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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