé trade,
computer 1 uses a minimum cost flow algorithm such as one
described in chapter 9 of said Ahuja reference, where the cost
to be minimized is a function of the actual cost to execute the
trade and other factors, such as projected settlement costs,

flow balancing heuristics, and a randomizing component.
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the topol ogy of the network 6,7. Conputer | essentially transforns the
“network 6,7 into a virtually cliqued networked. A "cliqued n4R2wA¥'2005 one
in which every node 2 is connected to every other node 2. A "virtually
cliqued network” is one in which every node 2 has a capability to trade
with every other node 2, but not necessarily directly. In order to
preserve the desired feature of anonymty, each node 2 knows the
identities of only its immediate trading partners 2, and does not
necessarily know iremetvicrki §, actiualibyrd rading mnt-aisﬁéirpcegr%g“;ggk:syst em

t hat | everagegst exk Std ationships_in the market for the traded

i nstrument, the {}%Fe)ééeﬁéa?%vté% i on provided &F IFHTaPREYC fyériE 2 (typically

banks, financFafPlieAst? taft lenst wieathay rexki2j emd hedgedtupes.or apd any

cor porations sher s enich L1 88 ). ithe ility.to trade. directly with each
o parii s tetrill go%k tr%ﬁf‘i%.c RB&E Ldéntce%hy al ready

other through a customlint order b
be connect ed POYEEREr39MRENS - crBi dnddTiatiednstidisg Dibitr BoEnart SySt ens

al | ow tradi ngeaipuyer betowRBA MG RALL G ve_an explicit credit
arrangenent. . The Br esent _i nvention ana%l'gﬁglg? tp%erc?re%ic}eep-gﬂ%ﬂth?‘ﬂ%%s of a
potenti onal countSPPHIFy OS5 the RefkigRers ITev efoupmeet of masgnthildy anal ysis in
real tine, andramsovinl RbeeRStWRR bY7 2ot B & A9 r.der .book 24,25
custom zed toAi,.E%%uec rLent .Gr edit avail abil itty. %oéralgﬁgﬁprf%,woll TFi gure 7
we consider a smalf hefWbrw of 15 8P%ign VBkah&§EY raffelsis bamkscted(B) and 5

(O) , which Hevevery otbef tnads ati omshiipcuwhily each.&t hekwoand clients 4 (A
(0, M B s B0 S e
unspeci f i ed) n eZ,Sﬁ)élEi q;c?i-e@qqqﬁg@.riglryediited!tiln’ii Sharer-depets ffrede2: 1R MAY
2005~ as radedirasiedsRnl de Shokfdidy, | LIL Soblustaone vay jafl speclTying
input credit ldmis ;QUt, of eight possSible ways enumeya‘fed PR °pr esent
“patent appli cat rom) “ - TR 24 (RPYSS GRS A4 owd fiees gotr ade +/ - 10M
with S(B), S(nB):!egsarriéYaltlimSIhblp allows &&tuh@lfr@%i:ﬁ 'WJ.ch\./l WI t h. 5 (O, . and
5(D) I's margi Akl ey LPoL Lot/ 15, 2M W th 5 () o This information
' relationships in the market for the traded instrument, the
present invention provides all market players 2 (typically
‘banks, financial institutions, clearing entities, hedge funds,
and any corporations or other entities) the ability to trade
directly with each other through a custom limit order book
24,25. These agents 2 may already be connected together with
credit relationships, but prior\art systems allow trading only
_betwaeq two parties that have an explicit credit arrangement .
. The present invention analyzes the credit-worthiness of a
potentional counterparty 2 at a higher level, performing this
amalysis in real time, and providing each party 2 with éllimit
order book 24,25 customized to its 2 current credit |
availability.
For example, in Figure 7 we consider a small network of
- foreign exchange players: banks 5(RB) and 5(C), which have a -
credit relationship with egéh other, and clients 4 (a) %nd 4 (D)
‘who have margin placed with banks 5(B) and 5(C), respectively

{we leave the margin currency and traded instrument

f

unspecified). The specified input credit limits are specified
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is supplied to conmputer 1, which draws Figure 7 fromsaid information.
Figure 7 illustrates a sinplified type 3 network in which thepeAY20d080
client agents 4 and two credit -extending agents 5 which are al so
credit-bridging agents 5. Figure 7 also illustrates the trading limts
bet ween each pair of coupled agents 4,5. Table |I shows the maxi num
multi-hop credit limts that are then cal cul ated by conputer 1 for the
sinplified n f; Fi.gure s follows: Table 1. ABCD Ainfinity
10M 10M 5m B%%\é%a:&r? i%u%%ﬁﬂ; i@ ériéi\}im%em%fﬁw#yowwam Em 5M Sm
infinity ConpéPerifvingeinmgesrefer ilnhoramatuioss coRhai peshivie Takke | to

create a cust @muhdAkLa oy des, b , 25 _faor each agent A _B, , D, and
causes the custom |imt or_élgr Bg%%% Raﬁ?q:t SP%glca&ngB? ay dient 2H8) tonput er
screen of the"PESPedtiE dgehir Padk3:+/- GoMDwifle (i) |, t ®mdsbi ds and offers

in the cust ombiddibnohderay K. e for | unes_that are an integral
multiple of the |ot sJiq?e é\%g% %gﬁozhgr%nﬁdfe%oﬁgﬁgg ?{Calr’miﬁ’ﬂ s (Bbrt ai n

val ues whi ch™aTE " ndtLq4# d§r &P FiAdei pf eSMofitne (COt Sitde, infdrhatiiir
integral nultiplesploendedcbapedrd- Q. il | . post bid fqor 10M
conputer |. causes %Pe full b%g@aito ap‘|tll)ﬂ(ialacg’1 %ﬁ%%elgglé gim%?:?rf‘rﬁal rder books
24,25 of 21 IZKAY-SBb5 banks B and C, and conputer 1 causes a filtered
bid for SMto appemcan theustisiies) bidtpiOFflel 00k 24ca5:00,Chlent D
because the maxinum.credi Ly, (imli c%t or explicil) available "between A and
Dis +/-$5M If there is no T nplPEPts o 2B phicicreditwaitending hadsite Bet ween
.two nodes 2, Y&} Zraymdsporreditoneddding seenash offifires7hids and offers at

all on their guskemdddmhe ordar b 24,.25. The network 6,7 of_ the
present invention is SSrefgrablylhgbgl Scsulé?tr?’geePhEa‘FlhtPé‘ﬁﬁe?f BPEPHRDI (I P)

(because of i?%?nts 4, Table I shows the maximum multi-hop credit limits
~ that are then calculated by computer 1 for the simplified
‘network of Figure 7 as follows:

Table 1:
A B C D
A infinity 10M 10M SM
B 10M infinity 50M 5M
c 10M 50M infinity 5M
D 5M 5M 5M infinity

Computer 1 then uses the information contained in Table 1
to create a custom limit order book 24,25 for each agent A, B,
C:, D, and causes the custom limit order book 24,25 to be
ldisplayed on the computer screen of the respective agent 2, B,
g, D. The filtered bids and offers in the custom limit order
book 24,25 are for volumes that are an integral multiple of the
lot size even if the computed Table 1 amounts contain values
which are not integral multiples of the lot size, with non-
_integral multiples rounded toward 0.

If client A posts a bid for 10M, computer 1 causes the
full bid to appear on the custom limit order books 24,25 of
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ubiquity) , and may reside on the Internet itself or other public IP
network 7 (Fig. 8) it is also possible to |ocate part or all qhmhqzmjgl\ork
6,7 on a private fiber backbone 6, so that information bound for the
Internet 7 can traverse nost of the distance to its destination on the
presumabl y hi gher speed private network G The slower public Internet 7 is
then used for just the |last segnent of travel. It is also possible to
provide clients 2 wth dedicated bandw dth through private IP networks G

in order to proks deaaddit |amfﬂalcouln@ytﬂr810$a1£zb%§| 431200585 Y £8 ofp SiNOl €

dedi cated conpggli backed u an Internet connecfion 7, or
nul tiple pri va?"g crg%ﬁetélg‘?o%uss%gm gﬂmﬁe E@%% begk 48P dof dipeblh.c network 7

entirely. On PP@%HS@ 8he thvec imume erédilcu g imatiedr age _kp1 2- 63N Pe 1Rk g€

separate conpggifsen hhLee £9 el W L1hin t he. same conpany, or a hybrid
of the above. The network 6, gp?%\t%ré ace]g Yerh BoeR H@blmcétaﬁﬂeﬁﬂlmt ed

systens (conpfFedis) avakiphle bebwedeswo ieesaecassynethedsor QAURRD v

Graphi cal Useged nbenf aaged st angdal br o based applicati on) for :
trading, interactive queries, and aggfoeurr?t agvsﬁi:':;g elTPENSROY HMSUt er - -

HTTP reports PTit%r PAYe (4TRE; XKL PDF, or Excel) for queries only; 22 12

MAY 2005 Ocorrput €he Aplviceat & d%r@g ce .38 ( vai | able in Java
and COBPA wi tjfy i dges to Fl XpﬂJIVB ¢ Qgtdm;‘rgg%\fiﬁrﬁ ¥Rt Fga? g, queries,

and account nahagenertd RF Lperroes ﬁr‘%"{S’FED%/aFTé?)céhemsmuﬁcﬂted fromthe
agent,s 2 brévseitput andnmas resstansal-anerapphicatin f&r o@ﬁé}er

per formance aﬁqﬁlﬂg api | Qnp Egder of each agent 2 can have associ ated
therewith an appile catdletgﬁmﬁ]gggr% interface (API) 38 The API 38 is a

standard interfac" expoded pysstibdecentivahtc aput &F ah1t baterenablgsyt he user

2 towite CLE§t7OBhZ£q;rI Rats UEt-QNH. 854 g commyni cat i on bet ween
central conp 1 andlt he usere ? nglteheg ggs)é\g%é%l‘gof%lﬁge?o@ dis a

credit exten ngtEﬁJ egnet can traverse most of the distance to jts
deetlnatlon on the presumably higher speed private network 6.
The slower public Internet 7 is then used for just the last
segment of travel. It is also p0581b1e to prov1de clients 2
with dedicated bandwidth through private 1P networks 6 in order
to provide additional levels of quality and service. 2 single
dedicated connection 6 may be backed up by an Internet
connection 7, or multiple private connections 6 can be used to
avoid the public network 7 entirely.

On Figure 8, the three illustrated agents 2 can ke three
separate companies, three camputers within the same company, or
a hybrid of the above.

The network 6,7 interfaces with both people and automated

systems (computers}), so it provides three access methods:

Ohuman -~ Graphical User Interface {standalcne or browser-

based application) for trading, interactive queries, and
account management |

Dhuman/computer - HTTP reports interface (HTML, XML, BDF, or
Excel) for queries only;
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the API 38 can be used to update the agent's backoffice information- The
agent 2 can programhis APl 38 to make and cancel orders (bi4s pMAY/ 205

offers). The agent 2 can use his APl 38 to receive and reformat custom

“limt order books 24,25 for any instrunents. The agent 2 can use his API
38 to set trading limts, with the understanding that the actual trading
limts are the mninumof the trading limts specified by the two agents
4,5 associated with an account. The APl 38 can be programed to estinate

“how nuch it woulldommsteran- agentic2eich Prbgriniahe MeSrPAM L0180
instrument. The ARL §§v§%%ﬁb80318{ ?‘rg&rﬁ%&d to estimate that agent™s

profit/l oss anount for each 1ns TIGEFRR FaBled™MSy hF@AR.nkod mat i on can
be conbined with ePE¥Lhdemt tsadiust, onubiidst, @;ﬁai@ac@mkmaﬂ%ge?ném/ﬁnyt hing that

can be achieved hy Lhe, Gl ,( hical_ user. interface) (Figs. 13-22) can
be achieved vja the A%I t38.2A%§/&§7ﬁ Cart? Sa%wge%ffrtoﬁ‘et%ﬂag%t’c%r? be

programmed t oPTYFEF abkt auponttd cakhsaldmec byl ingt aor Gt berdiddi ng,

offering, buyef@rmanse sakl kg4 %pmat ed processes accessing conputer |
via application progranmng intertace 38 or a bridge use the sane
crypt ographi ¢ pr of['Bgo‘FQ“?u%rf?fr eachuanfntagerin Bavepukbioiged BREFHEERLONS Vi a
hi s conput er' an GgbliMebhesrafaARtn3S; s .used,. an._agent's private
key for computerized a ceg‘; ﬁ)} 23 %glr%%\{/%%e(?ghp%)or%m cej'Ir‘]“Lelrzl‘ggnBBoelss?ored in
the agent's conputer ,m%le’o" THed*Bare Wokbatwnthak wwbhier enthsecurity
saf eguar ds. Priakdey,tlmuthentd cat ipixe Qﬂgt&@i@éﬁeﬂﬂiﬂg£Pgh@%ﬁagfil‘rl]igEVEd in

: ity

the present inyeRtd oML tne use of cryptography in a variet
different forms. The cr blg%%a%rlgﬁhlg%t‘“feeeghﬁg‘&ﬁfé‘% cgputeg ohpridsheymest ri ¢ key

and/ or asynmetri éRKEiF Cpeblvberkeyhe uwseyp? ogr aphyedifl bxAngt {LARSs ar e

encrypted, e.the abY 15BY HSTke t_Layer). cqonneciions or a
combi nati on af SgL .encryl?ti ?% ém'sﬁlq%ga?%ic%%a?geaueﬁelﬁal‘(fgfé’%lfi“d‘?l and

encrypti on. RIPHEa 3Rt | GERRhE CeguUPTEdabdtise 8RI cxaot @akd aand an agent
2 at”any and cakkel iamgers headsdend RS ok £2rH0MMaN %@&&"!,%Q?e@&eh pigther. This
aut hent | cat | gizoan beaeli.evedatrough the use of “didial cerfiicates.
Reval i dation of credeniial's can peortat custom limit ordex books 24,25
~ for any instruments. The agent 2 can use his API 38 to set
' traging limits, with the understanding that the actual trading
limits are the minimum of the trading limits specified by the
two agents 4,5 associated with an account. The API 38 can be
programmed to estimate how much it would cost an agent 2 to
liguidate his position in an instrument. The APT 38 can be
programmed to estimate that agent's profit/loss amount for each
instrument being traded; this information can be combined with
the agent's custom limit order book 24, 25. Anything that can
be achieved by the QUI {graphical user interface) (Figs. 13-22)
can be achieved via the API 38. '
Any and all features of the API 38 can be programmed to
Operate automatically, including automatic bidding, offering,
buying, and selling. Automated brocesses accessing computer 1
via application programming interface 38 or a bridge use the
same cryptographic protocols as for a human agent 2 inputting

instructions via his computer's GUI. Whether an API 38 or a

GUI is used, an agent's private key for computerized access to
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required at the tine a trade is consummated. Each agent 2 may store its
private key on a tanper- resistant hardware device such as a oEAYITO5
protected by a password. The conbination of a physical token (the card)
with a logical token (the password) ensures two |levels of security. The
har dware token may contain a small CPU that allows it to performthe
necessary cryptographic operations internally, so that the agent's private
key never |eaves the smartcard. In a prefer-red enbodi nent, conmputer |
handl es bul k ertpyptd dnfaedryptonl Usi Bhe SYRABLY icomkeYe £l YRLPOERPRY ff t er

t he sl ower publj Y. has_been used to exchange a session key
bet ween agent %hg%éﬁ%ggn%uﬁfgg%fg%islegufjr%isﬁ °§4#*fe present invention is
peer-to-peer, or FFVARY civigefiorcagnyn paartd auh-arfepuBshf i Rkei Scrdepgg at a
centralized | @gation, IO Al ansact ion integrity.  Figure 9
illustrates the or d%r Eﬁ%%cﬁ?ggﬁ%r%cggg.%%nug?e% §fyp‘f‘$r°eraP¥‘Vs’tn &gent 2(1)

pl aces a bid VAE*¢4% o§oftikgrent Foemaput Bre ciyptwhirephac cephside bhg at step

9. Conputer | cbishcakehlates k&Nanges, t . Gustom Jimit order books
24,25 of agents 2(| g[% 2 ééf&gt st?i%sa%fﬁlmg%%%lk?yrQ’é'%g&‘f%ﬂ%y, t aki ng
into account SEFPIEPRPRYe frAdiatg FFRfams 3re ncgyppedle.phe Isecehdy agent 2

(2) takes. thesbi.disebtep shekeeaiyery | Ghindel gke O§tgpc&r§),in%Fimg?%1§Sﬂ\MY 2005
Illustrated) posts a new offer idor offer)

which a third agent .2(3). . no%1t _ _
for the tradeG instianent L*TACTRL dfthgnticasipntand engukesionhe mat ch
between the fhrtensgentiod( bin ard rehei rarsenteagesipdc) 1 RePQ! Log,of the

trade is descgihed be [ jupction wth Figs. 35 and 36. A network
6,7 inpl ementing %ﬁg %E&gggﬁt&?dny\?eﬁ%soen%ggﬁc%sb&nz THEEAFRTR WAGRI eRchnhi ch

neans that therEmhayThHe spReentdicht tvreneesbé grehaem®s sageuse ndhebysadidif er ent

agents 2 to EDMiRubeterkirASSE NOR&,NERWPEK 6.7 sepds signals at the
speed of |ight but that ﬁa'nn,ot transm t t%roughc%l%%ﬁé? R, %ﬁessage sent

to the other STHE 6F T hé il fotrafihdvecersusumesdtrip time of at | east

130 milliseconds. E@ph eagiest i NgrayPstore its private key on a tamper-
resistant hardware device such as a smartcard, protected by a
password. The combination of a physical token (the card) with
a logica; token (the password) ensures two levels of security.
The hardware token may contain a small CPU that allows it to

- perform the necessary ¢ryptographic operations intermally, so

. that the agent's private key never leaves the smarteafd; In a
preferred embodiment, computer 1 handles bulk
-encryption/decryption using symmetric key cryptography after
the slower public key cryptography has been used to exchange a
session key between agent 2 and computer 1.

