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Abstract

This paperprovidesa technical overvien of OlsenData’s Value at Riskdata delivery system.lIt
covers howVaR datais collected named computedandassembledor delivery andoutlinesthe
variousstagesof the computersoftwae for doingthis.



Contents

1 Intr oduction 3
2 Raw and Filtered Data 3
3 Contrib uted and Computed Instruments 3

4 Typesof VaR Data
4.1 Snapshotlata . . . .. ... .. .. . ...
4.1.1 Reulardata . . .. ... .. ... e
4.2 HighandLowdata . . . .. .. .. ... ... e
4.3 Tickdata . . ... ...
4.4 Extractiontimepoints. . . . . . . . . . e

A A DA W W W

5 SnapshotData
5.1 TickBefore. . . . . . . . . . ...
5.2 Tick After. . . . . . e
5.3 PreviousTick Interpolation. . . . . ... .. ... ...
5.4 Linearinterpolation. . . . . . . . . .. ... ..
5.4.1 StalenesandHoleFilling . .. .. ... ... ... ... ........

o o1 o0 o0~ b b

5.4.2 Non-interpolatednstruments . . . . .. ... ... ... .. ......

6 Instrument Typesin RIDE
6.1 Naming . . . . . . . e
6.2 Futuresinstruments. . . . . . . . ..

7 Computed Instruments
7.1 InvertedFX Rates x-Spot-inv . . .. ... .. . ...
7.2 FXCrossRates Xx-Spot-CrosSs . . . . . . v v v v v i i it
7.3 Computed=X ForwardRates x-fwd-conp . . . ... ... .. ... ......
7.3.1 CrossFX ForwardRated x-fwd-conp-cross . .. ... ........
7.4 YieldCurves . . . . .
7.5 HistoricalVolatilitiesandCorrelations. . . . . . .. ... ... ... ...... 11
7.5.1 FXSpotRatelnputData . . . ... ... ... ... ........... 11
7.5.2 InterestRatePricelnputData . . ... ... ............... 12
7.5.3 InterestRateYieldlnputData . . ... ... ............... 12
7.5.4 EquitylndexInputData . ... ... ................... 13
7.5.,5 ImpliedVolatility InputData. . . . . ... ... . ... ......... 13
7.5.6 RiskMetricsVolatility Model. . . . . . ... ... ... ... L. 13

© © © N N N



7.5.7 BISvolatility Model . . . ... ... . ...
7.5.8 RiskMetricsCorrelationModel . . ... ... ... ...........
7.5.9 BISCorrelationModel . . .. ... ... ... ... ... .. ...,
7.6 EquityBetas. . . . . . ..

8 DataFormats
8.1 SnapshobDataFormat. . . . . .. ... ... ... . ... ...
8.2 HighLowDataFormat . . . . . . ... ... .. . ...
8.3 TickDataFormat . . . . . . . . . . ...
8.4 \Volatility And CorrelationDataFormat . . . .. ... ... ... ........
8.5 RgularDataFormat . . . . . . . .. . . . ... ...
8.6 AlternatveDataFormats. . . . . . . . . . . .. ... ...

9 RIDE Jobs
9.1 DailyJobs. . . . . . ..
9.2 HistoricalJobs . . . . . . ..
9.3 SpecialExtractions . . . . . . . ...

10 Client Data Collection

11 Software Overview
11.1 Year2000Compliang . . . . . . . . . i e e e

12 Monitoring Daily Extractions

13 Reliability And Security
13.1 Reliability . . . . . . .
13.1.1 DataErrors . . . . . . . e
13.1.2 SoftwareErrors. . . . . . . . . .
13.2 DataArchiving . . . . . . .
13.3 DataSecurity . . . . . . . . e e e e

References
A Variability of volatilities and correlations

B Supportedinstrument types
B.1 ContributedInstruments . . . . . . . ... ... L
B.2 ComputednstrumentsAndCurves. . . . . . . . . . . . . e
B.3 HistoricalVolatilities And Correlations . . . . . .. ... ... ... ......

15
15
16
16
17
17
17

18
18
18
18

18

19
19

19

20
20
21
21
21
22

23

24



1 Intr oduction

RIDE is a high quality delivery systemof ValueAt Risk (VaR)datafor alarge rangeof financial
instruments.ts prime purposeés to provide daily ‘best’ realandsyntheticpricescomputedrom

optimally filtered high frequeng data.At the sametime it doesnot sacrificespeedandtimeliness
of availability. In additionto currentdaily data, RIDE is alsousedto producehistorical daily

prices.

2 Raw and Filter ed Data

OlsenDatacollectraw high frequeng financialdatafrom a numberof sourcesfilter it in real-
time, andstoreit. Detailsof the comple filtering systemarebeyond the scopeof this document,
but canbe foundin [Mller, 1999. Sufice it to sayherethatevery receved tick is stored,but
markedwith a degreeof credibility, which cansubsequentlpe usedasa selectioncriterionwhen
extractingdatafrom thedatabases.

Eachfinancialinstrumentis storedin anindividual time-seriedatabase The samenominalin-
strumentcollectedfrom differentdatasuppliersis storedin separatalatabasespne per source.
Whenreqguestinghe extraction of a given instrumenttime seriescanbe meiged, andticks se-
lectedaccordingo alargerangeof criteria. All thesameanaive view of aninstruments asingle
time-seriesrrespectie of its source.

3 Contributed and Computed Instruments

If the price or level of a requestednstrumentcanbe dravn directly from oneof the ticks stored
in thetime seriesthenthisis referedto asa contributedinstrument However if a price hasto be
calculatedby manipulationof oneor moreticks from thesameor differenttime seriesthenthisis
calleda computednstrument

4 Typesof VaR Data

At thetime of writing RIDE offersthreetypesof VaR data:-

4.1 Snapshotdata

This is the price of arequestednstrumentat or arounda given snapshotime For example,the
bid andaskquoteof aforeignexchangespotrateof US dollar againstlapanesgenat 16:30EST
on agivendate. Thetime hererefersto pricesquotedat thattime, not necessarilfhe time when
theobsenration of thedatabasevasmade.Snapshopricesarealwaysextractedfrom filtered data.

4.1.1 Regulardata

A specialform of snapshotlatathatis not particularlysuitedto daily extractionis calledregular
data Theseare snapshopricestaken at regular intenals over a period of time betweena few
daysanda few years.Theinterval canrangefrom afew minutesup to oneday thusproviding a
sampledime seriesgachpoint of which hasthe samepropertiesasa daily snapshoprice.



At the time of writing regular datais only available as one—of specialextractions(seeSpecial
Extractionsbelaw). Howeverin thenearfutureit is plannedo implementregulardataasanormal
RIDE serviceproviding thetime periodis limited to lessthanoneday

4.2 High and Low data

Thesearethe high andlow valuesof aninstrumentbetweerntwo giventimes. The maximumtime
intenal is 24 hours. Wherethe instrumentis normally quoted(hasboth a bid andan askprice),
separatéhighs andlows for eachare provided. High andlow pricesare always extractedfrom
filtereddata.

