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1. Introduction

Date and time formats cause a | ot of confusion and interoperability
problems on the Internet. This docunent addresses nany of the

probl ens encount ered and nakes recomendati ons to i nprove consi stency
and interoperability when representing and using date and tinme in

I nternet protocols.

This docunment includes an Internet profile of the | SO 8601 [|SC8601]
standard for representation of dates and tinmes using the Gegorian
cal endar.

There are many ways in which date and tine values m ght appear in
Internet protocols: this docunent focuses on just one commbn usage,
viz. tinmestanps for Internet protocol events. This linmted

consi deration has the foll ow ng consequences:

o Al dates and tines are assuned to be in the "current era"
somewher e bet ween 0000AD and 9999AD.

o Al tines expressed have a stated relationship (offset) to
Coordi nated Universal Tinme (UTC). (This is distinct fromsomne
usage in scheduling applications where a local tine and | ocation
may be known, but the actual relationship to UTC may be dependent
on the unknown or unknowabl e actions of politicians or
adm nistrators. The UTC tine corresponding to 17:00 on 23rd March
2005 in New York may depend on adm nistrative decisions about
daylight savings tine. This specification steers well clear of
such consi derations.)

o Timestanps can express times that occurred before the introduction
of UTC. Such tinestanps are expressed relative to universal ting,
usi ng the best available practice at the stated tine.

o Date and tine expressions indicate an instant in tine.
Description of time periods, or intervals, is not covered here.
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The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",

" SHOULD",

"SHOULD NOT", "RECOMMENDED', "MAY", and "OPTIONAL" in this

docunent are to be interpreted as described in RFC 2119 [ RFC2119].

Kl yne,

urc

second

m nut e

hour

day

| eap year

ABNF

Coordi nated Uni versal Tinme as nmaintained by the Bureau
I nternational des Poids et Mesures (BIPM.

A basic unit of neasurenent of tine in the
International Systemof Units. It is defined as the
duration of 9,192,631, 770 cycles of mnicrowave |ight
absorbed or enitted by the hyperfine transition of
cesium 133 atons in their ground state undi sturbed by
external fields.

A period of tinme of 60 seconds. However, see also the
restrictions in section 5.7 and Appendi x D for how
| eap seconds are denoted wi thin mnutes.

A period of time of 60 mnutes.
A period of time of 24 hours.

In the Gregorian cal endar, a year which has 366 days.
A leap year is a year whose nunber is divisible by
four an integral nunber of tines, except that if it is
a centennial year (i.e. divisible by one hundred) it
shal |l also be divisible by four hundred an integra
number of times.

Augnent ed Backus-Naur Form a format used to represent
perm ssible strings in a protocol or |anguage, as
defined in [ ABNF].

Emai | Dat e/ Ti ne For nat

The date/tine format used by Internet Mail as defined
by RFC 2822 [ | MAI L- UPDATE] .

Internet Date/Time Fornmat

Ti mest anp

et. al.

The date format defined in section 5 of this docunent.

This termis used in this docunent to refer to an
unambi guous representation of some instant in tinme.

A suffix which, when applied to a tine, denotes a UTC

of fset of 00:00; often spoken "Zulu" fromthe | CAO
phonetic al phabet representation of the letter "Z"
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4.

For nore information about time scales, see Appendix E of [NTP],
Section 3 of [ISOB601], and the appropriate | TU docunments [I TU-R-
TF] .

Two Digit Years

The followi ng requirenents are to address the problenms of ambiguity
of 2-digit years:

0 Internet Protocols MJST generate four digit years in dates.

0 The use of 2-digit years is deprecated. If a 2-digit year is
received, it should be accepted ONLY if an incorrect
interpretation will not cause a protocol or processing failure

(e.g. if used only for logging or tracing purposes).

0 It is possible that a programusing two digit years will
represent years after 1999 as three digits. This occurs if the
program sinply subtracts 1900 fromthe year and doesn’'t check
the nunber of digits. Prograns wishing to robustly deal with
dat es generated by such broken software may add 1900 to three
digit years

0o It is possible that a progran1using tmo digit years wll
represent years after 1999 as ":0", ":1", ... ":9", ";0", ..
This occurs if the program sinply subtracts 1900 fronlthe year
and adds the decade to the US-ASCI| character zero. Prograns
wi shing to robustly deal with dates generated by such broken
software shoul d detect non-nuneric decades and interpret
appropriately.

The problems with two digit years anply denonstrate why all dates and
times used in Internet protocols MJST be fully qualified.

