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Abstract

Therelatively new field of high-frequencyfinancial data analysishas significantly stressedcurrent time
seriesdatabaseémplementationsRequestingensof millions of irr egularly spacediatapointsis a daily activity
for reseachers in thefield. In addition, providing the ability to easilyand accuiately describethe data they
needmalesit possiblefor themto focusmore on thereseach andlesson the databaseémplementationin this
paper we presenthedatarepositorydevelopedat OlsenDatato addesstheseissues.

1 Introduction And Motivation

In 1985,the OlsenGroupsetout to collect high frequeny financialdata. Somefinancialinstruments
arequotedat a frequeng of a few timesper day while othersmay be quoteda few times per second.
This datahasbeencollectedaroundthe clock for thelasttwelve yearsandtime seriescontainingtensof
millions of priceshave beencollectedfor a numberof instruments.

Ourresearcherasethis datato look for correlationsandphenomenin thefinancialmarketson various
time scales.We concentraten examiningthe fractal natureof the data. For this type of researchit is
essentiato have accesdo all time scales. We, therefore,requirethat all dataevents(calledticks) be
savedandthatthey begivenarealtimestamp.This leadsto irregularly spacediatasets.

Fractalresearchs statisticalin natureand, as such, often requiresanalysisof very large datasetdor
an instrument. Becausekeepingsuchlarge datasetsn memoryis not feasiblewithout supercomputer
technology we have developeda data-flav-based,statisticalpackagecalled ORLA for this purpose.
ORLA actslike anelectroniccircuit in which anetwork of variousoff-the-shelfpiecess constructednd
dataflows throughit to calculatea desiredsetof results(moving averagestradingmodelsignals,etc).
This eliminatesthe needfor alargelocal memory but this calculationmodelalsorequiresa mechanism
for slovly feedingdatainto thewaiting ORLA process.

Finally, our researchersften needto requestdatasetshatmay not seemnaturalor obvious at first. For
example,it may be desirableto requestall curreny exchangequotesfor only Asian currenciesand
againfor Europearcurrenciesjn orderto comparethe statisticaldistributions. Or we may requestall
guotedor all swapratesmadeby agivenbankto seeif thatbankmaybepostingbadprices.It would be
impossibleto predictthe scopeof all possibledatarequestandto storethe dataappropriatelyfrom the
start. Sowe wantedthe databas¢o be ableto take a datadescriptionandreturnthe desiredime series.

After investigatingall thatthe commercialdatabaseendorshadto offer, we found thatnonesuitedour
needsWe thenconsultedheliteratureandfoundthatsurprisinglylittle researctwork hasbeendonein
this area.Most time seriesdatabasearegearedoward small setsof regularly spacediatapoints. They
usuallyassume userwantsanentiresetatonce.And they requiretheuserto predefinghesesetssothat
specialdatarequest®ftenareeithernot possibleor arenot easy Becausahesesystemdell far shortof
our needsye felt the only solutionwasto developour own.

While our requirementsnay soundspecializedywe expectthe needfor databassystemghatcanhandle
situationdik e thisto grow. Researchvith high-frequeng financialdatais finding applicationsn diverse
fields suchasrisk managemenand trading model development. Banksare embracingnew solutions
to theseproblemsand often high-frequeng datais being applied. In casesof risk managementfor
example,large matricesinvolving simultaneousccesgo thousand®f high frequeng time seriesneed
to becalculated.

1The word “instrument” is usedto describea specificfinancial contractsuchasa stock, curreny exchangerate,or pork
belly future.



Series Time Ccy Price Bank

2 13:00:00 CHF 1.4817 SEBM
13:00:02 JPY 130.64 PRUN
13:00:09 JPY 130.60 CHFX
13:00:10 DEM 1.8225 HYPO
13:00:12 DEM 1.8231 NWNC
13:00:16 DEM 1.8228 BOMX
13:00:19 CHF 1.4818 NWND

4 13:00:24 DEM 1.8226 BGFX
13:00:24 JPY 130.58 BGFX
13:00:24 DEM 1.8230 KOCT

4 13:00:24 CHF 1.4822 BGFX
13:00:30 DEM 1.8225 KBXE
13:00:31 JPY 130.58 DRE1
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Figurel: Exampleof four possibletime seriessubsetof a larger time series. They are: 1) curreny
prices, 2) Europeancurreng prices, 3) GermanMark prices,and 4) pricesfrom the bank
BGFX.

