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1 SECURI TI ES SETTLEMENT SYSTEM The present invention
relates to a securities settlenent system and net hods
related to such system 5 BACKGROUND ART d obali zation
has directly inpacted various aspects of the Centra
Securities Depository (CSD) market sector. A drive 10
for consistency and a nore standardi zed approach in

0 j esulted. In addition,
t#ﬁﬁéﬁ#ﬁ?ﬁ?o%E?Eﬁ%@éﬁgﬁ%ggﬁ e on participants and
operators to inprove efficiency in all elements of the
tr.ansaction val ue chain.. 15 ¢ SDs are eﬁfosed gglnnre
c@f-ﬁplﬁrceﬁteél& SBETPFITR & ARG PeSBI F a1V PES - BT
CorpemaedAektnoss becausse cof shhe gyobal. perspective
and market refinenment. Processes and systens nust now
be much nore adaptable. In such a dynam c environnent
"meekoompmarket ' of new products and services 20 is
critical. The CSD systens nust facilitate this

"speed”, which can be achieved by flexible, generic
feidalanakiby has dhediff enpatted epsridud Bepects of the
sett| emqent or,otherfgroqesses. %5 Transacti ons bet ween
e ke parCHER pant LIRGUPEYmdCER! AR SECEPEmeht T1Ve

TTadesnsartbfceaphidrLethadid e¢hhiatdored dgadrg in
(exchange) system or other external system .such as

a,
CHRHICB5UALEr PAT TP EOP) FeRBt ERT ngl S &Y tdO8r bRER® 1S
A drtGesyst greosur@niialdar et grets byndasdd:citkart so
Trade 50 matching and confirmation prepare ,
tYRTSEG BRSCHBTCE et 13t FE-CREEDF dP hgti% HEFPSREaRPR value
saidiement rules. Assets 2 and financing are
verified, and securities may _be |ocked-in in the
i ‘MRS B GEEPﬁ?@oFOﬂ%”%%ﬁfW@ﬁéﬁ??eﬁxﬁﬁﬁﬂqiﬂaﬂﬁ eRATHE
LAMENTLEN acfvovedal le QP eelpande HUKPOSHOf tebBuse of
securities settlenent systen1?SSS) is to increase the
quﬁN§%0b§&pE@§§P%ﬁt%W@nﬁ&% mﬁykﬁFn¥%¥&ﬁ?ﬁ?ﬁqwe?aéﬁﬁﬂags and
fQfe dem@UindctYnol KaShuEs H\%&Jeablié(?té-l@leb‘._ SEC Wilchl 8Sdynamic
settlement systemthat achi eves the object and purpose
i%?WﬂﬁQ@ﬁﬁé& fﬁ?@%@ﬁxh“§§$@ﬁfpPESH%%tE#QQﬁﬂﬂﬁ §§§%éﬁ¥Vlces
CIQITRIYI1§11 8¢ 1 @NTh B PeK D fQFs HeREe Mt POrd & ade A QHTBE hQPecdv
sel ector for selgctlngh? %roug of trades to be .
ciheahe §anake agegp bejerd drietipde . deereTa hifvgcaaonality
F @Al 9%@_@&%19\?%%515114 Qh@%é%@f‘érﬁ&@bﬁ%%ﬁe%ser

associated wt e group of trades and a settlenent
HHaceE§eSexecuti ng t he aggregated obligations for each
user to clear the trades in the group of trades.

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

gettlement according to applicable gettlement rules. Aggets



20 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
m nimum of tinmes (essentially once) and a m ni num of
transfers of securities i% also established.
Aggregating al so provides 25 the benefit of enabling
CAI&W @x%]n%fmg éfé' %eta" ades g@@u@l@lég adiyt bangbciane in
by one clearing mo have resulted in tradé renoval s
on flwedinngsthe @$1é&7111r@g-”. tPhisstbéentre i n a group of
trades a single user may have several trades that
together is clearable as they net out. 30 An
deRSOIRIRTEOUS OF nPRBVEREINT ICF achi eved in that the
5 system further conprises a register indicating each
user's 3 obligation [imt and a conparator for
campardad leablicus eand ragposgarEdtbd| st ich e SRt Ehement
%é% @chi oLt and,d c}geaas% QRLI 9@5?0& fldo3s6@l1 Acrades,
t he 'sel ector iFies the sel ected group of
thadesning zangi vhe ademantsw foul ddteddprou Sash eppdesally.
where all obligations can be nmet by all users. Hereby
it is guaranteed that all trades in the selected group
10 o0& dacadds ieansbetbémentediysTien tbatedeitidvwsns phecebseehrand
be er Y, for, |
TR aR 2Pk R IER B bep R BAF iERER ieten
nmmmpnmaum@ anadagutoﬁ¢nan&ﬂﬂyvedgftomdqrw;ﬁymm@plpn, a
ai,n es,.a
eara % %% E?% ﬁ@éﬂéggu%?oﬁk+%é%g%3?ﬁ%§§eﬁ¥%% kﬁn
t&ggﬁ&gﬂﬂumnonnis bgmeﬂenaxmmnnmesase@gwmﬂﬁaﬂﬁdspbﬂeﬁﬁtlon
conpri si-n npPYL f ar ivin f.ar [,an, -a
Y T TG TR |t % 507 ﬂﬁﬁﬂﬁ%%sfféggéégg@%%ﬁ%%%§§§kghog
smmﬁﬂés(anﬁoatBagtmemémﬂ|unun1doaneagnggpg|uh¢ agorefared
determnin reqgat ed obl ji.gat i t a
e‘g%%%?stelro Zgofh%g rti¥g |Ct1gr| agﬁ% & agieeoné'%oﬁcﬁg $¥0up
specifddesuser s (prlorltlzed users due to nunber of
trades or anount of trades), one or nore specific
i nstrument types and one or nore narkets. A
200@wﬁupmﬂg mmaabsthﬁaeaggﬁdgaﬁnmgothethblléﬁtﬂqnad@ be
ecific critera are al so feasi bIe neth
%‘?%}eéjs oK SPFECP?% J&?ﬁi‘”?ﬁ?ﬁﬁo&@ﬁ et TY & &)cl SaPfnge
|61é&ﬁﬁﬁgne®abhrough ﬁf&naaunﬂﬂmaoacbys$®® anmﬂmmmumteps

rece vin rmation relating.to a 3
AT e P A TR R R e RS
Oée&ﬁﬁﬂhﬂhs detauﬁbnégmhhwngnﬁm'egggedgmtﬂmgﬁﬁns@npkovbées
cl eared faor each user associ ated th the

S
s ey S BReR i T iy Phyht Bt ST 1 BHeF or
egledrdISerraldierehyl chearhn@rdchelenoifg ofolirddese 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.

30
An advantageous improvement is achieved in that the system

further comprises a register indicating each user'sg



The essence of the new type of clearing is to conbine

5 mnultiple trades into one group and to net the

effects of multiple debits and credits against the

same account or cash record. For exanple, consider two

trades; one which debits tshe cash 10 record A with $10

and the other that credits Awith $10. By conbi ni ng

the two, the net effect is to do nothing against A .

TREFEPOHEom i § AR RaSORR BRI T der FREPABLY I Fyh user's

t Egg‘eegaﬂ?]dvmwmaﬂtabadwéﬁﬁl*a'zkercﬁ;fmrgaé:ibhi $:|i.18;ytstaa{li if an

affects the areas around clearin nd sett nt. In

GRSt L TR OIS GAEnG SBET e o R oeceed Bles HE

akbeetedd oI gardmarabiepbts gatdions at Handhi sgL&dted group
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trades according to 25 the invention reduces the
nunber of necessary transactions; FIG 2 il]lustrates

afiERShpte 0F BRTGRERSF| SRt hdRg st FRfefRIected
PEREEE So ACERHIHN G a0 bkNe1 &aVENT! ITHRE Bl Ge136D0Ws Prddelw
chart exerrpgf i ng one possible algorithmfor, )
ofEPnPSi MY @%&3%?“&{1 atids® t o Pe 2PERPER; P8O EIEEINg
AshovwsgR A EXeBbirl yhing Dhe eSSkl aeselh@tid o ofi@hmum
optim zing a group of trades to be cleared; 5 FIG .
5PF| BEefes &2 r&é‘ﬁé‘??cfﬁ?‘éa“rﬁ%@%‘h@ 4Bt Prefento obtain a

PEREESSin R cibidiiusthatesatdec a6@38 . at waypoi nts in
the generic clearing and settlenent process in FIG 5;
An alternative solution is obtained 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 gorting 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 gpecific critera are also feasible.

