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Abstract

Progammersworld-wide areinterestedn developing apgicationsthat canbe usedinternatiaally.
Part of the interrationalizationeffort is the ability to enginee applicatiors to usedatesandtimesthat
confam to local calendas yet caninter-operatewith datesandtimesin othercalendrs, for instance
betweenthe Gregorian andIslamic calendas. 7ZAMAN is a systemthat provides a naturallanglage
andcalendr-independen framework for integrating multiple calenérs. 7ZAMAN perfams “runtime-
binding” of calendas andlangwagesupprt. A runnng TZAMAN systemdynanically loadscalendas
andlangua@ suppat tablesfrom XML-for mattedfiles. Loadirg a calenda integraesit with other
alreadyloadedcalendirs,enablirg usersof 7ZAMAN to add,compare,andcorverttimesbetweemulti-
ple calendas. TZAMAN alsoprovidesaflexible, calendaiindepenlentframeavork for parsingtempaal
literals. Literals canbeinput andoutputin XML or plain text, usinguserdefinedformats,andin dif-
ferentlanguagesandcharactesets.Finally, TZZAMAN is a client/serer systemgenalling sharedaccess
to calendarseners spreadthroughou theweh This paperdescribeghe architectue of 7ZAMAN and
expeiimentally quariifies the costof usinga calendasenerto translateandmanipilatedates.

Keywords: Time, multiple calendars,calendric sysems,tempora datatypes datdime representaion.

1 Intr oduction

Thereis a ned for a systemthat cansupprt multiple calendars Temporaldatais preentin someform in
mostapplications. Einsteiris theay of relativity podts thatanobsever measuresime relative to aframeof
reference.For mostobseners,espedlly thosetraveling ata (small!) fraction of thespeedof light, theframe
of referenceis influencedmostby the observer’s cultural andlinguistic backgound Diversebadkgrounds
have produwcedmary different waysto measue time. According to Fraseyabaut forty major calendarsare
in daily use[Fra87. Eventhoudh time is measued, represenéd, and usedin mary different ways, most
appications imposea singe interpretation for time and tempora operations. For instance, the SQL-92
standrd datébasequelry languagerequiresdates to berepresentedsolely in the Gregoriancalendar[MS93].

This pape preentstZAMAN, asydemthatprovidestemporl functionality for applicatiors thatneedto
calcuate, format, parse andbr comparetimeswithin eithera single calerdar or acressmultiple calerdars.
The project nameis compeedof the Turkish word for time, Zaman (pronourced “Zah-mor’), andthe
Greekletter, 7 (pronouncedtau), which denotsthatit is partof the TemporalAccessfor Users(tau) projed
staredatthe Universty of Arizonal

Theintendeduseof TZAMAN is asacalendarsener, for multiple calerdars.7ZAMAN takes a“runtime-
binding” apgroachto integratingmultiple calerdars.In runtime binding, calendirsandsuppating tablesare
developedin isolationatdifferentlocations,andaresubseguenty loadedasneede into arunnng 7ZAMAN
systan. For instarce,a developerin Francecould specfy a Gregorian calendar anoherin Australia could
write tablesfor monthnamesn English, athird developerin SaudiArabiacoud build anlslamic calerdar,
anda fourth in Ja@n coud write Islamic monthnamesin Japaese.Eachdeveloperworks independently.
Whenfinishad, a developer places a desciption of his or herwork on the webformatedin the Extensble
Markup Languag (XML) [W3CO0Q. Thenauserin Canadacouldspecify acalendic systenutilizing all of
theseresoucesthough a simplespedfication (againin XML). 7ZAMAN integratesthe calendarsonly when
the calendic sysemis loaded. Usersof the systemcaninput andoutput timesin different languagesand
calerdars, perform inter-calendar corversiors, and compae and modify timesasdesired. 7ZAMAN also
providesarangeof arithmeticandcompaisonopeations ontimes,for examplethere is anopemtionto add
aninterval(e.g.,"1 week”)to aninstant(e.g.,"January 1, 2004").

Ihttp://www.c  s.arizona.ed  u/tau



TZAMAN is a calerdarindepadert framenork thatincorporaesseveralnovel featuresfor enabling the
rapidintegration of multiple calerdars.

e TZAMAN is a client/sener sygem. Calendas canbe compicatedand codly to develop, which is
onerea®n why applications usualy have limited support for time. Whena calerdar is developed,
it is uselll to sharethe calendaramongmary apdicationsandusers.A client/sener sysemenales
the credion of “calendarseners” that can provide calendrrelated senicesto multiple clients. We
anticipatethattherewill be TZAMAN seners,or moreprecsely 7ZAMAN web senices,running on
well-known sites espeially for the major calerdars.

e A key part of the desigh of TZAMAN is the ability to add calerdarsand input-outpu formatson
the fly, at runtime. New calerdarsand othe userdefinedinformation suchas natual language
or input-output formatsfor tempora literals, canbe integratedinto a multi-calendar systemwithout
recampiling TZAMAN or evenstoppng andrestartinga rZAMAN Sener.

e TZAMAN makesextersive useof XML. XML is beaomingincreasindy popular in webapplications
for excharging dataanddescibing senices.In TZAMAN, all calendarrelated specificationsare XML
doauments.Using XML alsohelpsto improve the parsng of thefilesfor specifying 7ZAMAN compo
nerts, making it easie to develop calendars.For instance,aspedficationfile in XML canbevalidated
with an XML schemdanguage like XML SchemdFal0l]. 7ZAMAN alsosupportsthe constuction
anduseof XML-sensifive formats to input and output tempora literals since we anticipatea future
growth in theuseof XML to representtimesanddates

This pape is organzedasfoll ows. The next secton preentssereral examplescenaios showinghow
TZAMAN can be used Sectin 3 introducesthe major time-relded concepts that are implemeried in
TZAMAN. The architectureis desribedin Section4, which consigs of an overview of the major pack
agesanda detailked disaussion of theroles of individual classs. We shav how developersanduses creae
andusecalerdarsin TZAMAN.

We performedseverd experimentsto measurehe efficiency of 7ZAMAN. Theresuts arerepatedin
Section5. Sectin 6 presets a prototype enduserand calendir developer tool, with a Graphical User
Interface(GUI), thatusesrZAMAN to translateandmanipubtedates. Thelasttwo sectonsdiscussrelated
reseach andlist the corntributions andfuture diredions of this reseach.

2 UsageScenarios

This sedion presats several examplesto motivatethe utility andfunctiondity of 7ZAMAN. Eachexample
is a searatescerario. The scenaios becaneincreasirgly moresophisticated.

In the first scenaio a use, let’s call her Leslie, hasa long list of bankng record timestanpedwith
Grgyorian calerdar dates. The datesare formated using a style commonin the United Statesof America
(mm/dd/yyy y). Leslieis sendng therecordsto Paris, so shewould like to corvert the datesto a format
usedin Europe(dd/mm/yyyy ). Figurel shovs a conaeteexampleof sucha cornversion.This corversin
is very simple.Onecould imagine writing a Perlscript, or aprog-amin another string processimg language,
to perfarm the corversion 7ZAMAN canalsocorvert timesbetwea formats. To do a format cornversia,
Lesliewould first connest to a GregoriancalerdarrZAMAN sener, pushan Instant input propeaty with the
USA format, and pushan Instant output property with the Europeanformat. Next, for eachdate,Leslie
would constructaninstart (e.g.,by calling the Instart class congructar) andsubsguenty have thatinstart
outputitsdf. Theinstart would be constuctedusingthe Gregorian calendarandthe USA format, but output
in the Europanformat



04/08 /200 3 — 08/0 4/200 3

Figurel: Corverting adatefrom a USA to a Europea format

<date > <dat e>
<month valu e = "04" /> <day >08</day>
<day valu e = "08" /> — <morth>0 4</mo nth>
<year val ue = "200 3" /> <year>20 03</y ear>
</dat e> </da te>

Figure2: An XML-basedcorversionfrom USA to Europea dateformat

The secand scenaio is similar to thefirst, but instead of an ungructured text document, Leslie hasan
XML documemn The datesin the documen are encoad within <dat e> elemeints. Shewould like to
do the samekind of corversian, from USA to Europearformat, asillustratedin Figure2. 7ZAMAN can
alsoperform XML-sensitve conversians. The conversian usesthe sameprocesesasthe previousscerario,
only the Instantinput property and Instant outpu property would have to charge to usethe XML-based
formats(l/O formats canbe specified by user3. We antidpatethat XML-basedcorversimswill becane
morecommonthan unstuctured text conversiorsin future.

Thethird scenaio con@rnscharging thelanguagein which a calerdar dateis representeal. Lesliehasa
friend in India. Shet like to trarslateGregoriancalerdar dates thatinclude an Englishmonthnameinto a
datewith the monthnamegivenin Hindi, without charging the formatasillustratedin Figure3. 7ZAMAN
supports using different languagesand different chamctersetsfor fieldsin formats, suchasthe nameof
the month. New tablesfor languagesupyort, encdedas XML doauments,canbe dynamially loadedas
neeckd.

Thefourth scerario concenscorverting timesbetweencalerdars.Leslie contactsa businessin Cairoto
integrate her bankng informaton with Egyptian purchasedata. The businessasks Leslieto trandate eah
Grgyorian calerdar dateto the correspording datein the Islamic calerdar. Figure 4 illustratesthe desred
corversionfrom the Gregorianto the Islamic calerdar. The figure rendes the Islamic datein Englishfor
expostory purmposes the languagecould be transhtedto Arabic during the corversionin a mannersimilar
to thethird scenaio.

Thefifth scenaio featulesacalerdarsenerto corvertatime from aGregorianto anlslamiccalendar A
sinde TZAMAN system canload severd calendarsat onceandapgy inter-calendhr corversiors. 7ZAMAN
could alsobedeployedin a distributed sysemasillustratedin Figure5. Thefigureshavs a“local” user(in
this scerario, thelocal useris the businessin Cairo) running 7ZAMAN that hasareliable implemenation of
thelslamic calendar Leslierunsa“remote” TZAMAN sener for the Gregoriancalendar. The“client” API
for TZAMAN is the samefor local and remoteseners, so clients do not have to be specalizedto manag
local and remoteservies differently. From a client’s persgective the only difference betwee local and

<dat e> <dat e>
<morth val ue = "Jan uvary" /> <morth valu e = "Magha" />
<day val ue = "08" /> — <day val ue = "08" />
<year valu e = "2003" /> <year value = "2003" />
</da te> </da te>

Figure3: A time valueis trandatedfrom English to Hindi



<dat e> <dat e>

<morth val ue = "Jan uvary" /> <morth valu e = "Saf ar"/>

<day val ue = "08" /> — <day val ue = "06" />

<year valu e = "20 03"/ > <year value = "14 24"/>
</da te> </da te>

Figure4: A Gregoriancalendarto Islamic calendhr corversian
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Figure5: Corvertingbetwea local andremoterZAMAN seners

remoteseners,other thanperformanceis thatthe seners have different names Thefigure showsa client
in contact with a single remotesener, but in geneal, a tZAMAN client cansimultareousy communcate
with multiple 7ZZAMAN seners.

Thesixth scenaio examinesatime grandarity cornversian. Supposé.esliewantsto know how muchshe
sperseachmonth.In orde to calculatetheamountpermonth shenealsto corvertthedateof eachbankng
recod from a grandarity of Gregoriancalendarday s to a granularity of Gregorian months, sothatshe
knows which recorc arein the samemonth. Figure 6(a) illustratesthis simple grandarity corversia.
A lessstraichtforward corversian would be from days to a grandarity of Gregorian weeks (assiming
Leslie would like to do a weekly analysis of her sperding). An even more complcatedcorversian would
becorverting atime atagrandarity of months to oneatagranularity of days (or weeks). For example,
suppseLeslieknows sheboudht anitemin March 2003, but doesnot know the exactday whenshebought
theitem. Generaly, corversimnsfrom coaseto fine grandaritiesresut in indeterminae times[DS9§. An
indeterminat time is a time thatis not precisely specfied, suchas“someime in March” or “last week”.
Figure 6(b) shavs anexamplecorversian. Thedateon theright half of thefigure indicatesthatthetime is
somedayin therangeof daysbetwea thefirst andlastdayin themonth 7ZAMAN supprtsbothintra- and
inter-calemlar grarularity corversiors. Additionally, TZAMAN provides clasgstha modelindeterminate
times,sotheindeterminay canbe accountedfor (or discardedif desied)in the corversion



Apri | 13, 2003 — April 2003
(a)days tomonths

April 2003 — April 1, 2003 ~Apri I 30, 2003
(b) morths to days

Figure6: Granulaity corversiors

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

Apri | 13, 2003 + 5 days — Apri | 18, 2003
(b) Adding aninterval to aninstant

Figure7: Evaluatngtempaal opeations

The seventh scenaio is abaut supporting arithmeticand compari®n opeatiors for time values. Leslie
wantsto sendherbankng recadsto Sydne to be integrated with datafrom Austrdian consumers.Leslie
obsevesthat Sydne is oneday ahead of the USA. To propely integratethe datasheneed to corvert the
datato local corditionsin Austrdia. For thetemporainformationin herrecads,shebascally nealsto add
onedayto eachdate.Sinceherdates arerepresentedn the USA format(mm/dd/yyy y), it is morecompli-
catedthatincreasingthe “day” numbe by one for instarce,a daythatendsa monthwould have to increase
the month (and posgbly the yean andsetthedayto 1. Increasinga dateby oneday is just one examplke
of the mary arithmeticandcomparson operations thatapplicatiors needto perform ontimes. An examplke
comparson is illustratedin Figure 7(a), and an example arithmetic operdion is depided in Figure 7(b).
Thefiguresshow relatively simpleoperdions. In geneal, theseopemtionscanbe complicatedbecasethe
operandsmay be at differentgrarularities, from differentcalerdars,in differentlanguagesandinvolve dif-
ferert formats. Thetimesin anopeation coud alsobe indeterminae or might eveninvolve spegal times,
suchasthevarialde time callednowthatrepresentgheever-chandng currenttime [CDI"97]. 7ZAMAN pro-
vides acomplde setof tempord compaisonopemtionsanda usdul setof arithmeticopemtions. 7ZAMAN
also supports a semantts interface that permits usersto imposespecal-pumposesemairics for tempord
opeitions suchascorverting operandsin binaty opeitionsto the grandarity of the left operand prior to
performing the operaion.

In sum,mary uses andappications needtempoal functiondity. Unfortunately, applicatiors are often
limited in their supyort for time becawseit is costly to develop the code needadto fully sugportinput and
output in a wide range of formats, languages,and calerdars, correctly perform grarularity corversiors,
andimplementa complde setof tempora opeations. Whatis neeatdis aflexible, extensble systemthat
supports the moddar definition of calendars and granularities, canload new calerdarswhenneecd, and
canhande all the complexities of parsihg andformatting a wide varigty of times. The remainde of this
pape descrbesonesuchsystam.

3 71Zaman Concepts

Thissecton introducesconaptsthatareof utility to usersof 7ZAMAN, namelycalendars, calendric sysems
andvarious tempoal datatypes. A calendaris a humanabstration of time. Reades arelikely to be most
familiar with the Gregorian calerdar, but mary othe calendarsarealsoin daily use. Relatedcalendarsare
grouypedinto larger strudurescalledcalerdric systems A calendric systan facilitatesinteraction amonga



| Calenda | Descrption
uTC2 Reviseduniversal coordnated time
Greggorian Commonwesten solarwith months
Lunar Commoneasernlunar
Julian Westernsolarwith yeas anddays
Meso-amecan | 260daycycles
Academic Yearconrsistsof semestey

CommonFiscal | Finandal yearbeginsatNew Year
AcademicFiscal | Finangal yearstaitsin Fall

FederalFiscal Finangal yearstatsin October

Timecard 8 hour daysand5 dayweeks

3-shift Work Day | 24 hourdaydividedinto threeshifts of 8 hous
Carboni4 Time basedon radioactive decay

Geologt Time basedon geobgic processes

Table1l: Commoncalendars

grow of calerdars.7ZAMAN suppats tempaal opeiationson threetempoal datatypes: instants, periods,
andintervals [JC9§. An instant represens a point on anundelying time-line, a periad is thetime betwea
two instarts, andanintervalis a duration of time. In the remaincer of this sectiacn we explain eachconcept
in moredetal. Section4 presemsthe rZAMAN archtectuie to support the concets.

