1 SYSTEM AND METHOD FOR REDUCI NG CURVE RI SK FI ELD OF THE

| NVENTI ON This invention relates generally to the trading of financial
instrunments and nore specifically to the trading of instrunents such as
bonds and reducing the curve risk generated when S5there is a ms-match in
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anot her is established practice to hedge each of
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20 It is desirable for a trader to be able to eliminate or reduce curve risk caused by maturity
date mismatches. Although systems are known which can address the problem, they are
not used in the bond markets. There is presently no standardised way of managing curve
risk in the bond markets and it is left to individual dealers to work out strategies for dealing
with curve risk. In other markets, one known system is the RESET system provided by

25 Reset Pte Limited of Singapore. This is a FRA trading system that uses a combination of
offset matching and hedging to reduce risk in the FRA (Forward Rate Agreement) markets.
However, When considering risk, the FRA markets only consider the notional rather than
the overall position. Moreover, the maturity terms of FRAs is short, being traded in
multiples of three months and rarely exceeding a year, whereas bonds may have maturity

30 dates many years in the future, potentially up to fifty years. It is therefore desirable to be

| able to reduce curve risk 'generated by a trader when conducting bond trades and to
provide a methodology and a system for implementing that methodology that improves on
the present practice of basis trades.



SUMVARY OF THE | NVENTI ON The invention ains to reduce the curve risk
generated by bond trades in which |ong and short positions do not have the
same nmaturity date. In a first aspect of the invention a 5 conputerised
bond hedgi ng system conprises a position store for receiving froma
plurality of dealers bond positions to be hedged. The bond positions

I ncl udi ng an identification of one or nore bonds, a neasure of the val ue of
each bond and an indication of a range of val ues of bonds with which the
dealer is willing for one or nore bonds in his position to be matched. A
mat chi ng engi ne executes a matching optim sation on the received positions
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15  each dealer for reducing curve risk generated by the matches identified by the matching

optimisation.

The indication of a range of values comprises a single indication for all bonds in the

position entered by the dealer. Alternatively, the indication of a range of values may

comprise an individual indication for each bond or groups of bonds in the position entered
20 by the dealer.

Preferably the value of the bonds is expressed as price value per basis point (PFVBP). The

indication of a range of values may be expressed as a percentage of PVBP.

Preferably the one or more hedge trades are futures trades. The futures trades may be
exchange traded contracts. The hedge trades may be bond trades, for example Cheapest

25  to Deliver (CTD) bonds. The hedge trades may have a maturity date before and after the
maturity date of the position to be hedged and the relative amount of each hedge trade
may calculated on the basis of maturity date or PVBP.

Preferably the matching optimisation performed by the matching engine calculates an
aggregate curve risk for each dealer generated by the matching process and the hedge
30 trades are calculated by the hedging calculation module on the aggregated curve risk.

Preferably, the matching engine executes the matching optimisation a plurality of times.



aggregate curve risk for each deal er generated by the matching process and
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20  hedged, the bond positions including an identification of one or more bonds, and a
measure of the value of each bond. A matching engine executes a matching optimisation
on the received positions from the plurality of traders to identify a series of matches
between positions entered by dealers, the matching optimisation matching buy positions
with sell positions and being based on the identification of the bonds and the value of the

25 bonds. A hedging calculation module calculates from the series a matches, one or more
hedge trades in a exchange tradable market for each dealer to reduce curve risk generated
by the matches identified by the matching optimisation.

The one or more hedge trades may be futures trades. The futures trades may be
exchange traded contracts. The hedge trades may be bond trades, for example Cheapest
30 to Deliver (CTD) bonds. The hedge trades may have a maturity date before and after the
maturity date of the position to be hedged and the relative amount of each hedge trade

may be calculated on the basis of maturity date or PVBP.



exchange traded contracts. The hedge trades may be bond trades, for exanple
Cheapest 30 to Deliver (CTD) bonds. The hedge trades may have a maturity
date before and after the maturity date of the position to be hedged and
the rel ative amount of each hedge trade may be cal cul ated on the basis of
maturity date or PVBP. 4 Enbodi nents of the invention have the advant age

t hat deal ers can execute hedge trades ih a manner that enables themto
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il lustrates the difference between maturity dates of two bonds; 10Figure 2
i |1 usPr af®¥eREIN 9P G8®%may be reduced in the trading of bonds with
different maturity; Figure 3 illustrates a deal er sheet |isting bond

posi ti ongR|PADEsERPTRIN WESHRAWIRGS! 0se; Figure 4 illustrates,
schematically, a trading system enbodying the invention; 15Figure 5

illustrates the effect of curve range in the matching of positions, given a
range of Enggediments of the invention will now be described, by way of example only, and with

reference to the accompanying drawings in which:
Figure 1 illustrates the difference between maturity dates of two bonds;

10 Figure 2 illustrates how curve risk may be reduced in the trading of bonds with
different maturity;

Figure 3 illustrates a dealer sheet listing bond positions that a dealer wishes to
close;

Figure 4 illustrates, schematically, a trading system embodying the invention;

15 Figure 5 illustrates the effect of curve range in the matching of positions, given a
range of 10%;

Figure 6 illustrates how a long and short bond positions can be hedged by three
" futures trades;

Figure 7 illustrates the hedging of a single bond by two weighted futures trades; and
20 Figure 8 is a table showing an example of netting hedges in the futures market;

Before describing an electronic system which matches and hedges bond positions, it is
useful to understand the nature of trading risk that bond traders wish to minimise.