4.3 Tick data

Thesearethe high frequeng contritutedticks selectedaccordingto usersuppliedcriteria. For
exampleall 3 month US dollar mongy market ratescontrikuted by one or more namedbrokers.
Tick datacanbe extractedfrom eitherfiltered or unfiltereddata.

4.4 Extraction time points

Apartfrom the snapshotime, or thetime rangegor highandlow or tick data,we distinguishtwo
furthertime points.

e Extraction time. Thisis thetime atwhichthe obserationsaremadeandthedataextracted.
It is alwaysequalto or laterthanthe snapshotime, or theendof atimerange.

e Collection time. Thisis whenthe extracteddatais first availablefor collectionor delivery:

5 SnapshotData

Becausdicks almostnever arrive exactly on a snapshotime, somemethodmustbe adoptedfor

calculatingthe value of atime seriesat a specifictime. RIDE offers a variety of methodssome
of which involve changingthe timestampof atick to the snapshotime. It shouldbe notedthat
not all contributed instrumentscan be subjectedto this process. For example, in the caseof

settlementandfixing instrumentsijt doesnot make senseo changehetime. Appendix[B] lists
theinstrumentypes,andindicateswhethermanipulationof thetime is normally performed.The
presentlyavailablesnapshomethodsare:—

5.1 Tick Before.

Deliver the besttick immediatelybeforethe snapshotime. If thereis none,returna no-data
condition.

5.2 Tick After.

Deliver the besttick immediatelyafterthe snapshotime. If thereis none,returna no-datacondi-
tion.



5.3 PreviousTick Inter polation.

Take the besttick immediatelybeforethe snapshotime, convert its timestampto the snapshot
time, anddeliver that. If thereis notick, returna no-datacondition.

5.4 Linear Interpolation.

The bestticks just beforeandjust afterthe snapshotime arenoted. Fromthesetwo, a synthetic
tick is constructedvhosevalues(whereappropriate arecomputedoy linearly interpolatingtheir
respectre timesto thesnapshotime. In the caseof therebeingnotick yetafterthesnapshotime,
thenrevertto eitherTick Beforeor Previous Tick Interpolation.

A sideeffect of this latterrule, is thatit is sometimeshardto exactly reproducedelivereddata,
sincefor are-extractionat alatertime, therecould by thenbe atick afterthe snapshotime, thus
alteringtheresults.

Wherelinearinterpolationis required acompromisenustbemadebetweertimelinessof delivery
andmaximisingthe chanceof therebeingatick afterthesnapshotime. Clientsarefreeto choose
the gapbetweersnapshoaindextractiontimesaccordingto how they view this compromise.

__x tick after
linear -
interpolation | __---

D
previous tick interpolation

time

shapshot time

Figurel: Interpolationstylesfor snapshotlata

5.4.1 Stalenessand Hole Filling

Linearinterpolationis only meaningfuiif thetwo participatingticks arecloseto thesnapshotime.
If bothticks aregreatethansomethresholdime intenval from thesnapshotthenthey aredeemed
to bestale Thestalenesintenal is a usersettableparameterasis the actionto betakenin this
condition.

RIDE adoptghepolicy thatholefilling is outsideof its brief, sincetherequirementsndconditions
of holefilling varyfrom applicationto application.To this end,staleticks arestill reported]eaving
it upto theclientto decidewhatto do with them.

If the usersetsathresholdstalenesintenal, andatick is stale,thenit will bereturnedwith price
or level valuessetto the specialsymbolNaN.



5.4.2 Non-interpolated Instruments

Whetherpricesareinterpolateds normally decidedby theuser For certainclasse®f instrument,
however, interpolationis never applied.

e Fixings,eg. interestratefixings (i r - f i xi ng).
e Closingprices,eg. stockindex closingprices(equi t y-i ndex- cl ose).
e Settlementseg. of optionson bondfutures(opt - bond- f ut ur e- sett | e).

¢ Benchmarlkbonds(brk- bond) wherethe underlyingbondmaturity canchangefrom tick to
tick.

6 Instrument Typesin RIDE

Daily extractionwith RIDE startsfrom alist of instrumentghata clientrequires At presenRIDE
supportsa repertoireof over 90 differentkinds of financialinstrument,eachof which hasto be
specifiedin a mannerthatis comprehensibléo both computersoftware andthe peoplethat use
theresultantata.

6.1 Naming

Requestso OlsenData’ time seriesdatabasearemadein a complex languagecalledSQDADL

[Becketal.,1998. While suitedto computeiprogramsit is notthekind of syntaxthatlendsitself
easilyto communicatioramongsnhon-IT people.To helpbridgethe gapbetweeraneverydayde-
scriptionof aninstrument(eg. the spotexchangeratebetweerlJS dollar andSwissfranc) andthe
softwarerequesto a time-seriesdatabaseRIDE introduceshe notion of instrumentnicknames
which aresimpleenoughto be understoody non-IT market professionalsyet preciseenoughto
betranslatednto unambiguou$SQDADL requests.

Someexamples.Theabove spotexchangeaatewould becalledf x- spot _USD_CHF in RIDE, while
its SQDADL formis
(Time(), FX(USD, CHF), Quote(,,), Col l ected(RE,,),Filter(,,)).

Similarly, a 3 monthmong/ marlket rate on the Danishkronawould bei r - deposi t _DKK_3min
RIDE, and

(Time(), Deposit(DKK, 3M, Quote(,,), Col l ected(RE,,),Filter(,,))

in SQDADL. The namesf x- spot andi r-deposit arecalledthe instrumenttype the curren-
cies, maturities, etc (CHF USD 3m) are called instrumentparametes; while the full nameeg.
i r-deposit _DKK_.3mis the instrumentidentifier or simply the instrument A full list of instru-
menttypesis providedin Appendix[B].

6.2 Futureslinstruments

Futuresinstrumentsarea specialcase.Thesearecharacterizedy having a pre-determineeénd—
point (the expiry date)after which the time—serieswill never be updated. A particularFutures
instrumentcanbe describedn two ways:—



e By contractexpiry date. Here the instrumentis definedpreciselyby its expiry date,eg.
bond- f ut ure- gt _USD_cbot _30y_20. 12. 1999. It is thenonly meaningfulto extractprices
from this time—seriesfterthefirst quoteshave arrived,andbeforethe expiry date.

e By contractposition. Herethe instrumentis definedby the positionof its contractexpiry
relative to somepointin time — typically today Thefirst contractto expire relative to this
pointis calledposition1, thesecond?, etc. As contractl reachests expiry date,it goesout
of existence andposition2 becomegpositionl, 3 becomeg, andsoon.

Usingthis schemeinstrumentsaarenamedfor example:—
bond- f ut ure-tx_USD_chot _30y_2 orequi ty-i ndex-f uture-qt _SP500_cne_1.

Theadwantageof this methodis thatthe generalizedontractcanbe specifiedwithoutiden-
tifying which particular contractsare meant; for example4 positionsof 30y USD bond
futurestradedon CBOT.