While trading in the present invention is peer-to-peer,
order matching for any particular instrument ié done at a
centralized location 1 to maintain transactional inktegrity.
_Figure 8 illustrates the order matching process. In step 8,
‘the first agent 2(1) places a bid via its software to computer
1. which accepts the bid at step 9. Computer 1 then calculates
changes to the custom limit order books 24,25 of agents 2(1)
and 2(2) at steps 10 and 11, respectively, taking into account
appropriate trading_limits 3. AL step 12, the second agent
2(2) takes the bid. Step 12 occurs right before step 13, in
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networks, it is observed that if the central conputer I were |located in
New Yor k, the maxi num average round-trip conmunication tinme Retmeepdgse
central conputer | and a conputer in any of the nmajor financial centers is
| ess than 300 mlliseconds. W want to ensure that all agents 2 have a

| evel playing field in accessing conputer 1, regardl ess of where these
agents 2 are situated around the world. Determning the latency for each
agent 2 and then introducing an individual delay on an agent-by-agent
basis to try t5ielualthied tAaert of (ar (hvalilAtst eyt 85tk Wosd e yery

difficult (dugpt® Shekketierl: uctuations in network 6,7 lag), and could
have the undesired . offect g? é)ll\llee%%%?r%‘henléffﬂ‘&?ntALﬁﬁl i &tofl<Pagént 2 coul d

al so fal sify° P58t WoPHees, Phelalagyh betfvaionl yholfiabni fHeneas {1y 8566ss 1O
conputer 1. iBe@sdelagter gaapensate for the various tine lags in sending
nmessages between agents, 2 and conputer | on a global basis, the present
i nvention transmi tSPPRFGIIARE | Bt &sadepididpscrigmdpbsriblia shijuactiaggi ng the

order of nessafgs igscopensade for | atency. The flagging is done by neans
of border out post ers_16 SFi gure 10). 25 12 MAY 2005 For agents 2

commpu
remote from corrputAeF"eg‘Por Bof d&P1BHitHdSY themiesent Guvent imertedpgant 0 t he

network G 7, typienably ushenp vhichenag@nthac dakdecpifs Lhe private backbone
ute

6 that connecks: uter 1. Each border outpost” conp r 16 conprises a
CPU 18, a trust%ge??g%gggu?cméesf??ea??@taﬁyi‘?fﬁéﬁ/f%‘% gERborA £¢9. Tine source
17, which may“T®wper sk aAER8icgoe knaseukal £7 tha8 <dfidsl Lopthsof, gpgecond, is
used to genersiaaofi tighal pdd g, st that i s _added to each data packet
before it is forwarded giho conpa'?ec%r%étTE]éar@étchhlﬁeoFaﬁﬂr £he border
out post  conpUtERE® 1% 4r E° s§hec RElerl 2édevdt HrheaBhriot etld Qe hi ghudegr ee  of

accuracy (typirial tymoOng 8t CrRseCP i1 INe anp, mmy b pl aced onto
t he packet 'V\,intetg%;:kst h%tbgrd r out‘gost:L c:gL)rrput erg1'316%n %ﬁtnlégt gpunderstand t he
packet or have access to 1 t5 EbAtertsr iittheheentgmduterputesit aerthe tine

stanp is strilggatedfin Pe¥ ofcek, the maximum average round-trip :
. _ communtication time between the central computer 1 and a
- computer in any of the major financial centers is less than 300
~milliseconds.
We want to ensure that all agents 2 have a level playing
field in accessing computer 1, regardless of where these agents
2 are situated around the world. Determining the latency for
each agent 2 and then introducing an individual delay on an
agent-by-agent basis to try to equalize time-of-arrival at
- computer 1 would be very difficult (due to short term
fluctuations in network 6,7 lag), and could have the undesired
effect of overcompensating. A malicious agent 2 could also
- falsify its network 6,7 delay, unfairly obtaining early access
to computer 1.
In order to compensate for the various time lags in
‘sending messages between agénts 2 and computer 1 on a global
basis, the present invention transmits information as rapidly
- .as8 possible while flagging the order of messages to compensate

- for latency. The flagging is done by means of border outpost
computers 16 - {Figure 10).
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i iated wwth the data after it is
ket is processed, and then reassocia
éggrpgfed and Barsed into a command. Conputer 1 then sorts thg§n§¥§ﬁ5$§is
intoya queue by time order. After a flﬁed tlnetdfliy,TLQefrgzz ?ine ol o
of the queue is serviced by conpute

?g Eﬂgsgaogg t hat mﬁth a high degree of certainty a ne§5ﬁge ILgn}?di .
renptest agent's 2 conputer will arrive at conmputer 1 mﬁtlin ne fixed !t
del ay. The purpose of the fixed tine delay is to allow a me g

m ght be the fi rstFoml’aigghtlatzedremot@sf&%ﬁecérﬁb&%?g-ﬁ:é g agpgfr:l%er %"%tepa‘{%rtlrr;es?; -

. ution of any. messages ce.
ﬁg;rpgfaere:]c?;fcte{é%u%%%g %létjﬁlesrerge yriitet Fie msivass yidt .rft}cplcﬁphlem}hehsi e
prevent its nblffadant'endara feakeid ittt botvatki BHERohd & S18c g‘%ﬁlgCthto

i i the flow in the |lot instrument. _
fLL?:VLngL?pE icgrhl%%rr gglrtn%c?rrll ggr% Te “PrEUed SORBY e At camais¢rms CBUbe traded

ina round |6F; % ErEhed yimenaduiael e7ofam ahl digit, odhRr GYSLEed o | NSt rument

' d as the
i "4 I NS4,k ng traded that iIs expresse
ot i mstr umeng s e gy car ey, B8l e 26 itk aporasy So JoM Eur os

i ; i nce
using U S. doftar¥2if oh @ exeprehgdsrated b GeR25Bel & AMgRERNt 1AL JearS

i 1 hjs. exanple, it has to be
the Euro is ttet26s12adAY £3005c1 lqat %]i%%p’}{?#‘%ﬁt EEJOSS)ng”pa(?:Ld)Ed,t‘? he | ot

i fi i d.lo nmultiple o F= ]
%6 (vol une) PHELYEE 14 Pimbnindeckey1y of el ubectbaakusmpoes 9, 250,000
In this exanptaputhes el@peet fpedrbAl ANRALANLLS, oéﬁ@gdgg ﬁlém%%

it-bridgi agent s n be &fren. For
burSp(()?es’ o?ngﬁ%l(:?%f%%}?ﬁ%#%\aeq%ﬁ%% i Irlgg@%ﬁr%)ll Thee tihowrefp jusgt bthe | ot

i nstrument LPPREReONES th serckesouittient| oke idbriibe Hiphed éoaﬁﬁé%g‘ri%texg’rrpl .

i ' : d.the traded price.
h can be hefleniVvesl oemdhe boL JJQw.and th ce. exam,
ﬁl 'fhe edge %:b%ween node 5 (1) angciic% EZS B3V _FfFE€ et & tE heentielnw. o

mllion Eurod fromAGEREe5(H)siEs: dgenting @tﬁm@simt&im% bh‘ree%%grf ow of

1. 8SO. 000 U. Shedphdkats ibrprocegest, 4nhd) cho, r%gggcgc:égezl'wit'hgghe data

'sinplifi ed f%ﬁUérf4EaQ%ed8@£¥¥L%H]aAA ¥g§éé§ufiio a command. Computer 1
then sorts the messages into a queue by time order. After a _
fixed time delay, the message that is at the front of the queue
is serviced by computer 1. The fixed time delay is chosen so
that with a high degree of certainty a message from the
remotest agent’s 2 computer will arrive at computer 1 within
the fixed time delay. The purpose of the fixed time deléy is
to allow all messages that might be the first-originated
.message to have a chance to arrive at computer 1 before
execution of any messages takes place. The time stamp may be
enérypted using either a symmetric or assymetric cipher, to
brevent its medifjication or falsification.

Figure 11 is a deal fulfiliment (flow) graph, illustrating

the flow in the lot instrument. The lct instrument I is the
portion of the traded instrument that has to be traded in a
round lot, typically a maltiple of a million. The quoted
instrument Q is that portion of the instrument being traded
that is expressed as the lof instrument times a price. In this -
exXample, agent 4(2) buys 10M Euros using U.é. dollars at an

exchange rate of 0.9250 from agent 4(1). Since the Euro is the
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t he sequence of screen shots appearing on the display of a conputer of an
agent 2 who is coupled to central conputer 1. Agent 2 first qpq@ATiZFyS 2
| og-in dialog box 21, then a nenu bar 22 where he can select from an
account managenent dialog box 23, a net exposure screen 35, a bal ance
sheet 36, or his customlimt order book 24,25. Fromcustomlimt order
book overview screen 24, agent 2 can navigate to one of N order book
detail screens 25, or to an activity dialog screen 27, which can take the

form of -a bi dldtatwgebox 28 thae etdfpiedial 08sbOX be2Ipea by i 8l £g,RPX 30,
P .

a sell dial og;pox .or _a Jrarket. . order screen 32. ‘As shown in Figure 12,
various of these (“gltjilrtég%% %f;ﬁ Seque™ PN -bi G0 Eke datceizadi al og box 33

or a confirnd¥ebmwedialog beovlddon Bingur &9 ,18n22nidcklsidiake, nast of the

above screensg, Jhe 00h00i £, S6LgeQ 1S ,8h0 Figure 13)-, fol|owed by two
shots of the ~mmin deskt opst?‘ﬁ?g%aén Ty tar‘?d"(algfqe 5%6&? ng ERBeHAEE S 1 i mi t

order book oVBAlEWeRt nckasnza Bfd .t AE2)cushans l3)m t omyderediaoky oo aig

w ndow 25. ThggdmRENLAY 1IRCHEBB SRQt s 4Ll gs,. 16-22) are of dial og boxes

that can be activated from ei tﬁer t he %C!\?e%\gllr%oﬁeswo dORP2A- SRR 2% or der

wi ndows 25. 279" ORATigeRS L1FFkRifd ow3of [Hlugtt the dst 108 tirnnelitabog texe2].

Field 41 all ois aagent @od@el-¥PSy ish b £ [denti fying the account
bt o) h gfethe 1:{,%:62?%%% % i g'dcefwi)rbesecuri ty

and trader. Fé.eexl‘i(%!r éZ is an optional challenge fovide

purposes. An Appropriar® YEsponddorrif thRectrasiedt pPiass it exhmpizhal | enge
m ght i ncl udeciprtésenfiat iaomne@ﬁeeranpassmr)dangey(,zrprgpgir%;@genggr%glgi cate via

a hardware t okehr Eiﬁlr&fﬁ Ls Wnerg argent 2 enters his passwor Field 44
. , o] E
is where agent 2 enters the addresso0PIEBhtTHY EOmsiererd @) 1 a5 t19dl case of
an | nternet c¥hi8et FOMtarieowRt 6f 850MINt Brs doSlaspeebhiL@nbes @) The data
exchange betwegaragent. 2 and central conputer | is encrypted, e.g., by a
SSL (Secure Socket.Layer) connection. Field 45 is a scrolling nessage |og
showi ng stat us aﬁ:tlg?%ei iPir cAt T IR 1bfied fores dimhag dikgrimg-ilhupnoecess.
Figure 14 il lust seqesadehesnarecaUsheid biptdriohdes BQ0k; o SGLeeh ., Fi el d 51
specifies theco%BEESPt Account . Eield 52 1s a
o agent 2 who is coupled to central computer 1.
Agent 2 first encounters a log-in dialog bex 21, then a menu
bar 22 where he can select from an account: management dialog
box 23, a net exposure screen 35, a balance sheet 36, or his
-custom limit order book 24,25. From custom limit oxder book
_ Ooverview screen 24, agent 2 can navigate to one of N order book
detail screens 25, or to an activity dialog screen 27, which
. can take the form of a bid dialog box 28, an offer dialog box
22, a buy dialog box 30, a sell dialog box 31, or a market
order screen 32. As shown in Figure 12, varicus of these
screens can segue inte a bid/offer cancel dialog box 33 or a
confirmation dialog box 34.
Figures 13-22 illustrate most of the above screens. The
login screen is shown (Figure 13), followed by two shots of the
main desktop (Figures 14 and 15) showing the custom limit order
" 'book overview window 24 and the custom limit order book detail
window 25. The remaining screen shots (Figs. 16-22)} are of
dialog boxes that can be activated Ffrom eithetr the overview

window 24 or detail order windows 25.
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summary of the customlimt order book for each perm ssioned traded
instrument. In this sanple, where the instrunents are pairs qb pMAY'Z0S es,
the traded instrunents are identified by icons representing the flags of
the countries issuing the currencies. There are five fields 52
illustrated, representing five perm-ssioned instrunents. The second field
52 fromthe top (Geat Britain pounds for U S. dollars) is exploded,
indicating the traded instrunment currently activated by agent 2. Field 53

di splays the top (bestge ardels,Jit0 poj n{. qf view of the agent 2.
Field 54 di sp|Faal s the best bid 5??“3% Plg’ ”én%/la;&%nlf"“’z Louplieddt & t he
network 6,7- Fiel d°55 W spl &Y vPrein |hist nawe, dihgbt sadnki8edd) taf t he best
avai | abl e bi d gricont &Fiekdaah6 disp]fus t ize;at_the best bid price.
Field S7 di splfp%)%id&g%t 2's available | ?gﬁ%%ioégl?%arl 5‘5‘8 156Raf €&t i ng.
Field 58 provides agernt 2°WMHHrYaPWErSEse| iAsk abbecmriege(tdipohig fiogur €)

enabl i ng the ddentgentt @ pumedtothleHauy ' screen 30 or 31,
wth amunts & pead,td | Led in oField 539%?5?‘25%‘%3%%1%%%‘I?e?ﬁ?%aﬁiﬁﬁeﬁ c
keypad al | owi ng"t he agént 2 0 &1¥dted Sptrifigneelvier dehardvbirel thk@ . gi ves

bal ance sheet F&ldiels dRovias 2Geds Mt@@iis'%é’&%@h?atﬁi%’ﬁ | jar ket
price and thewpesd idgehpal é/f%%rga%l(eed Q%ﬁagent for a certail n&péLFi od of
time, such as the current - day. FlePd By §TacHdgadpcemmestel al ltovimg f or
the display of**affl PRal¥isrortscagesticontast inan deabbihf/he] 1y, Messages,
and br oadcaskpeeissagesedd 0ompgenisial uter 1. Field 62 displays the

ti me since thgorg%etg% 2 has | oggg:latignl:ﬂ';&%fr‘—i}(‘%)1 ﬁgl?ﬁté’ree’f. agend ¢ 2188 cghtpilays t he
best avail abl € ef; T i 1P tHFEREse, efour biti @itk (skcthe savedd able-of fer are

used t0 warn BgEWCtonhatribis £2sk aavaihabl .15 far fromthe overall
best, due to ae£redit; Lqttleneck. Field 64 ésarﬁr%\%r%g?%iléjgaﬁ RE0g BYEes in
red. Field 65 shows fhi s Agent S TurPEnty idie pesiit eworast.he i nstrument

bei ng traded. FieFéI66> Jhohsluetsutmmrtheohaiicts8Ge NS 0L LLS, i el d 67 is

. . %
a nouse-cli ckaddeenar egiefiliab; Lye0abli ng the agent 2 to qui ckF?/ocancel t he
top offer. Figure 15 illustr ates a ‘l?:éustggrﬁtﬁr W tookieddpth is a

€ custom limit order book for each rermissioned

 traded instrument. In this sample, where the instruments are

?airs of currencies, the traded instruments are identified by
icons representing the flags of the countries issuing the
c?rrencies. There are five fields 52 illustrated, representing
five permissioned instruments. The second field 52 from the
top (Great Britain pounds for U.3. dollars) is exploded,
indicating the traded instrument currently activated by agent
2.

Field 53 displays the top (best) orders from the point of

View of the agent 2. Field 54 displays the best bid price for

| any agent 2 coupled to the network 6,7. Field 55 displays the
last two digits {("84") of the best available bid priceé. Field
56 displays the size at the best bid price. Field 57 displays
agent 2's available liquidity for additional selling. Field 58
provides agent 2 with a mouse-clickable arear(the big figqure)

- enabling the agent 2 to jump to the buy or sell dialoy screen
30 or 31, with amounts already filled in. Field 59 is a mouse-~
clickable numeric keypad allowing the agent 2 to create and
cancel orders. TField g0 gives balance sheet values showing
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wi ndow 25. There are N of these wi ndows 25 for each instrunent, where Nis
any presel ected positive integer. Typically, Nis equal to fﬂ!%AT*’EOdE

wi ndows 25 display the N best bids and offers in order of price, and
within price, in order of date and tine, with the ol dest presented first.
Field 71 shows bid and offer information, with the last two digits of the
bid and offer (11991, and 110211, respectively) displayed in. |arge
nunerals for readability. Field 72 shows visible (to that agent 2) bids
and offers trlﬁrmtvebludiyicuur pentarkeedpticeawa [thbi prdfjit thal wiaeluadxﬂcyedor
aggregated b g ) fe fr nt's
account are be}p gﬁ}: nz( %:%)n@:fkld }éé{ﬂ}%g&% %g%lg)ﬁagpn%l}g% CEFICC 4 Im%aﬁ %91% | ow ng
agent 2 to na¥dwat Bielsl $dr éena IRD(FP (eonkB)e alfpeing Fori Shf-adselolayobrf our

mouse- cl i ckab) 1%9@&;?%@%&@5 ag8Rhe 4 ibA paqangwetrysﬁéésaglegda nd of fer
di al og boxes 0, 31, 279,  respectively), wt fl’l ce and size

i nformation pﬁ@aﬁﬁ%ﬁ‘édﬂefsrséﬁﬁst%mcﬂ?m@?tl prEREET ¥ giield 62 fiamleyat es net

exposure noni 4Ky +3Re - suié@chh@ra&feylt 8 ysg@édh@n%rc%mbu@&pesurﬁeﬁer each
account, broken down by traded instrunent. Field 82 m n" and_"max")

shows asymmetti (‘?151213331'32 tﬁ?ﬁ@?ﬁbﬁvahﬁblﬁogﬁﬁronl’llltrﬁltss CBFE a FPRF -4i9d 8 ument
basis. Field &3the C&kFa"J_G.&bi)e STERS ade N@RK- td MRrHPSRIe of cinat nPoSidston. Field

bl ance. shactATHSE AFRETTF I w20 St ST b ob 06l Sttt vl Lo
using the curlrcemﬂenml«ket Fipld o, sEoWsaIthme_tagmsm|cm1eaad1mectadp0$1teudn for
cach countergalchye? @it dhdihs ELehdhdhol HBE0AN 480 R ActLEfn i e archy,

and al l ows navigation to anc eet ‘transfers. eld 94
shows - under | AHGIf FeRied -t hBielth$é Beets asupmary ethéhigerdgens’ eorffgrer in an

encrypted forgmelangt airsea as@éé/-ml@gk@slet Bee2008b' & CRABYLES thd Nydecsyption
can be done Hautom%f cal | 8]n ﬁ} gg as the agent 2 is logged in to the
e

network 6, 7. r8pfesents each trade this agent 2 has
made, or each traﬁs;nim 1whirlustth~a5eagaents®ama$mm oridef esseediasth 5. Al l

'Va!'ues are | ivy_t%'do;ll-rgss. C%Elléggcélfebﬁsgg these windows 25 for each

' instrument, where N is any preselected positive integer.
Typically, N is equal to five. The N windows 25 displa.y the N
best. bids and offers in order of price, and within price, in
order of date and time, with the oldest presented first. Field
71 shows bid and offer information, with the last two digits of
the bid and offer (99" and "02", respectively) displayed in
large numerals for readability. Field 72 shows visible {to
that agent 2) bids and offers truncated by current credit
availability, individually or aggregated by price
{configurable}. Bids and offers from this agent’s account are
shown in pink. Field 73 is a mouse-clickable field allowing
agent 2 to navigate to screen 33 (Fig. 18). Field 74 is a set
of four mouse-clickable areas enabling agent 2 to open buy,
sell, bid, and offer dialog boxes (30, 31, 28, and 29, '
respectively), with price and size information pre-loaded from
the current market.

