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SECURI TI ES SETTLEMENT SYSTEM The present invention
relates to a securities settlenent system and net hods

wo edoatiexsdid o such system BACKGROUND ART d obal pepEPmNT/053303
has directly inpacted various aspects of the Central
Securities Depository (CSD) market sector. A drive for
consi stency and a nore standardi zed approach in

aperat i esulted. In addition,

3 quiﬁdﬁﬁmﬁs@%{e on participants and

operators to inprove efficiency in all elements of the

transaction value chain. CSDs are exposed to nore
F%%ré'd @é@ﬂﬁltqrbsﬂf@rﬂiierseé:lﬂ rarfecaitibiies settdegent

sgpgd,._pg}gai a@@ perspective
et re |nerrent rocesses and syst'ens nmust now

be much nore adapt able . In such a dynam c environnent
&%ﬁ%w of new products and services is
CSD systens nust facilitate this
"speed”, which can be achieved by flexible, generic
functionality for the different steps in the

Gleaha ka1t fét%&lrmﬁléssl@&oactr%éf@éw% as@erssnof the
ég.ﬁo{ %aer&t t'q_aé’gSD emaftéggi)ngn Mts tc:]t%rfentA drive
es can |re tl §

ecaptur omatra
ﬂc&xodtam;mtaw emdra oddmey ﬁm@axailzsaﬁsta@mrm ims a

%Qé%@%tagiﬁeé) S:F%‘l?acf\%? éﬁ’ﬁsg‘ﬁté.’gaﬂy Serv 3 or l%?lere is

ddrduous pressure on participants and operators to

improve efficiency in all elements of the transaction value
chain.

CSDs are exposed to more complicated securities and
resultant activities, e.g. Corporate Actions, because of
the global perspective and market refinement. Processes and
systems must now be much more adaptable. In such a dynamic
environment “speed to market” of new products and services
is critical. The CSD systems must facilitate this “speed”,
which can be achieved by flexible, generic functionality
for the different steps in the settlement or other

processes.

Transactions between market participants require matching
and settlement. Trades can be captured directly from a
trading (exchange) system or other external system, such as
a Central Counterparty (CCP), matching service or back
office system or manually entered by participants. Trade
matching and confirmation prepare transactions for

settlement according to applicable settlement rules. Assets
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mat chi ng and confirmati on prepare transactions for

settl ement according to applicable settlenent rules.
waseetsans financing are verified, and securitPEFEPRY7/053303

be | ocked- in in the investor CSD prior to settlenent.

DESCRI PTI ON OF THE | NVENTEON An overal |l object and

pur pose of the securities settlenment system (SSS) is

to increase the flow,of, successful tr.ades, b

i AT @ Rfertitde 0r (A T4 10f <Gadlfy Pe locked-in

a5 Refd aldvwestdis el igries 3R tdetifmrimesitst em t hat
achi eves the object and purpose is obtained through a
securities settlenent system conprising an input for

DS MRS Qﬁﬁgﬁgﬁfﬂvgﬁﬂ#ﬁh a selector for selecting
es to be clear

a group of tra ed, an aggregation unit
for determ ning an aggregated obligation to be cleared

by each .user__associated with t roup of .trades and a

R e R b R Tnd Mg grssisd e oot cRent
ShHdaat (3 [y weachdistisd aHd Qo kE irdesdrlt keades,
group of trades . Gouping trades and aggregating the
hﬂﬂmkﬂﬁmkﬂiQQJQh?(QQQﬂﬂﬁffﬂﬂreiﬂﬁv%ﬂﬁﬁyié%nqa§§e§SP301a11Y-
usability and speed of the clearing. Each user's

account is accessed a mninmumof tinmes (essentially
orexunnd es Matitiiemenft tayvartsirerchasf asddevietsi ehel sbjlest and

est abl i shed., Aggr egati n | so provi.des the nefit of
R IS b e & Fedaiadas Wrstaogent Systen
donisdhitd e larPNighdit G HRATVIGhgVaHadichave drasitibad ian
trade renpvals or freezing the clearing. This because

sl et firnisaletidid s iFPWw wfertnaglpsh&pe bsegdegred, an
Jdéygﬁétion unit for determining an aggregated obligation

to be cleared by each user associated with the group of
trades and a settlement unit for executing the aggregated
obligations for each user to clear the trades in the group

of trades.

Grouping trades and aggregating the obligation to be
cleared for each user increases usability and speed of the
clearing. Each user’s account is accessed a minimum of
times (essentially once) and a minimum of transfers of
securities is also established. Aggregating also provides
the benefit of enabling clearing of a series of trades
where a traditional one by one clearing would have resulted
in trade removals or freezing the clearing. This because in
a group of trades a single user may have several trades

that together is clearable as they net out.

An advantageous improvement is achieved in that the system

further comprises a register indicating each user’s



that together is clearable as they net out. An
advant ageous i nprovenent is achieved in that the
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user'sobligation limt and a conparator for conparing
each user's aggregated obBigation with the obligation
limt and if an obligation fails for a user, the

t ifies t | ect f trades t
SRS 2Lk SPTTAE Dt Al o user” s
bd+ &34 t S So PG Hei e twih e USST Sgatieireinilt ighd if an

uaranteed that all trades in the selected group of

ehutRRttem LT @ TIRF r Lha gk mstidsescdpe
étP é’@é%&@%é of‘?ﬁg%ad@é’suo T dAStANGe %eé% 'dBRIHLY group

rough a set orithms 1n order to ermne a
of nt rakte ofwheezesl l colpkl gaeriowes darorbd hetgrlgumliln users.
order to obtain a group in which all trades are
clearable. An alternative solution is obtained through

&P VENT i 9 Nyldiran tS@EA i Hd 18 Sa Set i LIBNti S Wi Melected
conprising an input for receiving trade information, a
SRR Rt Urradgpreatyrive ylenied v sl sftdPwinIPcess

oLf . : . . i .
SR Do Senidd S Aty PAHL, Mol SRS T, Bker dhing
Bachugis ex . sdtheoSalgaong hms eim somiar b gleteominer @ minimum

specific users (prioritized ers due to nunper of .

T oradds Bt P S R ot SR 4%, obtain a
dRSlp WERNhidpes] BntrLes Urdiredmikel s. A

conbi nation of these criteria or other trade specific

critera are also feasible. A nethod that achi eves an

ﬁﬁfé%%éfﬁéégvkiéﬁ&&%%ﬁhf¥§téﬁ¥gﬁﬂed through the invention

by a securities settlement system comprising an input for
receiving trade information, a sorting unit for sorting out
trades associated with a specific sorting criteria and an
aggregation unit for determining an aggregated obligation

to be cleared by each user.

The sorting criteria may be one or more specific users
(prioritized users due to number of trades or amount of
trades), one or more specific instrument types and one or
more markets. A combination of these criteria or other

trade specific critera are also feasible.

A method that achieves an effective and improved settlement
clearing is obtained through the invention by the method
steps of receiving information relating to a number of
trades; selecting a group of trades from said number of
trades; determining an aggregated obligation to be cleared

for each user associated with the group of trades; and



clearing is obtained through the invention by the

nmet hod steps of receiving information relating to a
woetbar33ed trades; selecting a group of tradespdT/8P2007/053303

sai d nunber of trades; determ ning an aggregated

obligation to be cleared ffor each user associated with

the group of trades; andexecuting the aggregated

obl i gat i on for_each uyse t-her ebhycl earin he aroup.of
PR g I AP AR [P TR Tk o Gl Ry Trs g meby
I ey NAHd igdtdug redas-ddds, one gr oup and to net the

effects of nultiple debits and credits agai nst the
same account or cash record. For exanple, consider two

Tg%égll@ﬁ%e ot er t at creﬁéﬁ%l{cﬁ%%ﬁg@%ﬁg\#ﬁﬁnﬁéﬁ%e
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T P oI B -t AP (1 S8t B CaFPibc F

ddyh areas-@round cl earing and settl enment . In summary,
the follow ng sections of the SSS are affected:
Clearing of obligations . Handling of queue.

roft td e OfcddlSiddictd R0 %%FO%S%' RE QP ST
DRAW NGS Fi GCdl et &F E‘Eaggr egaticon of ttrsag e cash
racuordingrittth t&ﬂe) iandertheombuleduddmtt lneradlirdse® ofith $10. By

neﬁysggtit%%$q€?g;hhﬁ Flef%éélﬁ?%&?%&?n%@hﬁé%ngbalnst
A. Therefore, even if A has no balance, the debiting trade

can be completed.

