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LHR-042 is a recasting of the comments that originally appeared in YOW-155. In LHR-042, the problems
are grouped into sixteen categories.

In this document, we address these problems, following the same numbered categories. In many cases,
the problems are eliminated with changes to the base document, indicated with

In Section ..., replace “...” with “..”.

Some of these changes were suggested by LHR-043, in a different form.

This document should be read with LHR-042 in hand, as we do not repeat many of the statements made
in that document.

We then address the possible problems with SQL/Temporal listed in LHR-~009, numbered TMPRL-001
through TMPRL-012.

We thank the author of LHR-042, J.M. Sykes, for his careful reading of the SQL/Temporal base document.

1 Definitions

e “P s not specified” In Section 3.1, replace “period: a set of contiguous granules of a specified
precision.” with “period: a set of contiguous granules of a specified precision P.”

e “it 1s not made clear whether it is a quantum period, or an instant.” This question has far-ranging
philosophical implications. Philosophers have argued for ages whether time is discrete (in which time
is viewed as being isomorphic to the integers, which each integer coresponding to a “point” in time),
dense (in which time is viewed as being isomorphic to the rationals), or continuous (in which time
is viewed as being isomorphic to the real numbers). Science and metaphysics have uet to determine
which model best fits reality; good arguments can be made for each of the three models. In terms
of the TSQL2 language, we view this choice as largely unimportant; time can be either continuous,
dense, or discrete. However, since we are modeling time on a discrete computing device, our “view” of
time and the uses to which we put that view must necessarily be discrete. Hence, we speak in terms
of “granules” instead of instants. This topic is discussed in detail in [1,10].

2 Extensibility

o “The syntax of <data type>, when used to specify a period ... seems unnecessarily restrictive that there
1s no provision for periods corresponding to the other SQL datatime data types, DATE and TIME.”
TSQL2 contains provision to specify the range and precision of a period, and encompasses DATEs, 1.e.,
periods with a precision of DAY, and TIME, i.e., periods with a range of 24 HOURs and a precision
of SECOND. [1,10] give the details. The extended PERIOD declaration syntax will be included in a
separate change proposal, where it will be integrated in a consistent fashion with calendars other than
the default Gregorian calendar.

The use of a data type generator is limited to defining period analogues of TIMESTAMP, TIME, and
DATE. It does not allow one to specify other ranges, such as a century (instead of the 99 centuries in
DATE and TIMESTAMP) nor other ranges, such as MONTH.

3 Assignability and comparability

o “This interpretation, if correct, it is inconsistent with the approach usually followed in SQL.” As
noted in LHR~046 [8], the same statement can be made concerning SQL’s datetime types. The intent
was that the period type would behave identically to the datetime types in this aspect. When the
semantics of datetime types has been resolved, the same changes should be applied to the period
type. In the meantime, the SQL/Temporal base document is consistent with the SQL/Foundation
base document.
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4 Ordering of periods

e “There 1s no specification of a less-than operation for values of data type period.” Section 7.4
“<precedes predicate>” of the SQL/Temporal base document provides such an operation. How-
ever, the ORDER BY operation discussed Section 13.1 “<declare cursor>" of the SQL3/Foundation
base document uses the <comparison> predicate of Section 8.2 “<comparison predicate>" to define
the semantics of ordering. The following general rule should be added to Section 7.2 “<comparison
predicate>" of the base document of SQL/Temporal.

“2) The comparison of two periods is determined using PRECEDES. Let X and Y be the two values
to be compared and let H be the finest precision of X and Y. The result of X < Y is defined as X
PRECEDES Y and the result of X > VY is defined as Y PRECEDES X.”

5 5.2 literal

o “GRI, last few words are “...as the period”; what period?” The delimiting timestamps must have
the same precision, as specified by SR3 of that section. In Section 5.2, replace GR1 “The beginning
and ending delimiting timestamps of a period shall have the same precision as the period.” with “The
period literal shall have a precision equal to that of the beginning delimiting timestamp.”.

e “GRY...should be moved to 6.1 <data type>...It should also be amended to prohibit null delimiting
timestamps.” We agree. GR4 of Section 5.2 “<literal>” should be moved to Section 6.1 “<data
type>, and the following sentence added to that general rule: “If the beginning delimiting timestamp
or the ending delimiting timestamp is null, then an exception condition is raised: data exception —
wnwvalid period format.”