All this imposesstringentrequirement®n the financialdatabasesupportingthe system.However, ary
new softwareproductshouldbe designedvith generalityin mind. For this reasonwe madesureduring
developmentand implementationthat our systemwas not limited to financial data. It may be used
anywherethat high volumetime seriesdataneedso handled.Although significanteffort wasspenton
optimizingandsolvingspecialfinancialworld problems.

We have calledour systema repositoryratherthana databaséecausehe word databaséendsto carry
with it anassumptiorthatdatacanbemanipulatedjoined,etc. Whatwe neededvasto storeandretrieve
large numbersof ticks andto do soflexibly. Theword repositoryseemedh moreaccuratedescriptionof
this functionality

2 Time Series Model

A time seriess asetof datapointssortedin orderof increasingime. In anabstracsensepnecandefine
a “universal” time seriesasthe time seriesof all recordablesventsthat ever have and ever will occur
All othertime seriescanbe viewed asa subsef, or arestrictionon, this universalset. Givenary time
seriesanaw time seriescanalwaysbe createdoy simply extractinga subsefrom it.

Figurel containsalist of curreng pricesover a 31 secondntenal. The currenciesarethe SwissFranc
(CHF), GermanMark (DEM), andJapanes&en (JPY). Thefirst thing we needto noteis thatthis list

is alreadya subsetof larger sets. Examplesof supersetsnight include the time seriesof all currengy

pricesor even of all financialprice quotesfor all instruments.Corversely we canalsobreakthis series
into subsetsWe might askfor all Europearcurrenciegrom the set,or we maywantonly GermarnMark

prices,or we maywantonly pricesfrom the bankBGFX.

Thisis notjust philosophicaimusing;all of thesesubset$iave beenof interestto our researcheratone
time or another And thinking aboutthemin termsof restrictionson a supersets instructve becauset
canleadusto a modelfor datastorageand,hence to alanguagdor repositoryquery Our goalwasto
build arepositorywhich treateddatain this way.

It shouldbe notedthatthis modelfor time seriesdatais not the usualone. Most databasegequirethe
userto prepackagehe datathey arestoringinto variousfiles. For example,you might decidethatyou
wantthe SwissFranccurrenciesn onefile andthe GermanMark in anotherandyou would berequired
to predefinghesefiles andto separatéhe databeforestoringit.



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 supportcurreny exchageanddepositrates.

We felt thatthis preclassificatiowasunnecessarilyestrictive for our needs requiredthe userto have
too muchknowledgeof the packagingnethod,andled to complicatedquerylanguageskFor example,to
getthe BGFX bankqguotesin our exampleaborve, the userwould needto know thatall thesecurrencies
arein separatdiles andwould needto build aqueryby first combiningthesefiles andthenaskingfor the
BGFX quotes.Thisis clearlymorecomplicatedhatsimply askingfor the BGFX quotesasarestriction
of all known data.

3 Data Representation

Theeliminationof thefile-based:onceptualiew meanghateachtick standonits own in therepository
without classification.For this to be useful,the dataneedsto be self-describing.This descriptioncan
thentake the placeof thefile asa handlefor dataqueries.

We have developedadescriptiorlanguagdor this purposevhichwe call theSequentiaDataDescription
Language(abbreviated SQDADL, and pronounced'skedaddle™). SQDADL is a BNF-style language
with somerestrictionsto enforcea specificstructure.Figure 2 presentsa sampleSQDADL description
for the storageof eithercurreny pricesor interestrates(deposits).

