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SUMMARY

Programmers are increasingly interested in developing applications that can be used internationally.
Part of the internationalization effort is the ability to engineerapplications to use dates and times that
conform to local calendarsyet can inter-operate with dates and times in other calendars, for instance
betweenthe Gregorian and Islamic calendars. ZAMAN is a systemthat providesa natural language-and
calendarindependentframework for integrating multiple calendars. ZAMAN performs “runtime-binding”
of calendarsand languagesupport. A running ZAMAN systemdynamically loads calendarsand language
support tables from XML-f ormatted les. Loading a calendar integrates it with other, already loaded
calendars, enabling usersof ZAMAN to add, compare, and corvert times betweenmultiple calendars.

ZAMAN also providesa exible, calendarindependentframework for parsing temporal literals. Literals
canbeinput and output in XML or plain text, using userde ned formats, and in differ ent languagesand
character sets.Finally, ZAMAN is a client/sewver system,enabling shared accesgo calendarsetvers spread
thr oughout the web. This paper describesthe architecture of ZAMAN and experimentally quanti es the
costof using a calendar sewer to translate and manipulate dates.

KEY WORDS: Time; multiple calendarscalendricsystemstemporaldatatypes;datetimerepresentation

1. Intr oduction

Thereis aneedfor asystenthatcansupportmultiple calendarsTemporaldatais presentn someform
in mostapplications Einsteins theoryof relativity positsthatanobsener measuresime relative to a
frameof referenceFor mostobseners,especiallythosetraveling at a (small!) fraction of the speecbf
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light, the frame of referencds in uenced mostby the obserer's culturalandlinguistic background.
Diversebackground$iave producedmary differentwaysto measurdime. Accordingto Fraserabout
forty majorcalendarsrein daily use[Fra87. Eventhoughtime is measurediepresentecandusedin
mary differentways,mostapplicationgmposeasingleinterpretatiorfor time andtemporaloperations.
For instancethe SQL-92standarddatabasguerylanguagerequiresdatesto be representedolelyin
the GregoriancalendafMS93].

This paperpresents ZAMAN, a systemthat providestemporalfunctionality for applicationsthat
needto calculateformat,parse and/orcompargimeswithin eitherasinglecalendaor acrossnultiple
calendarsThe projectnameis composedf the Turkish word for time, Zaman (pronouncedZah-
mon”), andthe Greekletter, (pronouncedau), which denoteghatit is partof the TemporalAccess
for Users(tau) projectstartedat the University of Arizona¥

The intendeduse of ZAMAN is as a calendarsener for multiple calendars. ZAMAN takes
a “runtime-binding” approachto integrating multiple calendarsin runtime binding, calendarsand
supportingablesaredevelopedn isolationatdifferentlocationsandaresubsequentlioadedasneeded
intoarunning ZAMAN systemForinstanceadeveloperin FrancecouldspecifyaGregoriancalenday
anotherin Australiacouldwrite tablesfor monthnamesn English,a third developerin SaudiArabia
could build anlIslamic calendaranda fourth in Japancould write Islamic monthnamesn Japanese.
Eachdeveloperworks independentlyWhen nished, a developerplacesa descriptionof his or her
work on the web formattedin the ExtensibleMarkup Language(XML) [W3CO0Q. Thena userin
Canadacould specifya calendricsystenutilizing all of theseresourceshougha simplespeci cation
(againin XML). ZAMAN integratesthe calendarsonly whenthe calendricsystemis loaded.Users
of the systemcaninput andoutputtimesin differentlanguagesndcalendarsperforminter-calendar
conversionsandcompareandmodify timesasdesired. ZAMAN alsoprovidesa rangeof arithmetic
and comparisonoperationson times; for examplethereis an operationto add an interval (e.g.,"“1
week”)to aninstant(e.g.,"Januaryl, 2006").

ZAMAN is a calendatiindependentramework thatincorporateseveralnovel featuresor enabling
therapidintegrationof multiple calendars.

ZAMAN is aclient/serersystemCalendarganbecomplicatecandcostlyto develop,whichis
onereasorwhy applicationsusuallyhavelimited supportfor time.Whenacalendais developed,
it is usefulto sharethe calendaramongmary applicationsand users.A client/serer system
enabledhe creationof “calendarseners” thatcanprovide calendairelatedserviceso multiple
clients. We anticipatethat therewill be ZAMAN seners, or more precisely ZAMAN web
servicesrunningon well-known sites,especiallyfor themajor calendars.

A key partof thedesignof ZAMAN is the ability to addcalendarsandinput-outputformatson
the y , atrun-time.New calendarandotheruserde nedinformation,suchasnaturallanguages
or input-outputformatsfor temporalliterals, can be integratedinto a multi-calendarsystem
withoutrecompiling ZAMAN or evenstoppingandrestartinga ZAMAN sener.

ZAMAN malkes extensize use of XML. XML is becomingincreasingly popular in web
applicationsfor exchangingdata and describingservices.In  ZAMAN, all calendarelated
speci cationsare XML documents.Using XML also helpsto improve the parsingof the

Yhttp://www.cs.arizona.edu/tau
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les for specifying ZAMAN componentsmakingit easierto develop calendarsFor instance,
a speci cation le in XML can be validatedwith an XML schemalanguage,like XML
Schema[Fal01]. (XML schemasexist for all the ZAMAN specications.) ZAMAN also
supportgheconstructioranduseof XML-sensitive formatsto inputandoutputtemporaliterals,
sincewe anticipatea future growth in theuseof XML to representimesanddates.

This paperis organizedasfollows. The next sectionpresentsereral examplescenarioshaving
how ZAMAN canbeused.Section3 introduceghe majortime-relatecconceptghatareimplemented
in ZAMAN. The architectures describedn Section4, which consistsof an overview of the major
packageandadetaileddiscussiorof therolesof individual classesWe shaowv how developersandusers
createandusecalendarsn ZAMAN. We performedsereral experimentso measurehe ef ciency of

ZAMAN. Theresultsarereportedin Section5. Section6 presents prototypeend-useiandcalendar
developertool, with a GraphicalUserInterface(GUI), thatuses ZAMAN to translateandmanipulate
dates.Thelasttwo sectionddiscusgelatedresearchandlist the contributionsandfuture directionsof
thisresearch.

2. UsageScenarios

This sectionpresentsseveral examplesto motivate the utility and functionality of ZAMAN. Each
exampleis a separatscenarioThe scenariobecomeancreasinglymoresophisticated.

In the rst scenarioa user let's call her Leslie, hasa long list of bankingrecordstimestamped
with Gregoriancalendamdates.The datesareformattedusinga style commonin the United Statesof
America(mm/dd/yyyy ). Leslieis sendingherecordsto Paris,soshewouldlike to corvertthedates
to aformatusedin Europe(dd/mm/yyyy ). Figurel shawvs a concreteexampleof suchacorversion.
This corversionis very simple.Onecouldimaginewriting a Perlscript,or a programin anotherstring
processindanguageto performthe corversion. ZAMAN canalso corvert times betweenformats.
To do a format corversion, Leslie would rst connectto a Gregorian calendar ZAMAN sener,
pushan Instantinput property with the USA format, and pushan Instant output property with the
Europearformat. Next, for eachdate,Leslie would constructan instant(e.qg.,by calling the Instant
classconstructor)and subsequenthhave that instantoutputitself. The instantwould be constructed
usingthe Gregoriancalendamandthe USA format, but outputin the Europearformat.

The secondscenarias similar to the rst, but insteadof anunstructuredext documentLeslie has
an XML document.The datesin the documentare encodedwithin <date> elements.Shewould
like to do the samekind of corversion,from USA to Europeanformat, asillustratedin Figure 2.

ZAMAN canalsoperformXML-sensitive corversionsThecorversionuseshesameprocesseasthe
previous scenariojonly the Instantinput propertyand Instantoutput propertywould have to change
to usethe XML-basedformats(l/O formatscanbe speci ed by users)We anticipatehat XML-based
corversionswill becomeanorecommonthanunstructuredext corversionsn thefuture.

The third scenarioconcernschangingthe languagan which a calendarateis represented.eslie
hasa friend in India. Shed like to translateGregorian calendardatesthat include an Englishmonth
nameinto a datewith the monthnamegivenin Hindi, without changingthe format asillustratedin
Figure3. ZAMAN supportasingdifferentlanguagesnddifferentcharactesetsfor elds in formats,
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04/08/2003 ! 08/04/2003

Figurel. Convertingadatefrom a USA to a Europearformat

<date> <date>
<month value = "04" /> <day>08</day>
<day value = "08" /> ! <month>04</month>
<year value = "2003" /> <year>2003</year>
</date> </date>

Figure2. An XML-basedcorversionfrom USA to Europeardateformat

<date> <date>
<month value = "January" /> <month value = "Magha" />
<day value = "08" /> ! <day value = "08" />
<year value = "2003" /> <year value = "2003" />
</date> </date>

Figure3. A time valueis translatedrom Englishto Hindi

suchasthe nameof the month.New tablesfor languagesupportencodecas XML documentscanbe
dynamicallyloadedasneeded.

Thefourth scenariconcerngonvertingtimesbetweercalendarslesliecontactabusinessn Cairo
to integrateherbankinginformationwith Egyptianpurchaselata. Thebusinessasksl eslieto translate
eachGregoriancalendadateto the correspondinglatein the Islamic calendarFigure4 illustratesthe
desiredcorversionfrom the Gregorianto the Islamic calendarThe gure rendergthe Islamic datein
Englishfor expository purposesthe languagecould be translatedo Arabic, usingthat charactesset,
duringthe corversionin amannersimilar to thethird scenario.

The fth scenariofeaturesa calendarsener to corvert a time from a Gregorianto an Islamic
calendar A single ZAaMAN systemcan load sereral calendarsat once and apply inter-calendar
cornversions. ZAMAN could alsobe deplojedin a distributed systemasillustratedin Figure5. The
gure shavsa‘local” user(in this scenariothelocal useris the businessn Cairo)running ZAMAN
thathasareliableimplementatiorof the Islamic calendarLeslierunsa‘“remote” ZAMAN sener for
the GregoriancalendarThe “client” API for ZAMAN is the samefor local andremoteseners,so
clientsdo not have to be specializedo managdocal andremoteservicedifferently Froma client's
perspectie the only differencebetweenocal andremoteseners,otherthanperformanceis thatthe
senershave differentnames.The gure shaws a clientin contactwith a singleremotesener, but in
generala ZAMAN clientcansimultaneoushcommunicatavith multiple ZAMAN seners.
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<date> <date>
<month value = "January"/> <month value = "Safar'/>
<day value = "08"/> ! <day value = "06"/>
<year value = "2003"/> <year value = "1424"/>
</date> </date>

Figure4. A Gregoriancalendato Islamiccalendaiconversion

Thesixth scenaricexaminesatime granularitycorversion.Supposé.esliewantsto know how much
shespendsachmonth.In orderto calculatethe amountper month,sheneedso corvert the dateof
eachbankingrecordfrom a granularity of Gregorian calendardays to a granularityof Gregorian
months , so that she knows which recordsare in eachmonth. Figure 6(a) illustratesthis simple
granularity corversion.A lessstraightforvard corversionwould be from days to a granularity of
Gregorianweeks (assuminglLeslie would like to do a weekly analysisof her spending).An even
more complicatedcorversionwould be corverting a time at a granularity of months to one at a
granularityof days (or weeks). For example,supposd_eslie knows sheboughtanitem in March
2003,but doesnot know the exactday whensheboughttheitem. Generally conversionsrom coarse
to ne granularitiesresultin indeterminatetimes [DS94. An indeterminatetime is a time thatis
not preciselyspeci ed, suchas“sometimein March” or “last week”. Figure 6(b) shavs an example
corversion.The dateon the right half of the gure indicatesthat the time is someday in the range
of daysbetweerthe rst andlastdayin the month. ZAMAN supportsothintra- andinter-calendar
granularitycorversions Additionally, ZAMAN providesclasseghat modelindeterminatdimes, so
theindeterminag canbeaccountedor (or discardedf desired)in thecorversion.