6 6.2 <set function specification>

e “Period is the only data type for which MIN or MAX may return a value that is not in the grouped
table. Specification of ordering would remove this anomaly.” Ordering is specified in GR2 using
precedes. In Section 6.2, remove SR2 and GR1-3.

7 6.4 <period value function>

o “GR2f s redundant.” We agree. GR2f should be discarded.

8 6.5 <cast specification>

e “The ability to cast from period to DATE or TIMESTAMP seems of small utility, especially in com-
parison with some of the features left out. Moreover, it does not conform to the generally accepted
meaning of ‘cast’, as ‘convert to the equivalent value of some other data type’.” While it may be of
small utility, it was included for completeness. The definition seems to be a natural one, and attempts
to capture what the “equivalent” DATE or TIMESTAMP is for a given period.

9 6.5 <cast specification>

o “[the term ‘duration’] is not defined” Each period contains at least one granule, so the duration of
the smallest period literal is one granule in the precision of that literal. However, we agree that the
use of the term ‘duration’ is confusing.

In Section 6.5 “<cast specification>, replace GR1b) and GRlc) with the single GR1b): “If SD is the
datetime date type DATE or TIMESTAMP, then the conversion results in the value PERIOD(SV,
SV).”
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Duration of a period (<interval value expression>?)

o “There is no explicit way to obtain the value of the interval that represents the duration of a period.”

11

12

13

This was an omission; that capability was present in RIO-75. To the table in SR3 of Section 6.5 “<cast
specification>" | add entries M to cells (P,YM) and (P,DT). Add the following as subitems under GR3
to this section:

“c) If T'D is the data type year-month INTERVAL, then let @ be the least significant <datetime field>
of T'D. The result of the conversion is the result of:

CAST((END(SV) - BEGIN(SV)) MONTH AS INTERVAL Q) + INTERVAL °1’ Q”

“d) If T'D is the data type day-time INTERVAL, then let @ be the least significant <datetime field>
of T'D. The result of the conversion is the result of:

((END(SV) - BEGIN(SV)) Q) + INTERVAL '1’ Q”

7.2 <comparison predicate>

“In General Rule 1a v, * “X - Y” 7 should presumably read * “X = Y” "7 We agree. The October,
1995 version (LHR-009) [5] has already incorporated that correction.

7.3 <overlaps predicate>: incompatability

“See the Editor’s note.” This is indeed incompatible. The intent was to extend the allowable
arguments to OVERLAPS to include as an argument a period, a single datetime, a periods denoted
with a pair of datetimes or period denoted with a datetime-interval pair, with the one exception of
both arguments being single datetimes not allowed.

See the Appendix for a replacement of the entire Section 7.3 “<overlaps predicate>".

7.3 <overlaps predicate>: data type of <row value expression>

See the Appendix for a replacement of subclauses 7.3, 7.4, 7.5 and 7.6.

14 7.3 <overlaps predicate>: result
o “We would expect the result to be true also in the case that Bl >= F2 AND B2 >=F2.” If BI-E2,
the result is true according to the original prose. If B1 > E2, then the first period is strictly after the
second period, and thus the two periods do not overlap.
15 7.6 <meets predicate>

We agree. See the appendix.

16

Other Parts of the SQL Standard

o “There are no provisions for dealing with items of data type period in SQL/Bindings.” This requires

several additions to SQL/Bindings [4].

— Add entry PERIOD, with Code 11, to Table 2 “Codes used for SQL data types in Dynamic SQL”.

— Rename Table 3 to “Codes associated with datetime and period data types in Dynamic SQL”.
Add entries PERIOD, with Code 6, and PERIOD WITH TIME ZONE, with Code 7.



