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Abstract

The relativelynew field of high-frequencyfinancial data analysishas significantlystressedcurrent time

seriesdatabaseimplementations.Requestingtensof millionsof irregularly spaceddatapointsis a daily activity

for researchers in the field. In addition, providing the ability to easilyand accurately describethe data they

needmakesit possiblefor themto focusmore on theresearch andlesson thedatabaseimplementation.In this

paper, wepresentthedatarepositorydevelopedat OlsenData to addresstheseissues.

1 Introduction And Motivation

In 1985,theOlsenGroupsetout to collecthigh frequency financialdata. Somefinancialinstruments1

arequotedat a frequency of a few timesper day while othersmay be quoteda few timesper second.
Thisdatahasbeencollectedaroundtheclock for thelasttwelve yearsandtimeseriescontainingtensof
millions of priceshave beencollectedfor anumberof instruments.

Our researchersusethisdatato look for correlationsandphenomenain thefinancialmarketson various
time scales.We concentrateon examiningthe fractalnatureof thedata. For this typeof research,it is
essentialto have accessto all time scales.We, therefore,requirethat all dataevents(called ticks) be
savedandthatthey begivena realtimestamp.This leadsto irregularly spaceddatasets.

Fractalresearchis statisticalin natureand,assuch,often requiresanalysisof very large datasetsfor
an instrument.Becausekeepingsuchlarge datasetsin memoryis not feasiblewithout supercomputer
technology, we have developeda data-flow-based,statisticalpackagecalled ORLA for this purpose.
ORLA actslikeanelectroniccircuit in whichanetwork of variousoff-the-shelfpiecesis constructedand
dataflows throughit to calculatea desiredsetof results(moving averages,tradingmodelsignals,etc).
This eliminatestheneedfor a largelocal memory, but this calculationmodelalsorequiresamechanism
for slowly feedingdatainto thewaiting ORLA process.

Finally, our researchersoftenneedto requestdatasetsthatmaynot seemnaturalor obviousat first. For
example,it may be desirableto requestall currency exchangequotesfor only Asian currencies,and
againfor Europeancurrencies,in orderto comparethestatisticaldistributions. Or we may requestall
quotesfor all swapratesmadeby agivenbankto seeif thatbankmaybepostingbadprices.It wouldbe
impossibleto predictthescopeof all possibledatarequestsandto storethedataappropriatelyfrom the
start.Sowe wantedthedatabaseto beableto take adatadescriptionandreturnthedesiredtimeseries.

After investigatingall that thecommercialdatabasevendorshadto offer, we foundthatnonesuitedour
needs.We thenconsultedtheliteratureandfoundthatsurprisinglylittle researchwork hasbeendonein
this area.Most time seriesdatabasesaregearedtowardsmallsetsof regularly spaceddatapoints.They
usuallyassumeauserwantsanentiresetatonce.And they requiretheuserto predefinethesesetssothat
specialdatarequestsoftenareeithernotpossibleor arenoteasy. Becausethesesystemsfell far shortof
ourneeds,we felt theonly solutionwasto developourown.

While our requirementsmaysoundspecialized,weexpecttheneedfor databasesystemsthatcanhandle
situationslike thisto grow. Researchwith high-frequency financialdatais findingapplicationsin diverse
fields suchasrisk managementand tradingmodeldevelopment. Banksareembracingnew solutions
to theseproblemsand often high-frequency datais being applied. In casesof risk management,for
example,largematricesinvolving simultaneousaccessto thousandsof high frequency time seriesneed
to becalculated.

