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PROPOSED REVISION:
Remove support for leap second.
JUSTIFICATION:
The recently approved change to allow leap second to be supported by COBOL is premature.  Leap second came into being after COBOL was first standardized.  Many programs and program products have been developed without providing any support for leap second.  Because of this, the introduction of leap second into existing applications will have a significant impact for many shops.  In particular, the addition of support for leap second in the ACCEPT statement and FUNCTION CURRENT-DATE will have significant impact on programs that store TIME and DATETIME data in DBMSs.  Also, any application program or other program product that validates time or datetime and does not take leap second into account will have a problem.  In addition, there are significant issues with implementing leap second in DBMSs, so it may be a while before support is generally available.

COMPATIBILITY:
This feature is compatible with ANSI X3.23-1985 as amended by ANSI X3.23a-1989 and ANSI X3.23b-1993.

DISCUSSION:
Initial Investigation

Some background

1) What we used to call Greenwich Mean Time (GMT), in now called Coordinated Universal Time (UTC [sic]).  Below, I have followed the convention of appending Z to indicated UTC.

2) Leap second occurs at the same instant throughout the world.  It is always 23:59:60Z on the last day of the month, regardless of the time zone.  That means it is 18:59:60 Eastern Standard Time in the USA and day+1 02:59:60 in Cairo, Egypt and day+1 05:29:60 in Delhi, India.  Note that Delhi’s time zone difference is +5:30.

3) There are at least two ways that DBMSs store a datetime stamp.  

a) First yyyy-mm-dd hh:mm:ss.ss…. Maybe in a more compact form.

b) Second as an integral number of some small unit since a fixed datetime in the past.  Maybe milliseconds since 1900-01-01 00:00:00.  In the discussion that follows I will refer to this as LDT (Lilian datetime).  The examples will be based on seconds since 1901-01-01 00:00:00.  In this system 1901-01-01 00:00:00 is 0 LDT; 1901-12-31 23:59:59 = 31,535,999 LDT; 1902-01-01 00:00:00 = 31,536,000 LDT; 1905-01-01 00:00:00 = 126,230,400; and 2000-12-31 23:59:59 has the value of 3,155,759,999.
Many DBMSs appear not to support leap second

My company uses many DBMSs, more that I first suspected.  The same data is copied from one DBMS to another as the data goes between platforms and applications.  For some of our main flows the data arrives at our mainframe and is stored in a DBMS for operational purposes. To ensure that the datetime is the same in all rows and records related to the transaction, the program obtains the datetime from the OS, for example by FUNCTION CURRENT-DATE, not from the DBMS.  The data is periodically copied to a data warehouse for certain reporting purposes.  The operational datetime goes along.  Subsets of this data are periodically transferred from the warehouse to other platforms for intensive analysis.  Each of these three platforms uses a different DBMS.  Our inventory system is on a different mainframe.  We are now building databases to support our Internet business.  To date, I have been able to identify eight DBMSs that are used on a regular basis within the company: DB2, DMS II, Essbase, Informix, MS Access, Oracle, Sysbase, and Teradata.  Of those that were tested, only one allows for the storing and retrieving of datetime with seconds equal to 60.  Unfortunately, it also allows for seconds equal to 61.

Unless there is a common approach to leap seconds implemented in DBMSs at the same time as leap second starts to appear in the data there will be problems.  I am unaware of any plans to begin supporting leap second in DBMSs.  A search of the Web sites of several vendors failed to turn up any references.

Furthermore, how a DBMS will support leap second appears to be problematic. Below I have outlined what I see as some of the challenges.  If they turn out to be significant, then support for leap second may not be available in the short term.

No Time Zone

One general issue is that DBMS do not appear to store the time zone along with the datetime.  It might be local time, UTC, or other, and sometimes it is indeterminate. 

Historical Data

Any DBMS that uses a LDT, and has not yet accounted for leap seconds, is now off by 22 seconds.

One might think that 2001-01-01 00:00:00 should be 3,155,760,000 LDT; however, to date there have been twenty-two leap seconds declared, so the correct corresponding LDT is 3,155,760,022.  So far as I understand the problem there is no way to correct this in a completely transparent way.  Microsoft Excel’s leap day problem is a similar situation.  For dates after 1899 Excel uses a Lilian date with 1900-01-01 = 1.  Unfortunately, Excel’s calendar considers 1900 to be a leap year and assigns the number 60 to 1900-02-29.  Of course, this is not correct, but they have been unable to come up with a transparent way of correcting the problem.  As a result, date arithmetic across that nonexistent date yields incorrect results.  

	2/26/1900
	57

	2/27/1900
	58

	2/28/1900
	59

	2/29/1900
	60

	3/1/1900
	61

	3/2/1900
	62


What is a valid datetime?

If no time zone is specified, what are the validation rules?  Which minutes can have 61 seconds?  Which days?  How about for the fifteenth of the month?  Since leap seconds are not known very far in advance, DBMSs could require an update on fairly short notice.  Maybe an external table would be easier, but that must still be updated.  

Assume that 2003-12-31 23:59:60Z will be declared as a valid leap second.  If time zone is not specified, what behavior will a DBMS show for 2003-12-31 22:59:60?  2003-12-31 21:59:60?  2004-01-01 05:29:60?  Each would be a valid datetime in some time zone.  Would the DBMS reject any?  What value will be stored for an LDT?  I am sure that there are applications that store datetime without being aware of the time zone.  It just goes in.  Even if time zones are mixed. 