Therefore, this system affects the areas around clearing
and settlement. In summary, the following sections of the
SSS are affected:

e Clearing of obligations.

e Handling of queue.

e Settlement of instructions.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates how aggregation of trades according to
the invention reduces the number of necessary transactions;
FIG. 2 illustrates an example of an overall clearing and
settlement process according to the invention;

FIG. 3 shows a flow chart exemplifying one possible
algorithm for optimizing a group of trades to be cleared;
FIG. 4 shows a graph exemplifying one possible selection

for optimizing a group of trades to be cleared;



settl enent process according to the invention; FIG 3
shows a flow chart exenplifying one possible algorithm

wo o0070p331511 zi ng a group of trades to be cl ear epgT/EP£607/d53303
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shows a graph exenplifying one possible selection for
optimzing a group of trades to be cleared;FIG 5
illustrates the generic clearing and settl enent

cess; F 6 illustrates the process at ypoi .nts
PEOTre " ehbh I ETErEeE | WS oRPEEte | SHEAt LTS GEULAq Tt Fanent
Proc&dsés 7 further exenplifies the process at
different waypoints; FIG 8 exanplifies an optim sed

PFcets atliyperres; tie @roces@npl a¥RodFs in the
GonEE NALLVES ODhG TALE G O OFERS AlpYBUAA TP irrig G5 10

OWs an e a securities settlenent’ system
FIG actor dawcehew t éxehel i hivent tlon; preowk dd Gt ki Stewentan
al ternative embodi nent of a securities settl enent
@?/%Q%Jrﬁla'f%" accordance with the invention. DETAILED

PESCRS PTI &®bhfgh EVEED MENTS: G JHE 00658 QY The hasitss ;

for all clearing in the settlenment systemis_ the

EEE t | 2rer®x3mPl Haieoan vkl ket e mp el 284 qurgeds at
L4 g eredit instructions. In the follow ng, we

assune each settlenent obligation contains exactly one

Blgh 1hstshows an nbodideents abrvesd@deitnters asamtladent

obl.igatijons | ed a seﬁtl ement obl .i(%a_t i‘_ﬁc%lr}]1 group.

PP %Pgﬁﬁﬁé?%%P%FIWEﬁ Jfhe inventi

FIG. 11 shows an alternative embodiment of a securities

settlement system in accordance with the invention.
DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

The basis for all clearing in the settlement system is the
settlement obligation, which contains one or several debit
or credit instructions. In the following, we assume each
settlement obligation contains exactly one such

instruction.

A trade is converted into a set of obligations, called a
settlement obligation group. Hence, a group is a list of
debit and credit obligations that must be settled
automatically and simultaneously. Thereby, a list of
entered trades give rise to a list of settlement obligation

groups.

Clearing a group thus means to reserve the necessary

amounts induced by the contained debit obligations, before



debit and credit obligations that nust be settled
automatically and sinmul taneously. Thereby, a list of
wenienedisrades give rise to a list of settl eneait/EP2007/053303
obligation groups . Clearing a group thus nmeans to
reserve the necessary ano@nts induced by the contained
debit obligations, beforethese can be settled together
' t r i ' ' | ons 0 c .
hice | o5 Bt ' SRETES ol ot N By X o R et
bl tymatomnd settle as many as possible whenever it is
i nvoked. The normal node is to invoke the system
repeatedly and settle the groups reactively in
F&Al ed dBsubRVEYSE  of LgFRBYpR| SthdEsdiafeddit SHAEM IS
I nvoked periodically, %hus confronted wth [ arge sets
> pEagioepste heteanfard et le g dndey ses thesb idnee yhenever
one, b e r sev | . oppo jties t Q
PDeke o PREL” T ol o e BRIl 1R B,
odpdd 2dly . arS Sset Idetipardreupantedct Svel Wridntreal -time.
trader. He buys a security S for $X froma ,
HRIFREEE maker™ i, A1 Rl PEAT (EHorSYSeam 1o inRRladr |
peBUbALESITES BuHaSoNOrSPNLY  wHBNChrJi& SANAE Poups
, hor conplete the sell. But, if the system aggregated
10 ghat t vof teelgese, i cowblilke degtvked Sne by fanem Mut arere
0 f r S e QcC
SR M S R s RS LI DS e gt
special attention fromthe settlenent systemto

i mprove the conpletion rate of trades (as this is the
Foy eexample, consider the scenario of FIG. 1. Assume the

participant T is a great trader. He buys a security S for
15 ¢X from a market-maker M, and sells it for $X+10 to
investor I. But assumes he has no money. Hence, he cannot
buy S, nor complete the sell. But, if the system aggregated
the two trades, it could deliver S to I from M, and $10 to
T from I, and $X to M from T.
20
Such deadlock situations occur frequently in a market, and
require special attention from the settlement system to
improve the completion rate of trades (as this is the true
purpose of any market). In the general case, the deadlock
25 may occur via a chain of trades between multiple

participants.

The requirement then is to make the settlement system
aggregate trades to minimize the demand for liquidity by

30 resolving deadlocks.
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make the settlement system aggregate trades to
m nim ze the demand for I7quidity by resol ving
deadl ocks.In the followng we ook into the details of

he cl ear.i.ng .and settl| ement process, t.q bett .
T 1 (e SO oo S meddhE o 1 e e atico odn £ Py S1EAFLng
A tacesfentSYdd RNt deefhdtiteons 1\ t4se et RBe changes
fO||OMARgldeflnltI0nS fromhere on. Rather than

masteeridl fdia ¢atdtemente pisdeay ane PEOCGRSSggr egat ed,
since netting is a term sonmewhat m sused.
(Settlenent) obligation, i.e. a tuple of four val ues:
JeA tllemevit, Pgf iwhiarieons refers to an account or cash
record, | to a security or currency, Vto a volune or
anount (negative or positive) , and Pto a priority

WeAcldey &hdDafaniRing adrelitdimnte ol el 0f). 8&eUBr than

i.e. alist of obligations, where it is assuned that

HefieTaia W aisItitest imenPreden The permagarBgagedw ginpce

At A Y QW5 SR Methalt W&skls%%l.‘] (otherw se, they

are aggregated into one) . two-party trade is

t ypi cadbr lregmragentdd dayt imngr due .ofa ol eoblfi gaurornalues:

(one dehit/credit per participant and counterpart) .

bl i détitorf -ddgr stk HELETS WO 6B PGEOMBIs OFASEPR, v

P) record, I to a security or currency, V to a volume or
amount (negative or positive), and P to a priority
(Active, Deferred).

e (Settlement obligation) group, i.e. a list of
obligations, where it is assumed that for any two
obligations (A,I,V,P) and (B,J,W,Q) in a group, either
A <> B or I <> J (otherwise, they are aggregated into
one). A two-party trade is typically represented by a
group of four obligations (one debit/credit per
participant and counterpart).

¢ Obligation aggregation, i.e. two obligations (A,I,V,P)
and (A,I,W,Q) are aggregated by replacing them with
(A,I,V+W,Pm), where Pm is the minimum priority of P
and Q.

e Group graph, i.e. an undirected graph of groups
constructed as follows. Two groups Gl and G2 are
connected iff at least one obligation in Gl can be
aggregated with one obligation in G2 (i.e. they refer
to the same holding/position).

e Group component, i.e. given a graph of groups, the

component is simply a connected component in the



and (A 717W7Q ) are aggregated by replacing themwth
(A 717vtW Pm) , where Pmis the mninumepriority of P
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groups constructed as follows. Two groups G and &
are connected iff at |east8 one obligation in d can be
aggregated with one obligationin & (i.e. they refer

to th ngj posiLiop) . oup. conponent
i.e. gF ﬁeaﬂng%h OE W%u%rgup?héicoﬁ%dggﬁ?r?sl% Hhfferent

a conaempedeﬁaﬁpomey havé hagr aphigiensss that Wean be
groups d and are in different conponents, they
have ﬁﬁgﬁﬁﬁﬁgﬁgrons that can be aggregated Fblding,

ﬁoﬁ@&ﬂgnglA% is A ?gﬁ? RY igedg Qﬁ 9% {B€ volume of

instrunent/ urrency | n account record A .

d earthg Andtsvemeh'er‘renrr@noxzezshé'h@ meacad:dmm:tl:eaasslmgrecord
and sgttlenent process is shown in FIG 2 and can be
descri’bed as follows. 1 . First two |ists of

settlenent rules of purpose Lockinlncrenental and

Locki nAggregated are retrieved. This determ nes the
SEPRELRGNARF | PRFFAeBENHNPEACGPBUPs shoul d be cl ear ed

in the current subsession. The criteria consists of a

list of sources, instrunent classes, currencies and
Theesveéneitagbeapengt and) seltlekenm phecsss elt i gimown in

FE6eLT 81aCRRR58e 2a8ERR e 8" a8 Fot10ws .