ANSI X3H2-95-486 5

— In Section 12.1 “Description of SQL item descriptor areas”, add to SR3: “n) TYPE indicates a
<period type>, DATETIME_INTERVAL_CODE is a code specified in Table 3, “Codes associated
with datetime and period data types in Dynamic SQL”, and PRECISION is a valid value for the
<period precision> of the indicated period datatype.

— In Section 12.5 “<set desriptor statement>", add to GR5: “n) If V indicates PERIOD, or PE-
RIOD WITH TIME ZONE, then PRECISION 1is set to 6 and all other item descriptor area fields

are set to implementation-dependent values.”

— In Section 12.9 “<using clause>", add to GR3.f.v; GR4.f.v and GR5.f.v: “12) If TYPE in-
dicates a <period type>, then LENGTH is set to the length in positions of the period type,
DATETIME_INTERVAL_CODE is set to a code as specified in Table 3, “Codes associated with
datetime and period data types in Dynamic SQL”, to indicate the specific datetime data type,
and PRECISION is set to the <period precision>, if applicable.” Add to GR6.f.v: “9) If TYPE
indicates a <period type>, then LENGTH is set to the length in positions of the datetime type,
DATETIME_INTERVAL_CODE is set to a code as specified in Table 3, “Codes associated with
datetime and period data types in Dynamic SQL”, to indicate the specific datetime data type,
and PRECISION is set to the <period precision>, if applicable.”

17 Problems Listed in LHR-009

This section considered the possible problems listed in the SQL/Temporal base document, and numbered
TMPRL-001 through TMPRL-012. As these problems were primarily drawn from YOW-155, there is
substantial duplication with the problems discussed above. Nevertheless, we include all of them here for
completeness.

17.1 TMPRL-001

See Section 16 of this document.

17.2 TMPRL-002

See Section 3 of this document.

17.3 TMPRL-003

See Section 4 of this document.

17.4 TMPRL-004

See Section 5 of this document.

17.5 TMPRL-005

While the recommended change is not consistent with the syntax rules for other data types, we agree with
the desire for generality. Replace SR3 of Section 6.1 “<data type>" with “3) The length of a period is the
number of characters sufficient to hold the longest result of CAST(whatever TO CHARACTER) for a value
of the data type.”

17.6 TMPRL-006

See Section 6 of this document.

17.7 TMPRL-007

See Section 7 of this document.
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17.8 TMPRL-008

See Section 8 of this document.

17.9 TMPRL-009

See Sections 9 and 10 of this document.

17.10 TMPRL-0010

See Section 11 of this document.

17.11 TMPRL-0011
See Sections 12 and 13 of this document.

17.12 TMPRL-00124

See Section 15 of this document.

18 Summary

This change proposal has made some specific change recommendations, thereby addressing all known concerns

related to LHR-009.
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A Replaced Sections

The following sections should replace Sections 7.3, 7.4, 7.5 and 7.6, respectively. They generalize these

operators to apply to all reasonable combinations of period, datetime, and row value expressions.

A.1 <overlaps predicate>

Function
Specify a test for an overlap between two periods, or between a period and a datetime.
Format

<overlaps predicate> ::=
<period or datetime value expression 1> OVERLAPS <period or datetime value expression 2>

<period or datetime value expression 1> ::= <period or datetime value expression>
<period or datetime value expression 2> ::= <period or datetime value expression>
<period or datetime value expression> ::= <row value expression>

<period value expression>
<datetime value expression>>

Syntax Rules

1. Let <period or datetime value expression 1> be PD; and let <period or datetime value expression 2>

be PD2
2. If PDy is <row value expression>>, then:

a) Let Ry be the <row value expression> in PDj.
b) The degree of Ry shall be 2.

c) Let T} be the type of the first column of Ry, and T be the type of the second column of R;. T}
shall be a datetime data type.

d) If Ty is a datetime data type, then it shall be comparable with 7.
e) If Ty is INTERVAL, then the precision of T shall be such that the interval can be added to 7.
f) The precision of PDj is the precision of 77.