Local Tinme

4.1. Coordi nated Universal Tine (UTC

Because the daylight saving rules for local time zones are so

convol uted and can change based on |ocal |aw at unpredictable tines,
true interoperability is best achieved by using Coordinated Universa
Time (UTC). This specification does not cater to |local time zone
rul es.
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4.2. Local Ofsets

The of fset between local tinme and UTC is often useful information
For exanple, in electronic mail (RFC2822, [ MAIL-UPDATE]) the |oca
of fset provides a useful heuristic to deternmine the probability of a
pronpt response. Attenpts to |abel local offsets with al phabetic
strings have resulted in poor interoperability in the past [IMAIL],
[HOST-REQ . As a result, RFC2822 [IMAI L-UPDATE] has made numeric

of fsets mandatory.

Nureric offsets are calculated as "local tine minus UC'. So the
equivalent tinme in UTC can be determ ned by subtracting the of fset
fromthe local time. For exanple, 18:50:00-04:00 is the sanme tinme as
22:50:00Z. (This example shows negative offsets handl ed by addi ng
the absol ute value of the offset.)

NOTE: Fol |l owi ng |1 SO 8601, nuneric offsets represent only tine
zones that differ from UTC by an integral nunber of minutes.
However, many historical time zones differ from UTC by a non-

i ntegral nunber of minutes. To represent such historical time
stanps exactly, applications nmust convert themto a representable
time zone.

4.3. Unknown Local O fset Convention

If the time in UTC is known, but the offset to local tine is unknown,
this can be represented with an offset of "-00:00". This differs
semantically froman offset of "Z" or "+00:00", which inply that UTC
is the preferred reference point for the specified tinme. RFC2822

[ I MAI L- UPDATE] describes a simlar convention for email

4.4. Unqualified Local Tinme

A nunber of devices currently connected to the Internet run their
internal clocks in local tine and are unaware of UTC. Wile the
Internet does have a tradition of accepting reality when creating
specifications, this should not be done at the expense of
interoperability. Since interpretation of an unqualified local tinme
zone will fail in approximately 23/24 of the gl obe, the
interoperability problens of unqualified |ocal tine are deened
unacceptable for the Internet. Systens that are configured with a
| ocal time, are unaware of the correspondi ng UTC of fset, and depend
on time synchronization with other Internet systems, MJST use a
mechani smthat ensures correct synchronization with UTC.  Some

sui tabl e nechani sns are:

0 Use Network Tine Protocol [NTP] to obtain the time in UTC
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0 Use another host in the sane local tinme zone as a gateway to the
Internet. This host MJST correct unqualified local tines that are
transmtted to other hosts.

o Pronpt the user for the local tine zone and daylight saving rule
settings.

5. Date and Tine format

This section discusses desirable qualities of date and tine formats
and defines a profile of 1SO 8601 for use in Internet protocols.

5.1. Ordering

If date and time components are ordered froml east precise to nost
preci se, then a useful property is achieved. Assuning that the tine
zones of the dates and tinmes are the sane (e.g., all in UTC
expressed using the sane string (e.g., all "Z" or all "+00:00"), and
all tinmes have the same nunber of fractional second digits, then the
date and tinme strings nay be sorted as strings (e.g., using the
strcnp() function in C and a tine-ordered sequence will result. The
presence of optional punctuation would violate this characteristic.

5.2. Human Readability

Human readability has proved to be a valuable feature of Internet
protocols. Human readabl e protocols greatly reduce the costs of
debuggi ng since telnet often suffices as a test client and network
anal yzers need not be nodified with know edge of the protocol. On
the ot her hand, human readability sonetines results in
interoperability problens. For exanple, the date format "10/11/1996"
is conpletely unsuitable for global interchange because it is
interpreted differently in different countries. In addition, the
date format in [IMAIL] has resulted in interoperability problens when
peopl e assuned any text string was pernmtted and translated the three
| etter abbreviations to other |anguages or substituted date formats
whi ch were easier to generate (e.g. the format used by the C function
ctime). For this reason, a bal ance must be struck between hunman
readability and interoperability.

Because no date and tine format is readabl e according to the
conventions of all countries, Internet clients SHOULD be prepared to
transformdates into a display format suitable for the locality.
This may include translating UTC to | ocal tine.
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5.3. Rarely Used Options

A format which includes rarely used options is likely to cause
interoperability problens. This is because rarely used options are
less likely to be used in al pha or beta testing, so bugs in parsing
are less likely to be discovered. Rarely used options should be nade
mandatory or omitted for the sake of interoperability whenever
possi bl e.