Figure 16 illustrates net exposure monitor 35.., Each entry

81 gives the current exposure for each account, broken down by

traded instrument. Field 82 ("min" and "max") shows asymmetric
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bal ance sheet 36 is capable of handling triangular instrument swaps.
Figure 18 illustrates the open order overview and managenent {¢MAYVRGES
Field 101 shows orders (bids and offers) «currently placed by that agent
summari zed by traded instrunent. Field 102 shows individual orders. Field
103 is a nouse- clickable area enabling the agent 2 to renove the order
from the agent"s customlimt order book 24,25. Al values are updated
imredi ately if their value has changed. In screen 33, an update procedure

can be i npl emestt edsimiahiehi thedf arﬁériﬁzfs@fumén% BoL; £2 ”%e' Lggiuntil a new
offer is postgd, }'Qlts,,)l Sk sonetines referred to as one cancel s the
other) In any event. ‘i £ P¥% foVéR pol Bréatpofapnetigmstit2on o Fantdlsdan

order after $itowisas Sbwfhlt:a:kempbyﬁs&mliﬂheéﬁ)%reﬁ:yP@sléﬁjogUre 19 illustrates
11 _is a group of 1cons, typically in

bid creati.on dial 8.
vari ous colors to%grI ovi &3 1%/@5%5#%%&%??"? Fheehuekdomr 8fs. Meié 3that t he
word "Bid" i s‘ShOWF@ﬁ}fa@ﬁt%edandﬁrebdnﬂaﬁﬁeeonwﬂu%asugﬂ{@thomeng gXkahlke areas

all owi ng for LeK URQ qwn ustment_of price and direct entry of
price, respecrﬁivel y, W !tihlq i ni tolgg Nald ug Tk ERSTT IR HRE SBFl2 MAY 2005

current mar kéPURERERAITY13 asnpivers Fhebe s eotdnckall £ ar ease al | owi ng
for quick up}ﬁ@rgmﬁ, aghastineRl of d irect entry of size, with
initial val ue. con %grabl e based V:%lazf ?&déj[s1 e’%u&ft }P‘T‘Pea“ﬁ’érflil?ﬁﬂ ar agent
2. Field 114 rgn% “rousBeld ERabrersaredesiivioni fipushethgenavad beersubnit the

bid, and hasean iﬁtplth@ﬁﬁjer&()@f bémmlcieen; fial og sgoci ated therewith. An
agent 2 can pQs tye% forﬁ%‘gSt a shjbrt perclugg???:ea E? e “and then wi t hdr aw

it. He 2 can pos dt “ORRtSTpl eThe idcesyryien candourtoeeparty 2
t akes part oﬁuwwatefzalhr,s g Qng:mmpuheraglentezagscqlogg@& iheotgading limts.

Agent 2 canpaBks ks, bi "0 it is available now' or as
an offer to gu%“tsg e %0 F%ustrétcé%e g‘f"%%rr%prr(,?ﬁt?’flﬁ'f’l HE brrdokh2s. Field
t

121 conpri‘se89 Bf W3C6nsOT tsashichrdde Eob onteidht ehis Qifele 2 WizsUah cont ext
to reduce erioremelinds, tshat atheM0ed 2 A%, in5s currency-based .

balance sheet 36 is capable of handling triangular instrument
sSwaps.

Figure 18 illustrates the open order overview and
management window 33. Field 101 shows orders (bids and offers)
currently placed by that agent summarized by traded instrument.
Fielqd 102 shows individual orders. Field 103 is a mouse-
‘clickable area enabling the agent 2 to remove the order from
the agent’s custom limit order book 24,25. All values are
updated immediately if their value has changed. 1Im screen 33,
an update procedure can be implemented in which the flrst offer
is not cancelled until a new offer is posted. This is
sometimes referred to as OCO (one cancels the other). In any
event, it is never possible for an agent 2 to cancel an order
after it has been taken by a counterparty 2.

Figure 19 illustrates bid creation dialog box 28. Field
111 is a group of icons, typically in various colors to provide
visual context to reduce errors. Note that the word "Bidv" ig
highlighted. Field 112 comprises three mouse-clickable areas
allowing for quick up or down adjustment of price and direct
entry of price, respectively, with initial value taken from the
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hi ghlighted. Field 122 conprises three nmouse-clickable areas allow ng

agent 2 to quickly achieve up or down adjustnment of price ang2@1Avcioosntry .
of price, with initial value taken from the current market. Field 123
conprises three nouse-clickable areas providing a quick neans for agent 2
‘to achieve up or dowmn adjustnent of size and direct entry of size, with
initial value configurable on a per user 2 basis. Field 124 is a nouse-
clickable area allowi ng agent 2 to post the offer, and has an ~opti onal
confirmation diateay barkeassoridtaedlthesgwiths dﬁkgwr@m?s]a chivshuates buy

(i medi ate ex Lalo box 30.. Fie 131 conprises a set of
i cons, typica f‘i’r/lét"gc%?oregl)g ? cfuq\?f{d’épv?lslﬁiﬁl"’ncac?ﬁfl&i‘f‘erfto Sfefti%e 8FFors. Note
t hat the wor ddirsipyentyy hlfghizeghtwedh Fidadidl 1®2ueomﬂm$:abihr eRs8duse
clickable are V, ns,for. u 0 d ust ment of

&on REQLiREs %ﬁ‘%& £ at® #ue%tqnl}gn }fﬁ' dm% he current

price and direct entry of price,
mar ket . Fi el "33 Fél%li%as@rea:lallék‘amga tbatagmtaizlmmau@miartr@ padtial

execution of and nade hg&@] Icg% agant. .2 uy either.as jouch of the
size as .possible, %1% D-rlléot he ca%ﬁo?f Ho %{?1}? aesr?tofz%&é sdlr;le Field 134

conpri ses t hr BeEnmstER- cPPc?(%Efﬂtezaﬁ@asP%rtohmlbr-\g for giuiscka 3hor? MAY02005

nmeans for up-ef ﬂi&%zﬁﬂkﬂ@ﬁ BHhaehwsize apd @aﬁeﬁzgst.e%Fg ;%’f %55§ (M Th
initial value égurable on_a per user 2 basis

nouse- cl i ckab‘f“é BHFE0 nd'tEGent COMEETRIETUR etakese PBAY Oraﬁéll mafs an
opt i onal confhxsrrmudomodapat@g bexcasancitatethe theIAW 1hni & JURG2 o

illustrates s i gt e gxecution of di al og hox 31. Field 141 is a
set of icons, %Aypl jé%g’ cof ored % % 9 r8%}{[¥le‘)fvll griakte egvr sfuge

errors. Note %Ihé’tff?hé:%b’m "Sel | " i s hi ghl i ght ed Field 142 conprises
three mouse- clickahh:@ afeas Rt oyidi %Qf@r%le%&&?adl%l §rb&9%§t Zskqachi eve

up or down adjustnent, of price and direct entry of i al
val ue taken fYonCPREFIEHE rRetnBF kEtonsE; EYQFCPAé»Yl%Ola)reﬁDEB@r@ML@«abI e area

al I owi ng par tvighadxectibkorto Hhitteald0wWss. agept hdtheneh@ige «afsd.he;sel |
5 chonor o) GpAibhe e BiRa0hos Ui, 28 BB St RS 1T
allowing agent 2 to qulckly'achleve up or down adjustment of
price and direct entry of price, with initial value taken from
the current market. Field 123 comprises three mouse-clickable
areas providing a quick means for agent 2 to achieve up or down
adjustment of size and direct entry of size, with initial value
configurable on a per user 2 basis. Field 124 is a mouse-
clickable area allowing agent 2 to post the offer, and has an
‘optional confirmation dialog box associated therewith.
Figure 21 illustrates buy (immediate execution bid) dialog

box 30. Field 131 comprises a set of icons, typically colored
to provide visual context to reduce errors. Note that the word
"Buy" is highlighted. Field 132 comprises three mouse-
¢lickable areas, providing a quick means for up or down

- adjustment of price and direct entry of price, with initial

value taken from the current warket. Field 133 is a mouse-
clickable button allowing for a partial execution of a trade.

This allows agent 2 to buy either as much of the size as

possible, or nothing if he cannot buy the entire size. Field

134 comprises three mouse-clickable areas providing a gquick
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entire size- Field 144 conprises three nouse-clickable areas providing for
a quick nmeans for up or down adjustment of size and direct eRprya¥fagusze.
with initial value configurable on a per user 2 basis. Field 145 is a
nouse-clickable area allowing the sell to be executed, and has an optional
confirmation dialog box associated therewith. Figure 23 is a flow di agram
illustrating the nethod steps by which conputer | conputes a customlimt
order book 24,25 for a single agent 2 for a si ngI e traded i nstrument. Even

i nter nedi at € REERL Sod W@ebraasHS LML b iddlk efd& of¢ the left
hand side of Fig. 23, source S |sﬁr%1hat node 2 v‘ﬁ nitgljzc%stom limt

order book i SSHEr NGt SPAFRE VArHe sEOREigRrlale ﬁatameueen Rabaties post ed

the bid. For Enhaedr ightishangbuss-dei falicgHEea 23100 G6em: 25 chhatefipde 2
t hat posted t of fer; ﬁnd sink T is that node 2 for which this custom

limt order B oE Ys B Ay® plrepRFtarad Soaf LEatiny disl AR oty 8ssedngad d
networ k termtielrogitgs.; see, e. g the Ahul a reference previously cited.
These concepts arg, d &nt 1, but are not di sclosed to

ut
all agents 2 for reasond- of b esée/‘? Sr?& Eﬁ"“ﬁé%??ee&xﬁﬁ%‘?ﬁ% PYEeqior exanpl e,
the actual 3Zi20§KHOx2006 Ep@QtieMJZ iof at het Qfff ecomigesyhinialappesilorea t he

soreen of e COUNREPILLYP coTDE RO, SIAL A Shep 151 I Siep 152

computer | asks whet her th er'e eén any t
mul ti-hop cr e&ieiﬂ'c’:o‘f?p@f-aﬂwﬁlte%l sFleéldn@ahthngrm dhremmecsssary

conputation. dlfickilﬂ_eaa&\é@é proviBEn e $hi OP tleSns ﬁ’cfrsageﬁé"%ntét eCHll%é I's
executed- At ste nulti-hop credit limts are CTonputed

illustrated iR °"’§‘4ad3|"fs':f“ﬁ8t %%Fet%uq Fé refle SLFBN Orfaipiiefé?:l Wlt‘,ltt ep 152
is "no", st epnisﬂall valex ecikeadr rdi ﬁkeeull:&!ht &@ﬁ{e@ d side oz tshesbook is

cleared, i o 5 i t.he nu et; the offer, side of the
book is cl ear mc'] é{agl fa‘”?glglaeﬁ ab %egﬁcbétggn%asrﬁlﬁz c]uté‘é? R tHe "8 r edi t

used (U as aaﬂaﬁ’étq &heothFcgndf Hhe setl daried. eltherthis flaana@xﬁuch"used"

appli es onlythersihd &sp@egéélgﬂlaaroxc%t o ldAht 5 ¢ QI Srcgn%%t Sell %hf or this
particul ar a%ent 2. Step 155 is then

tire size. Field 144 comprises three mouse-clickable areas
providing for a guick means for up or down adjustment of size
and direct entry ef size, with initial value configurable on a
per user 2 basis. Field 145 is a mouse-clickable area allowing
the sell to be executed, and has an optional confirmation
dialog box associated therewith. |
Figure 23 is a flow diagram illustrating the method steps
by which computer 1 computes a custom limit order book 24,25
for a single agent 2 for a single traded instrument. Even
intermediate agents 5 get a custom limit order book 24, 25,
For the left hand side of Fig. 23, sdurce S is that node 2 for
which this custom limit order book is being prepared; and sink
T is that node 2 that has posted the bid. For the right hand
side of Figure 23, source S is that node 2 that posﬁed the
offer; and sink T is that node 2 for which this custom limit
order book is being prepared. YSource" -and "sink" are standard
network terminologies; see, e.g., the Ahuja reference
previously cited. These concepts are used internally by
computer 1, but are not disclosed to all agents 2 for reasons

of preserving the desired anonymity. For example, the actual
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executed, where it is asked whet her enough bids have been ,found- "Enough"
is a pre-established imt, e.g., five, and corresponds to NigavAvysmessed
abov e in conjunction with custom limt order book detail w ndow 25. N may
be infinity, in which case the nethod al ways proceeds fromstep 155 to
step 156. if. enough bids have been found, the nethod proceeds to step
161. .If enough bids have not been found, the nmethod proceeds to step

156, where it is asked whether there are nore unprocessed bids, i..e., if
the nunber of PHFRT £haf Hwyefberriopsoues sedeis dnesbe scbaén tiethe

pre-establ i sheghddephrey fz the answer is "no", step 161 is executed,

ot herwi se, the nethod proceeds to step 157, where the hi ghest priced

‘ol dest unpr ocessed?Bi Bhedf gEeHed At Toiesthilshar cly step a6epratinpgrén thi ghest

bid. If thereadis &hbitRer 3%ct0 KR BLedLE highes) . bi nthe bids are
ordered by ti rﬁﬁ &}t is forced that ‘Lteherngr g%%%e&%% %?Lr%c‘% ir}gea%a?thi s point;
time collisi ot HaveP afredgycPuRHart¥dl valinyig serimgousiaig sequence

nunbers. Stepuiffebsathennpyesiicad. X it%ed%éﬁé%dté‘schteh@éiééﬁéﬁliéﬁt
(trading |imf), Ret en % and T.mnus the credit U between and T that
has already been tsed UF Y 1% thefsdttetlo BF heP 3F3122WIY-RAO5  ni ni mum

of X and the diedli§i onitsnant hempubeds asYil fusthatedBnhale bHQ WOFK t\ﬂ%t h. Step
I

159 is executgfl,, it ed . whether Y is greater than O. not ,
the method cycl egwg%%%eoﬁéﬁtg%%lg?% e 13t g5 1B i steRek é6. I n

step 160, thexogBtedf Bitdst® iIStaugretiddsie bhetleubbantisbitea@agar e wor ki ng
with from stepel57vaAl=801 H ISRt G, credit. us Ui, augnented by Y.
At step 161, .it.is askedevvhe_t hereenojg%hng%fsréar%é ?lléevé)%geelér?lg?o?fﬁ%ﬁheAgai n,
"enough" is &PFertstEBrrdhed S nivariebge, A fiegemes ddermsigonei nquidothe as
before. If theeaiswesed quidd & Fencyies’ or & NRaMBf hQd SLORS atSteR 167. If

the answer- i $.,00%: Sk.8Ry462 .S _ex (P:/u%ed. At step 162, 1t is asked whet her
] f

there are nore.  UNprocessed rorfef P IabtthiphRartiRBlre fuster Smép 1G7. if

"yes", step PEISFsPakeddt2d fomhehis thetiovest aghitced, mlegepis sunprecessed
offer is fet %Ek@gutéﬁ]e’arhe§é eR %§4aé]-§ede%§ﬁ&ége%—d enough bids have been

-found. V"Enough* is a pre-established limit, e.g., five, and

. corresponds t? N as discussed above in conjunction with custom
limit order book detail window 25. N may be infinity, in which
case the method always procéeds from step 155 to step 156. If
enough bids have been found, the method proceeds to step 161.

If gnough bids have not been found, the method proceeds to step
156, where it is asked whether there are more unprocessed bids,
‘i.e., if the number of bids that have been brocessed is less
that the pre-established limit. If the answer is "no®, step
161 is executed; otherwise, the method proceeds to step 157,
where the highest priced oldest unprocessed bid is fetched.