3. If PD; 1s <period value expression> or <datetime value expression>>, then the precision of PD; is
that of the <period value expression> or the <datetime value expression>.

4. If PD5 1s <row value expression>, then:

a) Let Ry be the <row value expression> in PDs.
b) The degree of Ry shall be 2.

c) Let T5 be the type of the first column of Ry, and Ty be the type of the second column of Ra. T3
shall be a datetime data type.

d) If T, is a datetime data type, then it shall be comparable with T5.
e) If T, is INTERVAL, then the precision of T; shall be such that the interval can be added to Ts.
f) The precision of PDs is the precision of T5.

5. If PDs 1s <period value expression> or <datetime value expression>>, then the precision of PDs is
that of the <period value expression> or the <datetime value expression>.

6. The precision of PD; and P D5 shall be identical.
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7. PDy and P D5 shall not both be datetime data types.

Access Rules
No additional Access Rules.
General Rules

1. Case:

(a) If the data type of PD; is DATE, TIME, or TIMESTAMP, then let By and E; both be the value
of PD1 .

(b) If the data type of PDy is PERIOD, then let By be the value of BEGIN(PD;) and E; be the
value of END(PDy).

(c) Otherwise, let Ry be the value of <row value expression 1> and let By be the value of the first
column of R;.

Case:

i) If the data type of the second column of R; is a datetime data type, then let Fy be the value
of the second column of R;.

ii) If the data type of the second column of R; is INTERVAL, then let I; be the value of the
second column of Ry. Let £y = By + I;.

2. If By is the null value or if £y < By, then let S; = Fy and let 77 = B;. Otherwise, let S; = By and
let T1 = El.

3. Case:

(a) If the data type of PDy is DATE, TIME, or TIMESTAMP, then let By and E3 both be the value
of PD2 .

(b) If the data type of PD5 is PERIOD, then let Bz be the value of BEGIN(PD3) and Es be the
value of END(PDs).

(c) Otherwise, let Ry be the value of <row value expression 2> and let Ba be the value of the first
column of Rs.

Case:

i) If the data type of the second column of R is a datetime data type, then let 5 be the value
of the second column of R».

ii) If the data type of the second column of R, is INTERVAL, then let Io be the value of the
second column of Ry. Let Ey = By + 1.

4. If By 1s the null value or if By < Bs, then let S5 = F5 and let 15 = By. Otherwise, let S5 = By and
let T2 = Ez.

5. The value of the <overlaps predicate> is the result of the following expression:

(Sl>52ANDNOT(SlszANDleTz))
OR
(52>SlANDNOT(SQZTlANDTQZTl))
OR

(S1=252)
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A.2 <precedes predicate>

Function
Specify a test for one period or datetime preceding a second period or datetime.
Format

<precedes predicate> ::=
<period or datetime value expression 1> PRECEDES <period or datetime value expression 2>

Syntax Rules

1. Let <period or datetime value expression 1> be PD; and let <period or datetime value expression 2>

be PD2
2. If PDy is <row value expression>>, then:

a) Let Ry be the <row value expression> in PDj.
b) The degree of Ry shall be 2.

c) Let T} be the type of the first column of Ry, and T be the type of the second column of R;. T}
shall be a datetime data type.

d) If Ty is a datetime data type, then it shall be comparable with 7.
e) If Ty is INTERVAL, then the precision of T shall be such that the interval can be added to 7.
f) The precision of PDj is the precision of 77.

3. If PD; 1s <period value expression> or <datetime value expression>>, then the precision of PD; is
that of the <period value expression> or the <datetime value expression>.

4. If PD5 1s <row value expression>, then:

a) Let Ry be the <row value expression> in PDs.
b) The degree of Ry shall be 2.

c) Let T5 be the type of the first column of Ry, and Ty be the type of the second column of Ra. T3
shall be a datetime data type.

d) If T, is a datetime data type, then it shall be comparable with T5.
e) If T, is INTERVAL, then the precision of T; shall be such that the interval can be added to Ts.
f) The precision of PDs is the precision of T5.