Bond trading involves three primary risks: outright (or directional), credit {or issuer) and
curve risks. The outright risk is the trader's exposure to market variables; credit risk refers
25 to the risk of an issuer defaulting before a bond matures and curve risk refers to the risk of
an adverse shift in market rates which causes a flattening or steepening of the yield curve

resulting from changing yields among comparable bonds with different maturities. When



Figure 6 illustrates how a | ong and short bond positions can be hedged by
three futures trades; Figure 7 illustrates the hedging of a
single bond by two weighted futures trades; and 20Figure 8 is a table
showi ng an exanple of netting hedges in the futures market; Before
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Janugry 2016 and the closest maturity date that can be sold is 4 February 2016.

If we now assume that the German bond has a PVBP of 5.5 and the Italian bond has a
PVBP of 6.00, the total risk for 100m of the DBR for January 2006 is 55,000 (PVBP *

20  quantity/10,000). In order to méke the switch outright neutral, the BTPS for February 2016
position risk must also equai 55,000. The amount is therefore equal to 10,000 * risk/PVBT
giving 91.67m. Thus, 100 million of the DBR bond maturing on 4 January 2016 is equal to
91.67 million of the BTPS bond maturing on 4 February 20186.

The two bond maturities are mis-matched by one calendar month. This difference is the

25  curve risk of the trade. The dealer has created a credit or issuer risk intentionally, has not
created any outright risk, and has inadvertently created a curve risk. In order to negate this
curve risk, another bond must be sold which has a maturity shorter than that of the German
bond to equalise the curve risk. This is illustrated in Figure 2. Here, a second Italian bond
120 having a shorter maturity than the German bond is sold to equalise the curve risk. In

30 this example, for simplicity, the second short Italian bond is shown as having a maturity one
month shorter than the German bond so that each short bond is the same distance away
from the long bond.



If we now assune that the German bond has a PVBP of 5.5 and the Italian
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25 A future may be considered a theoretical bond that does not actually exist. it is also a
proxy for an actual bond at a given moment in the future. The proxy bond is called the
cheapest to deliver (CTD). When referring to the future, one can use either theoretical
bond parameters such as PVPB, maturity and issuer, or the CTD parameters.

A system embodying the invention will now be described. Figures 3 and 4 show aspects of
30 a system embodying the invention. Figure 3 shows a list of positions which a dealer
wishes to hedge and which is submitted to the system shown in Figure 4. The system
comprises a central matching engine 200 to which the traders A-E are connected. The



25A future may be considered a theoretical bond that does not actually
exist. It is also a proxy for an actual bond at a given nonent in the
future. The proxy bond is called the cheapest to deliver (CTD). Wen
referring to the future, one can use either theoretical bond paraneters
such as PVPB, maturity and issuer, or the CID paraneters. A system

enbodyi ng the invention will now be destribed. Figures 3 and 4 show aspects

of 30 a system enbodyi ng .the invention. ure 3 shows a |i i tions
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mat chi ng engine to be input manually into the nmatching engine on receipt.

Figure 3 shows a deal er sheet 300 on which the deal er enters the posi t| ons
that theyiaMeR SI'GWF & deaipishee?00hen wWhichdhe Agripeniprs the @psitiens that thry wish

spechfi edh irhd@SThOMatRfY drighte Wl PEFornf\8 rGRbt RcHIBE BmEE MR PRBIAL Bdis. TAd he
top left hand corner a run_identification area |lists the date of the run to

whi ch t hEapdsdaEeendTR @aﬂejg%%%@rthwt%iec%arﬁr ERIDR: @ rym ideRfificatign @readiii® fnent

bonds, ardtd lae th&!MNUBNGY WRlchMBHek 8bnde Féigte tddatidi Wit aRe drbdudsUiroTd &sasdhe
deal er and the bank that the dealer represents are also indicated.
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used18s &Behed§che fat idgriisation arears @ maket tefarerce area 329 WHeh Inplydesia 45tindhe
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date. 20 The price is listed next to the future. The three futures |isted
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Beneath the market reference instruments area is a profit and loss management and curve
25  range panel 340, the values of which are defined by the dealer. These will be described in

due course.

In the left hand main part of the display 350, a listing of bonds that the dealer wishes to
trade is given. In the present example, the listing contains all bonds which can be matched
in this market sector and the dealer enters the amount they wish to trade of any given bond
30 in a position column 360. The PVBP of each bond is shown in column 370 and the price in
column 380. The dealer's mark or target price is entered by the dealer in column 390.



30in a position colum 360. The PVBP of each bond is shown in colum 370
and the price in colum 380. The dealer's mark or target price is entered
by the dealer in colum 390. 8 On the right hand side of the display is
listed a dealer's strategic trades in a panel 410. This panel is divided
into two parts: Switches 420 and Butterflies 430. The bonds which are
listed in these sections are ones which®the deal er wishes to trade

together, that is they are |inked orders. A switch involves the bq%l ng of
one bond Qinthetright band isidg efrthasispiayris listed a deglgs siratggisdradisp inanpa
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ent er5 an daABU AeeD ROt WANtdO GoBwIale 9!YFeSS 89 BSthes rage And s the sysiemnull sither s
the ot heg,homd peih ;Sal?r@. d?aflé‘the.DBﬁ]e'Ss@% piel Idezﬂfﬂe% théf lfwo @sa&seéncs FHq%ﬁ‘QéS hret

t hen autorratlcally cal cul ates that anmount of : he DBR 5% 07 April
2011 bondeplsr focgietae ampupkoisysiepnly. AgHie %’é@l"bk“qwhﬁr‘?&"@a?féh@trﬁﬁndét it