1The word “instrument” is usedto describea specificfinancialcontractsuchasa stock,currency exchangerate,or pork
belly future.
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1 2       13:00:00  CHF  1.4817  SEBM
1         13:00:02  JPY  130.64  PRUN
1         13:00:09  JPY  130.60  CHFX
1 2 3     13:00:10  DEM  1.8225  HYPO
1 2 3     13:00:12  DEM  1.8231  NWNC
1 2 3     13:00:16  DEM  1.8228  BOMX
1 2       13:00:19  CHF  1.4818  NWND
1 2 3 4   13:00:24  DEM  1.8226  BGFX
1     4   13:00:24  JPY  130.58  BGFX
1 2 3     13:00:24  DEM  1.8230  KOCT
1 2   4   13:00:24  CHF  1.4822  BGFX
1 2 3     13:00:30  DEM  1.8225  KBXE
1         13:00:31  JPY  130.58  DRE1

Time Ccy Price BankSeries

Figure1: Exampleof four possibletime seriessubsetsof a larger time series. They are: 1) currency
prices,2) Europeancurrency prices,3) GermanMark prices,and 4) prices from the bank
BGFX.

All this imposesstringentrequirementson thefinancialdatabasesupportingthesystem.However, any
new softwareproductshouldbedesignedwith generalityin mind. For this reason,we madesureduring
developmentand implementationthat our systemwas not limited to financial data. It may be used
anywherethathigh volumetime seriesdataneedsto handled.Althoughsignificanteffort wasspenton
optimizingandsolvingspecialfinancialworld problems.

We have calledour systema repositoryratherthana databasebecausetheword databasetendsto carry
with it anassumptionthatdatacanbemanipulated,joined,etc.Whatweneededwasto storeandretrieve
largenumbersof ticks andto dosoflexibly. Theword repositoryseemedamoreaccuratedescriptionof
this functionality.

2 Time Series Model

A timeseriesis asetof datapointssortedin orderof increasingtime. In anabstractsense,onecandefine
a “universal” time seriesasthe time seriesof all recordableeventsthat ever have andever will occur.
All othertime seriescanbeviewedasa subsetof, or a restrictionon, this universalset.Givenany time
series,a new time seriescanalwaysbecreatedby simplyextractingasubsetfrom it.

Figure1 containsa list of currency pricesover a 31 secondinterval. ThecurrenciesaretheSwissFranc
(CHF), GermanMark (DEM), andJapaneseYen(JPY).Thefirst thing we needto noteis that this list
is alreadya subsetof larger sets. Examplesof supersetsmight includethe time seriesof all currency
pricesor evenof all financialpricequotesfor all instruments.Conversely, we canalsobreakthis series
into subsets.Wemightaskfor all Europeancurrenciesfrom theset,or wemaywantonly GermanMark
prices,or we maywantonly pricesfrom thebankBGFX.

This is not just philosophicalmusing;all of thesesubsetshave beenof interestto our researchersat one
time or another. And thinking aboutthemin termsof restrictionson a supersetis instructive becauseit
canleadus to a modelfor datastorageand,hence,to a languagefor repositoryquery. Our goalwasto
build a repositorywhich treateddatain thisway.

It shouldbenotedthat this modelfor time seriesdatais not theusualone. Most databasesrequirethe
userto prepackagethedatathey arestoringinto variousfiles. For example,you might decidethatyou
wanttheSwissFranccurrenciesin onefile andtheGermanMark in anotherandyou would berequired
to predefinethesefilesandto separatethedatabeforestoringit.
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Tick        = ( Time , Item )
Item        = "FT" ( Contract , DataSpecies )

Contract    = FX | Deposit
FX          = "FX" ( Per , Expr )
Deposit     = "Deposit" ( Currency, Period )

DataSpecies = Quote | TX
Quote       = "Quote" ( Bid , Ask , Bank , Source )
TX          = "TX" ( Price , Volume , Seller , Buyer , Source )

Per         = string[3]:f
Expr        = string[3]:f
Currency    = string[3]:f
Period      = string[3]:f
Bid         = float:v
Ask         = float:v
Price       = float:v
Volume      = integer:v
Seller      = string:v
Buyer       = string:v
Bank        = string:v
Source      = string:f

Figure2: A sampleSQDADL definitionto supportcurrency exchageanddepositrates.

We felt that this preclassificationwasunnecessarilyrestrictive for our needs,requiredthe userto have
toomuchknowledgeof thepackagingmethod,andled to complicatedquerylanguages.For example,to
get theBGFX bankquotesin our exampleabove, theuserwould needto know thatall thesecurrencies
arein separatefilesandwouldneedto build aqueryby first combiningthesefilesandthenaskingfor the
BGFX quotes.This is clearlymorecomplicatedthatsimply askingfor theBGFX quotesasa restriction
of all known data.