3.1 Calendars

A calerdar is a humanabstactionof time [JC9§. Calendrsdefinethe time valuesof interestto a use,
usudly over a specfic segmert of the physica time-line. A calerdar familiar to mary is the Gregorian
calerdar, basel on the rotation of the Earth on its axis andits revolution around the Sun. Somewesten
cultureshave usedthe Gregorian calerdar since the late 16th centuly to measurghe pasageof time. As
anoherexampk,thelslamic calerdaris alunar calerdar, bagedontheamountof timerequredfor theMoon
to revolve arownd the Earth. Yearsin the Islamic calerdararecourted sincethe Hijra (Mohammeds flight
to Medina), which correspond to the Gregorian calerdaryear622 C.E.

The Gregorian and lunar calendarsare examples of daily and montHy calerdars, but, in geneal, a
calerdar can measurdime using ary well-defined time unit. For example,an emplo/eetime cardcanbe
regarded asa calendarwhich measurstime in eight-hour incremens andis only definedfor five daysof
eachweek. We notethat mary different calerdarsexist, and that no calerdar is inherently “better” than
anoher;thevalueof a partiaular calendaris wholly determired by the population thatusesit. Tablel lists
severd prominently-usedcalendrs.

It is important to alsosupport “one-off” or special-purpos calerdars. The usageof a calendardepends
onthe cultural, legal, andeven businessorierntation of the user For example,businesss gererally perform
accaunting relative to somefiscal year. However, the definition of fiscal year varies depading on the
business.Univerdties may have their fiscal calerdar coincide with the academicyearin order to simplify
accaunting. Otherinstitutions usethe morecommonhalf-yearly or quartely definitionsof fiscalyear

To enabk calerdarsto be developedin isolation yet be rapidy integratedinto a multi-caenda appli
cation, a modulardefinition of a calendaris essetial. The defining charaterisics of a calerdar canbe
partitionedinto two sets:intri nsic characterigtics which definethe universalqualities of the calendar, and
extrinsic characteristics which definetheuse-dependert or varying qualities of thecalerdar[SS92,S0093.



| Property Descrigtion

Locale Location for timezore displacement

Instent input format Input formatstring for instarts; therearealsoformats for now-relative andinde-
terminde instants.

Instent output format | Outputformatstring for instants;there arealsoformatsfor now-relative andin-
detaminateinstants.

Intervalinput format | Input formatstringfor interval; thereis alsoa formatfor indeteminateintervals
Intervaloutput format | Outputformatstringfor interval; thereis alsoa formatfor indeterminateintervals
Periodinput format Input formatstringfor periods

Periodoutput format | Outputformatstring for periods

Table2: Calerdarproperties

Theintrinsic charateristcs of acalerdardefinethesemantisof the calendarandof its compaentsthat
depend diredly on suchsemants. For example,the duraion of time units (e.g.,week, month andtheir
interrelationshigs areintrinsic compmentsof a calendr. Functians performing calendardefinedcomputa
tionsarealsointrinsic. An exampleof suchafunction would be,isLe apYear(ye ar) ,fortheGregorian
calerdar, which returrs a Booleanvalueindicatingwhether the givenyearis aleapyear

Theintrinsic charateridics of a calerdarinclude a collectionof tempoal granularities A grarularity
is asystan of measuementfor atempaal datum[BDE"98, JC9§. For instance,in the Gregorian calerdar,
birth dates aretypically measued in the grarularity of days andtrain schedulesare spedfied to that of
minutes . Sincemeaswementsare discrde, a grandarity credesa disaeteimageof a time-line. More
preciely, theundelying time-line canbethought of asbeing choppedinto segmens calledgranues Times
aremeasurd to a grarule within agrandarity.

It is important for a userpopuation to be able to definetheir own granularities; ary fixed systen of
grarularities, suchasthosesuppated by SQL from the Gregorian calerdar, will not meetthe needsof all
users In that sensea calendarcanbe definedasa collection of related grandarities[WBBJ97, DELS00,
BJWO0(J. Granulaitiesarerelatedin thesengthat thegranuesin onegrarularity maybefurtheraggegated
to form larger grarulesbelorging to a coarsergrarularity [BDE"98]. For example,asevery Gregorian year
is anaggegationof 365 or 366 days, it follows that year s is a coar®r grandarity thanday s. Similarly,
days is afiner grandarity than years .

The extrinsic charateridics of a calerdar captue the properties of a calerdar that vary depending on
the orientation of the user As anexampleof this type of characterstic, considerthe samedateexpresgdin
differentlanguage, sayEnglish andHindi. The Gregoriancalendardatemaybewrittenas“January/1/1999
in English but in Hindi it would be “Magha/1/1999”. A sinde date may also be expresedin severd
formats e.qg.,it couldbeastringlike“Augug 202003 or anXML-formattedstringsuchas" <date>August,
20 2003</date>". Both of the formats arein Englishi however, they are strucurally very different. Yet
anoherexampleis the differencebetwee themm/dd/yy yy formatprefaredin the United Statesandthe
dd/mm/yy yy formatusedin mary other courtries. Often, intermational standirdsandlanguagesmpos a
sinde repregntatbn. For example the ISO 8601 intermational format repregntsdatesonly in the context
of the Greggorian calendarandhasa rigid setof definedformats[Int0Q]. In contrast,7ZAMAN provides
support for userdefinedextrinsic charaterisics of calendars and hencecan supprt multiple languages
anddifferentformats for dates.

We have identified a setof calerdarpropeatiesapplicableto mary calendars.Table2 lists the propeties.
Calendarsfor which a particular property doesnot apply canignorethevalue of the property, if it is defined.
Appendx C contans a completede<ription of the propertiesin Table2.



70,000 B.C.E. 600 B.C.E. 100 B.C.E. 1917 C.E. 1929 C.E. 1931 C.E.

Geologic Carbon-14 Roman Julian Gregorian Communist Gregorian
Calendar Calendar Calendar Calendar Calendar Calendar Calendar

Figure8: The Russiancalendic system

| DataType | Scerrio |

instent “When did Alice starttherace?
periad “When wasAlice running?”
interval “How long did Alice run?”

Table3: Examplesof temporaldata types

3.2 Calendric Systems

Calendic systemsrecolledionsof calendarswhereeachcalendarcoversaconiguousandnon-overlappng
portion of the time-line, calledanepod [JC9]. It is possble thatthere aretimeson the time-line thatare
not coveredby ary epochfor a calendarin a calendric systan. Figure 8 illustratesthe Russiancalerdric
system. It caguresthe useof calerdarsover time in the areaof the world called(in English “Russia” In
thefigure, thetime-line is not showvn to scde. In prehigoric epocts, the Geologc calendir andCarbonr14
dating (anaherform of a calendar)areusedto measue time. During the Romanempirethe lunar calerdar
developed by the Romanrepwlic wasusel. PopeJulius, in the 1st Centuy B.CE., introducel a sola
calerdar, known asthe Julian calerdar This calendr wasin useuntil the 1917 Bolshevik revolution when
the Gregorian calendat first introducedby PopeGregory Xl in 1572, wasadgoted. In 1929 the Soviets
introduceda continuous schalule work weekbasel on four daysof work followed by oneday of rest in an
attemptto breaktradition with the seven-day week. This new calendar the Communistcalendr, hadthe
failing thatonly eighty perentof the work force wasactive on ary day, andwasabardonedafteronly two
yearsin favor of the Gregoriancalendar whichis still in usetodayin thatcourtry.

TZAMAN is the only systemthatwe know of that supports multiple calerdarswithin a singe calerdric
systen. Most systensthat suppat time have only a single, pre-cefinedcalerdar over a very small epod.
For exampke, a DBMS thatimplementsthe SQL2 proposalsupports only the Gregorian calendarandonly
overtheepachfrom 1 C. E.t0 9999C. E. [Dat88 MS93]. Thisis inadeguatefor appicationsthatmanipuate
time valuesthat fall outdde of this epod, suchasdevelopng a histolical recad of andent Egypt. Also,
applicationsthat usetime valuesthatarewithin this epod, but in a differentcalendar, canrot be adeqiately
supprted By allowing multiple calendric sygemsto exist within anapplication andsupporting calerdric
systens with multiple calendars,we offer a genegal notion of expressingtime thatis ableto captue the
entire histary of anenteprise.

3.3 Temporal Data Types

TZAMAN hasthreetempora datatypeswith rich semanits that captue the intuitive andfamiliar conepts
of time: instants periods andintervals. The datatypesare explainedin detal in the restof this secton;
Table3 givesanexampleusagefor eachtype.

An instant modelsa singlepoint in time [JC98. Onacontnuous time-ling, it is geneally not possble
to predsely identify asingle time point becaiseour ability to measurdime is inherently imprecise [CR87].



For example,if a wristwatch repats that the currert time is 3:45.23 PM., the time is actudly someime
during thatsecand, but it is unknown exacty when. The wristwatch canonly measureo the accuacy of
the grarularity of seco nds. Usually, aninstent is modekd by a singe grarule. But moregererally, an
instant is repregntedby a sequenceof grandes, calledthe support, together with an optional probability
distribution on the sugport [DS98]. The suppat indicatesthe possble grandesto which thetime is known
while the distribution recoids the probability that the instant is a particular grarule. The support extends
from alower sugport grarule, [, to anupper supprt grande, v in agrandarity, G, andin this pape will be
desighatedusingthe following notation:

lvu={geG|l<g<u}

It is posgble that the lower and upper suppats are the same,indicating that the instant is modelal
by a single granule. In this case the instart is called a deteminateinstant. Otherwise it is called an
indeterminatk instart.

While it is important to recognize thatinstants are spedfied only to the precision of a particular granu
larity, it is equdly importantto choosethe correct grandarity. Sometimesfor rea®nsof linguistic corve-
nience,humansunde-speify atime, thatis, they specfy atimein avery coasegrarularity whenthetime
thatit signifiesis actudly known or intencedto beatavery fine grandarity. For example,if ashipschedile
states thata shipdepats at 3 PM., thenthetime of the ship departureis givenin the grandarity of hours ,
but“3 P.M.” is (probably) accuateto a muchfiner grarularity, specificdly to thegrandarity of minutes .

A period is a segmentof thetime-line[JC9§. A periodcanberepregntedwith a pair of grandes. A
periad that extends from grande ¢ to grarule g, is the setof grarulesin G betweeng; andg-, under the
congraintthatg; < g». Periodsliterals canbe givenaseither openor closed anopenpeliod excludesthe
bourding grarule from the period. For exampk, in the Gregorian calendarthe closedperiod “[1/1/1776 -
12/31/177®]" repregntsall thedaysin theyear1776 Wewill assumehatboth the stating andterminding
grarules arein the samegranuarity. Instarts and periods are relatedin the sen® that two instantscan
uniquely detemine a period, anda period’s bourding instants canalways be detemined.

An interval is anunanchoreddurafon of time, thatis, it is anamountof time with known lengh but no
spedfic startirg or endirg instants[JC9§. For example,theinterval“oneweek”is knowvn to have aduraion
of sevendays,but oneweekcanrefer to arny duration of seven conseutive days. An interval canbe either
postive, denotng forward motionin time, or negative, denotng badkwardsmotionin time.

It is importan to notethatintervals do not necesarily have a fixed duration. For example,the length
of theinterval“one month' in the Gregorian calendarchangesfrom monthto monthwhenobseved at the
grarularity of days . In Februay the duration of amonthmight be 28 days, but in Juneit bemmes31 days.

Finally, thereare someinstarts that have special semaitics. Beginning andforever arespecial instants
representirg the eariestandlates possible times,respetively, that is, minimal andmaximalinstarts. The
instant nowrepregntsthe congantly changng currenttime. A now-relative instantincludesa dispacemen
from the currenttime, e.g.,now + 1 day[CDI*97]. The specal instarts canbe usedin periods,andsome
speqal intervalsalsoexist. For instance,theinterval all of timeis the duraion from beginning to forever.

TZAMAN supports a bast setof arithmetic operatiors involving instarcesof the instant, periad, and
interval datatypes. For example,one maywish to determire the arrival time of a train givenits depature
time and the duraion of its trip by adding an interval to an instant, e.g., “March 28, 2003” + “1 day’
givesthearrival instart, whichis “March 29, 2003". Table4 shows the supportedopemtionsandopeands.
‘I, '*' and‘+ arebinary operdorsimplemening the opemations of division, multiplication, andaddtion,
respetively. ‘- ' implementsbinary sultraction in addition to intervalvaluenegation, a unary operdion.

Notethatthe opeations arenot orthogonal. For example,instart * instant is unddinedsincenorea®n-
ablesemarnits for thatexpressionexists.



| Opeand1 Opemtor Opemnd2 Yelds |

- interval interval
interval + interval interval
interval - interval interval
instant + interval instant
instant - interval instant
interval + instart instant
instant - instart interval
interval * numeic interval
numerc * interval interval
interval / numeic interval
interval / interval  numerc
interval + period period
period + interval period
period - interval period

Table4: Valid arithmeticexpressiors andresuls

TZAMAN hasa completeset of tempoal comparson opeations. Determiring a tempaal ordeing
relaionshp betwee a pair of objedsis cential to mary applicatiors. For example,onemight beinterested
in which employeeswere hired during a particular yea, or giventwo emplo/ees,who hasmore seniaity.
Allen definad a completesetof relationshps betweerperiods[All83]. TZAMAN extends Allen’s operdors
with ananabgous setof operatorsfor theinstantandinterval datatypes Table5 liststheavailableoperations
in TZAMAN. This setwasshowvn to be complet elsevhere [SIS95].

The arithmetic and compaison opeiations discusedabove assumehat the operandsarein the same
grarularity. In orde to have a sysematicway of handing opemndsat different grarularities, TZAMAN
allows uses to definetheir own semairics for opeations on tempaoal datatypes Usually this involves
corverting oneoperam to the grandarity of the othe opeand. For example, supmsethataninterval, say
“1 day” knownto Gregorian days is to be addedto aninstant, say“12:00, March 1, 2003” at Gregorian
hour s. Below arefour reamnabk semantisfor evaluaing the operaton.

Mismatch Give amismatcledgrarularity error[AQdO83.

Left-operand semantics Performthe operation at the grandarity of thefirst operaml. Thisis reminisent
of theassigimentoperdor in mary strondy typed languageswhich cass the valueof theright hard
sideto thetype of theleft handside.

Right-operand semantics Performthe operationatthe grandarity of the secom opeand. Thisis reminis
centof someexpressiors in C++, e.g.,7/2 .0 , which corvertsthe value of the left handside of the
division operdor to thefloating point type, becasetheright handsideis afloating point number

Finer semantics Performthe opeaation to the finer grarularity [CR87,Sar93 WJL9]]. If thetwo granu
larities areincomparalte (neitheris finer thanthe other), thenperfomm the opeationto a grarularity
finerthanbothamguments;if noneexists, give anerrar.