A method that achieves an effective and improved settlement
clearing is obtained through the inventicn 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



5 FIG 7further exenplifies the process at different
waypoi nts; FIG 8exanplifies an optim sed process at
waypoi nts; FIG 9exanplifies an alternative optim zed
process at waypoints; 10 FIG 10 shows an enbodi nent
of a securities settlementt systemin accordance wth
the invention; and FIG 11 shows an alternative
epbodi ey Bo3eeyLtLy € ddiSRERL SYSLEMdd}, thereb
accorgance t%/}vl{et gt%he&?nven(??%ﬁgt 15 DETAI LED DESCRI PTION ~
OFlenBORY NENTSTORPTHE YNVIENTI ON The basis for all
clearing in the settlenent systemis the settlenent
obl i gation, which contains one or several debit or
cFadi essena Wt ithes Revntype cffolqmrﬂgg he e siambiegeh
s2Quseiil enBlaabligat Lao FOMAIAS R6ARELYLRNG SKhs of
i nstruction. trade Is conv rted into a set of
ommtgapl@r@bad;ﬂ ltad are@its mnsablthgaﬁam WPt or
£ Grpup is a list of 25 debit and credit
F%ga%?%ns that nust be settled automatically and
si mul taneously. Thereby, a list of entered trades give
CF?S? é}QarF?p:{é Sto s 1§%Et Lgent. i 92kl QR 9 OMSit3%he cash
earing a group thus neans to reserve the necessary
10areantrd A nditded 1y anfetbonvigtedhadbicredbt $ gatidds $10. By
b t.hes an t oget her Lot
d
CEPFER R 100 5 BE REL AL 0SS b ALADE, gpinac
oh. git“belpssﬁozrtdwe%remt llén%nlnasyrm dmlisnic, r eyei dedel tigg trade
cl.ear, an tt as many as possi bl e whenever it is
c%%k%% 9Q|nfpgleé§%ﬁal node is to i nvoke the system
repeat edly and settle the groups reactively in
157 egl ék Ly .H%Wes"% ste& %P%’e@tssochbee a&g%. %%&f:’?&’sctl%@rjﬁﬁg
i Avoked per i odi us confronted W arge sets
obkngr sup@lemartmati,n ehmm@uyse';hszoigildomnses@dﬂenbrmﬁ@fbyhe
Eg g)}_ﬂjt ec[tdhere are several opportunities to do
?tere Tha For exanpl e, consider the scenario
of Rl Giléarméﬁgsufmobhleg@’atcbmsﬂ:l pant T is a great trader.

He kiuy}siagdlslecgunt S for

20 s Settlement of instructions.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates how aggregation of trades according to
25 the invention reduces the number of necessary transactions;

FIG. 2 illustrates an example of an overall clearing and

gettlement process according to the invention;

FIG. 3 shows a flow chart exemplifying one possible

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

for optimizing a group of trades to be cleared;



15 $X froma market-nmaker M and sells it for $X+10 to
investor |I. But assunmes he has no noney. Hence, he
cannot buy S, nor conplete the sell. But, if the
system aggregated the two trades, it could deliver S
tol fromM and $10 to Tsfroml, and $X to Mfrom T.
20 Such deadl ock situations occur frequently in a
mar ket . and uire special atfention fromthe
SerET efient LLYAGAES PREr BYRSTHE CFREsi BRCr 33 kment
t padessfas this is the true purpose of any market). In
t he general case, the deadl ock 25 nmay occur via a
chafn Bf i dERe ERENBFPFHTR %ﬁ”ﬁY@Pb%?sm e
I ek efefledhiglly ahdt ectBkend e mRiddsenent raystem
zaggregate trades to mninize the demand for |iquidity
%%% f esot Wi M Td EXEMBLR E 15 7Eh%, RYReess) Psmxihgf%er}took
| pa@pbhetgetails of the clearing and settl enment

process, to better illustrate the changes nade in the
SEFFIeﬁenteﬁiﬂﬁ¥%ﬁ%$ﬁdaﬁr85%%%15%9fﬁﬁﬂﬂeéﬁeﬁF waypoints;

Defrni b1 onsxAMpusa ehenf o t o0 e fophiihi 98§ promdiere
on. Rather than referring to netted we prefer the term
ayf§¥BgLEe¥ since netting is a term somewhat nisused.

101@16Seit| eémms) 22D len@8bifBnt i0€.a &dMPHe105 {OW1ement
values: (A I,V,P), where Arefers to an account or

cﬁgﬁt?%c%ﬁcFCqOQQ§n§es€éEP|?%edﬂ“6ﬁ$%@ﬁ¢yamw to a

velrdne1 or A tan( Bedathyei & feidinés), caNd dBties
priority (Active, Deferred 15 (Settl enent

oBPFEAETH) GESER, 1p. accarfange ofl hthgal eertisther e

it is assuned that for any two obligations (A 1,V,P)
15and (g in a group, either Ac>Bor | c>J

( BER FW%GPE CF?@W&PE QEgFWE@NTﬁt §FoREY . INVENIGLPar t y

trade is typically represented by a 20group of four

obl i gations (one debit/credit per participant and

cobnterphi thor adBl Fdarrond ajyridipatsieshlenert sygrem is the

OQétgf%méﬁgidb&aba¥18% a@ﬂléﬁ\éoﬂggghsaﬁﬁeﬁgﬂ %%?%ﬁ?i R¥pit

replacing them wt
§rt%%e¢ﬁ‘fn|1rﬁﬁ’ﬁrplﬁltépﬂﬁy Bt @@@@d@o«@mgawmw each

201 s@ttféhzé{{td'cfb%ig%g;%a@gngi%%%tg néhé U&.‘iﬁ'gf at

follows. Two gr are cohnect ed
| tasErerelwbl | gatlon in GL can be aggregated with one
obligation in & (i.e. they refer

A trade is converted into a set of obligations, called a
gettlement obligation group. Hence, a group is a list of
25 debit and credit obligations that must be gettled
automatically and simultaneously. Thereby, a list of
entered trades give rise to a list of settlement obligation
groups.
30 Clearing a group thus means to reserve the necessary

amounts induced by the contained debit obligations, before



30to the same hol ding/position). G oup conponent,
i.e. given a graph of groups, the conponent is sinply
a connected conponent in the 8 graph. Hence, if two
groups Gl and & are in different conponents, they
have no obligations that dan be aggregat ed. Hol di ng,
i.e. a holding Al is defined by the volune of 5the

| R$lkument,/ s&rgee&%dl tBebEnEP REQOWH %@%Qeé?&@cﬁﬁgqcredlt

Cearing And Settlenent "Process 10 The overa
clobdipagiand. settl ement process is shown in FIG 2 and
can be described as follows. | First two |lists of
settlenment rules of purpose Lockinlncrenental and
L&eRT nAghr el el ©fr gEPHEG edtha SRS eBEREr AY HEYT tife

SSQJe%ﬁElrQH g5l éféaha Ma ‘é@t@lﬂe g&@ URshys Roubdshened e@{&gsver

in the current subsessi on. he criteri a consi sts of
| iigt isf invokeds, TfienS’{OP-’E]lﬁénY“O@‘P aks d® WPk@nEb%sﬂvéﬁ'@m

CH%%%%%%%%%W%gm%ﬁ%ﬁ%ﬁ&f@%&mm

ria hoose a subset of 20unsett gr oups
( dlowglver , dépemall riglson behéhatinbee wfstefsdpt éBVeredies) .

3 pié%ohaeéflpr 0&&% Qe oaLear §oki NGheeRtak! ¥r M%ips

c earing proceeds by clearing the groups, one by one,
andali t REncauggoupouwdidedei rgtthed obld dat PoRs Byk Wre

2%%% Q@Sngg@gréﬂ] &r@ﬁhhefeéStéxgéﬂ“ﬂgétegn thantﬁPat

over rams an account/cash record, the clearing of
group is frozen (to be reconS|dered in later

gk%%éﬁgis.e of . 5018 RUSELED s Mep; &l dr dabi t ;0bhigakd AR
part1c1pant T ig a great trader. He buys a security $ 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 twoe trades, it could deliver 85 to I from M, and $10 to
T from I, and $X to M from T.

