Appendi x |
A Gr ammar f or Tut or i al D

In this appendi x we present the Tutorial D production rules in

al phabetical order, for ease of reference. Extensions fromPart |V
to deal with inheritance are included. However, the follow ng are
not :

e Features defined (or nerely hinted at, in some cases) in
Chapter 5 in prose forminstead of by neans of fornal
production rul es

* Features nerely "suggested" in Chapter 10

* Rules regarding the use of an <attribute ref> in the
i nheritance extensions (e.g., in a <type test>) wherever a
<selector inv>is permtted

* Rules regarding the use of a TREAT invocation as a
pseudovari abl e reference

In connection with the [ast of these, here for reference is a
conplete list of syntactic categories not explicitly defined in
thi s appendi x:

<array var nane> <possrep name>
<attribute assign> <rel ation var nanme>
<attribute name> <scal ar sel ector inv>
<bool exp> <scal ar var nanme>
<character string literal > <st at enent nanme>
<constrai nt nane> <THE_ op nane>
<identifier> <THE_ pv nane>

<i nt eger exp> <tupl e var nane>

<i ntroduced nane> <user op nhane>

<par anet er nane> <user scal ar type nanme>
<possrep component assign> <versi on name>

<possrep conponent nane>
For an expl anation of the conventions used in the netal anguage

(e.g., its use of syntactic categories of the form<... list> and
<... commlist>), see the introductory section in Chapter 5.
‘0000 —

<addi ti onal constraint def>
D= CONSTRAI NT <bool exp>
<agg op inv>
L= <agg op nanme> ( [ <integer exp> ] <relation exp>
[, <attribute ref>1] )

<agg op nane>

1= COUNT | SUM| AVG| MAX| MN| AND| OR | XOR
| EXACTLY | UNION | D _UNION | | NTERSECT
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<application relation var def>
::= VAR <relation var nanme> <private or public>
<relation type or init value>
<candi date key def list>

<ar gunent >
Si= <exp>

<array cardinality>
S = COUNT ( <array var ref>)

<array target>
L= <array var ref>

<array var def>
S VAR <array var nanme> ARRAY <tuple type>

<array var ref>
::= <array var nane>

<assi gn>
L= <scal ar assi gn>
| <tuple assign>
| <relation assign>

<assi gnnment >
L= <assi gn conmal i st >

<attribute>
= <attribute name> <type>

<attribute extractor inv>
L= <attribute ref> FROM <tupl e exp>

<attribute ref>
- <attribute name>

<attribute target>
L= <attribute ref>
| <attribute THE_ pv ref>

<attribute test>
L= | S <scal ar type name> ( <attribute ref>)
| I'S_ SAME_TYPE_AS ( <exp> , <attribute ref>)

<attribute THE_ pv ref>
::= <THE_ pv nane> ( <attribute target> )

<attribute treat>
::=  TREAT_AS <scal ar type name> ( <attribute ref>)
| TREAT_AS SAME TYPE AS ( <exp> , <attribute ref>)

<begi n transaction>
::=  BEG N TRANSACTI ON
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<built-in relation op inv>
L= <rel ati on selector inv>
| <THE_ op inv>
| <attribute extractor inv>
| <project>
| <n-adic other built-in relation op inv>
| <monadic or dyadic other built-in relation op inv>

<built-in scalar op inv>
L= <scal ar selector inv>
| <THE_ op inv>
| <attribute extractor inv>
| <agg op inv>
| <type test>
| <scalar treat>
| plus the usual possibilities

<built-in scalar type nane>
::= INTEGER | RATIONAL | CHARACTER | CHAR | BOCOLEAN

<built-in tuple op inv>
D= <tupl e selector inv>
| <THE_ op inv>
| <attribute extractor inv>
| <tuple extractor inv>
| <tuple project>
| <n-adic other built-in tuple op inv>
| <nonadic or dyadic other built-in tuple op inv>

<cal | >
L= CALL <user op inv>

<candi dat e key def>
L= KEY { <attribute ref conmalist> }

<case>
= CASE ;
<when def list>
[ ELSE <statenent> ]
END CASE
<commit >
D= COW T
<conpose>