Coarsea semantics Performthe operationto the coargr grarularity [BP85 MMCR92]. For incomparabé
grarularities, perform the operaton to a grarularity thatis minimally coarer.
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| Opeland1  Opemator Operand?2 |

interval equal s interval
interval  pre cedes interval
instant equal s instant
instant  pre cedes instant
instant  pre cedes period
instant  overlaps period
period pre cedes instant
period overlaps instant
period pre cedes period
period equal s period
period meets period
period overlaps period
period contains period

Table5: A partid list of compaisonoperdors

4 tZaman Ar chitecture

In this sedion we presntthe archtecture of 7ZAMAN, andoutline how to usethe system.The key desim
featuesof thearchiectureareextensibility andsenice. 7ZZAMAN providesextensbility in two ways. First,
it supports multiple calendars multiple languages anda wide range of formatsfor time input and output.
Second TZAMAN canby dynamically recanfigured Calendirsandcalerdric systens canbe dynamially
loaded or reloadedwith new spedfications. TZAMAN provides service by implementing a client/sener
archiecture. A calendarsener canbeaccesedby mary remoteclients.

We implemened rZAMAN in Java. While the architectureis independen of a particular proggamming
language, the desgn was influenced by the availability in Java of certan language featues. Below we
list the six reasms why we chaseto implemernt using Java. First, portallity is a big concen. We'd like
TZAMAN to operde on mosthardware andoperating systemplatforms,even PDAs. The Java Virtual Ma-
chine (JVM) providesa stable platform-indegendeat ervironmentin which 7ZAMAN canberun. Second,
Javais “network-friendly’ in the sersethatit hasstrongsugport for network communi@tion andbuilding
client/senersysems.We madeextensive useof Java'sRemoteMethad Invocaion (RMI) classs. 7ZAMAN
canrun asacalerdarsener, providing a network resouce for hardling timesin a spedfic calerdar, suchas
the Gregorian or Julian calendar Third, we anticipatethat calerdarrelateddata,suchas calerdar specifi-
cationsfilesin XML, will be madeaccesible ontheweh Java classesareavailable to fetch datausing the
Hypertext TransferProtowl (HTTP). Fourth, we anticipatethat XML will becane popular for repregnting
datesandtimes. So mostof the datathatis input andoutpu in 7ZAMAN, such astemporalconstats and
calerdar definition files, will be formatted in XML. 7ZAMAN berefits from the widely-usedandreliable
XML parsirg andprocesing packagesof Suns Java 2 platform, Standad Edition (J2SE)[Mic03]. Fifth,
Java supportsdynamic classloadng. Dynamicclassloading canbe usedto extend a calerdar sener with
new calerdarsat run-time. Sixth andfinally, Java providessuppat for Unicode We anticipatethattimes
anddateswill begivenin awide variety of charatersets.

Theremaincer of this secton preentsthe archiectue for rZAMAN. We first give a broad overview of
the major padkagesand how they arerelated. Next, TZAMAN is descibed from a users persgective. We
illustratehow to creak asenerandclient, andhow to constuctinstarcesof instants,intervals,andperiods.
Finally, eachof the majorarchitecturd comporentsis preentedin greate detail
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4.1 Overview

Figure 9 shavs the major compmentsof the architecture? In the figure, eachbox representsa group of

related packages.eachcompisedof anumberof Java clas®s,60 in totd. Usersarerepregntedwith ovals.
Therearetwo distinct categyories of users:adminstrators andendusers. An adminstrator loads calerdars,
calerdric sysems,andlanguagesupport tables, while an enduserinteractswith 7ZAMAN to manipuate
tempoal literals. A directededgein thefigure indicatesthat the source makesuseof the method in some
classin thetamget package.SincerZAMAN is anAPI theend-userandadministrata rolesareassunedby a
program;in mary caseghe sameprogamwill assumebothroles. Therearethree mainoperational flows.

1. Configumation— Thisflow is for configuing TZAMAN, suchasloadng calendirsandproperties, and
seting up TZAMAN senices. Configuiation canbe perfameddynamically, so a configuration flow
coud happe mary timesduring execution. In Figure 9 the corfiguration flow is representd by a
dasledline.

2. Input/Outpu — The secor flow of opemtion is related to grarularity conversiors and input and
output of temporalliterals. Input calls a tempora datatype constuctor for an instant, interval, or
period. Theinput andoutput flow is denotdwith asolid line in Figure9.

3. Operaions — The third andfinal flow is for temporad operdions (involving no grandarity corver
sions). T”ZAMAN providesasetof opemtionsthatuserscanperform oninstants,intervals,andperiods.
Thetempaal opeations flow is dendedwith adottedline in Figure9.

Therearefive groups of packages:low-level, calendrindepenlentaspects(TemporalDataTypeandTime-
stamp),calendarrelated aspets (Calenda Calerdric System,Propery andField), the bridge betweenthe
calerdarrelatedand calendarindependen aspets (Input/Output), and the sysem configuration interface
(TauZzamanSysta andClient/Sener).

The Timestampand TemporalData Type packagesencgsulde the compaentsfor the instant, periad,
andinterval datatypes Thepackagesareindependentof thecalendar althoughthecalerdarsareusedduring
input (construcion) andoutpu of timesvia the TauZamanSysimandClient/Sener packajes. A userwho
wantsto creat atempoal datatype from a string will interactwith TemporalDataType padkageasshovn
in Figure9. For example aninstantcanbe construcedby corverting a string suchas“March 14,2003 to a
grarulerepresenting theapprgriate dayin somecalendar;possbly it is day14,562in thedays grarularity.
On output, the instant is corvertedfrom a grande to a string by againusing a paricular calerdar andits
services. But the tempaal datatypes interact only with the TauZamanSysterand Client'Sener packaes
for inputandoutputasshavn in Figure9.

The Calendrc System,Calendr, Property and Field packayjesmanageaccesgo calerdarrelated ser
vices TheTauZamanSysta andClient/Sener packagesnvoke methodin thesepackayeswhenuserdoad
calerdarsandcalendric sysems.Extensbility of calendric sysemsandcalerdarsis oneof 7ZAMAN’sS main
desiq features. Calendarscanbe developedin isolation andthenloaded,dynamially, into a running sys-
tem. Additionally, new formats for input andoutput of time valuescanbe createl anddynamically loaded.
The new formats aredefinedin propeaty spedfication files. Eachnew formatcoud have a new languageor
anew namefor afeaturein aformat(e.g.,abbreviated monthnames).

Figure 9 shaws that the Input/Output packaye bridgesthe calerdardepenent and independet parts
of TZAMAN. Whena tempoal data type is parsel or formatted, related calerdar senices are called via
TauZamanSysta and Client'Servicepackaes. Input is called when a new instance of a tempoal data
type is constuctedfrom a string. The string is parsed into individual fields using a format specfied by a
calerdar property. Thefieldsarethenpas&dto a calendar which corvertstheminto oneor moregrarules.

2Theclassstructurein JavaDoccanbeviewedathttp://  www.eecs.wsu .edu/"cdyres  on/pub/tauZa man
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Figure9: An overview of theTZAMAN systam archtecture

The granude(s) formsthetime in the new instarce. For output, the proces is reversed. First the grarule or
grarulesare corvertedinto individuad fields by calling a calendar. Next the string is constuctedby using
theformatspecfied by anoutput property.

The TauZamanSysterand Client/Sener packagesmalke 7ZAMAN availableto enduses. TauZaman-
Systemis usedto perform input andoutpu opemtionsfor the TemporalData Type padkage. Additionally,
a usercan use TauZamanSysteno corfigure calendrrelated compments for instarce by loadng new
calerdric systens, properties andcalendars

TheClient/Sener padkageletstZAMAN berun aseithe asener, aclient, or both,asdescrbedin more
detal in the next sectbn.

4.2 Using7Zaman

This secton descrbeseachof theflows in moredetail, giving codeexamplesof using 7ZAMAN.

4.2.1 Connectingto 7ZAMAN

TZAMAN canberunasasener, client, or asingle sygemthatis botha clientandasener.

Sewver TZAMAN canbe setasa (remote)sener. The sener provides calendarresoucesto clients on a
network. Thesener managesll thecalendar-relatedinformation Clientscommunicée with asener
using remoteprocedurecall (RPC).A sener cansuppat multiple clients. Eachclient hasa sepaate
informationspace manage by thesener. 7ZaAMAN wasdesgnedto minimize theinformationflow
from clients to seners to improve the efficiency of RPC. Typically, eachcall will passeithe a URL,
asinde grarule, or ashortlist of granudes; sotheamoun of datashippedis small.
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Client A client connetsto a TZAMAN sener over a network. A client cancomectto multiple seners.
Clients individually manageeachsener conrection asa separge object. A client maintans all in-
starcesof the tempoal datatypes soInstant, Interval, and Periodobjeds resde on the client rathe
thanthe sener. This meanghattempora arithmetc andcomparsonoperations canbe perfomedat
the client, without involving the sener. Theseneris involvedonly in the congruction of atempora
datatype objed, input, outpu, andgrandarity corversims.

Local TZAMAN canalsoberun asasinge systan thatis botha client andsener. In this setwp, the client
andsener areonthe samemachine andRPCis not usedfor communi@tion. Only onelocal servie
canberunwithin aprocess(but the sygemcanstill connest asa clientto otherremot seners).

Finally, we shauld notethatwhenTZAMAN runsasasener, it canconnet asaclientto yetotherrZAmMAN

seners, creatirg a network of 7ZZAMAN seners. Soa sener thatdoesnot know how to hardle atempora

literal canpassit off to asenerthatdoes.

4.2.2 Running a tZAMAN sewer

Running TZAMAN asaseneris very easy First, theusermustcreade a TauZamanSyste maobjed.
TauZamanSystem tzs = new TauZamanSystem();

Next, theobjed is setto beasener.

TauZamanSystem.setRemot eService();

Thesenerneedgo do nothing else;it is now readyto processincoming requess from clients.

4.2.3 Running a T”ZAMAN client

Making a comectian asaclient to aseneris alsostraightforward. Firstaclient credesa TauZamanSys-
tem object.

TauZamanSystem tzs = new TauZamanSystem();

Next the connetion to the sener is estalished Below we showv the calls to crede both a locd servie
andaremoteservie. Theremotesenice is identfied by anIP numbe. During the credion, the servieis
requestedto load the “UofA CalerdricSysem” andusethe propeties (for formating time values)specfied
by the “properties.xml” file. Both specificdions are XML files; the calendic systemspecficationis given
in Apperdix B, while the properties arelistedin Appendi D.

TauZamanRenoteService tzrs = tzs.getRemot eService(
186.24.12.1 , /I IP of the server
"TauZaman", /I Name of service
"null", /I Use default RPC port
"UofA", /I Server-s ide name of calendric system to load initially
new URL("ht tp://www.eec s.wsu.edu/"c  dyreson/pub/ tauzaman/ari zonaCalSys.x ml"),
new URL("ht tp://www.eec s.wsu.edu/"c  dyreson/pub/ tauzaman/pro perties.xml" );
)i
TauZamanLocalService tzls = tzs.get LocalService (
"UofA", /I Server-s ide name of calendric system to load initially
new URL("ht tp://www.eec s.wsu.edu/"c  dyreson/pub/ tauzaman/ari zonaCalSys.x ml"),
new URL("ht tp://www.eec s.wsu.edu/’c  dyreson/pub/ tauzaman/pro perties.xml" ));

);
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A problemin making a connection, e.g.,abadURL, will throwa TauZamanExcep tion . Weemphaize
thata client will useexactly the sameinterfacefor all servicesprovidedby aloca or remotesenice; the
only distinction is in creatng the service. Also obseve thatthe XML specificsions neednot belocd to a
sener, asenerwill loadeachXML file from the HTTP sener namedn the URL.

4.2.4 Administrator activities

Oncethe conrection to a local or remotesener hasbea estallished a client canaskthe sener to load a
calerdric systemanda defaut setof propertiesfor that systen. Below is an exampleof an adminstrata
requestingthat alocal sener (tzl s) loadacalendric sysem.

tzls.loadCa lendricSyste  m(

"UofA clone", /I Server-side name of calendric system
new URL("ht tp://www.eec s.wsu.edu/’c  dyreson/pub/ tauzaman/ari zonaCalSys.x ml"),
new URL("ht tp://www.eec s.wsu.edu/"c  dyreson/pub/ tauzaman/pro perties.xml" );

);

Currenty, 7ZAMAN doesnot implemert levels of secuity on loading, i.e., anyone canload and name
calerdric systens. We planto addsecuity in future.

4.2.5 End-useractivities

It is alsoeasyfor aclient to createandmanipuhbteinstants, periods,andintervals. In thedesgnof TZAMAN,
we choseto simplify the syntax for creatng and manipuhting datatype instancesby adoping the notion
of anactive T”ZAMAN service andcalerdric systan. Obsene that a client coud have multiple conrectiors,
andeachsener coud have severd calendric systans. We let theclient estdlish animplicitly active servie
andsydem,to avoid having to spedfy eachin every TZAMAN method For example,suposetheclient has
opered a remotesenice (tzrs ) andalocd servie (tzls ). Furthermae, supposethe local service has
two calendric sydems:“UofA” and“UofA clon€’. To make thelocal senice and“UofA” calendric sydem
active in thecontext of a TauZamanSyste mobject(tzs ), theuserwould do thefoll owing.

tzs.setActi veService(tz  Is);
tzls.setAct iveCalendric ~ System("UofA ")

Oncethe active senice andsysten have beenestdlished, a client canconstructand manipdate instarces
of TZAMAN tempoal datatypeswithout having to passrZAMAN spedfic information to the congructors.
Below is anexampleof callsto thelnst ant andint erval constuctas.

Instant  instnt = new Instant( "<instant> <year value = "2003"/> <finstan t>");
Interval intrvl = new Interva I("<interval > <year value = "3"/> <finterv al>");
/Il An instant is output according to the instant  output property

System.out.  printin(inst nt.toString( );

Thepermisgble formatfor the XML in eachstringis spedfied by the correpondng instantor interval input
property in the active senice, or the default propetiesin the active calendric sysem.

Within a calendric sygem, thelnst ant object canbe corverted(cag or scaled to a new grarularity.
In the exampke below, the corversionis from Gregorianyeais to Gregoriandays

Instant  daylnstnt = instnt.ca  st(days); /I days is a Granula rity object

Thecastproducesanew instant. A castfrom yearsto dayswill producetheinstart correspomlingto thefirst
dayin theyear i.e.,“January 1, 2003". Alternatively, the instantcanbe castto a grarularity in a different
calerdar (but within the samecalerdric sysem). An example of an intra-calendic sysem corversia is
givenbelow Assumethatthe active calerdric systemhasGregorian andAstronamy calendars.
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/I astronom yDays is a Granula rity object in the Astronomy calenda r
Instant  astroDayl nstnt = instnt.cas t(astronomyD ays);

Inter-senice sysem corversionsare also sugported indirectly. In the example below the outpu of an
instant in onecalendric systam is piped into thelnsta nt constuctar for the new calendric sysem (note
thataninstant cache the calerdric sygemduring congruction, socharging theactive calerdric systenmwill
not chargethe semanttsof alread/ congructed instarts).