The seventh scenariois aboutsupportingarithmeticand comparisonoperationsfor time values.
Leslie wants to send her banking recordsto Sydneg to be integratedwith datafrom Australian
consumersleslie obsenesthat Sydne is one day aheadof the USA. To properlyintegratethe data
sheneedsto corvert the datato local conditionsin Australia. For the temporalinformationin her
recordsshebasicallyneedsto addonedayto eachdate.Sinceher datesarerepresenteth the USA
format(mm/dd/yyyy ), it is morecomplicatedhatincreasinghe“day” numberby one;for instance,
adaythatendsa monthwould have to increasehe month(andpossiblytheyear)andsetthedayto 1.
Increasinga dateby oneday s just one exampleof the mary arithmeticand comparisoroperations
that applicationsneedto perform on times. An example comparisonis illustratedin Figure 7(a)
and an examplearithmeticoperationis depictedin Figure 7(b). The gures show relatively simple
operationsln general theseoperationsanbe complicatedbecausehe operandsnay be at different
granularities,from different calendars,n different languagesand involve different formats. The
timesin an operationcould also be indeterminateor might even involve specialtimes, suchasthe
variabletime callednowthatrepresentthe ever-changingcurrenttime [CDI* 97].  ZAMAN provides
acompletesetof temporalcomparisoroperationsanda usefulsetof arithmeticoperations. ZAMAN
alsosupportsasemanticénterfacethatpermitsuserg¢o imposespecial-purpossemanticgor temporal
operationssuchascorvertingoperandsn binaryoperationgo thegranularityof theleft operandorior
to performingthe operation.
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Figure5. Convertingbetweernocalandremote ZAMAN seners

April 13, 2003 ! April 2003
(a)days to months

April 2003 ! April 1, 2003 April 30, 2003
(b) months to days

Figure6. Granularityconversions

In sum, mary usersand applicationsneedtemporalfunctionality. Unfortunately applicationsare
oftenlimited in their supportfor time becausét is costlyto developthe codeneededo fully support
input andoutputin a wide rangeof formats,languagesand calendarsgorrectly performgranularity
cornversions,and implementa completeset of temporaloperations.What is neededis a e xible,
extensiblesystemthat supportsthe modularde nition of calendarsand granularities,canload new
calendarsvhenneededandcanhandleall the complexities of parsingandformattinga wide variety
of times.Theremaindeof this paperdescribe®nesuchsystem.

Copyright ¢ 2006JohnWiley & Sons,Ltd. Softw Pract. Exper 2006;00:1-7
Prepaedusingspeauth.cls



SPE INTEGRATING MULTIPLE CALENDARSUSING ZAMAN 7
&

April 13, 2003 April 14, 2003 ! true
(a) An “earlierthan” predicate

April 13, 2003 + 5 days ! Aprii 18, 2003
(b) Adding aninterval to aninstant

Figure7. Evaluatingtemporaloperations

3. Zaman Concepts

This sectionintroducesconceptshatareof utility to usersof ZAMAN, namelycalendas, calendric
systemsandvarioustempoal datatypes A calendais ahumanabstractiorof time.Readersarelikely
to bemostfamiliarwith the Gregoriancalendayrbut mary othercalendarsrealsoin daily use.Related
calendarsare groupedinto larger structurescalled calendricsystems A calendricsystemfacilitates
interactionamongagroupof calendars. ZAMAN supportdemporaloperation®n threetemporaldata
types:instants periods andintervals[JC94. An instantrepresenta pointon anunderlyingtime-line,
a periodis the time betweentwo instants,and an interval is an unanchoredlurationof time. In the
remainderof this sectionwe explain eachconceptin more detail. Section4 presentgshe ZAMAN

architectureo supportthe concepts.

3.1. Calendars

A calendaris ahumanabstractiorof time [JC99. Calendarsle ne thetime valuesof interestto auser
usuallyoveraspeci ¢ sggmentof the physicaltime-line.A calendarfamiliarto mary is the Gregorian
calendarbasedntherotationof the Earthonits axisandits revolution aroundthe Sun.Somewestern
cultureshave usedthe Gregoriancalendaisincethe late 16th centuryto measurghe passag®f time.
As anotherexample,the Islamic calendaiis a lunar calenday basedon the amountof time required
for the Moon to revolve aroundthe Earth. Yearsin the Islamic calendarare countedsincethe Hijra
(Mohammeds ight to Medina),which correspondso the Gregoriancalendaryear622C.E.

The Gregorianand lunar calendarsare examplesof daily and monthly calendarshput, in general,
a calendarcan measurdime usingary well-de ned time unit. For example,an employeetime card
canberegardedasa calendamwhich measuresime in eight-hourincrementsandis only de ned for

ve daysof eachweek.We notethatmary differentcalendarexist, andthatno calendatis inherently
“better” thananother;the value of a particularcalendaris wholly determinecdby the populationthat
usesit. Tablel lists several prominently-usedalendars.

It is importantto also support“one-off” or special-purpose&alendarsThe usageof a calendar
dependson the cultural, legal, and even businessorientationof the user For example, businesses
generallyperformaccountingelative to some scal year. However, thede nition of scal yearvaries
dependingon the businessUniversitiesmay have their scal calendarcoincidewith the academic
yearin orderto simplify accountingOtherinstitutionsusethe morecommonhalf-yearlyor quarterly
de nitions of scal yeatr
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Calendar Description

UTC2 Reviseduniversalcoordinatedime
Gregorian Commonwesternsolarwith months
Lunar Commoneasterdunar

Julian Westernsolarwith yearsanddays
Meso-american | 260daycycles

Academic Yearconsistof semesters

CommonFiscal | FinancialyearbeginsatNew Year
AcademicFiscal | Financialyearstartsin Fall

FederaFiscal Financialyearstartsin October

Time card 8 hourdaysand5 dayweeks

3-shiftWork Day | 24 hourdaydividedinto threeshiftsof 8 hours
Carbon-14 Time basedn radioactve decay

Geologic Time basedon geologicprocesses

Tablel. Commoncalendars

To enablecalendargo be developedin isolation yet be rapidly integratedinto a multi-calendar
application,a modularde nition of a calendaiis essential\We ervision thata calendaideveloperwill
developa calendamby specifyingtheintrinsic characteristicsof a calendarwhich de ne the universal
qualitiesof the calendarandits extrinsic characteristics which de ne the userdependenbr varying
qualitiesof thecalendafSS92 So0093.

Theintrinsic characteristicsf acalendade ne thesemantic®f thecalendaandof its components
thatdependlirectly on suchsemanticskor example thedurationof time units(e.g.,week,month)and
their interrelationshipsreintrinsic component®f a calendarFunctionsperformingcalendarde ned
computationsrealsointrinsic. An exampleof suchafunctionwould be,isLeapYear(year) , for
the Gregoriancalendarwhichreturnsa Booleanvalueindicatingwhetherthe givenyearis aleapyeat

The intrinsic characteristicsof a calendarinclude a collection of temporl granularities A
granularityis a systemof measuremenfor a temporaldatum[BDE™* 98, JC9§. For instancejn the
Gregoriancalendaybirth datesaretypically measuredn the granularityof days andtrain schedules
are speci ed to that of minutes . Sincemeasurementare discrete,a granularitycreatesa discrete
imageof atime-line.More preciselythe underlyingtime-line canbethoughtof asbeingchoppednto
sgmentscalledgranules Timesaremeasuredo a granulewithin a granularity

It is important for calendardevelopersto de ne their own granularities;any x ed systemof
granularities suchasthosesupportedby SQL from the Gregoriancalendaywill not meetthe needs
of all userslin thatsensea calendarcanbe de ned asa collectionof relatedgranularitiegWBBJ97,
DELSO0Q BJWO00,NWJ02]. Granularitiesarerelatedin the sensehatthe granulesn onegranularity
may be further aggreyatedto form larger granulesbelongingto a coarser granularity[BDE™* 98]. For
example,as every Gregorianyearis an aggregationof 365 or 366 days,it follows thatyears is a
coarsegranularitythandays . Similarly, days isa ner granularitythanyears .

We assumehat the granularitiesand corversionbetweenthem can be expressedalgorithmically
As onevery comprehensie example,Reingoldand Dershavitz have intricately de ned in Common
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Lisp some25 calendarsand how they relatedto one anothey including “the presentcivil calendar
(Gregorian);therecentlSO commercialcalendartheold civil calendar(Julian);the ancientEgyptian
calendafandits Armenianequialent);the Copticandthe (virtually identical) Ethiopic calendarsthe
Islamic (Muslim) calendar(both the arithmeticalversionand onebasedon calculatedobsenability);
.., in their book [RDO1], which is a modernclassic.Sincewe useJasa codeto expressthe more
complex mappingshetweengranularities, ZAMAN cansupportboth gap granularities (which have
gap(s)within individual granules,an examplebeing business-months , which will not include
weelenddayswithin a month)andholes(which aretime periodsbetweencontiguousgranulessuch
asthetwo-dayhole betweergranulesrepresenting Friday anda Mondayin the business-days
granularity).

The extrinsic characteristicef a calendarcapturethe propertiesof a calendarthatvary depending
on the orientationof the user As an exampleof this type of characteristicconsiderthe samedate
expressedn differentlanguagessayEnglishandHindi. The Gregoriancalendardatemay be written
as“January/1/19991in English,but in Hindi it would be “Magha/1/1999” A singledatemay alsobe
expressedn several formats,e.g.,it could be a string like “August 20 2003” or an XML-formatted
string suchas"< date> August,20 2003< /date>". Both of the formatsarein English; however, they
arestructurallyvery different.Yetanothemrexampleis thedifferencebetweerthemm/dd/yyyy format
preferredin the United Statesand the dd/mm/yyyy format usedin mary other countries.Often,
internationaktandardsindlanguagesmposea singlerepresentatiorf-or example,boththe ISO 8601
internationaformat[Int00] andthe SQL92standardormat[MS93] representiatesonly in thecontext
of theGregoriancalendaandhasarigid setof de ned formats.In contrast, ZAMAN providessupport
for userde ned extrinsic characteristic®f calendarsand hencecan supportmultiple languagesand
differentformatsfor dates.

We have identi ed a set of fourteencalendarpropertiesapplicableto mary calendarsTable Il
providesan illustrative list. Calendardor which a particularpropertydoesnot apply canignorethe
valueof the property if it is de ned. A completedescriptionin XML of the propertiesn Tablell can
befoundatthe projectswebsite?

3.2. Calendric Systems

Calendricsystemsare collectionsof calendarsvhere eachcalendarcovers a contiguousand non-
overlappingportion of thetime-line, calledan epod [JC98]. 1t is possiblethattherearetimeson the
time-linethatarenot coveredby ary epochfor a calendain a calendricsystemFigure8 illustratesthe
Russiarcalendricsystemlt captureghe useof calendarsovertime in the areaof theworld called(in

English)“Russia”.In the gure, thetime-lineis notshavn to scale In prehistoricepochsthe Geologic
calendarand Carbon-14dating (anotherform of a calendar)are usedto measurdgime. During the
Romanempirethe lunar calendardevelopedby the Romanrepublicwasused.PopeJulius,in the rst

CenturyB.C.E.,introduceda solarcalendarknown asthe Julian calendarThis calendawasin use
until the 1917 Bolshevik revolution whenthe Gregoriancalendar rst introducedby PopeGregory
Xl in 1572,wasadoptedin 1929,the Soviets introduceda continuousschedulevork weekbased

ZExampleXML documentareavailableat http://www.cs.arizona.edu/tau/tauZaman
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Property Description
Locale Locationfor timezonedisplacement
Instantinput format Inputformatstringfor instantstherearealsoformats
for now-relative andindeterminateénstants.
Instantoutputformat | Output format string for instants; there are also
formatsfor now-relative andindeterminaténstants.
Interval inputformat | Inputformatstring for interval; thereis alsoa format
for indeterminaténtervals
Interval outputformat | Outputformatstringfor interval; thereis alsoaformat
for indeterminatentervals
Periodinputformat Input formatstringfor periods
Periodoutputformat | Outputformatstringfor periods

Tablell. Calendaiproperties

70,000 B.C.E. 600 B.C.E. 100 B.C.E. 1917 C.E. 1929 C.E. 1931 C.E.
| | | | | |
I I I I I I
Geologic Carbon-14 Roman Julian Gregorian Communist Gregorian
Calendar Calendar Calendar Calendar Calendar Calendar Calendar

Figure8. The Russiarcalendricsystem

on four daysof work followed by oneday of rest,in anattemptto breaktraditionwith the seven-day
week.This new calendarthe Communistcalendarhadthefailing thatonly eighty percenof thework

forcewasactive onary day, andwasabandonedfteronly two yearsin favor of the Gregoriancalenday
whichis still in usetodayin thatcountry

ZAMAN is the only systemthat we know of that supportsmultiple calendarswithin a single
calendricsystem Most systemghat supporttime have only a single,pre-de nedcalendaroveravery
smallepoch.For example,a DBMS thatimplementghe SQL92standardsupportsonly the Gregorian
calendarandonly over the epochfrom 1 C. E. to 9999C. E. [Dat88 MS93. This is inadequatdor
applicationghatmanipulateime valuesthatfall outsideof this epoch suchasdevelopinga historical
recordof ancientEgypt. Also, applicationsthat usetime valuesthat are within this epoch,but in a
differentcalendarcannotbe adequatelysupportedBy allowing multiple calendricsystemso exist
within an application,and supportingcalendricsystemswith multiple calendarswe offer a general
notionof expressingime thatis ableto capturethe entirehistoryof anenterprise.
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Data Type | Scenario

instant “Whendid Alice starttherace?”
period “WhenwasAlice running?”
interval “How longdid Alice run?”