1. First two lists of settlement rules of purpose
LockinIncremental and LockinAggregated are retrieved.
This determines the selection criteria of which groups
should be cleared in the current subsession. The
criteria consists of a list of sources, instrument
classes, currencies and types (message/operation).

2. From the selection criteria, choose a subset of all
unsettled groups (or all, depending on the number of
inserted trades).

3. For those groups to be cleared incrementally, the
clearing proceeds by clearing the groups, one by one,
and within a group, clearing the obligations one by
one. Whenever an obligation is Deferred, or overdraws
an account/cash record, the clearing of the group is
frozen (to be reconsidered in later invokations of the
system) . When all debit obligations of a group are
cleared, the group is marked as fully cleared.

4. For those groups to be cleared in aggregation, the
clearing proceeds by aggregating the groups (see

below) into net obligations. For each net obligation,



unsettled groups (or all, depending on the nunber of
inserted trades) . 3 . For those groups to be cleared
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groups, one by one, and within a group, clearing the
obl i gations one by one. Wlenever an obligation is
Deferred, or overdraws an account/cash record, the

cl earj t f CANS| ed in
ot SRl DO A LRSS S

obl i gaggmtnéd angrcoup: are ndasd® s tiel gr Qi],@aai::&d

mar ked as nﬁ@g& cl eared. 4.. For thagse

roups t
cl earkRf i i DYEAtHE FR/R i it ré§ Hﬁ?ceeds by

aggr eg b dh Ad1 G 10 URS L BRE al%ﬁiQﬁ@sH rﬂé?:dlﬁ‘i against the
obligations. For each net obligation,neither ferred

nor @)@?wmwgs Jeactrhegm;plmggé‘ﬂégatgé@upﬂ @le then
nark %ﬁ? IIy cleared. 5 . For each fully cleared
group, e system proceeds by adjusting each account
and cash record agai nst the obligations in the group.

Such grou re then Settl ed. Increnental clearing is
bk ?fbtd;]asc ATIRE . 1h peyiqrey as fo 1@%3 ‘be a |ist

of AQriUPS(aB ... FUdn)easdh Hriox Gr ighddps list, let (ol,
..., ok) beits Ilst of obligations. . For each _
obBi- a1 s @t IYQUP IGL \in fEhe jTigthe ldtst(olwher.e dklebe its

3\</S| IIralgte VPléﬁﬁgoattﬂnés Av: 2 . if P=Def erred and

1. For each obligation oi=(A,I,V,P) in the list, where
the available volume of AI is Av:

2. if P=Deferred and V<0, return.

3. if P<>Deferred and V<0, check if Av+V>=0. If not,
return. Otherwise, make the reservation of V in AI,
and continue in 1.

4, Continue in 1.

Hence, incremental clearing considers one group at a time,
obligation by obligation, and reserves each debit in
order. If, not all debits are successfully locked in,
because of a Deferred obligation, or an overdraft, the
group is left partially cleared. It remains this way, until
either the deferral is removed or the affected account/cash

record has more available volume.

Aggregated clearing is performed as follows.
1. Let G=(Gl1,..,Gn) be a list of groups, where no group
contains a Deferred obligation (these are filtered

out) .



3. if PoDef erred and V<0, check if Av+v> =0 . |f
not, return. & herw se, make the reservation of Vin

wa@\kgo7amdixontinue in 1 . 4 . Continue in 1 . HeODEP2007/053303
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increnental clearing considers one group at a tine,
obligation by obligation, 1&nd reserves each debit in
order. If, not all debits are successfully | ocked in,

because of _a _Deferred.obligation, or_an overdraft, the
or G PE PRRR BEPEPary B EAPeliEFr FEMAPHS (Eht s-eg be
until iest hesct be @plegaaliohs.removed or the affected

account/cash record has nore avail abl e vol une.
Aggtebatel Brebhfngdpsepacedrvpdonsoforldbweli-1 . Let

G . List.ofag ps exe o)
coﬁ%g%ﬁg ga%gfg%%ggagﬁ%#gé%ié%’%?ﬁésé g@eéfiﬁﬁ%gédeﬁé
out) aRail&bieewchugeoop ALi is Ahe list, let G =0
..o OK) be its ljst_o f gbljigations . 3 .. Let 0 be
théiabgrgégteﬁﬁﬁﬁ*oﬁfoévéﬁf=b].I SOFoTORGLRS 1N 4.
obl i gethepwoke( Arémd¥ve) mi §r8upsWiEr €, LR avet lRbbe the
volume of Al is Av: 5 . If VEO, check i f Av+v>=0. Tf

so, cBReiAGet|augh napherhi Seomr@novieenrs gibupentdins .an
Hm (1 8ba fybes bhe (BT hest) SUC\J@?%@%&}’J Waga-o? , Where

Hi contafns an obligation (A, such
t hat Av+V- ((W-++WmdWa), >a0d, candigoatimue. in 3 . 6 .

CDQ&'EgStgﬁué atsflegé ggt£Q§ Qﬁétnéﬁiléggiég%ion.

Hence, aggregated clearing considers all groups
simultaneously, and aggregates all the contained

obligations.

The result is a list of netted obligations that all must be
cleared together. If this fails, because of one debit
making an overdraft against an account (cash record), a
number of groups that debit the account are removed to make

the clearing successful.

Once some groups have been removed, the aggregation is re-
computed, and the clearing repeated. Eventually, all netted
obligations can be cleared, and the groups that still

remain in the aggregation are cleared and settled together.

For example, consider the following scenario, consisting of
4 groups, and 9 obligations. Assume A2 has no holding, and

that A3 has a holding (of the selected instrument) of 40.

Group Al obligations | A2 obligations | A3 obligations




Hence, aggregated clearing considers all groups
si mul taneousl y, and aggregates all the contained
woblorgatsions. The result is a list of netted PCI/EP2007/053303
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obl i gations that al

nmust be cl eared together.

If this

fails, because of one deblk naking an overdraft

agai nst an account (cash record) |,

a nunber of groups

that—debi-t—theagcoutnt—are renoved—totake tne 0
ClTearing succesSTul. Once sone groups have been
eenoved, the aggregation is rleecwnputed, and|the
clearing repepted. Eventually all netted obligations
@an be clearefd?28nd the groups—2hat still remin in
dfreagygregatTpm are cteared gnd settted-togeth Fot
exanpl e, cons|der the follow|ng scenario, copsisting
Tt groups, hndo9 obligatiors.-1Assune A 2 hiszpo
holding _and rhat A 3 has a3 Holding (of the selected

instrunment) o

PR 8 W ARGy

f 40. Goup Al

obligations A 2

not e t.ha
sl

us@%%r

e !

1l or
ear ed, °©

Gutcarwtbd ot hea S0, bueiridterbd®h N&1483, el ercleaned: ¢3

increnmentally (since A2 is enpty) . Now, using
RGP %a‘rl?‘ﬁ@e,meiri‘ﬁae]el}bg& § dis Fe&HRtY)+50
agai nst A, -10 against A2, and -40 against A3. Since
A2 is enpty, these three obligations cannot clear

Nowm | usikid iBIgredaieny alrapimacipires oktige 5 casowegsult :

£2d e e

Since A2 is empty,

3 15 raeg%‘%"r?sdc A ncg dhig

eari ng of

simultaneously.

succeed.

again

suft|%&§ﬁ&q

these three obligations cannot clear

Using the principle in step 5 above, either G2 or G3 is

removed, since this suffices to make the clearing of A2

succeed.

Let us assume G2 is removed. The aggregation then results

in:

Group Al obligations | A2 obligations |A3 obligations
Gl +30 -30

G3 +20 -20

G4 +20 -20

Total +50 +0 -50

That is, two obligations result: +50 against Al, and -50

against A3.