By thedefinitionof atime seriesgachtick mustcontainatimestampandthisfactis reflectedn theroot-
level statementTick = (Time,ltem)”, which forcesall ticks into this form. This statements required,
althoughit is the only restriction placedon the datadescription. The “ltem” referencecan then be
expandedastheuserseedit for thetypeof datato be stored.Thereis no implicit assumptiorthatlimits
therepositoryto financialdata.

Figure 3 shaws the derivation of a descriptionfor a quoteon a curreng exchange. In this case,the
FT indicatesa “financial tick” (asopposedo someothertime seriesdata),the FX indicates“foreign
exchangefrom onecurreng to anotherandthe Quoteindicatesat whatpricesthe givenbankis willing
to buy (Bid) andsell (Ask) onecurreng for another In simpleterms,the bankof CHFX is willing to
sellJapanesgenataprice of 124.1yenperUS dollarandwe weretold this by the Reutersews ageng.

This string containsall the informationneededo allow this tick to standon its own. If this stringwere

3



(Time,ltem)

(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,ltem)

(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,ltem)

(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
foreignexchangdransactionand3) a cashdepositinterestratequote.

foundwritten on a pieceof paperon the floor, we would be ableto enterit into the repositoryandthen
retrieve it aspartof future queries.And yet we have not forcedthe userto separatéts componentsnto

file andrecordspecifiersTheonly restrictionis thatit conformto thesyntaxof the SQDADL description
file.

Figure 3 alsoillustrateshow you can derive ticks for actualtransactionsand for interestrate deposit
guotes. Given thesedefinitions,interestrate deposittransactionslsobecomepossible. This is one of

thenicefeaturesf the SQDADL languageOncethe expansionof “Contract” and“DataSpecieshave

beendefined,they canbe put togetherinto variouscombinationsvhich allows you to storemary more
instrumentghanyou've evenconsidered.The recursve natureof the languagds alsoa significantwin

in thefinancialworld becauseanary contractsare,in fact,recursive. Relatvely “simple” contracttypes
suchasoptions,futures,andbondsmaybe combinecdto create for example,anoptionon abondfuture
contract.

Thereis alsosignificantadwantagein keepingthe ticks in the form of strings. It allows parsingto be
dynamicwhich meanao codeneedgo berecompiledo handlenewn datatypes.You simply modify the
SQDADL definitionandyou areimmediatelyableto storeticks of the new typein therepository

4 Time Series Request Syntax

Becausesachtime seriesis modeledas a restrictionof anothertime series,it is easyto seehow the
SQDADL definition canleadto a way of specifyingqueriesto the datarepository We simply need
to provide a syntaxfor restrictingeachof the fundamentaltypes. The usercanthen combinethese
restrictionsto definethe desirediime series.Restrictionsareimplementedvith expressions.

4.1 General Expressions

Referringbackto Figure 2, we noticethateachof the “leaf nodes”of the SQDADL parsetreeis given

atypeindicator Thesetypesareknown to therepositoryasfundamentatypesandcloselyfollow types
inherentin most programminglanguagesor communicationsstandards. For eachof thesetypeswe

defineasetof expressionsvhich canbe usedasafilter for decidingwhetherdatais partof therequested
seriesor not. This conceptis very muchlike a regular expressionor wildcard. In fact, for the string

types,POSIX-styleregular expressiongould bedirectly used.

Thinking alongthesdines, we could sendthe following requesto the datarepository:



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 querieswhich selectthe correspondingime seriesasdefinedin Figurel.

(~*FT(FX(USD,JPY)  Quote(* %, * %) )

Thisrequestsaysthatwe would like all Japanesgen pricesquotedagainsthe US dollar over theentire
rangeof time with no restrictionon the prices,contrikuting bank, or the informationsource. Figure 4
providesexamplesof requestdso matcheachof thetime seriespreviously definedin Figurel.