In this way, the specificatiorof theinstrumentoldsgoodfor presentpastandfuturedates,
allowing historicalextractionsto be performedon consistensetsof positions,rolling over
seamlesslyrom contractto contractaseachexpiry dateis passed.

In practice,for a given snapshotime, eachrequestegositionis translatednto the corre-
spondingexpiry dateto accessheappropriatdime—serieslatabase.

7 Computed Instruments

In this sectionwe shalldescribethe variouskinds of computednstrumentsandtheir methodsof
calculation.

7.1 Inverted FX Ratesf x-spot-inv

Foreignexchangeinstrumentsarerepresentedavith the per curreng first andthe expressedcur
reng/ second,ie f x- spot _USD_JPY meansthe numberof yen per dollar.  This is the way the
marketsnormally quotethesetwo currencies.

If thereis aneedfor theinvertedrate(ie dollarsperyen),thenthesametime-serieglatabasenust
be consultedandthe pricesreversedasfollows. If Ryjq is the bid price of the normally quoted
instrumentPaskis the correspondingskprice,andP is theinvertedbid andPLY is theinverted
ask,then

P = 1/Pask (7.1)
and
iy = 1/Phiq (7.2)

7.2 FX CrossRatesf x- spot - cr oss

Foreign exchangecrossratesare are computedwith the following formulae. If the requested
rateis equivalentto the instrumentf x- spot _XXX_YYY andthereare underlyingquotesof XXX



and YYY againsta commonthird—party curreng (normally USD), ie. fx-spot _USD_XXX and
f x- spot _USD_YYY, then

Chid = Ybid/Xask (7.3)

and

Cask = Yask/ Xbid (7.4)

If XXX is quotedagainsthethird—partycurreny asfx-spot XXX _USD asis thecasefor example
with GBP then

Chid = Ybid * Xpid (7.5)

and

Cask = Yask* Xask (7.6)

If YYY is quotedagainsthethird—partycurreny asfx-spotYYY _USD

Chid = 1/ (Ybid * Xvia) (7.7)

and

Cask = 1/(Yask* Xask) (7.8)

Finally if XXX andYYY arequotedasfx-spot XXX _USD andfx-spotYYY _USD respecirely

Chid = Xoid/Yask (7.9)

and

Cask = Xask/ Ybid (7.10)

For agivensnapshotime, theticks for thetwo underlyingtime—seriewill in generahave differ-
enttimestampslin historicalextractionsthis is not a problem,sinceit is easyto interpolateboth
underlyinginstrumentgo the snapshotime, andthenapplythe appropriatdormulaabove.

However if the extractiontime is presentime, andthis is closeto the snapshotime, thenthereis
somechancethatthereare not yet ary ticks afterthe snapshotime, thuseliminatingthe oppor
tunity for interpolation.In thesecaseghe underlyingticks will have differenttimestampsRIDE
offersfour methodgor handlingtheseconditions:-

e Synchronization.Take the timestampof the earlierof the two underlyingticks, andinter
polatethe later of the two to this time. Thenapply oneof the above formulae,andproduce
a crossratewith a timestampof the earliertick. This methodwill alsowork correctlyin
circumstancesvhenthereareticks afterthe snapshotime, sinceby virtue of interpolation,
bothunderlyinginstrumentwill now havethesamedimestampie. alreadybesynchronized.
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e Exactness.This methoddemandghat both underlyinginstrumentshave the sametimes-
tamp, ie. it only producesa crossrateif thereareticks after the snapshotime for both
instrumentsOtherwiseit producesa no-datacondition.

e Slacktime. This methodacceptghe two underlyingticks providing thatboth of themare
within a certainperiodfrom the snapshotime. Otherwiseit producesa no-datacondition.

e Open.Thisacceptghetwo underlyingticks regardlesf their timestamps.

7.3 Computed FX Forward Ratesf x- f wd- conp

SyntheticFX forwardratesarecomputedrom the correspondingpotratesandthe discountfac-
torsderived from money market ratesor swap (interbank)yield curvesdependingon therequired
forward period. For periodsup to andincluding oneyear the correspondingnongy market yield
convertedto anannualizedliscountis used.For periodsgreaterthanoneyear the corresponding
interceptoff theinterestrateswapdiscountcune is used.

Theforwardratebid andaskoveraperiodp of curreny c; percurreng c; aregivenby Fyig(c1,C2, p)
and Fasi(C1,C2, P). If Phig and Pasy arethe FX spotbid andaskof ¢;/c,, andDik,(p), DeL,(p),

Di2,(p), andD2,( p) arethediscountfactorsof their correspondingnterestratesat periodp, then
= DaSk(Cla p) )
id(C1,C2, ) = Phig | =2 1 7.11
Fbld( 1,42 p) Phid (Dbid(cz, p) ( )
and
= Dbid(C1, P)
F. =Pask| —F—= -1 7.12
ask(C1,C2; P) aSk<Dask(C2, D) ( )

Becauséhis formulacansometimegeadto ratherextremespreadswe reduceit by auserconfig-
urablepercentagé\ (typically 50%)thus

. A { Fasi{C1,C2, ) — Foia(C1, C2,

Foia(c1,C2, p) = Fbid(claCZap)"'E( ask(C1,C p)locl):bld( b2 p)) (7.13)
. A ( Fasi(C1,C2, P) — Foia(C1, C2,

Fask(C1,C2, P) = Fask(C1, C2, p)_E( a1,z p)lo(l;bld( L2 p)) (7.14)

7.3.1 CrossFX Forward Ratesf x- f wd- conp- cr 0ss

Whereno spotrate exists correspondingo the requiredforward rate, a computedcrossrate is
obtainedusingthe methoddescribedabore in FX CrossRates

7.4 Yield Curves

RIDE cansnapshothediscountandzerocouporyield curvesof interestrateswaps(i nt er bank- cur ve),
andgovernmentreasurybonds(t r easury- cur ve).

Eachcure is producedby first specifyingthe constituentunderlyinginstrumentdrom which it
shouldbe constructedNormally, interbankcurvesarebuilt from monegy market ratesat the short



endandinterestrateswapsandthe long end. Treasurycurvesalsousemoneg/ market atthe short
end,andtreasurybenchmarkbondsat thelong end.

Theexactmalke up of theunderlyinginstrumentdor a given curwe is configurableput the default
setsprovided by OlsenDataare carefully chosento selectthe mostliquid instrumentsof their
class.For arequestediateandtime, the configuredunderlyinginstrumentaresnapshousingthe
samemethodfor SnapshoDataaborve. Hereagainstalenessriteriacanbe applied,andan extra
level of filtering is appliedto rejectunderliersolderthansomethreshold.

To the setof quotedyields or bond pricesare addedthe maturity datesand couponrateswhere
appropriate All theinput pricesandyieldsarefirst corvertedto discountfactorsto which oneor
morecurvesarefitted usinga quadraticsplinemethod.

A discountfactorD for a zerobondmaturingattimet is written usingsomebasisfunction ¢(t)
suchthat

k
DI =S B;- (1) (7.15)
J;)J i

wherek is the numberof knot points. The splinefactorsp; areestimatedusingan ordinaryleast
squaremethod.