20

Such deadlock situationsg occur frequently in a market, and
require gpecial 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 gettlement system
aggregate trades to minimize the demand for liquidity by

30 regolving deadlocks.



cleared, the group is marked as fully cleared. 304 For
those groups to be cleared in aggregation, the

cl earing proceeds by aggregating the groups (see

bel ow) into net obligations. For each net obligation,
9 neither Deferred nor overdraw ng, each group
aggregated into it is marked as fully cleared. 5 For
each fully cleared group,. the system rocee S

adPuBBs N TR e BEURPC R P dtier 8E5R 41 8GRt n@ie ﬂ}&arlng

Sabki gat 4 REedtN prBee g5 OUs AR R QUNS L BE€e RN changes
Settled. Increnental clearing is perfornmed as foll ows.

Amaﬂ%tl?dﬁ“tﬁftﬁeeﬁePFS?Y%Habﬁﬁﬁb§rofeﬁﬁ For each

group G in the list, let (ol,ok) be its list of
obllgatlons .. For each obllgatlon ol =(AI,V,P) in
°t fetFierentuiatdnikdoRFai | abl e vol ume of Al is Av: 2.

if P=Deferred and V<O, return. 153. if PoDeferred and
V<O, check if Av+V>=0. If not, return. O herw se, nmake

tHe veeerimtigdoniny fatipitiang dsrpi heee|en1 Rafher than

Copt L Pkend Mol ne2@eHens epréﬂ&r RN t_lkmChe§FdMred, since
consi ders one group at time, obligation by

oBfFghRd o aar‘F@rF‘e%i“‘%‘é%a‘eéH?%@lt in order. If, not

1oal | depid:S 1 aRnsyCcepEshat 10h | ackedai By P@Q@#%ﬁm£F vadlues:
Def erred obl i ation, or an overdraft, ?he group is

| eft p&td.all ‘cheaFedd Tefeusmdionsnt ﬁF@O‘m“y o rfEisih
recerd, I to a security or currency, V to a volume or

amount (negative or positive), and P to a priocrity
(Active, Deferred}.

13 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) 1n a group, either
A <> Bor I <» J (otherwise, they are aggregated into
one). A two-party trade is typically represented by a

20 group of four obligationg {one debit/credit per

rarticipant and counterpart).

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

25 and Q.

e Group graph, 1.e. an undirected graph of groups
constructed as follows. Two groups Gl and G2 are
connected 1ff at least one obligation in Gl can be
aggregated with one obligation in G2 (i.e. they refer

30 to the same holding/position).

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

component is simply a connected component in the



25 either the deferral is renoved or the affected
account/cash record has nore avail abl e vol une.
Aggregated clearing is performed as foll ows. 1. Let
G(Gl,...,G1) be a list of groups, where no group
30contains a Deferred obllﬁatlon (these are filtered
out). 10 2. For each group G in the list, let

G =(ol, éygghbethéel'fﬁ Qfo %QthQtGPnéndiﬁz %&E Onb&if herent

aggregat ed uni on of . . For each

obl i gatdEWwoseata, | they )héw @o ﬁﬁé%@%*@%mtl §BPebe

vol ume Qf;AbaksgAv: S. if V<O check if Av+V>=0. If

so, continué in 4. Gtherw se, renove mgroups H, , Hm

(1 et s mHsE dilng sﬁa@le%thQiﬁﬂmgnaﬁbéF)d¢ﬁ¥ﬂﬁdawaﬁéPeV@#ume of

@onta'Q%ﬁiﬁnQS%gﬁé%ﬁf@hﬁf@dcymﬁ héid ¥M<§3cdﬁﬂEbc5Eﬁtrecord

10Av+V continue in 3. 6. Continue at
4, seléecting the next obligation. ance, aggr egat ed
cl earing considers all groups sinmultaneously, and
aggregates all the contained 15 obligations. The
r eSlggring andi §etblemmtt RfoswiEisgat i ons that all nust
be cleared together. If this fails, because of one
debit maki ng an overdraft agai nst an account (cash

1% ebior dyveral20cheabing cindyremipd enhat pletiass He gbewnnin

e eTed L9nTBkeallie Sleptingosusgeosiul  Once some

groups have been renobve e aggregation is
reconmput ed, and the clearlng r epeat ed. Eventually, al

nett ?dt%?rs%b%%aﬂé’@é GRS 1Gle EePulééﬂdoﬁ GeUPS

t hat remain ‘e aggrega on are and
set t | ed.dabgeffheremental and LockinAggregated are retrleved.

15 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, chooge a subget of all

20 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

25 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.

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

below) into net cbligations. For each net obligation,



For exanple, consider the foll ow ng scenari o,
consisting of 4 groups, and 9 obligations. Assune A2
has no hol ding, and 30 that A3 has a hol ding (of the
sel ected instrunent) of 40. [Goup A obligations A2
obl i gations AS obligations 11 01 430 -30 02 -10
+10 03

neither Deferred nor overdrawing, each group
aggregated into it ig marked as fully cleared.
5. For each fully cleared group, the system proceeds by
adjusting each account and cash record against the
5 obligations in the group. Such groups are then

Settled.

Incremental c¢learing is performed as follows,
A. Let {G1l, .., Gn) be a list of groups.

10 B. For each group Gi in the list, let (ol, .., ok) be its
list of obligations.

1. For each obligation'oiz(A,I,V,P) in the list, where
the available wvolume of AI 1is Av:

2, 1f P=Deferred and V<0, return.

15 3. if PexDeferred and V<0, check if Av+V>=0. If not,

return. Otherwise, make the regervation of V in AT,

and continue in 1.

4, Continue in 1.

20 Hence, incremental clearing considers one group at a time,
obligation by cbligation, 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
25 either the deferral is removed or the affected account/cash

record has more available volume.

Aggregated clearing is performed as follows.
1, Let G=(@1,..,8n) be a list of groups, where no group
30 contains a Deferred obligation (these are filtered

cut} .



+20 -20 04 +20 -20 Total +50 -10 -40 First, note
that using increnental clearing, either 01 or 04 can
be cl eared, but not both. Also, neither 02 nor 03 can
be cleared increnentally (since A2 is enpty). 5 Now,
usi ng aggregated clearing,!%hree obligations result:
+50 against Al, -10 against A2, and -40 agai nst AS.

Sincg Ag %a%@%)fouﬁgkﬁf’e.!.ﬂ hige 1%'9 gaLi QRS GANNOL ok e

cl ear 10 simultaneou Using the principle in step
above, %ﬁﬁiﬁaﬁtOQfonIEE¢%#Qﬂ§hDved since this suffices

to make dihg ‘i:'ee%bnggé’:?eﬁ?te%#%%%ﬁ of%a11 0i.

4. For each obligation oi=(A,I,V,_} in O, where the
5 available volume of AI is Av:

5, if V<0, check if Av+V>=0, If so, continue in 4.
Otherwise, remove m groups H1l,.., Hm (let m be the
smallest such number) from G, where Hi contains an
obligation (A,I,Wi, ) , Wi<0, such that

10 AV+V~ (Wl+..+Wn) »>=0, and continue in 3.

6. Continue at 4, selecting the next cobligation.

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

15 obligations.

The result is a list of netted obligations that all must be
cleared together. If this failsg, because of one debit
making an overdraflt against an account (cash record), a

20 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 setitled together.

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

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

Group Al obligations | A2 obligationsg | A3 obligations




Let us assunme 02 is renoved. The aggregation then

results in: Goup Al obligations A2 obligations A3
obligations d +30 -30 03 +20 -20 04 +20 -20 Tot al
+50 +0
11

G1 +30 ~30

G2 -10 +10

G3 +20 -20

G4 +20 -20

Total +50 -10 -40

10

15

20

First, note that using incremental clearing, either Gl or

G4 can be cleared, but not both. Alsc, neither G2 nor G3

can be cleared incrementally (since A2 is empty).

Now, using aggregated clearing, three obligations result:

+50 against Al,

Since A2 is empty,

simultanecously.

-10 against A2,

and -40 against A3,

these three obligations cannot clear

Using the principle in step 5 above, either G2 or @3 is

removed,

succeed.

since this suffices to make the clearing of A2

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.