- The hierarchy is according to highest bid. If there is a tie
as Lo two or more highest bids, then the bids are ordered by
time. It is forced that there not be a time-tie at this point:

- time collisions have already been resolved by lockiﬁg using

© sequence numbers,

| Step 158 is then executed. X is defined as the flow limit
(trading limit) betwgen S and T minus the credit U between S

and T that has already been used up. Y is then set to beé the
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where X is set to be the trading limt between S and T m nus the unused
credit U Y is then set to be the m nimumof X and the offer12iAY 808P
1G5 is then executed. At step 165, it is asked whether Y is greater than
0. If not, control is passed back to step 161. If "yes", step 166 is
executed, where the current offer price being worked on frombox 163 is
added to the set of offers Al and the credit used U is augnented by Y.
Control then sses back to_step 161. Figure 24 illustrates hcw conputer |
cal cul ates rrulgl?il HROP Ot FadPAd-he hid ssdzer edkhotpricr wafdsagentss wBakOfe @ Si Ngl e
traded instrumeet tb:vQrk weth , hewe ot er rf.or step 153 on_ Figure
23. This is algjhr%tglgrci{)r{psi ling a ta%l e | %Eee%'%%%eedf wset%’vxﬂpdﬁo?é},{eq‘hi s
procedure starts at step I7T At 83%f -172f net.dichectetdiographekshbeammyt ed
for the tradedterstrunedt ty<@",istep\hisohit hecR%,F oYV cgﬁr?etséjoggg tlf t he
rad ah

direction of fdeew,pfythepl ot instr nt L. I'ndividua [ ts are
i ntroduced at this plg%ntB.lSStaéigmfinffléi Yt Hee syBrert Wil W gueew@bkind Step

173, an arbi MRERYCTRSt Woek 150de Rldos inebess adot ophe Jbg; f igfgéittpodse wor ked

upon by the pbﬁgﬁéﬁ:@ngyiﬁ gi ven the designation source st ep 174,
sink Tis also set to be said first n' ~twork 34 12 MAY 2005 node 2. At

step 175, it is as¥edt®hetfer it jiss aghedlvicands dio &Mrghha\ﬁ% peQUrse, s
the case initEabby), aghe, prageghie ; ves to step 176, where the maxi num
flow linmt begween S ﬁnd T is set ltng & S TRPFAP P Refht iitse 9 nplfivanot her
way of saying  that an agé&ft 29 eapronedst chhanmwan dkhni g fly@wh Wi th

hi nmsel f 2. Thele wetthefleqrob82at idrephSi@pked W r.1 is the |ast network
node that needs 4,0 he.progessed . Lf "yes”, %%n%rsg T pARse B L8%p 184;
if "no", control is passed to Fstbpr 83 iswaeked Fhethadvhacehreombhe next

networ k node; “R¥Pceeeed ffers. passest back HOrIE@Bndd 5 ;g@ﬁ(tl"mcanlge
i f ound

anything,  because the ardels Qf processing is of no import, Tf S
not to be equal to T at stepS 17§?u€%dt F"T(i)1 g?st%epégg%%l: PEierdkp ol@gst whi ch

di sabl es edgeS T3 “iReT¥ Chtcedgefetrliagi-n Phérs moepaiar edi éxdidge 5 and the
edge ori.gin Xhesendtis equato 1R Swe AFaBIGE 3 TRYLDE, i sgbled internally by

adj ustin ; i
J g ‘the unused credit U. Y is then set to be the minimum of X and

.the offer size. Step 165 is then executed. At step 165, it ig

- asked whether Y ig greater than 0. If not, control is passed

back to step 161. 1If "yes", step 136 is executed, where the
current offer price being worked on from box 163 is added to
) the set of offers A; and the credit used U is augmented by Y.
. Control then passes back to step 161.
| Figure 24 jillustrates how computer 1 calculates multi-hop
trading limits for each pair of agents 2 for a single traded
instrument L:Q, i.e., how computer 1 performs step 153 on
Figure 23. This is akin to compiling a table like Table 1
shown above. Thig brocedure starts at step 171. At step 172
a directed graph is computed for the traded instrument L:Q, i;
which the arrow corresponds to the direction of flow of the lot
instrumentlL. Individual trading limits are'introduced at this
.point. Step 172 is the subject of Figure 25, At step 1?3, an
arbitrary network node 2 is selected to be the Ffirst node
worked upon by the brocess and is given the designation source
S. At step 174, sink T is also set to be said first network
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its maxi num capacity to O or by renmoving it fromthe set of edges 3 that
conprise the graph. The "edge origin" is that node 2 from whyemAredost
instrument L flows. Steps 177 and 178 elim nate agents 2 who have not
agreed in advance to be internediaries, i.e., "credit bridges". An
internediary (credit bridge) is an agent 5 that allows two other agents 2
to do back-to-back trades through the internediary agent 5. Step 178

di sabl es edges 3 where the edge destination 2 is.not a credit bridge 5 and
the edge desticaatbon 22 kGepQlzsequalid asffed A@nh@ﬂgﬁld%@aaatboﬂ' it a node
2 that receives the flow of the ot instrunent J(.)WAt ste& t he maxi mal
flow fromsS t% ‘f‘w}"’sc}bor?gu?@dfseus?%djﬁ FRRT mEttE bW al §BT iH Rt as one of

t he al gorit hamvedi S@Im@dum @hem ethe/ makidufie féhwlamliefﬁémeﬁ a)raem pusl y

ted At st 180 h dit LIMS, T
T cet to be BHaE o s R m T Gw 5o HEIETT G CRESTIIS R st op
181, the edge$ad thatgemerz Jf.h aabdn&di itk Béepsn 1dTirdme iﬂ?c&: aiehr e- enabl ed.
Step 184 aSKSnmsgiE'ei Seha, the ol a@etﬁg‘s gﬂad %%Qﬁ?ﬁrq:oﬁgs&eed 1

"yes", the procedure  concl’'udes™ a € process noves to
step 185 35 133tmeftm@5n0@m§hetSm%isauvalm:@dopgssd@e nékt"yeet wor k node.

Agai n, "next”’ o&@mfr;@ | bhatoa 28 SdgmRles . £f 8h3et O &ﬁxo@b@ paHBR4 qeessed node

2. After step 185, th hod re-execufes steps 174. gure 25 illustrates
how conput er steeal & é:’F‘é§eé“ dier edtanredgbagier 8k H’@tﬁPﬁ]ﬁéH’dPhs%%rrent L: Q

i.e., how com&eél lis @ggéar Imacﬁt@p ské@ Ofs Fi gﬂé;ecu%anTm SnShalg,n to
producing a sych a t shown I n wth arrows as in Fig. 11.

The operati off (?8 i) 31751‘:’ pp"i%SSﬁ;Pgs’tseg’fl@? imoEtedge 3 set Gis
nul l ed out. At step 5193, feorpubertd seagedlesol Tsat meeprdss,f osniami ascount A

i o"eS b8l PLReBesRt i, dLgeloluasel of Lhah. Ay ppocessed

accounts is irrelevant. ~ Account pre=existing trad (credit)
rel ati onshi p crBgineti st BBt rfeiCyhdbl |h¥gdageﬁ1ta§d2tb¢1ﬁd9ﬁa@r%€n2 prevesus| y

conveyed to téaﬁa@p@a@ o pRfede@MPUARF bk dlsaMibhi NEdrRa1 EPMURE I ALY th
t hese agents 2 subscribing to the trad| ng
its maximum capacity to or by removing it from the set of
edges 3 that comprise the graph. The "edge origin" is that
‘node 2 from which the lot instrument L flows. Steps 177 and
178 eliminate agents 2 who have not agreed in advance to be
-intermediaries, i.e., "credit bridges". BAn interwmediary
{credit bridge} is an agent 5 that allows two other agents 2 to
'_do.back—to—back trades through the inktermediary agent 5. Step
178 disables edges 3 where the edge destination 2 is not a
éredit bridge 5 and the edge destination 2 is not equal to T.
An "edge destination™ is a node 2 that receives the flow of the
Jot instrument L.
At step 179, the maxiwmal flow from S to T is computed

- using a waximal flow algorithm such as one of the algorithms
disclosed in Chapter 7 of the Ahuja reference previously cited.
At step 180, the multi-hop credit limit between 5 and T,
LIM(S8,T), is set to be equal to the maximum flow obtained from
step 179. At step 181, the edges 3 that were disabled in steps
177 and 178 are re-enabled. Step 184 asks whether 8§ is the
last network node to be processed. 1f “yes®, the procedure

concludes at step 186. If "no", the process moves to step 185,
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system operated by the operator of conputer 1. Step 194 asks whether there
is any such unprocessed account A- |If "not", this process stqpMAY X05P
198. If there 1is an unprocessed account A, the process executes step 195,
where the mni num and maxi num excursi ons for account A are cal cul ated.
Step 195 is the subject of Figure 26. These m ni num and maxi mum excur si ons
are defined in ternms of the lot instrunent L, and are cal cul ated from one
or nore of eight possible ways of specifying input credit limts. The

maxi mum and WhetaTeN @XLai=9lcaRSE QNG eeXSHr SLeNs,f rom current position. The
input credit limts are specified as part%8?W§%k0ﬁ0§] couf¥t A, PPt 'st'ép 196,
the set of edydd € ¥ MLFEAPEY MfeRsate edyeoer noprdiessbeéndde 2. to ADs

borrower 2, vAfitert beesapagi tie aledibe r&%&%ﬁté){is@g §€f,,L 0 the maxi mum
excursion. L is tge Iroet 5in_slirumsnt and Qis the qﬁoteodl"i nstrument. In step
197, the set of E4YEs” Go S AVYTAIEERWM CR BRt 0 decal dulehed'as dborateder 2

to ADs | endergi2phwith tike teapatitascebnddieredge 3 bejing c%ﬁ;%utteg the negative
657103, 36 12 MAY

of the m ni myp Si.on. e _pracess then re- executes s
2005 Figure Zg%é%%\sé%gwlggn%ﬁt eFUFe i-cuFatse d st Akimitei peadughnl maxi num
excursi ons f cfa@bs$rrfl @satbaurdhohmand Mgsi ogha chr agesdis LSk wignt L, Q

i.e., how conput 8feqlat8%XEC p. 195 of Figure 26- This conputation
takes into aooOun}tEeluap to g%rgﬁ?n%te i 77 STeRt 1hys®h R AR edibRgedaredt 5 may

speci fy i nputS®ér €dit "italt Ut .n ah sicrolns, AomphecOnekakti drsCOMAENCES at

step 201. Atresbe@:s 202, ahiesdmug,u ur si is.set to be infinity and
t he mi ni num exgurscifé)r;lehg ge? to beﬁntgzr%(&g?rﬁoﬁgnflf’g,yaﬁegﬁﬂc&e@sﬁ‘fl' tHes poi nt

there are no tFadi fift¥or sfeprpyressed ageothes ipositélemahinits have

been def i ned Actountt e ikotny Natd-ufBMingl fraBsg ?&z%i%@“’rélsat?él?&l:#)ed' At step
204, the |ot yLpsiLunent poshtion imtsO effects on the maximin and
i ni mum excursi ons are caltul Ated. 9ffrE 1 Shehebaupbeertpiviomure 27. At

step 205, it “PEVsKedonket mmerabbume bompiterhaven vieemsnaci fied for the
1/8][ ulrrgs][ :‘ lr,:iﬁfgfn.ajdérﬁcftz.g?s§%t%p t7@8e ! agents P ustu%g'cr:é;insgt te:g ghqeGEréé]iellgl ot limt
system operated by the operator of computer 1.
Step 1924 asks whether there isg any such unprocessed
gécount A. If "pot", this process stops at step 198. If there
' is an unprocessed account A, the procéss éxecutes step 195,
where the minimum and maximum excursions for account A are
calculated. Step 195 is the subject of Figure 26. These
winimom and maximum excursions are defined in terms of the lot
Anstrument I, and are calcula;ed from one or more of eight
" possible ways of specifying input credit limits. The maximum
and minimum excursions are excursions from current position.
The input credit limits are specified as part of each account
A. 1In step 196, the set of edges G is augmented with an edge 3
from A's lender 2 to Alls borrower 2, with the capacity of the
edge 3 being set to the maximum excursion. I is the lot
instrument and Q is the quéfed instrument. In step 197, the

set of edges G is augmented with an edge 3 from A's borrower 2

‘tO Als lender 2, with the capacity of the edge 3 being set to

the negative of the minimum excursion. The process then re-
executes step 193. '
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t he maxi mum and m ni num excursions are calculated. This is the subject of
Figure 29- At step 207, it is asked whether position |imts hauAlyeros
specified for the quoted instrunent- If so, step 208 is executed. At step
208, the quoted instrunment position limts' effects on the nmaxi num and

m ni rum excursions are calculated. This is the subject of Figure 28. At
step 209, it is asked whether volune |imts have been specified for the
gquoted instrunment. If so, step 210 is executed. At step 210, the quoted

i nstrunent vol uneFiguig £6 shévedby crmpuher maxdaionl s ﬂh@imm@x&msi ons

are ol oul at il Scd e S £°L B FLALE IR o 2518, B o | o asked

whet her notional position Imts have “been specCi d?fiep 212 is
execut ed. At Jé’tséﬁu%ﬂ?: L'Re hoti.ohayr powuteorl ekﬁmttesf seéf eosoON t he

maxi mum and néiRiupl M EX C s k OfSnARk- St i GRkGHL ated S ect of
Figure 31. At ste 213, it |sp§s e:a vx/r%et er1 ngt%lc:&&'lnk oé% gjfql?-!r%ts have

been speci fi &g FEpFendy Wagf"ef‘) FUpFangeehngc atett SAmastameciv, inphe gretiional

vol une | imi tismiesfRCts aBcdhe MBXITRETLAEE, HTAI DLUMEXEHT S 99%3 2og 37 12 MAY
2005 cal cul %tted Thi s |fs: t he subject of Fiqure 32. At ste 15 is

asked whet her*p85FR i0 | H?tf%a%’r&% HEUES §YPe St Pl tfcobetﬁ@mma@@d
i nstrunent L: t@e binisom skepr2ith is @teedtdnils SirBhni A10petdfet Laded

i nstrunment L:d imits' effetso the maxi mum and mi ni num
excursi ons are c%% HjItattlel% fi% P st a%é 95{}6118& of Figure 33. At step 217,
it is asked whet h&repvélanesksd iwmaiatlsem@welﬂmemnlssrpﬂm fhizeel }:fe@:lh ddmntgaded
instrunment LiQr hfle 130 i85 ERehS lszfegggut 2 SLER 21 th%%gded

instrument L:Qvolume iimts' effect maxmuman % ni

excur si ons -ak84catreullatetinsthhivent sLadslielsrthmﬁ:tsEDfefEé@w ©n3ié|_he Thenmst ep 219
i's executed, ;wherg the [ Xcur si set be equal to the nmaximm
of 0 and the current value I[%i%gh%%rrg%%lr#g%ur%lgn 'It&i% s‘fré? %§bn@’ because
we don't wanfiFgre Rdve At ntgmt PO ridximankescvlrstiten. voltutet Bini220hatdie

m ni UM excuesh Qs £884 £t Beethe FLA L Of gfagg t&% cie gat value of
t he m ni mum excur5| on. _This is done because we not t0 have a

p05| tive mini CREMTSScur &F GFESPTRER: el dfetiABHt erriamat 11m1t5’ effects on

the maximum and wminimum excursions are calculated. This is the
subject of Figure 29. AL step 207, it ies asked whether

‘position limits have been specified for the quoted instrument.
If so, step 208 is executed. At step 208, the qubted
instrument position limits' effects on the maximum and minimum
excursions are calculated. This is the subject of Figure 28.

- At step 209, it is asked whether volume limits have been
specified for the gquoted instrument. If so, step 210 is
executed. At step 210, the quoted instrument volume limits'
effects on the maximum and minimum excursions are calculated.
This is the subject of Figure 30. At step 211, it is asked
whether notional position limits have been specified. . If so,
step 212 is executed. At step 212, the notional position
limits' effects on the maximum and minimum excursions are
qalculated. This is the subject of Figure 31. At step 213, it
is asked whether notional volume limits have been specified.

If so, step 214 is executed. At step 214, the notional volume

limits' effects on the waximum and minimum excursions are
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step 221. It is inportant to note that the order of taking into account
the effects of the eight types of specified input credit |inmbSMAY 2005 .
irrel evant, because each of the eight can only constrict an excursion
nore, not expand it. Therefore, the wultimate limt is the nost restrictive
one. Al of the eight trading limts described herein are recal cul ated
after each trade affecting that limt. As used herein, a "trading limt"
is sonething calculated by conputer 1, and a "credit limt" is sonething

speci fied by ealguatant eeinng fgaie Su{RRVEALH QAL JRt halrgagiegpaglghogg cuts
can be used to, sa%%eg th%gcal cul ati ons wi t hout "necessarily v ng’ t'o r epeat
all the method %tEPs” £l PHRE1CRel Iitst hayembegn papadidabarfarethod i s
executed. Alltddetihenstepeneffi.g. 126:0etcoxenut ed Lhe fibhsSt autl a met hod
shown in Figuggs-2¢ tthI[ ugh,34 is executed. Figure 27 shows how conputer 1
T MEEBPRE He 9 Bestiony bimHis ' pffectshow enputer 1

cal cul ates the ﬁ05|?ion
performs 38 WRiwAW 20DHindtep 2@drofods gus a-adbul A d0Si bhon sld md IS a net

limt in the i u . _hei traded. The nethod starts at step 231. At
step 232, co ?%E%Eléfg% |:e7(3/2%"t hggs%ee i #1 &d Stnpaitashed Kheshegosplumsn credit
limt for inst¥ifenkate bPpAHecifiaddorhehe spaakdi Bdti-aRst M.Bi Myp posi tion
credit limt dorstastsgmept |, N(zL) ... Nor.mgl | PMN(L), is the negative
of PMAX(L), but Stﬁ%t doesn’ t cﬁgggﬂésél:ti F%/e%az\gg’t%hepé:rﬁi 2 1IRKETEHSTH st ep
232, the net"Fo¥Ptieh liptss' ieffeekbed bt makimsth emd@83nimanput er 1 | ooks

for another unsetélet Grewahuibpsir UFRN L. kp A “Another" is
arbitrary. At ste,gm% 234, it is asked whet hler sﬁ(a:tﬁfbca%lr%%h%r Fﬁﬁglé?t %d 1 ow
con

exists. If not, %} 5eB a8k d 5t BXPIESdp IeTPf th e mwR reXcersi@s s St ep
235 is executssd, tetter eimal ttd shaskedmshesher ahacfd QWrksne LRIASEUNt A'S

borrower 2. Ayef LoWrikS. nsfer,of a single .instrunent along a single
edge 3. This is the mélgn%gcaégsgg i ngr - wha r#é’ﬁl%t]ﬁ%c?qsﬁv\i”?sd‘?rﬁto‘f’ﬁétr %Phan a

guar ant eei ng "&¥&rit TFgatbet apséneexcenssm i Sht erepuacanteei ngnagent S. | f
t he answer excursion is set to be the minimum 6f 0 and the current wvalue

of the minimum excursion. This is done because we do not want

to have a positive minimum excursion. Then, the method ends at

step 221.