It shouldbe notedthatthereis a differentexpressionsyntaxfor eachof the datatypes. For example,
the syntaxof aninteger expressionwill be differentthanthe syntaxfor a string. We determinewhich
expressiorsyntaxwill beusedbasedon thetypesof theleaf nodesasindicatedby the SQDADL parser

It is not hardto imaginea setof expressionsvhich allow the userto make very powerful andflexible
filters for eachdatatype. For example,onemight usethe expression'10 << 12” in anintegerfield to
requesbnly ticks with valuesbetweenl0 and12. Thesefilters canbe addedandmodifiedastime goes
on sincethey only affectthe dataretrieved by a queryandnotthe storageprocess.

In ourimplementationwe do, however, restrictexpression®nly to leaf nodesof the parsetree. Thatis
to saythatonecannot,in our exampleSQDADL, placeawildcardin anon-leafnodepositionsuchas:

(-%FT())

Onemight assuméhata requestik e this would returnall financialticks whetherthey be curreng ticks
or interestratedeposits.Thiswould be alogical assumptiorandwhile we found no reasorthata syntax
like this could not beimplementedit would be anunnecessargomplicationin our case.Soit wasleft
asanoptionfor futureenhancement.

4.2 Time Expressions

Becauseave areworkingwith atime seriegepositorytimeis thehandleby whichwe acces®urdata.As
such,expressionsn the“Time” field aretreatedasa specialcaseof thetype-base@xpressionsyntax.

Toillustratethis, let's assumave wantto gettheprice of aninstrumentasit wasat midnightonacertain
date.The probability of therebeingatick at exactly midnightis actuallyvery low sowe usuallyneedto
askfor thetick beforeandthetick aftersothatsomeinterpolationcanbe done.We might formulatethis
expressioras“01.01.199000:00:00[-1..1]".

Theproblemhereis thatthetime expressioris nolongerafilter whosebehaior canbedeterminednly
by thetick itself. If we askfor thetick beforemidnight,we do notknow if thistick will be onesecond,
oneminute,or evenonedaybeforethathour Thebehaior of ary filter thatwill includethistick depends
not only on the time of thetick, but alsoon the temporalplacemenbf otherticks in the specifiedtime
series.

Thisimpliesthatthe processingf thetime expressionis somethinghatmustbe consideredleepin the
repositorymachinerysincethelow level featuresof thetime seriesareonly known here.While all other
restrictive expressiongansit atahigherlevel, andeven,theoreticallyontheclientside,time expressions
mustbe handledspecially



5 Storageof Data Ticks

All modernoperatingsystemssupportthe concepif afile with anassociatethameanddata.While our
abstractioravoidstheneedfor this classificatiorof dataon the userside,we muststill at somepointmap
our modelontothe physicalcomputer

A trivial implementatiorof the storageandrequestystemthatwe have describeds to simply storeall
the stringsthata usergivesto the repositoryin a singletext file. A requesthenonly requiresoneto go
throughthefile, applythe restrictions andthenreturnthe specifiedsubset.While this would work; it is
quiteinefficient. Obviously, we needto employ somekind of groupingof like databehindthe scenesn
orderto improve dataqueryperformance.

Whatwe have implementeds an architecturenhich allows the repositoryitself to storethe datain the
mostefficient way it canbasedon hints givento it in the SQDADL configurationfile. Referringback
to Figure 2, you will noticethatall leaf nodesin the parsetree not only have a type assignedo them
but alsoa designatiorif’ or’v’. Thisvalueis a hint to therepositoryandindicateswhetherthis field is
consideredixedor variablewith respecto the mostcommonqueryfor data.

For example,in the sampleSQDADL configurationyou will notethatthe currenciesareall taggedwith
the “fixed” hint. This meansthat the we expectusersto more often askfor a fixed curreny in their
requestsatherthanabroaderexpressiorasafilter. Specifically we expectmorequeriesof theform:

(~*FT(FX(USD,JPY)  Quote(* %, * %) )
than:
(*-* FT(FX(USD,*),Q uote( ** ¥, %))

With thesehints, we have all thatwe needin orderto storethe datain a file on the physicalmachine.
Givena string representationf a tick, we createtwo databuffersinto which we will divide the string.
Thefirst will becomethe filenameandthe secondwill hold the datarecordwhich will be appendedo

thisfile.