Tablelll. Examplesof temporaldatatypes

3.3. Temporal Data Types

ZAMAN hasthreetemporaldatatypeswith rich semanticghat capturethe intuitive and familiar
conceptof time: instants periods andintervals The datatypesareexplainedin detailin the restof
this section;Tablelll givesanexampleusagdor eachtype.

An instant modelsa single point in time [JC9]. On a continuoustime-line, it is generallynot
possibleto preciselyidentify a single time point becauseour ability to measuretime is inherently
imprecisgfCR87]. For example,if awristwatchreportsthatthe currenttime is 3:45:23P.M., thetime
is actually sometimeduring that second but it is unknovn exactly when. The wristwatch canonly
measurdo the accurag of the granularityof seconds . Usually aninstantis modeledby a single
granule. ZAMAN usesgranulesthroughout;eachgranuleis representedby an integral index. But
moregenerally aninstantis representetbhy a sequencef granulescalledthe support togetherwith
anoptionalprobabilitydistribution on the supporfDS9g. The supportindicatesthe possiblegranules
to whichthetime is known while thedistribution recordsthe probability thatthe instantis a particular
granule.The supportextendsfrom a lower supportgranule,l, to an upper supportgranule,u in a
granularity G, andin this papemwill be designatedisingthefollowing notation,

I u fg2Gjl g ug:

It is possiblethatthe lower anduppersupportsarethe same,indicatingthatthe instantis modeled
by a singlegranule.ln this case the instantis calleda determinatenstant.Otherwise,t is calledan
indeterminatanstant.

While it is importantto recognizethat instantsare speci ed only to the precisionof a particular
granularity it is equally importantto choosethe correct granularity Sometimesfor reasonsof
linguistic corveniencehumansunderspecifyatime, thatis, they specifyatime in acoarsegranularity
whenthetime thatit signi es is actuallyknown or intendedto beata ne granularity For example,if
a shipschedulestateghata ship departsat 3 PM., thenthe time of the ship departurds givenin the
granularityof hours , but “3 PM.” is (probably)accurateo a much ner granularity speci cally to
thegranularityof minutes

A periodis a sgmentof thetime-line [JC9g. A periodcanberepresentedvith a pair of granules.
A periodthat extendsfrom granuleg; to granuleg, is the setof granulesin G betweeng; and gy,
undertheconstrainthatg;  g. Periodliterals canbe givenaseitheropenor closed anopenperiod
excludesthe boundinggranulefrom the period. For example,in the Gregorian calendarthe closed
period“[1/1/1776— 12/31/1776]"representsill the daysin the year1776.We will assumehat both
thestartingandterminatinggranulesarein the samegranularity Instantsandperiodsarerelatedin the
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Opemandl Opemtor Opernd2 Yields
- interval interval
interval + interval interval
interval - interval interval
instant + interval instant
instant - interval instant
interval + instant instant
instant - instant interval
interval * numeric  interval
numeric * interval interval
interval / numeric  interval
interval / interval  numeric
interval + period period
period + interval period
period - interval period

TablelV. Valid arithmeticexpressionsandresults

sensehattwo instantscanuniquelydeterminea period,anda period's boundinginstantscanalways
bedetermined.

An intervalis anunanchoredlurationof time, thatis, anamountof time with known lengthbut no
speci ¢ startingor endinginstants[JC9§. For example,theinterval “one week” is known to have a
durationof sevendays,but oneweekcanreferto any durationof sevenconsecutre days.An intenal
canbeeitherpositive,denotingforwardmotionin time, or negative,denotingbackwardmotionin time.

It is importantto notethatintervalsdo notnecessarihave a x edduration.For example thelength
of theintenval “one month”in the Gregoriancalendachange$rom monthto monthwhenobsenedat
thegranularityof days . In Februarythe durationof amonthmightbe 28 days,but in Juneit becomes
31days.

Finally, therearesomeinstantghathave speciakemanticsBeginningandforeverarespeciainstants
representinghe earliestandlatestpossibletimes,respectiely, thatis, minimal andmaximalinstants.
The instantnow representghe constantlychangingcurrenttime. A now-relative instantincludesa
displacemenfrom the currenttime, e.g.,now+ 1 day[CDI* 97]. The specialinstantscanbe usedin
periods,andsomespecialintervalsalsoexist. For instancetheinterval all of timeis the durationfrom
beginningto forever.

ZAMAN supportsa basicsetof arithmeticoperationsnvolving instancesf the instant,period,
and interval datatypes.For example,one may wish to determinethe arrival time of a train given
its departuretime and the duration of its trip by addingan intenval to an instant,e.g., “March 28,
2003" + “1 day” givesthe arrival instant,which is “March 29, 2003". TablelV shaws the supported
operationandoperands./ ', **', and +' arebinaryoperatorsmplementingheoperation®f division,
multiplication, and addition, respectrely. *- ' implementsbinary subtractionin additionto interval
valuenegation,a unaryoperation.
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Opeandl  Opemator Operand2
interval equals interval
interval  precedes interval

instant equals instant
instant  precedes instant
instant  precedes period
instant  overlaps period
period precedes instant
period overlaps instant
period precedes period
period equals period
period meets period
period overlaps period
period contains period

TableV. A partiallist of comparisoroperators

Notethatnotall combination®of operationsarede ned. For example,instant* instantis unde ned
sincenoreasonableemantic$or thatexpressiorexists.Notealsothatsince ZAMAN employsintegral
indexesto represengranulesthe resultof any operationmustbe integral, eithera determinatevalue
or anindeterminatevalue.

ZAMAN hasa completesetof temporalcomparisoroperationsDetermininga temporalordering
relationshipbetweena pair of objectsis centralto mary applications.For example,one might be
interestedin which employeeswere hired during a particularyear, or given two employees,who
hasmoreseniority Allen de ned a completesetof relationshipdetweenperiods[All83]. ZAMAN
extendsAllen's operatorswith an analogoussetof operatorsfor the instantandinterval datatypes.
Table V lists someof operationsavailablein ZAMAN. The full setwas shavn to be complete
elsavhere[SJS9%.

Thearithmeticandcomparisoroperationgliscusse@dbove assumehattheoperandsrein thesame
granularity In orderto have asystematiavay of handlingoperandatdifferentgranularities, ZAMAN
allows usergto de ne their own semanticgor operation®n temporaldatatypes.Usuallythis involves
convertingoneoperando the granularityof the otheroperandFor example,supposehataninterval,
say“l day” known to Gregoriandays is to be addedto an instant,say“12:00, March 1, 2003" at
Gregorianhours . Below arefour reasonablsemanticgor evaluatingthe operation.

Mismatch Give a mismatchedyranularityerror[AQdO84.

Left-operand semantics Perform the operationat the granularity of the rst operand.This is
reminiscendf theassignmenbperatorin mary stronglytypedlanguageswhich caststhevalue
of theright handsideto thetype of theleft handside.

Right-operand semantics Performthe operationat the granularity of the secondoperand.This is
reminiscenbf someexpressionsn C++,e.g.,7/2.0 , which corvertsthe valueof theleft hand
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side of the division operatorto the oating point type, becausehe right handsideis a oating
pointnumber

Finer semantics Performthe operationto the ner granularity[CR87, Sar93 WJL91]. If the two
granularitiesareincomparablgneitheris ner thanthe other),thenperformthe operationto a
granularity ner thanbothargumentsjf noneexists,give anerror.

Coarsersemantics Perform the operation to the coarser granularity [BP85 MMCR92. For
incomparablgranularitiesperformthe operatiorto a granularitythatis minimally coarser

4.  Zaman Ar chitecture

In this sectionwe presenthe architectureof ZAMAN, andoutline how to usethe system.The key
designfeaturesof the architectureare extensibility and service. ZAMAN provides extensibility in
two ways. First, it supportsmultiple calendarsmultiple languagesand a wide rangeof formatsfor
time input andoutput. Second, ZAMAN canby dynamicallyrecon gured.Calendarsand calendric
systemganbedynamicallyloadedor reloadedvith new speci cations. ZAMAN providesserviceby
implementinga client/sererarchitectureA calendasener canbeaccessetly mary remoteclients.

We implemented ZAMAN in Java. While the architectureis independentof a particular
programminglanguage the designwas in uenced by the availability in Java of certainlanguage
featuresBelow we list the six reasonsvhy we choseto implementusing Java. First, portability is
abig concernWe'd like ZAMAN to operateon mosthardwareandoperatingsystemplatforms,even
PDAs. TheJava Virtual Machine(JVM) providesa stable platform-independergnvironmentin which

ZAMAN canbe run. SecondJava is “network-friendly” in the sensethatit hasstrongsupportfor
network communicatiorandbuilding client/sener systemsWe madeextensve useof Java's Remote
MethodInvocation(RMI) classes. ZAMAN canrunasacalendasener, providing anetwork resource
for handlingtimesin a speci ¢ calendarsuchasthe Gregorianor JuliancalendarThird, we anticipate
thatcalendairelateddata,suchascalendaspeci cations les in XML, will bemadeaccessibl@nthe
weh Java classesare available to fetch datausing the Hypertext TransferProtocol (HTTP). Fourth,
we anticipatethat XML will becomepopularfor representinglatesandtimes. So mostof the data
thatis inputandoutputin  ZAMAN, suchastemporalconstantandcalendarde nition les, will be
formattedin XML. ZAMAN bene tsfrom thewidely-usedandreliable XML parsingandprocessing
packagesf Sun's Java 2 platform, Standardedition (J2SE)[Mic03]. Fifth, Java supportsdynamic
classloading. Dynamic classloading canbe usedto extend a calendarsener with new calendarsat
run-time.Sixth and nally , Java providessupportfor Unicode.We anticipatethattimesanddateswill
begivenin awide variety of charactesets.

Theremaindeiof this sectionpresentshearchitecturdor ZAMAN. We rst give abroadoverview
of the major Java packagesand how they are related.Next, ZAMAN is describedfrom a users
perspectie. We illustratehow to createa sener andclient,andhow to constructinstance®f instants,
intervals,andperiods Finally, eachof themajorarchitecturatomponentss presentedh greatedetail.
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4.1. Overview

Figure9 shavsthemajorcomponentsf thearchitecture® In the gure, eachboxrepresentagroupof

relatedpackageseachcomprisedof a numberof Java classes60 in total. Usersarerepresentedvith

ovals.Therearetwo distinctcategoriesof usersadministators andend-uses. An administratotoads
calendarsgalendricsystemsandlanguagesupporttables while an end-useinteractswith ZAMAN

to manipulateaemporalliterals. A directededgein the gure indicatesthatthe Jara codein the source
packagemakes useof the methodsin someclassin the target package Since ZAMAN is an API

the end-useandadministratorolesareassumeddy an applicationprogram;in mary caseghe same
programwill assumdoothroles.Therearethreemainoperationalo ws.

1. Con guration — This ow is for con guring ZAMAN, such as loading calendarsand
propertiesandsettingup ZAMAN services Con guration canbe performeddynamically so
acon guration o w could happenmary timesduring execution.In Figure 9 the con guration

o w is representetly a dashedine.

2. Input/Output— Thesecondo w of operations relatedto granularitycorversionsandinputand
outputof temporalliterals. Input calls a temporaldatatype constructorfor aninstant,interval,
or period.Theinputandoutput o w is denotedwith asolid line in Figure9.

3. Operations— The third and nal ow is for temporaloperationghat involve no granularity
conversions. ZAMAN providesa setof operationghatuserscanperformon instantsjntervals,
andperiods.Thetemporaloperationso w is denotedvith adottedline in Figure9.

Thereare ve groupsof packagesiow-level, calendaiindependentispects(Temporal Data Type
and Time-stamp),calendairelated aspects(Calenday Calendric System,Property and Field), the
bridgebetweerthe calendairelatedand calendaiindependenaspectgInput/Output),andthe system
con gurationinterface(TauZamanSystemndClient/Serer).

The Timestampand TemporalData Type packagesncapsulatehe componentdor the instant,
period,andinterval datatypes.The packagesareindependenof the calendaralthoughthe calendars
areusedduring input (construction)and outputof timesvia the TauZamanSysterand Client/Senrer
packagesA userwho wantsto createa temporaldatatype from a stringwill interactwith Temporal
DataTypepackagesshavn in Figure9. Notethat ZAMAN doesnotactuallymeasuetime; rather it
dealswith representingmanipulatingandperforminginput andoutputwith alreadymeasuredimes.
For example aninstantcanbeconstructedby cornvertingastringsuchas“March 20,2003"to agranule
representinghe appropriatedayin somecalendarpossiblyit is day736,004in thedays granularity
Or it might getthat datefrom the computers clock asan integral numberof secondr jif es (with
60jif es persecond¥from aspeci eddate(for Unix, thatdateis usuallyJanuaryl, 1970.In ary case,

ZAMAN caneffect the corversionfrom that representatioto (andfrom) day 736,004in the days
granularity On output,the instantis corvertedfrom a granuleto a string by againusinga particular
calendarandits services.But the temporaldatatypesinteractonly with the TauZamanSysterand
Client/Senrer packagesgor inputandoutputasshown in Figure9.