trade is aﬂfb‘?r?d?lbélﬁ’fl &It RS Eh{&gntanéwéd%Qhé‘Sﬁfer 'b@n& h‘ﬁw EHé,‘ ﬁr§thof tﬁ@'sﬁntches
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mai n bodputongiisaky Fﬁcqlﬁﬁsﬁﬁbgmél"t‘th@fr 5§|7' a% qfﬁh? QE?% 5cf1’ %‘P\B‘i"l %qﬂwa‘?@ 'SThus
in the figflire8fto bBgolguUtterflies shown, the body is a 50,000 buy of RAGB 5%
15 July 2012 and the wings are sells of bonds havi ng a maturity date of 07
20 April 2012 and 31 Cctober 2012 respectively. The wings are risk weighted
50/ 50 i n Thecisalgamsy indicatetaatikesplit ade it acneptable by ehecking ashit 449 esdtpte, t he

deal er wig Mtcl‘?nﬁ'ﬁﬁs |ﬁci?gat@§'méflh}eo<§%allé}%r@@@’bétg@éb% Ak E\n?cﬁj@adeetrraose@rt@ﬂﬁ&eet

wi || cal cul'ate the anmounts o trades needed omthe PVPB) and in
t hi s 18asdut wheldweseftiritragercdene leaiftbs W@%éampﬁlﬁtﬁ% are | oaded into the
systemthey are verl fied again to ensure correct cal cul ations.
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the emai | exa ment'oned above, the positions spread sheet Is sent from
the systemto deal ers and the conpl eted spreadsheets returned by the
deal @bs. Phsfetdidy, data filed tnhley Ser deeders theetheiet isi trarerfiitedreie smolvin the ntatehing/ st em

the pOSI ¢ 'n%'?% éb%tﬁ wiiidh 9\% ;?8% to& ta?g a%ﬁ%ﬂ@élfyce%ltér)éd iftS He system and stored in
memory 220. This automatic loading will include a verification step in which a verification

module 230 forming part of the matching engine examines the data in the spreadsheet to

verify that it is entered in the correct places and in the correct formats. For example, the

30 conventions for expressing the volume of a bond vary from market to market and may be
expressed in multiples of one thousand. In Figure 3, the first position is listed as 25,000

which, under this convention, equates to a volume of 25,000,000. When the data has been

verified and loaded a validation module 240 forming part of the matching engine will

perform validation tests against stored criteria.



5 the spreadsheets and stored in the system Alternatively, positions may
be entered directly via a web page or through an Internet portal or through
a third party position holding system A dealer may send information to a
service provider through their bank's infrastructure. Arun wll typically
occur once every few weeks but wll depend on the instrunent. Initially,

10 the run seeks to match positions viaYa matchi ng nodul e 250 entered by
different traders which can_be netted off against the particip % Thus,
one. par tyt (i RIRIeAEAHBABp POR{ORH Bt iPLY EEcyy ViR o MPtCiD BROIAB Moliegmal
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In practice, the ampunts w |l oft sape and t he nmatchi n%fengl ne
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deal ers eatf4 fdrhkt knd@sid 1hers§;stehhmerwsﬁiah§laa@r@m wkitdcts aematiosmY Yroftin
t he mat chi ngpprocess and further refine the match as further |PtOSItlon are

ent er 8d. ihePRatecaNdyoredin A tisine Alieralively epositiogs MayPesritereddiggtinl e,

three or zurwl® page Ur BMRIGhUdh ileBBY BOIHAT oreingdiighh®Uhifd bty dobitién rhulamg
Buring this time, potential matched orders are nonitored, Duri E‘%II’ H%Pk'
a

optim saﬁyﬁtﬁﬁbro% I8 h@aketeOdi NEPTBREPHEC| DAGEVICR PEQMS) ‘6‘6%1%

at t enpt s igthstiQctigke as many mat ches as possi bl e bet ween opposite positions.
The optim sation algorithmis performed several tines conmenci ng when
traders have input position sheets and being rerun as further positions are
ent er ed. ATHE WP tYRigad R OP@H oA S¥e Hew Wesks but Wil ideppirssan Hiednsteinesit s Indiirdly,
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A run may take several hours to conplete. he optim sation process is

conpl et ed®MauRk of feksame Popd Ay grasiae. éﬂeeﬁf@%\”&!‘s@@ﬂ‘ et hsethentrae and the ur es
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figure 4. A hedge’is then performed. As the optim sation is outright

neut A&l , deAlere @NtRE theilgeositiang| the %t%‘@"%éﬂg'ﬂﬁlw'”ﬁéicﬁ%ﬁﬂvﬁanéﬂ‘ HsovEtching
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will be with a suitable market for the hedge instrunment. In practice, the

hedgi ng rfeaminRimaDpverchRRIAda for frkample Harasseniewr haureet ?\&?”l}tﬂtf’r\s&ye'bér

responsi RighthelrsdenaBigirGat DUSFRisirhS teriBEmaRheNedeROsSEmdHeradnd t he
hedges 10 to a third party which will then arrange for the creation and

execution of the necessary trades. Referring back to Figure 3, the dealer
may ent erDlﬁln@dh%@Pﬁﬁﬁgﬁoﬂ prgicess hefmalcing Gogive legrs %W@@&@H@étand'lﬂﬂe@%r ve
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whi ch a match nust I dentical for the optimsation process to match two
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possible matches and combinations of matches that can be made and reaches a final
stage in which the best combinations of matches are determined which net out as many

25 positions as possible. The matching process begins when two or more dealers have
entered positions and is run many times as new positions are entered. A run may take

several hours to complete.