5 removed,

-50 20 That is, two obligations result:
Al , and -50 agai nst A3.
avai |l abl e vol une of 40, these two obligations cannot
clear sinmultaneously. Using the principle in step 5
above, either Gl or 04 is!5 renoved, since this
suffices to make the clearing of A3 succeed. Let us
assiR &b hs188NDYed, s (1h@12000e6aL | &N dd)eRne8EULES i N:

10 Group Al obligations A2 obligations A3 obligations
oFhidgatignsggangal clear simultaneously.

+50 agai nst
12 Since A3 hol ds an

Using the principle in step % above, either Gl or G4 is
gince this suffices to make the clearing of A3

succeed,

Let ug assume Gl is removed, The aggregation then results

10

15

20

in:

Group Al obligations | A2 obligations | A3 obligations
G3 +20 -20

G4 +20 -20

Total +20 +0 -20

These net obligations (+20,

aggregated clearing thus completes.

were to remove (3 instead of G2,

-20) can be cleared, and the

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

the result is:

Group A1l obligations | A2 obligationg | A3 obligations
Gl +30 ~-30

G2 -10 +10

G4 +20 -20

Total +30 +10 ~40

This time, the net obligations {(+30, +1¢, -40) can be

cleared without further removal of groups. That is, the

choice of which groups to remove affects the convergence of

the aggregated clearing.




-20 Total +20 +0 -20 These net obligations (+20, -20)
can be cleared, and the aggregated clearing thus
conpl etes. 15 However, note that if we in the origina

list of groups were to renove 03 instead of 02, the
result is: Goup A obligations A2 obligations A3
obligations 01 +30 -30 02 -10 +10

Thus, aggregated clearing does not remove the minumum
number of groups, but rather tries to remove the minimal

number in each step.

5 As the simplest possible heuristic of what to remove in the

10 obligaticn (A, I, ,

15

20

clearing, consider the following version of the removal,
which has the advantage of being easy to explain.
if V<0, centinue in 4. Otherwise,

check if Av+V>=0,6 If so,

remove all groups Hl,.., Hm from G, where Hi contains an

_J) . and continue at 3.
That is, all groups referencing the overdrawn account are
removed. This leads to quick convergence, at the expense of

removing a larger number of groups.

Congider the example again;

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

G2 -10 +10

G3 +20 -20

G4 +20 -20

Total +50 ~10 -40

The new heuristic would thug remove G2, G3, and G4, giving:

Group Al okligationsg { A2 obligationg | A3 cobligations
Gl +30 ~30
Total +30 +0 -30

The settlement gystem could also provide ancother clearing

mechanism that can be invoked pre-business to complete as

many pending tradesg ag possible ahead of the market opening




04 +20 -20 Total +30 +10 -40 This tinme, the net
obligations (+30, +10, -40) can be 20 cleared w thout
further renoval of groups. That is, the choice of

whi ch groups to renove affects the convergence of the
aggregated clearing. 13 Thus, aggregated clearing
does not renove the m nunmum nunber of groups, but

fa&fﬂﬁr %' 8&#9 f&nqa\f%vaeﬁsﬂwg@é JUgREE LB @@qhe settled

["est possible heurlstlc of what to
réhUV@glhh@h@utiQnﬁ|hﬂ§1n@§ﬁsﬁ@©¢)the fol l owi ng version
of the renoval, which has the advantage of bei ng easy
to explain. if WO, check if Av+V>=0. If so, continue
i L4 isOdhpeviart terimed udll agroups HIRPERE, Pasekel e (to

fp%ﬁﬂ%%eagsllﬁ?l%blﬂrgﬁfe'sog (eﬁ\gés;.-blra 1@@@1‘1%0@&&5‘9@1?1: which

groups re nci ng the overdrawn
ammw aeeinenpVetk thei sokéadsof dapiheld eopvtig@enciis to

2] e, gépggs <Ofa T Viai9aAcLlar 9L NUIPER oBL 1 BRRUASn can

nsi der tne exanple agal n:
noxmally be inveked during business hours (for performance

reasons) .

190
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

15 algorithms for large instances, and instead we seek an

approximation algorithm.

First, congider an integer programming problem. The
aggregated clearing problem is formalized ag follows.
20
1. Let G=(Gl,..,Gn) be a list of groups.
2. For each group Gi in the list, let Oi=(ol, .., ok} be
its list of obligations.
3. Let xi in (0,1), such that xi = 1 iff Gi is cleared by
25 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 AI is Av, the clearing constraint
30 is
AV + VI1Xl+.+ voxns=0,

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



Group Al obligations A2 obligations A3 obligations Gl

+30 -30 & -10 +10 G3 +20 -20 4 +20 -20
15
this constraint states that the aggregation of each
debit and credit operaticon of any group in the
solution is less or equal to the available volume of
the affected acecount/cash record. There will be one
5 such constraint per account/cash record,
A solution to the above is such that each volume constraint
is satisfied, and the number of groups included in the
clearing is the maximum,
10
Consider the sample used above.
Group Al obligations | A2 obligations A3 obligations
Gl +30 -30
G2 -10 +10
G3 +20 -20
G4 +20 -20
The corresponding equations are (agsuming Al holds 100, A2
15 holds 0, and A2 holds 40}, using the formalization:
e Maximize x1L+x2+xX3+x4, where
o 30x1 4+ 20x1 <= 100 (Al)
s -10X2 - 20X3 + 20x4 <= 0 (AZ2)
v -30x1 + 10x2 - 20x4 <= 40 (A3)
20

The optimal sclution assignsg xl=1, x2=1, x3=0, and x4=1,

i.e.

In ge

G3 is excluded.

neral, there may be more than one answer Lo the

25 optimization problem.




Total +50 -10 -40 The new heuristic would thus renove
&, &G, and A4, giving: Goup A obligations A2
obligations A3 obligations GL +30 -30 Total +30 +0

-30
16

Given that we mway encounter more than 100 000 trades, the
number of variables could exceed 100 000, which is very
difficult to sclve. Therefore, we need to look at large-

scale algorithms that can handle the worst-case.

1. Let (AT,..) be a list of all holdings/positions
referenced by any group to be settled, sorted in
decreasing order by the number of pending debit
ocbligations against the holding.

10 - 2, Enumerate over the list, choosing Al each time,

3. From AI, retrieve the list of all groups (G1,.., Gn)
that contains an obligation (A, I, , _).

4, For each obligation (B, J, _, _) and retrieved group,
retrieve the list of all groups that contain an

15 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

20 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 hclding AI.

25 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-
30 chosen probability (set to around 0.80).
1. Initially, let all x1, .., xn be set teo C.

2. Let the current assignment be the optimal solution.



20 The settlenment system could al so provide anot her

cl earing nmechani smthat can be invoked pre-business to
conpl ete as many pendi ng trades as possi bl e ahead of
the market opening 14 (this to cater for previously
received trades to be setti7ed during the current

busi ness date). It is inportant to include as many

groups .as siblLe (to 5 conplete as many trades as
oo Pb e HORh 8t Crh T =HiReeh h ety Ras v, dddag those
t he notdean taf obahehesd, cde@aringg Lhéhi 8otD. al l ow us to

use e ,adyanced cl earing al gorithmthan ca
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per f or neidebleasans) setl cdHaweventinge dh ot intend to

roduc he optimal result in _the batched run, i.e,
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rogranmm.n robl em regated clearin robl em
s f or MALCZeh a8ORo) THHENIY0 ChaSER 6 G1. -, Gh) be
10 i st sofcograupe. a2. 4 FOinRath ngneypPnG £iibd el skenl 8hde.
QO =(al,0k) .be its list of obligations. 3. Let,
xi inh @0, f)‘?“esaihowa{c%fﬂﬂu agﬁfﬁ’ G TR &4 dd Byering
25t he ag@r egatend §PEeiddmMotrdrwhBXi airhl theXBebt . 6f the
maxi m ze the nunber of cleared groups), given the
f ol | owWiGTEBRsPPEi AR and gherpredighy IPEE™Hunt A and
instrunment |, where the avail able volune of Al is Av,
.4 he clearingﬁgonstraint 30is Av + vlx1+ + vnxn>=0

WHEHE ViSzVSERTERDF , 500 1 @PRdaRda s beHeTi SE. WiRgh gxoups
te 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.

20 The algorithm iterates making partly random cholces 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 possgible

until at least one constraint is violated (using a Zeno-

25 like inclusion).

Once a constraint has been viclated, the algorithm tries to
improve the current assignment by flipping the variable
that improves the assignment the most, but occasionally

30 flipping some variables chosen randomly. Hence, this

gtrives to come closer to a solution.



15 this constraint states that the aggregation of each
debit and credit operation of any group in the
solution is less or equal to the avail able vol une of
the affected account/cash record. There will be one
5such constraint per accolht/cash record. A sol ution
to the above is such that each volune constraint is

S&ttm%f E@Bea@@%ﬁﬁq w&b%ngf %%&;ﬁsnaweegew e, or a
clearing is the maxi um 10 Consider the sanple used

aletigrohp Mpushl iFFathéAsPaionl thfaticdHsian is saved,
0RlH02LEOPSoMed 30 1edRa®®Ra plorddlily trying to add vet

other groups.