It is important to note that the order of taking into
account the effects of the eight types of specified imput
credit limits is irrelevant, because each of the eight ban only

- constrict an excursion more, not expand it. Therefore, the
ultimate limit is the most restrictive one. All of the eight
tfading limits-described herein are recalculated after each
trade affecting that limit.

As used herein, a "trading limit" is something calculated
by computer 1, and a "eredit limit" is something specified by a
guaranteeing agent 5,

Conventional mathematical shortcuts can be used to speed
the calculations without necessarily having to repeat all the
method steps in all but the first time a particular method is
executed. All of the steps of Fig. 26 get executed the first
time a method shown in Figures 27 through 34 is executed.

Figure 27 shows how computer 1 calculates the position

limit for the lot instrument, i.e., how computer 1 performs
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is yes, step 236 is executed, during which POS is augnented by the flow
amount, and control passes back to step 233. This inner | oop1238A%3005
constitutes calculation of the net position, and is performed for each Q
matching that L. If the answer to the question posed in step 235 is "no",
step 237 is executed, wherein POS is decrenented by the flow anount, and
control is passed back to step 233. At step 238, X is set to be equal to
PMAX(L) mnus PGS, and Y is set e qual to PMNL) mnus POS. X is the
maxi num excur stem 2P orl tfigsre fdscowchasdsianen Yimst t he arhet MuERiexcurision from

this flowchart, ot AhesSt 82183 % imum excursion for the traded
instrument L OGS et to etxéaﬁllggl' tot Hg}%)%rcﬂs B RESR #rrent®val ue of

thi s maxi num &x@URSE orroapdtot lamdtrivvesi hhenspeekfindsiiapuf aaxtiken traded
i ] ré'&“rarum of the

instrunment L:£hdiSiS8tcde@s akota td i f e
D o B ot 2l Q&‘g@é Hrn%bgﬁf%(té‘ﬁ]'\/\%l}ds, the set of

current value of the ni nimum excursion an :

maxi num and nPRRFTATEEERES | BHE S Pefidape dotsdd b dl inpidn tbheiwsesuwhdrs: bf t hi s

flowchart. Theunethod nerds1 @l pRtRPL)24Q. RO nldaMAY Oéupzf ure 28
nbgathte o t %g’tﬁlet quot ed

illustrates how cq uter | calcuylates the position |im

i nstrument, i -t IRGH CoRPIRERPTLLY gEveokordes tepe 20816p i qiter 26, ot her
than the factthdakt @d=dtisubost Ui eddriq loutt he method described in Figure
28 is identical to that ?§§cri bed in F'hlgure 27, with one excegti on: in
step 259 (anal ogous Torstep Z8BPRFFilgfe2fpr apetdsrvertettiedflone quot ed
i nstrument to°f Hestomenhst rimmenteulieGausenseheiiils Q¥BI oA 10 AxRegssed in

terns of the jnt kpstd UoE et 1.9 the higher level flowchart
(Fig. 26). Therefore, in %t@%gg%@%fgann t%ejéruenseeézgﬁewlﬂwplapeﬁfsby a "fixed

rate QL" (eXchahgeEamate) PasThs ste@thaifd r ai® the hhxed: fior "wescert ai n

period of tirneepe2s is08RARLE, OFhR8n0RY 1 ARG JBYHREL AL fher 8N, i%or
di fferent accounts monent _in tinme. Figure 29 11lustrates how

conputer 1 c'aﬁocﬁfg?lgntst %‘ESZ b\sf%ggﬁﬁr 4+ nft"FOM" tHe A Srapvkay gfentsingle. , how
conputer 1 peifstrmentsebm@6sifigl guge 26. THY &/ AlsUBBe | daiel ak Sacki@§ 0SS | i ni't
in the instrygept, kelng dJ aded, oﬁﬂ%rntﬁ‘tiﬁog g';sl,ttaairath%:eg:{ngs tae en’g 751,' 'n
' ~ because the lender is the guaranteeing agent 5. If the answer
- is yes, step 236 is executed, during which POS is augmented by
the flow amount, and control passes back to step 233. This
inner loop 233-236 constitutes calculation of the net position,
-and is performed for each Q matching that L.
If the answer to the question posed in step 235 is '"no",
step 237 is executed, wherein POS is decremented by the flow
amount, and control is passed back to step 233. At steﬁ 238, X
is set to be equal to PMAX (L) minus P03, and Y is set edual to
PMIN(L) minus POS. X is the maximum excursion from this
flowchart and Y is the minimum excursion from this flowchart.
At step 239, the maximum excursion for the traded instrument
- L:Q is set to be equal to the minimum of the current value of
this maximum excursion and X; and the minimum excursion for the
traded instrument L:Q is set to be equal to the maximum of the
winimum of the current value of the minimum excursion and Y.

In other words, the set of maxiwmum and minimpum excursions is

- updated based pon the results of this flowchart. The method
ends at step 240.
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step 272, conputer 1 retrieves the specified input maxi num permssible
-volunme credit limt for instrunent L, VHAX(L) ; and clears a{1paqas¥20n5
field VOL representing total volunme- In step 273, conputer 1 |ooks for
anot her unsettled flow of instrunent L in account A "Another” is
arbitrary. At step 274, it is asked whether such another unsettled flow
has been found. If 1lyes", at step 275, VOL is augnented with the flow
anount. It doesn't matter whether the "flowis in or out to a particular
node 2; it countsFigwe @8 ihbistolause hdwiicbmphi@rsanBaidnigach vpease. Control

is then passeghdack, 0. Step 273, If the answer posed in step 274 is "no",
step 276 is glgoecut ed, \;\n%%rg?lzn t%al guog%(flgaﬁﬁfm%'VM@(('L?O‘MWHW[—' and Y

is set equal RFIRFRAUSLRP 2bRcHuFégute tdte defhar them wf Fyel Q%E-?&Qai n, X

and Y are thesunealti@lg Lt S & ted by this particular flowchart.
Then in step 277, .the naxi nuim e%cﬁ?%llg%an%ieguél SOy gt He “5ni ni mum of t he

previ ous val Ueleat i¢ae tRakhH Messribed dn Bbgloé 27i nvitthe ofid NixePE BHXCUr Si on i's
set equal to dvhetapoissumefi d4es40, 0 .previous val ue of the

m ni mum excu(r}si on .and n nus_cg%.@ In ot eewa\%r‘%gl?lg e 33gfa‘ﬁ CeXEHtsi ons are
updat ed based*iBorP% AECTeE drEsTBReRtite thevsiaibstTnennptteedusdiar ends at

step 278. Fivgut eel@ykhinislehptess&oWrCooRM &k LnLalculales, the vol une
how conput er 1 pertorns ““§fep 210 of

limt for the _quoted |pstrument, i..e.

Figure 26. o?‘ﬁe &i ﬁcgn‘:{}%eh’fgggf Teegt @P‘éc@}lﬁst@%m{ €@) f orTHerefdwe, mét hod
steps of Fi g@tepr Fpo%r¥ ament heal cadtomubosa ioh § aure; 29 Wit h,gne
exception: i NestiRh284rdyana ous to step 277 of Figure 29), X and m nus X
are each multipli o by “f xgggsraxect*‘éflﬁﬁ e b iR FensoRCTiAn  hi s
factor was i REFHFUCEdEHTE Frglr e @8 hBigurne oBd ddy,Usha ahi:86 bROXY faRERME er |

cal cul ates tHer diGteooal RESIAEONY kbl tasile ow conputer | performs step
212 of Figure 2 3 The not.ional posi leeosﬁaﬂei ﬁ‘lor{le%r 5‘?&%@31 he guaranteeing
agent 5 agai nst rafe excursiUsra§sr Bgatcsarnver 1 chicyosiot| ons vohuad | of
the i nstruneisit Thotilenabt heensmeRr, af @ ¢hangiRetNs Nohati Ry the

COHCEFH_I'WD|5€%5 EQ@tofl%iggrészé{ A volume limit is a gross limit in the
instrument being traded. The method starts at step 271. 1In
step 272, computer 1 retrieves the specified input waximum
permissible volume credit limit for instrument L, VMAX(L); and

- clears a variable field VOL representing total volume. In step
273, computer 1 looks for another unsettled flow of instrument
'L in account A. ‘"Another" is arbitrary. At step 274, it is
asked whether such another unsettled flow has been found. If
‘yes", at step 275, VOL is augmented with the flow amount. It
doesn't matter whether the flow is in or out to a particular
node 2; it counts towards the volume limit the same in each
case.

| Control is then passed back to step 273. If the answer
posed in step 274 is "nov, step 276 is executed, wheréin X is
set equal to VMAX(L) minus VOL, and Y is set equal to minus X,
becausg of the definition of ‘"volume". Again, X and Y are the
partial limits as calculated by this particular flowchart.
Then in step 277, the maximum excursion is set equal to the
winimum of the previous value of the maximum excursion and X;

in the minimum excursion is set equal to the maximum of the
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conversion fromone instrunent to another, and that the conversion is done
at a certain rate that has been agreed upon. The rate is set 1pgnaAyRops | Y,
e.g., daily. This conversion fromone instrunent to another is used to
convert all values into a single currency for the purpose of aggregation
into a single value. The nmethod commences at step 291. At step 292,
conputer 1 retrieves the maxi numnotional position credit limt PMAXN,
where N is the notional instrunment, i.e, the instrument in which the limt
i S present ed.pdenistepa2dl, off kkemaihnal expdsdibhcand NBQES xS ad $@haer oed

out. In step canput er_ .l | goks. for _anot her instrunent with flows in
account A, C“l%gésan I*ndex- Hes CHRAT T Tt RES i S g%&n@ﬁfe (ﬁpoﬁhfq&% we are
executing thesidop FO3hBYILloFhbaor deThef mstdlodctheangetde aitnstemmaat s i s

mraterial . Step RAdiasks MELDEL SUGIAOLRSL, L NSLEUIRIL, o35, Bgen

h
found. If not, contTol passes to s answer i s yes, g?ep 295
i s executed, MiéEefer the dyriedufestruent? MEY 2005 copptieti brpePOBHE), i s

zeroed out. Alrept 2Dy 230ri SOMPYEET delOKRan ik ANQL PRl Ynsettied flow of
i nstrunent C'ir?§account JA Step 297 asks ?A%et her suc atrglbgt er unsettl ed

f1 ow has beerfubebifithed fondt:, taptediodpaters of Figmep Foare| fdentécahswer s
"yes", step 2Q8thésexgCifthe WHEI@idH ohs askpdimhethesdhggflow is to

account A's b rrﬂwer 2. If "yes", POS&?EC% is augnmented with the flow anount
at step 299. TFFPNBICUSPER(TH=H €77 fdfcrte ?e?cP)bygtEH’éi PR Zndthiteest step 300.
I n either casmltipglisdr by fiSixeat vaned Lo séephd HameNodcnhahat hiienner | oop

296- 300 is . L gops 4.n Eigures 27 and 28. At step 301, NPGCS
i s augment ed. %lt?ﬁg}%bg%f%ot%csgl 18% 140 p multiplied by "fixed rate

.C:N', which convefisireo3t Hd lnet¥ajred howneturuwirentl cFheulalyssl titee val ue of
POS(Q) is USQ@ti@@&lagégi@ionnggﬁil’::,V% ROSI ﬁ&mo;a%&%gni $ertBrid R bl $10 O the
guar ant eei ng fagent ,as a,posi tjve position. Before we describe step 3'(')2','
et us defi n@ A"EATB2°as B T B O%t & Ws bHHENPEIESE02E Not e that " A
in step 302 ignaractectihg Same BSadaeeUBitAldscudsicastigregstdd aRredf L,
PCS(L) , the positions in all of the instruments. "Notional® means we

- are changing the notation; the concept implies that there is a

. conversion from one instrument to another,_and,that the
conversion is done at a certain rate that has been agreed upon.
The rate is set periodically, e.g., daily. This conversioﬁ
from one instrument to another is used to comvert all values

- into a single currency for the purpose of aggregation into a
single wvalue.

The method commences at step 291. At step 292, computer 1
‘Tretrieves the maximum notional position credit limit PMAYXN,
there N is the notional instrument, i.e, the instrument in
which the liwmit is presented. 1In step 292, the notional
position, NPOS, is also zeroed out. In step 293, computer 1
looks for another instrument C with flows in account A. € is
an index designating the instrument for which we are executing
the loop 293-301. The order of selecting.the instruments is
immaterial. Step 294 asks whether such another instrument C

has been found. If not, control passes to step 302. If the

answer is yes, step 295 is executed, wherein the instrument

41



multiplied by "fixed rate L: N, which converts this position to the -
notional instrument. B is the position of Q POS(Q, nmultiplyedqRy 2dogs<ed
rate Q N', which converts this to the notional instrument. The positions
of L and Qare as calculated in the above |oop 294-301; if L and Q were
not subject to these notional Iimts, then A and B would be 0. In step
302, conputer 1 finds the mni rrumand maxi mum roots of F(X), where F(X) is
defined in step 302. The term "root" is that of conventional mathenatical

literature, ipogirien, \FalSUe) ,oflstteh@éd mltes A Bep Pl LQufhrekel i&ﬁ{gefi ne E
to be equal g9 %Q&@}s%geeﬁ% % gg gl us B, plus NP m nus e

absol ute val ue of A " nus tHE ahsdl (e HH8FTEBF CBlnrrF%‘E@th%XN If Eis
greater than 0, t#esp t98reskar @haoheno(ﬁu&h iﬂbth&h&ins@\i@ﬂé&ladllowha%e%ﬁt the

maxi mum excurgh,qg. ofrd g tr instrunent L: I\/AXEXC(L , and the
mi ni num excursi on’ of the ’ tdr%glggall%s SEEnENtSER YL -M NEXHE 38Fvet d-She equal

to 0. If E isYePesFhiRandrisequatuitasl, owhem MBS 406 Ofie thS Lt bee rraxi,mum of

42 12 MAY 20Qa ¢&i s a,nd h nmumroot is the
i ni um of i nus ﬁfﬁé}ﬁ%@% gor%rgp vve ar %I. 2&?}58{ 0 Y6UPBRtEp 303 At

step 303, thé’%ﬁx‘f%ﬁ@%cﬁ‘)‘@ﬁéna‘@fstte@ewii*adéd nomsPoan@nhsL Qis set equal

to the mni nuafhﬁémetd&%dpf,p\m@u;gl Welshap af 4 JRXI ursion of the
traded i nstrune rlg and the cr)nsm mum roottt%ﬁl tipli edeb %‘efl‘iaestf ‘rate

N: L11, which® rcL TFHEdt R 9t6P PRSt r HRbmtthas) nhd amlnyer 1dme @oni num

excursi on of 30heis radedgduss toUtRNTLobP i1 F&gﬁre%qgal aﬁ&d) 2télghe adBioum Ethhed
the traded instrunment an

previ ous versjon t he mini Xcursiqn o
the mini mum ?gg’c ﬁoﬁ he 4 1960 é‘%ﬁ) CEE MPCIHbR &L BR FREOEK) "fi xed rate
N-L". The rretﬂ%'alpltleﬂrﬂpma‘tfese@tras:teep BOA whEmgu:roavagts |t|oU§I1é abQs ohaw

conmputer | cghsthakgs. the, how conput er |
performs step 214 of Fi g&rgg&t’zé&q{%%hvg(ﬂ %d%{%&tﬁs A5Gy eBCHEE At st ep

312, conput FIFLITEL PPRAEON PReESSBEE| ‘Flil%(famﬁpmsknamtmmgnetamlngvol une
credit lim. t agaMAXNas Thigesii Sivee poBitigcr oss al |

Before we describe step 302, let us define A and B, as

- - those terms are used in step 302. Note that "an in step 302 is
not the same as "account A". A is the position of L, POS(L),

~ multiplied by "fixed rate L:N", which converts this position to
the notional instrument. B is the position of Q, POS(Q),
multiplied by "fixed rate Q:N", which converts this to the
notional instrument. The positions of L and Q are as
calculated in the above 100? 294-301; if L and Q were not
-subject to these notional limits, then A and B would be 0,

In step 302, computer 1 finds the minimum and maximum
roots of F(X}, where F(X) is defined in step 302. The term
"root" is that of conventional mathematical literature, i.e., a
value of X that makes F(X) equal to 0. Let us define E to be
equal to the absolute value of 2 plus B, plus NPOS, minus the
absolute value of A, minus the absolute value of B, winus
PMAXN., If E ig greater than 0, then there are no roots. 1In
that eventuality, we set the maximum excursion of the traded
instrument L:Q, MBXEXC(L,Q), and the minimum excursion of the
traded instrument L:Q, MINEXC(L,Q), to be equal to 0. If E is
less than or equal to 0, the maximum root is the maximum of
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instrunments in the account. At step 312, the total volune, VO, is also
zeroed out. At step 313, conputer | |ooks for another unsettHe@iAyouosf
any instrunent Cin account A. Again, "another" is arbitrary. At step 314,
it is asked whether such another unsettled flow has been found. If "yes",
step 315 is executed; if "no", step 316 is executed. Let R be the
conversion factor "fixed rate C.N', where C is the instrunent that we are
| oopi ng through currently. Then, step 315 sets VOL to be the previous VOL
pl us the quamitihty Rantii ansniinbe E/Izov\aﬁirmmt niSirem 343 iis themietder ed i nto.