Once the optimisation process is completed, the risk will be aggregated and expressed in
benchmark / futures equivalents. This task is performed by hedge calculation module 260
30 in figure 4. A hedge is then performed. As the optimisation is outright neutral, any curve
hedges will also be neutral. As menticned above, the hedge instrument may not be a
future and, in that case, the communication will be with a suitable market for the hedge
instrument. In practice, the hedging module may not communicate with the market directly
but may be responsible for communicating details of the matched positions and the hedges



The curve range process is inplenented prior to execution of the matching
and optim sation algorithmby the matching engine. As is clear fromFigure
3, dealers' positions 10 are |loaded into the system using the PVBP of each
bond and t he deal er provided curve range, which will be the sane for al
bonds in their position. Fromthis information the matching engine can

cal cul ate pairs of possible trades. Alfg}natively I ndi vi dual curve ranges
may be speC|f|ed for individual bonds or grouPs of bonds. Fiqure 5 shows an
exanpl e iR WRIrdPaRYMRiFRe with thencafancgdor the, Freatiom Age e ECULin, of 387 SeaRTsans

t hree bonggesbond 1 has a PVBP of 4. The curve range for that bond will be
10% either side of that PVBP;, that is 3.6 - 4.4. Thus, the bond can be

mat ched with opposite positioned bonds having a PVBP (or PVBP Ran
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Figure 5 shows an example in which a dealer has entered a curve range of 10%. Consider
15  three bonds: bond 1 has a PVBP of 4. The curve range for that bond will be 10% either
side of that PVBP, that is 3.6 — 4.4. Thus, the bond can be matched with opposite
positioned bonds having a PVBP {(or PVBP Range overlap) of between 3.6 — 4.4. Thus the
curve range is an expression of the amount of mismatch, here expressed in terms of PVBP

that the dealer is prepared to accept in order to achieve a match.

20 Bond 2 has a PVBP of 4.5 and therefore has a range 4.05 — 4.95. Bond 3 has a PVBP of 5
and a range of 4.5 - 5.5. In this example, the three bonds have been input by different
dealers all of whom are using the same parameter although this could be the same dealer.

Figure 5 shows the three bonds and their PVBP and the curve range for the three bonds. It
can be seen that bonds 1 and bonds 2 overlap and that bonds 2 and 3 also overlap. Thus,
25 the matching engine can make possible pairings, or potential deals, between bond 1 and

bond 2 and bond 2 and bond 3 as the pairs have a part of their range in common.

These pairings are conditional as bond 2 can only be used to the maximum position, or
amount provided. Thus, there may be a partial trading of both pairs totalling the maximum
amount of bond 2 provided by the submitting trader. Alternatively, the maximum amount
30  may be traded in one of the pairings such that the other pairing is no longer available. If

the full volume of bond 2 is not traded in one of the pairings, the remainder is available for



11 the other pair. Thus, for any particular bond, the match may be with
nore than one other position up to the nmaxi mum of the bond. Thus, each
position has a PVBP band created using the bond' s PVBP and the curve range
provi ded by the dealer. In the exanple shown the curve range provided by
the dealer is 5 the same for all bonds in the portfolio. However, this
need not be the case and individual curMe ranges may be submtted for a

gi ven bond ore?ro,ups of bonds. This band defi nes which_other bonds can be
used to Hegigler pairpdbysifemanRarigUlarRangnthednatshimavns With &9re i enet ghethe

syst em t @ogiEbk ub & Metrhdifommi Jue el t for all dealers. It has the
advant age of ensuring that the curve risk is not greater than the dealer

had antici pated. 10Thus, the nunber of possible matches found by the
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Range may specified by the dealer, and the Curve Range applied to one bond,

be itnth : : o .
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t he CurveuRengsegesthabale isputd the idealerowith tRERSitiongs Fobthewagsafs e,

Bond 1, V] ' f %0 [ L

nedged’ i PR s aicfingngtel Wi ot e ESE o L Viich BB bletisiihad
4. 2. Bondhe aplimisaiom grecessesiedksr taadetehminep titee bestapossitiel eset cofematahgs athatange
f 3.78 - 4 t "

et wen MnHes B ndrter 3t BECS O tRfcRrag 6 MR, TEfe el ey

opt i APsatth®andhaikthealde pl ace and the risk aggregated and expressed in
Benchmar k/ Fut ures equi val ent, the curve hedgi ng process takes place. This

is explai i fer to _Fjiaur 6 e FL QUL ill rates a
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PVBP fall within the range, say 4.2. :

20 A single Curve Range may specified by the dealer, and the Curve Range applied to one
bond, be it the Longer or Shorter maturity bond or Higher/Lower PVBP bond, to ascertain a
range that can then be used to identify another bond. This, if the Curve Range is applied
only the lower PVBP bonds, by way of example, Bond 1, has a PVBP of 4, with a Curve
Range of 10%. That position can be hedged with a bond within that range, say Bond 2

25  which has a PVBP of 4.2. Bond 2 can then be used for another potential trade, creating a
range of 3.78 - 4.62, but the other bond would have to have a absolute PVBP between 4.2
—4.62. with Bond 2 being the shorter maturity bond.

Once the optimisation has take place and the risk aggregated and expressed in
Benchmark/Futures equivalent, the curve hedging process takes place. This is explained
30  with reference to Figures 6 and 7. Figure 6 illustrates a long bond A which is matched with
a short bond B having a different maturity date. The two bond trades are expressed as

netted 2 year, 5 year and 10 year risk points. In order to eliminate the resultant curve risk



fromthe two bond trades, the three trades shown in green need to be
performed. These are all futures trades and are outright neutral as the two
bond trades are also outright neutral. For each bond there will be a
futures trade both before and after the maturity date. However, the two
trades between the dates of the bond c%% be aggregated into a single
S5trade. |If there is no curve range in te run, there may be potential only
to do on d trade that hedged wi th one or nore futures as wn in
i gur e 7 o fiEdio Hong B oasy B AR iposs ShAgh &1 Pisel eed s B arnaned nihaksnd
and f uL u ?ee rmtfgﬁure%xtlagdélsy?mdhrfbuﬂngm ﬁémﬁ.tl @6 thYBo Monetratdst a/rteteﬁwautn@ﬁﬁhe
curve he cal cul a after e matc on takes
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posi t Pon rade possi bl e regardl ess of the curve inpact. |If a deal er chooses
not to specify a curve range, the raw position data only is passed to the
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with dif fae&fé‘@ %25%’6%1 gt%fltggbga Tafrv%]'réngﬁeconagﬁ/ pdsttioft d]agé)orqg(i’s PRe83) the