Eventually, the limit of iterations is reached, and if time
allows, the whole process starts over, in hope of finding

an even better golution.
10 Consider the graph sketch in FIG. 4 for an example.

FIG. 4 ig meant tc illustrate a graph of groups, where Gl1
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,G11,...}, 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 algecrithm may thus be:

Where at some point, G1l1 is first included, i.e. x11 is set
toe 1, and then later its value is flipped, i.e. Gll1l is

20 excluded by setting xll to 0.

This algorithm is known to be very effective in quickly

finding good sclutions.



& +20 -20 A +20 -20 The correspondi ng
equations are (assum ng Al holds 100, A2 15 holds O,
and A3 holds 40), using the formalization: Maxim ze
x| +x2+x3+x4, where 30x1 + 20x1 c= 100 (Al) -10x2 -
20x3 19

Another challenge with this algorithm is to make its flip-
evaluation efficient, since it will be based on quickly
propagating the effects of including/excluding a group from
> the aggregation. However, this is rather straightforward,
since the function ig simply based on applying obligations
to a set of accounts/cash records (this is what happens
when an xi is flipped, i.e the group Gi is evaluated,
either by removing its effect when setting xi=0, or adding

10 jts effect when setting xi=1).

For example, the flip evaluation can be described as

follows.

New value Al A2
Xx1=0 +10 -10
x1l=1 -10 +10

15 where G1 is described as follows:

Group Okligations

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

That 1ig, whenever x1 is set to 0, 10 is added of I to Aal,
and 10 is subtracted from A2. On the other hand, when xl is

sett to 1, 10 ig gubtracted from Al, and added to AZ2.

20

Thus, the representaticn 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

25 violated volume constraint are quickly identified. This



+ 20x4 c¢c= 0 (A2) -30x1 + 10x2 - 20x4 ..= 40 (A3) 20
The optimal solution assigns x1=1, x2=1, x3=0, and
x4=1, i.e. G3 is excluded. In general, there may
be nore than one answer to the 25 optim zation
problem 16 G ven that wé®nay encounter nore than 100
000 trades, the nunber of variables could exceed 100

000, oy %Bkbstﬂsryepe&fmamlet ok 0r 80| M ratQkeh 0g6xi ¥an
need to I ook at large-scale algorithnms that can handl e

t rulfoicdengase. 5 1. Let (Al,..,) be a list of al
hol di ngs/ posi ti ons referenced by any group to be

settled, sorted in
The Settlement System

The settlement system can further be described with the

following features.

For any generic and flexible piece of functionality there
10 ig a need to define the actual behaviour in a certain
scenaric. 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

15 “flavour” of the generic functionality

For a C8D 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.
20 Thig part of the description is aimed at the need for a
generic functionality to define, control and run the
different settlement procesgses, which a CSD operator may

need to support.

25 rn one known settlement system there is the concept of
settlement rules. A settlement rule ls an object, which
defines how the matching, clearing and settlement process
of the system will behave for one specific settlement
instruction (8I), settlement obligation {80} or gettlement

30 gbligation group ($0G). The different settlement rules can
be administered to adjust and adhere to market needs and

behaviour.



decreasing order by the nunber of pending debit

obl i gations agai nst the hol ding. 102. Enunerate over

the list, choosing Al each tinme. 3. FromAl, retrieve

the list of all groups (d,..., &) that contains an
obligation (A I, _, 4. Far each obligation (B, J,_ )

and retrieved group, retrieve the list of all groups

that contain an 15obligation (B,J, , ). Elimnate BJ
fromthe holding list accordingly. 5. Repeat 4 until
namurelegr OUpStias esyicm evedhobseinthd arteceshald thspply
be§£ reached (confiqurabl e the str

|
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Féﬁﬁ?ﬁ?ﬁ’gn"a Afs &t B/ Ha %6“%9% Er 2SS Hat
fa:lxid%d' to peridem theAF¥iamealihginative in step 6, use
t he fO||0MAng ggorlthnl Let .there be k constraints
the ToFPBFfig!cshd 47 §55PEN3H BXOTh Fr &E‘aBPF?WaJE S@fStem
10t o arowsdu®eB0). 1. Initially, let all xl,xn be set to
0. 2. Let the current assignnent be the opt|nal
sol uti BRYMERY QUTIERGY 5006 of the vari abl es, chosen

r andoniryaaspegi dhaspeseti . £0 Ohe NG seSRMt LAY tR&R4®ion
1. 4. |f all k constraints are true, and fewer than n

vari abPBE84r@5et to 1, continue in 2. 55. If sonme
constr abBbsgareydal @ g.l nsay, rébhesy Wi

15 ii. Operation Type {(e.g. CSD link, maturity payment or
normal trade settlement)
- Settlement Methed (e.g. RTGS or BIS Model 2)
- Extermal Instrument Class (e.g. fixed income
securities or equities)
20
The actual rules (i.e. how the system should behave) are
given by the system implementation (as specified by the
8Dy,

25 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 sesgsion.

For the discloged gettlement system it is suggested that a
30 number of matching rules and optimization routines are

added as well as the concepi of grouping settlement



probability p, flip the value of xi, where the new
value of xi reduces 1 nore than flipping the val ue of
any other xj does, and with probability 1-p, flip the
val ue of sone randomly chosen xi. 106. Continue at 4,
unl ess n*log(n) flips havé2been made. 7. If tine
al lows (configurable), repeat at 1, keeping the
CUL 3R bLEUBRa O NG W ol BLE Mo LISy i8St Ghut Mot
current optinmum an he previous optinum 15 That is,
stwqqmrﬂﬁwnﬁawhmﬁ%é@gnnent of which groups to
include in the aggregation, given a connected
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choices to intlude as many groups as possible in
f igralld dleusionari zedtasm tie FA6m a-initial sol uti on
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many groups as possible until at |east one constraint
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t he 'on 1S’ save process 'S repeate
greedid y .gr. yfmgtex) add ayetulet fier gaotipsig Saﬁvdnpuaﬂhq
idhe limt e r hed
7eurce Oﬁle mﬁ}lﬁegé)errbglslgsegt g’r%tgsgové?g]%org h%t%lFatlon
f I recH ey oan tewenadet drercyge amiomnstiﬁumm@%t he graph
tch_in FLG 4for an _exanpl.e, 4 ], t
usgg‘cgsg gFap%ecﬁa%fQ%Sgg oS eggcafﬁcﬂf%egegﬂ F&@. 6,
art| cularly connected (to G, G3, G5, G7), and hence
p sibly.a_ca dldat to el tel cont ai. debi
Do G R aT Bt ST ICRITAPER - ERogh Bt ihts (ERhds
QQ1quhbmmﬁber{6ﬁ,ﬁEyﬁEﬂnts.ﬂhkeB.EheXﬁGWéhbdhﬂ hikRefioveles
caéoéﬁﬁég. ﬁggever the potential flexibility makes the
golution 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
25 corporate actions. That is, on certain conditions the
gystem will select the appropriate rule to use in the
different steps without filtering out the rules based on

the fingerprint.

30 Examples of transaction flows



{&G5, ...} iChoose random xi, x2013 say, and flip it
Hence, two steps in the iterative algorithmmy thus
be Where at sone point, Gl is first included, i.e.
x11 is set to 1, and then later its value is flipped,
i.e. Al is 20 excluded bysetting xIl to 0. This
algorithn1is known to be very effective in quickly
di n oQd solutions. . 19 Anot her al | Wi t
s e PUnLEES e el R g AT A the
efcﬁiftaf@fﬁnt Siapeeihts Wh | hurie: b ase dxonp Yels Cakfrey given in FIG,
prgpagating the effects of including/excluding a group
m 5 the aggregation. However, this is rather
strai ghtforward, since the function is sinply based on
obl i atl ons to a set of accounts/cash records
ﬁ?%iti %J\R]’?ap ﬁﬁﬁp%ﬁ%tm%rf@?sys flipped, i.e the
grmumu@s Iwﬁ:u&\dabtiﬂé.eﬁt &ff they sby tlen®yt Nthdticefibast
when settl =0, or adding 10 its effect when
setiTHT i %r e&arﬁ)l%o%@@fl?ﬁg%v%‘fac% i%%n #aflThe

d etSfddeth‘l'@S £hvel Eowswoiew BealgteuAkd Aln Xdird st anlOwhen
Xl_llected for 80/80G creation they would be mapped to one S0
10 each without any kind of intermediate calculation.
The lock-in would be on a gross volume/amount and when time
for settlement {(typically asg soon as possible on S), the
accounts and cash records would be debited/credited
simultaneocusly.

