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Rationale for investigating SSS optimisation

Oversight of SSS systems

« Efficient optimisation means lower liquidity needs (lower liquidity
costs), and/or lower settlement delay (potentially safer)

» By studying optimisation, the overseers can better assess if the
operators have put in place efficient settlement procedures

Development of the T2S system

*  “On 17 July 2008, the Governing Council of the European Central
Bank decided to launch the TARGETZ2-Securities (T2S) project
and to provide the resources required until its completion. It also
decided to assign the development and operation of T2S to the
Deutsche Bundesbank, the Banco de Espafia, the Banque de
France and the Banca d'’ltalia”. (Governing Council press release)

» As operator of T2S, the Eurosystem should be able to provide the
market with an efficient system

Importance of optimisation in SSS and RTGS

+ SSS are often less liquid than RTGS. As a consequence
optimization plays a greater role in SSS...
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Rationale for investigating SSS optimisation

Example: We simulate the case of a generic SSS (random data)
— Full day, 20 000 transactions,100 participants, 30 ISIN
— Real time settlement, optimisation every 1 hour
— Liquidity level varied from 25% to 400%
— Settlement delay is recorded
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Rationale for investigating SSS optimisation
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Comparing with similar results obtained on a
real RTGS by Segendorff (2004)...

Simulation results
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Example: We take the case of a generic SSS (random data)

— Full day, 20 000 transactions,100 participants, 30 ISIN

— Real time settlement, optimisation every 1 hour

— Liquidity level varied from 25% to 400%
— Settlement delay is recorded
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Rationale for investigating SSS optimisation

Example: We take the case of a generic SSS (random data)
— Full day, 20 000 transactions,100 participants, 30 ISIN

Real time settlement, optimisation every 1 hour

— Liquidity level varied from 25% to 400%

Settlement delay and end of day fail ratio are recorded
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Rationale for investigating SSS optimisation

Example: We take the case of a generic SSS (random data)
— Full day, 20 000 transactions,100 participants, 30 ISIN
— Real time settlement, optimisation every 1 hour
— Liquidity level varied from 25% to 400%
— Settlement delay and end of day fail ratio are recorded
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Objectives and tools

» Objectives of SSS optimization (alternatively):
— Lowest settlement delay in volume (number of transactions)
— Lowest settlement delay in value
— Lowest end-of-day fail ratio in volume
— Lowest end-of-day fail ratio in value
* An adequate balance is to be found between these four
(sometimes antinomic) objectives
“With respect to the level of priority of instructions and their intended
settlement dates, T2S should maximize the volume (number of
instructions) and the overall value of settlements, by trying to find out
an optimum balance between the two.” (T2S market consultation
TG3, July 2007)
« Available tools to increase SSS efficiency:
— Self-collateralization (on stock and/or on flows)
— Partialization of the trades

— Offsetting mechanisms
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RQ 1: What are the best algorithms?

* We consider a batch of 200 DvP transactions bearing on a single
ISIN between 2 participants. We let the liquidity level vary

*  Which algorithm will perform best (settle most in value and/or
volume) in this bilateral Mono ISIN optimisation ?

« Algorithm1 : Greedy
* Algorithm 2: One By One

* Algorithm 4: Robin Hood
» Algorithm 5: Las Vegas Greedy
» Algorithm 6 : Greedy?/ Greedy*
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RQ 1: What are the best algorithms?

We consider a batch of 200 DvP transactions bearing on a single
ISIN between 2 participants. We let the liquidity level vary

Which algorithm will perform best (settle most in value and/or
volume) in this bilateral Mono ISIN optimisation ?
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RQ 1: What are the best algorithms?

* We consider a batch of 200 DvP transactions bearing on a single
ISIN between 2 participants. We let the liquidity level vary

»  Which algorithm will perform best (settle most in value and/or
volume) in this bilateral Mono ISIN optimisation ?