(i ndicated a 100 pur chase and
t he tlAi r@nslnsdom@cem pEaah entlal thads igdaroken q*ﬁéfﬂgletoa@abef@hmtaﬁe gquivatents ade,

two bencRymaK dof fdGRsed rﬂhﬂ%é&ﬂe@h@n&oﬂﬂﬂﬁérﬁg B a"f‘e %%H@HQ tr%l&@s%vﬁuéfﬂ bk

benchmark, these are trades either side o
simlarl )ﬁyStﬁﬁ‘eC@'@ﬁ,@fﬁ%ﬂ nﬂqsé@gltahge Hed@eae H?e &umena@,d 80%) Pfﬁ?faf@élw ’frl?eamP$tr|§1Uld

benchmar l?ns%nu‘ijné?‘ut%ﬁ‘ﬂ'r%t aaﬂcméﬁ%dldmnﬁe SEAANSHIARAPOAR & dipthyeloh tihs & hrnd

trade i s hedged by a m nus trade in the second benchmark and a m nus
300 tradé’oifﬁs thaésfncmwmb&ﬁdwhﬁﬁom thempgientiseadenr ee benchmark trades may be
netted to provide a 13 mnus 800 requirenent in the first benchmark, a
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25 An example of the curve hedging process is shown in Figure 8. In the first column 400 are
shown three trades all in DBR bonds with different maturity dates. The first trade, is a
100,000,000 sale (indicated by the negative sign); the second is a 100,000,000 purchase
and the third a 50,000,000 purchase. In order fo hedge against the first frade, two
benchmark trades of plus 500 are conducted in a second and a third benchmark, these are

30  buy trades either side of the Jan 18 date similarly, the second trade is hedged by a minus
800 trade in a first benchmark and a minus 200 trade in a second benchmark and the third
bond trade is hedged by a minus 100 trade in the second benchmark and a minus 300

trade in the third benchmark. Thus, the three benchmark trades may be netted to provide a



executed against it. As nentioned above, the weightings of the futures may
ei ther be based on PVBP or maturity date. The weightings are used to
apportion the Principal to the 10corresponding future. Wth the
appropriately weighted principal anobunts known, the anmobunt to be hedged can
be converted into a nunber of futures cgntracts. In one preferred

enbodi nent, the system cal cul ates the et ches and the netted hedges but is
not respon5|ble for their execution. The sy stentn%i send detalls of the

trades rdd0vs 880trEaWremgnt dn 388 tirste Benchmags. | 3 MhisndOL xeauemsnt & theseeehies .
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it causes the trades to be In the case Ofﬂ'ﬁréﬁ e trades
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counter) mar ket . As di scussed above, the atlon rocess run
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essent i alinfbfiddtioAJrdviddd By thb Sy$tBinC ihBAraaBS hslySt be Bxédutdd by the f@@stewttself
hedgi ng and netting is al so cal cul ated. Subsequent runs may build on the

results of previous runs, but it is preferred that each run discards the

previ ous Iv wilube seen oy thet apoyg Aliscusgondhatraass hand rasdiseeyill draveHworfeyes

mat ches RgbagedRd8inst it. M herabhed he&% iR WRRHARG &f wt@uréesrﬁé Bekkrase
possi ble and w I [" occur to those skilled 25in the art w thout departing

from t he bagepen GVBP matydtydatin The weighiinasere Herr torprpraionghe Bneipalde fens.
14 Chdl Morrdspdhdf@MRIKGE! | §Rfh BRNAphlopHARY FEPhRA BEBASH SAslints known, the

amount to be hedged can be converted into a number of futures contracts.

In one preferred embodiment, the system calculates the matches and the netted hedges
but is not responsible for their execution. The system may send details of the trades
required to a third party for creation and execution of the trades. Alternatively, the system
15  may be responsible for execution in which case it causes the trades to be performed. In
the case of the hedge trades, where the hedge is a future, the trade must be made on an
exchange. Where the hedge is a bond, the trade may be performed in an OTC (over the

counter) market.

As discussed above, the optimisation process is run may times as new positions are added

20 by traders. Itis preferred, but not essential that each time the matching optimisation is run,
the curve hedging and netting is also calculated. Subsequent runs may build on the results
of previous runs, but it is preferred that each run discards the previous results and starts
again to maximise the chances of the best matches being made.