3 Data Representation

Theeliminationof thefile-basedconceptualview meansthateachtick standsonits own in therepository
without classification.For this to be useful,the dataneedsto be self-describing.This descriptioncan
thentake theplaceof thefile asahandlefor dataqueries.

Wehavedevelopedadescriptionlanguagefor thispurposewhichwecall theSequentialDataDescription
Language(abbreviated SQDADL, andpronounced“skedaddle”). SQDADL is a BNF-style language
with somerestrictionsto enforcea specificstructure.Figure2 presentsa sampleSQDADL description
for thestorageof eithercurrency pricesor interestrates(deposits).

By thedefinitionof a timeseries,eachtick mustcontainatimestampandthis factis reflectedin theroot-
level statement“Tick = (Time,Item)”, which forcesall ticks into this form. This statementis required,
althoughit is the only restrictionplacedon the datadescription. The “Item” referencecan then be
expandedastheuserseesfit for thetypeof datato bestored.Thereis no implicit assumptionthatlimits
therepositoryto financialdata.

Figure3 shows the derivation of a descriptionfor a quoteon a currency exchange. In this case,the
FT indicatesa “financial tick” (asopposedto someother time seriesdata),the FX indicates“foreign
exchange”from onecurrency to another, andtheQuoteindicatesatwhatpricesthegivenbankis willing
to buy (Bid) andsell (Ask) onecurrency for another. In simpleterms,thebankof CHFX is willing to
sellJapaneseyenatapriceof 124.1yenperUSdollarandweweretold thisby theReutersnewsagency.

This stringcontainsall the informationneededto allow this tick to standon its own. If this stringwere
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(Time,Item)
(08.02.1998 07:44:58,FT(Contract,DataSpecies))
(08.02.1998 07:44:58,FT(FX(Per,Expr),Quote(Bid,Ask,Institution,Source)))
(08.02.1998 07:44:58,FT(FX(USD,JPY),Quote(124.05,124.1,CHFX,REUTERS)))

(Time,Item)
(08.02.1998 07:49:34,FT(Contract,DataSpecies))
(08.02.1998 07:49:34,FT(FX(Per,Expr),TX(Price,Volume,Seller,Buyer,Source)))
(08.02.1998 07:49:34,FT(FX(USD,JPY),TX(124.1,1000000,CHFX,BGFX,REUTERS)))

(Time,Item)
(08.02.1998 04:51:47,FT(Contract,DataSpecies))
(08.02.1998 04:51:47,FT(Deposit(Ccy,Period),Quote(Bid,Ask,Institution,Source)))
(08.02.1998 04:51:47,FT(Deposit(USD,03M),Quote(5.5,5.62,BSBB,REUTERS)))

Figure3: Examplesof the parsingof somesampleticks. They are: 1) a foreign exchangequote,2) a
foreignexchangetransaction,and3) acashdepositinterestratequote.

foundwritten on a pieceof paperon thefloor, we would beableto enterit into therepositoryandthen
retrieve it aspartof futurequeries.And yet we have not forcedtheuserto separateits componentsinto
file andrecordspecifiers.Theonly restrictionis thatit conformto thesyntaxof theSQDADL description
file.

Figure3 also illustrateshow you canderive ticks for actualtransactionsand for interestratedeposit
quotes.Given thesedefinitions,interestratedeposittransactionsalsobecomepossible.This is oneof
thenicefeaturesof theSQDADL language.Oncetheexpansionsof “Contract” and“DataSpecies”have
beendefined,they canbeput togetherinto variouscombinationswhich allows you to storemany more
instrumentsthanyou’ve evenconsidered.Therecursive natureof the languageis alsoa significantwin
in thefinancialworld becausemany contractsare,in fact,recursive. Relatively “simple” contracttypes
suchasoptions,futures,andbondsmaybecombinedto create,for example,anoptionon a bondfuture
contract.