For the algorithmto work correctly eachspline segmentbetweentwo knots mustbe populated
with asuficientnumberof bonds.In additionthelongertermsegmentsshouldhave morestiffness
thanthe shorter To achieve this, the spline schedulds optimisedwith referenceo the maturity
dateof theinputbonddata,by determiningn, s, andx where

n is the numberof splinesegmentswith 3 < n < 10.
sis thenumberof dayscorrespondingo thefirst sgmentsuchthats > 365.
x is themultiplier, x > 1, which determineshe mth knot pointassx™.

The cure is only extendedto the longestactualmaturity of the underlyingdata,irrespectre of
the nominalmaturity of theinstrumentsThis appliesalsoto the shortendof thecurve.

Theraw splinedatais representedsa seriesof maturity/discount-gdor pairs,whichis thenaug-
mentedby the correspondin@nnualizedzerosfor thosematuritiesrepresentetdy the underlying
swapsor bondsrespectiely. If the longestactualmaturity is lessthanits nominal maturity a
new point is addedat the nominal maturity by copying the actualmaturity zero,andrecomput-
ing the discountfactorat this point. This guaranteeshat a given curve will have the sameset
of maturity interceptdespitedaily fluctuationsin long endmaturities.For thoseshortmaturities
whoseunderlyingdatais representetly money marketrates the splinepointsarereplacedy the
underlyingdataadditionallyconvertedto discountfactors.

Normally separatéid andaskcurvesaregeneratedrom their respectre underlyingtime series.
Thesecanbe combinedon requesto provide a mid yield curve. A sideeffect of separatéid and
askcurwes,is thatthe fitted splinesmay occasionallycausebids to be slightly greaterthanasks.
Whenthis happenstheinterceptsarere—calculatedFirsta spreads interpolatedrom the spreads
of thetwo surroundingcurve intercepts.This is thenappliedto the mid yield of the badbid and
ask,to producea new bid andask. If thereis only oneneighbouringntercept thenits spreads
useddirectly.

Anotherrareoccurranceés theappearancef discountfactorsgreaterthanunity. Againthisis due
to thenatureof splinefitting beingunconstrainedy themeaningof thevaluesfitted. Whenyields
arevery small,asis oftenthe casewith sayJPY, the curve cancrossthe boundary In thesecases,
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the bad valuesare discardedand replacedby valueslinearly interpolatedfrom the two closest
surroundinggoodvalues. Shouldthe badvalue occurat an extremematurity wherethereis only
oneneighbourthenits valueis copieddirectly.

7.5 Historical Volatilities and Corr elations

RIDE cancomputea snapshoof thedaily historicalvolatility of arangeof underlyinginstrument
types.At presenttheseconsistof.—

e fX-spot —FX spotrates.

e ir-deposit —mong marketrates.

equi ty-i ndex —equityindices.

cap- i np-vol —impliedvolatility of caps.

swapt i on-i np-vol —impliedvolatility of swaptions.

treasury-zero —treasurycurne zerocouponyields.

i nt er bank- zer 0 —interestrateswap curve zerocouponyields.

pf andbri ef - zer o — Germanpfandbriefcurve zerocouponyields.
Thesecanbe producedaccordingto the following volatility models:—

¢ JPMorganRiskMetricsmodel
e BaselregulatoryBIS model
e GARCH11model'.

Thesameunderlyingdatacanalsobe usedto calculatecorrelationswithin andcross—correlations
betweeninstrumentlasses.

All modelshave input datathatis commonfor a given underlyinginstrumenttype. The for-
mulaeusedor computingthisinput aredescribedelow.

7.5.1 FX SpotRate Input Data

If Phig(t) and Pasi(t) arethe bid and ask pricesof an f x- spot time seriesat a certaintime t,
andPyig(t — 1) andPagi(t — 1) arethe pricesat the sametime one businessday earlier thenthe
logarithmicmid priceis givenby

X(t) = 1/2(In Poig(t) + In Pasi(t)) (7.16)
and

X(t—1) = 1/2(InRyig(t — 1) + InPagift — 1)) (7.17)

LAt thetime of writing, the GARCH modelwill shortlybeavailable.However it will belimited to thosecurrencies
andinstrumentsfor which we alreadyhave parameters Alternative parametersand additionalparameterdor other
currenciexanbe provided by RIDE customersvhereappropriate.
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andthereturnr(t) usedastheinput datumis givenby
r(t) =x(t) —x(t —1) (7.18)

7.5.2 InterestRate Price Input Data

Thefollowing is truefor all interestrateunderlyingtime seriesrepresentedsa percentagegield,
ieir-deposit,interbank-curve andtreasury-curve. Ryq(t) andRasit) aretheannualised
percentagédid and askyields of an interestrate time seriesat a certaintime t, and Ryig(t — 1)
andRyg(t — 1) aretheyieldsatthe sametime onebusinesslay earlier The maturity of the asset
is broken into a (whole) years partanda fracion (of a year)part. The logarithmicmid priceis
calculatedrom theyield asfollows

1 1 years
Phialt) = 1+ (fracionsx fe) * <1+R?Tk8)> (7.19)
1 1 years
Past) = 1+ (fradionx ) * (1+Rg+g)> (7.20)
and
X(t) = 1/2(In Pyig(t) + InPagk(t)) (7.21)

Similarly for t — 1, andthereturnr(t) usedastheinput datumis againgivenby equation7.18.

7.5.3 InterestRate Yield Input Data
To computetheyield volatility of the above interestrateassetsthe mid yield Ryig canbe calcu-

latedfrom the mid price Pmig = (PasiPbia) Y2, wherePasx andPyig aregiven by (7.20)and(7.19),
respectrely. Ontheotherhandstraightforvard calculationleadsto the following.

If thematurityis lessthanl year

Rmid = (100/ fradion+ Ras)¥/2(100/ fraction+ Ryig)¥/2 — 100/ fraction (7.22)

If the maturityis integral andequalto or greatetthanl year

Riid = (1004 Ras)Y/2(100+ Ryig)Y/? — 100 (7.23)
And so
X(t) = InRmiq (7.24)

Similarly for t — 1, andthereturnr(t) usedastheinput datumis againgivenby equation7.18.
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7.5.4 Equity Index Input Data

If L(t) isthelevel of anindex atacertaintimet, andL(t — 1) is thelevel atthe sametime on the
previous businesglay then

x(t) = InL(t) (7.25)

Similarly for t — 1, andthereturnr (t) usedastheinputdatumis againgivenby equation7.18.

7.5.5 Implied Volatility Input Data
All implied volatility time series,ie. cap-i np-vol andswaption-inp-vol arecomputedas
follows. If Ryig(t) andPasi(t) arethebid andaskpercentagesf animplied volatility time seriesat

acertaintimet, andP,q(t — 1) andPag(t — 1) arethe percentageat the sametime onebusiness
dayearlier thenthelogarithmicmid percentagés givenby

X(t) = 1/2(In Phg(t) + In Pagi(t)) (7.26)

Similarly for t — 1, andthereturnr(t) usedastheinput datumis againgivenby equation7.18.