Many variations to the embodiments described are possible and will occur to those skilled
25 in the art without departing from the scope of the invention which is defined in the following

claims.



a position store for receiving froma plurality of deal ers bond positions
to be traded, 5 the bond positions including an identification of one or
nore bonds, a neasure of the value of each bond and an indication of a
range of values of bonds with which the dealer is willing for one or nore
bonds in his position to be matched,; a mat chi ng engi ne for executing
a matching optim sation on the received4positions fromthe plurality of
traders to identify a series of natches between positions entered by 10
deal ers, the matching optim sation matching buy positions with sel
posi ti on§'@M8 bei ng based on the identification of the bonds, the value of
the bonds and the expressed range of values within which each party to the

match iswlli AT s P a hedgi ng
cal cul at i1bn n@gﬁi’ﬁﬂeﬁ@ggmﬁ%@ﬁ%%ﬁﬁgﬂ@ rrg'tched positions, one or nore

hedges in a hedge instrunment for reducing curve risk generated by the
mat ched 15posiatposition sta?e fok regeitiegriramc pldrality ¢falealess horld peditiansito be Haded,

i ndi cat i ) | . . o . ; bond
e pdk SondpBAS uflol® ERGRARETGrork e dobdl Bbudie LPhsUglue 710
wher ei n headhbbinclanidem iodicationarigerande ofalalies of bopds wigswhich theddiealeniawilling

i ndi cati f A h iti d 20b
the doal & orepr TS pBRn B A3 BE BT \ner6in the value of the

bonds is expressed as price value per basis point (PVBP). 5. A system
accordi ng to el matehidg enbipedbnetdeatingdintatthing opfimBati@nge tref recaivee positons

expressed as,a percentage of PVYBP. 256. A syst accaording t.o clai.m
wher oi n TR HEAETa FiAem: orgriifna s o M erayeet patife’ SFie s
15 80 Adeyketenhacenching gpliraisatiei malchihboeipositibres vitld gell ipositiongrant Hedrg t he
hedge tr%des S bc1gdst -

ased on the identification of the bonds, the value of the bonds and the expressed range of

values within which each party to the match is willing for bonds to be matched; and

a hedging calculation module for calculating from the matched positions, one or
more hedges in a hedge instrument for reducing curve risk generated by the matched
15  positions.

2. A system according to claim 1, wherein the indication of a range of values
comprises a single indication for all bonds in the position entered by the dealer.

3. A system according to claim 1, wherein the indication of a range of values
comprises an individual indication for each bond or groups of bonds in the position entered
20 by the dealer.

4, A system according to claim 1, wherein the value of the bonds is expressed as price
value per basis point (PVBP).

5. A system according to claim 4, wherein the indication of a range of values is

expressed as a percentage of PVBP.

25 6. A system according to claim 1 wherein the hedge instrument for the one or more
hedge trades is futures.

7. A system according to claim 6, wherein the futures trades are exchange traded
contracts.



9. A systemaccording to claim1, wherein the hedge trades have a maturity
date before and after the maturity date of the position to be hedged and
the rel ative anmount of 5each hedge trade is cal cul ated on the basis of
maturity date. 10. A systemaccording to claim1l, wherein the hedge trades
have a maturity date before and after the maturity date of the position to
be hedged and the relative anount of edch hedge trade is calculated on the

basis of PVBP., 11. A system ccordln to claim 1, wher t he, mat chi ng
optt i safh on APRETHAAIINS RS et s Redge s el e ok thes SR Sggre Bt o
curve ri $enfir each deal er generated by the matching process and the hedge

trades are cal cul ated by the hedging cal cul ati on nodul e on the aggregated

curve risk. 12. A systemaccording to claim1, wherein the matchi ng engi ne
execut es % he HaSYSRMARGHNING M Ta Wiemsialthe Jiegge trades haye esmatuis date

accor di Ngefde ‘éh&'aﬁbrltheVH?&DﬁEyrHaft@Sf {h%%s}fréﬁl t@%@%e@ﬁé& Tah@'ﬂ'ﬁe teRfivE @phorht beast
one linked order having a pluralit egs and e matching engine is

ar r anged egeh figdasitrade '36?|CW6W€ qyftheégm{sg@@atunty dafe. A system according to
claim 13, wherein the matching engine is arranged to natch |less than all

| egs of qgl ' mﬂeg%s%rqeéccbﬁd:d td Slalel a.'rﬁ'!e‘?elhothg%ﬁpeq ddeﬁnﬁvéeﬂ%aﬂ}gﬁbgﬁ

recei ved Z0bond position dicates that a parti a I's acceptable to
t he deal defore and Fitentheysaturity stst® pHiihggrasition Itmbmf@ggemﬁe@ Hienrefative Iaimﬂ@étjof

order's ok hafuWhddDescuaiectnbraysbppygeeoTding to olalm i3, wnerein

the 1ink orders conprise utter I es. A system according to claim1,
wherei n the hedgi ng execution nodul e executes a pair of hedge trades for
each exeddted Pnatstﬂmdccpmdihg it@nlain?;'o,l@hdxe'mytheanatehim:g)optimigaﬁam Efarmed by theer ei n

t he dgi F‘R?H ¢ i
net H dgln?nagcrﬁéice% %geac%gﬁggﬁi%fwgﬁed 'l%lgg% ? %%Q}r égr&?qrgﬂgg%fﬁ e | n
t he ext emmatthingapkekss and the hedge trades are calculated by the hedging calculation modufe

on the aggregated curve risk.

12 A system according o claim 1, wherein the matching engine executes the matching
optimisation a plurality of times.

15 13 A system according to claim 1, wherein the received bond positions include at least
one linked order having a plurality of legs and the matching engine is arranged to match all
or none of the legs.

14. A system according to claim 13, wherein the matching engine is arranged to match
less than all legs of a linked order if it is not able to match ail the legs and the received
20  bond position indicates that a partial match is acceptable to the dealer.

15. A system according to claim 13, wherein the linked orders comprise switches.
16. A system according to claim 13, wherein the linked orders comprise butterflies.

17. A system according to claim 1, wherein the hedging execution module executes a

pair of hedge trades for each executed matched position.

25 18. A system according to claim 1, wherein the hedging execution module includes a
netting module which calculates a net hedging requirement for each dealer and executes

the required hedge in the external market.