/I Use the local service
tzs.setActi veService(tz  Is);

Instant  instnt = new Instant( "<instant> <year value = '2003/> <finstan t>");
/I Switch to using the remote service, also changing the calendri ¢ system
tzs.setActi veService(tz  rs);

Instant  another = new Instant (instnt.toSt ring());

Onceaninstant, interval, or period hasbeenconstucted it canbe compaed, added subtrated, etc.
in the context of a Semartics object. Left operand semanits cass opelandsin binary operatiors to the
grarularity of the left operand, andthenperformsthe desred operation

Semantics Ops = new LeftOpera ndSemantics( );

/I Add the interval to the instant
Instant  result = Ops.add(inst nt, intrvl);

/I Is instnt earlier on the time-li ne than result?
if (Ops.pre cedes(instnt result))

Therestof thissecton providesadisaussian of individual comporentsin eachgroup of relatedpaclages.
Wefirst presentthelow-level building blocksin 7ZAMAN, suchascompmentsfor suppating opeationson
tempoal datatypes.Next, the high-level compmentsaredescrbed,in particular, the TauZamanSysmand
Client/Sener packayes.7ZAMAN is implemenedin Java; however the design could beimplemerted using
ary languageor system thatsuppats remoteprocedurecalls, dynamic loadng of clases(or functions),and
XML parsirg andprocessing

4.3 Supporting Operations on Temporal Data Types

The classesfor the TemporalData Type and Timestamppackagesform the calerdarindepadert part of

TZAMAN. Theseclas®sandinteractions are shownin Figure 10. In the figure, a solid box representsa

class while a dashe box representsa package. A direded edgeindicatesthat the soure classmakesuse
of the tamget, which canbe either anaher class or a padkage. Dasheal direded edges shav the interaction

from classeto padkageswherassolid direciededgesrepresentheinteractionbetweerclassesin thesame
package. Thetempaal datatype clasgesusesenicesprovidedby the TauZamanSysim and Client/Sener

packagesasshownin Figure9.

TheTimeValue classis the foundation of the calendarindependen partof 7ZAMAN. TimeValu e
encgsulaesthe sematics of the undelying time domain Many semattics are possble. Time canbe
modelal asdiscrae,dens, or continuous linear or branding; thedomaincoud bebourdedor infinite; and
time itself could be multidimensiaal (i.e., a space of valid andtransactiontime) [JS99. TheTime Valu e
classimplementsa specfic modeland provides method for arithmetc and compaison opeiationswithin
the model. Only onemodelcanbeimplemengedin a sygem. We chog to implemen a discrete,bounded,
onedimensiamal time doman. The bourds arethe specal values beginning andforever, representng the
earliestandlates possille times, resgectively. We usedJava’s long datatype for a time, so 204 different
timescanberepregnted In sixty-four bits it is possble to representcurrentestimate of the lifetime of the
universe,appraimately thirteenbilli onyeas, to the grandarity of secads.
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Figure10: Classesn the TemporalDataType and Timestamppackayes

Eachgrandarity creates a discreteimageof the time-line as a sequenceof grarules. The Gran ule
classasseiatesa TimeValu e object with a grarularity to form a granule. For instance the Time Valu e
with avalue of 3 is assa@iatedwith the grarularity of Gregoriandays to representthethird grarule in that
grarularity. Granuksarefurther classifiedasdetermirate,indeteminate or now-relaive. Theclassification
providesaddiional modelirg capailities. A detaminategranuleis a single TimeValu e indicating that
thelocationof thetime is known to a singe grande in thatgrandarity. An indeterminategrarule, however,
is atime thatis sometimebetweeranlowerandupperTimeVal ue, i.e.,asetof grandes. A Prob abil -
ityM assF uncti on object descibesthe probability of ead indeterminat alternatve. Commonmass
functions, suchasuniform andPoissm, canbe provided. Finally, a NowRelati veGr anule instanceis
a grande that moveswith the currert time. A now-relative granule may include aninterval that displaces
thegrarule afixeddistarcefrom now. Arithmetic andcomparsonopemtionsaresugorted for eachtype of
grarule.

Granuksarepartof the datastrudurein eachof the threetempora datatype classa: Ins tant |, Pe-
riod , andInt erva | . Eachof the clas®s canrepregnt determirate, indeterminat, and now-relative
times. String construcbrs arealsoprovided for each.For examplke thelnsta nt string constuctorwould
creat aninstart with adetermirategrarule whengiven“March 28,2003, aninstant with anindeterminae
grarule from “March 28,2003~ March29,2003", andaninstant with a now-relative grarule from “now +
5days.

The arithmetic and compaison opeitions discussedin Section3.3 are descibed by a Semantic s
interface For instance,a Semantic s providesan operdion to add an interval to aninstant, but not to
addtwo Instants. Senantic s is aninterfacerathe thana classbeausethereare severd reasomble se-
manticsfor performing an opemtion. For instanceone sematics, called left operand sematics, corverts
theright operandto the grandarity of theleft opermandprior to performingthe operdion. A desigherwould
implemen aninterfacewith whaterer semanttsis desiedby theuse. TheSemantic s interfaceis further
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Figurell: Classesor calendardepemientcomporents

subdassednto aDete rmina teSe manti cs interfaceandanind eter minat eSemantic s interface.
Onedifferencebetwveenthe two kinds of semantts is that the deteminatesemanits returrs boolean val-
uesfor compaison operdions, but the indeterminat semanics returrs an Exten dedBoole an value.
Exte nded Boole an implemens a threevaluedlogic onthevaluestru e, fals e, andmaybe. Thein-

deteminatesematics alsopermitstwo contrds ontheindeterminay in anoperation, called the plaugbilit y
andcredihlity. Thesecontrols arepresentedn detal elsavhere [DS98].

4.4 Calendar Support

The Calerdar, CalendicSystem,Propery and Field packajesimplemeri the calendardepementcompo

nens of 7ZAMAN. Userscanload, activate and de-activate calendric systans, calerdars, propeties and
field values, corvert tempord congantsto timestamg, and perform granularity corversiors. Figure 11
shawvs theindividual componatsthatcompiisethe calendr suppat. Classesn calerdarsupprt donotuse
ary othermajorcompmentof rZaMAN asshowvn in Figure9. Solid directededgesrepresentintra-paclage
interactiors, whereasgdasted direded edgesepresentinter-padkageinteractiors betweerclasses.

4.4.1 Calendar

The Calendar packageencapulaesa singe calendar We chos to representan individual calendarasa
combiration of two different informationsets. The first informationsetcorsistsof the XML specification
files for the calendir, grarularities, and grarularity mappirgs. Eachfile is createl as part of a calerdar
developmentprocessby a calendr developer. Examplesof the specficationsfor the Gregorian calendar are
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givenin Appendk A. Oneof thekey featuresof TZAMAN is thatit candynamically load calendars It does
thisby readirg the XML specficationsfor acalendar Soonceadevelopercreats acalerdar, it canbemade
availablefor loading into a calendarsener by simply making the specificgions available on theweh

The secand information setis the location of Java clas®sthat provide the codeto do irregular intra-
calerdargrarularity mappngs. Therearetwo mappngclassa: RegularM appi ng andirreg ular Map-
ping . Mostgrarularity corversiorsareregular [BDET98]. A regular mappingcanbedescibedcompleely
in the XML spedfication by a simpleformula. For example the relationshipbetwea Gregoriandays and
Gragorian weeks is regular since regular periods of seven daysgrouw into a week. Codefor perfarming
regular mappirgsis built into 7ZAMAN. An irregular mappingis a specal kind of corversionthatis not
redwcible to a simpleformula. Oneexampleof anirregular mappirg is the relationshipbetwee Gregorian
days andGregorianmonth s. Thenumbe of daysin a monthvariesfrom monthto month,andbecaseof
leapdays the samemonthmay have a differentnumker of days from yea to year Irregular mappirgs need
spedal code. A calendardeveloperhasto provide a Java class,which is dynamially loaded, to perform an
irregular mapping.

With thetwo informationsets 7ZAMAN canloadeverything it need abou anew calerdar, providedthe
calerdar specficationfile is valid. A validating pars& canensue thata specficationfile is alegal instance
thatconformsto an XML Schemadesription of the calendar specification. An exception is thrown if the
spedfication is invalid or other probdemsaredeteded during loading.

TZAMAN usesa calerdarrepasitory to sharecalerdarsamongmultiple uses. The Calen darR epos -
itor y classimplemens the repcsitory. To prevent duplicateloadng of calerdarsandincreasethe per-
formarce of 7ZAMAN, when a calerdar is loaded it is added to a calendar repasitory. User requess to
subequertly load the samecalerdar will fetch the alrealy loaded calerdar from the repacsitory. However,
TZAMAN providesacalendar‘refresh” opeationto forcereloading of a calerdarwhendesred,for instance,
if the spedfication file hasbeenupdated. In respnseto aload request,the calerdar repcsitory first deter-
minesif the calendr hasalrealy beenloaded. If found, the repcsitory simply returrs the found calerdar
object, othemwise, it startsto loadthe calendir from thelocation identified by the calerdar's URL. The URL
is usad asa primaty key in the calerdarrepository.

4.4.2 Calendric System

TheCalendrcSystenpackageimplemerisacalerdric sydem. A calendic systan is acollectionof multiple
calerdars. Like calendars calerdric systansarealsodescibed by XML speification files. The calerdric
system specificdion providesdefinitions for epocts, calendars a description of how to integratemultiple
calerdars, default properties (seeSectim 4.4.3), the location of Java classesto perfarm irregular inter-
calerdar mappirgs, and default regular expressiors for date parsng. Apperdix B includesan exampke
calerdric systen spedfication file, which importsthe GregorianandUniversiy of Arizonacalendars.

Themostimportantrole of acalerdric sysemis to integratethe calendarsthatit imports. In thecalerdric
system specificéion eachcalerdaris identified by aURL, whichlocaesthecalerdar’s specificaion file. The
calerdarsareloadal whenthe calendic systemis loaded. To simplify thewriting andhardling of calerdric
system specification files, imported calerdars can be given local names,valid within the context of that
calerdric sysem. The calerdarsare integratedby mappings betweengrandaritiesin differentimported
calerdars.Theinter-calendargrarularity mapping canberegular, in which casetheformula for mappingis
givenin the specificdion file, or irregular, in which casethe specificdion file includesa URL to acompiled
Java classthat performsthe mapping The compied class is loaded during loading of the calerdric system.
Thecalerdric systan usesthe mappihgsto facilitate grarularity corversiors [DELSO0Q].

Calendic systansareshaedin arepositoty. To preventduplicateloadng of calerdric systemsy ZAMAN
hasa calerdric sysemrepasitory. Whena calerdric sysemis initially loaded, it is addel to the repostory.
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Subsegentattemyis to load the samecalerdric systen will fetchthe alrealy loadedsysten from therepos
itory. A refresh operaion is availableto forcereloading The URL of the calendric systan specficationfile
is the primary key in therepostory.

4.4.3 Property

The Prop erty classimplementsthe extrinsic charaderistcs of eachcalerdar We idertified fourteen
kinds of propeties, which universally explain userdepemnient aspets of a calerdar More spedfically,
thereare propeties that definethe internal mechaismsof how a temporalliteral shoud be corvertedto
an underlying timestamp. Thereare also properties that provide othe important information sudc asa
timezore specification, to be usedin the input andoutput of tempoal literals. Appendx C summarkesthe
availablepropeties.

Propertes are definedin an XML specificdion file. A property spedfication file can contain severd
properties A property is idertified by the URL of the spedfication file that definesit and a property
name.An examplepropety specficationfile, contaning severalindividua properties canbefoundin Ap-
pendx D. A property repostory, similarin functiondity to the calendarandcalerdric sysemrepacsitories,
manags property loading andunloading Having a repostory helpsto improve the sharirg of properties
without duplication

Propery values, unlike calendirsandcalerdric systans,aredifferentfor eachindividual apdication. To
support userspecificproperties TZAMAN allocatesprivateproperty stackdo eachuse. Sincetheproperties
have calendrrelated compaents the stacksare maintanedon the sener-side ratherthanby a rZAMAN
client. Whena new property is desied, the use asksa TZAMAN sener to activate the propety. The
property is parsa from a specficationfile (or retrieved from the repasitory) and pushel onto the stackfor
thatproperty. Subseqgantly, userscande-adivatethe propety, causirg the propeaty to be poppedfrom the
stack

Propertes provide formats for input and output of tempaal literals. To illustrate this, assume that a
userfirst wantsinstantsto beparedaccaoding to a“mm/ddlyyy y” format Theuserwould actvate anew
instantinput propety with thatformat. Latertheuserdeddesto chargetheformatto “dd/m m/yy yy ”. The
userwould thenactvate a differentinstart input propeaty with the new format Theusercoud alsochang
othe formatting featues.

Within 7ZAMAN the Pro pert yManger classhardlesthe managemenof properties via the Prop -
erty Stac kServ ice class.

4.4.4 Field

A field is an atomic datetime feature of a tempaal literal. To illustrate fields, assumewe want to con
strud the instart for the tempoal literal “3/20/2003. The literal will be parsel into threefields using
the Input instant format property: the monthfield valueis 3, the day field is 20, andthe yearis 2003 A
field geneally representsa calerdar grarularity, but caninclude otherfeaturessud asthe nameof atime-
zone As anaherexampk, let’s assume we wantto constructa period from the literal “[March 20, 2003 -
March21,2003)". Thefollowing structureof fieldsis prodwcedby the parser using the Periodinput format
property: {delimiter="[", {month="3", day="20", year="2003"}, {month=“3", day="21", year="2003"},
delimiter=")"}. Thisfield structurecontans two field lists, onefor eachboundng instant,andtwo fieldsfor
delimiters,which areneedée to identify whetherthe period is closedor open on eithe side.
Fieldsarealsorelatedto languagesupport. Whenatemporalliteral is parsel into fields, eachfield can
be further interpretedby languagesupyort tables, called field value tablesor fv tables, that map strings to
field values.Considertheliteral “Mar/20/2003'. After parsirg, themonthfield would have thevalue“Mar”.
A field valuetable would be usedto mapthe string to the value 3 representirg the monthof March. During
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output the field value tables are usedto replece field values (integers)with the appr@riate output string.
We'll shav wherethesefield valuescomefrom in the next sectian.

Field value tables are descrbed in field value specfication XML files, which are loaded as part of
activating a propety. A field value table coud be implementedas a Java class. Apperdix E givesan
exampleof afield valuetable spedfication file. The tablesarecachel in a repostory to facilitate shaing
andreuse

4.5 Input/Outpu t

Input refersto the parsng of atempora literal during congruction of aninstarce of atempaal datatype.
Outputcorvertstheinstanceto a formatted string. Figure 12 shavs the classesandtheir interactionsin the
Input/Outputpackage.In addition, it alsoshowsinter-packageinteractionsin pardlel with Figure9. Since
output is largely thereverseof input, we will presntonly the proces for inputin detail

Although input canbe somavhat complcateddueto the possble existence of multiple calendars,lan-
guagesanda variety of formatproperties the input processcanbe summarzedin the following five major
steps Therestof this secton explains thesestepsin detail

1. Parsetheformat(an XML file) andbuild a Documen ObjectModel (DOM).
2. Parsetheliteral andbuild a DOM.

3. Matchtheliteral’s DOM with the format's DOM.

4. Extrad field values from theliteral’s DOM using regular expressions

5. Createafield list structure from thefield values

Thefirst stepis to pars the appiopriate input propety and build a DOM for the formatit contains.
A format specfies an accepable skeleton or structurefor a temporalliteral. Figure 13 shovs an example
instant input format property with the format enclesedin a <fo rmat> elemen. The example format
stipuatesthatonly literalsconssting of one<in stan t> elementwith threeattributesmorth , day, and
year , areaccepable. Theformatfurther idertifies fields within theliteral to extractfor furtherprocessim.
The presace of afield is indicatedby a field variable, which startswith a“$” chaacter Therearethree
varialesin theexampleformat $month , $day and$ye ar .

Thesemndstepis to applythe XML parserto theinputtempaal literal, building aDOM for theliteral.
Assumethattheliteral to parseis givenbelow.