Becausewne wantto ensurethat we have randomaccessapabilitiesin eachfile, we needto guarantee
thateachdatabuffer is the sameengthfor a givenfile. This, of coursedependsnthetype of thedata
goinginto the buffer. For typesof fixed size,for example,integers,we simply write the datainto the
buffer. However, if thedatais variablein size,suchasavariablelengthstring,we needanothersolution.
In this case for eachfile we createa secondarstoragefile to hold all variablelengthdataandits size.
Theoffsetinto thisfile is thenstoredin the databuffer. Sincethe offsetis simply aninteger, we maintain
afixedsizefor all recordsin the primaryfile.

Now we parsethetick anddivide thefieldsinto thetwo buffersaccordingo thefollowing straightforvard
rules:

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

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

o |f thefield is a leaf nodewith a hint of “variable” andhasa non-constansize,write its sizeand
datato the secondanryile andcoyy its offsetto the databuffer. Thenplacea“*” in thefilename
buffer.



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

NAN N

(08.02.1998 07:44:58,FT(FX(USD,JPY),Quote(124.05,124.1,CHFX,REUTERS)))

o

08.02.1998 07:44:58 124.05 124.1 CHFX

Figure5: Separatiof afully describedick intoits filename(top) anddatarecord(bottom)components.
Notethatall datais recordedandnothingis implied.

Figure5 shavs how a givenforeignexchangequotetick would bebrokenup into thetwo buffersassum-
ing our earlier SQDADL configuration. For efficiengy, the datarecordbuffer holdsbinary versionsof
thedata.And becausé¢he filenameis oftenlong anda ratherstrangecollectionof parenthesesyildcard
charactersandcommasywe arerequired undermostoperatingsystemsto usealayerof indirectionhere
in orderto mapthe appropriatdilenameontoa filenamethatthe operatingsystemcanhandlenatively.

Oncethe parsingis complete we simply openthe appropriatefile andappendhe databuffer ontothe
end.If thefile doesnotalreadyexist, it is createdbeforehandin this way, therepositoryis dynamicand
canadaptto new ticks (for example,the creationof a new curreng) but still hidesthe maintenancef
this from theuser

6 Retrieval of Data Ticks

The hintsgivenin the SQDADL definitionleadto a patternof possiblefilenames.For example,we can
easilyshaw thatthe hintswe have givenin Figure2 couldleadto thefilename:

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

If the usersubmitsthis samestringasarequestor data(with somerangeof time) we cansimply open
thefile, searcHor the appropriatestarttime, andgive theticks to the useruntil the endtime is reached.

Of course thisis an optimal request.Our systemalsoneedgo be ableto handlenon-optimalrequests
andallow usersto specify expressionsanywherethey pleasewithout having to know how the datais
actuallystored.

6.1 FileList Selection

Givenarequesfor atime serieswe needto be ableto determineall possiblefiles that may have infor-
mationrelevantto therequest.Thisis a straightforvard operation.We parsethe requesinto tokensand
thenapplythreerulesto the setof all filenames:

¢ If thegiventokenis anon-leafnode thenselectfilenameghatexactly matchit.

¢ If the giventokenis a leaf nodeandthis leaf hasa hint of “variable”, then selectfilenamesthat
have a“*” in this position.

¢ If thegiventokenis aleaf nodeandthis leaf hasa hint of “fix ed”, thenapply this expressiorand
selectonly thosefilenameghatmatchit.



Usinganexamplefrom Figure4, if we aregiventherequest:
(*FT(FX(USD,»,Quo  te (*, *B GFX*)))
andthefollowing filenamesexist in ourrepositorydirectory:

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

we would only selectthefollowing files for readingto servicethis request:

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

Giventhehintsin the SQDADL definition, it is clearthatonly thesefiles cancontaininformationthatwe
areinterestedn. TheexpressiofUSD” preventsthe selectionof the others.Yetbecausét is avariable
field, the“"BGFX" expressiordoesnot affectthelist.