The CalendricSystem,Calenday Property and Field packagesnanageaccesdo calendarelated
services.The TauZamanSysterand Client/Sener packagesnvoke methodsin thesepackagesvhen

XTheclassstructurein JavaDoccanbeviewed at http://www.cs.arizona.edu/tau/tauZaman
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v
Tempora Data Type
Package

Timestamp TauZamanSystem and (¢ — — — Administrator

Package Client/Server Packages

!
/

/ < — — Configuration
Input/Output /
Package / <4—— Input and output
l ,I 4 ........ Operan ons
‘ Legend

Calendar, Calendric System,
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Figure9. An overview of the ZAMAN systemarchitecture

usersload calendarsand calendric systems.Extensibility of calendric systemsand calendarsis
oneof ZAMAN's main designfeatures.Calendarscan be developedin isolation and thenloaded,
dynamically into arunningsystem Additionally, new formatsfor input andoutputof time valuescan
be createdanddynamicallyloaded.The new formatsarede ned in propertyspeci cation les. Each
new formatcouldhave anew languageor a new namefor afeaturein aformat(e.g.,abbrevsiatedmonth
names).

Figure9 shavsthatthe Input/Outputpackagéridgesthe calendardependengandindependenparts
of ZAMAN. Whenatemporaldatatypeis parsedr formatted relatedcalendaservicesarecalledvia
TauZamanSystemndClient/Servicgpackagesinputis calledwhenanew instanceof atemporaldata
type is constructedrom a string. The string is parsedinto individual elds usinga formatspeci ed
by a calendamproperty The elds arethenpassedo a calendarwhich corvertstheminto oneor more
granulesThegranule(sformsthetime in the new instance For output,the processs reversed First
the granuleor granulesare corvertedinto individual elds by calling a calendarNext the string is
constructedy usingtheformatspeci ed by anoutputproperty

The TauZamanSystemand Client/Sener packagesmake ZAMAN available to end users.
TauZamanSystelis usedto performinput andoutputoperationgor the TemporalDataType package.
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Additionally, a usercanuseTauZamanSysteno con gure calendairelatedcomponentsfor instance
by loadingnew calendricsystemspropertiesandcalendars.

The Client/Serer packagdets ZAMAN berun aseithera sener, a client, or both,asdescribedn
moredetailin the next section.

4.2. Using Zaman
This sectiondescribegachof the o wsin moredetail,giving codeexamplesof using ZAMAN.
4.2.1. Connectingo ZAMAN

ZAMAN canberunasasener, client, or asinglesystemthatis botha clientandasener.

Sewver ZAMAN canbesetasa (remote)sener. Thesener providescalendaresourceso clientson
anetwork. Thesenermanagesill the calendairelatedinformation.Clientscommunicatevith a
senerusingremoteprocedurecall (RPC).A sener cansupportmultiple clients.Eachclienthas
a separatenformationspacemanagedy the sener. ZAMAN wasdesignedo minimize the
information o w from clientsto senersto improve the ef ciency of RPC. Typically, eachcall

will passeithera URL, asinglegranuleor ashortlist of granulessotheamountof datashipped
is small.

Client A clientconnectdoa ZAMAN seneroveranetwork. A clientcanconnecto multiple seners.
Clients individually manageeachsener connectionas a separateobject. A client maintains
all instancesf the temporaldatatypes,so Instant,Interval, and Period objectsresideon the
client ratherthan the sener. This meansthat temporalarithmeticand comparisonoperations
canbe performedat the client, without involving the sener. The sener is involvedonly in the
constructiorof atemporaldatatype object,input, output,andgranularitycorversions.

Local ZAMAN canalsoberun asa singlesystemthatis both a client andsener. In this setup,the
clientandsener are on the samemachine and RPCis not usedfor communicationOnly one
local servicecanbe run within a procesgbut the systemcanstill connectasa client to other
remoteseners).

Finally, we shouldnotethatwhen ZAMAN runsasa sener, it canconnectasa client to yet other
ZAMAN seners,creatinganetwork of ZAMAN seners.

4.2.2. Runninga ZAMAN server
Running ZAMAN asaseneris very easy First,theusermustcreatea TauZamanSystem object.

TauZamanSystem tzs = new TauZamanSystem();

Next, theobjectis setto bea sener.

tzs.setRemoteService();

Thesenerneeddo nothingelse;it is now readyto processncomingrequestgrom clients.
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4.2.3. Runninga ZAMAN client

Making a connectionas a client to a sener is also straightforvard. First a client createsa
TauZamanSystem object.

TauZamanSystem tzs = new TauZamanSystem();

Next theconnectiorto theseneris establishedBelow we show the callsto createbothalocal service
andaremoteservice Theremoteserviceis identi ed by anlP numberDuringthecreationtheservice
is requestedo load the “UofA CalendricSystemand usethe propertieg(for formattingtime values)
speci ed by the“properties.xml” le. Both speci cationsareXML documents.

TauZamanRemoteService tzrs = tzs.getRemoteService(
"186.24.12.1", /I 1P of the server
"TauZaman", // Name of service
null, /I Use default RPC port
"UofA", /I Server-side name of calendric system to load initially
new URL("http://www.cs.arizona.edu/tau/tauzaman /arizon aCalSy s.xml")
new URL("http://www.cs.arizona.edu/tau/tauzaman /proper ties.x ml"));
TauZamanLocalService tzls = tzs.getLocalService(
"UofA", /I Server-side name of calendric system to load initially
new URL("http://www.cs.arizona.edu/tau/tauzaman /arizon aCalSy s.xml")
new URL("http://www.cs.arizona.edu/tau/tauzaman /proper ties.x ml"));

A problemin making a connection,e.g.,a bad URL, will throw a TauZamanException . We
emphasizé¢hataclientwill useexactlythesamenterfacefor all servicegrovidedby alocal or remote
service;the only distinctionis in creatingthe service.Also obsene thatthe XML speci cationsneed
not be local to a sener, a sener will load eachXML documentirom the HTTP sener namedin the
URL.

4.2.4. Administator activities

Oncethe connectionto a local or remotesener hasbeenestablisheda client canaskthe sener to
load a calendricsystemand a default setof propertiesfor that system.Below is an example of an
administratorequestinghatalocal sener (tzls ) loadacalendricsystem.

tzls.loadCalendricSystem(

"UofA clone", /I Server-side name of calendric system
new URL("http://www.cs.arizona.edu/tau/tauzaman /arizon aCalSy s.xml")
new URL("http://www.cs.arizona.edu/tau/tauzaman /proper ties.x ml"));

Currently ZAMAN doesnotimplementlevelsof securityon loading,i.e.,aryonecanloadandname
calendricsystemsWe planto addsecurityin thefuture.

4.2.5. End-useractivities
It is also easyfor a client to createand manipulateinstants,periods,and intenals. In the design

of ZAMAN, we choseto simplify the syntaxfor creatingand manipulatingdatatype instances
by adoptingthe notion of an active ZAMAN serviceand calendricsystem.Obsene that a client
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could have multiple connectionsand eachsener could have loadedseveral calendricsystemsWe
let the client establishan implicitly active serviceand system,to avoid having to specify eachin
every ZAMAN method.For example,supposehe client hasopeneda remoteservice(tzrs ) and
a local service(tzls ). Furthermore supposethe local servicehastwo calendricsystems:*‘UofA”
and“UofA clone”. To make the local serviceand“UofA” calendricsystemactive in the context of a
TauZamanSystem object(tzs ), theuserwould do thefollowing.

tzs.setActiveService(tzls);
tzls.setActiveCalendricSystem("UofA");

Oncethe active serviceand systemhave beenestablisheda client can constructand manipulate
instancesof ZAMAN temporaldatatypeswithout having to pass ZAMAN speci ¢ informationto
theconstructorsBelow is anexampleof callsto thelnstant  andinterval ~ constructors.

Instant instnt = new Instant("<instant> <year value = "2003"/> </instant>");

Interval intrvl = new Interval("<interval> <year value = "3"/> </interval>");

/I An instant is output according to the instant output  property
System.out.printin(instnt.toString());

Thepermissiblgormatfor the XML in eachstringis speci ed by the correspondingnstantor interval
input propertyin theactive servicejf speci ed,or thedefault propertiesn the active calendricsystem.

Within a calendricsystemtheInstant  objectcanbe corverted(castor scaled:the rst always
yields a determinatevaluewhile the latter mayresultin anindeterminatevalue)to a new granularity
In theexamplebelow, the corversionis from Gregorianyearsto Gregoriandays.

Instant  daylnstnt = instnt.cast(days); /I days is a Granularity object

The castproducesa new instant.A castfrom yearsto dayswill producethe instantcorrespondingo

the rst dayin theyear i.e.,"Januaryl, 2003". Alternatively, theinstantcanbe castto a granularityin

a differentcalendar(but within the samecalendricsystem).An exampleof anintra-calendricsystem
corversionis given belon. Assumethat the active calendricsystemhas Gregorian and Astronomy
calendars.

/I astronomyDays is a Granularity object in the Astronomy calendar
Instant  astroDaylnstnt = instnt.cast(astronomyDays);

Inter-servicesystemcorversionsarealsosupportedindirectly. In the examplebelow, the outputof an
instantin onecalendricsystemis pipedinto thelnstant  constructorfor the new calendricsystem.

/I Use the local service
tzs.setActiveService(tzls);

Instant instnt = new Instant("<instant> <year value = '2003'/> </instant>");
/I Switch to using the remote service, also changing the calendric system
tzs.setActiveService(tzrs);

Instant  another = new Instant(instnt.toString());

Notethata corversionmight throw anexceptionwhenthetime doesnot exist in thetargetgranularity
For examplea Gregorian calendaryearof 200 B.C.E.,cannotbe corvertedto a UofA calendarday,
sincethe UofA calendais de ned only from whenthe universitywasfounded.

Onceaninstant,interval, or periodhasbeenconstructedit canbe comparedadded subtractedetc.
in the context of aSemantics object.Left operandsemanticastsoperandsn binary operationgo
thegranularityof theleft operandandthenperformsthe desiredoperation.
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Semantics Ops = new LeftOperandSemantics();

/I Add the interval to the instant

Instant result = Ops.add(instnt, intrvl);

/I Is instnt  earlier on the time-line than result?
if  (Ops.precedes(instnt,result))

We useda Semanticobjectto encapsulateemporaloperationsso that a user could easily switch
betweendifferentsemanticsand de ne new semanticsasdesired.For instancejn anindeterminate
semanticsa precede®perationcould producea resultin a three-aluedlogic (true, false,or maybe)
while the sameoperationin a determinatesemanticsvould yield a boolearresult(true or false).

The restof this sectionprovides a discussionof individual componentsn eachgroup of related
packagesWe rst presentthe low-level building blocks in  ZAMAN, such as componentsfor
supportingoperationson temporaldatatypes. Next, the high-level componentsare described,in
particular the TauZamanSystenand Client/Sener packages. ZAMAN is implementedin Java;
howeverthedesigncouldbeimplementedisingary languager systenthatsupportgemoteprocedure
calls,dynamicloadingof classegor functions),and XML parsingandprocessing.

4.3. Supporting Operations on Temporal Data Types

Theclassedor the TemporalDataType and Timestamppackagegorm the calendaiindependenpart
of ZAMAN. Theseclasseandinteractionsaareshavnin Figurel0.In the gure, asolidboxrepresents
aclasswhile adashedoxrepresenta packageA directededgeindicateshatthesourceclassmakes
useof the taget. Dasheddirectededgesshow the interactionbetweenclassesn the samepackage,
whereassolid directededgesrepresenthe interactionbetweenclassesin different packagesThe
temporaldatatype classesiseservicegrovided by the TauZamanSystemndClient/Serer packages
asshowvnin Figure9.

The TimeValue class is the foundation of the calendaiindependentpart of ZAMAN.
TimeValue encapsulatethesemantic®f theunderlyingtime domain.Many semanticarepossible.
Time can be modeledas discrete,dense,or continuous;and the domain could be boundedor
in nite [JS99. The TimeValue classimplementsa speci ¢ time domainand providesmethodgor
arithmeticandcomparisoroperationswithin thatdomain.Only onetime domaincanbeimplemented;
we choseto implementadiscrete poundedime domain.The boundsarethe specialvalues beginning
andforever, representinghe earliestandlatestpossibleimes,respectiely. We usedJava'slong data
type for a time (recall that we utilize integral indexesfor granulesgvenin indeterminatevalues),so
2%4 differenttimescanberepresentedn sixty-four bits it is possibleto representurrentestimateof
thelifetime of the universe approximatelythirteenbillion yearsto the granularityof seconds.