Thereis alsosignificantadvantagein keepingthe ticks in the form of strings. It allows parsingto be
dynamicwhichmeansnocodeneedsto berecompiledto handlenew datatypes.Yousimplymodify the
SQDADL definitionandyouareimmediatelyableto storeticks of thenew typein therepository.

4 Time Series Request Syntax

Becauseeachtime seriesis modeledasa restrictionof anothertime series,it is easyto seehow the
SQDADL definition can lead to a way of specifyingqueriesto the datarepository. We simply need
to provide a syntaxfor restrictingeachof the fundamentaltypes. The usercan then combinethese
restrictionsto definethedesiredtime series.Restrictionsareimplementedwith expressions.

4.1 General Expressions

Referringbackto Figure2, we noticethateachof the“leaf nodes”of theSQDADL parsetreeis given
a typeindicator. Thesetypesareknown to therepositoryasfundamentaltypesandcloselyfollow types
inherentin most programminglanguagesor communicationsstandards.For eachof thesetypeswe
defineasetof expressionswhichcanbeusedasafilter for decidingwhetherdatais partof therequested
seriesor not. This conceptis very much like a regular expressionor wildcard. In fact, for the string
types,POSIX-styleregularexpressionscouldbedirectly used.

Thinkingalongtheselines,wecouldsendthefollowing requestto thedatarepository:
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1. (*−*,FT(FX(USD,*),Quote(*,*,*,*)))

2. (*−*,FT(FX(USD,DEM|CHF),Quote(*,*,*,*)))

3. (*−*,FT(FX(USD,DEM),Quote(*,*,*,*)))

4. (*−*,FT(FX(USD,*),Quote(*,*,BGFX,*)))

Figure4: SQDADL querieswhichselectthecorrespondingtimeseriesasdefinedin Figure1.

(*-*,FT(FX(USD,JPY) ,Q uot e(* ,*, *, *)) )

This requestsaysthatwewould like all JapaneseyenpricesquotedagainsttheUS dollar over theentire
rangeof time with no restrictionon the prices,contributing bank,or the informationsource.Figure4
providesexamplesof requeststo matcheachof thetime seriespreviously definedin Figure1.

It shouldbe notedthat thereis a differentexpressionsyntaxfor eachof the datatypes. For example,
the syntaxof an integer expressionwill be different thanthe syntaxfor a string. We determinewhich
expressionsyntaxwill beusedbasedon thetypesof theleafnodesasindicatedby theSQDADL parser.

It is not hardto imaginea setof expressionswhich allow theuserto make very powerful andflexible
filters for eachdatatype. For example,onemight usetheexpression“10 ��� 12” in an integerfield to
requestonly ticks with valuesbetween10 and12. Thesefilters canbeaddedandmodifiedastime goes
on sincethey only affect thedataretrievedby aqueryandnot thestorageprocess.

In our implementation,we do,however, restrictexpressionsonly to leaf nodesof theparsetree.That is
to saythatonecannot,in ourexampleSQDADL, placeawildcardin anon-leafnodepositionsuchas:

(*-*,FT(*))

Onemight assumethata requestlike this would returnall financialticks whetherthey becurrency ticks
or interestratedeposits.Thiswouldbea logicalassumptionandwhile we foundno reasonthatasyntax
like this couldnot beimplemented,it would beanunnecessarycomplicationin our case.Soit wasleft
asanoptionfor futureenhancement.

4.2 Time Expressions

Becauseweareworkingwith atimeseriesrepository, timeis thehandleby whichweaccessourdata.As
such,expressionsin the“Time” field aretreatedasaspecialcaseof thetype-basedexpressionssyntax.

To illustratethis, let’sassumewewantto getthepriceof aninstrumentasit wasatmidnightonacertain
date.Theprobabilityof therebeinga tick atexactlymidnightis actuallyvery low sowe usuallyneedto
askfor thetick beforeandthetick aftersothatsomeinterpolationcanbedone.Wemight formulatethis
expressionas“01.01.199000:00:00[-1..1]”.