6.2 TheData Cursor

Oncewe have establishedlist of possibldileswe needto createasoftwarecursor which canbe usedto
passover thefiles andhandtheticks to the userwhenrequestedin objectorientedterms,we instantiate
a cursorobjectby giving it a setof files from which to read, a desiredstartingtime, and the entire
expressionpatternthat definesthe desiredtime series. Internally it thenopenseachof thesefiles and
doesa binarysearcho find thedesiredstarttime.

Onceinstantiated the cursorprovides two methodsto the user called next() and prev(). The next()
methodreturnsthe nearestick in the requestedime seriesafter the currenttime. The prev() method
returnsthe nearestick in therequestedime seriesmmediatelybeforethe currenttime.

How the cursoractuallydoesthis is displayedgraphicallyin Figure6. Whenasled for the nearestick
after the currenttime, it suneys all the files and chooseghe tick with the lowesttimestamp. It then
appliesthe expressiorfilter to thistick to seeif it shouldbeincludedin therequestedime series.If not,
it goesbackto thefiles to getthe next until a matchingtick is found. Conceptuallythis is meging the
filesin time seriesorderandthenremoving ary ticks thatarenotappropriate The prev() methodhasthe
sameimplementationbut works by backingup in thefiles ratherthanmoving ahead.

6.3 Servicing a Request

It is now quite trivial to seehow a wrappercanbe madearoundthis cursorto serviceary requestfor
data.For example let's saythe userhasgiven usthe following requesstring:

(01.01.1990  00:00:00[-10..5],F T(FX(USD* ,Quot e(* *, BGX,*) )
This meansthatwe wantall ticks for ary curreny measuredgainstthe US dollar that camefrom the

bankBGFX. And ourtime rangeis the 10 ticks beforemidnight01.01.199Gand5 ticks after Our steps
for handlingtherequestarethen:



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

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

Merger

Filter
Figure6: Thedatacursoris a softwareobjectwhich knows how to memgeticks from all thedatafilesand

remove all undesirabldicks. Valid ticks arethenreturnedto the user The cursoris built to
work eitherforward or backwardin time.

¢ Build thelist of all possiblefilenameghat could containdatawe needfor this request.This was
donein thelastsection.

e Extractthebasdimefromthetimeexpressionln thiscasepurbasdimeis“01.01.199000:00:00".

¢ Instantiateacursorfor thesdfileswith this starttime andpasst thefull expressiorpatternwe were
given.

e Make n callsto the prev() methodto rewind ourtime series.In thiscasenis 10.

e Make n callsto the next() methodandhandeachto the user In this casen is 15, andrepresents
thetotal lengthof thetime series.

Here,thememging of all files by the cursorprovidesuswith all possibleappropriatdicks. But the cursor
testsagainsbur full expressiorto ensurahatonly thosefrom bankBGFX areactuallygivento us. This
is thetime serieswe requested.

7 Commentson Administration

It shouldbe clearfrom this descriptionthat the expensve partof a requestis dataremoval. Becausea
banknamehasahint of “variable”,it is putinsidethedatarecordratherthanin thefilename.Thismeans
we will often needto readmary datarecordsthatdo not matchour expressionust to getat thosethat
do. Thisis awasteof computertime.

Onesolutionto this problemwould be to give the banknamea “fix ed” hint. If this werethe casethen
it would be putin thefilenameandwe would only needto openandmergethefiles thatwe really need.
Thiswouldresult,again,in anearoptimalrequesbecaus¢hemeige operatioris computationallytrivial.

Thedecisionasto whetherto make a leaf node“fix ed” or “variable” needd¢o be madeby the repository
administratar If it is known thatthereis a smallnumberof banks,thenmaking“Bank” a “fix ed” field
may be a reasonabl®ption, sinceonly a few additionalfiles would be created.On the otherhand,we



would certainlynotwantto definethe pricefield as“fix ed”, sincethereareessentiallyaninfinite number
of prices.

Anotherfactormustbetakeninto accountaswell. Theadministratomeedgo decidewhich arethe most
commonfieldsto befixedin auserrequestlf usersrarely put restrictionson the bankfield, thenwe are
not hurting anyone significantly by putting this in the datarecordbecauseeomputertime will only be
occasionallywasted.