7.5.6 RiskMetrics Volatility Model

Thetimerangeis definedas

timerange = m whereA = 0.94

andif we accepta decaycutof of €8, ie. lessthan.05%,the build—upsizeN is
N = 8xtimerange
Thisformulagivesatimerange =~ 16.2 businesslays sothebuild—up periodis

N = 8% 16.2 = 130businesgdays

If r(t) is theinput datumandao(t + 1)2 is the forecastedvariancefor timet + 1 giventhe dataset
uptotimet, then

02(t+1) = A x0%(t) + (1 —A) xr2(t) (7.27)
andfor astartingdateof to, theinitial valuevar(to — N) is givenby

o?(tg—N) =r?(tg—N)
Thevolatility over 1 dayfor a confidencdevel of 95%is definedas

VriskMetrics(t + 1) = 1.650(t + 1).

Whendeliveredin the RiskMetricsdataformat, this valueis multiplied by 100to provide a per
centage.
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7.5.7 BIS volatility Model

If N is the build—up size,r(t) is theinput datumanda?(t + 1) is the forecasted/arianceat time
t+1,then

1 N—1
2 _ 205
0(t+1)_N_1i;)r(t i) (7.28)
We shallusea build—upsizeN of 250businesgiays.
Thevolatility over 1 dayfor a confidencdevel of 95%is definedas

Veis(t+1) = 1.650(t + 1).

Whendeliveredin the RiskMetricsdataformat, this valueis multiplied by 100.

7.5.8 RiskMetrics Correlation Model

For inputseriesrs(t) andr,(t) thecovariancecy,(t + 1) is definedas
Cra(t +1) = Aca(t) + (1= A)ra(t)ra(t)
andfor astartingdateof t, theinitial valuecy»(to — N) is givenby
C12(to—N) =r1(to— N)ra(to — N).
TheparameterarechoserasN = 130andA = 0.94. Thecorrelationis definedas

Clz(t + 1)
o1(t+1)oa(t+1)

pRiskMetricle(t +1) =

whereo; ando; aredefinedasin (7.27)for ry(t) andra(t), respectiely.

Remark As statedearlier thechoiceA = 0.94 correspond$o atime rangeof 16 businesglays.
We emphasizéhatthisis very shortfor aquantitylike correlation,andresultsin a strongvariabil-
ity. In the Appendixwe have includeda shortstudy of the distribution of RiskMetricsvolatility
and correlationchangesn comparisonwith correspondind3IS quantities. This study suggests
thatin orderto obtainresonablystablecorrelation,it would be preferableto chooseatime range
of eg. threemonthsfor the RiskMetricsmodel. This correspond$o A = 0.984. For adeepeistudy
of propertiesof correlationswve referto [Lundin etal., 1998§.

7.5.9 BIS Correlation Model

For inputseriesr1(t) andr,(t) thecovariancec,(t + 1) is definedas
1 N-1
Clz(t + 1) = m i;} rl(t - i)rz(t — I)
with N = 250. The correlationis definedas

C12(t+ 1)
O'1(t + 1)0'2(t —+ l)

pris,12(t+1) =

whereo; ando, aredefinedasin (7.28)for r1(t) andry(t), respectiely.

14



7.6 Equity Betas

The Betais a measureof the expectedchangein equity returnr(t), given a changein thelocal
marketindex returnr (t). As agenerareferencesee[Elton andGruber 1994.

Equity betasarecomputedusingannualised-eturns which aredefinedas

Fann(t) = (INP(t) — INP(t — 1)) - /36525 (7.29)
Thecovariancebetweeranequityi andtheindex | is computedasanexponentialmoving average

Covji (t) = (1= ) - liann(t) - 11 .ann(t) + p- Covyy (t — 1) (7.30)
Usingtheanalogougormulafor the varianceof theindex,

Var, (t) = (1— W) - 1j ann(t)? + 44 Var, (t — 1)

we finally definethe Betaas

o Covj (t)
i = maxeg, Var, (t)]

wheres = 10710 is a smallconstant.Note that3; is not the samething asthe correlationcoefi-
cient,unlessthe varianceof the equity happengo coincidewith thatof theindex.
For the currentimplementatiorwe usea decayfactorp = 0.94. To initialize the systemwe set

Covit (0) = £ ann(0)?
Var, (0) =r, (0)2

8 Data Formats

Whendatais first extractedin the RIDE systemit is heldin aformatcalledRIDE internalformat,
andsubsequentlyransformednto thefinal client format. The internalformatis usedto archive
customedata,andasinput for anumberof OlsenDatas internalmaintenancéools.

RIDE supportsa variety of client dataformatsdependingon the type of dataand customers’
specificrequirements.All datatypeshave a correspondindgllsenstandad formatwhich is the
recommendedinal format. Standardormatsarein ASCII, line orientedto assistlegibility for

humanuse,yet machinereadabldyy simpletext processingoftware.

Datesare alwayswritten asDD. MM YYYY andtimesashh: nm ss. In high frequeng data,times
canadditionallybewrittento micro—secondesolutionashh: mm ss. uuuuuu.

8.1 SnapshotData Format

Snapshotiatatypically consistof asinglepriceor level for eachof alarge numberof instruments.
The standardormat for this kind of dataconsistsof newline terminatedrecords(lines), onefor
eachinstrument. Wherethe instrumenthasmore than one price (eg. bids and asks),theseare
presentedsseparateecords.

Eachrecordis self-describinggonsistingof a numberof white—spaceseparatedieldsmadeup of

15



<type> <params> ... <value type> <date> <time> <val ue>

for example

i r-deposit CAD 3m bid 30.08.1999 02:29:27 4.7538
i r-deposit CAD 3m ask 30.08.1999 02:29:27 4.8788

Thet ype field is the RIDE instrumenttype. The paramsfields arethe sameasthe RIDE instru-
mentparameterén the sameorder but broken out to be space—separated@he valuetypecanbe
oneof

ask bid close coupon fixing level settlement transaction

Recordsbgginning with the# charactesshouldbe treatedascomments Futureversionsof RIDE
may include a commentecheadergiving informationaboutthe circumstancesf the extraction.
Blank linesshouldbeignored.

The date and time fields refer to the obsered time of the price, not the snapshotime which
arnyway is constanfor all recordsn adatasetThetime zoneis GMT by default, but canbesetto
ary recognizedimezone Clientsfrequentlyaskfor timesto begivenin the sametimezoneasthe
requestednapshotime,

Normally the snapshotime is recordedn the nameof the datasetwhich consistsof onefile per
extraction,calledsomethindike Ri skDat a_YYYYMVDDhhmss.