Theproblemhereis thatthetimeexpressionis no longerafilter whosebehavior canbedeterminedonly
by thetick itself. If we askfor thetick beforemidnight,we do not know if this tick will beonesecond,
oneminute,or evenonedaybeforethathour. Thebehavior of any filter thatwill includethistick depends
not only on the time of the tick, but alsoon the temporalplacementof otherticks in thespecifiedtime
series.

This impliesthattheprocessingof thetime expressionis somethingthatmustbeconsidereddeepin the
repositorymachinerysincethelow level featuresof thetimeseriesareonly known here.While all other
restrictiveexpressionscansit atahigherlevel,andeven,theoretically, ontheclientside,timeexpressions
mustbehandledspecially.
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5 Storage of Data Ticks

All modernoperatingsystemssupporttheconceptof afile with anassociatednameanddata.While our
abstractionavoidstheneedfor thisclassificationof dataontheuserside,wemuststill atsomepointmap
ourmodelontothephysicalcomputer.

A trivial implementationof thestorageandrequestsystemthatwe have describedis to simply storeall
thestringsthata usergivesto therepositoryin a singletext file. A requestthenonly requiresoneto go
throughthefile, applytherestrictions,andthenreturnthespecifiedsubset.While this would work, it is
quiteinefficient. Obviously, we needto employ somekind of groupingof like databehindthescenesin
orderto improve dataqueryperformance.

Whatwe have implementedis anarchitecturewhich allows therepositoryitself to storethedatain the
mostefficient way it canbasedon hints given to it in theSQDADL configurationfile. Referringback
to Figure2, you will noticethat all leaf nodesin the parsetreenot only have a type assignedto them
but alsoa designation’f ’ or ’v’. This valueis a hint to therepositoryandindicateswhetherthis field is
consideredfixedor variablewith respectto themostcommonqueryfor data.

For example,in thesampleSQDADL configurationyouwill notethatthecurrenciesareall taggedwith
the “fix ed” hint. This meansthat the we expectusersto moreoften ask for a fixed currency in their
requestsratherthanabroaderexpressionasafilter. Specifically, we expectmorequeriesof theform:

(*-*,FT(FX(USD,JPY) ,Q uot e(* ,*, *, *)) )

than:

(*-*,FT(FX(USD,*),Q uote( *,* ,*, *) ))

With thesehints, we have all thatwe needin orderto storethe datain a file on the physicalmachine.
Givena string representationof a tick, we createtwo databuffers into which we will divide thestring.
Thefirst will becomethefilenameandthesecondwill hold thedatarecordwhich will beappendedto
thisfile.

Becausewe want to ensurethatwe have randomaccesscapabilitiesin eachfile, we needto guarantee
thateachdatabuffer is thesamelengthfor a givenfile. This,of course,dependson thetypeof thedata
going into the buffer. For typesof fixed size,for example,integers,we simply write the datainto the
buffer. However, if thedatais variablein size,suchasavariablelengthstring,weneedanothersolution.
In this case,for eachfile we createa secondarystoragefile to hold all variablelengthdataandits size.
Theoffsetinto thisfile is thenstoredin thedatabuffer. Sincetheoffsetis simplyaninteger, wemaintain
afixedsizefor all recordsin theprimaryfile.

Now weparsethetick anddividethefieldsinto thetwobuffersaccordingto thefollowing straightforward
rules:

� If thefield is a non-leafnodetokenor it is a leaf nodetokenwith a hint of “fix ed”, copy it to the
filenamebuffer.

� If the field is a leaf nodewith a hint of “variable” andwith a constantsize,copy it to the data
buffer. Thenplacea “*” in thefilenamebuffer.

� If thefield is a leaf nodewith a hint of “variable”andhasa non-constantsize,write its sizeand
datato thesecondaryfile andcopy its offset to thedatabuffer. Thenplacea “*” in thefilename
buffer.
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(08.02.1998 07:44:58,FT(FX(USD,JPY),Quote(124.05,124.1,CHFX,REUTERS)))

08.02.1998 07:44:58   124.05   124.1   CHFX

(*,FT(FX(USD,JPY),Quote(*,*,*,REUTERS)))

Figure5: Separationof afully describedtick into its filename(top)anddatarecord(bottom)components.
Notethatall datais recordedandnothingis implied.