16 19. A conmputerised trading systemfor hedging a position in one or nore
financial instrunments conprising: - a position store for receiving
froma plurality of dealers positions in the financial instrunent to be
traded, the positions including an identification of one or nore financial
5 instrunents, a neasure of the value of each financial instrunent and an
i ndi cation of a range of val ues of couﬂperparty financial instrunments with
which the dealer is willing for one gr nore financgjal, instrunments in his
posi tion 'Po bé FETEHEHsehHgding systemy, ferofedaing AsRAsition: IBnPify OB MR dingpeial
retrievi ngtiihRntednirgingPosi tions fromthe store and executing a matching
optim sation on the received positions fromthe plurality of 10 traders to
identify a series of matches between positions entered by deal ers, the

mat chi ng opt i @i Beafjcsnstas tohiraepivdag fioas iﬂtnlléj’ﬁ%tYfQ‘fcﬂ%@é%lIP@ﬂgO% inhthg dinancial
POSI t | ONSnckd,RENF BY1BE 12884 | o 4RRKBRS iRilidiltPab AnfneioR T oAb rfisre!fiahdal

conprising the 1dentification o frnancial Instruments, the val ue of

t he fPnarstrimentss ar weesure e vaklecsfash finaneiahigstrgmentaansean Jadiation whiach
each par iyndefortiRieddt Eburisrplit) fibdhbidi RistDRBAS ik RcHTRCREb: sl aRRgAusHE em
accordi ng ?gtc?o?:l.aﬁlr% 19, vdnepgflt_% I_tﬂgli.eggr:ir ng cal cul-ati on modul e carcul ates

t he hedge@r Mok Brancisy instraments i histipogitian & bematdhedandl s of an aggregated ri sk
position for the dealer after the matching optimsation. 21. A conputerised

bond tradi i silog: . . Qs Lt : Vi
From a pi ural oo HOGRERhELAAG enaine for retisfif o bpalrs? hESifors Yok B
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val ue of instransoted he \atiee of the finangich ésylmgnisaindiha exmesseddangs sforiueaivdthlnat i ng
fromthe mﬁw‘?&}-{(@a%h%aﬂ?tgggﬁﬁga@ﬂ% Mﬂin&%rgagb%wﬁém%faﬂgg;s in a exchange

t radabl e mar ket for ealer to're e curve risk generated by the
mat ches identified by the nmatching optim sation. 17
15 20. A system according to claim 19, wherein the hedging calculation module calculates

the hedge trades required by each dealer on the basis of an aggregated risk position for
the dealer after the matching optimisation.

21. A computerised bond trading system comprising:

a position store for receiving from a plurality of dealers bond positions to be traded,
20 the bond positions including an identification of one or more bonds, and a measure of the

value of each bond:

a matching engine for executing a matching optimisation on the received positions
from the plurality of traders to identify a series of matches between positions entered by
dealers, the matching optimisation matching buy positions with sell positions and being

25  based on the identification of the bonds and the value of the bonds; and

a hedging calculation module for calculating from the series a matches, one or more
futures trades in a exchange tradable market for each dealer fo reduce curve risk
generated by the matches identified by the matching optimisation.



22. A system according to claim2l1l, wherein the hedging cal cul ati on nodul e
cal cul ates the hedge trades required by each dealer on the basis of an
aggregated risk position for the dealer after the matching optim sation.

23. A conputerised bond tradi ng nmethod conprising: 5receiving at a
conputeri sed matching system froma plurality of deal ers, bond positions
to be traded, the bond positions includﬁng an identification of one or nore
bonds, a_neasure of the value of each bond and an indication of a range of

val ues of2bondsSYRahacEarding thelageal evhsreinghe hedging srlcyatierunode salclAS i n

hi's posi theORedde PRITBLEIRE bESEGUEEANEr G tHeBasidBPA a?grégﬁlteamsﬁ tHoBElos Y&it em a
mat chi ng opti m sation e 10 positions received fromthe plurality of

on th _
traders th§ {&psTale]the naglehing oBiMisgi¥hes bet ween positions entered by
deal ers, the matching optim sation matching buy positions with sell

posi ti ongzand AimiditdtRe8 hoRA trhliRg ntl8Ndd Edrs@isirgn of the bonds, the val ue of

the bonds and t he expressed range of values wthin which each party to the
match is willing for bonds to be matched; and 15cal cul ating at a hedge

cal cubati ng neehsiving ait ancarhputeraedeatehingt systam, oo amiurality diatéglers, reaids f or
each deal.gL.. r dt'r'&% g 54 e : Snpl ty-fhed by
t he mat cﬁ?%'td&%{) Cih SR epb%h%%%ﬁ.d’d&ﬁﬁg?ﬁ{ggfdg@c%r @fg?\tgi&tg %@%ﬁ%% ,&\%mdgfrng?‘n t he
i ndi cat i @amedsuse pathgevabfe afagh Dood @pdiapardieativinmmylaeranaeliot waluemoft kanda Mithbonds

in the p%ﬁéh@tﬂ&d&&%ﬁ&%m?g}’fotrBﬁe de Rl e%nﬁg%?hé g&@ftiﬁﬁ% Bé?Fra%{éﬂ%E;g to claim23,

wherein the indication ofa range o ues conprises an 1 ndrvidual
i ndi cation for each bond or groups of bonds in the position entered by the
deal er. 26. A meédubidg aat dbe diongputavised anaiciRiBy sybterme arméatobing adplienisstion e thends
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per cent agesitibnsPofiBred by dealers, the matching optimisation matching buy positions with sell
positions and being based on the identification of the bonds, the value of the bonds and the
expressed range of values within which each party {o the match is willing for bonds to be
matched; and

15 calculating at a hedge calculating module, from the series a matches, one or more
hedge trades for each dealer for reducing curve risk generated by the matches identified by
the matching optimisation.