8.2 High Low Data Format

The standardormat for high low datafollows the sameprincipesas snapshotiatawith the fol-
lowing pattern

<type> <params> ... <value type> <date> <time> <hi gh> <date> <time> <l ow>
for example

fx-spot GBP CHF bid 27.08.1999 11:38:40 2.4319 27.08.1999 10:23:35 2. 4285

fx-spot GBP CHF ask 27.08.1999 11:38:40 2.4349 27.08.1999 10:23:36 2.4315

8.3 Tick Data Format

Becausdick datacontainsmary datapoints per instrument,a different style of dataformatis
used.Eachinstrumenis storedin aseparatdile consistingof a#—commentedheaderfollowedby
anumberof pricerecordseachof aline of ASCII text. The headethasthefollowing style

# Ride Tick Format: <version>

# Format: plain

# Instrument: <instrunent nane>

# Fields: <price/value field names>

for example
# Ride Tick Format: 1.0
# Format: plain

# Instrument: fx-spot_EUR USD
# Fields: date tine bid ask
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Datarecordgthenfollow usingthe formatspecifiedn theFi el ds headereg.

27.08.1999 07:25:42.402497 1.0455 1.0457
27.08.1999 07:25:44.419861 1.0452 1.0458
27.08.1999 07:25:46.429671 1.0456 1.0459
27.08.1999 07:25:49.424214 1.0456 1. 0466

Therecommendedamefor atick datafile is <i nst r unent >_YYYYMVDD

8.4 Volatility And Correlation Data Format

While historical volatilities and correlationsare really just anotherkind of snapshottheir data
requireadditionalinformationandhenceanotherformat. Againtheprinciplefollows thatof snap-
shotdatawith thefollowing pattern

<type> <paranms> ... <nodel > <xform <conf> <nkt> <tz> <date> <tinme> <val ue>

for example

fx-hist-vol EUR USD BI S LogM dPrice 95 European GMI' 30.08.1999 14:58: 01 0.978078

Mbdel is the volatility modelusedin the calculation,modified by xf or mdescribingthe kind of
transformationappliedto the input data. Conf is the confidencdevel in volatility calculations
— with correlationsit shouldbe ignored. The nkt field is the market with referenceto which
historicaldaily datawasusedto primethemodel;andsimilarly t z describeshetime zoneto lock
daily samplegdo the sametime of day.

File namingfollows the conventionfor snapshotiata.

8.5 Regular Data Format

Regularsnapshodatausesthe sameformatastick dataexceptthattimesarerepresenteavithout
micro—seconds.

8.6 Alter native Data Formats

Althoughstandardormatsarethe preferredvayto representlata,OlsenDatacanoffer abespolke
dataformattingserviceto meetary particularclient’s needs.As aresultof suchspecialrequests
in the past,RIDE cansupportthe following additionalformatsfor snapshotata:—

¢ Infinity Panoramdormat.
e Algorithmicscommaseparatedalues(csv)format.
e FX Protocol(FXP) format.

¢ JPMorganRiskMetricsformat(volatilities andcorrelationsonly).

17



9 RIDE Jobs

Dataextractionand computationperfomedby RIDE is divided into jobs eachonerepresenting
a singleclient’'s requestediata. A job is definedasa setof requestednstrumentsan extraction
time, which daysit shouldrun, informationaboutthe kind of datato produce(snapshotetc),how
the datais to be formattedand possiblypost-processeffor examplecompressear encrypted),
andfinally how it is to be madeavailableto the client.

9.1 Daily Jobs

Whereclientsareinterestedn morethanonemarket, theremaybe multiple jobsperday, possibly
with differentinstrumentgerjob. It is alsopossibleto runajob only on specificdaysof theweek.

Theendresultof ajob is oneor moredatafiles in someagreed—upoformat. Wherea clienthas
multiple jobs,datacanbe post-processesb thatthereis only onedaily file or packageof files.

Settingup the job, schedulingand supervisingts execution,areall handledby the RIDE sched-
uler. This constructsa seriesof callsto lower level RIDE tools at the appropriateextractiontime
specifiedin eachclient’s job description.It alsomalesits actvities availableto continuousmon-
itoring by tools suchasthe RIDE monitor. Shouldary stagein an extractionfail, the scheduler
notifiesOlsenDataOperationsstaf via e-mail.

9.2 Historical Jobs

Historicaldatais viewedasa seriesof daily jobs. Theonly differencebetweertodays job andone

in the pastis thedate. The RIDE softwareis ableto run clients’ jobsbetweerary two datesin the

past.Theresultingdatais simply a seriesof daily files identifiedby date. Thesecanbe packaged
togetherfor loadinginto clients’ Valueat Risk engineswith exactly the samesoftwareasis used
for eachday’s data.

9.3 SpecialExtractions

Sometimest is usefulto extractdatafor a subsetof a client’s instrumentspr evenjust a single
instrument perhaponethatthe client doesnot presentlycollect. This might beto replacesome
lost data,or to comparethe differencebetweenhistoricaland‘at the moment’extractions.It can
alsobethatOlsenDatahave improvedthefiltering of someinstrumentlass,andtheclientwishes
to comparehe ‘before’ and‘after’ effectsof the new filter.

TheRIDE softwaremalkesit particularlyeasyto performthiskind of specialextraction,for agiven
dateor datespr over someperiodof time. Formattinganddelivery follow theusualcorventionfor
theclientin questionthoughthefile namesarecreatedoy mutualagreementsoasnotto conflict
thethe namesof daily data.

10 Client Data Collection

Collectionfrom OlsenData’s FTP sener, ratherthandelivery by e—mail,is the preferredway of
gettingdaily RIDE datato customersThereareanumberof reasongor this:—

e Thevolumeof daily dataoftenexceedsvhatis manageabl@ a singlee—mailmessage.
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e Delivery of e—mailis difficult to verify. With a collectionsystemthe customeicanconfirm
thatthe datahasbeencollected,andOlsenDatacantraceloginsontotheir FTP sener.

¢ In generala collectionsystemhasgreatersecurity If e—-mailwereundeliverable,it would
remainon anintermediatdP hostwhereit couldbetamperedvith.

¢ Sincethedataremaindn OlsenData’s control,failureby thecustometo collectatonepoint
in time, caneasilyberemediedy collectingthedatalater, with no administratie overhead.
Re-sendingg—mail,on theotherhand,posesconsiderabledministratie difficulties.

e Thereis someindeterminag with delivery timesof e—mail. With a collectionsystemQlsen
Dataundertaksto have the dataavailable at a certaintime eachday so the client knows
exactly whenit canbe collected.

However, in specialcasesvherethe volumeof daily datais very small,andthe clientis prepared
to acceptthe potentialunreliability andinsecurityof e—mail, RIDE candeliver datathroughthis
medium.

11 Software Overview

RIDE is written asa family of layeredsoftwaretools. At the lowestlevel are extractors for the
primary contritued datatypes— snapshothigh—lown, andtick data;theseaddresghe OlsenData
datarepositorydirectly, andtypically produceavaluefor justoneinstrument.Thenext level tools
arehigh—level extractors, which usethe outputof the lower level to producecomputeddata,such
asvolatilities, yield curves,computed-X, etc. Exceptfor the volatility engine thesetooactona
singleinstrument.Above thesearedriver toolswhich mapinstrumentrequestists to invocations
of theappropriateextractorsfor eachinstrumentgcollating resultsandhandlingerrors.