Figure5 shows how agivenforeignexchangequotetick wouldbebrokenup into thetwo buffersassum-
ing our earlierSQDADL configuration.For efficiency, the datarecordbuffer holdsbinary versionsof
thedata.And becausethefilenameis oftenlonganda ratherstrangecollectionof parentheses,wildcard
characters,andcommas,wearerequired,undermostoperatingsystems,to usealayerof indirectionhere
in orderto maptheappropriatefilenameontoa filenamethattheoperatingsystemcanhandlenatively.

Oncetheparsingis complete,we simply opentheappropriatefile andappendthedatabuffer onto the
end.If thefile doesnotalreadyexist, it is createdbeforehand.In thisway, therepositoryis dynamicand
canadaptto new ticks (for example,thecreationof a new currency) but still hidesthemaintenanceof
this from theuser.

6 Retrieval of Data Ticks

Thehintsgivenin theSQDADL definitionleadto a patternof possiblefilenames.For example,we can
easilyshow thatthehintswehave givenin Figure2 couldleadto thefilename:

(*,FT(FX(USD,JPY),Q uote( *,* ,*, REUTERS)))

If theusersubmitsthis samestringasa requestfor data(with somerangeof time) we cansimply open
thefile, searchfor theappropriatestarttime,andgive theticks to theuseruntil theendtime is reached.

Of course,this is anoptimal request.Our systemalsoneedsto beableto handlenon-optimalrequests
andallow usersto specifyexpressionsanywherethey pleasewithout having to know how the datais
actuallystored.

6.1 File List Selection

Givena requestfor a time series,we needto beableto determineall possiblefiles thatmayhave infor-
mationrelevant to therequest.This is astraightforwardoperation.Weparsetherequestinto tokensand
thenapplythreerulesto thesetof all filenames:

� If thegiventokenis anon-leafnode,thenselectfilenamesthatexactlymatchit.

� If thegiven token is a leaf nodeandthis leaf hasa hint of “variable”, thenselectfilenamesthat
have a “*” in thisposition.

� If thegiventoken is a leaf nodeandthis leaf hasa hint of “fix ed”, thenapplythis expressionand
selectonly thosefilenamesthatmatchit.
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Usinganexamplefrom Figure4, if wearegiventherequest:

(*,FT(FX(USD,*),Quo te (*, *,B GFX,* )))

andthefollowing filenamesexist in our repositorydirectory:

(*,FT(FX(USD,JPY),Q uote( *,* ,*, REUTERS)))
(*,FT(FX(USD,CHF),Q uote( *,* ,*, REUTERS)))
(*,FT(FX(USD,DEM),Q uote( *,* ,*, REUTERS)))
(*,FT(FX(DEM,CHF),Q uote( *,* ,*, REUTERS)))
(*,FT(FX(DEM,GBP),Q uote( *,* ,*, REUTERS)))

we wouldonly selectthefollowing files for readingto servicethis request:

(*,FT(FX(USD,JPY),Q uote( *,* ,*, REUTERS)))
(*,FT(FX(USD,CHF),Q uote( *,* ,*, REUTERS)))
(*,FT(FX(USD,DEM),Q uote( *,* ,*, REUTERS)))

Giventhehintsin theSQDADL definition,it is clearthatonly thesefilescancontaininformationthatwe
areinterestedin. Theexpression“USD” preventstheselectionof theothers.Yet becauseit is a variable
field, the“BGFX” expressiondoesnotaffect thelist.

6.2 The Data Cursor

Oncewehaveestablishedalist of possiblefilesweneedto createasoftwarecursorwhichcanbeusedto
passover thefilesandhandtheticks to theuserwhenrequested.In objectorientedterms,we instantiate
a cursorobject by giving it a set of files from which to read,a desiredstartingtime, and the entire
expressionpatternthat definesthe desiredtime series. Internally, it thenopenseachof thesefiles and
doesabinarysearchto find thedesiredstarttime.