The format defined bel ow includes only one rarely used option
fractions of a second. It is expected that this will be used only by
applications which require strict ordering of date/tine stanps or

whi ch have an unusual precision requirenent.

5.4. Redundant |nfornation

If a date/time format includes redundant information, that introduces
the possibility that the redundant information will not correlate.

For exanple, including the day of the week in a date/time fornmat

i ntroduces the possibility that the day of week is incorrect but the
date is correct, or vice versa. Since it is not difficult to conpute
the day of week froma date (see Appendi x B), the day of week should
not be included in a date/tinme format.

5.5. Sinplicity

The conplete set of date and tinme formats specified in | SO 8601
[1SCB601] is quite conmplex in an attenpt to provide nultiple
representations and partial representations. Appendix A contains an
attenpt to translate the conplete syntax of |SO 8601 into ABNF.

I nternet protocols have somewhat different requirenments and
simplicity has proved to be an inportant characteristic. In
addition, Internet protocols usually need conplete specification of
data in order to achieve true interoperability. Therefore, the

conmpl ete granmar for |SO 8601 is deened too conplex for nobst Internet

pr ot ocol s.

The follow ng section defines a profile of |1SO 8601 for use on the
Internet. It is a conformant subset of the | SO 8601 extended format.
Sinplicity is achieved by maki ng nost fields and punctuation

mandat ory.
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5.6. Internet Date/Tine Fornat

The following profile of 1SO 8601 [I1SOB601] dates SHOULD be used in
new protocols on the Internet. This is specified using the syntax
description notation defined in [ ABNF].

date-full year =4DIAT

dat e- nont h =2DIAT ; 01-12

dat e- nday =2DAT ; 01-28, 01-29, 01-30, 01-31 based on
; nmont h/ year

ti me- hour =2DAT ; 00-23

time-mnute =2DAT ; 00-59

ti me- second =2DEAT ; 00-58, 00-59, 00-60 based on |eap second
; rules

ti me-secfrac ="." 1*DdAT

ti me-nunoffset = ("+" / "-") tinme-hour ":" time-mnute

time-of fset "Z" | tinme-nunoffset

partial-tine = time-hour ":" time-minute ":" time-second
[time-secfrac]

full -date = date-fullyear "-" date-nonth "-" date-nday

full-tinme = partial-time tinme-offset

date-tinme = full-date "T" full-time

NOTE: Per [ABNF] and |1 SG601, the "T" and "Z" characters in this
syntax may alternatively be | ower case "t" or "z" respectively.
This date/tinme format nmay be used in some environnents or contexts
that distinguish between the upper- and | ower-case letters "A'-'Z
and 'a’-'z" (e.g. XM.). Specifications that use this format in
such environnents MAY further limt the date/time syntax so that
the letters "T" and 'Z used in the date/time syntax nust always
be upper case. Applications that generate this format SHOULD use
upper case letters.

NOTE: | SO 8601 defines date and tine separated by "T".
Applications using this syntax may choose, for the sake of
readability, to specify a full-date and full-time separated by
(say) a space character.
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5.7. Restrictions

The grammar el enment date-nday represents the day number within the
current nonth. The nmaxi mum val ue varies based on the nonth and year
as foll ows:

Mont h Nunber Mont h/ Year Maxi mum val ue of date-nday
01 January 31
02 February, nornal 28
02 February, |eap year 29
03 Mar ch 31
04 Apri | 30
05 May 31
06 June 30
07 July 31
08 August 31
09 Sept enber 30
10 Cct ober 31
11 Novenber 30
12 Decenber 31

Appendi x C contains sanple C code to determine if a year is a leap
year.

The grammar el erent time-second may have the value "60" at the end of

mont hs in which a | eap second occurs -- to date: June (XXXX-06-
30T23:59: 60Z) or Decenber (XXXX-12-31T23:59:602Z); see Appendix D for
a table of leap seconds. It is also possible for a |leap second to be

subtracted, at which times the maxi mum val ue of tine-second is "58"
At all other times the maxi mum val ue of tine-second is "59"

Further, in time zones other than "Z", the |l eap second point is
shifted by the zone offset (so it happens at the sanme instant around
t he gl obe).

Leap seconds cannot be predicted far into the future. The
International Earth Rotation Service publishes bulletins [IERS] that
announce | eap seconds with a few weeks’ warning. Applications should
not generate tinestanps involving inserted | eap seconds until after
the | eap seconds are announced.