Let us assume 2 is renoved. The aggregation then

results in:
wEag@7NsI31Al ,

avai | abl e vol une of 40,

That

i s,

two obligations result:
and -50 agai nst A3 . Since A3 hol dBCEEP2007/053303
t hese tmo obli gations cannot

+50

cl ear sinmultaneously. LBlH@ the principle in step 5

above, either A or A is renoved, since this suffices
0 ke, t eari eed u ssu
é|s ér%n%(/eﬁ] %e%g%\?%fg{a iﬁoen t elhmer eosuléltO Sth% ergse"véD net

oibl 1 gt i s ¢ahilot aoéammmﬂmrMMy.and the

aggregated clearing thus conpl etes.
if we in the original

v achOfpEncd
obligations (+30, 0,

- 40)

However ,

note that

list of groups were to renmove &3

rﬁ'§l'§t§e S a-'ﬁB'\ﬁet'é'ﬁ.Bchéﬂ"%ln%r G4 is
can be ‘cleared wi't hout

> remeved, r@m@ltr@ts gqrtbﬁms:esrrm niake tthe cHeiagaing of A3
roups to renove affects the convergence of the

aggr egat ed cl eari ng. Thus,
renove the ninunun1nunber of groups,

to renove the

m nj mal nunber

but
in each step.

aggregat ed cl earing does not
rather tries
As the

ISR ASTIR Bt L helRTUeT HhSuREIHI RSBy Ehem mesults

Ghearing, consider the follow ng version of the
removal , which has the advantage of being easy to
10 explain, if V<0, check if Av+V>=0, |f so, continue in

—4—6_h'ef'\'M. aups—H-———Hm h

Group” COEF %c"g%lgatloﬁs 4 obTigationy | A3 Bﬁigatlons
G3 +20 -20

G4 +20 -20

Total +20 +0 -20

These net obligations (+20,

aggregéted clearing thus completes.

15

were to remove G3 instead of G2,

-20) can be cleared, and the

However, note that if we in the original list of groups

the result is:

Group Al obligations | A2 obligations |A3 obligations
Gl +30 -30
G2 -10 +10
G4 +20 -20
Total +30 +10 -40
This time, the net obligations (+30, +10, -40) can be
20 cleared without further removal of groups. That is, the

choice of which groups to remove affects the convergence of

the aggregated clearing.




obligation (A !, , ), and continue at 3 . That is,
all groups referencing the overdrawn account are
wo eowoned1s This | eads to quick convergence, at PEEEP2007/053303
expense of renoving a | arger nunber of groups .
Consi der the exanpl e agail¥: The new heuristic woul d
thus remove &, G3 , and &4 , giving: The settl enent
sten1cou|d al prOV|de not her, cl eari ng. nmechani sm
BRI R K

Fe8E FEMDITI e THE YR
rﬁﬁﬁkﬁ’éf]goﬂ rg&f&ﬁp

S m&*éﬂkﬁeﬁmdeé)ftd ek @the minimal
opening(this to ‘cater for previously received trades

mEnhRr skt t9aqh Sty the current business date) . It
is inmportant to include as many groups as possible (to
conpl ete as many trades as possible) in the clearing,

5 Ashittie | singieate pcrHsr:idﬁlLE:élddIe'LsrtdId a@f ofhatattchegmove in the

| eari ng. ThIS [ to use a nore advanced
HBEIHy AGTIHM THark TP OIS 5P 168 Sy G5 TEIOAG
ﬁhﬁaﬂmﬁésfﬂhgfadééﬂt fr mRiGRy éﬁﬂyﬂﬁa explawever, we

do not intend to produce the optimal result in the '
Hat\tHed Fhack itfe Aeieard nd fas rabprgricwss 1as 4poSsihsrarise,
' t ' probl in r LAr g
ﬁ%C)Ieﬁ¥E%3%ﬁﬁ%%g ]éns F@gbhé?f?%|éﬁ%g%bfﬁhggh?gghg an
10 ailgaydttiors (20rI,| ar ge ianst aroesinwenct 3st ead we seek an
approxi mation algorithm First, consider an integer
programm ng problem The aggregated clearing problem

Tl'l'i?atf olrs?ralalzledgxaﬁlﬁsaIﬁézﬂ@sfenklngLe;theGov(egd,ram GeR@tdare
Ist o roups
removed. g'JI'hlspleads to quick convergence, at the expense of

removing a larger number of groups.
15

Consider the example again:

Group Al obligations | A2 obligations | A3 obligations
Gl +30 -30

G2 -10 +10

G3 +20 -20

G4 +20 -20

Total +50 -10 ~-40

The new heuristic would thus remove G2, G3, and G4, giving:
Group Al obligations | A2 obligations | A3 obligations
Gl +30 -30

Total +30 +0 -30

20 The settlement system could also provide another clearing
mechanism that can be invoked pre-business to complete as

many pending trades as possible ahead of the market opening



2 . For each group G in the list, let G= (ol, ..
ok) be its list of obligations. 3 . Let xi in (O 1)

woepmh/iidas x i = 1 iff G is cleared by the agpcepgpioDos3303
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(netting) . 4 . Maximze xl+...+xn (i.e. maxim ze the

nunber of cleared groups)l4 given the follow ng

constraints. 5 . For a given account A and instrunent
vol.une of A |

it | StikGe (oS SR LY e vea, s S e sectlea

el ey Vlihé/ dirdeht Ibudnedd ddte)and O ot herw se. That
is,this constraint states that the aggregation of each

debit and credit operation of any group in the

Ut | ry Y f
ARt Rlite L WA BIR S BB (xo
csmmllmas anarty pHaM(amtgqmlb]reécarrd.thé scdlelad:rllmg t ehich
t he .above i s su each, vol onstraint i.s
LR0B S ke M ar oo Al e e, Fdaifigne This to

L1t iy i ddee ﬁ%ﬁwmd\@{tﬁédjﬁléaﬁqrﬁﬁfm'g%r{i&@ﬁ than can
above. The correspondi ng eg} uations are (assum ng Al

nHameast lppdoe Anvidtess drringn %ﬂﬁﬁ&‘d@%ms lﬁg:jrn@etrﬁ@rmance
:.fé%[égﬂé zation: Maxim ze x| +x2+x3+x4, where 30x1 +
20x1 <— 100 (Al) -10x2 - 20x3 + 20x4 <= 0 (A2) -30x1
+ 10x2 - 20x4 <= 40 (A3)

However, we do not intend to produce the optimal result in
the batched run, i.e. clearing as many groups as possible,
since the clearing problem is an integer programming
problem. Such problems lack efficient optimization
algorithms for large instances, and instead we seek an

approximation algorithm.

First, consider an integer programming problem. The

aggregated clearing problem is formalized as follows.

1. Let G=(Gl,..,Gn) be a list of groups.

2. For each group Gi in the list, let 0Oi=(o0l, .., ok) be
its list of obligations.

3. Let xi in (0,1), such that xi = 1 iff Gi is cleared by
the aggregation (netting).

4. Maximize xl+..+xn (i.e. maximize the number of cleared
groups), given the following constraints.

5. For a given account A and instrument I, where the
available volume of AT is Av, the clearing constraint
is
Av + v1xl+..+ vnxn>=0,

where vi=V if (A,I,V) in Gi, and 0 otherwise. That is,



x2=l, x3=0, and
there may be

The opti mal
x4=l, i.e.

sol ution assigns x| =I,
G3 is excluded. In general,

woee/1133an one answer to the optim zati on probbPenEL206E053303
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25

that we may encounter nore than 100 000 trades, the
nunber of variabl es coul dl®exceed 100 000, which is
very difficult to solve. Therefore, we need to | ook at

| ScaL ccahBeLL LA alo SO € 4% Sl B S

r ef erasised dyd %Wec@:t‘@&ﬁpéﬁht&ﬁ:ﬁ&iﬁ | sty gﬁﬂi’dfﬁdlﬂ the
decreasj ng order by the number of pendlng debi t
obl i g3 HeneRghF an<ES§ HE AW hghC Xhe HivehaRle grdume of
the |t§é’af%EEE%&Whé%éuﬁ%V%héﬂr?%%é%d FﬁHH?%“w 11 be one
retrieve the list of all ‘groups , ﬁ1

cont a$peh gt Fafnt arex /acc:ount/qash )recaokd. For each
obligation (B, J , , ) and retrieved group,

retrieve the list of all groups that contain an
phspation €8, the , abO\)e iEl dungmalie tBlddromdiitmd @dtigttaint
list accordingly Repeat 4 until no nore_ groups