15

Optimized RTGS

The settlement of a group of RTGS transactions 1s valid as
an example of an optimized settlement process: Out of four
20 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 S0s to
lock-in the system would try to optimize to settle e.g. as
many transactions as possible with as little liquidity use

25 ag possible.

Let us assume that the optimization process resulted in
four obligations, two to lock-in securities and two to
lock-in casgh, calculated as the netted obligations per

30 ingtrument/currency and account/cash record. These four S0s
volumes/amounts would be enough to cover all the six SIs

included in the SIG.



-10 +10 15 where Gl is described as follows: G oup
(obligations GL (A ,I,-10), (A2,1, +10) That is,
whenever x|l is set to O, 10 is added of | to A, and
10 is subtracted from A2. On the other hand, when xl
is set to 1, 10 is subtracted from A, and added to
A2. 20 Thus, the representation of the group conponent

I&awftltn{éatfo@ Lest1 @leraf ft@l@t 2dcRES oLt G @astlhe four
records is maintai ned, and whenever a group i

eveu it e PENEF2RBTEHRG USiSoPEr S8RkI RS ke FF1§ §Is would

CObd QERRIURBAAEEOLTYS, gﬁc%s@NﬁeZ@vé&P'@x%sV@hyﬂgnt DvP)

constraint are quickly |dent|f|ed Thi s
at the same time, as shown in FIG, B.

5

Netting according to BIS Model 2

In a BIS (Bank of International Settlement) Model 2 netting
scenario the securities would be settled gross and the cash
10 would be settled net, by means of novated netted cash

obligaticns.

out of four matched pairs of SIs, all four are selected to
participate in one SIG aimed for the netting. The selection
15 ¢criteria may be e.g. External Instrument Class = FIS (fixed
income securities). When creating the S0s to lock-in the
system would net the cash obligations of each involved cash

record.

20 Let us assume that the netting process resulted in two net
cash obligation and four to lock-in securities. These six
S0s volumes/amounts would cover the eight S8Is included in

the SIG.

25 When time for settlement the locked-in assets of the six
808 would be transferred (as one 80G) and the eight SIs
would be congidered settled {(net) DvP at the game time, as

shown in FIG. 9.

30 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.



20 shoul d make the performance of the iterative
algorithmsufficient. The Settlenent System5 The

settl enent system can further be described with the
foll owi ng features. For any generic and flexible

pi ece of functionality these 10 is a need to define

the actual behaviour in a certain scenario. This can

be achieved in two ways: by inplenenting specific
adaptati ons of the generic functionality, or by
hanﬁm@eaunmmeﬁ ot ekt eystdef ($89)0 Mobe ashuabnmunicate

15"fl avo of the generic functjanality For
SR FEARLES B HETORP0G: She whih mashindeol e or
vejml s aadetltazgaag@emaiayefs t@&déﬂeoﬁydjirefﬂrdnheraéi’yahade by
ol uti ou e one of the two
Sgdﬁ’?”széogﬁrsu%’d?‘i BRI RE ﬁééE%?lﬁu%‘h %@liﬁﬁeao%%at%
nescdial angen@sts danehi/eeali ty e dafdaiag spstémliooz.
and run the different settlenment processes, which a
CSD operator may need to support. 25 In one known
setittheAebhe Syst emdiheeresibhgn cgmﬁptl ool SRLELENEMr:
r es. A settleneq%irule i s an %#$ whi ch defi nes
FhECRELEHIh T O EarrAy 5RE S %W@tﬁ%%gg% gy

1Ot %x&ysm@mﬁwlimbm f-ae 98€esROLI friferaQtibRNEANtan
instruction (SlI), settlenent obligation (SO  or

sé’tpPFSREhf‘t%owa&bl’i‘i;dfﬁcéﬂrllj%%pf‘( T PERESEPETSr ent
settlenent rules can be adm nistered to adjust and
adhere to market needs_and behaviour. 21 In order for

tHE 8ySELATERY CHfs @t Heaghr FRBR Tt Fe5BpI§e atrades

Jiwi@n BEEPelde@edlBRETTouble SYSEEOMBMUSI1ELLIER @M be
which rule to use. For the applicable, valid,

supdeeRBnt BUTRA% O PRTEPBERFF c PifthGse YFEY g tRaE2hi ng

Ohah@¢Ks) Nad SRGUNIL @ ethe conbi nation of the
following attri butes (the "fingerprint") of the

SI/SCYSOG must be unique in order to performthe
lﬂh%%le@@cte@%&% (1@ %r@&r@é& efdaln -8FLPoRinit 1006
internal systeml1 dul e)
for determination of an aggregated obligation required to
20 be met in order to clear (or settle) all the trades. The
possible procesgses for doing so have already been explained
above so no further description of this is necessary at

this point.

25 The actual accounts held by the users of the system may be
positioned outside of the $8S 1001, as shown by data

account memory 1007.

In FIG. 11 an alternative embodiment of a securities

30 gsettlement system 1101 according to the invention ig shown.



Paynment Currency Transaction type, i.e. the purpose
of the transaction based on: i.Mssage Type (e.g. DvP,
FoP or PvN) 15 ii. Qperation Type (e.g. CSD link,
maturity paynment or normal trade settlenent) -
Settlement Method (e.g. RIS or BI'S Model 2) External
I nstrunent Cl ass (e.g. fixed incone securities or

eq@h% d&i&ur?& 1khe séEEP@d\er{*&J | s%»%t(e'm €1 ofo%rﬁﬁﬁ se¥ShBMinput

shou have) are given by the systeminpl ementation
( aslepefsr |T@@;6bymaet@m Anfprpgtéont rigcedvad §aeds

a”@nféfh?asc (e 14 Eﬁéﬁeéﬁrt%‘&t e'ie%r{':&eflﬁ &rVakbdrdance

th ey are |sted in the subsessions as valid settl enment
ruvesh faorsathaf sobtiesstwoiteriaFodtt ney dildd esdgct all

setls & é@rﬁm@ﬁ&%@ hlod SesUpgpsted t Batud S0 Jumer 591

mat chi ng rul es and opt|n1zat|on routi nes are added as
metraééﬁtﬂﬁi&?@ﬁcéptao$9%ﬁkﬁﬂﬂ ﬁ@$§§Pm¢@ﬁE#HPe Zx instrument

i ”§%§é¢°“ ns LAk saL8 Ly %ﬁ%&%@ﬁ?&e&%ﬁ{ el Ryt mQPicets
nec sarl st mul taneously). e"generic earing and
seet| @mmblgra@e@szsot ntwheo1s moaet pénthessy QAdgr wiilefitable

iSCPE%?%%gﬂé?nnﬁgSbnbgﬁﬁefiS here, could be summari zed

as In a nu of steps in the process
¥here is a need to nake a deci sion on how to proceed.

Th ! 0

"|§§§Ié¥?%92%§gg gégr d%t ﬁou%gi%e poégfgpe

fi tr@cﬂesomrmdgetbl elmearﬂgraﬂaen@n thet welyjoi fistrs algsreﬂ@tion
prg%:al > idationk Brséa&?%saexf Eng{l‘ﬁt )bass%cil%ﬂuflgsghat

cer ource, fFaNSACt i on type and i nstrument ¢
i tatbuabmeagtefli bbéigatioms Arlee chupanad ohi iy daadedsen’ s

lgh?aéé%) qyrﬁe %ﬁhéagpgntfgﬂl.fllt P&“&u@ { léiif%&ade? can

op {7 zat 53584 6Nn°t ransacti on ype and instrune
cIJaescleﬁr@qoramessuhtamémmﬂa«ypm nts can be descri bed
in FIG 6. The nunber of possible conbination of
fingerprints tinmes

Should any obligation not be met, cone or more trades must

he removed, which is done in the selector unit 1106

20 inaccordance with what has been discussed above. Removed
trades are sent back to the selector 1103 and the other
trades are once agalin sent to the aggregator unit 1104 for
aggregation of obligations. Once a complete group can be
c¢leared, it is sent to a finalizing unit 1107 for

25 gettlement.