Eachgranularitycreatesa discreteimageof thetime-lineasa sequencef granulesThe Granule
class associatesa TimeValue object with a granularity to form a granule. For instance,the
TimeValue with avalueof 3 is associatedvith the granularityof Gregoriandays to representhe
third granulein thatgranularity Granulesarefurtherclassi ed asdeterminateindeterminateor now-
relative. Theclassi cationprovidesadditionalmodelingcapabilities A determinatgranuleis asingle
TimeValue indicatingthatthelocationof thetimeis known to asinglegranulein thatgranularity An
indeterminatgranule however, is atime thatis sometimebetweeranlower andupperTimeValue
i.e., a setof granules A ProbabilityMassFunction objectdescribeghe probability of each
indeterminatealternatve. Commonmassfunctions, suchas uniform and Poisson,can be provided.
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Figure10. Classesn the TemporalDataTypeandTimestamppackages

Finally, a NowRelativeGranule instanceis a granulethat moveswith the currenttime. A now-
relative granulemayincludeaninterval thatdisplaceshegranulea x eddistancdrom now. Arithmetic
andcomparisoroperationsaresupportedor eachtypeof granule.

Granulesare part of the datastructurein eachof the threetemporaldatatype classesinstant
Period , andInterval . Eachof the classesanrepresenteterminatejndeterminateand now-
relative times. String constructorsare also provided for each.For example the Instant  string
constructorwould createan instantwith a determinategranulewhen given “March 28, 2003”, an
instantwith anindeterminategyranulefrom “March 28,2003 March29,2003",andaninstantwith a
now-relative granulefrom “now + 5 days”.

Thearithmeticandcomparisoroperationgliscussedh Section3.3aredescribedy a Semantics
interface For instance,a Semantics provides an operationto add an interval to an instant, but
not to add two Instants.Semantics is an interfaceratherthan a classbecausehere are several
reasonablesemanticdor performingan operation.For instanceone semanticsgcalled left operand
semanticscorvertsthe right operandto the granularity of the left operandprior to performingthe
operation. A designemwould implementan interfacewith whaterer semanticsgs desiredby the user
The Semantics interfaceis further subclassednto a DeterminateSemantics interfaceand
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an IndeterminateSemantics interface.One differencebetweenthe two kinds of semanticss

thatthedeterminatesemanticseturnsboolearvaluesfor comparisoroperationsbut theindeterminate
semanticgeturnsan ExtendedBoolean  value.ExtendedBoolean implementsa three-walued
logic on the valuestrue , false , and maybe. The indeterminatesemanticsalso permits two

controlson the indeterminag in an operation,called the plausibility and credibility. Thesecontrols
arepresentedhn detailelsavhere[DS9§.

4.4, Calendar Support

The Calenday CalendricSystemProperty and Field packagesmplementthe calendardependent
componentsof ZAMAN. Userscan load, activate and de-actvate calendric systems,calendars,
propertiesand eld values, corvert temporal constantsto timestamps,and perform granularity
conversions Figure 11 shows the individual componentshat comprisethe calendarsupport.Classes
in calendarsupportdo not useary othermajor componenof ZAMAN asshown in Figure9. Solid
directededgesrepresenintra-packagénteractions whereasdasheddirectededgesrepreseninter
packagenteractionsbetweerclasses.

4.4.1. Calendar

The Calendarpackageencapsulatea single calendarWe choseto represenan individual calendar
as a combinationof two differentinformation sets.The rst information set consistsof the XML
speci cation les for the calendargranularitiesandgranularitymappingsEach le is createdaspart
of a calendardevelopmentprocesshy a calendardeveloper One of the key featuresof ZAMAN is
thatit candynamicallyload calendarslt doesthis by readingthe XML speci cationsfor a calendar
Sooncea developercreatesa calendarit canbe madeavailablefor loadinginto a calendarsener by
simply makingthe speci cationsavailableon theweh

The secondinformation setis the location of Java classeghat provide the codeto do irregular
intra-calendargranularity mappings. There are two mapping classes:RegularMapping  and
IrregularMapping . Mostgranularitycorversionsareregular [BDE* 98]. A regularmappingcan
bedescribedompletelyin the XML speci cationby asimpleformula,equivalentto Ning etal.sgroup
operationfNWJ02Z. For example therelationshipbetweenGregoriandays andGregorianweeks is
regularsinceregularperiodsof sevendaysgroupinto a week.Codefor performingregularmappings
is built into  ZAMAN. An irregular mappingis a specialkind of corversionthatis not reducibleto
a simpleformula. Oneexampleof anirregular mappingis the relationshipbetweenGregoriandays
andGregorianmonths . The numberof daysin a monthvariesfrom monthto month,andbecausef
leapdaysthe samemonthmay have a differentnumberof daysfrom yearto year Irregularmappings
needspecialcode.A calendamdeveloperhasto provide a Java class,which is dynamicallyloaded,to
performanirregularmapping.

With thetwo informationsets, ZAMAN canloadeverythingit needsaboutanew calendarprovided
the calendarspeci cation le is valid. A validatingparsercanensurethata speci cation le is alegal
instancethatconformsto an XML Schemadescriptionof the calendarspeci cation. An exceptionis
thrown if the speci cationis invalid or otherproblemsaredetectediuringloading.

ZAMAN usesa calendarrepositoryto sharecalendarsamongmultiple users,implementedby
the CalendarRepository class. To prevent duplicate loading of calendarsand increasethe
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Figurell. Classedor calendaidependentomponents

performancef ZAMAN, whenacalendais loadedit is addedo a calendarepository Userrequests
to subsequentlyoad the samecalendarwill fetch the alreadyloadedcalendarfrom the repository
However, ZAMAN provides a calendar‘refresh” operationto force reloadingof a calendarwhen
desired,for instance,if the speci cation le hasbeenupdated.ln responseo a load request.the
calendarrepository rst determinedf the calendamhasalreadybeenloaded.If found,the repository
simply returnsthe found calendarobject, otherwise,it startsto load the calendarfrom the location
identi ed by the calendars URL. The URL is usedasaprimarykey in the calendarepository

4.4.2. CalendricSystem

The CalendricSystenpackagemplementsa calendricsystem.A calendricsystemis a collection of
multiple calendarsLik e calendarscalendricsystemsare also describedoy XML speci cation les.
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The calendricsystemspeci cation provides de nitions for epochs,calendarsa descriptionof how
to integrate multiple calendarsdefault properties(see Section4.4.3), the location of Jasa classes
to performirregular inter-calendammappings.and default regular expressiongfor dateparsing.The
projectswebsiteincludesanexamplecalendricsystemspeci cation le, whichimportsthe Gregorian
andUniversityof Arizonacalendars.

The mostimportantrole of a calendricsystemis to integratethe calendarghat it imports.In the
calendricsystemspeci cation eachcalendaris identi ed by a URL, which locatesthe calendars
speci cation le. Thecalendarsareloadedwhenthecalendricsystems loaded.To simplify thewriting
and handlingof calendricsystemspeci cation les, importedcalendarscan be given local names,
valid within the context of that calendricsystem.The calendarsareintegratedby mappingsbetween
granularitiedn differentimportedcalendarsTheinter-calendaigranularitymappingscanbe regular,
in which casetheformulafor mappingis givenin thespeci cation le, orirregular, in which casethe
speci cation le includesa URL to a compiledJava classthat performsthe mapping.The compiled
classis loadedduring loading of the calendricsystem.The calendricsystemusesthe mappingsto
facilitategranularitycorversiongd DELSO0(Q.

Calendricsystemsare sharedin a repository To prevent duplicateloading of calendricsystems,

ZAMAN hasa calendricsystenrepository Whena calendricsystemis initially loaded,it is addecdto
the repository Subsequenattemptsto load the samecalendricsystemwill fetch the alreadyloaded
systemfrom the repository A refreshoperationis available to force reloading. The URL of the
calendricsystemspeci cation le is the primarykey in therepository

4.4.3. Property

TheProperty classimplementgheextrinsic characteristicef eachcalendarWe identi ed fourteen
kinds of properties,someof which are listed in Table Il. Thesepropertiesspecify userdependent
aspectof a calendar Thereare propertiesthat de ne the internal mechanism®f how a temporal
literal shouldbe corvertedto an underlyingtimestamp.Thereare also propertiesthat provide other
importantinformation,suchasatimezonespeci cation,to beusedin theinputandoutputof temporal
literals.

Propertiesare de ned in an XML speci cation le. A property speci cation le can contain
several properties.A propertyis identi ed by the URL of the speci cation le thatde nesit and
a propertyname.A propertyrepository similar in functionality to the calendarand calendricsystem
repositoriesmanagegpropertyloadingandunloading Having arepositoryhelpsto improvethesharing
of propertieswithout duplication.

Propertyvaluesunlike calendarsindcalendricsystemsaredifferentfor eachindividual application.
To supportuserspeci ¢ properties, ZAMAN allocategprivatepropertystadksto eachuser Sincethe
propertieshave calendarelatedcomponentsthe stacksaremaintainedon the sener-side,ratherthan
bya ZAMAN client. Whena new propertyis desiredthe userasksa ZAMAN senerto activatethe
property The propertyis parsedrom a speci cation le (or retrievedfrom therepository)andpushed
ontothe stackfor thatproperty Subsequentiyuserscande-actvatethe property causingthe property
to bepoppedirom the stack.

Propertiesprovide formats for input and output of temporalliterals. To illustrate this, assume
thata user rst wantsinstantsto be parsedaccordingto a “mm/dd/yyyy " format. The userwould
activatea new instantinput propertywith thatformat. Laterthe userdecidesto changethe formatto
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“dd/mml/yyyy ". Theuserwouldthenactivatea differentinstantinput propertywith the new format.
Theusercouldalsochangeotherformattingfeatures.

Within  ZAMAN the PropertyManager  classhandlesthe managemenbf propertiesvia the
PropertyStackService class.

4.4.4. Feld

A eld is an atomic date/timefeatureof a temporalliteral. To illustrate elds, assumewne want to
constructthe instantfor the temporalliteral “3/20/2003”. The literal will be parsedinto three elds
usingthe Input instantformat property:the month eld valueis 3, theday eld is 20, andthe year
is 2003.A eld generallyrepresenta calendargranularity but caninclude other features,suchas
the nameof a timezone.As anotherexample,let's assumewne want to constructa period from the
literal “[March 20, 2003 - March 21, 2003)". The following structureof elds is producedby the
parseusingthe Periodinput formatproperty:f delimiter="[", f month="3", day="20", year="2003',
f month="3",day="21",year="2003'g, delimiter=")"g. This eld structurecontaingwo eld lists,one
for eachboundingnstant,andtwo elds for delimiters whichareneededo identify whethertheperiod
is closedor open on eitherside.

Fieldsarealsorelatedto languagesupport.Whenatemporalliteral is parsednto elds, each eld
canbe further interpretedby languagesupporttables,called eld valuetablesor fv tables,that map
stringsto eld values.Considertheliteral “Mar/20/2003". After parsing,the month eld would have
thevalue“Mar”. A eld valuetablewould be usedto mapthe string to the value 3 representinghe
monthof March.Duringoutputthe eld valuetablesareusedto replaceeld values(integers)with the
appropriateoutputstring.We'll shav wheretheseeld valuescomefrom in thenext section.

Field valuetablesaredescribedn eld valuespeci cation XML documentswhich areloadedas
partof activatinga property A eld valuetablecould beimplementedasa Java class.Thetablesare
cachedn arepositoryto facilitatesharingandreuse.

4.5, Input and Output

Input refersto the parsingof a temporalliteral during constructionof an instanceof a temporal
datatype. Outputcorvertsthe instanceto a formattedstring. Figure 12 shavs the classesandtheir
interactionsn thelnput/Outputpackageln addition,it alsoshavsinter-packagenteractionsn parallel
with Figure9. Sinceoutputis largely thereverseof input, we will presenbnly theprocesdgor inputin
detail.

Although input canbe somavhat complicateddueto the possibleexistenceof multiple calendars,
languagesinda varietyof formatpropertiestheinputprocessanbesummarizedn thefollowing ve
major steps.Therestof this sectionexplainsthesestepsn detail.

Parsetheformat(an XML documentiandbuild a DocumentObjectModel (DOM).
Parsetheliteral andbuild a DOM.

Matchtheliteral's DOM with theformat's DOM.

Extract eld valuesfrom theliteral's DOM usingregularexpressions.

Createa eld list structue fromthe eld values.

agrwNE
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Figure12. Thearchitectureof the Input/Outputpackage

The rst stepis to parsetheappropriatenput propertyandbuild aDOM for theformatit containsA
formatspeci esanacceptableskeletonor structurefor atemporalliteral. Figure13 shavs anexample
instantinput formatpropertywith theformatenclosedn a <format> elementThe exampleformat
stipulateghatonly literalsconsistingof one<instant>  elementwith threeattributes,month , day ,
andyear , areacceptableThe format furtheridenti es elds within the literal to extractfor further
processingThe presencef a eld is indicatedby a eld variable, which startswith a“$” character
Therearethreevariablesin the exampleformat: $month , $day and$year .

The secondstepis to apply the XML parserto the input temporalliteral, building a DOM for the
literal. Assumethattheliteral to parseis givenbelow.