18 S30hFF ARRd A Lﬁﬁe‘f e hGIRPYRS BamdathdRbdhe
&1§g§iﬁ§wfgﬂgﬁe.m5§gmﬁh_the strongly connect ed

conmponent that originates with the list in 3 has been

conputed. 6 . Fron1the l'ist of retrieved groups, run
e cl ear ng the aggregated clearing
a golr(?%ﬁwtq% osvaé ?%e\{‘%e cl eared groups.
Group Al obligations |A2 obligations | A3 obligations
Gl +30 -30
G2 -10 +10
G3 +20 -20
G4 +20 -20

The corresponding equations are (assuming Al holds 100, A2

holds 0, and A3 holds 40), using the formalization:
¢ Maximize x1+x2+x3+x4, where
e 30x1 + 20x1 <= 100 (A1)
o -10x2 - 20x3 + 20x4 <= 0 (A2)
e -30x1 + 10x2 - 20x4 <= 40 (A3)

The optimal solution assigns xl1l=1, x2=1, x3=0, and x4=1,

i.e. G3 is excluded.
In general, there may be more than one answer to the

optimization problem.




7 . Go back to 2 , enunerating over the next holding A
I . 8 .\When the enuneration is finished, all groups

WO 20vgi1e3ng as unsettled make up the trades thapct/aprioerosssos
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to settle. A s an alternative in step 6 , use the
following algorithm Let ihere be k constraints in the
followng, and p a prechosen probability (set to
round .80) . 1 ly, let_all xn. be
IPUGEBaE e niy; ebabifivs Dhor Scefinalin oo (iERICE, ene
ﬁ@mbefal oBoVatiapnlds. cbhlp &Ldeed 1he vaw) althesh Thosen,
randon1YFanDn those set to O , hence, setting themto

diffyculfty| fokveontppse FRke artetperd ERALIDNAE tipipe-
Ecafé'§P§8§1@ﬁﬁss€ﬁaﬁocén h&ﬁ@i%nyﬁe'ﬁﬁl {? elf sone
th probabi

constraints are false, 1 say, en w ]lty p
, flip the value of xi, where the new val ue of xi

educgse Lgpr ey Lhan [Lgel 08 40% walamgl a0y olber

sone rendpshyedhiogeanti grodp - t&Olﬁélwtﬁ‘tPéd4 so:.bt[é&sﬁ’l
n*| og flips have been made. . If tinme all ows

(confﬁgacaaf%w)lg PEfRAtPYt the nw@%%n@f tPRNELRT ¢iftbit
opt i Y 1 &% PEEME SEy a{ﬁé'&”ﬁhéhﬁoﬂ?ﬁl%o‘c the current

opti mum and the previous opti num is, starting
fr@m Envmedate asgeyneieat 1 o8t whtkdoginyphT teadnct ke, in

searchEPBoRt 1 Fe6f L FRB BoE bt b Tho Enph (€L cn)

assi gonRet coPegihbeah | owl Dydtidce shown, in FI\G 3 . The

al gor%é?r%gégrgéffgg&l%gg(gar}! y ,ran)doartrr]lé:hl?elt‘?rese\}*eod group,
retrieve the list of all groups that contain an
obligation (B,J, , _)}. Eliminate BJ from the holding
list accordingly.

5. Repeat 4 until no more groups are retrieved or until a
threshold has been reached (configurable). Hence, the
strongly connected component that originates with the
list in 3 has been computed.

6. From the list of retrieved groups, run aggregated
clearing, using the aggregated clearing algorithm
above, and settle the cleared groups.

7. Go back to 2, enumerating over the next holding AI.

8. When the enumeration is finished, all groups remaining

as unsettled make up the trades that failed to settle.

As an alternative in step 6, use the following algorithm.
Let there be k constraints in the following, and p a pre-
chosen probability (set to around 0.80).

1. Initially, let all x1, .., Xn be set to 0.

2. Let the current assignment be the optimal solution.



i nclude as many groups as possible in the fina
solution. It starts froma initial solution, where no

w@r@apsssas e i ncl uded, and randomly incl udes aspOBRY2007/053303
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groups as possible until at |east one constraint is
viol ated (using a Zenoliké’inclusion) . Once a
constraint has been violated, the algorithmtries to

[ ove:tlhe,curtre assi by. fLippi
P SE1bTR08 e 0ho20SLANSRL DU ELERPLARGNEy ppus chose
occaskenaktbyof | hppteg seneiugr tAbhesochosen randomy.

Hence, _t hi trives to cone closer to a solution. This
r epeats ﬁhii% FBBSHERYFBefEEi BRYCha®BIpERChatRAN R a

sol ut,apihp168uAde Aet EBI §, PELALinhBeigObUtiON IS
saved, and the process is repeated by greedily trying
t o lnddfyeomet pensgraupss. aEgehaliakl yl sag, | then with

iterapj Ls.reached, .and if_tine alLlows, fhe ol e
proceéggggg? %Egvér,gﬁﬁsth% g?i??n %nﬁlanw%%ﬁ% T LRTY
sol ut rahue Cofskileretiheegr aphoskethlini ALEPEIing 106 @lue of
exanmple. FIG 4 is neant tQ illustrate a graph of )

gr oup@YwWRERBT KD f8eRar #PEuVAFRyPESRRREL Y (P @ £1ip the

B, Gal#)or 88MchBRAGoRPYSERLYeA £aNdi date to _
elimnate if it contains debit operations that collide

wi th £hpténgefatt ¢, nengabers*log(n) flips have been made.

{4&d L ' XL=x57x1 1= move Gl b | =0 .

(a7 QT tige alibus, XEGEPTMEARL BRI YK Seeping
the current optimum. Otherwise, return the best of the

current optimum and the previous optimum.

That is, starting from a random assignment of which groups
to include in the aggregation, given a connected component,
we search locally for improvements to the current

assignment. See the flow outline shown in FIG. 3.

The algorithm iterates making partly random choices to
include as many groups as possible in the final solution.
It starts from a initial solution, where no groups are
included, and randomly includes as many groups as possible
until at least one constraint is violated (using a Zeno-

like inclusion).

Once a constraint has been violated, the algorithm tries to
improve the current assignment by flipping the variable
that improves the assignment the most, but occasionally
flipping some variables chosen randomly. Hence, this

strives to come closer to a solution.



{d,&,...,&013,...} Hence, two steps in the

iterative algorithmmy thus be: Were at sone point,
w6kdozins3sfis rst included, i.e. xlIl is set to 1 ,prendrich®os3303

later its value is fllpped i.e. Al is excluded by

setting xIl to O . This a]8gor|thm|s known to be very

effective in quickly findi ng good sol ut| ons Anot her

t
%ev [ ol%h%ﬁ f%O?CLe%%H i nce attl%l]ﬁ I ‘—’B’e %)a Séd aﬁie’ or @
mﬂwtkicyn p:t@pﬁgﬁ'td nat hened fresirse oftHenddlditigheXed udived,

ac?r fromthe aggregation. However, this is rather
& (RRGRTY, LS TRRE IR fuh GEeRiily SHPME fe&séddboret
Sl yi lgations to a set of accounts/cash records

(this s what happens when an xi is flipped, i.e the
5 group G is eval uated, either by renmoving its effect

n r |ts effect wh etti .
E\Weer%lfa?f#%r gceﬁ(xéan]‘p]lm& atd lpatel a]ts geachrecie ncf]q.f time
alessws pethasviaild qyﬁoceslﬂ'lesr‘@ﬁs igraiesair hrbeaA®f finding

follows: That is, whenever x|l is set to O, 10 is

AR DI ESF AL HNPRO is subtracted fromA2 . On

t he other hand, when x| is set to 1, 10 is subtracted

fromAl, and added to A2 . Thus, the representation of
10 qans igou o mremntskesgfucin tHE. # [foxt aof eafaimpdtesd

accounts and cash records is nmi ntai ned, and whenever

a group is evaluated either for inclusion or

FEr@l usi o, mddre aoy riESpothaige ac auEpls ofARdAis, where G11
is particularly connected (to Gl, G3, G5, G7), and hence
possibly a candidate to eliminate if it contains debit

15 operations that collide with those of its neighbors.