<instant month="Ma rch" day="20 " year="2003 "/>
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<property = name = "Instantin putFormat">
<value>
<format>
<instant  month="$mont h" day="$day " year="$yea r'/>
</instant >

</format>

<fieldIinfo variable="mo nth" name="monthOfYear" using="engli = shMonthNames"/>
<fieldIinfo variable="da y" name="day OfMonth" using="ar abicNumeral" />
<fieldinfo variable="ye  ar" name="ye ar" using="a rabicNumeral "/>

</value >

</propert y>

Figure13: An exampleof aninstantinput formatproperty

Whenparsed,theliteral will creae a DOM with oneelemen node(<ins tant> ) andthreeattributenodes
(month, day, andyear ). Theelemen hasno content (subeementsor text). Eachof the attribute nodes
hasa nameanda value. As an aside we notethatwhitepacewithin anelemen tagis not repregntedin
a DOM, for instancetherecould be onespae or five spa@sbetwea the month andday attributes.We
further notethatthe orde of theattributesis notrecordedin the DOM.

Thethird stepmatchegshe DOM for theliteral agairst eachDOM for a format. The DOMs mustmatch
exactly, but variablesmustmatchatleag partially to anattributevalueor text value Sovariadescanonly
appearwheresometext is expeded. If no formatmatchesthentheliteral camot be parsedby the property.
An exceptionis thrownindicatingthatthe pars failed. The use cantry anaherparsewith anew property.
If amatchsucceds,thenthe strudure of theliteral is acceptable, but the varidbleshave yet to be assighed
values. In the example given above, the DOM for the literal matche the exampleformat DOM, with the
following variale assigiments: $manth = “March”, $day = “20", and$year = “2003". A format
canoptionally specify whetherextra whitespae in text nodes or attributevaluesis to be ignored during
matchirg.

The fourth stepusesregular expresionsto extract a value for eachvariade. The regular expresson
is built asfollows. Eachfield variable is descibed by a <fi eldl nfo> element. Thefield information
elemen identifiesafield valuetablethathasall of the possble legal field values. For examplethe $manth
field usesthe English Month Namefield value table which is a list of legal month namesin English.
Thetable alsohasaregular expresionfor recaynizing valuesin the table. For Engl ishMo nthN ame, the
regular expressionwould specify a non-zerosequenceof alphaetic charactes from the Westen charater
set. Thestring “Marc h” matcheghethird entryin this table(seeAppendx E), sothevalueof the $mmth
field is 3.

Therecoquizerregular expresson for anArab icNu meral table ontheothea hard would beanon-zero
sequenceof digits. Theregular expressionis apdied to the string value that matches the field variable (in
the examplke, eachfield matchesan attribute value) If the expressionproducesa match,the matchedstring
is checledto ensure thatit is in thelist of legal valuesin thetable. In this case thereis a Java function that
takes thestringmatchedby theregular expression(for $day , this stringis “20”) andreturrstheappmopriate
integer, 20. The sameprocessgenentesthe integer 2003 for the $year field.

Thefifth stepputs the integers matcted by eachfield variableinto a field list structure (the Fie Ids
clasg. Thefield list is a colledion of information extracted from atempora literal. A calerdarwill corvert
thefield list into agranue. For the Gregoriancalendarof Apperdix A, thefield list strudurewith a$math
of 3, a$day of 20,anda $year of 2003 the grarule 736004 will beretumed(consstentwith the origin
of thedaygrarularity of Jaruaryl1,1 C.E.).
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<property = name = "Indetermi natelnstantl nputFormat">
<value>
<format>
<indeterm inatelnstant >
<suppor t>$lower</su pport>
<suppor t>$upper</su pport>
<findeter minatelnstan  t>

</format>

<importForm at variable= "lower" name="Inst antlnputForm at"/>
<importForm at variable= "upper" name="Inst antlnputForm at"/>
</value >

</propert y>

Figure14: An exampleof anindeterminag instart input format propety

<indeterm inatelnstant >
<suppor t><instant year="2 003" month=" March" day="20"/>< /support>
<suppor t><instant day="21 " month="Mar ch" year="20 03"/></suppo rt>
</indeter minatelnstan  t>

Figure15: An exampleof anindeterminae instant literal

Indeterminatinstants,now-relative instants,anddeterminateandindeterminae periods all have “bound-
ing” instants. Theinstant input andoutpu format propertiescanbeimportedinto the format propertiesfor
othe temporad datatypes Figure 14 shavs anexampleindeteminateinstantformat propety. The uppe
and lower support are both instants. So the instant input format (e.g., as shown in Figure 13) is usa in
parsng thosecomporentsin an indeterminateinstant literal, suchasthe literal shovn in Figure 15. The
field list structureis slightly morecomplec for anindeterminde instant; it consitsof a pair of lists (onefor
eachsupport) asillu stratel in Figure16.

4.6 The TauZamanSystemand Client/Server Package

TheTauZamanSyst emclassis themanagrfor accessto TZAMAN. Figurel7 showstheclassinteractions
within TauZamanSysim and Client/Sewrer package. In the samefigure, interactions with Input/Output,
TemporalDataTypesand Timestampadagesarealsoshown.

Thereweretwo main desgn criteria that guided the developmentof the sener/client functionality in
TZAMAN.

1. Fromaclient' s perspectiwe,thereshauld beno coding differencebetweenusingaremoteandlocal ser
vice, exceptidentifyin g the serviceaslocal or remote.Our goalwasto make the distinction betwea
locd andremoteobjects transmarentto a client. However, full trangarerty canbe discancertng in
somedistributed systemapplcations sincetherecanbe profounddifferencesn performancebetwea
using local or remoteobjeds. Therefoe,in TZAMAN, ausermustsimply identify theservie aslocd
or remote.Knowing the service typewill inform usersof potenial peformancedifferences.

2. All instarcesof tempora datatypesarelocal. Our goalwasto minimize theamountandfrequengy of
client/sewercommuncation ldealy, arZAMAN clientwill have all locd resairces.Remotesenices
will beinvoked only whennecessaryprimarily for input, output, andgrandarity corversians. Rela-
tively few kindsof objectscanbe passedrom clientto sener; only theGranu le classis seridizable
(andtheclassesit references,namelyGranular ity andTimeValu e).
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Figure16: Field list strudurefor theindeterminat instart
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Figurel7: Theclas®sin the TauZamanSysta andClient/Sener pakages

Figure 18 illustratesthe client/sewer strudure. In the figure a TauZamanSyst em at the client side
conrectsto the seners TauZamanRemdeSer vice Handler , creathg areferasnceto a TauZaman-
RemdeSe rvice object Theremoteserviceandremoteobjectanddepidedwith dasledlinesattheclient
sideto indicatethatthe functionality andcodephysically resides in sener side Notethatthe TauZaman-
Syst emobjed, on the client side, can comectto multiple TauZamanServi ce objects. Client/server
communi@tionin T7ZAMAN usesRPCin Jara's RemoteMethad Invocatian (RMI) package.

A user whetherit is aclient or asener, credesasinge TauZamanSyste minstance.WhenrtZAMAN
is run asa sener, the TauZamanSyste mobjectis respasible for communcating with clients andman-
aging the four repasitories. Figure 19 shaws the strucure of a 7ZAMAN systemandthe repcsitoriesaftera
systan is creaktd. The repostories are popuated over time asa client loads calendric systems, calerdars,
properties andfield value tables The chadce of seting a sysem asa client or a sener is application
dependent

A TauZamanSyste mobject alsoprovidesTauZamanServi ce, which s theclient’s API for inter-
acting with calendrrelatedcomporents. A TauZamanServi ce offersall of the calerdarrelated meth-
odsto endusers This includesmethalsto load calendric systans,andcalendars to activate andde-adivate
properties andto input andoutput tempoal literals. To increasetheflexibility of the sysemfor the uses,
ause may have several servies, conrectingthe client to a local systemand multiple remot seners. The
TauZamanSyste mobject storesthe currerily active service clients switch amongthe mary servicesby
desigating the desiral serviceasactive.
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Figure19: A TauZamanSyst emafterinitialization

The TauZamanServ ice class is subclasedinto two senices, TauZamanlLocalS ervi ce and
TauZamanRemoteSer vice . A remoteservice is designedto be a remoteobject, thatis, it shauld be
registeredwith the object registry andreferencedby a client systen. To setup a TauZamanSyst emas
a sener, the usershoult first register the nameof the sener and publicize the URL of the listener. Any
TauZamanSyste mknowingthe URL andregisterednamecanconnet to the senerasaclient.

Eachservice hasanactive statethat storesthe current setof active comporents. The stateconsstsof a
calerdric systemandan opeationd sematics. A serviee may have loaded several calerdric sysgems. For
example a client may needthe Americancalendic system,which includesthe Astronany and Gregorian
calerdars,andin thesameservicealsoloadthe Russian calerdric systen, which managsthe Gregorian and
Communistcalerdars. However, only one calendric sysem canbe active at ary time. The client switches
betweerthe calendric systemswithin the senice by settirg the active calendric systemto thedesredcalen
dric sygem. Figure20 shavs a use thatis communi@tingto two services:a TauZamanLocal Serv ice
anda TauZamanRemdeSe rvic e. Thelocal servie is the currertly active senice. It includestwo
calerdric systens: Russiam andAmerican.The Americancalendic sygemis currently active.

Maintaining a “global” active service andactive stat within thatservice reduesthe overhead on tem-
pord datatype operdions. For instance,consicer aninstant constuctar. Insteadof having to passthe active
service and active calerdric sysemto the corstrucor, the active senice and stateareretrieved within the
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Figure20: Communicding with multiple servicesandcalendric sysems

congructor usingclassmethod in the TauZamanSyste mclass. This minimizesthe length of paramete
lists in methals. Furthemore,two of our desgn goalswereto support client/sener serviesandbe able
to utilize multiple calendric sygems. Temporaldatatype operdionsin 7ZAMAN, evenwith the addtional

functionality, need only area®nabknumbe of paramegrs,e.g.,theoperdion to addaninterval to aninstart
is invoked with only the interval andtheinstart. In 7ZAMAN, the active senice is cactedin ead createl
instance of atemporéa datatype, alongwith the active stateof the servie sothatthe instarce canbe later
output using the sameservice andcalerdric systam. If acadcedsenice or calerdric systan is sulsequatly

unloadedor deretrencel thenan excepion will be throvn whenopeiationson thosetemporaldatatypes
areinvoked.

5 Coding Statisticsand Experimental Results

This secton repotts on the sizeandperfaomanceof 7ZAMAN. Statistis abaut the 7ZAMAN’s implementa-
tion aregivenfirst, followed by resuts of several performanceexperiments.We measuedthe performance
of local andremoterZAMAN senicesin configuing a sysemandinput andoutput of temporalliterals.

5.1 Coding Statistics

The currert version of 7ZAMAN congsts of appraimately 12,5 lines of Java code, not including the
codein systan or third-party supplied classes. 7ZAMAN has60 clas®s organizedinto 8 packajes. We
developedrZAMAN usingSunsj2sdk1.4.102 ervironmert. We did not attempt to optimize performance
with a native-codeJava compier, or by tuning the code with a Java profiler. 7ZAMAN hasseveral package
depeardendes. Thedepenlencisarelisted belov along with thetasks for which eachis neeakd.

e java .rmi is usedto implementRPCbehaior.

java .net. URLGassL oader is usedfor dynamicloading of methals and clasesfor irregular
mappngs.

java x.xml .par ser andorg. w3c.d omareusedto parse andprocesshe XML-formattedspee
ification files, andduring input andoutpu of tempaal literals.

java .util  .reg ex is usedfor to matchregular expressiors for field valuesduring parsng of
tempaal literals.

java .util  .Has htabl e is usedextersively for implemening therepgcsitories.
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Figure21: A diagramof the ervironmentfor the experiments

5.2 Experiment Environment

We conductedthe experimentsin a distributed sygem ervironmert becase TZAMAN is a client/sener
systan. Figure 21 showsthe network architecturefor the machiresin the expelriment. The two primary
machiresin the ervironmert arebur gun anddyre son. bur gun is a Windowsbox, while dyre son
runs Linux. We measued the round trip time betwee burgu n and dyr eson at apprximately eight
millisecondsfor a dummyJava RMI call. Both machiresaresenedby a network file sener calledzeus ,
soloading andunloadinginvolve fetching files from zeus . We usedJava 2 SDK, versian 1.4.1.

5.3 Experiments on TauZamanSevwice Initialization

A clientaccessesrZAMAN by condructinga TauZamanServ ice objed, which could beremoteor local.
Theservieis staredby providing the URL of a calerdric sysemspecficationanda propety specfication.
The specficationfiles arefetched (via HTTP), parsel, andprocessedo form the defaut comporentsof the
service. In processingthe calerdric system specificaion, further fetchesaredonefor eachcalerdarmanage
by the calendric sydem. Startinga servie alsoinitializesthe repasitories.

The first experiment measuesthe performanceof creatng a local serviee. We usedthe specification
files givenin Appendx B andAppendx D. We staredalocal service on burg un by providing the URLs
of acalendic systemandpropety specificdion locatedonzeu s. We subsguenty recreatedthesamdocd
serviceto testthe perfaomanceof reloading the system (with objectscactedin therepostory). Table6 gives
the measurd times. All timesareroundedup to the millisecond. All timesin this andsubseguert figures
representa single round trip, unlessnoted otherwis. Sincethe senice is local, thereis no network cost
on the creaton, or recreation of the service. Theinitial loadng time is, not surpiisingly, muchlonge than
subequen loading timesbecaiserZAMAN provides repostories to cachereused objeds. Note that the
initial loading time is a “one-time” cost.
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\ | Total | Calendrt System| Propety Table|

Initial loadng 633 518 115
Subsegentloads 1 1 1

Table6: Averag loadng times(in milliseconds)of a TauZamanLocal Serv ice

Client Side Sener Side
Total Total | Calendic System| PropertyTable
Initial loading 720 686 499 187
Subsegentloads 30 1 1 1

Table7: Average loading times(in milliseconds)of a TauZamanRemaeSe rvice

The secand experiment measues the performanceof creatirg a remoteservi@. In this experiment
theclient is locatedat dyres on. Theclient creaesaremot TauZamanRemaeSer vice , idertifying
burg un astheremotesener. burg un loads the calerdric systemand property table spedfication files
from zeus via HTTP in respnseto therequest. Theresuts aregivenin Table7. We averaged thetimes
over five teststo smooththe effects of network congestion which leadto variationsof up to 40 millisecond
per round-trip. We sepaatedthe totd time (client side from the load time (sewer sidg. As with the
local senice performancethe time of theinitial loadis longe thansubseuert loads dueto caching in the
repacsitories. Notealsothattheinitial loadtime ontheclient sidetimeis longerthanthatfor thelocal service.
Thereasam is thatthereis overheadon estallishing communi@ation betweertheclient andtheremotesener
thatis only incurred with a remotesenice. In addition to the overhead of network, round-trip time there
is anaddtiond costbecaisea TauZamanRemdeSer vice objectis marshéed andunmarsialedduring
thecall. As statedpreviousy, thisis oneof thereasmsthatwe did not pursueafully transparendistributed
archiecture, sincerespnsetimesarelongerwith remoteservices.

The third experimen tess the performanceof input and output of tempora literals. The opeations
perfom effectively the sameamourt of work, just in a different seqence. So we will measue the totd
costof perfoming an input foll owed immediatdy by an output. The experiment testssix different kinds
of tempoal literal: deteminateinstant, now-relative instant, indeterminateinstant, (deteminate)interval,
deteminatepetliod, andindeteminateperiod. period, andinterval,andtheirindeterminateandnow-relative
formats Appendk D givesthe format propeties usedin the experimentsfor eachkind of tempoal literal.
Theseformats are of normal compleity ratherthan worst-case compleity. More complex formatswill
incur aslightly higher cost Theliterals testedaregivenin Appendx F.