All theserelatively low level tools operatein the timezoneof the primary database§GMT). Re-
guestdor snashotimesin othertime zonesaretranslatednto GMT by supervisorytoolssuchas
the RIDE scheduler

Oncethe datahasbeenextractedinto RIDE internal format, it is simultaneouslyarchived and
processedy the appropriateformatter Here,aswell asdirect formatting, the rav GMT time
stampscanbe mappedackinto the client’s requestedimezone.Thefinal post—processingtage
involvescollating, compressingandencryptingaccordingo individual requirements.

11.1 Year2000Compliancy

RIDE softwareis written in C++ andPerl. All of the softwareis Y2K compliant. It runson Sun
Microsystems'Solaris(Unix) operatingsystemwhich s alsocertifiedY2K compliant.

12 Monitoring Daily Extractions

OlsenDatarunsa numberof monitoringtoolsrelatedto thedatarepositoryandRIDE extractions.
Someof theserelatespecificallyto individual customerswhile othersaremoregeneral:—

¢ The DatabaseMonitor watchesdatafeeddor all thetime seriesbeingcollectedandsends
warningsif statisticallytoo long passedetweersucessie raw ticks.
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Figure2: Dataflow in collectionandextraction

e The RIDE Monitor provides a real-timeupdateon the configurationand progressof all
registeredRIDE jobs,andalertsanoperatoiif ajob fails or runslate.

e The RIDE Watchdag analysesRIDE jobs after they have run and producesa reportindi-
catingthoseinstrumentgor which no datawasproducedor whosepriceswerestale. The
watchdogcanbe configuredio sendreportsvia e-mailto individual customersHowever at
thetime of writing its outputrequirescarefulknovledgeof the marketsto be of muchuse,
andhenceis not generallyavailable. This situationwill improve over time asthe program
is givenmoreintelligenceaboutparticularmarket conditions.

¢ The RIDE InstrumentWarning Systenruns price comparisonson successie daysof all
collectedtime—seriesandtries to spotunusuallylarge changes. Theseare passecon to
market expertswho candistinguishnormalmarket conditionsfrom major market changes
(eg. re—\aluations)or possibléfiltering problems.

13 Reliability And Security

This sectiondealswith RIDE's featuredor ensuringareliableandsecuredaily VaR service.

13.1 Reliability

Daily jobscanfail, or partially fail, for anumberof reasonsThesehave to beconsideredndividu-
ally, distinguishingerrorscausedy dataconditionsfrom thosecausedy ervironmentalsoftware
andhardwareconditions.
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13.1.1 DataErrors

Becauseof the atomic natureof SnapshotTick andHighLow data,failure to extractindividual
instrumentgloesnotcausecompletgob failure. Ratherthesingleinstrumenwill reportanodata
condition. Thiswill shav upin thedaily administratie watchdogunto behandledby OlsenData
supportstaf. If theinstrumenin questiorhasgonedeadfor marketreasonsthenthisis notreally
anerroratall, andnothingmorecanbedonethanlook for alternatve sourcedor thisinformation,
or simply remove theinstrumentfrom the customers requirements.

On the otherhand,if the erroris dueto a collection problem,for example Reutersmight have
changedhenameof a RIC, thenthisis easilyfixed by re-configuringthe databaseollector with
no seriousinterruptionin service.

Volatility andcorrelationdatais differentbecausef the all-ornothingnatureof correlations-
onecannotprograma matrix with invalid entries.In thesecasesthe offendinginstrumenwill be
temporarilyeliminatedfrom the client’s list, andthe whole job will be run again. Thisis arare
occurrancebut pastexperiencenasshavn thatit resultsin databeingdelivereda few hourslate.

A more generalpoint aboutmathematicamodelling, is the fact that computersby their nature
cannotrepresentll possiblenumbers.Sincea modelcanconcevably producea numberthatis
too smallor too large to berepresentedhesecasesecome nfi ni ty or NaN. Whetherthey are
deliveredor notdepend®ntheability of thedataformatto acceptheseexceptionalvalues.Olsen
Datastandardormatcanhandlethem,but RiskMetricsformat,for example,cannot.

Yield cunes are sensitve to stalenes®f the underlyinginstruments. If the 25y and 30y GBP
benchmarkbondshecomaeilliquid for a periodof time, they will no longerparticipatein the cor
respondingreasurycurve, which will appearshorterthan expected. This canleadto a certain
irregularity in the curve history of which clientsshouldbe aware.

13.1.2 Software Err ors

All softwarebreakssometime This canbe dueto internalbugsor unexpectedervironmentalcon-
ditions. Experienceawith RIDE hasshavn the latterto be the morecommoncauseof errors. The
atomicnatureof extractioncoupledwith the separatiorof the stagesof processingnto indepen-
dentactvities, makesrecovery relatively simple. Again we canlearnmuchfrom pastexperience
of problems.The mostimportanttools arethosewhich monitorthe progresf daily extractions.

If, for example,copying to the FTP sener is disruptedbecausef a local network failure, other
partsof the job proceedsuccessfullyup to that point. The RIDE schedulemotifies OlsenData
Operationstaf giving exactdetailsof whatwentwrong,andinstructionshow to proceedwvith the
job oncethe problemhasbeenfixed. It is thennot necessaryo restartthe job from scratchyather
it canbe continuedfrom the stagewheretheerroroccurred.

13.2 Data Archiving

Dataon the FTP sener remainsfor a maximumof 7 daysbeforebeingdeleted. This allows a
custometto regainlost or damagediatawithin a weekof the extractiondatewithoutintervention
by OlsenDatastaf.

Raw daily extractionsfor every RIDE clientarearchivedon—lineontheRIDE machine At present
thereis nolimit to thelengthof archivedhistory Archivesaremaintainedn RIDE internalformat,
ratherthanthe customess final outputformat. This malkesit easyto run generalpurposeanalysis
andmonitoringsoftwareon all customedata.
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Shoulda clientrequirea copy of someold daily data,ratherthana historicalre—runof the extrac-
tion, thenthearchived raw datacanbe formattedandpost—processeaccordingly

13.3 Data Security

All OlsenDatas internalcomputersareshieldedrom theInternetby establishedirewall technol-
ogy. In addition,the computeraisedto storetime—serieslatabaseandto run RIDE softwareare
insulatedrom otherOlsenDatainternalmachinesy attachmento a separatéP sub—netAccess
to the RIDE machinedrom within the OlsenDatanetwork is passverd protectedandlimited to a
smallnumberof authorisedaccountholders. Client datafiles are producedon the samemachine
asthedatabaseepositoryandthenpushedo the FTPsener. While the RIDE machinecanaccess
the FTPsener, thereverseis notthe case.