{G1,G5,Gl11,...}, i.e. xI=x5=x11=1

Remove G11 by x11=0

{G1,G5,...}

Choose random xi, x2013 say, and flip it

{G1,G5,...,G2013,...}
Hence, two steps in the iterative algorithm may thus be:

Where at some point, Gl1l is first included, i.e. x11 is set
to 1, and then later its value is flipped, i.e. Gll1l is
20 excluded by setting x11 to 0.

This algorithm is known to be very effective in quickly

finding good solutions.



vi ol ated vol une constraint are quickly identified.
Thi sshoul d nmake the performance of the iterative

web@oniisisn sufficient. The Settlenent System TPEI/EP2007/053303
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settl enent system can further be described with the
follow ng features. For ait generic and flexible piece

of functionality there is a need to define the actua
behavi our in a certain scenario. This can be achieved

in two ways: by inplenenting specific adaptations of
AhstBerechal femes | whah i tis Od1g éwuiwwnﬂ@ o mevReritd flip-
paranmeters defining the actual "flavour" of the
genbvationeffbabenty Forca OsDviElktkenhasrilQn (@rigekly

SEEISng 00D Ll YA R Al 5 gripp cron

oine @Qgt@@atﬂ@nmawswawen.nth1@f1©omithéinstn&mghuﬁonWErd,

descriptio s ainmed at .t eed eric

FERCE | DR PP Boers Mty (8o d S STV o1dagpions
§@t&|§@€néfp&@@@§§@§/c¥@hcﬁbéb£§i)PEEHé“fH w&atfﬂﬁﬁﬁéﬂ%
support. In one known settlenent systemthere is the

‘E@?ﬂ@e@@ of betflipeed, rilesthe\ Fequp ierits ravalyatath
n h ring :
CRVTEL B SR EY "0e (REESE BN 380 Fpaatng
Smﬁcéffecsewmémnsattimgtxiwl)on (SI) , settlenent
obligation (SO or settlenent obligation group (SOG
The different settlenent rules can

For example, the flip evaluation can be described as

follows.

New value Al A2
x1=0 +10 -10
xl=1 -10 +10

where Gl is described as follows:

Group Obligations

Gl (A1, I, -10), (A2,I, +10)

That is, whenever x1 is set to 0, 10 is added of I to A1,
and 10 is subtracted from A2. On the other hand, when x1 is

get to 1, 10 is subtracted from Al, and added to A2.

Thus, the representation of the group component is such
that a list of affected accounts and cash records is
maintained, and whenever a group is evaluated either for
inclusion or exclusion, the corresponding accounts, and any

violated volume constraint are quickly identified. This



be adm ni stered to adjust and adhere to nmarket needs
and behaviour .In order for the systemto choose the

wa@osracizisul e to apply at a given step in a prBCEEB2007/053303
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the systemnust filter out which rule to use. For the
applicable, valid, settled®nt rule of a specific
purpose (e.g. matching or |l ock-in of securities) the

at i t he owing attributes (the .
SRPRLATheFR, e oper rerelilia i bie SR (1S tgop it
gndeﬁcignperforn1the filtering: - Source (e.g. an
external systemor an internal system nodule) -

Payment Currency - Transaction type, i.e. the purpose
@ﬁetggtﬁi@ﬂéﬁ€h§§§t@ﬂsed on: i . Message Type (e.dg.
DvP, FoP or Pv . Operation Type (e.g. CSD Ilink,

maturity paynent or nornal trade settlenent) -
Bl .S dI
B0 cPREFIPRERT rere St Rl (2 ot R iy REbRad with the

86TUbWihgSfeatenesti es) The actual rules (i.e. how the
system shoul d behave) are given by the system

i mpl enentation (as specified by the CSD) . To contro

¥hat 5 H?tgénéfﬁctwasfi&lﬁiéfﬁfﬁaé é@tf&ﬁa@mnmte; there
are va are l[isted 1n the subsessions as val
setaleaedtt@uﬁ@élﬂ@rthhaicsM@lsb@hawnpur in a certaln
scenario. This can be achieved in two ways:
e by implementing specific adaptations of the generic
functionality, or

e by having a number of parameters defining the actual

“flavour” of the generic functionality

For a CSD system product to be efficient, both for the
system vendor and the operators of the system, the actual
solution could be one of the two ways or a mix of both.
This part of the description is aimed at the need for a
generic functionality to define, control and run the
different settlement processes, which a CSD operator may

need to support.

In one known settlement system there is the concept of
settlement rules. A settlement rule is an object, which
defines how the matching, clearing and settlement process
of the system will behave for one specific settlement
instruction (SI), settlement obligation (SO) or settlement
obligation group (SOG). The different settlement rules can
be administered to adjust and adhere to market needs and

behaviour.



For the disclosed settlenent systemit is suggested
that a nunber of matching rules and optim zation

WO ombilnsss are added as well as the concept of BCDEPiNT053303
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settlenmentinstructions that are due to settle together
(but not necessarily si mdltaneously) . The generic
clearing and settlenent process in the settlenent
system which is not explained in details here, could
be sunmarized as in FIG 5 . At a nunber of steps in
1heopderc efsr tttes es;‘rs:an needchavdakehe detteitorule It@Napply

on%Jroceed These é/ oi nts" are marked in FIG

as
t9 SRR P h @SS, |th esrﬁi(ﬁt&“bé“”f?‘d'ssﬁlﬂit@rt Qut
dhiderrod @@yus%et tHSE e rafh Bladine WAYRQ Ntsd il dnldit
process, i.e. if a Sl had a fingerprint based on a
eke Hh s Epeei L i gwerason( et yepe nmtd:hln“sz rameisckelias o
d tchl ) n
%%e&g%lrec% onEI Aong&t auél er out a ik aké %u%es
Oytie mﬂatg@p:bﬂaen) @E tmmﬁsmd@mwdas mﬁhrqu@rihq
cl ass. The process at_the waypoints can be descri bed

RS O @erEHA ditpdri bre Id&Si bl e combi nati on of
fingesquitdad scd 'g?esaﬂ hecdwmer Rfs ey R S ITRieS tlh% stem
potential m x rul es conpl ex.” However the potenti al

fl exﬂmdlilley) makes the solution very dynamc . In order

to reﬂg% ity some or all of the steps can

be given in f%e sys‘ﬁémfor certain types of
transeednons; ien ¢yger iSles. relat@ogadeC PR & ransaction

actiqns. That is, on certain conditions the system
wi || RaFeti°%he appropriate rule to use in the

i. Message Type (e.g. DvP, FoP or PvN)

ii. Operation Type (e.g. CSD link, maturity payment or

normal trade settlement)
- Settlement Method (e.g. RTGS or BIS Model 2)
- External Instrument Class (e.g. fixed income

securities or equities)

The actual rules (i.e. how the system should behave) are
given by the system implementation (as specified by the

CSD) .

To control what dates and times the different settlement
rules are valid, they are listed in the subsessions as

valid settlement rules for that sub session.

For the disclosed settlement system it is suggested that a
number of matching rules and optimization routines are

added as well as the concept of grouping settlement



different steps without filtering out the rules based
on the fingerprint. Exanples of transaction flowsln

wor@en113es vi sual i ze the rather conpl ex flow atptter2007/053303
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di fferent waypoints a nunber of exanples are given in
FIG 7 . Realt Time G o0ss2%Settlenment (RTGS) An RTGS
woul d consi st of two settlenent instructions, created

based on. e. g. _.a stock exchange trade or an OTC trade.
R S T Rt 3t U SRS IR v Bot
&t esd ek Trs Sl SKAnsd@atyon they woul d be mapped to
one SO each wi thout any kind of internediate

cal cul ation. The lock- in would be on a gross vol une
TR g\%%ﬁ_, i r td samnt | Lal

rj{s:oon ase]g%ésjm e %%g%r;&,setﬁﬁéléaccou tésé%ér% géls%tk?es

s etk efse v U yb them dethiiad/ oy ettt exkslianrnddaneosEtbails here,
%)Lyngl zed RTGS The. sett]e a group of RTGS

¢ 57 | DAL AT i 4P o xahpl e of an optim zed

settl enent process: Qut of four matched pairs of SIs,
three are selected to participate in one SIG ai ned for

Mpta st THeRR| Betihth RIS £hAle B& @ gieed to make
?S &ﬁfoét%%ﬁ%%cfwﬁ HA "%}I;Qﬁn%gs’ “9e marked
o u e to

- 1n the system try to optim settle
o FIGs Yy tIansiotionasedassihllessi .t HtasHaulld de

T%‘%ﬁ ujjrﬁdjze;%/fi%ﬁtelpﬁg%lgg%sust{, galgg{' tste(é;ttl J:,J?Smeansts urr{ﬁet El t tthhee waypoints
in the process, i.e. if a SI had a fingerprint based on a
certain source, transaction type and instrument class it
could e.g. filter out a rule for matching based on the
source only and then filter out a rule for optimization
based on transaction type and instrument class.