D= <rel ati on exp> COWOSE <rel ati on exp>

<conpound st at enment body>
L= BEG N ; <statement |ist> END

<constraint def>
D= CONSTRAI NT <constrai nt nanme> <bool exp>

<constrai nt drop>
- DROP CONSTRAI NT <constrai nt nanme>
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<dat abase rel ati on var def>
- <real relation var def>
| <virtual relation var def>

<deri ved possrep conponent def>
.= <possrep conponent nane> = <exp>

<derived possrep def>
P = POSSREP [ <possrep hane> |
{ <derived possrep conponent def commalist> }

<di rection>
i ASC | DESC

<di vi de>
= <rel ati on exp> DI VI DEBY <rel ati on exp> <per>

<do>

[ <statenent nanme> : ]
DO <scal ar var ref> : =
<i nteger exp> TO <i nteger exp> ;
<st at enent >
END DO
<dyadi ¢ di sjoint union>
s <rel ation exp> D _UNION <rel ati on exp>

<dyadi c i ntersect>
- <rel ati on exp> | NTERSECT <rel ati on exp>

<dyadi ¢ j oi n>
s <rel ation exp> JON <rel ati on exp>
<dyadi ¢ other built-in relation op inv>
- <dyadi ¢ union> | <dyadic disjoint union>
| <dyadic intersect> | <m nus> | <dyadic join>
| <conpose> | <semjoin> | <sem m nus>
| <divide> | <summarize>

<dyadi c other built-in tuple op inv>

D= <dyadi ¢ tuple union> | <tuple conpose>
<dyadi ¢ tupl e uni on>

L= <tupl e exp> UNION <tuple exp>
<dyadi ¢ uni on>

- <rel ation exp> UNION <rel ati on exp>

<exp=>

<scal ar exp>
| <nonscal ar exp>

<ext end>
D= EXTEND <rel ati on exp>
ADD ( <extend add comalist> )

<ext end add>
::=  <exp> AS <introduced name>
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<filter and cast>
L= <relation exp> : <attribute test>

<gr oup>

D= <rel ati on exp> GROUP ( <grouping commalist>)

<gr oupi ng>

= { [ ALL BUT ] <attribute ref commualist> }

AS <i ntroduced nane>

<headi ng>

.= { <attribute conmalist> }
<if>

L= | F <bool exp> THEN <st at enent >

[ ELSE <statenent> ]
END | F

<i s def>

D= <single inheritance is def>

| <multiple inheritance is def>

<| eave>

= LEAVE <st at enent nane>

<m nus>
L= <rel ation exp> M NUS <rel ation ex
<nonadi ¢ or dyadic other built-in relation

i <rmonadi ¢ other built-in relation
| <dyadic other built-in relation

<nonadi ¢ or dyadic other built-in tuple op
L= <nmonadi ¢ other built-in tuple op
| <dyadic other built-in tuple op i

<nmonadi ¢ other built-in relation op inv>

p>

op inv>
op inv>
op inv>
i nv>

i nv>
nv>

1= <renane> | <where> | <extend> | <wap> |
> | <tclose>

| <group> | <ungroup> | <substitute
| <relation treat> | <filter and ca

<nonadi ¢ other built-in tuple op inv>
::= <tuple renane> | <tuple extend>
| <tuple unwap> | <tuple substitut

<mul tiple inheritance is def>
D= IS { <scal ar type nane conmal i st >

<derived possrep def

<n-adi ¢ di sjoint union>

st >

<unwr ap>

<tupl e wap>
e> | <tuple treat>

[ist>}

D= D UNTON [ <heading>] { <relation exp commualist>}

<n-adi c i ntersect>

= | NTERSECT [ <heading> ] { <relation exp commalist> }

<n-adi c joi n>
s JON{ <relation exp commalist> }
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<n-adic other built-in relation op inv>
: <n-adi ¢ union> | <n-adic disjoint union>
| <n-adic intersect> | <n-adic join>