5. If PDs 1s <period value expression> or <datetime value expression>>, then the precision of PDs is
that of the <period value expression> or the <datetime value expression>.

6. The precision of PD; and P D5 shall be identical.

Access Rules
No additional Access Rules.
General Rules

1. Case:

(a) If the data type of PD; is DATE, TIME, or TIMESTAMP, then let By and E; both be the value
of PD1 .

(b) If the data type of PDy is PERIOD, then let By be the value of BEGIN(PD;) and E; be the
value of END(PDy).
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(c) Otherwise, let Ry be the value of <row value expression 1> and let By be the value of the first
column of R;.

Case:
i) If the data type of the second column of R; is a datetime data type, then let Fy be the value
of the second column of R;.

ii) If the data type of the second column of R; is INTERVAL, then let I; be the value of the
second column of Ry. Let £y = By + I;.

2. If Fy 1s the null value or if F; < By, then let T} = By. Otherwise, let T} = Ej.
3. Case:

(a) If the data type of PDy is DATE, TIME, or TIMESTAMP, then let By and E3 both be the value
of PD2 .

(b) If the data type of PD5 is PERIOD, then let Bz be the value of BEGIN(PD3) and Es be the
value of END(PDs).

(c) Otherwise, let Ry be the value of <row value expression 2> and let Ba be the value of the first
column of Rs.
Case:
i) If the data type of the second column of R is a datetime data type, then let 5 be the value
of the second column of R».

ii) If the data type of the second column of R, is INTERVAL, then let Io be the value of the
second column of Ry. Let Ey = By + 1.

4. If Bs is the null value or if F'y < Bj, then let S5 = 5. Otherwise, let S5 = Bs.

5. The value of the <precedes predicate> is the value of 77 < S5.
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A.3 <contains predicate>

Function
Specify a test for a period containing another period or a datetime.
Format

<contains predicate> ::=
<period or datetime value expression 1> CONTAINS <period or datetime value expression 2>

Syntax Rules

1. Let <period or datetime value expression 1> be PD; and let <period or datetime value expression 2>

be PD2
2. If PDy is <row value expression>>, then:

a) Let Ry be the <row value expression> in PDj.
b) The degree of Ry shall be 2.

c) Let T} be the type of the first column of Ry, and T be the type of the second column of R;. T}
shall be a datetime data type.

d) If Ty is a datetime data type, then it shall be comparable with 7.
e) If Ty is INTERVAL, then the precision of T shall be such that the interval can be added to 7.
f) The precision of PDj is the precision of 77.

3. If P D is <period value expression>>, then the precision of P D; is that of the <period value expression>>.
4. P D shall not be a <datetime value expression>.
5. If PDy is <row value expression>>, then:

a) Let Ry be the <row value expression> in PDs.
b) The degree of Ry shall be 2.

c) Let T5 be the type of the first column of Ry, and Ty be the type of the second column of Ra. T3
shall be a datetime data type.

d) If T, is a datetime data type, then it shall be comparable with T5.
e) If T, is INTERVAL, then the precision of T; shall be such that the interval can be added to Ts.
f) The precision of PDs is the precision of T5.

6. If PDs 1s <period value expression> or <datetime value expression>>, then the precision of PDs is
that of the <period value expression> or the <datetime value expression>.

7. The precision of PD; and P D5 shall be identical.

Access Rules
No additional Access Rules.
General Rules

1. Case:
(a) If the data type of PD; is PERIOD, then let By be the value of BEGIN(PD;) and Ej be the

value of END(PDy).

(b) Otherwise, let Ry be the value of <row value expression 1> and let By be the value of the first
column of R;.

Case:
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i) If the data type of the second column of R; is a datetime data type, then let Fy be the value
of the second column of R;.

ii) If the data type of the second column of R; is INTERVAL, then let I; be the value of the
second column of Ry. Let £y = By + I;.

2. If By is the null value or if £y < By, then let S; = Fy and let 77 = B;. Otherwise, let S; = By and
let T1 = El.

3. Case:

(a) If the data type of PDy is DATE, TIME, or TIMESTAMP, then let By and E3 both be the value
of PD2 .