The process at the waypoints can be described in FIG. 6.

The number of possible combination of fingerprints times
the number of waypoints makes the potential mix of rules
complex. However the potential flexibility makes the
solution very dynamic. In order to reduce the complexity
some or all of the steps can be given in the system for
certain types of transactions, e.g. for SIs related to
corporate actions. That is, on certain conditions the
system will select the appropriate rule to use in the
different steps without filtering out the rules based on

the fingerprint.

Examples of transaction flows
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These four SOs vol unme s/anmpbunt s woul d be enough to
cover all the six Sls incBuded in the SIG Wen tine
for settlenent the | ocked- in assets of the four SGCs

|d.be transferred ( on t he X SIs
S8UpEege LEnerattLete e i earbacimanr A valor AT ke
paypenent Dviypaint Bea Salilbét NBf @BahDyE aﬂeﬁi£$e§ in FIG.
Netting according to BIS Mbdel 2 In a BI'S (Bank of
International Settlement) Mdel 2 netting scenario the
securities would be settled gross and the cash woul d
be settled net, by means of novated netted cash
Bb&lgaﬁmﬁsGros}atS@ttiﬂuenna(l@'h@%l) pairs of Sls, all

Qu e ctedto pa i pate in one Sl alrredfor
PR oRrgs Rl AT e PBE HRPBLE LS 6

Exégtoal ba@éar@ﬁe@tg.d asstock! Séhargps ttfmr an OTC
securities) . Wien creating the SGs to | ock-in the

Syadem TWeel BWRet I nECehs oI T oepsdnisn cﬁn%a%iﬁ i YD whan
§@§Qc£§& Ofgr $8FsdS @Z.Sé I]tll gat? hﬁoﬁ‘f& apél%:daséo one SO

resulted in two net cas on and our
¢ack- vhtkeeurany esind hes ellst«rmlamé mm‘bdtalmmrs

I h ight Sl | ud
PP ER ER PRREADE 70 R oot Tl UlRlA oI o afhen time

563 yottUehent r apgh E4 By (B8 HH6n YF)pswip e &l oht, the
Sl's
accounts and cash records would be debited/credited

simultaneously.
Optimized RTGS

The settlement of a group of RTGS transactions is valid as
an example of an optimized settlement process: Out of four
matched pairs of SIs, three are selected to participate in
one SIG aimed for optimization. The selection criteria may
be e.g. Source = Stock Exchange. When creating the SOs to
lock-in the system would try to optimize to settle e.g. as
many transactions as possible with as little liquidity use

as possible.

Let us assume that the optimization process resulted in
four obligations, two to lock-in securities and two to
lock-in cash, calculated as the netted obligations per
instrument/currency and account/cash record. These four SOs
volumes/amounts would be enough to cover all the six SIs

included in the SIG.
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performng the clearing and settl enent nethods and
procedures disclosed abov# is shown in FIG 10. The
securities settlenent system (SSS) 1001 can

PETELEE Foll AL AN 0.5 SIA0E LR e, cour

S04 givoud dve Of thert Sf atecked byas.UScﬂ‘[é smgs ands g tdﬁdIS]gs would
statlons or (iﬁlmlar togés for sending in orders to

Buy? et 19 Teq IRE R T IR nP SR e ASbE LRSS REYESHE (DVP)
A90dhd hedife | SiRd, | P WHAAO4 Whied), @part from

recei ving orders fromthe tradi ng system 1002, may
sort, nodify and store the received information in an

SRR Al e LSl 4T Techived trades |

will be selected and grouped together. Sel ection may
be nmade on a nunper of arameters such as user (trade
Pard i3 sk rintey tamsntgr digplgls 2 netting

d e yer de - o @ébLﬁngfféEtvb&ﬂd”Bé sjé&qéc&r ross and the cash
determ nati on of an aggregated obligati on required to

Yrukrbtbg refitlad tiptel e neanssaaf [r@vadldd trisd tedadesh
Eﬁ%é?@ dp e processes for doing so have al ready been

exp ned above so no further description of this is
necessary at this point . The actual accounts held by
the u s of the s sten1na be p03|t|oned out si de of

cé% 9o atgh g, all four are selected to

part1c1pate in one SIG almed for the netting. The selection
criteria may be e.g. External Instrument Class = FIS (fixed
income securities). When creating the SOs to lock-in the

system would net the cash obligations of each involved cash

record.

Let us assume that the netting process resulted in two net
cash obligation and four to lock-in securities. These six
SOs volumes/amounts would cover the eight SIs included in

the SIG.

When time for settlement the locked-in assets of the six
SOs would be transferred (as one SOG) and the eight SIs
would be considered settled (net) DvP at the same time, as

shown in FIG. 9.

An embodiment of a securities settlement system 1001
capable of performing the clearing and settlement methods

and procedures disclosed above is shown in FIG 10.
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settl enent system 1101 conprises an input 1102 for
recei ving trade informati®¥n. Received trade
information is then sorted in a sorter 1103 in
accordance with a set of sorting criteria. It may thus
select all trades involving a certain user or group of

Tisersacwati t idadas tadnadrad dyasthens Ped)l A dmstdamdmmunicate
type or instrunment types, all trades related to a

et i ARSIt RIS 6 " idhmatahion of drelsr or
IRIEs AlaidIgSacd) Mo P! GUAN & 0d P Rnf YR he by

made. Once "a sel ection has the selecte
e 10703 r atkisnrinmebidyy tai edni caggg raeg atiimdrl aunittool B0 £ or

f or..aggr.egati on of, ohligati.ons fqr, each user (or
LR 9 Y o B IR g I TSR By 2002
are conpared with each user's (account's) obligation
limt to find out if all trades can be cl eared at

Wi tRin dieousds) . 1 o iheran i o daiawn 190 mldiedy apast
Dol W& diNAURS Pl D ESRIMRA M1 |63 AP 102 NG,
sé?ectorJUn?§§1106linaccor ance%%%#%%m t has been it
stirgr.usestl ibevsl Reymey ethe nadesi vaade isdiornaddiont dnt e
selector 1103 and the .ather trad are _once agai n sent
R as di g dhE LR R gritar .
obligations. Once a conplete group can be cleared, it
is sent. to a finalizing unit 1107 for settlenent.

In a selector 1005 at least some of the received trades
will be selected and grouped together. Selection may be
made on a number of parameters, such as user (trade

parties) and security type.

The selected group is forwarded to an aggregation unit 1006
for determination of an aggregated obligation required to
be met in order to clear (or settle) all the trades. The
possible processes for doing so have aiready been explained
above so no further description of this is necessary at

this point.

The actual accounts held by the users of the system may be
positioned outside of the SSS 1001, as shown by data

account memory 1007.