<n-adic other built-in tuple op inv>
: <n-adi ¢ tuple union>

<n-adi ¢ tupl e union>
: UNION { <tuple exp comualist>}

<n-adi ¢ uni on>
: UNION [ <heading>] { <relation exp conmalist> }

<name intro>
::=  <exp> AS <introduced name>

<no op>
= ... an enpty string

<nonscal ar exp>
L= <tupl e exp>
| <relation exp>

<order itenp
= <direction> <attribute ref>

<par anet er def>
;.=  <paraneter nanme> <type>

<per’ >
- PER ( <relation exp> [, <relation exp>] )

<per or by>
1= <per>
| BY { [ ALL BUT | <attribute ref commalist> }

<possrep conponent def >
::=  <possrep conponent nane> <type>

<possrep conmponent ref>
D= <possrep conmponent nane>

<possrep conponent target>
::=  <possrep conponent ref>
| <possrep THE_ pv ref>

<possrep constraint def>
D= CONSTRAI NT <bool exp>

<possrep def>
S POSSREP [ <possrep hane> |
{ <possrep conponent def commali st>
[ <possrep constraint def> ] }

<possrep or specialization detail s>
L= <possrep def list>
| <additional constraint def>
[ <derived possrep def list> ]
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<possrep THE_ pv ref>
<THE_ pv nanme> ( <possrep conponent target> )

<preV|oust defined statenent

body>

<assi gnnent >

<user op def> |
<user scal ar type def> |
<scal ar var def> |

<rel ati on

<constraint def> |
<array var def> |

<user op drop>

<user scal ar type drop>
<tupl e var def>

var def> | <relation var drop>
<constraint drop>

<relation get> | <relation set>

<private or public>
L= PRI VATE | PUBLIC
<proj ect >
D= <rel ati on exp>
{ [ ALL BUT ] <attribute ref conmalist> }
<real or base>
= REAL | BASE
<real relation var def>
:= VAR <rel ation var nane>
<real or base> <relation type or init value>
<candi date key def [|ist>
<rel ati on assi gn>
L= <relation target> := <rel ati on exp>
| <relation insert>
| <relation del ete>
| <relation update>
<rel ati on conp>
L= <rel ation exp> <relation conp op> <relation exp>
<rel ati on conp op>
L= =| | | €| o] 2
<rel ati on del ete>
ri= DELETE <rel ation target> [ WHERE <bool exp> ]
<rel ati on exp>
= <relation with exp>
| <relation nonwith exp>
<rel ati on get>
D= LOAD <array target> FROM <rel ati on exp>
ORDER ( <order item commualist> )
<relation insert>
L= | NSERT <relation target> <rel ati on exp>
<rel ati on nonwi th exp>
D= <relation var ref>
| <relation op inv>

( <relation exp>)
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<relation op inv>
L= <user op inv>
| <built-in relation op inv>

<rel ation selector inv>
L= RELATION [ <heading> ] { <tuple exp commalist> }
| TABLE DEE
| TABLE_DUM

<rel ation set>
L= LOAD <rel ation target> FROM <array var ref>

<rel ation target>
D= <relation var ref>
| <relation THE_ pv ref>

<relation THE_ pv ref>
L= <THE_ pv nanme> ( <scal ar target> )

<relation treat>
;.=  TREAT_AS_SAME TYPE_AS
( <relation exp>, <relation exp>)
| <relation exp> <attribute treat>

<rel ation type>
= <rel ati on type nane>
| SAVE_TYPE_AS ( <relation exp> )
| RELATI ON SAME_HEADI NG_AS ( <nonscal ar exp> )

<rel ati on type name>
L= RELATI ON <headi ng>

<relation type or init value>
L= <relation type> | INT ( <relation exp>)
| <relation type> INIT ( <relation exp>)

<rel ati on updat e>
L= UPDATE <rel ation target> [ WHERE <bool exp> ]
( <attribute assign conmalist>)

<rel ation var def>
- <dat abase rel ati on var def>
| <application relation var def>

<rel ation var drop>
- DROP VAR <relation var ref>

<relation var ref>
= <rel ati on var nane>

<relation with exp>

Si= W TH <nane intro conmalist> : <relation exp>
<r enane>

D= <rel ati on exp> RENAME ( <renam ng conmalist> )
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<r enam ng>
L= <attribute ref> AS <introduced name>
| PREFI X <character string literal >
AS <character string literal >
| SUFFI X <character string literal >
AS <character string literal >