Onceinstantiated,the cursorprovides two methodsto the user, called next() and prev(). The next()
methodreturnsthe nearesttick in the requestedtime seriesafter the currenttime. The prev() method
returnsthenearesttick in therequestedtimeseriesimmediatelybeforethecurrenttime.

How thecursoractuallydoesthis is displayedgraphicallyin Figure6. Whenasked for thenearesttick
after the currenttime, it surveys all the files andchoosesthe tick with the lowest timestamp. It then
appliestheexpressionfilter to this tick to seeif it shouldbeincludedin therequestedtime series.If not,
it goesbackto thefiles to get thenext until a matchingtick is found. Conceptually, this is merging the
files in timeseriesorderandthenremoving any ticks thatarenotappropriate.Theprev() methodhasthe
sameimplementation,but worksby backingup in thefiles ratherthanmoving ahead.

6.3 Servicing a Request

It is now quite trivial to seehow a wrappercanbe madearoundthis cursorto serviceany requestfor
data.For example,let’s saytheuserhasgivenusthefollowing requeststring:

(01.01.1990 00:00:00[-10..5],F T( FX( USD,*) ,Q uot e(* ,*, BGFX, *)) )

This meansthatwe wantall ticks for any currency measuredagainsttheUS dollar thatcamefrom the
bankBGFX. And our time rangeis the10 ticks beforemidnight01.01.1990and5 ticks after. Our steps
for handlingtherequestarethen:
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Filter

Merger

(*,FT(FX(USD,DEM),Quote(*,*,*,REUTERS)))

(*,FT(FX(USD,CHF),Quote(*,*,*,REUTERS))) (*,FT(FX(USD,JPY),Quote(*,*,*,REUTERS)))

Figure6: Thedatacursoris asoftwareobjectwhichknowshow to mergeticksfrom all thedatafilesand
remove all undesirableticks. Valid ticks arethenreturnedto the user. The cursoris built to
work eitherforwardor backwardin time.

� Build the list of all possiblefilenamesthatcouldcontaindatawe needfor this request.This was
donein thelastsection.

� Extractthebasetimefromthetimeexpression.In thiscase,ourbasetimeis “01.01.199000:00:00”.

� Instantiateacursorfor thesefileswith thisstarttimeandpassit thefull expressionpatternwewere
given.

� Make n callsto theprev() methodto rewind our time series.In thiscase,n is 10.

� Make n calls to thenext() methodandhandeachto theuser. In this case,n is 15, andrepresents
thetotal lengthof thetimeseries.

Here,themergingof all filesby thecursorprovidesuswith all possibleappropriateticks. But thecursor
testsagainstour full expressionto ensurethatonly thosefrom bankBGFX areactuallygivento us.This
is thetime serieswe requested.

7 Comments on Administration

It shouldbeclearfrom this descriptionthat theexpensive partof a requestis dataremoval. Becausea
banknamehasahint of “variable”,it is put insidethedatarecordratherthanin thefilename.Thismeans
we will oftenneedto readmany datarecordsthatdo not matchour expressionjust to getat thosethat
do. This is awasteof computertime.

Onesolutionto this problemwould beto give thebanknamea “fix ed” hint. If this werethecase,then
it would beput in thefilenameandwe would only needto openandmergethefiles thatwe really need.
Thiswouldresult,again,in anearoptimalrequestbecausethemergeoperationis computationallytrivial.

Thedecisionasto whetherto make a leafnode“fix ed” or “variable”needsto bemadeby therepository
administrator. If it is known that thereis a smallnumberof banks,thenmaking“Bank” a “fix ed” field
maybea reasonableoption,sinceonly a few additionalfiles would becreated.On theotherhand,we
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wouldcertainlynotwantto definethepricefield as“fix ed”, sincethereareessentiallyaninfinite number
of prices.

Anotherfactormustbetakeninto accountaswell. Theadministratorneedsto decidewhicharethemost
commonfieldsto befixedin auserrequest.If usersrarelyput restrictionson thebankfield, thenwe are
not hurting anyonesignificantlyby putting this in the datarecordbecausecomputertime will only be
occasionallywasted.