In FIG. 11 an alternative embodiment of a securities

settlement system 1101 according to the invention is shown.
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i nvention can be realized. A full rendering of the
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claims. CLAIM5S 1 . A securities settlenment systemfor
clearing trades conprisingan input for receiving
trade information, a selector for selecting a group of

d ' f
HhECSRe kP E0eS! SBLPan el 200 PR 8 Wibdt e e
each poerrassoeing etrabié hihherpsolpn PfrRé¢aTiasd afehde

settlement unit for executing the aggregated
oBEPHRRTHAR i®rtharhseskedt R cR etPrEfe 11A¥ekn iareordance

QEEHP Ofetrage ortj?ng §?£Hé 1é?51§erﬁé%eﬂ‘?£§ SYBL&Ma11

accor ing to c a|n11 urt er conprising a register
tnddeatLngobﬂthgusecést@bhl@a¢rourlgn®Wpamﬁ wsers, all

onpar at o or conparing. each, user's ate
ST Rea, b nEOTR BRPPHEET o R T HITe S YHe st Lnstrunent
%egatapn toabssfpelacegeto 4hepsel eLd ahiarmsk foesmdhets
ected group of trades to arrive at a new sel ected

@Fo@pcam%%@aﬁwno%ﬁu EP | GRSTRER DE RReSDHy Qiherystekectmble
§€g955tggﬁ §Fgglgg9@g system according to claim2 ,

ereln the selector fles the sel ected group of
trades by renoving at Ieast one of the trades fron1the
| east. one

el ect ed oup of trades, th
SRef ot ner P thlabingt ontsh indne tRESHSed TPt at
tP&d@@'pﬁ@&é@d‘s o . a§e§%fég£§1§1€t1§ﬂlﬂflEItIO@Yﬁé:?r&ggregatlon
according to claim2 , erein the selector nodifies

PheckbigrE Ny rHop VRCRrages (or account). Following that
all aggregated obligations are compared with each user’s

(account’s) obligation limit to find out if all trades can

be cleared at simultaneously.

Should any obligation not be met, one or more trades must
be removed, which is done in the selector unit 1106
inaccordance with what has been discussed above. Removed
trades are sent back to the selector 1103 and the other
trades are once again sent to the aggregator unit 1104 for
aggregation of obligations. Once a complete group can be
cleared, it is sent to a finalizing unit 1107 for

settlement.

The above embodiments are only examples of how the
invention can be realized. A full rendering of the

invention is embodied in the accompanying claims.



by iterating through a set of algorithns to determ ne
a m ni mum nunber of trades required to be renoved from
wo b@7aedzect ed group of trades in order to neetp¢hEP2007/053303
aggregated obligation for all users.5 . Method of
clearing trades in a secutties settlenent system
conprising the steps of: - receiving information
iLng to a nunber of trades; - selecting a group of
?ra eS fromsaid nunber of trades; - determ ning an
aggregated obligation to be cleared for each user
associated_with the group of trades; and - executing
the aggreght 88CHHIFHE% | BRCELEMRRE SYRT fPrerelgaring
kN ; fs ' :
B e e o e ST ne 3 Cupo that fon,
> atepleotor-fepnpaléciyinher appeyaedoblegato dre fareared,

C er Wwith an,obligation limt associated with
HBerodidiation Moary i il i Bl Ffidiwd
s Bilgst 1dn ato | 186 sE 1 curee @G egidie st | gaid QMmN Rt b e he
Met hod of _clearing trades according to claim

t. 7,
FrolnR FFPiPR 3R gtehbbrmSAhg i He & etaaitgimsuhe
ﬁgfé@&@éd'@ﬁii@&@iéﬁ@of’éf‘gea’%dh Ltgﬁa%:gatﬁqecltéaﬁrgeche trades in

associated wth” the aggregate on that cannot
10 tee ngrou of Meradels of cl earing trades according to
claim7 , wherein the step of nodifying the sel ected
group of trades includes iteratively making random
Assi gnmengscofitiéeVsettlement system according to claim 1,

further comprising a register indicating each user'’s
obligation limit and a comparator for comparing each user’s
15 aggregated obligation with the obligation limit and if an
obligation fails for a user, the selector modifies the
selected group of trades to arrive at a new selected group

where all obligations can be met by all users.

20 3, Securities settlement system according to claim 2,
wherein the selector modifies the selected group of trades
by removing at least one of the trades from the selected
group of trades, the at least one removed trade being
associated with the user failing to meet the obligation.

25
4. Securities settlement system according to claim 2,
wherein the selector modifies the selected group of trades
by iterating through a set of algorithms to determine a
minimum number of trades required to be removed from the

30 gelected group of trades in order to meet the aggregated

obligation for all users.



group of trades and saving an optiml selection. 9 .
Met hod of clearing trades according to claim8 ,
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assi gnnments of a new group of trades includes
successively increasing t new sel ected group of
trades.10 . A securities settlenment systemfor

[ earin [.S] ' t. fo N
£l20e [oiealas setiai Aoy o dasean
$ e atbsnersts ooy sit e, Wedrlprl sireri fhe swoags e criteria and
an aggregatipn unit for determ ni ng an aggregated
bl | ST S Y o T QT P SH A O B I i jtgades

set tl es@end o S¥8d e FESQS B0 L& 8k FRnl Qo M ELBIKE L R
SpeCIfIC sortlng criteria Is one or nore criteril as

eadeded fromthe group of: user, instrunent type and

mar ket ; riti S £ cqrdi t
i i b E e R e i e
frseresclobisgatasspdiandd anctla doenparaiprof arraaparanig
the user's aggregated obligation with the obligation

limit SR | RO | PHFR AR f3r sagh user,
fieasdbpne ride G tab@itof radasked s renoved fromthe

trades associated wth the user failing to neet the
aggr egat ed obligation. A securities settlenent

13 .
ystem for [ q[gg['s' . far ..
6?'ecei Vi ng Pge?éakg‘g&iér?oérir’m |lf)h, maad}lesé %@é@yﬁ:ﬁg az;llalm >
e ofng radesfurcHrer dtegredyf means for det erm ni ng

an aggregated obligation to be cleared by each
ggcongpar{jng theg aggregatedle obligatior}/ for each user

with an obligation limit associated with each user; and
- modifying the selected group of trades if at least

one aggregated obligation cannot be met.

7. Method of clearing trades according to claim 6,
wherein the step of modifying the selected group of trades
includes removing at least one trade associated with the

aggregated obligation that cannot be met.

8. Method of clearing trades according to claim 7,
wherein the step of modifying the selected group of trades
includes iteratively making random assignments of a new

group of trades and saving an optimal selection.

9. Method of clearing trades according to claim 8,
wherein the step of iteratively making random assignments
of a new group of trades includes successively increasing

the new selected group of trades.



user associated with the group of trades and neans for
executing the aggregated obligations for each user to
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Securities settlenment systemaccording to claim13,
further conprising neans 3%r deternining each user's
obligation limt and neans for conparing each user's

gr egat obligation with the obligation Iimt and if
obl 1 gath TETHT S T D% CRAIS Y Y Frehe Yol AR 1Hgades
Corgf i g dri adgsudToEbf iscd Rei rseleiRd ififtmadfion, a
trades to arrive at a new sel ected group where all
VG RE i Wht ERF BTN D P Itipdess asppcigd@d ivtiitds a

. ! ol Al +wher ey

e e R e b Pl B E i £t
G e isting cup aggrtegiesi mbligrahiiony tat Heeadiceaomd dor each
the trades fromthe selected group of trades, the at
Y5545t one renmoved trade being associated with the user
failing to nmeet the obligation. 16. Securities
settlenment system according to claim 14, wherein the

Teans forSe@ledtiery seigraien SYsfss ars@rdiay thee claim

| ; a0 s i hr
B gL S Qe And i8S e hlf Tl (¥ JH0RA 38 nire
qridigriet tae I reshouesh fohemgrreis elfec tuesdrgr dme tafument type

trades .in order to neet the aggregated obligation for
i M-

12, Securities settlement system according to claim
10, further comprising a register indicating a user’s
obligation limit and a comparator for comparing the user’s
aggregated obligation with the obligation limit and if an
obligation fails for the user, at least one of the sorted
out trades is removed from the trades associated with the

user failing to meet the aggregated obligation.

13. A securities settlement system for clearing trades
comprising an means for receiving trade information, means
for selecting a group of trades to be cleared, means for
determining an aggregated obligation to be cleared by each
user associated with the group of trades and means for
executing the aggregated obligations for each user to clear

the trades in the group of trades.

14. Securities settlement system according to claim
13, further comprising means for determining each user’s
obligation limit and means for comparing each user’s

aggregated obligation with the obligation limit and if an
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obligation fails for a user, the means for selecting a
group of trades modifies the selected group of trades to
arrive at a new selected group where all obligations can be

met by all users.

15. Securities settlement system according to claim
14, wherein the means for selecting a group of trades
modifies the selected group of trades by removing at least
one of the trades from the selected group of trades, the at
least one removed trade being associated with the user

failing to meet the obligation.

16. Securities settlement system according to claim
14, wherein the means for selecting a group of trades
modifies the selected group of trades by iterating through
a set of algorithms to determine a minimum number of trades
required to be removed from the selected group of trades in

order to meet the aggregated obligation for all users.