<return>
1= RETURN [ <exp> ]

<rol | back>
D= ROLLBACK

<scal ar assi gn>
D= <scal ar target> : = <scal ar exp>
| <scal ar updat e>

<scal ar conmp>
::= <scalar exp> <scal ar conp op> <scal ar exp>

<scal ar conmp op>
= o=l E] <] <] > o2

<scal ar exp>
L= <scalar with exp>
| <scalar nonwith exp>

<scal ar nonwith exp>
= <scal ar var ref>
| <scalar op inv>
| ( <scalar exp> )

<scal ar op inv>
L= <user op inv>
| <built-in scalar op inv>

<scal ar target>
D= <scal ar var ref>
| <scalar THE_ pv ref>

<scal ar THE_ pv ref>
L= <THE_ pv nanme> ( <scal ar target> )

<scal ar treat>
.. =  TREAT_AS <scal ar type name> ( <scal ar exp> )
| TREAT_AS _SAME _TYPE_AS ( <scal ar exp> , <scal ar exp> )

<scal ar type>
L= <scal ar type nane>
| SAME_TYPE_AS ( <scal ar exp> )

<scal ar type nane>
::= <user scalar type nane>
| <built-in scalar type nanme>
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<scal ar type or init val ue>

L= <scalar type> | INT ( <scalar exp>)
| <scalar type> INIT ( <scal ar exp> )

<scal ar updat e>
L= UPDATE <scal ar target>

( <possrep conponent assign comalist> )

<scal ar var def>

1= VAR <scal ar var nanme> <scal ar type or init value>

<scal ar var ref>
I <scal ar var nane>

<scal ar with exp>

= W TH <name intro commal i st>

<sel ector inv>
- <scal ar sel ector inv>
| <tuple selector inv>
| <relation selector inv>

<sem j oi n>

L= <rel ation exp> SEMJAO N <rel ati on exp>
| <relation exp> MATCHI NG <rel ati on exp>

<sem m nus>

L= <rel ati on exp> SEM M NUS <rel ati on exp>
| <relation exp> NOT MATCHI NG <rel ati on exp>

<single inheritance is def>
L= IS { <scal ar type nane>

<possrep or specialization details>}

<st at enent >
L= <stat enent body> ;

<statenment body>

= <previously defined statenent
| <begin transaction> | <commt> |
| <call> | <return> | <case>
| <leave> | <no op> | <conpound st at enent

<subscri pt>
D= <i nt eger exp>

<substitute>
L= UPDATE <rel ati on exp>

( <attribute assign conmalist>)

<sunmari ze>

L= SUMVARI ZE <rel ati on exp> [ <per or by> ]
ADD ( <summarize add conmalist> )

<sunmmari ze add>

L= <summar y> AS <i ntroduced nane>
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<sunmar y>
= <summary spec> ( [ <integer exp>, |

[ <scalar exp>1] )

<summary spec>

;1= COUNT | COUNTD | SUM| SUMD | AVG | AVGD |

| AND | OR | ALL | ANY | XOR | EXACTLY
| UNTON | D UNION | | NTERSECT
<synonym def >
= SYNONYMS { <user op nane comualist> }

<t cl ose>
L= TCLOSE <rel ati on exp>
<THE_ op inv>
D= <THE_ op nanme> ( <scal ar exp> )
<tupl e assign>
= <tuple target> := <tuple exp>
| <tuple update>

<t upl e conp>

L= <tupl e exp> <tuple conp op> <tuple exp>

| <tuple exp> O <relation exp>
| <tuple exp> O <relation exp>
<tupl e conp op>
— :|¢
<t upl e conponent >
D= <attribute ref> <exp>

<tupl e conpose>
= <t upl e exp> COVWPCOSE <t upl e exp>
<tupl e exp>
L= <tuple with exp>
| <tuple nonwith exp>
| <array var ref> ( <subscript>)

<tupl e extend>

MAX | M N
EXACTLYD

D= EXTEND <t upl e exp> ADD ( <extend add conmmalist> )