Greedy selection
« Algorithm1 : Greedy
* Algorithm 2: One By One
» Algorithm 4: Robin Hood
» Algorithm 5: Las Vegas Greedy
+ Algorithm 6 : Greedy?/ Greedy*
4

Greedy? Algorithm

« First step: Greedy selection on initial set

10 » Second step: Greedy launched on subset
* « Sub-Greedy » finds a solution
« Third step: Transactions are exchanged in the
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RQ 1: What are the best algorithms?

120

We consider a batch of 200 DvP transactions bearing on a single
ISIN between 2 participants. We let the liquidity level vary

Which algorithm will perform best (settle most in value and/or
volume) in this bilateral Mono ISIN optimisation ?

—Settlement rate in VALUE . aigorithm1 : Greedy

80-

==0-= RobinHood

7~ Greedy «  Algorithm 2: One By One

OneByOne h
FIFO

LasVegas

* Algorithm 4: Robin Hood

Greedy-Power-2

===~ Greedy-Power-4 4 of . o Algor|thm 5: Las VegaS Gr66dy

Settlement Rate value in %

7« Algorithm 6 : Greedy?/ Greedy*

Standings in Value
1. Las Vegas Greedy
2. Greedy?/ Greedy*

BANQUE DE FRANCE

EUROSYSTEME

3. Greedy
4. One By One

RQ 1: What are the best algorithms?

We consider a batch of 200 DvP transactions bearing on a single
ISIN between 2 participants. We let the liquidity level vary

Which algorithm will perform best (settle most in value and/or
volume) in this bilateral Mono ISIN optimisation ?
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RQ 1: What are the best algorithms?

* We consider a batch of 200 DvP transactions bearing on a single
ISIN between 2 participants. We let the liquidity level vary

*  Which algorithm will perform best (settle most in value and/or
volume) in this bilateral Mono ISIN optimisation ?
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Algorithm1 : Greedy
Algorithm 2: One By One
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RQ 1: What are the best algorithms?

+ Some algorithms complement each other in an efficient

manner

» Launching them alternatively may provide an edge over a

monoculture approach
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RQ 2: Mono ISIN Vs Multi ISIN approach

Cash-poor
system

» Multi ISIN
better

» Combining
both
approaches
does not
improve much
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Settlement Rate value in %

@
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Settlement Rate volume in %

We consider a batch of 200 DvP transactions bearing on 3 different
ISIN between 2 participants (averaged over 500 draws)

Bilateral OneByOne is used, Cash-poor (securities rich) system

Which approach will settle the most transactions ?

— Approach 1 : Optimisation Multi-ISIN only

— Approach 2 : Optimisation Mono-ISIN only

— Approach 3 : Optimisation Multi-ISIN first then Mono-ISIN
— Approach 4 : Optimisation Mono-ISIN first then Multi-ISIN
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RQ 2: Mono ISIN Vs Multi ISIN approach

Cash-rich
system

* Mono ISIN
slightly better

» Combining both
approaches does
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We consider a batch of 200 DvP transactions bearing on 3 different
ISIN between 2 participants (averaged over 500 draws)

Bilateral OneByOne is used, Cash-rich (securities poor) system
Which approach will settle the most transactions ?

— Approach 1 : Optimisation Multi-ISIN only

— Approach 2 : Optimisation Mono-ISIN only

— Approach 3 : Optimisation Multi-ISIN first then Mono-ISIN
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RQ3: Multi, tri or bilateral approach

*  We consider a batch of 1000 transactions between 10
participants that we optimize using a Greedy Mono ISIN
algorithm (results averaged over 100 draws)

*  What is the best approach to lower the fail ratio (value and
volume) ?