Aswe cansee,t is hotonly thedataitself thatdeterminesiow thefiles arearrangedut alsotherequests.
Whenit is difficult to decide,we find thatit is betterto err on the side of makinga leaf node“fixed”.
This resultsin fasterrequesiprocessingecausdewer ticks needto be removed at run time. However,
it shouldbe stressedhat the storagehintsin no way affect the requestghatthe usercanmale. They
only affecthow fastthoserequestsrehandled.Indeed theadministratocanreoganizeahefile storage
unbeknevnstto theuser

8 Experience

While our experiencewith thedescribedlesignhasbeenvery positive thusfar, thereareafew problems
that we have identified. Theseneedto be addressedn future developmentbeforethe systemcan be
considereadcomplete.

The SQDADL codewasdesignedo be flexible andeasyto maintain. The goalwasthat we shouldbe
ableto addnew datatypesto therepositoryin amatterof minutessimply by definingthe syntaxof anew
typeandspecifyingthe breakdavn of its fields. This hasbeenachieved andwe have beenableto expand
our datacollectionwith very little effort givento makingSQDADL definitions.

Modificationsto the SQDADL file have to be madecarefully however. If asetof datafiles alreadyexists
assumingneSQDADL definitionandthenthis definitionis changedunexpectedesultswill occur The
administratomeeddo be carefulto ensurehatonly new string patternsareaddedandthatnonealready
existing arechanged|If it becomesecessaryo changea definition,a new definitionmustbe made the
files then copiedthroughthe repositoryinterfacesfrom the old to the new, andthenthe old removed.
Thisis a painful processat the momentandshouldbe mademoreautomatic.

BecauseSQDADL fully describeghe financialinstrument,a complex instrumentsuchasan option on
a bondfuture is representedby a complex SQDADL syntax. This malkesit difficult for endusersto
remembethe syntax. Therearetwo possiblewaysto handlethis problem. First, a layer could be built
ontop of thenormalrepositoryrequestsothatsimpledatarequest&ouldbe donesimply, leaving more
comple requestgo bedonethroughthe normalsyntax.Alternatively, atool couldbe developedto help
the userdynamicallybuild the requeststringshby listing optionsandfilling in boilerplate components
asneededWe ervision a functionality similar to the UNIX tcshcommandnterpreteror the X windows
xfontselfont browsing utility.

Relatedothisis thelack of metainformationaboutwhatis actuallystoredn therepository For example,
the usermay know that curreng pricesare storedbut is it possibleto find the list of thosethat are
available?In thecurrentdesign the usersimply hasto know. But ameta-quendatabasshouldbemade
availableto storethe variouspossibilitiesfor eachleaf nodeof a requeststring. A usercouldthenask
whatcurrenciesareavailable. And this could,again,be built into a simpletool.

As it standsnow, arequesfor datathatdoesnot exist simply returnsa null list of data. Thisis a natural
resultof the designbecausea requeststring is really saying“give me all the datathat you have that
matcheghis pattern”. This subsetan,of course pbethenull set.But thisis oftennotwhatpeopleexpect
asareturnvalue. Someotherway of returninganerrorshouldbe developed.

Finally, the useof flat files for datastoragerequiresthatall dataarrive in time ordersothatit may be
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storedthatway. This hasnot beena problemfor ussofar. However, if thisbecomesanissue,we could
simply useab-treestoraganechanisnin thelowerlayer Thiswould addsomeoverheadout would also
solve all time orderingissueghatcouldarise.

9 Conclusion

Thedescribedystemhassofarshavn itselfto bequiteusefulin thefield. Theflexibility of the SQDADL
languagéhasallowed usto collectover 30 instrumentypeswith very little effort beingspentonthedata
definition. The implementatiorhasalsoresultedin fastresponsdimesbecausef the flat-file storage
foundation. While therecontinueto be issuesthat needto be addressednone seemunsohable and
progresss continuing.
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