Al 't hough | SO 8601 pernits the hour to be "24", this profile of |1SO

8601 only all ows val ues between "00" and "23" for the hour in order
to reduce confusion.
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5.8. Exanples
Here are some exanples of Internet date/time fornmat.
1985- 04- 12T23: 20: 50. 527

This represents 20 ninutes and 50.52 seconds after the 23rd hour of
April 12th, 1985 in UTC

1996-12-19T16: 39: 57- 08: 00
This represents 39 ninutes and 57 seconds after the 16th hour of
Decenber 19th, 1996 with an offset of -08:00 from UTC (Pacific
Standard Tinme). Note that this is equivalent to 1996-12-20T00: 39: 577
in UTC

1990- 12- 31T23: 59: 60Z
This represents the | eap second inserted at the end of 1990.

1990-12- 31T15: 59: 60-08: 00

This represents the same | eap second in Pacific Standard Tine, 8
hours behi nd UTC

1937-01-01T12: 00: 27. 87+00: 20

This represents the sanme instant of tinme as noon, January 1, 1937

Net herl ands tinme. Standard tinme in the Netherlands was exactly 19

nm nutes and 32. 13 seconds ahead of UTC by | aw from 1909-05-01 t hrough
1937-06-30. This tine zone cannot be represented exactly using the
HH: MM format, and this tinmestanp uses the closest representable UTC
of f set.
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7. Security Considerations

Since the local tinme zone of a site may be useful for deternmining a
time when systens are less likely to be nonitored and m ght be nore
susceptible to a security probe, sone sites may wish to enit tines in
UTC only. Ohers mght consider this to be | oss of useful
functionality at the hands of paranoia.
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Appendi x A. 1SO 8601 Col | ected ABNF

This information is based on the 1988 version of |1SO 8601. There may
be sonme changes in the 2000 revision

| SO 8601 does not specify a formal grammar for the date and tine
formats it defines. The following is an attenpt to create a fornmnal
grammar from | SO 8601. This is informational only and nmay contain
errors. 1SO 8601 remains the authoritative reference.

Note that due to anbiguities in | SO 8601, sone interpretations had to
be nmade. First, 1SO 8601 is not clear if mxtures of basic and
extended format are permissible. This granmar permits mixtures. |SO
8601 is not clear on whether an hour of 24 is pernmissible only if

m nutes and seconds are 0. This assumes that an hour of 24 is

perm ssible in any context. Restrictions on date-nday in section 5.7
apply. 1SO 8601 states that the "T" may be om tted under sone
circumstances. This grammar requires the "T" to avoid anbiguity.

I SO 8601 al so requires (in section 5.3.1.3) that a decinmal fraction
be proceeded by a "0" if less than unity. Annex B.2 of |SO 8601

gi ves exanpl es where the decimal fractions are not preceded by a "0"
This grammar assumes section 5.3.1.3 is correct and that Annex B.2 is

in error.

date-century 2DDA T ; 00-99
dat e- decade DAT ; 0-9
dat e- subdecade DAT ; 0-9

dat e- decade dat e- subdecade
date-century date-year
2DIA T ; 01-12

dat e-year
date-full year
dat e-nont h

dat e- wday DAT ; 1-7 ; 1 is Mnday, 7 is Sunday

dat e- nday 2DEA T ; 01-28, 01-29, 01-30, 01-31 based on
; nmont h/year

dat e- yday = 3DIAT ; 001-365, 001-366 based on year

dat e- week =2DAT ; 01-52, 01-53 based on year

datepart-fullyear = [date-century] date-year ["-"]
dat epart - ptyear = "-" [date-subdecade ["-"]]
dat epart - wkyear = datepart-ptyear / datepart-fullyear

dat eopt-century
dat eopt-ful |l year
dat eopt - year

dat eopt - nont h
dat eopt - week

date-century

datepart-full year
(date-year ["-"])
(date-month ["-"])
(date-week ["-"])

I mnn
—~—~—— —
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dat espec- f ul
dat espec- year
dat espec- nont h
dat espec- nday
dat espec- week

dat espec- wday
dat espec- yday

dat e

Date and Tinme on the Internet:

Ti nest anps July 2002

datepart-fullyear date-nmonth ["-"] date-nday
date-century / dateopt-century date-year

"-" dateopt-year date-nonth [["-"] date-nday]
"--" dateopt-nonth date-nday

dat epart - wkyear "W

(dat e-week / dat eopt-week date-wday)