Accesgo the FTPsener from within OlsenDatais limited in thesameway asthe RIDE machine.
Accesgo the FTP sener from outsideOlsenDatais via passverd protectedndividual FTPlogin

accounts.Eachaccountholder hasa personaldirectory from which datafiles canbe collected.
Thedirectoryis read—onlyfor the accountholder Oncean FTP accountholderis loggedin, only

the collectiondirectorybelongingto the accountholderis visible. It is not possibleto changeto

anotherdirectory
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A Variability of volatilities and correlations

For this small studywe chosethe threeFX ratesUSD_CHF, USD_JPY and GBP_USD, sampled
daily at12:00MET from 8.1.199%0 30.7.1999Reservinghefirst 250businesslaysfor buildup,
thetestingperiodstartson 2.1.1996 Jeaving a samplesizeof 926 businesglays.

We computecdthe frequeng of daily correlationchangeg; — p;_1 over threshholdf 5, 10, 15
and20 percent.For volatilities relative daily changego; — 0;_1)/0t_1 wererecordedfakinglog-
changes$ogo; —logo;_1 ledto similarresults.Thetablesbelov shav eg. thatcorrelationchanges
exceedingb percentoccur16 to 19 percentof the time for RiskMetricswith A = 0.94, while for
A = 0.984 it only happensetween0.75and 2.7 percentof the time. Note that the resultsfor
relative changesn volatilitites arequite similarin orderof magnitudeto theresultsfor changesn
correlations.

daily changen % 5 10 15 20
RiskMetricsh = 0.94

CHF-JPY 16.00| 3.6| 1.8| 0.64
CHF-GBP 16.00| 6.3| 2.3| 0.86
GBP-JPY 19.00| 75| 3.8| 1.80
RiskMetricsh = 0.984

GBP-JPY 0.75] 0.11| 0.00 | 0.00
GBP-JPY 1.40| 0.32| 0.00 | 0.00
GBP-JPY 2.70| 0.32| 0.11| 0.00
BIS 250days

GBP-JPY 0.21| 0.0| 0.0 0.00
GBP-JPY 0.00| 0.0| 0.0 0.00
GBP-JPY 0.21| 0.0| 0.0 0.00

Tablel: Absolutecorrelationchanges

relative changen % 5 10 15 20
RiskMetricsA = 0.94

CHF-JPY 11.0| 5.10| 2.40| 1.50
CHF-GBP 10.0| 540 3.40| 1.70
GBP-JPY 11.0| 540 3.20| 1.50
RiskMetricsA = 0.984

CHF-JPY 15]043|0.21| 0.21
CHF-GBP 21| 096 0.43]|0.21
GBP-JPY 2.1|0.43]| 0.11 | 0.00
BIS 250days

CHF-JPY 0.43| 0.00| 0.0| 0.0
CHF-GBP 0.64| 0.112| 0.0| 0.0
GBP-JPY 0.21|0.00| 00| 0.0

Table2: Relative volatility changes
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B Supportedinstrument types

B.1 Contributed Instruments

bnk- bond
bond- f ut ur e- gt
bond-future-settle
bond-future-tx

br ady- bond

cap-i np-vol

comodi ty-future-qt
comodity-future-settle
comodi ty-future-tx
equi ty-index

equi ty-index-cl ose
equi ty-index-future-qt

equity-index-future-settle

equi ty-index-future-tx
equi ty-qt
equity-tx
floor-inp-vo
fx-fixingqt

fx-fwd

fx-i np-vol

f x- spot

i r-deposit
ir-fixing
ir-future-qt
ir-future-settle
ir-future-tx
ir-swap

opt - bond- f ut ur e- gt

Quoteson benchmarkonds

Quoteson bondfutures
Settlemenpriceson bondfutures
Transactiorpriceson bondfutures
Quoteson Bradybonds
Quotesonimplied volatility of caps
Quoteson commodityfutures
Settlemenpriceson commodityfutures
Transactiorpriceson commodityfutures
Levelsof equityindices
Closinglevelsof equityindices
Quoteson equityindex futures
Settlemenpriceson equityindex futures
Transactiorpriceson commodityfutures
Stock/equityquotes
Stock/equitytransactiorprices
Quotesonimplied volatility of floors
Quotesof FX fixings

Quotesof FX forwardrates

Quotesof implied volatility of FX
Quotesof FX spotrates

Quotesof cashinterestrates

Levelsof interestratefixings
Quotesoninterestratefutures
Settlemenpriceson interestratefutures
Transactiorpriceson interestratefutures
Quoteson interestrateswaps

Quotesof optionson bondfutures

opt - bond-fut ure-settl e
opt-ir-future-qt
opt-ir-future-settle
pf andbri ef - curve

Settlemenpricesof optionson bondfutures
Quotesof optionson interestratefutures
Settlemenpricesof optionsoninterestratefutures
Levelsof contrituted Pfandbriefzeroandyield curves

pfandbri ef - gt
pfandbrief-yield
pfandbri ef - zero
swapt i on-i np-vol
t ermindex

Quotesof Pfandbriefe

Pfandbriefyield curve intercept
Pfandbriefzerocurwe intercept
Quotesof implied volatility of swaptions
Levelsof termindices
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B.2 Computed Instruments And Curves

fx-fixingqt-cross
fx-fwd-conp

f x- fwd- conp- cross
fx-fwd-conp-inv
fx-fwd- curve-conp

f x-fwd- curve- conp- cross
f x-fwd- curve- conp-inv
fx-spot-cross
fx-spot-inv

i nt er bank- curve

i nt er bank- di scount

i nt erbank-zero
pex-curve

rex-curve
treasury-curve
treasury-di scount
treasury-zero

Computeccrossquotesof FX fixings
Computedyuotesof FX forwardrates
Computedquotesof FX forward crossrates
Computedquotesof invertedFX forwardrates
Curvesof computedjuotesof FX forwardrates
Cunesof computedjuotesof FX forward crossrates
Curvesof computedquotesof inverseFX forwardrates
Computedjuotesof FX crossrates

Quotesof inverseFX spotrates

Curvesof computedjuotesof interbankinterestrates
Interceptof computednterbankdiscounts
Interceptof computednterbankzeroyields

Curwesof computedPEX quotes

Quotesof computedREX zero,yield anddiscountcurves
Computedquotesof zeroanddiscounttreasurycurves
Interceptsof computedreasurydiscounts

Interceptof computedreasuryzeroyields
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B.3 Historical Volatilities And Correlations

cap-corr
cap- hi st-vo

cap- i nt er bank-corr

cap- pfandbri ef -corr

cap- swapti on-corr
cap-treasury-corr
equity-beta

equi ty-index-corr

equi ty-i ndex- hi st -vo
equity-vol a

fx-corr

f x-hi st - vol

fx-index-corr

fx-ir-corr

i nt er bank- pf andbri ef - corr
i nt erbank-treasury-corr
i nt er bank- zero-corr

i nt er bank- zer o- hi st-vo
ir-cap-corr

ir-corr

i r-hist-vol
ir-index-corr

i r-interbank-corr

i r-pfandbrief-corr

i r-swaption-corr
ir-treasury-corr

pf andbri ef - zero-corr

pf andbri ef - zer o- hi st-vo
swapti on-corr
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