We first experiment on a local senice; the next experiment is for a remoteservie. The local testis
perfoomedonbothburg un (aWindowsbox)anddyre son (aLinux box). burg un hasmorememoryand
afaser CPU.A TauZamanLocal Serv ice is creat& on eachmachire, with specificdion files fetched
from zeus . Table8 repats the resuls of the expeliment. Like the othe experimentsit is sepaatedinto
two different measurenents: an initial loading (for the first input and outpu) and a conseutive loadng
time. Thetimesaregivenin milliseconds. Theinitial costis higher thansubsguentl/O becaweinitially
theformatis parsedandthefield value tablesarefetched from zeus ; on subsguentcorversiors, the parseal
formatandfield value tables areretrieved from arepasitory.

The corversian timesdiffer for the different kinds of literals. The indeterminat periad is the slowvest,
while the determirate interval is the fastest. The differencesin the timings are becaisean indeterminae
periad is compo®d of four instants,sowe would expect it to take a bit longer than1/O of a single instant.
The determirate interval is the fastes becaiseit hasthe simplest format. burg un performs bette than
dyre son dueto bette hardware onburgu n.
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dyr eson burg un
Initial I/0 | Subseguentl/O || Initial I/O | Subsguentl/O
Instant 199 8 130 7
Now-relative Instant 226 12 150 8
Indeterminae Instant 249 17 155 13
Period 278 14 175 10
Indeterminae Period 330 19 220 14
Interval 159 6 100 5

Table 8: Average input and outpu times (in millisecond9 for different kinds of tempora literals usinga
local senice

dyr eson
Initial | Subseuent
/0 I/0
Instant 287 29
Now-relative Instant 383 41
Indeterminae Instant || 390 53
Period 365 35
Indeterminae Period | 402 37
Interval 258 28

Table 9: Average input and outpu times (in millisecond9 for different kinds of tempora literals usinga
remotesenice

We next testedinput andoutput in a remotesenice. We usedexadly the sameexperimern asfor the
local serviae, exceptthatwe usedaremot servie from aclient ondyr eson to aseneronburgu n. This
testincludesthe overhead on the network communcationandmarshéing of parametes, sothe overall cost
shoud be greate thanthatof thelocal service.

Table 9 shaws the resuts of this experiment. The costof the initial loadng includesthe time spen
fetching field value tables. Conseutive I/O costsare muchlower. Whencompaed to the local servie
test, we can ob=erwve the overhea in the remotecommuncation. The timesin Table 8 are lower than
those in Table9. The last obsevation to make abaut the resuts is that now-relative and indeterminae
instantsareevenmoreexpersive. Thereasm is thatthereis a single Instantconstrucor, ratherthansepaate
congructars for determirate, now-relative, and indeterminae instants. During construcion of aninstent,
the (deteminate) InstartinputFormat property is usel to parsethe instart. If the parsefails thenthe the
NowRelativelnstanthtputFormat is tried, followed by the IndetermingelnstntinputFormat. Each parse
failureresuts in anotrerround of RPChetweertheclient andthe sener until theappiopriate kind of instart
is finally congructed. (We could have hadthe sener try eachkind of property in suc@ssion This would
improvethetimesslightly, sinceit savesononeor two network round-trips. But overallthecog is dominated
by the parsing, sosucha refinementvouldn't have alarge impacton the performance)

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

TZAMAN providesboth an Application Programmiig Interface (API) for programmersand a (prototype)
GUI-basedtestirg tool called the TAUZAMANTESTER. The TAUZAMANTESTER is a userfriendly tool
for two usergroups: application developerswho wantto seerZAMAN in action before writing code, and
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spedfication developerswho want to testand delug their specfications More specfically, the tool was
designedto meetthefollowing goals

To provide aniceinterfacefor demonstating 7ZAMAN.

To crede a platform for testing the input andoutpu of tempora literals. Rapidtesting candecrease
the time neeckd to develop format propeties and other XML specfications The tesing includes
cheding the spedfications for syntactic correctnes andcompldeness

To simplify 7ZAMAN’s configuration and setp for a naive user Userscan activate a service by
selecting it from a combo-tox insteadof by writing code. Differert senice configuiationscan be
loaded using thetool.

To facilitatethe tesing of tempord operdions. Userscancompae or perfam arithmetc on createl
time values

To provide perfaomancemeasurs. Thetool repats the processimg time of eachopemtion.

Whenthe TAUZAMANTESTER is started a mainwindow is opered. A screenshotof the mainwindow
is shawvn in Figure22. The window includesa top row of four 'tab’ buttons. Choosng a button puts the
TAUZAMANTESTER into oneof thefoll owing four modes.

1.

Servie Configurdion - A userwould select this tabto testandload new configurations for alocd or
remotesenice. Succeshllly loaded configuationsbecaneavailable in the othermodes

. Propety Managemat - Allows a use to test propety specficationsand load new properties (for

tesing in the othermodes.

. Input/Outpu - Corverts atime literal, asdescibedin moredetal below

. TemporalOperatias - Provides aninterfacefor performing arithmetic and compaison of tempora

literals.

Whenthe’Input/Outpu’ modeis seleced,the TAUZAMANTESTER creats aninstarceof TauZaman-
LocalSer vice andTauZamanRemdeSer vice . All of the configuation information, suchasthe
URLSs of the calendic sysem, property table, and calerdar specfication files, aswell asthe URL of the
remoterZAMAN senerarespeified in an XML-formatted initialization file for thetool. The configuration
canbe changd easily We provide a default calerdric systemspeificationfile listedin Appendx B, ade-
fault Gregorian calerdar givenin Appendx A, adefault Academiccalendar(not givenin this pape), anda
default list of propeatiesgivenin Appendx G. After initializing thesenices,the TAUZAMANTESTER Opers
the mainwindow andwaitsfor userinstructions. In ‘Input/Outpu’ mode,there arethreepands.

1.

An input parel hasa scrollabletext areain which use caninput atempora literal. Theinput panelis
theleft-mostareain the screensha in Figure22.

. A corfiguration panelprovidesasetof GUI compmentsthatallow the userto configue the TauZa-

manSystem objed. Theconfiguation parel is thelist of buttonsandcombaboxesin the middle of
thescreenin Figure22. For example,ause canactivatetheremoteor loca TZAMAN service by se-
lecting the appiopriate onefrom acombabox. Or ausercould choosefrom amongseverd properties
to active onefor input andoutpu formatting. The use mustseled oneof thetempaal datatypesto
pare andoutpu thetime literal enteedin theinput pand.
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3. An outpu pané hasa scrdlable text areathat displaysthe output of the tempoal literal. Note that
theinputandoutput usedifferentformats aslistedin Appendx G. Theoutput pané is theright-most
areain the screershotin Figure22.

Generdly a userwill ente atempoal literal into the input parel, configuie the settings asdesred, pres
the “PROCESS hutton in the configuation pane, andthe outpu will apper in the output panel If any
excepionsoccus during procesing, for instarce theinput did not pars corredly, anerror dialog box will
popup. The GUI alsodisplaysthe processingtime of the entire operdion.

Two snap#ots of the TAUZAMANTESTER in action are shovn in Figure 22 and Figure 23. In Fig-
ure 22, anindeterminat instant is enteredin the input sub-pnel, TauZamanSysta is configuredusing the
comporentsin the configuation sub-m@nel,andtheinstart is outpu. In Figure23, a deteminateperiod is
processed.

Thecurrenttool is limited to input andoutpu; we planto extend thetool to showcaseZAMAN's other
capdilities in the future. Someof the important future functions we plan to implemert within the tool
includethe ability to

e dynamically configue the services,suchasaddng a new service, remaoving an existing service or
seting its TauZamanSyste mobijectto beasener;

e improvethevisibility of the property managmentby shaving the property stadk; and

e addafull setof arithmetc, comparson,andgrarularity corversionoperaions.

-laix
r'Sewice Configuration r Property Management r Input Output r Temporal Operations |
10 Test
input configuration output
Choose Service
=|Dwer= =zupport=
=date local service hd <lowers
maonth = "March" year="2003" day="5" /= =date= March, 2003 5 <fdate=
=ilowers : =i ower=
Choose Calendric System
=Uppers =IslUpports
=date =suppart=
UofAa -
month ="March" year="2003" day="6" /= =uppar=

=luppers
=distribution value = "uniform" f=

Choose Property Table =glate= March, 2003 6 <fdate=
=lupper=

=isupport=
Broppilytale s =distribution value="unifarm"i=

Choose Temporal Type

instant Gy
PROCESS

Processing time 10 ms

Figure22: A snahotof the TAUZAMANTESTER processiig anindeterminade instant

7 RelatedWork

While work on temporaldatatypes goesbacktwo decads, in the last five yearstherehasbeena flurry
of activity. Relatedreseach canbe broady classifiedinto two cateyories: modelirg andimplementéion.
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-inix

r Service Configuration r Property Management r Input Output r Temporal Operations |

10 Test
input configuration output
- Choose Service -
=period= =period=
<@Iimiterva|uez"["l> G e <Fﬂe|imiterva|ue:"r'1>
=instant= =instant=
=fay value ="5" f= i Syst 4, March, 2003
=tmonth value = "March” = Ehobse Calenduc L =linstant=
=yearvalue ="2003" 1= =instant=
UofAa -
=finstant= &, March, 2003
=instant= =linstant=
=daywalue ="g" 1= Ehoosd BIDERity Tk =delimiter value="]"r=
=month value ="March" = =iperiod=
=yearvalue ="2003" 1= hronetttable
=linstant=
=delimiter value = "] f= Choose Temporal Type

fperiod
~/periac= period hd
PROCESS

Processing time 30 ms

Figure23: A sngshotof TAUZAMANTESTER processinga deteminateperiod

The modelng cateyory coversreseach in temporal datamodek, andin particular, it estallishes desiable
opeitionsontemporaldataandcalerdars. Thesecad catayory is reseach into implemenationsof thefirst
catgory. Although this paper is in the implemenation cateyory, in this secton we tracethe influenason
this reseach from both cateyories

Allen motivated theinterval (which we call a period) asa fundamentaltempora entity [AlI83]. He for-
malizedthe setof possble relaionships which could hold betweenwo intervalsanddevelopedaninference
algarithm to maintainthe setof tempora relationships betweenrentities.

Anderon descibed a formal frameavork to suppat conceptual time spa@s using inheritance hierar-
chies[And82, And83]. Her modelalsosupprts multiple conceptual times. 7ZAMAN canbe consderedas
apradical realizationandextension of someof the conceptsdevelopedby Andersan.

Clifford and Rao developed a framework for desribing tempord domans using naive settheory and
algelbra[CR87]. Their framework allows a hierarchyof calendarindependet domainsto be built andtem-
pord opeatorsto be definad betweerobjeds of a single domainandbetweenobjeds of differentdomairs.
Theframewvork is powerful but lacksthe ability to descibe time domainsthatare not integral multiples of
finer grandarity time domains For example months arenot anintegral numberof weeks since awhole
numberof weeksdo not ordinarily correspord to asingle month. Our work removesthis limitation by mak-
ing the semanits of ary conaptud time unit userdefinabk. The useris nottied to ary predefinednotion
of time or time domain.

Navrat andBielikova argued for dedarative, rather thanalgorithmic, calerdar definitions [NB95]. Al-
gorithmic definitionssometmesleadto oversimplfication of predctions for future timesandunne@ssay
appoximations of pasttimes. For example in the Islamic calerdar, thefirst day of the monthof Ramadan
canrot bepredctedby analgarithm, althoughanapproaimation exists andis usedby somecultures.Navrat
andBielikovaaddresedthis problemby usingfactual pag knowledge combiredwith Prologto betterdefine
thestatt of RamadanTheirframavork alsoprovidessomesugportfor multiple calendarsandinter-calemar
calcuations. But accaunting for the semaitics of grarularity in opegationis missing
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Bettini, Wang, and Jajoda developed a formal foundatian for reasoing abou tempaal grandari-
ties[BJWOQ. Ning, WangandJajadiaextendedthis work with analgelraic appioachto definegrandarities
andcalendairs[NWJ0Z. They arguedthatirregular grandarity corversilmscanbedorein adeclaative way
without the nedal of a specalized pieceof code althoughthe declrative specificdion canbe complicated.
In contrast,7ZAMAN usesspecalized code We areinvestigatirg using their appgroachto suppat irregular
mappirgsin TZAMAN.

Kraus, Sagv and Subramanianproposeda formal definition of calerdarsandtemporl datatypesin
termsof corstrairts, asoppo®d to our representaion, which are granues (asintegers)at different granu
larities[KSS96]. They alsoshoved how to suppat multiple calerdarsand argued that specfying a time
point asintegersor realnumbesis cumbesomefor humanbeings. We agree:7ZAMAN usesfamiliar string
representaionsfor tempora literals.

KakoudakisandTheodalidis implementedasingle calendr sysemthatsupportsopeationsin only the
Grgyorian calerdar, with alimited number of grarularities [KT96].

Chandg, Segev and Stonebaker [CSS94 presenteda desiq for set-tasedspecfication of calerdars.
They gave analgarithm for parsng the specifications anddescibed how to extend the tempora sugport in
the Postgredatdbasemanagemensystemwith newv calendars Chandraet. al compaed their project to
MULTICAL [SSD"92], whichis aprecusorproject to 7ZZAMAN (asdescibedin moredetdl below).

In the secand category, implementel systems, thereexist several sysemsthat suppat temporéd data
types, tempord opeatiors, datdime calcuations and corversiors. Most of the systansthat perfarm date
time calcuations andcorversians arelimited in scope, having staic calendarsugport, with at mostfour or
five different calendars, andlimited kinds of formats. On the otherhard, thereare also appications that
support multiple calendarsandtempaal datatype operdions.

TZAMAN is an enharementof two earlier systans: MULTICAL [SSD"92] and TIMEADT [KLS99].
MuLTICAL addssuppat for time andmultiple calerdarsto relationa datalasemanagemetrsystens. MuL-
TICAL hasacoresysten of calendarindepender temporé opemtionrs, but allowsuseasto modulaly define
calerdarsfor formatting timesin different calerdarsandlanguages.MuLTICAL doesnot have apredcefined
setof calerdars;rather new calerdarscanbe definedandcompiled into the system.TIMEADT is asuaes-
sorto MULTICAL. It refinesthetemporl operdionsin MULTICAL by addng support for grandarity and
tempoal indeterminay and suppat for C++. 7ZAMAN inherits mary design featuesfrom both MULTI-
CAL andTIMEADT, but is different becawseit candynamically load calendirs,canparsetempoal literals
formatiedin XML, providesaclient/sener systen, supports calerdars,etc.,asXML documatsacassibe
onthelnternet,andis implemenedin Java.

Boost[Sof0Z] is a datetime library in C++, which supports three bast tempord datatypes: point,
durdion andinterval. One of its desigh main goalsis to suppat 1ISO 8601 complant input and outpu
representaion. It providesarithmeticandcomparson opetionsfor eachtype, although not with different
semanics for grarularity cornversims. It alsohasiteratorsontime anddate ranges,which helpsauseriterate
over the daysof a week, for example. Boostsupports multiple calendars,but not the dynamic loadng of
calerdars.lIt alsolacksinter-calendarconversiors andcalcuations.

Intemational Componets for Unicode (ICU) [Cor0Z is a setof libraries developedby the Unicode
grow in IBM Globdization Centerof Competacy. The maingoal of theselibrariesis to hide the cultural
andgeogaphial differencesin intematioral software development. Oneof theproblemsthatICU addresses
is the multi-cultural aspet of repregnting time by supprting multiple calendirsandtimezores. Currently
ICU only sugportsthe Gregorian calendar but with its abgract calendar strudure it is claimedto handke
multiple calerdars,againin a staticcontext asin Boost. Additionally it sugportsonly alimited numberof
grarularities,anddoesnot hande inter-calendarcorversiors.