"---" dat e-wday

dat eopt-ful | year date-yday

dat espec-full / datespec-year
/ dat espec-nonth /

dat espec-nday / datespec-week / datespec-wday / datespec-yday

Ti me:

ti me- hour
time-mnute
ti me-second

time-fraction
ti me- nunof f set
ti me-zone

ti meopt - hour
ti meopt-mnute

ti mespec- hour

ti mespec-mnute
ti mespec-second
ti mespec- base
time

i so-date-tine

Dur ati ons:

dur - second
dur-m nute
dur - hour
dur-time
dur - day
dur - week
dur - nont h
dur - year
dur -dat e

duration

Klyne, et. al

2DIG T ; 00-24
2DIG T ; 00-59
2DIA T ; 00-58, 00-59, 00-60 based on
; |l eap-second rules
",/ "y 1*DIGT
("+" [/ "-") time-hour [[":"] time-m nute]

"Z" | tinme-nunoffset

"ot (time-hour [":"])
"ot/ (time-minute [":"])

time-hour [[":"] tinme-minute [[":"] time-second]]
timeopt-hour tinme-minute [[":"] tinme-second]

"-" tinmeopt-ninute tinme-second

ti mespec-hour / tinmespec-nminute / timespec-second

ti mespec-base [time-fraction] [time-zone]

= date "T" tine
1*DIAdT"S
1*DIA T "M [dur-second]
1*DIA T "H' [dur-m nute]
'"T" (dur-hour / dur-nminute / dur-second)
1*DAT "D
1*DIAT "W
1*DIA T "M [dur-day]
1*DIA T "Y" [dur-nonth]

(dur-day / dur-nonth / dur-year) [dur-tine]

"P" (dur-date / dur-time / dur-week)
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Peri ods:

iso-date-tinme "/" iso-date-tine
iso-date-tinme "/" duration
duration "/" iso-date-tinme

peri od-explicit
period-start
peri od- end

period period-explicit / period-start / period-end
Appendi x B. Day of the Wek
The following is a sanple C subroutine |oosely based on Zeller’'s
Congruence [Zeller] which may be used to obtain the day of the week
for dates on or after 0000-03-01

char *day_of week(int day, int nonth, int year)

L
int cent;
char *dayofweek[] = {
"Sunday", "Monday", "Tuesday", "Wdnesday",
"Thur sday", "Friday", "Saturday"
b
/* adjust nonths so February is the |last one */
nmonth -= 2;
if (month < 1) {
month += 12;
--year;
/[* split by century */
cent = year / 100;
year % 100
return (dayof week[((26 * nonth - 2) / 10 + day + year
+ year /| 4 +cent /| 4 +5 * cent) %7]);
}

Appendi x C. Leap Years
Here is a sanple C subroutine to calculate if a year is a |l eap year:
[* This returns non-zero if year is a leap year. Mist use 4 digit
year.
*/
int |leap_year(int year)

return (year %4 == 0 && (year %100 !'= 0 || year %400 == 0));
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Appendi x D. Leap Seconds

I nformation about | eap seconds can be found at:
<http://tycho.usno.navy.nl /|l eapsec.htm > In particular, it notes
t hat :

The decision to introduce a leap second in UCis the
responsibility of the International Earth Rotation Service (|ERS)
According to the CC R Recommendation, first preference is given to
the opportunities at the end of Decenber and June, and second
preference to those at the end of March and Septenber.

When required, insertion of a | eap second occurs as an extra second
at the end of a day in UTC, represented by a tinmestanp of the form
YYYY- Mt DDT23: 59: 60Z. A | eap second occurs sinultaneously in al
tinme zones, so that tinme zone relationships are not affected. See
section 5.8 for sone exanples of |eap second tines.

The following table is an excerpt fromthe table maintained by the
United States Naval Cbservatory. The source data is |ocated at:

<ftp://maia.usno.navy. ml/ser7/tai-utc. dat>
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This table shows the date of the | eap second, and the difference
between the time standard TAI (which isn't adjusted by | eap seconds)
and UTC after that |eap second.

UTC Date TAl - UTC After Leap Second

1972-06- 30 11
1972-12-31 12
1973-12-31 13
1974-12-31 14
1975-12-31 15
1976-12-31 16
1977-12-31 17
1978-12-31 18
1979-12-31 19
1981- 06- 30 20
1982-06- 30 21
1983-06- 30 22
1985-06- 30 23
1987-12-31 24
1989-12-31 25
1990-12-31 26
1992-06- 30 27
1993-06- 30 28
1994-06- 30 29
1995-12-31 30
1997- 06- 30 31
1998-12-31 32
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