As wecansee,it is notonly thedataitself thatdetermineshow thefilesarearrangedbut alsotherequests.
Whenit is difficult to decide,we find that it is betterto err on the sideof makinga leaf node“fix ed”.
This resultsin fasterrequestprocessingbecausefewer ticks needto beremovedat run time. However,
it shouldbe stressedthat the storagehints in no way affect the requeststhat the usercanmake. They
only affecthow fastthoserequestsarehandled.Indeed,theadministratorcanreorganizedthefile storage
unbeknownst to theuser.

8 Experience

While ourexperiencewith thedescribeddesignhasbeenverypositive thusfar, therearea few problems
that we have identified. Theseneedto be addressedin future developmentbeforethe systemcanbe
consideredcomplete.

TheSQDADL codewasdesignedto beflexible andeasyto maintain. Thegoalwasthatwe shouldbe
ableto addnew datatypesto therepositoryin amatterof minutessimplyby definingthesyntaxof anew
typeandspecifyingthebreakdown of its fields.Thishasbeenachievedandwehavebeenableto expand
ourdatacollectionwith very little effort givento makingSQDADL definitions.

Modificationsto theSQDADL file have to bemadecarefully, however. If asetof datafilesalreadyexists
assumingoneSQDADL definitionandthenthisdefinitionis changed,unexpectedresultswill occur. The
administratorneedsto becarefulto ensurethatonly new stringpatternsareaddedandthatnonealready
existing arechanged.If it becomesnecessaryto changea definition,a new definitionmustbemade,the
files thencopiedthroughthe repositoryinterfacesfrom the old to the new, andthenthe old removed.
This is apainfulprocessat themomentandshouldbemademoreautomatic.

BecauseSQDADL fully describesthefinancialinstrument,a complex instrumentsuchasanoptionon
a bond future is representedby a complex SQDADL syntax. This makes it difficult for endusersto
rememberthesyntax.Therearetwo possiblewaysto handlethis problem.First, a layercouldbebuilt
on topof thenormalrepositoryrequestssothatsimpledatarequestscouldbedonesimply, leaving more
complex requeststo bedonethroughthenormalsyntax.Alternatively, a tool couldbedevelopedto help
theuserdynamicallybuild therequestsstringsby listing optionsandfilling in boiler-platecomponents
asneeded.Weenvision a functionalitysimilar to theUNIX tcshcommandinterpreteror theX windows
xfontselfont browsingutility.

Relatedto thisis thelackof metainformationaboutwhatisactuallystoredin therepository. Forexample,
the usermay know that currency pricesare storedbut is it possibleto find the list of thosethat are
available?In thecurrentdesign,theusersimplyhasto know. But ameta-querydatabaseshouldbemade
availableto storethevariouspossibilitiesfor eachleaf nodeof a requeststring. A usercould thenask
whatcurrenciesareavailable.And thiscould,again,bebuilt into asimpletool.

As it standsnow, a requestfor datathatdoesnot exist simply returnsanull list of data.This is a natural
resultof the designbecausea requeststring is really saying“give me all the datathat you have that
matchesthispattern”.Thissubsetcan,of course,bethenull set.But this is oftennotwhatpeopleexpect
asa returnvalue.Someotherway of returninganerrorshouldbedeveloped.

Finally, theuseof flat files for datastoragerequiresthat all dataarrive in time orderso that it may be
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storedthatway. This hasnot beena problemfor ussofar. However, if this becomesanissue,we could
simplyuseab-treestoragemechanismin thelower layer. Thiswouldaddsomeoverheadbut wouldalso
solve all timeorderingissuesthatcouldarise.

9 Conclusion

Thedescribedsystemhassofarshown itself to bequiteusefulin thefield. Theflexibility of theSQDADL
languagehasallowedusto collectover30 instrumenttypeswith very little effort beingspenton thedata
definition. The implementationhasalsoresultedin fastresponsetimesbecauseof the flat-file storage
foundation. While therecontinueto be issuesthat needto be addressed,noneseemunsolvable and
progressis continuing.
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