— Multilateral: the algorithm is launched once on the set of all
participants

— Trilateral: the algorithm is launched for each triplet of
participants (120 triplets)

— Bilateral: the algorithm is launched for each pair of participants
(45 pairs)

» ...depending on the topology of the transactions
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RQ3: Multi, tri or bilateral approach

» Variation of the topology is investigated on a 11x11 matrix,
where the relative importance of the core of central
participants and of the central pair is varied
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RQ3: Multi, tri or bilateral approach
* Results in VALUE settled
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RQ3: Multi, tri or bilateral approach
* Results in VOLUME settled
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RQ4: Continuous Vs Batch approach

* We want to assess the pros and cons of
continuous settlement and batch settlement

— Continuous settlement: Each incoming transaction is
immediately attempted for settlement

— Batch settlement: Incoming transactions are directly
sent to optimisation

— In both cases an optimisation algorithm (multilateral
multi ISIN One By One) is launched on the bulk of
unsettled transactions

+ Simulations performed on a generic SSS
— 20 000 transactions with 30 ISIN and 100 participants
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RQ4: Continuous Vs Batch approach

+ Settlement delay and end of day fail ratio in volume
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RQ4: Continuous Vs Batch approach

+ Settlement delay and end of day fail ratio in volume
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RQ4: Continuous Vs Batch approach

+ Settlement delay and end of day fail ratio in value
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RQ4: Continuous Vs Batch approach

+ Settlement delay and end of day fail ratio in value
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Conclusions (provisional)
U RQ1 What are the best offsetting algorithms ?

— OneByOne is well balanced
— If value matters most, Greedy is most adequate

— More advanced algorithms (LV Greedy or Greedy*) can
improve, especially in a batch optimisation, but at a certain
CPU cost

— Combining various algorithms should allow for a robust
and efficient optimisation

0 RQ2 Mono ISIN Vs Multi ISIN approach

— Multi ISIN is more suited for cash poor (securities rich)
systems

— Mono ISIN is more suited for cash rich (securities poor)
systems

— Usually, Mono ISIN performs best for very low liquidity
levels (especially true for Greedy algorithms, not shown

BANQUE DE FRANCE here)
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Conclusions (provisional)
O RQ3 Multi, tri or bilateral approach

— Results (on Greedy and OneByOne, not shown) tend to
confirm intuition that

Trilateral is best in value in case of “heavy core”
Multilateral is best in value when “dispersed”

— Trilateral is also best in terms of volume (Greedy)
— Multilateral is fastest. Trilateral slowest

— Results probably very dependent on topology

0 RQ4 Continuous Vs Batch approach

— A batch approach can win an edge over a continuous
approach with regards to the end-of-day fail ratio in value
(Threefold reduction)... at the expense of the settlement
delay

— Batch approach can be advised for night settlement
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Conclusions (provisional)

U Best answers depend

— on the situation (level of liquidity, cash/securities rich,
topology...)

— on the objectives (fail ratio vs delays, value vs volume)

O Options for a complete engine
— Build a robust engine
Supposed to be efficient in every situation
— Build a configurable engine
To be fitted by system operators periodically
— Build a smart engine

“Understand” the situation and launch the adequate strategies

U The different RQ are entangled
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Annex: details on the algorithms used
— Robin Hood Algorithm

— Select the most important transaction that doesn’t create
any lack for the resource considered.

— Create a tree of redistribution of the resource.

— Check if it has not created any lack for the counter-
resource.

Participant able to pay an
important transaction in cash

« driving belts »

Participants able to pay
transactions in securities
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Annex: details on the algorithms used
— The Greedy power algorithm

— Recursive Algorithm: Greedy? calls Greedy on a smaller
subset of transactions. Similarly, Greedy? calls Greedy?
on a smaller subset of transactions...

— It helps to solve the problem when the series of amounts
are not super-increasing

We call Greedy on a smaller Subset

C————
e ‘ 10€ ‘
g’ Eed/g The results obtained on the smaller subset help improve
eselection RSN L
the situation on the initial problem
14€
C————
T » S >
....... by S
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Annex: details on the algorithms used
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— The Las Vegas Greedy algorithm

— When reselecting transactions on a lack, and if we don't
have a super-increasing series of amounts, we reselect
the transactions according to a certain probability

— Launching the algorithm several times allows for an
increased efficiency

e | /(T
Cosvoges Jomp || e LosVogs e
stock

[Lasvess | [Losvegas |
[Lasvegss | [Losvegas |
Selection of Selection of
the “best” the “best”
set of set of
transactions transactions

19




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings true
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 99
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /FIN <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