TheJoda project includesa re-implementaibn of SunJava’s built-in dateandcalendarclasses[Col02].
Its main aim is to provide date andtime implemenation to the Javza community Jodasuppats multiple
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calerdars,but not dynamic loading of calendars. It provides|SO 8601 compatble input andoutput. Ad-
ditionally it providesan API thatincludesmethod to credae input andoutpu formats. The format canbe
cheding for comrectnessbeforeit is tried in input or output. In our project formatscanbe prodwcedin XML
files andthus canbe shaed and examinedeasily In Joda, to relatean instanceof a temporl datatype,
like an instant, to a calerdar, a userhasto passthe calendar objed to the instant constuctor. 7ZAMAN
globally cactesthe active TauZamanSeree and calerdric systan to keep the parametetlists short. Joca
supports period andinterval tempoal datatypesunde the nameof TimePeriodwhich we believe confuses
this distinction. Jodaargues theimmutahlity of tempora datatypesfor being safein thread ervironments;
TauZamaralsohasimmutabe tempoal datatypes And lasty Joda doesnotinclude temporalcorversiors
betweerdifferent tempoal datatypes.

WebCal[Ohl03b], a calerdar sener prodicedby OhlBach,is a client/sewer archiecture for providing
tempoal suport. WebCalis a part of the WebTNSS[OhI034 project, which is a supprt sysem for
tempoal notions. WebCalprovides calenarindepement time representaions and tempaal opemtiond
supportin WebTNSSAlthough 7ZAMAN andWebCalaresimilarin thatthey arebothclient/senersygems,
therearealsoseveral differences.

e TZAMAN'’s specfication files simplify the production, undestandng and publishing of calerdars,
calendric sysems, propeties, and field value tables An application that usesWebCalmust code
thes featuesinto the apgdication.

e In WebCalthe smalles$ granuarity is sec onds . TZAMAN cansugport muchfiner grandarities.

e In WebCal,all temporé operdions arebuilt on top of aninterval datatype. 7ZAMAN differentiates
betwea instant, interval, and period datatypes. TZAMAN also sugoorts indeterminagy and now-
relative values.

e For perfomancereasms, TZAMAN canbe setp to run in a single proces with alocd service, but
WebCalis only asener.

¢ WebCaldoeshave languagesupport, parly becaiseit is desgnedto provide calendarindepender
time repregntatbn for the WebTNSSproject. On the othe hand rZAMAN suppats language-
dependen formatsin time values.

GSTP[Bet0]3 is aclient/sener sydemthatprovidesgranuarity cornversiors andmulti-granularity con-
strant satigaction. TZAMAN providesthe former (aswell asmary othe services)but notthelatter. GSTP
only runsasasener; 7ZZAMAN canbesetup asasener, aclient, or both.

Finally, there areseveral papes devoted strictly to the parsing of dates

Kartturen et al. [KCGS96] proposeda regular expressioncalculus for natual language applicatiors.
And asoneof its illustratiors, they descibed a finite stategrammarfor dates For a completely new date
input, anew grammarshoudd beemplosed. Ontheother hard, in our apgoachuserscancreat aformatby
writing an XML fragmentanddynamially addit into the sydemto handk a new date input. But obviously
this context is apdication-specific andthe extert of Kartunrenetal.s proposalis very broad.

Sperbeg-McQueen[SM99] arguedthatrecoqition of datess possible by regularexpresionsandgave
lex codethatrecogiizesandvalidatesISO 8601 complant dates

CamerorfCam99 provideda setof shalow parsirg regular expressions which canbe usedto parsean
XML documentinto individualitems,suchasattribute andtext values. He argued thatthis style of parsng
is relatively faste thanoff-the-shdéf XML parsirg andprocessingtools. We chos to implementa different
appioachin 7ZZAMAN. TZAMAN uses an off-the-shel XML parserto matchthe XML skeletonin aformat
agains thatof aliteral, andlocatedthetext andattributevalues. Parsingin 7ZAMAN thenisolatesthefields
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within text nodesor attributevalueswith regular expressiors. Oneprobdem with using regular expressiors
for anentre XML fragmernt is that they canbe very complex andhardto undestard whencombined with
theregularexpressionsetchedfrom thefield valuetables for individual fields. We chos to make our format

propertieseasyto spedfy.

8 Conclusionsand Future Work

TZAMAN is asysemwritten in Java for formating andmanipuhtingtimesanddates in multiple calerdars
andlanguages.rZAMAN hasa dynamicandextensble archtecture thatseparatescalerdardepenantfrom
calerdarindepedentaspectsof processimg time values. Fromadesig pergpectve, 7ZAMAN redesgnsand
extends all of the bast mechafmsmspreviousl emplg/ed. Fromanimplemenation persgective, 7ZAMAN
achieesfull dynamic support for calendarsandrelated compaentsin a client/serer systan, and brings
anew, XML-basedinformationrepresentéion andprocessimg style. The primary cortributionsincludethe
following.

e T7ZAMAN suppats dynamic anddistributed handing of calerdarsand other senices. We take ad-
vantageof Java’s dynamicclass loadersto provide dynamic suppat for extending senerson the fly
with new calerdarsandcalerdarrelatedcompments 7ZAMAN implementsaclient/sener modelthat
malescalendarrelated servicesavailable on a network.

e XML tecmology is usedto repregntandprocesscritical data.7ZAMAN improvestherepresentdion
andprocessirg of the system spedfication files by formating thefilesin the XML. Thisalsoimproves
the processingof the specification files andallows them to be sharel on theweh Finally, 7ZAMAN
integratesXML into the parsng and outpu of tempoal literals, to meetthe future growth of times
formatedin XML.

e Repo#oriesallow effective shaing of comporents. 7ZAMAN usesrepasitories to enalbe sharng of
critical data suchascalendars calendic sysgems,grarularity mappirgs, formats (asproperties) and
languages(asfield valueg for parsng tempora literals. Reposibriesrediwce the respamsetime for
uses, espedlly whenparsing tempoal literals and performing grarularity corversians, by caching
compaentsthatarereused.

In future we planto extend this reseachin sereral direcions. Thefirst directionis improving the speel
of TZAMAN. Thereareseverd optimization technquesthat could be implemenéd. Oneoptimizationis to
batchinput, output, andgranularity corversionrequeststo remoteseners to amorize turnaoundtime. A
secod optimizationis to cachegrandarity mappngsontheclient side to avoid anRPCcall to cad or scak
aninstanceof atempora datatype. A third optimization is to skip the expensive, usekbssstepof parsing a
non-XML tempaal literal with an XML parse.

Anothe direction of future work is studying how to craft userinterfacesto easethe task of calerdar
spedfication andredwce the possbility of mistakesby calerdar developers. This would involve extendng
the TAUZAMANTESTER with suppat for calendar andcalerdric systan dehugging andcorfiguration. The
tool coud alsobeextendedto visualizegranularitiesenabing developersto graphically constuctgrarularity
mappirgs, to createandusepraobability massfunctionsfor indeterminat temporaldatatypes andto have a
point-and<lick interfacefor creatng input andoutput formats

A third diredion for future work is to refineand extendthe mappirgs betweengrandaritiesto include
grarularitieswith “holes;’ e.g.,therearesomedaysthataremissingbetweergrandesin holi days . In this
context, detaled experimentson tempogl operdions and corversians betwea different grarularities will
beperformed. A fourth directionis to integraterZAMAN with Xalan[Pro03. Xalanis anXPathevaluaion
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engne. Theideais to engneerXalanto coordnatewith a calendarsener to provide “temparal views” of
XML fragmens that correspom to time literalsin an XML doaument. So, given an XML documetn that
hastime literalsin 1ISO format,a usercoud quey the docunentusingaview of thosetimesin ary desred
calerdarandformat, for instance,in thelslamic calerdar. A fifth direction is to descibe theclient APl asa
webservice. Thiswould allow webbotsandshgpingageris to make direct useof 7ZAMAN’s functionality.
A sixthdirectionis to add“pull” techrologyfor calendar, property, languagesuppat, andcalendeic sygem
spedfications. Currenty, whena speification changes,the specficationhasto be manualy reloadedinto a
running TZAMAN sener. By automadically reloadingsuchfiles whenthey aremodified calendarsandother
comporentscanbe kept up-to-date. We'd alsolike to optimize the performanceof TZAMAN by using a
natve-codeJavacompila andtuning the code with a Java profiler. Finally, we'd like to re-impementJava’s
current calendarsupport in 7ZAMAN. Thiswill help to demorstratethe extersibility of TZAMAN.
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A An Example Calendar Specification

This appandix givesan exampleof a specficationfile for the Gregorian calerdar A calendaris mostly a
collection of related grandarities. Eachgranularity is specified by a<granular ity> elemant. Theelemen
definesagrandarity asamappng from a (previously) definedgrandarity. Themappingcanberegular (i.e.,
descibedby aformula),orirregular (implemenedby ashortpiece of code) Codefor theirregularmappings
is suppied in the compilad Java classthat suppats the calendar Thesespedfication files andotheas canbe
found attherZAMAN projectwebsite(http ://ww w.ee cs.w su.ed u/"c dyres on/p ub/t auZaman).

<l-- Acalenda hasonebuilt-in granularity, the URL identifiescalendar specificcode-->

<calendar Specificatio n
implUrl = "http://w ww.eecs.wsu. edu/"cdyreso n/pub/tauzam an/release/G regorianCale ndar.class"
underly ingGranulari ty = "second s">

<l--  Minutesto secondsnappng, it is irr egular becaseof leapseconds->
<granul arity = name = "seconds">
<irregularM apping from = "minutes" relationship = "finer">
<method name = "castMinuteT o0Second" type = "cast"/>
<lirregular Mapping>
</granu larity>

<l--  Minutesto secondsnappng, it is irr egular becaseof leapseconds->
<granul arity = name = "minutes">
<irregularM apping from = "seconds" relationship = "coarser" >
<method name = "castSecondT oMinute" type = "cast" />
<lirregular Mapping>
</granu larity>

<l--  Hoursto minutess regular, ead houris 60 minutes -->
<granul arity = name = "hours">
<regularMap ping from = "minutes" relation ship = "coarser"
periodSiz e = "60" groupSize = "60"/>

</granu larity>

<l--  Mappirgsfromdays -->
<granul arity name = "days">

<l- - Daysto hoursis reguar, each dayis 24 hours -->

<regularMap ping from = "hours" relationsh ip = "coarse r"
periodSiz e = "24" groupSize = "24"/>

<l- - Daysto monthssirregular -->

<irregularM apping from = "months" relatio nship = "finer">
<method name = "castMonthTo Day" type = "cast" />

<[irregular Mapping>
</granu larity>
<l--  Weeksto daysis regular, each weekis 7 days-->
<granul arity name = "weeks">
<regularMap ping from = "days" relationshi p = "coarser
periodSiz e = "7" groupSize = "7"/>
</granu larity>
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<l--  Monthsto daysis irr egular, monthshavea differert numberof days-->
<granul arity name = "months">
<irregularM apping from = "days" relations hip = "coarser" >
<method name = "castDayToMo nth" type = "cast" />
<[irregular Mapping>
</granu larity>
<l--  Yearsto monttsis regular, each yearhas12 montts -->
<granul arity = name = "years">
<regularMap ping from = "months" relations hip = "coarser"
periodSiz e = "12" groupSize = "12"/>
</granu larity>
</calenda rSpecificati on>

Every specfication file alsohasa <descrip tor> element which is not procesedby the sysem and
exists only for informative reasos. Hereis the strucure of a <descri ptor> , listing its (optional) sub
elemerns, thatexistsin every specificaion file usedfor TZAMAN.

<descript or>
<versio ns>
<currentVer sion tag = ".." url = />
<previousVe rsion tag = ".." url =" />
</versi ons>
<contac t>
<name>
<first>.. <[first>
<middle>. ..</middle>
<last>... </last>
</name>
<email>..< /email>
</conta ct>
<refere nce>...</ref erence>
<descri ption>...</d escription>
</descrip tor>

B An Example Calendric SystemSpecfication

This appenlix givesan examplecalerdric systen specificdion file. A calerdric sysemis a collecion of
calerdars, plus inter-calemar grarularity mapping. The mappirgs areimplementel in a compiled Java
classthatis dynamically loaded whenthe calendic systen objed is createl. The examplespecificdion is
for a Universty of Arizona (UofA) calerdric sysem. The systen conssts of the Gregorian calerdar and
a spedal calerdarfor the University. The UofA calendr is similar to the Gregoriancalendar but daysare
limited to timesonly whenclasss arein ses#on, semestes andimportant dates within eachsemestefe.g.,
the datesof vacatbnslik e SpringBreak).

<l--  Acalendricsystenfor useat the University of Arizona-->
<calendri cSystem name = "UofALimi tedCalendric = System">

<l-- Thecalendic systemuseshe Gregorian calenda -->

<import Calendar name="ADQGegorian"
url="http:/ /www.eecs.ws u.edu/"cdyre  son/pub/tauz

<l-- Thecalendic systemalsouseshe UofA calerdar -->

<import Calendar name="Uof ACalendar"
url="http:/ /www.eecs.ws u.edu/"cdyre  son/pub/tauz

<l--  Try to parsedatesin the specifieccalendar order -->
<defaul tinputOrder>

ADGregorian

UofACalenda r
</defau ItiInputOrder >

<l-- Inter-calerdar mappirgs-->
<mappin gs>

aman/release /ADGregorian Calendar.xml

aman/release /UofACalenda r.xml" />
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<!--  UofAhoursto Gregarian hoursis a congrient,irr egular mappng sinceonly someGregorian hous are
UofAhours -->

<irregularM  apping
from="hou r* fromCalen dar = "UofACalenda r"
to="hour" toCalendar = "ADGregori an"
url="http  ://www.eecs. wsu.edu/'cdy reson/pub/ta uzaman/relea se/UofALimit edCalendricS ystem.class"
relations  hip = "congruent" >

<method name="castUo fAHourToGreg Hour"/>
<[irregular Mapping>

<l- - Gregaian housto UofAhoursis alsoirr egular -->
<irregularM  apping
from="hou r* fromCalen dar = "ADGregorian
to="hour" toCalendar  ="UofACalend ar"
url="http  ://lwww.eecs. wsu.edu/"cdy reson/pub/ta uzaman/relea se/UofALimit edCalendricS ystem.class"
relations  hip = "congruent" >

<method name="castGr egHourToUofA Hour"/>
<lirregular Mapping>
</mappi ngs>

<l-- Defaultreguar expressionto split up atempoal literal -->
<defaul ts token="[a -zA-Z0-9]+" />

</calendr icSystem>

C Available Properties

This appenix givesexamples of eachkind of property. We list andexplain them individually. In the next
sectbn we provide anexample of each Additionally, we give all of the property opemationsavailable to a
userto manageproperties

Therearefourteenproperties Propertescanbeclassifiedinto three categyories: format-relatedproperties
(twelve propeties areof this kind), timezore-relaed properties(oneproperty) andinput priority properties
(oneproperty). Thevalueof aformatrelated property is a seqenceof template usedfor input or output.
Thetemplaesareappledin the orderspedfied, until onematches.

Locale This propertyis in time-zanerelated classandit is usedto spedfy alocation for timezanedisplace-
ment.

OverridelnputOrder This property spedfies spedfies which calendarto useto transhtetempora literals,
overriding the orderin the calendar sysemspecificdion.

InstantinputF ormat Usedto pare aninstanttempaal literal.

InstantOutputF ormat Usedto formataninstant.

NowRelativelnstantinputFormat Usedto parse a now-relative instant tempaal literal.
NowRelativelnstantOutputFormat Formatsa a now-relative instart during output.
Indeterminatel nstantinputFormat For parsng anindeterminat instan.