24. A method according to claim 23, wherein the indication of a range of values

comprises a single indication for all bonds in the position entered by the dealer.

20 25. A method according to claim 23, wherein the indication of a range of values
comprises an individual indication for each bond or groups of bonds in the position entered
by the dealer.

26. A method according to claim 23, wherein the value of the bonds is expressed as
price value per basis point (FVBP).

25 27. A method according to claim 26, wherein the indication of a range of values is

expressed as a percentage of PVBP.

28. A method according to claim 23, wherein the one or more hedge trades are futures
trades.



18 29. A nmethod according to claim28, wherein the futures trades are
exchange traded contracts. 30. A nethod according to claim 23, wherein the
hedge trades are bond trades. 31. A nethod according to claim 23, wherein
t he hedge trades have a maturity date 5before and after the maturity date
of the position to be hedged and the reI ative amobunt of each hedge trade is

cal cul ated on the baS| s of maturity dat'® 32. A nethod accordi ng to claim
23, wherejn rkg etrcﬁles hveg urjt te befé)re and fter t
mat urity “dat e NP ¢8iMeSnwheeln W UWH%SV A R d each

hedge tr@dﬁtracﬁs,cal cul at ed on the basis of PVBP. 1033. A method according to
claim 23, wherein the matching optim sation perforned by the matching
engi ne cal cul ates an aggregate curve risk for each deal er generated by the

mat chi ng 3r ocAsmetivd acrHediRg dg elaim ddexhareia thahedacdiasdes Bye bored rdesi ng

cal cul ation rmdul e on the aggregat ed curve risk. 34. A method according to

claim 23% A Conput e%,f&ggdé'ﬁq ﬂ?z@aﬁxﬁgﬁﬁ}?tr@o édé;‘est?éde%rha%ejéma‘tﬁ fb!rr]idééé of

times. I'ng net gi ng a position one or
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mat chi ng e%XﬁhS%@ee tfréd%”‘sgalﬂhlﬁfe%'dntt}ﬂe‘BEsug%ﬁhq%fLﬁndy gqsitions in the financial

instrunent to ositions I nc Ing an identification of one
or 20 nore financial instrunments, a neasure of the value of each financi al
i nstrunmed. and mthaddamtdir@tcotlam 12&nghein thel bexigeotradssuraver paratyrity idatenci al
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i nstruments
corrputermaeblhadgmﬁmdagseatgu!a&daonﬁh&bbsmgf BpBPmM sati on on the received
positions fromthe plurality of traders to identify a series of matches
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34. A method according to claim 23, comprising executing the matching optimisation a

15  plurality of times.

35. A computerised trading method for hedging a position in one or more financial

instruments comprising:

receiving at a computerised matching system, from a plurality of dealers, positions

in the financial instrument to be traded, the positions including an identification of one or

20 more financial instruments, a measure of the value of each financial instrument and an

indication of a range of values of counterparty financial instruments with which the dealer is
willing for one or more financial instruments in his position to be matched;

executing by a computerised matching engine a matching optimisation on the

received positions from the plurality of traders to identify a series of matches between

25 positions entered by dealers, the matching optimisation matching buy positions from

dealers with sell positions from counterparty dealers on the basis of matching criteria

comprising the identification of the financial instruments, the value of the financial

instruments and the expressed range of values within which each party fo the match is
willing for bonds to be matched; and



19 cal cul ating by a hedging cal cul ati on nodule fromthe series of
mat ches, one or nore hedge trades for each dealer for reducing curve risk
generated by the matches identified by the matching optimsation. 36. A
met hod according to claim35, wherein the hedge trades required by each
deal er 5are cal cul ated on the basis of gn aggregated risk position for the
deal er after the matching optinisation 37. A conputerised bond trading

e SOTD | S i, gy et e o BB TBLAAR SES T

posi ti onsndre Hedige Nehdas fofleath fdeart ifomraakicing ecupve miek gehoratsl byl Gh@matehes
executing by a conputerised

measure 0 e va ue of .each.bond;
mat chi ng %T&F%b% he AP RtFIRG OBWPEAILYt i on on the received positions from the
plurality of traders to identify a series of matches between positions

entered hy dea| RefhodideBordRgabicim @Bt iwibed thehedgé %Ué&ré@;ﬂh‘e@@? bhéPaGaldv t h
sel | g03| tions and bei ng based on the identifijcation of the bonds and the
A

val uedof Ahealpdaigd;onithe Ragss of an agoregpied|rigkinAgitien fof the dERIRGAT M MAIGNEIY
nodul e f rfmidagorseri es a matches, one or nore futures trades in a exchange
tradabl e market for each dealer to reduce curve risk generated by the

mat ches identified by the matching optimsation. 38. A nethod according to
cl ai m 37 37wheretamputeriseddgad tragdine sneteediconeriising: each deal er 20are cal cul at ed
on the basis of an aggregated risk position for the dealer after the

mat ching opti %éefi\}lllld) Ut a computerised matching system, from a plurality of dealers, bond
positions to be traded, the bond positions including an identification of one or more bonds,
10 and a measure of the value of each bond;

executing by a computerised matching engine a matching optimisation on the
received positions from the plurality of traders to identify a series of matches between
positions entered by dealers, the matching optimisation matching buy positions with sell
positions and being based on the identification of the bonds and the value of the bonds;

15  and

calculating by a hedging calculation module from the series a matches, one or more
futures trades in a exchange tradable market for each dealer to reduce curve risk

generated by the matches identified by the matching optimisation.

38. A method according to claim 37, wherein the hedge trades required by each dealer
20 are calculated on the basis of an aggregated risk position for the dealer after the matching
optimisation.