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.
30



20 the nunber of waypoints nakes the potential m x of
rul es conpl ex. However the potential flexibility nakes
the solution very dynamic. In order to reduce the
conplexity sone or all of the steps can be given in
the systemfor certain type§7of transactions, e.g. for
Sls related to 25 corporate actions. That is, on
in conditions the systemw |l select the
C%%%“?%priate rule to use in the different steps w thout
filtering out the rules based on the fingerprint. 30
Exanpl es of transaction flows 23 In order to
visualize the rather conmplex flow at the_ different
L way pOicRIBUST-HAPHSRENTEY seoRb ey ssitlemicat sysipanor plepng tragdes 5
Realt Time Gross Settlenment (RTGS) An RTGS woul d
coBpisSiNgt of two settlenent instructions, created based
on e.g. a stock exchange trade or an OTC trade. The
t wo aBlispupbarirecebengiradegefbrination erhSte@acnttadstie norsetted toed
for SO SOG creation they woul d be mapped to one SO 10
setlagienvabligatiin @oyp,ki nd of internediate cal cul ati on. The
| ock-in would be on a gross vol unme/ anmount and when
ti me dofiputelimhpRn®hted 6dl¥RbicRl bdlectify 8080upAT sROSHERI BligAion
5), the accounts and cash records woul d be
grélgRId sdlesedi ted sinul taneously. 15 Optim zed RTGS The
settlenent of a group of RTGS transactions is valid as

i : i . ; f
20 SR o B L BB Shi R B2 B et®
oof3itigurtp 8RBt i etvigr rsoaeigd SafPe erous & iflement Sbiigaton
Exchange. Wen creating the SOs to | ock-in the system

BT 8% ry to optinmize to settle e.g. as many

transactions as possible with as little liquidity use
a computer-implemented settlement unit for settling the group of settlement

obligation groups if the aggregated obligation is determined to be cleared for each user by

the aggregation unit.

2. Securities settlement system according to claim 1, further comprising:

a register for indicating each user's obligation limit, and

a comparator for comparing each user's aggregated obligation with the obligation
limit, and

wherein if an obligation limit does not meet the aggregated obligation for a user,
the selector is configured to modify the selected group of settlement obligation groups

to arrive at a new selected group where all obligations can be met by all users.



25 as possible. Let us assune that the optim zation
process resulted in four obligations, two to | ock-in
securities and two to |lock-in cash, calculated as the
netted obligations per 30 igpgtrunment/currency and
account/cash record. These four SOGs vol unes/anounts
woul d be enough to cover all the six SIs included in

3.t he SlGities 2uVRER stitom abevrdiagid diaimentwlidnen kimcdoatpuion
assets of the four SOs would be transferred (as one

i - i IRUh S BEhE 90 8dtsleEBdp 5L4cttledtbnt obligation

' gré?%?%ﬁgpﬁa§#§n€%§gus pay%@ht(DvP) %tdghe sane tim§
as sho i.n_E j ' e

erP PV o g o Sy PLPE L B OERER R ol pegec
netting, scepario.the securiti

erRit oG B e et | FE P Hrong SRkl iR
novat ed netted cash obligatians. t .of four.matc .

P sy 1 oot P g dise ot R ou B
one SIG ainmed for the netting. The selection 15
criteria may be e.g. External Instrunment Cass = FIS
(fixed inconme securities). Wien creating the SCs to

4. ockSecnriti¢seselpmicntraysiow] agcordingtio elabm SnwhBPinght $HHRUGT
each invol ved cash record. 20 Let us assunme that the

injeérhém@l feteowe sscantigured edmbdify the seletted ariyp o6 batdemens abligation
and four to lock-in securities. These six SCs

gré@hsH Bfﬁé@ﬂﬂglﬁir&g\mtﬂedomwhhmhm @tghiineSl minimununseder of
the SIG 25 Wien tine for settlenment the | ocked-in

i ! i f
se@%x)%tnaﬂlgf%a% be gﬁﬂuE? % e Bk Rt éafishans &decledszroneo

he eig s woul d be considered settl ed
; AMBrdbt (BN theSRONMDatkbd obiidatio ford0 uiérs.
S%ﬂﬁﬁ%&f@%ﬁ?ﬂé?ggﬁgicurP%%es %etf?%%ﬁ%? syst%ﬁwlOOl
capabl e of performng the clearing and settl enent
nmet hods and procedures discl osed above is shown in FIG

10. 25 The curities .settlenment St :
Scan SRR AR RO if R tpRgeLyuR R ST et bment
mat chi ng of deals or trdes take place. .These trades
sxsryIhor QP Bpdrels sOREd 2 s RTpng ORliistion GETRGORPTRNA e
stations or simlar tools for sending in orders to
stoppifsel | to the trading system 1002.

- the computer implemented securities settlement system receiving information
relating to a number of settlement obligation groups;
- the computer implemented securities settlement system selecting a group of

settlement obligation groups from said number of settlement obligation groups;



Wthin the SSS 1001 there is an input 1004 which,
apart fromreceiving orders fromthe trading system
1002, may 10 sort, nodify and store the received
information in an appropriatg way to facilitate
further processing. In a selector 1005 at | east sone
of the received trades will be sel ected and grouped

t 0gahbEimpuvs! iBpldnRAtARYcRRicd SerilBAG Ohtdn AHBREhingfan
paranmeters, such as user (trade parties) and security

agggeggted -ggﬁ%a%%h ?&B@%g%%@#‘bg Fﬁ JsBf $R64861 bin ?ﬂ: group of settlement

regation unit etermnation o

[ ed. igation required to 20 be net in order
oAb,

or ‘settle) all the trades. The possible

procegsses for. dpin o hayve al ready been expl ai ned
B boVES SERRICT Pl SetiSs SrufieTo sysion silina duerapy of
at this point. 25 The actual accounts held by the
seiilement Qiligation roupsdhilyagensaatpdebligation i dstrringd tobe ¢lgaed for
SSS 1001, as shown by data account nmenory 1007. In
eagf @er.11 an alternative enmbodi nent of a securities 30
settlenent system 1101 according to the invention is
shown. 26 The securities settlenent system 1101
conprises an input 1102 for receiving trade
6.1 nfMethad obtlcarRgeeivedcbidateo i rsrmidpsiing $hd fueherSsdds &
in a sorter 1103 in accordance with a set of sorting
Cr iR écAnputdr iMBlentcRted se@Iriet seldmdnt kyshde §0ﬁ1§‘éfﬁﬂg\fh@%g@egated
certain user or group of users, all trades related to
obﬂga?t Gbf bfeh i tv&i%rﬁbligx 18hit 'ang)EiﬁféH%{h éaElﬁ) Gsbr; Al
trades related to a specific market or nmarkets or a
conby ion of two or re. of these. her | ect abl e
cr i O A8 Slplelp 2l BRI et Lo BopTERE R e
bee de, the sel ected.group. of trade roceeds to an
el it sgemsnt Qplegtionaned smgflieation {19 Br' el ighibeagregated
f.or, each user (or account). Follow ng that al
obligaiiondak ¥ehbl i gati ons are conpared with each user's
15 (account's) obligation limt to find out if al
trades can be cl eared at simultaneously. Should any
obligation not be net, one or nore trades nust be
7. r emiatbiod efhilening sraderecondinghe cleeh 6cwbereimrthe stdd 66modifying the

selected group of settlement obligation groups includes removing at least one settlement

obligation group associated with the user failing to meet the obligation limit.

8. Method of clearing trades according to claim 7, wherein the step of modifying the
selected group of settlement obligation groups includes iteratively making random
assignments of a new group of settlement obligation groups and saving an optimal

selection.



20 i naccordance with what has been di scussed above.
Renoved trades are sent back to the selector 1103 and
the other trades are once again sent to the aggregator
unit 1104 for aggregation ofigobligations. Once a
conpl ete group can be cleared, it is sent to a
finalizing unit 1107 for 25 settlenent The above
9. enb ddetheho clearimg drallys arendplgds claim Bowherbia thestemed ibmativghy
be realized. A full rendering of the invention is
mﬁﬂﬁpﬁh@(ﬁn assigingenacdameanybngotdctilement @liga@dh GhdpsVBicludes
1. A conputer-inplenented securities settlenent system
subQksiGdif ﬁfci‘é&@mg HRARS LORRI SOUHIT settlement DN ghtRpUirodpr
receiving trade information, where each trade is
converted to a settl enent obllgatlon group, a
conputer-inplenented sel ector for selecting a group of
ett I
1 o R R SR G Bl AR S Bn B <GB e trades
an _a regated obligation to be cleared for each user
COqPLSPEat ed with the group of settlenent obligation
gr oups uter- Sett
uni tanpggut 2%&@?%@% tride g fBera o Rttt B?*?Vge&%&
groups if the aggregated obligation is determned to
seflemeneiligatigrogroBach user by the aggregation unit. 2.
Securities settlenent systemaccording to claiml1,
fur tatmnp@mmmpl@mﬂ:gted aortiag jusit er sbongiowl pasdemmy obligaion groups

user's obligation limt, and a conparator for
as@(&ﬁmafwmgaemiﬁmﬁﬁmgscmw egated obligation with the
obligation limt, and wherein if an obligation

i matcdﬁﬁﬁ&rﬂﬁblemﬁtedta@ge@@gmgatfaddmmngag b By draatel
user, the selector is configured to nodify the

olﬁi%Ltt?&lt o 105 QuEm Sk oﬁﬁéatttbﬁ FRRps QRbEERE Wik AIdABS i Sorting
arrive at a new sel ected group where all obligations

crft@ih lja%e %tdrekaﬁoxaéach H§e§“,r atd 28

a computer-implemented settlement unit for settling all settlement obligation
groups if the aggregated obligation is determined to be cleared for each user by the

aggregation.