At step 316, t \gngN nus VOL. Aaln XIS he limt
~fromj ust t hi’ sﬁl‘rﬁlss PsLt1 ep ﬂwhgen%gﬁ rlrﬂﬁ?h xcuf8iBh Eo? the traded

instrument L3@3s set equal to the mninmum of the previous value of the

aX] mum excur Si 0 0lscbRes s, a8RE ma il WARNE furldo@Nthd hhiiEs 1 xed rate

N-L", i.e., we are convertln fromthe notional instrument to the | ot
i nst runent . igphpeantyL: @ He ﬁf‘—?\l%ﬁfﬂé@lﬂ@l pinighnt o theggrevionst runent L: Q

43 12 NAY 20QRrsish 22t tBd YRkt tett@uﬁ@fennum e £hgad QULPHSKEr 8i@n of the
m ni mum excursion of the traded instrument L:Q and mnus X tinmes the same

conver si on f &8flofhe FRE1FER KoEE aRdsinticst b Saiged rRigurel33 Whirhst rat es how

conputer 2 CabautaisLstado ithst IsERELAOGE], ONsdrilhily, tBe, nfi@Wu@OMPUt er 1
performs step 216 of of p05|t|on limt differs from

i gur Thi s e
Phe *brevi ouE BEsTiRoRE| (R EXREishaHArReEE: iR B8 5% SRPSE) Rt hat © t he
guar ant eei ng magémiw 5f| Shespneewiqimgerha:tn anotiemiagent eZcucanobst tttede any

more than | l<Lola QnefANST LIGMANE. 0N RAU80L R,5Q0:1LadS ph. more Lhan

jL or jQ This type of 1nput Tre as ¢ e ones
descri bed msrarnem@sfergmrarﬁécw- "fFixest ygbatN-2"hasThepaekhe¢dd this type of
i nput credi ttekhm—attestgt%tfeboy&hart 33 does not have to be executed.
(simlarly, if no_agent has ]%émfled a certain other type of input

credit limt, the Eﬁ/c%?arlrl BEPEER M 9P that CxidrEeS 159 t does not
have to be exetided. yoBoich ltihie L iaad, tHoe Qadirmter 1 pdrEbehs igtepreter for this

;lngwggart SSO%OFPQ_QII%XSQyt %e Héulliolc(iestérril:% Ia =4 e%aﬁf di%cgtlzebpeq.].-bp Fi gures 27
computer 1 retrieves the specified input maximum notional
volume credit limit, VMAXN. This is a limit across all
Ainstruments in the account. At step 312, the total volume,
VOL, is also zeroed out. At step 313, computer 1 looks for
another unsettled flow of anyiinstrument C in account 2.

- Bgain, "another" is arbitrary. At step 314, it is asked
whether such another unsettled flow has been found. If "yeé",
step 315 is executed; if "no", step 316 is executed.

Let R ke the conversion factor "fixed rate C:N“,‘where C
is the instrument that we dre looping through currently. Then,
step 315 sets VOL to be the previous VOL plus the quantity R
times the flow amount. Step 313 is then entered into. At step
316, X is set equal to VMAXN minus VOL. BAgain, X is the limit
from just this flowchart. At step 317, the maximum excursion
of the traded instrument L:Q is set equal to the minimum of the
previous value of the maximum excursion of the traded
instrument L:Q and X times "fixed rate N:L", i.e., we are
converting from the noticnal instrument to the lot instrument.

Similarly, the minimum excursion of the traded instrufent L:Q
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The nmethod starts at step 321. At step 322, conputer 1 [|ooks up the

speci fied maxi mnum position credit Iimt for the traded instrygamAYl2005
PMAX(L, Q, and the specified mninum position credit limt for the traded
instrument L:Q PMNL,Q . 1In step 322, the total position, PGS, is also
zeroed out. In step 323, conputer | |ooks for another unsettled flow pair
with lot instrument L, quoted instrument Q and account A. Again,
"another"” is arbitrary. At step 324, it is asked whether such another

unsett] ed f| dw patrecan beemd et br' e prdABLE Yer BRGSO Step 328,
I'f "yes", contrgl bpasses to steg 325, where it is aske Wiet ReF the | ot
instrument flows Lo Account™ & §PBdrrgRer 1pstnumest et wod dsipus e

cal cul ation itdndenehd mantecarsretidheakebyi NSiHL R4 @nREY ns?é}% hy, ¢SO that
i nstrunent at the ené: 0] hé "

we do not . have t ; fQvest; 4,0 he | o
calculation. If the ans&érl]tlgs%ﬁ?%esq%@gt FOPULST yesalcudpss 326 i s
execut ed, whépetP@@ritsrpatiriemehteit Wit 8. | oW ebmpasdd U forhd QWgnmount .
Control thenopassesiLA-SL&P 348 ¢ Id,Lhe. ansver 44 12 MY 2005 to'the

n

question posed in stép 325 7s o"tYPS 8 PEPt tign kit dif fepRefrompeei
decrenent ed BYSYHES 8PSifiy dhwit fbevhantnnUrtguAgaion, asdnikl ol thep passes
to step 323. thAt &l-LBn848: LSt set e .40 P L, mnus PGS, and Y is
set equal to_ PM N%ng) nrl;gnég chéaigg%%elg&éﬂgz\@%%te a%ﬁ%ﬁ?@%&rsi on of
the traded FRSEFUMEAES 127y reredthapqiial fiar Pheratmizmuhamfththe-hapr €Vi OUS

versi on of .t heemm pum 2l 56 QbQf thhe if aded, insgtrument L:Q and X; and
the m ni nrum §§§é’ft5i19{ﬂi€fi the traded i nsjt r umegqt2 L%Elsg%éat O%qluglu‘tt o the
maxi mum of t he previ ous ~XEPhe*HIrOMHER AhithanPRRT Wesroibash it Rigurased

i nstrument L2Qanfd28Y. Theonejdrad2ends spfecstesa 330s Huile Byl | ustrates

how comput er ode gl gylat € traded _instrunment volume limt, "i.e., how
conmput er | p?.r]‘o,rm; stefp%il?% f%‘q’cg?ﬁ%% F8ES Pt HR¥EHEY Hesexmitkar to t he

met hod descr MHEH12FRY Fildupesagemtan dhs0 spext 6ped theeki dtirt ot BedRybReo 0l UM

traded of Lidmit Qredd lanki Mdhe0R: 4G V0! Y L.or Qinpdividually. The
method starts, at step 341, 1n step 342, corr(g%f’egpopd%ré? %Oe i tcﬁggjstpeci fied
maxi mum vol U inputs ddPEvs ite Pefesrecuted.) Both the L and the Q have

: to match in order for this flowchart 33 to.be executed, unlike

the flowcharts described in Figures 27 and 28.

The method starts at step 321. At step 322, computer 1
looks up the specified maximum position credit limit for the
traded instrument §L:Q, PMAX (L, Q) , and the specified minimum
position credit limit for the traded instrument L:Q, PMIN(L,Q)}.
In step 322, the total position, POS, is also zeroed out. 1In
step 323, computer 1 looks for another unsettled flow pair with
lot instrument I, quoted instrument Q, and account A. Again,
"anotherm ig arbitrary. At step 324, it is asked whether such
another unsettled flow pair has been found. If "no", control
passes to step 328. If "yes", control passes to step 325,
where it is asked whether the lot instrument flows to account
A's borrower 2. In.other words, the calculation is done in
terms of the lot instrument to begin with, so that we do not
have to convert to the lot instrument at the end of the
calculation. If the answer to this question is "yes", step 326
is executed, where POS is incremented with the lot instrument

flow amount. Control then passes to step 323, If the answer
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the traded instrunent L:Q VMAX(L,Q . Also in step 342, the total volune
VOL is zeroed out. In step 343, conputer | | ooks for another 1amaavtics
flowpair with lot instrument L, quoted instrument Q and account A
Again, l~anotherll| is arbitrary. At step 344, it is asked whether such an
ther unsettled flow pair has been found. 'If "no", control passes to step
346. If "Yes", control passes to step 345, where VOL is augnented by the
| ot instrument flow anmount. The calculation is done in the |lot instrunent,

so that we do ﬂ@th@@%gﬁ:%ﬁ%\ég&tlﬂ gtglgesgg,otls l.w.trgggﬁ%z@t ;4 he end; and i t
makes the calculatjon nore stable, because we don't have to wor ry about

fluctuating r&rE§ eToftrot 5°8 Fﬁéi?cﬁﬁ‘é%lé‘tfdt 8Y st 1983inshgunenip £398, X is

set equal toavid¢ L, @yalhnusnvE31 tAtanSﬁﬁke%ﬁo 4 BRI MAM c@xLYbgi on of

t he traded instrunent i.s qual to the mninmum of the previous
versi on of ch{t maxf%um )?%:utros?%ﬁf Q?hr%lm‘tsr RH8d FHsEr timsst T3 akE X,

simlarly, th@MﬁNMMnmémrPgson AtOfs‘téﬂi’l@ZSl’ adpd neBShimnBRrsidd b e84 equal
s value of the m ni num

to the maximnmu Y. 2005 evi.o

excur si on of t ga(l?.grlra}L egéu“ﬂl%ﬂt RRAt £T0 % q%‘&lngﬂu%hexm‘fﬂﬁmhﬁfht&? stops at

step 348. Fi purEiads vereham atetshet mexirgporikcngsinn eonghd etadedf singl e- hop

t rades. Th| S e e has_._been after a
%Ebﬂgne’n% ﬁ)@ Ca'ﬁt:l ﬂ %fnla Eh@ nﬁ?l&%{}m ejccu:fﬁlon olgaghoé &Faﬁ?% u

bid or offer has been taken count er par e nmetho re 35
can be done eilfREFUMERE ¥’e%1l15t 'F?f“e e@ﬁlairFCbé;ﬁléhmmvd@m(Pfethe porioued with the

reporting of v@l‘:li@roﬂ Itﬁéi&&)nmurh xlchi8si 3P oflthe éﬁ%eh%nét%&éﬂ%” ard S
the quoted |n§tr }E‘P‘Ff;es the agent 2 who is buying L, Sis e agent 2

who is selling-L, PragE ﬁFF’&e“OFL is the anmount of L bought and
sold, FQis P ti rrésglﬁ;re 34 dlludthetes i &bmﬁﬁﬁtﬂtl b4 aREs of thagtd unent Q

andTistheJL o e tine. Jhe nethod sfarts at step 351. At
step 352, cent ?%%Hm%%% 131?{1% 1%2%%3 A -(ia;fjec‘f?“i‘? d]éﬁer P’E’T(getgtggfjtgo an

auditor- The aﬁdﬁ%lrfﬁ 36 g TRiSteghefiid spatiay te gh¢ gt had osatiibed f i rm

Ti cket 353 hasnarfu@kBt £XtanB0id,i QR4 20 @ﬂ&{a/egegnpc%wgfhme {hgqdy ai ntext

glves t he thk?t Ig) and the tinme and date_t
or Q, not a limit on the volume of L or ¢ individually.

The method starts at step 341. 1In gtep 342, computer 1
retrieves the specified maximum volumé input credit limit for
the traded instrument L:Q, VMAX(L,Q). Also in step 342, the
total volume VOL is zeroed out. In step 343, computer 1 looks
for another unsettled flow pair with lot instrument L, gquoted
instrument @, and account A. Again, . "another® is arbitrary.
At step 344, it is asked whether such another unsettied

flow pair has been found. “If "no%, control passes to step 346.
If "yes", control passes to step 345, where VOL is augmented by
the lot instrument flow amount. The calculation is doﬁe in the
lot instrument, so that we do not have to convert to the lot
instrument at the end; and it makes the calculation more

- stable, because we don't have to worry about fluctuating rates.
Control is then passed to step 343. At step 346, X is set
equal to VMAX(L,Q) minus VOL. At step 347, the maximum
excursion of the traded instrument L:Q is set egual to the
minimum of the previous version of the maximum excursion.of the

. traded instrument L:Q and X. Similarly, the minimum excursion
of the traded instrument L:Q is set equal to the maximum of the
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the ticket 353 is generated. The encrypted portion states that agent B
bought PL for FO fromagent S for settlenent at T. Deal tickdq2 MAY 2005
digitally signed by central conputer 1 for authentication purposes, and
encrypted by central conputer 1 in a way that the auditor can decrypt the
message but central conputer | cannot decrypt the nessage. This is done
for reasons of privacy, and can be acconplished by conputer I encrypting

t he nessage using the public key of the auditor in a scheme using public
issues an "in" flow ticket 355 to

key crypt ogr 3 ut er

buyer B and ?%Q¥ 2 |1telgr )‘5%’118 e§%‘5r%915ﬁt gf ridieatrysledi nt ext portion

and an encrystlet;lrtpwttl &ng a‘tEh:'Emnhaerextt’hegmMﬂﬁadt Beordd gkefrdoDrad he tine and
)

date the ticket the name of agent B. The encrypted
portion states %ﬁ?tdr%oagem r%tesnr%%ﬁhteﬁrtrla‘? }I‘ﬂQ‘:F’FlB’tlﬁerFo&n‘tfer party S

for settlenefingte 'FlopTltekféftS 355111% rstht@btiaiés yexeicgtell siyer GORRYEE Mak and

encrypted i NpesMGlhdR, WaYet hate Mgy P ed .46 12 MAY 2006 only by
agent B and bte; the audit or’ n(t):t%b corrput e&%phﬁ's\/\(?e&inf?ae}?e@nt’yéhcrypti ons

are done, onéo’f‘%'?eré’@é‘ﬁt’ B aﬁ@eometlfC@r of hBigimedBS aran Bt &hepeB8Sfer ¢enputer |

i ssues an "owti) fdlaté/ b CkethadBk hdue S§lLES 6. auditor.. out flow
ticket 357 coptains (EI ai nt ext por ts(l on an‘%mggg%éng?%/gte PEREIERI The

plai ntext gPved }ter’fetF‘F‘ &t | B 1"t'ltt?e ﬁﬁnel‘atrﬁjtliat@toﬁna;@smanteQ aad t he

name of agenths. quﬂnedencgwtnedtpm tisORhStRlLs §Nalo XQ%ug@Q? sold FL
for FQto co ty D far settlenent_at T. Ticke sdlglfally

PRt &f é:-'%%& o ds ]{
si gned by conput A ener Tptedft F t'6 thgeriads myibe oFt e thedi tor, not

to conputer amoumooamfmm amheoypt | BNSsap e deedr,, ORCe 1 0rggent S and one

to the auditgs t‘ggcg]%@n@!ﬁ nd 357 can inclyde the digital identity
of the individual wthin th etgégsntc’%z Whos&8heft &gd * vids ®9Bl ugged into the

agent's conplitereffeh date Fflén*'sla@tl on was nade- The method ends at step

358. Figure 3G i Irhushe@aioas shove £ QRPELES 3lsq1el egt rs%@bcféﬂ Yceh§RQTLS @

nul ti - hop- degl Ihls nethod is perforned after
omputer 1 issues an electronie deal tlcket 353 to an auditor.

The auditor is a trusted third rarty, e.g., an accountlng firm.
Ticket 253 has a plaintext portion and an encrypted poxtlon
The plaintext gives the ticket ID, and the time and date that

- the ticket 353 is generated. The encrypted portion states that
agent B bought ¥y for F, from agent S for settlement at T. Deal

~ ticket 353 is digitally sigmed by central computer 1 for |
authentication purposes, and encrypted by central computer 1 in
a way that the auditor can decrypt the message but central |
‘computer 1 cannot decrypt the message. This is done for
reasons of privacy, and can be accomplished by computer 1
encrypting the message using the public key of the auditor in a
scheme using public key cryptography. |

At step 354, computer 1 issues an *in" flow ticket 355 to

buyer B and to the auditor. Flow ticket 355 containe a
plaintext portion and an encrypted portion. The plaintext
gives the ticket ID, the time and date the ticket 355 is
‘generated, and the name of agent B. The encrypted portion
states that you, agent B, bought Fy, for Fo from counterparty s

- for settlement at T. Ticket 355 is digitally signed by
computer 1 and encrypted in-such a way that it may be decrypted
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mat ch has been made and can be done either in real tinme or in batch node.
Agents 1B and S do not know each other, as they know the i deqRiMAY20U5
just their nearest neighboring agents 2. The notation for this flowhart
is identical to that for Figure 35, except that Bis the ultinmate buyer of
L and Sis the ultimte seller of L. The nethod begins at step 361. At
step 3@&2, conputer | issues deal ticket 363 to the auditor. Ticket 363
contains a plaintext portion and an encrypted portion. Ticket 363 is

digitally sighed By £mpuge ncrypted only to the auditor. The
encrypted portj g,n gt at es %héa?é a%g(rg\%ig@%%gaﬁt et gﬁ’ocro“ﬁﬁf?‘? dm ag®nt S for
settl ement atdEIeRmS sEYPhtonttearewdse,f ahd ifloredgdnt BUbdd phe @i egd trades
in D the diragoliedrdeal fulfillnment graph, i.e., the type of graph that is
illustrated in Figure 11. In other words, the auditor knows every agent 2
in the chain. 47 45 S9RY 3865 compuserp dsavex empliver” IF1boakskéonsy he next

unprocessed aganer\f iahdgeapbhdd.aube98bP, OREX 10w | Lbitrar At step 365,
it is asked et.hgrxsuch an unprocessed ageniowvt %%tbg%% StHdS 2 1 not ,

the method stops at  sEep38% .20t 3 HRNEHBHET Postiges” The mddénteonp 370 i s
entered i nto.9iFer Ggenticket t10,S tROUS00R BXBNGNEShRESeLFy,of directed
edges 3 in Djahlche g%%gt%entmv as_either a source or destinatlon. .Each
edge 3 has an anount that 7€ GreaPsrRrgticRrgaksg tedsyehangent equal to

FL. Note that £nld Fuefdd iFoatd omuprenessyis door skidlgkhatdon, onliy;. 4 here

woul d not besg7nmpd Rghif.iness ints were not satisfied. At step 367,
it is asked whet her gge?]t igﬁtgﬁzg%l%ﬁ“%;tteé“ ST SRBTERTCN S desP. If "no",

control is p&ASERY T 626t e Hegaufitor,yagt tocompdler 5. passedidrersitep 371. At

Saop PP penTARiods el MBbapaaE Y ddedcng éﬂ% i‘ogg;tg%"t%glz%un iF%T‘O{ st ggssed

deal. If "no", c ltcgcgg i Jpa sed to step 369.
to step 372. At step 3593:,% COf%rBII.SJt etd ST oRel dsdentke ajentaly ifentainy
i nci dent al p&Ftthe padividuelheitilealthei agent 2 WA 8ABA SrgGRRtrol is then

Eg\sl ?ﬁg té.ge?l { 9@\19?979311 inthiGl \ésgﬂi jse%oxtngt?l;[ert Ql?ens utgeotf:rafngeacgggne wgs arount s
o m

ade. The method ends at step 358.
Figure 36 illustrates how computer 1 electronically
reports a multi-hop deal. This method is performed after the
. match has been made and can be done either in real time oxr in
-batch mode. Agents B and S do not know each other, ag they
know the identities of just_ their nearest neighboring agents 2.
The notation for this flowchart is identical to that for Figure
.35, except that B is the ultimate buyer of L and S is the
ultimate seller of 1.