Indeterminatel nstantOutputFormat Formatusedin the outpu of anindeterminateinstart.
PeriodInputF ormat Usedto parsea period

PeriodOutputFormat Formatusedin the output of a periad.

Inter vallnputF ormat Usedto parseaninterval.
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Inter valOutputF ormat Formatusedto output aninterval.
Indeterminatel ntervallnputF ormat Usedto parseanindeterminat intervaltemporé literal.

Indeterminatel ntervalOutputFormat Formatusedto output anindeterminat interval.

D An Example Property Specification

This appenlix givesanexamplepropeaty specficationfile, which containsall possble propetiesandthere
fore canbe usedasafull default propety tabe by a TauZamanServiceith arelated calerdric system.

<l--  Apropertytableis a collectian of propertiesandfield valuetables-->
<property Table>

<l--  Providesa mappirg betweerthe nameglabels) andcodefor field valuetables-->
<fieldv alueSupportM apper>

<fieldvalue  support label = "arabicN umeral"

url = "http://ww  w.eecs.wsu.e du/‘cdyreson /pub/tauzama n/release/Ar  abicNumeral. class"/>
<fieldvalue  support label = "english GregorianMon thNames"

url = "http://wmw  w.eecs.wsu.e du/"cdyreson /pub/tauzama n/release/en  glishGregori anMonthNames .xml"/>
<fieldvalue  support label = "periodL eftDelimiter List"

url  ="http://www  .eecs.wsu.ed u/“cdyreson/  pub/tauzaman /release/lef tDelimiterLi st.xml"/>
<fieldvalue  support label = "periodR ightDelimite rList"

url  ="http://www  .eecs.wsu.ed u/“cdyreson/  pub/tauzaman /release/rig htDelimiterL ist.xml"/>
<fieldvalue  support label = "directi  onList"

url = "http://wmw  w.eecs.wsu.e du/“cdyreson /pub/tauzama n/release/di rectionList. xml"/>
<fieldvalue  support label = "english NowNames"

url = "http://wmw  w.eecs.wsu.e du/"cdyreson /pub/tauzama n/release/en  glishNowName s.xml" />
<fieldvalue  support label = "distrib ~ utionNames"

url = "http://wmw  w.eecs.wsu.e du/“cdyreson /pub/tauzama n/release/di stributionNa mes.xml" />

<f/field ValueSupport Mapper>

<l--  Thelocalepropertyis for establishinga timezone->
<proper ty name = "Locale" value = "America/ Los_Angeles" />

<l--  Thispropertysetsup a formatfor parsinga determinae instant-->

<proper ty name = "Instant InputFormat" >
<value>
<format>
<instan t>
<day value = "$day"/>
<month value = "$month " />
<year value = "$year" />
</insta nt>
</format>
<fieldinf o variable = "month" name = "monthOf Year"
using = "englishMont hNames" />
<fieldInf 0 variable = "day" name = "dayOfMont h"
using = "arabicNumer al* />
<fieldInf 0 variable = "year" name = "year"
using = "arabicNumer al* />
</value>

</prope rty>

<l--  Theformatfor outptting a determinatenstant-->
<proper ty name = “Instant OutputFormat " >
<value>

<format>
<instan t>
$day, $month, $year
<finsta nt>
</format>
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<fieldInf o variable = "month" name = "monthOf Year"

using = "englishMont hNames" />
<fieldInf 0 variable = "day" name = "dayOfMont h"
using = "arabicNumer al* />
<fieldInf 0 variable = "year" name = "year"
using = "arabicNumer al* />
</value>

</prope rty>

<l--  Theformatfor parsinganinterval -->

<proper ty name = "Interva linputFormat ">

<value>
<format>
<months value = "$monthAs Number" />
</format>
<fieldInf 0 variable = "monthAsNumber" name = "month"
using = "arabicNumer al* />

</value>

</prope rty>

<l--  Theformatfor outputing aninterval -->
<proper ty name = "Interva |OutputForma t">
<value>
<format>
<months value = "$monthAs Number" />
</format>
<fieldInf o variable = "monthAsNumber" name = "month"
using = "arabicNumer al* />
</value>

</prope rty>

<l-- Theformatfor parsinga now-relativeinstant-->
<proper ty name = "NowRela tivelnstantl nputFormat">
<value>
<format>
<now value = "$now" />
<direction value = "$direction ">
$interval
</format>
<fieldinf o variable = "now" name = "now"
using = "englishNowN ames"/>
<fieldinf o variable = "direction" name = "direction s"
using = "directionLi st' />
<importFo rmat variabl e = "interva [' name = "Interva lInputFormat
</value>

</prope rty>

<l--  Theformatfor outputing an now-relativeinstant-->
<proper ty name = "NowRela tivelnstantO utputFormat" >
<value>

<format>
<now value = "$now" />
<direction value = "$direction ">
$interval

</format>

<fieldInf o variable = "now" name = "now"
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using =
<fieldInf
using =

<importFo

</value>
</prope rty>

<l-- -->
Shropet R/er'ﬁdr];]%m_]a wé/roé\éis tvr\{Fc)) dﬂ%g\nr]lg%(mdetermmae now-relative or determinae)
<value>
<format>
<period>
<delimiter value = "$leftClose d" />
$instant
$instant
<delimiter value = "$rightClos ed" />
</period>
</format>
<fieldInf o variable = "leftClosed " name = "periodDe limiter"
using = "leftDelimit erList"/>
<fieldInf 0 variable = "rightClose  d" name = "periodD elimiter"
using = "rightDelimi terList"/>
<importFo rmat variabl e = "instant " name = "Instantl nputFormat"
</value>
</prope rty>
<l-- i -
Sproper 1 OnmaLior uipitiing apefied ugesthginstantformat
<value>
<format>
<period>
<delimiter value = "$leftClose d" />
$instant
$instant
<delimiter value = "$rightClos ed" />
</period>
</format>
<fieldinf o variable = "leftClosed " name = "periodDe limiter"
using = "leftDelimit erList"/>
<fieldinf o variable = "rightClose  d" name = "periodD elimiter"
using = "rightDelimi terList"/>
<importFo rmat variabl e = "instant " name = "InstantO utputFormat"
</value>
</prope rty>
<!--  Theformatfor pr’:lrg granlndete minatenstant--> .
<proper ty name = "Indet minatelnstan  tinputFormat ">
<value>
<format>
<indetermin atelnstant>
$Slower
$upper
<distributi on value = "$distr ibution" />
</indetermi  natelnstant>
</format>
<importFo rmat variabl e = "lower" name = "Instantinp utFormat"
<importFo rmat variabl e = "upper" name = "Instantinp utFormat"
<fieldinf o variable = "distributi on" name = "distri  bution"
using = "distributio nNames"/>
</value>

</prope rty>

"englishNowN ames"/>

o variable = "direction"
"directionLi st />
rmat variabl e = "interva

name = "direction S

" name = "Interva
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<l--  Theformatfor outputing anindeterminse instant-->

<proper ty name = "Indeter minatelnstan tOutputForma t">
<value>
<format>
<indetermin  atelnstant>
$Slower
$Supper
<distributi on value = "$distr ibution" />
</indetermi  natelnstant>
</format>
<importFo rmat variabl e = "lower" name = "InstantOut putFormat" />
<importFo rmat variabl e = "upper" name = "InstantOut putFormat" />
<fieldInf o variable = "distributi on" name = "distri  bution"
using = "distributio nNames"/>
</value>

</prope rty>

<l-- Setshecalerdar order in which literals are parsed(overridescalsysdefaut) -->

<proper ty name = "Overrid elnputOrder"
value = "ADGregor ian" />

</propert yTable>

E ExampleField Value Specificatiors

This sectin hastwo examples of field valuetable spedfication files: engl ishMo nthN ames.xml and
left Deli miter List .xml .

Thespeificationfile for EnglishmonthnameselatesGregorian English monthnameswith indexes. If
indicesarenotexplicitly given,by defaut they startfrom 1, andincrementby onefor eachrow in doaument
orde.

<fieldval ueTable>

<row string = "January" />
<row string = "February" />
<row string = "March" />
<row string = "April" />
<row string = "May" />

<row string = "June" />
<row string = "July" />
<row string = "August” />
<row string = "September" />
<row string = "October" />
<row string = "November" />
<row string = "December" />

</fieldVva lueTable>

Indicescanalsobeexplicitly givenwith any row (with the excegion thatneitherstringsnorindexescan
have duplicatesin a singe field valuetable). Below is an exampk of the lef tDel imite rLis t.xm |
spedfication.
<fieldval ueTable regex = "["\s]">

<row string = "[" value=" 1" />
<row string = "(" value=" 2" />

</fieldva IlueTable>

45



Thereg ex attributeof thefiel dValu eTable elementspecifiesaregular expressionwhichis usel
to recoquize atoken of this typein atemporalliteral. In this example,theregular expressionspecifieghat
ary non-whtespaechaiactercould potertially bealeft delimiter (alternatiwely, theregular expresioncould
be shatenedto justinclude [ and’(’). If no regular expressionis given explicitly, asin Engl ishM on-
thNa mes, adefault regularexpression givenin the calerdric systemspecfication,is usedinsteal.

F Example Time Literals

This appendix hasthe time literals that are usedto form instancesof the tempora datatypesin the exper-
imentsdescibed in Section5. Although eachof theseliterals is givenin XML, we would like to remind
the readerthat 7ZAMAN canparseboth XML andnon-XML literals, suchasthe instant literal “March 6,
2003. Below arelistedthe exampleliterals, formattedin XML.

<l-- Determinatdnstant-->
<instant>
<day value = "6" />
<month value = "March" />
<year value = "2003" />

<f/instant >

<l-- Interval-->
<months value = "5" />
<!--  Now-rlativeinstant-->
<now value = "now" />
<directio n value = "+" />
<months value = "5" />
<!-- Indgerminateinstant-->
<indeterm inatelnstant >
<instan t>
<day value = "6" />
<month value = "March" />
<year value = "2003" />
</insta nt>
<instan t>
<day value = "6" />
<month value = "March" />
<year value = "2003" />
</insta nt>
<distri bution value = "uniform" />

</indeter minatelnstan t>

<l-- Determinateperiod-->
<period>
<delimi ter value = "["/>
<instan t>
<day value = "6" />
<month value = "March" />
<year value = "2003" />
</insta nt>
<instan t>
<day value = "6" />
<month value = "March" />
<year value = "2003" />
<finsta nt>
<delimi ter value ="" />
</period>
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<l-- Indegerminateperiod-->

<period>
<delimi ter value = "["/>
<indete rminatelnsta nt>
<instant>
<day value = "6" />
<month value = "March" />
<year value = "2003" />
</instant>
<instant>
<day value = "6" />
<month value = "March" />
<year value = "2003" />
</instant>
<distributi on value = "unifor m" />

</indet erminatelnst ant>

<indete rminatelnsta  nt>

<instant>
<day value = "6" />
<month value = "March" />
<year value = "2003" />
</instant>
<instant>
<day value = "6" />
<month value = "March" />
<year value = "2003" />
</instant>
<distributi on value = "unifor m" />
</indet erminatelnst ant>
<delimi ter value ="" />
</period>

In someof the experiments,subeementsvereusel to wraprelevart information(rather thanincluding
the dataasattribute valueg. We give only the literals for the deteminateinstantand now-relative instant.

<l-- Determinatdnstant-->
<instant>

<day> 5 </day>

<month> March </month>

<year> 2003 </year>
</instant >

<l--  Now-rlativeinstant-->
<now> now </now>

<directio n> + </direc tion>
<months> 5 </months>

G Format Propertiesusedin TAUZAMANTESTER

This appemlix hasthe format propeties usal in Section 6. In Figure 22 an indeterminateinstant is con
struded (andoutput) accading to an“Ind etermiratelngantinput(Ouput)Format” asde<ribedin “property
table2” (the property table is chose in the third drop-down menuin the centerof the GUI). Sincethe “In-
deteminatelrstantnput(OutputfFormat” imports an “Instantinput(Output)Format”, for complketenes, we
have to shaw both of theformat propeties. Onthe otherhard, to keepit short,referencedfield valuetables
will notbeshavn here.

<l--  Thepropertytableusedin the TAUZAMANTESTER -->
<property Table>
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<l-- Mapsfieldvaluetablelabelsto supmrt code-->
<fieldV alueSupportM apper>

<fieldvalue  support label = "arabicN umeral"

url = "http://lw  ww.eecs.wsu. edu/‘cdyreso n/pub/tauzam an/release/A  rabicNumeral .class"/>
<fieldvalue  support label = "english MonthNames"

url = "http://w  ww.eecs.wsu. edu/cdyreso n/pub/tauzam an/release/e  nglishMonthN ames.xml"/>
<fieldvalue  support label = "distrib  utionNames"

url = "http://w  ww.eecs.wsu. edu/‘cdyreso n/pub/tauzam an/release/d istributionN ames.xml"
</field ValueSupport Mapper>
<l--  Input propertyfor instants-->
<proper ty name = "Instant InputFormat" >

<value>

<format>< date month "$month" year = "$year" day = "$day" [></fformat >

<fieldInf o variable
<fieldInf o variable
<fieldInf 0 variable

"year" name = "year" using

"month" name = "monthOf Year" wusing =
"day" name = "dayOfMont h" using

"englishMo nthNames"
= "arabic Numeral" />

= "arabicNumer al" />

</value>
</prope rty>
<l--  Outpu propertyfor instants-->
<proper ty name = "Instant OutputFormat " >
<value>
<format>< date> month = "$month" year = "$year" day = "$day"

<fieldInf 0 variable
<fieldInf o variable
<fieldInf 0 variable
</value>
</prope rty>

<l--  Input propertyfor indeterminatenstants-->
<proper ty name = "Indeter minatelnstan tlnputFormat ">
<value>
<format>
<lower> $lower </lower>
<upper> $upper </upper>

"yvear" name = "year" using

<distri bution value = "$distrib  ution" />

</format>
<!- - Eadcbouwdis a determinaténstant.-->
<importFo rmat variabl e = "lower" name = "Instantinp
<importFo rmat variabl e = "upper" name = "Instantinp
<l- - Thedefalt distributionis uniform.
<fieldInf o variable = "distributi on" name = "distri
using = "distributio nNames" />

</value>

</prope rty>

<l--  Outpu propertyfor indetermin#e instants-->
<proper ty name = "Indeter minatelnstan tOutputForma t">
<value>
<format>

<suppor t> <lower> $lower </lower> </support >
<suppor t> <upper> $upper </upper> </support >

<distri  bution value = "$distrib ution" />
</format>
<importFo rmat variabl e = "lower" name = "InstantOut
<importFo rmat variabl e = "upper" name = "InstantOut
<fieldInf 0 variable = "distributi on" name = "distri
using = "distributio nNames" />
</value>

</prope rty>

In Figure23adetermirateperiod is construced(andoutpu) accordng to an“PeriodInpu(Outpu)Format”
in propety tablel. Since“Periodnput{(OutputfFormat”imports an“Instantinput(Output) Format”, for com-
pletenesswe have to showboth of the format properties. Propety table 1 usedin the TAUZAMANTESTER
is the sameasthe example propeaty table shovn in Appendx D. So, “PeriodInpu(OutpujFormat” and

“Instantinput(Output)Format” thatit importscanbe foundthere.
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"month” name = "monthOf Year"
"day" name = "dayOfMont h" using

using =

</date></ format>

"englishMo nthNames"
= "arabic Numeral" />

= "arabicNumer al" />

utFormat"
utFormat"

bution"

putFormat"
putFormat”

bution"

/>
/>

/>
/>

/>

/>
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