<tupl e extractor inv>
L= TUPLE FROM <rel ati on exp>

<tuple nonwith exp>
L= <tuple var ref>
| <tuple op inv>
| ( <tuple exp>)
<tuple op inv>
L= <user op inv>
| <built-in tuple op inv>
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<tupl e project>
::=  <tuple exp>
{ [ ALL BUT ] <attribute ref conmalist> }

<tupl e renane>
::= <tuple exp> RENAME ( <renam ng commalist> )

<tupl e selector inv>
;2= TUPLE { <tuple conmponent conmalist> }

<tupl e substitute>
::= UPDATE <tuple exp> ( <attribute assign conmalist>)

<tupl e target>
D= <tuple var ref>
| <tuple THE_ pv ref>

<tup|e THE_ pv ref>
L= <THE_ pv nanme> ( <scal ar target> )

<tuple treat>
;.= TREAT_AS SAME TYPE AS ( <tuple exp>, <tuple exp>)
| <tuple exp> <attribute treat>

<tup|e type>
L= <tupl e type nane>
| SAVE_TYPE_AS ( <tuple exp>)
| TUPLE SAME _HEADI NG _AS ( <nonscal ar exp> )

<tup|e type nane>
::= TUPLE <headi ng>

<tuple type or init val ue>
1=  <tuple type> | INT ( <tuple exp>)
| <tuple type> INIT ( <tuple exp>)
<tupl e unw ap>
L= <tupl e exp> UNWRAP ( <unwr appi ng commal i st> )

<t upl e updat e>
D= UPDATE <tupl e target>
( <attribute assign commalist>)

<tupl e var def>
L= VAR <tupl e var nane> <tuple type or init value>

<tuple var ref>
D= <tupl e var nanme>

<tup|e wi th exp>
S W TH <nanme intro conmalist> : <tuple exp>

<tupl e wap>
i1=  <tuple exp> WRAP ( <wrappi ng commalist> )
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<type>
L= <scal ar type>
| <tuple type>

| <relation type>

<type test>
D= I S <scal ar type name> ( <scal ar exp> )
| 1S _SAME_TYPE_AS ( <exp> , <exp> )

<ungroup>
L= <rel ation exp> UNGROUP ( <ungrouping commalist> )

<ungr oupi ng>
L= <attribute ref>

<unwr ap>
D= <rel ati on exp> UNWRAP ( <unw apping comralist> )

<unwr appi ng>
L= <attribute ref>

<user op def>
D= <user update op def>
| <user read-only op def>

<user op drop>
L= DROP OPERATOR <user op nane>

<user op inv>
= <user op name> ( <argunent comalist> )

<user read-only op def>
::=  OPERATOR <user op name> ( <paraneter def commalist> )
RETURNS <t ype>
[ <synonym def> ] [ VERSION <version nanme> | ;
[ <statenent> ]
END OPERATOR

<user scal ar nonroot type def>
= TYPE <user scal ar type nane>
[ ORDINAL ] [ UNNON ] <is def>

<user scal ar root type def>
S TYPE <user scal ar type nane>
[ ORDINAL ] [ UNION ] <possrep def list>

<user scal ar type def>
L= <user scal ar root type def>
| <user scal ar nonroot type def>

<user scal ar type drop>
D= DROP TYPE <user scal ar type nanme>
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<user update op def>
L= OPERATOR <user op nane> ( <paraneter def commalist> )
UPDATES { <paraneter name commualist> }
[ <synonym def> ] [ VERSION <version nane> | ;
[ <statenent> ]
END OPERATOR

<virtual relation var def>
L= VAR <relation var nanme> VIRTUAL ( <rel ation exp> )
<candi date key def list>

<when def >
= WHEN <bool exp> THEN <st at enent >
<wher e>
L= <rel ati on exp> WHERE <bool exp>
<whi | e>
= [ <statenent name> : |
VWHI LE <bool exp> ;
<st at ement >
END WHI LE
<Wr ap>

D= <rel ati on exp> WRAP ( <wr appi ng commalist>)
<wr appi ng>
= { [ ALL BUT ] <attribute ref commalist> }
AS <introduced nane>

*** End of Appendix | ***
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