How about 2004-01-01 05:11:59?  Would this assumed to be after or before the UTC leap second?

Arithmetic

Some DBMSs have datetime-related arithmetic.  For example, to calculate the number of seconds between A and B; or add or subtract a duration from a datetime?  If that interval spans a leap second, will the leap second be correctly accounted for?  If no time zone is specified, how can the DBMS tell?

Those who have worked with calendars are familiar with the problem of the unequal number of days in calendar months.  What is one month after March 31?  What is one month before March 31?  My experience is that there are many different answers, and within any single company the rules may be different depending on the specific application and business meaning of the date.

What is one minute after YYYY-MM-DD 23:59:60Z?

Meeting #223
There was a concern that in order to add a new features, such as an new intrinsic function or additional syntax on existing syntax, the scope of the change to provide comprehensive support for date and time would require too much effort to be included in this version of the standard.  Instead, the committee went with a compiler directive.

Walter Murray reported that the future of leap second is under consideration.  Possible solutions include elimination, a definite schedule, and definite schedule but an unknown number of seconds.  At the current average of one every 18 months, the difference over a century will be one minute.  Therefore, the rules do not refer to 60.  Instead, they refer to being greater than 59.  This was another motivation for not trying to add comprehensive support.

Within the same motion, the committee voted to restore the rule of 59 seconds and to add a compiler directive that will allow for the reporting of leap second.  When LEAP SECOND ON is in effect, the implementor will define whether or not occurrences of leap second, either positive or negative, are reported.

PROPOSED CHANGES TO BASE DOCUMENT:
1.
Page 44, Compiler directing facility, table of Compiler directives, insert the following in alphabetic sequence:

LEAP-SECOND
Compilation

2.
Page 64, insert new paragraph 7.2.11A as follows:


7.2.11A LEAP-SECOND directive

The LEAP-SECOND directive specifies whether a value greater than 59 may be returned in the seconds position of the value returned by the ACCEPT statement with the TIME phrase, the CURRENT-DATE intrinsic function, and the WHEN-COMPILED intrinsic function.

7.2.11A.1 General Format

>> LEAP-SECOND {ON | OFF}

7.2.11A.2 Syntax rules

1)
The LEAP-SECOND directive shall not be specified within a compilation unit.

7.2.11A.3 General rules

1) If the LEAP-SECOND directive is not specified, a LEAP-SECOND directive with the OFF phrase is implied before the first compilation unit in the compilation group.

2) When ON is specified or implied, the implementor defines whether a value greater than 59 may be reported in the seconds position of the value returned from:

-
the ACCEPT statement with the TIME phrase

-
the CURRENT-DATE intrinsic function

-
the WHEN-COMPILED intrinsic function

3)
When OFF is specified or implied, a value greater than 59 shall not be reported in the seconds position of the value returned from:

-
the ACCEPT statement with the TIME phrase

-
the CURRENT-DATE intrinsic function

· the WHEN-COMPILED intrinsic function

3.
Page 155, 8.12 Compiler-directive reserved words, add “LEAP-SECOND” in alphabetic sequence.

4.
Page 424, 14.10.1.3, ACCEPT statement, General rules, GR 11, TIME, character positions 5-6, replace CONTENTS column with:



“Two numeric characters of the seconds past the minute in the range:

· 00 through 59 when a LEAP-SECOND directive with the OFF phrase is in effect

· 00 through nn, where nn is defined by the implementor, when a LEAP-SECOND directive with the ON phrase is in effect”

6.
Page 590, 15.16.2, CURRENT-DATE function, Returned values, rule 1, character positions 13-14, replace CONTENTS column with:



“Two numeric characters of the seconds past the minute in the range:

· 00 through 59 when a LEAP-SECOND directive with the OFF phrase is in effect

· 00 through nn, where nn is defined by the implementor, when a LEAP-SECOND directive with the ON phrase is in effect”

8.
Page 653, 15.78.2, WHEN-COMPILED function, Returned values, rule 1, character positions 13-14, replace CONTENTS column with:



“Two numeric characters of the seconds past the minute in the range:

· 00 through 59 when a LEAP-SECOND directive with the OFF phrase is in effect

· 00 through nn, where nn is defined by the implementor, when a LEAP-SECOND directive with the ON phrase is in effect”

10.
Page 832, D-1, Substantive changes potentially affecting existing programs, delete entry that begins, “ACCEPT statement, CURRENT-DATE and WHEN-COMPILED functions.  Seconds past the minute is in the range 00 through 60.”  

SUBSTANTIVE CHANGES (NOT AFFECTING):

Page 834, item 28) Compiler directives, add the following at the end (?):

– to allow for the reporting of leap seconds

SUBSTANTIVE CHANGES (POTENTIALLY AFFECTING):
OBSOLETE LANGUAGE ELEMENT LIST:
ARCHAIC LANGUAGE ELEMENT LIST:

NONE.

IMPLEMENTOR-DEFINED LANGUAGE ELEMENT LIST:

Add the following in alphabetic order:

n)
LEAP-SECOND directive (reporting of leap seconds when ON is in effect).  This item is optional. This item, if provided by the implementor, shall be documented in the implementor's user documentation.
PROCESSOR-DEPENDENT ELEMENT LIST:
UNDEFINED LANGUAGE ELEMENT LIST:
NONE.

INDEX:
Add the following in alphabetic order:

LEAP-SECOND directive nn

RESOLVED ISSUES:
OPEN ISSUES: 

1.
Does the implementor need to document the behavior when LEAP-SECOND ON is in effect.