(b) If the data type of PD5 is PERIOD, then let Bz be the value of BEGIN(PD3) and Es be the
value of END(PDs).

(c) Otherwise, let Ry be the value of <row value expression 2> and let Ba be the value of the first
column of Rs.
Case:
i) If the data type of the second column of R is a datetime data type, then let 5 be the value
of the second column of R».

ii) If the data type of the second column of R, is INTERVAL, then let Io be the value of the
second column of Ry. Let Ey = By + 1.

4. If By 1s the null value or if By < Bs, then let S5 = F5 and let 15 = By. Otherwise, let S5 = By and
let T2 = Ez.

5. The value of the <contains predicate> is the result of the following expression:

S1 < Sy AND Th <y
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A.4 <meets predicate>

Function
Specify a test for one period or datetime adjoining another period or datetime.
Format

<meets predicate> ::=
<period or datetime value expression 1> MEETS <period or datetime value expression 2>

Syntax Rules

1. Let <period or datetime value expression 1> be PD; and let <period or datetime value expression 2>

be PD2
2. If PDy is <row value expression>>, then:

a) Let Ry be the <row value expression> in PDj.
b) The degree of Ry shall be 2.

c) Let T} be the type of the first column of Ry, and T be the type of the second column of R;. T}
shall be a datetime data type.

d) If Ty is a datetime data type, then it shall be comparable with 7.
e) If Ty is INTERVAL, then the precision of T shall be such that the interval can be added to 7.
f) The precision of PDj is the precision of 77.

3. If PD; 1s <period value expression> or <datetime value expression>>, then the precision of PD; is
that of the <period value expression> or the <datetime value expression>.

4. If PD5 1s <row value expression>, then:

a) Let Ry be the <row value expression> in PDs.
b) The degree of Ry shall be 2.

c) Let T5 be the type of the first column of Ry, and Ty be the type of the second column of Ra. T3
shall be a datetime data type.

d) If T, is a datetime data type, then it shall be comparable with T5.
e) If T, is INTERVAL, then the precision of T; shall be such that the interval can be added to Ts.
f) The precision of PDs is the precision of T5.

5. If PDs 1s <period value expression> or <datetime value expression>>, then the precision of PDs is
that of the <period value expression> or the <datetime value expression>.

6. The precision of PD; and P D5 shall be identical.

Access Rules
No additional Access Rules.
General Rules

1. Case:

(a) If the data type of PD; is DATE, TIME, or TIMESTAMP, then let By and E; both be the value
of PD1 .

(b) If the data type of PDy is PERIOD, then let By be the value of BEGIN(PD;) and E; be the
value of END(PDy).
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(c) Otherwise, let Ry be the value of <row value expression 1> and let By be the value of the first
column of R;.

Case:
i) If the data type of the second column of R; is a datetime data type, then let Fy be the value
of the second column of R;.

ii) If the data type of the second column of R; is INTERVAL, then let I; be the value of the
second column of Ry. Let £y = By + I;.

2. If By is the null value or if £y < By, then let S; = Fy and let 77 = B;. Otherwise, let S; = By and
let T1 = El.

3. Case:

(a) If the data type of PDy is DATE, TIME, or TIMESTAMP, then let By and E3 both be the value
of PD2 .

(b) If the data type of PD5 is PERIOD, then let Bz be the value of BEGIN(PD3) and Es be the
value of END(PDs).

(c) Otherwise, let Ry be the value of <row value expression 2> and let Ba be the value of the first
column of Rs.
Case:
i) If the data type of the second column of R is a datetime data type, then let 5 be the value
of the second column of R».

ii) If the data type of the second column of R, is INTERVAL, then let Io be the value of the
second column of Ry. Let Ey = By + 1.

4. If By 1s the null value or if By < Bs, then let S5 = F5 and let 15 = By. Otherwise, let S5 = By and
let T2 = Ez.

5. The value of the <meets predicate> is the result of the following expression:

Ty + TIMESTAMP 10=F = S, OR Ty + TIMESTAMP 10~% = 5