The method begins at Step 361. At step 362, computer 1
issuves deal ticket 363 to the auditor. Ticket 363 contains a
plaintext portion and an encrypted portion. Ticket 363 is
-digitally signed by computer 1 and encrypted only ko the
auditor. The encrypted portion states that agent R bought Fy,
for Fo from agent § for settlement at T, and that the deal was
fulfilled by multiple direct trades in D, the directed deal
fulfillment graph, i.e., the type of graph that is illustrated

in Figure 11. In other words, the auditor knows every agent 2
in the chain.
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V as a source equals the sumof the edge anounts 3 having agent |V as a
destination. Suns are used because that agent 5 could have sqgagaly ffiges 3
in and out. Therefore, it is known that agent V has no net narket position
change. Control is then passed to step 376. At step 372, it is verified
that agent V is the source node 2 (as opposed to the destination node) of
all edges 3 in E,. In step 375, it is verified that edge 3 amounts in Ev
sumto FL, the net- ampbunt sold. Control is then passed to step 376. In

step 371, it is vegrified at__agent Ls th destination node 2 (as
opposed to the so%% c%ede%oaé?' O?OH%PPe]éggggOk%%ioﬁ B nerctspaprosegsedt s
verified thategesgeV Jiramyenk P nAGwinsumeto' Bk, athemet,  anurtepought .
Control is thegn;passed t, re conputer | _|ooks for_the next
18% ﬂetﬁéxe%uﬁlg?aﬁ]gwgr%cce(?ong @md

unprocessed edge in Ev COFrespo sunt * K tstefiR® 2R3 .
constitute anf Befe trsopetited Glars /Y stemBegccolhttirebdsbyr ds exdended to

48 12 NAY 20Q2geCosuY &7RaL YerXerSQUILE! P y i he, counterparty 2 to
agent V for that edge 3, Thee egre Sr}{%as fPf)OEhgégﬁéo‘;rfe%gﬁ%u%c{d%F?o%ere Fis

greater than SF2EHRFY &3¢ PRafvort cligarted eRues dhdnah whinil heve agent v

count er- anourls Eithid®s Boudd@rWissinkPeLE Wayld n t oSl gak the
trade- Again ext" in %{q .e@ 376 is 1.narbi trary. é%%ter%h%%%%lhg%%%séed to
[

step 382. At ’tgfgpl%gfeaf RsREP Rt Hee Shem or sexel urprocedlotd  edge 3
has been foundiat |¢hizovertidtatabnigrqeassetd £8r SiBRis8Htiod fon1¥eSthergont rol
is passed to 1 re tt.1s.asked whether agent Vis' the
destination r‘f%gg&)f%?%o?e}tﬂgﬁnsa%é: g%aé }hef'f’ congiraings, wgret gf F8piskiedkecut ed.
If "no", thefAtbyterefitiititons aslgehiwhvther thensouricetnodel 2mbos hjes edge 3,
and step 379gi §¢ t@eeaULed. EoRLLol ssed_t o st 376 after ejther of
step 379 or 380 is executed. At 'ste%t O?gc%&}rspsuet%erggls?eeppgfgs "in" flow
ticket 377 toYedgeC™obhedEangesahéo| eercaitency is flowing in to agent V.

Fl ow ticket 377 cankakpsies,pliai i exke®QHet 88y ARELANVENCT MR £ ; ALt on. The
pl aintext in Lg_pes the Eﬂeclégt I'D, the time and = date of issuance, and the
hanme of agen§ .%%ﬁ% enetryp %ﬁ If %no", control 1$ passed to step 369.
‘ If "yes", control is passed to step 372. - At step 369, computer
1 concludes that agent V is an incidental participant in the
deal, i.e., a middleman 5. Control is then passed to step 373,
.which verifies that the sum of the edge 3 ambﬁnts having agent
V as a source equals the sum of the edge amounts 3 having agent
-~V as a destinatien. Sums are used because that agent 5 could
have several eédges 3 in and out. Therefore, it is knmown that
agent V has no net market position change. Control is then
passed to step 376. At step 372, it is verified that agent V
is the source node 2 (as opposed to the destination node) of
all edges 3 in Ey. 1In step 375, it is verified that edge 3
amounts in Ey sum to Fi, the net amount sold. Coﬁﬁfol is then
passéd to step 376.
In step 371, it is verified that agent V is the
destination node 2 (as opposed to the source node) of all edges
3 in By. At step 374, it is verified that edge 3 amounts in Ly
sum to Fp, the net amount bought. Control is then passed to
step 376, where computer 1 looks for the next unprocessed edge
in By corresponding to account A. Steps 376-382 constitute an

edge. loop. Account A is any account held by or extended to
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portion states that you,, agent V, bought P of L for Ftimes P of Qfrom
counterparty X for settlement at T. In this case, counterparyy pay2dgsst
the i medi ate nei ghbor 2 to agent V, preserving anonymty. Ticket 377 is
digitally signed by conputer 1 and encrypted by conputer | only to agent V
and to the auditor, not to conputer 1. Two encryptions are performed, one
to agent V and one to the auditor. At step 379, conputer | generates an
"out" flowticket 378 to agent V. Ticket 378 contains a plaintext portion

and an encry ortion. The plaintext includes the ticket ID, the tine
and date of igéuﬁngtnc Tohd -t h%o‘ﬁgzﬁépﬁtlfageﬂ e vRENtemEryHtRdopageriton

states that ySuforagbat odgesdl d TheOtdde f0hak td ABS ol afBdR FOURLELPAr ty X
for settlenent at X is just the i medi ate nei ghbor

Teaiigal Qunt er par,
2 to agent V, pr.gs_g?w né:ﬂglrllo(ﬁyarlﬁr&t %‘ "’I:Itﬁi‘é?“t‘?rcl?éila‘%?‘%J Ty figi 2@l |y signed by
conput er 1 an#EdiEiyprewtby-oomput Briiheenty duheagesd, ¥hats wor14%el 2, MAY
2005 the audifero BAlat @Rt er J. .Two,encryptions are perfornmed, one
to agent V and )gng to the au |'tét§r'. %qaél?ét snej%& 9%757‘:,6%53631788 can incl ude
the digital i®EHTRYY . ofonkec) rigi vheluakswid hionsagerts22 whose smartcard was

plugge d_into thacagent ssaf erimsnalophen,ihe.t rs%%cglggpoﬁggf,gg%gdpjgfe”e 4

above descri pt%{on is included to illustrate the “ope

enbodi ments aA¥S & St PREAMOUNG - | Fhirett heonscopeiofpashed ity ehép g4 . The
scope of the Imveatiorontfol Asbpabdd 801U %sbY iR follQwing £l ai ms. From
t he above diﬁ%‘éﬁ Ji:oanengxagy. ‘variations wl e apparent to one skilled in
the art that wourd yet be eﬁc&ﬁﬁa SEABYLIMecdpi ¢ iftorahli s edpe 2., ofift he
present .inventyesti, Wieat step clsai i@ tesietured. 12£MAY20QBen GhAKREE: dici18,SYSt em
for facilitatijgrtyadi t items. fromthe, group of itens conprising
comodi ti es ar%%gfi ngti%cieg(la E\',(\Aicarji’]g%r%@r%n%s?%%%gass cg‘i‘égr%’c%’ﬁ‘?)ﬁtﬂ’nﬁ’: is

executed. Control is passed to step 376 after either of step

- 379 or 380 is executed.
7 At step 380, computer 1 reports an "in" flow ticket 377 to
agent V, because the lot currency is flowing in to agent V.
Flow ticket 377 contains a plaintext portion and an encrypted

_portion. ' The Plaintext includes the ticket ID, the time and
date of issuance, and the name of agent V. The encrypted
portion gtates that you, agent V, bought F of I+ for F times P
of Q from counterparty X for settlement .at T. iﬁ this case,
counterparty X is just the immediate neighbor 2 to agent V,
Preserving anonymity. Ticket 377 is digitally signed by
computer 1 and encrypted by computer 1 only to agent V and to
the auditor, not to computer 1. Two encryptions are performed,
one to agent V and ome to the auditor.

At step 379, computer 1 generates an "out" flow ticket 378
Lo agent V. Ticket 378 contains a rlaintext portion and an
encrypted portion. The plaintext includes the ticket ID, the
time and date of issuance, and the name of agent V. The
encrypted portion states that you, agent V, sold F of L. for F
times P of Q to counterparty X for settlement at T. Again,
counterparty X is just the immediate neighbor 2 to agent V,
preserving anonymity. Flow ticket 378 is digitally signed by
~computer 1 and encrypted by computer.l only to‘agent V and to
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at least two agents that want to trade the itens; a trading channel between
the two agents allowing for the execution of trades; flow |iRMGAYRIIE
traded itens and on any underlying ‘instruments to be exchanged upon
settlenment of the traded itens; and a central conputer coupled to the two
agents, said conputer adapted to convey to each agent current tradable bid
and offered prices and sizes subject to the agent's flow |imts. 2. The
systemof claim| wherein both agents are coupled to. the central conputer
when they are i . e_systemof claiml| wherein at |east one agent
is a credi t-t(—é% %ﬂa?ﬁ%éaggt?o FOPRESS st e AT SR HP T ORSWRE? distfotmeade are at
| east two . cPRAUITP- 29@dndi s agents tiaviangiteadi ng channels with a single
non- cr edi t - ext endipgaQ€ Th ysiemof.claim]| wherein there are at
| east two non- credi t%)g?g?lai%ng‘aggﬁti}%g\?fln]gnﬁlﬁlgai Ty chgdiel ddaptitya
singl e credi t¥ettenthHyidgehtwitiiar ajentsai dhevednbrexiandin @1uggant has
Jinstructed t hinteenke AlgebmPulan hhatuld, L. AeLTlssl bl ¢ Lo fave tuo
non-credit-extending agents perform trades via &3P B8 298t endi ng
agent. G The sysU&m38PVe|dsArdpiber disn inpbudato tnotklosedite taxt endi ng
agents do notogeaswei &N odVehd eelyadi hagnel tween them and the
credit-exten iiglgtq&??nt i el %?esorrp oféa?'?g tr%d%%eighgﬁﬁe S3Q5pERity to the
two non-credit-ext etidiPigh® et inventpan gy dhensodpec bdi thd inkenteica t her e
are at | east #woo ey ddnicekioand ng 3@ nbs1 hawyng; 4adi nlgrﬁ%lhgﬂgea{bsovw th a
single non-gigga_gs-i%?t epdiong_agent: and 51 12 MAY 2006 there are at | east
two non credit-extending agents tf‘i‘acéﬂsnﬁlH&Eﬁ REPR¥FANEP sOfi shittra! Sane
credit- exter‘F&Fn‘i}ftaﬁéﬁt,qumhetrmliehem@ﬁnﬂdngyagﬁngpm ah8siddict ed the
central conmpuetnd Rabsidt iSvention.

What is claimed is:
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perm ssible to have two non-credit-extending agents performtrades via
said credit-extending agent. S. The systemof claim!l mhereiqzqﬁgy
conputer updates the current tradable information after each trade
systemfor facilitating the trading ofitens fromthe group of itens
conprising comodities and financial instrunments, said system conprising:
a plurality of agents that wish to trade the itens, wherein each agent is
coupled to at |east one other agent via a trading channeli and a central
conputer that conveys to each agent current tradable bid and offered
prices and sizes subject to the agent'%ﬁffﬁding and flowlimts; wherein
there is at |east bnemosystreditbrerd@nding: RgePidid v@:@QLtfeﬁédJ{f&Q.‘Eﬁ@””e' S

with at | east C iL-_extending agents; and there is at |east one
conmonl y-coupréeﬁ Er(ge%iq;t-gmsexctoé“ﬁﬁf‘% g’ﬁf“’%?ﬁgantdr AémanFichannel s with at

| east two non-igstdinengxt esrdidngyagentcempwheiigi:n  sai d conmonl y- coupl ed

credit-extending agent , afeasitnggmguacte% t etcentral conputer that it is
pernissible to have at [east two non-credit- "& &RdFrRf'ea§Bmtideper f or m

trades via said ponmonkytraséugl @thrmeddbétecheridi Rgo agaits d0owlhE Sy St em of

claim| further conprisi pge a.,S8G0k uter coupled to the central
conputer, adapted to affi xedate an %%?%a%?sarrps on trade orders posted by

the agents. 11. The sy§t@mldRiks sinmthe hedeilnitans| @85 noaky agestlyiegnpri ses
-a conputer havnbgrientandabe aRMngali QL PLOGARN NG - ipterface (API),
wherein the APL_is co%}ol ed to the %gnt%n 5% f%%’g%foﬁge tcrc?%sgt er and
enabl es the agen‘f1 t8™rite custonized instructions to facilitate two-way

communi cati on between & henagahtccapdtéheoupd [cdl teO ML Shencl?- <€ System
of claim1l m@@ﬁﬁﬂe%rtgﬁaﬂ%ggnéoIé%n%egréghéaéh ageant current tradable bid

and offergd prices and sizes subject to the agent’s flow

r al
A

limits.

2. The system of claim 1 wherein both agents are coupled
to the central computer when they are trading.

3. The system of claim 1 wherein at least one agent is a
credit-extending agent.

4. The system of claim 1 vwherein there are at least two
-credit-extending agents baving trading channels with a single
non-credit-extending agent.

5. The system of claim 1 wherein there are at least two
-non-credit-extending agents having trading channels with a
;single credit-extending agent, wherein said credit-extending
agent has instructed the central computer that it is
permissible to have two nonFcredit—extending agents perform
‘trades via said credit-extending agent.

6. The system of claim 5 wherein the two non-credit-
extending agents do not have an available trading channel
between them, and the credit-extending agent yields some of its
trading channel capacity to the two non-credit-extending
agents.

7. The system of claim 1 wherein there are at least two
credit-extending agents having trading channels with a single

non-credit-extending agent; and
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extendi ng agent and the APl enables the agent to update the agent's
backof fice information. 13. The system of claim 11 wherein theaArhy %005
programmed to nmake and cancel orders. 14. The systemof claim 11l wherein
the APl receives and reformats the agent's current tradable bid and asked
information for any traded itens. 15. The system of claim 11l wherein the
APl sets trading limts. 16. The systemof claim 1l wherein the API
estimates how nuch it would cost the agent to |iquidate the agent's
position in a traded | ...The_systemof claim 11l wherein the APl is
programmed to esti rrat&eﬁet?r?ea%%eantt Hga %%W@n?oﬁrWFT%ngh%ﬁﬂeﬂw each
item being traded. 18. ThaVinwsteadiofy chaimalklwitier@kenside cARhid-S programred

to automatical ly execute-irades d;qqe A trading system conprising a
non-disjoi nted network of j Credii-extohdi nﬁgaé ST IR agent has

non-credi t - ext endi ng agetMEruchfdride) cemiral apepuachtipasiiti v i ntegers at

| east equal to two; whes&iilkk n re_connected via tradi ng channels;
and the agents are adagit5 ed tob?lrﬁg;g) %%reeﬁg%ﬂlg%qptcﬁggb?ﬁ&gen‘%ﬁnq t ems

conpri sing comuodi ties aRFHPNEMIAR tiasiser vbertasd seidd tsysteamibyr t her
conprising: a central cosgaser coupled to the agents, said conputer being
adapted to cal cul gte,Thf or each pair  of itens being traded,

t opol ogy- dependent ™ indi ¢YdUE Of r GHRifY LI Yhfuednf e esohralgeppud: A

non- di sj oi nt awdabtawdtte conpHitsingaab1e3idLoMA¥i 2005 ¢ ediyf rexfendi ng agent s

and k non-credit-gxtendi ents,...where | and k are each Positive
integers at | east equagw%ent‘ wo, ’Eap(fll}\rygf”ﬁ GPet Y pdiing idsmel Sraotbei ng t he

agents to e&FRUBt%eritewAerwionis ey oathdig iehanne s npes a1t
instruments, said system comprising:
a plurality of agents that wish to trade the items,
wherein each agent is coupled to at least one
other agent wia a trading channel; and
a central computer that conveys to each agent current
- tradable bid and offeéred prices and sizes subject
to the agent’s trading and flow limits; wherein

there is at least one non-credit-extending agent
having trading -channels with at least two credit-
extending agents; and

there ig at least one commonly—coupied credit-
extgnding agent having trading channels with at
least two non-credit-extending agents, wherein
said commonly-coupled credit-extending agent has
instructed the central computer that it is
permissible to have at least two non-credit-
extending agents perform trades via said commonly-
coupled credit-extending agent: .

- 10, The system of claim 1 further comprising a second
computer coupled to the central computer, adapted to affix date
and time stamps on trade orders posted by the agents.