11.  Securities settlement system according to claim 10, wherein the specific sorting
criteria is one or more criterias selected from the group of: user, instrument type and

market.

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



3. Securities settlenent system according to claim 2,
wherein the conputer-inplenented selector is
configured to nodify the selected group of settl enent
obligation groups by renovigg at |east one of the
settl enent obligation groups fromthe sel ected group
of settlenent obligation groups, the at | east one

oMigﬂmﬁaﬂiﬂs&tatobﬁgmmm{ AT PR BEQMADLREANG fAFSeGhat o’
wth the user failing to neet the indicated obligation

obllirlggﬁ&n- limi# forPRCENet, ot RastDRL bl BEEHteSHR SEMAGH b H I ePoups is
clflaim 2, wherein the conputer-inplenented selector 1s
i i . th C . L. t
reffd S i SRUCHRE oichlih B b iy e BRE PR e
tha%ﬁﬁééé]ya%htq.deternine a m ni mum nunber of settlenent
o)oits 59 é?gﬁbs required to be renoved fromthe
sel ected group of settlenment obligation groups in
order to nmeet the aggregated obligation for all users.
5. A nmethod of clearing trades in a )
13¢ onp c@rpyterpimphenenied ssawifics setdemenitsy stesrden cleaying digres
where each trade is converted to a settlenent
CopiprisIgat i on group conprising the steps of: the
conmput er inplenented securities settlenent system
r ec enaans fpriredeoimpiraderinfoehatimghtie cachnuideds cafverted to a
settl enent obligation groups; the conputer

sellPleRodNethseews i ties settlement system selecting a
group of settlenment obligation groups from said nunber

of §Rlsh! &FRALARId G4 SscllcRi¢RBobligafon groups {%e cleared,
comput er i npl enented securities settlenment system
det . ﬁ i p

el & dIhE fd?%efféﬂni%g%é ga\%_, ’dttgﬁ gblggattllog (e %é)cslgi?ﬁ‘f’ {éﬁg{ﬁ:?%séro '

each user associ a oup o

bl i d ; d . h i mpl d
sl dit T e ey bl R e oroup of

settl emepnt ohligation oups if the aggregated
obl AT ¢ S?@l%gg%gfm‘ﬁgés et 8\’1%18%%%‘ s Hdhaggegpted
6. Met hod of clearing trades according to claim5
oblgationis efgrmiped K)Lhetcgr@redsf%%h gper by the ageregatien uitit er
i mpl ement ed securities settlenment system conparing the
aggregated obligation for each user with an obligation
[imt associated with each user; and - the
14c omPeateitics sgtlanemntseders actarding esclsiai 13, domehnt camptisng:
nodi fyi ng the sel ected group of settlenent obligation
gr owRSng for ABteMBiningaiatioBseh's Bbligado@ fimiObndreCt the
aggregated obligation for a user. 7. Method of
cl eqidaprd E&@l?&ir?g%@i‘i dieng aéé}eﬁt&i %l%atimftﬁ kHE db'l‘i@atﬁinQHnit
of nodifying the selected group of settlenent
bl i gation groups includes renoving at |east one
Settlenment obligation group associated with the user

failing.tg nmeet the ohligation Limt. .. Met hod of .
ci ekt Redibs o SelPned b S b leent el BuR i
of nodi fyi he sel ected group of settlenent
coe,fﬁ,gqrgfg i%wﬂ%r%a paestekeranr %‘g?eftgﬁ“é@(‘# ORigptinm gToMgs i dbforsgregated
assignnments of a new group of settlenent obligation
obbigatiop slogiept suapt thg okHeaioniiweif fog ajusentp grive agg new selgpied sipup
of clearing trades according to claim@8, wherein the
whereegl! dfligatiensapn beimet bkil neprs.andom assi gnments of a new
group of settlenment obligation groups includes
successi vely increasing the new sel ected group of

settlenent obligation groups. 10. A
conputer-inplenented securities settlenent systemfor

cl earing trades conpri sing: an input for
receiving trade information, where each trade is
converted to a settlenent obligation group, a

conputer-inplenented sorting unit for sorting out
settl enent obligation groups associated with a
specific sorting criteria,



a conputer-inpl enented aggregation unit for
determ ning an aggregated obligation for al
settl enent obligation groups associated with said
specific sorting criteria ta2zbe cleared for each user
and a conputer-inplenented settlenent unit for
settling all settlenent obligation groups if the
aggregated obligation is determned to be cleared for
each user by the aggregation. 11. Securities
15 et tYceunmitivs sstylsment systeradiording oo clhmi id, Mheraih greenduns Fe
specific sorting criteria is one or nore criterias
sefRlifeh eRdup OLBt digeng bBliALOH graupelis configtifed i@ niodify fie salReted
market. 12. Securities settlenment systemaccording to

grBhPb M mchtétiReiof QORY ) RehoRing @Bicait Ohe bk GatlEmenta
user's obligation [Tmt and a conparator for conparing

1364 ' AR {eE8d orbbp P kéifahRObKE I LRGips , the at lcast
‘ﬁ%%%wggsﬁg% |n1tq§nd ?F aR aSgregated b|F§atP8n ?gifgs
tQ _neet. t | | Lon Lim.t.fo
ors e8RS b i S s Wb s meet
reppved f.romthe settlenment obligation groups
m%QE@%ﬁﬁ?Lﬁ“%ﬁth the user failing to neet the
aggregated obligation. 13. A conputer-inplenented
securities settlenent systemfor clearing trades

conpri si ng; nmeans for_receiying trade
16. nf oyeqetiliesetligmentsysamnceqrdie t¢ slage hdarhesin the rgeans for
settl enment obligation group means for selecting a

setpeonga gfoup of sdtéeneent obligatiga giamps grooufigursd tcompdificthe aeleded
nmeans for determ ning an aggregated obligation to be

groheaf edlchienestlipaticegroapscilaitag thicuph t ket of nlpopthais to
settl enent obligation groups, and means for

de@inind NYidiRBmAfuaibRr 6f seiRhichemidhtiOPLoOR leQiirdto BP Serhdved
the aggregated obligation is determned to be cleared

1@ th SRR H $BSupd sEth@m@xﬁ%ﬁg&Hn%?ﬁﬂyiﬁ ordtfho cREE %{e‘ deltRhent

settl enment "system according to claim13, furthe
I Sing: or determ ning each user's
d%%%ﬁ%%%?@%*??ﬁ?@%“%nd nmeans for conparing each user's
aggregated obligation with the obligation [imt and,
wherein the nmeans for selecting a group of settlenent
obligation groups is configured to nodify the sel ected
group of settlenment obligation groups if the
aggregat ed obligati on does not neet the obligation
limt for a user to arrive at a new sel ected group
where all obligations can be net by all users. 32
15. Securities settlenment systemaccording to claim
14, wherein the neans for selecting a group of
settl enent obligation groups is configured to nodify
the selected group of settlenent obligation groups by
renmovi ng at | east one of the settlenent obligation
groups fromthe selected group of settlenent
obligation groups, the at |east one renoved settl enent
obl i gation groups being associated with the user
failing to neet the obligation limt. 16. Securities
settl enent system according to claim 14, wherein the
means for selecting a group of settlenent obligation
groups is configured to nodify the sel ected group of
settl enent obligation groups by iterating through a
set of algorithnms to determ ne a m ni mum nunber of
settl enment obligation groups required to be renoved
fromthe selected group of settlenent obligation
groups in order to clear the settlenment obligation
groups for all users.