<instant month="March" day="20" year="2003"/>

Whenparsedthe literal will createa DOM with oneelementnode(<instant> ) andthreeattribute
nodegmonth , day, andyear ).

The third stepmatcheghe DOM for the literal againsteachDOM for a format. The DOMs must
matchexactly, but variablesmustmatchatleastpartially to anattributevalueor text value.Sovariables
canonly appearwheresometext is expected.ln the examplegiven above, the DOM for the literal
matchesthe exampleformat DOM, with the following variable assignments$month ="March" ,
$day ="20" ,and$year ="2003" .A formatcanoptionallyspecifywhethemwhitespacén text nodes
or attribute valuesis to beignoredduringmatching.

Thefourth stepusesregularexpressiondo extracta valuefor eachvariable. Theregularexpression
is built asfollows.Each eld variableis describedy a <fieldInfo> elementThe eld information
elementidenti es a eld value table that has all of the possiblelegal eld values.For example
the $month eld usesthe EnglishMonthName eld valuetable,which is a list of legal month
namesin English. The table also hasa regular expressionfor recognizingvaluesin the table. For
EnglishMonthName , the regular expressionwould specify a non-zerosequenceof alphabetic
charactergrom the Westerncharacterset. The string “March ” matcheghe third entry in this table
(seethe project's web site for a completeexampleof a eld valuespeci cation),sothe valueof the
$month eld is 3.

The fth stepputstheintegersmatchecdby eacheld variableinto a eld list structue (theFields
class).The eld list is a collectionof information extractedfrom a temporalliteral. A calendarwill
corvertthe eld list into a granule For the Gregoriancalendaythe eld list structurewith a $month
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<property name = "InstantinputFormat">

<value>
<format>
<instant ~ month="$month" day="$day" year="$year"/>
</format>
<fieldInfo variable="month" name="monthOfYear"  using="englishMonthNames"/>
<fieldInfo variable="day" name="dayOfMonth"  using="arabicNumeral"/>
<fieldInfo variable="year" name="year" using="arabicNumeral'/>

</value>

</property>

Figurel13. An exampleof aninstantinput formatproperty

TauZamanSystem

TauZamanLoca| TauZamanRemotg TauZamanRemot|
Service Service ServiceHandler
/ \
/ \
/ \
____V__ SN
| Input/Output | Calendar, CalendricSystem,l

| Packages !

|
,,,,,,,,, [

Property and Field Packageé

Figurel4. Theclassesn the TauZzamanSystemndClient/Sener packages

of 3,a$day of 20,anda $year of 2003,the day granule736004will be returned(consistenwith
the origin of the day granularityof Januaryl, 1 C.E.,and utilizing the knowledgethat day is the
“ nest’—least coarse— eld).

Indeterminatanstants,now-relative instants,and determinateand indeterminateperiodsall have

“bounding” instants.The instantinput and outputformat propertiescanbe importedinto the format
propertiedor othertemporaldatatypes.

4.6. The TauZamanSystemand Client/Server Package

The TauZamanSystem classis the managerfor accesto ZAMAN. Figure 14 shaws the class
interactionswithin TauZamanSysterandClient/Sener packageln thesame gure, interactionswith
Input/Output,TemporalDataTypes,andTimestamppackagesrealsoshavn.
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Figurel5. Theclient/sererarchitectureof ZAMAN

Thereweretwo main designcriteriathat guidedthe developmentof the sener/clientfunctionality
in ZAMAN.

1. Froma client's perspectie, thereshouldbe no coding differencebetweenusinga remoteand
local service, except identifying the serviceas local or remote,as shavn in Section4.2.3.
Our goalwasto malke the distinctionbetweenocal andremoteobjectstransparento a client.
However, full transpareng canbe disconcertingn somedistributed systemapplicationssince
there can be profound differencesin performancebetweenusing local or remote objects.
Therefore,jn ZAMAN, a usermustsimply identify the serviceaslocal or remote.Knowing
theservicetypewill inform usersof potentialperformancealifferences.

2. All instancesof temporaldatatypes are local. Our goal was to minimize the amountand
frequeng of client/sener communication.ldeally, a ZAMAN client will have all local
resourcesRemoteserviceswill be invoked only when necessaryprimarily for input, output,
andgranularitycorversionsRelatively few kindsof objectscanbepassedrom clientto sener;
only the Granule classis serializable(andthe classest referencespamelyGranularity
andTimeValue ).

Figure 15 depicts the client/serer structure. In the gure a TauZamanSystem at the
client side createsa local TauZamanRemoteService  object. The object connectsto a
TauZamanRemoteServiceHandler residing on a sener, which provides a connectionto a
TauZamanSystem objecton the sener's side. Note that the client can connectto multiple remote
TauZamanService objectsthroughdifferentTauZamanRemoteService objects.Client/sener
communicatiorin  ZAMAN usesRPCin Jara's RemoteMethodInvocation(RMI) package.

A user whetherit is a client or a sener, createsa single TauZamanSystem instance.When

ZAMAN is run asa sener, the TauZamanSystem objectis responsiblefor communicatingwith
clientsandmanaginghe four repositoriesThe repositoriesare populatedover time asa client loads
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calendricsystemscalendarspropertiesand eld valuetables.The choiceof settinga systemasa
clientor aseneris application-dependent.

A TauZamanSystem objectalso provides TauZamanService , which is the client's API for
interactingwith calendarelatedcomponentsA TauZamanService offers all of the calendar
relatedmethodsto end users.This includesmethodsto load calendricsystems,and calendarsto
activateandde-actvatepropertiesandto inputandoutputtemporalliterals. To increasehe e xibility
of the systemfor the users,a usermay have several servicesconnectingthe client to a local system
andmultipleremoteseners.The TauZamanSystem objectstoreghecurrentlyactiveservice clients
switchamongthe mary servicesby designatinghe desiredserviceasactive.

TheTauZamanService classis subclassethto two services;TauZamanlLocalService  and
TauZamanRemoteService .A remoteserviceis designedo bearemoteobject,thatis, it shouldbe
registeredwith the objectregistry andreferencedy a client system.To setup a TauZamanSystem
asasener, theusershould rst registerthe nameof the sener andpublicizethe URL of thelistener
Any TauZamanSystem knowing the URL andregisterednamecanconnecto thesenerasaclient.

Eachservicehasanactivestatethatstoreghe currentsetof active componentsThestateconsistof
acalendricsystemandanoperationasemanticsA servicemayhave loadedseveralcalendricsystems.
For example,a client may needthe Americancalendricsystem,which includesthe Astronomyand
Gregoriancalendarsandin the sameservicealsoload the Russiancalendricsystemwhich manages
the GregorianandCommunistcalendarsThe active calendricsystemandpropertiesareusedonly for
inputandoutput.Operationof constructedime valuesusethegranularityhierarchywhich ZAMAN
builds from all the calendricsystemghat have beenloaded.Note that only onecalendricsystemcan
be active at ary time. The client switchesbetweerthe calendricsystemswithin the serviceby setting
theactive calendricsystento the desiredcalendricsystem.

Maintaining a “per-application” active serviceand active state within that service reducesthe
overheadon temporaldatatype operationsFor instance consideran Instantconstructor Insteadof
having to passthe active serviceandactive calendricsystemto the constructorthe active serviceand
stateareretrieved within the constructorusing classmethodsin the TauZamanSystem class.This
minimizesthe length of parametelists in methods.Furthermoretwo of our designgoalswereto
supportclient/serer servicesand be able to utilize multiple calendricsystems.Temporaldatatype
operationsin ZAMAN, even with the additionalfunctionality, needonly a reasonablenumber of
parameterse.g., the operationto add an interval to an instantis invoked with only the interval and
theinstant.ln ZAMAN, the active serviceis cachedn eachcreatednstanceof atemporaldatatype,
alongwith the active stateof the servicesothattheinstancecanbe lateroutputusingthe sameservice
and calendricsystem.If the remoteservicebecomesunavailable,an exceptionwill be thrown when
operation®n thosetemporaldatatypesareinvoked.

5. Coding Statisticsand Experimental Results

This sectionreports on the size and performanceof ZAMAN. Statisticsaboutthe ZAMAN's

implementatioraregiven rst, followedby resultsof several performancexperimentsWe measured
the performanceof local andremote ZAMAN servicesn con guring a systemandinput andoutput

of temporalliterals.
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5.1. Coding Statistics

Thecurrentversionof ZAMAN consistof approximatelyl 2,500linesof Java code notincludingthe
codein systemor third-party suppliedclasses. ZAMAN has60 classesorganizedinto 8 packages.
We developed ZAMAN using Sun's j2sdk1.4.102 ervironment. We did not attemptto optimize
performancewith a natve-codeJava compileror by tuning the codewith a Java pro ler. ZAMAN
hasseveral packagedependencies he dependenciearelisted below alongwith the tasksfor which
eachis needed.

java.rmi  is usedto implementRPCbehaior.

java.net.URLClassLoader is usedfor dynamic loading of methodsand classesfor
irregularmappings.

javax.xml.parser andorg.w3c.dom areusedto parseandprocesshe XML-formatted
speci cation les, andduringinputandoutputof temporalliiterals.

java.util.regex is usedfor to matchregularexpressiondor eld valuesduringparsingof
temporaliterals.

java.util. Hashtable is usedextensiely for implementingtherepositories.

5.2. Experiment Environment

We conductedheexperimentsn adistributedsystemenvironmentbecause ZAMAN is aclient/sener
system.Figure 16 shavs the network architecturefor the machinesin the experiment. The two
primary machinesin the ervironmentare burgun and dyreson . burgun is a Windows box,
while dyreson runsLinux. We measuredhe roundtrip time betweenburgun anddyreson at
approximateleightmillisecondsfor adummyJasa RMI call. Both machinesaresenedby a network
le senercalledzeus , soloadingandunloadingof propertiesnvolve fetching les from zeus . We
usedJava2 SDK, versionl.4.1.

5.3. Experimentson TauZamanSewice Initialization

A clientaccessesZAMAN by constructinga TauZamanService object,which could beremoteor

local. The serviceis startedby providing the URL of a calendricsystemspeci cationanda property
speci cation.The speci cation les arefetchedfrom zeus via HTTP, parsedandprocessedio form

thedefaultcomponent®f the service.ln processinghe calendricsystemspeci cation,furtherfetches
aredonefor eachcalendammanagedy the calendricsystem.Startinga servicealsoinitializes the
repositories.

The rst experimentmeasurethe performancef creatingalocal service We usedthe speci cation
les available from the project's web site. We starteda local serviceon burgun by providing the
URLs of a calendricsystemand propertyspeci cationlocatedon zeus . We subsequentlyecreated
the samelocal serviceto testthe performanceof reloadingthe system(with objectscachedin the
repository).TableVI givesthe measuredimes.All timesareroundedup to themillisecond.All times
in thisandsubsequengures represené singleroundtrip, unlessnotedotherwise Sincethe serviceis
local, thereis no network coston the creation,or recreatiorof the service.Theinitial loadingtime is,
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Figurel6. A diagramof the environmentfor the experiments
Total | CalendricSystem| PropertyTable
Initial loading 633 518 115
Subsequerbads 1 1 1

TableVI. Averageloadingtimes(in milliseconds)f a TauZamanLocalService

not surprisingly muchlongerthansubsequenbadingtimesbecause ZAMAN providesrepositories
to cachereusedbjects.Notethattheinitial loadingtime is a“one-time” cost.

The secondexperimentmeasureshe performancedf creatinga remoteservice.In this experiment
the client is located at dyreson . The client createsa remote TauZamanRemoteService
identifying burgun asthe remotesener. burgun loadsthe calendricsystemand propertytable
speci cation les from zeus via HTTP in responseo therequestTheresultsaregivenin TableVII.
We averagedthe times over ve teststo smooththe effects of network congestionwhich lead to
variationsof up to 40 millisecondsper round-trip. We separatedhe total time (client side) from the
load time (sener side). As with the local serviceperformancethe time of theinitial load is longer
than subsequenioadsdueto cachingin the repositoriesNote alsothat the initial load time on the
client side time is longer than that for the local service.The reasonis that thereis overheadon
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ClientSide Sener Side
Total Total | CalendricSystem| PropertyTable
Initial loading 720 686 499 187
Subsequeribads 30 1 1 1

TableVIl. Averageoadingtimes(in milliseconds)of a TauZamanRemoteService

establishingcommunicationbetweenthe client and the remotesener that is only incurredwith a
remoteservice.Iln additionto the overheadof network, round-trip time thereis an additional cost
becausea TauZamanRemoteService objectis marshaledand unmarshalediuring the call. As
statedpreviously, this is one of the reasonghat we did not pursuea fully transparentistributed
architecturesinceresponsdimesarelongerwith remoteservices.