11. 'The system of claim 1 wherein at least one agent
comprises a computer having a standard application programming

interface (API), wherein the API is coupled to the central
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the agents to trade itens fromthe group of itens conprising commodities
and financial instruments; and central conputer which, for qaqRapagosof
itens being traded, converts the network into a virtually cliqued
network. 21. The system of claim 19 wherein, after each trade, the central
conmputer re-conputes the trading limts, thereby changing the topol ogy of
the network. 22. The system of claim2l1 wherein changing the trading

limts for a given pair of itens forces a change in the trading limts for

at |east one ebiyfitehabha habi&MngSag e SYSLAM 0leGhaklh 19 Mcrel At he

1
central conputer presents a standardi zed application programm ng 1nterface
enabl i ng any &geittdtRhhEetvaheperenicatioffetypen dieofigaitapnd Ithenher ei n
each agent cospht:SaScommars. for displaying: said agent's current position
in each itemtraded; and said agent's currently available trading limts,
for all item pair<,  wihSyFsen ﬁ’%eﬂ}%&“é IheVititsdPi Hep 28gentis. a2srediite system
of claim19 weeteidingh&yaaentidltheORPLtehanL1BE ARl 8Sentf 05 BRAGRaGRNt, a
custom limt grd r, bgoh&% kin%_into account nulti-hop trading limts. 26.
The system of “&T&i M 19-WHEFEF mERE"XEA™al conputer renoves trading
channel s in instanges Mesgstenc bedelaixiendhdl@inagenhrhas RebgA-Rari zed

acting as an pnt | ar back-to- back trades. 54 12 MAY 2005 27. The
system of cl a{l; mﬂ%gg&%é(?ec}éﬁéﬁé)r radi ng limts are derived fromat |east one

specified input crfédi tThHe ayster of ¢heim g owlperefinsyiec AP athcenped cidedi t
limits comprisiftBesidOhgedd W Lorfale LoLadh@MBiq RARI 1,00 1M ts for
quoted itens, volune i mts for ot i tens, vol urre%g?mﬁse for quoted itens,
notional ~ postRiUHFLR tIeT #ut toAded viemfe |inmits, item pair position
_ 15. The system of claim 11 wherein the API sets trading
limits.

16. The system of claim 11 wherein the APT estimates how
much it would cost the agent to liquidate the agent's positicon
in a traded item. '

17. The system of claim 11 wherein the API is programmed
to estimate the agent's current profit/loss amount for each
item being traded.

18. The system of claim 11 wherein the API is programmed
to automatically execute trades.

19. A trading system comprising a non-disjointed network
of j credit-extending agents and k non-credit-extending agents,
where j and k are each positive integers at least equal to two;
wherein

the agents are comnected via trading channels; and

the agents are adapted to trade items from the group
of items comprising commodities and financial
instruments; said system further comprising:

a central computer coupled to the agents, said
computer being adapted to calculate, for each pair

. of items being traded, topology-dependent

- individual trading limits for each agent.

20. A non-disjointed network comprising:
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limts, and itempair volune limts. 28. The system of claim 27 wherein the
central conputer converts the specified input credit limts iynt idg
limts for each pair of items being traded, and places said t?a@ﬁ%mw
limts into customlimt order books for each agent, said customlimt
order books taking into account nulti-hop trades. 29. The systemof claim
19 wherein the trading limts take into account an input |lot item position
credit Timt specified by a credit-extending agent. 30- The system of
claim 19 wherein the t i 1j.m . take into account an input quoted item
position credit limt f%g%@% iéé(g%ém cre %:F-Eér}& gnﬂ?lh@f&&éﬁte.xtsm. irfhe
system of claim 19 wher e19¢0fHe Wheadi Ggahd it tase 8KE pbBLOIACEAMH AN | Nput
volume credit limt for & Ilggsﬁt%alsggcmoi_ed by a credit-extendi ng agent.
32. The systemof claim 19 wherein the trading limts take into account an
i nput vol ume credit |iFPtUurality gliotedlingt chamspasi ddwedihy he agents
credit-extendi ng agent. 33 ecadhetI¥st € .cl aj 9 .wherein the trading
limits take into account an input %oﬂ%%a giégﬁjﬁagﬁn r et ef? ALt
specified by a credit-exXtEnd?Hagentrady itehe st ehe afroopabmit8mwher ei n
the trading limts takeonptosaeCeditiodt iap Lopal; yglunme credit [imt
specified by a credit-extghdi nzg@;gent. 35. eT%]ﬁttlad gé%lg%aao *EF 5T WIS iwher ei n
the trading limts take ITnto account an input traded item position credit
limt . specified, by aaceetirelextmndieRgwBGaNt foo%eakd MM 20%+.356- The
system of claim 19 whergin #h:q:ah‘r:_-gdig limts take into account an input
traded itemvolume credit Timt . SpeciT &l py s ekedit i8keendi ng agent. 37.
The system of claim 19 Whaev&ldy alieredaechworiade between a buyi ng agent

and a selling agent, the seetfals SGQRUILL i.ssUes a deal ticket to an
auditor, an ipn flqw ticket to the buying wé‘&%%%‘}' gﬁae’éne Frdw theket to
the selling “agert ©oPuter re-computes’the trading limits, thereby

changing the topology of the network.
22. The system of claim 21 wherein changing the trading
limits for a given pair of items forces a change in the trading
- limits for at least one other pair of items.
23. The system of claim 19 wherein the central computer
Presents a standardized application programming interface
enabling any agent to connect thereto.

24. The system of claim 19 wherein each agent comprises

means for displaying:
sald agent's current pPosition in each item traded;
and
said agent's currently available trading limits, for
all item pairs, with its immediate neighboring'
agents. '

25. The system of claim 19 wherein the central computer
brepares, for each agent, a custom limit order book taking into
account multi-hop trading limits. |

26. The system of claim 19 wherein the central computer
removes trading chanpels in instances where a. credit-extending

agent has not authorized acting as an intermediary for back-to-
back trades.
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38. The system of claim 37 wherein: the trade is a nmulti-hop trade t here
is at least one intermediate agent situated in the flow betvwgsenhedysyi ng
agent and the selling agent; the buying agent and the selli ng agent are
unknown to each other; the deal ticket contains the identity of each
internedi ate agent; the in flow ticket contains the identity of just an

i mredi at e nei ghboring agent; and the out flow ticket contains the identity
of just an i medi ate nei ghboring agent. 39. The system of claim 37 wherein

each ticket is digitalrhy @sgﬂé&tdobkl%fi% §§Q$He%len§q{HeuE§£d1nﬁo3.mEQ§ system of
claim 37 wherej n,each ticket encrypt ed by the central Conputer. 41. The

system of cl aifF A WHEPE A tll‘?é‘SF °3% SREEL ipgut éﬁ@FiW)t]é&lF o roRetrIyi ng

agent and to gmeupusli tspecihidd naput Gretibe CoNtEatogRIBME hosfidionl NE system
of claim40 vvg ﬂs he 19ut, felmgw ticket ]Z‘I encrypted to the selling agent
and to the auditor. DBut Rot T8°" tHEEERPr ml&ﬁ'nﬁ‘ﬁﬁ GO9SR LEAMGRIRAE™ or an

agent to tradélth$t J"@rcd)qtntJe:rEpar tyolame Limind £om dulteegr ibms0fndtions:
conprising co iLl.es nei.al nstrume sai d net hod corrprl si ng:
56 12 NAY ZOOg@?ecert vﬁl?i( r or?tgg EEnt PR P%’r AR R PPF i 0r der  book
whi ch takes i At®itcandt ﬁmfl Pﬁlhop)lumeammgsl imts wth other agents

coupled to the cerakLCoRULRTor 8195 GOTYAL g?)hﬂ 92 erB: ?rc?mpughe central

conput er based wupon inforrmation contained In e Ccus order book.
44. A conput eFCREEP e lE coesAdfLed dreut radgidig bty antfplturladimq ylimftsagent s
itens fromthgogreuym phii BN c6WYisl Nraded, and places said trading

. limits into custom limit order books for each agent, said
custom limit order books taking into account multi-hop trades.

29. The system of claim 19 wherein the trading limits
take into account an input lot item position credit limit

- specified by a credit-extending agent.

30. The system of claim 19 wherein the trading liwmits

take into account an input guoted item position credit limit
+ specified by a credit-extending agent.

31. The system of claim 19 wherein the trading limits
take into account an input volume credit limit for a lot item
specified by a credit-extending agent.

32. The system of claim 19 wherein the trading limits

.. take into account an input volume credit limit for a quoted
item specified by a credit- -extending agent.

33. The system of claim 19 wherein the trading limits
take into account an input notional position credit liwmit
specified by a credit-extending agent.

34. The system of claim 19 wherein the trading limits
take into account an input notional volume credit limit
specified by a credit-extehding agent. .

35. The system of claim 19 wherein the trading limits

: _take into account an input traded item position credit 1imit

specified by a credit-extending agent.
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commodi ties and financial instrunents, said conputer conprising: neans for
converting specified input credit limts into a set of tradi WQJWIJ‘W‘ @05
coupled to the converting nmeans, nmeans for postulating the trading imts
as a set of nulti- hop trading limts; and coupled to the postul ating '
means, neans for comunicating the multi-hop trading limts to the agents
inthe formof a customlimt order book for each agent, taking into

account all of the specified input credit limts. 45. The conputer of

claim 44 wherein theg pogillati n [i.ses ans for applying a
maxi num f | ow al gorit hm 46S§ Agrgct)jrgp”g elﬁn ﬁgg@tﬁe&n rﬁaéb’hgprlgg‘? conput er
program instr iCoMBLP FACENAD| #thgrant dgededt thdr agéund ersdfy aamit he group

of itens conprdsichgi 6@ EE@&@@Q@A&%@CQ%M instrunents, said conputer
program instructions enabling said agent to performthe steps of:
recei ving from a céhtraiPcEuptRCLackaist df vharein, oxfter book twhdeh t akes

into account métiweedap buvhiadi fgocl Md S Weih,Qf RGE @9%%%&1%%&&9‘1 to the
central conput er . 1gnd comruni cating an order to t_ﬁe central cOnputer based
upon i nf or mat i AT diTTEGSi 7 493¢ EiREsntPian puddkeier abobk £167 LRkWAY 2005

47. A method by whé BuyengORgertsr ahacid bhat €5 E@éié&g,toamgeﬁﬂl@wa' ity of
agents, itens %Jégg]the group of itens conprising comodities and financi al
|

i nstrunents, S conputer performng the steps of: converting specified

input credit |imt38inttheasgaten of Cenpulenitzedihrading linits; graphing a
network conprising nodeg.repl£septing,,.a eorfjt $.,581 d nodes being connected
by paths representing the trading mts, !

_ there is at least one intermediate agent situated in

the flow between the buying agent and the selling
agent;

the buying agent and the selling agent are unknown to
each other:

the deal ticket contains the identity of each
intermediate agent;

the in flow ticket contains the identity of just an
immediate neighboring agent; and

the out flow ticket contains the identity of just an
immediate neighboring agent. |

35. The system of claim 37 wherein each ticket is
digitally signed by the central computer.

40. The system of claim 37 wherein each ticket is
encrypted by the central computer.

41. The system of claim 40 wherein the in flow ticket is
encrypted to the buying agent and to the auditor, but not to
the central computer.

42. The system of claim 40 wherein the out flow ticket is

- encrypted to the selling agent and to the auditor, but not to

- the central computer.

7 43. A method for an agent to trade with a counterparty an
item from the group of items comprising commodities ang

financial instruments, said method comprising:
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deriving fromthe graph a set of nmulti-hop trading limts between each
pair of agents; and comrunicating the nmulti-hop trading Iim t1? I@IﬂYt%Iﬂ)S
agents in the formof a customlimt order book for each agent, sai
customlimt order book taking into account the topology of the network.
48. The nethod of claim47 wherein the deriving step conprises applying a
maxi mum fl ow al gorithm 49. A first agent conputer adapted to trade with

ot her agent conputers items fromthe group of itens conprising

commodities and financi@bei RSk’ S i.d f.irst agent conputer
conprising: a display; an%i‘;o}isrggpfqg@ﬂ% on ag arEpitay, 2 SR i t or der
book showing; for each PFEPETdfookt eivkch babes timadeakcountl wilthopogd r adi ng
limts between said first:rag 1166 . e f sai.d .ot her agent
conputers. 50. The first a eﬁﬂt;tg corrpﬂgf)leﬁl%%f cl ai %?%bt% Faﬁlﬁagrgoc%‘r‘?pri sing an
appl i cation progranm ng icﬁgEﬁJaGQ.“P‘Stle.rr'Tﬁ@dfi rst agent conputer of claim 49

wherein the ~ mul ti - hopctwadiirgt iigrahSotake bt aggount Cv\ﬁpeu it ed input
credit limts. 52. The first agent conputer of claimb51 wherei n the
specified input credit |i“ﬁ?"r‘s”%%8ﬁf5?"i3§él SPrYedase Bhnéhe isttofer bimitt he gr oup
of limts conprising positdenHobrits for lot itens, positionlimts for
quoted itens, vol | j,m lot itens, 58 12 MAY 2005 volunme limts
for quoted itens, ulrri_igti%rr:la Bg%taldgﬁt?‘is %iot &CHgtrbR AT afdramEorE M-t s, traded
i tem posi tionPtEFRiiSy ahdgerteadenst mmw ohenpdupnbt SteRs. cotiphBL QA by which

a first agent céhadns v thOehel,.;a9e ' fromthe group of itens
conprising comodities and fi nngﬁc?a{nl&rlﬁsl{“%:%én%?& scgfnagtheé:t hod conpri si ng

said first ag&AtP™FeP¥orning the steps of: viewing a customlimit order
book showi ng, for eachmefpai Eobfcont@rBing0sPesiriadethpuiuliis;op; ifadi ng
into a set of trading limits;
coupled to the converting means, means for
postulating the trading limits as a set of multi-
hop trading limits; and -
coupled to the postulating means, means for
‘comqunicating the multi-~hop trading limits to the
agents in the form of a custom limit order book
for each agent, taking into account all of the
specified input credit limits.
45. The computer of claim 44 wherein-the postulating
- means comprises means for applying a maximum fléw algorithm.
46. A computer readable medium comprising computer
program instructions for enabling an agent to trade items fr&m
the group of items comprising commodities and financial
instruments, gaid computer program instructions eﬁabling said
agent to perform the steps of:
receiving from a central computer a custom limit
order book which takes into account multi-hop
trading limits with other agents coupled to the
central computer; and
communicating an order to the central computer based
- upon information contained in the custom limit

ordexr bhook.
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im en said first agent and each of said other agents; and

la;(tranchtsi l;St\gemaneuver fromt%e set of maneuvers conprising p: qglméggqb%ynger
to be considered by said other agents and taking an orderhp ace ?

of said other agents. 54. The nmethod of claim53 wherein the Zt ep 25 R
executing a maneuver conprises taking less than an entire _ort_er.s >
conput er readabl e medi um conprising conputer programi nstrucll i onI ror
enabling a central conputer to facilitate trading, anong a plurality

} |.Si iti fi nanci al
i f r omast he, . i commdi tjes. and
?ggtn£ 3rrelnt gmssai dmgo ?Jttg?@lgr@oﬂ% ggln&ig% %%@Pl{l!é%rs r%ﬁégﬁ%gessﬁﬁiim@e_nt ral

conputer to paFYHt i PHEFRtiEBsObgeabay diteinagtsmedhe | gxbupnpatiesedit |imts

into a set otomorputgriciedalcad Bbal 1 bsia 0" ARG A NELOTK Conpr i Si ng
nodes representiéﬁogm.a ents, said nodes being connected By p ion
representing the tr%‘tﬂgntg“el Fhf®%°tderiving fromthe graph a set of multi-hop

trading linmits bet mmrﬁaﬁhitrﬁisgegﬁj;&ie2&%%%9%9%9%33 e(‘):'nmgl %e 'et or der
g:‘)lo'f(' ‘PSP te_;gﬂl ggelnlt m ;Z‘i’ d%c?hﬂg?li) %eH traskiggr 1widie: taking i nto account the
t opol ogy of the networdaph®83 a network comprising nodes representing
agents, said nodes being connected by paths
representing the trading limits:
deriving from the graph a set of multi-hop trading
limits between each pair of agents; and
communicating the multi-hop trading limits to the
agents in the form of a custom limit order book

for each agent, said custom limit order book

taking into account the topology of the network.
48. The method of claim 47 wherein the deriving step

comprises applying a maximum flow algorithm.

49. A first agent computer adapted to trade with other

_.agent computers items from the group of items comprising
commodities and financial instruments, said first agent
computer comprising: !

a display; and
displayed on the display, a custom limit order book
showing, for each pair of items to be traded,
multi-hop trading limits between said first agent
. computer and each of said other agent cowputers.

50. The first agent computer of claim 49, further

comprising an application programming interface.

51. The first agent computer of claim 49 wherein the

mrlti-hop trading limits take into account specified input
credit limits.

52. The first agent computer of claim 51 wherein the

. specified input credit limits comprise at least one limit from

the group of limits comprising position limits for lot items,

position limits for guoted items, volume limits for lot items,
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volume limits for guoted items, notional position limits,

notional volume limits, traded item position limits, and traded

item volume limits.

53. A method by which a first agent trades with other
agents items from the group of items comprising commodities and
financial instruments, said method comprising said first agent
performing the steps of:

' viewing a custom limit order book showing, for each
pair of items to be traded, multi-hop trading
limits between said first agent and each of said
other agents; and

executing a maneuver from the set of maneuvers
comprising placing an order to be considered by
said other agents and taking an order placed by
one of said other agents.

54. The method of claim 53 wherein the step of executing
a maneuver comprises taking less than an entire order.

55. A computer readable medium comprising computer
program instructions for enabling a central computer to
facilitate trading, among a plurality of agents, items from the
group of items comprising commodities and financial
instruments, said computer program instructions enabling said
central computer to perform the steps of:

converting specified input credit limits into a set
of computerized trading limits;

graphing a network comprising nodes representing
agents, said nodes being comnnected by paths
representing the txrading limits;

deriving from the graph a set of multi-hop trading
limits between each pair of agents; and

communicating the multi-hop trading limits to the
agents in the form of a custom limit order book
for each agent, said custom limit order book

taking into account the topology of the network.
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