Thethird experimentteststhe performancef input andoutputof temporalliterals. The operations
perform effectively the sameamountof work, just in a differentsequenceSo we will measurehe
total costof performinganinputfollowedimmediatelyby anoutput. The experimenttestssix different
kindsof temporalliteral: determinaténstant,now-relativeinstant,indeterminaténstant,(determinate)
interval, determinateperiod, and indeterminateperiod. period, and interval, and their indeterminate
and now-relative formats. The format propertiesusedin the experimentsfor eachkind of temporal
literal are available from the project's web site. Theseformatsare of normalcompleity ratherthan
worst-caseeompleity. More complex formatswill incur a slightly highercost. Theliteralstestedare
availablefrom the project's website.

We rst experimenton a local service;the next experimentis for a remoteservice.As before,the
local testis performedon both burgun (a Windows box) anddyreson (a Linux box). burgun
has more memoryand a fasterCPU. A TauZamanLocalService is createdon eachmachine,
with speci cation les fetchedfrom zeus . TableVIll reportsthe resultsof the experiment.Like the
otherexperimentst is separatedéhto two differentmeasurementstninitial loading(for the rst input
and output) and a consecutie loadingtime. The timesare given in milliseconds.The initial costis
higherthansubsequentO becausénitially theformatis parsedcandthe eld valuetablesarefetched
from zeus ; on subsequentorversionsthe parsedormatand eld valuetablesareretrievedfrom a
repository

Thecorversiontimesdiffer for thedifferentkindsof literals. Theindeterminatg@eriodis theslowvest,
while thedeterminaténterval is thefastestThedifferencesn thetimingsarebecaus@anindeterminate
periodis composedf four instants,so we would expectit to take a bit longerthan!/O of a single
instant. The determinaténterval is the fastestbecauset hasthe simplestformat. burgun performs
betterthandyreson dueto betterhardwareon burgun .

We next testednputandoutputin aremoteservice We usedexactly the sameexperimentasfor the
local service exceptthatwe usedaremoteservicefrom aclientondyreson toaseneronburgun .
This testincludesthe overheadon the network communicatiorand marshalingof parameterssothe
overall costshouldbe greatetthanthatof thelocal service.

Table IX shaws the resultsof this experiment. The cost of the initial loading includesthe time
spentfetching eld valuetables.Consecutie I/O costsaremuchlower. Whencomparedo the local
servicetest,we canobsene the overheadn the remotecommunicationThetimesin TableVIII are
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dyreson burgun
Initial I/O | SubsequentfO || Initial /O | Subsequen{O
Instant 199 8 130 7
Now-relative Instant 226 12 150 8
Indeterminatdnstant 249 17 155 13
Period 278 14 175 10
Indeterminatd®eriod 330 19 220 14
Interval 159 6 100 5
TableVIIl. Averageinput andoutputtimes(in milliseconds)for differentkinds of temporalliterals

usingalocal service

dyreson
Initial | Subsequen
/0 /0
Instant 287 29
Now-relative Instant 383 41
Indeterminaténstant| 390 53
Period 365 35
IndeterminateéPeriod | 402 37
Intenval 258 28

TableIX. Averageinput andoutputtimes (in milliseconds)for differentkinds of temporalliterals
usingaremoteservice

lower than thosein Table IX. The last obsenation to make aboutthe resultsis that now-relative
and indeterminateinstantsare even more expensve. The reasonis that there is a single Instant
constructorratherthanseparateonstructorgor determinatenow-relative,andindeterminatenstants.
During constructionof an instant, the (determinate)instantinput®rmat property is usedto parse
the instant.If the parsefails thenthe the NowRelativelnstantintputBrmatis tried, followed by the
Indeterminatelnstantinputifmat.Eachparsefailureresultsin anotheroundof RPCbetweertheclient
andthe seneruntil theappropriatekind of instantis nally constructed(\We couldhave hadthesener
try eachkind of propertyin successionThis would improve the timesslightly, sinceit sazeson one
or two network round-trips.But overall the costis dominatedby the parsing,so sucha re nement
wouldn't have alargeimpacton the performanceCachingof parsedvalues,on eithertheclientor the
senersides,or both,couldalsoimprove performance.)

6. The TAUZAMANTESTER- A Graphical User Interface (GUI) for I/O

ZAMAN provides both an Application Programminginterface (API) for programmersand a
(prototype)GUI-basedestingtool calledthe TAUZAMANTESTER. The TAUZAMANTESTER iS auser
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friendly tool for two usergroups:applicationdeveloperswho wantto see ZAMAN in actionbefore
writing code, and speci cation developerswho want to test and dehug their speci cations. More
speci cally, thetool wasdesignedo meetthefollowing goals.

To provide a niceinterfacefor demonstrating ZAMAN.

To createa platform for testingthe input and output of temporalliterals. Rapid testing can
decreas¢hetime neededo developformatpropertiesandotherXML speci cations.Thetesting
includescheckingthe speci cationsfor syntacticcorrectnesandcompleteness.

To simplify ZAMAN's con guration andsetupfor a naive user Userscanactivatea serviceby
selectingit from a combo-boxinsteadof by writing code.Differentservicecon gurationscan
beloadedusingthetool.

To facilitate the testing of temporaloperationsUserscan compareor perform arithmeticon
createdime values.

To provide performanceneasuresThetool reportsthe processindime of eachoperation.

When the TAUZAMANTESTER is started,a main window is opened.A screenshot of the main
window is shavnin Figurel7. Thewindow includesatop row of four 'tab' buttons.Choosinga button
putsthe TAUZAMANTESTER into oneof thefollowing four modes.

1. ServiceCon guration- A usemwouldselecthistabto testandloadnew con gurationsfor alocal
or remoteservice.Successfulljjoadedcon gurationsbecomeavailablein the othermodes.

2. PropertyManagement Allows auserto testpropertyspeci cationsandloadnew propertieqfor
testingin theothermodes).

3. Input/Output- Corvertsatime literal, asdescribedn moredetailbelow.

4. Temporal Operations- Provides an interface for performing arithmetic and comparisonof
temporalliterals.

When the 'Input/Output’ mode is selected,the TAUZAMANTESTER creates an instance
of TauZamanLocalService and TauZamanRemoteService . All of the con guration
information,suchasthe URLs of thecalendricsystem propertytable,andcalendaispeci cation les,
aswell asthe URL of theremote ZAMAN senerarespeci edin anXML-formattedinitialization le
for thetool. After initializing the servicesthe TAUZAMANTESTER opensthe mainwindow andwaits
for userinstructionsIn “Input/Output'mode therearethreepanels.

1. An input panelhasa scrollabletext areain which usercaninput a temporalliteral. The input
panelis theleft-mostareain the screershotin Figurel7.

2. A con guration panelprovidesa setof GUI componentghat allow the userto con gure the
TauZamanSystem object. The con guration panelis thelist of buttonsandcombo-boxesin
the middle of the screenin Figure 17. For example,a usercan activate the remoteor local

ZAMAN serviceby selectingthe appropriateonefrom a combo-box.Or a usercould choose
from amongsereralpropertiego active onefor inputandoutputformatting. Theusemustselect
oneof thetemporaldatatypesto parseandoutputthetime literal enteredn theinput panel.

3. An outputpanelhasa scrollabletext areathat displaysthe outputof the temporalliteral. Note
thatthe input and outputusedifferentformats. The output panelis the right-mostareain the
screershotin Figurel7.
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£ rauzamantest T =0l x|
| Service | Property Management | Input Output | Temporal Operations |
10 Test
~input 1 rconfiguration - 1 output
Choose Service
=lower= =suppott=
=date local service - slawer=
month ="March" year="2003" day="5"I= =date= March, 2003 5 =/date=
=flower= - =llowers=
Ch Calend
ey oose Calendric System < ripparts
=date =support=
uora
month ="March" year="2003" day="6" = X =Uppers
=iupper= =date= March, 2003 6 =idate=
=distribution value = "uniform” 1= Clidnse Cruhty Fahie =lupper=
=Isuppart=
Dtery et NS =distribution value="unifarm"f=
Choose Temporal Type
instant. bd

PROCESS

Processing time 10 ms

Figurel7.A snapshobf the TAUZAMANTESTER processingnindeterminaténstant

Generallyauserwill enteratemporaliteral into theinputpanel,con gure thesettingsasdesiredpress
the “PROCESS”button in the con guration panel,andthe outputwill appearin the outputpanel.If
any exceptionsoccursduring processingfor instancetheinputdid not parsecorrectly anerrordialog
boxwill popup. The GUI alsodisplaysthe processingime of the entireoperation.

Two snapshotof the TAUZAMANTESTER in action are shavn in Figure 17 and Figure 18. In
Figurel7,anindeterminaténstantis enteredn theinputsub-panelTauZamanSystem is con gured
using the componentsn the con guration sub-panel,and the instantis output. In Figure 18, a
determinatgeriodis processed.

7. RelatedWork

While work on temporaldatatypes(including by that of the authorsof the presentpaper)goesback
two decadesin thelast ve yearstherehasbeena urry of actvity. Relatedresearcltcanbe broadly
classi edinto two cateyories:modelingandimplementationThe modelingcateyory coversresearch
in temporaldatamodels,andin particular it establisheglesirableoperationson temporaldataand

calendarsThe secondcatagory is researctinto implementation®f the rst cateyory. Although this

paperconcernsimplementation,jn this sectionwe tracethe in uences on this researchfrom both

catgyories.
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i
(( Service Configuration | Property Management | Input Output | Temporal Operations. |
10 Test

~input

=period=
=delimiter value = "['f=
=instant=
=dayvalue ="5"f=
=manth value = "March" /=
=yearvalue="2003" /=
=finstant=
=instant=
=dayvalue ="g" I=
=manth value = "March" /=
=yeatvalue="2003"J=
=linstant=

1 rconfiguration -

Choose Service
remote service ~
Choose Calendric System
uora -
Choose Property Table

‘prupertytahle 1

Choose Temporal Type

1 output

=period=
=delimiter value="'f=
=instant=
A, March, 2003
=finstant=
=instant=
B, March, 2003
=linstant=
=delimiter value="]"/=
=Iperiad=

=delimiter valug="]" 1=

=fperiod=
L period -
PROCESS

Processing time 30 ms

Figure18. A snapshobf TAUZAMANTESTER processing determinatgoeriod

Allen motivatedtheinterval (which we call a period) asa fundamentatemporalentity [AlI83]. He
formalizedthe setof possiblerelationshipsvhich could hold betweertwo intervalsanddevelopedan
inferencealgorithmto maintainthe setof temporalrelationshipsetweerentities.

Andersondescribeda formal framewvork to support conceptualtime spacesusing inheritance
hierarchie§And82, And83. Her model also supportsmultiple conceptuakimes. ZAMAN canbe
consideredhsa practicalrealizationandextensionof someof the conceptslevelopedby Anderson.

Clifford andRaodevelopedaframework for describingemporaldomainsusingnaive settheoryand
algebrg[CR87. Their framework allows a hierarchyof calendaindependentiomainsto be built and
temporaloperatorgo be de ned betweerobjectsof a singledomainandbetweerobjectsof different
domainsTheframework is powerful but lacksthe ability to describedime domainghatarenotintegral
multiples of ner granularitytime domains.For example,months are not an integral numberof
weeks sincea whole numberof weeksdo not ordinarily correspondo a single month. Our work
removesthis limitation by makingthe semanticof any conceptuatime unit userde nable. Theuser
is nottiedto ary prede nednotionof time or time domain.

Navrat and Bielikova arguedfor declaratve, ratherthan algorithmic,calendarde nitions [NB95].
Algorithmic de nitions sometimeslead to oversimpli cation of predictionsfor future times and
unnecessargpproximationof pasttimes.For example,in the Islamic calendarthe rst day of the
month of Ramadancannotbe predictedby an algorithm, althoughan approximationexists and is
usedby somecultures.Navrat andBielikova addressethis problemby usingfactualpastknowledge
combinedwith Prologto betterde ne the start of RamadanTheir frameavork also provides some
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supportfor multiple calendarsand inter-calendarcalculations But accountingfor the semanticof
granularityin operationis missing.

Bettini, Wang, and Jajodia developed a formal foundation for reasoning about temporal
granularities|BJWO0(Q. Ning, Wang and Jajodiaextendedthis work with an algebraicapproachto
de ne granularitiesandcalendar§NWJ02. They arguedthatirregulargranularitycorversionscanbe
donein a declaratve way without the needof a specializecpieceof code,althoughthe declaratve
speci cation canbe complicated.In contrast, ZAMAN usesspecializedcode.We are investigating
usingtheir approactto supportirregularmappingsy compiling (automaticallybehindthe scenesin

ZAMAN) declaratve irregularmappinggrovidedby calendadesignergxpressedn XML into code
snippetswhich canthenbeloadedinto arunning ZAMAN sener. As such, ZAMAN canbeviewed
astheunderlyinginfrastructureaventuallysupportingseveraldifferentcalendricformalisms.

Kraus,Sagv and Subrahmaniaproposedh formal de nition of calendarandtemporaldatatypes
in termsof constraintsasopposedo our representationyhich aregranulegasintegers)at different
granularitie§KSS94. They alsoshavedhow to supportmultiple calendarandarguedthatspecifying
atime point asintegersor real numbersis cumbersomdor humanbeings.We agree: ZAMAN uses
familiar stringrepresentationtor temporalliterals.

KakoudakisandTheodoulidigmplementedasinglecalendasystenthatsupportoperationsn only
the Gregoriancalendaywith alimited numberof granularitiedKT96].

ChandraSegev andStonebrakr[CSS94 presente@designfor set-basedpeci cationof calendars.
They gaveanalgorithmfor parsingthespeci cationsanddescribedhow to extendthetemporakupport
in thePostgreslatabasenanagemergystenmwith new calendarsChandraetal. comparedheir project
to MuULTICAL [SSD' 92], whichis aprecursoprojectto ZAMAN (asdescribedn moredetailbelow).

In the seconccategory, implementedsystemsthereexist several systemghatsupporttemporaldata
types,temporaloperationsdatetimecalculationsand corversions Most of the systemahat perform
datetimecalculationsandcorversionsjncluding APIs for corventionalprogramminganguagese.g.,
Date , Time, Calendar classesn Java, arelimited in scopehaving staticcalendasupportwith at
mostfour or ve differentcalendarsandlimited kinds of formats.On the otherhand,therearealso
applicationghatsupportmultiple calendar&ndtemporaldatatype operations.

ZAMAN is anenhancemertf two earliersystemsMULTICAL [SSD" 92 andTIMEADT [KLS99].
MuLTICAL addssupportfor time andmultiple calendargo relationaldatabasenanagemergystems.
MuULTICAL hasa core systemof calendaiindependentemporal operations,but allows usersto
modularly de ne calendarsfor formatting times in different calendarsand languagesM ULTICAL
doesnot have a prede nedsetof calendarsrathernew calendarscanbe de ned and compiledinto
thesystem TIMEADT is asuccessoto MULTICAL. It re nes thetemporaloperationsh MULTICAL
by addingsupportfor granularityandtemporalindeterminag andsupportfor C++. ZAMAN inherits
mary designfeaturefrom bothMuULTICAL andTIMEADT, butis differentbecausé candynamically
loadcalendarsganparseemporaliteralsformattedin XML, providesaclient/senersystemsupports
calendarsetc.,asXML documents@ccessibl@nthelnternet,andis implementedn Java.

Boost[Sof07] is a date-timelibrary in C++, which supportghreebasictemporaldatatypes:point,
durationandinterval. Oneof its designmain goalsis to supportlSO 8601 compliantinput andoutput
representationlt provides arithmetic and comparisonoperationsfor eachtype, althoughnot with
differentsemanticsor granularitycorversions.lt alsohasiteratorson time and daterangeswhich
helpsa useriterateover the daysof a week,for example.Boostsupportanultiple calendarsput not
thedynamicloadingof calendarslt alsolacksinter-calendarcorversionsandcalculations.
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InternationalComponent$or Unicode(ICU) [Cor07 is a setof librariesdevelopedby the Unicode
groupin IBM GlobalizationCenterof Competeng. The main goal of theselibrariesis to hide the
culturalandgeographicatiifferencesn internationakoftwaredevelopmentOneof the problemsthat
ICU addressess the multi-cultural aspeciof representingime by supportingmultiple calendarsand
timezonesCurrentlylCU only supportghe Gregoriancalendatbut with its abstractalendasstructure
it is claimedto handlemultiple calendarsagainin a staticcontext asin Boost.Additionally it supports
only alimited numberof granularitiesanddoesnot handleinter-calendaicorversions.

The Joda project includes a re-implementationof Sun Java's built-in date and calendar
classegCol02]. Its mainaimis to provide dateandtime implementatiorio the Java community Joda
supportsmultiple calendarshut not dynamicloading of calendarslit providesISO 8601 compatible
input and output. Additionally it providesan API thatincludesmethodsto createinput and output
formats.Theformatcanbe checkingfor correctnesdeforeit is tried in input or output.In our project
formatscanbe producedn XML documentsandthuscanbe sharedandexaminedeasily In Joda,to
relateaninstanceof atemporaldatatype,like aninstant,to a calendara userhasto passhecalendar
objectto theinstantconstructor ZAMAN globally cacheghe active TauZamanServicandcalendric
systemto keepthe parametetists short.Jodasupportgperiodandinterval temporaldatatypesunder
the nameof TimePeriodwhich we believe confuseghis distinction.Jodaarguesthe immutability of
temporaldatatypesfor beingsafein threadervironments; ZAMAN alsohasimmutabletemporaldata
types.And lastly Jodadoesnotincludetemporalcorversionsbetweendifferenttemporaldatatypes.

WebCal [Ohl03, a calendarsener producedby OhlBach,is a client/serer architecturefor
providing temporalsupport.WebCalis a part of the WebTNSS[OhI034 project,which is a support
systenfor temporahotions WebCalprovidescalendafindependentime representationandtemporal
operationalsupportin WebTNSS.Although ZaMAN andWebCalare similar in thatthey are both
client/sener systemstherearealsoseveraldifferences.

ZAMAN's speci cation les simplify the production, understandingand publishing of
calendarsgalendricsystemspropertiesand eld valuetables An applicationthatuseswebCal
mustcodethesefeaturesnto theapplication.

In WebCalthesmallesigranularityis seconds . ZAMAN cansupportmuch ner granularities.
In WebCal, all temporal operationsare built on top of an interval data type. ZAMAN

differentiates between instant, interval, and period data types. ZAMAN also supports
indeterminag andnow-relative values.

For performanceeasons, ZAMAN canbe setupto runin a singleprocesswith alocal service,
but WebCalis only a sener.

WebCal does have languagesupport, partly becauseit is designedto provide calendar
independentime representatiofor theWebTNSSoroject.Ontheotherhand, ZAMAN supports
language-dependefdrmatsin time values.

GSTP[Bet03 is aclient/sener systemthat providesgranularitycorversionsand multi-granularity
constrainsatisaction. ZAMAN providestheformer(aswell asmary otherserviceshut notthelatter.
GSTPonlyrunsasasener; ZAMAN canbesetup asasener, aclient, or both.

Thereareseveral paperdevotedstrictly to the parsingof dates.

Karttunenetal. [KCGS9q proposedaregularexpressiorcalculusfor naturallanguageapplications.
And asoneof its illustrations,they describeda nite stategrammarfor dates.For a completelynev
dateinput, a new grammarshouldbe employed.Onthe otherhand,in our approachuserscancreatea
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formatby writing anXML fragmentanddynamicallyaddit into the systento handleanew dateinput.
But obviously this context is application-speci candthe extentof Kartunnenetal's proposals very
broad.

Sperbeg-McQueer{SM99] arguedthatrecognitionof datesis possibleby regularexpressionsand
gavelex codethatrecognizesandvalidatedSO 8601complaintdates.

Cameron[Cam99 provided a set of shallov parsingregular expressionswhich can be usedto
parsean XML documentinto individual items,suchasattribute andtext values.He arguedthat this
style of parsingis relatively fasterthanoff-the-shelfXML parsingandprocessingools. We choseto
implementa differentapproactin  ZAMAN. ZAMAN usesanoff-the-shelfXML parseito matchthe
XML skeletonin a format againstthat of a literal, andlocatedthe text and attribute values.Parsing
in ZAMAN thenisolatesthe elds within text nodesor attribute valueswith regularexpressionsOne
problemwith usingregularexpressiondor anentire XML fragmentis thatthey canbe very complex
andhardto understandvhencombinedwith theregularexpressiongetchedfrom the eld valuetables
for individual elds. We choseto make our formatpropertiesasyto specify

Finally, Kolko hasdemonstratethat technologythat usesnon-localinfrastructurecanbe a major
hurdleto adoptingtechnology[K0l02]. Ourwork in  ZAMAN providesan infrastructurethat allows
designergo bridgethis gapwithout designingout of their own context.

8. Conclusionsand Futur e Work

ZAMAN is a systemwritten in Java for formatting and manipulatingtimes and datesin multiple
calendarsindlanguages. ZAMAN hasa dynamicandextensiblearchitectureghatseparatesalendar
dependenfrom calendaiindependenaspectof processingime values.From a designperspectie,

ZAMAN redesignsand extends all of the basic mechanismspreviously emplgyed. From an
implementationperspectie, ZAMAN achieves full dynamic support for calendarsand related
componentsn a client/sener system,andbringsa new, XML-basedinformationrepresentatioand
processingtyle. The primary contributionsincludethefollowing.

ZAMAN supportsdynamic and distributed handling of calendarsand other services.We
take adwantageof Java's dynamic classloadersto provide dynamic supportfor extending
senersonthe y with new calendarandcalendatrelatedcomponents. ZAMAN implementsa
client/senermodelthatmakescalendairelatedservicesavailableon a network.

XML technologyis usedto representand processcritical data. ZAMAN improves the
representatioandprocessingf thesystemrspeci cation les by formattingthe les in the XML.
This alsoimprovesthe processingf the speci cation les andallowsthemto be sharedon the
weh Finally, ZAMAN integratesXML into the parsingandoutputof temporalliterals,to meet
thefuture growth of timesformattedin XML.

Repositoriesallow effective sharing of components. ZAMAN usesrepositoriesto enable
sharingof critical data,suchascalendarsc¢alendricsystemsgranularitymappingsformats(as
propertiesandlanguagegas eld values)for parsingtemporalliterals. Repositorieseducethe
responsdime for users,especiallywhen parsingtemporalliterals and performinggranularity
conversionshy cachingcomponentshatarereused.
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In the future we planto extendthis researchn several directions.The rst directionis improving
the speedof ZAMAN. Thereare several optimizationtechniqueghat could be implemented One
optimizationis to batchinput, output,andgranularitycorversionrequests$o remotesenersto amortize
turnaroundtime. A secondoptimizationis to cachegranularitymappingson the client side,to avoid
anRPCcall to castor scaleaninstanceof atemporaldatatype,or to cacheonthesenerside.A third
optimizationis to skiptheexpensve, uselesstepof parsinganon-XML temporaliteral with an XML
parserWe'd alsolik e to optimizethe performancef ZAMAN by usinga native-codelJara compiler
andtuningthe codewith aJavapro ler.

Anotherdirectionof futurework is studyinghow to craft userinterfacego easehetaskof calendar
speci cationandreducethe possibilityof mistalesby calendadevelopersAs mentionedn Section?,
we areworking to alsoincorporatean algebraicspeci cation of calendarsnto  ZAMAN. While the
speci cationof granularitiesasirregularmappingsassociatedvith Java codeis highly expressive, an
algebraicspeci cation languagewould for somebe easierto use.We are developing an algebraic
compilerthat translatesalgebraicexpressiondn an XML documentinto the calendricspeci cation
describedn this paper(a lowerlevel XML documentlandJava sourcecode.We alsowantto extend
the TAUZAMANTESTER with supportfor calendaandcalendricsystemdeluggingandcon guration.
Thetool couldalsobe extendedo visualizegranularitiesenablingdevelopersto graphicallyconstruct
granularitymappings,to createand use probability massfunctionsfor indeterminateemporaldata
types,andto have a point-and-clickinterfacefor creatinginput andoutputformats.All of thesetools
would work seamlesslwvith thearchitecturedescribechere.

A third directionfor future work is to re ne and extend the classof regular mappingsbetween
granularitiego includegranularitieswith “holes; e.g.,therearesomedaysthatare missingbetween
granuledn holidays . In this context, detailedexperimentson temporaloperationandcorversions
betweerdifferentgranularitieswill be performed.

A fourthdirectionis to integrate ZAMAN with Xalan[Pro03. Xalanis anXPathevaluationengine.
Theideais to engineeXalanto coordinatewith acalendasenerto provide “temporalviews” of XML
fragmentghatcorrespondo time literalsin an XML documentSo,givenan XML documenthathas
time literalsin 1ISO format,ausercouldquerythedocumenusingaview of thosetimesin ary desired
calendarandformat, for instancejn the Islamic calendarWe would alsolike to de ne abstractdata
typesfor extensibledatabaseée.g.,OracledatacartridgesPDB2 extendersandMySQL ADTSs) with

ZAMAN astheunderlyinginfrastructure.

A fth directionis to describethe client API asa web service.This would allow web bots and
shoppingagentsto make directuseof ZAMAN's functionality. The ideais to implementfor time
a servicelike Microsoft Money for currengy. A TauZamarweb servicecould thenbe usedin other
applicationssuchasGMail or Outlook. For instancea usercould searcHor emailfrom a partnersent
sometimeén the“previousquarter”.A sixthdirectionis to add“pull” technologyfor calendarproperty
languagesupport,and calendricsystemspeci cations.Currently when a speci cation changesthe
speci cationhasto be manuallyreloadednto arunning ZAMAN sener. By automaticallyreloading
such les whenthey aremodi ed, calendarsand other componentsan be kept up-to-date Finally,
we'd like to re-implementlasa’s currentcalendarsupportin - ZAMAN. Thiswill helpto demonstrate
theextensibilityof ZAMAN.
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